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The EFM32 Tiny Gecko MCUs are the world’s most energy-friend-
ly microcontrollers, featuring new connectivity interfaces and user
interface features.

EFM32TG11 includes a powerful 32-bit ARM® Cortex®-M0+ and provides robust security
via a unique cryptographic hardware engine supporting AES, ECC, SHA, and True Ran-
dom Number Generator (TRNG). New features include a CAN bus controller, highly ro-
bust capacitive sensing, and LESENSE/PCNT enhancements for smart energy meters.
These features, combined with ultra-low current active mode and short wake-up time
from energy-saving modes, make EFM32TG11 microcontrollers well suited for any bat-
tery-powered application, as well as other systems requiring high performance and low-
energy consumption.

Example applications:

* Entry-level wearables
» Personal medical devices

* Smart energy meters
* Industrial and factory automation

+ Home automation and security * loT devices
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CMU_HFPERPRESCC - High Frequency Peripheral Clock Prescaler C Register
CMU_LFAPRESCO - Low Frequency a Prescaler Register 0 (Async Reg)
CMU_LFBPRESCO - Low Frequency B Prescaler Register 0 (Async Reg)
CMU_LFEPRESCO - Low Frequency E Prescaler Register 0 (Async Reg)
CMU_SYNCBUSY - Synchronization Busy Register .

CMU_FREEZE - Freeze Register

CMU_PCNTCTRL - PCNT Control Reglster

CMU_ADCCTRL - ADC Control Register

327
329
331

. 332
. 334
. 336

337
338

339

341

. 343

344
345
347

. 348
. .349
. 350

351
352
352
353

. .35%4
. 356
. 357
. 358
.360

362
364

366
. 367
. 368
. 369
. 369
. 370

371
372
372

373

373

. 374

. 374
375
377

. .378
. 379
. 382

383
384



10.5.49
10.5.50
10.5.51
10.5.52
10.5.53

CMU_ROUTEPEN - I/0O Routing Pin Enable Register
CMU_ROUTELOCO - I/0O Routing Location Register
CMU_ROUTELOCH1 - I/0O Routing Location Register
CMU_LOCK - Configuration Lock Register .
CMU_HFRCOSS - HFRCO Spread Spectrum Reglster

11. SMU - Security Management Unit

11.1 Introduction.

11.2 Features

11.3 Functional Description

11.3.1
11.3.2

11.4 Reg

11.5 Reg
11.5.1
11.5.2
11.5.3
11.5.4
11.5.5
11.5.6
11.5.7
11.5.8

12. RTCC -

PPU - Peripheral Protection Unlt
Programming Model

ister Map

ister Description . .

SMU_IF - Interrupt Flag Reglster
SMU_IFS - Interrupt Flag Set Register .
SMU_IFC - Interrupt Flag Clear Register
SMU_IEN - Interrupt Enable Register
SMU_PPUCTRL - PPU Control Register

SMU_PPUPATDO - PPU Privilege Access Type Descrlptor 0

SMU_PPUPATD1 - PPU Privilege Access Type Descriptor 1
SMU_PPUFS - PPU Fault Status

Real Time Counter and Calendar

12.1 Introduction.
12.2 Features

12.3 Functional Description

12.3.1
12.3.2
12.3.3
12.3.4
12.3.5
12.3.6
12.3.7
12.3.8
12.3.9

12.4 Regi

12.5 Reg
12.5.1
12.5.2
12.5.3
1254
12.5.5
12.5.6
12.5.7
12.5.8

Counter

Capture/Compare Channels
Interrupts and PRS Output
Energy Mode Availability .
Register Lock .o
Oscillator Failure Detection .
Retention Registers
Timestamp

Debug Session

ister Map

ister Description .

RTCC_CTRL - Control Reglster (Async Reg) :
RTCC_PRECNT - Pre-Counter Value Register (Async Reg)
RTCC_CNT - Counter Value Register (Async Reg)

RTCC_COMBCNT - Combined Pre-Counter and Counter Value Reglster .

RTCC_TIME - Time of Day Register (Async Reg)
RTCC_DATE - Date Register (Async Reg)
RTCC_IF - RTCC Interrupt Flags

RTCC_IFS - Interrupt Flag Set Register
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12.5.9 RTCC_IFC - Interrupt Flag Clear Register

12.5.10 RTCC_IEN - Interrupt Enable Register

12.5.11 RTCC_STATUS - Status Register .

12.5.12 RTCC_CMD - Command Register (Async Reg)
12.5.13 RTCC_SYNCBUSY - Synchronization Busy Register

12.5.14 RTCC_POWERDOWN - Retention RAM Power-down Register (Async Reg)

12.5.15 RTCC_LOCK - Configuration Lock Register (Async Reg)
12.5.16 RTCC_EM4WUEN - Wake Up Enable .
12.5.17 RTCC_CCx_CTRL - CC Channel Control Register (Async Reg)

12.5.18 RTCC_CCx_CCV - Capture/Compare Value Register (Async Reg)
12.5.19 RTCC_CCx_TIME - Capture/Compare Time Register (Async Reg)
12.5.20 RTCC_CCx_DATE - Capture/Compare Date Register (Async Reg)

12.5.21 RTCC_RETx_REG - Retention Register

13. WDOG - Watchdog Timer

13.1 Introduction.
13.2 Features

13.3 Functional Description
13.3.1 Clock Source
13.3.2 Debug Functionality
13.3.3 Energy Mode Handling
13.3.4 Register Access.
13.3.5 Warning Interrupt
13.3.6 Window Interrupt .
13.3.7 PRS as Watchdog Clear .
13.3.8 PRS Rising Edge Monitoring

13.4 Register Map

13.5 Register Description . .
13.5.1 WDOG_CTRL - Control Reglster (Async Reg)
13.5.2 WDOG_CMD - Command Register (Async Reg)
13.5.3 WDOG_SYNCBUSY - Synchronization Busy Register

13.5.4 WDOGn_PCHx_PRSCTRL - PRS Control Register (Async Reg) .

13.5.5 WDOG_IF - Watchdog Interrupt Flags .
13.5.6 WDOG_IFS - Interrupt Flag Set Register
13.5.7 WDOG_IFC - Interrupt Flag Clear Register
13.5.8 WDOG_IEN - Interrupt Enable Register

14. PRS - Peripheral Reflex System .

14.1 Introduction.
14.2 Features

14.3 Functional Description
14.3.1 Channel Functions .
14.3.2 Producers.

14.3.3 Consumers

14.3.4 Event on PRS

14.3.5 DMA Request on PRS
14.3.6 Example
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144 RegisterMap . . . . . . . . . . . . . L Lo, AA

14.5 Register Description. . . . Y £G4
14.5.1 PRS_SWPULSE - Software Pulse Reglster Y 1574
14.5.2 PRS_SWLEVEL - Software Level Register . . .. . . . . . . . . . . . A58
14.5.3 PRS_ROUTEPEN - I/O Routing Pin Enable Reglster e £ 72
14.5.4 PRS_ROUTELOCO - I/O Routing Location Register . . . . . . . . . . . . . .455
14.5.5 PRS_ROUTELOC1 - I/O Routing Location Register . . . . . . . . . . . . . .457
14.5.6 PRS_CTRL - Control Register .o Y - 11
14.5.7 PRS_DMAREQO - DMA RequestOReglster Y 1610
14.5.8 PRS_DMAREQ1 - DMA Request 1 Register . . . . . . . . . . . . . . . . . 460
14.5.9 PRS_PEEK - PRS Channel Values . . . Y ()
14.5.10 PRS_CHx_CTRL - Channel Control Reglster Y 16
14.5.11 PRS_TRACECTRL - MTB Trace Control Register - (6 1)

15. LCD - Liquid Crystal Display Driver - YA

15.1 Introduction. . . . . . . . . . . . . . . . . . L. L. ... ... 4An

15.2 Features e ¥ A

15.3 Functional Description . . . . . . . . . . . . . . . . . . . . . . . . . .472
15.3.1 Power Supply Yy ¢
15.3.2 LCD Driver Enable . . . . Y
15.3.3 LCD Frame Rate and Power Reductlon Y YA
15.3.4 Multiplexing, Bias, and Wave Settings . . . . . . . . . . . . . . . . . . 474
15.3.5 LCD Contrast .o e Y&
15.3.6 Voltage Levels and Mode Selectlon e 6
15.3.7 FrameRate . . . . . . . . . . . . . . . . . . . . . . . . . . . 476
15.3.8 Data Update . . . e 4 4
15.3.9 Direct Segment Control (DSC) Y ¥ <
156.3.10 Frame Counter(FC) . . . . . . . . . . . . . . . . . . . . . . . . .479
15.3.11 LCD Interrupt . . . . e 4
15.3.12 Blink, Blank, and Animation Features e ¥4
15.3.13 LCD in Low Energy Modes e e e oo 482
156.3.14 Register Access . . . . . . . . . . . . . . . .. ... ..., o482
15.3.15 Waveform Examples. . . . . . . . . . . . . . . . . . . . . . . . .A482

154 RegisterMap . . . . . . . . . . . . . . . . . . . . . . . . . . . . .503

15.5 Register Description. . . . O 10 2
15.5.1 LCD_CTRL - Control Reglster (Async Reg) 107
15.5.2 LCD DISPCTRL - Display Control Register . . . . . . . . . . . . . . . . .505
15.5.3 LCD_SEGEN - Segment Enable Register .o . . . . . . . . . bo7
15.5.4 LCD_BACTRL - Blink and Animation Control Reglster (Async Reg) . . . . . . . . .b0o8
15.5.5 LCD_STATUS - Status Register . . . C e . ... ... . . . . .510
15.5.6 LCD_AREGA - Animation Reglstera(Async Reg) e L
15.5.7 LCD_AREGB - Animation Register B (AsyncReg). . . . . . . . . . . . . . . 511
15.5.8 LCD_IF - Interrupt Flag Register . . . . . . . . . . . . . . . . . . . . .51
15.5.9 LCD_IFS - Interrupt Flag Set Register . . . . . . . . . . . . . . . . . . .51
15.5.10 LCD_IFC - Interrupt Flag Clear Register . . . . . . . . . . . . . . . . . . 512
15.5.11 LCD_IEN - Interrupt Enable Register . . . . . . . . . . . . . . . . . . .b512

15.5.12 LCD_BIASCTRL - Analog BIAS Control . . . . . . . . . . . . . . . . . .b513



15.5.13
15.5.14
15.5.15
15.5.16
15.5.17
15.5.18
15.5.19
15.5.20
15.5.21
15.5.22
15.5.23
15.5.24
15.5.25
15.5.26
15.5.27
15.5.28
15.5.29
15.5.30
15.5.31
15.5.32

LCD_SEGDOL - Segment Data Low Register 0 (Async Reg) .
LCD_SEGD1L - Segment Data Low Register 1 (Async Reg) .
LCD_SEGD2L - Segment Data Low Register 2 (Async Reg) .
LCD_SEGD3L - Segment Data Low Register 3 (Async Reg) .

LCD_SEGDOH - Segment Data High Register 0 (Async Reg)
LCD_SEGD1H - Segment Data High Register 1 (Async Reg)
LCD_SEGD2H - Segment Data High Register 2 (Async Reg)
LCD_SEGD3H - Segment Data High Register 3 (Async Reg)

LCD_SEGDAL - Segment Data Low Register 4 (Async Reg) .
LCD_SEGDS5L - Segment Data Low Register 5 (Async Reg) .
LCD_SEGD6L - Segment Data Low Register 6 (Async Reg) .
LCD_SEGDT7L - Segment Data Low Register 7 (Async Reg) .

LCD_SEGDA4H - Segment Data High Register 4 (Async Reg)
LCD_SEGDS5H - Segment Data High Register 5 (Async Reg)
LCD_SEGDG6H - Segment Data High Register 6 (Async Reg)
LCD_SEGD7H - Segment Data High Register 7 (Async Reg)
LCD_FREEZE - Freeze Register .
LCD_SYNCBUSY - Synchronization Busy Reglster
LCD_FRAMERATE - Frame Rate .

LCD_SEGENZ2 - Segment Enable (32 to 39)

16. PCNT - Pulse Counter
16.1 Introduction.
16.2 Features

16.3 Functional Description

16.3.1
16.3.2
16.3.3
16.3.4
16.3.5
16.3.6
16.3.7
16.3.8
16.3.9
16.3.10
16.3.11

16.4 Reg

16.5 Reg
16.5.1
16.5.2
16.5.3
16.5.4
16.5.5
16.5.6
16.5.7
16.5.8
16.5.9

Pulse Counter Modes .
Hysteresis
Auxiliary Counter . .
Triggered Compare and Clear :
Register Access.
Clock Sources
Input Filter
Edge Polarity :
PRS and PCNTn_SOIN, PCNTn S1IN Inputs
Interrupts
Cascading Pulse Counters

ister Map

ister Description . .

PCNTn_CTRL - Control Reglster (Async Reg)
PCNTn_CMD - Command Register (Async Reg)
PCNTn_STATUS - Status Register .

PCNTn_CNT - Counter Value Register

PCNTn_TOP - Top Value Register .
PCNTn_TOPB - Top Value Buffer Register (Async Reg)
PCNTn_IF - Interrupt Flag Register .

PCNTRN_IFS - Interrupt Flag Set Register .

PCNTn_IFC - Interrupt Flag Clear Register
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16.5.10
16.5.11
16.5.12
16.5.13
16.5.14
16.5.15
16.5.16

PCNTn_IEN - Interrupt Enable Register . .
PCNTn_ROUTELOCO - I/O Routing Location Reglster .
PCNTn_FREEZE - Freeze Register . .
PCNTn_SYNCBUSY - Synchronization Busy Reglster
PCNTn_AUXCNT - Auxiliary Counter Value Register
PCNTn_INPUT - PCNT Input Register

PCNTn_OVSCFG - Oversampling Config Reglster (Async Reg)

17. 12C - Inter-Integrated Circuit Interface .

17.1 Introduction.

17.2 Features

17.3 Functional Description

17.3.1
17.3.2
17.3.3
17.3.4
17.3.5
17.3.6
17.3.7
17.3.8
17.3.9
17.3.10
17.3.11
17.3.12
17.3.13
17.3.14
17.3.15

17.4 Regi

17.5 Reg
17.5.1
17.5.2
17.5.3
17.5.4
17.5.5
17.5.6
17.5.7
17.5.8
17.5.9
17.5.10
17.5.11
17.5.12
17.5.13
17.5.14
17.5.15
17.5.16
17.5.17
17.5.18

12C-Bus Overview
Enable and Reset
Safely Disabling and Changlng Slave Conflguratlon
Clock Generation
Arbitration .
Buffers . .
Master Operation
Bus States
Slave Operation
Transfer Automation .
Using 10-bit Addresses .
Error Handling .
DMA Support
Interrupts
Wake-up .

ister Map

ister Description .

12Cn_CTRL - Control Reglster

[2Cn_CMD - Command Register

I2Cn_STATE - State Register .

I2Cn_STATUS - Status Register .

I2Cn_CLKDIV - Clock Division Register

I2Cn_SADDR - Slave Address Register

12Cn_SADDRMASK - Slave Address Mask Reglster
I2Cn_RXDATA - Receive Buffer Data Register (Actionable Reads)

I2Cn_RXDOUBLE - Receive Buffer Double Data Register (Actionable Reads)

12Cn_RXDATAP - Receive Buffer Data Peek Register
12Cn_RXDOUBLEP - Receive Buffer Double Data Peek Reglster
12Cn_TXDATA - Transmit Buffer Data Register
[2Cn_TXDOUBLE - Transmit Buffer Double Data Reglster
I2Cn_IF - Interrupt Flag Register

12Cn_IFS - Interrupt Flag Set Register

12Cn_IFC - Interrupt Flag Clear Register

[2Cn_IEN - Interrupt Enable Register .

[2Cn_ROUTEPEN - I/0 Routing Pin Enable Reglster
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17.5.19

18. USART -

12Cn_ROUTELOCO - I/O Routing Location Register .

Universal Synchronous Asynchronous Receiver/Transmitter

18.1 Introduction.
18.2 Features

18.3 Functional Description
18.3.1 Modes of Operation
18.3.2 Asynchronous Operation.
18.3.3 Synchronous Operation
18.3.4 Hardware Flow Control
18.3.5 Debug Halt
18.3.6 PRS-triggered Transm|SS|ons

18.3.7
18.3.8

PRS RX Input
PRS CLK Input .

18.3.9 DMA Support

18.3.10
18.3.11
18.3.12

Timer .
Interrupts .
IrDA Modulator/ Demodulator

18.4 Register Map
18.5 Register Description .

18.5.1
18.5.2
18.5.3
18.5.4
18.5.5
18.5.6
18.5.7
18.5.8
18.5.9
18.5.10
18.5.11
18.5.12
18.5.13
18.5.14
18.5.15
18.5.16
18.5.17
18.5.18
18.5.19
18.5.20
18.5.21
18.5.22
18.5.23
18.5.24
18.5.25
18.5.26
18.5.27

USARTn_CTRL - Control Reglster
USARTn_FRAME - USART Frame Format Reglster
USARTNn_TRIGCTRL - USART Trigger Control Register
USARTN_CMD - Command Register .
USARTn_STATUS - USART Status Register
USARTN_CLKDIV - Clock Control Register . .
USARTNn_RXDATAX - RX Buffer Data Extended Reglster (Actlonable Reads)
USARTn_RXDATA - RX Buffer Data Register (Actionable Reads) :
USARTn_RXDOUBLEX - RX Buffer Double Data Extended Register (Actlonable Reads)
USARTn_RXDOUBLE - RX FIFO Double Data Register (Actionable Reads)
USARTn_RXDATAXP - RX Buffer Data Extended Peek Register .
USARTn_RXDOUBLEXP - RX Buffer Double Data Extended Peek Reglster
USARTNn_TXDATAX - TX Buffer Data Extended Register
USARTNn_TXDATA - TX Buffer Data Register
USARTNn_TXDOUBLEX - TX Buffer Double Data Extended Reglster
USARTNn_TXDOUBLE - TX Buffer Double Data Register
USARTN_IF - Interrupt Flag Register .
USARTN_IFS - Interrupt Flag Set Register
USARTN_IFC - Interrupt Flag Clear Register
USARTN_IEN - Interrupt Enable Register
USARTN_IRCTRL - IrDA Control Register
USARTN_INPUT - USART Input Register
USARTN_I2SCTRL - 12S Control Register
USARTN_TIMING - Timing Register .
USARTN_CTRLX - Control Register Extended : .
USARTNn_TIMECMPO - Used to Generate Interrupts and Varlous Delays
USARTNn_TIMECMP1 - Used to Generate Interrupts and Various Delays
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18.5.28 USARTn_TIMECMPZ2 - Used to Generate Interrupts and Various Delays . . . . . 681

18.5.29 USARTn_ROUTEPEN - I/O Routing Pin Enable Register . . . . . . . . . . . .683
18.5.30 USARTn_ROUTELOCO - I/O Routing Location Register . . . . . . . . . . . b8
18.5.31 USARTNn_ROUTELOC1 - I/0 Routing Location Register N 6174
19. UART - Universal Asynchronous Receiver/ Transmitter . . . . . . . . . . . . . .688
19.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 088
19.2 Features N o1 1)
19.3 Functional Description . . . . . . . . . . . . . . . . . . . . . . . . . .689
194 RegisterMap . . . . . . . . . . . . . . . . . . . . . . . . . . . . .689
19.5 Register Description. . . . . . . . . . . . . . . . . . . . . . . . . . .68
20. LEUART - Low Energy Universal Asynchronous Receiver/Transmitter . . . . . . . 690
20.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .69
20.2 Features e o 1o
20.3 Functional Description . . . . . . . . . . . . . . . . . . . . . . . . . .092
20.3.1 Frame Format G 10K
20.3.2 Clock Source N 1K
20.3.3 Clock Generation . . . . . . . . . . . . . . . . . . . . . . . . . bY4
20.3.4 Data Transmission . . . . . . . . . . . . . . . . . . . . . . . . . .6%4
20.3.5 Data Reception . . . . . . . . . . . . . . . . . . . . . . . . . . .69
20.3.6 Loopback . . . . e 1o
20.3.7 Half Duplex Communlcatlon N ¢ 15 [°)
20.3.8 Transmission Delay Y (o]
20.39 PRSRXInput . . . . . . . . . . . . . . . . . . . . . . . . . ..700
20.3.10 DMA Support . . . . e (0
20.3.11 Pulse Generator/ Pulse Extender e 4 0
20.3.12 Register Access . . . . . . . . . . . . ... ... ...T02
204 RegisterMap . . . . . . . . . L .o e s T02
20.5 Register Description. . . . e e e . ... .. . . . . . .T03
20.5.1 LEUARTNn_CTRL - Control Reglster (Async Reg) e e e . . . . . . . . . . . .T08
20.5.2 LEUARTN_CMD - Command Register (Async Reg) Y 406
20.5.3 LEUARTN_STATUS - Status Register . . . Y (01 4
20.5.4 LEUARTN_CLKDIV - Clock Control Register (Async Reg) C e . . . . . . . . . .T7T08
20.5.5 LEUARTNn_STARTFRAME - Start Frame Register (Async Reg) . . . . . . . . . .708
20.5.6 LEUARTn_SIGFRAME - Signal Frame Register (AsyncReg) . . . . . . . .709
20.5.7 LEUARTn_RXDATAX - Receive Buffer Data Extended Register (Actlonable Reads) . . .709
20.5.8 LEUARTNn_RXDATA - Receive Buffer Data Register (Actionable Reads) . . . . . . .710
20.5.9 LEUARTn_RXDATAXP - Receive Buffer Data Extended Peek Register . . . . . . T10
20.5.10 LEUARTNn_TXDATAX - Transmit Buffer Data Extended Register (AsyncReg) . . . . .71
20.5.11 LEUARTN_TXDATA - Transmit Buffer Data Register (AsyncReg) . . . . . . . . .712
20.5.12 LEUARTN_IF - Interrupt Flag Register Y A<
20.5.13 LEUARTN_IFS - Interrupt Flag Set Register T )
20.5.14 LEUARTN_IFC - Interrupt Flag Clear Register . . . . . . . . . . . . . . . . 715
20.5.15 LEUARTN_IEN - Interrupt Enable Register . . . e . . . . . . . .T16

20.5.16 LEUARTn_PULSECTRL - Pulse Control Reglster(AsyncReg) e e T



20.5.17
20.5.18
20.5.19
20.5.20
20.5.21

LEUARTNn_FREEZE - Freeze Register
LEUARTN_SYNCBUSY - Synchronization Busy Reglster
LEUARTNn_ROUTEPEN - I/O Routing Pin Enable Register
LEUARTNn_ROUTELOCO - I/0O Routing Location Register .
LEUARTN_INPUT - LEUART Input Register

21. TIMER/WTIMER - Timer/Counter .
21.1 Introduction.
21.2 Features

21.3 Functional Description
21.3.1 Counter Modes .
21.3.2 Compare/Capture Channels
21.3.3 Dead-Time Insertion Unit
21.3.4 Debug Mode . .
21.3.5 Interrupts, DMA and PRS Output .
21.3.6 GPIO Input/Output .

21.4 Register Map
21.5 Register Description .

21.5.1
21.5.2
2153
2154
21.5.5
21.5.6
21.5.7
21.5.8
21.5.9
21.5.10
21.5.11
21.5.12
21.5.13
21.5.14
21.5.15
21.5.16
21.5.17
21.5.18
21.5.19
21.5.20
21.5.21
21.5.22
21.5.23
21.5.24
21.5.25

TIMERNn_CTRL - Control Reglster

TIMERNn_CMD - Command Register

TIMERNn_STATUS - Status Register

TIMERN_IF - Interrupt Flag Register

TIMERN_IFS - Interrupt Flag Set Register

TIMERN_IFC - Interrupt Flag Clear Register .

TIMERN_IEN - Interrupt Enable Register

TIMERNn_TOP - Counter Top Value Register .

TIMERN_TOPB - Counter Top Value Buffer Register .
TIMERN_CNT - Counter Value Register .
TIMERNn_LOCK - TIMER Configuration Lock Reglster
TIMERNn_ROUTEPEN - I/O Routing Pin Enable Register
TIMERNn_ROUTELOCO - I/O Routing Location Register
TIMERNn_ROUTELOC?2 - I/O Routing Location Register
TIMERNn_CCx_CTRL - CC Channel Control Register
TIMERN_CCx_CCV - CC Channel Value Register (Actionable Reads)
TIMERNn_CCx_CCVP - CC Channel Value Peek Register .
TIMERNn_CCx_CCVB - CC Channel Buffer Register .
TIMERN_DTCTRL - DTI Control Register
TIMERNn_DTTIME - DTI Time Control Register
TIMERNn_DTFC - DTI Fault Configuration Register
TIMERNn_DTOGEN - DTI Output Generation Enable Reglster
TIMERNn_DTFAULT - DTI Fault Register
TIMERNn_DTFAULTC - DTI Fault Clear Register
TIMERNn_DTLOCK - DTI Configuration Lock Register

22. LETIMER - Low Energy Timer.
22.1 Introduction.
22.2 Features
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1. About This Document

1.1 Introduction

This document contains reference material for the EFM32 Tiny Gecko 11 devices. All modules and peripherals in the EFM32 Tiny
Gecko 11 devices are described in general terms. Not all modules are present in all devices and the feature set for each device might
vary. Such differences, including pinout, are covered in the device data sheets and applicable errata documents.

1.2 Conventions

Register Names

Register names are given with a module name prefix followed by the short register name:
TIMERN_CTRL - Control Register

The "n" denotes the module number for modules which can exist in more than one instance.
Some registers are grouped which leads to a group name following the module prefix:
GPIO_Px_DOUT - Port Data Out Register

The "x" denotes the different ports.

Bit Fields

Registers contain one or more bit fields which can be 1 to 32 bits wide. Bit fields wider than 1 bit are given with start (x) and stop (y) bit
[y:x].

Bit fields containing more than one bit are unsigned integers unless otherwise is specified.

Unspecified bit field settings must not be used, as this may lead to unpredictable behaviour.

Address

The address for each register can be found by adding the base address of the module found in the Memory Map (see Figure 4.2 Sys-
tem Address Space With Core and Code Space Listing on page 41), and the offset address for the register (found in module Register
Map).

Access Type

The register access types used in the register descriptions are explained in Table 1.1 Register Access Types on page 29.

Table 1.1. Register Access Types

Access Type Description

R Read only. Writes are ignored

RwW Readable and writable

Rw1 Readable and writable. Only writes to 1 have effect

(R)w1 Sometimes readable. Only writes to 1 have effect. Currently only
used for IFC registers (see 3.3.1.2 IFC Read-clear Operation)

W1 Read value undefined. Only writes to 1 have effect

w Write only. Read value undefined.

RWH Readable, writable, and updated by hardware

RW(nB), RWH(nB), etc. "(nB)" suffix indicates that register explicitly does not support pe-

ripheral bit set or clear (see 4.2.2 Peripheral Bit Set and Clear)
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Access Type Description

RW(a), R(a), etc. "(a)" suffix indicates that register has actionable reads (see
5.3.6 Debugger Reads of Actionable Registers)

Number format
0x prefix is used for hexadecimal numbers
0b prefix is used for binary numbers

Numbers without prefix are in decimal representation.

Reserved

Registers and bit fields marked with reserved are reserved for future use. These should be written to 0 unless otherwise stated in the
Register Description. Reserved bits might be read as 1 in future devices.

Reset Value

The reset value denotes the value after reset.

Registers denoted with X have unknown value out of reset and need to be initialized before use. Note that read-modify-write operations
on these registers before they are initialized results in undefined register values.

Pin Connections

Pin connections are given with a module prefix followed by a short pin name:

CMU_CLKOUT1 (Clock management unit, clock output pin number 1)

The location for the pin names given in the module documentation can be found in the device-specific data sheet.

1.3 Related Documentation

Further documentation on the EFM32 Tiny Gecko 11 devices and the ARM Cortex-M0+ can be found at the Silicon Labs and ARM web
pages:

www.silabs.com

www.arm.com
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2. System Overview

2.1 Introduction

The EFM32 MCUs are the world’s most energy friendly microcontrollers. With a unique combination of the powerful 32-bit ARM Cortex-
MO+, innovative low energy techniques, short wake-up time from energy saving modes, and a wide selection of peripherals, the EFM32
Tiny Gecko 11 microcontroller is well suited for any battery operated application as well as other systems requiring high performance
and low-energy consumption.

2.2 Features

+ ARMCortex-M0+ CPU Platform
» High Performance 32-bit processor @ up to 48 MHz
* Memory Protection Unit
* Wake-up Interrupt Controller

» Flexible Energy Management System
» Power routing configurations including integrated DCDC converter
» Voltage Monitoring and Brown Out Detection
» State Retention

* Up to 128 kB Flash
+ 32 kB RAM Data Memory

* Up to 67 General Purpose /O Pins
» Configurable push-pull, open-drain, pull-up/down, input filter, drive strength, slew rate
» Configurable peripheral I/O locations
* 5V tolerance on select pins
* Asynchronous external interrupts
» Output state retention and wake-up from Shutoff Mode

+ 8 Channel Linked Direct Memory Access (LDMA) Controller
» Single or linked list of descriptors
» Supports circular and ping-pong buffers, scatter-gather, looping
» Sophistocated, flexible flow control for performing complex multi-step operations without CPU interevention

* Up to 8 Channel Peripheral Reflex System for Autonomous Inter-peripheral Signaling

+ Integrated LCD Controller for up to 4 x 36 Segments or 8 x 32 Segments in Octaplex Mode
» Voltage boost, contrast and autonomous animation
» Patented low-energy LCD driver

* CRYPTO Advanced Encryption Standard Accelerator
« AES encryption / decryption, with 128 or 256 bit keys

» Multiple AES modes of operation, including Counter (CTR), Galois/Counter Mode (GCM), Cipher Block Chaining (CBC), Cipher
Feedback (CFB) and Output Feedback (OFB).

» Accelerated SHA-1 and SHA-2
» Accelerated Elliptic Curve Cryptography (ECC), with binary or prime fields
» Flexible 256-bit ALU and sequencer

* True Random Number Generator (TRNG)

* Hardware CRC Engine
» Single-cycle computation with 8/16/32-bit data and 16-bit (programmable)/32-bit (fixed) polynomial

» Security Management Unit (SMU)
» Fine-grained access control for on-chip peripherals
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+ Additional Communication Interfaces

» CAN Bus Controller
» Version 2.0A and 2.0B up to 1 Mbps

» Up to 4xUniversal Synchronous/Asynchronous Receiver/Transmitter
* UART/SPI/SmartCard (ISO 7816)/IrDA/I2S/LIN
 Triple buffered full/half-duplex operation
» Hardware flow control
* 4-16 data bits

» 1xUniversal Asynchronous Receiver/Transmitter
 Triple buffered full/half-duplex operation
» 8-9 data bits

* 1x Low Energy UART
» Autonomous operation with DMA in Deep Sleep Mode

* 2 xI2C Interface with SMBus support
» Address recognition in EM3 Stop Mode

+ Timers/Counters
» 2x 32-bit Timer/Counter
» 3/4 Compare/Capture/PWM channels
* Dead-Time Insertion
» 2x 16-bit Timer/Counter
» 3 Compare/Capture/PWM channels
» Dead-Time Insertion
* 1x16-bit Low Energy Timer
» 32-bit Ultra Low Energy Timer/Counter (CRYOTIMER) for periodic wake-up from any Energy Mode
32-bit Real-Time Counter and Calendar (RTCC)
* 1% 16-bit Pulse Counter
» Asynchronous pulse counting/quadrature decoding
» 1x Watchdog Timer

* Backup Power Domain
» RTCC and retention registers in a separate power domain, available in all energy modes
» Operation from backup battery when main power absent/insufficient

» Ultra Low Power Precision Analog Peripherals
» Up to 62 GPIO pins are analog-capable. Flexible analog peripheral-to-pin routing via Analog Port (APORT)
* 1x 12-bit 1 Msamples/s Analog to Digital Converter (ADC)
» Single ended or differential operation
» Conversion tailgating for predictable latency
* On-chip temperature sensor
12-bit 500 ksamples/s Digital to Analog Converter (VDAC)
» 2 single ended channels/1 differential channel
» Up to 4 Operational Amplifiers
» Supports rail-to-rail inputs and outputs
* Programmable gain
» 2x Analog Comparator (ACMP)
* Programmable speed/current
» Capacitive sensing with up to 8 inputs
» Capacitive Sense Module (CSEN)
» Robust current-based capacitive sensing with up to 38 inputs and wake-on-touch
Supply Voltage Monitor (VMON)
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+ Ultra Low Power Sensor Interface (LESENSE)
» Autonomous sensor monitoring in Deep Sleep Mode
» Wide range of sensors supported, including LC sensors and capacitive buttons
* Upto 16 inputs

« Ultra Efficient Power-on Reset and Brown-Out Detector

* Debug Interface
» 2-pin Serial Wire Debug interface
* 4-pin JTAG interface
* Micro Trace Buffer (MTB)

2.3 Block Diagram

A block diagram of EFM32 Tiny Gecko 11 is shown in the figure below. The color indicates peripheral availability in energy modes as
described in 2.4 Energy Modes.

Core / Memory Clock Management Energy Management

Voltage Voltage/Temp
ARM Cortex™ MO0+ processor with Regulator Monitor
MPU Auxiliary High
Freq. RC Osc. N
CDC Dr(t: Power-On Reset
Debug Interface Ultra Low Freq. Low Frequency onverter
w/ MTB RC Oscillator RC Oscillator

Brown-Out
Detector

LDMA Low Frequency
Controller Crystal Oscillator

RAM Memory Backup Domain

Peripheral Reflex System
| | |

Serial Interfaces 1/0 Ports Timers and Triggers Analog Interfaces

Low Energy Low Energy LCD

[SUEIGE] General Sensor IF Controller

Low Energy Interrupts Purpose 1/0

™ "
UART Low Energy Timer Pulse Counter VDAC Operational
Amplifier

ADC

i Pin Wakeu
Pin Reset P Real Time Counter Analog

Watchdog Timer and Calendar e
Capacitive

CRYOTIMER Sensi
ensing

Lowest power mode with peripheral operational:

EMO - Active _ EM2 - Deep Sleep m EM4H - Hibernate EM4S - Shutoff

Figure 2.1. Diagram of EFM32 Tiny Gecko 11

Note:

In the block diagram, color indicates availability in different energy modes.

silabs.com | Building a more connected world. Rev. 1.1 | 33




Reference Manual
System Overview

2.4 Energy Modes

There are five different Energy Modes (EMO Active-EM4 Hibernate/Shutoff) in the EFM32 Tiny Gecko 11, see Table 2.1 Energy Mode
Description on page 34. The EFM32 Tiny Gecko 11 is designed to achieve a high degree of autonomous operation in low energy
modes. The intelligent combination of peripherals, RAM with data retention, DMA, low-power oscillators and short wake-up times,
makes it attractive to remain in low energy modes for long periods and thus saving energy consumption.

Throughout this document, the first figure in every module description contains an Energy Mode Indicator that shows in
which energy mode(s) the module can operate (see Table 2.1 Energy Mode Description on page 34).

Table 2.1. Energy Mode Description

Energy Mode

EMO Active — Energy
Mode 0

o
-

(Run mode)

Description

In EMO Active, the CPU is actively running code. All peripherals can also be activa-
ted.

EM1 Sleep — Energy
Mode 1 (Sleep Mode)

In EM1 Sleep, the CPU is sleeping in a low-power state. All peripherals, including
DMA, PRS, and the memory system are still available.

EM2 DeepSleep — Ener-
gy Mode 2 (Deep Sleep
Mode)

In EM2 DeepSleep the high frequency oscillator is turned off, but with the 32.768
kHz oscillator running, selected low energy peripherals (LCD, RTC, LETIMER,
PCNT, WDOG, LEUART, I2C, ACMP, LESENSE ,) are still available, giving a high
degree of autonomous operation with very low current consumption and fast wake
times. Power-on Reset, Brown-out Detection and full RAM and CPU retention is also
included.

EMS3 Stop - Energy Mode
3 (Stop Mode)

In EM3 Stop the low-frequency oscillator is disabled, but there is still full CPU and
RAM retention, as well as Power-on Reset, Pin reset EM4 Hibernate/Shutoff wake-
up and Brown-out Detector, with very low current consumption. The low-power
ACMP, asynchronous external interrupt, PCNT, and |12C can quickly wake the de-
vice.

EM4 Hibernate/Shutoff —
Energy Mode 4

(Shutoff Mode)

In EM4 Hibernate/Shutoff, the current is extremely low and all chip functionality is
turned off except the pin reset, GPIO pin wake-up, GPIO pin retention and the pow-
er on reset. All pins are put into their reset state.
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2.5 Timers

EFM32 Tiny Gecko 11 includes multiple timers as shown in Table 2.2 EFM32 Tiny Gecko 11 Timers Overview on page 35.

Table 2.2. EFM32 Tiny Gecko 11 Timers Overview

Timer Number of Instances Typical Clock Source Overview
RTCC 1 Low frequency (LFXO or 32 bit Real Time Counter and
LFRCO) Calendar, typically used to ac-
curately time inactive periods
and enable wakeup on compare
match.
TIMER 2 High frequency (HFXO or 16 bit general purpose timer.
HFRCO)
WTIMER 2 High frequency (HFXO or 32 bit general purpose timer.
HFRCO)
SysTick timer 1 High frequency (HFXO or 32 bit SysTick timer integrated
HFRCO) or low frequency in the Cortex-MO+. Typically
(LFXO, LFRCO or ULFRCO) used as an Operating System
timer.
WDOG 1 Low frequency (LFXO, LFRCO | Watch dog timer. Once enabled,
or ULFRCO) this module must be periodically
accessed. If not, this is consid-
ered an error and the EFM32 Ti-
ny Gecko 11 is reset in order to
recover the system.
LETIMER 1 Low frequency (LFXO, LFRCO |Low energy general purpose
or ULFRCO) timer.
PCNT 1 Low frequency (LFXO, LFRCO |Low energy pulse counter with
or ULFRCO) or external pin quadrature mode.
CRYOTIMER 1 Low frequency (LFXO, LFRCO | Ultra Low energy 32 bit timer
or ULFRCO) available in all Energy Modes

Advanced interconnect features allows synchronization between timers. This includes:

« Start/ stop any high frequency timer synchronized with the RTCC
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3. System Processor

Quick Facts
What?

The industry leading Cortex-MO+ processor from
ARM is the CPU in the EFM32 Tiny Gecko 11 devi-
ces.

Why?

|_| |_| |_| |_| |_| |_| |_| |_| |_| |_| The ARM Cortex-MO+ is designed for exceptionally

short response time, high code density, and high 32-

CMO+ Core bit throughput while maintaining a strict cost and
power consumption budget.
32-bit ALU e
Single cycle Combined with the ultra low energy peripherals

available in EFM32 Tiny Gecko 11 devices, the Cor-
tex-MO+ processor's Harvard architecture, 2 stage
pipeline, single cycle instructions, Thumb-2 instruc-
tion set support, and fast interrupt handling make it
perfect for 8-bit, 16-bit, and 32-bit applications.

32-bit multiplier

Thumb & Thumb-2

Control Logic Decode

aff——{ System Interface

NVIC Interface

I r el
HEEENEEREENEEEEREEN

HREEEEEEEEEEEREREEN

3.1 Introduction

The ARM Cortex-M0+ 32-bit RISC processor provides outstanding computational performance and exceptional system response to in-
terrupts while meeting low cost requirements and low power consumption.

The ARM Cortex-M0+ implemented is revision rOp1.
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3.2 Features

» Harvard architecture
» Separate data and program memory buses (No memory bottleneck as in a single bus system)
« 2-stage pipeline
* Thumb-2 instruction set
» Enhanced levels of performance, energy efficiency, and code density
+ Single cycle multiply instructions
» 32-bit multiplication in a single cycle
+ 1.08 DMIPS/MHz
+ Configurable IRQ-latency
 Allows developers to select a trade-off between interrupt respone time and predictability
* Memory Protection Unit
» Up to 8 protected memory regions
* 24 bits System Tick Timer for Real Time OS
» Excellent 32-bit migration choice for 8/16 bit architecture based designs

« Simplified stack-based programmer's model is compatible with traditional ARM architecture and retains the programming simplici-
ty of legacy 8-bit and 16-bit architectures

« Alligned or unaligned data storage and access
» Contiguous storage of data requiring different byte lengths
» Data access in a single core access cycle
* Integrated power modes
» Sleep Now mode for immediate transfer to low power state
» Sleep on Exit mode for entry into low power state after the servicing of an interrupt
 Ability to extend power savings to other system components
» Optimized for low latency, nested interrupts

3.3 Functional Description

For a full functional description of the ARM Cortex-M0+ implementation in the EFM32 Tiny Gecko 11 family, the reader is referred to the
ARM Cortex-M0+ documentation provided by ARM.
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3.3.1 Interrupt Operation

Module Cortex-M NVIC
[ IFSnl || IFCIn] || IEN[n] | H
| SETENA[)/CLRENA[n] |
S = cl;'ar - Active interrupt termunt
conditiopn IF[n] —zi\/ Ra > p Cletr request
I SETPEND[n]/CLRPENDIn]
| Software generated interrupt

Figure 3.1. Interrupt Operation

The interrupt request (IRQ) lines are connected to the Cortex-M0+. Each of these lines (shown in Table 3.1 Interrupt Request Lines
(IRQ) on page 39) is connected to one or more interrupt flags in one or more modules. The interrupt flags are set by hardware on an
interrupt condition. It is also possible to set/clear the interrupt flags through the IFS/IFC registers. Each interrupt flag is then qualified
with its own interrupt enable bit (IEN register), before being OR'ed with the other interrupt flags to generate the IRQ. A high IRQ line will
set the corresponding pending bit (can also be set/cleared with the SETPEND/CLRPEND bits in ISPR0O/ICPRO) in the Cortex-M0+
NVIC. The pending bit is then qualified with an enable bit (set/cleared with SETENA/CLRENA bits in ISERO/ICERO) before generating
an interrupt request to the core. Figure 3.1 Interrupt Operation on page 38 illustrates the interrupt system. For more information on how
the interrupts are handled inside the Cortex-M0+, the reader is referred to the ARM Cortex-M0+ Technical Reference Manual.

The EFM32TG11 devices have a CortexM0+ which has only 32 interrupts, but the system has 40 module interrupts. Some interrupt
sources are merged to share a single CortexM0+ interrupt. CRYPTO,TRNG module interrupts merged to a single interrupt,
USART*_RX, USART*_TX module interrupts merged to single interrupt and UARTO_RX, UARTO_TX module interrupts are merged to
single interrupt source.

3.3.1.1 Avoiding Extraneous Interrupts

There can be latencies in the system such that clearing an interrupt flag could take longer than leaving an Interrupt Service Routine
(ISR). This can lead to the ISR being re-entered as the interrupt flag has yet to clear immediately after leaving the ISR. To avoid this,
when clearing an interrupt flag at the end of an ISR, the user should execute ARM's Data Synchronization Barrier (DSB) instruction.
Another approach is to clear the interrupt flag immediately after identifying the interrupt source and then service the interrupt as shown
in the pseudo-code below. The ISR typically is sufficiently long to more than cover the few cycles it may take to clear the interrupt sta-
tus, and also allows the status to be checked for further interrupts before exiting the ISR.

i rgXServiceRoutine() {
do {
clearlrgXsStatus();
servicel rgX();
} while(irgXStatuslsActive());

3.3.1.2 IFC Read-clear Operation

In addition to the normal interrupt setting and clearing operations via the IFS/IFC registers, there is an additional atomic Read-clear
operation that can be enabled by setting IFCREADCLEAR=1 in the MSC_CTRL register. When enabled, reads of peripheral IFC regis-
ters will return the interrupt vector (mirroring the IF register), while at the same time clearing whichever interrupt flags are set. This oper-
ation is functionally equivalent to reading the IF register and then writing the result immediately back to the IFC register.
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3.3.2 Interrupt Request Lines (IRQ)

Table 3.1. Interrupt Request Lines (IRQ)

IRQ # Source(s)

0 EMU

1 WDOGO

2 LDMA

3 GPIO_EVEN

4 SMU

5 TIMERO

6 USARTO

7 ACMPO
ACMP1

8 ADCO

9 12C0

10 12C1

11 GPIO_ODD

12 TIMER1

13 USART1

14 USART2

15 UARTO

16 LEUARTO

17 LETIMERO

18 PCNTO

19 RTCC

20 cMU

21 MSC

22 CRYPTOO
TRNGO

23 CRYOTIMER

24 USART3

25 WTIMERO

26 WTIMER1

27 VDACO

28 CSEN

29 LESENSE

30 LCD

31 CANO
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4. Memory and Bus System

01

DMA Controller

Flash

ARM Cortex-M0+ ﬁ—'
RAM

I Peripherals

4.1 Introduction

Quick Facts
What?

A low latency memory system including low energy
Flash and RAM with data retention which makes the
energy modes attractive.

Why?

RAM retention reduces the need for storing data in
Flash and enables frequent use of the ultra low en-
ergy modes EM2 DeepSleep and EM3 Stop.

How?

Low energy and non-volatile Flash memory stores
program and application data in all energy modes
and can easily be reprogrammed in system. Low
leakage RAM with data retention in EMO Active to
EM3 Stop removes the data restore time penalty,
and the DMA ensures fast autonomous transfers
with predictable response time.

The EFM32 Tiny Gecko 11 contains an AMBA AHB Bus system to allow bus masters to access the memory mapped address space. A
multilayer AHB bus matrix connects the 2 master bus interfaces to the AHB slaves (Figure 4.1 EFM32 Tiny Gecko 11 Bus System on
page 40). The bus matrix allows several AHB slaves to be accessed simultaneously. An AMBA APB interface is used for the peripher-
als, which are accessed through an AHB-to-APB bridge connected to the AHB bus matrix. The 2 AHB bus masters are:

» Cortex-MO0+ ICode: Used for instruction fetches from Code memory (valid address range: 0x00000000 - Ox1FFFFFFF)
» Cortex-M0+ DCode: Used for debug and data access to Code memory (valid address range: 0x00000000 - Ox1FFFFFFF)

» Cortex-M0+ System: Used for data and debug access to system space. It can access entire memory space except Code memory
(valid address range: 0x20000000 - OxFFFFFFFF)

* DMA: Can access the entire memory space except the internal core memory region and the DMEM code region

ARM AHB Multilayer
Cortex-M Bus Matrix

, ICode |

) Ll

, DCode |

) Ll

|, System |

)
DMA

A A

A
A 4

Flash

L

RAMO

RAMnN

CRYPTO

AHB/ <—>| Peripheral 0
APB

Bridge

4—>| Peripheral n

Figure 4.1. EFM32 Tiny Gecko 11 Bus System
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4.2 Functional Description

The memory segments are mapped together with the internal segments of the Cortex-M0+ into the system memory map shown by
Figure 4.2 System Address Space With Core and Code Space Listing on page 41.

oxfffffffe

0xf0e01000
0xf1000000

OXTOTTTTTT /

0xf0000000
Oxefffffff

AAP

0xf0e00000

Device 0xf0100000

0xf00ff000

CMO0+ ROM Table

0xf0000000

0xe0100000

—
—
—
-
—
OxeOfffff | —p,—
CMO+ Peripherals /
0xe0000000
FEEFFFf
e \ 0xe000f000
0x460f0400 \ System Control Space
0x460f03ff 0xe000e000

Bit Set
(Peripherals / CRYPTOO) \ 0xe0003000
0x46000000 \ *
Ox45ffffff BPU
/ 0xe0002000
\

0x44010400 \ DWT
0x440f03ff

0xe0001000

Bit Clear
(Peripherals / CRYPTOO)

044000000 0xe0000000
OXA3TITTTT
040070400
Ox4007037T / 0x10008000
CRYPTOO / RAMO
0x40070000 / (code space)
Ox400eT 11T / 0x10000000
Peripherals 1
0x40040000 0x0fe08400
0x4003ffff / Chip config
Peripherals 0 4 0x0fe08000
9x40000000
OXSTTFTTTT y Lock bits 0x0fe04800
0x0fe04000
0x20008000 /
0x20007T1T / pY—— 0x0fe00800
RAMO (data space) 0x20000000 0x0fe00000
OXITITITIT 0x00020000

Code / Flash (128 KB)
0x00000000 _ _ / 0x00000000

Figure 4.2. System Address Space With Core and Code Space Listing

Additionally, the peripheral address map is detailed by Figure 4.3 System Address Space With Peripheral Listing on page 42.
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OxTTTTTTTe PRS
4440020000 sMu / 0x400e6000
X
V\ Oxfl 800080 0x400€5400
\ OXTOTTTTFT RMU 0440025000
0x4001d400 Device / x400e.
TRNGO 0x0000000 0x400e4400
0x4001d000 OxefTrIrrrr / CcMU
\ 0x400e4000
0x4001c400 0xe0100000 | — 0x400e3400
Oxe00TTTrT
GPCRC
0x4001c000 CMO+ Peripherals / 0x400e3000
\ 0xe0000000 0x4008400
0x4001a800 /\ OxdfFFreee CRYOTIMER 0x4008000
0x4001a400 mmERt OV / - 0x4008e400
X a
WTIMERO \ Bit Set Ox4607037F l 0x4008e000
I €
0x4001a000 (Peripherals / CRYPTOO) el 0x40089800
040018800 0x46000000 / = 0x40089400
X
p— \ OXASTITTTT { — 0x40089000
0x40018400 \ 0x440£0400 0x40088000
60015000 TIMERO Ox4407037T — 040086400
X Bit Clear
(Peripherals / CRYPTOO) l 0x40086000
0x40014400 \ 0x44000000 0x40082400
ADCO
UARTO OXA3TTTTTT / 0x40082000
0x40014000
0x40080800
\ 0x40010400 ¥ ACMPL
0x40011000 \ ©x4007037T — 0x40080400
USART3 CRYPTOO
0x40080000
BT Ox4006e400
USART2 xatle x ©
0x40010800 \ Peripherals 1 PCNTO 0x4006€000
0x40040000
0x40010400 USARTL 0x4003ffff TEUARTO 0x4006a400
x Peripherals 0 \
USARTO 0x46000000 0x40062000
0x40010000 OX3TITTflT \ TETIMERD 0x40066400
/ 0x40066000
0x40004400 0x20008000 |
CANO Ox200077FT \ 0x40062400
RTCC
0x40004000 7 RAMO (data space) 0x40062000
0x20000000 \
0x40003000 / OXITFTFTTT LESENSE 0x40035400
LDMA / X 0x40055000
0x40002000 / cod — 0x40054400
ode
\ 0x40054000
0x40000800
MSC — 0x40052400
0x40000000 / £x00000000 0x40052000

Figure 4.3. System Address Space With Peripheral Listing

The embedded SRAM is located at address 0x20000000 in the memory map of the EFM32 Tiny Gecko 11. When running code located
in SRAM starting at this address, the Cortex-MO+ uses the System bus interface to fetch instructions. This results in reduced perform-
ance as the Cortex-M0O+ accesses stack, other data in SRAM and peripherals using the System bus interface. To be able to run code
from SRAM efficiently, the SRAM is also mapped in the code space at address 0x10000000.

The SRAM mapped into the code space can however only be accessed by the CPU and not any other bus masters, e.g. DMA. See
4.5 SRAM for more detailed info on the system SRAM.

4.2.1 Peripheral Non-Word Access Behavior

When writing to peripheral registers, all accesses are treated as 32-bit accesses. This means that writes to a register need to be large
enough to cover all bits of register, otherwise, any uncovered bits may become corrupted from the partial-word transfer. Thus, the saf-
est practice is to always do 32-bit writes to peripheral registers.

When reading, there is generally no issue with partial word accesses, however, note that any read action (e.g. FIFO popping) will be
triggered regardless of whether the actual FIFO bit-field was included in the transfer size.

Note: The implementation of bit-banding in the core is such that bit-band accesses forward the transfer size info into the actual bus
transfer size, so the same restrictions apply to bit-band accesses as apply to normal read/write accesses.
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4.2.2 Peripheral Bit Set and Clear

The EFM32 Tiny Gecko 11 supports bit set and bit clear access to all peripherals except those listed in Table 4.1 Peripherals that Do
Not Support Bit Set and Bit Clear on page 43. The bit set and bit clear functionality (also called Bit Access) enables modification of bit
fields (single bit or multiple bit wide) without the need to perform a read-modify-write (though it is functionally equivalent). Also, the op-
eration is contained within a single bus access (for HF peripherals).

The bit clear aliasing region starts at 0x44000000 and the bit set aliasing region starts at 0x46000000. Thus, to apply a bit set or clear
operation, write the bit set or clear mask to the following addresses:

bit_clear_address = address + 0x04000000
bit_set_address = address + 0x06000000

For bit set operations, bit locations that are 1 in the bit mask will be set in the destination register:
register = (register OR mask)
For bit clear operations, bit locations that are 1 in the bit mask will be cleared in the destination register:

register = (register AND (NOT mask))

Note: It is possible to combine bit clear and bit set operations in order to arbitrarily modify multi-bit register fields, without affecting other
fields in the same register. In this case, care should be taken to ensure that the field does not have intermediate values that can lead to
erroneous behavior. For example, if bit clear and bit set operations are used to change an analog tuning register field from 25 to 26, the
field would initially take on a value of zero. If the analog module is active at the time, this could lead to undesired behavior.

The peripherals listed in Table 4.1 Peripherals that Do Not Support Bit Set and Bit Clear on page 43 do not support Bit Access for any
registers. All other peripherals do support Bit Access, however, there may be cases of certain registers that do not support it. Such
registers have a note regarding this lack of support.

Table 4.1. Peripherals that Do Not Support Bit Set and Bit Clear

EMU
RMU

CANO

CRYOTIMER

TRNGO
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4.2.3 Peripherals

The peripherals are mapped into the peripheral memory segment, each with a fixed size address range according to Table 4.2 Periph-
erals on page 44, Table 4.3 Low Energy Peripherals on page 44 , and Table 4.4 Core Peripherals on page 45.

Table 4.2. Peripherals

Address Range Module Name

0x400E6000 - 0x400E6400 PRS
0x4008F000 - 0x4008F400 CRYOTIMER
0x4008E000 - 0x4008E400 CSEN
0x40089400 - 0x40089800 12C1
0x40089000 - 0x40089400 12C0
0x40088000 - 0x40089000 GPIO
0x40086000 - 0x40086400 VDACO
0x40082000 - 0x40082400 ADCO
0x40080400 - 0x40080800 ACMP1
0x40080000 - 0x40080400 ACMPO
0x40020000 - 0x40020400 SMU
0x4001D000 - 0x4001D400 TRNGO
0x4001C000 - 0x4001C400 GPCRC
0x4001A400 - 0x4001A800 WTIMER1
0x4001A000 - 0x4001A400 WTIMERO
0x40018400 - 0x40018800 TIMER1
0x40018000 - 0x40018400 TIMERO
0x40014000 - 0x40014400 UARTO
0x40010C00 - 0x40011000 USART3
0x40010800 - 0x40010C00 USART2
0x40010400 - 0x40010800 USART1
0x40010000 - 0x40010400 USARTO
0x40004000 - 0x40004400 CANO

Table 4.3. Low Energy Peripherals

Address Range Module Name

0x4006E000 - 0x4006E400 PCNTO
0x4006A000 - 0x4006A400 LEUARTO
0x40066000 - 0x40066400 LETIMERO
0x40062000 - 0x40062400 RTCC
0x40055000 - 0x40055400 LESENSE
0x40054000 - 0x40054400 LCD
0x40052000 - 0x40052400 WDOGO0
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Table 4.4. Core Peripherals

Address Range Module Name

0xF0040000 - 0xF0080000 MTB
0xE0000000 - 0xE0040000 CMOP
0x400F0000 - 0x400F0400 CRYPTOO
0x40002000 - 0x40003000 LDMA
0x40000000 - 0x40000800 MSC

4.2.4 Bus Matrix

The Bus Matrix connects the memory segments to the bus masters as detailed in 4.1 Introduction.

4.2.4.1 Arbitration

The Bus Matrix uses a round-robin arbitration algorithm which enables high throughput and low latency, while starvation of simultane-
ous accesses to the same bus slave are eliminated. Round-robin does not assign a fixed priority to each bus master. The arbiter does
not insert any bus wait-states during peak interaction. However, one wait state is inserted for master accesses occurring after a pro-
longed inactive time. This wait state allows for increased power efficiency during master idle time.

4.2.4.2 Peripheral Access Performance
The Bus Matrix is a multi-layer energy optimized AMBA AHB compliant bus with an internal bandwidth of 2x a single AHB interface.

The Cortex-M0+, DMA Controller, and peripherals (not peripherals in the low frequency clock domain) run on clocks which can be pre-
scaled separately. Clocks and prescaling are described in more detail in 10. CMU - Clock Management Unit . This section describes the
expected bus wait states for a peripheral based on its frequency relative to the HFCLK frequency. For this discussion, PERCLK refers
to a selected peripheral's clock frequency, which is some integer division of the HFCLK frequency.
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4.2.4.2.1 WSO Mode

In general, when accessing a peripheral, the latency in number of HFCLK cycles, not including master arbitration, is given by:

Nbus cycles = Nslave cycles * fHFCLK/fPERCLK, best-case write accesses
Nbus cycles = Nslave cycles * fHFcLK/fPERCLK *+ 1, best-case read accesses
Nbus cycles = (Nslave cycles + 1) * fHrcLk/fPERCLK - 1, Worst-case write accesses
Npus cycles = (Nslave cycles ¥ 1) % furcLk/fPERCLK, WOrst-case read accesses

where Ngjave cycles IS the throughput of the slave's bus interface in number of PERCLK cycles per transfer, including any wait cycles
introduced by the slave.

Figure 4.4. Bus Access Latency (General Case)

Note that a latency of 1 cycle corresponds to 0 wait states.

Additionally, for back-to-back accesses to the same peripheral, the throughput in number of cycles per transfer is given by:

Npus cycles = Nslave cycles * fHFcLK/fPERCLK, Write accesses
Nbus cycles = (Nsiave cycles T 1) * furcLk/fPERCLK, read accesses

Figure 4.5. Bus Access Throughput (Back-to-Back Transfers)

Lastly, in the highest performing case, where PERCLK equals HFCLK and the slave does not introduce any additional wait states, the
access latency in number of cycles is given by:

Nbus cycles = 1, Write accesses

Nbus cycles = 2, read accesses

Figure 4.6. Bus Access Latency (Max Performance)
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4.2.4.2.2 WS1 Mode

In general, when accessing a peripheral, the latency in number of HFCLK cycles, not including master arbitration, is given by:

Npus cycles = Nslave cycles * fHFCLK/fPERCLK *+ 2, best-case write accesses
Nbus cycles = Nslave cycles * fHFCLK/fPERCLK + 1, best-case read accesses
Nbus cycles = (Nsiave cycles + 1) X furcLk/fPERCLK T+ 1, Worst-case write accesses
Nbus cycles = (Nsiave cycles + 1) * furcLk/fPERCLK, Worst-case read accesses

where Ngjave cycles IS the throughput of the slave's bus interface in number of PERCLK cycles per transfer, including any wait cycles
introduced by the slave.

Figure 4.7. Bus Access Latency (General Case)

Note that a latency of 1 cycle corresponds to 0 wait states.

Additionally, for back-to-back accesses to the same peripheral, the throughput in number of cycles per transfer is given by:

Npus cycles = Max{fyrcLk/fPERCLK: 2} + Nsiave cycles * fHFCLK/fPERCLK, Write accesses

Nbus cycles = (Nslave cycles T 1) * furcLk/fPERCLK, read accesses

Figure 4.8. Bus Access Throughput (Back-to-Back Transfers)

Lastly, in the highest performing case, where PERCLK equals HFCLK and the slave does not introduce any additional wait states, the
access latency in number of cycles is given by:

Nbus cycles = 3, Write accesses

Nbus cycles = 2, read accesses

Figure 4.9. Bus Access Latency (Max Performance)

4.2.4.2.3 Core Access Latency

Note that the cycle counts in the equations above is in terms of the HFCLK. When the core is prescaled from the bus clock, the core will
see a reduced number of latency cycles given by:

Ncore cycles = c€iling( Npus cycles * fTHFCORECLK/THFCLK )

where master arbitration is not included.

Figure 4.10. Core Access Latency
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4.2.4.3 Bus Faults

System accesses from the core can receive a bus fault in the following condition(s):

* The core attempts to access an address that is not assigned to any peripheral or other system device. These faults can be enabled
or disabled by setting the ADDRFAULTEN bit appropriately in MSC_CTRL.

» The core attempts to access a peripheral or system device that has its clock disabled. These faults can be enabled or disabled by
setting the CLKDISFAULTEN bit appropriately in MSC_CTRL.

* The bus times out during an access. For example, this could happen while trying to synchronize volatile read data during an LE
peripheral access. See 10.3.1.1 HFCLK - High Frequency Clock. These faults can be enabled or disabled by setting the TIMEOUT-
FAULTEN bit appropriately in MSC_CTRL.

In addition to any condition-specific bus fault control bits, the bus fault interrupt itself can be enabled or disabled in the same way as all
other internal core interrupts.

Note: The icache flush is not triggered at the event of a bus fault. As a result, when an instruction fetch results in a bus fault, invalid
data may be cached. This means that the next time the instruction that caused the bus fault is fetched, the processor core will get the
invalid cached data without any bus fault. In order to avoid invalid cached data propagation to the processor core, software should man-
ually invalidate cache by writing 1 to MSC_CMD_INVCACHE bitfield at the event of a bus fault.

4.3 Access to Low Energy Peripherals (Asynchronous Registers)

The Low Energy Peripherals are capable of running when the high frequency oscillator and core system is powered off, i.e. in energy
mode EM2 DeepSleep and in some cases also EM3 Stop. This enables the peripherals to perform tasks while the system energy con-
sumption is minimal.

The Low Energy Peripherals are listed in Table 4.3 Low Energy Peripherals on page 44.

All Low Energy Peripherals are memory mapped, with automatic data synchronization. Because the Low Energy Peripherals are run-
ning on clocks asynchronous to the high frequency system clock, there are some constraints on how register accesses are performed,
as described in the following sections.
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4.3.1 Writing

Every Low Energy Peripheral has one or more registers with data that needs to be synchronized into the Low Energy clock domain to
maintain data consistency and predictable operation. There are two different synchronization mechanisms on the EFM32TG11, immedi-
ate synchronization, and delayed synchronization. Immediate synchronization is available for the RTCC, LESENSE and LETIMER, and
results in an immediate update of the target registers. Delayed synchronization is used for the remaining Low Energy Peripherals, and
for these peripherals, a write operation requires 3 positive edges of the clock on the Low Energy Peripheral being accessed. Registers
requiring synchronization are marked "Async Reg" in their description header.

Note: On the Gecko series of devices, all LE peripherals are subject to delayed synchronization.

High Frequency Clock Domain Low Frequency Clock Domain

|
|
|
|
|
|
Register 0 | o L Synchronizer 0 - Register 0 Sync —

Freeze
High Frequency Clock | Low Frequency Clock Low Frequency Clock
Write request 0 ‘ ‘ ‘
—
. |
Write request 1 - Register 1 » o b Synchronizer 1 - Register 1 Sync
[
|
|
Write request n - ! — —
- Register n > o P Synchronizer n > Register n Sync
|
|
1 Synchronization Done
Write request [0:n] :
|
| SetO,, Syncbusy Register 0 | Clear 0 :
| Setl,, Syncbusy Register 1 g Clear 1] |
|
’ |
|
Setn Reai Clear n !
EEEE— Syncbusy Register n o B |
|
|
|
1

Figure 4.11. Write Operation to Low Energy Peripherals
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4.3.1.1 Delayed Synchronization

After writing data to a register which value is to be synchronized into the Low Energy Peripheral using delayed synchronization, a corre-
sponding busy flag in the <module_name>_SYNCBUSY register (e.g. LETIMER_SYNCBUSY) is set. This flag is set as long as syn-
chronization is in progress and is cleared upon completion.

Note: Subsequent writes to the same register before the corresponding busy flag is cleared is not supported. Write before the busy flag
is cleared may result in undefined behavior. In general the SYNCBUSY register only needs to be observed if there is a risk of multiple
write access to a register (which must be prevented). It is not required to wait until the relevant flag in the SYNCBUSY register is
cleared after writing a register. E.g., EM2 DeepSleep can be entered directly after writing a register.

See Figure 4.12 Write Operation to Low Energy Peripherals on page 50 for an overview of the writing mechanism operation.

High Frequency Clock Domain Low Frequency Clock Domain

|
|
|
Freeze |
High Frequ‘ency Clock | : Low Frequ‘ency Clock Low Frequ‘ency Clock
Wri
fite request 0 - Register 0 » o : - Synchronizer 0 - Register 0 Sync
Write request 1 > Register 1 o Synchronizer 1 > Register 1 Sync >
[
|
|
Write request n - ! ; °
- Register n » o b Synchronizer n - Register n Sync
|
|
1 Synchronization Done
Write request [0:n] :
|
| SetOy, Syncbusy Register 0 | Clear 0 | :
| Setly, Syncbusy Register 1 g Clear 1] |
|
|
|
Setn o Clear n I
= Syncbusy Register n = |
|
|
|
1

Figure 4.12. Write Operation to Low Energy Peripherals

4.3.1.2 Immediate Synchronization

In contrast to the peripherals with delayed synchronization, peripherals with immediate synchronization do not experience a register
write delay for most registers. Registers are updated immediately on the peripheral write access. If such a write is done close to an
edge on the clock of the peripheral, the write can be delayed until after that clock edge. This will introduce wait-states on the peripheral
access.

One exception is made for commands (writing to the CMD register) in peripherals with immediate synchronization. Peripherals with im-
mediate synchronization each have a SYNCBUSY register with a bit for the CMD register status. Commands written to a peripheral with
immediate synchronization are not executed before the first peripheral clock after the write. In this period, the SYNCBUSY flag for the
command register is set, indicating that the command has not yet been performed.

To maintain compatibility with earlier Gecko series, the SYNCBUSY register reserves placeholders where other register synchroniza-
tion bits resided. These bits always read 0, indicating that register writes are always safe.

Note: If compatibility with earlier Gecko series is a requirement for a given application, the rules that apply to delayed synchronization
with respect to SYNCBUSY should also be followed for the peripherals that support immediate synchronization.
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4.3.2 Reading

When reading from a Low Energy Peripheral, the data read is synchronized regardless if it originates in the Low Energy clock domain
or High Frequency clock domain. See Figure 4.13 Read Operation From Low Energy Peripherals on page 51 for an overview of the
reading operation.

Note: Writing a register and then immediately reading the new value of the register may give the impression that the write operation is
complete. This may not be the case. Refer to the SYNCBUSY register for correct status of the write operation to the Low Energy
Peripheral.

High Frequency Clock Domain Low Frequency Clock Domain

Freeze

|
|
|
|
High Frequ‘ency Clock : Low Frequency Clock Low Frequency Clock
-t Register 0 : Synchronizer 0 Register 0 Sync
Register 1 | Synchronizer 1 Register 1 Sync
|
|
|
. | . .
Register n | Synchronizer n Register n Sync
|
|
’ | |
|
|
- : HW Status Register 0 -t
Read : Low Ener:
. - - qy
Synchronizer | HW Status Register 1 Peripheral
| Main
| Function
| .
- HW Status Register m -
Read Data :
|
|
I

Figure 4.13. Read Operation From Low Energy Peripherals

4.3.3 FREEZE Register

In all Low Energy Peripheral with delayed synchronization there is a <module_name>_FREEZE register (e.g. RTCC_FREEZE). The
register contains a bit named REGFREEZE. If precise control of the synchronization process is required, this bit may be utilized. When
REGFREEZE is set, the synchronization process is halted allowing the software to write multiple Low Energy registers before starting
the synchronization process, thus providing precise control of the module update process. The synchronization process is started by
clearing the REGFREEZE bit.

Note: The FREEZE register is also present on peripherals with immediate synchronization, but there it has no effect

4.4 Flash

The Flash retains data in any state and typically stores the application code, special user data and security information. The Flash
memory is typically programmed through the debug interface, but can also be erased and written to from software.

* Up to 128 kB of memory

» Page size of 2 kB (minimum erase unit)

* Minimum 10K erase cycles endurance

» Greater than 10 years data retention at 85 °C
* Lock-bits for memory protection

» Data retention in any state
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4.5 SRAM

The primary task of the SRAM memory is to store application data. Additionally, it is possible to execute instructions from SRAM, and
the DMA may be set up to transfer data between the SRAM, flash and peripherals.

* Up to 32 kB of memory
» Set of RAM blocks may be powered down when not in use
+ Data retention of the entire memory in EMO Active to EM3 Stop

The SRAM memory may be split among two or more different AHB slaves (e.g., RAMO, RAM1, ...) in order to allow simultaneous ac-
cess to different sections of the memory from two different AHB masters. For example, the Cortex-M0+ can access RAMO while the
DMA controller accesses RAM1 in parallel. See 4.1 Introduction for AHB slave connectivity details.
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4.6 DI Page Entry Map

The DI page contains production calibration data as well as device identification information. See the peripheral chapters for how each
calibration value is to be used with the associated peripheral.

The offset address is relative to the start address of the DI page (see 6.3 Functional Description).

