MICROCHIP

MCP8021/2

3-Phase Brushless DC (BLDC) Motor Gate Driver with
Power Module, Sleep Mode, Op Amps

Features

« AEC-Q100 Grade 0 Qualified

» Three Half-Bridge Drivers Configured to Drive
External High-Side NMOS and Low-Side NMOS
MOSFETs:

- Independent input control for high-side and
low-side NMOS MOSFET gate drives

- Typical peak output current: 0.5A @ 12V

- Shoot-through protection

- Overcurrent and short-circuit protection
» Three Operational Amplifiers (MCP8022)
 Fixed Output Linear Regulator:

- 3.3Vor50V@ 70 mA

- True current foldback
» Supply Current:

- Sleep mode: 5 pA typical

- Standby mode: <330 pA (MCP8021)

- Standby mode, op amps off: <330 pA
(MCP8022)

- Standby mode, op amps on: <1300 pA
(MCP8022)

* Dedicated WAKE Pin for Sleep Mode Recovery
* Dedicated FAULT Pin

» Single Wire UART Communications

» Supply Voltage Range: 4V-40V

» Operational Voltage Range: 6.25V-29V

» Gate Drive Undervoltage Lockout: 4.5V

» Supply Voltage Undervoltage Shutdown: 4.5V

» Supply Voltage Undervoltage Lockout (UVLO): 6.25V
» Overvoltage Lockout (OVLO): 29V

» Temperature Range (T,): -40°C to +165°C

* Thermal Shutdown

Applications

» Automotive Applications like Fuel, Water, Oil
Pumps, Ventilation Motors, Window Lift, Trunk
Openers, Sun Roof

* Home Appliances

* Permanent Magnet Synchronous Motor (PMSM)
Control

* Hobby Aircraft, Boats, Vehicles

Description

The MCP8021/2 devices are 3-phase Brushless DC
(BLDC) power modules containing three integrated
half-bridge drivers, capable of driving three external
NMOS/NMOS transistor pairs. The three half-bridge
drivers are capable of delivering a peak output current
of 0.5A at 12V for driving high-side and low-side
NMOS MOSFET transistors. The drivers have shoot-
through, overcurrent and short-circuit protection. A
Sleep mode has been added to achieve a typical “key
off” quiescent current of 5 pA.

The MCP8021/2 devices integrate a 3.3V or 5.0V
LDO regulator for host and peripheral power, an
overtemperature sensor and user-configurable functions.

The user-configurable functions are: dead time, blank-
ing time, op amp enable/disable during standby, enable/
disable Sleep mode, enable/disable overcurrent
detection and enable/disable gate drive undervoltage
protection.

The on-board 3.3V or 5.0V dropout voltage regulators
are capable of delivering 70 mA of current. The
voltage option is selected by part number.

The MCP8022 device adds three independent
operational amplifiers for general use.

The MCP8021/2 functional operation is specified over
a junction temperature range of -40°C to +165°C.

Package options for the MCP8021 include 28-lead
5x5 mm VQFN and 28-lead TSSOP-EP. Package
options for the MCP8022 include 40-lead 5x5 mm
VQFN and 38-lead TSSOP-EP.
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MCP8021/2

Package Types — MCP8021
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MCP8021/2

Package Types — MCP8022
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© 2020-2023 Microchip Technology Inc. and its subsidiaries

DS20006265C-page 3



MCP8021/2

Functional Block Diagram
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MCP8021/2

Typical Application Circuit
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minimum voltage specification is maintained.

Note: A Schottky diode between the CAP1 pin and HVgg is recommended to ensure that the CAP1 pin absolute I
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MCP8021/2

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum RatingsT

INPUL VOIBGE, VDD -+ vtereeeiteetie ittt ettt ettt ettt bt et e saeesen e e nbneeneenne e e (GND - 0.3V) to +40V
INternal POWET DiSSIDAtION. ........oiiiiiiiiie ettt sttt e Internally Limited
Operating Junction Temperature (NOe 2)......... .ot e e ea e e -40°C to +165°C
Transient Junction Temperature (NOE 1)........coueiiiiiiii e +170°C
Storage TemMPErature (NOLE 2) ...........ooiiiiiiieiie et ee e e e et e e e e e st e e saeeeesnneeeenneeeeenneeeenneens -55°C to +165°C
(Do) = N TP P PSP SVPROPROPRTPR -0.3V to 5.5V
LOW-VOIAGE ANAIOG /...t e et e e e e st e e e e e eatbeee e e s e tbaeeeeaseaeaeeaannreaaeaanes -0.3V to 5.5V
VBX, WAKE ...ttt ettt ettt et e s h e e e a bt e she e e bt e ke e et e e beeembeesaeesnbeesbeeneeanneenteas (GND - 0.3V) to +40V
L o D 3 SO PRURTI (GND - 5.5V) to +40V
N BOOT L X e e n (GND - 0.3V) to +13.2V
CAP T, CAP2 ettt bt ea et h e bbbt bbbt e (GND - 0.3V) to +40V
ESD and Latch-up Protection:
AT PINS ettt ettt bbb bbbk b bbb bbbt et b b tes >2 kVHBM
(07011 0 [= T o P PSP PP PPPTPPPTPPR >750V CDM
AL OENET PINS ettt ettt h ettt e bt e s et e e ke e eat e e be e em b e e abeesabesbeeembeeebeeanbeeeneennnean >500V CDM
Latch-up ProteCtion — All PINS ..ottt ettt e er e e s e e e nnn e e e aneeenaes >100 mA

T Notice: Stresses above those listed under “Maximum Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at those or any other conditions above those indicated in
the operational sections of this specification is not intended. Exposure to maximum rating conditions for extended
periods may affect device reliability.

Note 1: Transient junction temperatures should not exceed one second in duration. Sustained junction temperatures
above +170°C may impact the device reliability.

2: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable
junction temperature and the thermal resistance from junction to air (i.e., Ta, Ty, 0;4). Exceeding the
maximum allowable power dissipation may cause the device operating junction temperature to exceed the
maximum +165°C rating. Sustained junction temperatures above +165°C can impact the device reliability.

AC/DC CHARACTERISTICS

Electrical Specifications: Unless otherwise noted: T; = -40°C to +150°C; typical values are for +25°C, Vpp = 13.5V,
CVgoot = 4.7 UF, CVRgg = 4.7 uF, Ccp = 220 nF.
Parameters ‘ Symbol ‘ Min. ‘ Typ. Max. | Units ‘ Conditions
Power Supply Input
Input Operating Voltage Vop 4.5 — 40 \Y, VReg active
6.0 — 29.0 Driver output active
Input Supply Current Isup — 5 15 MA Sleep mode, T; = +25°C
(MCP8021) _ 180 330 Standby, OE = 0V
— 500 — Active, Vpp > 13, 5V,
OE > Vpig Hi TH
— 1200 — Active, Vpp =6V, T; = +25°C
Input Supply Current (MCP8022) Isup — 5 15 YA |Sleep mode, T, = +25°C
— 200 350 Standby, OPAMP = 1, OE = 0V
— 800 1300 Standby, OPAMP = 0, OE = 0V
— 1000 — Active, Vpp > 13, 5V,
OE > Vpig_Hi_TH
— 1500 — Active, OE > Vpig HI TH»
Vpp =7V, T;=+25°C

Note 1: Limits based on design, simulation or characterization. Not production tested.
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MCP8021/2

AC/DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted: T; = -40°C to +150°C; typical values are for +25°C, Vpp = 13.5V,
CVgoort = 4.7 uF, CVReg = 4.7 pF, Ccp = 220 nF.

Parameters Symbol ‘ Min. ‘ Typ. ‘ Max. | Units ‘ Conditions
Bias Generator
+12V Regulated Charge Pump (Vgoot)
Charge Pump Current Icp 20 — — mA  |Vpp=9.0V
Charge Pump Start CPsTART 12.50 12.75 — \ Falling
Charge Pump Stop CPstop — 13.25 14 \" Rising
Charge Pump Frequency CPEsw — 76.80 — kHz |Vpp =9.0V
— 0 — VDD =14V
Charge Pump Switch CPrpson — 14 — Q Rpson sum of high side and
Resistance low side (Note 1)
Output Voltage Veoor — 12 — \" Vpp 2 14V, loyt =30 mA
9 12 — 7V <Vpp < 14V, Ccp = 150 nF,
lOUT =20mA
9 — — 6.25V SVDD < 7V,
Ccp = 270 nF, IOUT =15mA
Output Voltage Tolerance [TOLVoyrt12l — — 4.0 % |lour =30 mA
Output Capability IsooT 30 — — mA  |Average current
Output Current Limit lsooTUMIT 50 60 80 mA  |Average current
Output Voltage Temperature TCVouT12 — 160 — ppm/°C |Note 1
Coefficient
Line Regulation [AVout/ — 0.1 0.5 %N |14V <Vpp <19V,
(VOUT X A)| lOUT =30 mA
Load Regulation [AVout/Vourtl - 0.2 1.0 % lout=0.1 mAto 30 mA,
VDD =14V
Power Supply Rejection Ratio PSRR — 60 — dB |f=1kHz lgyr=10mA
(Note 1)
Output Capacitor Capacitance CVgoot 4.7 — 10 uF Ceramic, Tantalum, Electrolytic
Range (Note 1)
Output Capacitor ESR Range CESRypooT 0.010 — 1.0 Q Note 1
Flying Capacitor Capacitance Cep 100 220 1000 nF Note 1
Range
VBOOT Ready Threshold V»]st PG — 50 — %VBOOT State machine VBOOT Power
- Good threshold to move to
next state (Note 1)
Note 1: Limits based on design, simulation or characterization. Not production tested.
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MCP8021/2

AC/DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted: T; = -40°C to +150°C; typical values are for +25°C, Vpp = 13.5V,
CVgoort = 4.7 uF, CVReg = 4.7 pF, Ccp = 220 nF.

Parameters Symbol ‘ Min. ‘ Typ. ‘ Max. | Units ‘ Conditions
+3.3V/+5V Linear Regulator (Vgeg)
Output Voltage VReG — — — \ Vpp =6V, loyr =70 mA
4.8 5 5.2 VREG =5V
3.168 3.3 3.432 VReg = 3.3V
Output Voltage Tolerance |[TOLVReal — — 4.0 %
Output Current louT 70 — — mA  |Average current
Output Foldback Current Corner lFoLD 80 95 120 mA  |Average current
Output Foldback Current Limit IFoLD Lim — 10 — mA  |Rioap =10 mQ
Line Regulation |AVOUT/ — 0.1 0.5 %IV VREG =3.3V:6V < VDD <19V,
(Vout X AVpp)| loyr =70 mA;
VREG =5V:7.5V< VDD <19V,
lOUT =70 mA
Load Regulation [AVout/Vourtl — 0.2 1.0 % lout = 0.1 MAto 70 mA
Power Supply Rejection Ratio PSRR — 60 — dB |f=1kHz IgyT=10 mA
(Note 1)
Output Capacitor Capacitance CVRec 4.7 — 30 uF Ceramic, Tantalum,
Range Electrolytic (Note 1)
Output Capacitor ESR Range CESRyReG 0.010 — 1.0 Q Note 1
Voltage Supervisor
VREG Undervoltage Fault VREGUVF|NACT — 92 — %VREG VREG rising
Inactive
Vreg Undervoltage Fault Active | VREGUVFacr — 88 — %VRreg |Vreg falling
VReg Undervoltage Fault VREGUVFyys — 4 — %VReG
Hysteresis
Vpp Undervoltage Lockout UVLO\naCT — 6.0 6.25 \ Rising
Inactive
Vpp Undervoltage Lockout Active UVLOpcT 5.1 55 — \" Falling
Vpp Undervoltage Lockout UVLOpys — 0.5 — \"
Hysteresis
VDD Undervoltage Shutdown UVSHDNACT 4.0 4.25 45 Vv VDD < UVSHDNACT
Active
VDD Undervoltage Shutdown UVSHDN|NACT UVLO|NACT Vv VDD > UVLOlNACT
Inactive
Vpp Overvoltage Lockout Active OVLOacT — 32.0 33.0 \ Vpp rising
VDD Overvoltage Lockout OVLOlNACT 29.0 30.0 — V VDD falllng
Inactive
Vpp Overvoltage Lockout OVLOnys — 2.0 — \
Hysteresis
Temperature Supervisor
Thermal Warning Temperature TWARN — 140 — °C Rising temperature
Thermal Warning Hysteresis ATWARN — 15 — °C Falling temperature
Thermal Shutdown Tsp 170 210 — °C Rising temperature (Note 1)
Temperature
Thermal Shutdown Hysteresis ATgp — 25 — °C Falling temperature

Note 1:

Limits based on design, simulation or characterization. Not production tested.
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MCP8021/2

AC/DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted: T; = -40°C to +150°C; typical values are for +25°C, Vpp = 13.5V,
CVgoort = 4.7 uF, CVReg = 4.7 pF, Ccp = 220 nF.

Parameters Symbol ‘ Min. ‘ Typ. ‘ Max. | Units ‘ Conditions
Motor Control Unit
Gate Output Drivers
Output Driver Source Current Isource 0.25 0.37 — A HS[A:C], LS[A:C] (Note 1)
Output Driver Sink Current IsINK 0.3 0.49 — A HS[A:C], LS[A:C] (Note 1)
Output Driver Source Resistance | RpsonSource — 14 26 Q lout =-10 mA, HS[A:C],
LS[A:C]
Output Driver Sink Resistance RpsonSinkLS — 14 26 Q lout = 10 mA, LS[AC]
LS
Output Driver Sink Resistance |RpgonSinHSDYN|  — 14 26 Q loyt = 10 mA, HS[A:C],
HS Dynamic t<1ms
Output Driver Sink Resistance RpsonSinkHS — 19 31 Q lout = 10 mA, HS[A:C]
HS
Output Driver Fault Blanking gL ANK 3900 4400 4900 ns 00 — Default (Note 1)
the DRVBL[1:0] bits (CFG2[1:0]) (Note 1)
900 1100 1300 10 (Note 1)
400 550 700 11 (Note 1)
Output Driver UVLO Threshold VbuvLo 4 — 4.5 Vv Configuration Register 0
(bit3=0)
Output Driver PWM Dead Time; tpwM DEAD 1800 2000 2200 ns 000 — Default (Note 1)
(CFG2[4:2)) 001 (Note 1)
1350 1500 1650 010 (Note 1)
1100 1250 1400 011 (Note 1)
900 1000 1150 100 (Note 1)
650 750 900 101 (Note 1)
450 500 650 110 (Note 1)
200 250 350 111 (Note 1)
Output Driver Propagation Delay | tgate PROP ON — 40 80 ns From PWMxy active to
Time On - - HSx/LSx > 10% (Note 1)
Output Driver Propagation Delay | tgate pProP OFF — 40 80 ns From PWMxy inactive to
Time Off - - HSx/LSx < 90% (Note 1)
Output Driver HS Drive Voltage Vs 4.5 12 12.5 \ With respect to Phase pin
(Note 1)
Output Driver LS Drive Voltage Vis 4.5 12 12,5 Vv With respect to ground (Note 1)
Output Driver Short-Circuit Dsc THR 0.230 0.250 0.270 \% 00 — Default (Note 1)
Protection Threshold -
0.470 0.500 0.530 01 (Note 1
(High Side: Vpp — VPHX), (Note 1)
(Low Side: VPHX — Pgyp); Set 0.720 0.750 0.780 10 (Note 1)
in the EXTOCI1:0] bits 0.960 1.000 1.040 11 (Note 1)
(CFGO[1:0])
Output Driver Short-Circuit Filter Tsc puy 230 — 600 ns CLoap = 1000 pF, Vpp = 12V,
Time - detection after filtering (Note 1)
Filter Time for All Other Faults TrLT DLY 1400 — 3600 ns Note 1
Power-up or Sleep to Standby tPOoWER — 5 — ms |lyreg = 70 mA

Note 1:

Limits based on design, simulation or characterization. Not production tested.
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MCP8021/2

AC/DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted: T; = -40°C to +150°C; typical values are for +25°C, Vpp = 13.5V,
CVgoort = 4.7 uF, CVReg = 4.7 pF, Ccp = 220 nF.

