ROHM Datasheet

SEMICONDUCTOR

Buck LED Driver

2 ch/3 ch Current LED Driver with
SPI for Automotive

BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M

General Description Key Specifications

The BD18397/98xxx-M are 2 ch/3 ch synchronous buck B Continuous Input Voltage Range

DC/DC LED drivers with using on-time topology VIN: 5Vtod4s5V
supporting near fixed switching frequency and fast PIN: 5Vto65V
switching duty regulation and with using average LED S5VEXT: 4.5Vto55V
current feed buck topology for more accreted LED current B LED Output Voltage Range: 25Vto60V
regulation system over wide input, LED output range. B Maximum Output LED Current/Channel: 20A
The BD18397/98xxx-M can support individual 10-bit B LED Average Current Accuracy: 3 %
analog dimming and 10-bit PWM dimming for LED current ® 10-bit Analog Dimming Range: 5 % to 100 %
by programing the 10-bit register via SPI. B Programmable Switching Frequency Range:

The BD18397/98xxx-M will support LIMP-HOME mode, if 200 kHz to 2.25 MHz
SPI communication has an error. In the LIMP-HOME B Junction Temperature Range: -40 °C to +150 °C

mode, individual LED current can be set by the external

pins and can keep LED current sourcing during applying Applications

input power without SPlI communication. B Automotive Exterior Lamps

Rear, Turn, DRL/Position, Fog, High/Low Beam etc.

Features
AEC-Q100 Qualifiedete 1) Packages W (Typ) x D (Typ) x H (Max)
ISO 26262 Process Compliant to Support ASIL-B HTSSOP-C48R 12.5mm x 8.1 mm x 1.0 mm
On-time Topology for Near Fixed Frequency Switching HTSSOP-C48 125mmx 8.1 mmx 1.0 mm
Average LED Current Regulation
Protection Diodes Less for Current Sense Pins
Cycle-by-cycle Switch Over Current Protection
Thermal Shutdown (TSD)
Thermal Sensor Reading
Serial Peripheral Interface (SPI)
LIMP-HOME Mode
(Note 1) Grade1.

Typical Application Circuit
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Figure 1. Typical Application Circuit
OProduct structure : Silicon integrated circuit (OThis product has no designed protection against radioactive rays.
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Pin Configurations
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Figure 2. BD18397RUV/EUV-M Pin Configuration
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Figure 3. BD18398RUV/EUV-M Pin Configuration
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Datasheet

Pin Descriptions

FIUSE0lE | ATEOlE Pin Name Function Unused Pin Setting
C48R C48 BD18397xxx-M | BD18398xxx-M
27, 34,46 | 27, 39, 46 PGND PGND Power ground (channel common). | Not unused
25,36, 48 | 25, 37, 48 PIN PIN Supply input voltage for power Not unused
stage (channel common).
18 7 SNSN1 SNSN1 '
21 4 N.C. SNSN3 LED current sense input - Open
(channel x).
24 1 SNSN2 SNSN2
17 8 SNSP1 SNSP1 )
20 5 N.C. SNSP3 LED current sense input + Open
(channel x).
23 2 SNSP2 SNSP2
42 31 BOOT1 BOOT1 Connecting series resister and
40 33 N.C. BOOT3 boot strap capacitor for high side Open
31 42 BOOT?2 BOOT?2 gate drive (channel x).
43, 44 29, 30 SW1 SW1 Switched output connecting the
inductor (channel x).
38, 39 34,35 N.C. SW3 Connecting schottky barrier diode Open
9 16 ISET/PWM1 ISET/PWM1 LED current setting in the LIMP- Pulled down b
10 15 N.C. ISET/PWM3 HOME mode / PWM dimming | Oy
h | external resister
1 14 ISET/PWM2 ISET/PWM2 | (channel x).
6 19 COMP1 COMP1 . .
7 18 N.C. COMP3 Conneptmg compensation Open
capacitor (channel x).
8 17 COMP2 COMP2
12 13 VIN VIN Sl‘c‘féﬁ'y input voltage for signal Not unused
Regulator on-time setting resister
pin. Connect a resistor between
13 12 TON TON the TON pin and GND to set the Not unused
switching frequency.
14 11 5VREG 5VREG Internal 5 V regulator output Not unused
connecting 4.7 uF capacitor.
1,15 10, 24 GND GND Signal ground. Not unused
5 V input power supply for the
33 40 5VEXT 5VEXT internal gate drive's connecting 4.7 | Not unused
MF capacitor.
. . Open for
5 20 Sl Sl Serial data input for SPI. STNAD-ALONE
. . Open for
4 21 SCK SCK Serial clock input for SPI. STNAD-ALONE
. . GND for
3 22 CSB CSB Chip select input for SPI. STNAD-ALONE
Serial data open drain output for
SPI.
In LIMP-HOME mode, fault
2 23 SO/FAULT_B SO/FAULT_B condition output (open drain Open
output and low level active)
Connecting pulled-up resister.
TOP-EXP- | BOTTOM- Exposed pad for thermal cooling
PAD EXP-PAD - and internal connected to -
(GND) (GND) GND.(Note 1)
- - N.C. Non wire connecting. Open
x=1,2,3)

(Note 1) Exposed PAD is signal ground (connecting to the GND pin internally). The exposed pad should not be connecting to Power-supply or any signal nodes.
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Block Diagram
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BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet
Absolute Maximum Ratings (Ta = 25 °C)
Parameter Symbol Rating Unit

VIN Supply Voltage ViN -0.3 to +50 Y
PIN Supply Voltage VeIN -0.3to +70 \%
5VEXT Supply Voltage VsvexT -0.3to +7 \%
BOOTx to SWx Voltage VBTswx -0.3to +7 \Y
SWx to PGND Voltage Vswx_PGND -0.3 to Vein Vv
SNSPx, SNSNx Voltage VsNspPx, VsNsNx, -0.3 to Vein Vv
SNSPx to SNSNx Voltage VsNsx -0.8 to +0.8 \Y
ISET/PWMx Input Voltage VIiSET/PWMX -0.3to +7 \Y
TON Input Voltage VToN -0.3to Vin Vv
5VREG Output Voltage VsvReG -0.3to +7 Vv
VIN to 5VREG Voltage VVIN_5VREG -0.3 to +50 \Y
SI, SCK, CSB Input Voltage Vsi, Vsck, Vess -0.3to +7 \Y
SO/FAULT_B Output Voltage Vso/FAuLT_B -0.3to +7 \
Maximum Junction Temperature Tjmax 150 °C
Storage Temperature Range Tstg -55 to +150 °C

(x=1,2,3)

Caution 1: Operating the IC over the absolute maximum ratings may damage the IC. The damage can either be a short circuit between pins or an open circuit
between pins and the internal circuitry. Therefore, it is important to consider circuit protection measures, such as adding a fuse, in case the IC is

operated over the absolute maximum ratings.

Caution 2: Should by any chance the maximum junction temperature rating be exceeded the rise in temperature of the chip may result in deterioration of the
properties of the chip. In case of exceeding this absolute maximum rating, design a PCB with thermal resistance taken into consideration by increasing
board size and copper area so as not to exceed the maximum junction temperature rating.
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BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet

Thermal Resistance
Thermal Resistance (Typ)
Parameter Symbol JEDEC 252pMole ) iigf;ni?,iﬁ ; Unit
HTSSOP-C48R
Junction to Ambient(Note 7) Bua 54 13.3 °C/W
Junction to Case-top(Vete 2) Buc_Topr 1.12 - °C/W
Junction to Board Characterization Parameter(Note 7) (Note 4) Wis 31 7 °C/W

(Note 1) 6,, Wisis measured with JEDEC 2s2p mounted.

(Note 2) 6,c-top is measured with the IC pressed against the cold plate. The result of N = 1 pc.
For more information about traditional and new thermal metrics, see the Measurement Method and Usage of Thermal Resistance RthJC application

note.
(Note 3) Heat sink: 57 mm x 50 mm x 30 mmt, Number of FINs is 6, FIN width 1 mm, Thermal interface material thickness is 1 mm and Thermal conductivity 3.2
W/mK.
(Note 4) The thermal characterization parameter to report the difference between junction temperature and the temperature at the board located within 1 mm
from the IC.
(Note 5) Using a PCB board based on JESD51-5, 7.
Thermal Resistance (Typ) )
Parameter Symbol Unit
1 g(Note 8) 232p(Note 9)
HTSSOP-C48
Junction to AmbientNote 6) Bua 62 22 °C/W
Junction to Top Characterization Parameter(Note 6) (Note 7) Wit 3 2 °C/W

(Note 6) Based on JESD51-2A(Still-Air).

(Note 7) The thermal characterization parameter to report the difference between junction temperature and the temperature at the top center of the outside surface
of the component package.

(Note 8) Using a PCB board based on JESD51-3.

(Note 9) Using a PCB board based on JESD51-5, 7.

Layer Number of Material Board Size
Measurement Board
Single FR-4 114.3 mm x 76.2 mm x 1.57 mmt
Top
Copper Pattern Thickness
Footprints and Traces 70 ym
Layer Number of . . Thermal Via(Note 710
Measurement Board Material Board Size Pitch Diameter
4 Layers FR-4 114.3 mm x 76.2 mm x 1.6 mmt 1.20 mm @0.30 mm
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70 pm 74.2 mm x 74.2 mm 35 um 74.2 mm x 74.2 mm 70 um

(Note 10) This thermal via connects with the copper pattern of all layers.
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BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet

Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit

VIN Continuous Supply Voltage(Nete 7) VIN 5 13 45 \Y
PIN Continuous Supply Voltage(Vete 7) VPIN 5 - 65 \Y
5VEXT Continuous Supply Voltage™ote 7) VsvexT 4.5 5.0 5.5 \%
SNSNx LED Output Voltage Vourx 25 60 \Y
gs\c/);sgiip Voltage between the BOOTx Pin and the VeTswx 35 ) ) Vv
Continuous Average LED Current ILen1 ILED2 ) } 16 A
for channel 1, channel 2 ’
Continuous Average LED Current LEDS SBD ) ) 16 A
for channel 3 with the SBDNote2) -

fewm = 200 Hz - - 0.8 A
Continuous Average LED fewm = 400 Hz - - 1.1 A
e o fown = 800 Hz leoa no_sep [ - 14 A

fewm = 1200 Hz ) ) 16 A

- (external PWM only)

E\A\;h:nlje:rgr?;ncﬁsirgguency for all channel TE— 200 ) ) Hyz
Channel 315 onabied wif the SEDIo%. fmseo | 200 | - - |t

ILeps_No_seD = 0.8 A 200 - - Hz
PWM Dimming Frequency for ILeps No_sBD = 1.1 A 400 - - Hz
all channel without the frwm_NO_sBD
SBD(Note3) ILeps Nno_seD= 1.4 A 800 - - Hz

ILeps_No_sBD= 1.6 A 1200 - - Hz

BD18397RUV-M - - 3.2 A
Continuous Total Average LED | BD18398RUV-M | - - 4.8 A
Current(ete 9 BD18397EUV-M LEP-TOTAL - - 2.7 A

BD18398EUV-M - - 2.7 A
Setting Switching Frequency fawx 200 - 2250 kHz
PWM Dimming on Pulse Width(Noet) TrwMONx 50 - - us
PWM Dimming off Pulse Width(Neet6) TrPWMOFFx 50 - - us
Operating Temperature Topr -40 - +125 °C

(Note 1) ASO should not be exceeded.

(Note 2) For the BD18398xxx-M only, Schottky Barrier Diodes should be needed between the SW3 Pin and the PGND Pin can support higher current setting for
the channel 3 and using lower PWM frequency, the forward drop voltage of required SBD is less than 0.81 V at the forward current 2 A.

(Note 3) For the BD18398xxx-M only, without Schottky Barrier Diodes between the SW3 Pin and the PGND Pin, minimum PWM frequency for all channel and
maximum current setting for channel 3 should be limited.

(Note 4) Set LED current for each channel less than total LED current: lLep_tota. for the BD18397xxx-M = lLep1 + lLep2, ILep_toTaL for the BD18398xxx-M = lLep1 +
ILep2 + ILeDs.

(Note 5) Set PWM dimming on pulse width higher than Trwwmonx for stable average LED current regulation and detecting LED open.

(Note 6) Set PWM dimming off pulse width higher than Tewwmorrx for stable average LED current regulation. Tpwmorrx should be set higher than following condition:
Tewmorrx > ILeox / (Voutx / L).
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BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet

Recommended Setting Parts Range

Parameter Symbol Min Typ Max Unit
Coupling Capacitor Connecting to the VIN Pin(Nete 7) CviN 0.2 1 - uF
Coupling Capacitor Connecting to the PIN Pin(Nete 7) Crinx 1.0 4.7 - uF
Coupling Capacitor Connecting to the 5VEXT Pin(Note 1) Csvext 2.0 4.7 - uF
gic:]rmg?)satlon Capacitor Connecting to the 5VREG Covrea 20 4.7 ) =

Switching Compensation Capacitor Connecting to the
COMPx Pin(Note )

Switching Compensation Series Resistor R
for CC Mode Connecting to the COMPx Pin COMPx_CC

Switching Compensation Series Resistor
for CV Mode Connecting to the COMPx Pin

Coupling Capacitor Connecting to the SNSNx Pin Coutx 0.10 0.47 - uF
Boot Strap Capacitor Connection between the BOOTx

Ccompx 0.01 0.10 - WF

Rcompx_cv - - 4.7 kQ

Pin and the SWx Pin(ete 7 Carx 10 22 a7 WF
Series Resistor Connecting to the BOOTx Pin(Note 2) ReTx 0.0 4.7 22.0 Q

Total Coupling Output Capacitor for CV Mode Coutx_ov 10 - - WF
Resistor Connecting to the TON Pin Rron 9.1 - 100 kQ
Pulled-up Resistor Connecting to the SO/FAULT_B Pin Rso 1 - - kQ
Current Sense Resister Rsnsx 91 - - mQ
Resistor Connecting to the SNSPx Pin, the SNSNx Pin Rispx, Risnx 0.82 1.00 1.50 kQ
Pulled-down Resistor Connecting to Output(Vete 3 Routx - - 100 kQ

(Note 1) Set the capacitor taking temperature characteristics, DC bias characteristics, etc. into consideration.
(Note 2) Set the series resister to improve electromagnetic interference performance.
(Note 3) Set the resister to discharge output capacitor during corresponding channel disable.
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BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet

Electrical Characteristics
(Unless otherwise specified Vin=13V, Vein =60 V, Vsvextr =5V, Tj = -40 °C to +150 °C)

Parameter Symbol - Limit Unit Conditions
Min ’ Typ ’ Max
[Total]
VIN Sleep Circuit Current linsLP - 0.65 1.20 mA
VIN STANDBY BD18397xxx-M - 1.8 3.3 mA
Circuit Current | BD18398xxx-M e - 2.0 36 | mA
PIN STANDBY Circuit Current lpiNsTB - 43 80 MA | No-Switching
5VEXT STANDBY Circuit Current IsvexTsTB - 65 130 MA | No-Switching
SVEXT Switching BD18397xxx-M IsvExTSW - 4.2 - MA | All Channels Switching
Circuit Current BD18398xxx-M - 6.3 - mA | fswx =400 kHz
Vinuvb 3.80 4.10 4.30 V | Falling Detect Threshold
VIN UVLO Threshold VINUVR 4.15 4.50 4.73 V | Rising Release Threshold
ViNnuvHYs - 0.40 - V | Hysteresis
VPINUVD 3.80 4.10 4.30 V | Falling Detect Threshold
PIN UVLO Threshold VPINUVR 4.15 4.50 4.73 V | Rising Release Threshold
VPINUVHYS - 0.40 - V | Hysteresis
Vsvuvp 3.80 4.10 4.30 V | Falling Detect Threshold
fJ\\//ligql"h?’ZEh)glrd Vsvuvr 3.90 4.20 4.40 V | Rising Release Threshold
V5vuvHYs - 0.10 - V | Hysteresis
V5VRPORD 2.50 2.70 2.90 V | Falling Detect Threshold
5VREG POR Threshold V5VRPORR 2.70 2.90 3.10 V | Rising Release Threshold
V5VRPORHYS - 0.20 - V | Hysteresis
[Reference Voltage]
5VREG Reference Voltage Vsvr 485 | 500 | 515 | v |CovRes =47k
Isvrec = 0 mA to 25 mA
5VREG Drop Voltage Vsvrop - 015 | 035 | V }gl;\‘RIE:G4=-7255Vm R
5VREG Output Current Limit IsvRLM 100 - - mA
gvév(\)lg?h};n(jf-lol\TCo., Ltd. All rights reserved. 9/84 TS202201-0T1T0B400410-1-2