Offset Name Type Description

0x000 CAL RO CRC of DI-page and calibration temperature
0x030 CUSTOMINFO RO Custom information

0x034 MEMINFO RO Flash page size and misc. chip information
0x040 UNIQUEL RO Low 32 bits of device unique number
0x044 UNIQUEH RO High 32 bits of device unique number
0x048 MSIZE RO Flash and SRAM Memory size in kB
0x04C PART RO Part description

0x050 DEVINFOREV RO Device information page revision

0x054 EMUTEMP RO EMU Temperature Calibration Information
0x060 ADCOCALO RO ADCO calibration register 0

0x064 ADCOCAL1 RO ADCO calibration register 1

0x068 ADCOCAL2 RO ADCO calibration register 2

0x06C ADCOCAL3 RO ADCO calibration register 3

0x080 HFRCOCALO RO HFRCO Calibration Register (4 MHz)
0x08C HFRCOCAL3 RO HFRCO Calibration Register (7 MHz)
0x098 HFRCOCALG6 RO HFRCO Calibration Register (13 MHz)
0x09C HFRCOCAL7 RO HFRCO Calibration Register (16 MHz)
0x0A0 HFRCOCALS8 RO HFRCO Calibration Register (19 MHz)
0x0A8 HFRCOCAL10 RO HFRCO Calibration Register (26 MHz)
0x0AC HFRCOCAL11 RO HFRCO Calibration Register (32 MHz)
0x0BO HFRCOCAL12 RO HFRCO Calibration Register (38 MHz)
0x0B4 HFRCOCAL13 RO HFRCO Calibration Register (48 MHz)
0x0EO AUXHFRCOCALO RO AUXHFRCO Calibration Register (4 MHz)
0x0EC AUXHFRCOCAL3 RO AUXHFRCO Calibration Register (7 MHz)
0xOF8 AUXHFRCOCALG6 RO AUXHFRCO Calibration Register (13 MHz)
0xOFC AUXHFRCOCAL7 RO AUXHFRCO Calibration Register (16 MHz)
0x100 AUXHFRCOCALS RO AUXHFRCO Calibration Register (19 MHz)
0x108 AUXHFRCOCAL10 RO AUXHFRCO Calibration Register (26 MHz)
0x10C AUXHFRCOCAL11 RO AUXHFRCO Calibration Register (32 MHz)
0x110 AUXHFRCOCAL12 RO AUXHFRCO Calibration Register (38 MHz)
0x114 AUXHFRCOCAL13 RO AUXHFRCO Calibration Register (48 MHz)
0x140 VMONCALO RO VMON Calibration Register 0

0x144 VMONCALA1 RO VMON Calibration Register 1
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Offset Name Type Description

0x148 VMONCAL2 RO VMON Calibration Register 2

0x168 DCDCLNVCTRLO RO DCDC Low-noise VREF Trim Register 0

0x16C DCDCLPVCTRLO RO DCDC Low-power VREF Trim Register 0

0x170 DCDCLPVCTRL1 RO DCDC Low-power VREF Trim Register 1

0x174 DCDCLPVCTRL2 RO DCDC Low-power VREF Trim Register 2

0x178 DCDCLPVCTRL3 RO DCDC Low-power VREF Trim Register 3

0x17C DCDCLPCMPHYSSELO | RO DCDC LPCMPHYSSEL Trim Register 0

0x180 DCDCLPCMPHYSSEL1 |RO DCDC LPCMPHYSSEL Trim Register 1

0x184 VDACOMAINCAL RO VDACO Cals for Main Path

0x188 VDACOALTCAL RO VDACO Cals for Alternate Path

0x18C VDACOCH1CAL RO VDACO CH1 Error Cal

0x190 OPAOCALO RO OPAQ Calibration Register for DRIVESTRENGTH 0, INCBW=1
0x194 OPAOCALA1 RO OPAQ Calibration Register for DRIVESTRENGTH 1, INCBW=1
0x198 OPAOCAL2 RO OPAQ Calibration Register for DRIVESTRENGTH 2, INCBW=1
0x19C OPAOCAL3 RO OPAQ Calibration Register for DRIVESTRENGTH 3, INCBW=1
0x1A0 OPAOCAL4 RO OPAO Calibration Register for DRIVESTRENGTH 0, INCBW=0
0x1A4 OPAOCAL5 RO OPAO Calibration Register for DRIVESTRENGTH 1, INCBW=0
0x1A8 OPAOCALG6 RO OPAO Calibration Register for DRIVESTRENGTH 2, INCBW=0
0x1AC OPAOCAL7 RO OPAQ Calibration Register for DRIVESTRENGTH 3, INCBW=0
0x1B0 OPA1CALO RO OPA1 Calibration Register for DRIVESTRENGTH 0, INCBW=1
0x1B4 OPA1CAL1 RO OPA1 Calibration Register for DRIVESTRENGTH 1, INCBW=1
0x1B8 OPA1CAL2 RO OPA1 Calibration Register for DRIVESTRENGTH 2, INCBW=1
0x1BC OPA1CAL3 RO OPA1 Calibration Register for DRIVESTRENGTH 3, INCBW=1
0x1CO OPA1CAL4 RO OPA1 Calibration Register for DRIVESTRENGTH 0, INCBW=0
0x1C4 OPA1CAL5 RO OPA1 Calibration Register for DRIVESTRENGTH 1, INCBW=0
0x1C8 OPA1CAL6 RO OPA1 Calibration Register for DRIVESTRENGTH 2, INCBW=0
0x1CC OPA1CAL7 RO OPA1 Calibration Register for DRIVESTRENGTH 3, INCBW=0
0x1D0 OPA2CALO RO OPAZ2 Calibration Register for DRIVESTRENGTH 0, INCBW=1
0x1D4 OPA2CALA1 RO OPAZ2 Calibration Register for DRIVESTRENGTH 1, INCBW=1
0x1D8 OPA2CAL2 RO OPAZ2 Calibration Register for DRIVESTRENGTH 2, INCBW=1
0x1DC OPA2CAL3 RO OPA2 Calibration Register for DRIVESTRENGTH 3, INCBW=1
Ox1EO OPA2CAL4 RO OPA2 Calibration Register for DRIVESTRENGTH 0, INCBW=0
Ox1E4 OPA2CAL5 RO OPA2 Calibration Register for DRIVESTRENGTH 1, INCBW=0
Ox1E8 OPA2CAL6 RO OPAZ2 Calibration Register for DRIVESTRENGTH 2, INCBW=0
Ox1EC OPA2CAL7 RO OPAZ2 Calibration Register for DRIVESTRENGTH 3, INCBW=0
0x1FO OPA3CALO RO OPAZ3 Calibration Register for DRIVESTRENGTH 0, INCBW=1
Ox1F4 OPA3CALA1 RO OPAZ3 Calibration Register for DRIVESTRENGTH 1, INCBW=1
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Ox1F8 OPA3CAL2 RO OPAZ3 Calibration Register for DRIVESTRENGTH 2, INCBW=1
O0x1FC OPA3CAL3 RO OPAZ3 Calibration Register for DRIVESTRENGTH 3, INCBW=1
0x200 OPA3CAL4 RO OPAZ3 Calibration Register for DRIVESTRENGTH 0, INCBW=0
0x204 OPA3CAL5 RO OPAZ3 Calibration Register for DRIVESTRENGTH 1, INCBW=0
0x208 OPA3CAL6 RO OPAS3 Calibration Register for DRIVESTRENGTH 2, INCBW=0
0x20C OPA3CAL7 RO OPAZ3 Calibration Register for DRIVESTRENGTH 3, INCBW=0
0x210 CSENGAINCAL RO Cap Sense Gain Adjustment

4.7 DI Page Entry Description

4.7.1 CAL - CRC of DI-page and calibration temperature

Offset Bit Position

0x000 |5 |8IQIRKQQIIQ ] IR eI ¥ tQloo|~lolw|¢|m|a|- o

Access 8 8

N = <

ame i %

Bit Name Access Description

31:24 Reserved Reserved for future use

23:16 TEMP RO Calibration temperature as an usigned int in DegC (25 =
25DegC)

15:0 CRC RO CRC of DI-page (CRC-16-CCITT)

4.7.2 CUSTOMINFO - Custom information

Offset Bit Position
0x030 2 QKL LIV I I e|¥IfT@|low~lo/w|t ®|la|~]|o
Access 8
@)
z
Name E
<
o
Bit Name Access Description
31:16 PARTNO RO Custom part identifier as unsigned integer (e.g. 903) 65535 for
standard product
15:0 Reserved Reserved for future use
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4.7.3 MEMINFO - Flash page size and misc. chip information

Offset

Bit Position

x034 1518 QK QLI NIRRT |ee ey ~lo|w| v m|la-|o
Access 8 8 8 8
L
N
P
L L
O] a
Name < e w é
T 3 = o
%) 5] =
< > 9] =
] = X L
L o o -
Bit Name Access Description
31:24 FLASH_PAGE_SIZE RO Flash page size in bytes coded as 2 * ((MEM_IN-
FO_FLASH_PAGE_SIZE + 10) & OxFF). le. the value OxFF =
512 bytes.
23:16 PINCOUNT RO Device pin count as unsigned integer (eg. 48)
15:8 PKGTYPE RO Package Identifier as character
Value Mode Description
74 WLCSP WLCSP package
76 BGA BGA package
77 QFN QFN package
81 QFP QFP package
7:0 TEMPGRADE RO Temperature Grade of product as unsigned integer enumeration
Value Mode Description
0 N40TO85 -40 to 85degC
1 N40TO125 -40 to 125degC
2 N40TO105 -40 to 105degC
3 NOTO70 0 to 70degC
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4.7.4 UNIQUEL - Low 32 bits of device unique number

Offset Bit Position
0040 |5 18/RQINERIRQNFTRZRT L LT T 2o lw~oo von o
o
Access o
-
5
Name g
zZ
)
Bit Name Access Description
31:0 UNIQUEL RO Low 32 bits of device unique number

4.7.5 UNIQUEH - High 32 bits of device unique number

Bit Position
004 1583 RIEINQRIRNS K222 T 2N T 200~ oo0 0o
o
Access h
T
w
Name 8
pd
)
Bit Name Access Description
31:0 UNIQUEH RO High 32 bits of device unique number

4.7.6 MSIZE - Flash and SRAM Memory size in kB

Offset Bit Position

x048 |5 |18IQIRIRQQ IR ] IR eI 2 ¥ tQ|loo|~|lo|lw|¢|m|a|- o
o o
Access h A
s T
Name é <</(>
-
) T
Bit Name Access Description
31:16 SRAM RO Ram size, kbyte count as unsigned integer (eg. 16)
15:0 FLASH RO Flash size, kbyte count as unsigned integer (eg. 128)
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4.7.7 PART - Part description

Offset Bit Position
004C 53R BNIQRIRN TR 222 T2 T 20 o~oox oo
Access 8 8 8
> i
=
Name E E é),
g o &
% @ o
a a o
Bit Name Access Description
31:24 PROD_REV RO Production revision as unsigned integer
23:16 DEVICE_FAMILY RO Device Family
Value Mode Description
16 EFR32MG1P EFR32 Mighty Gecko Family Series 1 Device Config 1
17 EFR32MG1B EFR32 Mighty Gecko Family Series 1 Device Config 1
18 EFR32MG1V EFR32 Mighty Gecko Family Series 1 Device Config 1
19 EFR32BG1P EFR32 Blue Gecko Family Series 1 Device Config 1
20 EFR32BG1B EFR32 Blue Gecko Family Series 1 Device Config 1
21 EFR32BG1V EFR32 Blue Gecko Family Series 1 Device Config 1
25 EFR32FG1P EFR32 Flex Gecko Family Series 1 Device Config 1
26 EFR32FG1B EFR32 Flex Gecko Family Series 1 Device Config 1
27 EFR32FG1V EFR32 Flex Gecko Family Series 1 Device Config 1
28 EFR32MG12P EFR32 Mighty Gecko Family Series 1 Device Config 2
29 EFR32MG12B EFR32 Mighty Gecko Family Series 1 Device Config 2
30 EFR32MG12V EFR32 Mighty Gecko Family Series 1 Device Config 2
31 EFR32BG12P EFR32 Blue Gecko Family Series 1 Device Config 2
32 EFR32BG12B EFR32 Blue Gecko Family Series 1 Device Config 2
33 EFR32BG12V EFR32 Blue Gecko Family Series 1 Device Config 2
37 EFR32FG12P EFR32 Flex Gecko Family Series 1 Device Config 2
38 EFR32FG12B EFR32 Flex Gecko Family Series 1 Device Config 2
39 EFR32FG12V EFR32 Flex Gecko Family Series 1 Device Config 2
40 EFR32MG13P EFR32 Mighty Gecko Family Series 1 Device Config 3
41 EFR32MG13B EFR32 Mighty Gecko Family Series 1 Device Config 3
42 EFR32MG13V EFR32 Mighty Gecko Family Series 1 Device Config 3
43 EFR32BG13P EFR32 Blue Gecko Family Series 1 Device Config 3
44 EFR32BG13B EFR32 Blue Gecko Family Series 1 Device Config 3
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Bit Name Access Description
45 EFR32BG13V EFR32 Blue Gecko Family Series 1 Device Config 3
46 EFR322G13P EFR32 Zen Gecko Family Series 1 Device Config 3
49 EFR32FG13P EFR32 Flex Gecko Family Series 1 Device Config 3
50 EFR32FG13B EFR32 Flex Gecko Family Series 1 Device Config 3
51 EFR32FG13V EFR32 Flex Gecko Family Series 1 Device Config 3
52 EFR32MG14P EFR32 Mighty Gecko Family Series 1 Device Config 4
53 EFR32MG14B EFR32 Mighty Gecko Family Series 1 Device Config 4
54 EFR32MG14V EFR32 Mighty Gecko Family Series 1 Device Config 4
55 EFR32BG14P EFR32 Blue Gecko Family Series 1 Device Config 4
56 EFR32BG14B EFR32 Blue Gecko Family Series 1 Device Config 4
57 EFR32BG14V EFR32 Blue Gecko Family Series 1 Device Config 4
58 EFR322G14P EFR32 Zen Gecko Family Series 1 Device Config 4
61 EFR32FG14P EFR32 Flex Gecko Family Series 1 Device Config 4
62 EFR32FG14B EFR32 Flex Gecko Family Series 1 Device Config 4
63 EFR32FG14V EFR32 Flex Gecko Family Series 1 Device Config 4
71 EFM32G EFM32 Gecko Device Family
72 EFM32GG EFM32 Giant Gecko Device Family
73 EFM32TG EFM32 Tiny Gecko Device Family
74 EFM32LG EFM32 Leopard Gecko Device Family
75 EFM32WG EFM32 Wonder Gecko Device Family
76 EFM32zG EFM32 Zero Gecko Device Family
77 EFM32HG EFM32 Happy Gecko Device Family
81 EFM32PG1B EFM32 Pearl Gecko Family Series 1 Device Config 1
83 EFM32JG1B EFM32 Jade Gecko Family Series 1 Device Config 1
85 EFM32PG12B EFM32 Pearl Gecko Family Series 1 Device Config 2
87 EFM32JG12B EFM32 Jade Gecko Family Series 1 Device Config 2
100 EFM32GG11B EFM32 Giant Gecko Family Series 1 Device Config 1
103 EFM32TG11B EFM32 Tiny Gecko Family Series 1 Device Config 1
106 EFM32GG12B EFM32 Giant Gecko Family Series 1 Device Config 2
120 EZR32LG EZR32 Leopard Gecko Device Family
121 EZR32WG EZR32 Wonder Gecko Device Family
122 EZR32HG EZR32 Happy Gecko Device Family

15:0 DEVICE_NUMBER RO Part number as unsigned integer (e.g. 233 for

EFR32BG1P233F256GM48-B0)
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4.7.8 DEVINFOREV - Device information page revision

Offset Bit Position
%050 |5 8/ RN &ERIQN RS2 LL T2 2 olon~owv von o
o O
Access o h
o 14
Name Q e
< P
= =
Bit Name Access Description
31:8 Reserved Reserved for future use
75 MAJOR RO Major DEVINFO revision as unsigned integer (initially 1)
4:0 MINOR RO Minor DEVINFO layout revision as unsigned integer (initially 0)

4.7.9 EMUTEMP - EMU Temperature Calibration Information

Offset Bit Position

0x054 SRR ILIQL I QY IR I @¥It|Qlow|(m|lojlv|ld|v|la|~|o

Access ccz)
=
(@)
@]
i

Name =
L
'_
-]
=
L

Bit Name Access Description

31:8 Reserved Reserved for future use

7.0 EMUTEMPROOM RO EMU_TEMP temperature reading at room
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4.7.10 ADCOCALDO - ADCO calibration register 0

Offset Bit Position
0x060 S RIQAQIRILIQ IRV IIRIZI2 2T 2¥IS|Qlow|~|lojlv|d|w|a|~|o
Access 8 8 8 8 8 8
n
0 N
= >
N ~
i m
) n ©
Name - g o w S
0 3 m S 3 "
z & % z & %
< w L < w o
O zZ (@] 0] zZ O
Bit Name Access Description
31 Reserved Reserved for future use
30:24 GAIN2V5 RO Gain for 2.5V reference
23:20 NEGSEOFFSET2V5 RO Negative single ended offset for 2.5V reference
19:16 OFFSET2V5 RO Offset for 2.5V reference
15 Reserved Reserved for future use
14:8 GAIN1V25 RO Gain for 1.25V reference
7:4 NEGSEOFFSET1V25 RO Negative single ended offset for 1.25V reference
3.0 OFFSET1V25 RO Offset for 1.25V reference
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4.7.11 ADCOCAL1 - ADCO calibration register 1

Offset Bit Position
0x064 S RIQAQIRILIQ IRV IIRIZI2 2T 2¥IS|Qlow|~|lojlv|d|w|a|~|o
Access 8 8 8 8 8
L
= @)
@)
@)
3 S
— L ~
3 < 3 o
Name i t g & a
9 O i 3 @ e
> m a w
2 2 & 2 2 &
= 2 i 3 D i
O pd (@] O pd O
Bit Name Access Description
31 Reserved Reserved for future use
30:24 GAIN5SVDIFF RO Gain for for 5V differential reference
23:20 NEGSEOFFSET5VDIFF RO Negative single ended offset with for 5V differential reference
19:16 OFFSET5VDIFF RO Offset for 5V differential reference
15 Reserved Reserved for future use
14:8 GAINVDD RO Gain for VDD reference
7:4 NEGSEOFFSETVDD RO Negative single ended offset for VDD reference
3:0 OFFSETVDD RO Offset for VDD reference
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4.7.12 ADCOCAL2 - ADCO calibration register 2

Offset Bit Position

0x068 |5 8RN ELRIQNTR2RT L L T2 2 o0lon~owv von o

Access 8 8
@)
@)
>
x
o
Lu 8

Name P S
L &
o —
I-ImJ 1]
0] @
w L
z (@)

Bit Name Access Description

31 Reserved Reserved for future use

30:24 Reserved Reserved for future use

23:20 Reserved Reserved for future use

19:16 Reserved Reserved for future use

15:8 Reserved Reserved for future use

74 NEGSEOFFSET2XVDD RO Negative single ended offset for 2XVDD reference

3:0 OFFSET2XVDD RO Offset for 2XVDD reference

4.7.13 ADCOCAL3 - ADCO calibration register 3

Offset Bit Position
x06C 158 QX JQLLIQNIRIIeT eIV |2 olo|~rlolv|t| o a0
@)
Access h
Te)
N
z
@)
Name E
x
[N
=
L
'_
Bit Name Access Description
31:16 Reserved Reserved for future use
15:4 TEMPREAD1V25 RO Temperature reading at 1V25 reference
3:0 Reserved Reserved for future use
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4.7.14 HFRCOCALO - HFRCO Calibration Register (4 MHz)

Offset Bit Position
0x080 |15 8 IRQRNIQIRII QNI EIge ¥ 2¥t|Qloo|~|lo|jv|t|m|a|-]|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
gz 58 = y = 3
= | o 8 & & T =
Bit Name Access Description
31:28 VREFTC RO HFRCO Temperature Coefficient Trim on Comparator Refer-
ence
27 FINETUNINGEN RO HFRCO enable reference for fine tuning
26:25 CLKDIV RO HFRCO Clock Output Divide
24 LDOHP RO HFRCO LDO High Power Mode
23:21 CMPBIAS RO HFRCO Comparator Bias Current
20:16 FREQRANGE RO HFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO HFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO HFRCO Tuning Value
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4.7.15 HFRCOCAL3 - HFRCO Calibration Register (7 MHz)

Offset Bit Position
0x08C 15 181X QX RIQIQIIQ QIR EIge ¥ ¥t|Qloo|~|lo|jov|t|m|a|-]|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
gz 58 = y = 3
= | o 8 & & T =
Bit Name Access Description
31:28 VREFTC RO HFRCO Temperature Coefficient Trim on Comparator Refer-
ence
27 FINETUNINGEN RO HFRCO enable reference for fine tuning
26:25 CLKDIV RO HFRCO Clock Output Divide
24 LDOHP RO HFRCO LDO High Power Mode
23:21 CMPBIAS RO HFRCO Comparator Bias Current
20:16 FREQRANGE RO HFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO HFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO HFRCO Tuning Value
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4.7.16 HFRCOCALS6 - HFRCO Calibration Register (13 MHz)

Offset Bit Position
0x098 |15 18IRQRNIQIQI QNI Ege I e¥t|Qlowo|~|lojv|v|m|a|-]|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
gz 58 = y = 3
= | o 8 & & T =
Bit Name Access Description
31:28 VREFTC RO HFRCO Temperature Coefficient Trim on Comparator Refer-
ence
27 FINETUNINGEN RO HFRCO enable reference for fine tuning
26:25 CLKDIV RO HFRCO Clock Output Divide
24 LDOHP RO HFRCO LDO High Power Mode
23:21 CMPBIAS RO HFRCO Comparator Bias Current
20:16 FREQRANGE RO HFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO HFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO HFRCO Tuning Value
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4.7.17 HFRCOCAL?7 - HFRCO Calibration Register (16 MHz)

Offset Bit Position
x09C 15 181X QX RIQIQIIQ QIR EIge ¥ e¥t|Qloo|~|lojv|t|m|a|-]|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
gz 58 = y = 3
= | o 8 & & T =
Bit Name Access Description
31:28 VREFTC RO HFRCO Temperature Coefficient Trim on Comparator Refer-
ence
27 FINETUNINGEN RO HFRCO enable reference for fine tuning
26:25 CLKDIV RO HFRCO Clock Output Divide
24 LDOHP RO HFRCO LDO High Power Mode
23:21 CMPBIAS RO HFRCO Comparator Bias Current
20:16 FREQRANGE RO HFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO HFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO HFRCO Tuning Value

silabs.com | Building a more connected world. Rev. 1.1 | 67




Reference Manual
Memory and Bus System

4.7.18 HFRCOCALS - HFRCO Calibration Register (19 MHz)

Offset Bit Position
0x0A0 |15 181X RIQIRIIQNIIRIZ2 T2 ¥t |Qloo|~|lo|jo|t|m|a|-]|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
gz 58 = y = 3
= | o 8 & & T =
Bit Name Access Description
31:28 VREFTC RO HFRCO Temperature Coefficient Trim on Comparator Refer-
ence
27 FINETUNINGEN RO HFRCO enable reference for fine tuning
26:25 CLKDIV RO HFRCO Clock Output Divide
24 LDOHP RO HFRCO LDO High Power Mode
23:21 CMPBIAS RO HFRCO Comparator Bias Current
20:16 FREQRANGE RO HFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO HFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO HFRCO Tuning Value

silabs.com | Building a more connected world. Rev. 1.1 | 68




Reference Manual
Memory and Bus System

4.7.19 HFRCOCAL10 - HFRCO Calibration Register (26 MHz)

Offset Bit Position
0x0A8 1518 IR QX RNIQIRIIQNIIRIZ2EIge ¥ e¥t|Qloo|~|lo|jv|t|m|a|-]|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
gz 58 = y = 3
= | o 8 & & T =
Bit Name Access Description
31:28 VREFTC RO HFRCO Temperature Coefficient Trim on Comparator Refer-
ence
27 FINETUNINGEN RO HFRCO enable reference for fine tuning
26:25 CLKDIV RO HFRCO Clock Output Divide
24 LDOHP RO HFRCO LDO High Power Mode
23:21 CMPBIAS RO HFRCO Comparator Bias Current
20:16 FREQRANGE RO HFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO HFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO HFRCO Tuning Value
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4.7.20 HFRCOCAL11 - HFRCO Calibration Register (32 MHz)

Offset Bit Position
0X0AC |15 18 I1R X RXIQIRIIQYIIRIZ2 T 2¥t|Qloo|~|lo|jo|t|m|a|-]|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
gz 58 = y = 3
= | o 8 & & T =
Bit Name Access Description
31:28 VREFTC RO HFRCO Temperature Coefficient Trim on Comparator Refer-
ence
27 FINETUNINGEN RO HFRCO enable reference for fine tuning
26:25 CLKDIV RO HFRCO Clock Output Divide
24 LDOHP RO HFRCO LDO High Power Mode
23:21 CMPBIAS RO HFRCO Comparator Bias Current
20:16 FREQRANGE RO HFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO HFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO HFRCO Tuning Value
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4.7.21 HFRCOCAL12 - HFRCO Calibration Register (38 MHz)

Offset Bit Position
0x0B0O |15 18 I1RQRNQIQII QNI Ege ¥ e¥t|Qloo|~|lo|jv|t|m|a|-]|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
gz 58 = y = 3
= | o 8 & & T =
Bit Name Access Description
31:28 VREFTC RO HFRCO Temperature Coefficient Trim on Comparator Refer-
ence
27 FINETUNINGEN RO HFRCO enable reference for fine tuning
26:25 CLKDIV RO HFRCO Clock Output Divide
24 LDOHP RO HFRCO LDO High Power Mode
23:21 CMPBIAS RO HFRCO Comparator Bias Current
20:16 FREQRANGE RO HFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO HFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO HFRCO Tuning Value
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4.7.22 HFRCOCAL13 - HFRCO Calibration Register (48 MHz)

Offset Bit Position
0x0B4 1518 IR QX RNIQIQIIQ QIR EIge I e¥t|Qloo|~|lojv|t|m|a|-]|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
gz 58 = y = 3
= | o 8 & & T =
Bit Name Access Description
31:28 VREFTC RO HFRCO Temperature Coefficient Trim on Comparator Refer-
ence
27 FINETUNINGEN RO HFRCO enable reference for fine tuning
26:25 CLKDIV RO HFRCO Clock Output Divide
24 LDOHP RO HFRCO LDO High Power Mode
23:21 CMPBIAS RO HFRCO Comparator Bias Current
20:16 FREQRANGE RO HFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO HFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO HFRCO Tuning Value
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4.7.23 AUXHFRCOCALO - AUXHFRCO Calibration Register (4 MHz)

Offset Bit Position
00E0 |58 /R/R NIRRT RN TR 2 E|eL T2 20w ~ow< oo~ o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
g 2 %8 2 & 2 5
> o (@ 9 @) o T E
Bit Name Access Description
31:28 VREFTC RO AUXHFRCO Temperature Coefficient Trim on Comparator Ref-
erence
27 FINETUNINGEN RO AUXHFRCO enable reference for fine tuning
26:25 CLKDIV RO AUXHFRCO Clock Output Divide
24 LDOHP RO AUXHFRCO LDO High Power Mode
23:21 CMPBIAS RO AUXHFRCO Comparator Bias Current
20:16 FREQRANGE RO AUXHFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO AUXHFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO AUXHFRCO Tuning Value
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4.7.24 AUXHFRCOCAL3 - AUXHFRCO Calibration Register (7 MHz)

Offset Bit Position
0EC |5/8/R|/Q NIRRT QN TR 22E|eL T2 20w now< oo~ o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
g 2 %8 2 & 2 5
> o (@ 9 @) o T E
Bit Name Access Description
31:28 VREFTC RO AUXHFRCO Temperature Coefficient Trim on Comparator Ref-
erence
27 FINETUNINGEN RO AUXHFRCO enable reference for fine tuning
26:25 CLKDIV RO AUXHFRCO Clock Output Divide
24 LDOHP RO AUXHFRCO LDO High Power Mode
23:21 CMPBIAS RO AUXHFRCO Comparator Bias Current
20:16 FREQRANGE RO AUXHFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO AUXHFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO AUXHFRCO Tuning Value
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4.7.25 AUXHFRCOCALG6 - AUXHFRCO Calibration Register (13 MHz)

Offset Bit Position
0x0F8 |53/ IN LR IRQNITRZRTLLT2Y T 2o0lw~oo von o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
g 2 %8 2 & 2 5
> o (@ 9 @) o T E
Bit Name Access Description
31:28 VREFTC RO AUXHFRCO Temperature Coefficient Trim on Comparator Ref-
erence
27 FINETUNINGEN RO AUXHFRCO enable reference for fine tuning
26:25 CLKDIV RO AUXHFRCO Clock Output Divide
24 LDOHP RO AUXHFRCO LDO High Power Mode
23:21 CMPBIAS RO AUXHFRCO Comparator Bias Current
20:16 FREQRANGE RO AUXHFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO AUXHFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO AUXHFRCO Tuning Value
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4.7.26 AUXHFRCOCAL? - AUXHFRCO Calibration Register (16 MHz)

Offset Bit Position
MOFC |58 /R/Q NIRRT RN TR Z2E|eL T2 20w ~ow< oo~ o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
g 2 %8 2 & 2 5
> o (@ 9 @) o T E
Bit Name Access Description
31:28 VREFTC RO AUXHFRCO Temperature Coefficient Trim on Comparator Ref-
erence
27 FINETUNINGEN RO AUXHFRCO enable reference for fine tuning
26:25 CLKDIV RO AUXHFRCO Clock Output Divide
24 LDOHP RO AUXHFRCO LDO High Power Mode
23:21 CMPBIAS RO AUXHFRCO Comparator Bias Current
20:16 FREQRANGE RO AUXHFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO AUXHFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO AUXHFRCO Tuning Value
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4.7.27 AUXHFRCOCALS - AUXHFRCO Calibration Register (19 MHz)

Offset Bit Position
0100 |58 /R/Q NIQILI RN TR 22 E|eL T2 20w ~ow< oo~ o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
g 2 %8 2 & 2 5
> o (@ 9 @) o T E
Bit Name Access Description
31:28 VREFTC RO AUXHFRCO Temperature Coefficient Trim on Comparator Ref-
erence
27 FINETUNINGEN RO AUXHFRCO enable reference for fine tuning
26:25 CLKDIV RO AUXHFRCO Clock Output Divide
24 LDOHP RO AUXHFRCO LDO High Power Mode
23:21 CMPBIAS RO AUXHFRCO Comparator Bias Current
20:16 FREQRANGE RO AUXHFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO AUXHFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO AUXHFRCO Tuning Value
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4.7.28 AUXHFRCOCAL10 - AUXHFRCO Calibration Register (26 MHz)

Offset Bit Position
x108 |58 /R/QNQILI RN TR 22 E|eL T2 20w ~ow< oo~ o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
g 2 %8 2 & 2 5
> o (@ 9 @) o T E
Bit Name Access Description
31:28 VREFTC RO AUXHFRCO Temperature Coefficient Trim on Comparator Ref-
erence
27 FINETUNINGEN RO AUXHFRCO enable reference for fine tuning
26:25 CLKDIV RO AUXHFRCO Clock Output Divide
24 LDOHP RO AUXHFRCO LDO High Power Mode
23:21 CMPBIAS RO AUXHFRCO Comparator Bias Current
20:16 FREQRANGE RO AUXHFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO AUXHFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO AUXHFRCO Tuning Value
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4.7.29 AUXHFRCOCAL11 - AUXHFRCO Calibration Register (32 MHz)

Offset Bit Position
010 |58 /R/8 NIRRT QI TR 22 E|eL T2 20w ~ow< oo~ o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
g 2 %8 2 & 2 5
> o (@ 9 @) o T E
Bit Name Access Description
31:28 VREFTC RO AUXHFRCO Temperature Coefficient Trim on Comparator Ref-
erence
27 FINETUNINGEN RO AUXHFRCO enable reference for fine tuning
26:25 CLKDIV RO AUXHFRCO Clock Output Divide
24 LDOHP RO AUXHFRCO LDO High Power Mode
23:21 CMPBIAS RO AUXHFRCO Comparator Bias Current
20:16 FREQRANGE RO AUXHFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO AUXHFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO AUXHFRCO Tuning Value
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4.7.30 AUXHFRCOCAL12 - AUXHFRCO Calibration Register (38 MHz)

Offset Bit Position
110 5|88 NQIRI QI TR 22 S22 20w ~ow< oo~ o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
g 2 %8 2 & 2 5
> o (@ 9 @) o T E
Bit Name Access Description
31:28 VREFTC RO AUXHFRCO Temperature Coefficient Trim on Comparator Ref-
erence
27 FINETUNINGEN RO AUXHFRCO enable reference for fine tuning
26:25 CLKDIV RO AUXHFRCO Clock Output Divide
24 LDOHP RO AUXHFRCO LDO High Power Mode
23:21 CMPBIAS RO AUXHFRCO Comparator Bias Current
20:16 FREQRANGE RO AUXHFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO AUXHFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO AUXHFRCO Tuning Value
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4.7.31 AUXHFRCOCAL13 - AUXHFRCO Calibration Register (48 MHz)

Offset Bit Position
x4 518128888 3g ¥ T geletleeF 2 2o o~ ow v oal-|o
Access % g & B & % % %
i
Q) ) )
Z " > Z
zZ zZ
Name o S > la < = S e
L =l Aa | m g ~ z
g 2 %8 2 & 2 5
> o (@ 9 @) o T E
Bit Name Access Description
31:28 VREFTC RO AUXHFRCO Temperature Coefficient Trim on Comparator Ref-
erence
27 FINETUNINGEN RO AUXHFRCO enable reference for fine tuning
26:25 CLKDIV RO AUXHFRCO Clock Output Divide
24 LDOHP RO AUXHFRCO LDO High Power Mode
23:21 CMPBIAS RO AUXHFRCO Comparator Bias Current
20:16 FREQRANGE RO AUXHFRCO Frequency Range
15:14 Reserved Reserved for future use
13:8 FINETUNING RO AUXHFRCO Fine Tuning Value
7 Reserved Reserved for future use
6:0 TUNING RO AUXHFRCO Tuning Value
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4.7.32 VMONCALDO - VMON Calibration Register 0

Offset Bit Position

x40 |5/2/12/8NILRZ QN TIR2R e TN |20 o ~ow v oo

Access | Q 2 2 2 2 2 2
w L
& &

L i}

S z S s & o
O m O e x W e w
) ) ) ) < <
LU L ul 1l (@] z ) z
¥ x Y I (@] L (@] [T
T T T I @ @ @ @

Name E 5 z z : ¢ z z
> > > > = = = =
8 8 g 5 3 3 $ g
o =) =) =) > > > >
> > > > 8 8 E E
< < < <
H H H H S S S S
< < < < < < < <

Bit Name Access Description

31:28 ALTAVDD2V98THRESCOARSE RO ALTAVDD 2.98 V Coarse Threshold Adjust

27:24 ALTAVDD2V98THRESFINE RO ALTAVDD 2.98 V Fine Threshold Adjust

23:20 ALTAVDD1V86THRESCOARSE RO ALTAVDD 1.86 V Coarse Threshold Adjust

19:16 ALTAVDD1V86THRESFINE RO ALTAVDD 1.86 V Fine Threshold Adjust

15:12 AVDD2V98THRESCOARSE RO AVDD 2.98 V Coarse Threshold Adjust

11:8 AVDD2V98THRESFINE RO AVDD 2.98 V Fine Threshold Adjust

74 AVDD1V86THRESCOARSE RO AVDD 1.86 V Coarse Threshold Adjust

3:0 AVDD1V86THRESFINE RO AVDD 1.86 V Fine Threshold Adjust
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4.7.33 VMONCAL1 - VMON Calibration Register 1

Offset Bit Position

x4 53 RGN SRIRIIS K222 I 2N T 2060~ 0o0 0o

Access | @ 2 g g 2 2 2 2

7 %)

7 7 = w x w
1 1 (@) Z @) z
< 4 < g &) i &) T
@) Z O Z 1%5] n D n
O T O T w u iy L
0 0 0 (7 x 74 x o

Name uJ i i i T T T T
: : : : : : - -
b b o to 2 2 S S
[} [} (<] <o} AN AN -~ —
< < = = : : 2 3
S S S S 3 3 3 3

Bit Name Access Description

31:28 1002V98THRESCOARSE RO 100 2.98 V Coarse Threshold Adjust

27:24 I002V98THRESFINE RO 100 2.98 V Fine Threshold Adjust

23:20 1001V86 THRESCOARSE RO 100 1.86 V Coarse Threshold Adjust

19:16 I001V86THRESFINE RO 100 1.86 V Fine Threshold Adjust

15:12 DVDD2V98THRESCOARSE RO DVDD 2.98 V Coarse Threshold Adjust

11:8 DVDD2V98THRESFINE RO DVDD 2.98 V Fine Threshold Adjust

74 DVDD1V86THRESCOARSE RO DVDD 1.86 V Coarse Threshold Adjust

3:0 DVDD1V86THRESFINE RO DVDD 1.86 V Fine Threshold Adjust
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4.7.34 VMONCAL2 - VMON Calibration Register 2

Offset Bit Position
x148 518128888 3Ig N T IfeereeT 2N T2 o~ ow v oal-|o
Access Q 8 8 8 8 8
4 3
w T}
7] 7] 1 o
i} w
% w x w ) z S z
o = o = % & % b
TH o
w L L ]
N i i E E : : 1 i
ame | g g g g £ £ £ £
= = [ [ «Q «Q © ©
© 0 © © ()] ()] [e0] [e0]
g g g g R 2 > =
Q Q z 2 a a a a
[m) ()] )] [m] o [a)] [m)] [a)
o g 0 0 > > > >
z o o o @ @ o @
Bit Name Access Description
31:28 FVDD2V98THRESCOARSE RO FVDD 2.98 V Coarse Threshold Adjust
27:24 FVDD2V98THRESFINE RO FVDD 2.98 V Fine Threshold Adjust
23:20 FVDD1V86THRESCOARSE RO FVDD 1.86 V Coarse Threshold Adjust
19:16 FVDD1V86THRESFINE RO FVDD 1.86 V Fine Threshold Adjust
15:12 BUVDD2V98THRESCOARSE RO BUVDD 2.98 V Coarse Threshold Adjust
11:8 BUVDD2V98THRESFINE RO BUVDD 2.98 V Fine Threshold Adjust
7:4 BUVDD1V86THRESCOARSE RO BUVDD 1.86 V Coarse Threshold Adjust
3:0 BUVDD1V86THRESFINE RO BUVDD 1.86 V Fine Threshold Adjust
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4.7.35 DCDCLNVCTRLO - DCDC Low-noise VREF Trim Register 0

Offset Bit Position

x168 |5 |8 |IQ QX KQQIIQVNIQRI2L Ty ~|lo|w|st o lal-|o
o] @] @] (@]

Access b & & b
~ ~ o o
— |— [ [
= = = =
< < < <

Name z z zZ z
- - — —
o o [ee) N
> > > >
o ~ ~ ~

Bit Name Access Description

31:24 3VOLNATT1 RO DCDC LNVREF Trim for 3.0V output, LNATT=1

23:16 1V8BLNATT1 RO DCDC LNVREF Trim for 1.8V output, LNATT=1

15:8 1VBLNATTO RO DCDC LNVREF Trim for 1.8V output, LNATT=0

7:0 1V2LNATTO RO DCDC LNVREF Trim for 1.2V output, LNATT=0

4.7.36 DCDCLPVCTRLO - DCDC Low-power VREF Trim Register 0

Bit Position

x16C |15 18R QN &L IJIIQ QIR &l ~lo|lw s | m N~ o
Access 8 8 8 8

~— ~— o o

) 7)) D) 0

< < < <

m m m m

o o o o

= = = =

O O O O
Name 5 g 5 5

o o o o

|— |— ~ |—

— — = —

< < < <

o o o o

— - - -

[<e] N o] N

= 2 2 2
Bit Name Access Description
31:24 1V8LPATTOLPCMPBIAS1 RO DCDC LPVREF Trim for 1.8V output, LPATT=0, LPCMPBIAS=1
23:16 1V2LPATTOLPCMPBIAS1 RO DCDC LPVREF Trim for 1.2V output, LPATT=0, LPCMPBIAS=1
15:8 1V8LPATTOLPCMPBIASO RO DCDC LPVREF Trim for 1.8V output, LPATT=0, LPCMPBIAS=0
7:0 1V2LPATTOLPCMPBIASO RO DCDC LPVREF Trim for 1.2V output, LPATT=0, LPCMPBIAS=0

silabs.com | Building a more connected world.

Rev.1.1 | 85




Reference Manual
Memory and Bus System

4.7.37 DCDCLPVCTRL1 - DCDC Low-power VREF Trim Register 1

Offset Bit Position
0x170 S RIQAQIRILIQ IRV IIRIZI2 2T 2¥IS|Qlow|~|lojlv|d|w|a|~|o
Access 8 8 8 8

™ [32] N AN

)] )] ) 7))

< < < <

o o o o

o o o o

= = = =

(@] (@] O O
Name 5 5 5 5

o o o o

[ ~ |— [

= = = =

< < < <

o o o o

— - - —

o) N o N

2 2 2 2
Bit Name Access Description
31:24 1V8LPATTOLPCMPBIAS3 RO DCDC LPVREF Trim for 1.8V output, LPATT=0, LPCMPBIAS=3
23:16 1V2LPATTOLPCMPBIAS3 RO DCDC LPVREF Trim for 1.2V output, LPATT=0, LPCMPBIAS=3
15:8 1V8LPATTOLPCMPBIAS2 RO DCDC LPVREF Trim for 1.8V output, LPATT=0, LPCMPBIAS=2
7:0 1V2LPATTOLPCMPBIAS2 RO DCDC LPVREF Trim for 1.2V output, LPATT=0, LPCMPBIAS=2
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4.7.38 DCDCLPVCTRL2 - DCDC Low-power VREF Trim Register 2

Offset Bit Position

0x174

31
30
29
28
27
26
25
24
23
22

Access

RO
RO

Name

3VOLPATT1LPCMPBIAS1
1V8LPATT1LPCMPBIAS1
3VOLPATT1LPCMPBIASO | RO
1VBLPATT1LPCMPBIASO | RO

Bit Name

>
3]
o
o
]
7]

Description

31:24 3VOLPATT1LPCMPBIAS1

Py
O]

DCDC LPVREF Trim for 3.0V output, LPATT=1, LPCMPBIAS=1

23:16 1V8LPATT1LPCMPBIAS1 RO DCDC LPVREF Trim for 1.8V output, LPATT=1, LPCMPBIAS=1

15:8 3VOLPATT1LPCMPBIASO RO DCDC LPVREF Trim for 3.0V output, LPATT=1, LPCMPBIAS=0

7:0 1VBLPATT1LPCMPBIASO RO DCDC LPVREF Trim for 1.8V output, LPATT=1, LPCMPBIAS=0
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4.7.39 DCDCLPVCTRL3 - DCDC Low-power VREF Trim Register 3

Offset Bit Position
178 |58/ RN &QRIQNTRI22- LT 2dC2olo~owv von o
Access 8 8 8 8

™ [32] N AN

)] )] ) 7))

< < < <

o o o o

o o o o

= = = =

(@] (@] O O
Name 5 5 5 5

= c = =

= = = =

< < < <

o o o o

— - - —

o o) o (o]

> > > >

[32) ~— (30} —
Bit Name Access Description
31:24 3VOLPATT1LPCMPBIAS3 RO DCDC LPVREF Trim for 3.0V output, LPATT=1, LPCMPBIAS=3
23:16 1V8LPATT1LPCMPBIAS3 RO DCDC LPVREF Trim for 1.8V output, LPATT=1, LPCMPBIAS=3
15:8 3VOLPATT1LPCMPBIAS2 RO DCDC LPVREF Trim for 3.0V output, LPATT=1, LPCMPBIAS=3
7:0 1V8LPATT1LPCMPBIAS2 RO DCDC LPVREF Trim for 1.8V output, LPATT=1, LPCMPBIAS=2

4.7.40 DCDCLPCMPHYSSELO - DCDC LPCMPHYSSEL Trim Register 0

Bit Position

x17C 15181218 INIL QI QY NITIRI2I2T e I¥ Qoo ~oviwi <t|olal~|o
(@) (@]

Access T T
~ o
[ [
= =
< <
o o
| -1
- -
7 7

Name 5 A
> >
T T
o o
= =
O O
o a
| -1

Bit Name Access Description

31:16 Reserved Reserved for future use

15:8 LPCMPHYSSELLPATT1 RO DCDC LPCMPHYSSEL Trim, LPATT=1

7:0 LPCMPHYSSELLPATTO RO DCDC LPCMPHYSSEL Trim, LPATT=0
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4.7.41 DCDCLPCMPHYSSEL1 - DCDC LPCMPHYSSEL Trim Register 1

Offset Bit Position

0x180 S RIQAQIRILIQ IRV IIRIZI2 2T 2¥IS|Qlow|~|lojlv|d|w|a|~|o

Access 8 8 8 8
[32] N ~ o
)] ) ) (9]
< < < <
o o o o
o o o o
= = = =
O O O O
o o o o
- - | -

Name o o o o
0 7] N (7]
%] %] %] (9]
> > > >
I T T I
o o o o
> = = =
O O O O
o o o o
- - | -

Bit Name Access Description

31:24 LPCMPHYSSELLPCMPBIAS3 RO DCDC LPCMPHYSSEL Trim, LPCMPBIAS=3

23:16 LPCMPHYSSELLPCMPBIAS2 RO DCDC LPCMPHYSSEL Trim, LPCMPBIAS=2

15:8 LPCMPHYSSELLPCMPBIAS1 RO DCDC LPCMPHYSSEL Trim, LPCMPBIAS=1

7:0 LPCMPHYSSELLPCMPBIASO RO DCDC LPCMPHYSSEL Trim, LPCMPBIAS=0
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4.7.42 VDACOMAINCAL - VDACO Cals for Main Path

Offset Bit Position
x184 1518 IQIRIRQQ IR ] IR 2T I 2 ¥ tQ|loo|~|lo|lw|¢|m|a|- o
o o o o o
Access A & h A o
Z
o
|_
X
<
zZ z
< © 5 B
8 o) N o N
Name > 5 2 5 Z
= = = = =
o e 1 o o
= = = = =
o e 1 o o
o o 14 o o
| [ | | |
Z Z P Z Z
< < < < <
O] ©) O O ©)
Bit Name Access Description
31:30 Reserved Reserved for future use
29:24 GAINERRTRIMVDDANAEXTPIN RO Gain Error Trim Value for DAC main output using references
VDDANA and EXTPIN
23:18 GAINERRTRIM2V5 RO Gain Error Trim Value for DAC main output using reference 2V5
17:12 GAINERRTRIM1V25 RO Gain Error Trim Value for DAC main output using reference
1v25
11:6 GAINERRTRIM2V5LN RO Gain Error Trim Value for DAC main output using reference
2V5LN
5:0 GAINERRTRIM1V25LN RO Gain Error Trim Value for DAC main output using reference

1V25LN
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4.7.43 VDACOALTCAL - VDACO Cals for Alternate Path

Offset Bit Position
x188 |5 |8 IQIRINIQQIIQ ] IR 2T eI 2 ¥ tQ|loo|~lo|lw|¢|m|a|- o
Access 8 8 8 8 8
|—
—
<
Z
o
& -
w H 2
<ZE [ 5 < z
Z g < z 3
Name a % ﬁ U_I7 g
o > > > >
> ] = N =
= = = = =
e o o o o
= = = = =
o h'd o o o
o hd e o o
| [ L L ]
Z Z Z Z Z
< < < < <
O] ©) ) O] ©)
Bit Name Access Description
31:30 Reserved Reserved for future use
29:24 GAINERRTRIMVDDANAEXTPI- RO Gain Error Trim Value for DAC alternative output using referen-
NALT ces VDDANA and EXTPIN
23:18 GAINERRTRIM2V5ALT RO Gain Error Trim Value for DAC alternative output using refer-
ence 2V5
17:12 GAINERRTRIM1V25ALT RO Gain Error Trim Value for DAC alternative output using refer-
ence 1V25
11:6 GAINERRTRIM2V5LNALT RO Gain Error Trim Value for DAC alternative output using refer-
ence 2V5LN
5:0 GAINERRTRIM1V25LNALT RO Gain Error Trim Value for DAC alternative output using refer-

ence 1V25LN

silabs.com | Building a more connected world.

Rev. 1.1 | 91




Reference Manual
Memory and Bus System

4.7.44 VDACOCH1CAL - VDACO CH1 Error Cal

Offset Bit Position
x18C 15 181X QX RIQIQIIQ QIR 2 Ege ¥ e¥t|Qloo|~|lo|jov|t|m|a|-]|o
Access 8 8 8
m <
I I
S S
N : E
ame o nd =
o 14 =
L w L
P Z 4
< < T
) ) (@)
Bit Name Access Description
31:12 Reserved Reserved for future use
11:8 GAINERRTRIMCH1B RO Gain Error Trim Value for Channel 1 Main Output for references
2V5LN, 2V5
7:4 GAINERRTRIMCH1A RO Gain Error Trim Value for Channel 1 Main Output for references
1V25LN, 1V25, VDDANA, EXTPIN
3 Reserved Reserved for future use
2:0 OFFSETTRIM RO Input Buffer Offset Calibration Value for all DAC references
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4.7.45 OPAOCALDO - OPAO Calibration Register for DRIVESTRENGTH 0, INCBW=1

Offset Bit Position

0190 5|88 NQILI RN TR 22T L T2 20w ~oo< oo~ o

Access 2 2 2 2 2 2 2
pd o
= =

Name % UU)J
s it 2 s S S s
(@] O O (O] O O (@)

Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.46 OPAOCAL1 - OPAO Calibration Register for DRIVESTRENGTH 1, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.47 OPAOCAL2 - OPAO Calibration Register for DRIVESTRENGTH 2, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.48 OPAOCALS3 - OPAO Calibration Register for DRIVESTRENGTH 3, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.49 OPAOCAL4 - OPAO Calibration Register for DRIVESTRENGTH 0, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.50 OPAOCALS5 - OPAO Calibration Register for DRIVESTRENGTH 1, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.51 OPAOCALS6 - OPAO Calibration Register for DRIVESTRENGTH 2, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.52 OPAOCALY7 - OPAO Calibration Register for DRIVESTRENGTH 3, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.53 OPA1CALDO - OPA1 Calibration Register for DRIVESTRENGTH 0, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.54 OPA1CAL1 - OPA1 Calibration Register for DRIVESTRENGTH 1, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.55 OPA1CAL2 - OPA1 Calibration Register for DRIVESTRENGTH 2, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.56 OPA1CAL3 - OPA1 Calibration Register for DRIVESTRENGTH 3, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.57 OPA1CAL4 - OPA1 Calibration Register for DRIVESTRENGTH 0, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.58 OPA1CALS5 - OPA1 Calibration Register for DRIVESTRENGTH 1, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.59 OPA1CALS6 - OPA1 Calibration Register for DRIVESTRENGTH 2, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.60 OPA1CAL?7 - OPA1 Calibration Register for DRIVESTRENGTH 3, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.61 OPA2CALDO - OPA2 Calibration Register for DRIVESTRENGTH 0, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.62 OPA2CAL1 - OPA2 Calibration Register for DRIVESTRENGTH 1, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.63 OPA2CAL2 - OPA2 Calibration Register for DRIVESTRENGTH 2, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.64 OPA2CAL3 - OPA2 Calibration Register for DRIVESTRENGTH 3, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.65 OPA2CAL4 - OPA2 Calibration Register for DRIVESTRENGTH 0, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.66 OPA2CALS5 - OPA2 Calibration Register for DRIVESTRENGTH 1, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.67 OPA2CALSG6 - OPA2 Calibration Register for DRIVESTRENGTH 2, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.68 OPA2CAL?7 - OPA2 Calibration Register for DRIVESTRENGTH 3, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.69 OPA3CALDO - OPA3 Calibration Register for DRIVESTRENGTH 0, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.70 OPA3CAL1 - OPA3 Calibration Register for DRIVESTRENGTH 1, INCBW=1

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.71 OPA3CAL2 - OPA3 Calibration Register for DRIVESTRENGTH 2, INCBW=1

Offset Bit Position
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Access 2 2 2 2 2 2 2
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= =

Name % UU)J
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(@] O O (O] O O (@)

Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.72 OPA3CALS3 - OPA3 Calibration Register for DRIVESTRENGTH 3, INCBW=1

Offset Bit Position

XIFC 15 18R QN IQIQVIIQR2 2T T2V o w|~|olv|t|o|la|-|o

Access 2 2 2 2 2 2 2
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Name % UU)J
s it 2 s S S s
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.73 OPA3CAL4 - OPA3 Calibration Register for DRIVESTRENGTH 0, INCBW=0

Offset Bit Position
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Access 2 2 2 2 2 2 2
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.74 OPA3CALS5 - OPA3 Calibration Register for DRIVESTRENGTH 1, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.75 OPA3CALS6 - OPA3 Calibration Register for DRIVESTRENGTH 2, INCBW=0

Offset Bit Position
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Access 2 2 2 2 2 2 2
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.76 OPA3CALY7 - OPA3 Calibration Register for DRIVESTRENGTH 3, INCBW=0

Offset Bit Position
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Bit Name Access Description

31 Reserved Reserved for future use

30:26 OFFSETN RO OPA Inverting Input Offset Configuration Value.

25 Reserved Reserved for future use

24:20 OFFSETP RO OPA Non-Inverting Input Offset Configuration Value.

19 Reserved Reserved for future use

18:17 GM3 RO Gm3 Trim Value

16 Reserved Reserved for future use

15:13 GM RO Gm Trim Value

12 Reserved Reserved for future use

11:10 CM3 RO Compensation cap Cm3 trim value

9 Reserved Reserved for future use

8:5 CM2 RO Compensation cap Cm2 trim value

4 Reserved Reserved for future use

3.0 CM1 RO Compensation cap Cm1 trim value
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4.7.77 CSENGAINCAL - Cap Sense Gain Adjustment

Offset Bit Position
xR0 518128888 3g ¥ T IfeetleeF 2N 2o o~ ow v oal-|o
o
Access b
-
S
Name Z
<
)
Bit Name Access Description
31:8 Reserved Reserved for future use
7:0 GAINCAL RO Gain Adjustment for Cap Sense. Gain should be scaled by

GAINCAL/128
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5. DBG - Debug Interface

Quick Facts
What?

The Debug Interface is used to program and debug
EFM32 Tiny Gecko 11 devices.

Why?
mininininEninlnEnln The Debug Interface makes it easy to re-program
and update the system in the field, and allows de-
[ ] bugging with minimal I/O pin usage.
L ] How?
O ARM Cortex-M ] The Cortex-M0+ supports advanced debugging fea-
[ ortex- ] tures. EFM32 Tiny Gecko 11 devices can use a min-
imum of two port pins for debugging or program-
L] ] ming. The internal and external state of the system
H ' ] can be examined with debug extensions supporting
' instruction or data access break and watch points.
L] ' ]
L < N » Debug Data
L] ]
] ]

bbbt bog

5.1 Introduction

The EFM32 Tiny Gecko 11 devices include hardware debug support through a 2-pin serial-wire debug (SWD) interface or a 4-pin Joint
Test Action Group (JTAG) interface.

For more technical information about the debug interface the reader is referred to:
* ARM Cortex-M0+ Technical Reference Manual
* ARM CoreSight Components Technical Reference Manual

* ARM Debug Interface v5 Architecture Specification
» |[EEE Standard for Test Access Port and Boundary-Scan Architecture, IEEE 1149.1-2013

5.2 Features

» Debug Access Port Serial Wire JTAG (DAP SWJ-DP)
* Implements the ADIv5 debug interface
» Authentication Access Point (AAP)
* Implements various user commands
+ Flash Patch and Breakpoint (FPB) unit
» Implement breakpoints and code patches
+ Data Watch point and Trace (DWT) unit
» Implement watch points, trigger resources and system profiling

5.3 Functional Description

Operation of the available debug interface is described in the following sections.
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5.3.1 Debug Pins

The following pins are the debug connections for the device:

+ Serial Wire Clock Input and Test Clock Input (SWCLKTCK) : This pin is enabled after power-up and has a built-in pull down.

+ Serial Wire Data Input/Output and Test Mode Select Input (SWDIOTMS) : This pin is enabled after power-up and has a built-in pull-
up.

» Test Data Output (TDO): This pin is assigned to JTAG functionality after power-up. However, it remains in high-Z state until the first
valid JTAG command is received.

» Test Data Input (TDI): This pin is assigned to JTAG functionality after power-up. However, it remains in high-Z state until the first
valid JTAG command is received. Once enabled, the pin has a built-in pull-up.

The debug pins have pull-down and pull-up enabled by default, so leaving them enabled may increase the current consumption if left
connected to supply or ground. The debug pins can be enabled and disabled through GPIO_ROUTEPEN, see 32.3.4.2.3 Disabling De-
bug Connections. Remember that upon disabling the debug pins, debug contact with the device is lost once the DAP SWJ-DP power
request bits are deasserted. By default after power cycle the part's debug pins are in JTAG mode. If during debugging session the pins
are switched to SWD mode, a power cycle is required to bring restore the pins to JTAG mode.

5.3.2 Debug and EM2 DeepSleep/EM3 Stop

Leaving the debugger connected when issuing a WFI or WFE to enter EM2 DeepSleep or EM3 Stop will make the system enter a spe-
cial EM2 DeepSleep. This mode differs from regular EM2 DeepSleep and EM3 Stop in that the high frequency clocks are still enabled,
and certain core functionality is still powered in order to maintain debug-functionality. Because of this, the current consumption in this
mode is closer to EM1 Sleep and it is therefore important to deassert the power requests in the DAP SWJ-DP and disconnect the de-
bugger before doing current consumption measurements.

5.3.3 Authentication Access Point

The Authentication Acces Point (AAP) is a set of registers that provide a minimal amount of debugging and system level commands.
The AAP registers contain commands to issue a FLASH erase, a system reset, a CRC of user code pages, and stalling the system bus.
The user must program the APSEL bit field to 255 inside of the ARM DAP SWJ Debug Port SELECT register to access the AAP. The
AAP is only accessible from a debugger and not from the core.

5.3.3.1 System Bus Stall

The system bus can be stalled at any time using the SYSBUSSTALL register bit. Once the SYSBUSSTALL is set, the system bus will
remain stalled until SYSBUSSTALL is cleared. While the system bus is stalled, only the registers inside the Cortex-M0+, AAP and the
debugger can be accessed. The SYSBUSSTALL register is available at all times through the AAP.

5.3.3.2 Command Key

The AAP uses a command key to enable the DEVICEERASE and SYSRESETREQ AAP commands. The command key must be writ-
ten with the correct key in order for the commands to execute.

5.3.3.3 Device Erase

The device can be erased by stalling the system bus, writing AAP_CMDKEY, and then writing the DEVICEERASE register bit. Upon
writing the command bit, the ERASEBUSY bit is asserted. The ERASEBUSY bit will be de-asserted once the erase is complete. The
SYSRESETREQ bit must then be set to resume a normal debugger session. The DEVICEERASE register is available at all times
through the AAP once the CMDKEY is entered.

5.3.3.4 System Reset

The system can be reset by writing AAP_CMDKEY followed by writing the SYSRESTREQ register bit. This must be done after assert-
ing DEVICEERASE or CRCREQ. Depending on the reset level setting for system reset, asserting SYSRESETREQ will either reset the
entire AAP register space or just the SYSRESETREQ bit. See 8.3.1 Reset Levels for more details on reset levels. The SYSRESETREQ
register is available at all times through the AAP once the CMDKEY is enetered.
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5.3.3.5 User Flash Page CRC

The CRCREQ command initiates a CRC calculation on a given Flash Page. The CRC is only available on the Main, User Data, and
Lock Bit pages. It is highly recommended that the system bus is stalled before any CRCREQ commands are issued. The CRC calcula-
tion uses the on chip CRC block configured in 32 bit CRC mode. The Flash Page address for the CRCREQ command is written to the
CRCADDR register. After issuing the CRCREQ, the CRCBUSY flag is asserted. Once the CRCBUSY flag is de-asserted, the resulting
page CRC can be found in the CRCRESULT register. Once issuing a CRC command, the CPU is stalled and remains stalled until a
system reset occurs. Multiple CRC requests can occur before resetting the system. However, a CRC request that occurs while the
CRCBUSY flag is asserted will be ignored. The CRC registers are available at all times through the AAP.

5.3.4 Debug Lock

The debug access to the Cortex-MO+ is locked by clearing the Debug Lock Word (DLW) and resetting the device, see 6.3.2 Lock Bits
(LB) Page Description.

When debug access is locked, the debugger can access the DAP SWJ-DP and AAP registers. However, the connection to the Cortex-
MO+ core and the whole bus-system is blocked. This mechanism is controlled by the Authentication Access Port (AAP) as illustrated by
Figure 5.1 AAP - Authentication Access Port on page 128.

ALNISOL == OF _) » DEVICEERASE
ERASEBUSY
Cortex
DLWI[3:0] == OxF
v l
SerialWire Authentication
debug < SW-DP «—p Access Port 4—/ —) AHB-AP
interface (AAP)

Figure 5.1. AAP - Authentication Access Port

If the DLW is cleared, the device is locked. If the device is locked and the the AAP Lock Word (ALW) has not been cleared, it can be
unlocked by writing a valid key to the AAP_CMDKEY register and then setting the DEVICEERASE bit of the AAP_CMD register via the
debug interface. This operation erases the main block of flash, clears all lock bits, and debug access to the Cortex-M0+ and bus-sys-
tem is enabled. The operation takes tens of mili seconds to complete. Note that the SRAM contents will also be deleted during a device
erase, while the UD-page is not erased.

The debugger may read the status of the device erase from the AAP_STATUS register. When the ERASEBUSY bit is set low after
DEVICEERASE of the AAP_CMD register is set, the debugger may set the SYSRESETREQ bit in the AAP_CMD register. After reset,
the debugger may resume a normal debug session through the AHB-AP.

5.3.5 AAP Lock

Take extreme caution when using this feature. Once the AAP has been locked, the state of the FLASH can not be changed via the
debugger.
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5.3.6 Debugger Reads of Actionable Registers

Some peripheral registers cause particular actions when read, e.g FIFOs which pop and IFC registers which clear the IF flags when
read. This can cause problems when debugging and the user wants to read the value without triggering the read action. For this rea-
son, by default, the peripherals will not execute these triggered actions when an attached debugger is performing the read accesses
through the AAP. To override this behavior, the debugger can configure the MASTERTYPE bitfield of the Cortex-M0+ AHB Access Port
CSW register in order to emulate a core access when performing system bus transfers.

Note:
* Registers with actionable reads are noted in their register descriptions. Refer to Table 1.1 Register Access Types on page 29.

» The following peripherals do not respect the debugger master override, and so may still cause their triggered actions to occur (e.g.,
when reading IFC):

+ CAN

5.3.7 Debug Recovery

Debug recovery is the ability to stall the system bus before the Cortex-M0+ executes code. For example, the first few instructions may
disconnect the debugger pins. When this occurs it is difficult to connect the debugger and halt the Cortex-M0+ before the Cortex-M0+
starts to execute. By holding down pin reset, issuing the System Bus Stall AAP instruction, then releasing pin reset, the debugger can
stall the system bus before the Cortex-M0+ has a chance to execute. Because the system is under reset during this procedure the
Debugger can not look for ACK's from the part. Once the system bus is stalled, the FLASH can be erased by issuing the
AAP_CMDKEY and then the writting the DEVICEERASE in the AAP_CMD register.

5.4 Register Map

The offset register address is relative to the registers base address.

Offset Name Type Description

0x000 |AAP_CMD WA1 Command Register

0x004 |AAP_CMDKEY W1 Command Key Register
0x008 AAP_STATUS R Status Register

0x00C |AAP_CTRL RW Control Register

0x010 |AAP_CRCCMD W1 CRC Command Register
0x014 |AAP_CRCSTATUS R CRC Status Register
0x018 |AAP_CRCADDR RwW CRC Address Register
0x01C | AAP_CRCRESULT R CRC Result Register
O0xOFC |AAP_IDR R AAP Identification Register
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5.5 Register Description

5.5.1 AAP_CMD - Command Register

Offset Bit Position

000 |58 RKKNELRIQYTRR LRI VT2 0 o/ ~ov <o a o

Reset olo

Access =z
oy
o
Ak
R

Name 9
bio
[
23
»n |0

Bit Name Reset Access Description

31:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
1 SYSRESETREQ 0 W1 System Reset Request
A system reset request is generated when set to 1. This register is write enabled from the AAP_CMDKEY register.
0 DEVICEERASE 0 W1 Erase the Flash Main Block, SRAM and Lock Bits

When set, all data and program code in the main block is erased, the SRAM is cleared and then the Lock Bit (LB) page is
erased. This also includes the Debug Lock Word (DLW), causing debug access to be enabled after the next reset. The
information block User Data page (UD) is left unchanged, but the User data page Lock Word (ULW) is erased. This register
is write enabled from the AAP_CMDKEY register.

5.5.2 AAP_CMDKEY - Command Key Register

Bit Position
0x004 1518 IR QR XQRIIQ QIR g2 ¥ ¥t loo|~|lo|jw|t|m|a|-]|0
o
o
o
o
Reset =
o
=
o
Access ‘;
>_
i
X
Name =
04
=
Bit Name Reset Access Description
31:0 WRITEKEY 0x00000000 W1 CMD Key Register

The key value must be written to this register to write enable the AAP_CMD register.

Value Mode Description

0xCFACC118 WRITEEN Enable write to AAP_CMD
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5.5.3 AAP_STATUS - Status Register

Offset Bit Position
0x008 |58 RN&LRIQN TR L L T2 2 olon~owv von o
Reset o
Access x|l
>
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Name w | w
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Bit Name Reset Access Description
31:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1 LOCKED 0 R AAP Locked
Set when the AAP is locked, .e.g the AAP Lock Word AAP Isb bits are not OxF
0 ERASEBUSY 0 R Device Erase Command Status

This bit is set when a device erase is executing.

5.5.4 AAP_CTRL - Control Register

Offset Bit Position
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Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 SYSBUSSTALL 0 RW Stall the System Bus

When this bit is set, the system bus is stalled. Only the Cortex registers are accessible
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5.5.5 AAP_CRCCMD - CRC Command Register

Offset Bit Position

x010 |58 IRXJCQIQVNIK22Eg2F@e ¥R o w|~lojw|v o a0
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o
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Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 CRCREQ 0 W1 CRC Request

A CRC request is generated when set to 1. This command is not available if debug access or AAP is locked.

5.5.6 AAP_CRCSTATUS - CRC Status Register

Offset Bit Position

014 153 RENERIRQNIR22T|2R I QY206 ~owsow~o

Reset o
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Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 CRCBUSY 0 R CRC Calculation is Busy

Set when the CRC calculation is executing. Will transition from 1 to 0 on valid data.
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5.5.7 AAP_CRCADDR - CRC Address Register

Offset Bit Position
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Bit Name Reset Access Description
31:0 CRCADDR 0x00000000 RW Starting Page Address for CRC Execution

Set this to the address the CRC executes on.

5.5.8 AAP_CRCRESULT - CRC Result Register

Offset Bit Position
01 |518/R8INE R IQNTR22T L2 T2 2olw~oo vonn o

o

o

o
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Reset =
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X

o
Access o
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O
Bit Name Reset Access Description
31:0 CRCRESULT 0x00000000 R CRC Result of the CRCADDRESS

Result of the CRC calculation using the CRCADDRESS.
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5.5.9 AAP_IDR - AAP Identification Register

Offset Bit Position
00FC |58/ IRIN&CRIQNTIRIZ2E L T2 2 olo~owv von o
o
o
Reset 9
©
N
x
S
Access o
Name @)
Bit Name Reset Access Description
31:0 ID 0x26E60011 R AAP Identification Register

Access port identification register in compliance with the ARM ADI v5 specification (JEDEC Manufacturer ID) .
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6. MSC - Memory System Controller

01

01000101011011100110010101110010
01100111011110010010000001001101
01101001011000110111001001101111

00100000011100100111010101101100
01100101011100110010000001110100
01101000011001010010000001110111
01101111011100100110110001100100
00100000011011110110011000100000
01101100011011110111011100101101

01100101011011100110010101110010

01100111011110010010000001101101
01101001011000110111001001101111
01100011011011110110111001110100
01110010011011110110110001101100
01100101011100100010000001100100
01100101011100110110100101100111
01101110001000010100010101101110

Quick Facts
What?

The user can perform flash memory read, read con-
figuration and write operations through the Memory
System Controller (MSC) .

Why?

The MSC allows the application code, user data and
flash lock bits to be stored in non-volatile flash mem-
ory. Certain memory system functions, such as pro-
gram memory wait-states and bus faults are also
configured from the MSC peripheral register inter-
face, giving the developer the ability to dynamically
customize the memory system performance, securi-
ty level, energy consumption and error handling ca-
pabilities to the requirements at hand.

How?

The MSC integrates a low-energy flash IP with a
charge pump, enabling minimum energy consump-
tion while eliminating the need for external program-
ming voltage to erase the memory. An easy to use
write and erase interface is supported by an internal,
fixed-frequency oscillator and autonomous flash tim-
ing and control reduces software complexity while
not using other timer resources.

Application code may dynamically scale between
high energy optimization and high code execution
performance through advanced read modes.

A highly efficient low energy instruction cache re-
duces the number of flash reads significantly, thus
saving energy. Performance is also improved when
wait-states are used, since many of the wait-states
are eliminated. Built-in performance counters can be
used to measure the efficiency of the instruction
cache.

6.1 Introduction

The Memory System Controller (MSC) is the program memory unit of the EFM32 Tiny Gecko 11 microcontroller. The flash memory is
readable and writable from both the Cortex-M0+ and DMA. The flash memory is divided into two blocks; the main block and the infor-
mation block. Program code is normally written to the main block. Additionally, the information block is available for special user data
and flash lock bits. There is also a read-only page in the information block containing system and device calibration data, and bootload-
er. Read and write operations are supported in the energy modes EMO Active and EM1 Sleep.
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6.2 Features

* AHB read interface
» Scalable access performance to optimize the Cortex-M0+ code interface
» Zero wait-state access up to 25 MHz
» Advanced energy optimization functionality
* Instruction Cache
* DMA read support in EMO Active and EM1 Sleep
« Command and status interface
» Flash write and erase
+ Accessible from Cortex-M0+ in EMO Active
* DMA write support in EMO Active and EM1 Sleep
+ Core clock independent flash timing
* Internal oscillator and internal timers for precise and autonomous flash timing
» General purpose timers are not occupied during flash erase and write operations
» Configurable interrupt erase abort
« Improved interrupt predictability
* Memory and bus fault control
» Security features
» Lockable debug access
» Page lock bits
* SW mass erase lock bits
» Authentication Access Port (AAP) lock bits
» End-of-write and end-of-erase interrupts
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6.3 Functional Description

The size of the main block is device dependent. The largest size available is 128 kB (64 pages). The information block has 2 kB availa-
ble for user data. The information block also contains chip configuration data located in a reserved area. The main block is mapped to
address 0x00000000 and the information block is mapped to address 0xOFE00000. Table 6.1 MSC Flash Memory Mapping on page
137 outlines how the flash is mapped in the memory space. All flash memory is organized into 2 kB pages.

Table 6.1. MSC Flash Memory Mapping

Base address Software Reada-

Write/Erase by...

Purpose/Name

ble?

Main? 0 0x00000000 Software, debug Yes User code and data 64 kB - 128 kB
Software, debug Yes
63 0x0001F800 Software, debug | Yes
Reserved - 0x00040000 - - Rese_rved for flash ex- ~24 MB
pansion
Information 0 0xOFEO00000 Software, debug | Yes User Data (UD) 2 kB
- 0xOFE00800 - - Reserved -
1 0xO0FE04000 Write: Software, Yes Lock Bits (LB) 2 kB
debug
Erase: Debug only
- 0xOFE04800 - - Reserved -
2 O0xOFE081B0 - Yes Device Information (DI) |1 kB
- 0xOFE08400 - - Reserved -
2 0xOFEOC000 - - 1kB
- 0xOFE0C400 - - Reserved -
3 0xOFE10000 Software, debug | Yes Bootloader (BL) 18 kB
11 0xOFE 14000 - -
Reserved - 0x0FE14800 - Reservgd for flash | Rest of code space -
expansion
Note:
1. Block/page erased by a device erase.

6.3.1 User Data (UD) Page Description

This is the user data page in the information block. The page can be erased and written by software. The page is erased by the ERA-
SEPAGE command of the MSC_WRITECMD register. Note that the page is not erased by a device erase operation. The device erase
operation is described in 5.3.3 Authentication Access Point.
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6.3.2 Lock Bits (LB) Page Description

This page contains the following information:

» Main block Page Lock Words (PLWSs)

» User data page Lock Word (ULWs)

* Debug Lock Word (DLW)

» Mass erase Lock Word (MLW)

+ Authentication Access Port (AAP) lock word (ALW)
» Bootloader enable (CLWO)

* Pin reset soft (CLWO)
The words in this page are organized as shown in Table 6.2 Lock Bits Page Structure on page 138:

Table 6.2. Lock Bits Page Structure

127 DLW
126 uLw
125 MLW
124 ALW
122 CLWO
N PLWIN]
1 PLW[1]
0 PLW[O]

There are 32 page lock bits per page lock word (PLW). Bit O refers to the first page and bit 31 refers to the last page within a PLW.
Thus, PLW[0] contains lock bits for page 0-31 in the main block, PLW[1] contains lock bits for page 32-63 etc. A page is locked when
the bit is 0. A locked page cannot be erased or written.

Word 127 is the debug lock word (DLW). The four LSBs of this word are the debug lock bits. If these bits are OxF, then debug access is
enabled. Debug access to the core is disabled from power-on reset until the DLW is evaluated immediately before the Cortex-M0+
starts execution of the user application code. If the bits are not OxF, then debug access to the core remains blocked.

Word 126 is the user page lock word (ULW). Bit 0 of this word is the User Data Page lock bit. Bit 1 in this word locks the Lock Bits
Page. The lock bits can be reset by a device erase operation initiated from the Authentication Access Port (AAP) registers. The AAP is
described in more detail in 5.3.3 Authentication Access Point. Note that the AAP is only accessible from the debug interface, and can-
not be accessed from the Cortex-MO+ core.

Word 125 is the mass erase lock word (MLW). Bit O locks the entire flash. The mass erase lock bits will not have any effect on device
erases initiated from the Authenitcation Access Port (AAP) registers. The AAP is described in more detail in 5.3.3 Authentication Ac-
cess Point.

Word 124 is the Authentication Access Port (AAP) lock word (ALW) and the four LSBs of this word are the lock bits. If these bits are
OxF, then AAP access is enabled. If the bits are not OxF, AAP is disabled and it is impossible to access the device through the AAP. Bit
31 of the ALW may be used to allow AAP access under controlled conditions. If bit 31 is set to 1, software running on the device can
unlock AAP access using the MSC_AAPUNLOCKCMD register. If bit 31 is cleared to 0, software will not be able to use MSC_AAPUN-
LOCKCMD to unlock AAP access. NOTE - locking the AAP completely (including the LSBs and bit 31) is irreversible. Once the
AAP is locked, it will be impossible to perform an external mass erase and the AAP lock cannot be reset. The only way to pro-
gram the device when the AAP is locked is through a boot loader or by SW already loaded into the FLASH.

Word 122 is Configuration Lock Word 0 (CLWO). Bit 2 is the Pin Reset Soft bit. By default, a pin reset is handled as a soft reset (See
8.3.5 RESETn Pin Reset). Bit 1 is the bootloader enable bit. Because the state of erased flash bits is 1, the bootloader is enabled by
default.

6.3.3 Device Information (DI) Page

This read-only page holds calibration data from the production test as well as a unique device ID. The page is further described in
4. Memory and Bus System.
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6.3.4 Bootloader

The system is configured by default to boot from a pre-programmed bootloader automatically after system reset. The bootloader is de-
scribed in AN0003: UART Bootloader (www.silabs.com/32bit-appnotes). Users can bypass the bootloader by clearing bit 1 in Configu-
ration Lock Word 0 (CLWO) at word 122 in the lock bits page.

After any device reset, the bootloader area is accessible to both software reads and writes. Reading and writing of this area may be
disabled with the MSC_BOOTLOADERCTRL register. Note that this register is write-once, so after writing the register, a reset of the
system is required in order to change permissions again.

The bootloader size is 18 kB for this device family.

Note: Software should never erase "Reserved" pages when bootloader write/erase is enabled. Doing so may cause the device to be-
come non-functional and irrevocably locked.

6.3.5 Post-reset Behavior

Calibration values are automatically written to registers by the MSC before application code startup. The values are also available to
read from the DI page for later reference by software. Other information such as the device ID and production date is also stored in the
DI page and is readable from software.

If the bootloader is not bypassed, the system will boot up from the bootloader at address 0xOFE10000.

6.3.6 Flash Startup

On transitions from EM2/3 to EMO, the flash must be powered up. The time this takes depends on the current operating conditions. To
have a deterministic startup-time, set STDLYO in MSC_STARTUP to 0x64 and clear STDLY1, ASTWAIT, STWSEN and STWS. This
will result in a 10 us delay before the flash is ready. The system will wake up before this, but the Cortex will stall on the first access to
the flash until it is ready. Execute code from RAM or cache to get a quicker startup.

To get the fastest possible startup when waking, i.e. a startup that depends on the current operating conditions, set STDLYO to 0x28
and set ASTWAIT in MSC_STARTUP. When configured this way, the system will poll the flash to determine when it is ready, and then
start execution.

For even quicker startup, run code in beginning with a set of wait-states. Set STDLYO to 0x32, STDLY1 to 0x32, and set ASTWAIT and
STWSEN. Then configure STWS in MSC_STARTUP to the number of waitstates to run with. With this setup, sampling will begin with
the given number of waitstates after 5 us, and the system will run with this number of waitstates for the remaining 5 us before returning
to normal operation

A recommended setting for MSC_STARTUP register is to leave STDLYO at its reset value and set ASTWAIT to one for active sampling
Set STWSEN to zero to bypass the second delay period.

Flash wakeup on demand is supported when wakeup from EM2/3 to EMO. Set bit PWRUPONDEMAND of register MSC_CTRL to one
to enable the power up on demand. When enabled during powerup, flash will enter sleep mode and waiting for either pending flash
read transaction or software command to MSC_CMD.PWRUP bit. If software command wakeup, and interrupt of MSC_IF.PWRUPF will
be flaged if the MSC_IEN.PWRUPF is set

6.3.7 Wait-states

Table 6.3. Flash Wait-States

Wait-States Frequency

WSO no more than 25 MHz

WS1 above 25 MHz and no more than 48 MHz

silabs.com | Building a more connected world. Rev. 1.1 | 139



http://www.silabs.com/32bit-appnotes

Reference Manual
MSC - Memory System Controller

6.3.7.1 One Wait-state Access

After reset, the HFCORECLK is normally 19 MHz from the HFRCO and the MODE field of the MSC_READCTRL register is set to WS1
(one wait-state). Software must not select a zero wait-state mode unless the clock is guaranteed to be 25 MHz or below, otherwise the
resulting behavior is undefined. If a HFCORECLK frequency above 25 MHz is to be set by software, the MODE field of the
MSC_READCTRL register must be set to WS1 or WS1SCBTP before the core clock is switched to the higher frequency clock source.

When changing to a lower frequency, the MODE field of the MSC_READCTRL register must be set to WS0 or WSOSCBTP only after
the frequency transition has completed. If the HFRCO is used, wait until the oscillator is stable on the new frequency. Otherwise, the
behavior is unpredictable.

To run at a frequency higher than 48 MHz, WS2 or WS2SCBTP must be selected to insert two wait-states for every flash access.

6.3.7.2 Zero Wait-state Access

At 25 MHz and below, read operations from flash may be performed without any wait-states. Zero wait-state access greatly improves
code execution performance at frequencies from 25 MHz and below. By default, the Cortex-M0+ uses speculative prefetching to maxi-
mize code execution performance at the cost of additional flash accesses and energy consumption.
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6.3.8 Instruction Cache

The MSC includes an instruction cache. The instruction cache for the internal flash memory is enabled by default, but can be disabled
by setting IFCDIS in MSC_READCTRL. When enabled, the instruction cache typically reduces the number of flash reads significantly,
thus saving energy. In most cases a cache hit-rate of more than 70 % is achievable. When a 32-bit instruction fetch hits in the cache
the data is returned to the processor in one clock cycle. Thus, performance is also improved when wait-states are used (i.e. running at
frequencies above 25 MHz).

The instruction cache is connected directly to the ARM core and functions as a memory access filter between the processor and the
memory system, as illustrated in Figure 6.1 Instruction Cache on page 141. The cache consists of an access filter, lookup logic, SRAM,
and two performance counters. The access filter checks that the address for the access is to on-chip flash memory (instructions in RAM
are not cached). If the address matches, the cache lookup logic and SRAM is enabled. Otherwise, the cache is bypassed and the ac-
cess is forwarded to the memory system. The cache is then updated when the memory access completes. The access filter also disa-
bles cache updates for interrupt context accesses if caching in interrupt context is disabled. The performance counters, when enabled,
keep track of the number of cache hits and misses. The cachelines are filled up continuously one word at a time as the individual words
are requested by the processor. Thus, not all words of a cacheline might be valid at a given time.

Instruction Cache

Cache
Look-up Logic
CODE AHB-Lite Bus A;:fess AHB-Lite Bus ARM Core
Memory Space ilter
SRAM

Performance Counters

Figure 6.1. Instruction Cache

By default, the instruction cache is automatically invalidated when the contents of the flash is changed (i.e. written or erased). In many
cases, however, the application only makes changes to data in the flash, not code. In this case, the automatic invalidate feature can be
disabled by setting AIDIS in MSC_READCTRL. The cache can (independent of the AIDIS setting) be manually invalidated by writing 1
to INVCACHE in MSC_CMD.

Note: The instruction cache flush is not triggered at the event of a bus fault. As a result, when an instruction fetch results in a bus fault,
invalid data may be cached. This means that the next time the instruction that caused the bus fault is fetched, the processor core will
get the invalid cached data without any bus fault. In order to avoid invalid cached data propagation to the processor core, software
should manually invalidate the instruction cache by writing 1 to INVCACHE in MSC_CMD at the event of a bus fault.

In general it is highly recommended to keep the cache enabled all the time. However, for some sections of code with very low cache hit-
rate more energy-efficient execution can be achieved by disabling the cache temporarily. To measure the hit-rate of a code-section, the
built-in performance counters can be used. Before the section, start the performance counters by writing 1 to STARTPC in MSC_CMD.
This starts the performance counters, counting from 0. At the end of the section, stop the performance counters by writing 1 to
STOPPC in MSC_CMD. The number of cache hits and cache misses for that section can then be read from MSC_CACHEHITS and
MSC_CACHEMISSES respectively. The total number of 32-bit instruction fetches will be MSC_CACHEHITS + MSC_CACHEMISSES.
Thus, the cache hit-ratio can be calculated as MSC_CACHEHITS / (MSC_CACHEHITS + MSC_CACHEMISSES). When MSC_CA-
CHEHITS overflows the CHOF interrupt flag is set. When MSC_CACHEMISSES overflows the CMOF interrupt flag is set. These flags
must be cleared explicitly by software. The range of the performance counters can thus be extended by increasing a counter in the
MSC interrupt routine. The performance counters only count when a cache lookup is performed. If the lookup fails, MSC_CACHEMISS-
ES is increased. If the lookup is successful, MSC_CACHEHITS is increased. For example, a cache lookup is not performed if the cache
is disabled or the code is executed from RAM.

The cache content is not retained in EM2, EM3 and EM4. The cache is therefore invalidated regardless of the setting of AIDIS in
MSC_READCTRL when entering these energy modes. Applications that switch frequently between EMO and EM2/3 and executes the
very same non-looping code almost every time will most likely benefit from putting this code in RAM. The interrupt vectors can also be
put in RAM to reduce current consumption even further.
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6.3.9 Low Voltage Flash Read

The devices support low voltage flash reads. Because it takes more time to read from flash with a lower voltage supply
MSC_READCTRL.MODE should be programmed accordingly. It is recommended that software should follow certain sequences for
supply voltage scaling up and down. See the EMU chapter for details.

Flash write/erase is not supported in low voltage mode. Any write/erase command will be ignored if flash is operated in a low voltage
mode and the interrupt flag MSC_IF.LVEWRITE will be set.

6.3.10 Erase and Write Operations

Both page erase and write operations require that the address is written into the MSC_ADDRB register. For erase operations, the ad-
dress may be any within the page to be erased. Load the address by writing 1 to the LADDRIM bit in the MSC_WRITECMD register.
The LADDRIM bit only has to be written once when loading the first address. After each word is written the internal address register
ADDR will be incremented automatically by 4. The INVADDR bit of the MSC_STATUS register is set if the loaded address is outside
the flash and the LOCKED bit of the MSC_STATUS register is set if the page addressed is locked. Any attempts to command erase of
or write to the page are ignored if INVADDR or the LOCKED bits of the MSC_STATUS register are set. To abort an ongoing erase, set
the ERASEABORT bit in the MSC_WRITECMD register.

When a word is written to the MSC_WDATA register, the WDATAREADY bit of the MSC_STATUS register is cleared. When this status
bit is set, software or DMA may write the next word.

A single word write is commanded by setting the WRITEONCE bit of the MSC_WRITECMD register. The operation is complete when
the BUSY bit of the MSC_STATUS register is cleared and control of the flash is handed back to the AHB interface, allowing application
code to resume execution.

For a DMA write the software must write the first word to the MSC_WDATA register and then set the WRITETRIG bit of the
MSC_WRITECMD register. DMA triggers when the WDATAREADY bit of the MSC_STATUS register is set.

It is possible to write words twice between each erase by keeping at 1 the bits that are not to be changed. Let us take as an example
writing two 16 bit values, OXAAAA and 0x5555. To safely write them in the same flash word this method can be used:

» Write OXFFFFAAAA (word in flash becomes OxFFFFAAAA)
* Write 0x5555FFFF (word in flash becomes 0x5555AAAA)

Note:
» There is a maximum of two writes to the same word between each erase due to a physical limitation of the flash.

» Flash write/erase is not supported in low voltage mode. Any write/erase command will be ignored if flash is operated in a low voltage
mode and the interrupt flag MSC_IF.LVEWRITE will be set.

» During a write or erase, flash read accesses will be stalled, effectively halting code execution from flash. Code execution continues
upon write/erase completion. Code residing in RAM may be executed during a write/erase operation.

6.3.10.1 Mass Erase

A mass erase can be initiated from software using ERASEMAINO MSC_WRITECMD. This command will start a mass erase of the en-
tire flash. Prior to initiating a mass erase, MSC_MASSLOCK must be unlocked by writing 0x631A to it. After a mass erase has been
started, this register can be locked again to prevent runaway code from accidentally triggering a mass erase.

The regular flash page lock bits will not prevent a mass erase. To prevent software from initiating mass erases, use the mass erase
lock bits in the mass erase lock word (MLW).
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6.4 Register Map

The offset register address is relative to the registers base address.