Parameters Symbol Min. Typ. Max. Units Conditions
Standby to Motor Operational tmMoTor — 35 — us OE high-low-high
transition < 1 ms Fault
clearing pulse (Note 1)
— 5 10 ms  |OE low-high transition,
Standby state to operational
(Note 1)
— — 16 ms OE low-high transition,
Standby state to operational if
VBOOT fails to reach V128M PG
(Note 1) -
Fault to Driver Output Turn-Off TrAULT OFF — — — us CLoap = 1000 pF, Vpp = 12V,
- time after Fault occurs (Note 1)
— 0.420 1.0 XOCP (Note 1)
— 24 4.0 OVLO (Note 1)
— 4.2 6.0 All other Faults (Note 1)
OE Low to Driver Output TDEL OFF — 3.2 4.0 us CLOAD =1000 pF, VDD =12V,
Turn-Off - time after OE = Low (Note 1)
OE Low to Standby State tsTANDBY 0.9 — 1.35 ms | Time after OE = Low,
SLEEP bit=0
OE Low to Sleep State tsLeep 0.9 — 1.35 ms  |Time after OE = Low,
SLEEP bit=1
OE Fault Clearing Pulse tFAULT CLR 1 — 900 us OE high-low-high transition time
Operational Amplifiers (MCP8022)
Input Offset Voltage Vos -10 — +10 mV  [Veu =0V
Input Offset Temperature Drift AVg/ATp — +2.0 — pVvI°C  |Vem = 0V (Note 1)
Input Bias Current I -1 — +1 MA
Common-Mode Input Range Vemr -0.3 — VReG \"
Common-Mode Rejection Ratio CMRR — 80 — dB  |Freq=1KkHz, Igyr =10 pA
(Note 1)
Maximum Output Voltage Range VoL Vou 0.15 — VReg — 0.300 \ loyt = +200 pA
Slew Rate SR — 17 — Vius  |Symmetrical, C_ oap = 20 pF
(Note 1)
Gain Bandwidth Product GBWP 4 10.0 — MHz |Note 1
1/0 Ports
Digital Interface
Digital Input/Output DIGITAL ;o 0 — 5.5 \" VReg = 5.0V version (Note 1)
0 — 3.3 VReg = 3.3V version (Note 1)
Digital Open-Drain Low Voltage | DIGITALV | — — 50 mV |l oap=1mA
Digital Input Rising Threshold Vbig HI TH — — 1.26 \
Digital Input Falling Threshold Vbig Lo TH 0.54 — — \
Digital Input Current Ipig — 30 100 MA  |Vpig =3.0V
— 0.2 — VD|G =0V
Input Pull-Down Resistance RpuLLDN — 51 — kQ  |PWMIA:CIH/L, OE pins

Note 1:

Limits based on design, simulation or characterization

. Not production tested.
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MCP8021/2

AC/DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted: T; = -40°C to +150°C; typical values are for +25°C, Vpp = 13.5V,
CVgoort = 4.7 uF, CVReg = 4.7 pF, Ccp = 220 nF.

Parameters Symbol ‘ Min. Typ. Max. | Units ‘ Conditions
Analog Interface
Analog Low-Voltage Input ANALOGyy 0 — 55 \ Excludes high-voltage pins
(Note 1)
Analog Low-Voltage Output ANALOGy oyt 0 — VREG \" Excludes high-voltage pins
(Note 1)
WAKE Input
Input Voltage WAKE ;o 0 — Vop \"
Input Rising Threshold VWAKE_HI_TH — — 1.26 \" (Note 1)
Input Falling Threshold VWAKE LO TH 0.54 — — \
Input Current \WAKE — 0.2 — MA  |Vyake = 0.0V (Note 1)
— 70 —_— VWAKE =3.3V (Note 1)
— 106 — VWAKE =5.0V (Note 1)
— 596 — VWAKE =28V (Note 1)
Input Pull-Down Resistance RWAKE_PULLDN — 51 — kQ
Wake-up Signal Setup Time tWAIT SETUP 150 — — us Minimum time WAKE pin
- must be logic low before
rising edge of wake-up pulse
DE2 Communications
Baud Rate BAUD 9030 9600 10170 bps  [Half-duplex
Power-up Delay PU_DELAY — 6 10 ms Time from rising Vpp > 6V to
DE2 starts sending POR
message, Cyreg = 1 UF
(Note 1)
DE2 Sink Current lDEZ_SlNK 1 —_— —_— mA VDE2 <50 mV (Note 1)
DE2 Message Response Time tpE2 RSP 0 — 1 ms | Time from last received Stop
- bit to response Start bit
DE2 Host Wait Time toE2 WAIT 2.8 — — ms  [Minimum time for host to wait
- for response; three packets
based on 9600 Baud
DE2 Message Receive DE2grcvToUT — — 1.45 ms | Time after Start bit received to
Time-out NACK for no Stop bit
Auto-Baud Detection Window ABAUDpgT 1.29 — 2.00 ms  |Window for valid detection of
(Break) continuous logic low on DE2
link
Auto-Baud Response Delay ABAUDp, vy — 1.00 — ms  |Delay from ABUADpgT to
start of sending 0x55 byte
Auto-Baud Complete Delay ABAUDcomp — 2.00 — ms Delay after sending 0x55 byte
before exiting auto-baud
function
Delay Between Bytes of toE2 HOST — — 1.3 ms  |Delay between message
Multibyte Message from Host MULTI DLY bytes arriving from host

Note 1:

Limits based on design, simulation or characterization. Not production tested.
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MCP8021/2

TEMPERATURE SPECIFICATIONS

Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. | Units ‘ Conditions

Temperature Ranges (Note 1)

Specified Temperature Range Ta -40 — +150 °C

Operating Temperature Range T, -40 — +165 °C

Storage Temperature Range Ta -55 — +165 °C

Package Thermal Resistance

5 mm x 5 mm 28-Lead VQFN 0,a — 35 — °C/W |4-Layer JC51-7 standard board,
0)c _ 10 _ natural convection

5 mm x 5 mm 40-Lead VQFN 0a — 35 — °C/W |4-Layer JC51-7 standard board,
00 _ 10 _ natural convection

4.4 mm 28-Lead TSSOP-EP, 0Ja — 34 — °C/W |4-Layer JC51-7 standard board,

0.65 mm Pitch 0)c _ 5 _ natural convection

4.4 mm 38-Lead TSSOP-EP, 0Ja — 34 — °C/W |4-Layer JC51-7 standard board,

0.50 mm Pitch 0)c _ 5 _ natural convection

Note 1: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable
junction temperature and the thermal resistance from junction to air (i.e., Ta, T;, 8;4). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum +165°C rating. Sustained junction temperatures above +165°C can impact the device reliability.

ESD, SUSCEPTIBILITY, SURGE AND LATCH-UP TESTING

Parameter Standard and Test Condition Value
Input Voltage Surges ISO 16750-2 40V for 500 ms
ESD HBM with 1.5 k©/100 pF CEI/IEC 60749-26: 2006 +2 kV

AEC-Q100-002-Ref E
JEDEC JS-001-2017

ESD CDM — Corner Pins ANSI/ESD-STM5.3.1-2009 +750V
CDM13073
AEC-Q100-011-Ref_B

ESD CDM — All Other Pins ANSI/ESD-STM5.3.1-2009 +500V
CDM13073
AEC-Q100-011-Ref_B

Latch-up Susceptibility AEC Q100-004, 150°C >100 mA
JEDEC JESD78
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MCP8021/2

2.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated: T = +25°C; Junction Temperature (T ) is approximated by soaking the device under
test to an ambient temperature equal to the desired junction temperature. The test time is small enough such that the
rise in junction temperature over the ambient temperature is not significant.
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FIGURE 2-1: Fault Low to DE2 Message Delay.
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FIGURE 2-4: Driver Rpson vS. Temperature.
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FIGURE 2-2: Bootstrap Voltage @ 92% Duty
Cycle.
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FIGURE 2-3: Sleep Current vs. Temperature
(MCP8022).

FIGURE 2-5:

Auto-Baud vs. Temperature.
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NOTES:
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3.0

PIN DESCRIPTIONS
The descriptions of the pins are listed in Table 3-1 and Table 3-2.

TABLE 3-1: MCP8021 — PIN FUNCTIONS

?I_Bs-lét(a)a: 2\8/-5:;d Symbol 1/0 Description

1 25 Voot Power | Bootstrap and internal low-side gate drive circuit supply output
2 26 VREG Power | Linear regulator output

3 27 Vpp Power | Input supply

4 28 CAP2 I/0 Charge pump flying capacitor input

5 1 CAP1 I/O Charge pump flying capacitor input“)

6 2 PWMCL I Digital input, Phase C low-side control, pull-down resistor

7 3 PWMCH | Digital input, Phase C high-side control, pull-down resistor
8 4 PWMBL I Digital input, Phase B low-side control, pull-down resistor

9 5 PWMBH | Digital input, Phase B high-side control, pull-down resistor
10 6 PWMAL | Digital input, Phase A low-side control, pull-down resistor

11 7 PWMAH I Digital input, Phase A high-side control, pull-down resistor
12 8 FAULT (e} Digital output, driver Fault, open-drain

13 9 OE | Digital input, device output enable, pull-down resistor

14 10 DE2 I/0 Digital input/output, half-duplex communications, open-drain
15 11 WAKE I HV digital edge-triggered input, device wake-up from Sleep,

pull-down resistor

16 12 PaenD Power |Power OV reference

17 13 PHC 1/0 Phase C high-side MOSFET driver bias reference

18 14 HSC (0] Phase C high-side N-channel MOSFET gate drive

19 15 VBC Power |Phase C high-side MOSFET driver bias

20 16 PHB 1/0 Phase B high-side MOSFET driver bias reference

21 17 HSB (0] Phase B high-side N-channel MOSFET gate drive

22 18 VBB Power |Phase B high-side MOSFET driver bias

23 19 PHA 1/0 Phase A high-side MOSFET driver bias reference

24 20 HSA (0] Phase A high-side N-channel MOSFET gate drive

25 21 VBA Power |Phase A high-side MOSFET driver bias

26 22 LSC (0] Phase C low-side N-channel MOSFET gate drive

27 23 LSB (0] Phase B low-side N-channel MOSFET gate drive

28 24 LSA (0] Phase A low-side N-channel MOSFET gate drive

EP EP PenD Power | Exposed Pad, connect to power OV reference (Pgnp)

Note 1: A Schottky diode between the CAP1 pin and HVgg is recommended to ensure that the CAP1 pin absolute

minimum voltage specification is maintained.

© 2020-2023 Microchip Technology Inc. and its subsidiaries
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TABLE 3-2: MCP8022 — PIN FUNCTIONS

4332;" ?ras';%a: Symbol 110 Description

1 5 DE2 I/0 Digital input/output, half-duplex communications, open-drain
2 6 PWMCL | Digital input, Phase C low-side control, pull-down resistor
3 7 PWMCH |I Digital input, Phase C high-side control, pull-down resistor
4 8 PWMBL | Digital input, Phase B low-side control, pull-down resistor
5 9 PWMBH | Digital input, Phase B high-side control, pull-down resistor
6 10 PWMAL I Digital input, Phase A low-side control, pull-down resistor
7 11 PWMAH |1 Digital input, Phase A high-side control, pull-down resistor
8 12 OE | Digital input, device output enable, pull-down resistor

9 13 FAULT o) Digital output, driver Fault, open-drain

10 — PenD Power |Power OV reference

1 14 OuUT3 (0] Operational Amplifier 3 output

12 15 IN3- | Operation Amplifier 3 inverting input

13 16 IN3+ | Operation Amplifier 3 noninverting input

14 17 ouT2 (0] Operational Amplifier 2 output

15 18 IN2- | Operation Amplifier 2 inverting input

16 19 IN2+ | Operation Amplifier 2 noninverting input

17 20 OouT1 (0] Operational Amplifier 1 output

18 21 IN1- | Operation Amplifier 1 inverting input

19 22 IN1+ | Operation Amplifier 1 noninverting input

20 23 WAKE | HV digital edge-triggered input, device wake-up from Sleep, pull-down resistor
21 24 PenD Power |Power OV reference

22 25 PHC 1/0 Phase C high-side MOSFET driver bias reference

23 26 HSC (0] Phase C high-side N-channel MOSFET gate drive

24 27 VBC Power |Phase C high-side MOSFET driver bias

25 28 PHB 1/0 Phase B high-side MOSFET driver bias reference

26 29 HSB (0] Phase B high-side N-channel MOSFET gate drive

27 30 VBB Power |Phase B high-side MOSFET driver bias

28 31 PHA 1/0 Phase A high-side MOSFET driver bias reference

29 32 HSA (0] Phase A high-side N-channel MOSFET gate drive

30 33 VBA Power | Phase A high-side MOSFET driver bias

— 34 PenD Power |Power OV reference

31 35 LSC (0] Phase C low-side N-channel MOSFET gate drive

32 36 LSB (0] Phase B low-side N-channel MOSFET gate drive

33 37 LSA (0] Phase A low-side N-channel MOSFET gate drive

34 38 VBOOT Power |Bootstrap and internal low-side gate drive circuit supply output
35 — PenD Power |Power OV reference

36 — PenD Power |Power OV reference

37 1 VREG Power | Linear regulator output

38 2 Vpp Power | Input supply

39 3 CAP2 1/0 Charge pump flying capacitor input

40 4 CAP1 I/0 Charge pump flying capacitor input“)

EP EP PaND Power |Exposed Pad, connect to power OV reference (Pgnp)
Note 1: A Schottky diode between the CAP1 pin and HVgg is recommended to ensure that the CAP1 pin absolute

minimum voltage specification is maintained.
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3.1 Communications Port (DE2)

Open-drain communications node. The DE2 commu-
nications is a half-duplex, 9600 baud, 8-bit, no parity
communications link. The open-drain DE2 pin must be
pulled high by an external pull-up resistor. The pin has
a minimum drive capability of 1 mA with a Vpg, of
<50 mV when driving low.