TSZ22111 « 15« 001 01.Mar.2023 Rev.002


http://www.rohm.com/

BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet

Electrical Characteristics - continued
(Unless otherwise specified Vin=13V, Vein=60 V, Vsvextr =5V, Tj = -40 °C to +150 °C)

Limit
Parameter Symbol Unit Conditions
Min ‘ Typ ‘ Max
[DCDC Convertor Switching]
Iswx = -10 mA
- 360 470 mQ : N ’ R
SWx ON Resistor High Side RswxONH Tj=-40°Cto +25°C
- - 720 mQ | Iswx =-10 mA, Tj = 150 °C
Iswx = 10 mA
- 260 340 mQ : o g o
SWx ON Resistor Low Side RswxoNL Tj=-40°Cto +25°C
- - 550 mQ | Iswx =10 mA, Tj =150 °C
SWx Over Current Protection
Threshold Iswxocp 3.0 3.6 4.2 A
SWx Over Current Protection t ) 80 ) ns
Blanking Time SWXOCPBLK
SWx Over Current Protection t ) 128 ) s
Hiccup Time HICCUPx H
SWx Over Current Protection
Flag Set Delay Time tocex 0.7 1.0 1.3 ms
SWx Over Current Protection
Flag Release Delay Time toorxr 0.7 1.0 13 ms
SWx Minimum On Time tswxoNMIN - 90 145 ns Vsnsnx =0 V
SWx Minimum Off Time tswxOFFMIN - 100 150 ns Vsnspx - Vsnsnx = 0V
[On Time]
Vsnspx = 30 V, Rron = 51 kQ
tonxt 1.120 1.250 1.380 Us TONX[5:0] = 7 (default)
Vsnspx = 30 V, Rron = 51 kQ
tonx2 0.219 0.243 0.267 us TONX[5:0] = 43
Vsnspx = 30 V, Rton = 9.1 kQ
onTir et tonxs 0.214 0.237 0.260 us TONX[5:0] = 7 (default)
n Time Setting i 1044 - Hz | SSCG[2:0]=7
- 536 - Hz | SSCG[2:0]1=5
fssem - 283 - Hz SSCG[2:0]1=3
- 155 -- Hz | SSCG[2:0]1=1
Not applicable - SSCGJ[2:0] = 0 (default)
\(/)V?d-trt;me Spread Spectrum toNSSFMW ) +6 ) o
[GM Error Amplifier]
- 1360 - GMx[1:0] = 0 (default)
- 870 - GMXx[1:0] =1
Trans Conductance gm uS
- 530 - GMXx[1:0] = 2
- 300 - GMXx[1:0] =3
- 240 - GMXx[1:0] = 0 (default)
- 120 - GMXx[1:0] =1
COMP Source Current lcompso pA
- 60 - GMXx[1:0] = 2
- 30 - GMXx[1:0] =3
- 240 - GMXx[1:0] = 0 (default)
) - 120 - GMXx[1:0] =1
COMP Sink Current Icompsi pA
- 60 - GMXx[1:0] = 2
- 30 - GMXx[1:0] =3
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Electrical Characteristics - continued
(Unless otherwise specified Vin=13V, Vein=60 V, Vsvextr =5V, Tj = -40 °C to +150 °C)

Limit
Min ‘ Typ ‘ Max

Unit Conditions

Parameter Symbol

[Current Sense Amplifier]

VSNSAVE | qg47 | 1915 | 1982 | my | VSN =4V,Risne=1kQ

100%H ISETx[9:0] = 1023
'Sl'c';:aslli)\(vfacl)’asg’:SC’\:J);rent Sense VSS[\;;X:VE 1006 1066 | 1728 mv ?/Ssgﬁ—t([g(; \i S;%?Nzge:atlft))
o O0E o | St | 07 | sse | 08 my | mcdv R
Voltage Drop Over Rew= 1k | S5 | 451 194 231 | my | e s dViReus 1k

Vaewe | 1503 | 166 | 1700 | mv (SisesOV Loade sese
g:;rglmigr?nse Threshold AVensdss ) 0.203 ) mv
e aretd | MVawow| - | w2 | - | Lse
35#&?.'3?52232' SenseVolRge | vewso | -200 - ¥200 | mV | Vsnsx Voltage
Output Gain e Ges -4 v e e Gan
SNSPx Input Current IsNsPx 38.0 54.5 85.0 pA xz:;’;::glls mv
SNSNx Input Current lvsv | 380 | 545 | 850 | pa | yaemTRLOMY
SNSPx and SNSNx Differential hil:&)sv’::x 1.5 0 1.5 WA xz::ux:;?\/s m
LoD Shortto Ground Detect Visor | 180 | 195 | 210 | V | Vensw Faling
IE)E-IIZ ys'rlli?r:teto Ground Flag Set tsNSXLYD 7 10 13 ms
Iéi‘?aassr]eogéfa)?fl'ci’;zd Flag tSNSxLVDR 0.7 1 1.3 ms
#ﬁzg‘é‘fé Current Protection | v/ o cioce | 320 390 500 | mv Ys?%@%?i 82 Rising
or VMODEXx =1
negative LED ei‘gl dC“"e”t AVsnsaoce| 500 | -390 | -320 | mvV ?QESTXXEZI:|6?Q= 82 Rising,
or VMODEXx = 1
LED Qver _Current Protection fSNSLOCBLK ) 120 ) ns
Blanking Time
Negati\{e LED O\_/er C_urrent HSNSXNLOGBLK ) 80 ) ns
Protection Blanking Time
‘Il_'ﬁr[:e sshtgltclljs Good COMP Over VeOMPYSG ) 255 ) Vv
If)ill:;ys.tr?gz Good Flag Set tsnsxsG 7 10 13 ms
I[_)IZI;1 yS_tI:'TrtTL]Jz Good Flag Release foNSSaR 0.7 1 13 ms
gvév(\)g?h};n(jf-lol\TCo., Ltd. All rights reserved. 11/84 TSZ02201-0T1T0B400410-1-2
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Electrical Characteristics - continued
(Unless otherwise specified Vin=13V, Vein=60 V, Vsvextr =5V, Tj = -40 °C to +150 °C)

Limit
Parameter Symbol Unit Conditions
Min ‘ Typ ‘ Max
[Voltage Sense]
SNSNx Voltage Sense Resistor
Divider Ratio Ksnisnx ) 0.037 ) i
VsNSNx_1 46.5 50.0 53.5 \Y, ISETx[9:0] = 758
VsNsNx_2 235 25.0 26.5 \Y, ISETx[9:0] = 379
SNSNXx 07 =
Voltage Sense Threshold VsNsNx_3 14.1 15.0 15.9 \Y, ISETx[9:0] = 227
VsNsNx_4 6.60 7.00 7.40 \Y, ISETx[9:0] = 106
VsNsNx_s 4.75 5.00 5.25 \Y, ISETX[9:0] = 76
SNSNXx Voltage Sense
Threshold Resolution AVsnsnis ) 0.066 ) v
www.rohm.com
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Electrical Characteristics - continued
(Unless otherwise specified Vin=13V, Vein=60 V, Vsvextr =5V, Tj = -40 °C to +150 °C)

Limit
Parameter Symbol Unit Conditions
Min ‘ Typ ‘ Max
[A/D Convertor]
A/D Resolution RESabc - 10 - bit
A/D Conversion Time tabc - 11.2 - us
A/D Full Scale
Reference Voltage VFsrADC 243 2.50 2.57 Y,
Integral Nonlinearity INL - 12 - LSB
Differential Nonlinearity DNL - 12 - LSB
VFsr1 - 48 - \% ViN
VFsRr2 - 70 - \% VpIN
ADC Monitoring Nodes
Full Scale Range VFsr3 - 67.5 - V| Vsnsnx
VFsra - 55 - \% VsvExT
VFsRrs - VFsrRADC - \ VISET/PWMX
ADC Monitoring Nodes _ . 0
Read Values Total Accuracy AADC 6 +6 %
Thermal Sensor Voltage ADC | ADCremp2s | 394 418 442 - |Tj=25°C
Read Value ADCrempiso| 577 602 627 - |Tj=150°C
[PWM Dimming]
ISET/PWMXx Input for DC/DC Rising
Switching On Threshold 1 Ve 0.42 0.46 0.50 V' | Inthe LEDACTIVE
ISET/PWMx Input for DC/DC Falling

VPwMxL1 0.40 0.44 0.48 \Y

Switching Off Threshold 1 In the LEDACTIVE
Rising
'Ssvﬁgm'\"c’)‘n"}%:;‘r’:o%%{[)c Vewwez | 045 | 047 | 0.9 V | In the LIMP-HOME
9 or STAND-ALONE
Falling
ISET/PWMx Input for DC/DC Vewwiz | 013 | 015 | 0417 V| In the LIMP-HOME

Switching Off Threshold 2 or STAND-ALONE

ISET/PWMx to DC/DC

Switching On Transition Delay T ) 01 1.0 HS
ISET/PWMx to DC/DC towinit - 0.2 10 | ps
Switching Off Transition Delay
- 203 - Hz | PWMDIV[2:0] = 1 (default)
- 407 - Hz | PWMDIV[2:0] =4
Internal PWM Frequency frwm
- 610 - Hz | PWMDIV[2:0]=6
- 814 - Hz | PWMDIV[2:0]=7
[LOGIC /O SCK, CSB, Sl, SO/FAULT_B]
Internal Oscillator Frequency fosc 2.0 25 3.0 MHz
Input Voltage High ViHxx 2.2 - - \Y, SCK, CSB, Sl pins
Input Voltage Low ViLxx - - 0.6 \%
Input Pull-down Resister RiNxx_PD 250 500 1000 kQ SCK, Sl pins
CSB Pull-up Current IcsBoL - 10 - MA | Vess=0V
\S/c()DIggAeU LT_B Output Low VSC;/_F gt“‘T- - - 0.6 \Y IsoFauLt B 0 = 10 mA
23/2’;\#LT_B Output Leakage Iss_/txéis_ ) ) 1 UA | Vsoraure=5V
gvév(\)lg?h};n(jf-lol\TCo., Ltd. All rights reserved. 13/84 TS202201-0T1T0B400410-1-2
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Description of Blocks

1 Buck Converter LED Current Regulation
The BD18397/98xxx-M is synchronous buck converter with nearly fixed switching frequency and provides stable LED current
over wide input and output voltage dynamic range. The BD18397/98xxx-M is using average inductor current regulation by
control inductor valley current in average inductor current sensing feedback loop. In buck convertor topology, Inductor current
is same with LED current, so that this inductor valley current control can be used for accurate LED current regulation loop.
The BD18397/98xxx-M are using constant on time topology supporting nearly fixed switching frequency over input and
output voltage change. The internal on-time generator supporting nearly fixed switching frequency makes timing for the buck
converter SW output tuned off (“RST”) based on desired switching on-duty calculated by the real time sensing Vein and
Vsnspx voltage.
The internal valley current detector makes timing for the buck converter SW output turned on (“SET”) compared with inductor
valley current and integrated error output signal Vcowmex of the GM amplifier inputs between LED current regulation reference
voltage Vocoimx and LED current sensing differential voltage Vsnsx between the SNSPx pin and the SNSNx pin.

PIN

1
LT

BlfOTx
L i Q— DRVH _,E | || ” “ "'}/'\'/M“""'lLEDxAVE

On time control | por escccen

SNSP X L SWx N ILEDX

TON ONTIME
IR s
vt Carx
SVEXT
BOOTX
| '—c>|—mJ

!

= \verage current control [y
- Average LED aurent contiol | e ¢ G—DRVL—,r—'l
1 PGND
LT J_
] Rail to Rail
\é.?rl"res%tlrc‘gtjg;r GM error amplifire current sense _[ gt SNSPx
COMPxX v - . — L1
] l ‘coMPx X4 V/SNSx RsNsx
o \§ Z :—\__[] SNSNx
]=: Vesraoc 02V SZ&
. ISETX_DAC_ bepivx SZ)’"
ISETx[9:0] V LN cm:\’,'g’mr ] ICOUTx
1/12 B L
%f,
Figure 5. Buck Converter LED Current Regulation
On Time (Tony) control
—Inductor current ripple ( Al eox) control
ILEDXA Aliepx §
/\ g /\\//\\//\\//\ ILEDXAVE
Tonx ¥<
Average LED current (l.epxave) control
—Inductor bottom current control
O A
T
VA
0 5
T
Figure 6. Buck Converter LED Current Regulation Waveforms
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Description of Blocks - continued

2 LED Current Setting (Current Sense)
Full-scale LED average current can be set by resistor Rsnsx connected between the SNSPx pin and the SNSNx pin and can
be programmable by SPI register ISETx[9:0]. The internal Rail-to-Rail current sense amplifier is monitoring LED current by
differential voltage (Vsnsx) over Rsns between the SNSPx pin and SNSNx pin and generating an error output voltage
compared between the Vsnsx and the scaled reference voltage (Vocoivx / 12). This error output will be integrated by the
compensation capacitor Ccompx connecting to the COMPX pin.
The Internal reference voltage Vocoimx is defined by the fixed internal offset voltage (-0.2 V) and the programable Voltage
Visetx_pac set by the ISETx[9:0]. The 10-bit DAC convertor full scale range is 2.5 V (Vrsrapc) same with the internal 10-bit
ADC .Programmable LED average current can be calculated by as following formula.

I _ Vsnsxave _ Vbepimx _ Viserx pac — 0.2V
LEDXAVE Ronsx 12 X Rsysx 12 X Rgnsx

B ISETx[9:0]XV 027 ) x

B 1024 FSRADC 12 X Rysy
Where:

Vsnsxave is the average current sense regulation voltage.

Vpepiux is the internal reference voltage before scaling (1/ 12) for the Rail-to-Rail current sense amplifier.
ViseTx pac is the 10-bit DAC outputs set by the ISETx[9: 0] to define the Vpcpipy-
VEisrapc is the reference voltage of the 10-bit DAC outputs for the Visgrx pac-

Valley Inductor
current detect

Vesox - —

GM error amplifire

Rail to Rail
current sense

Veowpx

ISETX[9:0]

Vsnsxave

!
x4

2\

GMx[L:0]

Vrsrabc

0.2V

ILEDXAVE

10 bit V\sETx,DAcZ%\ Vocoimx VIV
D/A p convertor
1/12

SNSPx |
VsNsx Rsnsx []
= SNSNx [
A4
A4

Figure 7. LED Current Setting

W

i —

Coutx

W

R Y ER O e e L R R S S O T T T e e e

Dis-continuous

Constant Ripple Voltage

AVsnsx

Vsnsx_pk

weseefeseeee Vgnseave = AVpcomx/ 12

Vsnsx VAL

Vesra
SRADC

omv -

o

2.5V  Visetx_pac

AVocomx

oA 4

100 %

1024

Oeeqecseccces
ccceccmepean

[ec]
N

ISETX[9:0]

=
o
N
w

Figure 8. Current Sense Regulation Voltage Setting
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Description of Blocks - continued

3 DCDC Switching Frequency

The buck converter switching on-duty (Donx) and frequency (fswx) is defined as following.

D _ Vsnspx T Donx Donx _ 1 Vsnspx
ONx = , oNx = 7 = fswx

Vpin Tonx Tonx Vpin

The buck converter switching frequency (fswx) can be nearly fixed by the adapting constant on time, this on-time Tonx will be
proportional to switching on-duty Donx by monitoring the buck converter input voltage as the Vein and output voltage as the
Vsnspx as following formula.

1 V. V.
fswx = SNSPX = Constant — Toyy & —iX

TONx VPIN VPIN

The BD18397/98xxx-M has the individual on-time circuit in channels generating adapting constant on time Tonx set by the
SPI. The On time itself will be changed over switching on-duty changed for fixed switching frequency so that the buck
converter switching frequency is set by the SPI register TONx[5:0] and the external resistor (Rton).

V.
X Rron X —2P2 % 1076 + 20 x 1079, (k = 0.000386)

Tonx =
ONx = TONx[5:0] + 1 Vorn
. ! VSNSP
f:gwx B k VSNSPx 6 9 X V, :
v/ - - PIN
TONX[5: 0] F 1 % Rrow X 7% X 107¢ + 20 X 10

*More than 2.25 MHz setting cannot be used.