Offset Name Type Description

0x000 MSC_CTRL RWH Memory System Control Register
0x004 MSC_READCTRL RWH Read Control Register

0x008 MSC_WRITECTRL RW Write Control Register

0x00C |MSC_WRITECMD W1 Write Command Register

0x010 MSC_ADDRB RW Page Erase/Write Address Buffer
0x018 MSC_WDATA RwW Write Data Register

0x01C | MSC_STATUS R Status Register

0x030 MSC_IF Interrupt Flag Register

0x034 MSC_IFS WA1 Interrupt Flag Set Register

0x038 MSC_IFC (R)W1 Interrupt Flag Clear Register

0x03C |MSC_IEN RW Interrupt Enable Register

0x040 MSC_LOCK RWH Configuration Lock Register

0x044 MSC_CACHECMD WA1 Flash Cache Command Register
0x048 MSC_CACHEHITS R Cache Hits Performance Counter
0x04C |MSC_CACHEMISSES R Cache Misses Performance Counter
0x054 MSC_MASSLOCK RWH Mass Erase Lock Register

0x058 MSC_IRQLATENCY RW Irg Latency Register

0x05C | MSC_STARTUP RwW Startup Control

0x074 MSC_CMD WA1 Command Register

0x090 MSC_BOOTLOADERCTRL RW Bootloader Read and Write Enable, Write Once Register
0x094 MSC_AAPUNLOCKCMD WA1 Software Unlock AAP Command Register
0x098 MSC_CACHECONFIGO RW Cache Configuration Register 0
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6.5 Register Description

6.5.1 MSC_CTRL - Memory System Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
4 TIMEOUTFAULTEN O RW Timeout Bus Fault Response Enable
When this bit is set, bus faults are generated when the bus system times out during an access, e.g., when reading a regis-
ter from an LE peripheral that is changing too fast to get a stable value
3 IFCREADCLEAR 0 RW IFC Read Clears IF
This bit controls what happens when an IFC register in a module is read.
Value Description
0 IFC register reads 0. No side-effect when reading.
1 IFC register reads the same value as IF, and the corresponding inter-
rupt flags are cleared.
2 PWRUPONDEMAND 0 RW Power Up on Demand During Wake Up
When set, during wake up, pending AHB transfer will cause MSC to issue power up request to CMU. If not set, will always
issue power up request if PWRUPONCMD is not set either.
1 CLKDISFAULTEN 0 RwW Clock-disabled Bus Fault Response Enable
When this bit is set, busfaults are generated on accesses to peripherals/system devices with clocks disabled
0 ADDRFAULTEN 1 RW Invalid Address Bus Fault Response Enable

When this bit is set, busfaults are generated on accesses to unmapped parts of system and code address space
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6.5.2 MSC_READCTRL - Read Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:29 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
28 SCBTP 0 RW Suppress Conditional Branch Target Perfetch
Enable suppressed Conditional Branch Target Prefetch (SCBTP) function. SCBTP saves energy by delaying Cortex-M con-
ditional branch target prefetches until the conditional branch instruction is in the execute stage. When the instruction rea-
ches this stage, the evaluation of the branch condition is completed and the core does not perform a speculative prefetch of
both the branch target address and the next sequential address. With the SCBTP function enabled, one instruction fetch is
saved for each branch not taken, with a negligible performance penalty.
27:26 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
25:24 MODE 0x1 RWH Read Mode
After reset, the core clock is 19 MHz from the HFRCO and the MODE field of MSC_READCTRL register is set to WS1. The
reset value is WS1 because the HFRCO may produce a frequency above 19 MHz before it is calibrated. A large wait states
is associated with high frequency. When changing to a higher frequency, this register must be set to a large wait states first
before the core clock is switched to the higher frequency. When changing to a lower frequency, this register should be set
to lower wait states after the frequency transition has been completed. If the HFRCO is used as clock source, wait until the
oscillator is stable on the new frequency to avoid unpredictable behavior.See Flash Wait-States table for the corresponding
threshold for different wait-states.
Value Mode Description
0 WSO Zero wait-states inserted in fetch or read transfers
1 WSH1 One wait-state inserted for each fetch or read transfer. See Flash Wait-
States table for details
2 WS2 Two wait-states inserted for eatch fetch or read transfer. See Flash
Wait-States table for details
3 WS3 Three wait-states inserted for eatch fetch or read transfer. See Flash
Wait-States table for details
23:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9 USEHPROT 0 RW AHB_HPROT Mode
Use ahb_hrpot to determine if the instruction is cacheable or not
8 PREFETCH 1 RW Prefetch Mode
Set to configure level of prefetching.
7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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Bit Name Reset Access Description
5 ICCDIS 0 RW Interrupt Context Cache Disable

Set this bit to automatically disable caching of vector fetches and instruction fetches in interrupt context. Cache lookup will
still be performed in interrupt context. When set, the performance counters will not count when these types of fetches occur.

4 AIDIS 0 RW Automatic Invalidate Disable

When this bit is set the cache is not automatically invalidated when a write or page erase is performed.

3 IFCDIS 0 RW Internal Flash Cache Disable

Disable instruction cache for internal flash memory.

2:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

6.5.3 MSC_WRITECTRL - Write Control Register

Offset Bit Position
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31:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
1 IRQERASEABORT 0 RW Abort Page Erase on Interrupt
When this bit is set to 1, any Cortex-M interrupt aborts any current page erase operation. Executing that interrupt vector
from Flash will halt the CPU.
0 WREN 0 RW Enable Write/Erase Controller

When this bit is set, the MSC write and erase functionality is enabled
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6.5.4 MSC_WRITECMD - Write Command Register

Offset Bit Position
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Bit Name Reset Access Description
31:13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12 CLEARWDATA 0 W1 Clear WDATA State
Will set WDATAREADY and DMA request. Should only be used when no write is active.
11:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8 ERASEMAINO 0 W1 Mass Erase Region 0
Initiate mass erase of region 0. Before use MSC_MASSLOCK must be unlocked. To completely prevent access from soft-
ware, clear bit 0 in the mass erase lock-word (MLW)
7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5 ERASEABORT 0 W1 Abort Erase Sequence
Writing to this bit will abort an ongoing erase sequence.
4 WRITETRIG 0 W1 Word Write Sequence Trigger
Start write of the first word written to MSC_WDATA, then add 4 to ADDR and write the next word if available within a 30us
timeout. When ADDR is incremented past the page boundary, ADDR is set to the base of the page. If WDOUBLE is set,
two words are required every time, and ADDR is incremented by 8.
3 WRITEONCE 0 W1 Word Write-Once Trigger
Write the word in MSC_WDATA to ADDR. Flash access is returned to the AHB interface as soon as the write operation
completes. The WREN bit in the MSC_WRITECTRL register must be set in order to use this command. Only a single word
is written, but the internal address is also incremented to allow a direct write of a new word without loading a new address
2 WRITEEND 0 W1 End Write Mode
Write 1 to end write mode when using the WRITETRIG command.
1 ERASEPAGE 0 W1 Erase Page
Erase any user defined page selected by the MSC_ADDRB register. The WREN bit in the MSC_WRITECTRL register must
be set in order to use this command.
0 LADDRIM 0 W1 Load MSC_ADDRSB Into ADDR

Load the internal write address register ADDR from the MSC_ADDRSB register. The internal address register ADDR is in-
cremented automatically by 4 after each word is written. When ADDR is incremented past the page boundary, ADDR is set
to the base of the page.
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6.5.5 MSC_ADDRB - Page Erase/Write Address Buffer

Offset Bit Position
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31:0 ADDRB 0x00000000 RW Page Erase or Write Address Buffer

This register holds the page address for the erase or write operation. This register is loaded into the internal MSC_ADDR
register when the LADDRIM field in MSC_WRITECMD is set.

6.5.6 MSC_WDATA - Write Data Register

Offset Bit Position
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Bit Name Reset Access Description
31:0 WDATA 0x00000000 RW Write Data

The data to be written to the address in MSC_ADDR. This register must be written when the WDATAREADY bit of
MSC_STATUS is set.
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6.5.7 MSC_STATUS - Status Register

Offset Bit Position
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Bit Name Reset Access Description
31:28 PWRUPCKBDFAIL-  0x0 R Flash Power Up Checkerboard Pattern Check Fail Count
COUNT
This field tells how many times checkboard pattern check fail occured after a reset sequence.
27:24 WDATAVALID 0x0 R Write Data Buffer Valid Flag
This field tells how many valid data in the write buffer, each bit indicates one buffer entry
23:7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 PCRUNNING 0 R Performance Counters Running
This bit is set while the performance counters are running. When one performance counter reaches the maximum value,
this bit is cleared.
5 ERASEABORTED 0 R The Current Flash Erase Operation Aborted
When set, the current erase operation was aborted by interrupt.
4 WORDTIMEOUT 0 R Flash Write Word Timeout
When this bit is set, MSC_WDATA was not written within the timeout. The flash write operation timed out and access to the
flash is returned to the AHB interface. This bit is cleared when the ERASEPAGE, WRITETRIG or WRITEONCE commands
in MSC_WRITECMD are triggered.
3 WDATAREADY 1 R WDATA Write Ready
When this bit is set, the content of MSC_WDATA is read by MSC Flash Write Controller and the register may be updated
with the next 32-bit word to be written to flash. This bit is cleared when writing to MSC_WDATA.
2 INVADDR 0 R Invalid Write Address or Erase Page
Set when software attempts to load an invalid (unmapped) address into ADDR
1 LOCKED 0 R Access Locked
When set, the last erase or write is aborted due to erase/write access constraints
0 BUSY 0 R Erase/Write Busy

When set, an erase or write operation is in progress and new commands are ignored
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6.5.8 MSC_IF - Interrupt Flag Register

Offset Bit Position
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Bit Name Reset Access Description
31:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8 LVEWRITE 0 R Flash LVE Write Error Flag
If one, flash controller write command received while in LVE mode
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 WDATAQV 0 R Flash Controller Write Buffer Overflow
If one, flash controller write buffer overflow detected
5 ICACHERR 0 R ICache RAM Parity Error Flag
If one, iCache RAM parity Error detected
4 PWRUPF 0 R Flash Power Up Sequence Complete Flag
Set after MSC_CMD.PWRUP received, flash powered up complete and ready for read/write
3 CMOF 0 R Cache Misses Overflow Interrupt Flag
Set when MSC_CACHEMISSES overflows
2 CHOF 0 R Cache Hits Overflow Interrupt Flag
Set when MSC_CACHEHITS overflows
1 WRITE 0 R Write Done Interrupt Read Flag
Set when a write is done
0 ERASE 0 R Erase Done Interrupt Read Flag

Set when erase is done
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6.5.9 MSC_IFS - Interrupt Flag Set Register

Offset Bit Position
0034 5|8 /R/QNIQIRI RN TR 2T L T2 20w ~ow< oo~ o
Reset o o|lo|lo|o o|o
Access = 2222|222
I
Name % g é 2 o W 'EJ é
> £3|235E8
Bit Name Reset Access Description
31:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8 LVEWRITE 0 W1 Set LVEWRITE Interrupt Flag
Write 1 to set the LVEWRITE interrupt flag
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 WDATAQOV 0 WA1 Set WDATAOV Interrupt Flag
Write 1 to set the WDATAQV interrupt flag
5 ICACHERR 0 W1 Set ICACHERR Interrupt Flag
Write 1 to set the ICACHERR interrupt flag
4 PWRUPF 0 W1 Set PWRUPF Interrupt Flag
Write 1 to set the PWRUPF interrupt flag
3 CMOF 0 W1 Set CMOF Interrupt Flag
Write 1 to set the CMOF interrupt flag
2 CHOF 0 W1 Set CHOF Interrupt Flag
Write 1 to set the CHOF interrupt flag
1 WRITE 0 W1 Set WRITE Interrupt Flag
Write 1 to set the WRITE interrupt flag
0 ERASE 0 W1 Set ERASE Interrupt Flag

Write 1 to set the ERASE interrupt flag
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6.5.10 MSC_IFC - Interrupt Flag Clear Register

Offset Bit Position
0038 158RRNELRIQY TR T2 T2 N2 0/w/~oov/ v o a0
Reset o o|lo|lo|lo|o|o|o
Access s = 2|212|22 2
c |
o
S S g
x < L
I D w
Name E ';: Sle LCI3 6 E | 9
u algz =28
a = Qa|0|0|2|w
Bit Name Reset Access Description
31:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8 LVEWRITE 0 (R)W1 Clear LVEWRITE Interrupt Flag
Write 1 to clear the LVEWRITE interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 WDATAQOV 0 (R)W1  Clear WDATAOV Interrupt Flag
Write 1 to clear the WDATAOV interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
5 ICACHERR 0 (R)W1  Clear ICACHERR Interrupt Flag
Write 1 to clear the ICACHERR interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
4 PWRUPF 0 (R)W1 Clear PWRUPF Interrupt Flag
Write 1 to clear the PWRUPF interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
3 CMOF 0 (R)W1 Clear CMOF Interrupt Flag
Write 1 to clear the CMOF interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
2 CHOF 0 (R)w1 Clear CHOF Interrupt Flag
Write 1 to clear the CHOF interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
1 WRITE 0 (R)W1 Clear WRITE Interrupt Flag
Write 1 to clear the WRITE interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
0 ERASE 0 (R)W1 Clear ERASE Interrupt Flag

Write 1 to clear the ERASE interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
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6.5.11 MSC_IEN - Interrupt Enable Register

Offset Bit Position
03¢ 53R ENIQRIRYSTR 222 T2 T 20 o~ooxon--|o
Reset o o|lo|o o|o
Access ABHEEHEEEE
I
BHHENNEE
5 28:335EE
Bit Name Reset Access Description
31:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8 LVEWRITE 0 RW LVEWRITE Interrupt Enable
Enable/disable the LVEWRITE interrupt
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 WDATAOV 0 RW WDATAOV Interrupt Enable
Enable/disable the WDATAQV interrupt
5 ICACHERR 0 RW ICACHERR Interrupt Enable
Enable/disable the ICACHERR interrupt
4 PWRUPF 0 RW PWRUPF Interrupt Enable
Enable/disable the PWRUPF interrupt
3 CMOF 0 RW CMOF Interrupt Enable
Enable/disable the CMOF interrupt
2 CHOF 0 RW CHOF Interrupt Enable
Enable/disable the CHOF interrupt
1 WRITE 0 RW WRITE Interrupt Enable
Enable/disable the WRITE interrupt
0 ERASE 0 RW ERASE Interrupt Enable

Enable/disable the ERASE interrupt
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6.5.12 MSC_LOCK - Configuration Lock Register

Offset Bit Position
0040 153 RN RIRQNIR2RT|R I 2N 206 w0 ~ow oo
o
o
Reset =
x
o
I
Access <
o
>
v
Name 2
(6]
(e}
—
Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:0 LOCKKEY 0x0000 RWH Configuration Lock

Write any other value than the unlock code to lock access to MSC_CTRL, MSC_READCTRL, MSC_WRITECMD,
MSC_STARTUP and MSC_AAPUNLOCKCMD. Write the unlock code to enable access. When reading the register, bit 0 is

set when the lock is enabled.

Mode Value Description

Read Operation

UNLOCKED 0 MSC registers are unlocked
LOCKED 1 MSC registers are locked
Write Operation

LOCK 0 Lock MSC registers
UNLOCK 0x1B71 Unlock MSC registers
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6.5.13 MSC_CACHECMD - Flash Cache Command Register

Offset Bit Position
0044 53RN QRIRQNIR22EeRI2d T 20w~ 0w v oo
Reset oclo|lo
Access =2z
L
qEE
Name o 'n_: S
ol< €
e e
»wln|Z
Bit Name Reset Access Description
31:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2 STOPPC 0 W1 Stop Performance Counters
Use this commant bit to stop the performance counters.
1 STARTPC 0 W1 Start Performance Counters
Use this command bit to start the performance counters. The performance counters always start counting from 0.
0 INVCACHE 0 W1 Invalidate Instruction Cache

Use this register to invalidate the instruction cache.

6.5.14 MSC_CACHEHITS - Cache Hits Performance Counter

Offset Bit Position
0x048 |15 QRN QQIIQINVNIQRS =TT 2|¥t|Q|lolom|ojb|lt|m|a|~|0O
o
3
Reset S
o
X
o
Access x
)
=
i
Name T
(@]
<
(@]
Bit Name Reset Access Description
31:20 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
19:0 CACHEHITS 0x00000 R Cache Hits Since Last Performance Counter Start Command

Use to measure cache performance for a particular code section.
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6.5.15 MSC_CACHEMISSES - Cache Misses Performance Counter

Offset Bit Position
X04C |5 8/28INISILIFIQINTIR2RNCLT 2 N2 glo~ow < o -|o
o
8
Reset S
o
X
o
Access x
)
L
%)
)
Name =
I
(@]
<
(@]
Bit Name Reset Access Description
31:20 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
19:0 CACHEMISSES 0x00000 R Cache Misses Since Last Performance Counter Start Command

Use to measure cache performance for a particular code section.
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6.5.16 MSC_MASSLOCK - Mass Erase Lock Register

Offset Bit Position
0x054 2 QXL QI Q]I T e|¥If@loo~lolv|t m|la|-]|o
)
Reset =
x
o
I
Access <
o
>
v
Name 2
(6]
(e}
—
Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:0 LOCKKEY 0x0001 RWH Mass Erase Lock

Write any other value than the unlock code to lock access the the ERASEMAINN commands. Write the unlock code 631A to
enable access. When reading the register, bit 0 is set when the lock is enabled. Locked by default.

Mode Value Description

Read Operation

UNLOCKED 0 Mass erase unlocked
LOCKED 1 Mass erase locked
Write Operation

LOCK 0 Lock mass erase
UNLOCK 0x631A Unlock mass erase
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6.5.17 MSC_IRQLATENCY - Irq Latency Register

Offset Bit Position
0x058 |15 8 IR QX RNIQIQII QNI EIge I e¥t|Qloo|~|lojv|t|m|a|-]|o
o
Reset <
o
Access E
>
[G]
zZ
N =
ame <
|
]
x
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 IRQLATENCY 0x00 RW Irg Latency Register

Specify the minimum number of HCORECLK-cycles to wait before handling an interrupt after it has been asserted. This can
be used to achieve deterministic (zero-jitter) behavior when handling interrupts, at the cost of speed. To achieve zero-jitter

with zero wait-states in flash, set this to 9.

IRQLATENCY Description
0 Interrupts will be handled as quickly as possible.
1-255 The CMO+ will use at least IRQLATENCY+6 HFCORECLK-cycles to

handle interrupts.
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6.5.18 MSC_STARTUP - Startup Control

Offset Bit Position
0x05C |5 8/ RIN&LRIQNTR22T L T2 2 olon~owv voa o
Reset x ol |« ) =)
o o
Access E E E E E E
E z|E
Name (2] 5 Ic'})J ‘;‘ > g
2 22| E a a
~ ~ F|® [ =
”n 0 n|< () ()]
Bit Name Reset Access Description
31 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
30:28 STWS 0x1 RwW Startup Waitstates
Active wait for flash startup startup after SDLYO.
27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26 STWSAEN 0 RW Startup Waitstates Always Enable
Use the number of waitstates given by STWS during startup always.
25 STWSEN 1 RW Startup Waitstates Enable
Use the number of waitstates given by STWS during startup. During the optional STDLY1 timeout.
24 ASTWAIT 1 RW Active Startup Wait
Active wait for flash startup startup after SDLYO.
23:22 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
21:12 STDLY1 0x001 RW Startup Delay 0
Number of cycles with startup waitstates, and also the maximum number of cycles startup sampling will be attempted be-
fore starting up system. Note that the reset value of this field may differ from the value shown in this description. The reset
value programmed in the device is the optimal value.
11:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9:0 STDLYO 0x04D RW Startup Delay 0

Number of idle cycles from exiting sleep mode. Note that the reset value of this field may differ from the value shown in this
description. The reset value programmed in the device is the optimal value.
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6.5.19 MSC_CMD - Command Register

Offset Bit Position
o074 158328 NQRIRNITR 22T 2d 2060~ on/t oo
Reset o
Access =
o
N ?
ame
=
o
Bit Name Reset Access Description
31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 PWRUP 0 WA1 Flash Power Up Command

Write to this bit to power up the Flash. IRQ PWRUPF will be fired when power up sequence completed.

6.5.20 MSC_BOOTLOADERCTRL - Bootloader Read and Write Enable, Write Once Register

Bit Position
%090 |58/ RN LR IQNTIR22T L L I2dC2olon~owv voa o
Reset olo
Access E E
LYY
Name 2 @
| 4
m|m
Bit Name Reset Access Description
31:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1 BLWDIS 0 RW Flash Bootloader Write/Erase Disable
Controls write/erase access of the flash bootloader pages. When cleared, write/erase is enabled. When set, write/erase is
disabled.
0 BLRDIS 0 RW Flash Bootloader Read Disable

Controls read access of the flash bootloader pages. When cleared, read is enabled. When set, read is disabled.
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6.5.21 MSC_AAPUNLOCKCMD - Software Unlock AAP Command Register

Offset Bit Position

0x094 15 18I QX RNIQIQI QNIRRT 2¥t|Qloo|~|lojv|t|m|a|-]|o

Reset o

Access =
3

Name O
(@)
—
zZ
>

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 UNLOCKAAP 0 WA1 Software Unlock AAP Command

Write to this bit to unlock AAP. This is only possible when bit 31 of the AAP Lock Word (ALW) in flash is set to 1. If bit 31 of
the ALW has been cleared to 0, this command has no effect. Register is writable only when MSC_LOCK is unlocked
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6.5.22 MSC_CACHECONFIGO - Cache Configuration Register 0

Offset Bit Position
%098 |58/ XNERIQN TR LL T2 2 olo~owv von o
Reset g
Access 5
—
w
>
]
-
Name .
w
I
O
<
&)
Bit Name Reset Access Description
31:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1:0 CACHELPLEVEL 0x3 RW Instruction Cache Low-Power Level
Use this to set the low-power level of the cache. In general, the default setting is best for most applications.
Value Mode Description
0 BASE Base instruction cache functionality.
1 ADVANCED Advanced buffering mode, where the cache uses the fetch pattern to
predict highly accessed data and store it in low-energy memory.
3 MINACTIVITY Minimum activity mode, which allows the cache to minimize activity in

logic that it predicts has a low probability being used. This mode can
introduce wait-states into the instruction fetch stream when the cache
exits one of its low-activity states. The number of wait-states introduced
is small, but users running with 0-wait-state memory and wishing to re-
duce the variability that the cache might introduce with additional wait-
states may wish to lower the cache low-power level. Note, this mode
includes the advanced buffering mode functionality.
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7. LDMA - Linked DMA Controller

—— Flash

DMA
controller  [*® > RAM
l————

—»| Peripherals

7.1 Introduction

Quick Facts
What?

The LDMA controller can move data without CPU in-
tervention, effectively reducing the energy consump-
tion for a data transfer.

Why?

The LDMA can perform data transfers more energy
efficiently than the CPU and allows autonomous op-
eration in low energy modes. For example the
LEUART can provide full UART communication in
EM2 DeepSleep, consuming only a few pA by using
the LDMA to move data between the LEUART and
RAM.

How?

The LDMA controller has multiple highly configura-
ble, prioritized DMA channels. A linked list of flexible
descriptors makes it possible to tailor the controller
to the specific needs of an application.

The Linked Direct Memory Access (LDMA) controller performs memory transfer operations independently of the CPU. This has the
benefit of reducing the energy consumption and the workload of the CPU, and enables the system to stay in low energy modes while
still routing data to memory and peripherals. For example, moving data from the LEUART to memory or memory to LEUART. Each of
the DMA channels on the EFM32 can be connected to any of the EFM32 peripherals.
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7.1.1 Features

+ Flexible Source and Destination transfers
* Memory-to-memory
* Memory-to-peripheral
» Peripheral-to-memory
* Peripheral-to-peripheral
+ DMA transfers triggered by peripherals, software, or linked list
 Single or multiple data transfers for each peripheral or software request
* Inter-channel and hardware event synchronization via trigger and wait functions
» Supports single or multiple descriptors
 Single descriptor
* Linked list of descriptors
« Circular and ping-pong buffers
 Scatter-Gather
» Looping
» Pause and restart triggered by other channels
» Sophisticated flow control which can function without CPU interaction
» Channel arbitration includes:
* Fixed priority
» Simple round robin
* Round robin with programmable multiple interleaved entries for higher priority requesters
* Programmable data size and source and destination address strides
» Programmable interrupt generation at the end of each DMA descriptor execution
« Little-endian/big-endian conversion
* DMA write-immediate function
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7.2 Block Diagram

An overview of the LDMA and the modules it interacts with is shown in Figure 7.1 LDMA Block Diagram on page 165.

Cortex
AHB
RAM
Interrupts
-~ LDMA Core
Channel
done
Channel 0 [
Peripheral
Channel1 [
Peripheral — . .
Channel | ACK/ . Descriptor A
select = i
Peripheral ChannelN [ Descriptor B
Descriptor C
Peripheral
LDMA

Figure 7.1. LDMA Block Diagram

The Linked DMA Controller consists of three main parts

» A DMA core that executes transfers and communicates status to the core
» A channel select block that routes peripheral DMA requests and acknowledge signals to the DMA
» A set of internal channel configuration registers for tracking the progress of each DMA channel

The DMA has access to all system memory through the AHB bus and the AHB->APB bridge. It can load channel descriptors from mem-

ory with no CPU intervention.
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7.3 Functional Description

The Linked DMA Controller is highly flexible. It is capable of transferring data between peripherals and memory without involvement
from the processor core. This can be used to increase system performance by off-loading the processor from copying large amounts of
data or avoiding frequent interrupts to service peripherals needing more data or having available data. It can also be used to reduce the
system energy consumption by making the LDMA work autonomously with some EMZ2/3 peripherals for data transfer without having to
wake up the processor core from sleep.

The Linked DMA Controller has 8 independent channels. Each of these channels can be connected to any of the available peripheral
DMA transfer request input sources by writing to the channel configuration registers, see 7.3.2 Channel Configuration. In addition, each
channel can also be triggered directly by software, which is useful for memory-to-memory transfers.

The channel descriptors determine what the Linked DMA Controller will do when it receives DMA transfer request. The initial descriptor
is written directly to the LDMA's channel registers. If desired, the initial descriptor can link to additional linked descriptors stored in mem-
ory (RAM or Flash). Alternatively, software may also load the initial descriptor by writing the descriptor address to the LDMA_CHx_LINK
register and then setting the corresponding bit the LDMA_LINKLOAD register.

Before enabling a channel, the software must take care to properly configure the channel registers including the link address and any
linked descriptors. When a channel is triggered, the Linked DMA Controller will perform the memory transfers as specified by the de-
scriptors. A descriptor contains the memory address to read from, the memory address to write to, link address of the next descriptor,
the number of bytes to be transferred, etc. The channel descriptor is described in detail in 7.3.7 Channel Descriptor Data Structure.

The Linked DMA Controller supports both fixed priority and round robin arbitration. The number of fixed and round robin channels is
programmable. For round robin channels, the number of arbitration slots requested for each channel is programmable. Using this
scheme, it is possible to ensure that timing-critical transfers are serviced on time.

DMA transfers take place by reading a block of data at a time from the source, storing it in the LDMA’s local FIFO, then writing the block
out to the destination from the FIFO. Interrupts may optionally be signaled to the CPU’s interrupt controller at the end of any DMA trans-
fer or at the completion of a descriptor if the DONEIFSEN bit is set. An AHB error will always generate an interrupt.

7.3.1 Channel Descriptor

Each DMA channel has descriptor registers. A transfer can be initialized by software writing to the registers or by the DMA itself copying
a descriptor from RAM to memory. When using a linked list of descriptors the first descriptor should be initialized by the CPU. The DMA
itself will then copy linked descriptors to its descriptor registers as required. In addition to manually initializing the first transfer, software
may also cause the LDMA to load the initial descriptor by writing the descriptor address to the LDMA_CHx_LINK register and then set-
ting the corresponding bit the LDMA_LINKLOAD register.

The contents of the descriptor registers are dynamically updated during the DMA transfer. The contents of descriptors in memory are
not edited by the controller.

Some descriptor field values are only used for linked descriptors. For example, the SRCMODE and DSTMODE bits of the
LDMA_CHx_CTRL registers determine if a linked descriptor is using relative or absolute addressing. Software writes to the address
registers will always use absolute addressing and never set these bits. Therefore, these bits are read only.

7.3.1.1 DMA Transfer Size

A DMA transfer is the smallest unit of data that can be transfered by the LDMA. The LDMA supports byte, half-word and word sized
transfers. The SIZE field in the LDMA_CHx_CTRL register specifies the data width of one DMA transfer.

7.3.1.2 Source/Destination Increments

The SRCINC and DSTINC in the LDMA_CHx_CTRL register determines the increment between DMA transfers. The increment is in
units of DMA transfers and using an increment size of 1 will transfer contiguous bytes, half-words, or words depending on the value of
the SIZE field. Multiple unit increments are useful for transferring or packing/unpacking alligned data. For example using an increment
of 4 with a size of BYTE will transfer word aligned bytes. An increment of 2 units with a size of HALFWORD is suitable for the transfer
of word aligned half-word data. The LDMA can also pack or unpack data by using a different increment size for source and destination.
For example - to convert from word aligned byte data (unpacked) to contiguous byte data (packed), set the SIZE to BYTE, SRCINC to
4, and DSTINC to 1.

SRCINC or DSTINC may also be set to NONE which will cause the LDMA to read or write the same location for every DMA transfer.
This is useful for accessing peripheral FIFO or data registers.
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7.3.1.3 Block Size

The block size defines the amount of data transferred in one arbitration. It consists of one or more DMA transfers. See 7.3.6.1 Arbitra-
tion Priority for more details.

7.3.1.4 Transfer Count

The descriptor transfer count defines how many DMA transfers to perform. The number of bytes transferred by the descripter will de-
pend on both the transfer count XFERCNT and the SIZE field settings. TOTAL_BYTES = XFERCNT * SIZE

7.3.1.5 Descriptor List

A descriptor list consists of one or more descriptors which are executed in serially. This list may be a simple sequence of descriptors, a
loop of descriptors, or a combination of the two.

Each descriptor in the list can be one of several types.

+ Single Transfer descriptor: Transfers TOTAL_BYTES of data and then stops.

 Linked Transfer descriptor: Transfers TOTAL_BYTES of data and then loads the next linked descriptor.

» Loop Transfer descriptor: Transfers TOTAL_BYTES of data and performs loop control (see 7.3.2.2 Loop Counter).
» Sync descriptor: Handle synchronization of the list with other entities (see 7.3.7.2 SYNC Descriptor Structure).

* WRI descriptor: Writes a value to a location in memory (see 7.3.7.3 WRI Descriptor Structure).

7.3.1.6 Addresses

Before initiating a transfer, software should write the source address, destination address, and if applicable the link address to the de-
scriptor registers. Alternatively, software may load a descriptor from memory by writing the descriptor address to the LDMA_CHx_LINK
register and setting the corresponding bit in the LDMA_LINKLOAD register.

During a DMA transfer, the DMA source and destination address registers are pointers to the next transfer address. The LDMA will
update the SRC and DST addresses after each transfer. If software halts a DMA transfer by clearing the enable bit, the SRC and DST
addresses will indicate the next transfer address.

When a desriptor is finished the DMA will either halt or load the next (linked) descriptor depending on the value of the LINK field in the
LDMA_Chx_LINK register. After loading a linked descriptor, the descriptor registers will reflect the content of the loaded descriptor.
Note that the linked descriptor must be word aligned in memory. The two least significant bits of the LDMA_CHx_LINK register are used
by the LINK and LINKMODE bits. The two least significant bits of the link address are always zero.

7.3.1.7 Addressing Modes

The DMA descriptors support absolute addressing or relative addressing. When using relative addressing, the offset is relative to the
current contents of the respective address registers. Regardless of the descriptor addressing modes, the address registers always indi-
cate the absolute address. For example, when loading a descriptor using relative SRC addressing, the LDMA will add the descriptor
source address (offset) to the contents of the SRCADDR register (base address). After loading, the SRCADDR register will indicate the
absolute address of the loaded descriptor.

The initial descriptor must use absolute addressing. The LDMA will ignore the DSTMODE, SRCMODE, and LINKMODE bits for the
initial descriptor and interpret the addresses as an absolute addresses.

Relative addressing is most useful for the link address. The initial descriptor will indicate the absolute address of the linked descriptors
in memory. The linked descriptors might be an array of structures. In this case the offset between descriptors is constant and is always
4 words or 16 bytes (each descriptor has 4 words). The LINK address is not incremented or decremented after each transfer. Thus, a
relative offset of 0x10 may be used for all linked descriptors.

The source and destination addresses also support relative addressing. When using relative addressing with the source or destination
address registers, the LDMA adds the relative offset to the current contents of the respective address register. Since the source and
destination addresses are normally incremented after each transfer, the final address will point to one unit past the last transfer. Thus,
an offset of zero will give the next sequential data address.

See the example 7.4.6 2D Copy for an common use of relative addressing.
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LDMA - Linked DMA Controller

7.3.1.8 Byte Swap

Enabling byte swap reverses the endianness of the incoming source data read into the LDMA’s FIFO. Byte swap is only valid for trans-
fer sizes of word and half-word. Note that linked structure reads are not byte swapped.

B3b7 B3b0 | B2b7 B2b0 | B1b7 B1b0 | BOb7 BOb0
B3 B2 B1 BO
BYTESWAP=1
SIZE=WORD
BOb7 BOb0O | B1b7 B1b0 | B2b7 B2b0 | B3b7 B3b0
BO B1 B2 B3
B3b7 B3b0 | B2b7 B2b0 | B1b7 B1b0 | BOb7 BObO
B1 BO
BYTESWAP=1
SIZE=HALF
B2b7 B2b0 | B3b7 B3b0 | BOb7 o BOb0O | B1b7 o B1b0

Figure 7.2. Word and Half-Word Endian Byte Swap Examples
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7.3.1.9 DMA Size and Source/Destination Increment Programming

The DMA channels’ SIZE, SRCINC, and DSTINC bit-fields are programmed to best utilize memory resources. They provide a means
for memory packing and unpacking, as well as for matching the size of data being transmitted to or received from an 10O peripheral. The
following figure shows how 32-bit words of data are read from a memory source into the DMA'’s internal transfer FIFO, and then written
out to the memory destination. The memory organization in bytes is shown as well as the first read to and write from the DMA’s FIFO.

source Memory
0x200 | kB3 | kB2 | kB1 | kB0
1B3 1B2 1B1 1BO
mB3 | mB2 | mB1 | mB0
nB3 | nB2 | nB1 nBO
oB3 | oB2 | oB1 | oB0
pB3 | pB2 | pB1 | pB0O
qB3 | qB2 | gB1 | gB0O
rB3 rB2 rB1 rB0
sB3 | sB2 | sB1 sB0
tB3 tB2 tB1 tBO
uB3 | uB2 | uB1 uB0
vB3 | vB2 | vB1 vB0
wB3 | wB2 | wB1 | wB0
xB3 | xB2 | xB1 xB0
yB3 | yB2 | yB1 | yB0O
zB3 | zB2 | zB1 zB0
destination
0x400 kB3 | kB2 | kB1 | kB0
1B3 1B2 1B1 1BO
mB3 | mB2 | mB1 | mB0

First read transmit data=

Next write data= .~

First write transmit data=

size[1:0] = WORD
src_inc[1:0 ]= WORD
dst_inc[1:0 ]= WORD

Figure 7.3. Memory-to-Memory Transfer WORD Size Example

The next example shows four variations of half-word sized transfers, with all possible combinations of half- and full-word source and
destination increments. Note that when the size and source/destination increments are all configured for half-word, the resulting DMA
transfer organization is equivalent to the full-word sized transfer in the previous example. The difference is that the half-word configura-

tion requires twice as many DMA transfers.
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source Memory i source Memory.
0x200([ kB3 | kB2 | kBT | kBO || i 0x200 | kB3 | kB2 || kB1 | kBO ||
B3 [ B2 | 1B1 | IBO || T 1B3 | 1B2 | 1B1 | IBO T
mB3 | mB2 | mB1 | mBO First read tranismit data= mB3 | mB2 | mB1 | mBO First read trafismit data=
nB3 | nB2 | nB1 | nBO |! kB0 nB3 | nB2 || nB1 | nBO kB1 kB0
oB3 | oB2 | oB1 | oB0 oB3 | oB2 || oB1 | oB0O \
pB3 | pB2 | pB1 | pB0 \ / pB3 | pB2 || pB1 | pBO Y
qB3 | qB2 | qB1 | qBO qB3 | qB2 || qB1 | qBO
rB3 rB2 rB1 rBO rB3 rB2 rB1 rB0
sB3 | sB2 | sB1 sB0 sB3 | sB2 7 sB1 sBO
tB3 | tB2 | tB1 | tBO kB3 | kB2 | kB1 | kBO tB3 | 182 | tB1 | tBO :,?311 ,I,?g% ,:3311 :,I:;(:,
uB3 | uB2 | uB1 | uB0 IB3 | 1B2 | IB1 | 1BO uB3 | uB2 | uB1 | uB0 pB1 | pBO | oB1 | oBO
vB3 | vB2 | vB1 | vBO mB3 | mB2 | mB1 | mBO vB3 | vB2 | vB1 | vBO rB1 | rB0 | qB1 | qBO
wB3 | wB2 | wB1 | wB0 nB3 | nB2 | nB1 | nBO wB3 | wB2 | wB1 | wB0
xB3 | xB2 | xB1 | xB0O xB3 | xB2 | xB1 xB0
yB3 | yB2 | yB1 | yBO yB3 | yB2 | yB1 | yB0O
zB3 | zB2 | zB1 zB0 zB3 | zB2 | zB1 zB0
destination destination
0x400 kB3 | kB2 | kB1 kB0 0x400 kB1 kB0
1B3 1B2 1B1 1BO 1B1 1BO
mB3 | mB2 | mB1 | mB0 mB1 | mB0
nB3 | nB2 | nB1 | nBO nB1 | nB0O
oB1 | oB0
pB1 pB0O
2 qB1 | qBO :
First write transmit data= rB1 | rBO First write transmit data=
kB1 | kB0 \ [ kB1 | kBO
size[1:0] = HALF size[1:0] = HALF
src_inc[1:0] = HALF src_inc[1:0] = WORD
dst_inc[1:0] = HALF dst_inc[1:0] = WORD
source Memory i sourc Memory! :
0x200 |[ kB3 | kB2 [ kBT | kBO || 0x200 |[ kB3 | kB2 | kB1 | kBO || i
B3 | 1B2 | 1B1 | IBO | ! B3 | 1B2 | 1B1 | 1BO || T
mB3 | mB2 | mB1 | mB0 mB3 | mB2 | mB1 | mB0 First read t\r;ﬁsmit data=
nB3 | nB2 | nB1 nBO | ! kB0 nB3 | nB2 | nB1 nB0 | kB0
oB3 | oB2 | oB1 | oB0 oB3 | oB2 | oB1 | oB0
pB3 | pB2 | pB1 | pBO || v pB3 | pB2 | pB1 | pBO v
qB3 | qB2 | gqB1 | qBO ‘ qB3 | qB2 | qB1 | qBO
rB3 | rB2 | rB1 | rB0 | | rB3 | rB2 | rB1 | rBO _
sB3 | sB2 | sB1 | sBO sB3 | sB2 | sB1 | sB0O
tB3 tB2 tB1 tB0 1B1 1BO kB1 kB0 tB3 tB2 tB1 tBO kB3 | kB2 | kB1 kB0
uB3 | uB2 | uB1 uB0 nB1 nB0 | mB1 | mBO uB3 | uB2 | uB1 uB0 1B3 1B2 1B1 1BO
vB3 | vB2 | vB1 | vBO pB1 | pBO | oB1 | oBO vB3 | vB2 | vB1 | vBO mB3 | mB2 | mB1 | mBO
wB3 | wB2 | wB1 | wB0 81 | rBO | qB1 | qBO wB3 | wB2 | wB1 | wB0 nB3 | nB2 | nB1 | nBO
xB3 | xB2 | xB1 | xB0 xB3 | xB2 | xB1 | xB0O
yB3 | yB2 | yB1 | yBO yB3 | yB2 | yB1 | yBO
zB3 | zB2 | zB1 zB0 zB3 | zB2 | zB1 zB0
destination destination
0x400 1B1 IBO kB1 kB0 0x400 kB1 kB0
nB1 nB0 | mB1 | mB0 kB3 | kB2
pB1 pB0 | oB1 | oBO 1B1 1BO
rB1 rB0 | gqB1 | qBO 1B3 1B2
mB1 | mB0
mB3 | mB4
eese———— nB1 | nBO eese————
First write transmit data= nB3 | nB2 First write transmit data=
\ [ kB1 | kBO kB1 | kBO
size[1:0] = HALF size[1:0] = HALF
src_inc[1:0] = WORD src_inc[1:0] = HALF
dst_inc[1:0] = HALF dst_inc[1:0] = WORD

Figure 7.4. Memory-to-Memory Transfer HALF Size Examples

Fields SRCINCSIGN and DSTINCSIGN allow for address decrement. These can be used to mirror an image, for example, in the pixel
copy application.
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7.3.2 Channel Configuration

Each DMA channel has associated configuration and loop counter registers for controlling direction of address increment , arbitration
slots, and descriptor looping.

7.3.2.1 Address Increment/Decrement

Normally DMA transfers increment the source and destination addresses after each DMA transfer. Each channel is also capable of dec-
rementing the source and/or destination addresses after each DMA transfer. This may be useful for flipping an array or copying data
from tail to head. For example, a data packet might be prepared as an array of data with increasing addresses and then transmitted
from the highest address to the lowest address, from tail to head.

After reset the SRCINCSIGN and DSTINCSIGN bits in the LDMA_CHx_CFG register are cleared causing the source and destination
addresses to increment after each transfer. If the SRCINCSIGN bit is set , the DMA will decrement the source address after each trans-
fer. If the DSTINCSIGN bit in the LDMA_CHx_CFG register is set , the DMA will decrement the destination address after each transfer.
Setting only one of these bits will flip the data. Setting both bits will copy from tail to head, but will not flip the data.

The SRCINCSIGN and DSTINCSIGN bits apply to all descriptors used by that channel. Software should take care to set the starting
source and/or destination address to the highest data address when decrementing.

7.3.2.2 Loop Counter

Each channel has a LDMA_CHx_LOOP register that includes a loop counter field. To use looping, software should initialize the loop
counter with the desired number of repetitions before enabling the transfer. A descriptor with the DECLOOPCNT bit set to TRUE will
repeat the loop and decrement the loop counter until LOOPCNT = 0.

For a looping descriptor, with DECLOOPCNT=1, the LINK address in the LDMA_CHx_LINK register is used as the loop address. While
LOOPCNT is greater than zero, the descriptor will execute and then the LDMA will load the next descriptor using the address specified
in the LDMA_CHx_LINK register. This feature enables looping of multiple descriptors. To repeat a single descriptor, the LINK address
of the descriptor should point to itself.

After LOOPCNT reaches zero, if the LINK bit in the descriptor LINK word is clear the transfer stops. If the LINK bit is set, the LDMA will
load the next sequential descriptor located immediately following the looping descriptor. The behavior of the LINK bit is different for a
looping descriptor. This is necessary because the LINK address is re-purposed as the loop address for a looping descriptor.

Note that LOOPCNT sets the number of repeats, not the number of iterations. The total number of loop iterations will be LOOPCNT
plus 1. Normally, the LOOPCNT should be set to one or more repeats.

Also note that because there is only one LOOPCNT per channel, software intervention is required to update the LOOPCNT if a se-
quence of transfers contains multiple loops. It is also possible to use a write immediate DMA data transfer to update the
LDMA_CHx_LOORP register.

7.3.3 Channel Select Configuration
The channel select block determines which peripheral request signal connects to each DMA channel.

This configuration is done by software through the SOURCESEL and SIGSEL fields of the LDMA_CHn_REQSEL register. SOURCE-
SEL selects the peripheral and SIGSEL picks which DMA request signals to use from the selected peripheral.

7.3.4 Starting a Transfer

A transfer may be started by software, a peripheral request, or a descriptor load.

Software may initiate a transfer by setting the bit for the desired channel in the LDMA_SREQ register. In this case the channel should
set SOURCESEL to NONE to prevent unintentional triggering of the channel by a peripheral.

A peripheral may trigger the channel by configuring the peripheral source and signal as described in 7.3.3 Channel Select Configuration

The LDMA may also be configured to begin a transfer immediately after a new descriptor is loaded by setting the STRUCTREQ field of
the LDMA_CHx_CTRL register or descriptor word.

This configuration is done by software through the SOURCESEL and SIGSEL fields of the LDMA_CHn_REQSEL register. SOURCE-
SEL selects the peripheral and SIGSEL picks which DMA request signals to use from the selected peripheral.
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7.3.4.1 Peripheral Transfer Requests

By default peripherals issue a Single Request (SREQ) when any data is present. For peripherals with a data buffer or FIFO this occurs
any time the FIFO is not empty. Upon receiving an SREQ the LDMA will perform one DMA transfer and stop till another request is
made.

It is generally more efficient to wait for a peripheral to accumulate data and transfer in a burst. This both reduces overhead of the DMA
engine and allows EM2 peripherals to save power by using the LDMA less often. To enable this set the IGNORESREQ bit in the
LDMA_CHx_CTRL register (or descriptor) which will cause the LDMA to ignore SREQ's and wait for a full Request (REQ) signal. When
the REQ is received the entire descriptor will be executed. For most peripherals with a FIFO the REQ signal is set when the FIFO is full,
or a predetermined threshold has been reached. See the individual peripheral chapters for more information.

7.3.5 Managing Transfer Errors

LDMA transfer errors are normally managed using interrupts. Software should clear the ERROR flag in the bit in the LDMA_IF register
and enable error interrupts by setting the ERROR bit in the LDMA_IEN register before initiating a DMA transfer.

The LDMA interrupt handler should check the ERROR flag bit in the LDMA_IF register. If the ERROR flag bit is set, it should then read
the CHERROR field in the LDMA_STATUS register to determine the errant channel. The interrupt handler should reset the channel and
clear the ERROR flag bit in the LDMA _IF register before returning.

7.3.6 Arbitration

While multiple channels are configured simultaneously the LDMA engine can only be actively copying data for one channel at a time.
Arbitration determines which channel is being serviced at any point in time. The LDMA will choose a channel through arbitration, trans-
fer BLOCK_SIZE elements of that channel and then arbitrate again choosing another channel to service. This allows high priority chan-
nels to be serviced while lower priority channels are in the middle of a transfer.

7.3.6.1 Arbitration Priority
There are two modes in determining priority when the controller arbitrates: fixed priority and round robin priority.

In fixed priority mode, channel 0 has the highest priority. As the channel number increases, the priority decreases. When the LDMA
controller is idle or when a transfer completes, the highest priority channel with an active request is granted the transfer. This mode
guarantees smallest latency for the highest priority requesters. It is best suited for systems where peak bandwidth is well below LDMA
controller's maximum ability to serve. The drawback of this mode is the possibility of starvation for lowest priority requesters.

In the round robin priority mode, each active requesting channel is serviced in the order of priority. A late arriving request on a higher
priority channel will not get serviced until the next round. This mode minimizes the risk of starving low-priority latency-tolerant reques-
ters. The drawback of this mode is higher risk of starving low-latency requesters.

The NUMFIXED field in the LDMA_CTRL register determines which channels are fixed priority and which are round robin. Channels
lower than NUMFIXED are fixed priority while those above it are round robin. A value of 0x0 implies all channels are round robin. A
value of 0x4 implies channels 0 through 3 are fixed priority and 4 through 7 are round robin. A value of 7 implies that channels 0
through 6 are fixed and channel 7 is round robin. This is functionally equivalent to having 8 fixed priority channels.

Fixed priority channels always take priority over round robin. As long as NUMFIXED is greater than 0, there is a possibility that a higher
priority channel can starve the remaining channels.

To address the drawbacks of using fixed priority or round robin priority the LDMA implements the concept of arbitration slots. This al-
lows for channels to have high bandwidth and low latency while preventing starvation of latency tolerant low priority channels.

Each channel has a two bit ARBSLOT field in its LDM_CHx_CFG register. This field only applies to channels marked as round robin
(determined by NUMFIXED). The channels in the same arbitration slot are treated equally with round robin scheduling. Channels
marked with a higher arbitration slot will get serviced more frequently. By default all channels are placed in arbitration slot 1.

Every time the channels in slot 1 get serviced the channels in slot 2 get serviced twice, those in slot 4 get serviced 4 times, and those in
slot 8 get serviced 7 times. The specific arbitration allocation can be seen by the following table. The highest arbitration slot is serviced
every other arbitration cycle, allowing for low latency response. If there are no requests from channels in arbitration slot then that slot is
immediately skipped.
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Table 7.1. Arbitration Slot Order

Arbslot order

Arbslot1 1

Arbslot2 1 1

Arbslot4 1 1 1 1

Arbslot8 1 1 1 1 1 1 1

The top row shows the order at which the arbitration slots are executed. The remaining part of the table shows a more visual interpreta-
tion of the arbitration order.

For example, if we have one low latency channel (CHNLO) and two latency tolerant channels (CHNL1 and CHNLZ2). We could use the
following settings.

LDMA_CTRL.NUMFIXED = 0; set round robin for all channels.
CHNLO_CFG.ARBSLOTS = TWO;
CHNL1_CFG.ARBSLOTS = ONE;
CHNL2_CFG.ARBSLOTS = ONE;

If all channels are constantly requesting transfers, then the arbitration order is: CHNLO, CHNL1, CHNLO, CHNL2, CHNLO, CHNLA1,
CHNLO, CHNL2, CHNLO, etc

Note, there are no channels assigned to arbitration slot four or eight in this example, so those slots are skipped and the final sequence
is ARBSLOT2, ARBSLOT1, ARBSLOT2, ARBSLOTT1, etc...

Channel 1 and Channel 2 are selected in round robin order when arbitration slot 1 is executed.
If we replace the ARBSLOTS value for channel 0 with EIGHT, then the sequence would look like the following:
CHNLO, CHNLO, CHNLO, CHNLO, CHNL1, CHNLO, CHNLO, CHNLO, CHNL2, CHNLO, CHNLO, CHNLO, CHNLO, CHNLA1, etc.
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7.3.6.2 DMA Transfer Arbitration

In addition to the inter channel arbitration, software can configure when the controller arbitrates during a DMA transfer. This provides
reduced latency to higher priority channels when configuring low priority transfers with more arbitration cycles.

The LDMA provides four bits that configure how many DMA transfers occur before it re-arbitrates. These bits are known as the BLOCK-
SIZE bits and they map to the arbitration rate as shown below. For example, if BLOCKSIZE = 4 then the arbitration rate is 6, that is, the
controller arbitrates every 6 DMA transfers.

Table 7.2 AHB Bus Transfer Arbitration Interval on page 174 lists the arbitration rates.

Table 7.2. AHB Bus Transfer Arbitration Interval

BLOCKSIZE Arbitrate After x DMA transfers

0 x=1

N

x=2

x=3

x=4

X=6

© @ | N | O £ w N
x
1
(oo}

-_—
o
x
]
(o]
N

11 x=128
12 x =256
13 x=512
14 x=1024
15 x =lock

Note: Software must take care not to assign a low-priority channel with a large BLOCKSIZE because this prevents the controller from
servicing high-priority requests, until it re-arbitrates.

The number of DMA transfers that need to be done is specified by the user in XFERCNT. When XFERCNT > BLOCKSIZE and is not
an integer multiple of BLOCKSIZE then the controller always performs sequences of BLOCKSIZE transfers until XFERCNT < BLOCK-
SIZE remain to be transferred. The controller performs the remaining XFERCNT transfers at the end of the DMA cycle.

Software must store the value of the BLOCKSIZE bits in the channel control data structure. See 7.3.7.1 XFER Descriptor Structure for
more information about the location of the BLOCKSIZE bits in the data structure.

7.3.7 Channel Descriptor Data Structure

Each channel descriptor consists of four 32-bit words:

» CTRL - control word contains information like transfer count and block size.
» SRC - source address points to where to copy data from

» DST - destination address points to where to copy data to

* LINK - link address points to where to load the next linked descriptor

These words map directly to the LDMA_CHx_CTRL, LDMA_CHx_SRC, LDMA_CHx_DST, and LDMA_CHx_LINK registers. The usage
of the SRC and DST fields may differ depending on the structure type

There are three different types of descriptor data structures: XFER, SYNC, and WRI
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7.3.7.1 XFER Descriptor Structure
This descriptor defines a typical data transfer which may be a Normal, Link, or Loop transfer.

Only this structure type can be written directly into LDMA's registers by the CPU. All descriptors may be linked to. Refer to the register
descriptions for additional information.

For specifying XFER structure type, set STRUCTTYPE to 0. See the peripheral register descriptions for information on the fields in this
structure.

Bit Position
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7.3.7.2 SYNC Descriptor Structure

This descriptor defines an intra-channel synchronizing structure. It allows the channel to wait for some external stimulus before continu-
ing on to the next descriptor. This structure is also used to provide stimulus to another channel to indicate that it may continue.

For example channel 1 may be configured to transfer a header into a buffer while channel 2 is simultaneously transferring data into the
same structure. When channel 1 has completed it can wait for a sync signal from channel 2 before transferring the now complete buffer
to a peripheral.

Synch descriptors do nothing until a condition is met. The condition is formed by the SYNCTRIG field in the LDMA_SYNC register and
the MATCHEN and MATCHVAL fields of the descriptor. When (SYNCTRIG & MATCHEN) == (MATCHVAL & MATCHEN) the next de-
scriptor is loaded. In addition to waiting for the condition a Link descriptor can set or clear bits in SYNCTRIG to meet the conditions of
another channel and cause it to continue. The CPU also has the ability to set and clear the SYNCTRIG bits from software.

This structure type can only be linked in from memory.

For specifying SYNC structure type, set STRUCTTYPE to 1.

Bit Position

S8R IQQI QN Q|2 eI e ¥ f|Q|o|w|l~lolb|t | m|n|~|0
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Bit Name Description
1:0 STRUCTTYPE Descriptor Type
This field indicates which type of descriptor this is. It must be 1 for a SYNC descriptor.
20 DONEIFSEN Done if Set indicator
If set the interrupt flag will be set when descriptor completes.
15:8 SYNCCLR Sync Trigger Clear
This bit-field is used to clear corresponding bits within the SYNCTRIG field of the SYNC LDMA_SYNC register. To clear
a given bit, a one should be loaded to the corresponding bit. Set is given priority over clear if both corresponding bits
are loaded with a one. The sync trigger clear function can only be used when loaded from a linked structure. Alternate-
ly, the user can directly write the SYNCTRIG bit-field if required.
7:0 SYNCSET Sync Trigger Set
This bit-field is used to set corresponding bits within the SYNCTRIG bit-field. To set a given bit, a one should be loaded
to the corresponding bit. Set is given priority over clear if both corresponding bits are loaded with a one. The sync trig-
ger set function can only be used when loaded from a linked structure. Alternately, the user can directly write the SYN-
CTRIG bit-field if required.
15:8 MATCHEN Sync Trigger Match Enable
This bit-field serves as the SYNCTRIG match enable. A sync match triggers the load of the next linked DMA structure
as specified by link_mode, when: (SYNCTRIG & MATCHEN) == (MATCHVAL & MATCHEN).
7:0 MATCHVAL Sync Trigger Match Value
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Bit \ET) [ Description

This bit-field serves as the SYNCTRIG match value. A sync match triggers the load of the next linked DMA structure as
specified by link_mode, when: (SYNCTRIG & MATCHEN) == (MATCHVAL & MATCHEN).

7.3.7.3 WRI Descriptor Structure

This descriptor defines a write-immediate structure. This allows a list of descriptors to write a value to a register or memory location. For
example, if a channel wishes to perform two loops in a descriptor sequence a WRI may be used to program the loop count for the
second loop.

This structure type can only be linked in from memory.

For specifying WRI structure type, set STRUCTTYPE to 2.
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Bit Name Description
1:0 STRUCTTYPE Descriptor Type
This field indicates which type of descriptor this is. It must be 2 for a WRI descriptor.
20 DONEIFSEN Done if Set indicator
If set the interrupt flag will be set when descriptor completes.
31:0 IMMVAL Immediate Value for Write
This bit-field specifies the immediate data value that is to be written to the address pointed to by DSTADDR. Only one
write occurs for WRI structures.
31:0 DSTADDR Address to write

This bit-field specifies the address the immediate data should be written to.
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7.3.8 Interaction With the EMU

The LDMA interacts with the Energy Management Unit (EMU) to allow transfers from a low energy peripheral while in EM2 DeepSleep.
For example, when using the LEUART in EM2 DeepSleep the EMU can wake up the LDMA sufficiently long to allow data transfers to
occur. See section "DMA Support" in the LEUART documentation.

Similarly, when using the ADC in EM2 DeepSleep or EM3 Stop the EMU can wake up the LDMA as needed to allow data transfers to
occeur.

Table 7.3 List of Peripherals Capable of Waking Up LDMA in EM2 DeepSleep or EM3 Stop on page 178 shows complete list of periph-
erals that are capable of waking up LDMA via EMU in EM2 DeepSleep or EM3 Stop

Table 7.3. List of Peripherals Capable of Waking Up LDMA in EM2 DeepSleep or EM3 Stop

Peripheral

ADCO
CSEN

LESENSE

LEUARTO

7.3.9 Interrupts

The LDMA_IF Interrupt flag register contains one DONE bit for each channel and one combined ERROR bit. When enabled, these in-
terrupts are available as interrupts to the Cortex-M0+ core. They are combined into one interrupt vector, DMA_INT. If the interrupt for
the DMA is enabled in the ARM Cortex-MO+ core, an interrupt will be made if one or more of the interrupt flags in LDMA_IF and their
corresponding bits in LDMA_IEN are set.

When a descriptor finishes execution the interrupt flag for that channel will be set if the DONEIFSEN field of the LDMA_CHx_LOOP
register is set. If LINK and DONEIFSEN are both set when the descriptor completes the interrupt and the linked descriptor will be imme-
diatly loaded. When the final descriptor in a linked list (LINK = 0) is finished the interrupt flag is always set regardless of the state of
DONEIFSEN.

7.3.10 Debugging

For a peripheral request DMA transfer, if software sets a bit for a channel in the LDMA_DBGHALT register then the DMA will halt dur-
ring a debug halt and the SRC and DST registers in the debug window will show the transfer in progress. Otherwise, during debug halt
the DMA will continue to run and complete the entire transfer causing the descriptor registers to indicate the transfer has completed.

7.4 Examples

This section provides examples of common LDMA usage. All examples assume the LDMA is in the reset state with the channel being
configured disabled and LDAM_CHx_CFG, LDMA_CHx_LOOP, and LDMA_CHx_LINK cleared.
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7.4.1 Single Direct Register DMA Transfer

This simple example uses only the Channel Descriptor registers directly and does not use linking. Software writes directly to the LDMA
channel registers. This example does not use a memory based descriptor list.

This example is suitable for most simple transfers that are limited to transferring one block of data. It supports anything that can be
done using a single descriptor. This includes endian conversion and packing/unpacking data. Channel 0 is used for this example.

The LDMA will be used to copy 127 contiguous half words (254 bytes) from 0x0 to 0x1000. It will allow arbitration every 4 transfers and
is triggered by a CPU write to the LDMA_SWREQ register. The CHO interrupt flag will be set when the transfer completes since the
descriptor does not link to another descriptor.

» Configure LDMA_CHO_CTRL
+ DSTMODE = 0 (absolute)
+ SRCMODE = 0 (absolute)
» SIZE = HALFWORD (16 bits)
» DSTINC =0 (1 half-word)
* SRCINC = 0 (1 half-word)
* DECLOOPCNT=0 (unused)
+ REQMODE = 1 (one request transfers all data)
+ BLOCKSIZE = 3 (4 transfers)
* BYTESWAP=0 (no byte swap)
+ XFERCNT=127 (transfer 127 half words)
+ STRUCTTPYE=0 (TRANSFER)
» Write source address to LDMA_CHO_SRC register
» Write destination address to LDMA_CHO_DST register
» Configure the LDMA_CHOREQSEL register for the desired peripheral or select none for a memory-to-memory transfer
» Clear and enable interrupts.
» Write a 1 to bit 0 of the LDMA_IFC register to clear the CHO DONE flag
» Write a 1 to bit 0 of the LDMA_IEN register to enable the CHO interrupt
» Write a 1 to bit 0 of the LDMA_CHEN register to enable CHO

The REQMODE field is normally cleared to zero for a peripheral request transfer and will transfer the specified block size for each pe-
ripheral request. The REQMODE may be set to 1 for a memory-to-memory transfer or any time it is desired for a single DMA request to
initiate complete transfer.
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7.4.2 Descriptor Linked List

This example shows how to use a Linked List of descriptors. Each descriptor has a link address which points to the next descriptor in
the list. A descriptor may be removed from the Linked list by altering the Link address of the one before it to point to the one after it.
Descriptor Linked lists are useful when handling an array of buffers for communication data. For example, a bad packet can be re-
moved from a receiver queue by simply removing the descriptor from the linked list.

Software loads the first descriptor into the DMA by writing the descriptor address to LDMA_CHx_LINK and setting the bit for that chan-
nel in the LDMA_LINKLOAD register. This method is preferred when using a linked list in memory since it treats the first descriptor just
like all the others. However, it is also allowed for software to write the first descriptor directly to the LDMA registers.

In this example 4 descriptors are executed in series. the interrupt flag is set after the 2nd and 4th (last) descriptors have completed.
» Prepare a list of descriptors using the XFER structure type in RAM
* Initialize the CTRL, SRC, and DST members as desired

» Setting STRUCTREQ in the CTRL word for descritpors 2-4 will cause them to begin transfering data as soon as they are loaded.
» Write 0x00000013 to the LINK member of all but the last descriptor

* LINKMODE = 1 (relative addressing)

* LINK =1 (Link to the next descriptor)

* LINKADDR = 0x00000010 (size of descriptor)
» Set the DONEIFSEN bit in the CTRL member of the 2nd structure so that the interrupt flag will be set when it completes
» Write 0x00000000 to the LINK member of the last descriptor

* LINK = 0 (Do not link to the next descriptor)

* LINKMODE = 0 (don't care)

» LINKADDR = 0x00000000 (don't care)

Each descriptor now points to the start of the next descriptor as shown on the left in Figure 7.5 Descriptor Linked List on page 180. To
remove a descriptor from the linked list modify the LINK address of the descriptor of the one before to point to the one after. For exam-
ple to remove the third descriptor, add 0x00000010 to the LINK register of the second descriptor. The second descriptor will now point
to the forth descriptor and skip over the third descriptor as shown on the right in Figure 7.5 Descriptor Linked List on page 180.

Third
Linked Descriptor
List Deleted
° Ctrl \‘ Ctrl \‘ ‘
Src | Src |
Dst ‘/ A Dst ‘/ A
| Link | 0x00000013 | Link | 0x00000013
G “» Ctrl \‘ “» Ctrl \‘ G
Src | Src |
Dst ‘/ . Dst ‘/ .
| Link | o0x00000013 | Link | 0x00000023
° “»  Ctrl \‘ Ctrl \‘ @
Src || :’ Src ||
Dst ‘/ © Dst ‘/ ©
| Link | 0x00000013 ' | Link | 0x00000013
° "> Ctrl ‘ A Ctrl ‘ °
Src | Src |
Dst ‘/ . Dst ‘/ .
Link | ) 000000000 Link | / 000000000

Figure 7.5. Descriptor Linked List
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To start execution of the linked list of descriptors:

» Write the absolute address of the first descriptor to the LINKADR field of the LDMA_CHO_LINK register

+ Set the LINK bit of LDMA_CHO_LINK register.

+ Configure the LDMA_CHOREQSEL register for the desired peripheral or select none for memory-to-memory
» Clear and enable interrupts as desired

» Set bit 0 in the LDMA_LINKLOAD register to initiate loading and execution of the first descriptor

Alternativley, software can manually copy the first descriptor contents to the LDMA_CHO_CTRL, LDMA_CHO_SRC, LDMA_CHO_DST,
and LDMA_CHO_LINK registers and then enable the channel in the LDMA_CHEN register.
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7.4.3 Single Descriptor Looped Transfer

This example demonstrates how to use looping using a single descriptor. This method allows a single DMA transfer to be repeated a
specified number of times. The looping descriptor is stored in memory and reloaded by hardware. After a specified number of iterations,
the transfer stops.

CHO is setup to copy 4 words from the ADC FIFO into a 15 word buffer at 0x1000. It repeats 4 times to fill the entire 16 word buffer. An
interrupt will fire when the entire 16 words have been transfered.

Initialize the Linked descriptor in memory as follows:
» Configure CTRL member
+ DSTMODE = 0 (absolute)
+ SRCMODE = 0 (absolute)
+ SIZE = WORD
+ DSTINC =0 (1 WORD)
+ SRCINC = 3 (0 WORDS)
+ DECLOOPCNT=1 (decrement loop count)
+ REQMODE=1 (Use XFERCNT)
* BLOCKSIZE = 4 (4 words)
* BYTESWAP=0 (no swap)
* XFERCNT= 4 (4 words)
+ STRUCTTPYE=0 (TRANSFER)
* IGNORESREQ-=1 (ignore single requests)
» Write the address ADCO_SINGLEDATA register to the SRC member
» Write 0x1000 address to DST member
» Configure the LINKLink member
» LINK = 0 (stop after loop)
* MODE = 1 (relative link address)
» LINKADDR = 0 (point to ourself)
» Configure the Channel
» Write the desired number of repeats to the LDMA_CHO_LOORP register
* SOURCESEL in LDMA_CHOREQSEL = ADCO (select the ADC)
* SIG in LDMA_CHOREQSEL = ADCOSCAN (select the scan conversion request)
» Clear and enable interrupts
» Load the descriptor using LINKLOAD as described in 7.4.2 Descriptor Linked List

Memory
x 0x00 Ctrl
/ Src A
LINKADDR->A '\\ Dst .
DECLOOPCNT=1 Link link_addr->A
LINK=0

Figure 7.6. Single Descriptor Looped Transfer

Note that the looping descriptor must be stored in memory, because it must load itself from the link address in memory on each itera-
tion.
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7.4.4 Descriptor List With Looping

This example uses a descriptor list in memory with looping over multiple descriptors. This example also uses the looping feature and
continues on with the next sequential descriptor after looping completes.

The descriptor list in memory is shown in figure Figure 7.7 Descriptor List With Looping on page 183. Descriptor A links to descriptor B.
Descriptor B has the DECLOOPCNT bit enabled and loops back to the start of descriptor A. The LINK address of descriptor B is used
for the loop address. The LINK bit is set to indicate that execution will continue after completion of looping. Once the LOOPCNT rea-
ches zero, the LDMA will load descriptor C. Descriptor C must be located immediately following descriptor B.

Memory

0x00 o  Ctrl
Src A
Dst
| Link
ox10 |  Ctrl
" Src

'\ B
Dst _
Alternate link /‘\,‘\, L In k ligkSaddiz=A

ox20™  Citrl

link_addr->B

LINKADDR->B  LINKADDR->A LINK=0 Src c
DECLOOPCNT=1 Dst
Link link_addr=NA

Figure 7.7. Descriptor List With Looping

Initialization is similar to the single looping descriptor with the following modifications.
» Set the LINK bit in descriptors A and B

+ write the address of descriptor A into the LIKADDRESS of descriptor B

+ write the address of descriptor B into the LIKADDRESS of descriptor A

» Descriptor C must be located immediately after descriptor B in memory
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7.4.5 Simple Inter-Channel Synchronization

The LDMA controller features synchronization structures which allow differing channels and/or hardware events to pause a DMA se-
quence, and wait for a synchronizing event to restart it.

In this example DMA channel 0 and 1 are tasked with the transfer of different sets of data. Channel 0 has two transfer structures, and
channel 1 just one, but channel 0 must wait until channel 1 has completed its transfer before it starts its second transfer structure.

Pausing channel 0 is accomplished by inserting a sync wait structure between the two transfer structures. This sync structure waits on
SYNCTRIGI[7] to be set by a sync set/clear structure which is controlled by channel 1. Sync structures do not transfer data, they can
only set, clear, or wait to match the SYNCTRIGJ[7:0] bits. Note that sync structures cannot decrement loop counter.

LDVA_SYNC
SYNCTRI G=0x0 (at tine 0)
LDVA_CHO
Structure A @O0x00 Structure B @0x10 Structure C @0x20
CTRL CTRL CTRL
STRUCTTYPE=XFER STRUCTTYPE=SYNC STRUCTTYPE=XFER
LI NK LI NK LI NK
L1 NKADDR] 29: 0] =0x00000004 L1 NKADDR] 29: 0] =0x00000008 L1 NKADDR] 29: 0] =NA
LI NK=1 LI NK=1 LI NK=0
DST
MATCHEN=0x80
MATCHVAL=0x80 (waits for SYNCTRI J 7] =1)
LDVA CH1
Structure Y @0x30 Structure Z @O0x40
CTRL CTRL
STRUCTTYPE=XFER STRUCTTYPE=SYNC
LI NK LI NK
L1 NKADDR[ 29: 0] =0x00000010 LI NKADDR=NA
LI NK=1 LI NK=0
SRC
SRCCLR=0x0

SRCSET=0x80 (sets SYNCTRI G 7])
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SYNC[7] |

STRUCTTYPE=-SYNC
STRUCTTYPE=XFER  wait SYNCTRIG[7]=1 STRUCTTYPE=XFER

CHO —p

C not fetched until
sync_trig[7] is set

CH1 Y

STRUCTTYPE=XFER STRUCTTYPE=SYNC
set SYNC[7]

Time

Figure 7.8. Simple Intra-channel Synchronization Example

Both A and Y effectively start at the same time. A finishes earlier, then it links to B, which waits for the SYNCTRIG[7] bit to be set before
loading C. Y finishes after B is loaded, and it links to sync structure Z, which sets the SYNCTRIGJ[7] bit. Channel 0 responds to the
trigger set by loading C for the final data transfer.
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7.4.6 2D Copy

The LDMA can easily perform a 2D copy using a descriptor list with looping. This set up is visualized in Figure 7.9 2D Copy on page
186.

For an application working with graphics, this would mean the ability to copy a rectangle of a given width and height from one picture to
another.

Source Buffer Destination Buffer 2D Copy Descriptors in Memory
Destination
E:du rce Add CTRL XFERCNT = WIDTH - 1
ress Descriptor A ress Descriptor A SRC_||{=rehIELSIMRG
Descriptor B Descriptor B DST z
¥ T DST = DSTADDR
/ / ~—| LINK LINK = 0x00000013
» CTRL XFERCNT = WIDTH - 1
Destination { [ _SRC 5 SRCMD =DSTMD = 1
- T Add { osT SRCADDR = SRCSTRIDE - WIDTH
= m ress DSTADDR = DSTSTRIDE - WIDTH
ol Ia) | LINK LINK = 0x00000001
I
T
5 =
WIDTH WIDTH ° °

LINKADDR->B  LINKADDR->B
DECLOOPCNT=1
LINK=0

SRCSTRIDE DSTSTRIDE

Figure 7.9. 2D Copy

The first descriptor will use absolute addressing mode and the source and destination addresses should point to the desired target ad-
dresses. The first descriptor will copy only the first row. The XFERCNT of the first descriptor is set to the desired width minus one.
+ CTRL

* XFERCNT = WIDTH - 1

* SRCMD = 0 (absolute)

* DSTMD = 0 (absolute)
+ SRCADDR = target source address
+ DSTADDR = target destination address
» LINK = 0x00000013

* LINK=1

* LINKMD=1

* LINKADDR=0x00000010 (point to next descriptor)

The second descriptor will use relative addressing and the source and destination addresses are set to the desired offset. After the
completion of the first descriptor, the address registers will point to the last address transferred. Thus, the width must be subtracted
from the stride to get the offset. The second descriptor uses looping and the link register has not offset.
+ CTRL
* XFERCNT = WIDTH -1
+ SRCMD = 1 (relative)
+ DSTMD = 1 (relative)
+ DECLOOPCNT =1
+ SRCADDR = desired source offset (SRCSTRIDE-WIDTH)
+ DSTADDR = desired destination offset (DSTSTRIDE-WIDTH)
» LINK = 0x00000001
* LINK=0
* LINKMD=1 (relative)
* LINKADDR=0x000000000 (no offset)
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Because the first descriptor already transferred one row, the number of looping repeats should be the desired height minus two. There-
fore, LOOPCNT should be set to HEIGHT minus two before initiating the transfer.

This same method is easily extended to copy multiple rectangles by linking descriptors together. To initialize the LDMA_CHx_LOOP
register, precede each descriptor pair described above with a write immediate descriptor which writes the desired value to the
LOOPCNT field of the LDMA_CHx_LOOP register.
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7.4.7 Ping-Pong

Communication peripherals often use ping-pong buffers. Ping-pong buffers allow the CPU to process data in one buffer while a periph-
eral transmits or receives data in the other buffer.

Both transmit and receive ping-pong buffers are easily implemented using the LDMA. In either case, this requires two descriptors as
shown in Figure 7.10 Infinite Ping-Pong Example on page 188. The LINKADDR field of the LINK member should point to the other
descriptor. Using two adjacent descriptors and relative link addressing ensures the descriptors are easily reloadable.

Memory
v CTRL ‘
SRC A
DST 4
; LINKADDR = 0x00000010
OJBONFE
-
SRC ‘ B
‘ DST 4
LINKADDR = OxFFFFFFFO
LINK /‘ LINKMD = 1

Figure 7.10. Infinite Ping-Pong Example

A receiver ping-pong buffer controller consists of two buffers and two descriptors stored in memory that point to the two buffers. Once
initialized, as the peripheral receives data, it will fill the first buffer. Once the first buffer is full, it will link automatically to the second
buffer and generate an interrupt. Software will then process the data in the first buffer while the LDMA is transferring data to the second
buffer. For a receiver ping-pong buffer each descriptor should link to the other descriptor. The link bit should be set to provide infinite
ping pong between the two buffers. The DONIFS bit in each descriptor should be set to generate an interrupt on the completion of each
descriptor.

» Descriptor A

« CTRL
+ DONEIFS =1
+ other settings as desired

» SRCADDR = peripheral source address

» DSTADDR = memory destination address

« LINK = 0x00000013
» LINKADDR = 0x00000010 (next descriptor)
* LINK =1 (link to next descriptor)
* LINKMD = 1 (relative addressing)

» Descriptor B

« CTRL
+ DONEIFS =1
+ other settings as desired

+ SRCADDR = peripheral source address

+ DSTADDR = memory destination address

* LINK = OXFFFFFFF3
* LINKADDR = OxFFFFFFFO (previous descriptor)
* LINK =1 (link to previous descriptor)
* LINKMD = 1 (relative addressing)

For transmitter ping-pong buffer, software will fill the first buffer and then initiate the DMA transfer. The LDMA will transmit the first
buffer data while software is filling the second buffer. In this case, the two descriptors should point to each other, but not automatically



Reference Manual
LDMA - Linked DMA Controller

continue to the second buffer. The LINK bit should be cleared to zero. Once software has loaded the first buffer, it will use the LINK-
LOAD bit to load the first descriptor and transmit the data. The DONIFS need not be set in each descriptor. The DMA will stop and then
generate an interrupt at the completion of each descriptor.
» Descriptor A
+ CTRL
» DONEIFS =0
« other settings as desired
» SRCADDR = memory source address
» DSTADDR = peripheral destination address
» LINK = 0x00000013
* LINKADDR = 0x00000010 (next descriptor)
* LINK = 0 (link to next descriptor)
* LINKMD = 1 (relative addressing)
» Descriptor B
+ CTRL
+ DONEIFS =0
« other settings as desired
+ SRCADDR = memory source address
+ DSTADDR = peripheral destination address
* LINK = OXFFFFFFF3
* LINKADDR = OxFFFFFFFO (previous descriptor)
* LINK =0 (link to previous descriptor)
* LINKMD = 1 (relative addressing)

7.4.8 Scatter-Gather

Scatter-Gather in general refers to a process that copies data from multiple locations scattered in memory and gathers the data to a
single location in memory, or vice versa. A simple descriptor list allows data gathering. For example, data from a discontiguous list of
buffers might be copied to a contiguous sequential array of buffers. The inverse is also possible when a sequential array of buffers is
scattered to a discontiguous list of available buffers. See section 7.4.2 Descriptor Linked List.

Some DMAs which only have two descriptors implement scatter-gather by using one descriptor to modify the other descriptor. While it
is possible to implement this same behavior using the LDMA, it is much more straight-forward to just use a simple descriptor list.
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7.5 Register Map

The offset register address is relative to the registers base address.

Offset Name Type Description

0x000 LDMA_CTRL RwW DMA Control Register

0x004 |LDMA_STATUS R DMA Status Register

0x008 LDMA_SYNC RWH DMA Synchronization Trigger Register (Single-Cycle RMW)

0x020 LDMA_CHEN RWH DMA Channel Enable Register (Single-Cycle RMW)

0x024 LDMA_CHBUSY R DMA Channel Busy Register

0x028 LDMA_CHDONE RWH DMA Channel Linking Done Register (Single-Cycle RMW)

0x02C |LDMA_DBGHALT RW DMA Channel Debug Halt Register

0x030 LDMA_SWREQ WA1 DMA Channel Software Transfer Request Register

0x034 LDMA_REQDIS RW DMA Channel Request Disable Register

0x038 LDMA_REQPEND R DMA Channel Requests Pending Register

0x03C |LDMA_LINKLOAD Wi1 DMA Channel Link Load Register

0x040 |LDMA_REQCLEAR w1 DMA Channel Request Clear Register

0x060 LDMA_IF R Interrupt Flag Register

0x064 LDMA_IFS W1 Interrupt Flag Set Register

0x068 LDMA_IFC (R)W1 Interrupt Flag Clear Register

0x06C LDMA_IEN RW Interrupt Enable Register

0x080 LDMA_CHO_REQSEL RwW Channel Peripheral Request Select Register

0x084 LDMA_CHO_CFG RwW Channel Configuration Register

0x088 LDMA_CHO_LOOP RWH Channel Loop Counter Register

0x08C |LDMA_CHO_CTRL RWH Channel Descriptor Control Word Register

0x090 LDMA_CHO_SRC RWH Channel Descriptor Source Data Address Register

0x094 LDMA_CHO_DST RWH Channel Descriptor Destination Data Address Register

0x098 LDMA CHO_LINK RWH Channel Descriptor Link Structure Address Register
LDMA_CHx_REQSEL RwW Channel Peripheral Request Select Register
LDMA_CHx_CFG RwW Channel Configuration Register
LDMA_CHx_LOOP RWH Channel Loop Counter Register
LDMA_CHx_CTRL RWH Channel Descriptor Control Word Register
LDMA_CHx_SRC RWH Channel Descriptor Source Data Address Register
LDMA CHx DST RWH Channel Descriptor Destination Data Address Register
LDMA_CHx_LINK RWH Channel Descriptor Link Structure Address Register

0x1D0 |LDMA_CH7_REQSEL RwW Channel Peripheral Request Select Register

0x1D4 |LDMA_CH7_CFG RW Channel Configuration Register

0x1D8 |LDMA_CH7_LOOP RWH Channel Loop Counter Register

0x1DC |LDMA_CH7_CTRL RWH Channel Descriptor Control Word Register

0x1EO0 LDMA_CH7_SRC RWH Channel Descriptor Source Data Address Register
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Offset Name Type Description
Ox1E4 LDMA_CH7_DST RWH Channel Descriptor Destination Data Address Register
0x1E8 LDMA_CH7_LINK RWH Channel Descriptor Link Structure Address Register

7.6 Register Description

7.6.1 LDMA_CTRL - DMA Control Register

Bit Position
0x000 SRR ILQIIQIF IR T2 I ¥t Qlo|lo~o|w|t|m|n|~]|o
o o
Reset g % <
o o
Access E E E
z zZ
| L
o =
_| L
A @) %)
Name w @ @
: 3
= P4 z
2 > >
zZ n %)
Bit Name Reset Access Description
31:27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:24 NUMFIXED 0x7 RW Number of Fixed Priority Channels
This field defines the number of Fixed Priority Arbitration channels. Channels CHO though CH(n-1) are fixed, and channels
CH(n) through CH7 are round robin, where n is the field value. The reset value will give all fixed channels.
23:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:8 SYNCPRSCLREN 0x00 RwW Synchronization PRS Clear Enable
Setting a bit in this field will enable the corresponding PRS input to clear the respective bit in the SYNCTRIG field of the
LDMA_SYNC register. Refer to the PRS section for a list of the PRS inputs.
7:0 SYNCPRSSETEN 0x00 RW Synchronization PRS Set Enable

Setting a bit in this field will enable the corresponding PRS input to set the respective bit in the SYNCTRIG field of the
LDMA_SYNC register. Refer to the PRS section for a list of the PRS inputs.
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7.6.2 LDMA_STATUS - DMA Status Register

Offset Bit Position
0004 158 IRIRNILRIQY TR T2V T2 0 (w/i~oo/ v o a0
[ce] o o o
Reset g X 3 S o|o
Access ¥ ' 14 14 x|
—
L o [
s o 2 Z e
Name =) | [ o % 2
p @) L o > [ >
T s I I z |z
(@) TH (@) ®) < | <
Bit Name Reset Access Description
31:29 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
28:24 CHNUM 0x08 R Number of Channels
The value of CHNUM always reads the total number of channels present for this instance of the DMA controller module.
23:21 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
20:16 FIFOLEVEL 0x10 R FIFO Level
The value of FIFOLEVEL indicates the number of entries currently in the FIFO. (Note when all channels are disabled, this
register will read the total number of entries in the FIFO.)
15:11 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10:8 CHERROR 0x0 R Errant Channel Number
When the ERROR flag is set in the LDMA_IF register, the CHERROR field will indicate the most recent channel to have a
transfer error.
7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5:3 CHGRANT 0x0 R Granted Channel Number
The value of this field indicates the currently active channel or last active channel. Note that the reset value for this field is
zero.
2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1 ANYREQ 0 R Any DMA Channel Request Pending
The value of this bit will be TRUE (1) if any requests are pending
0 ANYBUSY 0 R Any DMA Channel Busy

The value of this bit will be TRUE (1) if one or more DMA channels are actively transferring data
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7.6.3 LDMA_SYNC - DMA Synchronization Trigger Register (Single-Cycle RMW)

Offset Bit Position
0x008 |58 RN&LRIQN TR L L T2 2 olon~owv von o
o
Reset <
o
I
Access =
x
)
[
Name 5
Z
>
"
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 SYNCTRIG 0x00 RWH Synchronization Trigger

The SYNC trigger field allows a transfer to pause until a specified trigger bit is set or cleared. The SYNC trigger bits may be
set and cleared by a SYNC descriptor, PRS signal, or software. Note: software requires to use single-cycle read-modify-
write, detailed in 4.2.2 Peripheral Bit Set and Clear

7.6.4 LDMA_CHEN - DMA Channel Enable Register (Single-Cycle RMW)

Offset Bit Position
0x020 158 IR QX RNIQIQI QNIRRT I e¥t|Qloo|~|lo|jv|t|m|a|~]|o
o
Reset )
o
I
Access =
[i4
pd
Name I':::'l
(@]
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 CHEN 0x00 RWH Channel Enables

Setting one of these bits will enable the respective DMA channel. If cleared while a transfer is in progress, the current trans-
fer block will complete. The remaining blocks will pause until resumed later by setting this bit again. Note: software requires
to use single-cycle read-modify-write, detailed in 4.2.2 Peripheral Bit Set and Clear
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7.6.5 LDMA_CHBUSY - DMA Channel Busy Register

Offset Bit Position
0024 5 3R QKN QRIQIIR 222 I2d T 20w~ 0w oo
o
Reset <
o
Access x
>
Name a
m
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 BUSY 0x00 R Channels Busy

The bits of this field read 1 when the corresponding channel is busy.