3.2 Low-Side PWM Inputs
(PWMAL, PWMBL, PWMCL)

Digital PWM inputs for low-side driver control. Each input
has a pull-down resistor. The PWM signals may contain
dead-time timing or the system may use the CFG2
Configuration register to set the dead time.

3.3 High-Side PWM Inputs
(PWMAH, PWMBH, PWMCH)

Digital PWM inputs for high-side driver control. Each
input has a pull-down resistor. The PWM signals may
contain dead-time timing or the system may use the
CFG2 Configuration register to set the dead time.

34 Output Enable Input (OE)

The Output Enable input pin is used to enable/disable
the output driver and the on-board functions. When
OE is high, all device functions are enabled. When OE
is low, the device operates in Standby or Sleep mode.
When Standby mode is active, the Voot output
supply and charge pump are disabled. The operational
amplifiers in the MCP8022 are also disabled if the
OPAMP bit in the CFGO Configuration register is set.
The high-side and low-side gate drive outputs are all
set to a low state within 100 ns of OE going low. The
device transitions to Standby or Sleep mode, 1 ms
after OE goes low.

The OE pin may be used to clear any hardware Faults.
When a Fault occurs, the OE input may be used to
clear the Fault by setting the pin low and then high
again. The Fault is cleared by the rising edge of the
OE signal if the hardware Fault is no longer active.

The OE pin is used to enable Sleep mode when the
SLEEP bit in the CFGO Configuration register is set to
a ‘1’. OE must be low for a minimum of 1 ms before
the transition to Standby or Sleep mode will occur. This
allows time for OE to be toggled, to clear any Faults,
without going into Sleep mode.

The OE pin has an internal pull-down resistor.

3.5  Fault Output (FAULT)

Fault output pin. The latched open-drain output will go
low while a Fault is active. Table 4-4 shows the Faults
that cause the FAULT pin to go low. The pin will stay
low until the Fault is inactive and the OE pin is toggled,
from low-to-high, to clear the internal Fault latch.

The FAULT pin is able to sink 1 mA of current while
maintaining less than a 50 mV drop across the output.

The FAULT pin will also be active (low) upon initial
power-up until the state machine completes the Vrgg
state. This may be used to signal an external host that
the driver is ready.

3.6  Power Ground (Pgpp),
Exposed Pad (EP)

Device ground. The PCB ground traces should be
short, wide and form a ‘Star’ pattern to the power
source. The Exposed Pad (EP) must be soldered to
the PCB. The PCB area below the EP should be a
copper pour with thermal vias to help transfer heat
away from the device.

3.7 Operational Amplifier Outputs
(OUT1, OUT2, OUT3) (MCP8022)

Operational amplifier outputs. These general purpose
amplifiers may be used for current sense gain. The
amplifiers are disabled when OE = 0 and the OPAMP
bit in the CFGO0 Configuration register is set.

3.8 Operational Amplifier Inputs
(IN1+/-, IN2+/-, IN3+/-) (MCP8022)

Operational amplifier inverting and noninverting inputs.
Used in conjunction with the corresponding amplifier
OUTXx pin to set amplifier gain. The amplifiers are dis-
abled in Standby mode when OE = 0 and the OPAMP
bit in the CFGO Configuration register is set.

3.9 Wake Input (WAKE)

The WAKE pin has an internal pull-down resistor.

The device will awaken from Sleep mode, on the rising
edge of the WAKE pin, after detecting a low state
lasting >twaiT seTup ©n the pin. The WAKE pin is
capable of operating at voltage levels up to Vpp.

3.10 Motor Phase Inputs
(PHA, PHB, PHC)

Phase signals from the motor. These signals provide
high-side N-channel MOSFET driver bias reference
and Back EMF sense input. The phase signals are
also used with the bootstrap capacitors to provide a
high-side gate drive via the VBXx inputs.

© 2020-2023 Microchip Technology Inc. and its subsidiaries
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3.11 High-Side N-MOSFET Gate Driver
Outputs (HSA, HSB, HSC)

High-side N-channel MOSFET gate drive signal. Con-
nect to the gate of the external MOSFETs. A resistor
and gate-to-source capacitor may be used between
these pins and the MOSFET gates to limit phase node
slew rate and MOSFET current.

3.12 Bootstrap Inputs (VBA, VBB, VBC)

High-side MOSFET driver bias. Connect these pins
between the bootstrap charge pump diode cathode
and the bootstrap charge pump capacitor. The Vgoor
output is used to provide the bootstrap supply voltage
at the diode anodes. The phase signals are connected
to the other side of the bootstrap charge pump capaci-
tors. The bootstrap capacitors charge to VgooT When
the phase signals are pulled low by the low-side
drivers. When the low-side drivers turn off and the
high-side drivers turn on, the phase signal is pulled to
Vpp, causing the bootstrap voltage to rise to
Vpp + 12V.

3.13 Low-Side N-MOSFET Gate Driver
Outputs (LSA, LSB, LSC)

Low-side N-channel MOSFET drive signal. Connect to
the gate of the external MOSFETSs. A resistor and gate-
to-source capacitor may be used between these pins
and the MOSFET gates to limit current and slew rate.

3.14 Bootstrap Supply (VgoorT)

Bootstrap supply voltage regulator output. The Vgoot
regulator output may be used to power external devices,
such as Hall effect sensors or amplifiers. The regulator
output requires an output capacitor for stability. The pos-
itive side of the output capacitor should be physically
located as close to the Vgoot pin as is practical. A mini-
mum capacitance of 4.7 uF is required to ensure stable
operation of the Vggot circuit. Larger capacitances may
be used to increase transient performance. The Vgoot
regulator is supplied by the internal charge pump when
the charge pump is active. When the charge pump is
inactive, the Vgt regulator is supplied by Vpp.

The type of capacitor used may be ceramic, tantalum
or aluminum electrolytic. The low ESR characteristics
of the ceramic will yield better noise and PSRR
performance at high frequency.

3.15 +3.3Vor +5V LDO (VRreg)

The VRgg pin may be a +3.3V or a +5V Low Dropout
(LDO) voltage regulator output, depending on device
part number. The Vggg LDO may be used to power
external devices, such as Hall effect sensors, amplifiers
or host processors. The Vgegg LDO is enabled when the
device is not in Sleep mode. The LDO requires an out-
put capacitor for stability. The positive side of the output
capacitor should be physically located as close to the
VREgg Pin as is practical. For most applications, a mini-
mum 4.7 uF of capacitance will ensure stable operation
of the LDO circuit. Larger capacitances may be used to
increase transient performance.

The type of capacitor used may be ceramic, tantalum
or aluminum electrolytic. The low ESR characteristics
of the ceramic will yield better noise and PSRR
performance at high frequency.

3.16 Power Supply Input (Vpp)

Connect Vpp to the main supply voltage. This voltage
should be the same as the motor voltage. The driver
overcurrent feature is relative to the Vpp pin. When the
Vpp voltage is separate from the motor voltage, the
overcurrent protection feature may not be available.

The Vpp voltage must not exceed the maximum operat-
ing limits of the device. Connect a bulk capacitor close
to this pin for good load step performance and transient
protection. The actual capacitance should be equal to
or larger than the sum of the capacitors attached to the
driver supply outputs. The attached capacitors are the
VRrea: Voot and VBx (three bootstrap capacitors), and
the charge pump capacitances.

EQUATION 3-1:  Vpp BULK CAPACITOR

CALCULATION

CVpp2 CVrpg+ CVpoort (3 x CVpx) + Ceypy

The type of capacitor used may be ceramic, tantalum
or aluminum electrolytic. The low ESR characteristics
of the ceramic will yield lower voltage drop, better
noise and PSRR performance at high frequency.

3.17 Charge Pump Flying Capacitor
(CAP1, CAP2)

Charge pump flying capacitor connection. Connect the
charge pump capacitor across these two pins. The
Charge Pump Flying Capacitor, Ccp, supplies the
power for the Vggor Vvoltage regulator when the
charge pump is active.

A Schottky diode between the CAP1 pin and HVgg is
recommended to ensure that the CAP1 pin absolute
minimum voltage specification is maintained.
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4.0 DETAILED DESCRIPTION

4.1 State Diagrams
411 MCP8021/2 STATE DIAGRAM
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FIGURE 4-1: MCP8021/2 State Machine.

© 2020-2023 Microchip Technology Inc. and its subsidiaries DS20006265C-page 19



MCP8021/2

41.2

DE2 RECEIVE AND AUTO-BAUD SEQUENCE

Common for Normal Command or
Data Bytes and Break Detection

DE2 Falling Edge

Detected Clock is 16x the Baud Rate

i=0
Wait 8 Cycles

v

i=i+1
Wait 16 Cycles

+ no

v

Sample DE2

Sample Start Bit + 8 Data Bits + Stop Bit

yes

Received

i ) Test for Normal DE2 Byte
000 0070 0000 (Send ACK/NACK)

FIGURE 4-2: DE2 Data Reception and Auto-Baud Rate Sequence (Part 1).
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y

Auto-Baud Rate Sequence

y(les

Wait 16 Cycles
Sample DE2

Sample at 10.5 Bits

Send NACK <

A

<_

Wait 1 Cycle
j=j+1
Sample DE2

S

&

no

j<6?

Total Minimal Break Duration:

no

(10 + 14/16) Bit

<>

no

<
o

s
Wait 166 Cycles
Send 0x55 Byte
Wait 332 Cycles

'

GoTo DE2 Idle State

Break Time-out After:
22-Bit

FIGURE 4-3: DE?2 Data Reception and Auto-Baud Rate Sequence (Part 2).
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4.2 Bias Generator

The internal bias generator controls several voltage
rails. Two fixed output Low Dropout linear regulators,
internal bias supply LDOs and a charge pump are
controlled through the bias generator. In addition, the
bias generator performs supervisory functions.

4.21 CHARGE PUMP

An unregulated charge pump is utilized to boost the
input to the Vgpopt Vvoltage regulator during low input
supply voltage conditions. When the input bias to the
device (Vpp) drops below the CPgrart Vvoltage, the
charge pump is activated. When activated, 2 x Vpp is
presented to the input of the Vggot regulator. The
charge pump is capable of maintaining a VgpgT output
of +9V @ 15 mAfor a Vpp supply voltage of 5.25V to 7V.
The charge pump is capable of maintaining a VgooTt
output of +12V @ 20 mA for a supply input voltage of 7V
to 13.5V. The charge pump is disabled and bypassed at
Vpp Voltages above 13.5V, allowing an output voltage of
+12V @ 30 mA.

The typical Charge Pump Flying Capacitor, Ccp, is a
0.1 yF to 1.0 pyF ceramic capacitor.

422 VgooTt VOLTAGE REGULATOR

The Voot Voltage regulator rail is used to supply bias
voltage for the integrated 3-phase power MOSFET
bridge drivers.

The regulator is capable of supplying 30 mA of
external load current. The regulator has a minimum
overcurrent limit of 40 mA.

The regulator gets its power from the integrated
charge pump. When operating at supply voltages
(Vpp) that are above +14V, the integrated charge
pump will be disabled and the Vpp supply will power
the Voot voltage regulator. The Vgpogt regulator out-
put may be lower than the designed voltage, while
operating in the Vpp range of +12.5V to +13.0V, due to
the dropout voltage of the regulator.

The Vgpot regulator requires an output capacitor,
connected from Vgt to GND, to stabilize the internal
control loop and to sustain the bootstrap capacitor
energy. A minimum of 4.7 yF ceramic output capaci-
tance is required for the Vggot voltage regulator
output; 10 yF is recommended when switching large
MOSFET gate loads. The output capacitor forces a
time delay between setting the OE pin high (to transi-
tion from Standby mode to Active mode) and the
Voot regulator voltage output rising above the volt-
age required to set an internal VBootReady flag. The
PWM inputs must not be activated while the Vggot
output is charging the output capacitors to the
VBootReady voltage (typically 6.0V). The time
required before allowing the PWM inputs to become
active, after setting OE high to transition from Standby
mode to Active mode, is dependent on output capaci-
tance, any extra loads and supply voltage ramp-up

time. The user should allow a minimum time of
0.94 ms for the Vgoot Output voltage to rise above the
VBootReady voltage. A voltage of 6V and supply cur-
rent of 30 mA may be used for this delay estimation.
See Equation 4-1.

EQUATION 4-1:  OE PIN HIGH TO Vgoort

READY

dt = (C x dV)/(I)
dt = (4.7 uF x 61)/(30 mA)
dt=0.94 ms

There is a time-out function that allows the state
machine to move from Vgpot to active after 15 ms,
regardless of the Vgpot ready voltage. This time-out
function prevents the driver from hanging up if the
VgooT Voltage is overloaded.

There is also a capacitive voltage divider formed by the
three bootstrap capacitors and the Vgpot capacitor.
The VgooT capacitor should be selected so that when
the VgooT supply is active and the bootstrap capacitors
are charged, the voltage at the bootstrap capacitors will
be greater than the driver undervoltage shutdown volt-
age, 4.5V. For a system with VgooT1 = 12V, Vyny = 4.5V
and N = 3 x 1 pF CgpoTsTRAP Capacitors charging at
the same time, the desired CVgpgT capacitor is 1.8 pF
(see Equation 4-2). Since the Vgoot supply requires a
4.7 uF capacitor, a 4.7 pF capacitor should be used.
The initial voltage seen by the bootstrap capacitors
using a 4.7 uF Voot capacitor will be 7.32V. See
Equation 4-3.

EQUATION 4-2: Vgoot CAPACITOR
or _ (N x CgoorsTraP)
BOOT™ (Voor) + Vay) — 1
EQUATION 4-3: BOOTSTRAP VOLTAGE
. _ (Vsoor x CVoor)
BOOTSTRAP ™ ((CVpoor+ N x Caoorstrar)

The Vgpor output is disabled when the driver
transitions to Standby or Sleep mode.

Table 4-4 shows the Faults that will also disable the
Voot Voltage regulator.
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423  Vgeg LOW DROPOUT LINEAR
REGULATOR (LDO)

The VRreg LDO is used to bias an external micro-
controller, the internal operational amplifiers and the
gate control logic.

The Vgrgg LDO is capable of supplying 70 mA of
external load current. The regulator has a minimum
overcurrent limit of 80 mA. When the regulator current
exceeds the overcurrent limit, the regulator will enter a
True Current and Voltage Foldback mode based upon
load impedance. As the load impedance decreases
towards zero ohms, the regulator output current and
voltage will also decrease until the final foldback
current and voltage are attained.