2800

2400

2000 v

— 1600 Vd
[
5 //
B 1200 /,.
300 /
400 /
ra
7
0
0 8 10 15 20 28 30 35 40 45 50 55 60
TOMx[5:0]
Figure 9. DCDC Switching Frequency vs TONx[5:0] (Donx = 0.5, Rton = 51 kQ)
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3 DCDC Switching Frequency - continued

2800

2400

2000

1600

fswx [KHZ]

1200

800 \
\

400 ~—

/—..0000'
//

0 20 40 60 80 100 120
RronlkQ]
Figure 10. Switching Frequency vs Rron (Donx = 0.5, TONX[5:0] = 7)

The BD18397/98xxx-M has built-in spread spectrum function and the modulation switching frequency is £ 6% (Typ) around
the setting frequency fswx. The spread spectrum modulation frequency can be programmable by the register SSCG[2:0].
When SSCG[2:0] is set to 0, spread spectrum modulation is not applicable. When enable the SSCG function, all channels
of ON time generator use same modulation frequency (fssrm) to make spread on time based on monitoring on-duty.

SSCG[2:0] fssem[HZ]
0x0 SSCG Not applicable
0x1 155
0x2 185
0x3 283
0x4 361
0x5 536
0x6 763
0x7 1044
fswx = 6 %
fswx A JL
fssem = 0 % N e e e e

fssrm

A 4

Figure 11. Spread Spectrum
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Description of Blocks - continued

4 Internal PMW Dimming Setting (In the LEDACTIVE Mode)
The BD18397/98xxx-M has an internal 10-bit PWM dimming generator to make timing for individual buck converter switching
on/off. The internal PWM dimming (INTPWMx) ON duty cycle (Drwwmx) set by SPI register the DPWMXx[9:0].
PWM dimming frequency fpwm can be set by SPI register the PWMDIV[2:0] and this PWM dimming frequency setting is
commonly used in all buck channels for synchronous PMW dimming within the device itself.

DPWMx[9: 0] + 1 Dpwiix
PWMx 1024 » LPWMONXx fPWM
PWMDIV[2:0] fownm[Hz]

0x0 153

ox1 203

0x2 244

0x3 305

Ox4 407

0x5 488

0x6 610

0x7 814

Minimum PWM dimming pulse width is depends on using inductor and average current setting because of inductor current
charge per one DCDC switching on cycle limited.

lLEDX AN

ILEDXAVE ecccccscfodpefodeahodehaledechadochofea oo
ILEDX VAL

Tonx

i 4

T PwMONx

PWMONX

i 4

Figure 12. PWM Dimming Waveform

5 External PWM Dimming Setting (In the LEDACTIVE Mode)
PWM Dimming on Pulse Width Tpwmonx is controlled by internal PWM dimming generator or external PWM dimming control
by the ISET/PWMx pin when the ISETDIMXx bit is set in the LEDDC register. If the ISET/PWMx pin is set to high level, TPWM
is equal with internal PWM on cycle (DPWMx). If the ISET/PWMx pin is set to low level, TPWM goes low and LED current
force turned off. In case of PMM dimming setting DPWMx100% (default), the ISET/PWMx pin can be used for external PWM
dimming control for LED current on/off same with internal PWM dimming use case. Minimum PWM dimming pulse width is
depends on using inductor and average current setting because of inductor current charge per one DCDC switching on

cycle limited.
PWMONX Definition for channel x
IEi2IoIla LEDACTIVE LIMP-HOME or STAND-ALONE
0 DPWMXx[9:0] .
1 ISET/PWMXx pin & DPWMXx[9:0] ISET/PWMx pin

www.rohm.com
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Description of Blocks - continued

6 Hybrid External Analog and PWM Dimming Setting (In the LIMP-HOME and STAND-ALONE Mode)
The BD18397/98xxx-M supports “External Analog Dimming mode when the IC state is into the LIMP-HOME or STAND-
ALONE mode.
In the external analog dimming mode, internal reference voltage for current regulation can be defined by the ISET/PWMx
pin voltage (Visetrwmx). When the external input voltage Viserpwmx pin voltage is less than internal reference voltage
ViseTx_pac, feed-back voltage Vsnsx will be regulated by external pin voltage setting.
In case of using analog dimming and PWM dimming by the ISET/PWMx pin, applying PWM peak voltage defines analog
dimming level lLebxave and PWM duty (Dpwmx) defines PWM dimming ON time Terwmonx. The analog dimming peak voltage
Vewmx_pk can be set by the voltage divider (Risx1 and Risx2) and PWM duty (Dewwmx) control by external NPN transistor by
applying invert PWM signals (PWMx_B).

Current Setting Definition for channel x
LEDACTIVE LIMP-HOME or STAND-ALONE
ISETX[9:0] ISETX[9:0] & ISET/PWMX pin

if Viserx.pac > Viser/pwmx

Voepimx = Viser/pwmx — 0.2V,
Voepimx = VISETx_DAC - 02V v /V
if Viserx pac < Viser/pwmx

Vocpimx = Viserxpac — 0.2V

Rail to Rail
current sense

GM error amplifire SNSP.
; , =1

V5VREG Veour . x4 Vnsx
o iserrvan, SNSNX
Risx1
- - % ,_|ISET/PWMX Viser/pwmx
J VIV
convertor
Pwiix 8 EMHXx |_<1*J— HQ: PWMONX e
Risx2 P 5VREG ’_LO
e e 017V/0.15V T
Ve INTPWMx ‘
LOGIC  |UMPH-HOME Vesranc
STAND-ALONE
ISETX[9:0] - Viserx_pac
Figure 13. Hybrid External Analog and PWM Dimming
leoxave AN TrwmoNx
Vocoimx =, Viserx_bac
ViseTx_DAC o
[ XN PR RN RN RN NRN I N NN Y I NN NNENNNNNFNNNNNFRNNNN NN NNN NN NN NNN NN NN NN NN eoe
== "= Vbcoivx = VPwmx Pk
Vbeoimx = Vewmx Pk
0 g
»
ViseT/PwWMx
A D
PWMx
VISETx_DAC
cedecccccsccccdeccccieccccccnsccccccccsccccccscscscesescscccenesbhoccahanne
Vpwmx_PK
Vewmx
A
»
T
Vewmx_B A
|| . [,
T
Figure 14. Hybrid External Analog and PWM Dimming Waveforms
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Description of Blocks - continued

7 Bootstrap Charge
The BD18397/98xxx-M is synchronous buck DC/DC LED drivers and contains high side and low side N-channel FETs.
The high side gate driver can be working by proper power supply voltage input between the BOOTx pin and the SWx pin.
The connecting bootstrap capacitor Csrx can be charged from the 5VEXT pin supply through the internal diode during the
SWx pin is pull-down. During the SWx pin switching, corresponding channel bootstrap voltage can maintain by refreshed
capacitor energy. When the SWx pin is Hi-z (CHONXx = 0 or corresponding channel PWM dimming off time), the bootstrap
voltage cannot maintain and becomes lower voltage than recommended bootstrap voltage (Verswx > 3.5 V). Alarge bootstrap
capacitor is required to prevent lower bootstrap voltage operation when using lower PWM frequency. An external bleeder
resistor Routx connecting to the output is required to charge the bootstrap capacitor during the SWx pin is Hi-z (CHONXx =
0) and to reduce negative inductor current energy from the output by the SWx pin pulled-down for bootstrap charged at
channel turned on. In case of an adding bleeder resistor is not enough off time (CHONx = 0) for completely discharging
output capacitor energy, the output capacitor can be fast discharged by the negative inductor current regulation setting
(recommended ISETx[9:0] = 57) before channel turned off (CHONx = 0). When turning on the corresponding channel, the
output voltage must be sufficiently discharged (Voutx < 1.5 V) before turning on the corresponding channel (CHONx = 1) to
ensure that the bootstrap voltage is above the recommended operating voltage (Vsrswx > 3.5 V).

lLeDxave AN TPwMONx
PWM dimming off
O A
»
V, refresh bootstrap ) ; T
BTSWx A capcitor energy large bootstrap capacitor reugired
ssv| T~ ¢ e
..-.........q.-..q........'b,p.....-.................-.................-.
..... Recommended bootstrap voltage
small bootstrap ~*~
capacitor
A
7
T

Figure 15. Bootstrap Charge During PWM Dimming Waveforms
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7 Bootstrap Charge - continued

| LEDxAVE

CHONx =1 CHONx =0 CHONx =1
ISETX[9:0] = 901 ISETX[9:0] = 57 ISETX[9:0] = 901
Negative LED
current regulation Start-up
0 >
T
Voutx A
......... ........._\y.itout negative LED current regulation
fast dischaged by negative LED -
_—+ current regulation
>
~ Compltely dischaged
. T
VBTswWx A refresh bootstrap capcitor energy
35V
e deeeeereerrerr e eer 0NN eENee00e00eNceeceeccccceccecOCCOROOROR®
Recommended bootstrap voltage
AN
L
T

Figure 16. Bootstrap Charge During Channel Off Waveforms
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Description of Blocks - continued

8 Voltage Regulation (In the LEDACTIVE Mode)
The BD18397/98xxx-M supports “Voltage regulation mode when the VMODEX bit is set in the DCDCSET4 register.
In the voltage mode, the BD18397/98xxx-M regulates the SNSNXx pin voltage (Vsnsnx) by control inductor valley current in
average voltage sensing feedback loop. In the voltage mode, The BD18397/98xxx-M are using constant on time topology
supporting nearly fixed switching frequency over input and output voltage change. The internal on-time generator supporting
nearly fixed switching frequency makes timing for the buck converter SW output tuned off (‘RST”) based on desired switching
on-duty calculated by the real time sensing Vein and Vsnsnx voltage.
The internal valley current detector makes timing for the buck converter SW output turned on (“SET”) compared with inductor
valley current and integrated error output signal Vcomex of the GM amplifier inputs between reference voltage Vocomx and
output voltage Vsnsnx pin.
For soft-output-start to reduce rush charge output current, programmed soft-ramp-up reference voltage (Vbcoimx) or soft-
ramp-up the COMP pin voltage by more compensation capacitor (Ccompx).
The voltage regulation mode setting is only activated in LEDACTIVE MODE. In case of LIMP-HOME or STAND-ALONE
mode, DCDC coveter should be disabled by corresponding the ISET/PWMx pin pulled down.

Viserx pac _ (1 SETx[9:0]

XV ) x L
KSNSNx 1024 FSRADC

KSNSNx

VSNSNx -

Where:

Vsnsny is the output regulation voltage.

Ksnsny is the internal voltage divider. Kgysyy =1/ 27.

ViseTx pac is the 10-bit DAC outputs set by the ISETx[9: 0] for the internal reference voltage
of the GM amplifier to define the V gpsny-

V Esrapc is the reference voltage of the 10-bit DAC outputs the Vspry pac.

PIN
—

LT

BOOTx
i | ” “ ” "7/'\7% """" ILEDXAV E
On time control QF—— DRVH —,m

SNSPx RST L swx YA * ILeDx
TON ONTIME T J_
Carx
SVEXT SVEXT
| BOOTx
e =
= Average LED current control -
SET O DRVL —, put
L PGND
T 1
Rail to Rail
Valley Inductor current sense
aurrent detect GM error amplifire a []SNSPX
COMPX v Z —o{w_ +
L compx < X4 Rsnsx
. ) o N SNSNx
. < —— 4
VsNsNx
I 0.2V VIV
= * convertor
- 1/12
ISETx [9:0} 100 CouTx
Vbebivx Voltage sense divider =
KV snsnx
ks Ksnsnx

Figure 17. Buck Converter Voltage Regulation
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8 Voltage Regulation (In the LEDACTIVE Mode) - continued

Vsnsnx o
VSNSNXAVE
ILEDx \ On Time (Tonx) control T
Alieox —Inductor current ripple (A lepx) control
Average Voltage (Vsnsnxave) control
—Inductor bottom current control
0 S
T
Vawx A
0 5
T
Figure 18. Buck Converter Voltage Regulation Waveforms
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Description of Blocks - continued

9 Abnormal Detection/Protection Function

Detecting Condition T .
(all the value is typical) Description in Detecting
Detection/ SO/FAULT_B
Protection Output
Function Detection Release Buck DCDC Register ADC STAND-
ALONE
MODE
5VREG VsvReG < V5vREG 2 All channels All registers Not Hi-Z
POR 27V 29V SWx = Hi-Z initialized. Available
5VREG off Not updated
All channels All registers will Not .
VINUWVLO | Vin<41V Vinz4.5V SWx = Hi-Z be initialized by | Available Hi-Z
COMPx discharged 5VREG POR.
5VREG Vsvrec £4.1V | Vsvreg 24.2V All channels UVLO bit is set in Not
5VEXT or or SWx = Hi-Z the Status Available Hi-Z
UVLO Vsvext 4.1V | Vsvext 24.2V | COMPXx discharged register.
All channels PIN UVLO bit is Not
PIN UVLO Ven<4.1V Ven=4.5V SWx = Hi-Z set in the Status Available Hi-Z
COMPXx discharged register.
Corresponding Corresponding the
SWx Over channel SWOCPERRKX bit
Current SWx = Pull-down is set in the status
Protection Iswx > 3.6 A Iswx < 3.6 A COMPXx discharged register and Available Low
(SWOCPx) with will be reset after
Hiccup time (128 10 ms counts by
ys) SWOCPXx release.
Corresponding .
LED Over Corresponding the
Current Vs > Vs < channel LEDOCPERRX bit .
. VsNsxave + VsNsxave + SWox = Pull-down - : Available Low
Protection is set in the status
390 mV 390 mV COMPx .
(LOCPXx) . register.
discharged.
Negative .
LED Over Vsnsx < Vsnsx > Corresponding Corresponding thg
LEDOCPERRKX bit .
Current VSNSxAVE - VSNsxAVE - channel is set in the status Available Low
Protection 390 mV 390 mV SWx = Pull-up reqister
(NLOCPX) gister.
Corresponding the
LED Open Vcompx > Vcompx < LODx bit is set in
Detection 255V and 2.55Vand Continue switching. | the status register | Available Low
(LODXx) PWMONx=H | PWMONx =H after 10 ms
counts.
Continue switching .
LED Short and common mode Correspc_)n_dmg t_he
to ground VsNsNx < Vsnshx > input range (SNSPx thSD:( ,?'t IS sgttln Availabl Hi-7
Detection 1.95V 1.95V and SNSNx) © stalus register | Avatiable -
. after 10 ms
(LSDx) switched to low-
; counts.
side-sense.
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Description of Blocks - continued

10 5VREG, 5VEXT
The 5VREG voltage 5.0 V (Typ) is generated from the VIN pin voltage. This voltage is used as the internal power supply of
the IC. SVEXT is external power supply input for the Gate Driver. The 5VREG can be used for connecting to the 5VEXT for
the power supply. 5 V external power supply can be connecting to the 5VEXT for internal gate drive power supply to reduce
power loss with high frequency switching in the device. The total current supplied for the internal gate driving should not
exceed lsvrum. The current supplied to the internal gate driving per channel can be calculated by the following formula.

Irgr/channel = Q¢ X fowyx = 4.8 [nC] X foyy

Where:
Q¢ is the internal gate charge of the MOSFETs per channel (in case of applying Vein = 60 V).
fswx is the DC/IDC switching frequency.

Connect Csvrec = 4.7 YUF as phase compensation capacitor to the 5VREG pin. Connect Csvext = 4.7 yF as Coupling capacitor
to the 5VEXT pin. Place ceramic capacitor close to the IC to minimize trace length to the 5VREG pin and 5VEXT pin to the
IC ground. The 5VREG pin will not be used for as a power supply other than this IC.

11 Power on Reset (POR)
The BD18397/98xxx-M has a POR circuit monitoring the internal power supply output Vsvrec. When detecting POR, Internal
all circuits and logic registers will be initialized. POR circuit main purpose is internal logic initialized in POR condition by
reset signal. Between the POR detection threshold and UVLO detection threshold of the 5VREG pin, internal register values
will not be reset and can be read by SPI.

12 Under Voltage Locked Out (UVLO)

The BD18397/98xxx-M has UVLO circuits monitoring the input power supplies Vin for the internal reference circuits including
TSD circuit and Vsvrec for the internal 5 V LDO output, and Vsvexr for the internal gate drives and Logic and POR and analog
circuits includes thermal sensor, and Vpin for drain node of high-side FET and SWOCPX circuit in all channels.

When detecting a UVLO by the Vin or Vsvreg or Vsvext or Vein, all buck DC/DC converter, including ADC convertor are
immediately shutdown and all SW outputs are Hi-Z. Internal analog circuits are initialized so that all COMP pins will be
discharged. When detecting a UVLO by the Vein, corresponding buck DC/DC converter is disabled immediately and SWx
output is off and the COMPXx pin will be discharged. When recover a UVLO, buck DC/DC converter needs wait time for start-
up until the COMPXx pin charged up and reach to desired inductor valley regulation voltage.