7.6.6 LDMA_CHDONE - DMA Channel Linking Done Register (Single-Cycle RMW)

Offset Bit Position
0028 5 3R QKN &RIRIIR22E|eRI 2N 20w~ 0w« oo
o
Reset <
o
T
Access =
o
w
o)
Name a
T
(@]
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 CHDONE 0x00 RWH DMA Channel Linking or Done

Each DMA channel sets the corresponding bit in this register when the entire transfer is done. The interrupt service routine
should clear these bits. Enabling a DMA channel will also clear the corresponding LINKDONE bit. Note: software requires
to use single-cycle read-modify-write, detailed in 4.2.2 Peripheral Bit Set and Clear
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7.6.7 LDMA_DBGHALT - DMA Channel Debug Halt Register

Offset Bit Position
x02C 5|8 RRKNLRIQYNTR2R TR IV T2 0 o/ ~ov <o a o
o
Reset <
o
Access E
|_
—
N T
ame 5
m
a
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 DBGHALT 0x00 RwW DMA Debug Halt

Setting one of these bits will mask the corresponding DMA channel's peripheral request when debugging and the CPU is
halted. This may be useful for debugging DMA software.

7.6.8 LDMA_SWREQ - DMA Channel Software Transfer Request Register

Bit Position
x030 |5 |8IRIRKQQ I J] IR I 2 ¥ T Q|lojo|~|lo|lw|x|m| |~ o
o
Reset <
o
Access =
g
Name &
=
»n
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 SWREQ 0x00 W1 Software Transfer Requests

Setting one of these bits will trigger a DMA transfer for the corresponding channel. Writing zeros has no effect.
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7.6.9 LDMA_REQDIS - DMA Channel Request Disable Register

Offset Bit Position
003 158 IRIRNILRIQY TR T2 TN |20 (w/i~o|o/ v o« ~|o
o
Reset <
o
Access E
2]
Name 8
|
4
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 REQDIS 0x00 RW DMA Request Disables

Setting one of these bits will disable peripheral requests for the corresponding channel. When cleared any pending periph-
eral requests will be serviced.

7.6.10 LDMA_REQPEND - DMA Channel Requests Pending Register

Bit Position
0x038 |15 8 IR QX RNQIRIQ QIR Ege I e¥t|Qloo|~|lo|jov|t|m|a|~]|o
o
Reset <
o
Access o
a
i
Name 5
]
|
4
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 REQPEND 0x00 R DMA Requests Pending

When a DMA channel has a pending peripheral request the corresponding REQPEND bit will read 1.
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7.6.11 LDMA_LINKLOAD - DMA Channel Link Load Register

Offset Bit Position
03¢ |5 8RN &CRIQYN TR LL T2 2 olon~owb von o
o
Reset <
o
Access =
a
5
Name <
zZ
|
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 LINKLOAD 0x00 W1 DMA Link Loads

Setting one of these bits will force the corresponding DMA channel to load the next DMA structure and enable the channel.

This empowers software to step through a sequence of descriptors.

7.6.12 LDMA_REQCLEAR - DMA Channel Request Clear Register

Offset Bit Position
0x040 1SR XIQQIQVJIK 22 g2 ¥ cl8lojo ~|ojw|v o a0
o
Reset <
o
Access =
o
<
w
Name 6'
g
w
14
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 REQCLEAR 0x00 W1 DMA Request Clear

Setting one of these bits will clear any internally registered transfer req

uests for the corresponding channel.

silabs.com | Building a more connected world.

Rev.1.1 | 197




Reference Manual
LDMA - Linked DMA Controller

7.6.13 LDMA_IF - Interrupt Flag Register

Offset Bit Position
0x060 |5 8RN &ERIQYNTR22TLL T2 2 o0lon~ow von o
o
Reset o <
o
Access |y x
o
Name 8 %
[ o
L o
Bit Name Reset Access Description
31 ERROR 0 R Transfer Error Interrupt Flag
The ERRORIF flag is set when a read or write error occurs. The CHERROR field in the LDMA_STATUS register reflects
the number of the channel which had the last error.
30:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7.0 DONE 0x00 R DMA Structure Operation Done Interrupt Flag

When a channel completes a transfer or sync operation, the corresponding DONE bit is set in the LDMA_IF register.

7.6.14 LDMA_IFS - Interrupt Flag Set Register

Offset Bit Position
0x064 |15 S IQIQNQQIQINIQRNS T eI 2¥t|Qlololm|o/b|lt|m|a|]|0O
o
Reset o <
o
Access | > =
14
o] L
Name @ zZ
x (@]
w ]
Bit Name Reset Access Description
31 ERROR 0 W1 Set ERROR Interrupt Flag
Write 1 to set the ERROR interrupt flag
30:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 DONE 0x00 W1 Set DONE Interrupt Flag

Write 1 to set the DONE interrupt flag
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7.6.15 LDMA_IFC - Interrupt Flag Clear Register

Offset Bit Position
0068 |58 /RRKNQIRI RN TR 22T L T2 20w ~oo< oo~ o
o
Reset o <
o
Access i E
x x
S w
Name x z
o o
L [m)
Bit Name Reset Access Description
31 ERROR 0 (R)W1 Clear ERROR Interrupt Flag
Write 1 to clear the ERROR interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
30:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 DONE 0x00 (R)W1 Clear DONE Interrupt Flag

Write 1 to clear the DONE interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).

7.6.16 LDMA_IEN - Interrupt Enable Register

Offset Bit Position
0x06C 5|8 /R/RNIQILI RN TR 22E|eLT2Y 20w ~ob< oo~ o
o
Reset o =)
o
Access 5 E
S w
Name x zZ
o O
w a
Bit Name Reset Access Description
31 ERROR 0 RW ERROR Interrupt Enable
Enable/disable the ERROR interrupt
30:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 DONE 0x00 RW DONE Interrupt Enable

Enable/disable the DONE interrupt
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7.6.17 LDMA_CHx_REQSEL - Channel Peripheral Request Select Register

Offset Bit Position
0080 53R RBNIQLIRISTR S22 T2 T 20 w~oow oo
Reset % g
Access E E
o
0
Name < o
5 &
0] %)
Bit Name Reset Access Description
31:22 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
21:16 SOURCESEL 0x00 RW Source Select
Select input source to DMA channel.
Value Mode Description
0b000000 NONE No source selected
0b000001 PRS Peripheral Reflex System
0b001000 ADCO Analog to Digital Converter 0
0b001010 VDACO Digital to Analog Converter 0
0b001100 USARTO Universal Synchronous/Asynchronous Receiver/Transmitter O
0b001101 USART1 Universal Synchronous/Asynchronous Receiver/Transmitter 1
0b001110 USART2 Universal Synchronous/Asynchronous Receiver/Transmitter 2
0b001111 USART3 Universal Synchronous/Asynchronous Receiver/Transmitter 3
0b010010 UARTO Universal Asynchronous Receiver/Transmitter O
0b010100 LEUARTO Low Energy UART 0
0b010110 12C0 12C 0
0b010111 12C1 12C 1
0b011001 TIMERO Timer 0
0b011010 TIMER1 Timer 1
0b100000 WTIMERO Wide Timer 0
0b100001 WTIMER1 Wide Timer 1
0b110000 MSC Memory System Controller
0b110001 CRYPTOO Advanced Encryption Standard Accelerator
0b111101 CSEN Capacitive touch sense module
0b111110 LESENSE Low Energy Sensor Interface
15:4 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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Bit Name Reset Access Description
3:.0 SIGSEL 0x0 RW Signal Select
Select input signal to DMA channel.

Value Mode Description

SOURCESEL = 0b000000 (NONE)

0bxxxx OFF Channel input selection is turned off

SOURCESEL = 0b000001 (PRS)

0b0000 PRSREQO PRSREQO

0b0001 PRSREQ1 PRSREQ1

SOURCESEL = 0b001000 (ADCO)

0b0000 ADCOSINGLE ADCOSINGLE REQ/SREQ

0b0001 ADCOSCAN ADCOSCAN REQ/SREQ

SOURCESEL = 0b001010 (VDACO0)

0b0000 VDACOCHO VDACOCHO

0b0001 VDACOCH1 VDACOCH!1

SOURCESEL = 0b001100 (USARTO)

0b0000 USARTORXDATAV USARTORXDATAV REQ/SREQ

0b0001 USARTOTXBL USARTOTXBL REQ/SREQ

0b0010 USARTOTXEMPTY USARTOTXEMPTY

SOURCESEL = 0b001101 (USARTT1)

0b0000 USART1RXDATAV USART1RXDATAV REQ/SREQ

0b0001 USART1TXBL USART1TXBL REQ/SREQ

0b0010 USART1TXEMPTY USART1TXEMPTY

0b0011 USART1RXDATAV- USART1RXDATAVRIGHT REQ/SREQ
RIGHT

0b0100 USART1TXBLRIGHT USART1TXBLRIGHT REQ/SREQ

SOURCESEL = 0b001110 (USART2)

0b0000 USART2RXDATAV USART2RXDATAV REQ/SREQ

0b0001 USART2TXBL USART2TXBL REQ/SREQ

0b0010 USART2TXEMPTY USART2TXEMPTY

SOURCESEL = 0b001111 (USART3)

0b0000 USART3RXDATAV USART3RXDATAV REQ/SREQ

0b0001 USART3TXBL USART3TXBL REQ/SREQ

0b0010 USART3TXEMPTY USART3TXEMPTY

0b0011 USART3RXDATAV- USART3RXDATAVRIGHT REQ/SREQ
RIGHT

0b0100 USART3TXBLRIGHT USART3TXBLRIGHT REQ/SREQ

SOURCESEL = 0b010010 (UARTO)

0b0000 UARTORXDATAV UARTORXDATAV REQ/SREQ
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Bit Name Reset Access Description
0b0001 UARTOTXBL UARTOTXBL REQ/SREQ
0b0010 UARTOTXEMPTY UARTOTXEMPTY
SOURCESEL = 06010100 (LEUARTO)
0b0000 LEUARTORXDATAV LEUARTORXDATAV
0b0001 LEUARTOTXBL LEUARTOTXBL
0b0010 LEUARTOTXEMPTY LEUARTOTXEMPTY
SOURCESEL = 06010110 (12C0)
0b0000 I2CORXDATAV I2CORXDATAV REQ/SREQ
0b0001 I2COTXBL [2COTXBL REQ/SREQ
SOURCESEL = 0b010111 (12C1)
0b0000 I2C1RXDATAV [2C1RXDATAV REQ/SREQ
0b0001 I2C1TXBL I2C1TXBL REQ/SREQ
SOURCESEL = 0b011001 (TIMERO)
0b0000 TIMEROUFOF TIMEROUFOF
0b0001 TIMEROCCO TIMEROCCO
0b0010 TIMEROCCH1 TIMEROCC1
0b0011 TIMEROCC2 TIMEROCC2
SOURCESEL = 0b011010 (TIMER1)
0b0000 TIMER1UFOF TIMER1UFOF
0b0001 TIMER1CCO TIMER1CCO
0b0010 TIMER1CC1 TIMER1CCA1
0b0011 TIMER1CC2 TIMER1CC2
0b0100 TIMER1CC3 TIMER1CC3
SOURCESEL = 0b100000 (WTIMERO)
0b0000 WTIMEROUFOF WTIMEROUFOF
0b0001 WTIMEROCCO WTIMEROCCO
0b0010 WTIMEROCC1 WTIMEROCCH1
0b0011 WTIMEROCC2 WTIMEROCC2
SOURCESEL = 0b100001 (WTIMER1)
0b0000 WTIMER1UFOF WTIMER1UFOF
0b0001 WTIMER1CCO WTIMER1CCO
0b0010 WTIMER1CC1 WTIMER1CC1
0b0011 WTIMER1CC2 WTIMER1CC2
0b0100 WTIMER1CC3 WTIMER1CC3
SOURCESEL = 0b110000 (MSC)
0b0000 MSCWDATA MSCWDATA REQ/SREQ
SOURCESEL = 0b110001 (CRYPTOO)
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Bit Name Reset Access Description
0b0000 CRYPTOODATAOWR  CRYPTOODATAOWR
0b0001 CRYPTOODATAOXWR CRYPTOODATAOXWR
0b0010 CRYPTOODATAORD CRYPTOODATAORD
0b0011 CRYPTOODATATWR  CRYPTOODATA1WR
0b0100 CRYPTOODATA1RD CRYPTOODATA1RD
SOURCESEL = 0b111101 (CSEN)
0b0000 CSENDATA CSENDATA
0b0001 CSENBSLN CSENBSLN
SOURCESEL = 0b111110 (LESENSE)
0b0000 LESENSEBUFDATAV  LESENSEBUFDATAV REQ/SREQ
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7.6.18 LDMA_CHx_CFG - Channel Configuration Register

Offset Bit Position
0084 5 3R QKN QRIQIIR 22T RI 2N T 206w~ 0w oo
Reset olo g
Access E E E
z|Z
ORR® »
NN
O @)
Name CZ) = 7
=0 m
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alw <
Bit Name Reset Access Description
31:22 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
21 DSTINCSIGN 0 RW Destination Address Increment Sign
Value Mode Description
0 POSITIVE Increment destination address
1 NEGATIVE Decrement destination address
20 SRCINCSIGN 0 RW Source Address Increment Sign
Value Mode Description
0 POSITIVE Increment source address
1 NEGATIVE Decrement source address
19:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17:16 ARBSLOTS 0x0 RW Arbitration Slot Number Select
For channels using round robin arbitration, this bit-field is used to select the number of slots in the round robin queue.
Value Mode Description
0 ONE One arbitration slot selected
1 TWO Two arbitration slots selected
2 FOUR Four arbitration slots selected
3 EIGHT Eight arbitration slots selected
15:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

silabs.com | Building a more connected world. Rev. 1.1 | 204




Reference Manual
LDMA - Linked DMA Controller

7.6.19 LDMA_CHx_LOOP - Channel Loop Counter Register

Offset Bit Position
X088 518128888 QN TIReereeTe N 2o o~ ow v oal-|o
o
Reset <
o
I
Access =
o
'_
5
Name o
(e}
(e}
-
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 LOOPCNT 0x00 RWH Linked Structure Sequence Loop Counter

This bit-field specifies the number of iterations when using looping descriptors. Software should write to LOOPCNT before

using a looping descriptor.
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7.6.20 LDMA_CHx_CTRL - Channel Descriptor Control Word Register

Offset Bit Position
0x08C 5|8 /R/QNIQIRT QI TR 22T L T2 20w ~ow< oo~ o
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= O = w O > |0 g |Z (@) = w x x
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Bit Name Reset Access Description
31 DSTMODE 0 R Destination Addressing Mode
This field specifies the destination addressing mode of linked descriptors. After loading a linked descriptor, reading this field
will indicate the destination addressing mode of the linked descriptor. Note that the first descriptor always uses absolute
addressing mode.
Value Mode Description
0 ABSOLUTE The DSTADDR field of LDMA_CHx_DST contains the absolute ad-
dress of the destination data.
1 RELATIVE The DSTADDR field of LDMA_CHx_DST contains the relative offset of
the destination data.
30 SRCMODE 0 R Source Addressing Mode
This field specifies the source addressing mode of linked descriptors. After loading a linked descriptor, reading this field will
indicate the source addressing mode of the linked descriptor. Note that the first descriptor always uses absolute addressing
mode.
Value Mode Description
0 ABSOLUTE The SRCADDR field of LDMA_CHx_SRC contains the absolute ad-
dress of the source data.
1 RELATIVE The SRCADDR field of LDMA_CHx_SRC contains the relative offset of
the source data.
29:28 DSTINC 0x0 RWH Destination Address Increment Size

This bit-field specifies the stride or number of unit data addresses to increment the destination address after each unit of
data is transferred. The unit data width is controlled by the SIZE bit-field and can be a byte, half-word or word.

Value Mode Description

0 ONE Increment destination address by one unit data size after each write
1 TWO Increment destination address by two unit data sizes after each write
2 FOUR Increment destination address by four unit data sizes after each write
3 NONE Do not increment the destination address. Writes are made to a fixed

destination address, for example writing to a FIFO.
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Bit Name Reset Access Description
27:26 SIZE 0x0 RWH Unit Data Transfer Size

This field specifies the size of data transferred.

Value Mode Description
0 BYTE Each unit transfer is a byte
1 HALFWORD Each unit transfer is a half-word
2 WORD Each unit transfer is a word
25:24 SRCINC 0x0 RWH Source Address Increment Size

This bit-field specifies the stride or number of unit data addresses to increment the source address after each unit of data is
transferred. The unit data width is controlled by the SIZE bit-field and can be a byte, half-word or word.

Value Mode Description

0 ONE Increment source address by one unit data size after each read

1 TWO Increment source address by two unit data sizes after each read

2 FOUR Increment source address by four unit data sizes after each read

3 NONE Do not increment the source address. In this mode reads are made

from a fixed source address, for example reading FIFO.

23 IGNORESREQ 0 RWH Ignore Sreq

The channel arbiter will ignore single requests (SREQ) and only respond to multiple requests (REQ) when this bit is set.

22 DECLOOPCNT 0 RWH Decrement Loop Count

When using looping, setting this bit will decrement the LOOPCNT field in the LDMA_CHx_LOOP register after each de-
scriptor execution.

21 REQMODE 0 RWH DMA Request Transfer Mode Select
Value Mode Description
0 BLOCK The LDMA transfers one BLOCKSIZE per transfer request.
1 ALL One transfer request transfers all units as defined by the XFRCNT
field.
20 DONEIFSEN 0 RWH DMA Operation Done Interrupt Flag Set Enable

Setting this bit will set the interrupt flag when the transfer is done, or linked in the case where the LINK bit is set, or
synchronized in the case of a SYNC transfer.

19:16 BLOCKSIZE 0x0 RWH Block Transfer Size

This bit-field controls the number of unit data transfers per arbitration cycle

Value Mode Description

0 UNIT1 One unit transfer per arbitration

1 UNIT2 Two unit transfers per arbitration
2 UNIT3 Three unit transfers per arbitration
3 UNIT4 Four unit transfers per arbitration
4 UNIT6 Six unit transfers per arbitration

silabs.com | Building a more connected world. Rev. 1.1 | 207




Reference Manual
LDMA - Linked DMA Controller

Bit Name Reset Access Description
5 UNIT8 Eight unit transfers per arbitration
7 UNIT16 Sixteen unit transfers per arbitration
9 UNIT32 32 unit transfers per arbitration
10 UNIT64 64 unit transfers per arbitration
11 UNIT128 128 unit transfers per arbitration
12 UNIT256 256 unit transfers per arbitration
13 UNIT512 512 unit transfers per arbitration
14 UNIT1024 1024 unit transfers per arbitration
15 ALL Transfer all units as specified by the XFRCNT field
15 BYTESWAP 0 RWH Endian Byte Swap

For word and half-word transfers, setting this bit will swap all bytes of each word or half-word.

14:4 XFERCNT 0x000 RWH DMA Unit Data Transfer Count

Specifies number of unit data (words, half-words, or bytes) to transfer, as determined by the SIZE field. The value written
should be one less than the desired transfer count.

3 STRUCTREQ 0 W1 Structure DMA Transfer Request

When a linked descriptor is loaded with this bit set, it will immediately trigger a transfer.

2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1:0 STRUCTTYPE 0x0 R DMA Structure Type
Value Mode Description
0 TRANSFER DMA transfer structure type selected.
1 SYNCHRONIZE Synchronization structure type selected.
2 WRITE Write immediate value structure type selected.
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7.6.21 LDMA_CHx_SRC - Channel Descriptor Source Data Address Register

Offset Bit Position
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Bit Name Reset Access Description
31:0 SRCADDR 0x00000000 RWH Source Data Address

Writing to this register sets the source address. Reading from this register during a DMA transfer will indicate the next
source read address. The value of this register is incremented or decremented with each source read.

7.6.22 LDMA_CHx_DST - Channel Descriptor Destination Data Address Register

Bit Position
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Bit Name Reset Access Description
31:0 DSTADDR 0x00000000 RWH Destination Data Address

Writing to this register sets the destination address. Reading from this register during a DMA transfer will indicate the next
destination write address. This value of this register is incremented or decremented with each destination write.
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7.6.23 LDMA_CHx_LINK - Channel Descriptor Link Structure Address Register

Offset Bit Position
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Bit Name Reset Access Description
31:2 LINKADDR 0x00000000 RWH Link Structure Address
To use linking, write the address of the the first linked descriptor to this register. When a linked descriptor is loaded, it may
also be linked to another descriptor. Reading this register will reflect the address of the next linked descriptor.
1 LINK 0 RWH Link Next Structure
After completing the initial transfer, if this bit is set, the DMA will load the next linked descriptor. If the next linked descriptor
also has this bit set, the DMA will load the next linked descriptor.
0 LINKMODE 0 R Link Structure Addressing Mode

This field specifies the addressing mode of linked descriptors. After loading a linked descriptor, reading this field will indi-
cate the addressing mode of the loaded linked descriptor. Note that the first descriptor always uses absolute addressing

mode.

Value Mode Description

0 ABSOLUTE The LINKADDR field of LDMA_CHx_LINK contains the absolute ad-
dress of the linked descriptor.

1 RELATIVE The LINKADDR field of LDMA_CHx_LINK contains the relative offset

of the linked descriptor.
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8. RMU - Reset Management Unit

RESETn
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Reset Management Unit RESET
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WATCHDOG

8.1 Introduction

Quick Facts
What?

The RMU ensures correct reset operation. It is re-
sponsible for connecting the different reset sources
to the reset lines of the EFM32 Tiny Gecko 11.

Why?

A correct reset sequence is needed to ensure safe
and synchronous startup of the EFM32 Tiny Gecko
11. In the case of error situations such as power
supply glitches or software crash, the RMU provides
proper reset and startup of the EFM32 Tiny Gecko
11.

How?

The Power-on Reset and Brown-out Detector of the
EFM32 Tiny Gecko 11 provides power line monitor-
ing with exceptionally low power consumption. The

cause of the reset may be read from a register, thus
providing software with information about the cause
of the reset.

The RMU is responsible for handling the reset functionality of the EFM32 Tiny Gecko 11.

8.2 Features

* Reset sources
* Power-on Reset (POR)
» Brown-out Detection (BOD) on the following power domains:
* Analog Unregulated Power Domain AVDD
« Digital Unregulated Power Domain DVDD
» Regulated Digital Domain DECOUPLE (DEC)
* RESETN pin reset
* Watchdog reset
+ Software triggered reset (SYSRESETREQ)
» Core LOCKUP condition
+ EM4 Hibernate/Shutoff Detection
» EM4 Hibernate/Shutoff wakeup reset from GPIO pin
» Configurable reset levels
» A software readable register indicates the cause of the last reset
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8.3 Functional Description

The RMU monitors each of the reset sources of the EFM32 Tiny Gecko 11. If one or more reset sources go active, the RMU applies
reset to the EFM32 Tiny Gecko 11. When the reset sources go inactive the EFM32 Tiny Gecko 11 starts up. At startup the EFM32 Tiny
Gecko 11 loads the stack pointer and program entry point from memory, and starts execution. Figure 8.1 RMU Reset Input Sources
and Connections on page 212 shows an overview of the reset system on EFM32 Tiny Gecko 11.

Lockbit

PAD_RESETn
XHFer] EXTRSTTn PORESETR
POR|PORSTA
AVDD
50D ]AVDDEODN
DVDD
X—{so0} DVDDBODn \ FULLRESETn FULLRESTn CRYOTIMER,
LFOSC Ctrl
DEC
EXRST
WDOGRST W?,f:.ii’::;,‘ DEBUGRESETn | | Debug Interface
LOCKUPRST
SYSREQRST
EXTRST
WDOGRST| Enable EXTENDEDRESETn
| ockupRsT| Extended \ SYSEXTENDEDRESETn | [ Rrrcc
sysreqrst| Reset Ex“l‘ys J VMON
CORE,
EXTRST o
WDOGRST| Enable LIMITEDRESETn SYSRESETn RMU*
LOCKUPRST '-'i""i‘etd — and
esel Peripherals
EM4H/EMAS SYSREQRST J
Wakeup Resetn SYSNORETRESETn
EM4 Pin Wakeup cause
%—J CACHE
Enabled EM23 Wakeup
RCCLR
RMU_RsTCAUSE 12! Eme Resein
EM23 and
Subsystem

* Contains some registers

with alternate reset signal.

Refer to separate table for
complete overview.

Figure 8.1. RMU Reset Input Sources and Connections
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8.3.1 Reset Levels
The reset sources on EFM32 Tiny Gecko 11 can be divided in two main groups; Hard resets and Soft resets.

The soft resets can be configured to be either DISABLED, LIMITED, EXTENDED or FULL. The reset level for soft reset sources is
configured in the xxxRMODE bitfields in RMU_CTRL.

Table 8.1. Reset Levels

RMU_CTRL_xxxRMODE Parts of System Reset

DISABLED Nothing is reset, request will not be registered in
RMU_RSTCAUSE

LIMITED Everything reset, with exception of CRYOTIMER, DEBUGGER,
RTCC, VMON and parts of CMU, RMU and EMU.

EXTENDED Everything reset, with exception of CRYOTIMER, DEBUGGER,
and parts of CMU, RMU and EMU.

FULL Everything reset, with exception of some registers in RMU and
EMU.

The reset sources resulting in a soft reset are:

* Watchdog reset

* Lockup reset

+ System reset request

» Pin reset (Pin reset can be configured to be either a soft or a hard reset, see 8.3.5 RESETn Pin Reset for details.)

Note: LIMITED and EXTENDED resets are synchronized to HFSRCCLK. If HFSRCCLK is slow, there will be latency on reset asser-
tion. If HFSRCCLK is not running, reset will be asserted after a timeout.

Hard resets will reset the entire chip, the reset sources resulting in a hard reset are:

» Power-on reset

* Brown-out reset

» Pin reset (Pin reset can be configured to be either a soft or a hard reset, see 8.3.5 RESETn Pin Reset for details.)
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8.3.2 RMU_RSTCAUSE Register

Whenever a reset source is active, the corresponding bit in the RMU_RSTCAUSE register is set. At startup the program code may
investigate this register in order to determine the cause of the reset. The register is cleared upon POR and software write to
RMU_CMD_RCCLR. The register should be cleared after the value has been read at startup, otherwise the register may indicate multi-
ple causes for the reset at next startup.

RMU_RSTCAUSE should be interpreted according to Table 8.2 RMU Reset Cause Register Interpretation on page 214. In Table
8.2 RMU Reset Cause Register Interpretation on page 214, the reset causes are ordered by severity from right to left. A reset cause bit
is invalidated (i.e. can not be trusted) if one of the bits to the right of it does not match the table. X bits are don't care.

Note: It is possible to have multiple reset causes. For example, an external reset and a watchdog reset may happen simultaneously.

Table 8.2. RMU Reset Cause Register Interpretation

RMU_RSTCAUSE Reset cause
= = =
9 0 0
14 = 4 o o
- w @ 5 o - o o o
0 e ) | =) a o @ @
14 ) el 0% 4 o m a =)
s 5 g ¢ 8 & & § 8
w m = (7 | w o o <
X X X X X X X X 1 Power on reset
X X X X X X X 1 0 Brown-out on AVDD power
X X X X X X X 1 X 0 Brown-out on DVDD power
X X X X X X 1 X X 0 Brown-out on DEC power
X X X X X 1 X X X 0 Pin reset
X X X X 1 o/x1 0 0 0 0 Lockup reset
X X X 1 X o/x1 0 0 0 0 System reset request
X X 1 X X o/x1 0 0 0 0 Watchdog reset
1 1 X X X o/x1 0 0 X2 0 System has been in backup mode
1 X X X X o/x1 0 0 0 0 System has been in EM4
1. Pin reset configured as hard/soft
2.AVDDBOD is set to 1 if the reset is caused by a BOD on BUVYDD. AVDDBOD will not be set on AVDD recovery or a hard pin
reset.
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8.3.3 Power-On Reset (POR)

The POR ensures that the EFM32 Tiny Gecko 11 does not start up before the AVDD supply voltage has reached the threshold voltage
VPORthr (roughly 1.2V). Before the POR threshold voltage is reached, the EFM32 Tiny Gecko 11 is kept in reset state. The operation
of the POR s illustrated in Figure 8.2 RMU Power-on Reset Operation on page 215, with the active low POWERONRN reset signal. The
reason for the “unknown” region is that the corresponding supply voltage is too low for any reliable operation.

Vbb

VPORthr

POWERONN | unknown

time

Figure 8.2. RMU Power-on Reset Operation

8.3.4 Brown-Out Detector (BOD)

The EFM32 Tiny Gecko 11 has 3 brownout detectors, one for the unregulated power (DVDD), one for the regulated internal power (DE-
COUPLE), and one for the Analog Power Domain (AVDD). The BODs are constantly monitoring these supply voltages. Whenever the
unregulated or regulated power drops below the VBODthr value (see the Electrical Characteristics section of the data sheet for details),
or if AVDD drops below the voltage at the DECOUPLE pin, the corresponding active low BROWNOUTN line is held low. The BODs also
include hysteresis, which prevents instability in the corresponding BROWNOUTN line when the supply is crossing the VBODthr limit or
the AVDD supply drops below the DECOUPLE pin. The operation of the BOD is illustrated in Figure 8.3 RMU Brown-out Detector Oper-
ation on page 215. The “unknown” regions are handled by the POR module.

v
AT vBODhyst :
VBODthr - X YS_ e
Vbp
BROWNOUTn|  Unknown Unknown

time

Figure 8.3. RMU Brown-out Detector Operation
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8.3.5 RESETn Pin Reset

The pin reset on EFM32 Tiny Gecko 11 can be configured to be either hard or soft. By default, pin reset is configured as a soft reset
source. To configure it as a hard reset, clear the PINRESETSOFT bit in CLWO in the Lock bit page, see 6.3.2 Lock Bits (LB) Page
Description for details. Forcing the RESETn pin low generates a reset of the EFM32 Tiny Gecko 11. The RESETn pin includes an on-
chip pull-up resistor, and can therefore be left unconnected if no external reset source is needed. Also connected to the RESETn line is
a filter which prevents glitches from resetting the EFM32 Tiny Gecko 11.

8.3.6 Watchdog Reset

The Watchdog circuit is a timer which (when enabled) must be cleared by software regularly. If software does not clear it, a Watchdog
reset is activated. This functionality provides recovery from a software stalemate. Refer to the Watchdog section for specifications and
description. The Watchdog reset can be configured to cause different levels of reset as determined by WDOGRMODE in the
RMU_CTRL register.

8.3.7 Lockup Reset

A Cortex-MO+ lockup is the result of the core being locked up because of an unrecoverable exception following the activation of the
processor’s built-in system state protection hardware.

A Cortex-MO0+ lockup gives immediate indication of seriously errant kernel software. This is the result of the core being locked up due to
an unrecoverable exception following the activation of the processor’s built in system state protection hardware. For more information
about the Cortex-M0+ lockup conditions see the ARMv6-M Architecture Reference Manual. The Lockup reset does not reset the Debug
Interface, unless configured as a FULL reset. The Lockup reset can be configured to cause different levels of reset as determined by
the LOCKUPRMODE bits in the RMU_CTRL register. This includes disabling the reset.

8.3.8 System Reset Request

Software may initiate a reset (e.g. if it finds itself in a non-recoverable state). By asserting the SYSRESETREQ in the Application Inter-
rupt and Reset Control Register, a reset is issued. The SYSRESETREQ does not reset the Debug Interface, unless configured as a
FULL reset. The SYSRESTREAQ reset can be configured to cause different levels of reset as determined by SYSRESETRMODE bits in
the RMU_CTRL register. This includes disabling the reset.

8.3.9 Reset State
The RESETSTATE bitfield in RMU_CTRL is a read-write register intended for software use only, and can be used to keep track of state
throughout a reset. This bitfield is only reset by POR and hard pin reset.

8.3.10 Register Reset Signals

Figure 8.1 RMU Reset Input Sources and Connections on page 212 shows an overview of how the different parts of the design are
affected by the different levels of reset. For RMU, EMU and CMU there are some exceptions. These are given in the following tables.
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8.3.10.1 Registers With Alternate Reset

Table 8.3. Alternate Reset for Registers in RMU

RMU Reset Levels

POR and hard pin reset

RMU_CTRL_WDOGRMODE
RMU_CTRL_LOCKUPRMODE
RMU_CTRL_SYSRMODE
RMU_CTRL_PINRMODE
RMU_CTRL_RESETSTATE

FULL reset

RMU_LOCK_LOCKKEY

Table 8.4. Alternate Reset for Registers in CMU

CMU Reset Levels

FULL reset

CMU_LFRCOCTRL
CMU_LFXOCTRL

EXTENDED reset

CMU_LFECLKSEL
CMU_LFECLKENO
CMU_LFEPRESCO

Table 8.5. Alternate Reset for Registers in EMU

EMU Reset Levels

POR, BOD, and hard pin reset

EMU_BIASCONF_LSBIAS_SEL

POR, BOD, and hard pin reset

EMU_DCDCLNVCTRL

POR and hard pin reset

EMU_CTRL_EM2BODDIS
EMU_BUCTRL

POR, BOD, and hard pin reset

EMU_PWRCTRL
EMU_DCDCCTRL
EMU_DCDCMISCCTRL
EMU_DCDCZDETCTRL
EMU_DCDCCLIMCTRL
EMU_DCDCLNCOMPCTRL
EMU_DCDCLPVCTRL
EMU_DCDCLPCTRL
EMU_DCDCLNFREQCTRL
EMU_DCDCLPEMO1CFG
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EMU Reset Levels

EXTENDED reset EMU_VMONAVDDCTRL
EMU_VMONALTAVDDCTRL
EMU_VMONDVDDCTRL
EMU_VMONIOOCTRL
EMU_VMONBUVDDCTRL
FULL reset EMU_EM4CTRL

8.4 Register Map

The offset register address is relative to the registers base address.

Offset Name Type Description

0x000 RMU_CTRL RW Control Register

0x004 RMU_RSTCAUSE R Reset Cause Register
0x008 RMU_CMD WA1 Command Register

0x00C |RMU_RST RwW Reset Control Register
0x010 RMU_LOCK RWH Configuration Lock Register
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8.5 Register Description

8.5.1 RMU_CTRL - Control Register

Offset Bit Position
o000 53R QKN &RIRIIR 22 TR 2N 20w~ o w0
o < N (=] <
Reset 3 3 3 S 3
Access E E E % E
a
L N o o
< A g = 2
Name B o) @) a =
o s = -] [0)
1| I x x (@)
] = < Q o
L <= > O
4 o ) a =
Bit Name Reset Access Description
31:26 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
25:24 RESETSTATE 0x0 RW System Software Reset State
Bit-field for software use only. This field has no effect on the RMU and is reset by power-on reset and hard pin reset only.
23:15 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
14:12 PINRMODE 0x4 RW PIN Reset Mode
Controls the reset level for Pin reset request. These settings only apply when PINRESETSOFT in CLWO in the Lock bit
page is set.
Value Mode Description
0 DISABLED Reset request is blocked.
1 LIMITED The CRYOTIMER, DEBUGGER, RTCC, are not reset.
2 EXTENDED The CRYOTIMER, DEBUGGER are not reset. RTCC is reset.
4 FULL The entire device is reset except some EMU and RMU registers.
11 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10:8 SYSRMODE 0x2 RW Core Sysreset Reset Mode
Controls the reset level for Core SYSREST reset request.
Value Mode Description
0 DISABLED Reset request is blocked.
1 LIMITED The CRYOTIMER, DEBUGGER, RTCC, are not reset.
2 EXTENDED The CRYOTIMER, DEBUGGER are not reset. RTCC is reset.
4 FULL The entire device is reset except some EMU and RMU registers.
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
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Bit Name Reset Access Description

6:4 LOCKUPRMODE 0x0 RW

Core LOCKUP Reset Mode

Controls the reset level for Core LOCKUP reset request.

Value Mode Description
0 DISABLED Reset request is blocked.
1 LIMITED The CRYOTIMER, DEBUGGER, RTCC, are not reset.
2 EXTENDED The CRYOTIMER, DEBUGGER are not reset. RTCC is reset.
4 FULL The entire device is reset except some EMU and RMU registers.
3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2:0 WDOGRMODE 0x4 RW WDOG Reset Mode

Controls the reset level for WDOG reset request.

Value Mode Description

0 DISABLED Reset request is blocked. This disable bit is redundant with enable/
disable bit in WDOG

1 LIMITED The CRYOTIMER, DEBUGGER, RTCC, are not reset.

2 EXTENDED The CRYOTIMER, DEBUGGER are not reset. RTCC is reset.

4 FULL The entire device is reset except some EMU and RMU registers.
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8.5.2 RMU_RSTCAUSE - Reset Cause Register

Offset Bit Position
0x004 |5 I8IRXVNCQIQVN I K22 g2Fe ¥ R0 w|~lojv|v o a0
Reset o o lo
Access (14 ¥ x| e el e ¢ x|«
P ==
(7))
w22 ol a
= Wiy gla |- Q9 0
Name %) Qg L iS|on O a|m =
14 Q x|X|x m|Qala %)
z 828k 258 8
w 22598 olb|x T
Bit Name Reset Access Description
31:17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16 EM4RST 0 R EM4 Reset
Set if the system has been in EM4. Must be cleared by software. See 8.3.2 RMU_RSTCAUSE Register for details on how
to interpret this bit.
15:13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12 BUMODERST 0 R Backup Mode Reset
Set if the system has been in Backup mode. Must be cleared by software. See EMU chapter for details on how to interpret
this bit.
11 WDOGRST 0 R Watchdog Reset
Set if a watchdog reset has been performed. Must be cleared by software. See 8.3.2 RMU_RSTCAUSE Register for details
on how to interpret this bit.
10 SYSREQRST 0 R System Request Reset
Set if a system request reset has been performed. Must be cleared by software. See 8.3.2 RMU_RSTCAUSE Register for
details on how to interpret this bit.
9 LOCKUPRST 0 R LOCKUP Reset
Set if a LOCKUP reset has been requested. Must be cleared by software. See 8.3.2 RMU_RSTCAUSE Register for details
on how to interpret this bit.
8 EXTRST 0 R External Pin Reset
Set if an external pin reset has been performed. Must be cleared by software. See 8.3.2 RMU_RSTCAUSE Register for
details on how to interpret this bit.
7:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
4 DECBOD 0 R Brown Out Detector Decouple Domain Reset
Set if a regulated domain brown out detector reset has been performed. Must be cleared by software. See
8.3.2 RMU_RSTCAUSE Register for details on how to interpret this bit.
3 DVDDBOD 0 R Brown Out Detector DVDD Reset
Set if a unregulated domain brown out detector reset has been performed. Must be cleared by software. See
8.3.2 RMU_RSTCAUSE Register for details on how to interpret this bit.
2 AVDDBOD 0 R Brown Out Detector AVDD Reset

Set if a unregulated domain brown out detector reset has been performed. Must be cleared by software. See
8.3.2 RMU_RSTCAUSE Register for details on how to interpret this bit.
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Bit Name Reset Access Description

1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

0 PORST 0 R Power on Reset

Set if a power on reset has been performed. Must be cleared by software. See 8.3.2 RMU_RSTCAUSE Register for details
on how to interpret this bit.

8.5.3 RMU_CMD - Command Register

Offset Bit Position

0x008 SR RIQQIQRNSRNT |2 T 2|¥ Q@ olom|o/b|lt|m|a|~]|0O

Reset o

Access =
o

Name 6'
O
1

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 RCCLR 0 W1 Reset Cause Clear

Set this bit to clear the RSTCAUSE register.

8.5.4 RMU_RST - Reset Control Register

Offset Bit Position

x00C |5/3RRNIQRIRYIR2RTCL T2 YT 2o|w~on v oax-o
Reset

Access

Name

Bit Name Reset Access Description

31:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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8.5.5 RMU_LOCK - Configuration Lock Register

Offset Bit Position
0x010 15 18I QX RQIQIIQ QIR Ege ¥ e¥t|Qloo|~|lo|jv|t|m|a|-]|o
o
o
Reset =
x
o
I
Access <
o
>
v
Name 2
(6]
(e}
—
Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:0 LOCKKEY 0x0000 RWH Configuration Lock Key

Write any other value than the unlock code to lock RMU_CTRL and RMU_RST from editing. Write the unlock code to un-
lock. When reading the register, bit 0 is set when the lock is enabled.

Mode Value Description

Read Operation

UNLOCKED 0 RMU registers are unlocked
LOCKED 1 RMU registers are locked
Write Operation

LOCK 0 Lock RMU registers
UNLOCK 0xE084 Unlock RMU registers
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9. EMU - Energy Management Unit

9.1 Introduction

Quick Facts
What?

The EMU (Energy Management Unit) handles the
different low energy modes in EFM32 Tiny Gecko 11

Why?

The need for performance and peripheral functions
varies over time in most applications. By efficiently
scaling the available resources in real time to match
the demands of the application, the energy con-
sumption can be kept at a minimum.

How?

With a broad selection of energy modes, a high
number of low-energy peripherals available even in
EM2 DeepSleep, and short wake-up time (2 ys from
EM2 DeepSleep and EM3 Stop), applications can
dynamically minimize energy consumption during
program execution.

The Energy Management Unit (EMU) manages all the low energy modes (EM) in EFM32 Tiny Gecko 11. Each energy mode manages
whether the CPU and the various peripherals are available. The energy modes range from EMO Active to EM4 Shutoff. EMO Active
mode provides the highest amount of features, enabling the CPU, and peripherals with the highest clock frequency. EM4 Shutoff Mode
provides the lowest power state, allowing the part to return to EMO Active on a wake-up condition. The EMU also controls the various
power routing configurations, internal regulators settings, and voltage monitoring needed for optimal power configuration and protection.
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9.2 Features

The primary features of the EMU are listed below:
* Energy Modes control
» Entry into EM4 Hibernate or EM4 Shutoff
» Configuration of regulators and clocks for each Energy Mode
+ Configuration of various EM4 Hibernate/Shutoff wake-up conditions
+ Configuration of RAM power and retention settings
+ Configuration of GPIO retention settings
+ Power routing configurations
« DCDC control
* Internal power switches allowing for extensible system power architecture
» Temperature measurement control and status
+ Brown Out Detection
» Voltage Monitoring
» Four dedicated continuous monitor channels
» Optional monitor features include interrupt generation and low power mode wake-up
+ State Retention
» Voltage Scaling
+ EMO/EM1 voltage scaling
+ EM2/EMS voltage scaling
» EM4H voltage scaling
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9.3 Functional Description

The EMU is responsible for managing the wide range of energy modes available in EFM32 Tiny Gecko 11. The block works in harmony
with the entire platform to easily transition between energy modes in the most efficient manner possible. The following diagram Figure
9.1 EMU Overview on page 226, shows the relative connectivity to the various blocks in the system.

Peripheral bus

Memory
> System
Control and Energy Management Unit .
Status Registers State Machine & Control - Oscillators
A
Voltage
* * * > Regulators
CPU Core PRS Interrupt
(Not all devices) Handler
\ J
'

The combined state of these modules
defines the required energy mode

Figure 9.1. EMU Overview

The EMU is available on the peripheral bus. The energy management state machine controls the internal voltage regulators, oscillators,
memories, and interrupt system. Events, interrupts, and resets can trigger the energy management state machine to return to the active
state. This is further described in the following sections.

The power architecture is highly configurable to meet system power performance needs. Several external power configurations are
supported. The EMU allows flexible control of internal DCDC, Digital LDO Regulator, and internal power switching.
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9.3.1 Energy Modes

EFM32 Tiny Gecko 11 features six main energy modes, referred to as Energy Mode 0 (EMO Active) through Energy Mode 4 (EM4
Shutoff). The Cortex-MO+ is only available for program execution in EMO Active. In EMO Active/EM1 Sleep any peripheral function can
be enabled. EM2 DeepSleep through EM4 Shutoff, also referred to as low energy modes, provide a significantly reduced energy con-
sumption while still allowing a rich set of peripheral functionality. The following Table 9.1 table on page 227 shows the possible transi-
tions between different energy modes.

Table 9.1. Energy Mode Transitions

Current Mode EM Transition Action
Enter EMO Ac- Enter EM1 Enter EM2 EnterEM3 EnterEM4 Hi- Enter EM4
tive Sleep DeepSleep Stop bernate Shutoff
EMO Active Sleep (WFI, Deep Sleep Deep Sleep EM4 Entry EM4 Entry
WFE) (WFI, WFE) (WFI, WFE)
EM1 Sleep IRQ Peripheral Peripheral
wake up done' | wake up done’
EM2 DeepSleep IRQ Peripheral
wake up req’
EM3 Stop IRQ Peripheral
wake up req’
EM4 Hibernate Wake Up
EM4 Shutoff Wake Up
Note:

1. Peripheral wake-up from EM2/3 to EM1 and then automatically back to EM2/3 when done.

The CSEN, LESENSE, ADC and LEUART have the ability to temporarily wake up the part from either EM2 DeepSleep or EM3 Stop to
EM1 Sleep in order to transfer data. Once completed, the part is automatically placed back into the EM2 DeepSleep or EM3 Stop
mode.

The Core can always request to go to EM1 Sleep with the WFI or WFE command during EMO Active. The core will be prevented from
entering EM2 DeepSleep or EM3 Stop if Flash is programming or erasing.

An overview of supported energy modes and available functionality is shown in Table 9.2 EMU Energy Mode Overview on page 227.
For each energy mode, the system will typically default to its lowest power configuration, with non-essential clocks and peripherals disa-
bled. Functionality may be then selectively enabled by software.

Table 9.2. EMU Energy Mode Overview

EMO EM2 Deep- EM3 Stop EM4 Hiber- EM4 Shutoff
Active/[EM1 Sleep nate

Sleep
Wake-up time to EMO Active/EM1 Sleep — 2ps! 2ps ' 160 ps ! 160 ps
Core Active Yes, in EMO — — — —

only
Debug Available See Note? See Note? — —
Digital logic and system RAM retained Yes Yes Yes — —
Flash Memory Access Available — — — —
LDMA (Linked DMA Controller) Available Available3 Available3 — —
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EMO EM2 Deep- EM3 Stop EM4 Hiber- EM4 Shutoff
Active/EM1 Sleep nate

Sleep
High Frequency Oscillators (HFRCO, HFXO) and Available — — — —
Clocks (HFSRCLK, HFCLK, HFCORECLK,
HFBUSCLK, HFPERCLK, HFPERBCLK,
HFPERCCLK, HFCLKLE)
Auxiliary High Frequency Oscillator (AUXHFR- Available Available? Available? — —
CO) and Clock (AUXCLK)
Low Frequency Oscillators (LFRCO, LFXO) Available Available — Available Available
Low Energy Clocks A and B (LFACLK, LFBCLK) Available Available Available® — —
Low Energy Clock E (LFECLK) Available Available Available® Available —
ULFRCO (Ultra Low Frequency Oscillator) On On On On Available
CRYPTO (Crypto Accelerator) Available — — — —
TRNG (True Random Number Generator) Available — — — —
GPCRC (Cyclic Redundancy Check) Available — — — —
RTCC (Real Time Counter and Calendar) Available Available Available® Available —
RTCC Memory Retained Yes Yes Yes Yes —
USART (USART/SPI) Available — — — —
LCD (Liquid Crystal Display) Available Available — — —
CAN (Controller Area Network) Available — — — —
LEUART (Low Energy UART) Available Available3 — — —
12c Available Available® Available® — -
TIMER (Timer/Counter) Available — — — —
LETIMER (Low Energy Timer) Available Available Available® — —
CRYOTIMER (Ultra Low Energy Timer/Counter) Available Available Available® Available Available
WDOG (Watchdog) Available Available Available® — —
PCNT (Pulse Counter) Available Available Available — —
CSEN (Capacitive Sense) Available Available3 — — —
ACMP (Analog Comparator) Available Available’ Available” — —
ADC (Analog to Digital Converter) Available Available3: 4 Available3: 4 — —
VDAC (Voltage Digital to Analog Converter) Available Available Available — —
OPAMP (Operational Amplifier) Available Available Available — —
LESENSE (Low Energy Sensor) Available Available3 — — —
EMU Temperature Sensor Available Available Available Available —
DC-DC Converter Available Available Available Available —
VMON Wake-up or Reset Available Available Available Available —
Brown-Out Detect/Power-on Reset Available Available Available Available Available
Pin Reset Available Available Available Available Available
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EMO EM2 Deep- EM3 Stop EM4 Hiber- EM4 Shutoff
Active/EM1 Sleep nate
Sleep
GPIO Pin Interrupts Available Available Available Available8 Available®
GPIO Pin State Retention Yes Yes Yes Available® Available®
Note:

1. Approximate time. Refer to the data sheet

2. Leaving the debugger connected when in EM2 or EM3 will cause the system to enter a higher power EM2 mode in which the high
frequency clocks are still enabled and certain core functionality is still powered-up in order to maintain debug-functionality.

3. The LDMA can be used with some low power peripherals (e.g., ADC, LEUART, LESENSE, CSEN) in EM2/3. Features required
by the LDMA which are not supported in EM2/3 (e.g., HFCLK), will be automatically enabled prior to the LDMA transfer and then
automatically disabled afterwards.

4. While in EM2/3, an asynchronous event can be routed through PRS (e.g. GPIO IRQ or ACMP output) to wake up the ADC. Fea-
tures required by the ADC which are not supported in EM2/3 (e.g., AUXHFRCO) will be automatically enabled to allow the ADC
to convert a sample, and then automatically disabled afterwards.

5.12C functionality limited to receive address recognition

6. Must be using ULFRCO

7. ACMP functionality in EM2/3 limited to edge interrupt

8. Pin wake-up in EM4 supported only on GPIO_EM4WUXx pins. Consult data sheet for complete list of pins.
9. If enabled in EMU->EM4CTRL.EM4IORETMODE.

The different energy modes are summarized in the following sections.

9.3.1.1 EMO Active

EMO Active provides all system features.

» Cortex-M0O+ is executing code

» High and low frequency clock trees are active
 All oscillators are available

+ All peripheral functionality is available

9.3.1.2 EM1 Sleep

EM1 Sleep disables the core but leaves the remaining system fully available.
» Cortex-M0+ is in sleep mode. Clocks to the core are off

» High and low frequency clock trees are active

 All oscillators are available

« All peripheral functionality is available
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9.3.1.3 EM2 DeepSleep

This is the first level into the low power energy modes. Most of the high frequency peripherals are disabled or have reduced functionali-

ty.

Memory and registers retain their values.

Cortex-MO0+ is in sleep mode. Clocks to the core are off.

High frequency clock tree is inactive

Low frequency clock tree is active

The following oscillators are available

* LFRCO, LFXO, ULFRCO, AUXHFRCO (on demand, if used by the ADC)

The following low frequency peripherals are available

* RTCC, LCD, WDOG, LEUART, LETIMER, LESENSE, PCNT, CRYOTIMER

The following analog peripherals are available (with potential limitations on functionality)
« ADC, VDAC, OPAMP, CSEN

Wake-up to EMO Active through

« Peripheral interrupt, reset pin, power on reset, asynchronous pin interrupt, 12C address recognition, or ACMP edge interrupt
RAM and register values are preserved

* RAM blocks may be optionally powered down for lower power

GPIO pin state is retained

RTCC memory is retained

The DC-DC converter can be configured to remain on in Low Power mode.

9.3.1.4 EMS3 Stop

In this low energy mode, all low frequency oscillators (LFXO, LFRCO) and all low frequency clocks derived from them, are stopped, as
well as all high frequency clocks. Most peripherals are disabled or have reduced functionality. Memory and registers retain their values.

Cortex-MO0+ is in sleep mode. Clocks to the core are off.
High frequency clock tree is inactive
All low frequency clock trees derived from the low frequency oscillators (LFXO, LFRCO) are inactive
The following oscillators are available
* ULFRCO, AUXHFRCO (on demand, if used by the ADC)
The following low frequency peripherals are available if clocked by the ULFRCO
»+ RTCC, WDOG, CRYOTIMER
The following analog peripherals are available (with potential limitations on functionality)
* ADC, VDAC, OPAMP, CSEN
Wake-up to EMO Active through
» Peripheral interrupt, reset pin, power on reset, asynchronous pin interrupt, 12C address recognition, or ACMP edge interrupt
RAM and register values are preserved
* RAM blocks may be optionally powered down for lower power
GPIO pin state is retained
RTCC memory is retained
The DC-DC converter can be configured to remain on in Low Power mode.
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9.3.1.5 EM4 Hibernate

The majority of peripherals are shutoff to reduce leakage power. A few selected peripherals are available. System memory and regis-
ters do not retain values. GPIO PAD state and RTCC RAM are retained. Wake-up from EM4 Hibernate requires a reset to the system,
returning it back to EMO Active

+ Cortex-M0+ is off

» High frequency clock tree is off

» Some low frequency clock trees may be active

» The following oscillators are available
* LFRCO, LFXO, ULFRCO

» The following low frequency peripherals are available
+ RTCC, CRYOTIMER

* Wake-up to EMO Active through

* VMON, EMU Temperature Sensor, RTCC, CRYOTIMER, reset pin, power on reset, asynchronous pin interrupt (on
GPIO_EM4WUx pins only)

* GPIO pin state may be retained (depending on EMU->EM4CTRL.EM4IORETMODE configuration)
* RTCC memory is retained
» The DC-DC converter can be configured to remain on in Low Power mode.

9.3.1.6 EM4 Shutoff

EM4 Shutoff is the lowest energy mode of the part. There is no retention except for GPIO PAD state. Wake-up from EM4 Shutoff re-
quires a reset to the system, returning it back to EMO Active

» Cortex-M0+ is off
» High frequency clock tree is off
» Low frequency clock tree may be active
» The following oscillators are available
* LFRCO, LFXO, ULFRCO
» The following low frequency peripherals are available
* CRYOTIMER
» Wake-up to EMO Active through
* CRYOTIMER, reset pin, power on reset, asynchronous pin interrupt (on GPIO_EM4WUXx pins only)
» GPIO pin state may be retained (depending on EMU->EM4CTRL.EM4IORETMODE configuration)

» The DC-DC converter configuration is reset to its default Unconfigured configuration (DC-DC converter disabled and bypass switch
is off)

9.3.2 Entering Low Energy Modes

The following sections describe the requirements for entering the various energy modes.

Note: If Voltage scaling is being used to save system energy, it is important to ensure the proper conditions for entry and exit of EM2
DeepSleep, EM3 Stop or EM4 Hibernate be met. See 9.3.9.2.1 EM2/EM3 Voltage Scaling Guidelines and 9.3.9.3.1 EM4H Voltage
Scaling Guidelines for details.

9.3.2.1 Entry Into EM1 Sleep

Energy mode EM1 Sleep is entered when the Cortex-MO+ executes the Wait For Interrupt (WFI) or Wait For Event (WFE) instruction
while the SLEEPDEEP bit the Cortex-M0+ System Control Register is cleared. The MCU can re-enter sleep automatically out of an
Interrupt Service Routine (ISR) if the SLEEPONEXIT bit in the Cortex-M0+ System Control Register is set. Refer to ARM documenta-
tion on entering Sleep modes.

Alternately, EM1 Sleep can be entered from either EM2 DeepSleep or EM3 Stop from a Peripheral Wake-up Request allowing transfers
between the Peripheral and System RAM or Flash. On EFM32, ADC, CSEN, LESENSE, and LEUART peripherals can request this
wake-up event. Refer to their respective register specification to enable this option. The system will return back to EM2 DeepSleep or
EM3 Stop once the ADC, CSEN, LESENSE, or LEUART have completed its transfers and processing.
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9.3.2.2 Entry Into EM2 DeepSleep or EM3 Stop
Energy mode EM2 DeepSleep or EM3 Stop may be entered when all of the following conditions are true:

» Cortex-MO+ (if present) is in DEEPSLEEP state
» Flash Program/Erase Inactive

* DMA done with all current requests

» A debugger is not currently connected.

Entry into EM2 DeepSleep and EM3 Stop can be blocked by setting the EMU_CTRL->EM2BLOCK bit.

Note: When EM2 DeepSleep or EM3 Stop entry is blocked, the part is not able to enter a lower energy state. The core will be in a sleep
state, similar to EM1, where it is waiting for a proper interrupt of other valid wake-up event. Once the blocking conditions are removed,
then the part will automatically enter a lower energy state.

Energy mode EM2 DeepSleep is entered from EMO Active when the Cortex-M0+ executes the Wait For Interrupt (WFI) or Wait For
Event (WFE) instruction while the SLEEPDEEP bit in the Cortex-M0+ System Control Register is set. The MCU can re-enter Deep-
Sleep automatically out of an Interrupt Service Routine (ISR) if the SLEEPONEXIT bit in the Cortex-M0+ System Control Register is
set. Refer to ARM documentation on entering Sleep modes.

9.3.2.3 Entry Into EM4 Hibernate or EM4 Shutoff

Energy mode EM4 Hibernate and EM4 Shutoff is entered through register access.

Software must ensure no modules are active when entering EM4 Hibernate/Shutoff. EMACTRL->EM4STATE field must be configured
to select either Hibernate (EM4H) or Shutoff (EM4S) mode prior to entering EM4.

Software may enter EM4 Hibernate/Shutoff from EMO Active by writing the sequence 2,3,2,3,2,3,2,3,2 to EM4CTRL->EM4ENTRY bit
field. If the EM4BLOCK bit in WDOGN_CTRL is set, the CPU will be prevented from entering EM4 Hibernate/Shutoff by software re-
quest.

An active debugger connection will prevent entry into EM4 Hibernate/Shutoff.

Note that upon entry into EM4 Shutoff, the DC-DC converter configuration is reset to its default (i.e. Unconfigured) configuration. In the
Unconfigured configuration, the DC-DC converter will be disabled and the bypass switch will be turned off.

Note also that if entering EM4 Shutoff, additional supply current may result if EMU_PWRCTRL_ANASW is set to 1. To properly enter
EM4 Shutoff, firmware should first clear EMU_PWRCTRL_ANASW to 0, then wait at least 30 us prior to entering EM4 Shutoff.
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9.3.3 Exiting a Low Energy Mode

A system in EM2 DeepSleep and EM3 Stop can be woken up to EMO Active through regular interrupt requests from active peripherals.
Since state and RAM retention is available, the EFM32 is fully restored and can continue to operate as before it went into the Low
Energy Mode.

Wake-Up from EM4 Hibernate or EM4 Shutoff is performed through reset. Wake-Up from a specific module must be enabled in that
module’s EM4AWUEN register.

Enabled interrupts that can cause wake-up from a low energy mode are shown in Table 9.3 EMU Wake-Up Triggers from Low Energy
Modes on page 233. The wake-up triggers always return the EFM32 to EMO Active/EM1 Sleep. Additionally, any reset source will re-
turn to EMO Active. VMON-based EM4 Hibernate wake-ups also set the corresponding rise or fall interrupt flag. These flags serve as
the wake-up source for EM4 Hibernate and must be cleared by software on EM4 Hibernate exit. Not doing so will result in an immediate
wake-up after next EM4 Hibernate entry.

Table 9.3. EMU Wake-Up Triggers from Low Energy Modes

Peripheral Wake-Up Trigger EM2 Deep- EM3 Stop EM4 Hiber- EM4 Shut-

Sleep

nate

off

LEUART (Low Energy UART) Receive / transmit Yes — — —
LETIMER Any enabled interrupt Yes — — —
WDOG Any enabled interrupt Yes Yes — —
LESENSE Any enabled interrupt Yes — — —
LFXO Ready Interrupt Yes — — —
LFRCO Ready Interrupt Yes — — —
LCD Any enabled interrupt Yes — — —
12C Receive address recognition Yes Yes — —
ACMP Any enabled edge interrupt Yes Yes — —
ADC SINGLE / SCAN FIFO events, window Yes Yes — —
comparator, and VREF overvoltage
CSEN Wake on threshold Yes Yes — —
VDAC Any enabled interrupt except Yes Yes — —
EM23ERRIF
PCNT Any enabled interrupt Yes Yes' — —
RTCC Any enabled interrupt Yes Yes Yes?
VMON Rising or falling edge on any moni- Yes Yes Yes? —
tored power
EMU Temperature Sensor Measured temperature outside the de- Yes Yes Yes? —
fined limits
CRYOTIMER Timeout Yes Yes Yes? Yes?
Pin Interrupts Transition Yes Yes Yes? 3 Yes? 3
Reset Pin Assertion Yes Yes Yes Yes
Power Cycle Off/On Yes Yes Yes Yes
Note:
1.When using an external clock
2. Corresponding bit in the module's EM4AWUEN must be set.
3. Only available on a subset of the pins. Refer to the data sheet for details.
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9.3.4 Power Configurations
The EFM32 Tiny Gecko 11 allows several power configurations with additional options giving flexible power architecture selection.

In order to provide the lowest power consuming solutions, the EFM32 Tiny Gecko 11 comes with a DC-DC module to power internal
circuits. The DC-DC requires an external inductor and capacitor (refer to the data sheet for recommended values).

The EFM32 Tiny Gecko 11 has multiple internal power domains: IO Supply (IOVDD), Analog & Flash (AVDD), Input to Digital LDO
(DVDD), and Low Voltage Digital Supply (DECOUPLE). Additional detail for each configuration and option is given in the following sec-
tions.

When assigning supply sources, the following requirement must be adhered to:
+ VREGVDD = AVDD (Must be the highest voltage in the system)

+ VREGVDD >= DVDD

+ VREGVDD >=10VDD
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9.3.4.1 Power Configuration 0: Unconfigured

Upon power-on reset (POR) or entry into EM4 Shutoff, the system is configured in a safe state that supports all of the available Power
Configurations. The Unconfigured Configuration is shown in the simplified diagram below.

In the Unconfigured Configuration:

» The DC-DC converter's Bypass switch is OFF.

» The internal digital LDO is powered from the AVDD pin (i.e. REGPWRSEL=0 in EMU_PWRCTRL). Note the maximum allowable
current into the LDO when REGPWRSEL=0 is 20 mA. For this reason, immediately after startup firmware should configure RE-
GPWRSEL=1 to power the digital LDO from DVDD.

» The analog blocks are powered from the AVDD supply pin (i.e., ANASW=0 in EMU_PWRCTRL).

After power on, firmware can configure the device to based on the external hardware configuration. Note that the PWRCFG register can
only be written once to a valid value and is then locked. This should be done immediately out of boot to select the proper power config-
uration. The DC-DC and PWRCTRL registers will be locked until the PWRCFG register is configured.

VoD

Switch

T
OFF

DC-DC
Driver 0

ANASW

DC-DC
VREGVSS
Analog

Blocks

1 (0]
Digital Digital RISEEREEL
Logic LDO
4

~ DECOUPLE

Figure 9.2. Unconfigured Power Configuration
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9.3.4.2 Power Configuration 1: No DC-DC

In Power Configuration 1, the DC-DC converter is programmed in Off mode and the Bypass switch is Off. The DVDD pin must be pow-
ered externally - typically, DVDD is connected to the main supply. DVDD powers the internal Digital LDO (i.e., REGPWRSEL=1) which
powers the digital circuits. IOVDD and AVDD are powered from the main supply as well.

VREGSW must be left disconnected in this configuration.

Vb

Main ! I 1T T 1T I 1 T
Supply

VREGVDD ™ |OVDD*

Bypass
Switch FLASH AVDD_1

T
OFF

DC-DC -T-
Driver 0

ANASW -

DC-DC

Analog
Blocks

DVDD

1 (0]
Digital Digital HECPE EL
Logic LDO

DECOUPLE

Figure 9.3. DC-DC Off Power Configuration
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9.3.4.3 Power Configuration 2: DC-DC
For the lowest power applications, the DC-DC converter can be used to power the DVDD supply.

In Power Configuration 2, the DC-DC Output (Vpcpc) is connected to DVDD. DVDD powers the internal Digital LDO (i.e., RE-

GPWRSEL=1) which powers the digital circuits. AVDD is connected to the main supply voltage. The internal analog blocks may be
powered from AVDD or DVDD, depending on the ANASW configuration.

IOVDD could be connected to either the main supply (as shown below) or to Vpcpc, depending on the system 10 requirements. Be-
cause Vpcpc Will be unpowered (i.e., floating) at startup, if IOVDD is powered from the DC-DC converter then any circuit attached to

I0VDD will not be powered until the DC-DC is configured (or the bypass switch is enabled). Refer to 9.3.8 IOVDD Connection section
for further details and issues that may result when connecting IOVDD to Vpcpc.

VoD

Main _L _L ! _L _L
Supply u jq_:

1T T

IOvDD™

Bypass
T ans AVDD 1
OFF Switeh FLASH —

Vbcbe DC.DC

Driver 0
ANASW -

DC-DC

Analog
Blocks

DVDD

(0]
Digital Digital REGPWRSEL
Logic LDO

X
DECOUPLE

Figure 9.4. DC-DC Standard Power Configuration

As the Main Supply voltage approaches the DC-DC output voltage, it eventually reaches a point where becomes inefficient (or impossi-
ble) for the DC-DC module to regulate Vpcpc. At this point, firmware can enable bypass mode, which effectively disables the DC-DC

and shorts the Main Supply voltage directly to the DC-DC output. If and when sufficient voltage margin on the Main Supply returns, the
system can be switched back into DC-DC regulation mode.
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9.3.5 DC-to-DC Interface

The EFM32 Tiny Gecko 11 devices feature a DC-DC buck converter which requires a single external inductor and a single external
capacitor. The converter takes the VREGVDD input voltage and converts it down to an output voltage between VREGVDD and 1.8 V
with a peak efficiency of approximately 90% in Low Noise (LN) mode and 85% in Low Power (LP) mode. Refer to the data sheet for full
DC-DC specifications.

The DC-DC converter operates in either Low Noise (LN) or Low Power (LP) mode. LN mode is intended for higher current operation
(e.g., >= 10 mA), whereas LP mode is intended for very low current operation (e.g., < 10 mA).

In addition, the DC-DC converter supports an unregulated Bypass mode, in which the input voltage is directly shorted to the DC-DC
output.

9.3.5.1 Bypass Mode

In Bypass mode, the VREGVDD input voltage is directly shorted to the DC-DC converter output through an internal switch. Consult the
data sheet for the Bypass switch impedance specification.

The Bypass Current Limit limits the maximum current drawn from the input supply in Bypass mode. This current limit is enabled by
setting the BYPLIMEN bit in the EMU_DCDCCLIMCTRL register, and the limit value may be adjusted between 20 mA and 320 mA
using the BYPLIMSEL bitfield in the EMU_DCDCMISCCTRL register. When the difference between the DC-DC output voltage (Vpcpc)
and the DC-DC input voltage (VREGVDD) is large, applications should enable the Bypass Current Limit before enabling Bypass mode.
For example, if Bypass mode is enabled with VREGVDD=3.8 V and Vpcpc=1.8 V with a 4.7 yF capacitor, the peak current draw may
be quite large as it is limited only by the bypass switch on-resistance, which could result in drooping on the input supply voltage. For
smaller input / output voltage differences (e.g., VREGVDD=2.4 V and Vpcpc=1.8 V), it may not be necessary to enable the Bypass
Current Limit at all.

Note that the device will see an additional ~10 pA of current draw when both the Bypass Current Limiter and Bypass Mode are enabled.
Applications should therefore disable the Bypass Current Limiter (i.e., set BYPLIMEN = 0) after the DVDD voltage has reached the
main supply voltage in Bypass Mode.

9.3.5.2 Low Power (LP) Mode

The Low Power (LP) controller operates in a hysteretic mode to keep the output voltage within a defined voltage band. Once the DC-
DC output voltage drops below a programmable internal reference, the LP controller generates a pulse train to control the powertrain
PFET switch, which charges up the DC-DC output capacitor. When the output voltage is at the programmed upper level, the powertrain
PFET is turned off. The output ripple voltage may be quite large (>100 mV) in LP mode.

The LP controller supports load currents up to approximately 10 mA, making it suitable for light loads in EMO and EM1, as well as EM2,
EM3, or EM4 low energy modes.

9.3.5.3 Low Noise (LN) Mode

The Low Noise (LN) controller continuously switches the powertrain NFET and PFET switches to maintain a constant programmed volt-
age at the DVDD pin. The LN controller supports load current from sub-mA up to 200 mA.

The LN controller switching frequency is programmable using the RCOBAND bitfield in the EMU_DCDCLNFREQCTRL register. See
below for recommended RCOBAND settings for each mode.

The DC-DC Low Noise controller operates in one of two modes:

1. Continuous Conduction Mode (CCM)
2. Discontinuous Conduction Mode (DCM)

9.3.5.3.1 Low Noise (LN) Continuous Conduction Mode (CCM)

CCM operation is configured by setting the LNFORCECCM bit in the EMU_DCDCMISCCTRL register. CCM can be used to improve
the DC-DC converter's output transient response time to quick load current changes, which minimizes voltage transients on the DC-DC
output.

Note that all references to CCM in the documentation actually refer to Forced Continuous Conduction Mode (FCCM) - that is, if the
LNFORCECCM bit is set and the output load current is very low, the DC-DC will be forced to operated in CCM. In this case, the current
through the inductor may be negative and current may flow back into the battery.

In CCM, the recommended DC-DC converter switching frequency is 6.4 MHz (RCOBAND = 4).
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9.3.5.3.2 Low Noise (LN) Discontinuous Conduction Mode (DCM)

To enable DCM, the LNFORCECCM bit in EMU_DCDCMISCCTRL must be cleared before entering LN. Typically, this configuration
would occur while the part was in Bypass mode. Once DCM is enabled, the DC-DC should operate in DCM at light load currents. How-
ever, as the load current increases, the DC-DC will automatically transition into CCM without software intervention.

The advantage of DCM is improved efficiency for light load currents. However, in DCM the DC-DC has poorer dynamic response to
changes in load current, leading to potentially larger changes in the regulated output voltage. For these reasons, DCM is not recom-
mended for applications that expect large instantaneous load current steps. For example, if the DC-DC is in DCM, firmware may need
to increment the core clock frequency in small steps to prevent a large sudden load increase.

In DCM, the recommended DC-DC converter switching frequency is 3 MHz (RCOBAND = 0).

9.3.5.4 DC-to-DC Programming Guidelines

Note: Refer to Application Note AN0948: EFM32 and EFR32 Series 1 Power Configurations and DC-DCfor detailed information on pro-
gramming the DC-DC. Application Notes can be found on the Silicon Labs website (www.silabs.com/32bit-appnotes) or using the [Ap-
plication Notes] tile in Simplicity Studio.

9.3.6 Analog Peripheral Power Selection

The analog peripherals (e.g., ULFRCO, LFRCO, LFXO, HFRCO, AUXHFRCO, VMON, ADC, LCD, CSEN) are powered from an inter-
nal analog supply domain, VDDX_ANA. VDDX_ANA may be supplied from either the AVDD or DVDD supply pins, depending on the
configuration of the ANASW bit in the EMU_PWRCTRL register. Changes to the ANASW setting should be made immediately out of
reset (i.e., in the Unconfigured Configuration), before all clocks (with the exception of HFRCO and ULFRCO) are enabled. If the DCDC
converter is used and ANASW is set to 1, the switch will not take effect until after the DCDC output voltage has reached its target level.
To prevent supply transients, firmware should configure and enable the DCDC, configure ANASW, and then enable clocks. If the DCDC
converter is not used, IMMEDIATEPWRSWITCH should be set prior to setting ANASW so hardware can immediately apply the switch
without waiting for the DCDC to settle.

Once ANASW is configured it should not be changed. Note that the flash is always powered from the AVDD pin, regardless of the state
of the ANASW bit.

Table 9.4. Analog Peripheral Power Configuration

ANASW Analog Peripheral Power Supply Comments
Source (VDDX_ANA)

0 (default) AVDD pin This configuration may provide a quieter supply to the analog
modules, but is less efficient as AVDD is typically at a higher
voltage than DVDD.

1 DVDD pin This configuration may provide a noisier supply to the analog
modules, but is more efficient. However, because the maximum
allowable input voltage to many of the analog modules using
APORT is limited to MIN(VDDX_ANA,IOVDD), this setting could
artificially limit your analog input range.
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9.3.7 Digital LDO Power Selection

The digital LDO may be powered from one of two supply pins, depending on the configuration of the REGPWRSEL bit in the
EMU_PWRCTRL register. At startup, the digital is powered from the AVDD pin. When powered from AVDD, the LDO current is limited
to 20 mA. Out of startup, firmware should configure and enable the DCDC (if desired) and then set REGPWRSEL=1 before increasing
the core clock frequency.

Table 9.5. Digital LDO Power Configuration
REGPWRSEL Digital LDO Power Source Comments

0 (default) AVDD pin Maximum LDO current in this configuration is 20 mA. Firmware
should configure REGPWRSEL to 1 after startup.

1 DVDD pin This configuration supports all core frequencies, and should be used
after startup.

9.3.8 I0VDD Connection

The IOVDD supply(s) must be less than or equal to AVDD. IOVDD will typically be connected to either the DC-DC Output (Vpcpc) or
the main supply.

Because Vpcpc will be unpowered (i.e., floating) at startup, if IOVDD is powered from the DC-DC converter then any circuit attached to
I0OVDD will not be powered until the DC-DC is configured (or the bypass switch is enabled).

Note: This constraint can have serious and unintended side-effects. For example, if IOVDD=Vpcpc:

1.1t isn't directly possible to program an unprogrammed device on a PCB through the serial wire interface. Programming the device
requires IOVDD to be present (i.e., for SWCLK, SWDIO, etc), and IOVDD won't be present until after the part is programmed (i.e.,
the DC-DC is enabled in firmware to power up Vpcpc). It is possible to work around this issue, however, by providing an external
supply for Vpcpc during programming.

2. Some unprogrammed devices are preloaded with a bootloader. The bootloader is expecting to read a logic high on the SWCLK pin
to determine if the bootloader should execute. With no valid IOVDD voltage present, the code may incorrectly decide to execute
the bootloader, which will cause the system to wait in the bootloader until a reset occurs.

Additionally, upon entry into EM4 Shutoff, the DC-DC converter configuration is reset to its default (Unconfigured) configuration. If
I0VDD = Vpcpc, then any circuits attached to IOVDD will remain unpowered until the system is reset to exit EM4 Shutoff, and the DC-
DC is configured (or the bypass switch is enabled).

Any application with powering external loads from the DC-DC converter must take into consideration the maximum allowable DC-DC
load current. Refer to the data sheet for DC-DC load current specification.

9.3.9 Voltage Scaling

The voltage scaling feature allows for a tradeoff between power and performance. Voltage scaling applies an adjustment to the supply
voltage for the on-chip digital logic and memories. For EMO and EM1 operation, full device performance is supported when the Voltage
Scale Level is set to its highest value. The Voltage Scale Level may be set lower when operating the system at slower clock speeds to
save power. Voltage scaling does not affect the input or output range for analog peripherals or digital I/O logic levels. For more informa-
tion about max system frequency supported for different voltage scaling levels. Refer to the CMU chapter and the data sheet specifica-
tion tables.

Note: Some device sub-systems and operations are only supported at Voltage Scale Level 2.
» Flash write/erase is only supported at Voltage Scale Level 2.
* TRNG operation is only supported at Voltage Scale Level 2.

Separate voltage scaling controls are available for the different energy modes. These are as follows:
+ EMO/EM1 Voltage Scaling

+ EM2/EMS Voltage Scaling

» EM4H Voltage Scaling
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9.3.9.1 EMO/EM1 Voltage Scaling

In energy modes EMO and EM1, the user can dynamically scale voltages between Voltage Scale Level 2 and Voltage Scale Level 0
using the EM01VSCALE2 and EM01VSCALEDQO bitfields in EMU_CMD register. A lower Voltage Scale Level can be used in conjunction
with lower processor frequency to reduce power consumption. Once these commands are issued, hardware begins the process of volt-
age scaling and when done, the VSCALEDONE interrupt is triggered. Users can also poll VSCALEBUSY in EMU_STATUS which indi-
cates that hardware is busy changing the voltage scale setting when set. VSCALE in EMU_STATUS shows the current voltage the
system is in at any time.