When the regulator output voltage drops below the
VRreg undervoltage limit, the VREGUVF undervoltage
Fault bit will be set in the STAT1 register. The regulator
will remain active during the Fault. Table 4-1 shows
the registers and bits associated with Faults.

The Vrgg LDO will be disabled when the Vpp supply
voltage undervoltage Fault occurs. The Vgrgg LDO will
be re-enabled when the conditions in Section 4.3.1
“Voltage Supervisor” are met.

A minimum of 4.7 yF ceramic output capacitance is
required for the Vgrgg LDO; 10 pF is recommended
to increase transient performance when a host
microcontroller is attached.

The Vreg LDO is disabled while the system is in Sleep
mode. In the case of Sleep mode, the Vgxgg LDO
output voltage is held down with a 1 kOhm pull-down
resistor.

4.3 Supervisor

The bias generator incorporates a voltage supervisor
and a temperature supervisor.

4.3.1 VOLTAGE SUPERVISOR

The voltage supervisor protects the device, external
power MOSFETs and the external microcontroller from
damage due to overvoltage or undervoltage of the
input supply, Vpp.

In the event of an undervoltage condition,
Vpp < UVLOpcT, or overvoltage condition,
Vpp > OVLOpcT, or VRgg LDO undervoltage condi-
tion, Vreg < VREGUVF ¢, the gate drivers, charge
pump and Voot regulator are switched off. The bias
generator, communication port, operational amplifiers
and the remainder of the motor control unit remain
active. The failure state is flagged on the FAULT pin
and a DE2 status message is sent.

In the event of a severe undervoltage condition,
Vpp < UVSHDNjcT, the entire device will shut down
except for the minimal circuitry required for a Power-on
Reset recovery. A UVSHDN Fault will be set. The Vreg
output will be turned off and pulled low to create a
“clean” shutdown of an attached host processor. The
undervoltage shutdown condition is a latched state. The
state machine will be restarted from the Power-on Reset
state when either of the following two conditions are met:

1. Vpp power is cycled.
2.  Vpprises above UVLOyacT (6.0V).

432 TEMPERATURE SUPERVISOR

An integrated temperature sensor monitors the die
temperature. If the temperature rises above the over-
temperature shutdown threshold, all device functions
are turned off except for those required to send a DE2
Fault message. A Fault will be generated and a DE2
Fault message will be sent. The functions required to
send the DE2 Fault message will then be shut down if
pin OE is set to a low level. Active operation resumes
when the temperature has cooled down below a set
hysteresis value and the Fault has been cleared by
toggling the OE pin from a logic low to a logic high.

It is desirable to signal the microcontroller with a warn-
ing message before the overtemperature threshold is
reached. When the Thermal Warning Temperature
(Twarn) set point is exceeded, a warning message will
be sent to the host microcontroller. The warning
message has no effect upon driver operation. The
microcontroller may then take appropriate actions to
reduce the temperature rise. The method to signal the
microcontroller is through the DE2 pin.

4.4 Output Enable (OE)

The Output Enable (OE) pin allows the device outputs
to be disabled by external control. The Output Enable
pin has three modes of operation.

4.4.1 FAULT CLEARING STATE

The OE pin is used to clear any Faults and re-enable
the driver. After toggling the OE pin low-to-high, the
system requires a minimum time period to re-enable
and start up all of the driver blocks. The start-up time is
approximately 35 ys. The maximum pulse time for the
high-low-high transition to clear the Faults should be
less than 900 ps to prevent the system from transition-
ing through Standby mode. If the high-low-high
transition is longer than 1 ms, the device will start up
from the Standby state.

Any Fault status bits that are set will be cleared by the
low-to-high transition of the OE pin, if and only if, the
Fault condition has ceased to exist. If the Fault condi-
tion still exists, the active Fault status bit will remain
active. No additional Fault messages will be sent for a
Fault that remains active.
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442 STANDBY STATE

Standby state is entered when the OE pin goes low for
longer than 1 ms and the SLEEP Configuration bit is
inactive. When Standby mode is entered, the following
subsystems are disabled:

» High-side gate drives (HSA, HSB, HSC) forced low
» Low-side gate drives (LSA, LSB, LSC) forced low
* Vgoot LDO

* Charge pump

» Operational amplifiers if CFGO[6] = 1 (MCP8022)

The Vreg LDO, operational amplifiers (if CFGO[6] = 0)
and DE2 communications stay active.

The total current consumption of the device when OE
is inactive (device disabled) stays within the “Standby
mode input quiescent current” limits specified in the
device characteristics table.

443 SLEEP MODE

Sleep mode is entered when both a SLEEP command
is sent to the device via DE2 communications and the
OE pin is low. The two conditions may occur in any
order. The transition to Sleep mode occurs after the
last of the two conditions occurs. The SLEEP bit in the
CFGO Configuration register indicates when the
device should transition to a low-power mode. The
device will operate normally until the OE pin is transi-
tioned low by an external device. At that point in time,
the SLEEP bit value determines whether the device
transitions to Standby mode or low-power Sleep mode.
The supply current (Igyp) during Sleep mode will typi-
cally be 5 pA. When Sleep mode is activated, most
functions will be shut off, including the Vggg LDO.
Only the Power-on Reset monitor and minimal state
machine will remain active to detect a wake-up event.
This indicates that the host processor will be shut
down if the host is using the Vgrgg LDO regulator for
power. The device will stay in the low-power Sleep
mode until either of the following conditions is met:

» The WAKE pin transitions high after being in a low
state lasting longer than tyair seTup

* Power is cycled

The MCP8021/2 devices are not required to retain
configuration data while in Sleep mode. When exiting
Sleep mode, the host should send a new configuration
message to configure the device if the default configu-
ration values are not desired. The same configuration
sequence used during power-up may be used when
exiting Sleep mode.

When activated, Sleep mode will always be entered
regardless of any active Fault. This allows a transition
to Sleep mode when the host is powered by the Vggg
LDO and the regulator is in an unreliable state. The
SLEEP bit in the Configuration register will be ignored
at power-up until the system has enabled the Vrgg
LDO and the Vrgg LDO has entered regulation.

4.5 Faults

4.5.1 FAULT PIN OUTPUT (FAULT)

The FAULT pin is used as a Fault indicator. The pin is
capable of sinking a minimum of 1 mA of current while
maintaining less than 50 mV of voltage across the
output. An external pull-up resistor to the logic supply
is required.

The open-drain FAULT pin transitions low when a
Fault occurs. Table 4-1 lists the Faults that activate the
FAULT signal. Warnings do not activate the FAULT
signal; Table 4-2 lists the warnings.

452 FAULT HANDLING SEQUENCE

When a Fault occurs, the following steps will occur in

sequence.

1. The gate drive outputs will be immediately
turned off.

2.  The FAULT pin output will go low.

3. A message will be sent via the DE2
communications link.

4. The Vggg LDO will be disabled immediately if
the Fault is a Vpp undervoltage shutdown
(UVSHDNpcT) Fault.

5. The VRrgg LDO will be disabled 5 ms after the
DE2 message has been sent for an
overtemperature shutdown (OTgypy) Fault.

453 FAULT INDICATOR

A “FAULT” indicator bit resides in the STATO register.
The bit is the logical ‘OR’ of all of the Fault bits in the
two status registers. Warnings are not included in the
FAULT indicator bit.

The FAULT bit will allow the user to read the STATO
register in order to determine if a Fault is present in the
system. If the bit is set, then the user may request the
STAT1 message and interrogate the bits of both status
messages to determine what Faults exist.

The Faults that are logically OR’d together to generate
the FAULT bit are as follows:

« STATO0:OTPF

» STATO0:UVLOF

« STAT0:OVLOF

» STAT1:REGUVF

* STAT1:XUVLOF

* STAT1:XOCPF
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TABLE 4-1: FAULTS
Fault DE2 Message
Fault Active (‘OR’ of all Faults) 0x85 0x01
Overtemperature 0x85 0x04
Vpp Input Undervoltage 0x85 0x08
Vpp Input Overvoltage 0x85 0x10
VRreg Output Undervoltage 0x86 0x01
External MOSFET Undervoltage 0x86 0x04
Lockout
External MOSFET Overcurrent 0x86 0x08
Detection
TABLE 4-2: WARNINGS
Fault DE2 Message
Temperature Warning 0x85 0x02

454 POWER CONTROL STATUS (PCON)

The PCONI[2:0] (STATO[7:5]) bits are power control
status bits that may be used to determine the cause of a
shutdown. They are not Fault latches. The PCON power
status bits will contain the cause of the power cycle.
Table 4-3 lists the power status register bits in the STATO
register.

TABLE 4-3: POWER STATUS
PCON Status Bits [7:5] DE2 Message
Overtemperature Shutdown 0x85 0xA0
(OTSHDN) Occurred
Sleep Occurred 0x85 0x60
Vpp Undervoltage Shutdown 0x85 0x40
(UVSHDN) Occurred
Power-on Reset (POR) Occurred 0x85 0x20
Normal Operation 0x85 0x00
4541 Internal Function Block Status

Table 4-4 shows the effects of the OE pin, Faults and
the SLEEP bit upon the functional status of the internal
blocks of the MCP8021/2.

4542 Start-up/FAULT Pin State

During device start-up or Power-on Reset (POR), the
FAULT pin will stay active (low) to indicate to the host
that the device is initializing. The FAULT pin will stay
active until the state machine powers up the Vggg LDO
and completes the Vgeg state. After the Vgegg LDO is
powered up, the FAULT pin logic checks the state of all
of the latched FAULT bits. If any FAULT bit is still active,
the FAULT pin will stay active and remain low.

© 2020-2023 Microchip Technology Inc. and its subsidiaries

DS20006265C-page 25



MCP8021/2

TABLE 4-4: INTERNAL FUNCTION BLOCK STATUS
o |88
Slo|Q|® 21_9
AR-RE=RE= O|®O
. 4| tlNn|S|d
System State Fault Conditions al ol 5 a g < & 8
o| W 5| g -
21¥| 83| [E|"S
”n > |
= < s
o
8 =]
Sleep OE=0,SLEEP =1 W|—|— — = —
Standby OE =0, SLEEP=0 —|A|—|—]|A|C| A
Operating OE=1,FAULT =1 —|A|A|A]AA]| A
Faults Driver OTPF T, Temperature > Tgp —|—|—|—|D|—| A
FAULT =0 VppUVLO Vpp < UVLOacT —|A[—[—|A|A| A
VppUVSHDN Vpp < UVSHDN|nacT —|—|—|—|E|—| —
VppOVLO Vpp 2 OVLO\nacT —|A|—|—|A|A]| A
VRreg LDO UVF VReG < 88% VReg —|A|—|—|A|A]| A
MOSFET UVLO Vhsiac) < VbuvrLo —|AA|—]A|A]| A
Visiacl < Vbuvio
MOSFET OCPF VDrain Source > EXTOC[1:0] setting | — | A|A|—| A | A | A
Warnings Driver temperature T, Temperature > Tyyarn —|A|AJA|JAA]| A
FAULT =1
Power Status Configuration lost if Set at initial power-up, when —|A|AJA|JAA]| A
Power-on Reset, wake from |Vpp < UVSHDNpcT or when
Sleep or recover from Vpp |waking from Sleep
undervoltage shutdown
occurred

Legend: — = Inactive (Off); A = Active (On); C = Configurable; D = Inactive (Off) 5 ms after sent Fault message;
E = Inactive (Off); R = Receiver Only; W = Wake-up (from Sleep); OCPF = Overcurrent Protection;
OTPF = Overtemperature Protection; UVLO = Undervoltage Lockout; OVLO = Overvoltage Lockout;
UVF = Undervoltage Fault; UVYSHDN = Undervoltage Shutdown
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4.6 Motor Control Unit

The motor control unit is comprised of the following:

» External Drive for a 3-Phase Bridge with
NMOS/NMOS MOSFET Pairs

* MOSFET Driver Undervoltage Lockout

» External MOSFET Short-Circuit Current

* FAULT Pin Output

» Cross Conduction Protection

* Programmable Dead Time

* Programmable Blanking Time

» Three General Purpose Operational Amplifiers
(MCP8022)

4.6.1 EXTERNAL DRIVE FOR A 3-PHASE
BRIDGE WITH NMOS/NMOS
MOSFET PAIRS

Each motor phase is driven with external NMOS/
NMOS MOSFET pairs. These are controlled by a low-
side and a high-side gate driver. The gate drivers are
controlled by the digital input pins, PWM[A:C]H/L. A
logic high turns the associated gate driver on and a
logic low turns the associated gate driver off. The
PWMIA:CIH/L digital inputs are equipped with internal
pull-down resistors.

The low-side gate drivers are biased by the Voot
regulator output, referenced to ground. The high-side
gate drivers are a floating drive biased by a bootstrap
capacitor circuit. The bootstrap capacitor is charged by
the Vgpot regulator whenever the accompanying
low-side MOSFET is turned on.

The high-side and low-side driver outputs all go to a low
state whenever there is a Fault, when OE = 0 for more
than 1 ms or when Sleep mode is active, regardless of
the PWM[A:C]H/L inputs.

The gate driver output stages have lower dynamic
RpsonDYN in the time frame up to 1 ms after output
activation. This is the relevant drain source on resis-
tance for charging or discharging the external MOSFET
gates.

After elapsing 1 ms or later, the high-side gate driver,
Rpsons increases slightly up to the static Rpgop value.

46.2 MOSFET GATE DRIVE
UNDERVOLTAGE LOCKOUT (UVLO)

The MOSFET gate drive undervoltage lockout Fault
detection monitors the available voltage used to drive
the external MOSFET gates. The Fault detection is only
active while the driver is actively driving the external
MOSFET gate. Any time the driver bias voltage is below
the gate drive undervoltage lockout threshold (VpyyLo)
for a time longer than specified by the tpy o parameter,
the driver will not turn on when commanded on. A driver
Fault will be indicated to the host microcontroller on the
FAULT open-drain output pin and also via a DE2 com-
munications Status_1 message. This is a latched
Fault. Clearing the Fault requires either removal of

device power or disabling and re-enabling the device
via the device Output Enable (OE) input. The
EXTUVLO bit in the CFGO register is used to enable or
disable the driver undervoltage lockout feature. This
protection feature prevents the external MOSFETs from
being controlled with a gate voltage not suitable to fully
enhance the device.

46.3 EXTERNAL MOSFET
SHORT-CIRCUIT CURRENT OCP

Short-circuit protection monitors the voltage across the
external MOSFETs during an on condition. The high-
side driver voltage is measured from Vpp to PH[A:C].
The low-side driver voltage is measured from PH[A:C] to
ground. If a monitored voltage rises above a user-
configurable threshold after the driver HS[A:C] or
LS[A:C] output voltage has been driven high, all drivers
will be turned off. A driver Fault will be indicated to the
host microcontroller on the open-drain FAULT output pin
and also via a DE2 communications Status_ 1 mes-
sage. This is a latched Fault. Clearing the Fault requires
either removal of device power or toggling the OE input
pin low-to-high. This protection feature helps detect
internal motor failures, such as winding to case shorts.