I A in UVLO in start-up in UVLO
LEDx detecting after UVLO release detecting
| Exave AVAWAWAWAWAWAWAWAWAWAY
VVVVVVVVVYV
0 >
T
Vcompx A
0 T;
VSWX A
0 >
T

Figure 19. Buck Converter Start-up Waveform
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Description of Blocks - continued

13 Thermal Shutdown (TSD)
In case of a TSD as Tj > 175 °C (Typ), all the buck DC/DC converters will be disable immediately and Internal all circuits
and logic registers will be initialized and the SO/FAULT_B pin goes low level output. When TSD recovered at Tj < 150 °C

(Typ), the SO/FAULT_B pin goes high level output, the DC/DC converters will be in the SPIWAIT state until start-up sequence
trigger happened.

14 SW Over Current Protection (SWOCPXx)
The device has a SWOCPx circuit monitoring the output current of the SWx pin. In case of inductor peak current is not
limited during the internal high side FET switched on, the internal OCP is detected when the SWx output current exceeds
3.6 Atypical. The corresponding channel SWx output will be immediately switched off, and the COMPx pin will be discharged
and the SWOCPERRKX bit is set in status register. After recovery switching during Tocerx (10 ms) counts without detecting
SWOCPx, the SWOCPERRX bit is reset (set flag latched in case of SWOCPLAT = 1).

Iswx 4 SWx short to GND

Thiccupx in start-up THicCUPx in start-up Triccupx in start-up

Iswocpx

wwwwwwww: 8 iy iy MWW MWW
0
SWOCPXx 'I ] '|
regswocepx [+ + - ﬂ_

Tocrrx = 10 ms

Figure 20. SW Over Current Protection Waveform

15 LED Over Current Protection and Negative LED Over Current Protection (LOCPx and NLOCPx)

The device has LOCPx and NLOCPXx circuits and are monitoring LED current by output of the internal Rail-to-Rail current
sense amplifier sensing differential voltage over Rsnsx between the SNSPx pin and SNSNx pin.

Internal LOCPx is detected when the Vsnsx voltage exceeds AVsnsxLoce (390 mV fixed value) from setting regulation voltage.
The corresponding channel the SWx pin output will be immediately switched off, and the COMPXx pin will be discharged until
LOCPx detecting release. In detecting the LOCPX, corresponding channel of the LEDOCPERRX bit is set in status register
(set flag latched in case of LEDOCPLAT = 1).

Internal NLOCPXx is detected when the negative Vsnsx voltage exceeds AVsnsxnioce (-390 mV fixed value) from setting
regulation voltage. The corresponding channel the SWx pin output will be immediately switched on (cycle by cycle). In

detecting the NLOCPXx, corresponding channel of the LEDOCPERRX bit is set in status register (set flag latched in case of
LEDOCPLAT = 1).
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Description of Blocks - continued

16 LED Open Detection

LED open detection will happen in a LED open failure, a connector to a LED’s boars opened. When a LED opened, a LED
current is not flowing through the shunt resistor Rsnsx between the SNSPx pin and SNSNx pin so that its differential average
voltage Vsnsxave goes zero level input for average current regulation loop. Internal average LED current regulation loop get
feed-back of lower current compared with desired LED current setting. So that the internal error GM amplifier output as the
COMP pin output voltage Vcowmex will be increased and clamp to the COMPXx pin over voltage detect level Vcompxsc. This
clamp level is optimized, and clamp level is much closed to regulation DC voltage. This technology will help eliminating LED
over current incase of LED open failure recovery or lower input voltage recovery. In detecting LED open, corresponding
channel of the LODx bit is set in status register after tsnsxse (10 ms) counts. When LED open detect release by average
current sense voltage Vsnsxave goes high level, the LODx bit is reset after tsnsxscr (1 ms) counts.

in LED _Open in start-up
VLEDx detecting after LED Open release
A Vein
A LED Open
ILEDXAVE AAAAANA/ A/\/\/\/\AAAA,\AA
'V VV VYV ‘,.-r"’VVVVVVVV\
. Continue switching
0 N : >
Vcowmpx A : E
' COMP clamp e
VcompxsG : T v
C] :
LODx | |
E tsnsxsc . ' tsNsxsGR :
reg LODx E i i
Figure 21. LED Open Detection Waveform
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Description of Blocks - continued

17 LED Short to GND Detection

LED short can be detected by a LED anode voltage at the SNSNx pin less than Vispx (1.95 V). In case of a LED short to
ground condition time is more than tsnsxvo (10 ms), the corresponding channel of the LSDx bit is set in status register. When
a LED short to ground release by the SNSNXx pin voltage higher than the Vispx, the corresponding channel of LSDx bit is
reset after tsnsxuvor (1 ms) counts. In a LED short to ground, the device will continue LED average current regulation and
buck DC/DC on time is limited by internal minimum on time tswxonmin (90 ns) .and LED ripple current Al.ep on (regulated
LED ON current) during tswxonmin Will be higher than expected LED ripple. In addition, LED current down slope is more less
than LED minimum output connecting case and the LED valley detect comparator (for sending ON signal) will wait long off
time (Torrx) until inductor current going down to desired bottom (Valley) current based on regulation loop.

LED short detection is activated by corresponding channel of the CHONX bit is set in CHEN register, including PMWOFF
condition so that long PWM off condition will be results in LED short detection flag set in the status register and depends on
remaining output capacitor at the SNSNXx pin.

in LED Short to Ground
AlLep on
lieoxp A lLeox
ILEDxavE - AL\ LA B -
Mﬁi tSWXONMIN —) fe— Torrx
0 >
VSNSNXA i
T
0 T >
H ' T
LSDx l 1
E tsnsxLvp
reg LSDx E
Figure 22. LED Short to GND Detection Waveform
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Description of Blocks - continued

18 State Machine

O

release POR & TSD

CSB pin = low > 0.8 ms

Low quiescent current mode
(no oscillation)

automatic
operation

)

Pl
<«

v

STAND

CSB pin = high

WDTEN =1 &

SPI Access No SPI Access

ALONE

>1s

released :" ‘.
UVLOVIN & ! * WDTEN=1& \
SLEEP =0 o )
! ANY ALL . No SPl Access >1s .
'CHONx=1| |CHONx=0} »[ LIMP
' 1< HOME
detecting » s+ SPIAccess
UVLOVIN || % N
SLEEP =1 S N —
L] .
‘.‘ ./ SPI Access: SPI access and CRC OK
* ,:' No SPI Access: no access or access but CRC NG
Figure 23. State Machine
Table 1. State Machine Description
Quiescent Co SO/FAULT_B .
State Current LED Lighting (Operation) Description
RESET Low OFF Hi-Z All internal block is initialized.
Dimming mode is selected in this state. IC
can enter STAND-ALONE mode by CSB =
SPIWAIT Normal OFF Hi-Z Low for 0.8 ms. This feature can only be used
in this state. If not used, this feature can be
available after POR or TSD.
STANDBY Normal OFF SO During settmg refglster. or turn off
A/D conversion is available.
Lighting Dimming is programmed by SPI setting.
LEDACTIVE Normal (Programmed by SO A/D conversion is available. Protection status
SPI) can be checked by Register polling.
SLEEP Low OFF SO Keep ITow qwescgnt current L_m_tl_l S_LEEP =0.
All register value is kept (not initialized).
Lighting When MCU cannot communicate with this IC,
LIMP-HOME Normal (Programmed by SO Th|§ IC keeps Ilghtllng_ by_ external resistor
; setting. No communication includes CRC NG
external resistor) SPI Communication.
N When CSB = Low for 0.8 ms, This IC keeps
STAND-ALONE | Normal | (Pro L;grr‘r:';g db FAULT B | llghting by external resistor setting. Protection
9 > DY - can be checked by monitoring SO/FAULT B
external resistor) = Low
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18 State Machine - continued

Table 2. State Machine Description for Dimming

State (IS(E;SDtg\?) LED Lighting LED Current Setting PWM Dimming Setting

RESET 0 - .
SPIWAIT 0 OFF - .
STANDBY o/ - -

0 DPWMX[9:0] register
LEDACTIVE 1 Lighting ISETxX[9:0] register DPWMXx[9:0] register

& ISET/PWMx pin

SLEEP 01 OFF - i
Sabalone | O | vemnoore | SEDIEeSRers | iserpwmpin

*ISETDIMx initial value =0

Ex1.) LED ON in LIMP-HOME/STAND-ALONE
with ISETDIMx = 0

ISET/PWMx pin > VPwmx

STAND-ALONE
LED ON

write ISETDIMx = 0
Dpwmx = 50 %

LIMP-HOME
LED ON
Dpwmx= 100 %

LEDACTIVE
LED ON

Dpwmx = 50 %

Ex3.) LED ON in LIMP-HOME/STAND-ALONE
with ISETDIMx = 1

ISET/PWMXx pin > VPwmx

STAND-ALONE
LED ON

write ISETDIMx = 1
Dpwmx = 50 %

LIMP-HOME
LED ON
Dpwmx= 100 %

LEDACTIVE
LED ON

Dpwmx = 50 %

Ex2.) LED OFF in LIMP-HOME/STAND-ALONE
with ISETDIMx = 0

ISET/PWMx pin < VPwmx

STAND-ALONE
LED OFF

write ISETDIMx = 0
Dpwmx = 50 %

A 4

LEDACTIVE
LED ON

Dpwmx = 50 %

LIMP-HOME
LED OFF

Ex4.) LED OFF in LIMP-HOME/STAND-ALONE
with ISETDIMx = 1

ISET/PWMx pin < VPwmx

STAND-ALONE
LED OFF

write ISETDIMx = 1
Dpwwmx = 50 %

STAND-ALONE
LED OFF

LEDACTIVE
LED OFF

Figure 24. Example of Operation Flow
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Description of Blocks - continued
19 SPI Protocol and AC Electrical Characteristics

This IC can be accessed via SPI using CSB, SCK, SI, SO/FAULT_B terminals as shown in.

CSB — Chip Select
SCK — Serial Clock
Sl — Serial Data input
SO/FAULT_B — Serial Data output
B
CS |
SCLK
»| BD18397/98xxx-M
MOSI

MCU ———»

MISO
SO/FAULT B

Figure 25. MCU Connection

Select the IC to be accessed by setting the CSB to low. Send the data based on the format as shown in. Data to be sent
follow a MSB first 24-bit data format for write: 1-bit RW (read or write), 7-bit register address, 8-bit register data (to be written)
and 8-bit CRC. SPI can be accessed in daisy chain connection or parallel connection. There is no multiple bytes write/read
feature. After each command, fix Sl to low and CSB to high. S| data is outputted with 24 bits shift from SO/FAULT_B.
SO/FAULT_B keeps Hi-z when CSB = high.

cse |
SCK

i Address ;: Data ;: CRC o

S| O B.6.6.6.6 0.6 666 GG 6666666
SO/FAULT_B

w_crc_ok
(internal signal)

update
Register
Figure 26. Data Format (Write)
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19 SPI Protocol and AC Electrical Characteristics - continued

Read Command data format is sent as follows: 1-bit RW, 7-bit register address, fixed OxFF for register data and 8-bit CRC.
When CRC is OK (w_crc_ok = high) after the Read command as shown in, it is necessary to toggle CSB (low -> high ->
low) to store the read data.

To output the data, it is necessary to send 24-bit High input data (Dummy Data).

MCU must calculate CRC using 0 as initial value.

For input data: use 16-bit data for calculation. 16-bit data = (RW, Address[6:0], Data[7:0])

For output data: use 15-bit data for calculation.

<RDMODE = 0> 15-bit data = (Address[6:0], Data[7:0]) Not including MSB.

<RDMODE = 1> 15-bit data = (5-bit (blank data), Data0[7:0], Data1[1:0]) Not including MSB.

RDMODE =0
csB j ﬁ
s« [UUTUTUUTUUTUUUUUUUuduuy] Uiy
' Address . Data(fixed high) . CRC
sl @@@@@@@ )lx“? / vlvﬂc @@m@@@ ‘ﬁ'lc 24-bit input data high (dummy data )
w_crc_ok
(internal signal)
Address sie Data from Register CRC
SOIFAULT B || I 8.8.8.6660.6.56.896.6.8.6668868666
RDMODE =1
csB j ﬁ
s« [UUTUTUUTUTUUUUUUUuduuy] Uy iy
. Address : Data(fixed high) : CRC
sl @E@@@@@ "\"? ) v’;‘c @@m%@@ ‘%lc 24-bit input data high (dummy data )
w_crc_ok :
(internal signal)
Data from Data from Register 1
Register 0 (E&x( address) CRC
SO/FAULT_B LJ _/
Figure 27. Data Format (Read)
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19 SPI Protocol and AC Electrical Characteristics - continued
SPI AC Timing
SPI AC characteristics is as shown in.
tesbh
__j fireg Ve £ L
CSB Vixx
fesbsck
% ' T /_\ tsckesh
SCK Viexk 4 I R
tsetupl P thold1 < 4
ViHxx— teotuna ot g thold2
Sl Vixx 4
tsodelay2 > igp tsodelay1
SO/FAULT_B VsoFauLT B_OL jr 1
Figure 28. SPI AC Timing
Table 3. SPI AC Timing
Recommended Operation Condition
(Unless otherwise specified Vin =13 V, Vein =60 V, Vsvext =5V, Tj = -40 °C to +150 °C)
Item Symbol Unit Min Typ Max

SPI Frequency fireq MHz 0.1 - 1.0

CSB - SCK Timing tesbsck ns 1,000 - -

SCK - CSB Timing tscKesb ns 500 - -

Setup Time1 (low -> high) tsetupt ns 200 - -

Setup Time2 (high -> low) tsetup2 ns 200 - -

Hold Time1 (low -> high) thold ns 200 - -

Hold Time2 (high -> low) thold2 ns 200 - -

SO Delay (low -> high) tsodelay1 ns - - 200

SO Delay (high -> low) tsodelay2 ns - - 200

CSB High Pulse tesbh ns 1,000 - -

NOTE (Countermeasure of Noise)

(Output load capacitance: 15 pF)

The CSB is used for resetting, clock and enable in SPI and register circuit. If this signal includes glitch around CSB to "high ->
low" by communication path noise, internal noise or more, SPI mistake to operate register. Because this condition is not approved
in this product. But there is countermeasure for this issue. SPI receives at least one SCK clock pulse (maximum clock pulse is no
limitation) during CSB = high after writing data until next writing command. This SPI can protect this wrong operation. Because
register return to "no update condition" with SCK clock during CSB = high.

more than one clock next writing command

a—
csB j ﬁ
ijcsbh +tcsbsck
SCK =

Address

S ® B.6.6.6.6.6.6,

Data(fixed high) : CRC Address

e o o
[ ol A [

Figure 29. Countermeasure of Noise

Data(fixed high) B CRC

/e e
m (0]
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19 SPI Protocol and AC Electrical Characteristics - continued
SPI Protocol

Write/Read, Address
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

RW ADI[6:0]

bit Parameter Function
ADI[6:0] Register Address 0x00 to 0x1B

Note: There is no access to addresses that are not between the specified range.

bit Parameter Function

RW Read/Write 0: read access
1: write access

Data
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
WD/RDI[7:0]
bit Parameter Value
WD/RD[7:0] Data of Write/Read 0x00 to OxFF
CRC
bit7 bit6é bit5 bit4 bit3 bit2 bit1 bit0
WC/RC[7:0]
bit Parameter Value
WC/RCI7:0] CRC data of Write/Read 0x00 to OxFF

This IC has a CRC (cyclic redundancy check) function for detecting errors in the SPI communication.

CRC for write command is calculated using RW bit, 7-bit register address and 8-bit register data and is calculated MSB first.
Read output is calculated the same.

CRC formula is” x8+x3+x*+1” which is translated as the circuit as shown in. Initial value of CRC is 0x00.

(It doesn't change value until 1" input because initial 0. (The result of "011111111111111111111111" (binary) is same as result
of "111111111111111111111111™.))