Note:

+ If more than one voltage scaling command is issued in EMU_CMD simultaneously, the lower voltage scaling level has higher priori-
ty. e.g. priority order: EMO1VSCALEOQO > EMO1VSCALEZ2.

* The reset value of VSCALE for EMO and EM1 operation is Voltage Scale Level 2.

When voltage scaling up or down, the user should follow the following sequences in order to ensure proper scaling.

» Voltage Scale Down
1. Decrease system clock frequency to the target frequency
2. Update the wait states of Flash for the target frequency
3. Issue voltage scaling command by setting EMO1VSCALE2 or EM01VSCALEOQ in EMU_CMD
4.0nce Hardware completes voltage scaling up, VSCALEDONE interrupt is set.

» Voltage Scale Up
1. Issue voltage scaling command by setting EMO1VSCALE2 or EMO1VSCALEO in EMU_CMD
2. Wait for hardware to complete voltage scaling. When done, VSCALEDONE interrupt is set.
3. Update the wait states of Flash for the target frequency
4.Increase system clock frequency to the target frequency

Multiple voltage scaling commands are allowed to be issued even when the current voltage scaling is not yet completed. In such a
case, the current scaling will be aborted and the last command will be executed. VSCALEDONE interrupt will be issued for every volt-
age scaling command.

Note: When a hard reset occurs, VSCALE will be set to the reset value (Voltage Scale Level 2). In most cases, a soft reset will not
affect the current VSCALE level. However, when a soft reset is issued in the middle of the voltage scaling process, the minimum volt-
age scale level indicated by VSCALE or the EMU_CMD which triggered the voltage scale operation will be applied and reflected in
VSCALE.

9.3.9.2 EM2/EM3 Voltage Scaling

The EM23VSCALE bitfield in EMU_CTRL allows user to independently setup the voltage scaling value for EM2/EM3 energy mode. The
EM23VSCALE in EMU_CTRL should be programmed to a level which is less than or equal to VSCALE in EMU_STATUS. This means
that EM2/EMS voltage scaling is always a voltage scaling down process. If EM23VSCALE level in EMU_CTRL is greater than VSCALE
level in EMU_STATUS, the VSCALE level will be implemented in EM2/EM3 instead of EM23VSCALE. Upon EM2/EM3 entry, the sys-
tem will scale down the voltage to a smaller level between VSCALE or EM23VSCALE.

Note: The reset value of EM23VSCALE is Voltage Scale Level 2. Therefore, if user scales EMO/EM1 voltage to Voltage Scale Level 0
(reflected in VSCALE in EMU_STATUS) and enters EM2/EM3, this VSCALE voltage of Voltage Scale Level 0 is maintained in
EM2/EMS3 as well since this is smaller level between VSCALE and EM23VSCALE.

9.3.9.2.1 EM2/EM3 Voltage Scaling Guidelines

Note that when using EM23VSCALE in EMU_CTRL to scale down EM2/EM3, the scaled down voltage in EM2/EM3 is maintained after
waking from EM2/EM3 to EMO/EM1. For example, if VSCALE was at Voltage Scale Level 2 prior to EM2/EM3 entry, and EM23VSCALE
was set to Voltage Scale Level 0, the system will scale down to Voltage Scale Level 0 on EM2/EM3 entry. When waking up to EMO/
EM1, the system maintains its voltage at Voltage Scale Level 0. Therefore, user must ensure the system clock frequency and Flash
wait states are programmed to correct values to support waking up to EMO/EM1 at the lower voltages prior to EM2/EM3 entry.

EM23VSCALEAUTOWSEN bitfield in EMU_CTRL enables hardware to automatically configure the system clock frequency and Flash
wait states to support low voltage operation when waking up to EMO/EM1 from EM2/EM3. Therefore, this obviates the need for user to
setup the clock frequency and Flash wait states prior to EM2/EM3 entry with EM23VSCALE. When waking up to EMO/EM1, while using
EM23VSCALEAUTOWSEN set to 1, the HFRCO will default to its production calibrated 19 MHz frequency.
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9.3.9.3 EM4H Voltage Scaling

EM4HVSCALE bitfield in EMU_CTRL allows user to independently setup the voltage scaling levels for EM4H energy mode. The
EM4HVSCALE in EMU_CTRL should be programmed to a level which is smaller than or equal to VSCALE level in EMU_STATUS or
EM23VSCALE in EMU_CTRL. This means that EM4H voltage scaling is always a voltage scaling down process. If EM4HVSCALE level
in EMU_CTRL is greater than level of VSCALE in EMU_STATUS or level of EM23VSCALE in EMU_CTRL, the smaller of VSCALE,
EM23VSCALE or EM4HVSCALE levels will be implemented in EM4H.

Note: The reset level of EMAHVSCALE is Voltage Scale Level 2. Therefore, if user scales EMO/EM1 voltage to Voltage Scale Level 0
(reflected in VSCALE in EMU_STATUS) and enters EM4H, this VSCALE voltage of Voltage Scale Level 0 is maintained in EM2/EM3
as well since this is minimum of VSCALE and EM23VSCALE.

9.3.9.3.1 EM4H Voltage Scaling Guidelines

Note that when using EM4HVSCALE in EMU_CTRL to scale down voltage in EM4H, the scaled down voltage in EM4H is maintained
after waking from EM4H to EMO/EM1. For example prior to EM4H entry, if VSCALE was at Voltage Scale Level 2 and EM4HVSCALE
was set to Voltage Scale Level 0, the system will scale down to Voltage Scale Level 0 on EM4H entry. When waking up to EMO/EM1,
the system maintains its voltage at Voltage Scale Level 0.

9.3.9.4 Voltage Scaling Recommended Use

Refer to the data sheet for the maximum supported system frequencies for different Voltage Scaling Levels. Use of the lowest voltage
scaling level is recommended for maximum power savings. For any voltage scaling level, it is recommend to use the highest frequency
for performance benefits.

Voltage can then be scaled to higher voltage scale levels only when higher system clock frequency is required by the application for a
period of time after which user can dynamically scale the voltage back to lower voltage scale levels to continue saving power.

9.3.10 EM2/EM3 Peripheral Retention Disable

Peripherals that are available in EM2 DeepSleep or EM3 Stop can optionally be powered down during EM2 DeepSleep or EM3 Stop.
This allows lower energy consumption in these energy modes. However, when powering down, these peripherals are independently
reset so the registers lose their configuration values. Therefore, they will have to be reconfigured upon wake-up to EMO Active if they
were previously configured to non reset values.

EMU_EM23PERNORETAINCTRL register can be used to setup unused peripherals for powering down prior to EM2/EM3 entry. Once
setup, upon EM2/EM3 entry, all peripherals in the power-down domain will get powered down if all of them are setup to be disabled.

Note: User must ensure that the peripherals being powered down should have their clocks disabled in CMU prior to EM2/EM3 entry.

On waking up from EM2/EM3, EMU_EM23PERNORETAINSTATUS register indicates if the peripherals were powered down by the
system and subsequently locked out from register access. Locking out peripherals prevents users from accidentally using peripherals
with configurations at their reset state. EMU_EM23PERNORETAINCMD allows user to unlock these peripherals and hence grant ac-
cess to their registers for updating their configurations.

9.3.11 Brown Out Detector (BOD)

The EFM32 Tiny Gecko 11 contains multiple supply brown out detectors (BODs).

9.3.11.1 AVDD BOD

The EFM32 Tiny Gecko 11 has a fast response BOD on AVDD that is always active. This BOD ensures the minimal supply is provided
to the AVDD supply (typically also connected to VREGVDD). Once triggered, the BOD will cause the system to reset.

Note: In EM4 Hibernate/Shutoff a low power version of the AVDD BOD, called EM4BOD, is available to trigger a reset at level lower
than in other energy modes. All other BODs are disabled during EM4 Hibernate/Shutoff

9.3.11.2 DVDD and DECOUPLE BOD

Additional BODs will monitor DVDD and DECOUPLE during EMO Active through EM3 Stop. This can cause a reset to the internal logic,
but will not cause a power-on reset or reset the EMU or RTCC.
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9.3.12 Voltage Monitor (VMON)

The EFM32 features an extremely low energy Voltage Monitor (VMON) capable of running down to EM4 Hibernate. Trigger points are
preloaded but may be reconfigured.

+ AVDD X 2
- DVDD
+ I0VDDO and I0VDD1
+ BUVDD

Table 9.6. VMON Events
Feature Condition AVDD DVDD BUVDD IOVDD
Hysteresis (separate rise and fall — Yes — — —
triggers)
Supply switch to/from Backup Fall/Rise Yes — — —
Interrupt Fall or Rise Yes Yes Yes Yes
Wake-Up from EM4 Hibernate Fall or Rise Yes Yes Yes Yes

The status of the VMON is reflected in the EMU_STATUS register.

The status of the sticky interrupt can be found at EMU_IF. These interrupt flags also serve as the wake-up source of EM4H when the
associated RISEWU and FALLWU bits are set. This means that if these flags are set, EM4H entry will result in an immediate wake-up.
To prevent this, these must be cleared by software before EM4H entry.

Note that the VMON has offset high hysteresis, specified in the device Data Sheet. For rising edge detection the threshold will be the
threshold setting (as described below) + Vymon_nsT, and for falling edge detection the threshold will simply be the threshold setting.

VMON channels are calibrated at two voltages: 1.86 V and 2.98 V. The calibration results (coarse thresholds and fine thresholds for
1.86 V and 2.98 V) are placed in the VMONCAL registers in the DI page. Using these thresholds it is possible to calculate thresholds for
the entire supported VMON VDD range, i.e., 1.62 V to 3.4 V. Using the values given in VMONCAL registers, one can calculate T4 gg,
T2.981 Va and Vb-

T1.86 = (10 x VMONCALX_XVDD1V86THRESCOARSE) + VMONCALX_XVDD1V86THRESFINE,
To.98 = (10 x VMONCALX_XVDD2V98THRESCOARSE) + VMONCALX_XVDD2V98THRESFINE,
Va=(1.12) / (T2.98 - T1.86),

Vp =1.86 - (Va X T1.g6),

Figure 9.5. VMON Calibration Equations

Now if it is required to find the coarse and fine thresholds for a certain voltage Y, following equation can be used:

Thresy = (Y - Vp) / Va,
Yealib = (Thresy X Va) + Vp,
Figure 9.6. VMON Threshold Equations

Thresy should be rounded to the nearest integer. The least significant digit of the rounded Thresy gives the fine threshold and remain-
ing digits give the coarse threshold for Y. These can now be programmed in the relevant EMU_VMONXVDDCTRL register as the
coarse and fine thresholds. It may not be possible to set threshold exactly for Y. In that case the closest possible voltage is used. Ycgiip
gives the value of this closest possible voltage.

Consider the example where it is required to set the AVDD rise threshold to 2.2 V (so Y=2.2 V). This means that the EMU_VMO-
NAVDDCTRL_RISETHRESCOARSE and EMU_VMONAVDDCTRL_RISETHRESFINE need to be programmed. Here are the steps
that should be followed:
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* Check VMONCALDO register. It has the VMON AVDD channel calibrated thresholds for 1.86 V and 2.98 V. Lets assume that the fol-
lowing values are present in the associated bitfields:

+ AVDD1V86THRESCOARSE =3
+ AVDD1V86THRESFINE =5
+ AVDD2V98THRESCOARSE = 8
+ AVDD2V98THRESFINE =7
» Using the above numbers and the VMON calibration equations:
* T1g6=35
* Trog =87
* V53=21.53mV
* Vp=1.106V
» Using the VMON threshold equations (with Y=2.2 V), Thresy = 51 (rounded from 50.8) and Ycgip = 2.204 V

EMU_VMONAVDDCTRL_RISETHRESCOARSE should be programmed to 5 and EMU_VMONAVDDCTRL_RISETHRESFINE should
be programmed to 1 (since Thresy = 51). With these programmed values, VMON AVDD rise threshold is set for Ygip = 2.204 V, which

is the closest programmable threshold.

9.3.13 Powering Off SRAM Blocks

SRAM blocks may be powered off using the EMU_RAMxCTRL RAMPOWERDOWN fields. Selected blocks are powered down in order
from the highest to lowest address in each bank. The lowest SRAM block in RAMO cannot be powered off and will always remain pow-
ered on for proper system functionality. The stack must be located in retained memory. Refer to the EMU_RAMXCTRL register descrip-
tions for power configuration options and the associated address ranges.
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9.3.14 Temperature Sensor

EMU provides low energy periodic temperature measurement. A temperature measurement is taken every 250 ms, with the 8-bit result
stored in EMU->TEMP register.

Note: The EMU temperature sensor is always running (except in EM4 Shutoff) and is independent from the ADC temperature sensor.

The EMU provides the following features around temperature changes
» Wake-Up from EM4 Hibernate on Temperature Change

* Interrupt from High Level Trip

* Interrupt from Low Level Trip

During production test, the EMU temperature sensor for each device is calibrated at room temperature, with the corresponding calibra-
tion temperature and reading stored off in the DI page as follows:

* DEVINFO->CAL.TEMP : This bitfield contains the temperature in degrees C at calibration

* DEVINFO->EMUTEMP : This register contains the EMU->TEMP reading at the calibration temperature stored in DEVINFO-
>CAL.TEMP

The current calibrated EMU temperature sensor result from EMU->TEMP may be converted to degrees C using the following equation:

Ty emu [°C] = (DEVINFO->CAL.TEMP ) + (TEMPCOgmxx) * [ (DEVINFO->EMUTEMP) - (EMU->TEMP) ]
Figure 9.7. Temperature Calculation

TEMPCOgnxx is a temperature coefficient that varies based on the energy mode at the time of the EMU temperature sensor reading:
* TEMPCOgpg1 = 0.278 + (DEVINFO->EMUTEMP) / 100
e TEMPCOgp234 = 0.268 + (DEVINFO->EMUTEMP) / 100

For maximum accuracy when using the high/low level temperature interrupts, firmware should ensure that TEMPCOg)234 is used to set
the temperature thresholds in EMU->TEMPLIMITS before entering EM2/3/4. Similarly, when exiting EM2/3/4, the temperature thresh-
olds should be updated using TEMPCOgpg1-

Note that an increasing reading in EMU->TEMP corresponds to a decreasing temperature, and vice-versa. If enabled, the TEMPHIGH
High Level Limit in EMU-> TEMPLIMITS causes an interrupt flag on a increasing EMU->TEMP reading (i.e., decreasing temperature).
Similarly, the TEMPLOW Low Level Limit causes a interrupt flag on a decreasing EMU->TEMP reading (i.e., increasing temperature).

The EMU temperature sensor accuracy is approximately +10°C over most of the useable temperature range, but may be +15°C at high-
er temperatures. Accordingly, any use of the EMU temperature sensor should include margin to account for that accuracy.

9.3.15 Registers latched in EM4

The following registers will be latched when entering EM4. After wake-up from EM4, these registers will be reset and require reprog-
ramming prior to writing the EMU_CMD_EM4UNLATCH command.

+ CMU_LFRCOCTRL
+ CMU_LFXOCTRL

+ CMU_LFECLKSEL
+ CMU_LFECLKENO
+ CMU_LFEPRESCO

9.3.16 Register Resets

Each EMU register requires retaining state in various energy modes and power transitions and will consequently need to be reset with a
different condition. The following reset conditions will apply to the appropriate set of registers as marked in the Register Description
table.

* Reset with POR or Hard Pin Reset

* Reset with POR, Hard Pin Reset, or any BOD reset
* Reset with SYSEXTENDEDRESETN

* Reset with FULLRESETn (default)

If a register field is not marked with a specific reset condition then it is assumed to be reset with FULLRESETn.
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9.3.17 Backup Power Domain

EFM32 Tiny Gecko 11 has the possibility to be partly powered by backup battery. The backup power input, BU_VIN, is connected to a
power domain in the EFM32 Tiny Gecko 11 containing the RTCC, 128 bytes of data retention and the CRYOTIMER. Figure 9.8 Backup
Power Domain Overview on page 246 shows an overview of the backup powering scheme. During normal operation, the entire chip is
powered by the main power supply. If the main power supply drains out and the backup mode functionality is enabled, the system en-
ters a low energy mode, equivalent to EM4 Hibernate, and automatically switches over to the backup power supply. The power relation-
ship requirements given in the 9.3.4 Power Configurations must always be adhered to. This means that even when the main supply
(VREGVDD/AVDD) falls, the power relationships must stay valid (l.e., IOVDD must be less than or equal to AVDD in all scenarios.

Note: If there is no backup battery inserted in the system, then DISMAXCOMP in EMU_BUCTRL can be set to 1 to save power. This
bit must be set to 0 (default value) if the backup battery is present in the system (even if backup mode is not enabled).

Consult the data sheet for the allowable BU_VIN input voltage range.

EFM32
EMU_BUCTRL_STATEN

EMU_BUCTRL_EN ’\k BU_STAT
VMON AVDD fall trigger DE {>° ‘ X

EMU_BUCTRL_BUACTPWRCON /
EMU_BUCTRL_BUINACTPWRCON e EMU_BUCTRL_PWRRES

~— l VMON BUVDD
VMON AVDD
— BU_VIN

Backup power
AVDD D M > Q Backup

. Main power power
supply
- e~
BU_VOUT
MEDIUM -
P WW— X

WEAK -

Main domain T
EMU_BUCTRL_VOUTRES

128 byte
retention

Figure 9.8. Backup Power Domain Overview
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9.3.17.1 Entering Backup Mode

To be able to enter backup mode, the EN bit in EMU_BUCTRL and the EN bit in EMU_VMONAVDDCTRL have to be set. When these
two are set, the BURDY interrupt flag will be set as soon as the VMON AVDD channel is ready. Status of the backup functionality is
also available in the BURDY flag in the EMU_STATUS register. To enter backup mode, the voltage on AVDD has to drop below the
programmed fall threshold of the VMON AVDD channel. This threshold is programmed using FALLTHRESCOARSE and FALLTHRES-
FINE in EMU_VMONAVDDCTRL.

In the above mentioned case, EFM32 Tiny Gecko 11 will try to enter backup mode even if there is no backup power supply present. If
the EN bit in EMU_VMONBUVDDCTRL is set as well and AVDD falls below fall threshold, then backup mode will only be entered if
BUVDD is above a programmed threshold. This threshold can be programmed using THRESCOARSE and THRESFINE in the
EMU_VMONBUVDDCTRL. BURDY status flag will go high when the EN bit in EMU_BUCTRL and the EN bit in EMU_VMO-
NAVDDCTRL are set. If the EN bit in EMU_VMONBUVDDCTRL is now set, then immediately after that the user should wait on the
BURDY status flag to first go low and then go high again (the flag will go high when the VMON BUVDD has also become ready). Note
that enabling the BUVDD VMON monitoring causes a drain of 2 pA from the backup power supply in EMO Active.

The BU_STAT pin can be used to indicate whether or not the system is in backup mode. To enable exporting of the backup mode
status to BU_STAT pin, set STATEN in EMU_BUCTRL. When enabled, BU_STAT pin is driven to BU_VIN if backup mode is active and
to ground otherwise.

Note:

* When EN in EMU_BUCTRL is set, then EM4 Shutoff entry is blocked. All software based EM4 Shutoff entries will result in an entry
to EM4 Hibernate. This is a safety feature since it is not possible to enter backup mode if the chip is in EM4 Shutoff.

» If DCDC is ON, it is turned off when entering backup mode.
» The RTCC includes functionality for storing a timestamp when the system enters backup mode. See the RTCC chapter for details.

9.3.17.2 Exiting Backup Mode

To exit backup mode, the voltage on AVDD has to be above the rise threshold programmed in EMU_VMONAVDDCTRL. RISETHRE-
COARSE and RISETHRESFINE in EMU_VMONAVDDCTRL decides threshold for backup mode exit. When leaving backup mode, a
system reset is triggered (same as EM4 Hibernate exit) in which backup domain is not reset. When backup mode has been active, the
BUMODERST bit in RMU_RSTCAUSE is set (both EM4RST and BUMODERST bits in RMU_RSTCAUSE will be set if checked after
backup mode exit). Figure 9.9 Entering and Leaving Backup Mode on page 247 illustrates how the VMON monitoring on AVDD can be
programmed to implement hysteresis on entering and exiting backup mode.

Backup mode is also exited on a hard pin reset or if a brown out occurs on the backup power supply.

Note: Exit from backup mode on AVDD rise happens independent of whether the RISEWU bit in EMU_VMONAVDDCTRL is set or not.

AVDD
-~

EMU_VMONAVDDCTRL_RISETHRESCOARSE /

EMU_VMONAVDDCTRL_RISETHRESFINE
EMU_VMONAVDDCTRL_FALLTHRESCOARSE /

EMU_VMONAVDDCTRL_FALLTHRESFINE

) Time
Backup mode active ] 1

Figure 9.9. Entering and Leaving Backup Mode

9.3.17.3 Backup Pads

There are three backup pads, i.e., BU_VIN, BU_VOUT and BU_STAT. When these are being used for backup, then no other module
should drive these pads. Following sequence can be followed to ensure this:

* These should be disabled using the Mode register (GPIO_Px_MODEL/GPIO_Px_MODEH)
» DOUT for these should be set to 0 using GPIO_Px_DOUT (if DOUT remains set, then these will be pulled-up even if disabled)
* These should be locked using GPIO_Px_PINLOCKN
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9.3.17.4 Threshold Calibration

Thresholds for backup entry and backup exit are monitored by VMON. Calibrated threshold values (coarse, fine) for two voltages are
given in DI page for all VMON channels. All other values between these two voltages can be found by linear interpolation.

9.3.17.5 Backup Battery Charging

The EFM32 Tiny Gecko 11 includes functionality for charging of the backup battery. This is done by connecting the main power and the
backup power through a resistor, and optionally a diode. The connection is configured individually for when in backup mode and when
in normal mode. When in normal mode, the connection is configured in BUINACTPWRCON in EMU_BUCTRL. BUACTPWRCON in
EMU_BUCTRL configures the connection when in backup mode. The series resistance between the two power domains is configured
in PWRRES in EMU_BUCTRL, this configuration applies both to backup mode and normal mode.

9.3.17.6 Supply Voltage Output

To be able to power external devices, the supply voltage for the backup domain is available as an output. Three switches connect the
backup supply voltage to the BU_VOUT pin. To be able to control the series resistance, the switches have different strengths: weak,
medium, and strong (strong connection has the lowest resistance). The switches are controlled using the VOUTRES in EMU_BUCTRL.
For resistor values, refer to the device data sheet Electrical Characteristics.

9.3.17.7 Voltage Probing

It is possible to internally probe the voltage levels at AVDD and BU_VIN using the ADC. To probe AVDD, AVDD needs to be selected in
POSSEL of ADCn_SINGLECTRL before performing the ADC conversion. In order to probe BU_VIN, BUVINPROBEEN in
EMU_BUCTRL needs to be set first. Then BUVDD needs to be selected in the POSSEL of ADCn_SINGLECTRL before performing the
conversion. The voltage measured by the ADC on the BUVDD channel will be 1/8 of the actual BU_VIN voltage, meaning that the result
needs to be multiplied by 8 to get the correct measurement. BU_VOUT cannot be probed internally. However, BU_VOUT can be exter-
nally connected to any pin accessible by the ADC. When making the external connection, the user must ensure that the ADC pin is not
driven to a voltage higher than the ADC power when the chip is in main mode (i.e., not in backup mode). This is already taken care of in
the chip if the ADC is not powered by the DCDC (i.e., in main mode, BU_VOUT is the same as AVDD and AVDD also powers the
ADC). If the DCDC is used to power the ADC, then the user must divide BU_VOUT outside the chip by at least a factor of 4 before
feeding it to the ADC pin. In backup mode, external connection of BU_VOUT with the ADC pin does not create any issues (as the ADC
is not available in backup mode).

9.3.17.8 EM4 Hibernate vs Backup Mode

Backup mode is a special version of EM4 Hibernate, with only three key differences:
» EM4 Hibernate has GPIO retention capability which is not present in backup mode.
* EM4 Hibernate has multiple wakeup sources shown in Table 9.3 EMU Wake-Up Triggers from Low Energy Modes on page 233.

Backup mode can only be exited when AVDD goes above rise threshold, on a hard pin reset or on a brown out on BU_VIN.
9.3.17.9 Oscillators in Backup Mode

Backup mode is equivalent to EM4 Hibernate, therefore oscillators available in EM4 Hibernate are also available in backup mode. Note
that the chosen oscillator may need to be retained (using EMU_EMA4CTRL) in order to keep it running in backup mode (settings done
for EM4 Hibernate also apply to backup mode).

9.3.17.10 Brown Out Detection in Backup Mode

When backup mode is entered, the EM4BOD switches from monitoring AVDD to monitoring BU_VIN. A brown out on BU_VIN (treated
the same as AVDD brown out in EM4 Hibernate) results in an exit from backup mode.
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9.4 Register Map

The offset register address is relative to the registers base address.

Offset Name Type Description

0x000 EMU_CTRL RwW Control Register

0x004 EMU_STATUS R Status Register

0x008 EMU_LOCK RWH Configuration Lock Register

0x00C |EMU_RAMOCTRL RW Memory Control Register

0x010 EMU_CMD WA1 Command Register

0x018 EMU_EM4CTRL RwW EM4 Control Register

0x01C |EMU_TEMPLIMITS RwW Temperature Limits for Interrupt Generation

0x020 EMU_TEMP Value of Last Temperature Measurement

0x024 EMU_IF Interrupt Flag Register

0x028 EMU_IFS WA1 Interrupt Flag Set Register

0x02C |EMU_IFC (R)W1 Interrupt Flag Clear Register

0x030 EMU_IEN RwW Interrupt Enable Register

0x034 EMU_PWRLOCK RwW Regulator and Supply Lock Register

0x03C |EMU_PWRCTRL RwW Power Control Register

0x040 |EMU_DCDCCTRL RW DCDC Control

0x04C |EMU_DCDCMISCCTRL RW DCDC Miscellaneous Control Register

0x050 EMU_DCDCZDETCTRL RW DCDC Power Train NFET Zero Current Detector Control Register

0x054 EMU_DCDCCLIMCTRL RwW DCDC Power Train PFET Current Limiter Control Register

0x058 EMU_DCDCLNCOMPCTRL RwW DCDC Low Noise Compensator Control Register

0x05C |EMU_DCDCLNVCTRL RWH DCDC Low Noise Voltage Register

0x064 EMU_DCDCLPVCTRL RW DCDC Low Power Voltage Register

0x06C |EMU_DCDCLPCTRL RW DCDC Low Power Control Register

0x070 EMU_DCDCLNFREQCTRL RwW DCDC Low Noise Controller Frequency Control

0x078 EMU_DCDCSYNC R DCDC Read Status Register

0x090 |EMU_VMONAVDDCTRL RW VMON AVDD Channel Control

0x094 |EMU_VMONALTAVDDCTRL RW Alternate VMON AVDD Channel Control

0x098 |EMU_VMONDVDDCTRL RW VMON DVDD Channel Control

0x09C |EMU_VMONIOOCTRL RW VMON IOVDDO Channel Control

0x0A4 |EMU_VMONBUVDDCTRL RW VMON BUVDD Channel Control

0x0OBC |EMU_BUCTRL RwW Backup Power Configuration Register

OxOEC |EMU_DCDCLPEMO1CFG RwW Configuration Bits for Low Power Mode to Be Applied During EMO01,
This Field is Only Relevant If LP Mode is Used in EM01

0x100 |EMU_EM23PERNORETAINCMD | W1 Clears Corresponding Bits in EM23PERNORETAINSTATUS Unlocking
Access to Peripheral

0x104 EMU_EM23PERNORETAINSTA- |R Status Indicating If Peripherals Were Powered Down in EM23, Subse-

TUS

quently Locking Access to It

silabs.com | Building a more connected world.

Rev. 1.1 | 249




Reference Manual
EMU - Energy Management Unit

Offset Name Description

0x108 EMU_EM23PERNORETAINCTRL | RW When Set Corresponding Peripherals May Get Powered Down in EM23
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9.5 Register Description

9.5.1 EMU_CTRL - Control Register

Offset Bit Position
%000 |58/ RN &R IQNTR22T L T2 2 o0lo~lowv v o ~|o
Reset g g o|lo|o|o
Access E E E E E E
z
L
n
=
O
'_
2
Name w w u
2 3 2 |2 x
Q O O Q|0
2 2 2|83
I » T |om
< AN AN | O N N
= = = ===
w w W W |Ww|w
Bit Name Reset Access Description
31:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17:16 EM4HVSCALE 0x0 RW EM4H Voltage Scale
Set EM4H voltage. Entry to EM4H will trigger voltage scaling to this voltage if voltage scale level in EM4AHVSCALE is less
than that of VSCALE
Value Mode Description
0 VSCALE2 Voltage Scale Level 2
2 VSCALEO Voltage Scale Level 0
3 RESV RESV
15:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9:8 EM23VSCALE 0x0 RW EM23 Voltage Scale
Set EM23 voltage. Entry to EM2/3 will trigger voltage scaling to this voltage if voltage scale level in EM23VSCALE is lesser
than that of VSCALE
Value Mode Description
0 VSCALE2 Voltage Scale Level 2
2 VSCALEQ Voltage Scale Level 0
3 RESV RESV
7:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
4 EM23VSCALEAU- 0 RW Automatically Configures Flash and Frequency to Wakeup From
TOWSEN EM2 or EM3 at Low Voltage

With voltage scaling on EM2/3 entry, wakeup to EMO/1 will be at the same voltage as EM2. When this bit is set the Flash
wait states and CMU clock frequency are automatically configured to safe value without needing software to configure it

prior to EM2/3 entry.
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Bit Name Reset Access Description
3 EMO1LD 0 RW Reserved for internal use. Do not change.

Reserved for internal use. Do not change.

2 EM2BODDIS 0 RW Disable BOD in EM2
This bit is used to disable BODs to minimize current in EM2. Reset with POR or Hard Pin Reset

1 EM2BLOCK 0 RW Energy Mode 2 Block
This bit is used to prevent the MCU from entering Energy Mode 2 or 3.

0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
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9.5.2 EMU_STATUS - Status Register

Offset Bit Position
0004 1583 RENSRIRIS K222 I YT 2060~ o00 0o
(=]
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Bit Name Reset Access Description
31:27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26 TEMPACTIVE 0 R Temperature Measurement Active
This signal is set during EMU Temperature measurement
25:21 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
20 EM4IORET 0 R 10 Retention Status
The status of 10 retention. Will be set upon EM4 entry based on EM4IORETMODE in EMU_EMA4CTRL. Cleared by setting
EM4UNLATCH in EMU_CMD, and can also be cleared in EM4H by the VMON.
Value Mode Description
0 DISABLED IO retention is disabled.
1 ENABLED IO retention is enbled.
19 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
18 VSCALEBUSY 0 R System is Busy Scaling Voltage
Indicates that the system is busy scaling voltage in EM0/1. Writing EMO1VSCALEO or EMO1VSCALEZ2 in EMU_CMD regis-
ter while this is set will abort the current voltage scaling process and initiate a new one
17:16 VSCALE 0x0 R Current Voltage Scale Value
This shows the current system voltage value. This gets updated after VSCALEDONE interrupt or on EM23 exit or EM4H
exit
Value Mode Description
0 VSCALE2 Voltage Scale Level 2
2 VSCALEQ Voltage Scale Level 0
3 RESV RESV
156:13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12 BURDY 0 R Backup Mode Ready

Set when the Backup power functionality is ready.
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Bit Name Reset Access Description

11:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

8 VMONFVDD 0 R VMON VDDFLASH Channel

Indicates the status of the VDDFLASH channel of the VMON.

7 VMONBUVDD 0 R VMON BUVDD Channel
Indicates the status of the BUVDD channel of the VMON.

6:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
4 VMONIOO0 0 R VMON IOVDDO Channel

Indicates the status of the IOVDDO channel of the VMON.

3 VMONDVDD 0 R VMON DVDD Channel
Indicates the status of the DVDD channel of the VMON.

2 VMONALTAVDD 0 R Alternate VMON AVDD Channel
Indicates the status of the Alternate AVDD channel of the VMON.

1 VMONAVDD 0 R VMON AVDD Channel
Indicates the status of the AVDD channel of the VMON.

0 VMONRDY 0 R VMON Ready

VMON status. When high, this bit indicates that all the enabled channels are ready. When low, it indicates that one or more
of the enabled channels are not ready.
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9.5.3 EMU_LOCK - Configuration Lock Register

Offset Bit Position
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Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:0 LOCKKEY 0x0000 RWH Configuration Lock Key

Write any other value than the unlock code to lock all EMU registers, except the interrupt registers and regulator control
registers, from editing. Write the unlock code to unlock. When reading the register, bit 0 is set when the lock is enabled.

Mode Value Description

Read Operation

UNLOCKED 0 EMU registers are unlocked
LOCKED 1 EMU registers are locked
Write Operation

LOCK 0 Lock EMU registers
UNLOCK OxADES8 Unlock EMU registers
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9.5.4 EMU_RAMOCTRL - Memory Control Register

Offset Bit Position
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Bit Name Reset Access Description

31:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
2:0 RAMPOWERDOWN  0x0 RW RAMO Blockset Power-down

RAM blockset power-down in EM23 with full access in EMO1. Block 0 may never be powered down.

Mode Value Description

NONE 0x00 None of the RAM blocks powered down

BLK3 0x4 Power down RAM block 3 (address range 0x20006000-0x20007FFF)

BLK2TO3 0x6 Power down RAM blocks 2 and above (address range
0x20004000-0x20007FFF)

BLK1TO3 0x7 Power down RAM blocks 1 and above (address range

0x20002000-0x20007FFF)
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9.5.5 EMU_CMD - Command Register

Offset Bit Position
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Bit Name Reset Access Description
31:7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 EMO1VSCALE2 0 W1 EMO01 Voltage Scale Command to Scale to Voltage Scale Level 2
Start EMO1 voltage scaling to Voltage Scale Level 2. Write to this register will trigger voltage scaling to Voltage Scale Level
2 followed by an VSCALEDONE interrupt
5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
4 EMO1VSCALEQ 0 W1 EMO01 Voltage Scale Command to Scale to Voltage Scale Level 0
Start EM01 voltage scaling to Voltage Scale Level 0. Write to this register will trigger voltage scaling to Voltage Scale Level
0 followed by an VSCALEDONE interrupt
3:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 EM4UNLATCH 0 W1 EM4 Unlatch

When entering EM4, several registers will be latched in order to maintain constant functionality throughout EM4. Upon
wakeup, these registers will be reset and can have contradictory values to the latched values. To ensure a seamless transi-
tion from EM4 to EMO, the unlatch command should be given after properly reconfiguring these latched registers. The un-

latch command can be executed after any reset condition but is only needed after EM4 wakeup.
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9.5.6 EMU_EMACTRL - EM4 Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17:16 EM4ENTRY 0x0 W1 Energy Mode 4 Entry
This register is used to enter the Energy Mode 4 sequence. Writing the sequence 2,3,2,3,2,3,2,3,2 will enter the part into
Energy Mode 4.
15:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5:4 EM4IORETMODE 0x0 RW EM4 10 Retention Disable
Determine when 10 retention will be applied and removed.
Value Mode Description
0 DISABLE No Retention: Pads enter reset state when entering EM4
1 EM4EXIT Retention through EM4: Pads enter reset state when exiting EM4
2 SWUNLATCH Retention through EM4 and Wakeup: software writes UNLATCH regis-
ter to remove retention
3 RETAINULFRCO 0 RW ULFRCO Retain During EM4S
Retain the ULFRCO upon EM4S entry. If set to 1, an already running ULFRCO will be retained in its running state in EM4.
ULFRCO will always be retained if EM4ASTATE is in EM4H.
2 RETAINLFXO 0 RW LFXO Retain During EM4
Retain the LFXO upon EM4(SH/H) entry. If set to 1, an already running LFXO will be retained in its running state in EM4.
1 RETAINLFRCO 0 RW LFRCO Retain During EM4
Retain the LFRCO upon EM4(S/H) entry. If set to 1, an already running LFRCO will be retained in its running state in EM4.
0 EM4STATE 0 RW Energy Mode 4 State

When set, the system will enter Hibernate state (EM4H) when entering EM4. In EM4H, the regulator will be on in reduced
mode allowing for RTCC. Otherwise, when entering in EM4, the regulator will be disabled allowing for lowest power mode,
Shutoff state (EM4S). Only reset with POR or Hard Pin Reset

Value Mode Description
0 EM4S EM4S Shutoff state
1 EM4H EM4H Hibernate state
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9.5.7 EMU_TEMPLIMITS - Temperature Limits for Interrupt Generation

Offset Bit Position
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Bit Name Reset Access Description
31:17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16 EM4WUEN 0 RW Enable EM4 Wakeup Due to Low/high Temperature
Enable EM4 wakeup from low or high temperature from EM4H
15:8 TEMPHIGH OxFF RwW Temperature High Limit
The TEMPHIGH interrupt flag is set when a periodic temperature measurement is equal to or higher than this value. If the
high limit is changed during a temperature measurement (TEMPACTIVE=1), the limit update will be delayed until the end of
the temperature measurement.
7:0 TEMPLOW 0x00 RW Temperature Low Limit

The TEMPLOW interrupt flag is set when a periodic temperature measurement is equal to or lower than this value. If the
low limit is changed during a temperature measurement (TEMPACTIVE=1), the limit update will be delayed until the end of

the temperature measurement.

9.5.8 EMU_TEMP - Value of Last Temperature Measurement

Offset Bit Position
%020 |58 /QI8KELR I RS2 TR T2 N2 o o/ ~ov <o a o
Reset g
o
Access x
s
Name &
}_
Bit Name Reset Access Description
31:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7:0 TEMP 0xXX R Temperature Measurement

Value of last periodic temperature measurement. Value is asynchronously updated. Value is stable for 250 ms after a tem-
perature-based interrupt (TEMPHIGH, TEMPLOW, or TEMP) and can be read with a single read operation. If register is
read not in response to a temperature-based interrupt, multiple readings should be taken until two consecutive values are

the same.
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9.5.9 EMUL_IF - Interrupt Flag Register

Offset Bit Position
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Bit Name Reset Access Description
31 TEMPHIGH 0 R Temperature High Limit Reached

Set when the value of a periodic temperature measurement is higher or equal than TEMPHIGH in EMU_TEMPLIMITS

30 TEMPLOW 0 R Temperature Low Limit Reached

Set when the value of a periodic temperature measurement is lower or equal than TEMPHIGH in EMU_TEMPLIMITS

29 TEMP 0 R New Temperature Measurement Valid

Set when a new periodic temperature measurement is available

28:26 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
25 VSCALEDONE 0 R Voltage Scale Steps Done IRQ

Will be set when all the steps needed for voltage scaling is done. For voltage upgrade, the software can start increasing
clock frequency after this interrupt. For voltage downgrade, this will indicate that hardware has finished all the steps includ-
ing updating of BOD levels and regultor controls, but voltage drop may take lot longer due to load current

24 EM23WAKEUP 0 R Wakeup IRQ From EM2 and EM3

Will be set when the system wakes up from EM2 and EM3. This interrupt can be used to run initialization code need to
reconfigure the system when returning from EM2 and EM3.

23 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
22 BURDY 0 R Backup Functionality Ready Interrupt Flag

Set when the Backup functionality is ready for use.

21 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
20 DCDCINBYPASS 0 R DCDC is in Bypass

DCDC is in bypass

19 DCDCLNRUNNING 0 R LN Mode is Running
This flag is set once the DCDC regulator has started to run in LN mode

18 DCDCLPRUNNING 0 R LP Mode is Running

This flag is set once the DCDC regulator has started to run in LP mode
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Bit Name Reset Access Description
17 NFETOVERCUR- 0 R NFET Current Limit Hit
RENTLIMIT

Reserved for internal use.

16 PFETOVERCUR- 0 R PFET Current Limit Hit
RENTLIMIT

Reserved for internal use.

15 VMONFVDDRISE 0 R VMON VDDFLASH Channel Rise
A rising edge on VMON VDDFLASH channel has been detected.

14 VMONFVDDFALL 0 R VMON VDDFLASH Channel Fall
A falling edge on VMON VDDFLASH channel has been detected.

13 VMONBUVDDRISE 0 R VMON BUVDD Channel Rise
A rising edge on VMON BUVDD channel has been detected.

12 VMONBUVDDFALL 0 R VMON BACKUP Channel Fall
A falling edge on VMON BUVDD channel has been detected.

11:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7 VMONIOORISE 0 R VMON IOVDDO Channel Rise

A rising edge on VMON IOVDDO channel has been detected.

6 VMONIOOFALL 0 R VMON IOVDDO Channel Fall
A falling edge on VMON IOVDDO channel has been detected.

5 VMONDVDDRISE 0 R VMON DVDD Channel Rise
A rising edge on VMON DVDD channel has been detected.

4 VMONDVDDFALL 0 R VMON DVDD Channel Fall
A falling edge on VMON DVDD channel has been detected.

3 VMONALTAVDD- 0 R Alternate VMON AVDD Channel Rise
RISE

A rising edge on Alternate VMON AVDD channel has been detected.

2 VMONALTAVDD- 0 R Alternate VMON AVDD Channel Fall
FALL

A falling edge on Alternate VMON AVDD channel has been detected.

1 VMONAVDDRISE 0 R VMON AVDD Channel Rise
A rising edge on VMON AVDD channel has been detected.

0 VMONAVDDFALL 0 R VMON AVDD Channel Fall
A falling edge on VMON AVDD channel has been detected.
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9.5.10 EMUL_IFS - Interrupt Flag Set Register

Offset Bit Position
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Bit Name Reset Access Description
31 TEMPHIGH 0 WA1 Set TEMPHIGH Interrupt Flag
Write 1 to set the TEMPHIGH interrupt flag
30 TEMPLOW 0 W1 Set TEMPLOW Interrupt Flag
Write 1 to set the TEMPLOW interrupt flag
29 TEMP 0 W1 Set TEMP Interrupt Flag
Write 1 to set the TEMP interrupt flag
28:26 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
25 VSCALEDONE 0 W1 Set VSCALEDONE Interrupt Flag
Write 1 to set the VSCALEDONE interrupt flag
24 EM23WAKEUP 0 W1 Set EM23WAKEUP Interrupt Flag
Write 1 to set the EM23WAKEUP interrupt flag
23 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
22 BURDY 0 W1 Set BURDY Interrupt Flag
Write 1 to set the BURDY interrupt flag
21 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
20 DCDCINBYPASS 0 W1 Set DCDCINBYPASS Interrupt Flag
Write 1 to set the DCDCINBYPASS interrupt flag
19 DCDCLNRUNNING 0 W1 Set DCDCLNRUNNING Interrupt Flag
Write 1 to set the DCDCLNRUNNING interrupt flag
18 DCDCLPRUNNING 0 W1 Set DCDCLPRUNNING Interrupt Flag

Write 1 to set the DCDCLPRUNNING interrupt flag
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Bit Name Reset Access Description
17 NFETOVERCUR- 0 WA1 Set NFETOVERCURRENTLIMIT Interrupt Flag
RENTLIMIT

Write 1 to set the NFETOVERCURRENTLIMIT interrupt flag

16 PFETOVERCUR- 0 W1 Set PFETOVERCURRENTLIMIT Interrupt Flag
RENTLIMIT

Write 1 to set the PFETOVERCURRENTLIMIT interrupt flag

15 VMONFVDDRISE 0 W1 Set VMONFVDDRISE Interrupt Flag
Write 1 to set the VMONFVDDRISE interrupt flag

14 VMONFVDDFALL 0 W1 Set VMONFVDDFALL Interrupt Flag
Write 1 to set the VMONFVDDFALL interrupt flag
13 VMONBUVDDRISE 0 W1 Set VMONBUVDDRISE Interrupt Flag

Write 1 to set the VMONBUVDDRISE interrupt flag
12 VMONBUVDDFALL 0 W1 Set VMONBUVDDFALL Interrupt Flag
Write 1 to set the VMONBUVDDFALL interrupt flag

11:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7 VMONIOORISE 0 WA1 Set VMONIOORISE Interrupt Flag
Write 1 to set the VMONIOORISE interrupt flag
6 VMONIOOFALL 0 WA1 Set VMONIOOFALL Interrupt Flag

Write 1 to set the VMONIOOFALL interrupt flag
5 VMONDVDDRISE 0 W1 Set VMONDVDDRISE Interrupt Flag
Write 1 to set the VMONDVDDRISE interrupt flag

4 VMONDVDDFALL 0 W1 Set VMONDVDDFALL Interrupt Flag
Write 1 to set the VMONDVDDFALL interrupt flag

3 VMONALTAVDD- 0 WA1 Set VMONALTAVDDRISE Interrupt Flag
RISE

Write 1 to set the VMONALTAVDDRISE interrupt flag

2 VMONALTAVDD- 0 W1 Set VMONALTAVDDFALL Interrupt Flag
FALL

Write 1 to set the VMONALTAVDDFALL interrupt flag

1 VMONAVDDRISE 0 W1 Set VMONAVDDRISE Interrupt Flag
Write 1 to set the VMONAVDDRISE interrupt flag

0 VMONAVDDFALL 0 W1 Set VMONAVDDFALL Interrupt Flag
Write 1 to set the VMONAVDDFALL interrupt flag
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9.5.11 EMU_IFC - Interrupt Flag Clear Register

Offset Bit Position
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Bit Name Reset Access Description
31 TEMPHIGH 0 (R)W1  Clear TEMPHIGH Interrupt Flag
Write 1 to clear the TEMPHIGH interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
30 TEMPLOW 0 (R)\W1  Clear TEMPLOW Interrupt Flag
Write 1 to clear the TEMPLOW interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
29 TEMP 0 (R)W1 Clear TEMP Interrupt Flag
Write 1 to clear the TEMP interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
28:26 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
25 VSCALEDONE 0 (R)W1  Clear VSCALEDONE Interrupt Flag
Write 1 to clear the VSCALEDONE interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
24 EM23WAKEUP 0 (R)\W1  Clear EM23WAKEUP Interrupt Flag
Write 1 to clear the EM23WAKEUP interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
23 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
22 BURDY 0 (R)W1 Clear BURDY Interrupt Flag
Write 1 to clear the BURDY interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
21 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
20 DCDCINBYPASS 0 (R)W1  Clear DCDCINBYPASS Interrupt Flag

Write 1 to clear the DCDCINBYPASS interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).
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Bit Name Reset Access Description
19 DCDCLNRUNNING 0 (R)W1  Clear DCDCLNRUNNING Interrupt Flag

Write 1 to clear the DCDCLNRUNNING interrupt flag. Reading returns the value of the IF and clears the corresponding
interrupt flags (This feature must be enabled globally in MSC.).

18 DCDCLPRUNNING 0 (R)W1  Clear DCDCLPRUNNING Interrupt Flag

Write 1 to clear the DCDCLPRUNNING interrupt flag. Reading returns the value of the IF and clears the corresponding
interrupt flags (This feature must be enabled globally in MSC.).

17 NFETOVERCUR- 0 (R)W1 Clear NFETOVERCURRENTLIMIT Interrupt Flag
RENTLIMIT

Write 1 to clear the NFETOVERCURRENTLIMIT interrupt flag. Reading returns the value of the IF and clears the corre-
sponding interrupt flags (This feature must be enabled globally in MSC.).

16 PFETOVERCUR- 0 (R)W1 Clear PFETOVERCURRENTLIMIT Interrupt Flag
RENTLIMIT

Write 1 to clear the PFETOVERCURRENTLIMIT interrupt flag. Reading returns the value of the IF and clears the corre-
sponding interrupt flags (This feature must be enabled globally in MSC.).

15 VMONFVDDRISE 0 (R)W1  Clear VMONFVDDRISE Interrupt Flag

Write 1 to clear the VMONFVDDRISE interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).

14 VMONFVDDFALL 0 (R)W1 Clear VMONFVDDFALL Interrupt Flag

Write 1 to clear the VMONFVDDFALL interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).

13 VMONBUVDDRISE 0 (R)W1 Clear VMONBUVDDRISE Interrupt Flag

Write 1 to clear the VMONBUVDDRISE interrupt flag. Reading returns the value of the IF and clears the corresponding
interrupt flags (This feature must be enabled globally in MSC.).

12 VMONBUVDDFALL 0 (R)W1  Clear VMONBUVDDFALL Interrupt Flag

Write 1 to clear the VMONBUVDDFALL interrupt flag. Reading returns the value of the IF and clears the corresponding
interrupt flags (This feature must be enabled globally in MSC.).

11:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7 VMONIOORISE 0 (R)W1 Clear VMONIOORISE Interrupt Flag

Write 1 to clear the VMONIOORISE interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).

6 VMONIOOFALL 0 (R)W1 Clear VMONIOOFALL Interrupt Flag

Write 1 to clear the VMONIOOFALL interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).

5 VMONDVDDRISE 0 (R)W1  Clear VMONDVDDRISE Interrupt Flag

Write 1 to clear the VMONDVDDRISE interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).

4 VMONDVDDFALL 0 (R)W1 Clear VMONDVDDFALL Interrupt Flag

Write 1 to clear the VMONDVDDFALL interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).

3 VMONALTAVDD- 0 (R)W1 Clear VMONALTAVDDRISE Interrupt Flag
RISE

Write 1 to clear the VMONALTAVDDRISE interrupt flag. Reading returns the value of the IF and clears the corresponding
interrupt flags (This feature must be enabled globally in MSC.).
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Bit Name Reset Access Description
2 VMONALTAVDD- 0 (R)W1 Clear VMONALTAVDDFALL Interrupt Flag
FALL

Write 1 to clear the VMONALTAVDDFALL interrupt flag. Reading returns the value of the IF and clears the corresponding
interrupt flags (This feature must be enabled globally in MSC.).

1 VMONAVDDRISE 0 (R)W1  Clear VMONAVDDRISE Interrupt Flag

Write 1 to clear the VMONAVDDRISE interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).

0 VMONAVDDFALL 0 (R)W1 Clear VMONAVDDFALL Interrupt Flag

Write 1 to clear the VMONAVDDFALL interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).
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9.5.12 EMU_IEN - Interrupt Enable Register

Offset Bit Position
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Bit Name Reset Access Description
31 TEMPHIGH 0 RW TEMPHIGH Interrupt Enable
Enable/disable the TEMPHIGH interrupt
30 TEMPLOW 0 RW TEMPLOW Interrupt Enable
Enable/disable the TEMPLOW interrupt
29 TEMP 0 RW TEMP Interrupt Enable
Enable/disable the TEMP interrupt
28:26 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
25 VSCALEDONE 0 RW VSCALEDONE Interrupt Enable
Enable/disable the VSCALEDONE interrupt
24 EM23WAKEUP 0 RW EM23WAKEUP Interrupt Enable
Enable/disable the EM23WAKEUP interrupt
23 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
22 BURDY 0 RW BURDY Interrupt Enable
Enable/disable the BURDY interrupt
21 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
20 DCDCINBYPASS 0 RwW DCDCINBYPASS Interrupt Enable
Enable/disable the DCDCINBYPASS interrupt
19 DCDCLNRUNNING 0 RW DCDCLNRUNNING Interrupt Enable
Enable/disable the DCDCLNRUNNING interrupt
18 DCDCLPRUNNING 0 RW DCDCLPRUNNING Interrupt Enable

Enable/disable the DCDCLPRUNNING interrupt
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Bit Name Reset Access Description
17 NFETOVERCUR- 0 RW NFETOVERCURRENTLIMIT Interrupt Enable
RENTLIMIT

Enable/disable the NFETOVERCURRENTLIMIT interrupt

16 PFETOVERCUR- 0 RW PFETOVERCURRENTLIMIT Interrupt Enable
RENTLIMIT

Enable/disable the PFETOVERCURRENTLIMIT interrupt

15 VMONFVDDRISE 0 RW VMONFVDDRISE Interrupt Enable
Enable/disable the VMONFVDDRISE interrupt

14 VMONFVDDFALL 0 RW VMONFVDDFALL Interrupt Enable
Enable/disable the VMONFVDDFALL interrupt
13 VMONBUVDDRISE 0 RW VMONBUVDDRISE Interrupt Enable

Enable/disable the VMONBUVDDRISE interrupt
12 VMONBUVDDFALL 0 RW VMONBUVDDFALL Interrupt Enable
Enable/disable the VMONBUVDDFALL interrupt

11:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7 VMONIOORISE 0 RW VMONIOORISE Interrupt Enable
Enable/disable the VMONIOORISE interrupt
6 VMONIOOFALL 0 RW VMONIOOFALL Interrupt Enable

Enable/disable the VMONIOOFALL interrupt
5 VMONDVDDRISE 0 RW VMONDVDDRISE Interrupt Enable
Enable/disable the VMONDVDDRISE interrupt

4 VMONDVDDFALL 0 RW VMONDVDDFALL Interrupt Enable
Enable/disable the VMONDVDDFALL interrupt

3 VMONALTAVDD- 0 RW VMONALTAVDDRISE Interrupt Enable
RISE

Enable/disable the VMONALTAVDDRISE interrupt

2 VMONALTAVDD- 0 RW VMONALTAVDDFALL Interrupt Enable
FALL

Enable/disable the VMONALTAVDDFALL interrupt

1 VMONAVDDRISE 0 RW VMONAVDDRISE Interrupt Enable
Enable/disable the VMONAVDDRISE interrupt

0 VMONAVDDFALL 0 RW VMONAVDDFALL Interrupt Enable
Enable/disable the VMONAVDDFALL interrupt
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9.5.13 EMU_PWRLOCK - Regulator and Supply Lock Register

Offset Bit Position
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Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:0 LOCKKEY 0x0000 RW Regulator and Supply Configuration Lock Key

Write any other value than the unlock code to lock all regulator control registers, from editing. Write the unlock code to un-
lock. When reading the register, bit 0 is set when the lock is enabled. Registers that are locked: PWRCFG, PWRCTRL and
DCDC* registers.

Mode Value Description

Read Operation

UNLOCKED 0 EMU Regulator registers are unlocked
LOCKED 1 EMU Regulator registers are locked
Write Operation

LOCK 0 Lock EMU Regulator registers
UNLOCK OxADE8 Unlock EMU Regulator registers
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9.5.14 EMU_PWRCTRL - Power Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
13 IMMEDIATEPWRS- 0 RW Allows Immediate Switching of ANASW and REGPWRSEL Bit-

WITCH fields

When set, allows immediate ANASW/REGPWRSEL switching. When cleared, Hardware protects switching of ANASW/

REGPWRSEL and switching is applied by hardware only when DCDC is stable

12:11 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10 REGPWRSEL 0 RwW This Field Selects the Input Supply Pin for the Digital LDO

Determines the power supply input used by the Digital LDO. Firmware should select DVDD as the input after startup. If

DCDC is not configured to drive DVDD, IMMEDIATEPWRSWITCH needs to be set to prior to setting this bit to immediately

make the switch. If DCDC is configured to drive DVDD, hardware will make the switch to DVDD only when DCDC is stable

Value Mode Description

0 AVDD The AVDD pin is the supply for the digital LDO. LDO current is limited
to 20 mA in this configuration.

1 DVDD The DVDD pin is the supply for the digital LDO. Firmware should set
REGPWRSEL=1 after startup, before increasing the core clock fre-
quency.

9:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5 ANASW 0 RW Analog Switch Selection

Determines the power supply routed to the analog supply (VDDX_ANA) used by the analog peripherals (e.g., ULFRCO,

LFRCO, LFXO, HFRCO, AUXHFRCO, VMON, IDAC, and ADC). Reset with POR, Hard Pin Reset, or BOD Reset. If DCDC

is not configured to drive DVDD, IMMEDIATEPWRSWITCH needs to be set to prior to setting this bit to immediately make

the switch. If DCDC is configured to drive DVDD, hardware will make the switch to DVDD only when DCDC is stable

Value Mode Description

0 AVDD Select AVDD as the analog power supply

1 DVDD Select DVDD as the analog power supply

4:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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9.5.15 EMU_DCDCCTRL - DCDC Control

Offset Bit Position
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Bit Name Reset Access Description
31:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5 DCDCMODEEM4 1 RW DCDC Mode EM4H
Determines the DCDC mode in EM4H. This bit is ignored if DCDCMODE=Bypass. Reset with POR, Hard Pin Reset, or
BOD Reset.
Value Mode Description
0 EM4SW DCDC mode is according to DCDCMODE field.
1 EM4LOWPOWER DCDC mode is low power.
4 DCDCMODEEM23 1 RwW DCDC Mode EM23
Determines the DCDC mode in EM2 and EM3. This bit is ignored if DCDCMODE=Bypass. Reset with POR, Hard Pin Re-
set, or BOD Reset.
Value Mode Description
0 EM23SW DCDC mode is according to DCDCMODE field.
1 EM23LOWPOWER DCDC mode is low power.
3:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1:0 DCDCMODE 0x3 RW Regulator Mode

Determines the operating mode of the DCDC regulator. Reset with POR, Hard Pin Reset, or BOD Reset.

Value Mode Description
0 BYPASS DCDC regulator is operating in bypass mode. Prior to configuring
DCDCMODE=BYPASS, software must set

EMU_DCDCCLIMCTRL.BYPLIMEN=1 to prevent excessive current
between VREGVDD and DVDD supplies.

1 LOWNOISE DCDC regulator is operating in low noise mode.
2 LOWPOWER DCDC regulator is operating in low power mode.
3 OFF DCDC regulator is off and the bypass switch is off. Note: DVDD must

be supplied externally
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9.5.16 EMU_DCDCMISCCTRL - DCDC Miscellaneous Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:30 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
29:28 LPCMPBIASEM234H 0x0 RW LP Mode Comparator Bias Selection for EM23 or EM4H
LP mode comparator bias selection. Reset with POR, Hard Pin Reset, or BOD Reset.
Value Mode Description
0 BIASO Maximum load current less than 75uA.
1 BIAS1 Maximum load current less than 500uA.
2 BIAS2 Maximum load current less than 2.5mA.
3 BIAS3 Maximum load current less than 10mA.
27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:24 LNCLIMILIMSEL 0x3 RW Current Limit Level Selection for Current Limiter in LN Mode
High-side current limiter's current limit level selection in low noise mode. The recommended setting is calculated by LNCLI-
MILIMSEL=(I_MAX+40mA)*1.5/(5mA*(PFETCNT+1))-1, where |_MAX is the maximum average current allowed to the load,
and 40mA represents the current ripple with some margin, and the factor of 1.5 accounts for detecting error and other varia-
tions. For strong (i.e., low internal impedance) battery, it is recommended to have |_MAX=200mA. |_MAX should never be
set higher than 200mA to avoid reliability issues. Reset with POR, Hard Pin Reset, or BOD reset.
23 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
22:20 LPCLIMILIMSEL 0x1 RW Current Limit Level Selection for Current Limiter in LP Mode
Sets high-side current limit in low power mode, with maxixum current equal to 40 mA*(1+LPCLIMILIMSEL). Recommend
setting LPCLIMILIMSEL=1, corresponding to a maximum current of 80 mA for optimal efficiency and to support up to 10
mA loads when LPCMPBIASEM234H=0x3. Reset with POR, Hard Pin Reset, or BOD reset.
19:16 BYPLIMSEL 0x0 RW Current Limit in Bypass Mode
Set current limit in bypass mode when BYPLIMEN equals one. The limit is from 20mA to 320mA, with 20mA/step. Reset
with POR, Hard Pin Reset, or BOD Reset.
15:12 NFETCNT 0x7 RW NFET Switch Number Selection

Low Noise mode NFET power switch count number. The selected number of switches are NFETCNT+1. This may cause a
very momentary efficiency hit. Reset with POR, Hard Pin Reset, or BOD Reset.
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Bit Name Reset Access Description
11:8 PFETCNT 0x7 RW PFET Switch Number Selection

Low Noise mode PFET power switch count number. The selected number of switches are PFETCNT+1. Reset with POR,
Hard Pin Reset, or BOD Reset.

7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5 LNFORCECCMIMM 0 RW Force DCDC Into CCM Mode Immediately, Based on LNFOR-
CECCM

When set, this bit allows software to change LNFORCECCM bit and have the change take effect while DCDC is running.
Otherwise, LNFORCECCM must be programmed prior to enabling the DCDC.

4:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2 LPCMPHYSHI 1 RW Comparator Threshold on the High Side

Reserved for internal use. Should always be set to 1.

1 LPCMPHYSDIS 1 RW Disable LP Mode Hysteresis in the State Machine Control

Reserved for internal use. Should always be set to 1.

0 LNFORCECCM 0 RW Force DCDC Into CCM Mode in Low Noise Operation

When this bit is set to 0 in low noise mode, the zero detector is configured as zero-crossing detector and the DCDC will be
in forced CCM mode. The threshold set by ZDETILIMSEL will be ignored. When this bit is set to 1 in low noise mode, the
zero detector is configured as reverse-current limiter and the DCDC will be in DCM mode. The reverse current limit level is
set by ZDETILIMSEL. In low power mode, the zero detector is always configured as zero-crossing detector. Reset with
POR, Hard Pin Reset, or BOD reset.
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9.5.17 EMU_DCDCZDETCTRL - DCDC Power Train NFET Zero Current Detector Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9:8 ZDETBLANKDLY 0x1 RW Reserved for internal use. Do not change.
Reserved for internal use. Do not change.
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6:4 ZDETILIMSEL 0x5 RW Reverse Current Limit Level Selection for Zero Detector
Zero detector is reconfigured as low-side reverse current limiter when LNFORCECCM=1 in LN mode. The configuration of
this register is calculated by the allowed average reverse current |_RMAX through the equation: ZDETILIMSEL=(I_RMAX
+40mA)*1.5/(2.5mA*(NFETCNT+1)), where 40mA represents the current ripple with some margin, and the factor of 1.5 ac-
counts for detecting error and other variations. When the battery can tolerate large reverse current, it is recommended to
have |_RMAX=160mA to maximize ZDETILIMSEL to 7 with NFETCNT=15. Note that when LNFORCECCM=1 but ZDETI-
LIMSEL=0, the DCDC’s behavior will be very similar to when LNFORCECCM=0 - that is, the DCDC will be in DCM mode.
When LNFORCECCM=0, the zero detector will only detect zero-crossings (reverse-current limit=0 mA) and this register is
ignored. Reset with POR, Hard Pin Reset, or BOD reset.
3:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions

silabs.com | Building a more connected world.

Rev.1.1 | 274




Reference Manual
EMU - Energy Management Unit

9.5.18 EMU_DCDCCLIMCTRL - DCDC Power Train PFET Current Limiter Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
13 BYPLIMEN 0 RW Bypass Current Limit Enable
Bypass current limit enable. Setting this bit limits maximum current drawn from DCDC input supply while DCDC is in BY-
PASS mode. Note that the device will see an additional ~10 pA of current draw when BYPLIMEN=1 and Bypass Mode is
enabled. To prevent this excess current, applications should disable the Bypass Current Limit (BYPLIMEN=0) once the
DVDD voltage has reached the main supply voltage in Bypass Mode. Reset with POR, Hard Pin Reset, or BOD Reset.
12:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9:8 CLIMBLANKDLY 0x1 RwW Reserved for internal use. Do not change.
Reserved for internal use. Do not change.
7:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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9.519 EMU_DCDCLNCOMPCTRL - DCDC Low Noise Compensator Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:28 COMPENCS3 0x5 RW Low Noise Mode Compensator C3 Trim Value
LN mode compensator C3 trim, 0.5pF-8pF in 0.5pF steps. Reset with POR, Hard Pin Reset, or BOD Reset.
27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:24 COMPENC2 0x7 RwW Low Noise Mode Compensator C2 Trim Value
LN mode compensator C2 trim, 1pF-8pF in 1pF steps. Reset with POR, Hard Pin Reset, or BOD Reset.
23:22 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
21:20 COMPENC1 0x2 RW Low Noise Mode Compensator C1 Trim Value
LN mode compensator C1 trim, 0.15pF-0.60pF in 0.15pF step. Reset with POR, Hard Pin Reset, or BOD Reset.
19:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:12 COMPENR3 0x4 RW Low Noise Mode Compensator R3 Trim Value
LN mode compensator r3 trim, 5-80KOhm in 5Khom steps. Reset with POR, Hard Pin Reset, or BOD Reset.
11:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8:4 COMPENR2 0x07 RW Low Noise Mode Compensator R2 Trim Value
LN mode compensator r2 trim, 50-1600KOhm, in 50KOhm steps. Reset with POR, Hard Pin Reset, or BOD Reset.
3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2:0 COMPENR1 0x7 RW Low Noise Mode Compensator R1 Trim Value

LN mode compensator r1 trim, 500-1200kOhm, in 100KOhm steps. Reset with POR, Hard Pin Reset, or BOD Reset.
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9.5.20 EMU_DCDCLNVCTRL - DCDC Low Noise Voltage Register

Offset Bit Position
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31:15 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
14:8 LNVREF 0x71 RWH Low Noise Mode VREF Trim
Low noise mode Vref trim. LNATT and LNVREF set the output of the DCDC to 3*(1+LNATT)*(235.48+3.226*"LNVREF).
Customers should use the emlib functions for configuring this field. Reset with POR, Hard Pin Reset, or BOD Reset.
7:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1 LNATT 0 RW Low Noise Mode Feedback Attenuation
Low noise mode feedback attenuation. Customers should use the emlib functions for configuring this field. Reset with POR,
Hard Pin Reset, or BOD Reset.
Value Mode Description
0 DIV3 Feedback Ratio is 1/3
1 DIV6 Feedback Ratio is 1/6
0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
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9.5.21 EMU_DCDCLPVCTRL - DCDC Low Power Voltage Register

Offset Bit Position
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Bit Name Reset Access Description
31:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8:1 LPVREF 0xB4 RW LP Mode Reference Selection for EM23 and EM4H
Select Vref level. Maximum available code is 8'b11100111. LPATT and LPVREFSEL set the output of the DCDC to
4*(1+LPATT)*(30+LPVREF)*2.2mV. Customers should use the emlib functions for configuring this field. Reset with POR,
Hard Pin Reset, or BOD Reset.
0 LPATT 0 RW Low Power Feedback Attenuation

Low power feedback attenuation select. Customers should use the emlib functions for configuring this field. Reset with

POR, Hard Pin Reset, or BOD Reset.

Description

Value Mode
0 DIV4
1 DIV8

Feedback Ratio is 1/4
Feedback Ratio is 1/8
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9.5.22 EMU_DCDCLPCTRL - DCDC Low Power Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:25 LPBLANK 0x1 RW Reserved for internal use. Do not change.
Reserved for internal use. Do not change.
24 LPVREFDUTYEN 1 RW LP Mode Duty Cycling Enable
Allow duty cycling of the bias. This is to minimize DC bias. Reset with POR, Hard Pin Reset, or BOD Reset.
23:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:12 LPCMPHYSSE- 0x0 RW LP Mode Hysteresis Selection for EM23 and EM4H
LEM234H
User-programmable hysteresis level for the low power comparator. Hysteresis voltage at the output is
4*(1+LPATT)*LPCMPHYSSEL*3.13mv. Customers should use the emlib functions for configuring this field. Reset with
POR, Hard Pin Reset, or BOD Reset.
11:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions

silabs.com | Building a more connected world. Rev. 1.1 | 279




Reference Manual
EMU - Energy Management Unit

9.5.23 EMU_DCDCLNFREQCTRL - DCDC Low Noise Controller Frequency Control

Offset Bit Position
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Bit Name Reset Access Description
31:29 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
28:24 RCOTRIM 0x10 RW Reserved for internal use. Do not change.
Reserved for internal use. Do not change.
23:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2:0 RCOBAND 0x0 RW LN Mode RCO Frequency Band Selection

Low noise mode RCO frequency selection. 0~7: 3~8.95MHz, approximately 0.85MHz/step. Reset with POR, Hard Pin Re-
set, or BOD Reset.

9.5.24 EMU_DCDCSYNC - DCDC Read Status Register
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31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 DCDCCTRLBUSY 0 R DCDC CTRL Register Transfer Busy

Indicates the status of the DCDCCTRL transfer to the EMU OSC clock domain. Software cannot re-write the DCDCCTRL
register until this signal goes low.
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9.5.25 EMU_VMONAVDDCTRL - VMON AVDD Channel Control

Offset Bit Position
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Bit Name Reset Access Description
31:24 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
23:20 RISETHRES- 0x0 RW Rising Threshold Coarse Adjust
COARSE
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETN.
19:16 RISETHRESFINE 0x0 RW Rising Threshold Fine Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETN.
15:12 FALLTHRES- 0x0 RW Falling Threshold Coarse Adjust
COARSE
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETn.
11:8 FALLTHRESFINE 0x0 RW Falling Threshold Fine Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETN.
7:4 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
3 FALLWU 0 RW Fall Wakeup
When set, a wakeup from EM4H will take place upon a falling edge. Reset with SYSEXTENDEDRESETn.
2 RISEWU 0 RW Rise Wakeup
When set, a wakeup from EM4H will take place upon a rising edge. Reset with SYSEXTENDEDRESETn.
1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 EN 0 RW Enable

Set this bit to enable the AVDD VMON. Reset with SYSEXTENDEDRESETnN.
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9.5.26 EMU_VMONALTAVDDCTRL - Alternate VMON AVDD Channel Control

Offset Bit Position
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Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:12 THRESCOARSE 0x0 RW Threshold Coarse Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETn.
11:8 THRESFINE 0x0 RW Threshold Fine Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETn.
7:4 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
3 FALLWU 0 RW Fall Wakeup
When set, a wakeup from EM4H will take place upon a falling edge. Reset with SYSEXTENDEDRESETn.
2 RISEWU 0 RW Rise Wakeup
When set, a wakeup from EM4H will take place upon a rising edge. Reset with SYSEXTENDEDRESETN.
1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 EN 0 RW Enable

Set this bit to enable the ALTAVDD VMON. Reset with SYSEXTENDEDRESETn.
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9.5.27 EMU_VMONDVDDCTRL - VMON DVDD Channel Control

Offset Bit Position
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Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:12 THRESCOARSE 0x0 RW Threshold Coarse Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETn.
11:8 THRESFINE 0x0 RW Threshold Fine Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETn.
7:4 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
3 FALLWU 0 RW Fall Wakeup
When set, a wakeup from EM4H will take place upon a falling edge. Reset with SYSEXTENDEDRESETn.
2 RISEWU 0 RW Rise Wakeup
When set, a wakeup from EM4H will take place upon a rising edge. Reset with SYSEXTENDEDRESETN.
1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 EN 0 RW Enable

Set this bit to enable the DVDD VMON. Reset with SYSEXTENDEDRESETN.
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9.5.28 EMU_VMONIOOCTRL - VMON IOVDDO Channel Control

Offset Bit Position
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Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:12 THRESCOARSE 0x0 RW Threshold Coarse Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETn.
11:8 THRESFINE 0x0 RW Threshold Fine Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETn.
7:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
4 RETDIS 0 RW EM4 100 Retention Disable
When set, the |00 Retention will be disabled when this 100 voltage drops below the threshold set. Reset with SYSEXTEN-
DEDRESETN.
3 FALLWU 0 RW Fall Wakeup
When set, a wakeup from EM4H will take place upon a falling edge. Reset with SYSEXTENDEDRESETn.
2 RISEWU 0 RW Rise Wakeup
When set, a wakeup from EM4H will take place upon a rising edge. Reset with SYSEXTENDEDRESETnN.
1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 EN 0 RW Enable

Set this bit to enable the |00 VMON. Reset with SYSEXTENDEDRESETN.
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9.5.29 EMU_VMONBUVDDCTRL - VMON BUVDD Channel Control

Offset Bit Position
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Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:12 THRESCOARSE 0x0 RW Threshold Coarse Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETn.
11:8 THRESFINE 0x0 RW Threshold Fine Adjust
Check VMON section for programming the threshold value. Reset with SYSEXTENDEDRESETn.
7:4 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
3 FALLWU 0 RW Fall Wakeup
When set, a wakeup from EM4H will take place upon a falling edge. Reset with SYSEXTENDEDRESETn.
2 RISEWU 0 RW Rise Wakeup
When set, a wakeup from EM4H will take place upon a rising edge. Reset with SYSEXTENDEDRESETN.
1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 EN 0 RW Enable

Set this bit to enable the BUVDD VMON.
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9.5.30 EMU_BUCTRL - Backup Power Configuration Register

Offset Bit Position
x0BC 5|8 RRKNLRIQYNTR2R TR I N T2 0 wo/~olv/ <o ~|o
(=) (=) (] (=]
Reset o S S 3 S o|o|o
Access |Z 5 z z z AE
&
zZ zZ
O e} i
o [he
2 : ¢ 3
o
Name O E = » a -
= o
< < 5 74 = z | K
= 4 b e =) S |«
) ) ) = 6] S|e |z
a m m o > m|w | W
Bit Name Reset Access Description
31 DISMAXCOMP 0 RW Disable MAIN-BU Comparator
Should be set to 1 if no backup battery is connected.
30:22 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
21:20 BUINACTPWRCON  0x0 RW Power Connection Configuration When Not in Backup Mode
Value Mode Description
0 NONE No connection.
1 MAINBU Main power and backup power are connected through a diode, allow-
ing current to flow from main power source to backup power source,
but not the other way.
2 BUMAIN Main power and backup power are connected through a diode, allow-
ing current to flow from backup power source to main power source,
but not the other way.
3 NODIODE Main power and backup power are connected without diode.
19:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17:16 BUACTPWRCON 0x0 RW Power Connection Configuration in Backup Mode
Value Mode Description
0 NONE No connection.
1 MAINBU Main power and backup power are connected through a diode, allow-
ing current to flow from backup power source to main power source,
but not the other way.
2 BUMAIN Main power and backup power are connected through a diode, allow-
ing current to flow from main power source to backup power source,
but not the other way.
3 NODIODE Main power and backup power are connected without diode.
15:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
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Bit Name Reset Access Description
13:12 PWRRES 0x0 RW Power Domain Resistor Select

Select value of series resistor between main power domain and backup power domain.

Value Mode Description
0 RESO Main power and backup power connected with RESO series resistance.
1 RES1 Main power and backup power connected with RES1 series resistance.
2 RES2 Main power and backup power connected with RES2 series resistance.
3 RES3 Main power and backup power connected with RES3 series resistance.
11:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9:8 VOUTRES 0x0 RW BU_VOUT Resistor Select
Disconnect or select resistance between backup domain power supply (AVDD in main mode and BU_VIN in backup mode)
and BU_VOUT.
Value Mode Description
0 DIS BU_VOUT is not connected
1 WEAK Enable weak switch between BU_VOUT and backup domain power
supply.
2 MED Enable medium switch between BU_VOUT and backup domain power
supply.
3 STRONG Enable strong switch between BU_VOUT and backup domain power
supply.
7:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2 BUVINPROBEEN 0 RW Enable BU_VIN Probing

When enabled, BU_VIN/8 is generated (to be measured using the ADC).

1 STATEN 0 RW Enable Backup Mode Status Export

When enabled, BU_STAT will indicate when backup mode is active.

0 EN 0 RW Enable Backup Mode

Backup mode will be entered when main power browns out and backup battery is present.
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9.5.31 EMU_DCDCLPEMO01CFG - Configuration Bits for Low Power Mode to Be Applied During EMO01, This Field is Only Rele-
vant If LP Mode is Used in EM01

Offset Bit Position
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Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:12 LPCMPHYSSE- 0x0 RW LP Mode Hysteresis Selection for EM01
LEMO1
LP mode hysteresis voltage in at the output is 4*(1+LPATT)*LPCMPHYSSEL*3.13mV. Customers should use the emlib
functions for configuring this field.
11:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9:8 LPCMPBIASEMO1 0x3 RW LP Mode Comparator Bias Selection for EM01
Reserved for internal use. Do not change.
Value Mode Description
0 BIASO Maximum load current less than 75uA.
1 BIAS1 Maximum load current less than 500uA.
2 BIAS2 Maximum load current less than 2.5mA.
3 BIAS3 Maximum load current less than 10mA.
7:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
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9.5.32 EMU_EM23PERNORETAINCMD - Clears Corresponding Bits in EM23PERNORETAINSTATUS Unlocking Access to Pe-

ripheral
Offset Bit Position
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Bit Name Reset Access Description
31:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17 LCDUNLOCK 0 W1 Clears Status Bit of LCD and Unlocks Access to It
clears status bit of LCD and unlocks access to it
16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15 LEUARTOUNLOCK 0 W1 Clears Status Bit of LEUARTO0 and Unlocks Access to It
clears status bit of LEUARTO and unlocks access to it
14 CSENUNLOCK 0 WA1 Clears Status Bit of CSEN and Unlocks Access to It
clears status bit of CSEN and unlocks access to it
13 LESENSEOUNLOCK 0 W1 Clears Status Bit of LESENSEO and Unlocks Access to It
clears status bit of LESENSEO and unlocks access to it
12 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
11 WDOGOUNLOCK 0 W1 Clears Status Bit of WDOGO0 and Unlocks Access to It
clears status bit of WDOGO and unlocks access to it
10 LETIMEROUNLOCK 0 WA1 Clears Status Bit of LETIMERO and Unlocks Access to It
clears status bit of LETIMERO and unlocks access to it
9 ADCOUNLOCK 0 W1 Clears Status Bit of ADC0 and Unlocks Access to It
clears status bit of ADCO and unlocks access to it
8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7 DACOUNLOCK 0 WA1 Clears Status Bit of DACO0 and Unlocks Access to It
clears status bit of DACO and unlocks access to it
6 I2C1UNLOCK 0 W1 Clears Status Bit of 12C1 and Unlocks Access to It
clears status bit of I2C1 and unlocks access to it
5 I2COUNLOCK 0 W1 Clears Status Bit of 12C0 and Unlocks Access to It

clears status bit of 12C0 and unlocks access to it
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Bit Name Reset Access Description

4:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

2 PCNTOUNLOCK 0 W1 Clears Status Bit of PCNTO0 and Unlocks Access to It

clears status bit of PCNTO and unlocks access to it

1 ACMP1UNLOCK 0 W1 Clears Status Bit of ACMP1 and Unlocks Access to It

clears status bit of ACMP1 and unlocks access to it

0 ACMPOUNLOCK 0 WA1 Clears Status Bit of ACMPO0 and Unlocks Access to It

clears status bit of ACMPO and unlocks access to it
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9.5.33 EMU_EM23PERNORETAINSTATUS - Status Indicating If Peripherals Were Powered Down in EM23, Subsequently
Locking Access to It

Offset Bit Position
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Bit Name Reset Access Description
31:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17 LCDLOCKED 0 R Indicates If LCD Powered Down During EM23
Indicates if LCD powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PERNORE-
TAINCMD
16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15 LEUARTOLOCKED 0 R Indicates If LEUARTO0 Powered Down During EM23
Indicates if LEUARTO powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PER-
NORETAINCMD
14 CSENLOCKED 0 R Indicates If CSEN Powered Down During EM23
Indicates if CSEN powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PERNOR-
ETAINCMD
13 LESENSEOLOCKED 0 R Indicates If LESENSEO Powered Down During EM23
Indicates if LESENSEO powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PER-
NORETAINCMD
12 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
11 WDOGOLOCKED 0 R Indicates If WDOGO Powered Down During EM23
Indicates if WDOGO powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PER-
NORETAINCMD
10 LETIMEROLOCKED 0 R Indicates If LETIMERO Powered Down During EM23
Indicates if LETIMERO powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PER-
NORETAINCMD
9 ADCOLOCKED 0 R Indicates If ADCO Powered Down During EM23
Indicates if ADCO powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PERNOR-
ETAINCMD
8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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Bit Name Reset Access Description

7 DACOLOCKED 0 R Indicates If DACO Powered Down During EM23
Indicates if DACO powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PERNOR-
ETAINCMD

6 12C1LOCKED 0 R Indicates If 2C1 Powered Down During EM23
Indicates if I2C1 powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PERNORE-
TAINCMD

5 I2COLOCKED 0 R Indicates If 2C0 Powered Down During EM23
Indicates if 12C0 powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PERNORE-
TAINCMD

4:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions

2 PCNTOLOCKED 0 R Indicates If PCNT0 Powered Down During EM23
Indicates if PCNTO powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PER-
NORETAINCMD

1 ACMP1LOCKED 0 R Indicates If ACMP1 Powered Down During EM23
Indicates if ACMP1 powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PER-
NORETAINCMD

0 ACMPOLOCKED 0 R Indicates If ACMPO Powered Down During EM23

Indicates if ACMPO powered down during EM23. Access to this peripheral locked until this bit cleared using EM23PER-
NORETAINCMD
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9.5.34 EMU_EM23PERNORETAINCTRL - When Set Corresponding Peripherals May Get Powered Down in EM23

Offset Bit Position
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Bit Name Reset Access Description
31:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17 LCDDIS 0 RW Allow Power Down of LCD During EM23
Allow power down of LCD during EM23
16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15 LEUARTODIS 0 RW Allow Power Down of LEUARTO During EM23
Allow power down of LEUARTO during EM23
14 CSENDIS 0 RW Allow Power Down of CSEN During EM23
Allow power down of CSEN during EM23
13 LESENSEODIS 0 RW Allow Power Down of LESENSEO During EM23
Allow power down of LESENSEO during EM23
12 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
11 WDOGODIS 0 RW Allow Power Down of WDOGO During EM23
Allow power down of WDOGO during EM23
10 LETIMERODIS 0 RW Allow Power Down of LETIMERO During EM23
Allow power down of LETIMERO during EM23
9 ADCODIS 0 RW Allow Power Down of ADCO0 During EM23
Allow power down of ADCO during EM23
8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
7 VDACODIS 0 RW Allow Power Down of DACO During EM23
Allow power down of DACO during EM23
6 12C1DIS 0 RW Allow Power Down of 12C1 During EM23
Allow power down of 12C1 during EM23
5 I12CODIS 0 RW Allow Power Down of 12C0 During EM23
Allow power down of 12C0 during EM23
4:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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Bit Name Reset Access Description

2 PCNTODIS 0 RW Allow Power Down of PCNTO0 During EM23
Allow power down of PCNTO during EM23

1 ACMP1DIS 0 RW Allow Power Down of ACMP1 During EM23

Allow power down of ACMP1 during EM23

0 ACMPODIS 0 RwW Allow Power Down of ACMPO During EM23
Allow power down of ACMPQ during EM23
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10. CMU - Clock Management Unit

Quick Facts
What?

s The CMU controls oscillators and clocks. EFM32 Ti-
ny Gecko 11 supports 6 different oscillators with
minimized power consumption and short start-up
time. The CMU has HW support for calibration of RC
oscillators.