Note: The driver short-circuit protection is
dependent on application parameters. A
configuration message is provided for a
set number of threshold levels. The
MOSFET gate drive UVLO and short-
circuit protection features have the option

to be disabled.

The short-circuit voltage may be set via a DE2
Set Cfg 0 message. The EXTOC[1:0] bits of the
CFGO register are used to select the voltage level for
the short-circuit comparison. If a monitored voltage dif-
ferential between Vpp and PH[A:C], or between
PHI[A:C] and Pgnp, exceeds the selected voltage level
when the MOSFET gate drive is active, a Fault will be
triggered. The selectable voltage levels are 250 mV,
500 mV, 750 mV and 1000 mV. The EXTSC bit of the
CFGO register is used to enable or disable the
MOSFET driver short-circuit detection.

46.4 GATE CONTROL LOGIC

The gate control logic enables level shifting of the
digital inputs, polarity control and cross conduction
protection.

46.4.1 Cross Conduction Protection

If both MOSFETs in the same half-bridge are
commanded on by the digital PWM inputs, both will be
turned off.
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4.6.4.2 Programmable Dead Time

The gate control logic employs a break-before-make
dead-time delay that is programmable. A configuration
message is provided to configure the driver dead time.
The programmable dead times range from 250 ns to
2000 ns (default) in 250 ns increments. The dead time
allows the PWM inputs to be direct inversions of each
other and still allow proper motor operation. The dead
time internally modifies the PWMH/L gate drive timing
to prevent cross conduction. The DRVDT[2:0] bits of
the CFG2 register are used to set the dead-time value.

46.4.3 Programmable Blanking Time

A configuration message is provided to configure the
driver current limit blanking time. The blanking time
allows the driver to ignore any current spikes that may
occur when switching the driver outputs. The allowable
blanking times are 500 ns, 1 ys, 2 us and 4 ps (default).
The blanking time will start after the dead-time circuitry
has timed out. The DRVBL[1:0] bits of the CFG2 register
are used to set the blanking time value.

The blanking time also affects the driver undervoltage
lockout. The driver undervoltage lockout latches the
external MOSFET undervoltage lockout Fault if the
undervoltage condition lasts longer than the time spec-
ified by the tpyy o parameter. The tpyy o parameter
takes into account the blanking time if blanking is in
progress.

46.5  OPERATIONAL AMPLIFIERS
(MCP8022)

Three operational amplifiers are present in the
MCP8022 device. The operational amplifiers are
available for general purpose use by the external
system circuitry.

The operational amplifiers are enabled whenever the
device is powered and not in Sleep mode. The user may
also select the state of the operational amplifiers for
Standby mode. When the OE input is set low long
enough for the system to enter Standby mode, the
operational amplifiers may be enabled or disabled,
depending on the value of the CFGO[6] Configuration bit.
When the CFGO[6] bit is ‘0’, the operational amplifiers
will be enabled during Standby mode. When the
CFGO[6] bit is ‘1’, the operational amplifiers will be
disabled during Standby mode. This allows the system
to reduce power consumption without transitioning to
Sleep mode.

The VRgg regulator provides the bias supply for the
operational amplifiers. The amplifiers are capable of
operating when the Vggg regulator output voltage
drops due to the supply voltage (Vpp) dropping. The
corresponding amplifier output voltage limits will be
reduced accordingly. The output voltage range is
capable of providing 200 pA of current from 0.150V to
VRreg — 0.150V. The input voltage range is -0.3V to 3.3V.

4.7 Motor Control

The commutation loop of a BLDC motor control is a
Phase-Locked Loop (PLL), which locks to the rotor’s
position. Note that this inner loop does not attempt to
modify the position of the rotor, but modifies the com-
mutation times to match whatever position the rotor
has. An outer speed loop changes the rotor velocity
and the commutation loop locks to the rotor’s position
to commutate the phases at the correct times.

471 SIX-STEP SENSORLESS MOTOR
CONTROL

Many control algorithms can be implemented with the
MCP8021/2 in conjunction with a microcontroller. The
following discussion provides a starting point for imple-
menting the MCP8021 or MCP8022 in a sensorless
control application of a 3-phase motor. The motor is
driven by energizing two windings at a time and
sequencing the windings in a six-step per electrical
revolution method. This method leaves one winding
unenergized at all times. The voltage (Back EMF or
BEMF) on that unenergized winding can be monitored
to determine the rotor position.

4711 Start-up Sequence

When the motor being driven is at rest, the BEMF volt-
age is equal to zero. The motor needs to be rotating
for the BEMF sensor to lock onto the rotor position and
commutate the motor. The recommended start-up
sequence is to bring the rotor from rest, up to a speed
fast enough to allow BEMF sensing. Motor operation is
comprised of five modes: Disabled mode, Bootstrap
mode, Lock or Align mode, Ramp mode and Run
mode. Refer to the commutation state machine in
Table 4-5. The order in which the microcontroller steps
through the commutation state machine determines
the direction that the motor rotates.

471.2 Disabled Mode (OE = 0)

When the driver output is disabled (OE = 0), all of the
MOSFET driver outputs are set low.

4.7.1.3 Bootstrap Mode

The high-side driver obtains the high-side biasing
voltage from the Vgpot LDO, bootstrap diode and
bootstrap capacitor. The bootstrap capacitors must
first be charged before the high-side drives may be
used. The bootstrap capacitors are all charged by acti-
vating all three low-side drivers. The active low-side
drivers pull their respective phase nodes low, charging
the bootstrap capacitors to the Vgpoor LDO voltage.
The three low-side drivers should be active for at least
1.2ms per 1 pF of bootstrap capacitance. This
assumes a 12V voltage change and 30 mA (10 mA per
phase) of current coming from the Vgoot LDO.
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4714 Lock Mode

Before the motor can be started, the rotor should be in
a known position. In Lock mode, the microcontroller
drives Phase B low and Phases A and C high. This
aligns the rotor 30 electrical degrees before the center
of the first commutation state. Lock mode must last
long enough to allow the motor and its load to settle
into this position.

4.71.5 Ramp Mode

At the end of Lock mode, Ramp mode is entered. In
Ramp mode, the microcontroller steps through the
commutation state machine, increasing the step rate

linearly, until a minimum speed is reached that will
result in a usable BEMF voltage. Ramp mode is an
open-loop commutation. No knowledge of the rotor
position is used.

4716 Run Mode

At the end of Ramp mode, Run mode is entered. In
Run mode, the Back EMF sensor is enabled and
commutation is now under the control of the Phase-
Locked Loop. Motor speed can be regulated by an
outer speed control loop.

TABLE 4-5: COMMUTATION STATE MACHINE
Outputs BEMF
State
HSA HSB HSC LSA LSB LSC Phase
OE=0 OFF OFF OFF OFF OFF OFF N/A
BOOTSTRAP OFF OFF OFF ON ON ON N/A
LOCK ON OFF ON OFF ON OFF N/A
1 ON OFF OFF OFF OFF ON Phase B
2 OFF ON OFF OFF OFF ON Phase A
3 OFF ON OFF ON OFF OFF Phase C
4 OFF OFF ON ON OFF OFF Phase B
5 OFF OFF ON OFF ON OFF Phase A
6 ON OFF OFF OFF ON OFF Phase C

4717 PWM Speed Control

The inner commutation loop is a Phase-Locked Loop,
which locks to the rotor’s position. This inner loop does
not attempt to modify the position of the rotor, but
modifies the commutation times to match whatever
position the rotor has. The outer speed loop changes
the rotor velocity and the inner commutation loop locks
to the rotor’s position to commutate the phase at the
correct times.

The outer speed loop pulse width modulates the motor
drive inverter to produce the desired wave shape and
voltage at the motor. The inductance of the motor then
integrates this PWM pattern to produce the desired
average current, thus controlling the desired torque
and speed of the motor. For a trapezoidal BLDC motor
drive with six-step commutation, the PWM is used to
generate the average voltage to produce the desired
motor current and motor speed.

There are two basic methods to PWM the inverter
switches. The first method returns the reactive energy
in the motor inductance to the source by reversing the
voltage on the motor winding during the current decay
period. This method is referred to as fast decay or
chop-chop. The second method circulates the reactive
current in the motor with minimal voltage applied to the
inductance. This method is referred to as slow decay
or chop-coast.

The preferred control method employs a chop-chop
PWM for any situations where the motor is being
accelerated, either positively or negatively. For
improved efficiency, chop-coast PWM is employed
during steady-state conditions. The chop-chop speed
loop is implemented by hysteretic control, fixed off-
time control or Average Current mode control of the
motor current. This makes for a very robust controller,
since the motor current is always in instantaneous
control. The motor speed presented to the chop-chop
loop is reduced by approximately 9%. A fixed
frequency PWM that only modulates the high-side
switches implements the chop-coast loop. The chop-
coast loop is presented with the full motor speed, so if
it is able to control the speed, the chop-chop loop will
never be satisfied and will remain saturated. The
chop-chop remains able to assume full control if the
motor torque is exceeded, either through a load
change or a change in speed that produces accelera-
tion torque. The chop-coast loop will remain saturated,
with the chop-chop loop in full control, during start-up
and acceleration to full speed. The bandwidth of the
chop-coast loop is set to be slower than the chop-chop
loop so that any transients will be handled by the
chop-chop loop and the chop-coast loop will only be
active in steady-state operation.
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4.8 DE2 Communication Port

A half-duplex 9600 baud UART interface is available
to communicate with an external host. The port is used
to configure the MCP8021/2 and also for status and
Fault messages.

4.8.1 COMMUNICATIONS INTERFACE

A single wire, half-duplex, 9600 baud, 8-bit bidirectional
communications interface is implemented using the
open-drain DE2 pin. The interface consists of eight data
bits, one Stop bit and one Start bit. The implementation
of the interface is described in the following sections.

The DE2 interface is an open-drain interface. The
open-drain output is capable of sinking a minimum of
1 mA of current while maintaining less than 50 mV at
the output.

A 5K resistor should typically be used between the
host transmit pin and the MCP8021/2 DE2 pin to allow
the MCP8021/2 to drive the DE2 line low when the
host TX pin is at an active-high level.

The auto-baud frequency is temperature-dependent,
as illustrated in Figure 2-5. To establish proper DE2
communication, it is recommended to synchronize the
host frequency by proceeding the auto-baud function
alternatively, as described in Section 4.8.5 “Auto-
Baud Function”. The time from receiving the last bit
of a command message to sending the first bit of the
response message ranges from tpgs rsp 10 tpea waIT
corresponding to 0 us to 3.125 ms. The host should
refrain from sending additional messages until the
previously requested message has been received in
order to prevent overwriting the driver response
message.

4.8.2 PACKET FORMAT

Every internal driver status change will cause the
driver to send a message to the microcontroller. The
interface uses a standard UART baud rate of 9600 bits
per second.

In the DE2 protocol, the transmitter and the receiver
do not share a clock signal. A clock signal does not
emanate from one transmitter to the other receiver.
Due to this reason, the protocol is asynchronous. The
protocol uses only one line to communicate, so the
transmit/receive packet must be done in Half-Duplex
mode. A new transmit message is allowed only when
a complete packet has been transmitted and
responded to.

The host must listen to the DE2 line in order to check
for contentions. In case of contention, the host must
release the line and wait for at least three packet
length times before initiating a new transfer.

Figure 4-4 illustrates a basic DE2 data packet.

4.8.3 PACKET TIMING

While no data are being transmitted, a logic ‘1’ must
be placed on the open-drain DE2 line by an external
pull-up resistor. A data packet is composed of one
Start bit, which is always a logic ‘0’, followed by eight
data bits and a Stop bit. The Stop bit must always be a
logic ‘1’. It takes ten bits to transmit a byte of data.

The device detects the Start bit by detecting the transi-
tion from logic ‘1’ to logic ‘0’ (note that while the data
line is Idle, the logic level is high). Once the Start bit is
detected, the next data bit’s “center” can be assured to
be 24 ticks minus 2 (worst-case synchronizer uncer-
tainty) later. From then on, every next data bit center is
16 clock ticks later. Figure 4-5 illustrates this point.

4.8.4 MESSAGE HANDLING

The driver will not transition to Sleep mode while a
message is being received. If a message reception is
in progress before the OE = 0 to Sleep mode transition
delay (tg gep) times out, the message will be fully
received and the contents applied to the Configuration
registers if applicable. The SLEEP bit will then be
checked and the system enters Sleep mode if the
SLEEP bit is still active.

4.8.5 AUTO-BAUD FUNCTION

The MCP8021/2 devices provide an auto-baud feature
that allows a host, communicating on the DE2
communications link, to determine the actual baud rate
being used by the MCP8021/2 device. The feature
allows the host to request a 0x55 byte transmission
from the MCP8021/2. The host then determines the
MCP8021/2 baud rate and adjusts the host internal
Baud Rate Generator (BRG) to match the MCP8021/2
baud rate.

The DE2 pin is used to trigger the auto-baud feature.
The host sets the DE2 signal to a logic low for a period
of time (auto-baud Break window) that ranges
between 1.29 ms and 2.0 ms. The host then releases
the DE2 pin back to the host UART control. The host
UART then raises the DE2 pin to a logic high value.
The MCP8021/2 driver will respond with a standard
NACK (‘0b00Onnnnnn’, where ‘nnnnnn’ are the six
Least Significant bits (LSbs) received) if the DE2 link
was held low for less than 1.29 ms and the byte was
not interpreted as a valid command. The MCP8021/2
driver will ignore the current message if the DE2 link is
held low for more than 2.0 ms.

If the driver receives a valid auto-baud request in the
allotted time frame, the driver will enter an Auto-Baud
state, indicating an auto-baud message has been
requested. When the auto-baud function is activated,
the DE2 subsystem will disable sending all unsolicited
messages to the host.
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If the internal Auto-Baud state is set, the driver will wait
for a minimum of 0.86 ms and a maximum of 1.19 ms.
After the wait time has expired, a 0x55 data byte will
be immediately sent on the DEZ2 link by the driver.

The driver will wait 2.00 ms after sending the 0x55
baud rate data over the DE2 link before transmitting
any other messages. The driver will then exit the Auto-
Baud state and resume normal DE2 operations. The
2.00 ms wait is needed to allow the host to complete
the auto-baud verification and update the host UART
Baud Rate Generator.

The MCP8021/2 device will always monitor the DE2
link for a logic low before attempting to transmit.

The MCP8021/2 device will preempt all DE2
communications upon receiving a logic low on the DE2
link which lasts longer than ten bit times at 9600 baud
(Break sequence).

The MCP8021/2 device will wait for a period up to
2 ms for the DE2 link to change to a logic high state
after the initial detection of a logic low on the DE2 link.
If the DEZ2 link fails to rise to a logic high level within
2ms of the initial logic low level, the auto-baud
message will be canceled and no message will be
sent. The auto-baud function will then be complete.