Input Bit @ @

XOR » 0O

A 4
=
y
N
A 4
w
IS
(@)
A 4
o
y
\‘

Figure 30. CRC Circuit

NOTE (SPI Restrictions):
Command with the following input is not valid RW = 0, Address = 0x00, Data = 0x00, CRC = 0x00.
SPI will not execute the read command it is treated as dummy and will only shift the input by 24-bit.
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SPI Protocol — continued

SPI Protocol — Daisy-chain Connection
This IC has daisy chain function for SPI communication. Total of 8 devices can be connected in daisy-chain as shown in.
Select the device address by controlling CSB input see.

cse | [

se« ____[JUyyuUUUpuUUUrrrr Uiy
write! Address Data CRC .
s ] [ ] :
SO/FAULT_B .
w_crc_ok —
(internal signal) .
ADTRG .
register 0 X 1

Figure 31. Example of Daisy-chain

When there is a total of N number of devices in the daisy-chain and M is the target device to be written/read, to execute
write command, it is necessary to input dummy data (M - 1) to propagate the write command to the desired device in a daisy-
chain connection as shown in.

N — Total number of devices connected in daisy-chain
M — Target device to be written/read

— SO

v
i
v
<
v
v
z

SI —» O > eee —(M-1 M+1—>eee 5 N-1

Figure 32. Data Input Image in a Daisy-chain Connection

Device 1

CSsB
T —

24-hit data
+—>

Sl (1) \< WRITE CMD X DUMMY 1 X DUMMY 2 X— ----- X DUMMYM-1 Y

Device M >

SI(M "High” shift data \ wrimecmD ¥

SO/FAULT_B(M) "High"
Device N
SO/FAULT_B (N)  "High"

Figure 33. SPI Write in Daisy-chain Connection
Likewise, in Read command, it is necessary to input dummy data (M-1) to propagate the read command to the desired

device toggle CSB and input the rest of the dummy data (total of N dummy data) to propagate the Read data output up to
the last device in the daisy chain connection. Dummy is 24-bit low data input.

Device 1

csB ﬂ
24-bit data
-

Sy \_reap cmp X_pummy 1 X_pummy 2 X """ XDUMMY M -1X_DumMmy M_X DUMMY M+1X """""
Device M (target

St (M) X 'reapcmp X pummy X pummy X --------

SOIFAULT_B (M) \(READ DATA X DUMMY X --------
Device N

SO/FAULT_B (N) \ READ DATA )

Figure 34. SPI Read in Daisy-chain Connection
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SPI Protocol — Daisy-chain Connection — continued

In Daisy-chain connection, writing to multiple devices is possible; refer to the timing chart. In this SPI transaction, Set CSB
to “low”, send the write command consecutively for the target devices starting from Target device M up to Dev 1, Set CSB
to “high” to trigger writing to the target registers in the corresponding device number.

N — Total Device in Daisy-chain connection
Dev M to Dev 1 — Target Device to be written (Dev M is between Dev N and Dev 1)

Devicel
CSB ,_
H
s [ ————

24-bit data E
S| (1) \< WRITE to Dev M X WRITEtoDevM -1 X WRITEto DevM - 2 X:-- .. “:X WRITE to Dev 2 X WRITE to Dev 1 y :
H

REGISTER (1) Xupdale
Device 2 .
Sl (2) \< WRITE to Dev M X WRITEtoDevM -2 X:“ .o ”:X WRITE to Dev 3 X WRITE to Dev 2 X M4
:

REGISTER (2) Xumm
DeviceM -1 E
S1 (3) ( WRITE to Dev M ) EREER ”:X WRITE toDevM X WRITE to Dev M-1 X E
:

REGISTER (3) Xupdate
Device M .
S1(3) \< WRITE to Dev M X H
:

REGISTER (3) ):(Updme

Figure 35. Writing Protocol for Multiple Devices

Reading for multiple devices is also possible in a daisy-chain connection; refer to the timing chart. In this SPI Transaction,
Set the CSB to “low”, send the Read Command consecutively starting from target Device M up to Device 1, toggle the CSB
to “low -> high -> low”, send total DUMMY data based on total Number of devices (N). It is necessary to input this much
DUMMY data to be able to propagate the Read Data output up to the last device in the daisy chain connection.

N — Total Device in Daisy-chain connection
Dev M to Dev 1 — Target Device to be read (Dev M is between Dev N and Dev 1)

Devicel

w T I —
« s

input N total dummy data

si) \ Reap wDev XREAD«oDevM-lX----X READ(0Dev2 X READ0Dev1 )/_\( ouwmy X bummy X-X puwmy X ouwmy Y
SORFAULT B (1) \ revwoers -+ - Y rewowoevs Y reowoers Y Yreowmavert | ouwmy K-+ H_ouume X oowwr Y
T \remowowrs ¥ - - - Y repwows Y remwwowe Y Yremvamons X oy Yo X ova Y oo Y
SOIFAULT B (2) (" Rerp Do y_\<READdataDev2 XREADdataDele- .. .X pummy X ouwmy Y
o \(re o Y \rowamaoo Yrewamaoe ) - - - ¥ oum YooY
soRLT B N \(rer0 wwaves Yreo smavorm } - - X ooy Yooy Y
DeviceN.
SOFFAULTB(N) X -+ + X rero saaver2 Y reno aaven s Y

Figure 36. Reading Protocol for Multiple Devices
gv;v(\)lér?hénd?-lol\r/InCo., Ltd. All rights reserved. 36/84 TS202201-0T1T0B400410-1-2

TSZ22111 « 15« 001 01.Mar.2023 Rev.002


http://www.rohm.com/

BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet

SPI Protocol — Daisy-chain Connection — continued

Example 1)
Writing data for 1 device
Address = 0x15 (ADTRG)

Data = 0x80
CRC =0x40
CSB _|
s MU U s
write Address Data CRC
s LT LTI [ 1]
SO/FAULT_B
w_crc_ok
(internal signal)

ADTRG '
register 0 X 1

Figure 37. SPI Protocol of the 1 byte Write to Device #1

Example 2)

Reading data for 1 device (RDMODE = 1)
Address = 0x16 (VMON)

Data = OxFF (dummy)

CRC = 0x98 (MCU -> this device)

Read data = 0x05
CRC = 0x59 (this device -> MCU)

Device 1

CsB j
sck vy uyy] Muuupuivivvrvupuyuuyuy
Read Address Dummy data CRC
s L T L1
Read data CRC
SO/FAULT B L W

w_crc_ok

(internal signal)

VMON

Register 0:05

Figure 38. SPI Protocol of the 1 byte Read to Device #1
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SPI Protocol — continued

SPI Protocol — Parallel Connection
This IC can be connected in Parallel for SPI connection as shown in. In this connection, each device has separate CSBx.
Sl and SO connection are shared. User can choose which DUT to write based on CSBx as shown in.

Vsvext
Devi
evice 2 TRSO
SI
MOSI > BD18397/98xxx-M [ SO/FAULT B
CSB SCK
Device 1 A A
Sl SO/FAULT_B
’ BD18397/98xxx-M | |
CSB SCK
MCU -
CsB1
CsB2
SCLK
MISO |«
Figure 39. SPI Parallel Connection
Device 1
csB high

s« [y e
s 0 H.6.66.666 686666 HEG6 66660

SO/FAULT B high(Hi-2)

w_crc_ok
(internal signal)

Register not update

Device 2

csB | —
s O.6.6.60.6.6.6.6.6 6666 660666666000 I

SO/FAULT_B high(Hi-2)
w_crc_ok —
(internal signal)

Register update

Figure 40. SPI Write to Device #2 in Parallel Connection
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SPI protocol — Parallel Connection — continued

Device 1

csB "high”

s O EEEEEEED

(X EXE X EXEXENER
w_crc_ok
(internal signal)
SO/FAULT_B “high"(Hi-2)
TR R R R
csB T ﬁ
SCK
' Address . Data(fixed "high") : CRC
st XeRaXEXaXEX XX (X EXEXEXENEE
w_crc_ok
(internal signal)
. Address o Data from Register e CRC :
SOIFAULT B 6.6,6.6.S.6.6.0.6.6666 66 66666666

Figure 41. SPI Read to Device #2 in Parallel Connection
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20 Register

Register MAP(Address 0x00 to Ox1B)
This is register MAP of BD18398xxx-M. The channel 3 setting is not included in BD18397xxx-M. (ex, ISETSDIM3, VMODE3,
CHONS3, ERRDET3, address 0x08-0x09, OxOE to OxOF, 0x12, 0x1B), These registers is blank (0x00). If you read these data,

it returns 0.
o o . i P P . Reghter
RegisterName Address bitl7] bitl6] bith] bit@] bitB] bitR] bitll] bitD] Access nital comm ents
register access control
SYSSET 0x00 WLOCK WDTEN RDMODE SLEEP - - - SWRST RN 0x40 |sleep setting, software reset
NOTE : POR/TSD for reset of SWRST
- 0x01 - - - - - - - - - - Notused
tecton bch T d bich relkased
ERRSETT 0x02 - - - - - FLTRST LEDOCPLAT | SWOCPLAT | RA | 0x00 z:’mfg n Bich settg and bch rekase
BET setthg sekcton, outputPW M
DMSET 0x03 PHEN PWMDVRO: - BETDM3 BETD M2 BETDM1 R 0x00
" X B0l v " " o X frequency setthg, setthg ofPhase shift
BET1H 0x04 BET1D2] RA O0xE1 |Currentsettng for channell
BETIL 0x05 - | - ’ - | - ‘ - ’ - | BET1[10] RA 0x01  |Gurrentsetthg for channel
BET2H 0x06 BET2D2] RN OxE1 |Currentsettig for channe R
BET2L 0x07 - | - ’ - | - ‘ - ’ - | BET2[10] RN 0x01  |Currentsetthg for channe 2
BET3H 0x08 BET3D2] RA 0xE1 |Currentsetthg for channe B
BET3L 0x09 - | - ’ - | - ‘ - ’ - | BET3[10] RA 0x01 |Gurrentsetthg for channe B
DPW M 1H 0x0A DPWM1B2] RN OxFF |PWM ON Duty forchannell
DPW M 1L 0x0B - | - ’ - | - ‘ - ’ - | DPW M 1[10] RN 0x03 [PWM ON Duty forchannell
DPW M 2H 0x0C DPWM2B2] RA OxFF |PWM ON Duty forchanne?
DPW M 2L 0x0D - I - ’ - I - ‘ - ’ - I DPW M 2[10] RA 0x03 |PWM ON Duty forchannel2
DPW M 3H 0x0E DPWM3D2] RN OxFF |PWM ON Duty forchanneB
DPW M 3L 0xOF - | - - | - ‘ - ’ - | DPW M 3[10] RAN 0x03 [PWM ON Duty forchannel3
DCDCSET! 0x10 N 100] TON1B0] RN | oxo7 |V o frequency setihg fr channe
vary currentdetector rppk gah
DCDCSET2 oxl M 200] TON260] RN | oxo7 | iohie freauency setthg for channe
vary currentdetector rppk gah
DCDCSET3 0x12 N30 0] TON3E0] RN | oxo7 |oWiohie freauency setthg for channe
vary currentdetector rpple gain
DCDCSET4 0x13 - VMODE3 VMODE2 VMODE1 - $SCG R0] RAN 0x00 [SSCG setthg, Volage m ode setthg
CHEN Ox14 - PWMDM3 PWMDM2 PWMDM1 - CHON3 | CHON2 ‘ CHON1 RA 0x00 [DCADC enabk, PWM Dimm ngenabk
VN PN Vsyexr. Vsusnr Vsnsuz: Vsusnar
ADSEL 0x15 ADTRG - - ADMODE VHONSELBO] RM | oxro |hemalBETI BET2 BETS volage
m onior, AD converter trigger nm anual
m ode
VM ONH 0x16 VMONB2] RO 0x00 |Voltagem oniorby AD,
VMONL 0x17 - - - - - - VMONI[10] RO 0x00 [Voltagem onitbrby AD,
ERRSTALL 0x18 WDTERR CRCERR PNUVLO uvLo - ERRDET3 ERRDET2 ERRDET1 RO 0x00 |Errorstatus regster otal
Error status register
ERRST1 0x19 - - - - LEDOCPERR1 SWOCPERR1 LoDt LSD1 RO 0x00 [LED open error, LED shorterror
SWOCP1,LOCP1
Error status regster
ERRST2 0x1A - - - - LEDOCPERR2 SWOCPERR2 LoD2 LSD2 RO 0x00 [LED open error, LED shorterror
SWOCP2,LOCP2
Error status regster
ERRST3 0x1B - - - - LEDOCPERR3 | SWOCGPERR3 LoD3 LSD3 RO 0x00 [LED open error, LED shorterror
SWOCP3,LOCP3

WO: Write Only, RO: Read Only, R/W: Read and Write

SWRST register reset condition is POR/TSD. All other registers reset condition is POR/TSD/SWRST.
(Note 1) SWRST, FLTRST and ADTRG are “write only”, and reset condition of SWRST is only “POR/TSD”.
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20 Register - continued

Description of Registers

@Address 0x00: SYSSET System setting [Read/Write] initial value 0x40
bit No bit[7] bit[6] bit[5] bit[4] bit[3] bit[2] bit[1] bit[0]
Name WLOCK WDTEN | RDMODE | SLEEP - - - SWRST

Initial value 0 1 0 0 0 0 0 0

The data in register is updated to the newest data immediately when the new data is written.
Set these registers in initial setting.

bit[0] SWRST
SWRST register return ‘0’ automatically. Hence, this register is “Write only”.
Set this register when you want to reset digital circuit.

Table 4. SWRST Operation

SWRST Reset
0 Normal
1 Reset for digital circuit (return ‘0’ automatically)

bit[4] SLEEP

This IC has sleep mode which stops internal clock, so this IC is in low “quiescent current” condition. This IC

keeps register value when SLEEP = 1.

Table 5. SLEEP Operation

SLEEP Operation
0 Normal
Low “quiescent current” condition.
1 Oscillator is stopped. So, DC/DC and Current Driver are
OFF. Only internal regulator is available.

bit[5] RDMODE

This register controls Read protocol. If RDMODE = 1, it outputs Read Data (target address 8-bit + next

address bit[1:0]). The detail of protocol can be referred in "SPI Protocol" section.

Table 6. RDMODE Operation

RDMODE Operation
0 Outputs target address data
1 Outputs target address data + next address data bit [1:0]
csB ]
I ip iy
RDMODE = 0
SO/FAULT_B oY @ﬁ@@@ﬁ 3
ex.) VMON [9:2]
RDMODE = 1 e
SO/FAULT_B —H AVEAYAS @ﬁ@@@ﬁ i
ex.) VMON [9:2] + VMON [1:0]

target address .next address
VMON [9:2] VMON [1:0]

Figure 42. RDMODE Operation
bit[6] WDTEN

This register is “Watchdog timer” function enable. If WDTEN = 1, LIMP-HOME function is available by “Watch

Dog Timer error” when state is “LEDACTIVE” or “STANDBY”.

Table 7. “Watch Dog Timer” Enable

WDTEN Enable
0 “Watch Dog Timer” is not available
1 “Watch Dog Timer” is available
www.rohm.com
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Description of Registers — continued

bit[7] WLOCK
DPWMXx registers are split into two registers (higher and lower byte). Normally, whenever a byte (higher or
lower) is written, it will immediately be reflected in PWM dimming control. If WLOCK function is used, PWM
dimming control will not be updated until the two bytes (higher and lower) are written.
Note that it doesn't matter whether the higher or lower byte is written first.
Table 8. WLOCK Function
WLOCK Operation
0 Normal update
1 PWM dimming control is not updated until writing the other address. (Ox0A to OxOF)
SPI LI write DPWMxH L1 write DPWMxL
WLOCK “Low”
DPWMx[9:2] register update
DPWMx[1:0] register update
PWM dimming control update update
for channel x
SPI LI write DPWMxH LI write DPWMxL
WLOCK "High"
DPWMx[9:2] register update
DPWMx[1:0] register ( update
PWM dimming control :___E”Ot updated update

for channel x

@®Address 0x01: Not Used

Figure 43. WLOCK Function Example

@Address 0x02: ERRSET1 protection setting [Read/Write] initial value 0x00
bit No bit[7] bit[6] bit[5] bit[4] bit[3] bit[2] bit[1] bit[0]
Name - - - - - FLTRST LEDOCPLAT SWOCPLAT
Initial value 0 0 0 0 0 0 0 0

The data in register is updated to the newest data immediately when the new data is written.

Set these registers in initial setti

ng.

bit[0]

bit[1]

SWOCPLAT

The releasing function of “SWx over current error protection” is programmed by this register. If SWOCPLAT
= 1", The SWOCPERRKX register doesn't become '0' until writing FLTRST = '1". If SWOCPLAT = '0', The
SWOCPERRXx becomes '0' by "SWx over current error" released.