— - WDOG clock 1 [ Why?
- LETIMER clock Oscillators and clocks contribute significantly to the

power consumption of an MCU. Low power oscilla-

- LEUART clock tors combined with a flexible clock control scheme

— make it possible to minimize the energy consump-
tion in any given application.

- Peripheral B clock The CMU can configure different clock sources, ena-

ble/disable clocks to peripherals on an individual ba-

Oscillators CMU

Y

I Peripheral C clock "ﬂﬂmmﬂmm sis and set the prescaler for the different clocks. The
short oscillator start-up times makes duty-cycling be-
I Peripheral D clock ]ﬂmmmmﬂm tween active mode and the different low energy

modes (EM2 DeepSleep, EM3 Stop, and EM4 Hi-

L CPU clock bernate/Shutoff) very efficient. The calibration fea-

ture ensures high accuracy RC oscillators. Several
interrupts are available to avoid CPU polling of flags.

10.1 Introduction

The Clock Management Unit (CMU) is responsible for controlling the oscillators and clocks in the EFM32 Tiny Gecko 11. The CMU
provides the capability to turn on and off the clock on an individual basis to all peripheral modules in addition to enable/disable and
configure the available oscillators. The high degree of flexibility enables software to minimize energy consumption in any specific appli-
cation by not wasting power on peripherals and oscillators that do not need to be active.

10.2 Features

» Multiple clock sources available:
* 4 MHz - 48 MHz High Frequency Crystal Oscillator (HFXO)
* 1 MHz - 48 MHz High Frequency RC Oscillator (HFRCO)
* 1 MHz - 48 MHz Auxiliary High Frequency RC Oscillator (AUXHFRCO)
» 32768 Hz Low Frequency Crystal Oscillator (LFXO)
» 32768 Hz Low Frequency RC Oscillator (LFRCO)
» 1000 Hz Ultra Low Frequency RC Oscillator (ULFRCO)
» All oscillator sources are low power.
» Fast start-up times.
» Spectrum-Spreading Digital Phase-Locked Loop.

» Separate prescalers for High Frequency Core Clocks (HFCORECLK), Bus Clocks (HFBUSCLK), and Peripheral Clocks
(HFPERCLK, HFPERBCLK, HFPERCCLK).

+ Individual clock prescaler selection for each Low Energy Peripheral.

» Clock gating on an individual basis to core modules and all peripherals.

» Selectable clock output to external pins and/or PRS.

* Wakeup interrupt for LFRCO or LFXO ready allows entry into EM2 DeepSleep while waiting for low-frequency oscillator startup. This
avoids the need for software polling and saves power during oscillator startup.

* Auxiliary 1 MHz - 48 MHz RC oscillator (AUXHFRCO), which is asynchronous to the HFSRCCLK system clock, can be selected for
ADC operation, LESENSE timing and debug trace.
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10.3 Functional Description

An overview of the high frequency portion of the CMU is shown in Figure 10.1 CMU Overview - High Frequency Portion on page 297.
An overview of the low frequency portion is shown in Figure 10.2 CMU Overview - Low Frequency Portion on page 298. These figures
show the CMU for the largest device in the EFM32 family. Refer to the Configuration Summary in the device data sheet to see which
core, and peripheral modules, and therefore clock connections, are present in a specific device.
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Availability of oscillators and clocks in Energy Modes:

- Available in EMO/EM1
- Available in EMO/EM1/EM2
Available in EMO/EM1/EM2/EM3
- Available in EMO/EM1/EM2/EM3/EM4H
- Available in EMO/EM1/EM2/EM4H/EM4S
- Available in EMO/EM1/EM2/EM3/EM4H/EM4S
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Figure 10.1. CMU Overview - High Frequency Portion
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CMU_HFBUSCLKENO.LE
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Availability of oscillators and clocks in Energy Modes:
- Available in EMO/EM1 HFCLKLE g‘r’;’/;c‘;'g _
- Available in EMO/EM1/EM2 (12, 14, 18)
- Available in EMO/EM1/EM2/EM3
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- Available in EMO/EM1/EM2/EM4H/EM4S
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Figure 10.2. CMU Overview - Low Frequency Portion

10.3.1 System Clocks

Available system clock sources are detailed in the following sections.
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10.3.1.1 HFCLK - High Frequency Clock

HFSRCCLK is the selected High Frequency Source Clock. HFCLK is an optionally prescaled version of HFSRCCLK. The HFSRCCLK,
and therefore HFCLK, can be driven by a high-frequency oscillator, such as HFRCO, HFRCODIV2 (see DPLL 10.3.12.1 Enabling and
Disabling) or HFXO, or one of the low-frequency oscillators (LFRCO or LFXO). Additionally, HFSRCCLK can also be driven from a pin
(CLKINO) described in 10.3.6 Clock Input From a Pin. By default the HFRCO is selected. In most applications, one of the high frequen-
cy oscillators will be the preferred choice. To change the selected clock source, write to the HF bitfield in CMU_HFCLKSEL. The high
frequency clock source can also be changed automatically by hardware as explained in 10.3.2.4.1 Automatic HFXO Start. The currently
selected source for HFSRCCLK and HFCLK can be read from CMU_HFCLKSTATUS. The HFSRCCLK is running in EMO Active and
EM1 Sleep and is automatically stopped in EM2 DeepSleep. During Voltage Scaling (see 9.3.9 Voltage Scaling), if a fixed frequency
oscillator source (i.e. HFXO or CLKINO) exceeds the maximum system frequency supported, it must be disabled or not selected. Like-
wise, an adjustable oscillator source (i.e. HFRCO or AUXHFRCO) must be configured to not exceed the maximum system frequency
supported before voltage scaling is applied.

Note: If a low frequency clock (i.e. LFRCO or LFXO) is selected as source clock for HFSRCCLK via the HF bitfield in
CMU_HFCLKSEL, then no register reads should be performed from Low Energy Peripherals for registers which can change value ev-
ery clock cycle (e.g., a counter register). In addition to the peripherals on LFACLK, LFBCLK and LFECLK, this restriction applies in
general to any low frequency peripheral, which is not directly or indirectly clocked from HFSRCCLK (e.g., WDOGn).

HFCLK can optionally be prescaled by setting PRESC in CMU_HFPRESC to a non-zero value. This prescales HFCLK to all high fre-
quency components and is typically used to save energy in applications where the system is not required to run at the highest frequen-
cy. The prescaler setting can be changed dynamically and the new setting takes effect immediately. HFCLK is used by the CMU and
drives the prescalers that generate HFCORECLK, HFBUSCLK and HFPERCLK, HFPERBCLK, HFPERCCLK allowing for flexible clock
prescaling. HFCLK is used for Bus and Memory System modules as for example the Bus Matrix, MSC and DMEM. HFCLK is also used
to drive the bus interface to the Low Energy Peripherals as described further in 10.3.1.6 LFACLK - Low Frequency a Clock,
10.3.1.7 LFBCLK - Low Frequency B Clock and 10.3.1.8 LFECLK - Low Frequency E Clock. Some of the modules that are driven by
HFCLK can be clock gated completely when not in use. This is done by clearing the clock enable bit for the specific module in
CMU_HFBUSCLKENO. Table 10.1 Clock Domain (HFCLK, HFBUSCLK) Per Peripheral on page 300 shows which peripherals are in
the HFCLK domain.

10.3.1.2 HFCORECLK - High Frequency Core Clock

HFCORECLK is a prescaled version of HFCLK. This clock drives the Core Modules, which consists of the CPU and modules that are
tightly coupled to the CPU (e.g., the cache). The prescale factor for prescaling HFCLK into HFCORECLK is set using the
CMU_HFCOREPRESC register. The setting can be changed dynamically and the new setting takes effect immediately.

Note: If HFPERCLK, HFPERBCLK, HFPERCCLK runs faster than HFCORECLK, the number of clock cycles for each bus-access to
peripheral modules will increase with the ratio between the clocks. Refer to 4.2.4 Bus Matrix for more details.
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10.3.1.3 HFBUSCLK - High Frequency Bus Clock

HFBUSCLK is a prescaled version of HFCLK. HFBUSCLK is used to drive modules such as GPIO and GPCRC. The prescale factor for
prescaling HFCLK into HFBUSCLK is set using the CMU_HFBUSPRESC register. The setting can be changed dynamically and the
new setting takes effect immediately. Some of the modules that are driven by HFBUSCLK can be clock gated completely when not in
use. This is done by clearing the clock enable bit for the specific module in CMU_HFBUSCLKENO.

Table 10.1 Clock Domain (HFCLK, HFBUSCLK) Per Peripheral on page 300 shows which peripheral is in what clock domain (HFCLK
or HFBUSCLK).

Table 10.1. Clock Domain (HFCLK, HFBUSCLK) Per Peripheral

Peripheral Bus Clock

LE HFCLK
PRS HFCLK
LDMA HFCLK
MSC HFCLK
SMU HFCLK
CRYPTOO HFBUSCLK
GPIO HFBUSCLK
GPCRC HFBUSCLK
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10.3.1.4 HFPERCLK, HFPERBCLK, HFPERCCLK - High Frequency Peripheral Clocks

Like HFCORECLK, also HFPERCLK, HFPERBCLK, and HFPERCCLK are prescaled versions of HFCLK. These clocks drive the High-
Frequency Peripherals. All the peripherals that are driven by these clocks can be clock gated individually when not in use. This is done
by clearing the clock enable bit for the specific peripheral in CMU_HFPERCLKENO or CMU_HFPERCLKEN1. All high frequency pe-
ripheral clocks can be universally and simultaneously gated by clearing the HFPERCLKEN bit in the CMU_CTRL register. The prescale
factors for prescaling HFCLK into HFPERCLK, HFPERBCLK, and HFPERCCLK are set using the CMU_HFPERPRESC,
CMU_HFPERPRESCB, and CMU_HFPERPRESCC registers respectively. The setting can be changed dynamically and the new set-
ting takes effect immediately.

Table 10.2 Peripheral Clock Domains (HFPERCLK, HFPERBCLK, HFPERCCLK) Per Peripheral on page 301 shows which peripheral
is in what peripheral clock domain.

Table 10.2. Peripheral Clock Domains (HFPERCLK, HFPERBCLK, HFPERCCLK) Per Peripheral

Peripheral Peripheral Clock

TIMER1 HFPERCLK
WTIMERO HFPERCLK
WTIMER1 HFPERCLK
USARTO HFPERCLK
USART1 HFPERCLK
USART3 HFPERCLK
UARTO HFPERCLK
CANO HFPERCLK
TRNGO HFPERCLK
TIMERO HFPERBCLK
USART2 HFPERBCLK
ACMPO HFPERCCLK
ACMP1 HFPERCCLK
12C0 HFPERCCLK
12C1 HFPERCCLK
ADCO HFPERCCLK
CRYOTIMER HFPERCCLK
VDACO HFPERCCLK
CSEN HFPERCCLK

Note: If HFPERCLK, HFPERBCLK or HFPERCCLK runs faster than HFCORECLK, the number of clock cycles for each bus-access to
peripheral modules will increase with the ratio between the clocks. E.g. if a bus-access normally takes three cycles, it will take 9 cycles
of HFCORECLK if HFPERCLK runs three times as fast as HFCORECLK.

10.3.1.5 ADCnCLK - ADC Core Clock

ADCNCLK is a selectable core clock for ADCn. There are three selectable sources for ADCnCLK: HFSRCCLK, HFXO and AUXHFR-
CO. In addition, the ADCnCLK can be disabled, which is the default setting. The selection is configured using the ADCnCLKSEL field in
CMU_ADCCTRL. The ADCNCLKINV bit in CMU_ADCCTRL can be used to invert ADCnCLK. The ADCnCLKDIV bitfield in
CMU_ADCCTRL can be used to prescale ADCnCLK. The bus interface of ADCn is clocked with HFBUSCLK.
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10.3.1.6 LFACLK - Low Frequency a Clock

LFACLK is the selected clock for the Low Energy A Peripherals. There are several selectable sources for LFACLK: LFRCO, LFXO and
ULFRCO. In addition, the LFACLK can be disabled, which is the default setting. The selection is configured using the LFA field in
CMU_LFACLKSEL.

The bus interface to the Low Energy A Peripherals is clocked by HFCLK| g and this clock therefore needs to be enabled when program-
ming a Low Energy (LE) peripheral.

Each Low Energy Peripheral that is clocked by LFACLK has its own prescaler setting and enable bit. The prescaler settings are config-
ured using CMU_LFAPRESCO and the clock enable bits can be found in CMU_LFACLKENQO.

When operating in oversampling mode, the pulse counters are clocked by LFACLK. This is configured for each pulse counter (n) indi-
vidually by setting PCNTnCLKSEL in CMU_PCNTCTRL.

10.3.1.7 LFBCLK - Low Frequency B Clock

LFBCLK is the selected clock for the Low Energy B Peripherals. There are several selectable sources for LFBCLK: LFRCO, LFXO,
HFCLKLE and ULFRCO. In addition, the LFBCLK can be disabled, which is the default setting. The selection is configured using the
LFB field in CMU_LFBCLKSEL. The HFCLKLE setting allows the Low Energy B Peripherals to be used as high-frequency peripherals.

The bus interface to the Low Energy B Peripherals is clocked by HFCLK| g and this clock therefore needs to be enabled when program-
ming a LE peripheral.

Note: If HFCLKLE is selected as LFBCLK, the clock will stop in EM2 DeepSleep and EM3 Stop.

Each Low Energy Peripheral that is clocked by LFBCLK has its own prescaler setting and enable bit. The prescaler settings are config-
ured using CMU_LFBPRESCO and the clock enable bits can be found in CMU_LFBCLKENO.

10.3.1.8 LFECLK - Low Frequency E Clock

LFECLK is the selected clock for the Low Energy E Peripherals. There are several selectable sources for LFECLK: LFRCO, LFXO and
ULFRCO. In addition, the LFECLK can be disabled, which is the default setting. The selection is configured using the LFE field in
CMU_LFECLKSEL.

The bus interface to the Low Energy E Peripherals is clocked by HFCLK| g and this clock therefore needs to be enabled when program-
ming a LE peripheral.

Note: LFECLK is in a different power domain than LFACLK and LFBCLK, which makes it available all the way down to EM4 Hibernate.

Each Low Energy Peripheral that is clocked by LFECLK has its own prescaler setting and enable bit. The prescaler settings are config-
ured using CMU_LFEPRESCO and the clock enable bits can be found in CMU_LFECLKENO.

10.3.1.9 PCNTNCLK - Pulse Counter N Clock

Each available pulse counter is driven by its own clock, PCNTnCLK where n is the pulse counter instance number. Each pulse counter
can be configured to use an external pin (PCNTn_S0) or LFACLK as PCNTnCLK.

10.3.1.10 WDOGnNCLK - Watchdog Timer Clock

The Watchdog Timer (WDOGn) can be configured to use one of many different clock sources. Refer to CLKSEL field in WDOGn_CTRL
for a complete list.

10.3.1.11 CRYOCLK - CRYOTIMER Clock

The CRYOTIMER clock can be configured to use one of many different clock sources. Refer to OSCSEL field in CRYOTIMER_CTRL
for a complete list. The CRYOTIMER can also run in EM4 Hibernate/Shutoff provided that its selected clock is kept enabled as config-
ured in EMU_EMA4CTRL.
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10.3.1.12 AUXCLK - Auxiliary Clock

AUXCLK is a 1 MHz - 48 MHz clock driven by a separate RC oscillator, the AUXHFRCO. This clock can be used for ADC operation
LESENSE operation. When the AUXHFRCO is selected as the ADCn clock via the ADCnCLKSEL bitfield in the CMU_ADCCTRL regis-
ter, or if needed by LESENSE, this clock will become active automatically when needed. Even if the AUXHFRCO has not been enabled
explicitly by software, the ADC or LESENSE can automatically start and stop it. The AUXHFRCO is explicitly enabled by writing a 1 to
AUXHFRCOEN in CMU_OSCENCMD. This explicit enabling is required when selecting the AUXCLK for SWO operation.

10.3.1.13 Debug Trace Clock

The CMU selects the clock used for debug trace via the DBGCLKSEL register. The user can use HFRCODIV2, AUXHFRCO or the
HFCLK. The selected debug trace clock will be used to run the Cortex-MO+ trace logic.

Note: When using AUXHFRCO as the debug trace clock, it must be stopped before entering EM2 or EM3.

10.3.2 Oscillators

Control of the various oscillators available in the device is detailed in the following sections.
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10.3.2.1 Enabling and Disabling

The different oscillators can typically be enabled and disabled via both hardware and software mechanisms. Enabling via software is
done by setting the corresponding enable bit in the CMU_OSCENCMD register. Disabling via software is done by setting the corre-
sponding disable bit in CMU_OSCENCMD. Enabling via hardware can be performed by various peripherals and varies per oscillator.
Disabling via hardware is typically performed on entry of low energy modes. The enable and disable mechanisms for each of the oscil-
lators are summarized in Table 10.3 Software Based and Hardware Based Enabling and Disabling of Oscillators on page 304 and de-
scribed in more detail below.

Table 10.3. Software Based and Hardware Based Enabling and Disabling of Oscillators

Oscillator SW Enable SW Disable HW Enable HW Disable
ULFRCO - - Enabled when in EM4S entry depending
EMO/EM1/EM2/EM3/ on configuration in
EM4H. EMU_EMA4CTRL.
LFRCO Via LFRCOEN in Via LFRCODIS in Via WDOGn if it is config- | EM3 entry. EM4 entry
CMU_OSCENCMD. CMU_OSCENCMD. ured to use LFRCO as its | depending on configura-
clock source via the tion in EMU_EM4CTRL.
CLKSEL bitfield in
WDOGnN_CTRL while
SWOSCBLOCK is set.
LFXO Via LFXOEN in Via LFXODIS in Via WDOGn if it is config- | EM3 entry. EM4 entry
CMU_OSCENCMD. CMU_OSCENCMD. ured to use LFXO as its | depending on configura-
clock source via the tion in EMU_EM4CTRL.
CLKSEL bitfield in
WDOGnN_CTRL while
SWOSCBLOCK is set.
HFRCO Via HFRCOEN in Via HFRCODIS in Reset exit. EM2/EM3 ex- | EM2/EM3/EM4 entry. Au-
CMU_OSCENCMD. CMU_OSCENCMD. it. Automatic control by | tomatic control by
LEUART RX/TX DMA LEUART RX/TX DMA
wake-up as configured in | wake-up as configured in
LEUARTn_CTRL. LEUARTN_CTRL. Auto-
matic start and selection
of HFXO causes HFRCO
disable.
AUXHFRCO Via AUXHFRCOEN in Via AUXHFRCODIS in Automatic control by EM2/EM3/EM4 entry. Au-
CMU_OSCENCMD. CMU_OSCENCMD. ADC and LESENSE. tomatic control by ADC
and LESENSE even in
EM2/EM3.
HFXO Via HFXOEN in Via HFXODIS in Automatic start by EM2/EM3/EM4 entry.

CMU_OSCENCMD.

CMU_OSCENCMD.

EMO/EM1 entry as con-
figured in
CMU_HFXOCTRL.
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10.3.2.1.1 LFRCO and LFXO

The LFXO and LFRCO can be enabled and disabled by software via the CMU_OSCENCMD register. WDOGnN can be configured to
force the LFXO or LFRCO to become (and remain) enabled when such an oscillator is selected as its clock source via the CLKSEL
bitfield in the WDOGnN_CTRL register while SWOSCBLOCK is set. In that case LFXODIS and LFRCODIS commands are blocked.
They are automatically disabled when entering EM3. Upon EM4 entry they are default turned off, but they can optionally be retained
depending on the EMU_EMA4CTRL configuration. Retaining of the LFXO or LFRCO in EM4 is needed if such an oscillator is required by
a specific peripheral in EM4. Retaining can also be used to guarantee quick oscillator availability after EM4 exit.

The oscillators should never be retained in case they are off before entering EM4. The following are the valid ways of using the LFXO/
LFRCO retention mechanism:

* Turn on LFXO/LFRCO always (even in EM4):
1.POR
2.Enable LFXO/LFRCO
3. Enable RETAINLFXO/RETAINLFRCO
4.EM4 entry
5.LFXO/LFRCO are retained and remain running in EM4
6. EM4 wakeup
7.Enable LFXO/LFRCO
8.Set EMAUNLATCH in EMU_CMD
* Turn off LFXO/LFRCO in EM4:
1.POR
2.Disable RETAINLFXO/RETAINLFRCO (default)
3. Enable LFXO/LFRCO
4. EM4 entry
5.LFXO/LFRCO are off in EM4
6. EM4 wakeup
7.Enable LFXO/LFRCO
8.Set EMAUNLATCH in EMU_CMD
* Turn on LFXO/LFRCO after EM4 exit:
1.POR
2.Disable RETAINLFXO/RETAINLFRCO (default)
3. Enable LFXO/LFRCO
4.EM4 entry
5.LFXO/LFRCO are off in EM4
6. EM4 wakeup
7.Enable LFXO/LFRCO
8.Set EMAUNLATCH in EMU_CMD
9. Enable RETAINLFXO/RETAINLFRCO

In summary RETAINLFXO/RETAINLFRCO should either be changed once after POR and kept static, or they can be changed on-the-fly
only after asserting EM4AUNLATCH.

Note:

* In order to support usage of LFRCO and LFXO in EM4, their settings are automatically latched upon EM4 entry. These settings
remain latched upon wake-up from EM4 to EMO although the related registers (CMU_LFRCOCTRL, CMU_LFXOCTRL,
CMU_LFECLKSEL, CMU_LFECLKENO and CMU_LEEPRESCO) will have been reset. The registers can be rewritten by software,
but they will only affect the LFRCO and LFXO after unlatching their settings by setting EM4AUNLATCH in the EMU_CMD register.

* Turning off the LFRCO and LFXO upon EM4 Hibernate/Shutoff entry is most easily done by using the RETAINLFRCO and RE-
TAINLFXO bitfields from the EMU_EMA4CTRL register, which are default such that the LFRCO and LFXO are turned off automatical-
ly upon EM4 Hibernate/Shutoff entry. Alternatively the LFRCO and LFXO can be disabled via the CMU_OSCENCMD register, in
which case software should wait for the oscillators to be properly disabled before executing the EM4 Hibernate/Shutoff entry routine.

After enabling the LFRCO (or LFXO), it should not be disabled before it has been signaled to be ready. Similarly, after disabling the
LFRCO (or LFXO), it should not be re-enabled before it has been signaled to be non-ready. Before entering EM4, software should
check that the LFRCO (or LFXO) is signaled to be ready before allowing or initiating the EM4 entry if that oscillator is required in EM4.
Also, to guarantee latching the latest settings, no control write should be ongoing upon EM4 entry as can be checked via the
CMU_SYNCBUSY register. Typical enable and disable sequences are as follows:
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CMJ >OSCENCVD = CMJ_OSCENCMD_L FRCCEN;
whi | e ((CMJ- >STATUS & CMJ_STATUS_LFRCORDY) != CMJ_STATUS LFRCORDY);

CMJ- >OSCENCMD = CMJ_OSCENCMD_LFRCOD! S;
whi | e ((CMUJ->STATUS & CMJ STATUS LFRCORDY) == CMJ_STATUS_ LFRCORDY):

When the LFXO is disabled, the interface to the LFXTAL_N and LFXTAL_P pins are set in a high-Z state. The XTAL oscillations will not
stop immediately when LFXO is disabled, but typically die out gradually over some 100 ms. If the LFXO is enabled before XTAL oscilla-
tions have had time to reach zero amplitude, startup time can be significantly shorter.

Note: The LFRCORDY and LFXORDY interrupts can be used to wake up the system from EM2 DeepSleep. In this way busy waiting
for the LFRCO or LFXO to become ready can be avoided by going into EM2 after enabling these oscillators and sleeping until the inter-
rupt causes a wakeup.

10.3.2.1.2 ULFRCO

The ULFRCO is automatically enabled in EMO, EM1, EM2, EM3, and EM4H and cannot be controlled via CMU_OSCENCMD. It is auto-
matically disabled upon entering EM4S unless prevented by the configuration in EMU_EMA4CTRL.

10.3.2.1.3 HFRCO

The HFRCO can be enabled and disabled by software via the CMU_OSCENCMD register. The HFRCO is disabled automatically when
entering EM2, EM3, or EM4. Further hardware based enabling and disabling can be performed by the LEUART when using automatic
RX/TX DMA wakeup as controlled by the RXDMAWU and TXDMAWU bits in the LEUARTn_CTRL register. An automatic start and se-
lection of the HFXO will lead to an automatic HFRCO disabling. Since HFRCO also serves as the local oscillator for DPLL
(10.3.12 Digital Phase-Locked Loop), it is enabled/disabled when DPLL is enabled/disabled.

The supported HFRCO frequency range is from 1 MHz to 48 MHz. The default HFRCO frequency is 19 MHz

10.3.2.1.4 HFXO

The HFXO can be enabled and disabled by software via the CMU_OSCENCMD register. The HFXO is disabled automatically when
entering EM2, EM3, or EM4. Hardware based HFXO enabling can be initiated by various peripherals as configured via theAUTOSTAR-
TEMOEM1, and AUTOSTARTSELEMOEM1 bits in the CMU_HFXOCTRL register. The interaction between hardware based and soft-
ware based control of the HFXO is further explained in 10.3.2.4.1 Automatic HFXO Start.

The supported HFXO frequency range is from 4 MHz to 48 MHz.

After enabling the HFXO, it should not be disabled before it has been signaled to be enabled. Similarly, after disabling the HFXO it
should not be re-enabled before it has been signaled to be non-enabled. Typical enable and disable sequences are as follows:

OMJ- >OSCENCMD = CMJ_OSCENCMD._HFXCEN;
whil e ((CMU->STATUS & CMJ_STATUS_HFXCENS) != CMU_STATUS HFXCENS);

CMJ- >OSCENCMD = CMJ_OSCENCMD_HFXODI S;
whi | e ((CMJ >STATUS & CMJ_STATUS_HFXCENS) == CMJ_STATUS_HFXCENS) ;
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10.3.2.1.5 AUXHFRCO

The AUXHFRCO can be enabled and disabled by software via the CMU_OSCENCMD register. The AUXHFRCO is disabled automati-
cally when entering EM2, EM3, or EM4. Hardware based AUXHFRCO enabling and disabling is however performed by the ADC mod-
ule when AUXCLK is selected for its operation and by the LESENSE module making it available even when being in EM2/EM3.

The supported AUXHFRCO frequency range is from 1 MHz to 48 MHz. The default AUXHFRCO frequency is 19 MHz

After enabling the AUXHFRCO, it should not be disabled before it has been signaled to be enabled. Similarly, after disabling the
AUXHFRCO, it should not be re-enabled before it has been signaled to be non-enabled. Typical enable and disable sequences are as
follows:

COM+ >OSCENCMD = CMJ_OSCENCMD_AUXHFRCCEN;
whi | e ((CMU->STATUS & CMJ_STATUS_AUXHFRCOENS) != COMJ_STATUS AUXHFROCENS)

CMU- >0SCENCVD = CMJ_OSCENCVD_AUXHFRCODI S;
whil e ((CMU>STATUS & CMJ_STATUS AUXHFRCOENS) == CMJ_STATUS AUXHFRCCENS) ;

Note: When using AUXHFRCO as the debug trace clock (as selected in CMU_DBGCLKSEL), it must be stopped before entering EM2
or EM3.
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10.3.2.2 Oscillator Start-up Time and Time-out

The start-up time differs per oscillator and the usage of an oscillator clock can further be delayed by a time-out. The LFRCO, LFXO and
the HFXO have a configurable time-out which is set by software in the (various) TIMEOUT bitfields of the CMU_LFRCOCTRL,
CMU_LFXOCTRL and CMU_HFXOTIMEOUTCTRL registers respectively. The time-out delays the assertion of the READY signal for
LFRCO, LFXO and HFXO and should allow for enough time for the oscillator to stabilize. The time-out can be optimized for the chosen
crystal (for LFXO and HFXO) used in the application. In case LFRCO and/or LFXO has been retained throughout EM4 Hibernate/Shut-
off, such retained oscillators can be quickly restarted for use as LFACLK, LFBCLK or LFECLK by using the minimum TIMEOUT set-
tings for them. For the other RC oscillators (HFRCO, AUXHFRCO, and ULFRCO), the start-up time is known and a fixed time-out is
used.

There are individual bits in the CMU_STATUS register for each oscillator indicating the status of the oscillator:
« ENABLED - Indicates that the oscillator is enabled
* READY - Start-up time including time-out is exceeded

These status bits are located in the CMU_STATUS register.

Additionaly, the HFXO has a second time-out counter which can be used to achieve deterministic start-up time based on timing from
the LFXO, ULFRCO, or LFRCO. This second counter runs off LFECLK and can be programmed via the LFTIMEOUT bitfield in the
CMU_HFXOCTRL register. It can be used when waking up from EM2 when either ULFRCO, LFRCO or LFXO is already running and
stable. In this case the HFXO ready assertion can be delayed with the number of LFECLK cycles as programmed in LFTIMEOUT. The
HFXO ready signal is asserted when both the TIMEOUT counter (configured via the CMU_HFXOTIMEOUTCTRL register) and the
LFTIMEOUT counter (configured via CMU_HFXOCTRL register) have timed out as shown in Figure 10.3 CMU Deterministic HFXO
startup using LFTIMEOUT on page 308. The TIMEOUT should cover the actual crystal startup time. Typically the time base used for
the TIMEOUT counter is not as accurate as the time base accuracy that can be achieved for the LFTIMEOUT counter, specifically if
that one is based on the LFXO timing. If LFTIMEOUT is triggered before TIMEOUT is triggered, then the LFTIMEOUTERR bitfield in
CMU_IF will be set to 1. Note that use of LFTIMEOUT requires that the peripheral causing the wake-up is on the LFECLK domain.

Wake-up from EM2 with automatic HFXO start HFXO stable (non-deterministic) HFXO ready (deterministic) Automatic switch to HFXO and disable of HFRCO

CMU_STATUS.HFXORDY

CMU_STATUS.HFXOENS

CMU_HFCLKSEL.HF = HFXO

status

BEREEEREERENR

HFCLK

HFRCO

HFXO j j

TIMEOUT (based on CMU_HFXOTIMEOUTCTRL)

wew [T L f 1

LFTIMEOUT (counting LFECLK cycles)
-t >

S
S s a=e

clocks

Figure 10.3. CMU Deterministic HFXO startup using LFTIMEOUT

The startup behavior of the HFXO also depends on how and how long the HFXO is disabled.
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10.3.2.3 Switching Clock Source

The HFRCO oscillator is a low energy oscillator with extremely short start-up time. Therefore, this oscillator is always chosen by hard-
ware as the clock source for HFCLK when the device starts up (e.g., after reset and after waking up from EM2 DeepSleep and EM3
Stop). After reset, the HFRCO frequency is 19 MHz.

Software can switch between the different clock sources at run-time. For example, when the HFRCO is the clock source, software can
switch to HFXO by writing the field HF in the CMU_HFCLKSEL command register. See Figure 10.4 CMU Switching from HFRCO to
HFXO before HFXO is ready on page 309 for a description of the sequence of events for this specific operation.

Note: Before switching the HFCLKSRC to HFXO via the HF bitfield in CMU_HFCLKSEL it is important to first enable the HFXO.
Switching to a disabled oscillator will effectively stop HFSRCCLK and only a reset can recover the system.

When selecting an oscillator which has been enabled, but which is not ready yet, the HFSRCCLK will stop for the duration of the oscilla-
tor start-up time since the oscillator driving it is not ready. This effectively stalls the Core Modules and the High-Frequency Peripherals.
It is possible to avoid this by first enabling the target oscillator (e.g., HFXO) and then waiting for that oscillator to become ready before
switching the clock source. This way, the system continues to run on the HFRCO until the target oscillator (e.g., HFXO) has timed out
and provides a reliable clock. This sequence of events is shown in Figure 10.5 CMU Switching from HFRCO to HFXO after HFXO is

ready on page 310.

A separate flag is set when the oscillator is ready. This flag can also be configured to generate an interrupt.
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CMU_STATUS.HFRCOENS |

CMU_STATUS.HFRCOSEL |

status

CMU_STATUS..HFXORDY
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Figure 10.4. CMU Switching from HFRCO to HFXO before HFXO is ready
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Figure 10.5. CMU Switching from HFRCO to HFXO after HFXO is ready

Switching clock source for LFACLK, LFBCLK, and LFECLK is done by setting the LFA, LFB and LFE bitfields in CMU_LFACLKSEL,
CMU_LFBCLKSEL and CMU_LFECLKSEL respectively. To ensure no stalls in the Low Energy Peripherals, the clock source should be
ready before switching to it.

Note: To save energy, remember to turn off all oscillators not in use.
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10.3.2.4 HFXO Configuration

The High Frequency Crystal Oscillator needs to be configured to ensure safe startup for the given crystal. Refer to the device data
sheet and application notes for guidelines in selecting correct components and crystals as well as for configuration trade-offs.

The HFXO crystal is connected to the HFXTAL_N/HFXTAL_P pins as shown in Figure 10.6 HFXO Pin Connection on page 311

Gecko Device
HFXTAL_N
4.0 -50.0 MHz
or HFXTAL_P
4.0 -25.0 MHz
with Clock Doubler
\D\
1ur
Crune Crune ?g
Cu1 Cr2

Figure 10.6. HFXO Pin Connection

By default the HFXO is started in crystal mode (XTAL), but it is possible to connect an active external sine wave or square wave clock
source to the HFXTAL_N pin of the HFXO. By configuring the MODE field in CMU_HFXOCTRL to ACBUFEXTCLK (for external AC
coupled sine wave) or DCBUFEXTCLK (for external DC coupled sine wave) or DIGEXTCLK (for external square wave), the HFXO can
be bypassed and the source clock can be provided through the HFXTAL_N pin. When using external clock source, the HFXTAL_P pin
is available to be used as regular GPIO.

Upon enabling the HFXO, a hardware state machine sequentially applies the configurable startup state and steady state control set-
tings from the CMU_HFXOSTARTUPCTRL and CMU_HFXOSTEADYSTATECTRL registers. Configuration is required for both the
startup state and the steady state of the HFXO. After reaching the steady operation state of the HFXO, further optimization can option-
ally be performed to optimize the HFXO for current consumption by an automatic Peak Detection Algorithm (PDA). HFXO operation is
possible without PDA at the cost of higher current consumption than required. Furthermore, the oscillator amplitude can be kept stable
by an automatic Peak Monitoring Algorithm (PMA) implemented in hardware. PMA is performed at every rising edge of ULFRCO, when
it is enabled via the PEAKMONEN bitfield of CMU_HFXOSTEADYSTATECTRL register (enabled by default). PDA and PMA can only
be activated in XTAL mode.
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Figure 10.7. CMU HFXO control state machine
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Refer to the device data sheet to find the configuration values for a given crystal. The startup state configuration needs to be written into
the IBTRIMXOCORE and CTUNE bitfields of the CMU_HFXOSTARTUPCTRL register. The duration of the startup phase is configured
in the STARTUPTIMEOUT bitfield of the CMU_HFXOTIMEOUTCTRL register. Similarly, the device data sheet provides the steady
state configuration depending on the crystal's CL, RESR and oscillation frequency. This configuration is programmed into the IBTRIM-
XOCORE and CTUNE bitfields of the CMU_HFXOSTEADYSTATECTRL register. The duration of the steady phase is configured in the
STEADYTIMEOUT bitfield of the CMU_HFXOTIMEOUTCTRL register.

All HFXO configuration needs to be performed prior to enabling the HFXO via HFXOEN in CMU_OSCENCMD unless noted otherwise.
The HFXOENS flag in CMU_STATUS indicates if the HFXO has been successfully enabled. Once the HFXO startup time (STARTUP-
TIMEOUT plus STEADYTIMEOUT) has exceeded, the HFXO is ready for use as indicated by the HFXORDY flag in CMU_STATUS. If
PDA is enabled, the HFXOPEAKDETRDY flag in the CMU_STATUS register indicates when this algorithm is ready and it is advised to
also wait for this flag before using the HFXO.

The HFXO crystal bias current may be optimized and set to a value which decreases output phase noise without sacrificing PSR. This
is done by programming the recommended IBTRIMXOCORE value into the CMU_HFXOSTEADYSTATECTRL register. The built-in
Peak Detector Algorithm (PDA) performs further optimization to accommodate for process variations. Once PDA is ready as indicated
by the HFXOPEAKDETRDY flag, the VALID flag in CMU_HFXOTRIMSTATUS register becomes 1 indicating that PDA found optimal
bias current setting and this setting is available in the IBTRIMXOCORE bitfield of the CMU_HFXOTRIMSTATUS register. This IBTRIM-
XOCORE setting should be saved and can be applied directly during a future HFXO startup as a low power setting by programming it
into the corresponding bitfield in CMU_HFXOSTEADYSTATECTRL while the HFXO is off. This is done automatically if HFXO is started
with PEAKDETMODE register field of CMU_HFXOCTRL set to ONCECMD and in this case PDA is skipped upon repeated HFXO start-

up.

Default PDA is started automatically once the HFXO has become ready. Repeated PDA can be triggered by writing HFXOPEAKDET-
START to 1 in the CMU_CMD register. PDA can also be triggered only by the command register by configuring PEAKDETMODE to
CMD in the CMU_HFXOCTRL register before starting the HFXO. The PEAKDETTIMEOUT bitfield in the CMU_HFXOTIMEOUTCTRL
register is used to time the PDA steps and needs to be configured according to the device data sheet for the given crystal. The PEAK-
DETEN bitfield of the CMU_HFXOSTEADYSTATECTRL register is only used during manual (i.e. fully software controlled) peak detec-
tion and is ignored during automatic or command based triggering of the PDA. Note that the manual PDA mode is not recommended for
general usage and therefore it is not further described. PDA and PMA should not be used when using an external wave as clock
source.
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10.3.2.4.1 Automatic HFXO Start

The enabling of the HFXO and its selection as HFSRCCLK source can be performed automatically by hardware. Automatic control of
the HFXO is controlled via the AUTOSTARTSELEMOEM1 and AUTOSTARTEMOEM1 bits in the CMU_HFXOCTRL register. It further
depends on the energy mode of the EFM32 .

An automatic HFXO enable is performed only if any of the following conditions are met:
* EFM32 is in EMO/EM1 and AUTOSTARTEMOEM1 or AUTOSTARTSELEMOEM1 are set to 1.

An automatic HFXO select is performed only if any of the following conditions is met:
+ EFM32 is in EMO/EM1 and AUTOSTARTSELEMOEM1 is set to 1.

Whenever any of the conditions for automatic HFXO enable is met, software is not allowed to disable the HFXO. An attempt to do so
(e.g., by writing 1 to the HFXODIS bit) is ignored and causes the HFXODISERR bit in the CMU_IF register to be set to 1. Similarly,
whenever any of the conditions for automatic HFXO selection is met, software is not allowed to deselect the HFXO as clock source for
HFSRCCLK. An attempt to do so (e.g., by selecting another clock source via CMU_HFCLKSEL) is ignored and causes the HFXODI-
SERR bit in the CMU_IF register to be set to 1. Note that CMUERR is not implied by HFXODISERR. CMUERR will not get set to 1 for
the above scenarios in which HFXODISERR gets set.

Software can only disable or deselect the HFXO after removing all of the HFXO automatic enable or select reasons. The HFXO is only
disabled by hardware upon EM2, EM3 or EM4 entry.

In case that AUTOSTARTSELEMOEM1 is set to 1 in EMO/EM1 (irrespective of the other autostart bits), the HFXO select will occur im-
mediately, even if HFXO is not ready yet. Upon wake-up into EMO/EM1 this can therefore lead to a relatively long startup time as the
system will not start operating from the HFRCO as it would otherwise do.

Note that the user should take care that the settings in the MSC_READCTRL and CMU_CTRL registers, as described in 10.3.3 Config-
uration for Operating Frequencies, are compatible with HFXO frequency before enabling the HFXO automatic startup feature. A basic
automatic HFXO start scenario is shown in Figure 10.8 CMU Automatic Startup and Selection of HFXO on page 314.

EMO/EM1 entry with CMU_HFXOCTRL.AUTOSTARTSELEMOEM1 = 1 HFXO ready Automatic switch to HFXO (and disable of HFRCO)

CMU_STATUS.HFRCORDY

CMU_STATUS . HFRCOENS

CMU_HFCLKSTATUS .HF = HFRCO

status

CMU_STATUS . HFXORDY

CMU_STATUS.HFXOENS

CMU_HFCLKSTATUS.HF = HFXO

HFCLK

o

S LN

clocks

Figure 10.8. CMU Automatic Startup and Selection of HFXO

If an automatic selection of HFXO is performed, which switches the clock source used for HFSRCCLK, then the HFXOAUTOSW bit in
CMU_IF is set to 1. After automatic enable and selection of the HFXO, the HFRCO is automatically disabled in case it is running. The
disabling of a running HFRCO is signalled via the HFRCODIS bit in CMU_IF. This only applies to the HFRCO. If for example the LFXO
was used as HFSRCCLK at the time of automatic selection of the HFXO, the LFXO remains unaffected.

The interaction between automatic HFXO startup and selection with startup and selection of HFRCO is shown in Figure 10.9 CMU
HFRCO Startup/Selection While Awaiting Automatic HFXO Startup/Selection on page 315.
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Figure 10.9. CMU HFRCO Startup/Selection While Awaiting Automatic HFXO Startup/Selection
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10.3.2.5 LFXO Configuration

The Low Frequency Crystal Oscillator (LFXO) is default configured to ensure safe startup for all crystals. In order to optimize startup
time and power consumption for a given crystal, it is possible to adjust the startup gain in the oscillator by programming the GAIN field
in CMU_LFXOCTRL. Recommendations for the GAIN setting are as follows:

1.C0 must be < 2 pF

2.For 12.5 pF < CL < 18 pF, GAIN =3
3.For 8 pF <CL <12.5 pF, GAIN =2
4.For 6 pF <CL <8 pF, GAIN =1
5.For CL=6 pF, GAIN=0

Refer to the device data sheet and application notes for guidelines in selecting correct components and crystals as well as for configu-
ration trade-offs.

The LFXO can be retained on in EM4 Hibernate/Shutoff. In that case its required configuration is latched/retained throughout EM4 even
though the CMU_LFXOCTRL register itself will be reset. Upon EM4 exit, the CMU_LFXOCTRL register therefore needs to be reconfig-
ured to its original settings and the LFXO needs to be restarted via CMU_OSCENCMD, before optionally unlatching the retained LFXO
configuration by writing 1 to EM4UNLATCH in the EMU_CMD register. The LFXO startup time is configured via the TIMEOUT bitfield of
the CMU_LFXOCTRL register. If the LFXO has been retained throughout EM4 Hibernate/Shutoff, it can be quickly restarted for use as
LFACLK, LFBCLK or LFECLK by using its minimum TIMEOUT setting. While retained, the LFXO can be used down to EM4 Hibernate
as source for LFECLK and down to EM4 Shutoff as source for CRYOCLK.

The LFXO crystal is connected to the LEXTAL_N/LFXTAL_P pins as shown in Figure 10.10 LFXO Pin Connection on page 316.

Gecko Device

LFXTAL_N
E |

LFXTAL_P

32.768kHz

—0

Cruning

Crunine =/ —
7

Figure 10.10. LFXO Pin Connection

By configuring the MODE field in CMU_LFXOCTRL, the LFXO can be bypassed, and an external clock source can be connected to the
LFXTAL_N pin of the LFXO oscillator. If MODE is set to BUFEXTCLK, an external active sine source can be used as clock source. If
MODE is set to DIGEXTCLK, an external active CMOS source can be used as clock source.

The LFXO includes on-chip tunable capacitance, which can replace external load capacitors. The TUNING bitfield of the
CMU_LFXOCTRL register is used to tune the internal load capacitance connected between LFXTAL_P and ground and LFXTAL_N
and ground symmetrically. The capacitance range and step size information is available in the device data sheets. Use the formula
below to calculate the TUNING bitfield:

TUNING = ((desiredTotalLoadCap * 2 - Min(C_rxo 7))/ CLFx0_TS)
Figure 10.11. CMU LFXO Tuning Capacitance Equation

These tunable capacitors can also be used to compensate for temperature drift of the XTAL in software. Crystals normally have a tem-
perature dependency which is given by a parabolic function. The crystal has highest frequency at its turnover temperature, normally
25C. The frequency is reduced following a parabola for higher and lower temperatures. The LFXO offers a mechanism to internally add
capacitance on the LFXTAL_N and LFXTAL_P pins (in parallel to an optional external load capacitance). The variation in frequency as
a function of temperature can therefore be compensated by adjusting the load capacitance. When the temperature compensation
scheme is used, the maximum internal capacitance should be used to obtain good frequency matching at the turnover temperature. For
higher and lower temperatures software then has the maximum range available to adjust the tuning. The external load capacitance
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must then of course be reduced accordingly. Note that the ADCO (27. ADC - Analog to Digital Converter) includes an embedded tem-
perature sensor and that the EMU (9. EMU - Energy Management Unit) offers a temperature management interface, both of which can
be used in combination with this LFXO temperature compensation scheme.

The XTAL oscillation amplitude can be controlled via the HIGHAMPL bitfield in CMU_LFXOCTRL. Setting HIGHAMPL to 1 will result in
higher amplitude, which in turn provides safer operation, somewhat improved duty cycle, and lower sensitivity to noise at the cost of
increased current consumption.

The AGC bit of the CMU_LFXOCTRL register is used to turn on or off the Automatic Gain Control module that adjusts the amplitude of
the XTAL. When disabled, the LFXO will run at the startup current and the XTAL will oscillate rail to rail, again providing safer operation,
improved duty cycle, and lower sensitivity to noise at the cost of increased current consumption.

10.3.2.6 HFRCO and AUXHFRCO Configuration

It is possible to calibrate the HFRCO and AUXHFRCO to achieve higher accuracy (see the device data sheets for details on accuracy).
The frequency is adjusted by changing the TUNING and FINETUNING bitfields in CMU_HFRCOCTRL and CMU_AUXHFRCOCTRL.
Changing to a higher value will result in a lower frequency. Refer to the data sheet for stepsize details.

The HFRCO can be set to one of several different frequency bands from 1 MHz to 48 MHz by setting the FREQRANGE field in
CMU_HFRCOCTRL. Similarly the AUXHFRCO can be set to one of several different frequency bands from 1 MHz to 48 MHz by setting
the FREQRANGE field in CMU_AUXHFRCOCTRL. The HFRCO and AUXHFRCO frequency bands are calibrated during production
test, and the production tested calibration values can be read from the Device Information (DI) page. The DI page contains separate
tuning values for various frequency bands. During reset, HFRCO and AUXHFRCO tuning values are set to the production calibrated
values for the 19 MHz band, which is the default frequency band. When changing to a different HFRCO or AUXHFRCO band, make
sure to also update the TUNING value and other bitfields in the CMU_HFRCOCTRL and CMU_AUXHFRCOCTRL registers. Typically
the entire register is written with a value obtained from the Device Information (DI) page. Refer to 4.6 DI Page Entry Map for information
on which frequency band settings are stored in the DI page.

The frequency can be tuned more accurately via the FINETUNING bitfield if fine tuning has been enabled via the FINETUNINGEN bit.
Note that there will be a slight increase in the oscillator current consumption when fine tuning is enabled. Note also that changing the
value of FINETUNINGEN will result in a frequency shift, regardless of the FINETUNING field value. If the oscillator is to be used at
different times with fine tuning enabled and disabled, it should be tuned separately for both settings. The HFRCO and AUXHFRCO
contain a local prescaler, which can be used in combination with any FREQRANGE setting. These prescalers allow the output clocks to
be divided by 1, 2, or 4 as configured in the CLKDIV bitfield.

When using 10.3.2.8 RC Oscillator Calibration to tune HFRCO and AUXHFRCO to the desired frequency, linear search must be used
to avoid over clocking the calibration counters. Before changing the FREQRANGE field in CMU_HFRCOCTRL, TUNING and FINE-
TUNING fields should initially be set to the highest value (slowest frequency). After changing the FREQRANGE, linearly step TUNING
value until desired frequency is reached. Likewise, before changing the TUNING field, FINETUNING field should initially be set to the
highest value (lowest frequency). After changing the TUNING field, linearly step FINETUNING until accuracy is reached.

10.3.2.7 LFRCO Configuration

It is possible to calibrate the LFRCO to achieve higher accuracy (see the device data sheets for details on accuracy). The frequency is
adjusted by changing the TUNING bitfield in CMU_LFRCOCTRL. Changing to a higher value will result in a lower frequency. Refer to
the data sheet for stepsize details.

The LFRCO can be retained on in EM4 Hibernate/Shutoff. In that case its required configuration is latched/retained throughout EM4
even though the CMU_LFRCOCTRL register itself will be reset. Upon EM4 exit the CMU_LFRCOCTRL register therefore needs to be
reconfigured to its original settings and the LFRCO needs to be restarted via CMU_OSCENCMD, before optionally unlatching the re-
tained LFRCO configuration by writing 1 to EM4UNLATCH in the EMU_CMD register. The LFRCO startup time is configured via the
TIMEOUT bitfield of the CMU_LFRCOCTRL register. Default its 16 cycle startup should be used. However, in case the LFRCO has
been retained throughout EM4 Hibernate/Shutoff, it can be quickly restarted for use as LFACLK or LFBCLK by using its minimum
TIMEOUT setting. While retained, the LFRCO can be used down to EM4 Hibernate as source for LFECLK and down to EM4 Shutoff as
source for CRYOCLK.

The LFRCO is also calibrated in production and its TUNING values are set to the correct value during reset.

The LFRCO can be put in duty cycle mode by setting the ENVREF bit in CMU_LFRCOCTRL to 1 before starting the LFRCO. This will
reduce current consumption, but will result in slightly worse accuracy especially at high temperatures. Setting the ENCHOP and/or EN-
DEM bitfields to 1 in the CMU_LFRCOCTRL register will improve the average LFRCO frequency accuracy at the cost of a worse cycle-
to-cycle accuracy.
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10.3.2.8 RC Oscillator Calibration

The CMU has built-in HW support to efficiently calibrate the RC oscillators (LFRCO, HFRCO, AUXHFRCO, etc) at run-time. For a com-
plete list of supported oscillators, refer to DOWNSEL and UPSEL fields in CMU_CALCTRL. See Figure 10.12 HW-support for RC
Oscillator Calibration on page 318 for an illustration of this circuit. The concept is to select a reference and compare the RC frequency
with the reference frequency. When the calibration circuit is started, one down-counter running on a selectable clock (DOWNSEL in
CMU_CALCTRL) and one up-counter running on a selectable clock (UPSEL in CMU_CALCTRL) are started simultaneously. The top
value for the down-counter must be written to CMU_CALCNT before calibration is started. The down-counter counts for CMU_CALCNT
+1 cycles. When the down-counter has reached 0, the up-counter is sampled and the CALRDY interrupt flag is set. If CONT in
CMU_CALCTRL is cleared, the counters are stopped after finishing the ongoing calibration. If continuous mode is selected by setting
CONT in CMU_CALCTRL the down-counter reloads the top value and continues counting and the up-counter restarts from 0. Software
can then read out the sampled up-counter value from CMU_CALCNT. The up-counter has counted (the sampled value)+1 cycles. The
ratio between the reference and the oscillator subject to the calibration can easily be found using top+1 and sample+1. Overflows of the
up-counter will not occur. If the up-counter reaches its top value before the down-counter reaches 0, the up-counter stays at its top
value. Calibration can be stopped by writing CALSTOP in CMU_CMD. With this HW support, it is simple to write efficient calibration
algorithms in software.

DOWNCLK Domain

CMU_CALCTRL.DOWNSEL

Reload down-counter with
top value in continuous
mode.

AUXHFRCO |
HFRCO —
LFRCO —
HFXO —
DOWNCLK
LFXO 20-bit down-counter
PRS[PRSDOWNSEL] —

Write top-value using
|«g—— CMU_CALCNT before
starting calibration.

(Default) HFCLK ——
Take snapshot of up-counter
_________________________________ in up-counter bufffer. If in —_——— e ——
continuous mode, restart up-

i from 0.
UPCLK Doma|n SYNG counter from
CMU_CALCTRL.UPSEL

AUXHFRCO
HFRCO —{

LFRCO — UPCLK . v
HFXO 20-bit up-counter

LFXO ——

20-bit up-counter
> buffer

PRS[PRSUPSEL]——

HFCLK Domain @ @

CMU CALCNT Set CMU_”:.CALRDY

Figure 10.12. HW-support for RC Oscillator Calibration

The counter operation for single and continuous mode are shown in Figure 10.13 Single Calibration (CONT=0) on page 319 and Fig-
ure 10.14 Continuous Calibration (CONT=1) on page 319 respectively.
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Down-counter
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Figure 10.13. Single Calibration (CONT=0)

Up-counter sampled and CALRDY Up-counter sampled and CALRDY
interrupt flag set. interrupt flag set.
Sampled value available in Sampled value available in
CMU_CALCNT. CMU_CALCNT.

Calibration Started

Figure 10.14. Continuous Calibration (CONT=1)
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10.3.3 Configuration for Operating Frequencies

The HFXO is capable of frequencies up to 48 MHz, which allows the EFM32 to run at up to this frequency. However, not all High Fre-
quency clocks are allowed to run at this maximum frequency. Clocks need to be limited to the frequencies shown in Table 10.4 Maxi-
mum Allowed Clock Frequencies on page 320, for example by prescaling them or by selecting an appropriate clock source. Also
modules such as the Memory System Controller (MSC), Low Energy Peripheral Interface, and DMEM must be configured correctly to
allow operation at higher frequencies as explained further below.

Table 10.4. Maximum Allowed Clock Frequencies

Clock VSCALE2 (1.2V) VSCALEQO (1.0V)
HFRCO <=48 MHz <=20 MHz
AUXHFRCO <=48 MHz <= 20 MHz
HFXO <=48 MHz <= 20 MHz'
HFSRCCLK, HFPERBCLK <=48 MHz <=20 MHz
HFBUSCLK, HFPERCLK, HFPERCCLK <=48 MHz <=20 MHz
Note:
1.48 MHz allowed when not selected.

The MODE bitfield in MSC_READCTRL makes sure the flash is able to operate at the given HFCLK frequency by inserting wait states
for flash accesses. The required settings for controlling flash wait states are shown in Table 10.5 MSC Configuration for Operating Fre-
quencies, at VSCALEZ2: Flash Wait States on page 320. The WSHFLE bitfield in CMU_CTRL is used to ensure that the Low Energy
Peripheral Interface is able to operate at the given HFCLK g frequency by inserting wait states when using this interface. The required
settings are shown in Table 10.7 LE Configuration for Operating Frequencies: Low Energy Peripheral Interface on page 320.

Before going to a high frequency, make sure the registers in the table have the correct values. When going down in frequency, make
sure to keep the registers at the values required by the higher frequency until after the switch has been done.

Table 10.5. MSC Configuration for Operating Frequencies, at VSCALE2: Flash Wait States

Condition

MODE in MSC_READCTRL

HFCLK <= 25 MHz

WSO or above

25 MHz < HFCLK <= 48 MHz

WS1 or above

Table 10.6. MSC Configuration for Operating Frequencies, at VSCALEO: Flash Wait States

Condition

MODE in MSC_READCTRL

HFCLK <= 10 MHz

WSO or above

10 MHz < HFCLK <= 20 MHz

WS1 or above

Table 10.7. LE Configuration for Operating Frequencies: Low Energy Peripheral Interface

Condition WSHFLE in CMU_CTRL
HFCLK_g <= 32 MHz 0/1
HFCLK_ g > 32 MHz 1
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10.3.4 Energy Modes

The availability of oscillators and system clocks depends on the chosen energy mode. Default the high frequency oscillators (HFRCO,
AUXHFRCO, and HFXO) and high frequency clocks (HFSRCLK, HFCLK, HFCORECLK, HFBUSCLK, HFPERCLK, HFPERBCLK,
HFPERCCLK, HFCLKLE) are available downto EM1 Sleep. From EM2 DeepSleep onwards these oscillators and clocks are normally
off, although special cases exist as summarized in Table 10.8 Oscillator and Clock Availability in Energy Modes on page 321 and
Table 9.2 EMU Energy Mode Overview on page 227. The CMU overview figure in Figure 10.1 CMU Overview - High Frequency Portion
on page 297 and Figure 10.2 CMU Overview - Low Frequency Portion on page 298 also indicate which oscillators and clocks can be
used in what energy modes.

The low frequency oscillators (LFRCO and LFXO) are available in all energy modes except in EM3 Stop when they are off by definition.
Default these oscillators are also off in EM4 Hibernate and EM4 Shutoff, but they can be retained on in these states as well if needed.
The ultra low frequency oscillator (ULFRCO) is default on in all energy modes, except for EM4 Shutoff, but it can be retained on in that
mode as well if needed. The low frequency clocks (LFACLK, LFBCLK, LFECLK, WDOGNCLK, and CRYOCLK) are in various power
domains and therefore their availability not only depends on the chosen clock source, but also on the chosen energy mode as indicated
in Table 10.8 Oscillator and Clock Availability in Energy Modes on page 321.

Table 10.8. Oscillator and Clock Availability in Energy Modes

EMO Active/EM1 EM2 DeepSleep EM3 Stop EM4 Hibernate EM4 Shutoff
Sleep

HFRCO On' Off Off Off Off
HFXO On' Off Off Off Off
AUXHFRCO On' On2 On2 Off Off
LFRCO, LFXO on' on' off Retained on3 Retained on3
ULFRCO On On On On Retained on3
HFSRCLK, HFCLK, |on? Off Off Off Off
HFCORECLK,
HFBUSCLK,
HFPERCLK,
HFPERBCLK,
HFPERCCLK,
HFCLKLE
AUXCLK On' On2 On2 Off Off
ADCNnCLK On' on4 on4 Off Off
LFACLK, LFBCLK On' On' on® Off Off
LFECLK on' on' Oond Retained on3 Off
WDOGNCLK On' On' on® Off Off
CRYOCLK on' on' on® Retained on3 Retained on3
Note:

1. Under software control.

2. Default off, but kept active if used by the ADC.

3. Default off, but can be retained on.

4. Will be kept on if AUXHFRCO is selected as clock source.

5.0n only if ULFRCO is used as clock source.
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10.3.5 Clock Output on a Pin

It is possible to configure the CMU to output clocks on the CMU_CLKO, CMU_CLK1 and CMU_CLK2 pins. This clock selection is done
using the CLKOUTSELO, CLKOUTSEL1 and CLKOUTSEL2 bitfields respectively in CMU_CTRL. The required output pins must be en-
abled in the CMU_ROUTEPEN register and the pin locations can be configured in the CMU_ROUTELOCO register. The following
clocks can be output on a pin:

* HFSRCCLK and HFEXPCLK. The HFSRCCLK is the high frequency clock before any prescaling has been applied. The HFEXPCLK
is a prescaled version of HFCLK as controlled by the HFEXPPRESC bitfield in the CMU_HFPRESC register.

» The unqualified clock output from any of the oscillators (ULFRCO, LFRCO, LFXO, HFXO). Note that these unqualified clocks can
exhibit glitches or skewed duty-cycle during startup and therefore these clock outputs are normally not used before observing the
related ready flag being set to 1 in CMU_STATUS.

» The qualified clock from any of the oscillators (ULFRCO, LFRCO, LFXO, HFXO, HFRCO, AUXHFRCO). A qualified clock will not
have any glitches or skewed duty-cycle during startup. For LFRCO, LFXO and HFXO correct configuration of the TIMEOUT bit-
field(s) in CMU_LFRCOCTRL, CMU_LFXOCTRL and CMU_HFXOTIMEOUTCTRL respectively is required to guarantee a properly
qualified clock.

» The qualified HFXO clock divided by 2 (HFXODIV2Q).

HFCLK will not have a 50-50 duty cycle when any other division factor than 1 is used in CMU_HFPRESC (i.e. if PRESC is not equal to
0). In such a case, the exported HFEXPCLK will therefore also not be 50-50 when its division factor is not set to an even number in
CMU_HFEXPPRESC.

10.3.6 Clock Input From a Pin

It is possible to configure the CMU to input a low-frequency (< 1 MHz) clock from the CMU_CLKIO. This clock can be selected to drive
HFSRCCLK and DPLL reference using CMU_HFCLKSEL and CMU_DPLLCTRL respectively. The required input pin must be enabled
in the CMU_ROUTEPEN register and the pin location can be configured in the CMU_ROUTELOC1 register.

10.3.7 Clock Output on PRS

The CMU can be used as a PRS producer. It can output clocks onto PRS which can be selected by a consumer as CMUCLKOUTO,
CMUCLKOUT1 and CMUCLKOUT?2. The clocks which can be produced via CMUCLKOUTO, CMUCLKOUT1 and CMUCLKOUT?2 are
selected via the CLKOUTSELO, CLKOUTSEL1 and CLKOUTSELZ2 fields respectively in CMU_CTRL.

Note that the CLKOUTSELO and CLKOUTSEL1 fields are also used for selecting which clock is output onto a pin as described in
10.3.5 Clock Output on a Pin. In contrast with clock output on a pin however, output of a clock onto PRS does not depend on any
configuration of the CMU_ROUTEPEN and CMU_ROUTELOCO registers.

10.3.8 Error Handling

Certain restrictions apply to how and when the CMU registers can be configured as is described for the respective registers. Not adher-
ing to these restrictions can lead to unpredictable and non-defined behaviour. Some of these software restrictions are checked in hard-
ware and not adhering to them will cause the CMUERR interrupt flag in CMU_IF to be set to 1. The restrictions impacting CMUERR are
as follows:

*+ CMU_HFRCOCTRL should not be written while HFRCOBSY in the CMU_SYNCBUSY register is set to 1.
*+ CMU_AUXHFRCOCTRL should not be written while AUXHFRCOBSY in the CMU_SYNCBUSY register is set to 1.

* CMU_HFXOSTARTUPCTRL, CMU_HFXOSTEADYSTATECTRL and CMU_HFXOTIMEOUTCTRL should not be written while
HFXOBSY in the CMU_SYNCBUSY register is set to 1. Note that writes to CMU_HFXOCTRL do not impact CMUERR. Although
most of its bitfields need to be configured before enabling the HFXO, it it allowed to change the AUTOSTART bits (i.e. AUTOS-
TARTSELEMOEM1 and AUTOSTARTEMOEM1) at any time.

» HFXO should not be enabled before it has been properly disabled (so only enable HFXO when HFXOENS=0 or HFXOBSY=0). Like-
wise, HFXO should not be disabled before it has been properly enabled (so only disable HFXO when HFXOENS=1 or HFXOB-
SY=0).

* CMU_LFRCOCTRL should not be written while LFRCOBSY in the CMU_SYNCBUSY register is set to 1. The GMCCURTUNE bit-
field should not be written with a differing value while the LFRCOVREFBSY flag is set to 1.

* CMU_LFXOCTRL should not be written while LFXOBSY in the CMU_SYNCBUSY register is set to 1.

10.3.9 Interrupts

The interrupts generated by the CMU module are combined into one interrupt vector. If CMU interrupts are enabled, an interrupt will be
made if one or more of the interrupt flags in CMU_IF and their corresponding bits in CMU_IEN are set.
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10.3.10 Wake-up

The CMU can be (partially) active all the way down to EM4 Shutoff. It can wake up the CPU from EM2 upon LFRCO or LFXO becoming
ready as LFRCORDY and LFXORDY can be used as wake-up interrupt.

10.3.11 Protection

It is possible to lock the control- and command registers to prevent unintended software writes to critical clock settings. This is control-
led by the CMU_LOCK register.

10.3.12 Digital Phase-Locked Loop

The Digital Phase-Locked Loop (DPLL) uses the HFRCO to generate a clock as a ratio of a reference clock source. It provides the
following features:

» Frequency-lock mode. Only the output frequency is controlled, phase error is allowed to accumulate between the output and refer-
ence clock.

* Phase-lock mode. Both the output frequency and phase are controlled.

* Output frequency = FREF*(N+1)/(M+1), where N and M are 12-bit values

» Very fast lock time.

» Very fast transient tracking.

* Low output jitter.

» Lock detection with an interrupt.

* Lock fail detection with interrupts.

» Output spectrum-spreading. The DPLL can randomize the generated output period by a configurable amount of spread.

It is important to note that when DPLL is enabled, the HFRCO output frequency will be generated according to the DPLL configuration.

10.3.12.1 Enabling and Disabling

The DPLL feature can be enabled and disabled by software via the CMU_OSCENCMD register. The FINETUNINGEN bit in the
CMU_HFRCOCTRL must also be set for proper DPLL operation. When enabled, the DPLL feature controls the output frequency of the
HFRCO. Before enabling DPLL, all clock muxes selecting HFRCO should be switched to HFRCODIV2 temporarily until the DPLL is
locked, to avoid over-clocking the circuit. After DPLL is enabled and running, the clock muxes may be switched back to HFRCO to use
the new output frequency. The DPLL is disabled automatically when entering EM2, EM3, or EM4.

10.3.12.2 Lock Modes

DPLL provides two lock modes, referred to as frequency-lock loop mode (FREQLL) and phase-lock loop mode (PHASELL). FREQLL
mode keeps the DCO frequency-locked to the reference clock, which means the DCO frequency will be accurate. But the phase error
can accumulate over time and cause the average frequency error non-zero. FREQLL mode also provide better jitter and transient per-
formance. PHASELL mode keeps the DCO phase-locked to the reference clock, which means the phase error does not accumulate
over time and make the average frequency error zero. FREQLL mode should be used unless specific phase requirement exists.

10.3.12.3 Configurations

Output frequency = FREF*(N+1)/(M+1). User should calculate N and M to achieve the target frequency. Note that with N increases, the
DCO lock time would increase and DCO jitter would decrease. Both directions are approximately linear. This relationship can be used
to select N for a given application to strike a compromise between lock time and output jitter. For example if an ratio of 3 is desired, the
DPLL could be configured as {N=299, M=99} for fast lock time but high jitter, or as {N=2999, M=999} for lower jitter but longer lock time.
For a good balance, N is suggested to be larger than 300 unless specific lock time is required.

Note: All configuration setting should be done before enabling the DPLL. They should not be changed when DPLL is running. The final
tunning values can be read back from TUNING and FINETUNING in CMU_HFRCOCTRL, after DPLL is disabled and DPLLENS in
CMU_STATUS is low.



Reference Manual

10.3.12.4 Lock Detection

The DPLL has 3 different types of output event: ready, lock fail due to period underflow and lock fail due to period overflow. Each of the
event has its own interrupt flag. DPLLRDY is set when DPLL successfully locks to the reference clock based on user’s configuration.
DPLLLOCKFAILLOW is set when DPLL fails to lock because the period lower boundary is hit. DPLLLOCKFAILHIGH is set when DPLL
fail to lock because the period upper boundary is hit. If the interrupt flags are set and the corresponding interrupt enable bits in
CMU_IEN are set, the CMU will send out an interrupt request. Based on different interrupt sequence, user should take different actions:

+ If DPLLRDY interrupt is received first, it means target clock is ready and it is safe to switch to use DCO’s output.

» If DPLLLOCKFAILLOW interrupt is received first, it indicates the RANGE in CMU_HFRCOCTRL is too small. User should disable
DPLL and write a larger value to RANGE, then enable DPLL again to lock.

 If DPLLLOCKFAILHIGH interrupt is received first, it indicates the RANGE in CMU_HFRCOCTRL is too large. User should disable
DPLL and write a smaller value to RANGE, then enable DPLL again to lock.

» If DPLLRDY interrupt is received first and then DPLLLOCKFAILLOW or DPLLLOCKFAILHIGH is received later, it means reference
clock drifted over 2% and made DPLL lost its locked status.

* If AUTORECOVER in CMU_DPLLCTRL is not set, user should disable DPLL and enable DPLL again to lock.

* If AUTORECOVER in CMU_DPLLCTRL is set, hardware would re-lock automatically. When the target frequency is near the
boundary of a range, the drift may cause underflow or overflow. In this case the fail interrupt would still be received. User should
disable DPLL and modify RANGE in CMU_HFRCOCTRL in corresponding direction like the second and third cases. Then enable
DPLL again to lock.

10.3.12.5 Spectrum Spreading

Spreading of the DCO output spectrum is accomplished by driving a dedicated 5-bit DCO trim control with a digitally-generated, pseu-
do-random value. A centered, uniform, random spreading algorithm was selected.The spectrum-spreading pattern is generated by a
single 10-bit linear feedback shift register (LFSR). To avoid high correlation between nearby values, a 5-step leap-forward LFSR update
method is employed in the DPLL. The DCO output period can be randomized with a peak-to-peak amplitude given approximately by:
2M(SSAMP-1))*0.2%, where SSAMP is a register field in CMU_HFRCOSS. The generated random values are applied at regular inter-
vals given by: 4*T_DCO*(SSINV+1), where T_DCO is DCO period and SSINV is a register field in CMU_HFRCOSS.
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10.4 Register Map

The offset register address is relative to the registers base address.

Offset Name Type Description

0x000 CMU_CTRL RwW CMU Control Register

0x010 |CMU_HFRCOCTRL RWH HFRCO Control Register

0x018 | CMU_AUXHFRCOCTRL RW AUXHFRCO Control Register

0x020 CMU_LFRCOCTRL RW LFRCO Control Register

0x024 CMU_HFXOCTRL RW HFXO Control Register

0x028 |CMU_HFXOCTRL1 RW HFXO Control 1

0x02C |CMU_HFXOSTARTUPCTRL RW HFXO Startup Control

0x030 |CMU_HFXOSTEADYSTATECTRL |RW HFXO Steady State Control

0x034 |CMU_HFXOTIMEOUTCTRL RW HFXO Timeout Control

0x038 CMU_LFXOCTRL RW LFXO Control Register

0x040 CMU_DPLLCTRL RW DPLL Control Register

0x044 |CMU_DPLLCTRL1 RW DPLL Control Register

0x050 CMU_CALCTRL RwW Calibration Control Register

0x054 CMU_CALCNT RWH Calibration Counter Register

0x060 CMU_OSCENCMD WA1 Oscillator Enable/Disable Command Register
0x064 CMU_CMD WA1 Command Register

0x070 CMU_DBGCLKSEL RW Debug Trace Clock Select

0x074 CMU_HFCLKSEL W1 High Frequency Clock Select Command Register
0x080 CMU_LFACLKSEL RwW Low Frequency A Clock Select Register

0x084 CMU_LFBCLKSEL RW Low Frequency B Clock Select Register

0x088 CMU_LFECLKSEL RW Low Frequency E Clock Select Register

0x090 CMU_STATUS R Status Register

0x094 CMU_HFCLKSTATUS R HFCLK Status Register

0x09C |CMU_HFXOTRIMSTATUS R HFXO Trim Status

0x0A0 CMU_IF R Interrupt Flag Register

0x0A4 |CMU_IFS WA1 Interrupt Flag Set Register

0x0A8 |CMU_IFC (R)W1 Interrupt Flag Clear Register

0x0AC |CMU_IEN RwW Interrupt Enable Register

0x0BO |CMU_HFBUSCLKENO RW High Frequency Bus Clock Enable Register 0
0x0CO0 |CMU_HFPERCLKENO RwW High Frequency Peripheral Clock Enable Register 0
0x0C4 |CMU_HFPERCLKEN1 RwW High Frequency Peripheral Clock Enable Register 1
OxOEO0 |CMU_LFACLKENO RwW Low Frequency a Clock Enable Register 0 (Async Reg)
O0xOE8 |CMU_LFBCLKENO RwW Low Frequency B Clock Enable Register 0 (Async Reg)
0xOF0 | CMU_LFECLKENO RW Low Frequency E Clock Enable Register 0 (Async Reg)
0x100 CMU_HFPRESC RW High Frequency Clock Prescaler Register

silabs.com | Building a more connected world. Rev. 1.1 | 325




Reference Manual
CMU - Clock Management Unit

Offset Name Type Description

0x104 CMU_HFBUSPRESC RW High Frequency Bus Clock Prescaler Register

0x108 CMU_HFCOREPRESC RW High Frequency Core Clock Prescaler Register

0x10C |CMU_HFPERPRESC RW High Frequency Peripheral Clock Prescaler Register
0x114 CMU_HFEXPPRESC RwW High Frequency Export Clock Prescaler Register
0x118 CMU_HFPERPRESCB RwW High Frequency Peripheral Clock Prescaler B Register
0x11C |CMU_HFPERPRESCC RwW High Frequency Peripheral Clock Prescaler C Register
0x120 CMU_LFAPRESCO RW Low Frequency a Prescaler Register 0 (Async Reg)
0x128 CMU_LFBPRESCO RW Low Frequency B Prescaler Register 0 (Async Reg)
0x130 CMU_LFEPRESCO RW Low Frequency E Prescaler Register 0 (Async Reg)
0x140 CMU_SYNCBUSY R Synchronization Busy Register

0x144 |CMU_FREEZE RW Freeze Register

0x150 |CMU_PCNTCTRL RWH PCNT Control Register

0x15C |CMU_ADCCTRL RWH ADC Control Register

0x170 CMU_ROUTEPEN RW I/0 Routing Pin Enable Register

0x174 CMU_ROUTELOCO RW I/0 Routing Location Register

0x178 CMU_ROUTELOC1 RwW I/0 Routing Location Register

0x180 CMU_LOCK RWH Configuration Lock Register

0x184 CMU_HFRCOSS RW HFRCO Spread Spectrum Register
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10.5 Register Description

10.5.1 CMU_CTRL - CMU Control Register

Offset Bit Position
o000 53R &N &RIRIIR 22T I 2N 20w~ 0w« oo
o (=] o
Reset — o 3 3 S
Access E E E E E
Z N ~ o
L — — -
X [ [ w
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Bit Name Reset Access Description
31:21 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
20 HFPERCLKEN 1 RW HFPERCLK Enable
Set to enable the HFPERCLK.
19:17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16 WSHFLE 0 RW Wait State for High-Frequency LE Interface
Set to allow access to LE peripherals when running HFBUSCLK| g at frequencies higher than 32 MHz
15:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
13:10 CLKOUTSEL2 0x0 RW Clock Output Select 2

Controls the clock output 2 multiplexer. To actually output on the pin, set CLKOUT2PEN in CMU_ROUTE.

Value Mode Description

0 DISABLED Disabled

1 ULFRCO ULFRCO (directly from oscillator)
2 LFRCO LFRCO (directly from oscillator)
3 LFXO LFXO (directly from oscillator)
5 HFXODIV2Q HFXO divided by two (qualified)
6 HFXO HFXO (directly from oscillator)
7 HFEXPCLK HFEXPCLK

9 ULFRCOQ ULFRCO (qualified)

10 LFRCOQ LFRCO (qualified)

11 LFXOQ LFXO (qualified)

12 HFRCOQ HFRCO (qualified)

13 AUXHFRCOQ AUXHFRCO (qualified)

14 HFXO0Q HFXO (qualified)

15 HFSRCCLK HFSRCCLK
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Bit Name Reset Access Description

9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

8:5 CLKOUTSELA1 0x0 RW Clock Output Select 1

Controls the clock output 1 multiplexer. To actually output on the pin, set CLKOUT1PEN in CMU_ROUTE.