The driver will send any pending unsolicited messages
after the auto-baud function has finished.

4.8.6 MESSAGING INTERFACE

A command byte will always have the Most Significant
bit (MSb) 7 set to ‘1’. Bits 6 and 5 are reserved for
future use and should be set to ‘0’. Bits[4:0] are used
for commands. That allows for 32 possible commands.

4.8.6.1 Host to MCP8021/2

Messages sent from the host to the MCP8021/2
devices consist of either one or two 8-bit bytes. The
first byte transmitted is the command byte. The
second byte transmitted, if required, is the data for the
command.

If a multibyte command is sent to the MCP8021/2
devices and no second byte is received by the
MCP8021/2 devices, then a “Command Not Acknowl-
edged” message will be sent back to the host after.
The host must start sending the 2nd byte of a two-byte
command within 1 ms of completion of the first byte to
prevent a NACK message. Once the second byte Start
bit is received, the MCP8021/2 internal receiver logic
will handle the reception of the data byte. If the data
byte Stop bit is not received within the expected recep-
tion time for the last received bit, the MCP8021/2 will
respond with a NACK message.

4.8.6.2 MCP8021/2 to Host

A solicited response byte from the MCP8021/2
devices will always echo the command byte with bit 7
set to ‘0’ (response) and with bit 6 set to ‘1’ for
Acknowledged (ACK) or ‘0’ for Not Acknowledged
(NACK). The second byte, if required, will be the data
for the host command. Any command that causes an
error or is not supported will receive a NACK
response.

The MCP8021/2 may send unsolicited command
messages to the host controller. All messages to the
host controller do not require a response from the host
controller.

4.8.7 MESSAGES

4.8.7.1 SET _CFG_0

There is a SET CFG_0 message that is sent by the host
to the MCP8021/2 devices to configure the devices.
The SET_CFG_0 message may be sent to the devices
at any time. The host is responsible for making sure the
system is in a state that will not be compromised by
sending the SET CFG 0 message. The SET CFG 0
message format is indicated in Table 4-6. The response
is indicated in Table 4-7.

4872 GET CFG_0

There is a GET_CFG_0 message that is sent by the
host to the MCP8021/2 devices to retrieve the device
Configuration register. The GET _CFG_0 message format
is indicated in Table 4-6. The response is indicated in
Table 4-7.

48.7.3 STATUS 0 and STATUS 1

There is a STATUS 0 and STATUS 1 message that is
sent by the host to the MCP8021/2 devices to retrieve
the device STATO and STAT1 registers. Unsolicited
STATUS 0 and STATUS 1 messages may also be
sent to the host by the MCP8021/2 devices to inform
the host of status changes. The unsolicited STATUS 0
and STATUS 1 messages will only be sent when a
status bit changes to an active state. The STATUS 0
and STATUS 1 message format is indicated in
Table 4-6. The response is indicated in Table 4-7.

When a STATUS_0 or STATUS_1 message is sent to
the host in response to a new Fault becoming active,
the FAULT bit will be cleared, either by the host issuing
a STATUS 0 or STATUS 1 request message, or by
the host toggling the OE pin low then high. The FAULT
bit will stay active and not be cleared if the Fault condi-
tion still exists at the time the host attempted to clear
the Fault.
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The PCON bits of the STATO register will be set every
time the device restarts due to various events (see
Table 4-3). When the driver resumes operation, a single
unsolicited STATUS 0 message will be sent to the host
indicating a Reset has occurred. The message will be
sent five milliseconds (5 ms) after the Vggg LDO has
reached its active state. The host should check the
PCON bits to determine the cause of the power cycle.
In all cases, the configuration data may have been lost
and should be re-sent to the driver. The PCON flags are
reset by a host STATUS_ 0 request message. If the host
misses the unsolicited STATUS 0 message at start-up,
the host may manually request the status by sending a
STATUS_0 message to the driver. The PCON bits of the
STATO register will contain the source of the Power-on
Reset until the STATO register is requested by the host.

48.7.4

There is a SET_CFG_2 message that is sent by the host
to the MCP8021/2 devices to configure the driver current
limit blanking time. The SET CFG 2 message may be
sent to the devices at any time. The host is responsible
for making sure the system is in a state that will not be
compromised by sending the SET CFG_2 message.
The SET CFG_2 message format is indicated in
Table 4-6. The response is indicated in Table 4-7.

SET CFG_2

4.8.7.5

There is a GET_CFG_2 message that is sent by the
host to the MCP8021/2 devices to retrieve the device
Configuration Register #2. The GET _CFG_2 message
format is indicated in Table 4-6. The response is
indicated in Table 4-7.

GET_CFG_2

Message Format

:
s (B X o)) B X BN E) Y BrYor

DE2
FIGURE 4-4: DEZ2 Packet Format.
Detect Start Bit by Sensing B . .
Transition from Logic ‘1’ to Logic ‘0’ T = 1/Baud Rate (bit cell period)
e % X 2 X %2 X5 X ° X o2 o oo
Tomar e Ts— I i i i i i i
Tg = T/16 (oversampled bit cell period)
Receiver Samples the Incoming Data
Using x16 Baud Rate Clock
TstarT = 1.5T — Uncertainty on Start Sample Incoming Data
Detection (worst-case: 2x Tg) at the Bit Cell Center
FIGURE 4-5: DE?2 Packet Timing.

DS20006265C-page 32

© 2020-2023 Microchip Technology Inc. and its subsidiaries



MCP8021/2

TABLE 4-6: DE2 COMMUNICATION COMMANDS FROM HOST TO MCP8021/2

Command | Byte | Bit Value Description
SET CFG 0 |1 10000001 (81h) | Set Configuration Register 0
2 7 0 Reserved
6 0 Reserved (MCP8021)
0 Enable operational amplifiers in Standby mode (default) (MCP8022)
1 Disable operational amplifiers in Standby mode (MCP8022)
5 0 System enters Standby mode when OE = 0, SLEEP = 0 for more
than 1 ms
1 System enters Sleep mode when OE = 0, SLEEP = 1 for more than
1ms
4 0 Reserved
3 0 Enable external MOSFET undervoltage lockout (default)
1 Disable external MOSFET undervoltage lockout
2 0 Enable external MOSFET short-circuit detection (default)
1 Disable external MOSFET short-circuit detection
1:0 |00 Set external MOSFET overcurrent limit to 0.250V (default)
01 Set external MOSFET overcurrent limit to 0.500V
10 Set external MOSFET overcurrent limit to 0.750V
11 Set external MOSFET overcurrent limit to 1.000V
GET _CFG 0 |1 10000010 (82h) | Get Configuration Register 0
STATUS 0 1 10000101 (85h) |Get Status Register 0
STATUS_ 1 1 10000110 (86h) | Get Status Register 1
SET CFG 2 |1 10000111 (87h) | Set Configuration Register 2
2 7:5 |00h Reserved
4:2 | — Driver dead time (for PWMH /PWML inputs)
000 2000 ns (default)
001 1750 ns
010 1500 ns
011 1250 ns
100 1000 ns
101 750 ns
110 500 ns
111 250 ns
1.0 |— Driver blanking time (ignore switching current spikes)
00 4 ys (default)
01 2 us
10 1 us
11 500 ns
GET CFG 2 |1 10001000 (88h) | Get Configuration Register 2

N

GET REV_ID

10010000 (90h)

Get device hardware revision
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TABLE 4-7: DE2 COMMUNICATION MESSAGES FROM MCP8021/2 TO HOST

MESSAGE |BYTE | BIT VALUE DESCRIPTION
SET CFG 0 |1 7:0 {00000001 (01h) | Command not Acknowledged (response)
01000001 (41h) | Command Acknowledged (response)
2 7 0 Reserved
6 0 Reserved (MCP8021)
0 Operational amplifiers enabled in Standby mode (default) (MCP8022)
1 Operational amplifiers disabled in Standby mode (MCP8022)
5 0 System enters Standby mode when OE = 0, SLEEP = 0 for more than
1ms
1 System enters Sleep mode when OE = 0, SLEEP = 1 for more than
1ms
4 0 Reserved
3 0 External MOSFET undervoltage lockout enabled (default)
1 External MOSFET undervoltage lockout disabled
2 0 External MOSFET short-circuit detection enabled (default)
1 External MOSFET short-circuit detection disabled
1:0 |00 0.250V external MOSFET overcurrent limit (default)
01 0.500V external MOSFET overcurrent limit
10 0.750V external MOSFET overcurrent limit
11 1.000V external MOSFET overcurrent limit
GET CFG 0 |1 7:0 100000010 (02h) | Command not Acknowledged (response)
01000010 (42h) | Command Acknowledged (response)
2 7 0 Reserved
6 0 Reserved (MCP8021)
0 Operational amplifiers enabled in Standby mode (MCP8022)
1 Operational amplifiers disabled in Standby mode (MCP8022)
5 0 System enters Standby mode when OE = 0, SLEEP = 0 for more than
1ms
1 System enters Sleep mode when OE = 0, SLEEP = 1 for more than
1ms
4 0 Reserved
3 0 External MOSFET undervoltage lockout enabled
1 External MOSFET undervoltage lockout disabled
2 0 External MOSFET short-circuit detection enabled
1 External MOSFET short-circuit detection disabled
1:0 |00 0.250V external MOSFET overcurrent limit
01 0.500V external MOSFET overcurrent limit
10 0.750V external MOSFET overcurrent limit
11 1.000V external MOSFET overcurrent limit
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TABLE 4-7: DE2 COMMUNICATION MESSAGES FROM MCP8021/2 TO HOST (CONTINUED)

MESSAGE |BYTE | BIT VALUE DESCRIPTION

STATUS_0 1 7:0 100000101 (05h) | Command not Acknowledged (response)

01000101 (45h) | Command Acknowledged (response)

10000101 (85h) | Command sent to host (unsolicited)

2 7:5 101 Overtemperature Shutdown (OTSHDN) occurred

011 Sleep Shutdown (SLEEP) occurred
010 Undervoltage Shutdown (UVSHDN) occurred
001 Power-on Reset (POR) occurred
000 Normal operation

4 1 Input Overvoltage (OVLOF), Vpp > 32V

3 1 Input Undervoltage (UVLOF), Vpp < 5.5V

2 1 Overtemperature (OTPF), T; > Tgp

1 1 Overtemperature Warning (OTPW), T; > Tyyarn

0 0 No Fault condition exists
1 A Fault condition exists

STATUS 1 1 7:0 {00000110 (06h) | Command not Acknowledged (response)

01000110 (46h) | Command Acknowledged (response)

10000110 (86h) | Command sent to host (unsolicited)

2 74 |0 Reserved

3 1 External MOSFET Overcurrent (XOCPF) detected

2 1 External MOSFET Undervoltage Lockout (XUVLOF)
0 Reserved

0 1 VRreg LDO Undervoltage Fault (VREGUVF)

SET CFG 2 |1 7:0 {00000111 (07h) | Command not Acknowledged (response)
01000111 (47h) | Command Acknowledged (response)
2 7:5 |00h Reserved

4:2 | — Driver dead time (for PWMH /PWML inputs)
000 2000 ns (default)
001 1750 ns
010 1500 ns
011 1250 ns
100 1000 ns
101 750 ns
110 500 ns
111 250 ns

1.0 |— Driver blanking time (ignore Faults)
00 4000 ns (default)
01 2000 ns
10 1000 ns
11 500 ns
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TABLE 4-7: DE2 COMMUNICATION MESSAGES FROM MCP8021/2 TO HOST (CONTINUED)
MESSAGE |BYTE | BIT VALUE DESCRIPTION
GET CFG 2 |1 7:0 100001000 (08h) | Command not Acknowledged (response)
01001000 (48h) | Command Acknowledged (response)
2 7:5 | 00h Reserved
4:2 |— Driver dead time (for PWMH /PWML inputs)
000 2000 ns
001 1750 ns
010 1500 ns
011 1250 ns
100 1000 ns
101 750 ns
110 500 ns
111 250 ns
1.0 |— Driver blanking time (ignore Faults)
00 4000 ns
01 2000 ns
10 1000 ns
11 500 ns
GET REV_ID |1 7:0 {00010000 (10h) | Command not Acknowledged (response)
01010000 (50h) | Command Acknowledged (response)
2 7:4 |00h Reserved
3:0 |00h-0Fh Device hardware revision
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4.9 Register Definitions

REGISTER 4-1: CFGO0: CONFIGURATION REGISTER 0

uU-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0

— oPAMP() SLEEP — EXTUVLO EXTSC EXTOC1 EXTOCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6 OPAMP: International Operational Amplifier Power-Down (MCP8022)()

1 = Disables operational amplifiers during Standby mode
0 = Enables operational amplifiers during Standby mode

bit 5 SLEEP: Sleep Mode

Bit may only be changed while in Standby mode.
1 = System enters Sleep mode when OE = 0
0 = System enters Standby mode when OE = 0

bit 4 Unimplemented: Read as ‘0’
bit 3 EXTUVLO: External MOSFET Undervoltage Lockout
1 = Disables
0 = Enables
bit 2 EXTSC: External MOSFET Short-Circuit Detection
1 = Disables
0 = Enables
bit 1-0 EXTOCI[1:0]: External MOSFET Overcurrent Limit Value

00 = Overcurrent limit set to 0.250V
01 = Overcurrent limit set to 0.500V
10 = Overcurrent limit set to 0.750V
11 = Overcurrent limit set to 1.000V

Note 1: The OPAMP bit has no effect on MCP8021.
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REGISTER 4-2: CFG2: CONFIGURATION REGISTER 2

uU-0 u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — DRVDT2 DRVDT1 DRVDTO DRVBL1 DRVBLO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-2 DRVDT[2:0]: Driver Dead-Time Selection
000 = 2000 ns (default)
001 =1750 ns
010 = 1500 ns
011 =1250ns
100 = 1000 ns
101 =750 ns
110 =500 ns
111 =250ns
bit 1-0 DRVBL[1:0]: Driver Blanking Time Selection

Bit may only be changed while in Standby mode.
00 = 4000 ns (default)

01 =2000 ns

10 = 1000 ns

111 =500 ns
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REGISTER 4-3: STATO: STATUS REGISTER 0

R-0 R-0 R-1 R-0 R-0 R-0 R-0 R-0
PCON2 PCON1 PCONO OVLOF UVLOF OTPF OTPW FAULT
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 PCONJ[2:0]: Power Control Status (configuration lost if non-zero value)
101 = Overtemperature Shutdown (OTSHDN) occurred
011 = Sleep (SLEEP) shutdown occurred
010 = Undervoltage Shutdown (UVSHDN) occurred
001 = Power-on Reset (POR) occurred
000 = Normal operation
bit 4 OVLOF: Input Overvoltage Lockout Fault
1 = Vpp input voltage > 32V
0 = Vpp input voltage < 32V
bit 3 UVLOF: Input Undervoltage Fault
1 =Vpp input voltage < 5.5V
0 = Vpp input voltage > 5.5V
bit 2 OTPF: Overtemperature Protection Fault
1 = Device junction temperature is > Tgp
0 = Device junction temperature is < Tgp
bit 1 OTPW: Overtemperature Protection Warning
1 = Device junction temperature is > Tyyarn
0 = Device junction temperature is < Tyyarn
bit 0 FAULT: Fault Status

1 = At least one Fault is active
0 = No active Faults
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REGISTER 4-4: STAT1: STATUS REGISTER 1

U-0 U-0 u-0 U-0 R-0 R-0 U-0 R-0

— — — — XOCPF XUVLOF — VREGUVF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-4 Unimplemented: Read as ‘0’
bit 3 XOCPF: External MOSFET Overcurrent Protection Fault

Only Valid when EXTSC (CFGO[2]) = 0.