Table 9. “SWx Over Current error protection” Latch Operation Setting

SWOCPLAT Operation
0 If this error condition is released, error status register and FAULT_B returns normal
condition.
1 This IC keeps error condition until writing FLTRST = 1.
x=1,2,3)
LEDOCPLAT

The releasing function of “LED over current error protection” is programmed by this register. If LEDOCPLAT
= ‘1", The LEDOCPERRKX register doesn't become '0" until writing FLTRST = "1". If LEDOCPLAT ="'0", The
LEDOCPERRX becomes '0' by "LED over current error" released.

Table 10. “LED Over Current error protection” Latch Operation Setting

LEDOCPLAT Operation
0 If this error condition is released, error status register and FAULT_B returns normal
condition.
1 This IC keeps error condition until writing FLTRST = 1.
x=1,2,3)
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Description of Registers — continued

bit[2] FLTRST
The error status registers are initialized by this register. If each protection is latched, its condition is released.

Table 11. Error Status Reset
FLTRST Operation
0 Normal
1 Initialize error status for LEDOCPERRx and SWOCPERRx, CRCERR and
WDTERR. This register is auto return to “0” (Address 0x19 to 0x1B)

(x=1,2,3)
@Address 0x03: DIMSET Dimming setting [Read/Write] initial value 0x00
bit No bit[7] bit[6] | bit[5] | bit[4] bit[3] bit[2] bit[1] bit[0]
Name PHEN PWMDIV[2:0] - ISETDIM3 | ISETDIM2 | ISETDIM1
Initial value 0 o | o | o 0 0 0 0

The data in register is updated to the newest data immediately when the new data is written.
Set these registers in initial setting.

bit[2:0] ISETDIMx (ISETDIM3 is only used for the BD18398xxx-M)
This register selects the LED DC current setting data for channel x (x = 1, 2, 3). If ISETDIMx = 1, the ISETx
pin setting is available. If ISETDIMx = 0, LED DC current is programmed by ISETx register.

Table 12. ISET Select

ISETDIMx PWMONXx Definition ADC Monitor Select
0 LED DC current is programmed by | Selected by corresponding VMONSEL
ISETxX[9:0] register [3:0] bit setting

LED DC current is programmed by | Not applicable

! ISETX[9:0] & ISET/PWMXx pin

(x=1,2,3)

bit[6:4] PWMDIV
The output frequency is programmed for PWM dimming LED by this register. A/D conversion frequency
(ADMODE = 1) is also programed by this register.

Table 13. PWM Output Frequency Setting
PWMDIV[2:0] Output Frequency [Hz]
153
203
244
305
407
488
610
814

N[O WIN=~|O

bit[7] PHEN
PWM dimming phase of channel 1 is programmed by this register as shown in Figure 44.

Table 14. PWM Phase Setting

Phase Setting
Fush BD18398x00-M BD18397xxx-M
0 All Channel: No Phase shift All Channel: No Phase shift
1 Channel 1: no shift Channel 1: no shift
Channel 2: 120 degree Channel 2: 180 degree
Channel 3: 240 degree -
PHEN =1
«OFF pigLighting » <« OFF » < Liahting N
LED current for channel 1 —\—,—\—
120 degre
LED current for channel 2 —’ - '—\—,7
240 degree R

LED current for channel 3 _,7—1 —\—,—

Figure 44. PWM Phase Shift Setting (for BD18398xxx-M)
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Description of Registers — continued

@Address 0x04: ISET1H ISET setting for channel 1 [Read/Write] initial value OxE1
bit No bit7] | bit[e] | bit[5] | bit[4] [ bit[3] | bit[2] | bit[1] |  bit[0]
Name ISET1 [9:2]

Initial value 1 | 1 | 1 \ 0 | 0 \ 0 \ 0 | 1

@Address 0x05: ISET1L ISET setting for channel 1 [Read/Write] initial value 0x01
bit No bit[7] bit[6] bit[5] bit[4] bit[3] bit[2] bit1] |  bit[0]
Name - - - - - - ISET1[1:0]

Initial value 0 0 0 0 0 0 0 \ 1

The data in register is updated to the newest data immediately when the new data is written.
Set these registers in initial setting.

ISET1H
bit[7:0]: ISET1[9:2]
ISET1L
bit[1:0]: ISET1[1:0]
LED DC current is programmed by this register as following formula.

Formula

ISETx[9: 0]

1024

X25V—-02V|X—
> 12 X Rgysy

I EpxavE = (

@Address 0x06 to 0x09: ISETx[9:0] (x = 2 to 3)

This register is used to make setting of LED current for channel 2 and channel 3. The setting procedure is the same as that
for channel 1 with Address set to 0x04 and 0x05.

ISET3[9:0] is only used for the BD18398xxx-M.

@Address 0x0A: DPWM1H PWM setting [Read/Write] initial value OxFF
bit No bit7] | bit}e] | bitts] | bit[4] [ bitB] | bit2) | bit1] | bit[0]
Name DPWM1 [9:2]

Initial value 1 \ 1 \ 1 \ 1 \ 1 \ 1 | 1 [ 1

@Address 0x0B: DPWM1L PWM setting [Read/Write] initial value 0x03
bit No bit[7] bit[6] bit[5] bit[4] bit[3] bit[2] bit1] | bit[0]
Name - - - - - - DPWM1 [1:0]

Initial value 0 0 0 0 0 0 1 [ 1

The data in register is updated to the newest data immediately when the new data is written.
Set these registers in initial setting. If you want to change value during dimming, WLOCK function can be used.

DPWM1H
bit[7:0]: DPWM1[9:2]
DPWM1L
bit[1:0]: DPWM1[1:0]
LED average current in PWM is programmed by this register. The dimming ratio is calculated as following

formula.
5 DPWMx[9:0] + 1
PWM frequency by PWMDIV setting
< »:
ON Duty
LED current for channel x
< OFF >ig Lighting >ig OFF pig Lighting >
Figure 45. PWM Dimming
www.rohm.com
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Description of Registers — continued

@Address 0x0C to 0xOF: DPWMx (x = 2 to 3)

This register is used to make setting of PWM for channel 2 and channel 3. The setting procedure is the same as that for
channel 1 with Address set to 0xOA and 0x0B

DPWMS3 is only used for the BD18398xxx-M.

@Address 0x10: DCDCSET1 DC/DC setting for channel 1 [Read/Write initial value 0x07
bit No biti7] | bit[6] bit5] | bit[d] | bit[3] |  bit[2] bit(1 |  bit[0]
Name GM1[1:0] TON1[5:0]

Initial value 0 \ 0 0 \ 0 \ 0 \ 1 \ 1 I

The data in register is updated to the newest data immediately when the new data is written.
Set these registers in initial setting.

bit[7:6] GM1[1:0]
GM Amplifier Gain Setting
Table 15. DC/DC GM Amplifier Trans Conductance Setting

GM1[1:0] (Dec) GM Amplifier Gain Setting [uS]
0 1360
1 870
2 530
3 300

bit[5:0] TON1[5:0]
DC/DC Frequency setting is programmed for channel 1 by this register.
It is available to use DC/DC frequency setting under 2.25 MHz. (over 2.25 MHz setting is prohibited.)

Table 16. DC/DC Frequency Setting for Reference (Rton = 51 kQ)

TON1[5:0] (Dec) DCDC Frequency [kHz]
0 50
1 100
2 150
3 200
4 250
5 300
6 350
7 400
8 450
10 550
12 650
14 750
16 850
18 950
30 1,550
42 2,150

Table 17. DC/DC Frequency Setting for Reference (Rton = 9.1 kQ)
TONA1[5:0] (Dec) DCDC Frequency [kHz]
280
560
841
1,121
1,401
1,681
1,962
2,242

N[O OB (WIN|=~ O

@Address 0x11 to 0x12: DCDCSETx(x = 2 to 3)

This register is used to make setting of DC/DC setting and GM amplifier gain setting for channel 2 and channel 3. The setting
procedure is the same as that for channel 1 with Address set to 0x10.

DCDCSET3 is only used for the BD18398xxx-M.
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Description of Registers — continued

@Address 0x13: DCDCSET4 SSCG and Voltage control mode setting for DC/DC  [Read/Write] initial value 0x00
bit No bit[7] bit[6] bit[5] bit[4] bit[3] bit2] | bit(1] | bit[0]
Name - VMODES3 VMODE2 VMODE1 - SSCG[2:0]

Initial value 0 0 0 0 0 0 [ 0 \ 0

The data in register is updated to the newest data immediately when the new data is written.
Set these registers in initial setting.

bit[2:0]

bit[6:4]

SSCG[2:0]

The modulation DC/DC switching frequency is programmed for all channel by this register.

Table 18. SSCG Modulation Setting

SSCG[2:0]

SSCG Modulation Ratio [Hz]

0

SSCG OFF (Fixed frequency of DC/DC)

155

185

283

361

536

763

N[OOI~ WN(=

1,044

VMODEXx

“Voltage control mode” for DC/DC is programmed by this register.
(VMODES3 is only used for the BD18398xxx-M)

Table 19. Voltage Control Mode Setting

VMODEX Controlled Mode
0 Current control mode for channel x
1 Voltage control mode for channel x
x=1,2,3)

In the Voltage mode setting (VMODEXx = 1), SNSN1 pin voltage is regulated by as following.

ISETX9:01 7 5y (@vMODEx = 1)
= — X . X =
@Address 0x14: CHEN Channel enable and Dimming enable [Read/Write] initial value 0x00
bit No bit[7] bit[6] bit[5] bit[4] bit[3] bit[2] bit[1] bit[0]
Name - PWMDIM3 PWMDIM2 PWMDIM1 - CHON3 CHON2 CHON1
Initial value 0 0 0 0 0 0 0 0

The data in register is updated to the newest data immediately when the new data is written.

bit[2:0]

CHONXx (CHONZ3 is only used for the BD18398xxx-M)

Each channel starts-up by this register. If CHONx = 1, LED dimming is available for channel x. (x = 1, 2, 3)
CHONx = 0, LED dimming is not available for channel x. Protection such as “LED short to ground error
protection”, “LED open error protection”, “SW Over Current error protection” and “LED Over Current error
protection” in the target channel is not available when CHONXx = 0.

Table 20. Channel Enable

CHONXx

Enable

0

Channel x is disable.

1

Channel x is enable.

x=1,2,

3)
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Description of Registers — continued
bit[6:4] PWMDIMx
The internal PWM dimming duty is programmed by this register. It is available to dim by the DPWMx[9:0]
register when the PWMDIMx = 1. The internal PWM duty can be set to 100 % when the PWMDIMx = 0.

Table 21. PWM Dimming Enable

PWMDIMx Operation
0 PWM Duty is 100 % fixed.
1 PWM Dimming enable.
Dimming ratio is programmed by the DPWMx[9:0] register.
(x=1,2,3)
Table 22. How to Dim by PWM
CHONXx PWMDIMx DC/DC Internal PWM Dimming for Channel x
0 0 OFF OFF
0 1 OFF OFF
1 0 ON 100 %
1 1 ON Programmed by the DPWMx[9:0]
(x=1,2,3)

@Address 0x15: ADSEL A/D monitor channel select [Read/Write initial value 0x10
bit No bit[7] bit[6] bit[5] bit[4] bit[3] \ bit[2] bit[1] \ bit[0]
Name ADTRG - - ADMODE VMONSEL[3:0]

Initial value 0 0 0 1 o | o [ o | o

The data in register is updated to the newest data immediately when the new data is written.

bit[3:0] VMONSELJ3:0]
VMON register is shared in for monitoring below node. This register should be programmed before reading
VMON register when target node voltage is need.

Register

ISETDIMx

PWM generator PWMDIV[2:0]

ADTRG

ADMODE

I [0

l I VMONSEL[3:0]

Vsnsna

Vsnsn2

V/SNSN1 Vespaoe = 25V

VPN —[

V5V_E><T. AD Lo | VMON([9:0]
ViN SEL
—

T] Visers | sEL share one A/D
0

L
ISET3L——

L Viser2
ISET2}———

J___ll ViseT1
ISETIL—"°

V1emp

Figure 46. A/D System Structure
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Description of Registers — continued

Table 23. VMONSEL Status

VMONSEL Monitor Node Other Register Set Needed
0x0 Thermal (default) -
0x1 ISET1 ISETDIM1 =0
0x2 ISET2 ISETDIM2 =0
0x3 ISET3 ISETDIM3 =0
0x4 Vin -
0x5 VsvExT -
0x6 VeI -
0x7 VsnsN1 -
0x8 Vsnsn2 -
0x9 VsnsN3 -
OxA to OxF Not Used -
bit[4] ADMODE
There are two A/D converting modes.
When ADMODE = 1, A/D converter is operated automatically. Conversion frequency is determined by
PWMDIV register and is operational only in LEDACTIVE state.
When ADMODE = 0, A/D converter is operated manually by ADTRG. A/D converter becomes sleep condition
(low current consumption) after 1 conversion.
Table 24. ADMODE Operation
ADMODE Operation
0 A/D conversion for only target node by ADTRG register
1 A/D conversion repeatedly. This period is programmed by
PWMDIV register.
bit[7] ADTRG

A/D starts to convert the data selected by VMONSEL register after writing ADTRG = 1 during ADMODE = 0.
This register will return to ‘0’ after writing ‘1’. Updated data is available less than 24 ps.

Table 25. ADTRG

ADTRG Operation
0 No conversion
1 Starts to convert data in ADMODE =0
@Address 0x16: VMONH common voltage monitor by A/D [Read] initial value 0x00
bit No bit7] | bite] | bit5] | bit4] | bit;B] | bit2] | bit] | bit[0]
Name VMONI9:2]
Initial value 0 \ 0 \ 0 \ 0 \ 0 \ 0 | 0 \ 0
@Address 0x17: VMONL common voltage monitor by A/D [Read] initial value 0x00
bit No bit[7] bit[6] bit[5] bit[4] bit[3] bit[2] bit[1 |  bit[0]
Name - - - - - - VMON[1:0]
Initial value 0 0 0 0 0 0 0 [ 0

The register data is updated to the newest data immediately when the data are updated by A/D converting.

VMONH

bit[7:0]  VMON[9:2]
VMONL

bit[1:0;  VMON[1:0]

This register is used for monitoring the thermal sensor voltage (Vtewr), Viser/pwmx, VIN, VsvexT, VPIN OF Vsnsnx
node (x = 1, 2, 3). This operation is programmed by VMONSEL register.

This data is divided into two register address. If all of 10-bit data is required when ADMODE = 1, or RDMODE
function is available.

Formula 1 for thermal sensor voltage

Thermal sensor voltage ADC read value = 418 @25 deg
Thermal sensor voltage ADC read value = 602 @150 deg

1.472 count/temp (1 degree)
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Description of Registers — continued

Formula 2 for external input pin nodes

Monitor voltage 1 [V] = “X” x (VMON + 1)/ 1024

ViN: “X” =48, Vpin: “X” =70, and Vsnsnx: “X” = 67.5, Vsvext: “X” = 5.5, Visetpwwmx: “X” = 2.5

@Address 0x18: ERRSTALL Al error status each protection [Read] initial value 0x00
bit No bit[7] bit[6] bit[5] bit[4] bit[3] bit[2] bit[1] bit[0]
Name WDTERR | CRCERR | PINUVLO UVLO - ERRDET3 | ERRDET2 | ERRDET1

Initial value 0 0 0 0 0 0 0 0

The register data is updated to the newest data immediately when the data (one or more error/protection) is detected.

bit[2:0]

bit[4]

bit[5]

bit [6]

bit[7]

ERRDETx (ERRDET3 is only used for the BD18398xxx-M)
This register is error status each channel.

Table 26. Error Status of Each Channel

ERRDETX Status
0 Normal
1 Detects error
LSDx || LODx || SWOCPERRX || LEDOCPERRX
x=1,2,3)
UVvLO

This register is error status for UVLO.

Table 27. UVLO

UVLO Status
0 Normal
1 Detects under voltage error for Vsvext or Vsvres
PINUVLO

This register is error status for PINUVLO.

Table 28. PINUVLO

PINUVLO Status
0 Normal
1 Detects under voltage error for PIN
CRCERR

This register is error status for CRC. If CRC error is detected, this register becomes 1. This register becomes
0 by FLTRST = 1. If CRC Error occurred to the SPI command sent after to sending FLTRST, this will not be
detected, for more details refer to Error sequence for “CRC Error”.

Table 29. CRC Error Status

CRCERR Status
0 Normal
1 Detects CRC error
WDTERR

This register is error status for “Watch Dog Timer”. If “Watch Dog Timer error” is detected, this register

becomes 1. This register becomes 0 by FLTRST = 1.