Value Mode Description
0 DISABLED Disabled
1 ULFRCO ULFRCO (directly from oscillator)
2 LFRCO LFRCO (directly from oscillator)
3 LFXO LFXO (directly from oscillator)
6 HFXO HFXO (directly from oscillator)
7 HFEXPCLK HFEXPCLK
9 ULFRCOQ ULFRCO (qualified)
10 LFRCOQ LFRCO (qualified)
11 LFX0Q LFXO (qualified)
12 HFRCOQ HFRCO (qualified)
13 AUXHFRCOQ AUXHFRCO (qualified)
14 HFXOQ HFXO (qualified)
15 HFSRCCLK HFSRCCLK
4 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
3.0 CLKOUTSELO 0x0 RW Clock Output Select 0

Controls the clock output multiplexer. To actually output on the pin, set CLKOUTOPEN in CMU_ROUTE.

Value Mode Description

0 DISABLED Disabled

1 ULFRCO ULFRCO (directly from oscillator)
2 LFRCO LFRCO (directly from oscillator)
3 LFXO LFXO (directly from oscillator)
6 HFXO HFXO (directly from oscillator)
7 HFEXPCLK HFEXPCLK

9 ULFRCOQ ULFRCO (qualified)

10 LFRCOQ LFRCO (qualified)

11 LFXOQ LFXO (qualified)

12 HFRCOQ HFRCO (qualified)

13 AUXHFRCOQ AUXHFRCO (qualified)

14 HFXO0Q HFXO (qualified)

15 HFSRCCLK HFSRCCLK
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10.5.2 CMU_HFRCOCTRL - HFRCO Control Register

Write this register to set the frequency band in which the HFRCO is to operate. Always update all fields in this register at once by writ-
ing the value for the desired band, which has been obtained from the Device Information page entry for that band. The TUNING, FINE-
TUNING, FINETUNINGEN and CLKDIV bitfields can be used to tune a specific band (FREQRANGE) of the oscillator to a non-precon-
figured frequency. When changing this setting there will be no glitches on the HFRCO output, hence it is safe to change this setting
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even while the system is running on the HFRCO. Only write CMU_HFRCOCTRL when it is ready for an update as indicated by
HFRCOBSY=0 in CMU_SYNCBUSY.

Offset Bit Position
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Bit Name Reset Access Description
31:28 VREFTC 0xB RWH HFRCO Temperature Coefficient Trim on Comparator Reference
Writing this field adjusts the temperature coefficient trim on comparator reference.
27 FINETUNINGEN 0 RWH Enable Reference for Fine Tuning
Settings this bit enables HFRCO fine tuning.
26:25 CLKDIV 0x0 RWH Locally Divide HFRCO Clock Output
Writing this field configures the HFRCO clock output divider.
Value Mode Description
0 DIV1 Divide by 1.
1 DIv2 Divide by 2.
2 DIv4 Divide by 4.
24 LDOHP 1 RWH HFRCO LDO High Power Mode
Settings this bit puts the HFRCO LDO in high power mode.
23:21 CMPBIAS 0x2 RWH HFRCO Comparator Bias Current
Writing this field adjusts the HFRCO comparator bias current.
20:16 FREQRANGE 0x08 RWH HFRCO Frequency Range
Writing this field adjusts the HFRCO frequency range.
15:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
13:8 FINETUNING Ox1F RWH HFRCO Fine Tuning Value
Writing this field adjusts the HFRCO fine tuning value. Higher value means lower frequency. Fine tuning is only enabled
when FINETUNINGEN is set.
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6:0 TUNING Ox7F RWH HFRCO Tuning Value

Writing this field adjusts the HFRCO tuning value. Higher value means lower frequency.
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10.5.3 CMU_AUXHFRCOCTRL - AUXHFRCO Control Register

Write this register with the production calibrated values from the Device Info pages. The TUNING, FINETUNING, FINETUNINGEN and
CLKDIV bitfields can be used to tune a specific band (FREQRANGE) of the oscillator to a non-preconfigured frequency. Only write
CMU_AUXHFRCOCTRL when it is ready for an update as indicated by AUXHFRCOBSY=0 in CMU_SYNCBUSY.

Bit Position
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Bit Name Reset Access Description
31:28 VREFTC 0xB RW AUXHFRCO Temperature Coefficient Trim on Comparator Refer-
ence
Writing this field adjusts the temperature coefficient trim on comparator reference.
27 FINETUNINGEN 0 RW Enable Reference for Fine Tuning
Settings this bit enables AUXHFRCO fine tuning.
26:25 CLKDIV 0x0 RW Locally Divide AUXHFRCO Clock Output
Writing this field configures the AUXHFRCO clock output divider.
Value Mode Description
0 DIV1 Divide by 1.
1 DIv2 Divide by 2.
2 DIV4 Divide by 4.
24 LDOHP 1 RW AUXHFRCO LDO High Power Mode
Settings this bit puts the AUXHFRCO LDO in high power mode.
23:21 CMPBIAS 0x2 RwW AUXHFRCO Comparator Bias Current
Writing this field adjusts the AUXHFRCO comparator bias current.
20:16 FREQRANGE 0x08 RW AUXHFRCO Frequency Range
Writing this field adjusts the AUXHFRCO frequency range.
15:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
13:8 FINETUNING Ox1F RW AUXHFRCO Fine Tuning Value
Writing this field adjusts the AUXHFRCO fine tuning value. Higher value means lower frequency. Fine tuning is only ena-
bled when FINETUNINGEN is set.
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6:0 TUNING Ox7F RW AUXHFRCO Tuning Value

Writing this field adjusts the AUXHFRCO tuning value. Higher value means lower frequency.
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10.5.4 CMU_LFRCOCTRL - LFRCO Control Register

Offset Bit Position
x020 |58 IRXVNCQIQN I K22 g2F@e¥dffow|~lojv|v o a0
[ee] - o 8
Reset 3 3 S - |- o =
o
L
Z e
2 5
Name 03: 5 & b= % ] e
Q o z uIlx P
Q u W Q|o|> z
= = 4 zZ|z|z S
o [ > W W |w =
Bit Name Reset Access Description
31:28 GMCCURTUNE 0x8 RW Tuning of Gmc Current
Set to tune GMC current. This field is updated with the production calibrated value during reset, and the reset value might
therefore vary between devices.
27:26 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
25:24 TIMEOUT 0x1 RW LFRCO Timeout
Configures the start-up delay for LFRCO. Do not change while LFRCO is enabled. When starting up the LFRCO after it has
been completely turned off, use TIMEOUT=16c¢cycles. If the LFRCO has been retained on in EM4, then the TIMEOUT=2cy-
cles configuration is also allowed when re-enabling the LFRCO after EM4 exit (as it is still running).
Value Mode Description
0 2CYCLES Timeout period of 2 cycles
1 16CYCLES Timeout period of 16 cycles
2 32CYCLES Timeout period of 32 cycles
23:22 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
21:20 VREFUPDATE 0x0 RW Control Vref Update Rate
Specify Vref update rate. This field can be updated with the production test value during reset, and the reset value might
therefore differ.
Value Mode Description
0 32CYCLES 32 clocks.
1 64CYCLES 64 clocks.
2 128CYCLES 128 clocks.
3 256CYCLES 256 clocks.
19 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
18 ENDEM 1 RW Enable Dynamic Element Matching

Set to enable dynamic element matching. This improves average frequency accuracy at the cost of increased jitter.
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Bit Name Reset Access Description
17 ENCHOP 1 RW Enable Comparator Chopping

Set to enable comparator chopping. This improves average frequency accuracy at the cost of increased jitter.

16 ENVREF 0 RW Enable Duty Cycling of Vref
Set to enable duty cycling of vref. Clear during calibration of LFRCO. Only change when LFRCO is off.

15:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8:0 TUNING 0x100 RW LFRCO Tuning Value

Writing this field adjusts the LFRCO frequency (the higher the value, the lower the frequency). This field is updated with the
production calibrated value during reset, and the reset value might therefore vary between devices.
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10.5.5 CMU_HFXOCTRL - HFXO Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:30 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
29 AUTOSTARTSE- 0 RW Automatically Start and Select of HFXO Upon EMO/EM1 Entry
LEMOEM1 From EM2/EM3
This bit enables automatic start-up and immediate selection of the HFXO when in EMO/EM1 (also after entry from EM2/
EMS3). Note that setting this bit to 1 will stall HFSRCCLK until HFXO becomes ready. Allowed to change at any time.
28 AUTOSTAR- 0 RW Automatically Start of HFXO Upon EMO/EM1 Entry From EM2/EM3
TEMOEMA1
This bit enables automatic start-up of the HFXO when in EMO/EM1 (also after entry from EM2/EM3) without causing an
automatic HFXO selection. Allowed to change at any time.
27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:24 LFTIMEOUT 0x0 RwW HFXO Low Frequency Timeout
Configures the start-up delay for HFXO measured in LFECLK cycles. Only change when both HFXO and LFECLK are off.
Value Mode Description
0 OCYCLES Timeout period of 0 cycles (disabled)
1 2CYCLES Timeout period of 2 cycles
2 4CYCLES Timeout period of 4 cycles
3 16CYCLES Timeout period of 16 cycles
4 32CYCLES Timeout period of 32 cycles
5 64CYCLES Timeout period of 64 cycles
6 1KCYCLES Timeout period of 1024 cycles
7 4KCYCLES Timeout period of 4096 cycles
23:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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Bit Name Reset Access Description
5:4 PEAKDETMODE 0x0 RW HFXO Automatic Peak Detection Mode

Set to AUTOCMD to allow automatic HFXO peak detection (MANUAL mode provides direct control of IBTRIMXOCORE
and PEAKDETEN).

Value Mode Description

0 ONCECMD Automatic control of HFXO peak detection sequence. Only performs
peak detection on initial HFXO startup. CMU_CMD HFXOPEAKDET-
START allowed to be used after HFXORDY=1.

1 AUTOCMD Automatic control of HFXO peak detection sequence. CMU_CMD
HFXOPEAKDETSTART allowed to be used after HFXORDY=1.

2 CMD CMU_CMD HFXOPEAKDETSTART can be used to trigger the peak
detection sequence after HFXORDY=1.

3 MANUAL CMU_HFXOSTEADYSTATECTRL IBTRIMXOCORE and PEAKDET-
EN are under full software control and are allowed to be changed once
HFXO is ready.

3:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1:0 MODE 0x0 RW HFXO Mode

Set this to configure the external source for the HFXO. The oscillator setting takes effect when 1 is written to HFXOEN in
CMU_OSCENCMD.

Value Mode Description
0 XTAL 4 MHz - 48 MHz crystal oscillator
1 ACBUFEXTCLK An AC coupled buffer is coupled in series with HFXTAL_N pin, suitable

for external sinus wave.

2 DCBUFEXTCLK A DC coupled buffer is coupled in series with HFXTAL_N pin, suitable
for external sinus wave.

3 DIGEXTCLK Digital external clock can be supplied on HFXTAL_N pin.
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10.5.6 CMU_HFXOCTRL1 - HFXO Control 1

Offset Bit Position
%028 |58/ RN &ERIQNTR22T L T2dC2olon~owv von o
Reset g
Access 5
e
T
|_
|_
Name UDJ
4
<
i
o
Bit Name Reset Access Description
31:15 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
14:12 PEAKDETTHR 0x2 RW Sets the Amplitude Detection Level (mV)
Configures the Peak Detection threshold. It is not allowed to change when hardware based Peak Detection Algorithm or
Peak Monitoring Algorithm is being performed. Allowed to change when HFXOBSY=0. Allowed to change after completing
automatic Peak Detection (HFXOBSY=1, PEAKMONEN=0, HFXOPEAKDETRDY=1). Allowed to change after completing
HFXO startup when not using automatic Peak Detection (HFXOBSY=1, PEAKMONEN=0, HFXORDY=1)
Value Mode Description
0 THRO 50mV amplitude detection level
1 THRA1 75mV amplitude detection level
2 THR2 115mV amplitude detection level
3 THR3 160mV amplitude detection level
4 THR4 220mV amplitude detection level
5 THR5 260mV amplitude detection level
6 THR6 320mV amplitude detection level
7 THR7 Same as THR6
11:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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10.5.7 CMU_HFXOSTARTUPCTRL - HFXO Startup Control

Offset Bit Position
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Bit Name Reset Access Description
31:20 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
19:11 CTUNE 0x000 RW Sets Oscillator Tuning Capacitance
This CTUNE value is applied during the startup phase of the HFXO. The required CTUNE value is XTAL specific. Capaci-
tance on HFXTAL_N and HFXTAL_P (pF) = C_tune = Min (C_HFXO_T) + CTUNE<8:0> x SS_HFXO. Please find
C_HFXO_T and SS_HFXO in the datasheet.
10:0 IBTRIMXOCORE 0x600 RwW Sets the Startup Oscillator Core Bias Current

This IBTRIMXOCORE value is applied during the startup phase of the HFXO. Current (uA) = IBTRIMXOCORE<10:9> X
1280uA + IBTRIMXOCORE<8:0> X 2uA. It is recommended to use IBTRIMXOCORE<8:0>=0.
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10.5.8 CMU_HFXOSTEADYSTATECTRL - HFXO Steady State Control

Offset Bit Position
%030 |5 8RN ERIRQY TR LL T2 2olon~owv von o
3 3
Reset - lo S} <
o o
Access = E 5 5
w
> &
|5 0O
N 55 e
ame O |w x
=|a w >
¥ (X z =
<< | < D =
w | W — B
oo O 24]
Bit Name Reset Access Description
31:28 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
27 PEAKMONEN 1 RwW Automatically Perform Peak Monitoring Algorithm on Every Rising
Edge of ULFRCO
This bit enables Peak Monitoring Algorithm to be performed on every rising edge of ULFRCO. Allowed to change at any
time.
26 PEAKDETEN 0 RwW Enables Oscillator Peak Detectors
Direct control allowed after completion of automatic Peak Detection (PEAKDETRDY=1) or when HFXO is ready and auto-
matic Peak Detection is not being used (HFXORDY=1).
25:20 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
19:11 CTUNE 0x000 RW Sets Oscillator Tuning Capacitance
This CTUNE value is applied during the steady state phase of the HFXO (as well as during the peak detection and shunt
current optimization algorithms). Direct control is allowed when HFXORDY=1. The required CTUNE value is XTAL specific.
Capacitance on HFXTAL_N and HFXTAL_P (pF) = C_tune = Min (C_HFXO_T) + CTUNE<8:0> x SS_HFXO. Please find
C_HFXO_T and SS_HFXO in the datasheet.
10:0 IBTRIMXOCORE 0x100 RW Sets the Steady State Oscillator Core Bias Current.

This IBTRIMXOCORE value is applied during the steady state phase of the HFXO. Required IBTRIMXOCORE is XTAL
specific. It is also used as the initial value during the peak detection algorithm. Direct control allowed when PEAKDET-
SHUNTOPTMODE=MANUAL and HFXO is ready. Current (uA) = IBTRIMXOCORE<10:9> x 1280uA + IBTRIMXO-
CORE<8:0> x 2uA. It is recommended to use IBTRIMXOCORE<10:9>=0..
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10.5.9 CMU_HFXOTIMEOUTCTRL - HFXO Timeout Control

Offset Bit Position
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Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:12 PEAKDETTIMEOUT 0xD RW Wait Duration in HFXO Peak Detection Wait State
Wait duration depends on the chosen XTAL (expected value is between 25 us and 200 us). Program the desired duration
measured in cycles of (at least) 83 ns.
Value Mode Description
0 2CYCLES Timeout period of 2 cycles
1 4CYCLES Timeout period of 4 cycles
2 16CYCLES Timeout period of 16 cycles
3 32CYCLES Timeout period of 32 cycles
4 64CYCLES Timeout period of 64 cycles
5 128CYCLES Timeout period of 128 cycles
6 256CYCLES Timeout period of 256 cycles
7 1KCYCLES Timeout period of 1024 cycles
8 2KCYCLES Timeout period of 2048 cycles
9 4KCYCLES Timeout period of 4096 cycles
10 8KCYCLES Timeout period of 8192 cycles
11 16KCYCLES Timeout period of 16384 cycles
12 32KCYCLES Timeout period of 32768 cycles
13 64KCYCLES Timeout period of 65536 cycles
14 128KCYCLES Timeout period of 131072 cycles
11:8 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
74 STEADYTIMEOUT  0x8 RW Wait Duration in HFXO Startup Steady Wait State

Wait duration depends on the chosen XTAL (expected value is around 100 us). Program the desired duration measured in
cycles of (at least) 83 ns.

Value

Mode

Description
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Bit Name Reset Access Description
0 2CYCLES Timeout period of 2 cycles
1 4CYCLES Timeout period of 4 cycles
2 16CYCLES Timeout period of 16 cycles
3 32CYCLES Timeout period of 32 cycles
4 64CYCLES Timeout period of 64 cycles
5 128CYCLES Timeout period of 128 cycles
6 256CYCLES Timeout period of 256 cycles
7 1KCYCLES Timeout period of 1024 cycles
8 2KCYCLES Timeout period of 2048 cycles
9 4KCYCLES Timeout period of 4096 cycles
10 8KCYCLES Timeout period of 8192 cycles
11 16KCYCLES Timeout period of 16384 cycles
12 32KCYCLES Timeout period of 32768 cycles
13 64KCYCLES Timeout period of 65536 cycles
14 128KCYCLES Timeout period of 131072 cycles
3.0 STARTUPTIMEOUT OxE RW Wait Duration in HFXO Startup Enable Wait State

Wait duration depends on the chosen XTAL (expected value is between 100 us and 1600 us). Program the desired duration
measured in cycles of (at least) 83 ns.

Value Mode Description

0 2CYCLES Timeout period of 2 cycles

1 4CYCLES Timeout period of 4 cycles

2 16CYCLES Timeout period of 16 cycles

3 32CYCLES Timeout period of 32 cycles

4 64CYCLES Timeout period of 64 cycles

5 128CYCLES Timeout period of 128 cycles

6 256CYCLES Timeout period of 256 cycles

7 1KCYCLES Timeout period of 1024 cycles
8 2KCYCLES Timeout period of 2048 cycles
9 4KCYCLES Timeout period of 4096 cycles
10 8KCYCLES Timeout period of 8192 cycles
11 16KCYCLES Timeout period of 16384 cycles
12 32KCYCLES Timeout period of 32768 cycles
13 64KCYCLES Timeout period of 65536 cycles
14 128KCYCLES Timeout period of 131072 cycles
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10.5.10 CMU_LFXOCTRL - LFXO Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:24 TIMEOUT 0x7 RW LFXO Timeout
Configures the start-up delay for LFXO. Do not change while LFXO is enabled. When starting up the LFXO after it has been
completely turned off, use the TIMEOUT setting required by the XTAL. If the LFXO has been retained on in EM4, then the
TIMEOUT=2cycles configuration is also allowed when re-enabling the LFXO after EM4 exit (as it is still running).
Value Mode Description
0 2CYCLES Timeout period of 2 cycles
1 256CYCLES Timeout period of 256 cycles
2 1KCYCLES Timeout period of 1024 cycles
3 2KCYCLES Timeout period of 2048 cycles
4 4KCYCLES Timeout period of 4096 cycles
5 8KCYCLES Timeout period of 8192 cycles
6 16KCYCLES Timeout period of 16384 cycles
7 32KCYCLES Timeout period of 32768 cycles
23:21 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
20 BUFCUR 0 RW LFXO Buffer Bias Current
The default value is intended to cover all use cases and reprogramming is not recommended. Do not change while LFXO is
enabled.
19:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17:16 CUR 0x0 RwW LFXO Current Trim
The default value is intended to cover all use cases and reprogramming is not recommended. Do not change while LFXO is
enabled.
15 AGC 1 RW LFXO AGC Enable
Set this bit to enable automatic gain control which limits XTAL oscillation amplitude. Do not change while LFXO is enabled.
14 HIGHAMPL 0 RW LFXO High XTAL Oscillation Amplitude Enable
Set this bit to enable high XTAL oscillation amplitude. Do not change while LFXO is enabled.
13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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Bit Name Reset Access Description
12:11 GAIN 0x2 RW LFXO Startup Gain

The optimal value for maximum startup margin depends on the chosen XTAL. Refer to the device data sheet or Simplicity
Studio for more information.

10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9:8 MODE 0x0 RwW LFXO Mode

Set this to configure the external source for the LFXO. Do not change while LFXO is enabled. The oscillator setting takes
effect when 1 is written to LFXOEN in CMU_OSCENCMD. The oscillator setting is reset to default when 1 is written to
LFXODIS in CMU_OSCENCMD.

Value Mode Description
0 XTAL 32768 Hz crystal oscillator
1 BUFEXTCLK An AC coupled buffer is coupled in series with LFXTAL_N pin, suitable
for external sinus wave (32768 Hz).
2 DIGEXTCLK Digital external clock on LFXTAL_N pin. Oscillator is effectively by-
passed.
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6:0 TUNING 0x00 RW LFXO Internal Capacitor Array Tuning Value

Writing this field adjusts the internal load capacitance connected between LFXTAL_P and ground and LFXTAL_N and
ground symmetrically (the higher the value, the higher the capacitance, the lower the frequency). Only increment or decre-
ment by 1 LSB at a time.
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10.5.11 CMU_DPLLCTRL - DPLL Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 DITHEN 0 RW Dither Enable Control
Set to enable the dither function
5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
4:3 REFSEL 0x0 RW Reference Clock Selection Control
This field selects which clock as the reference clock
Value Mode Description
0 HFXO HFXO selected
1 LFXO LFXO selected
3 CLKINO CLKINO selected
2 AUTORECOVER 0 RW Automatic Recovery Ctrl
Set to enable automatic recovery function.
1 EDGESEL 0 RW Reference Edge Select
This bit controls which edge of reference is detected
Value Mode Description
0 FALL Falling edge
1 RISE Rising edge
0 MODE 0 RW Operating Mode Control

This bit controls which mode DPLL is operating when enabled

Value Mode Description
0 FREQLL DPLL operates in frequency-lock mode.
1 PHASELL DPLL operates in phase-lock mode.
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10.5.12 CMU_DPLLCTRL1 - DPLL Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:28 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
27:16 N 0x000 RW Factor N
The locked DCO frequency is given by: Fdco = Fref * (N + 1)/ (M + 1). N is required to be larger than 32.
16:12 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
11:0 M 0x000 RwW Factor M

The locked DCO frequency is given by: Fdco = Fref * (N + 1)/ (M + 1). M can be any value.
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10.5.13 CMU_CALCTRL - Calibration Control Register

Offset Bit Position
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Bit Name Reset Access Description
31:27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:24 PRSDOWNSEL 0x0 RW PRS Select for PRS Input When Selected in DOWNSEL
Select PRS input for PRS based calibration. Only change when calibration circuit is off.
Value Mode Description
0 PRSCHO PRS Channel 0 selected as input
1 PRSCH1 PRS Channel 1 selected as input
2 PRSCH2 PRS Channel 2 selected as input
3 PRSCH3 PRS Channel 3 selected as input
4 PRSCH4 PRS Channel 4 selected as input
5 PRSCH5 PRS Channel 5 selected as input
6 PRSCH6 PRS Channel 6 selected as input
7 PRSCH7 PRS Channel 7 selected as input
23:19 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
18:16 PRSUPSEL 0x0 RwW PRS Select for PRS Input When Selected in UPSEL

Select PRS input for PRS based calibration. Only change when calibration circuit is off.

Value Mode Description

0 PRSCHO PRS Channel 0 selected as input
1 PRSCH1 PRS Channel 1 selected as input
2 PRSCH2 PRS Channel 2 selected as input
3 PRSCH3 PRS Channel 3 selected as input
4 PRSCH4 PRS Channel 4 selected as input
5 PRSCH5 PRS Channel 5 selected as input
6 PRSCH6 PRS Channel 6 selected as input
7 PRSCH7 PRS Channel 7 selected as input
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Bit Name Reset Access Description

15:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

8 CONT 0 RW Continuous Calibration

Set this bit to enable continuous calibration

7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6:4 DOWNSEL 0x0 RW Calibration Down-counter Select

Selects clock source for the calibration down-counter. Only change when calibration circuit is off.

Value Mode Description

0 HFCLK Select HFCLK for down-counter

1 HFXO Select HFXO for down-counter

2 LFXO Select LFXO for down-counter

3 HFRCO Select HFRCO for down-counter

4 LFRCO Select LFRCO for down-counter

5 AUXHFRCO Select AUXHFRCO for down-counter

6 PRS Select PRS input selected by PRSDOWNSEL as down-counter
3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions

2:0 UPSEL 0x0 RW Calibration Up-counter Select

Selects clock source for the calibration up-counter. Only change when calibration circuit is off.

Value Mode Description

0 HFXO Select HFXO as up-counter

1 LFXO Select LFXO as up-counter

2 HFRCO Select HFRCO as up-counter

3 LFRCO Select LFRCO as up-counter

4 AUXHFRCO Select AUXHFRCO as up-counter

5 PRS Select PRS input selected by PRSUPSEL as up-counter
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10.5.14 CMU_CALCNT - Calibration Counter Register

Offset Bit Position
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Bit Name Reset Access Description
31:20 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
19:0 CALCNT 0x00000 RWH Calibration Counter

Write top value before calibration. Read calibration result from this register when Calibration Ready flag has been set.
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10.5.15 CMU_OSCENCMD - Oscillator Enable/Disable Command Register

Offset Bit Position
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Bit Name Reset Access Description
31:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
13 DPLLDIS 0 WA1 DPLL Disable
Disables the DPLL.
12 DPLLEN 0 W1 DPLL Enable
Enables the DPLL.
11:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9 LFXODIS 0 W1 LFXO Disable
Disables the LFXO. LFXOEN has higher priority if written simultaneously. WARNING: Do not disable the LFXO if this oscil-
lator is selected as the source for HFCLK. When waking up from EM4 make sure EM4UNLATCH in EMU_CMD is set for
this to take effect
8 LFXOEN 0 W1 LFXO Enable
Enables the LFXO. When waking up from EM4 make sure EM4AUNLATCH in EMU_CMD is set for this to take effect
7 LFRCODIS 0 W1 LFRCO Disable
Disables the LFRCO. LFRCOEN has higher priority if written simultaneously. WARNING: Do not disable the LFRCO fif this
oscillator is selected as the source for HFCLK. When waking up from EM4 make sure EM4AUNLATCH in EMU_CMD s set
for this to take effect
6 LFRCOEN 0 W1 LFRCO Enable
Enables the LFRCO. When waking up from EM4 make sure EM4AUNLATCH in EMU_CMD is set for this to take effect
5 AUXHFRCODIS 0 W1 AUXHFRCO Disable
Disables the AUXHFRCO. AUXHFRCOEN has higher priority if written simultaneously.
4 AUXHFRCOEN 0 W1 AUXHFRCO Enable
Enables the AUXHFRCO.
3 HFXODIS 0 W1 HFXO Disable
Disables the HFXO. HFXOEN has higher priority if written simultaneously. WARNING: Do not disable the HFXO if this os-
cillator is selected as the source for HFCLK.
2 HFXOEN 0 W1 HFXO Enable

Enables the HFXO.
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Bit Name Reset Access Description
1 HFRCODIS 0 WA1 HFRCO Disable

Disables the HFRCO. HFRCOEN has higher priority if written simultaneously. WARNING: Do not disable the HFRCO fif this
oscillator is selected as the source for HFCLK.

0 HFRCOEN 0 W1 HFRCO Enable
Enables the HFRCO.

10.5.16 CMU_CMD - Command Register
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Bit Name Reset Access Description
31:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
4 HFXOPEAKDET- 0 W1 HFXO Peak Detection Start
START
Starts the HFXO peak detection and runs it one time.
3:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1 CALSTOP 0 W1 Calibration Stop
Stops the calibration counters.
0 CALSTART 0 W1 Calibration Start

Starts the calibration, effectively loading the CMU_CALCNT into the down-counter and start decrementing.
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10.5.17 CMU_DBGCLKSEL - Debug Trace Clock Select

Offset Bit Position
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31:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
1:0 DBG 0x0 RW Debug Trace Clock

Select clock used for debug trace.

Value Mode Description

0 AUXHFRCO AUXHFRCO is the debug trace clock

1 HFCLK HFCLK is the debug trace clock

2 HFRCODIV2 HFRCO divided by 2 is the debug trace clock
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10.5.18 CMU_HFCLKSEL - High Frequency Clock Select Command Register

Offset Bit Position

0074 5|8 IR/QN|QIRIT RN TR 2SI L T2 20w ~oow< oo~ o

Reset g

Access =

Name =

Bit Name Reset Access Description

31:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

2:0 HF 0x0 W1 HFCLK Select

Selects the clock source for HFCLK. Note that selecting an oscillator that is disabled will cause the system clock to stop.
Check the status register and confirm that oscillator is ready before switching. If the system can deal with a temporarily
stopped system clock, then it is okay to switch to an oscillator as soon as the status register indicates that the oscillator has
been enabled successfully.

Value Mode Description

1 HFRCO Select HFRCO as HFCLK

2 HFXO Select HFXO as HFCLK

3 LFRCO Select LFRCO as HFCLK

4 LFXO Select LFXO as HFCLK

5 HFRCODIV2 Select HFRCO divided by 2 as HFCLK
7 CLKINO Select CLKINO as HFCLK

silabs.com | Building a more connected world.

Rev. 1.1 | 351




Reference Manual
CMU - Clock Management Unit

10.5.19 CMU_LFACLKSEL - Low Frequency A Clock Select Register

Offset Bit Position
0x080 |5 /R RN ERIQNTRI22T L L T2 2 o0lo~ov von o
Reset g
Access E
Name E
-
Bit Name Reset Access Description
31:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

2:0 LFA 0x0 RW Clock Select for LFA

Selects the clock source for LFACLK.

Value Mode Description

0 DISABLED LFACLK is disabled

1 LFRCO LFRCO selected as LFACLK

2 LFXO LFXO selected as LFACLK

4 ULFRCO ULFRCO selected as LFACLK

10.5.20 CMU_LFBCLKSEL - Low Frequency B Clock Select Register

Offset Bit Position
0x084 SIIXIQRICQIIQIF R I ¥t Qlolo~ojw|t|m|n|~]|o
Reset g
Access E
Name E
-
Bit Name Reset Access Description
31:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

2:0 LFB 0x0 RwW Clock Select for LFB

Selects the clock source for LFBCLK.

Value Mode Description

0 DISABLED LFBCLK is disabled

1 LFRCO LFRCO selected as LFBCLK

2 LFXO LFXO selected as LFBCLK

3 HFCLKLE HFCLK divided by two/four is selected as LFBCLK

4 ULFRCO ULFRCO selected as LFBCLK

silabs.com | Building a more connected world.

Rev. 1.1 | 352




Reference Manual
CMU - Clock Management Unit

10.5.21 CMU_LFECLKSEL - Low Frequency E Clock Select Register

Offset Bit Position
0x088 |58 IRX I QQI QN[ eE|e 2 e¥ | lo|lo|~jo|w v o la|~|o
Reset g
Access 5
Name E
-
Bit Name Reset Access Description
31:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

2:0 LFE 0x0 RW Clock Select for LFE

Selects the clock source for LFECLK. When waking up from EM4 make sure EM4AUNLATCH in EMU_CMD s set for this to

take effect

Value Mode Description

0 DISABLED LFECLK is disabled

1 LFRCO LFRCO selected as LFECLK

2 LFXO LFXO selected as LFECLK

4 ULFRCO ULFRCO selected as LFECLK
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10.5.22 CMU_STATUS - Status Register

Offset Bit Position
00 53R &NSRIRIIIK2 2RI 2N T 200~ o00 0o
Reset o o o o - o oo - |-
Access ¥ | o o nd 1 nd ¥ | | o ¥ r o o o o
>
&
> n
& |w = m alz
% 2 %) 9 Q > v % l(JDJ > |0
Name x| T |2 [ < > o >lw Q|2 Q0% |28z
o|la|T = [ > nl=z 0z |¥ || xxlz xXxWw
Q[0 |a < o @) o | W | w| OOk |w| x| wH oo
¥ | OO O @) 14 ) Olo|lO|O|IZT|ZT|O|0|0Q |0
bR R " < iy JREESIZEEEE
5S4 Y T I o afila S8l5l%S | T
Bit Name Reset Access Description
31:30 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
29 ULFRCOPHASE 0 R ULFRCO Clock Phase
Used to determine if ULFRCO is in high or low phase.
28 LFRCOPHASE 0 R LFRCO Clock Phase
Used to determine if LFRCO is in high or low phase.
27 LFXOPHASE 0 R LFXO Clock Phase
Used to determine if LFXO is in high or low phase.
26 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
25 HFXOAMPLOW 0 R HFXO Amplitude Tuning Value Too Low
HFXO oscillation amplitude is too low. When using PEAKDETSHUNTOPTMODE=MANUAL, the IBTRIMXOCORE value in
CMU_HFXOSTEADYSTATECTRL should be tuned up by 1 LSB.
24:23 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
22 HFXOPEAKDETRDY 0 R HFXO Peak Detection Ready
HFXO peak detection is ready.
21:17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16 CALRDY 1 R Calibration Ready
Calibration is Ready (0 when calibration is ongoing).
15:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
13 DPLLRDY 0 R DPLL Ready
DPLL is enabled and locked
12 DPLLENS 0 R DPLL Enable Status
DPLL is enabled
11:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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Bit Name Reset Access Description
9 LFXORDY 0 R LFXO Ready

LFXO is enabled and start-up time has exceeded.

8 LFXOENS 0 R LFXO Enable Status

LFXO is enabled (shows disabled status if EM4 repaint is required).

7 LFRCORDY 0 R LFRCO Ready

LFRCO is enabled and start-up time has exceeded.

6 LFRCOENS 0 R LFRCO Enable Status
LFRCO is enabled (shows disabled status if EM4 repaint is required).

5 AUXHFRCORDY 0 R AUXHFRCO Ready
AUXHFRCO is enabled and start-up time has exceeded.
4 AUXHFRCOENS 0 R AUXHFRCO Enable Status

AUXHFRCO is enabled.

3 HFXORDY 0 R HFXO Ready

HFXO is enabled and start-up time has exceeded.

2 HFXOENS 0 R HFXO Enable Status
HFXO is enabled.

1 HFRCORDY 1 R HFRCO Ready

HFRCO is enabled and start-up time has exceeded.

0 HFRCOENS 1 R HFRCO Enable Status
HFRCO is enabled.
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10.5.23 CMU_HFCLKSTATUS - HFCLK Status Register

Offset Bit Position
x094 158 QI JLELIQNIRI2IeT eIV I olo|~rlolb|t| o a0
Reset g
Access x
m)
L
3
Name e
—1
w
%)
Bit Name Reset Access Description
31:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2:0 SELECTED 0x1 R HFCLK Selected
Clock selected as HFCLK clock source.
Value Mode Description
1 HFRCO HFRCO is selected as HFCLK clock source
2 HFXO HFXO is selected as HFCLK clock source
3 LFRCO LFRCO is selected as HFCLK clock source
4 LFXO LFXO is selected as HFCLK clock source
5 HFRCODIV2 HFRCO divided by 2 is selected as HFCLK clock source
7 CLKINO CLKINO is selected as HFCLK clock source
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10.5.24 CMU_HFXOTRIMSTATUS - HFXO Trim Status

Offset Bit Position
0x0C 5|88 NIQILI RN TR 2SI L T2 20w ~ow<oa - o
3 3
Reset olo =) S
o o
Access |y |x o o
z
®)
=
w w
o o
N S 3
ame % o O
I X X
=>|a = =
Z |5 o o
Ol = =
= > o o
Bit Name Reset Access Description
31 MONVALID 0 R Peak Detection Algorithm or Peak Monitoring Algorithm Found a
Value for IBTRIMXOCOREMON
30 VALID 0 R Peak Detection Algorithm Found a Value for IBTRIMXOCORE
If HFXO is started again with PEAKDETTMODE=ONCECMD the IBTRIMXOCORE value from CMU_HFXOTRIMSTATUS
will be used and peak detection algorithm will be skipped.
29:27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:16 IBTRIMXOCORE- 0x000 R Value of IBTRIMXOCORE Found By Automatic HFXO Peak Detec-
MON tion Algorithm or Peak Monitoring Algorithm (completion of Either
Algorithm Will Cause an Update of IBTRIMXOCOREMON)
15:11 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10:0 IBTRIMXOCORE 0x000 R Value of IBTRIMXOCORE Found By Automatic HFXO Peak Detec-

tion Algorithm

If HFXO is started again with PEAKDETTMODE=ONCECMD this value will be used as steady state value for the HFXO
(instead of the IBTRIMXOCORE value from CMU_HFXOSTEADYSTATECTRL) and peak detection algorithm will be skip-

ped
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10.5.25 CMUL_IF - Interrupt Flag Register

Offset Bit Position

0X0A0 |5

30
29
8
26
25
24
23
22
20
19
18
7
6
5
4
3
12
11
10

21

Reset

R |0 |27

R |0
R

Access |y

R
R
R
R
R
R
R
R
R

Name

DPLLLOCKFAILHIGH |R |0
DPLLLOCKFAILLOW |R |0
HFXOPEAKDETRDY |R |0

DPLLRDY
LFTIMEOUTERR

HFRCODIS
AUXHFRCORDY

CMUERR
ULFRCOEDGE
LFRCOEDGE
LFXOEDGE
HFXOAUTOSW
HFXODISERR
CALOF
CALRDY
LFXORDY
LFRCORDY
HFXORDY
HFRCORDY

Bit Name Reset Access Description
31 CMUERR 0 R CMU Error Interrupt Flag
Set upon illegal CMU write attempt (e.g. writing CMU_LFRCOCTRL while LFRCOBSY is set).

30 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
29 ULFRCOEDGE 0 R ULFRCO Clock Edge Detected Interrupt Flag

Sets when ULFRCO clock switches phases.

28 LFRCOEDGE 0 R LFRCO Clock Edge Detected Interrupt Flag

Sets when LFRCO clock switches phases.

27 LFXOEDGE 0 R LFXO Clock Edge Detected Interrupt Flag

Sets when LFXO clock switches phases.

26:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17 DPLLLOCKFAIL- 0 R DPLL Lock Failure Low Interrupt Flag
HIGH

Set when DPLL fail to lock because of period overflow.

16 DPLLLOCKFAILLOW 0 R DPLL Lock Failure Low Interrupt Flag

Set when DPLL fail to lock because of period underflow.

15 DPLLRDY 0 R DPLL Lock Interrupt Flag
Set when DPLL achieve the lock.

14 LFTIMEOUTERR 0 R Low Frequency Timeout Error Interrupt Flag

Set when LFTIMEOUT of CMU_HFXOCTRL triggers before the combined STARTUPTIMEOUT plus STEADYTIMEOUT of
the CMU_HFXOTIMEOUTCTRL register triggers.

13 HFRCODIS 0 R HFRCO Disable Interrupt Flag

Set when a running HFRCO is disabled because of automatic HFXO start and selection.

12 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
11 HFXOPEAKDETRDY 0 R HFXO Automatic Peak Detection Ready Interrupt Flag

Set when automatic HFXO peak detection is ready.
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Bit Name Reset Access Description

10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

9 HFXOAUTOSW 0 R HFXO Automatic Switch Interrupt Flag

Set when automatic selection of HFXO causes a switch of the source clock used for HFCLKSRC.

8 HFXODISERR 0 R HFXO Disable Error Interrupt Flag

Set when software tries to disable/deselect the HFXO in case the automatic enable/select reason is met. The HFXO was
not disabled/deselected.

7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 CALOF 0 R Calibration Overflow Interrupt Flag

Set when calibration overflow has occurred (i.e. if a new calibration completes before CMU_CALCNT has been read).

5 CALRDY 0 R Calibration Ready Interrupt Flag

Set when calibration is completed.

4 AUXHFRCORDY 0 R AUXHFRCO Ready Interrupt Flag
Set when AUXHFRCO is ready (start-up time exceeded).

3 LFXORDY 0 R LFXO Ready Interrupt Flag
Set when LFXO is ready (start-up time exceeded). LFXORDY can be used as wake-up interrupt.

2 LFRCORDY 0 R LFRCO Ready Interrupt Flag
Set when LFRCO is ready (start-up time exceeded). LFRCORDY can be used as wake-up interrupt.

-

HFXORDY 0 R HFXO Ready Interrupt Flag

Set when HFXO is ready (start-up time exceeded).

0 HFRCORDY 1 R HFRCO Ready Interrupt Flag
Set when HFRCO is ready (start-up time exceeded).
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10.5.26 CMUL_IFS - Interrupt Flag Set Register

Offset Bit Position
x0A4 |5 I8IRITINICIRIIIQR IR 22Eg2Fe¥dffow~lojb|v o oo
Reset |5 o|o|o o|lo|o|o|o o o o|lo|o|o|o|o|o
Access |2 | 2133 SHEEHEHEBEHEEEHEEEHEHBEEE
T
o2 5
IS o E >
w == 74 h = |, fa)
O |w I L a X 14
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) X OO0 J|oD|3(2 |9 (@) O |0 Ol |ZT|0/0|0|Q
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Bit Name Reset Access Description
31 CMUERR 0 W1 Set CMUERR Interrupt Flag
Write 1 to set the CMUERR interrupt flag
30 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
29 ULFRCOEDGE 0 W1 Set ULFRCOEDGE Interrupt Flag
Write 1 to set the ULFRCOEDGE interrupt flag
28 LFRCOEDGE 0 W1 Set LFRCOEDGE Interrupt Flag
Write 1 to set the LFRCOEDGE interrupt flag
27 LFXOEDGE 0 W1 Set LFXOEDGE Interrupt Flag
Write 1 to set the LFXOEDGE interrupt flag
26:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17 DPLLLOCKFAIL- 0 WA1 Set DPLLLOCKFAILHIGH Interrupt Flag

HIGH
Write 1 to set the DPLLLOCKFAILHIGH interrupt flag

16 DPLLLOCKFAILLOW 0 W1 Set DPLLLOCKFAILLOW Interrupt Flag
Write 1 to set the DPLLLOCKFAILLOW interrupt flag

15 DPLLRDY 0 W1 Set DPLLRDY Interrupt Flag
Write 1 to set the DPLLRDY interrupt flag

14 LFTIMEOUTERR 0 WA1 Set LFTIMEOUTERR Interrupt Flag
Write 1 to set the LFTIMEOUTERR interrupt flag
13 HFRCODIS 0 WA1 Set HFRCODIS Interrupt Flag

Write 1 to set the HFRCODIS interrupt flag

12 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
11 HFXOPEAKDETRDY 0 W1 Set HFXOPEAKDETRDY Interrupt Flag

Write 1 to set the HFXOPEAKDETRDY interrupt flag
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Bit Name Reset Access Description

10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

9 HFXOAUTOSW 0 W1 Set HFXOAUTOSW Interrupt Flag

Write 1 to set the HFXOAUTOSW interrupt flag

8 HFXODISERR 0 W1 Set HFXODISERR Interrupt Flag
Write 1 to set the HFXODISERR interrupt flag

7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 CALOF 0 W1 Set CALOF Interrupt Flag

Write 1 to set the CALOF interrupt flag

5 CALRDY 0 W1 Set CALRDY Interrupt Flag
Write 1 to set the CALRDY interrupt flag

4 AUXHFRCORDY 0 W1 Set AUXHFRCORDY Interrupt Flag
Write 1 to set the AUXHFRCORDY interrupt flag

3 LFXORDY 0 W1 Set LFXORDY Interrupt Flag
Write 1 to set the LFXORDY interrupt flag

2 LFRCORDY 0 WA1 Set LFRCORDY Interrupt Flag
Write 1 to set the LFRCORDY interrupt flag

1 HFXORDY 0 W1 Set HFXORDY Interrupt Flag
Write 1 to set the HFXORDY interrupt flag

0 HFRCORDY 0 W1 Set HFRCORDY Interrupt Flag
Write 1 to set the HFRCORDY interrupt flag
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10.5.27 CMU_IFC - Interrupt Flag Clear Register

Offset Bit Position
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Bit Name Reset Access Description
31 CMUERR 0 (R)W1 Clear CMUERR Interrupt Flag
Write 1 to clear the CMUERR interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
30 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
29 ULFRCOEDGE 0 (R)\W1  Clear ULFRCOEDGE Interrupt Flag
Write 1 to clear the ULFRCOEDGE interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
28 LFRCOEDGE 0 (R)W1  Clear LFRCOEDGE Interrupt Flag
Write 1 to clear the LFRCOEDGE interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
27 LFXOEDGE 0 (R)W1 Clear LFXOEDGE Interrupt Flag
Write 1 to clear the LFXOEDGE interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
26:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17 DPLLLOCKFAIL- 0 (R)W1  Clear DPLLLOCKFAILHIGH Interrupt Flag
HIGH
Write 1 to clear the DPLLLOCKFAILHIGH interrupt flag. Reading returns the value of the IF and clears the corresponding
interrupt flags (This feature must be enabled globally in MSC.).
16 DPLLLOCKFAILLOW 0 (R)W1  Clear DPLLLOCKFAILLOW Interrupt Flag
Write 1 to clear the DPLLLOCKFAILLOW interrupt flag. Reading returns the value of the IF and clears the corresponding
interrupt flags (This feature must be enabled globally in MSC.).
15 DPLLRDY 0 (R)W1 Clear DPLLRDY Interrupt Flag
Write 1 to clear the DPLLRDY interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
14 LFTIMEOUTERR 0 (R)W1  Clear LFTIMEOUTERR Interrupt Flag

Write 1 to clear the LFTIMEOUTERR interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).
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Bit Name Reset Access Description
13 HFRCODIS 0 (R)W1  Clear HFRCODIS Interrupt Flag

Write 1 to clear the HFRCODIS interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).

12 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
11 HFXOPEAKDETRDY 0 (R)W1 Clear HFXOPEAKDETRDY Interrupt Flag

Write 1 to clear the HFXOPEAKDETRDY interrupt flag. Reading returns the value of the IF and clears the corresponding
interrupt flags (This feature must be enabled globally in MSC.).

10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9 HFXOAUTOSW 0 (R)W1 Clear HFXOAUTOSW Interrupt Flag

Write 1 to clear the HFXOAUTOSW interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).

8 HFXODISERR 0 (R)W1 Clear HFXODISERR Interrupt Flag

Write 1 to clear the HFXODISERR interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).

7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 CALOF 0 (R)YW1 Clear CALOF Interrupt Flag

Write 1 to clear the CALOF interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).

5 CALRDY 0 (R)W1 Clear CALRDY Interrupt Flag

Write 1 to clear the CALRDY interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).

4 AUXHFRCORDY 0 (R)W1 Clear AUXHFRCORDY Interrupt Flag

Write 1 to clear the AUXHFRCORDY interrupt flag. Reading returns the value of the IF and clears the corresponding inter-
rupt flags (This feature must be enabled globally in MSC.).

3 LFXORDY 0 (R)W1 Clear LFXORDY Interrupt Flag

Write 1 to clear the LFXORDY interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).

2 LFRCORDY 0 (R)W1 Clear LFRCORDY Interrupt Flag

Write 1 to clear the LFRCORDY interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).

1 HFXORDY 0 (R)W1 Clear HFXORDY Interrupt Flag

Write 1 to clear the HFXORDY interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).

0 HFRCORDY 0 (R)W1 Clear HFRCORDY Interrupt Flag

Write 1 to clear the HFRCORDY interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
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10.5.28 CMU_IEN - Interrupt Enable Register

Offset Bit Position
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Bit Name Reset Access Description
31 CMUERR 0 RW CMUERR Interrupt Enable
Enable/disable the CMUERR interrupt
30 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
29 ULFRCOEDGE 0 RW ULFRCOEDGE Interrupt Enable
Enable/disable the ULFRCOEDGE interrupt
28 LFRCOEDGE 0 RwW LFRCOEDGE Interrupt Enable
Enable/disable the LFRCOEDGE interrupt
27 LFXOEDGE 0 RW LFXOEDGE Interrupt Enable
Enable/disable the LFXOEDGE interrupt
26:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17 DPLLLOCKFAIL- 0 RW DPLLLOCKFAILHIGH Interrupt Enable
HIGH
Enable/disable the DPLLLOCKFAILHIGH interrupt
16 DPLLLOCKFAILLOW 0 RW DPLLLOCKFAILLOW Interrupt Enable
Enable/disable the DPLLLOCKFAILLOW interrupt
15 DPLLRDY 0 RW DPLLRDY Interrupt Enable
Enable/disable the DPLLRDY interrupt
14 LFTIMEOUTERR 0 RW LFTIMEOUTERR Interrupt Enable
Enable/disable the LFTIMEOUTERR interrupt
13 HFRCODIS 0 RwW HFRCODIS Interrupt Enable
Enable/disable the HFRCODIS interrupt
12 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
11 HFXOPEAKDETRDY 0 RW HFXOPEAKDETRDY Interrupt Enable

Enable/disable the HFXOPEAKDETRDY interrupt
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Bit Name Reset Access Description

10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

9 HFXOAUTOSW 0 RW HFXOAUTOSW Interrupt Enable

Enable/disable the HFXOAUTOSW interrupt

8 HFXODISERR 0 RW HFXODISERR Interrupt Enable
Enable/disable the HFXODISERR interrupt

7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 CALOF 0 RW CALOEF Interrupt Enable

Enable/disable the CALOF interrupt

5 CALRDY 0 RW CALRDY Interrupt Enable
Enable/disable the CALRDY interrupt

4 AUXHFRCORDY 0 RW AUXHFRCORDY Interrupt Enable
Enable/disable the AUXHFRCORDY interrupt

3 LFXORDY 0 RW LFXORDY Interrupt Enable
Enable/disable the LFXORDY interrupt
2 LFRCORDY 0 RW LFRCORDY Interrupt Enable

Enable/disable the LFRCORDY interrupt

-

HFXORDY 0 RW HFXORDY Interrupt Enable
Enable/disable the HFXORDY interrupt

0 HFRCORDY 0 RW HFRCORDY Interrupt Enable
Enable/disable the HFRCORDY interrupt
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10.5.29 CMU_HFBUSCLKENO - High Frequency Bus Clock Enable Register 0

Offset Bit Position
0B |58 IR/RNIQIRI RN TR 2SI L T2 20w ~ow< o~ o
Reset o|lo|lo|o|o|o
Access 5 E 5 5 5 5
3
Name 8 < A
S22 &
O|J/a 0|0 |a
Bit Name Reset Access Description
31:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

5 GPCRC 0 RW General Purpose CRC Clock Enable

Set to enable the clock for GPCRC.
4 LDMA 0 RwW Linked Direct Memory Access Controller Clock Enable

Set to enable the clock for LDMA.
3 PRS 0 RW Peripheral Reflex System Clock Enable

Set to enable the clock for PRS.
2 GPIO 0 RW General purpose Input/Output Clock Enable

Set to enable the clock for GPIO.
1 CRYPTOO 0 RW Advanced Encryption Standard Accelerator Clock Enable

Set to enable the clock for CRYPTOO.
0 LE 0 RW Low Energy Peripheral Interface Clock Enable

Set to enable the clock for LE. Interface used for bus access to Low Energy peripherals.
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10.5.30 CMU_HFPERCLKENO - High Frequency Peripheral Clock Enable Register 0

Offset Bit Position
x0C0 15|18 IQRQQIRQJR2e T g2 IedtQow~lowv <o oal~|o
Reset o|lo|lo|o o|o o|lo|lo|o|o
Access z22333323333:¢
%
g ™M N |~ | O
Name 8 o5EE A
2|0 > =2 |=2 || < | << | <
F28588RcEESS3S
Bit Name Reset Access Description
31:13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12 TRNGO 0 RW True Random Number Generator 0 Clock Enable
Set to enable the clock for TRNGO.
11 ADCO 0 RW Analog to Digital Converter 0 Clock Enable
Set to enable the clock for ADCO.
10 CRYOTIMER 0 RW CRYOTIMER Clock Enable
Set to enable the clock for CRYOTIMER.
9 ACMP1 0 RW Analog Comparator 1 Clock Enable
Set to enable the clock for ACMP1.
8 ACMPO 0 RwW Analog Comparator 0 Clock Enable
Set to enable the clock for ACMPO.
7 12C1 0 RW 12C 1 Clock Enable
Set to enable the clock for [12C1.
6 12C0 0 RW 12C 0 Clock Enable
Set to enable the clock for 12C0.
5 TIMER1 0 RwW Timer 1 Clock Enable
Set to enable the clock for TIMER1.
4 TIMERO 0 RW Timer 0 Clock Enable
Set to enable the clock for TIMERO.
3 USART3 0 RW Universal Synchronous/Asynchronous Receiver/Transmitter 3
Clock Enable
Set to enable the clock for USARTS3.
2 USART2 0 RW Universal Synchronous/Asynchronous Receiver/Transmitter 2
Clock Enable
Set to enable the clock for USART2.
1 USART1 0 RwW Universal Synchronous/Asynchronous Receiver/Transmitter 1

Set to enable the clock for USART1.

Clock Enable

silabs.com | Building a more connected world.

Rev. 1.1 | 367




Reference Manual
CMU - Clock Management Unit

Bit

Name

USARTO

Set to enable the clock for USARTO.

Reset

Access Description

RW
Clock Enable

Universal Synchronous/Asynchronous Receiver/Transmitter 0

10.5.31 CMU_HFPERCLKEN?1 - High Frequency Peripheral Clock Enable Register 1

Offset

Bit Position

0x0C4 1518/ /RIKIQI&Q I NIRI2I2EIERIT2YITIC o w~lojw |t m|n|~ O
Reset o|lo|lo|o|o|o
Access SBBEEE
‘o=
ol |H|fE o
Name Z|Qlo|s|s |E
w| < | Z2 /==K
ol |ElE|<
O|>0|=2/2 3>
Bit Name Reset Access Description
31:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5 CSEN 0 RW Capacitive touch sense module Clock Enable
Set to enable the clock for CSEN.
4 VDACO 0 RW Digital to Analog Converter 0 Clock Enable
Set to enable the clock for VDACO.
3 CANO 0 RW CAN 0 Clock Enable
Set to enable the clock for CANO.
2 WTIMER1 0 RW Wide Timer 1 Clock Enable
Set to enable the clock for WTIMER1.
1 WTIMERO 0 RW Wide Timer 0 Clock Enable
Set to enable the clock for WTIMERO.
0 UARTO 0 RwW Universal Asynchronous Receiver/Transmitter 0 Clock Enable

Set to enable the clock for UARTO.
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10.5.32 CMU_LFACLKENO - Low Frequency a Clock Enable Register 0 (Async Reg)

Offset Bit Position
B0 15|18 RRKNLRIQYTIR2R TR I N T2 0 o/~ov/ <o a o
Reset oclo|lo
Access 5 5 5
o
T | &
Name = E
Q- |»n
O W W
RS [ R [ |
Bit Name Reset Access Description
31:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2 LCD 0 RW Liquid Crystal Display Controller Clock Enable
Set to enable the clock for LCD.
1 LETIMERO 0 RwW Low Energy Timer 0 Clock Enable
Set to enable the clock for LETIMERO.
0 LESENSE 0 RwW Low Energy Sensor Interface Clock Enable

Set to enable the clock for LESENSE.

10.5.33 CMU_LFBCLKENO - Low Frequency B Clock Enable Register 0 (Async Reg)

Offset Bit Position
0x0E8 |58 IRIENICQIQ VI K22Eg2F@e¥dffow|~lojb|v o a0
Reset ololo
Access 5 5 5
CIx
O
Name Z | < | =
AEIE
Oja|»m
Bit Name Reset Access Description
31:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2 CSEN 0 RW Capacitive touch sense module Clock Enable
Set to enable the clock for CSEN.
1 LEUARTO 0 RwW Low Energy UART 0 Clock Enable
Set to enable the clock for LEUARTO.
0 SYSTICK 0 RW Clock Enable

Set to enable the clock for SYSTICK.
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10.5.34 CMU_LFECLKENO - Low Frequency E Clock Enable Register 0 (Async Reg)

Offset Bit Position

XF0 |5/8/2/8INSILIFIQINTR2RTCLT 2N 2 glo~ow < oo -|lo

Reset o

Access 5
(@]

Name (l;J
[1'd

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 RTCC 0 RwW Real-Time Counter and Calendar Clock Enable

Set to enable the clock for RTCC.
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10.5.35 CMU_HFPRESC - High Frequency Clock Prescaler Register

Offset Bit Position
x100 158K KNLR IR TR IV T2 o0 o/ ~olv <o ~|o
o o
Reset X g
Access E E
O
N
|
hd
N iy
ame w
:
2 i
T o
Bit Name Reset Access Description
31:26 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
25:24 HFCLKLEPRESC 0x0 RW HFCLKLE Prescaler
Specifies the clock divider for HFCLKLE.
Value Mode Description
0 DIV2 HFCLKLE is HFBUSCLK| g divided by 2.
1 DIV4 HFCLKLE is HFBUSCLK| g divided by 4.
2 DIV8 HFCLKLE is HFBUSCLK| g divided by 8.
23:13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12:8 PRESC 0x00 RW HFCLK Prescaler
Specifies the clock divider for HFCLK (relative to HFSRCCLK).
Value Description
PRESC Clock division factor of PRESC+1.
7:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
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10.5.36 CMU_HFBUSPRESC - High Frequency Bus Clock Prescaler Register

Offset Bit Position
0x104 |58 IRXJCQIQ VIR 22Ee2F@e ¥ R0 w|~lojw|v o a0
3
Reset =}
o
Access E
@
Name I
1
o
Bit Name Reset Access Description
31:17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16:8 PRESC 0x000 RwW HFBUSCLK Prescaler
Specifies the clock divider for the HFBUSCLK (relative to HFCLK).
Value Description
PRESC Clock division factor of PRESC+1.
7:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

10.5.37 CMU_HFCOREPRESC - High Frequency Core Clock Prescaler Register

Offset Bit Position
0x108 15 18I RQIQIIQ QIR Ege I e¥t|Qloo|~|lojv|t|m|a|-]|o
3
Reset =)
o
Access E
@
Name I
o
o
Bit Name Reset Access Description
31:17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16:8 PRESC 0x000 RW HFCORECLK Prescaler
Specifies the clock divider for HFCORECLK (relative to HFCLK).
Value Description
PRESC Clock division factor of PRESC+1.
7:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
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10.5.38 CMU_HFPERPRESC - High Frequency Peripheral Clock Prescaler Register

Offset Bit Position
x10C 15|18 RR KN LR IQYNTR2R TR IV T2 0 o ~olv <o ~|o
3
Reset =}
o
Access E
@
Name I
1
o
Bit Name Reset Access Description
31:17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16:8 PRESC 0x000 RwW HFPERCLK Prescaler
Specifies the clock divider for the HFPERCLK (relative to HFCLK).
Value Description
PRESC Clock division factor of PRESC+1.
7:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

10.5.39 CMU_HFEXPPRESC - High Frequency Export Clock Prescaler Register

Offset Bit Position
x114 15 18IQIRIRQQ IR ] IR 2T eI 2 ¥ tQ|loo|~|lo|lw|¢|m|a|- o
o
Reset <
o
Access E
3
Name L
o
o
Bit Name Reset Access Description
31:13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12:8 PRESC 0x00 RW HFEXPCLK Prescaler
Specifies the clock divider for HFEXPCLK (relative to HFCLK).
Value Description
PRESC Clock division factor of PRESC+1.
7:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
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10.5.40 CMU_HFPERPRESCB - High Frequency Peripheral Clock Prescaler B Register

Offset Bit Position
x118 158 RRKNLRIQYNTRR TR IV T2 o0 o/ ~olv <o ~|o
3
Reset =}
o
Access E
@
Name I
1
o
Bit Name Reset Access Description
31:17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16:8 PRESC 0x000 RwW HFPERCLK Prescaler
Specifies the clock divider for the HFPERCLK (relative to HFCLK).
Value Description
PRESC Clock division factor of PRESC+1.
7:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10.5.41 CMU_HFPERPRESCC - High Frequency Peripheral Clock Prescaler C Register
Offset Bit Position
x11C |5 /8IRIRNISRIRYTRI22T QL2 I C2ow~obv oo
3
Reset =)
o
Access E
8
Name I
o
o
Bit Name Reset Access Description
31:17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16:8 PRESC 0x000 RW HFPERCLK Prescaler
Specifies the clock divider for the HFPERCLK (relative to HFCLK).
Value Description
PRESC Clock division factor of PRESC+1.
7:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
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10.5.42 CMU_LFAPRESCO - Low Frequency a Prescaler Register 0 (Async Reg)

Offset Bit Position
0120 |5/ /R/R N|QIRT RN TR 22T L T2 20w ~ow< oo~ o
(=] (=] (=]
Reset = 3 3
Access 5 E 5
o
L
i 2
Name = i
a — )
(&) ] w
— - -
Bit Name Reset Access Description
31:11 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10:8 LCD 0x0 RW Liquid Crystal Display Controller Prescaler
Configure Liquid Crystal Display Controller prescaler
Value Mode Description
0 DIV1 LFACLK|cp = LFACLK
1 DIv2 LFACLK|cp = LFACLK/2
2 DIv4 LFACLK|cp = LFACLK/4
3 DIV8 LFACLK|cp = LFACLK/8
4 DIV16 LFACLK_cp = LFACLK/16
5 DIV32 LFACLK|cp = LFACLK/32
6 DIve4 LFACLK|cp = LFACLK/64
7 DIV128 LFACLK|cp = LFACLK/128
7:4 LETIMERO 0x0 RW Low Energy Timer 0 Prescaler

Configure Low Energy Timer O prescaler

Value Mode Description

0 DIVA1 LFACLK_gTiMERO = LFACLK

1 DIV2 LFACLK| gTimMERD = LFACLK/2

2 DIV4 LFACLK_gTmMeER0 = LFACLK/4

3 DIV8 LFACLK_gTiMeR0 = LFACLK/8

4 DIV16 LFACLK| gTiMERO = LFACLK/16
5 DIV32 LFACLK_g1mMeR0 = LFACLK/32
6 DIV64 LFACLK_gTiMeR0 = LFACLK/64
7 DIV128 LFACLK| gTiMERO = LFACLK/128
8 DIV256 LFACLK_g1imMeR0 = LFACLK/256
9 DIV512 LFACLK_gTiMeERO = LFACLK/512
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Bit Name Reset Access Description
10 DIV1024 LFACLK| gTiMERO = LFACLK/1024
11 DIV2048 LFACLK| gTimMERO = LFACLK/2048
12 DIV4096 LFACLKgTiMERO = LFACLK/4096
13 DIV8192 LFACLK| gTiMERO = LFACLK/8192
14 DIV16384 LFACLK gTimMERO = LFACLK/16384
15 DIV32768 LFACLK_gTiMERO = LFACLK/32768
3:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1:0 LESENSE 0x0 RW Low Energy Sensor Interface Prescaler

Configure Low Energy Sensor Interface prescaler

Value Mode Description

0 DIV1 LFACLK| gsense = LFACLK

1 DIV2 LFACLK| gsense = LFACLK/2
2 DIV4 LFACLK gsense = LFACLK/4
3 DIV8 LFACLK| gsense = LFACLK/8
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10.5.43 CMU_LFBPRESCO - Low Frequency B Prescaler Register 0 (Async Reg)

Offset Bit Position
x128 |58/ RN &QRIQNTRI22T L2 T2 2 olor~owv voa o
(=] (e} (=)
Reset 3 3 3
Access 5 E
e X
i o
Name P < =
3 3 | ¢
O - n
Bit Name Reset Access Description
31:10 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
9:8 CSEN 0x0 RW Capacitive touch sense module Prescaler
Configure Capacitive touch sense module prescaler
Value Mode Description
0 DIV16 LFBCLK¢sen = LFBCLK/16
1 DIV32 LFBCLKcsen = LFBCLK/32
2 DIV64 LFBCLKcsen = LFBCLK/64
3 DIV128 LFBCLKcsen = LFBCLK/128
7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5:4 LEUARTO 0x0 RwW Low Energy UART 0 Prescaler
Configure Low Energy UART O prescaler
Value Mode Description
0 DIV1 LFBCLK| gyarTO = LFBCLK
1 DIV2 LFBCLK| gyarTO = LFBCLK/2
2 DIV4 LFBCLK_guarTO = LFBCLK/4
3 DIV8 LFBCLK_gyarT0 = LFBCLK/8
3:0 SYSTICK 0x0 Prescaler
Configure prescaler
Value Mode Description
0 DIV1 LFBCLKsysTIck = LFBCLK

silabs.com | Building a more connected world.

Rev.1.1 | 377




Reference Manual
CMU - Clock Management Unit

10.5.44 CMU_LFEPRESCO - Low Frequency E Prescaler Register 0 (Async Reg)

When waking up from EM4 make sure EM4AUNLATCH in EMU_CMD is set for this to take effect

Offset Bit Position

X130 |5 /8/Q &K|QLQIQYT R QLI YT 200~ oo v oo

Reset g

Access E
3

Name =
hs

Bit Name Reset Access Description

31:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
1:0 RTCC 0x0 RW Real-Time Counter and Calendar Prescaler

Configure Real-Time Counter and Calendar prescaler

Value Mode Description

0 DIV1 LFECLKRrTcc = LFECLK

1 DIV2 LFECLKRTcc = LFECLK/2
2 DIV4 LFECLKRTcc = LFECLK/4
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10.5.45 CMU_SYNCBUSY - Synchronization Busy Register

Offset Bit Position
x40 53 QENSRIRIS K2 2RI YT 200~ oo 0o
Reset o o|o|o
Access 14 ¢ e o o x (14 x x x x
>
3 2
[T o o o o o o
w| >0 |>
0| N | > ox L X L 4 L X
0|0 0|0k |9 x = [ 4 [ 3
o|Qlo|o|LT|C o O o &) o Q
X | X || |X| &K i I m m < <
L w2 W (™ o L (™ w L
J4 T | a|la|< | - — — - — —
Bit Name Reset Access Description
31:30 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
29 LFXOBSY 0 R LFXO Busy
Used to check the synchronization status of CMU_LFXOCTRL.
Value Description
0 CMU_LFXOCTRL is ready for update
1 CMU_LFXOCTRL is busy synchronizing new value
28 HFXOBSY 0 R HFXO Busy
Used to check the synchronization status of CMU_HFXOCTRL, CMU_HFXOSTARTUPCTRL, CMU_HFXOSTEADYSTA-
TECTRL, CMU_HFXOTIMEOUTCTRL, CMU_HFXOCTRL1.
Value Description
0 CMU_HFXOCTRL, CMU_HFXOSTARTUPCTRL, CMU_HFXOSTEA-
DYSTATECTRL, CMU_HFXOTIMEOUTCTRL, CMU_HFXOCTRL1 are
ready for update
1 CMU_HFXOCTRL, CMU_HFXOSTARTUPCTRL, CMU_HFXOSTEA-
DYSTATECTRL, CMU_HFXOTIMEOUTCTRL, CMU_HFXOCTRL1 are
busy synchronizing new value. HFXO is also BUSY when these regis-
ters are actively being used (e.g. when HFXOENS=1).
27 LFRCOVREFBSY 0 R LFRCO VREF Busy
Used to check the synchronization status of GMCCURTUNE.
Value Description
0 CMU_LFRCOCTRL GMCCURTUNE bitfield is ready for update
1 CMU_LFRCOCTRL GMCCURTUNE bitfield is busy synchronizing new
value
26 LFRCOBSY 0 R LFRCO Busy

Used to check the synchronization status of CMU_LFRCOCTRL.

Value Description

0 CMU_LFRCOCTRL is ready for update
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Bit Name Reset Access Description
1 CMU_LFRCOCTRL is busy synchronizing new value
25 AUXHFRCOBSY 0 R AUXHFRCO Busy

Used to check the synchronization status of CMU_AUXHFRCOCTRL.

Value Description

0 CMU_AUXHFRCOCTRL is ready for update

1 CMU_AUXHFRCOCTRL is busy synchronizing new value
24 HFRCOBSY 0 R HFRCO Busy

Used to check the synchronization status of CMU_HFRCOCTRL.

Value Description
0 CMU_HFRCOCTRL is ready for update
1 CMU_HFRCOCTRL is busy synchronizing new value
23:19 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
18 LFEPRESCO 0 R Low Frequency E Prescaler 0 Busy

Used to check the synchronization status of CMU_LFEPRESCO.

Value Description
0 CMU_LFEPRESCO is ready for update
1 CMU_LFEPRESCO is busy synchronizing new value
17 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
16 LFECLKENO 0 R Low Frequency E Clock Enable 0 Busy

Used to check the synchronization status of CMU_LFECLKENO.

Value Description
0 CMU_LFECLKENO is ready for update
1 CMU_LFECLKENO is busy synchronizing new value
15:7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 LFBPRESCO 0 R Low Frequency B Prescaler 0 Busy

Used to check the synchronization status of CMU_LFBPRESCO.

Value Description
0 CMU_LFBPRESCO is ready for update
1 CMU_LFBPRESCO is busy synchronizing new value
5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
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Bit Name Reset Access Description
4 LFBCLKENO 0 R Low Frequency B Clock Enable 0 Busy
Used to check the synchronization status of CMU_LFBCLKENO.

Value Description
0 CMU_LFBCLKENO is ready for update
1 CMU_LFBCLKENO is busy synchronizing new value
3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2 LFAPRESCO 0 R Low Frequency a Prescaler 0 Busy

Used to check the synchronization status of CMU_LFAPRESCO.

Value Description
0 CMU_LFAPRESCO is ready for update
1 CMU_LFAPRESCO is busy synchronizing new value
1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 LFACLKENO 0 R Low Frequency a Clock Enable 0 Busy

Used to check the synchronization status of CMU_LFACLKENO.

Value Description
0 CMU_LFACLKENOQO is ready for update
1 CMU_LFACLKENO is busy synchronizing new value
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10.5.46 CMU_FREEZE - Freeze Register

Offset Bit Position

144 153 RRNQRIRQNIR2RT|R I 2N 206 w0 ~ow oo

Reset o

Access 5
L
N
L
w

Name 4
L
O]
w
(4

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 REGFREEZE 0 RW Register Update Freeze

When set, the update of the Low Frequency clock control registers is postponed until this bit is cleared. Use this bit to up-

date several registers simultaneously.

Value Mode Description

0 UPDATE Each write access to a Low Frequency clock control register is updated
into the Low Frequency domain as soon as possible.

1 FREEZE The LE Clock Control registers are not updated with the new written

value.
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10.5.47 CMU_PCNTCTRL - PCNT Control Register

Offset Bit Position
x150 |15 181X RNIQIQIIQ QIR Ege ¥ e¥t|Qloo|~|lojv|¢t|m|a|-]|o
Reset olo
I | T
Access < =
'
—
T4
0 |W
¥ X
- | d
Name 8 8
E|E
zZ |z
010
aa
Bit Name Reset Access Description
31:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1 PCNTOCLKSEL 0 RWH PCNTO Clock Select
This bit controls which clock that is used for the PCNT.
Value Mode Description
0 LFACLK LFACLK is clocking PCNTO
1 PCNTOSO External pin PCNTO_SO is clocking PCNTO
0 PCNTOCLKEN 0 RWH PCNTO Clock Enable

This bit enables/disables the clock to the PCNT.
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10.5.48 CMU_ADCCTRL - ADC Control Register

Offset Bit Position
x15¢ |5 8/ RN LR IQNTRI22= L2 T2 2 olon~owv von o
Reset = g g
I I I
Access = < =
e o id
—
2 o 3
12 N2 ~
Name o o) o
o o o
&) (6] O
a a a
< < <
Bit Name Reset Access Description
31:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8 ADCOCLKINV 0 RWH Invert Clock Selected By ADCOCLKSEL
This bit enables inverting the selected clock to ADCO.
7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5:4 ADCOCLKSEL 0x0 RWH ADCO Clock Select
This bit controls which clock is used for ADCO in case ADCCLKMODE in ADCn_CTRL is set to ASYNC. It should only be
changed when ADCCLKMODE in ADCn_CTRL is set to SYNC. HFXO should never be selected as clock source for ADCO
when disabling the HFXO (e.g. because of EM2 entry).
Value Mode Description
0 DISABLED ADCO is not clocked
1 AUXHFRCO AUXHFRCO is clocking ADCO
2 HFXO HFXO is clocking ADCO
3 HFSRCCLK HFSRCCLK is clocking ADCO
3:2 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
1:0 ADCOCLKDIV 0x0 RWH ADCO Clock Prescaler

Specifies the clock divider for ADCO.

Value

Description

PRESC

Clock division factor of PRESC+1.
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10.5.49 CMU_ROUTEPEN - I/O Routing Pin Enable Register

Offset Bit Position
170 |58/ RIN LR IQN TRI22E L T2 2 olo~owv voa o
Reset o oclo|lo
Access 5 5 5 5
zZ|lz|zZ
W (W |w
Z ooo
L EEle
Name o DD D
P O |0 |0
~ ¥ ¥ | X
- RN [ N [ |
O OO0 |0
Bit Name Reset Access Description
31:29 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
28 CLKINOPEN 0 RW CLKINO Pin Enable
When set, the CLKINO pin is enabled.
27:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2 CLKOUT2PEN 0 RW CLKOUT2 Pin Enable
When set, the CLKOUT2 pin is enabled.
1 CLKOUT1PEN 0 RW CLKOUT1 Pin Enable
When set, the CLKOUT1 pin is enabled.
0 CLKOUTOPEN 0 RW CLKOUTO Pin Enable

When set, the CLKOUTO pin is enabled.
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10.5.50 CMU_ROUTELOCO - I/O Routing Location Register

Offset

Bit Position

xi74 58 QRN ERIRQNSIReeeryed e o|v o alclo
o o o
Reset g g g
Access E E E
(©] (©] (©]
(@) @) (@)
- - —
N ~ o
Name '5 '5 '5
@) @) @)
~ ~ ¥
— — —
(G] (@] (@]
Bit Name Reset Access Description
31:22 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
21:16 CLKOUT2LOC 0x00 RwW 1/0 Location
Decides the location of the CLKOUT2.
Value Mode Description
0 LOCO Location 0
1 LOC1 Location 1
2 LOC2 Location 2
3 LOC3 Location 3
4 LOC4 Location 4
5 LOC5 Location 5
15:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
13:8 CLKOUT1LOC 0x00 RW 1/0 Location
Decides the location of the CLKOUT1.
Value Mode Description
0 LOCO Location 0
1 LOC1 Location 1
2 LOC2 Location 2
3 LOC3 Location 3
4 LOC4 Location 4
5 LOC5 Location 5
7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5:0 CLKOUTOLOC 0x00 RW 1/0 Location
Decides the location of the CMU CLKOUTO.
Value Mode Description
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Bit Name Reset Access Description
0 LOCO Location 0
1 LOC1 Location 1
2 LOC2 Location 2
3 LOC3 Location 3
4 LOC4 Location 4
5 LOCS Location 5

10.5.51 CMU_ROUTELOCH1 - I/O Routing Location Register

Offset Bit Position
78 15/3/RQNQRIRQNTR22ELI2d 2o~ omwn/ton-xo
o
Reset =
o
Access E
(@]
@]
—
Name %
<
—
O
Bit Name Reset Access Description
31:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5:0 CLKINOLOC 0x00 RwW 1/0 Location

Decides the location of the CLKINO.

Value Mode Description
0 LOCO Location 0
1 LOC1 Location 1
2 LOC2 Location 2
3 LOC3 Location 3
4 LOC4 Location 4
5 LOCS Location 5
6 LOC6 Location 6
7 LOC7 Location 7
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10.5.52 CMU_LOCK - Configuration Lock Register

Offset Bit Position
x180 |5 8/ RN QR IQN TR L T2 2 olon~owv von o
o
o
Reset =
x
o
I
Access <
o
>
v
Name 2
(6]
(e}
—
Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:0 LOCKKEY 0x0000 RWH Configuration Lock Key

Write any other value than the unlock code to lock CMU_CTRL, CMU_ROUTEPEN, CMU_ROUTELOCO0, CMU_ROUTE-
LOC1, CMU_HFRCOCTRL, CMU_AUXHFRCOCTRL, CMU_LFRCOCTRL, CMU_ULFRCOCTRL, CMU_HFXOCTRL,
CMU_HFXOCTRL1, CMU_HFXOSTARTUPCTRL, CMU_HFXOSTEADYSTATECTRL, CMU_HFXOTIMEOUTCTRL,
CMU_LFXOCTRL, CMU_OSCENCMD, CMU_CMD, CMU_DBGCLKSEL, CMU_HFCLKSEL, CMU_LFACLKSEL,
CMU_LFBCLKSEL, CMU_LFECLKSEL, CMU_HFBUSCLKENO, CMU_HFPERCLKENO, CMU_HFPERCLKEN1,
CMU_HFPRESC, CMU_HFBUSPRESC, CMU_HFCOREPRESC, CMU_HFPERPRESC, CMU_HFPERPRESCB,
CMU_HFPERPRESCC, CMU_HFEXPPRESC, CMU_LFACLKENO, CMU_LFBCLKENO, CMU_LFECLKENO, CMU_LFAP-
RESCO, CMU_LFBPRESCO0, CMU_LFEPRESC0, CMU_ADCCTRL and CMU_PCNTCTRL from editing. Write the unlock
code to unlock. When reading the register, bit 0 is set when the lock is enabled.

Mode Value Description

Read Operation

UNLOCKED 0 CMU registers are unlocked
LOCKED 1 CMU registers are locked
Write Operation

LOCK 0 Lock CMU registers
UNLOCK 0x580E Unlock CMU registers
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10.5.53 CMU_HFRCOSS - HFRCO Spread Spectrum Register

Offset Bit Position
X184 518128888 3g N T IgeeteeT 2N 2o o~ ov v oal-|o
=4 =)
Reset g X
Access E E
o
>
Name Z <§(
) )
%) %]
Bit Name Reset Access Description
31:13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12:8 SSINV 0x00 RW Spread Spectrum Update Interval
This value sets the update rate of the DCO period for spectrum spreading.
7:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2:0 SSAMP 0x0 RW Spread Spectrum Amplitude

Randomize DCO output period with a peak-to-peak amplitude. Clear SSAMP would disable spectrum spreading.
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11. SMU - Security Management Unit

Quick Facts
What?

s 2 The Security Management Unit (SMU) forms the

control and status/reporting component of bus-level
security in the EFM32 Tiny Gecko 11.

Why?

Enables a robust and low-energy security solution at
the system level

How?

Hardware context switching and access control pro-
vided via BLS components.

11.1 Introduction

The Security Management Unit (SMU) peripheral adds hardware access control over all of the MCU peripherals that are managed by
low level firmware integrated into a Real Timer Operating System (RTOS). The SMU is used in conjuntion with the Cortex-M operating
modes (privileged and non-privileged) and the Memory Protection Unit (MPU). The EFM32 Tiny Gecko 11 MCUs include the ARM v7-M
MPU that defines configurable access parameters to regions within the entire CPU memory map. The MPU is not covered in detail in
this reference manual. For a complete description of the MPU registers etc, consult the ARM v7-M Architecture Reference Manual. The
MPU can define up to 8 regions of varying sizes within the memory map, with each region also being able to be split into 8 equal sub-
regions. Using these regions, firmware can define rules that enforce privileged and non-privileged accesses to different memory loca-
tions. For example, sections of flash can be marked as priviliged access, whereas other areas within the flash can be marked as having
non-privileged mode acess. Only privileged mode regions can access other privileged mode regions. Accesses attempted by a non-
privileged region to a privileged region will cause a fault. The access permissions can be extended across the entire memory map in-
cluding the peripheral region.