1 = External MOSFET Vpg > EXTOC[1:0] (CFGO[1:0]) value

0 = External MOSFET Vpg < EXTOCI[1:0] (CFGO[1:0]) value
bit 2 XUVLOF: External MOSFET Gate Drive Undervoltage Fault

Only Valid when EXTUVLO (CFGO[3]) = 0.
1 = HSx output voltage < VpyyLo
0 = HSx output voltage > VpyyLo

bit 1 Unimplemented: Read as ‘0’
bit 0 VREGUVF: Vggg LDO Undervoltage Fault

1 = VReg LDO output voltage < 88% of target Vreg
0 = VReg LDO output voltage > 92% of target Vreg

REGISTER 4-5: REV_ID: HARDWARE REVISION ID

U-0 U-0 U-0 U-0 R-0/1 R-0/1 R-0/1 R-0/1

— — — — REVID3 REVID2 REVID1 REVIDO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 REVID[3:0]: Device Revision
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5.0 APPLICATION INFORMATION

51 Component Calculations

5.1.1 CHARGE PUMP CAPACITORS

Vooh O——————— = V12P
o
(

T
w¥»r—w

o [] %

Charge

FIGURE 5-1: Charge Pump.

Let:

A IOUT =20 mA

» fop = 75 kHz (charge/discharge in one cycle)
* 50% duty cycle

* VppH = 5.5V (worst case)

* Rpson = 7.5Q (Rpymos): 3-52 (Rnmos)

* V12P = 2 x Vppy (ideal)

* Cggr = 20 mQ (ceramic capacitors)

* Vprop = 100 mV (Voyr ripple)

* Tche = TocHg = 0.5 x 1/75 kHz = 6.67 ps

5.1.1.1 Flying Capacitor

The flying capacitor should be chosen to charge to a
minimum of 95% (3t) of Vppy within one half of a
switching cycle.

e 3x1= TCHG

¢ T= TCHG/3

« RC= TCHG/3

« C= TCHG/(R X 3)

* C=6.67 ps/([7.5Q + 3.5Q + 0.02Q] x 3)

« C=202nF

Choose a 180 nF capacitor.

51.1.2 Charge Pump Output Capacitor

Solve for the charge pump output capacitance,
connected between V12P and ground, that will supply
the 20 mA load for one switch cycle. The Vgpoot pin on
the MCP8021/2 is the “V12P” pin referenced in the
calculations.

e C= IOUT x dt/dV

+ C=loyt x 13.3 ps/(Vprop * lout * CEsr)

e C=20mAx 13.3 ps/(0.1V + 20 mA x 20 mQ)

+ C>2.65pF

For stability reasons, the Vgoot LDO and Vggg LDO
capacitors must be at least 4.7 yF, so choose: C > 4.7 pF.

51.1.3 Charging Path (Flying Capacitor
Across CAP1 and CAP2)

* Veap = Vpph x (1-¢e)
+ Vipp = 5.5V x (1 — 61667 /(.50 + 350 + 20 ma] x 180 )

Veap = 5.31V available for transfer on the first cycle.

51.1.4 Transfer Path (Flying and Output
Capacitors)

« V12P = VDDH + VCAP - lOUT x dt/C
« V12P = 5.5V + 5.31V — (20 mA x 6.67 ps/180 nF)
* V12P = 10.066V

51.1.5 Calculate the Flying Capacitor
Voltage Drop in One Cycle While
Supplying 20 mA

e dV= IOUT x dt/C
* dV =20 mA x6.67 pus/180 nF
« dV=0.741V @ 20 mA

The second and subsequent transfer cycles will have
a higher voltage available for transfer, since the
capacitor is not completely depleted with each cycle.
Veap Will then be Veap — dV after the first transfer,
plus Vppy — (Vcap — dV) times the RC constant. This
repeats for each subsequent cycle, allowing a larger
charge pump capacitor to be used if the system will
tolerate several charge transfers before requiring full
output voltage and current.

Repeating Section 5.1.1.3 “Charging Path (Flying
Capacitor Across CAP1 and CAP2)” for the second
cycle (and subsequent by recalculating for each new
value of Vpp after each transfer):

* Veap = (Veap —dV) + (Vppr — (Veap —dV)) (1—e
« Vopp = (5.31V = 0.741V) + (5.5V — (5.31V — 0.741V)) x
(17— 1667 si([7.5W + 3.5W + 20 mW] 180 nF)

* Vgap =4.567V +0.934V x 0.96535
Vcap = 5.468V available for transfer on second cycle.

51.1.6 Charge Pump Results

The maximum charge pump flying capacitor value is
202 nF to maintain a 95% voltage transfer ratio on the
first charge pump cycle. Larger capacitor values may
be used, but they will require more cycles to charge to
maximum voltage. The minimum required output
capacitor value is 2.65 pF to supply 20 mA for 13.3 us
with a 100 mV drop. A larger output capacitor may be
used to cover losses due to capacitor tolerance over
temperature, capacitor dielectric and PCB losses.

These are approximate calculations. The actual
voltages may vary due to incomplete charging or dis-
charging of capacitors per cycle due to load changes.
The charge pump calculations assume the charge
pump is able to charge up the external boot cap within
a few cycles.
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5.1.2 BOOTSTRAP CAPACITOR

The high-side driver bootstrap capacitor needs to
power the high-side driver and gate for 1/3 of the
motor electrical period for a 3-phase BLDC motor

operating in Six-Step mode.
Let:

MOSFET Driver Current
PWM Period

Minimum Duty Cycle
Maximum Duty Cycle

ViN

Minimum Gate Drive Voltage
Total Gate Charge

Allowable Vgg Drop (Vprop)
Switch RDSON
Driver Internal Bias Current

300 mA

50 us (20 kHz)
1% (500 ns)
99% (49.5 ps)
12V

8V (Ves)

130 nC
(80A MOSFET)

3V
100 mW

20 pA (Igjas)

Solve for the smallest capacitance that can supply:
* 130 nC of charge to the MOSFET gate

* 1 Megohm gate source resistor current

« Driver bias current and switching losses

Quosrer = 130nC

Qresistor = [(Vas/R) x Tonl
Qpriver = (lBias * Ton)
Ton = 49.5 ps (99% DC) for worst case

QresisTorR = QresisTor
QDRIVER = 20 pJAx 49.5us=0.99nC

Sum all of the energy requirements:

* C=(QumosFeT * QresisTor * QprRIVER)VDROP
* C=(130nC + 0.594 nC + 0.99 nC)/3V

+ C=43.86nF

Choose a bootstrap capacitor value that is larger than
43.86 nF.

5.2 Device Protection

5.2.1 MOSFET VOLTAGE SUPPRESSION

When a motor shaft is rotating and power is removed,
the magnetism of the motor components will cause the
motor to act like a generator. The current that was
flowing into the motor will now flow out of the motor. As
the motor magnetic field decays, the generator output
will also decay. The voltage across the generator
terminals will be proportional to the generator current
and circuit impedance of the generator circuit. If the
power supply is part of the return path for the current
and the power supply is disconnected, then the volt-
age at the generator terminals will increase until the
current flows. This voltage increase must be handled
externally to the driver. A voltage suppression device
may be used to clamp the motor terminal voltage to a
level that will not exceed the maximum system operat-
ing voltage during the high-voltage transients. A
voltage suppressor circuit may be connected from
power ground to the motor power supply rail to create
a path for the motor current when the supply is discon-
nected (Figure 5-2). The PCB traces must be capable
of carrying the motor current with minimum voltage
and temperature rise.

CLAMP.

<\ J\ «’\ rvs
MOTOR z

]

FIGURE 5-2:

An additional method is to inactivate the high-side
drivers and to activate the low-side drivers. This allows
current to flow through the low-side external
MOSFETs and prevents the voltage from increasing at
the power supply terminals.

Transient Voltage Clamp.
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5.2.2 BOOTSTRAP VOLTAGE
SUPPRESSION

The pins which handle the highest voltage during
motor operation are the bootstrap pins (VBx). The
bootstrap pin voltage is typically VgpooTt (12V) higher
than the associated phase voltage. When the high-
side MOSFET is conducting, the phase pin voltage is
typically at Vpp and the bootstrap pin voltage is
typically at Vpp + 12V. When the phase MOSFETs
switch, current induced voltage transients occur on the
phase pins. These currents are caused by the
MOSFET body diode reverse recovery and MOSFET
turn-on/turn-off times. Those induced voltages cause
the bootstrap pin voltages to also increase. Depending
on the magnitude of the phase pin voltage, the
bootstrap pin voltage may exceed the safe operating
voltage of the device. The current induced transients
may be reduced by slowing down the turn-on and turn-
off times of the MOSFETs. The external MOSFETs
may be slowed down by adding a 10 to 100 ohm resis-
tor in series with the gate drive. A 1 nF to 10 nF
ceramic capacitor may be added that connects each
MOSFET gate and source terminal. The added capac-
itance slows down the switching times of the MOSFET
while allowing the gate resistance to remain small
enough to keep the gate clamped off. The added
capacitance also results in a lower slew rate of the
phase node and limits the shoot-through current
caused by the body diode reverse recovery.

The high-side MOSFETs may also be slowed down by
inserting a 10Q to 25Q resistor between each boot-
strap pin and the associated bootstrap diode capacitor
junction. Another 25Q to 50Q resistor is then added
between the gate drive and the MOSFET gate. This
results in a high-side turn-on resistance of 25Q plus
the series gate resistor. The high-side turn-off
resistance only consists of the series gate resistance
and allows for a faster shut-off time. Care must be
taken to make sure the voltage drop across the boot-
strap pin resistor does not cause an external MOSFET
undervoltage Fault.

When a system motor power supply voltage clamp is
not used, 33V or 36V transzorbs may be connected
from each bootstrap pin (VBXx) to the ground. This will
ensure that the bootstrap voltage does not exceed the
absolute maximum voltage allowed on the pins. The
resistors connected between the bootstrap pins and
the bootstrap diode/capacitor junctions, mentioned in
the previous paragraph, may also be used in order to
limit the transzorb current and reduce the transzorb
package size.

5.2.3 FLOATING GATE SUPPRESSION

The gate drive pins may float when the supply voltage
is lost or an overvoltage situation shuts down the
driver. When an overvoltage condition exists, the
driver high-side and low-side outputs are ftri-state.
Each external MOSFET that is connected to the gate
driver should have a gate-to-source resistor to bleed
off any charge that may accumulate due to the tri-
state. This will help prevent inadvertent turn-on of the
MOSFET.

Figure 5-3 shows the location of the overvoltage
transzorbs (or equivalent circuits), gate resistors,
bootstrap resistors and gate-to-source resistors.

524 MOSFET BODY DIODE REVERSE
RECOVERY SNUBBER

When motor current is flowing through the external
MOSFET body diodes and the complimentary
MOSFET of the phase pair turns on, the body diode
reverse recovery creates a momentary short circuit
until the reverse recovery time is complete. When the
body diode reverse recovery is complete, the current
path is opened, causing the phase node voltage to
slew rapidly towards ground or Vpp levels. The rapid
slew rate may cause an inversion of the gate-to-
source voltage on the MOSFET that is turning on and
result in that MOSFET turning off.

The fast slew rate may also cause ringing on the
phase node and also the sense resistor if the turn-off
is too fast.

The first remedy for the low-side turn-off is to slow down
the MOSFET gate-to-source turn-off. That causes the
Rpson of the low-side MOSFET to gradually increase
as the gate voltage drops and the low-side MOSFET
slowly turns off. The slow turn-off allows the phase volt-
age, generated by the motor current flowing through the
low-side MOSFET Rpgop to slowly rise towards the

positive motor supply level.

The same scenario is also valid for turning on the low-
side MOSFET when the high-side MOSFET has just
been turned off and current was flowing from the high
side into the motor.
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The MOSFET body diode reverse recovery situation
occurs when the low-side MOSFETs are turned on
while the motor current is flowing to the positive
source through the high-side MOSFET body diode.
The diode reverse recovery time allows a short circuit
to exist between the positive supply and the low-side
MOSFET drain until the high-side diode is reverse
biased and the reverse recovery time has elapsed.
The first remedies above should be used to slow the
switching speeds of the MOSFETs. Then, a snubber is
added to each MOSFET to fine-tune the phase node
slew rate and eliminate any further transients. Adding
a drain-to-source snubber slows down the slew rate of
the phase node and results in a more controlled excur-
sion of the phase node voltage. The snubber consists
of a resistor and a capacitor connected in series
between the drain and source of the MOSFET. The
resistor is chosen to keep the initial snubber voltage
below a few volts when peak motor current is flowing
through the body diode. The capacitor is then chosen
to provide an RC time constant longer than the
MOSFET body diode reverse recovery time. A 0.1Q
resistor is typically used, along with a 0.1 pyF capacitor
to provide an RC of 10 ns.

The power dissipated by the capacitor is calculated by
applying Equation 5-1.

EQUATION 5-1:  SNUBBER CAPACITOR

POWER DISSIPATION

Ppss =2 x 1 x fx C x V? x Dissipation Factor

Where:

f=PWM Frequency

C = Capacitance

V' = Motor Voltage

Dissipation Factor =2 x p x f x C x ESR = ESR/X¢

The capacitor and resistor form factors are chosen to
handle the dissipated power.

5.2.5 MOTOR CURRENT SENSE
CIRCUITRY

A sense resistor in series with the bridge ground return
provides a current signal for feedback. This resistor
should be non-inductive to minimize ringing from high
di/dt. Any inductance in the power circuit represents
potential problems in the form of additional voltage
stress and ringing, as well as increasing switching
times. While impractical to eliminate, careful layout
and bypassing will minimize these effects. The output
stage should be as compact as heat sinking will allow,
with wide, short traces carrying all pulsed currents.
Each half-bridge should be separately bypassed with a
low ESR/ESL capacitor, decoupling it from the rest of
the circuit. Some layouts will allow the input filter
capacitor to be split into three smaller values and serve
double duty as the half-bridge bypass capacitors.
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526 AUTO-BAUD CODE EXAMPLE
Example 5-1 is a dsPIC® DSC code example using

the auto-baud function.