Table 30. “Watch Dog Timer error” Status

WDTERR Status
0 Normal
1 Detects “Watch Dog Timer error”
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Description of Registers — continued

@Address 0x19: ERRST1 channel 1 error status [Read] initial value 0x00
bit No bit[7] bit[6] bit[5] bit[4] bit[3] bit[2] bit[1] bit[0]
Name - - - - LEDOCPERR1 | SWOCPERR1 LOD1 LSD1

Initial value 0 0 0 0 0 0 0 0

The register data is updated to the newest data immediately when the data (“LED open error”, “LED short to ground error”,
“SW1 Over Current”, “LED Over Current”) is detected.

LSD1

This register is “LED short to ground error” status for channel 1. LSD1 becomes “1” when “LED short to
ground error” is detected, and LSD returns “0” when “LED short to ground error” is released.

There is filter for detecting (10 ms) and releasing (1 ms) each channel. This filter is shared for “LED short to
ground protection” and “LED open protection”.

bit[O]

Table 31. “LED short to ground error” Status Register

LSD1

Status

0

Normal

1

Detects LED short to ground error

bit[1]

bit[2]

LOD1

This register is “LED open error” status for channel 1. LOD1 becomes “1” when “LED open error” is detected,
and LOD1 returns “0” when “LED open error” is released.

There is filter for detecting (10 ms) and releasing (1 ms) each channel. This filter is shared for “LED short to
ground protection” and “LED open protection”.

Table 32. “LED open error” Status Register

LOD1 Status

0 Normal

1 Detects LED open error

SWOCPERR1

This register is “SW Over Current error” status for channel 1. If SWOCPLAT = 0, SWOCPERR1 becomes
“1” when “SW Over Current” is detected, and SWOCPERR1 returns “0” when “SW Over Current error” is
released. If SWOCPLAT = 1, SWOCPERR1 becomes “1” when “SW over current error” is detected, and
SWOCPERR1 becomes “0” by FLTRST = 1.

Table 33. SW Over Current Error Status

SWOCPERR1

Status

0

Normal

1

Detects SW Over Current error

bit[3] LEDOCPERR1

This register is “LED Over Current error” status for channel 1. If LEDOCPLAT = 0, LEDOCPERR1 becomes
“1” when “LED Over Current” is detected, and LEDOCPERR1 returns “0” when “LED Over Current error” is
released. If LEDOCPLAT = 1, LEDOCPERR1 becomes “1” when “LED over current error” is detected, and
LEDOCPERR1 becomes “0” by FLTRST = 1.

Table 34. LED Over Current Error Status

LEDOCPERR1

Status

0

Normal

1

Detects LED Over Current error

@Address 0x1A to 0x1B: ERRSTx (x = 2 to 3)
These registers are error status for channel 2 and channel 3. These functions are the same as that for channel 1 with
Address set to 0x19. ERRST3 is only used for the BD18398xxx-M.
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Sequence
1 Start-up and Turn-off Sequence

Normal Start-up (No SPI Communication)

%INUVR
ViN E
? © ®
CSB E ..........
SPI (SCK, SI) B — [
§ [
jVSVUVR .
. WV5VRPORR .
VsvREG, ' H H
Vsvext E H :
state RESET X SPIWAT X STANDBY X|LED ACTIVE
= / A
internal OSC I
/ b\ -
CHONX "ALLp" X \ ~otaiLor X |\ "ALL 0"
(register) / \ \
LED condition OFF/ X \Lighting X \ OFF

‘SPI l—l :SPI :

‘register  Write: Eregister Write: .
Address 0x00 to 0x13 . CHONx CHONx

Figure 47. Start-up Sequence for Normal Operation

When you light the LED by general SPI control, follow the sequence below.

@ Input the power supply of VIN.
@ MCU starts communicating with SPI after waiting internal regulator to be stable.
® Start dimming LED by CHONx = 1 (channel x).
@  Stop dimming LED by CHONx = 0.
®  Stop the input power supply of VIN.
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1 Start-up and Turn-off Sequence - continued
LIMP-HOME Start-up (No SPI Communication)
: VINUVR Vinuvp
Vin . .
CsB : "high” :
SPI (SCK, SI) : :
: = Vsvuvr Vsvuvb —\
VsvreG E + VSVRPORR i V5vRPORD
Vsvext ¢ 1s ;@ EE
state RESET X SPIWAIT X LIMP HOME ARESET
internal OSC .
CHONX "ALLO" : :
(register) ‘ :
LED condition OFF X Lighting Y\ oFF

Figure 48. Start-up Sequence for LIMP-HOME

When you light the LED by LIMP-HOME mode, follow the sequence below.

® Input the power supply of VIN.

@ Start lighting (by external resistor) after waiting 1 s from UVLO release.

® Stop the input power supply of VIN.

STAND-ALONE Start-up (CSB = Low)

%INUVR

low"

Vin

CSB

VlNuvo%

SPI (SCK, SI)

VR
Vermes : V5vRPORR
' < 0.8 ms(typ)

VsvEXT

L2
RO,

VsvuvD vV
5VRPORD
L
o

state RESET SPIWAIT X

STANDALONE

X sPIwAIT

:XR ESET

internal OSC

CHONXx "ALL 0"

(register)

O

LED condition OFF

Lighting

OFF

Figure 49. Start-up Sequence for STAND-ALONE

When you light the LED by STAND-ALONE mode, follow the sequence below.

®OOe

Input the power supply of VIN with CSB = low.

Start lighting (by external resistor) after waiting 0.8 ms from UVLO release.
Input CSB = high and stop lighting. From this point, dimming can be operated by register setting.
Stop to input the power supply of VIN.
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1 Start-up and Turn-off Sequence - continued

LIMP-HOME during SPIWAIT (Release by SPI Communication)

ViNUVR VINUV&

Vin ﬁ/ E
CcsB "high” :
SPI (SCK, SI) : :
E “— Vsvuvr Vsvuvp \
V. . E V5VRPORR % VsvrPORD
5VREG, . N .
Vsvext ¢ s ;@ E;
state RESET X SPI WAIT X LiMP HOME LED ACTIVE YRESET
internal OSC | .
CHONXx "ALL 0" : "NOT ALL 0" X "ALL 0"
(register) :
LED condition OFF X Lighting Lighting X OFF

Enlarged view

register  Write:
. CHONX

Figure 50. Start-up Sequence for LIMP-HOME

When you light the LED by LIMP-HOME mode then MCU sends SPI commands, follow the sequence below.
Input the power supply of VIN.
Start lighting based on external resistor after waiting 1 s from UVLO release.

After SPI Access (CRC OK), it triggers LIMP-HOME to LEDACTIVE. Lighting is changed from “based on external
resistor” to SPI register controlled. If the previous state is SPIWAIT it returns to STANDBY or LEDACTIVE. In the
case above it returns to LEDACTIVE after writing on CHONX register.

@  Stop the input power supply of VIN.

©oe
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1 Start-up and Turn-off Sequence - continued

LIMP-HOME during LEDACTIVE (Release by SPI Communication)

ViNUVR Vinuvo
Vin : .

@
CsB "high"

SPI(SCK, SI) |_|
.VSVUVR .
VsvrPORR _Ls Vsvuvb :
VsvREG, j 1s @ MORD
Vvext SPI WAIT > ! .
state RESET X / / X, LED ACTIVE X_LIMP HOME (\ LEDACTIVE _XRESET
:/ STANDBY\ : A :
internal OSC |/ \ : b
\ : F :
CHONX [ aLor X | "NOTALLO" : Co\ X "aLLo
(register) / \ \
LED condition / OFF X \ Lighting X Lighting X \ Lighting X OFF

Enlarged view

iregister  Write:
. Address 0x00 to 0x13 CHONXx CHONx

Figure 51. Start-up Sequence for LIMP-HOME

When you light the LED by LIMP-HOME mode, follow the sequence below.
Input the power supply of VIN.

MCU starts communicating with SPI after waiting internal regulator to be stable.
Start dimming LED by CHONx = 1 (channel x).

Start lighting based on external resistor after waiting 1 s from UVLO release.

After SPI Access (CRC OK), it triggers LIMP-HOME to LEDACTIVE. Lighting is changed from “based on external
resistor” to SPI register controlled. If the previous state is LEDACTIVE, it returns to LEDACTIVE and continue
dimming by Register Setting.

Stop the input power supply of VIN.

®O ©6

C)
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1 Start-up and Turn-off Sequence - continued
Sleep Mode
Vin
enllcE oo @
SPI (SCK, Sl) l_] l_] |_] l_]
= | ; |
VsvREG, VVEXT supply powerf . .
state LED ACTIVE >E<STANDBY \X SLEEP )i(\STANDBY X LED ACTIVE
internal . \ \
oscillator clock is generated \| stop l \ clock is generated
s | |
g:gci)sl\tl;(r) "NOT ALL 0" X \\ "ALL Q" \\ X "NOT ALL 0"
LED condition Lighting X \ OFF \ X Lighting
XEnlarged view lEnlarged view
e [ [ o [ [
iregister Write: Write: : iregister Write: Write: :
E ALLCHONx=0 SLEEP =1 E . SLEEP =0 CHONx =1 .

When you use SLEEP mode by SPI control, follow the sequence below.
If ALL CHONXx = 0, this IC stop lighting and go “STANDBY” state.

If SLEEP = 1, internal oscillator stops. (Low quiescent current by stopping internal clock.)
If SLEEP = 0, internal oscillator starts.

If ANY CHONXx = 1, this IC starts lighting and go “LEDACTIVE” state.

®Ooe

Figure 52. Sequence for SLEEP Mode
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1 Start-up and Turn-off Sequence - continued

Cold Cranking Mode (Sleep by UVLO)

VINUVDQ <2¥ VINUVR

VN ' H
csB *high 1 5 :

i inoaccess
SPI(SCK, SI) Jow' b i : :
Vawree, supply power : :
VsvexT E E
state LED ACTIVE X SLEEP X LED ACTIVE
internal | l 1
oscillator 1 l
CHONX "NOT ALL 0" : :
(register) H .
LED condition  Lighting X OFF X Lighting

Figure 53. Start-up Sequence for Cold Cranking Mode

When this IC is in “cold cranking” condition, sequence of operation is as follows.
@ If this IC detects “VIN UVLO?”, internal oscillator is stop and stop lighting. (Low quiescent current condition.)

@ When “VIN UVLO" is released, the internal oscillator starts, and this IC starts lighting with the same register
settings as before detecting “VIN UVLO”. However, when this IC detects "POR", it is initialized.
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1 Start-up and Turn-off Sequence - continued

Error Sequence for “CRC Error”

®

@ ©

/\
I_! L[]
[ ]

csB L

Pl i i
state "SLEEP", " ST/E\NDBY", "LED ACTIVE"
FLTRST register |—}
CRCERR register i |
SO/FAULT_B |_|

Figure 54. CRC Error Detection
® CRC error is detected when data sent does not match the CRC value in the SPI command. This mismatch can be

caused by wrong data or noise in the SPI line. Write operation is not executed in the IC. Target Register is not updated.
In this case, CRC Error status register is updated to High. Protection is latched automatically, sending SPI command

with correct CRC does not clear CRCERR status register.

@ MCU sends Read Command to status registers to confirm CRC status register.
® MCU sends FLTRST and dummy SPI (data 0x00) to release the status register.

Error Sequence for “WDT Error”

®

/\

CSB CRC NG | | | |
SPI input |’ | | | |
WDTEN register "1 @

WDT counter |

(internal signal)

state "STANDBY or LED{ACTIVE" ){

"LIMPHOME"

X "STANDBY or LED ACTIVE"

No activity in the SPI > 1sec

FLTRST register

WDTERR register |

I

u

SO/FAULT_B
Figure 55. WDT Error Detection

@® Watch Dog Timer starts to count at STANDBY or LEDACTIVE state. When there is no "CRC OK" detected in more
than 1 s, IC detects WDT Error.

@ WDT is detected, it sets the corresponding status register WDTERR to High and state changes from
STANDBY/LEDACTIVE/SPIWAIT to LIMP-HOME.

® MCU sends Read command to Status register to confirm WDT status. This event releases LIMP-HOME mode.

@ WDT detection is latches automatically, MCU must send FLTRST to clear the WDTERR status register and

SO/FAULT_B output.
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Sequence - continued
2 A/D Control Sequence

ADMODE = 1 (Auto Mode)

P PWMDIV setting .

<€ ».
sPI : N
state machine \ LEDACI.'IVE Z \
PWM signal
(inernal)

A/D conversion

—

VMONSEL (register) X | oxo \

VMON [9:0] (register) \ )( X \ X

i Enlarged view
Enlarged view

S [

‘register  write : sregister Read:
: VMONSEL H : VMON

Figure 56. A/D Control (ADMODE = 1)

@ If you want to know VIN voltage, VMON register is available by setting VMONSEL register.

@ A/D conversion is executed every PWM timing (internal signal). This period is programmed by PWMDIV register. It is
necessary to set CHONx = 1 to go to LEDACTIVE state to operate this.

® You should wait to access register after this period.

ADMODE = 0 (Manual Mode)

over 1 us

A/D conversion \ |_l
VMONSEL (register) 0x0 \
VMONI9:0] (register) \ X . VINdata

Enlarged view

e | | ] | s [ ]

iregister  write write : ‘register Read:
. VMONSEL ADTRG : E VMON

Figure 57. A/D Control (ADMODE = 0)

@ |If you want to know VIN voltage, VMON register is available by setting ADSEL register, and A/D starts to convert by
ADTRG = 1.

@ You should wait to access register after changing ADSEL. VMON register is available after 1 ys (include margin).
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Typical Performance Curves
(Unless otherwise specified Vin =13 V, Vein =60 V, Vsvext =5V, Tj = 25 °C)
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Typical Performance Curves - continued
(Unless otherwise specified Vin =13 V, Vein =60 V, Vsvext =5V, Tj = 25 °C)

80 10
k=
2
75 5
o Q
3
=70 3 05
& £
e =%
£ el 2 5
g 860 _...--"""'/ = - 0.0
5 - po %
255 —— G .
7 5=
in 50 e -05
5 <
45 %
=
(@]
40 -1.0
-40 20 0 20 40 80 80 100 120 140 40 -20 0 20 40 60 80 100 120 140
Temperature ["C] Temperature [*C]
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Figure 64. SWx ON Resistor High Side vs Temperature Figure 65. SWx ON Resistor Low Side vs Temperature
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Typical Performance Curves - continued

(Unless otherwise specified Vin =13 V, Vein =60 V, Vsvext =5V, Tj = 25 °C)
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Figure 67. SWx Minimum OFF Time vs Temperature
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Typical Performance Curves - continued

(Unless otherwise specified Vin =13 V, Vein =60 V, Vavext =5V, Tj = 25 °C)
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Typical Performance Curves - continued
(Unless otherwise specified Vin =13 V, Vein =60 V, Vavext =5V, Tj = 25 °C)
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Figure 76. Switching Frequency vs TON Count
(Donx = 0.5, Rron = 51 kQ)

Figure 77. Internal Oscillator Frequency vs Temperature
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Typical Performance Curves - continued

(Unless otherwise specified Vin =13 V, Vein =60 V, Vsvext =5V, Tj = 25 °C)
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Design Requirements

Parameter Symbol Min Typ Max Unit
VIN Continuous Supply Voltage VIN - 13 - \%
PIN Continuous Supply Voltage VeI 58 60 62 \%
SNSNx LED Output Voltage VouTx 3 - 54 \Y
Continuous Average LED Current ILEDX 0.2 - 2.0 A
APeak LED Current AlLEDx_PEAK - - 1 A
LED String Series Resister at Vourx = 30 V Riepx - 24 - Q
Setting Switching Frequency fswx - 400 - kHz
Dynamic Voltage Changed of LEDs AViEDx - 54 - \Y
Transition Time for Dynamic Voltage Change of LEDs TLeDx - 25 - us
Ambient Temperature Topr - 25 - °C

Design Procedure

1 Calculating Duty Cycle
Solve for the buck converter switching on-duty (Donx) and Max-on-duty (Donx_max) and Minimum-on-duty (Donx_min).
SNSPx voltage is almost same with SNSNx voltage.

VSNSP
Donx = % =
PIN
VSNS'PXMAX 54
D = —— = — = (0931
ONXxpmax VPINMIN 58 093 )
|4 3
DONx_MIN — SNSPx_MIN = — = 0.0483
VPIN_MAX 2

2 Calculating Minimum on-time and Minimum off-time
Solve for the buck converter switching on-time (Tonx) and Minimum-on-time (Tonx_min) and Minimum-off-time (Torrx_min).