The Cortex-M starts up in privileged mode and the MPU is disabled after reset which means all regions in the memory map are access-
ble to the running application code. For many applications this is sufficient and the MPU remains disabled. However, when using a
RTOS the kernel requires protection from user code and will switch to privileged mode and create tasks in non-privileged or thread
mode. In addition, security is also a concern, so MCU peripherals should be protected to avoid security holes. Adding peripheral securi-
ty to systems requires an increased number of MPU regions to protect areas such as the peripheral registers, including bit set/clear and
bit banding regions. The defined regions are also dynamic based on the task requirements and in many cases the number of regions
required exceeds the number of regions that can be enabled by the MPU.

The SMU is used to extend the access controls of each peripheral beyond the number of regions available using the MPU. The SMU
peripheral registers provide the configuration and status bits for the Peripheral Protection Unit (PPU) to the CPU. The PPU is the under-
lying hardware component that operates on the low level bus interfaces within the SoC to derive the status for each peripheral .

11.2 Features

The main features of the SMU are as follows:
» Contains control and status registers for hardware bus level component instances (e.g., the PPU)
» Simplifies RTOS context switching
» Hardware to complement any software context switching enabled by an MPU
» Hardware-enforced access control extends capability of the v7-M MPU regions
» One bit control per peripheral reduces software overhead while dynamically modifying access permissions
» A configurable interrupt line that can be triggered from peripheral access fault events
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11.3 Functional Description

An overview of the SMU module within the system is shown in Figure 11.1 Bus-Level Security System View on page 391.

IRQs
ARM Core Control/Status SMU
MPU
A
0y Memory Space
Y
<«»| PPU |€»| Peripherals
Bus Matrix
< > SRAM
< > Code

Figure 11.1. Bus-Level Security System View

11.3.1 PPU - Peripheral Protection Unit

The number of peripheral memory regions on the device exceeds the number of configurable regions available using the MPU. While it
is possible to manage finer granularity of memory security through software, the PPU provides a hardware solution for fine-grained pe-
ripheral-level protection to eliminate the performance degradation associated with a partially software-managed solution.

The PPU provides a hardware access barrier to any peripheral that is configured to be protected. When an attempt is made to access a
peripheral without the required privilege level, the PPU detects the fault and intercepts the access. No write or read of the peripheral
register space occurs, and an all-zero value is returned if the access is a read. See 11.3.2.2 PPU Control for more details on how ac-
cess faults are reported to the CPU.

Note: The CPU is the only system bus master in the EFM32 Tiny Gecko 11 that can trigger access faults. All other masters are given
full access privileges and have no configurable context switching enabled.
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11.3.2 Programming Model

The SMU does not provide any access control out of reset and needs to be configured by software. SMU access controls should be
configured along with the MPU configuration. This is typically performed in a bootloader or other low level RTOS kernel/supervisor code
prior to user code or other non-privileged code execution. At least one MPU region will be allocated to the entire peripheral region as a
full access region (0x4000_0000 - 0x4006_FFFF). An RTOS kernel/supervisor can dynamically allocate peripheral accessibility by
maintaining the hardware and software contexts available to each task. In the chart below there are mutiple tasks and the system
switches between Task A and Task B via the RTOS handler. There are 16 peripherals shown in the example split between two regions.
Task A has rights to access peripherals 0, 1, 4, 5 and 7, whereas task B has rights to access the complement of A (2, 3, and 6). After a
Task B IRQ, the privileged OS handler is entered which signals the supervisor to reprogram the regions using the SMU based on an
access control list. Control is then handed to Task B in non-privileged mode.

Task A : Thread (NP) uVisor : Handler (P) Task B : Thread (NP)
SRD[0}=0 Perigh0 SRD[0]=X PeriphD SRD[0]=1 Deripho
SRD[1]=0 Periphl SRD[1]=X Periphl SRD[1]-1 Deriphl
SRD[2)-1 Periph2 SRD[2]=X Periph2 SRD[2]=0 Deriph2
el e
® | srpj3)-1 Periph3 SRD[3]=X Periph3 € | srp[3)-0 Deriph3
B B
E SRD[4]=0 Periphd SRD[4]=X Periphd E SRD[4]-1 Deriphd
vl o
SRD[5]=0 Periphs SRD[5]=X Periphs SRD[S5]=1 Periphs
SRD[6]=1 Periphs 2 | sRomsIX Periphs SRD[6]<0 Periphs
SRD[7]=0 Periph? % SRD[7]=X Periph? SRD[7]=1 Periph?
SRD[0]=X Peripha "g SRD[0]=X Periph& \_:> SRD[0]<0 Periphs
SRD[1]=X Periphs & [ srorij-x Periphs § g SRD[1]<0 Periphs
SRD[2]=X Periphld SRD[2]=X Periph10 E E,, SRD[2]=0 Periphld
= b1 |
:I;E? SRD[3]=X Periph1l SRD[3]=X Periphll 22 | 2| sropE0 Periphll
g
.Z'T SRD[4]=X Periphl2 SRD[4]=X Periph12 E SRD[4]=0 Periph12
-
SRD[5]=X Periphl3 SRD[5]=X Periphl3 " | sao-o Periphl3
SRD[6]=X Periphld SRD[6]=X Periph14 SRD[6]=0 Periph14
SRD[7]=X Periphls SRD[7]=X Periph1s SRD[7]=0 Periphls

Figure 11.2. Peripheral Access Control Example

All hardware protections happen immediately in response to SMU configuration register writes without any latency cycles. However,
since software instructions may be optimized or pipelined, it is important to make sure that software memory barrier instructions are
used as needed after any SMU re-configuration before moving on or changing contexts. This ensures that the hardware context switch
has taken full effect.

For the remainder of this section, the programming model is split into general SMU controls and component-specific controls (e.g.,
PPU).

11.3.2.1 Interrupt Control/Status

The SMU follows the standard EFM32 Tiny Gecko 11 interrupt programming model with SMU_IF/IFS/IFC/IEN registers.

There is one interrupt bit PPUPRIV that will trigger on privilege faults detected by the PPU. Such fault mechanisms are configured as
specified in 11.3.2.2 PPU Control.
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11.3.2.2 PPU Control

The PPU_CTRL register provides an ENABLE bit that allows bypassing all PPU checking when set to 0. In this case, the rest of the
PPU registers have no effect, and no access faults will occur. This is the reset state of the SMU.

When the ENABLE bit of PPU_CTRL register is asserted, access protection is configured on a peripheral-by-peripheral basis using the
SMU_PPUPATDX register(s). Setting a bit in the SMU_PPUPATDXx register to one configures the corresponding peripheral controlled
by that bit to privileged access only. The single bit mode control for each peripheral provides fast hardware context switching for periph-
eral sharing, while still supporting fast software context switches for task-based CPU context switching.

Note: The SMU itself is a peripheral which has protection afforded by the PPU. A proper security/privilege context configuration re-
quires setting of the SMU's access control bits properly at startup so that only a top-level task (e.g., a uVisor from ARM) can perform
security/privilege context switches.

When a peripheral has access protection configured and the peripheral is accessed with invalid privilege credentials, then an access
fault occurs. The corresponding interrupt flag in SMU_IF is asserted and the ID of the peripheral for which an unpriviliged access was
attempted is captured in the PERIPHID bit-field of the PPU Fault Status register (SMU_PPUFS). This peripheral ID is held stable until
all PPU interrupt flags are cleared to ensure that the first unprivileged access that caused the fault is not overwritten due to subsequent
faults before being acknowledged by software.

Note: In the case of simultaneously occurring faults (which may be possible in some systems), only one of the faults' peripheral IDs will
be captured. There is no inherent peripheral priority defined that would result in one peripheral being recognized before another.

11.4 Register Map

The offset register address is relative to the registers base address.

Offset Name Type Description

0x00C |SMU_IF R Interrupt Flag Register

0x010 SMU_IFS W1 Interrupt Flag Set Register

0x014 SMU_IFC (R)w1 Interrupt Flag Clear Register

0x018 SMU_IEN RwW Interrupt Enable Register

0x040 SMU_PPUCTRL RW PPU Control Register

0x050 SMU_PPUPATDO RW PPU Privilege Access Type Descriptor 0
0x054 SMU_PPUPATD1 RW PPU Privilege Access Type Descriptor 1
0x090 |SMU_PPUFS R PPU Fault Status
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11.5 Register Description

11.5.1 SMU_IF - Interrupt Flag Register

Offset Bit Position

000 158 REINSRIRNS K222 T 2T 200~ oo0 oo

Reset o

Access o
=
EE

Name &
o
o

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 PPUPRIV 0 R PPU Privilege Interrupt Flag

Triggered when a privilege fault occurs in the Peripheral Protection Unit

11.5.2 SMU_IFS - Interrupt Flag Set Register

Offset Bit Position

0010 15|88 KNLR IR TR2R LRI VT2 o0 o/ ~ov <o a~|o

Reset o

Access =
=
&

Name )
o
o

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 PPUPRIV 0 W1 Set PPUPRIV Interrupt Flag

Write 1 to set the PPUPRIV interrupt flag
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11.5.3 SMU_IFC - Interrupt Flag Clear Register

Offset Bit Position

014 15 I2IRIRNLRI QY TRIZ2I2T LRI Y T2 olo~nob s o~ o

Reset o

Access E
e
=
&

Name )
o
o

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 PPUPRIV 0 (R)W1 Clear PPUPRIV Interrupt Flag

Write 1 to clear the PPUPRIV interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).

11.5.4 SMU_IEN - Interrupt Enable Register

Bit Position
0x018 SRR IQQIIQIF IR I ¥ITQlolo~o|w|t|m|n|-]|o
Reset o
Access E
=
&
Name &
o
o
Bit Name Reset Access Description
31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 PPUPRIV 0 RW PPUPRIV Interrupt Enable

Enable/disable the PPUPRIV interrupt
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11.5.5 SMU_PPUCTRL - PPU Control Register

Offset Bit Position

X040 |52/12/8INILRIZ QN TIR2RNeL TN |2 e o ~ow v ool -|o

Reset o

Access 5
w
-

Name 2
pd
w

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 ENABLE 0 RW

Set to enable checking of peripheral access

Value

Description

0
1

Privilege/Security-level checking completely bypassed in the PPU
Behavior controlled by PPU_PATD
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11.5.6 SMU_PPUPATDO - PPU Privilege Access Type Descriptor 0

Set peripheral bits to 1 to mark as privileged access only

Offset Bit Position

0x050 |15 3 IQIQNQQIQINIQR =TT ¥ t|Q|lolom|ojb|lt|m|a|~|0o
Reset o|lo|lo|lo|o|lo|o|o|lo|o|o|lo|o|o|lo|o|o|lo|o|lo|o|o|o|lo|o|o|o|o|lo|o|o|o
S FEEEEEHREEEEEEEREEEEEEHEEEHEEEHE
o o %
o L =
Name EEEE8%E (@) 852%42 O&) SZEE c>oEE
355 %2==2322338z26%23%82038z83823%xx3%2833
DIDID|D|F|F|F|loj|Z|la|a|aja|lJ|dJ|2|¥¥/O0|0|wu|ja|>|0|0|l0|0|0|<|<|<
Bit Name Reset Access Description
31 USART2 0 RW Universal Synchronous/Asynchronous Receiver/Transmitter 2 ac-
cess control bit
Access control only for USART2
30 USART1 0 RW Universal Synchronous/Asynchronous Receiver/Transmitter 1 ac-
cess control bit
Access control only for USART1
29 USARTO 0 RW Universal Synchronous/Asynchronous Receiver/Transmitter 0 ac-
cess control bit
Access control only for USARTO
28 UARTO 0 RwW Llniversal Asynchronous Receiver/Transmitter 0 access control
it
Access control only for UARTO
27 TRNGO 0 RW True Random Number Generator 0 access control bit
Access control only for TRNGO
26 TIMER1 0 RW Timer 1 access control bit
Access control only for TIMER1
25 TIMERO 0 RwW Timer 0 access control bit
Access control only for TIMERO
24 SMU 0 RW Security Management Unit access control bit
Access control only for SMU
23 RTCC 0 RW Real-Time Counter and Calendar access control bit
Access control only for RTCC
22 RMU 0 RwW Reset Management Unit access control bit
Access control only for RMU
21 PCNTO 0 RW Pulse Counter 0 access control bit
Access control only for PCNTO
20 LEUARTO 0 RW Low Energy UART 0 access control bit

Access control only for LEUARTO

silabs.com | Building a more connected world. Rev. 1.1 | 397




Reference Manual
SMU - Security Management Unit

Bit Name Reset Access Description

19 LETIMERO 0 RW Low Energy Timer 0 access control bit
Access control only for LETIMERO

18 LESENSE 0 RW Low Energy Sensor Interface access control bit
Access control only for LESENSE

17 LDMA 0 RW Linked Direct Memory Access Controller access control bit
Access control only for LDMA

16 LCD 0 RW Liquid Crystal Display Controller access control bit
Access control only for LCD

15 MSC 0 RW Memory System Controller access control bit
Access control only for MSC

14 12C1 0 RW I12C 1 access control bit
Access control only for 12C1

13 12C0 0 RW 12C 0 access control bit
Access control only for 12C0

12 GPIO 0 RW General purpose Input/Output access control bit
Access control only for GPIO

11 GPCRC 0 RW General Purpose CRC access control bit
Access control only for GPCRC

10 EMU 0 RwW Energy Management Unit access control bit
Access control only for EMU

9 PRS 0 RW Peripheral Reflex System access control bit
Access control only for PRS

8 VDACO 0 RW Digital to Analog Converter 0 access control bit
Access control only for VDACO

7 CSEN 0 RW Capacitive touch sense module access control bit
Access control only for CSEN

6 CRYPTOO 0 RW Advanced Encryption Standard Accelerator access control bit
Access control only for CRYPTOO

5 CRYOTIMER 0 RW CRYOTIMER access control bit
Access control only for CRYOTIMER

4 CMU 0 RW Clock Management Unit access control bit
Access control only for CMU

3 CANO 0 RW CAN 0 access control bit
Access control only for CANO

2 ADCO 0 RW Analog to Digital Converter 0 access control bit

Access control only for ADCO
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Bit Name Reset Access Description
1 ACMP1 0 RW Analog Comparator 1 access control bit
Access control only for ACMP1

0 ACMPO 0 RW Analog Comparator 0 access control bit

Access control only for ACMPO

11.5.7 SMU_PPUPATD1 - PPU Privilege Access Type Descriptor 1

Set peripheral bits to 1 to mark as privileged access only

Bit Position
x054 158X KNQIQIIR QIR T g2 Iedfo|w~lowv <o oal~|o
Reset oclololo
Access E § E E
-
Name E E 8 'g:_:
SIEE
Bit Name Reset Access Description
31:4 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
3 WTIMER1 0 RW Wide Timer 1 access control bit
Access control only for WTIMER1
2 WTIMERO 0 RW Wide Timer 0 access control bit
Access control only for WTIMERO
1 WDOGO0 0 RW Watchdog access control bit
Access control only for WDOGO
0 USART3 0 RW Universal Synchronous/Asynchronous Receiver/Transmitter 3 ac-

cess control bit

Access control only for USART3
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11.5.8 SMU_PPUFS - PPU Fault Status

Offset Bit Position
0% |58 /R/QKNIQIKLI RN TR 2 E|eL T2 20w ~ow< o~ o
o
Reset 2
o
Access 14
a
T
Name o
he
|
o
Bit Name Reset Access Description
31:7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6:0 PERIPHID 0x00 R

Holds the peripheral ID of the first peripheral that was accessed resulting in an access fault. This ID is not valid unless one
of the PPU interrupt flags is set. Any other access faults that occur are not captured until all the PPU interrupt flags are

cleared

Value Mode Description

0 ACMPO Analog Comparator 0

1 ACMP1 Analog Comparator 1

2 ADCO Analog to Digital Converter 0

3 CANO CAN O

4 CMU Clock Management Unit

5 CRYOTIMER CRYOTIMER

6 CRYPTOO Advanced Encryption Standard Accelerator
7 CSEN Capacitive touch sense module
8 VDACO Digital to Analog Converter 0

9 PRS Peripheral Reflex System

10 EMU Energy Management Unit

11 GPCRC General Purpose CRC

12 GPIO General purpose Input/Output
13 12C0 2C0

14 12C1 12C 1

15 MSC Memory System Controller

16 LCD Liquid Crystal Display Controller
17 LDMA Linked Direct Memory Access Controller
18 LESENSE Low Energy Sensor Interface

19 LETIMERO Low Energy Timer O

20 LEUARTO Low Energy UART 0

21 PCNTO Pulse Counter 0
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Bit Name Reset Access Description
22 RMU Reset Management Unit
23 RTCC Real-Time Counter and Calendar
24 SMU Security Management Unit
25 TIMERO Timer 0
26 TIMER1 Timer 1
27 TRNGO True Random Number Generator 0
28 UARTO Universal Asynchronous Receiver/Transmitter O
29 USARTO Universal Synchronous/Asynchronous Receiver/Transmitter O
30 USART1 Universal Synchronous/Asynchronous Receiver/Transmitter 1
31 USART2 Universal Synchronous/Asynchronous Receiver/Transmitter 2
32 USART3 Universal Synchronous/Asynchronous Receiver/Transmitter 3
33 WDOGO Watchdog
34 WTIMERO Wide Timer 0
35 WTIMER1 Wide Timer 1
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12. RTCC - Real Time Counter and Calendar

Quick Facts
What?

The Real Time Counter and Calendar (RTCC) is a
32-bit counter ensuring timekeeping in low energy
modes. The RTCC also includes a calendar mode
for easy time and date keeping. In addition, the
RTCC includes 128 bytes of general purpose reten-
tion data, allowing persistent data storage in all en-
ergy modes except EM4 Shutoff.

Why?

Timekeeping over long time periods while using as
little power as possible is required in many low pow-
er applications.

How?

A low frequency oscillator is used as clock signal
and the RTCC has three different Capture/Compare
channels which can trigger wake-up, generate PRS
signalling, or capture system events. 32-bit resolu-
tion and selectable prescaling allow the system to
stay in low energy modes for long periods of time
and still maintain reliable timekeeping.

12.1 Introduction

The Real Time Counter and Calendar (RTCC) contains a 32-bit counter/calendar in combination with a 15-bit pre-counter to allow flexi-
ble prescaling of the main counter. The RTCC is available in all energy modes except EM4 Shutoff.

Three individually configurable Capture/Compare channels are available in the RTCC. These can be used to trigger interrupts, generate
PRS signals, capture system events, and to wake the device up from a low energy mode. The RTCC also includes 128 bytes of general
purpose storage and a Binary Coded Decimal (BCD) calendar mode, enabling easy time and date keeping.

12.2 Features

» 32-bit Real Time Counter.
» 15-bit pre-counter, for flexible frequency scaling or for use as an independent counter.
* EM4 Hibernate operation and wakeup.
+ 128 byte general purpose retention data.
« Oscillator failure detection.
» Backup mode Timestamp.
« Can continue through system reset; only reset by power loss, pin, or software reset.
» Calendar mode.
« BCD encoding.
» Three programmable alarms.
» Leap year correction.
» Three Capture/Compare registers.
» Capture of PRS events from other parts of the system.
» Compare match or input capture can trigger interrupts.
» Compare register 1, RTCC_CC1_CCV can be used as a top value for the main counter.
» Compare register 0, RTCC_CCO0_CCV can be used as a top value for the pre-counter.
» Compare match events are available to other peripherals through the Peripheral Reflex System (PRS).
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12.3 Functional Description

The RTCC is a 32-bit up-counter with three Capture/Compare channels. In addition, the RTCC includes a 15-bit pre-counter which can
be used as an independent counter or to prescale the main counter. An overview of the RTCC module is shown in Figure 12.1 RTCC
Overview on page 403.

RTCC_CTRL_COMP1TOP RTCC_CTRL_CNTTICK = CCVOMATCH
CC1 compare match RTCC_PRECNT = RTCC_CCO_CCV[14:0]
Clear Clear
Counter Pre-Counter
RTCC_CNT/ < RTCC PRECNT | 4—— LFCLKRrTcC
RTCC_TIME, RTCC_DATE —

I [31:0] [16:0] [14:0]
< A 4 \ A 4
o)
3 CNT PRECNT RTCC_CC_CTRL_COMPBASE
n':"
dl
PRS output cez < S
cct1 « 8
! A A 4
cco < § cont
o Mask | Capture/Compare | 4 ~ 2P e Capture | 4 PRS
< RTCC_CCx ccv  [@ logicn [T Inputs
Oscillator failure T
OSCFALL - — — — — I
CNT Overflow |
RTCC_CC_CTRL_COMPMASK
OF 4———— == |
[
Interrupt cc2 ¢4—m8M8M—— |
eneration
9 ccl < :
cco <« |
|
| Capture / Compare Channel n
| n={0,1,2}
|
|

'

RTCC_CC2_CCV output to FRC

Figure 12.1. RTCC Overview
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12.3.1 Counter

The RTCC consists of two counters; the 32-bit main counter, RTCC_CNT (RTCC_TIME and RTCC_DATE in calendar mode), and a
15-bit pre-counter, RTCC_PRECNT. The pre-counter can be used as an independent counter or to generate a specific frequency for
the main counter. In both configurations, the pre-counter can be used to generate compare match events or be captured in the Capture/
Compare channels as a result of an external PRS event. Refer to 12.3.2 Capture/Compare Channels for details on how to configure the
Capture/Compare channels for use with the pre-counter.

RTCC_PRECNT #—LFCLKrrcc
RTCC_CTRL_CNTPRESC —>__ [ = J&—=Rrcc_cco_ceov14:0]
PRESC CCVOMATCH
RTCC_CNT/ RTCC_CTRL_CNTTICK

RTCC_TIME, RTCC_DATE

Figure 12.2. RTCC counters

The RTCC is enabled by setting the ENABLE bit in RTCC_CTRL. When the RTCC is enabled, the pre-counter (RTCC_PRECNT) incre-
ments upon each positive clock edge of LFCLKrTcc. If CNTTICK in RTCC_CTRL is set to PRESC, the pre-counter will continue to

count up, wrapping around to zero when it overflows. If CNTTICK in RTCC_CTRL is set to CCVOMATCH, the pre-counter will wrap
around when it hits the value configured in RTCC_CCO_CCV.

The main counter of the RTCC, RTCC_CNT, has two modes; normal mode and calendar mode. In normal mode, the main counter is
available in RTCC_CNT and increments upon each tick given from the pre-counter. Refer to 12.3.1.1 Normal Mode for a description on
how to configure the frequency of these ticks. In calendar mode, the counter value is available in RTCC_TIME and RTCC_DATE, keep-
ing track of seconds, minutes, hours, day of month, day of week, months, and years, all encoded in BCD format. Refer to
12.3.1.2 Calendar Mode for details on this mode. The mode of the main counter is configured in CNTMODE in RTCC_CTRL. The differ-
ences between the two modes are summarized below.
* Normal mode

* Incremental counter, RTCC_CNT.

*+ RTCC_CCx_CCV used for Capture/Compare value.
+ Calendar mode

» BCD counters, RTCC_DATE, RTCC_TIME.

+ RTCC_CCx_TIME and RTCC_CCx_DATE used for Capture/Compare value.

Note: The mode of the RTCC must be configured for CALENDAR mode in RTCC_CTRL_CNTMODE before writing to the mode de-
pendent registers, RTCC_TIME, RTCC_DATE, RTCC_CCx_TIME, and RTCC_CCx_DATE. Writes to these registers when in NORMAL
mode will be ignored.
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12.3.1.1 Normal Mode

The main counter can receive a tick based on different tappings from the pre-counter, allowing the ticks to be power of 2 divisions of the
LFCLKRrTcc- For more accurate configuration of the tick frequency, RTCC_CCO0_CCV[14:0] can be used as a top value for
RTCC_PRECNT. When reaching the top value, the main counter receives a tick and the pre-counter wraps around. Table 12.1 RTCC
Resolution Vs Overflow, F ok = 32768 Hz on page 405 summarizes the resolutions available when using a 32768 Hz oscillator as
source for LFCLKRrTcC.

Table 12.1. RTCC Resolution Vs Overflow, F| oLk = 32768 Hz

RTCC_CTRL_CNTTICK

RTCC_CTRL_CNTPRESC Main counter period, TgnT

CCVOMATCH Don't care (RTCC_CCO_CCV + 1)/F FcLk S 232+T o\ 1 seconds
DIV1 30.5 us 36.4 hours
DIV2 61 us 72.8 hours
DIV4 122 ps 145.6 hours
DIV8 244 us 12 days
DIV16 488 us 24 days
DIV32 977 ys 48 days
DIV64 1.95 ms 97 days
DIV128 3.91ms 194 days

PRESC

DIV256 7.81 ms 388 days
DIV512 15.6 ms 776 days
DIV1024 31.25ms 4.2 years
DIV2048 62.5 ms 8.5 years
DIV4096 0.125s 17 years
DIV8192 0.25s 34 years
DIV16384 0.5s 68 years
DIV32768 1s 136 years

By default, the counter will keep counting until it reaches the top value, OxFFFFFFFF, before it wraps around and continues counting
from zero. By setting CCV1TOP in RTCC_CTRL, a Capture/Compare channel 1 compare match will result in the main counter wrap-
ping to 0. The timer will then wrap around on a channel 1 compare match (RTCC_CNT = RTCC_CC1_CCV). Before using the
CCV1TOP setting, make sure to set this bit prior to or at the same time the RTCC is enabled. Setting CCV1TOP after enabling the
RTCC (RTCC_CTRL_MODE != DISABLED) may cause unintended operation (e.g. if RTCC_CNT > RTCC_CC1_CCV, RTCC_CNT will
wrap when reaching OxFFFFFFFF rather than RTCC_CC1_CCV).

Note: If the RTCC is being reconfigured, and capture compare channel 1 has previously been used, a CCV1TOP wrap event might be
pending. This would lead to the first tick of the main counter being a wrap to 0. To clear any pending wrap events, use the following
procedure before reconfiguring the RTCC:

1.RTCC->CC[1].CTRL = RTCC_CC_CTRL_MODE_OFF;

2.RTCC->CTRL = RTCC_CTRL_CNTTICK_PRESC | RTCC_CTRL_CNTMODE_NORMAL | RTCC_CTRL_ENABLE;
3.rtcc_cnt_pre = RTCC->CNT;

4. while(RTCC->CNT == rtcc_cnt_pre);

5. Reconfigure the RTCC

silabs.com | Building a more connected world.

Rev. 1.1 | 405




Reference Manual
RTCC - Real Time Counter and Calendar

12.3.1.2 Calendar Mode

The RTCC includes a calendar mode which implements time and date decoding in hardware. Calendar mode is enabled by configuring
CNTMODE in RTCC_CTRL to CALENDAR. When in calendar mode, the counter value is available in RTCC_TIME and RTCC_DATE.
RTCC_TIME shows seconds, minutes, and hours while RTCC_DATE shows day of month, month, year, and day of week. RTCC_TIME
and RTCC_DATE are encoded in BCD format. In calendar mode, the pre-counter should be configured to give ticks with a period of
one second, i.e. RTCC_CTRL_CNTTICK should be set to PRESC, and the CNTPRESC bitfield of the RTCC_CTRL register should be
set to DIV32768 if a 32768 Hz clock source is used.

In calendar mode, the time and date registers of the capture compare channels, RTCC_CCx_TIME and RTCC_CCx_DATE, are used
to set compare values. Compare values can be set on seconds, minutes, hours, days, and months. Whether day of week or day of
month is used for a Capture/Compare channel, it is configured in RTCC_CCx_CTRL_DAYCC of the respective Capture/Compare chan-
nel.

The RTCC will automatically compensate for 28-, 29- (leap year), 30-, and 31-day months. The day of week counter,
RTCC_DATE_DAYOW, is a three bit counter incrementing when RTCC_TIME_HOURT overflows, wrapping around every seventh day.
Automatic leap year correction, extending the month of February from 28 to 29 days every fourth year is by default enabled, but can be
disabled by setting the LYEARCORRDIS bit in RTCC_CTRL. The pseudo-code for leap year correction is as follows:

i f RTCC_DATE_YEART nodul o 2 = O:
i f RTCC_DATE_YEARU nodul o 4 = 0:
| eap_year = true
el se:
| eap_year = false
el se:
i f (RTCC_DATE YEARU + 2) nodulo 4 = 0:
| eap_year = true
el se:
| eap_year = false

The seconds, minute, hour segments are represented in 24-hour BCD format. The month segments are enumerated as shown in Table
12.2 RTCC calendar enumeration on page 406.

Table 12.2. RTCC calendar enumeration

Month RTCC_DATE_MONTHT RTCC_DATE_MONTHU
January 0b0 0b0001
February 0bO0 0b0010
March 0b0 0b0011
April 0b0 0b0100
May 0b0 0b0101
June 0b0 0b0110
July 0b0 0b0111
August 0bO0 0b1000
September 0b0 0b1001
October Ob1 0b0000
November Ob1 0b0001
December Ob1 0b0010
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12.3.1.3 RTCC Initialization

The counters of the RTCC, RTCC_CNT (RTCC_TIME and RTCC_DATE in calendar mode) and RTCC_PRECNT, can at any time be
written by software, as long as the registers are not locked using RTCC_LOCKKEY. All RTCC registers use the immediate synchroni-

zation scheme, described in 4.3.1 Writing.
Note: Writing to the RTCC_PRECNT register may alter the frequency of the ticks for the RTCC_CNT register.

Rev. 1.1 | 407

silabs.com | Building a more connected world.




Reference Manual
RTCC - Real Time Counter and Calendar

12.3.2 Capture/Compare Channels

Three capture/compare channels are available in the RTCC. Each channel can be configured as input capture or output compare, by
setting the corresponding MODE in the RTCC_CCx_CTRL register.

RTCC_CNT

A

RTCC_CCO_CCV J_'JJ J_I_r‘
RTCC_CC1_CCV J_I_H J_'_H

RTCC_CC2_CCV

i 5

CC2 PRS output,
CMOA=PULSE 1 1

i
1 LFCLKRrce cycle
CC1 PRS output,
CMOA=TOGGLE

CCO0 PRS output,
CMOA=SET

Figure 12.3. RTCC Compare match and PRS output illustration

In input capture mode the RTCC_CNT (RTCC_TIME and RTCC_DATE in calendar mode) register is captured into the
RTCC_CCx_CCV (RTCC_CCx_TIME and RTCC_CCx_DATE in calendar mode) register when an edge is detected on the selected
PRS input channel. The active capture edge is configured in the ICEDGE control bits.

In output compare mode the compare values are set by writing to the RTCC compare channel registers RTCC_CCx_CCV
(RTCC_CCx_TIME and RTCC_CCx_DATE in calendar mode). These values will be compared to the main counter, RTCC_CNT
(RTCC_TIME and RTCC_DATE in calendar mode), or a mixture of the main counter and the pre-counter, as illustrated in Figure
12.4 RTCC Compare base illustration on page 409. Compare base for the capture compare channels is set by configuring COMP-
BASE in RTCC_CCx_CTRL.
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RTCC_CCx_CTRL_COMPBASE = CNT

CNT PRECNT
MASK
Compare match =
MASK
A
CCx_CcCV

RTCC_CCx_CTRL_COMPBASE = PRECNT

CNT 16 0|14 PRECNT 0

Compare match

CCx_CCV

Figure 12.4. RTCC Compare base illustration

Table 12.3 RTCC Capture/Compare Subjects on page 409 summarizes which registers being subject to comparison for different con-
figurations of RTCC_CTRL_CNTMODE and RTCC_CCx_CTRL_COMPBASE.

Table 12.3. RTCC Capture/Compare Subjects

RTCC_CTRL_CNTMODE NORMAL CALENDAR

RTCC_CCx_CTRL_COMPBASE =
CNT

RTCC_TIME vs. RTCC_CCx_TIME and

RTCC_CNT vs. RTCC_CCx_CCV RTCC_DATE vs. RTCC_CCx_DATE

RTCC_CCx_CTRL_COMPBASE = |{RTCC_CNT[16:0],RTCC_PRECNT[14:0]} vs.

PRECNT RTCC_CCx_CCV RTCC_PRECNT vs. RTCC_CCx_CCV[14:0]

Figure 12.5 RTCC Compare in calendar mode, COMPBASE = CNT on page 410 illustrates how the compare events are evaluated
when in calendar mode with RTCC_CCx_CTRL_COMPBASE = CNT. The SECU, SECT, MINU, MINT, HOURU, HOURT, MONTHU,
and MONTHT bitfields in RTCC_CCx_TIME and RTCC_CCx_DATE are compared to the corresponding bitfields in RTCC_DATE and
RTCC_TIME. The DAYU and DAYT bitfields in RTCC_CCx_DATE will be compared to {RTCC_DATE_DAYOMT, RTCC_DATE_DAY-
OMU} if DAYCC in RTCC_CCx_CTRL is set to MONTH. If DAYCC in RTCC_CCx_CTRL is set to WEEK, the DAYU and DAYT bitfields
in RTCC_CCx_DATE will be compared to {0b000, RTCC_DATE_DAYOW}.
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RTCC_DATE RTCC_TIME
[0b000, [DAYOMT,
DAYOW] DAYOMU]

RTCC_CCx_CTRL_DAYCC

[MONTHT,MONTHU]

4 4
\ MASK \

Compare match 4—%

f

\ MASK \
A A 4

[MONTHT,MONTHU]

[DAYT,DAYU]

RTCC_CCx_DATE ‘ RTCC_CCx_TIME

Figure 12.5. RTCC Compare in calendar mode, COMPBASE = CNT

To generate periodically recurring events, it is possible to mask out parts of the compare match values. By configuring COMPMASK in
RTCC_CCx_CTRL, parts of the compare values will be masked out, limiting which part of the compare register being subject to com-
parison with the counter. Figure 12.6 RTCC Compare mask illustration, COMPMASK=11 on page 410 illustrates the effect of COMP-
MASK when in normal mode and calendar mode.

ccv
31 2120 0
|
CC_CTRL_COMPMASK |
¢ >
|
|
MONTHT MONTHU DAYT DAYU HOURT HOURU MINT MINU SECT SECU
31 30 27|26 25|24 21]20 19|18 15)14 12|11 8|7 54 1 0
|
MASKED
Subject to comparison

Figure 12.6. RTCC Compare mask illustration, COMPMASK=11

Upon a compare match, the respective Capture/Compare interrupt flag CCx is set. Additionally, the event selected by the CMOA setting
is generated on the corresponding PRS output. This is illustrated in Figure 12.3 RTCC Compare match and PRS output illustration on

page 408.

12.3.3 Interrupts and PRS Output

The RTCC has one interrupt for each of its 3 Capture/Compare channels, CC0, CC1, and CC2. Each Capture/Compare channel has a
PRS output with configurable actions upon compare match.

The interrupt flag CNTTICK is set each time the main counter receives a tick (each second in calendar mode). In calendar mode, there
are also interrupt flags being set each minute, hour, day, week, and month.

Upon oscillator failure detection, the OSCFAIL flag will be set.
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12.3.3.1 Main Counter Tick PRS Output

To output the ticks for the main counter on PRS, it is possible to use a Capture/Compare channel and mask all the bits, i.e.
RTCC_CCx_CTRL_COMPBASE=CNT and RTCC_CCx_CTRL_COMPMASK=31. PRS output of main counter ticks does not work if
the main counter is not prescaled.

Note: To be able to mask all bits in the main counter, RTCC_CTRL_CNTMODE has to be set to CALENDAR. In NORMAL mode, the
least significant bit can not be masked out.

12.3.4 Energy Mode Availability

The RTCC is available in all energy modes except EM4 Shutoff. To enable RTCC operation in EM4 Hibernate, the EMU_EM4CTRL
register in the EMU has to be configured. Any enabled RTCC interrupt will wake the system up from EM4 Hibernate; if EM4WU in
RTCC_EM4WUEN is set. Refer to 9. EMU - Energy Management Unit for details on how to configure the EMU.

12.3.5 Register Lock

To prevent accidental writes to the RTCC registers, the RTCC_LOCKKEY register can be written to any value other than the unlock
value. To unlock the register, write the unlock value to RTCC_LOCKKEY. Registers affected by this lock are:

« RTCC_CTRL
. RTCC_PRECNT

« RTCC_CNT

. RTCC_TIME

. RTCC_DATE

. RTCC_IEN

. RTCC_POWERDOWN
. RTCC_CCx_CTRL

« RTCC_CCx_CCV

. RTCC_CCx_TIME

. RTCC_CCx_DATE

12.3.6 Oscillator Failure Detection

To be able to detect OSC failure, the RTCC includes a security mechanism ensuring that at least three OSC cycles are detected within
one period of the ULFRCO. If no OSC cycles are detected, the OSCFAIL interrupt flag is set. OSC failure detection is enabled by set-
ting the OSCFDETEN bit in RTCC_CTRL.

12.3.7 Retention Registers

The RTCC includes 32 x 32 bit registers which can be retained in all energy modes except EM4 Shutoff. The registers are accessible
through the RETx_REG registers. Retention is by default enabled in EMO Active through EM4 Hibernate/Shutoff. The registers can be
shut off to save power by setting the RAM bit in RTCC_POWERDOWN.

Note: The retention registers are mapped to a RAM instance and have undefined state out of reset.

12.3.8 Timestamp

The RTCC includes functionality for storing a timestamp when the system enters backup mode. The timestamp is stored in the
RTCC_CC2_CCV (RTCC_CC2_TIME and RTCC_CC2_DATE in calendar mode) register. Timestamping is enabled by first writing a 1
to CLRSTATUS in RTCC_CMD and then setting BUMODETSEN in RTCC_CTRL. When a timestamp is stored, the BUMODETS bit in
RTCC_STATUS is set. To prevent uncontrolled time stamping when entering and exiting backup mode, this status bit has to be cleared
before a new timestamp can be stored. Writing a 1 to CLRSTATUS in RTCC_CMD clears BUMODETS.

12.3.9 Debug Session

By default, the RTCC is halted when code execution is halted from the debugger. By setting the DEBUGRUN bit in the RTCC_CTRL
register, the RTCC will continue to run even when the debugger has halted the system.
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12.4 Register Map

The offset register address is relative to the registers base address.

Offset Name Type Description

0x000 |RTCC_CTRL RW Control Register

0x004 RTCC_PRECNT RWH Pre-Counter Value Register

0x008 RTCC_CNT RWH Counter Value Register

0x00C |RTCC_COMBCNT R Combined Pre-Counter and Counter Value Register

0x010 RTCC_TIME RWH Time of Day Register

0x014 RTCC_DATE RWH Date Register

0x018 RTCC_IF R RTCC Interrupt Flags

0x01C |RTCC_IFS W1 Interrupt Flag Set Register

0x020 RTCC_IFC (R)W1 Interrupt Flag Clear Register

0x024 RTCC_IEN RwW Interrupt Enable Register

0x028 RTCC_STATUS R Status Register

0x02C |RTCC_CMD WA1 Command Register

0x030 RTCC_SYNCBUSY R Synchronization Busy Register

0x034 RTCC_POWERDOWN RwW Retention RAM Power-down Register

0x038 RTCC_LOCK RWH Configuration Lock Register

0x03C |RTCC_EM4WUEN RW Wake Up Enable

0x040 RTCC_CCO_CTRL RwW CC Channel Control Register

0x044 RTCC_CCO0_CCV RWH Capture/Compare Value Register

0x048 RTCC_CCO_TIME RWH Capture/Compare Time Register

0x04C |RTCC_CCO_DATE RWH Capture/Compare Date Register

0x050 RTCC_CC1_CTRL RW CC Channel Control Register

0x054 RTCC_CC1_CCV RWH Capture/Compare Value Register

0x058 RTCC_CC1_TIME RWH Capture/Compare Time Register

0x05C |RTCC_CC1_DATE RWH Capture/Compare Date Register

0x060 RTCC_CC2_CTRL RwW CC Channel Control Register

0x064 RTCC_CC2_CCV RWH Capture/Compare Value Register

0x068 RTCC_CC2_TIME RWH Capture/Compare Time Register

0x06C |RTCC_CC2_DATE RWH Capture/Compare Date Register

0x104 RTCC_RETO_REG RwW Retention Register
RTCC_RETx_REG RW Retention Register

0x180 RTCC_RET31_REG RwW Retention Register
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12.5 Register Description

12.5.1 RTCC_CTRL - Control Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

(0] C1-14 Bit Position
0x000 SRR IQQIIQIF QR I2¥tQlolo~o|w|t|m|n|~]|o
Reset o|lo|o|o o g oo o o
Access ZEzz = = z AW
)
[a) zZ o
o w
4 E n O ,9 z
N O|YWiF|H D oo =}
ame Q|8 |w|l X T o> 4 w
¥ Q0|2 S) 14 = Q ) —
wlE o= = = > W m <
~|Zl®n|> z zZ 0 |x wl pd
/0|0 |m O (@] O | [m) L
Bit Name Reset Access Description
31:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17 LYEARCORRDIS 0 RW Leap Year Correction Disabled
When cleared, February has 29 days in leap years. When set, February always has 28 days.
16 CNTMODE 0 RwW Main Counter Mode
Configure count mode for the main counter.
Value Mode Description
0 NORMAL The main counter is incremented with 1 for each tick.
1 CALENDAR The main counter is in calendar mode.
15 OSCFDETEN 0 RW Oscillator Failure Detection Enable
When set, the OSCFAIL interrupt flag will be set if no ticks are detected on LFCLKRrtcc within one ULFRCO cycle.
14 BUMODETSEN 0 RW Backup Mode Timestamp Enable
When set, the RTCC will store its counter value in the RTCC_CC2_CCYV register upon backup mode entry.
13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12 CNTTICK 0 RW Counter Prescaler Mode
Select whether the main counter should tick on RTCC_CCO0_CCV[14:0] compare match with the pre-counter or tick on a
pre-counter tap selected in CNTPRESC bitfield in the RTCC_CTRL register.
Value Mode Description
0 PRESC CNT register ticks according to configuration in CNTPRESC.
1 CCVOMATCH CNT register ticks when PRECNT matches RTCC_CCO0_CCV[14:0]
11:8 CNTPRESC 0x0 RW Counter Prescaler Value

Configure counting frequency of the CNT register.

Value

Mode

Description
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Bit Name Reset Access Description
0 DIV1 CLK¢NT = LFECLKRTCC/
1 DIV2 CLKcNT = LFECLKRTCC/2
2 DIV4 CLKcnT = LFECLKRTCC/4
3 DIV8 CLKcNT = LFECLKRTCC/8
4 DIV16 CLKcNT = LFECLKRTCC/16
5 DIV32 CLKcnT = LFECLKRTCC/32
6 DIV64 CLKcNT = LFECLKRTCC/64
7 DIV128 CLKcNT = LFECLKRTCC/128
8 DIV256 CLKcnT = LFECLKRTCC/256
9 DIV512 CLK¢NT = LFECLKRTCC/512
10 DIV1024 CLKcNT = LFECLKRTCC/1024
11 DIV2048 CLKcnT = LFECLKRTCC/2048
12 DIV4096 CLKcNT = LFECLKRTCC/4096
13 DIV8192 CLKcNT = LFECLKRTCC/8192
14 DIV16384 CLKcnT = LFECLKRTC/16384
15 DIV32768 CLK¢NT = LFECLKRTCC/32768
7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5 CCV1TOP 0 RW CCV1 Top Value Enable

When set, the counter wraps around on a CC1 event.

4 PRECCVOTOP 0 RW Pre-counter CCV0 Top Value Enable
When set, the pre-counter wraps around when PRECNT equals RTCC_CCO0_CCV[14:0].

3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2 DEBUGRUN 0 RW Debug Mode Run Enable

Set this bit to keep the RTCC running during a debug halt.

Value Description
0 RTCC is frozen in debug mode
1 RTCC is running in debug mode
1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 ENABLE 0 RW RTCC Enable

Enable the RTCC.
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12.5.2 RTCC_PRECNT - Pre-Counter Value Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position

0x004 |15 3 IQQNQQIQINIQRNS T e 2|¥ftQlolom|ojb|lt|m|a|~]|0o
o
o
Reset S
X
o
I
Access =
[i4
|_
p4
Name 8
1
o
Bit Name Reset Access Description
31:15 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
14:0 PRECNT 0x0000 RWH Pre-Counter Value

Gives access to the Pre-counter value of the RTCC.

12.5.3 RTCC_CNT - Counter Value Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Offset Bit Position
0x008 |5 /8/R RN &ERIQNTIR22T L T2dC2olo~lowv v oo

o

o

o

o
Reset S

o

o

X

o

I
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X

|_
Name pd

(@]
Bit Name Reset Access Description
31:0 CNT 0x00000000 RWH Counter Value

Gives access to the main counter value of the RTCC. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = CALENDAR.
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12.5.4 RTCC_COMBCNT - Combined Pre-Counter and Counter Value Register

Offset Bit Position
X0C 51812888 3g ¥ TIfeetleeT 2 2o o~ ow v oal-o
b= o
=4 S
Reset 3 8
g S
o
Access o o
B =
Name P Q
pd 1
O o
Bit Name Reset Access Description
31:15 CNTLSB 0x00000 R Counter Value
Gives access to the 17 LSBs of the main counter, CNT. Register will be read as zero when RTCC_CTRL_CNTMODE =
CALENDAR.
14:0 PRECNT 0x0000 R Pre-Counter Value

Gives access to the pre-counter, PRECNT. Register will be read as zero when RTCC_CTRL_CNTMODE = CALENDAR.
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12.5.5 RTCC_TIME - Time of Day Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position
x010 15 3 IQQRNQQIQNIQRNS T e 2l¥tQ|lololm|o/b|lt|m|a|~|0o
Reset = = = = = S
ese o o o o o o
I T I T I I
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ke %
Name S ) £ 2 5 3
(®) [®) = = L L
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Bit Name Reset Access Description
31:22 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
21:20 HOURT 0x0 RWH Hours, Tens
Shows the tens part of the hour counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
19:16 HOURU 0x0 RWH Hours, Units
Shows the unit part of the hour counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
15 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
14:12 MINT 0x0 RWH Minutes, Tens
Shows the tens part of the minute counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
11:8 MINU 0x0 RWH Minutes, Units
Shows the unit part of the minute counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6:4 SECT 0x0 RWH Seconds, Tens
Shows the tens part of the second counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
3:0 SECU 0x0 RWH Seconds, Units

Shows the unit part of the second counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
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12.5.6 RTCC_DATE - Date Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position
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Bit Name Reset Access Description
31:27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:24 DAYOW 0x0 RWH Day of Week
Shows the day of week counter. Register can not be written and will be read as zero when RTCC_CTRL_CNTMODE =
NORMAL.
23:20 YEART 0x0 RWH Year, Tens
Shows the tens part of the year counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
19:16 YEARU 0x0 RWH Year, Units
Shows the unit part of the year counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
15:13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12 MONTHT 0 RWH Month, Tens
Shows the tens part of the month counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
11:8 MONTHU 0x0 RWH Month, Units
Shows the unit part of the month counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
54 DAYOMT 0x0 RWH Day of Month, Tens
Shows the tens part of the day of month counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
3:0 DAYOMU 0x0 RWH Day of Month, Units

Shows the unit part of the day of month counter. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
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12.5.7 RTCC_IF - RTCC Interrupt Flags

Offset Bit Position
0x018 15|18 IR RQIQIFI QNIRRT Ty o ~|lo|w|x ™m0
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Bit Name Reset Access Description
31:11 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10 MONTHTICK 0 R Month Tick
Set each time the month counter increments.
9 DAYOWOF 0 R Day of Week Overflow
Set each time the day of week counter overflows.
8 DAYTICK 0 R Day Tick
Set each time the day counter increments.
7 HOURTICK 0 R Hour Tick
Set each time the hour counter increments.
6 MINTICK 0 R Minute Tick
Set each time the minute counter increments.
5 CNTTICK 0 R Main Counter Tick
Set each time the main counter is updated.
4 OSCFAIL 0 R Oscillator Failure Interrupt Flag
Set when an oscillator failure has been detected.
3 CC2 0 R Channel 2 Interrupt Flag
Set when a channel 2 event has occurred.
2 CcC1 0 R Channel 1 Interrupt Flag
Set when a channel 1 event has occurred.
1 CCo 0 R Channel 0 Interrupt Flag
Set when a channel 0 event has occurred.
0 OF 0 R Overflow Interrupt Flag

Set when a RTCC overflow has occurred.
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12.5.8 RTCC_IFS - Interrupt Flag Set Register

Offset Bit Position
001C 5|88 NQIRII RN TIR 22 S22 20w ~ow< oo~ o
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Bit Name Reset Access Description
31:11 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10 MONTHTICK 0 W1 Set MONTHTICK Interrupt Flag
Write 1 to set the MONTHTICK interrupt flag
9 DAYOWOF 0 W1 Set DAYOWOF Interrupt Flag
Write 1 to set the DAYOWOF interrupt flag
8 DAYTICK 0 W1 Set DAYTICK Interrupt Flag
Write 1 to set the DAYTICK interrupt flag
7 HOURTICK 0 W1 Set HOURTICK Interrupt Flag
Write 1 to set the HOURTICK interrupt flag
6 MINTICK 0 W1 Set MINTICK Interrupt Flag
Write 1 to set the MINTICK interrupt flag
5 CNTTICK 0 W1 Set CNTTICK Interrupt Flag
Write 1 to set the CNTTICK interrupt flag
4 OSCFAIL 0 W1 Set OSCFAIL Interrupt Flag
Write 1 to set the OSCFAIL interrupt flag
3 CC2 0 W1 Set CC2 Interrupt Flag
Write 1 to set the CC2 interrupt flag
2 CC1 0 W1 Set CC1 Interrupt Flag
Write 1 to set the CC1 interrupt flag
1 CCo 0 W1 Set CCO Interrupt Flag
Write 1 to set the CCO interrupt flag
0 OF 0 W1 Set OF Interrupt Flag

Write 1 to set the OF interrupt flag
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12.5.9 RTCC_IFC - Interrupt Flag Clear Register

Offset Bit Position
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Bit Name Reset Access Description
31:11 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10 MONTHTICK 0 (R)W1 Clear MONTHTICK Interrupt Flag
Write 1 to clear the MONTHTICK interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
9 DAYOWOF 0 (R)YW1 Clear DAYOWOF Interrupt Flag
Write 1 to clear the DAYOWOF interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
8 DAYTICK 0 (R)w1 Clear DAYTICK Interrupt Flag
Write 1 to clear the DAYTICK interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
7 HOURTICK 0 (R)W1 Clear HOURTICK Interrupt Flag
Write 1 to clear the HOURTICK interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt
flags (This feature must be enabled globally in MSC.).
6 MINTICK 0 (R)W1 Clear MINTICK Interrupt Flag
Write 1 to clear the MINTICK interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
5 CNTTICK 0 (R)YW1 Clear CNTTICK Interrupt Flag
Write 1 to clear the CNTTICK interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
4 OSCFAIL 0 (R)W1 Clear OSCFAIL Interrupt Flag
Write 1 to clear the OSCFAIL interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
3 CcC2 0 (R)W1 Clear CC2 Interrupt Flag
Write 1 to clear the CC2 interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags (This
feature must be enabled globally in MSC.).
2 CC1 0 (R)w1 Clear CC1 Interrupt Flag

Write 1 to clear the CC1 interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags (This
feature must be enabled globally in MSC.).

CCo

0

(R)W1

Clear CCO Interrupt Flag

Write 1 to clear the CCO interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags (This

feature must be enabled globally in MSC.).
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Bit Name Reset Access Description
0 OF 0 (R)W1 Clear OF Interrupt Flag

Write 1 to clear the OF interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags (This
feature must be enabled globally in MSC.).

12.5.10 RTCC_IEN - Interrupt Enable Register

Offset Bit Position
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Bit Name Reset Access Description
31:11 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
10 MONTHTICK 0 RW MONTHTICK Interrupt Enable
Enable/disable the MONTHTICK interrupt
9 DAYOWOF 0 RW DAYOWOF Interrupt Enable
Enable/disable the DAYOWOF interrupt
8 DAYTICK 0 RW DAYTICK Interrupt Enable
Enable/disable the DAYTICK interrupt
7 HOURTICK 0 RW HOURTICK Interrupt Enable
Enable/disable the HOURTICK interrupt
6 MINTICK 0 RW MINTICK Interrupt Enable
Enable/disable the MINTICK interrupt
5 CNTTICK 0 RW CNTTICK Interrupt Enable

Enable/disable the CNTTICK interrupt
4 OSCFAIL 0 RwW OSCFAIL Interrupt Enable
Enable/disable the OSCFAIL interrupt

3 CC2 0 RwW CC2 Interrupt Enable
Enable/disable the CC2 interrupt
2 CC1 0 RW CC1 Interrupt Enable

Enable/disable the CC1 interrupt

1 CCo 0 RW CCO Interrupt Enable
Enable/disable the CCO interrupt

0 OF 0 RW OF Interrupt Enable
Enable/disable the OF interrupt
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12.5.11 RTCC_STATUS - Status Register

Offset Bit Position

%028 |58 RRKNLRIQYITRR TR IV T2 0 o/ ~ov <o ~|o

Reset o

Access o
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m

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 BUMODETS 0 R Timestamp for Backup Mode Entry Stored

Set when a timestamp has been stored in RTCC_CC2_CCV.

12.5.12 RTCC_CMD - Command Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position
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Reset o
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Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 CLRSTATUS 0 W1 Clear RTCC_STATUS Register

Write a 1 to clear the RTCC_STATUS register.
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12.5.13 RTCC_SYNCBUSY - Synchronization Busy Register

Offset Bit Position
0030 5|88 KNIQILI RN TR 2 E|eL T2 20w ~oo< oo~ o
Reset o
Access x
Name g
O
Bit Name Reset Access Description
31:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5 CMD 0 R CMD Register Busy
Set when the value written to CMD is being synchronized.
4:0 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions

12.5.14 RTCC_POWERDOWN - Retention RAM Power-down Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Offset Bit Position

0x034 SRR IQQIIQIF QR I 2 ¥TQlolo~o|w|t|m|n|~]|o

Reset o

Access E

Name 3
o

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 RAM 0 RW Retention RAM Power-down

Shut off power to the Retention RAM. Once it is powered down, it cannot be powered up again
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12.5.15 RTCC_LOCK - Configuration Lock Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position
x038 15 |8IRQKFLIQ IR QIR T2 I2¥fQlojw~lowv <o oo
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Reset =
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Bit Name Reset Access Description
31:16 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
15:0 LOCKKEY 0x0000 RWH Configuration Lock Key

Write any other value than the unlock code to lock RTCC_CTRL, RTCC_PRECNT, RTCC_CNT, RTCC_TIME,
RTCC_DATE, RTCC_IEN, RTCC_POWERDOWN, and RTCC_CCx_XXX registers from editing. Write the unlock code to
unlock. When reading the register, bit 0 is set when the lock is enabled.

Mode Value Description

Read Operation

UNLOCKED 0 All registers are unlocked
LOCKED 1 Registers are locked
Write Operation

LOCK 0 Lock registers

UNLOCK OxAEES8 Unlock all RTCC registers

12.5.16 RTCC_EM4WUEN - Wake Up Enable

Offset Bit Position

0x03C 15|88 KNLRIQYNTR2R TR I N T2 0 o/ ~ov <o a o

Reset o
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D
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w

Bit Name Reset Access Description

31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-

tions
0 EM4WU 0 RW EM4 Wake-up Enable

Write 1 to enable wake-up request, write 0 to disable wake-up request.
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12.5.17 RTCC_CCx_CTRL - CC Channel Control Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position
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Bit Name Reset Access Description
31:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
17 DAYCC 0 RW Day Capture/Compare Selection
Select whether day of week, or day of month is subject for Capture/Compare.
Value Mode Description
0 MONTH Day of month is selected for Capture/Compare.
1 WEEK Day of week is selected for Capture/Compare.
16:12 COMPMASK 0x00 RW Capture Compare Channel Comparison Mask
The COMPMASK most significant bits of the compare value will not be subject to comparison.
11 COMPBASE 0 RW Capture Compare Channel Comparison Base
Configure comparison base for compare channel
Value Mode Description
0 CNT RTCC_CCx_CCV is compared with RTCC_CNT register.
RTCC_CCx_TIME/DATE compare with RTCC_TIME/DATE in calendar
mode.
1 PRECNT Least significant bits of RTCC_CCx_CCV are compared with PRECNT.
10:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8:6 PRSSEL 0x0 RW Compare/Capture Channel PRS Input Channel Selection

Select PRS input channel for Compare/Capture channel.

Value Mode Description

0 PRSCHO PRS Channel 0 selected as input
1 PRSCH1 PRS Channel 1 selected as input
2 PRSCH2 PRS Channel 2 selected as input
3 PRSCH3 PRS Channel 3 selected as input
4 PRSCH4 PRS Channel 4 selected as input
5 PRSCH5 PRS Channel 5 selected as input
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Bit Name Reset Access Description
6 PRSCH6 PRS Channel 6 selected as input
7 PRSCH7 PRS Channel 7 selected as input
5:4 ICEDGE 0x0 RW Input Capture Edge Select

These bits control which edges the PRS edge detector triggers on.

Value Mode Description

0 RISING Rising edges detected

1 FALLING Falling edges detected

2 BOTH Both edges detected

3 NONE No edge detection, signal is left as it is
3:2 CMOA 0x0 RW Compare Match Output Action

Select output action on compare match.

Value Mode Description
0 PULSE A single clock cycle pulse is generated on output
1 TOGGLE Toggle output on compare match
2 CLEAR Clear output on compare match
3 SET Set output on compare match
1:0 MODE 0x0 RW CC Channel Mode

These bits select the mode for Compare/Capture channel.

Value Mode Description

0 OFF Compare/Capture channel turned off
1 INPUTCAPTURE Input capture

2 OUTPUTCOMPARE Output compare
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12.5.18 RTCC_CCx_CCV - Capture/Compare Value Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Offset Bit Position
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Bit Name Reset Access Description
31:0 ccv 0x00000000 RWH Capture/Compare Value

Shows the Capture/Compare Value for the channel. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = CALENDAR.
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12.5.19 RTCC_CCx_TIME - Capture/Compare Time Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position
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Bit Name Reset Access Description
31:22 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
21:20 HOURT 0x0 RWH Hours, Tens
Shows the tens part of the Capture/Compare value for hours. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
19:16 HOURU 0x0 RWH Hours, Units
Shows the unit part of the Capture/Compare value for hours. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
15 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
14:12 MINT 0x0 RWH Minutes, Tens
Shows the tens part of the Capture/Compare value for minutes. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
11:8 MINU 0x0 RWH Minutes, Units
Shows the unit part of the Capture/Compare value for minutes. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6:4 SECT 0x0 RWH Seconds, Tens
Shows the tens part of the Capture/Compare value for seconds. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
3:0 SECU 0x0 RWH Seconds, Units

Shows the unit part of the Capture/Compare value for seconds. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
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12.5.20 RTCC_CCx_DATE - Capture/Compare Date Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position
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Bit Name Reset Access Description
31:13 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
12 MONTHT 0 RWH Month, Tens
Shows the tens part of the Capture/Compare value for months. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
11:8 MONTHU 0x0 RWH Month, Units
Shows the unit part of the Capture/Compare value for months. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
7:6 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
5:4 DAYT 0x0 RWH Day of Month/week, Tens
Shows the tens part of the Capture/Compare value for days. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.
3:.0 DAYU 0x0 RWH Day of Month/week, Units

Shows the unit part of the Capture/Compare value for days. Register can not be written and will be read as zero when
RTCC_CTRL_CNTMODE = NORMAL.

12.5.21 RTCC_RETx_REG - Retention Register

Bit Position
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Bit Name Reset Access Description
31:0 REG OXXXXXXXX  RW General Purpose Retention Register

X

silabs.com | Building a more connected world. Rev. 1.1 | 430




Reference Manual
WDOG - Watchdog Timer

13. WDOG - Watchdog Timer

Quick Facts
What?

The Watchdog Timer (WDOG) resets the system in
case of a fault condition, and can be enabled in all
energy modes as long as the low frequency clock
source is available.

Why?
Counter value i
A Watchdog clear System reset If a software failure or external event renders the
¢ MCU unresponsive, a Watchdog timeout will reset

Timeout period the system to a known, safe state.

How?

An enabled Watchdog Timer implements a configu-

» Time rable timeout period. If the CPU fails to re-start the
Watchdog Timer before it times out, a full system re-
set will be triggered. The Watchdog consumes insig-
nificant power, and allows the device to remain safe-
ly in low energy modes for up to 256 seconds at a
time.

13.1 Introduction

The purpose of the watchdog timer is to generate a reset in case of a system failure to increase application reliability. The failure can be
caused by a variety of events, such as an ESD pulse or a software failure.

13.2 Features

» Clock input from selectable oscillators
* Internal 32 kHz LFRCO oscillator
* Internal 1 kHz ULFRCO oscillator
» External 32.768 kHz LFXO XTAL oscillator
*+ HFCORECLK
» Configurable timeout period from 9 to 256k watchdog clock cycles
+ Individual selection to keep running or freeze when entering EM2 DeepSleep or EM3 Stop
+ Selection to keep running or freeze when entering debug mode
+ Selection to block the CPU from entering Energy Mode 4
+ Selection to block the CMU from disabling the selected watchdog clock
» Configurable warning interrupt at 25%,50%, or 75% of the timeout period
» Configurable window interrupt at 12.5%,25%,37.5%,50%,62.5%,75%,87.5% of the timeout period
» Timeout interrupt
* PRS as a watchdog clear
* Interrupt for the event where a PRS rising edge is absent before a software reset

13.3 Functional Description

The watchdog is enabled by setting the EN bit in WDOGn_CTRL. When enabled, the watchdog counts up to the period value config-
ured through the PERSEL field in WDOGn_CTRL. If the watchdog timer is not cleared to 0 (by writing a 1 to the CLEAR bit in
WDOGnN_CMD) before the period is reached, the chip is reset. If a timely clear command is issued, the timer starts counting up from 0
again. The watchdog can optionally be locked by writing the LOCK bit in WDOGn_CTRL. Once locked, it cannot be disabled or recon-
figured by software.

When the EN bit in WDOGNn_CTRL is cleared to 0, the watchdog counter is reset.

silabs.com | Building a more connected world. Rev. 1.1 | 431




Reference Manual

13.3.1 Clock Source

Three clock sources are available for use with the watchdog, through the CLKSEL field in WDOGNn_CTRL. The corresponding clocks
must be enabled in the CMU. The SWOSCBLOCK bit in WDOGNn_CTRL can be written to prevent accidental disabling of the selected
clocks. Also, setting this bit will automatically start the selected oscillator source when the watchdog is enabled. The PERSEL field in
WDOGnN_CTRL is used to divide the selected watchdog clock, and the timeout for the watchdog timer can be calculated with the formu-
la:

TrimeouT = (23*PERSEL 4 1) / f

where f is the frequency of the selected clock.
When the watchdog is enabled, it is recommended to clear the watchdog before changing PERSEL.

To use this module, the LE interface clock must be enabled in CMU_HFBUSCLKENO.

13.3.2 Debug Functionality

The watchdog timer can either keep running or be frozen when the device is halted by a debugger. This configuration is done through
the DEBUGRUN bit in WDOGn_CTRL. When code execution is resumed, the watchdog will continue counting where it left off.

13.3.3 Energy Mode Handling

The watchdog timer can be configured to either keep on running or freeze when entering EM2 DeepSleep or EM3 Stop. The configura-
tion is done individually for each energy mode in the EM2RUN and EM3RUN bits in WDOGn_CTRL. When the watchdog has been
frozen and is re-entering an energy mode where it is running, the watchdog timer will continue counting where it left off. For the watch-
dog there is no difference between EMO Active and EM1 Sleep. The watchdog does not run in EM4 Hibernate/Shutoff. If EM4BLOCK in
WDOGnN_CTRL is set, the CPU will be prevented from entering EM4 Hibernate/Shutoff by software request.

Note:

If the WDOG is clocked by the LFXO or LFRCO, writing the SWOSCBLOCK bit will prevent the CPU from entering EM3 Stop. When
running from the ULFRCO, writing the SWOSCBLOCK bit will prevent the CPU from entering EM4 Hibernate/Shutoff.

13.3.4 Register Access

Since this module is a Low Energy Peripheral, and runs off a clock which is asynchronous to the HFCORECLK, special considerations
must be taken when accessing registers. Refer to 4.3 Access to Low Energy Peripherals (Asynchronous Registers) for a description on
how to perform register accesses to Low Energy Peripherals. Note that clearing the EN bit in WDOGn_CTRL will reset the WDOG mod-
ule, which will halt any ongoing register synchronization.

Note:
Never write to the WDOG registers when it is disabled, except to enable the watchdog by setting the EN bitfield in WDOGn_CTRL.

13.3.5 Warning Interrupt

The watchdog implements a warning interrupt which can be configured to occur at approximately 25%, 50%, or 75% of the timeout
period through the WARNSEL field of the WDOGN_CTRL register. This interrupt can be used to wake up the cpu for clearing the watch-
dog. The warning point for the watchdog timer can be calculated with the formula:

TwARNING = (23*PERSEL) * \WARNSEL / 4) + 1) / f,

where f is the frequency of the selected clock.

When the watchdog is enabled, it is recommended to clear the watchdog before changing WARNSEL.
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13.3.6 Window Interrupt

This interrupt occurs when the watchdog is cleared below a certain threshold. This threshold is given by the formula:
TWARNING = (23*PERSELy * (WINSEL/8) + 1)/f,

where f is the frequency of the selected clock.

This value will be approximately 12.5%, 25%, 37.5%, 50%, 62.5%, 75%, or 87.5% of the timeout value based on the WINSEL field of
the WDOGN_CTRL. Figure 13.2 WDOG Warning, Window, and Timeout on page 433 illustrates the warning, the window, and the time-
out interrupts. Also, it shows where the prs rising edge needs to happen. The prs edge detection feature is discussed later.

Counter value

Watchdog clear System reset

|

A

Timeout period

Warning Irq \/
\4

Legal Window

X

- T
P Time

PRS Event

Figure 13.2. WDOG Warning, Window, and Timeout

When the watchdog is enabled, it is recommended to clear the watchdog before changing WINSEL.
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13.3.7 PRS as Watchdog Clear

The first PRS channel (selected by register WDOGn_PCHO_PRSCTRL) can be used to clear the watchdog counter. To enable this
feature, CLRSRC must be set to 1. Figure 13.2 PRS Clearing WDOG on page 434 shows how the PRS channel takes over the WDOG
clear function. Clearing the WDOG with the PRS is mutually exclusive of clearing the WDT by software.

Counter value

PRS clear Timeout Irq

|

A

Timeout period

Warning Irq \/ v

Legal Window

X

= T
P Time

Figure 13.2. PRS Clearing WDOG

13.3.8 PRS Rising Edge Monitoring

PRS channels can be used to monitor multiple processes. If enabled, every time the watch dog timer is cleared the PRS channels are
checked and any channel which has not seen an event can trigger an interrupt.

Counter value
A wdog clear A PRSI0]

] T

P» Time

PRS[0] PRS[1] PRS[1] PRS[2]

Figure 13.3. PRS Edge Monitoring in WDOG
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13.4 Register Map

The offset register address is relative to the registers base address.

Offset Name Type Description

0x000 WDOG_CTRL RwW Control Register

0x004 WDOG_CMD W1 Command Register

0x008 WDOG_SYNCBUSY R Synchronization Busy Register
0x00C |WDOGn_PCHO_PRSCTRL RwW PRS Control Register

0x010 WDOGn_PCH1_PRSCTRL RW PRS Control Register

0x01C |WDOG._IF R Watchdog Interrupt Flags
0x020 WDOG_IFS WA1 Interrupt Flag Set Register
0x024 WDOG_IFC (R)W1 Interrupt Flag Clear Register
0x028 WDOG_IEN RwW Interrupt Enable Register
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13.5 Register Description

13.5.1 WDOG_CTRL - Control Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

(0] C1-14 Bit Position
0x000 SRR IQQIIQIF QR I2¥tQlolo~o|w|t|m|n|~]|o
R t (=] (=) o L
ese o|o 3 3 S ] o|lo|o|o|o|o|o
o S
E (@) e pd
@ i @9 z |z |2
Name x| — — — (e}
5 3 2 2 B 23 %229
Sk - < < i 21218298
=0 = = @) o A=
Bit Name Reset Access Description
31 WDOGRSTDIS 0 RW Watchdog Reset Disable
Disable watchdog reset output.
Value Mode Description
0 EN A timeout will cause a watchdog reset
1 DIS A timeout will not cause a watchdog reset
30 CLRSRC 0 RW Watchdog Clear Source
Select watchdog clear source.
Value Mode Description
0 SW A write to the clear bit will clear the watchdog counter
1 PCHO A rising edge on the PRS Channel0 will clear the watchdog counter
29:27 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
26:24 WINSEL 0x0 RW Watchdog lllegal Window Select

Select watchdog illegal limit.

Value Description

0 Disabled.

1 Window limit is 12.5% of the Timeout.
Window limit is 25.0% of the Timeout.
Window limit is 37.5% of the Timeout.

Window limit is 62.5% of the Timeout.

2
3
4 Window limit is 50.0% of the Timeout.
5
6 Window limit is 75.0% of the Timeout.
7

Window limit is 87.5% of the Timeout.
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Bit Name Reset Access Description

23:18 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

17:16 WARNSEL 0x0 RW Watchdog Timeout Period Select

Select watchdog warning timeout period.

Value Description
0 Disabled.
1 Warning timeout is 25% of the Timeout.
2 Warning timeout is 50% of the Timeout.
3 Warning timeout is 75% of the Timeout.
15:14 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
13:12 CLKSEL 0x0 RW Watchdog Clock Select

Selects the WDOG oscillator, i.e. the clock on which the watchdog will run.

Value Mode Description
0 ULFRCO ULFRCO
1 LFRCO LFRCO
2 LFXO LFXO
3 HFCORECLK HFCORECLK
11:8 PERSEL OxF RW Watchdog Timeout Period Select

Select watchdog timeout period.

Value Description

0 Timeout period of 9 watchdog clock cycles.

—_

Timeout period of 17 watchdog clock cycles.
Timeout period of 33 watchdog clock cycles.
Timeout period of 65 watchdog clock cycles.
Timeout period of 129 watchdog clock cycles.
Timeout period of 257 watchdog clock cycles.
Timeout period of 513 watchdog clock cycles.
Timeout period of 1k watchdog clock cycles.

Timeout period of 2k watchdog clock cycles.

© o0 N o O b~ w N

Timeout period of 4k watchdog clock cycles.

-
o

Timeout period of 8k watchdog clock cycles.

—_
—_

Timeout period of 16k watchdog clock cycles.

-
N

Timeout period of 32k watchdog clock cycles.

-
w

Timeout period of 64k watchdog clock cycles.

14

silabs.com | Building a more connected world. Rev. 1.1 | 437

Timeout period of 128k watchdog clock cycles.




Reference Manual
WDOG - Watchdog Timer

Bit Name Reset Access Description
15 Timeout period of 256k watchdog clock cycles.
7 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
6 SWOSCBLOCK 0 RW Software Oscillator Disable Block

Set to disallow disabling of the selected WDOG oscillator. Writing this bit to 1 will turn on the selected WDOG oscillator if it

is not already running.

Value Description
0 Software is allowed to disable the selected WDOG oscillator. See CMU
for detailed description. Note that also CMU registers are lockable.
1 Software is not allowed to disable the selected WDOG oscillator.
5 EM4BLOCK 0 RW Energy Mode 4 Block
Set to disallow EM4 entry by software.
Value Description
0 EM4 can be entered by software. See EMU for detailed description.
1 EM4 cannot be entered by software.
4 LOCK 0 RW Configuration Lock

Set to lock the watchdog configuration. This bit can only be cleared by reset.

Value Description

0 Watchdog configuration can be changed.

1 Watchdog configuration cannot be changed.
3 EM3RUN 0 RwW Energy Mode 3 Run Enable

Set to keep watchdog running in EM3.

Value Description

0 Watchdog timer is frozen in EM3.

1 Watchdog timer is running in EM3.
2 EM2RUN 0 RwW Energy Mode 2 Run Enable

Set to keep watchdog running in EM2.

Value Description

0 Watchdog timer is frozen in EM2.

1 Watchdog timer is running in EM2.
1 DEBUGRUN 0 RwW Debug Mode Run Enable

Set to keep watchdog running in debug mode.

Value

Description

0
1

Watchdog timer is frozen in debug mode.

Watchdog timer is running in debug mode.
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Bit Name Reset Access Description

0 EN 0 RwW Watchdog Timer Enable

Set to enabled watchdog timer.

13.5.2 WDOG_CMD - Command Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position
0x004 SRR IQQIIQIF SR I ¥t Qlolo~o|w|t|m|n|~]|o
Reset o
Access =
e
Name L
—
O
Bit Name Reset Access Description
31:1 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
0 CLEAR 0 WA1 Watchdog Timer Clear

Clear watchdog timer. The bit must be written 4 watchdog cycles before the timeout.

Value Mode Description
0 UNCHANGED Watchdog timer is unchanged.
1 CLEARED Watchdog timer is cleared to 0.

silabs.com | Building a more connected world.

Rev. 1.1 | 439




Reference Manual
WDOG - Watchdog Timer

13.5.3 WDOG_SYNCBUSY - Synchronization Busy Register

Offset Bit Position
0x008 |15 18I RNQIQI QNI EIge I ¥ t|Qloo|~|lojv|t|m|a|-]|o
Reset olo
Access vl | o
- | d
Y o
— |~
00
NN
Name E E
Il
I 2o
00|22 |k
oo o0
Bit Name Reset Access Description
31:4 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
3 PCH1_PRSCTRL 0 R PCH1_PRSCTRL Register Busy
Set when the value written to PCH1_PRSCTRL is being synchronized.
2 PCHO_PRSCTRL 0 R PCHO_PRSCTRL Register Busy
Set when the value written to PCHO_PRSCTRL is being synchronized.
1 CMD 0 R CMD Register Busy
Set when the value written to CMD is being synchronized.
0 CTRL 0 R CTRL Register Busy

Set when the value written to CTRL is being synchronized.
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13.5.4 WDOGn_PCHx_PRSCTRL - PRS Control Register (Async Reg)

For more information about asynchronous registers see 4.3 Access to Low Energy Peripherals (Asynchronous Registers).

Bit Position
x00C 158 QL EQIQNIRI2IeT eI ¥ |2 olo|~lolb|v o a~|o
Reset =) g
Access E E
z
|
|_
(7))
o
Name 8 -
= 7}
) 1%}
e 1
o o
Bit Name Reset Access Description
31:9 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
8 PRSMISSRSTEN 0 RW PRS Missing Event Will Trigger a Watchdog Reset
When set, a PRS missing event will trigger a watchdog reset.
7:3 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
2:0 PRSSEL 0x0 RW PRS Channel PRS Select

These bits select the PRS input for the PRS channel.

Value Mode Description

0 PRSCHO PRS Channel 0 selected as input
1 PRSCH1 PRS Channel 1 selected as input
2 PRSCH2 PRS Channel 2 selected as input
3 PRSCH3 PRS Channel 3 selected as input
4 PRSCH4 PRS Channel 4 selected as input
5 PRSCH5 PRS Channel 5 selected as input
6 PRSCH6 PRS Channel 6 selected as input
7 PRSCH7 PRS Channel 7 selected as input
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13.5.5 WDOG_IF - Watchdog Interrupt Flags

Offset Bit Position
001C 5|88 NQIRII RN TIR 22 S22 20w ~ow< oo~ o
Reset olo olo
Access r| r o\ o o
Name E g = é '5
RS
Bit Name Reset Access Description
31:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

4 PEM1 0 R PRS Channel One Event Missing Interrupt Flag

Set when a WDOG clear happens before a prs event has been detected on PRS channel one.
3 PEMO 0 R PRS Channel Zero Event Missing Interrupt Flag

Set when a WDOG clear happens before a prs event has been detected on PRS channel zero.
2 WIN 0 R WDOG Window Interrupt Flag

Set when a WDOG clear happens below the window limit value.
1 WARN 0 R WDOG Warning Timeout Interrupt Flag

Set when a WDOG warning timeout has occurred.
0 TOUT 0 R WDOG Timeout Interrupt Flag

Set when a WDOG timeout has occurred.
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13.5.6 WDOG_IFS - Interrupt Flag Set Register

Offset Bit Position
0020 53R &ENQLIRITR 222 T2 T 20 w~ooxon--|o
Reset o|lo|lo|o|o
Access zzlz|z|=
Name = % z é 5
R
Bit Name Reset Access Description
31:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

4 PEM1 0 W1 Set PEM1 Interrupt Flag

Write 1 to set the PEM1 interrupt flag
3 PEMO 0 W1 Set PEMO Interrupt Flag

Write 1 to set the PEMO interrupt flag
2 WIN 0 W1 Set WIN Interrupt Flag

Write 1 to set the WIN interrupt flag
1 WARN 0 W1 Set WARN Interrupt Flag

Write 1 to set the WARN interrupt flag
0 TOUT 0 W1 Set TOUT Interrupt Flag

Write 1 to set the TOUT interrupt flag
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13.5.7 WDOG_IFC - Interrupt Flag Clear Register

Offset Bit Position
%024 158 RIXNILRIQY TR T2 T2 N2 0/w/~oov v o ~|o
Reset o|lo|o|o|o
Access i E E E E
Clee)xx
N S22 5
ame Z | <
ww|=
e sz
Bit Name Reset Access Description
31:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions
4 PEM1 0 (R)W1 Clear PEM1 Interrupt Flag
Write 1 to clear the PEM1 interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
3 PEMO 0 (R)W1 Clear PEMO Interrupt Flag
Write 1 to clear the PEMO interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
2 WIN 0 (R)w1 Clear WIN Interrupt Flag
Write 1 to clear the WIN interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags (This
feature must be enabled globally in MSC.).
1 WARN 0 (R)w1 Clear WARN Interrupt Flag
Write 1 to clear the WARN interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
0 TOUT 0 (R)W1 Clear TOUT Interrupt Flag

Write 1 to clear the TOUT interrupt flag. Reading returns the value of the IF and clears the corresponding interrupt flags
(This feature must be enabled globally in MSC.).
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13.5.8 WDOG_IEN - Interrupt Enable Register

Offset Bit Position
0028 5I8RENQRIRYSTRS2TL2 T2 T 20 w~ooxon-|o
Reset o|lo|lo|o|o
Access E 5 5 5 5
Name E g =z é '5
R
Bit Name Reset Access Description
31:5 Reserved To ensure compatibility with future devices, always write bits to 0. More information in 1.2 Conven-
tions

4 PEM1 0 RW PEM1 Interrupt Enable

Enable/disable the PEM1 interrupt
3 PEMO 0 RW PEMO Interrupt Enable

Enable/disable the PEMO interrupt
2 WIN 0 RW WIN Interrupt Enable

Enable/disable the WIN interrupt
1 WARN 0 RW WARN Interrupt Enable

Enable/disable the WARN interrupt
0 TOUT 0 RW TOUT Interrupt Enable

Enable/disable the TOUT interrupt
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14. PRS - Peri