EXAMPLE 5-1:

dsPIC® DSC AUTO-BAUD EXAMPLE

// #define FCY 70000000UL

#define UIBRG_BREAK

void UART1 Init (void) {
UIMODEbits.UARTEN = 1;

void UART1 AutoBaud (void) {
UIlMODEbits.ABAUD = 0;
int lastBRG = UlBRG;

UlSTAbits.UTXEN = 1;
while (ULSTAbits.UTXBF) ;
while (!U1STAbits.TRMT) ;
UlBRG = UlBRGiBREAK;

UlSTAbits.UTXBRK = 1;
ULTXREG = 0x00;

while (UlSTAbits.UTXBRK) ;
while (!Ul1STAbits.TRMT) ;
UlSTAbits.UTXEN = 0;
UlMODEbits.ABAUD = 1;

while (UIMODEbits.ABAUD) ;

if ((U1BRG > UlBRG_BAUD_MAX)
}
else{

UlBRG = lastBRG;

#define TypBaudrate 9600ulL

#define U1BRG_BAUDRATE (FCY/ (16 * TypBaudrate)) - 1

#define UIBRG_BAUD MIN ((((FCY/(l6 * TypBaudrate)) - 1)*1.07f)) //plus 7%
#define UIBRG BAUD MAX ((((FCY/(l6 * TypBaudrate)) - 1)*0.93f)) //minus 7%

(FCY/ (16 * 7880uL)) - 1

// enable UART

//7880 baud-rate is midpoint of
//required break window for MCP8021

//UART configuration - setup PPS connections
//and UART module enable here

//save last known good BRG value - on POR BRG value

//will be 0x0

//Transmit enabled, UxTX pin controlled by UARTx

//Wait for transmit buffer to empty

//wait for last byte to finish transmitting

//7880baud representing 1.65ms dominant

//with 13bit BREAK

//Send BREAK command

//Dummy write to start BREAK command

//wait for completion of BREAK sequence

//wait for last break bit to transmit

//disable TX while waiting on 0x55 from MCP8021

//start the ABAUD counter upon receipt of

//next byte (0x55)

//application should handle timeout if auto-baud

//does not complete and attempt auto-baud routine again
//verify new baud clock is within limits of MCP8021 min and
//max baud-rate

&& (U1BRG < ULBRG_BAUD_MIN)){ //success, use new baud-rate
//generator value

//auto-baud out of range, reload last known good BRG value
//and attempt auto-baud routine again
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6.0 PACKAGE INFORMATION

6.1 Package Marking Information

MCP8021
28-Lead VQFN (5x5 mm) Example
O e
S OXXXXXXX © MCP8021 -
. XXXX ] . 3315 ]
o XXX . - 9P Xes ]
- YYWWNNN - - 1913256 .
28-Lead TSSOP (4.4 mm) Example
IR IR
XXX XXX XXXXXXX MCP8021
XXXXXXXXXXXXX 5015KEXe3

O R YYWWNNN O R\ 1913256
N RN

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Www Week code (week of January 1 is week ‘01)
NNN Alphanumeric traceability code
@ Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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MCP8022

40-Lead VQFN (5x5 mm) Example

e R e R
- OXOXKOKKKK - 'MCP8022 -
S OXXXXXXX . 3315
> YYWWNNN 1 = 1913256 1
38-Lead TSSOP (4.4 mm) Example
LA OO
XXXXXXXKXXXXXX MCP8022
XXXXXXXXXXXXX 3315SBX
O R YYWWNNN O R\N1913256
CUOUOuuurururomoms JUTTOTOoororaruaty
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28-Lead Very Thin Plastic Quad Flat, No Lead Package (9PX) - 5x5 mm Body [VQFN]
With Stepped Wettable Flanks, 3.25x3.25mm Exposed Pad

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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28-Lead Very Thin Plastic Quad Flat, No Lead Package (9PX) - 5x5 mm Body [VQFN]
With Stepped Wettable Flanks, 3.25x3.25mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

DL Ad
%

B}

SECTION A-A
ROTATED 180°

Units MILLIMETERS

Dimension Limits|  MIN | NOM [ MAX
Number of Terminals N 28
Pitch e 0.50 BSC
Overall Height A 0.80 0.85 0.90
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 5.00 BSC
Exposed Pad Length D2 345 | 325 | 335
Overall Width E 5.00 BSC
Exposed Pad Width E2 3.15 3.25 3.35
Terminal Width b 0.20 0.25 0.30
Terminal Length L 0.35 0.40 0.45
Terminal-to-Exposed-Pad K 0.20 - -
Wettable Flank Height A4 0.10 — 0.19
Wettable Flank Width E3 - - 0.085
Exposed Pad Chamfer CH 0.35 REF

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-426 Rev D Sheet 2 of 2
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28-Lead Very Thin Plastic Quad Flat, No Lead Package (9PX) - 5x5 mm Body [VQFN]
With Stepped Wettable Flanks, 3.25x3.25mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOoM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width X2 3.35
Optional Center Pad Length Y2 3.35
Contact Pad Spacing C1 4.90
Contact Pad Spacing C2 4.90
Contact Pad Width (X28) X1 0.30
Contact Pad Length (X28) Y1 0.85
Contact Pad to Center Pad (X28) G1 0.35
Contact Pad to Contact Pad (X24) | G2 0.20
Thermal Via Diameter \ 0.33
Thermal Via Pitch EV 1.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-2426 Rev D
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28-Lead Shrink Smal Outline Package (KEX) - 4.4 mm (.300 In.) Body [TSSOP]
With 3.1x4.6 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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28-Lead Shrink Smal Outline Package (KEX) - 4.4 mm (.300 In.) Body [TSSOP]
With 3.1x4.6 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

———— 4X 02

R
i
4X 63
| —— e
| L
— (L1) | —
DETAIL A
Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Number of Terminals N 28
Pitch e 0.65 BSC
Overall Height A - - 1.10
Standoff A1 0.05 - 0.15
Molded Package Thickness A2 0.85 0.90 0.95
Overall Length D 9.70 BSC
Overall Width E 6.40 BSC
Molded Package Width E1 4.40 BSC
Exposed Pad Length D1 4.50 4.60 4.70
Exposed Pad Width E2 3.00 3.10 3.20
Terminal Width b 0.19 - 0.30
Terminal Thickness C 0.09 - 0.20
Terminal Length L 0.50 0.60 0.70
Footprint L1 1.00 REF
Lead Bend Radius R1 0.09 - -
Lead Bend Radius R2 0.09 - -
Foot Angle 0 0° - 8°
Mold Draft Angle 02 - 14° -
Mold Draft Angle 03 - 14° -

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-521 Rev A Sheet 2 of 2
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28-Lead Shrink Smal Outline Package (KEX) - 4.4 mm (.300 In.) Body [TSSOP]
With 3.1x4.6 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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A

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOoM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width X2 3.20
Optional Center Pad Length Y2 4.70
Contact Pad Spacing C 5.90
Contact Pad Width (X28) X1 0.45
Contact Pad Length (X28) Y1 1.50
Contact Pad to Center Pad (X28) G1 0.60
Contact Pad to Contact Pad (X26) | G2 0.20
Thermal Via Diameter V 0.33
Thermal Via Pitch EV 1.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-2521 Rev A
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40-Lead Very Thin Plastic Quad Flat, No Lead Package (NHX) - 5x5x0.9 mm Body [VQFN]
With 3.7x3.7 mm Exposed Pad and Wettable Flanks

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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40-Lead Very Thin Plastic Quad Flat, No Lead Package (NHX) - 5x5x0.9 mm Body [VQFN]
With 3.7x3.7 mm Exposed Pad and Wettable Flanks

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX

Number of Terminals N 40
Pitch e 0.40 BSC
Overall Height A 0.80 0.85 0.90
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 5.00 BSC
Exposed Pad Length D2 360 | 370 | 3.80
Overall Width E 5.00 BSC
Exposed Pad Width E2 3.60 3.70 3.80
Terminal Width b 0.15 0.20 0.25
Terminal Length L 0.30 0.40 0.50
Wettable Flank Height A4 0.10 — 0.19
Wettable Flank Width E3 — — 0.085
Terminal-to-Exposed-Pad K 0.25 REF

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. Package is saw singulated

3. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-425 Rev D Sheet 2 of 2
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40-Lead Very Thin Plastic Quad Flat, No Lead Package (NHX) - 5x5x0.9 mm Body [VQFN]
With 3.7x3.7 mm Exposed Pad and Wettable Flanks

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.40 BSC
Optional Center Pad Width X2 3.80
Optional Center Pad Length Y2 3.80
Chamfer CH 0.38
Contact Pad Spacing C1 5.00
Contact Pad Spacing C2 5.00
Contact Pad Width (X40) X1 0.20
Contact Pad Length (X40) Y1 0.80
Contact Pad to Pad (X36) G1 0.20
Contact Pad to Center Pad (X40) G2 0.20
Thermal Via Diameter V 0.30
Thermal Via Pitch EV 1.00

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-2425 Rev D
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38-Lead Thin Shrink Small Outline Package (SBX) - 4.4 mm Body [TSSOP]
With 4.6x 3.2 mm Exposed Pad

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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38-Lead Thin Shrink Small Outline Package (SBX) - 4.4 mm Body [TSSOP]
With 4.6x 3.2 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
— (e°)
S |<—
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I
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N /\(/— R
eO
( ) | -— | ——— | — 01°
(L1)
DETAIL A
Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Number of Terminals N 38
Pitch e 0.50 BSC
Overall Height A - - 1.10
Standoff A1 0.05 - 0.15
Terminal Thickness A2 0.85 0.90 0.95
Overall Length D 9.60 9.70 9.80
Exposed Pad Length D1 4.50 4.60 4.70
Overall Width E 6.40 BSC
Molded Package Width E1 4.30 4.40 4.60
Exposed Pad Width E2 3.10 3.20 3.30
Terminal Width b 0.17 - 0.27
Terminal Width C 0.09 - 0.20
Terminal Length L 0.50 0.60 0.70
Terminal Length L1 1.00 REF
Lead Shoulder S 0.20 - -
Terminal Foot Angle 01 0° - 8°
Mold Draft Angle 0 14° REF
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-424A Sheet 2 of 2
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38-Lead Thin Shrink Small Outline Package (SBX) - 4.4 mm Body [TSSOP]
With 4.6x 3.2 mm Exposed Pad

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Center Pad Width X2 4.70
Center Pad Length Y2 3.30
Contact Pad Spacing C 5.90
Contact Pad Width (X38) X1 0.30
Contact Pad Length (X38) Y1 1.50
Thermal Via Diameter V 0.30
Thermal Via Pitch EV 1.00

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-2424A
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APPENDIX A: REVISION HISTORY

Revision C (February 2023)

Changes to the Applications section.

Changes to the Product Identification System
section.

Updated Package Information.

Revision B (April 2022)

Changes to the Features section.
Changes to the Description section.

Changes to the Package Types — MCP8022
figure.

Changes to the Functional Block Diagram.
Changes to the Typical Application Circuit figure.

Changes to Section 1.0 “Electrical
Characteristics”.

Changes to the AC/DC Characteristics table.
Replaced graph in Figure 2-3.

Changes to Table 3-1: MCP8021 Pin Functions.
Changes to Table 3-2: MCP8022 Pin Functions.

Changes to Section 3.2 “Low-Side PWM Inputs
(PWMAL, PWMBL, PWMCL)”.

Changes to Section 3.3 “High-Side PWM Inputs
(PWMAH, PWMBH, PWMCH)”.

Changes to Section 3.4 “Output Enable Input
(OE)”.

Changes to Section 3.9 “Wake Input (WAKE)”.
Replaces Figure 4-1.

Revision A (July 2020)

Initial release of this document.
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Tape and Reel: T
Blank
Output Voltage 3315
Option: 5015
Temperature H
Range:
Package: 9PX
KEX
NHX
SBX
Qualification: VAO

PARTNO. [ .xxxx % [XXX XXX
Device Tape and Reel Output Temperature Package Qualification
Option  Voltage Range
Device: MCP8021 = 3-Phase BLDC Motor Gate Driver (VQFN-28,
TSSOP-28)
MCP8021T = 3-Phase BLDC Motor Gate Driver, Tape and
Reel (VQFN-28, TSSOP-28)
MCP8022 = 3-Phase BLDC Motor Gate Driver (VQFN-40,
TSSOP-38)
MCP8022T = 3-Phase BLDC Motor Gate Driver, Tape and

Reel (VQFN-40, TSSOP-38)

Tape and Reel
Standard packaging (tube)

3.3V
5.0V

-40°Cto +150°C  (High)

28-Lead VQFN
28-Lead TSSOP
40-Lead VQFN
38-Lead TSSOP

AEC-Q100 Qualified

Examples:
a) MCP8021T-5015H/9PXVAO:

b) MCP8022T-5015H/NHXVAO:

¢) MCP8021T-3315H/9PXVAOQ:

d) MCP8022T-3315H/NHXVAO:

e) MCP8021T-3315H/KEXVAO:

f) MCP8022T-3315H/SBXVAO:

g) MCP8021-3315H/KEXVAOQ:

h) MCP8022-5015H/NHXVAO:

Note 1:

Tape and Reel,

5.0V Output Voltage,

High Temperature,

28-Lead 5x5 VQFN package,
AEC-Q100 Qualified

Tape and Reel,

5.0V Output Voltage,

High Temperature,

40-Lead 5x5 VQFN package,
AEC-Q100 Qualified

Tape and Reel,

3.3V Output Voltage,

High Temperature,

28-Lead 5x5 VQFN package,
AEC-Q100 Qualified

Tape and Reel,

3.3V Output Voltage,

High Temperature,

40-Lead 5x5 VQFN package,
AEC-Q100 Qualified

Tape and Reel

3.3V Output Voltage,

High Temperature,

28-Lead 4x4 TSSOP package,
AEC-Q100 Qualified

Tape and Reel,

3.3V Output Voltage,

High Temperature,

38-Lead 4x4 TSSOP package,
AEC-Q100 Qualified

Standard package (tube),
3.3V Output Voltage,

High Temperature,

28-Lead 4x4 TSSOP package,
AEC-Q100 Qualified

Standard package (tube),
5.0V Output Voltage,

High Temperature,

40-Lead 5x5 VQFN package
AEC-Q100 Qualified

Tape and Reel identifier only appears in the catalog

part number description. This identifier is used for
ordering purposes and is not printed on the device
package. Check with your Microchip Sales Office for
package availability with the Tape and Reel option.
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. Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly evolving. Microchip is committed to
continuously improving the code protection features of our products.
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tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
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specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at https:/
www.microchip.com/en-us/support/design-help/client-support-
services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSE-
QUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY
KIND WHATSOEVER RELATED TO THE INFORMATION OR
ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applica-
tions is entirely at the buyer's risk, and the buyer agrees to
defend, indemnify and hold harmless Microchip from any and
all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under
any Microchip intellectual property rights unless otherwise
stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.
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