DON
Tonx = f—x
SWx
Donx sy 0.0483 .
= = = = X -
Tonx min Fomre 200 X 103 121 x 1077,
= Donx max 0.069 .
= = = = X -

If Tonx_MIN < tswxONMIN
Desired switching frequency (fswx) will be less than setting frequency and desired Average LED current (ILepbxave) can be
regulated.

If TorFx_MIN < tswxoFFMIN
Desired switching frequency (fswx) can be nearly fixed value and desired Average LED current (ILebxave) will be less than
setting value.
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Design Procedure — continued

3 LED Current Setting
Average LED current setting (lLepxave) should be lower than maximum average LED current (ILebxave_wax) 2 A.

Vsnsxaveioonn _ 0.1915

I Epxave = = < ILEDxAVE_MAX = 2
po Mo o S

Reysy = ISNSxAVEloo%H _ 2 - — 0.0958
LEDXAVE_MAX

Average LED current setting in the LIMP-HOME or STAND-ALONE mode should be lower than 2 A.

L gpxave(in the LIMP- HOME or the STAND- ALONE)
VsnsxavEs7oH _ 0.1666

R R < ILEDxAVE_MAX = 2
SNSx SNSx

4 Total LED Current Setting
Recommended Average LED current setting is less than 1.6 A, so that recommended tola LED current (ILepbxave_toTaL) is less
than 4.8 A for the BD18398RUV-M and 3.2 A for the BD18397RUV-M.
Recommended tola LED current (lLebxave_totaL) is less than 2.7 A for the BD18397/98EUV-M.

Igpxave Torar (for the BD18397RUV-M) = Iippiave + Igpzave < 3.2
Igpxave ToraL( for the BD18398RUV-M) = I gpiave + Igp2ave + ILgpsave < 4.8

I epxave rorar (for the BD18397EUV-M) = I ppiave + Igpaave < 2.7
L epxavErgra, CfOT the BD18398EUV-M) = Iigpiave + liepzave + liepzave < 2.7

If Average LED current setting of the CH 1 for the BD18398RUV-M is 2.0 A, Average LED current setting of the CH 2 and
CH 3 needs lower setting than 1.4 A/channel.

5 Inductor Selection
The inductor is selected to meet recommended inductor peak to peak ripple (AlLrp / ILepxave_max) range (10 % to 100 %). For
a stable LED current regulation, required minimum inductor ripple (AlLpp_minx) is more than 10 % (results in 19.1 mV ripple
voltage between the SNSPx and SNSNXx) to detect inductor bottom current, and required maximum inductor ripple current
(Alpp_max) is less than 100 % (results in 200 mV ripple voltage between the SNSPx and the SNSNXx) for nominal operation
without detecting switch-overcurrent-protection (SWOCPXx) and LED-current-protection (LOCPXx).

AILPP_MAX VPIN_MAX

ILEDxAVE MaX 4 X L X fowx X Ippxave max
62

= = 0587 <1
4 x 33 x 107% x 400 x 103 x 2 -

In case of the minimum off time.

A ILPP_MINl _ VS'NSPx_MAX

i = T x1 X Torrx MIN
LEDXAVE_MAX X I EDxAVE MAX

54

= x 173 x 107° = 0.141 > 0.10
33 x 1076 x 2 -

In case of the minimum on time.

Alipp minz Vein.max — Vsnspx min T
i = T < 1 X 1oNx MIN
LEDXAVE_MAX X I EDxAVE MAX

62 —3

x 121 x 107° = 0.108 = 0.10

~ 33 x 106 x 2
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Design Procedure - continued

6 Output Capacitor Selection

The minimum output capacitor (Coutx_min) is selected to meet continuous LED current (ILepx) over LEDs itself to fulfill the
LED peak to peak current (ILeox_pp) is not more than twice the minimum LED current (ILepx_min). The maximum output

capacitor (Coutx_max) Will be selected to reduce LED peak current (AlLepx_peax) into LEDs by discharged capacitor energy
over dynamic LED voltage changed (AVLebx).

Ligpxpp < 2 X Iigpe sy, =2 X 0.2 = 0.4

C _ AlLpp max _ 0.587 x 2
OUTXMIN = 85 fews X ligpxpp X Rigpx 8 X 400 X 103 X 0.4 X 2.4
= 0.38 x 106
Al 1
Courx max = %ZW X Tippy = — X 25 x 1076 = 0.46 x 1076
X

54
_>C0UTX = 04‘7 X 10_6

7 Compensation Capacitor for Constant Current Mode (CC)

Recommended compensation capacitor (Ccompx) and compensation network resister (Rcompx) are selected for fast response
against PWM dimming and dynamic voltage changed.

In case of 400 kHz switching frequency.

CCOMPX = 0.1 X 10_6
Reompx = 1 % 10°

In case of 2 MHz switching frequency, compensation network resister should not be used.

CCOMPX = 0022 X 10_6
Rcompx = 0

8 Compensation Capacitor for Constant Voltage Mode (CV)

Recommended compensation capacitor (Ccompx) and compensation network resister (Rcowmpx) are selected for fast response
against load changed and total output capacitor (Coutx) should be increased to reduce voltage drop by load response.

In case of 400 kHz switching frequency.

COUTX = 10 X 10_6
CCOMPx = 0.1 X 10_6
Reompx = 1 x 10°
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Typical Application Examples
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Figure 79. Application Circuit
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Application Parts Choice Examples

Component Component Value Product Name Manufacturer
ame
Crint 4.7 uF GCM32DC72A475KEQ2# _X7S_+10 % Murata
Crinz 4.7 uF GCM32DC72A475KEQ2# _X7S_+10 % Murata
Cring 4.7 uF GCM32DC72A475KEQ2# _X7S_+10 % Murata
Cring 4.7 uF GCM32DC72A475KEQ2# _X7S_+10 % Murata
Crins 0.1 uF GCJ188R72A104KA01#_X7R_+10 % Murata
Crine 0.1 uF GCJ188R72A104KA01#_X7R_+10 % Murata
Criny 0.1 uF GCJ188R72A104KA01#_X7R_+10 % Murata
Cvin 1.0 yF GCM21BR71H105KA01#_X7R_%10 % Murata
Csvrec 4.7 uF GCM21BR71C475KA67# _X7R_%10 % Murata
Csvext 4.7 uF GCM21BR71C475KA67# X7R_*10 % Murata
Ccompx 0.1 yF GCM188L81H104KA57#_X8L_+10 % Murata
Cax 2.2 yF GCM188C71A225KEQ1#_X7S_+10 % Murata
Coure 0.22 pF x 2 (CC mode) GCM31MR72A224KA01#_X7R_%10 % Murata
4.7 uF x 2 (CV mode) GCM32DC72A475KEQ2# X7S_+10 % Murata
Rron 51 kQ MCRO03 ROHM
0 Q (CC mode) MCRO03 ROHM
Rcompx
4.7 kQ (CV mode) MCRO03 ROHM
Rso 4.7 kQ MCRO03 ROHM
Risnx 1kQ MCRO03 ROHM
Rispx 1kQ MCRO03 ROHM
Rsnsx 0.091 Q LTR18 ROHM
Rerx 47Q MCRO03 ROHM
Rourtx 47 kQ MCRO03 ROHM
Risxi Open (CC mode) - -
47 kQ (CV mode) MCRO03 ROHM
Rissz 10 kQ (CC mode) MCRO03 ROHM
Open (CV mode) - -
Lx 22 uH XAL5050-223ME Coil Craft
D3 100V, 2A RB068MM100TF ROHM
EMHXx - DTC144EE ROHM
(x=1,2,3)
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Application Typical Waveforms
(Unless otherwise specified Vin = 13 V, Vein = 60 V, Vsvext = 5 V)
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Figure 80. ON Sequence Figure 81. OFF Sequence
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Figure 82. ON Sequence Figure 83. OFF Sequence
(Ccompx = 10 nF) (Ccompx = 10 nF)
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Application Typical Waveforms - continued
(Unless otherwise specified Vin = 13 V, Vein = 60 V, Vsvext = 5 V)
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Figure 84. Normal Operation Figure 85. PWM Dimming Operation

() ) oY o) ) ) e ) o) (e ) (e ) e ) e 0 @ 0 00 8 ) 8 R R 0 e B &)
Voutx [10 V/div.] 1 Voutx [10 V/div]
SWx [50 V/dIV] o e e B 8 1 R B Y Rl mAANRANN § SWx [50 V/div.]

: mmemrecd (NANRARNASRRNREURARURONNN: O A RNA AN NA SRNNS NN e soswewmwvmserwmerumes
ILx [1 A/div.] /\// \\ 3 ILx [1 A/div.]
ILEDx [1 A/div. | 4 3 i

)i [ ] o, | | & \\ | ILEDx [1 A/div.]

dadiias 1 Time [5 ps/div] || . Time[5ups/div]
P Egope =] Funsia il et - oo (R o [ = =
- Wiy 1MQ By:20.0M 13 acqs RL:25.0k - o M0 Bpe20 0M 57 acqs RL:25.0k
- 1N 1MQ 8y:20.0M Auto - Wi AMD By:20.0M Auto
Figure 86. Internal PWM Dimming (Rising Edge) Figure 87. Internal PWM Dimming (Falling Edge)
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Application Typical Waveforms - continued
(Unless otherwise specified Vin = 13 V, Vein = 60 V, Vsvext = 5 V)
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Figure 89. Output Short Circuit Fault Recovery

Figure 88. Output Short Circuit Fault
(Ccompx = 0.1 pF)

(Ccompx = 0.1 pF)
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Figure 90. Output Short Circuit Fault Figure 91. Output Short Circuit Fault Recovery
(Ccompx = 10 nF) (Ccompx = 10 nF)
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Application Typical Waveforms - continued
(Unless otherwise specified Vin = 13 V, Vein = 60 V, Vsvext = 5 V)
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Figure 92. Output Open Circuit Fault Figure 93. Output Open Circuit Fault Recovery
(Ccompx = 0.1 pF) (Ccompx = 0.1 pF)
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Figure 94. Output Open Circuit Fault Figure 95. Output Open Circuit Fault Recovery
(Ccompx = 10 nF) (Ccompx = 10 nF)
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Layout Example

O ViA connecting to GROUND PLANE
© VIA connecting to POWER SUPPLY (PIN)

VIA connecting to POWER SUPPLY (VIN)

© VIA connecting between the SVREG to the SVEXT

O viA for Signal wiring

jo R_shsp1
T

= e =
om-- ] =
== = dil=
-[@]\$§ =] -G
I =i
[]s == ERERs e -
e 0 £ —
BRI = R — o
[%  p—— — &
EHEP = %m 1
e — ©O

o
R bNbPJq
R 5Nb|‘li0|
R SI‘JbPiﬂ
R 5Nb|‘b0|

B &
El
00
[+]s

g

AT

HHHAFAEAM

o R_snsk
8 R_snsnz

\\}\\\

AHIEE

www.rohm.
© 202“1) Iénotl;-lol\r/InCo., Ltd. All rights reserved. 74/84 TS202201-0T1T0B400410-1-2
TSZ22111 » 15 + 001 01.Mar.2023 Rev.002


http://www.rohm.com/

BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M

Datasheet

/0 Equivalence Circuits

Pin No. ) Pin No. .
HTSSOP |HTSSOP Nzlrge 1/0 Equivalence Circuit HTSSOP |HTSSOP NZIrZe 1/0 Equivalence Circuit
-C48R -C48 -C48R -C48
5VREG D—l’:
r
SO/FAULT_B[ ——4
SO/
2 23 | FAULT_ Vi b 3 22 csB cse [ ) §
B L
N
GND [ |—¢
G\ND [ }——o——
sck [ — 5 si[J |,_-—,'
A A
4 21 SCK N 5 20 Sl N
GND [} GND [}
5VREG D—l,:
r
6 19 COMP1 9 16 ISET/
PWM1 ISET/
(Note 1) PWM1, >—¢:»—|-oJ
7 18 comp3 | comPx CF—— 5 ISET/ 3
.—I (Note 1) PWM3 ZS
ISET/
8 17 | comp2 & L 10 51 pwms GND
L
GND [} f .
viN - [}
SVREG [} T,:
% r
ISET/ | | Vi r
ISET/ PWM2 - — =
1 14 PWM2 = 13 12 TON ToN [ * |»'
N N A
N
GND
. GND [}
o TSZ02201-0T1T0B400410-1-2
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1/0 Equivalence Circuits — continued

Pin No. ) Pin No. _
HTSSOP |HTSSOP Nzlr::e 1/0 Equivalence Circuit HTSSOP |HTSSOP Nzlrge 1/0 Equivalence Circuit
-C48R | -C48 -C48R | -C48
17 8 SNSP1
VIN noen| PN [
20 5 SNSP3 Vi
r 23 2 sNsp2 | snsex [ =—|g
14 11 SVREG | SVREG Vi
4 5 18 7| snsni | susw O =
'—I (Note 1) '—l
GND 21 4 SNSN3 YiN N
24 1 SNSN2 oo [
SVEXT
29,30 | 43,44 Sw2
(Note 1) | BOOTx : -
38,39 34,35 Sw3 . I: svexﬂ]—«T
—
4344 | 2930 | sw1 [P O L r
N L o 33 40 SVEXT ZiN E
]
31 42 BOOT2 r lr: L
(Note 1) | SWx E
40 33 | BOOT3 FL PGND [ J—
42 31 BOOT1 | PeND [ .

(Note 1) BD18397: COMP3, ISET/PWM3, SNSP3, SNSN3, SW3, BOOT3 = N.C.

www.rohm.com
© 2021 ROHM Co., Ltd. All rights reserved.

TSZ22111 « 15« 001

76/84

TSZ02201-0T1T0B400410-1-2
01.Mar.2023 Rev.002



http://www.rohm.com/

BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet

Operational Notes

1.

Reverse Connection of Power Supply

Connecting the power supply in reverse polarity can damage the IC. Take precautions against reverse polarity when
connecting the power supply, such as mounting an external diode between the power supply and the IC’s power supply
pins.

Power Supply Lines

Design the PCB layout pattern to provide low impedance supply lines. Furthermore, connect a capacitor to ground at
all power supply pins. Consider the effect of temperature and aging on the capacitance value when using electrolytic
capacitors.

Ground Voltage
Ensure that no pins are at a voltage below that of the ground pin at any time, even during transient condition.

Ground Wiring Pattern

When using both small-signal and large-current ground traces, the two ground traces should be routed separately but
connected to a single ground at the reference point of the application board to avoid fluctuations in the small-signal
ground caused by large currents. Also ensure that the ground traces of external components do not cause variations
on the ground voltage. The ground lines must be as short and thick as possible to reduce line impedance.

Recommended Operating Conditions

The function and operation of the IC are guaranteed within the range specified by the recommended operating
conditions. The characteristic values are guaranteed only under the conditions of each item specified by the electrical
characteristics.

Inrush Current
When power is first supplied to the IC, it is possible that the internal logic may be unstable and inrush current may flow
instantaneously due to the internal powering sequence and delays, especially if the IC has more than one power supply.
Therefore, give special consideration to power coupling capacitance, power wiring, width of ground wiring, and routing
of connections.

Testing on Application Boards

When testing the IC on an application board, connecting a capacitor directly to a low-impedance output pin may subject
the IC to stress. Always discharge capacitors completely after each process or step. The IC’s power supply should
always be turned off completely before connecting or removing it from the test setup during the inspection process. To
prevent damage from static discharge, ground the IC during assembly and use similar precautions during transport and
storage.

Inter-pin Short and Mounting Errors

Ensure that the direction and position are correct when mounting the IC on the PCB. Incorrect mounting may result in
damaging the IC. Avoid nearby pins being shorted to each other especially to ground, power supply and output pin.
Inter-pin shorts could be due to many reasons such as metal particles, water droplets (in very humid environment) and
unintentional solder bridge deposited in between pins during assembly to name a few.

Unused Input Pins

Input pins of an IC are often connected to the gate of a MOS transistor. The gate has extremely high impedance and
extremely low capacitance. If left unconnected, the electric field from the outside can easily charge it. The small charge
acquired in this way is enough to produce a significant effect on the conduction through the transistor and cause
unexpected operation of the IC. So unless otherwise specified, unused input pins should be connected to the power
supply or ground line.
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Operational Notes — continued

10. Regarding the Input Pin of the IC

11.

12.

13.

14.

This monolithic IC contains P+ isolation and P substrate layers between adjacent elements in order to keep them
isolated. P-N junctions are formed at the intersection of the P layers with the N layers of other elements, creating a
parasitic diode or transistor. For example (refer to figure below):

When GND > Pin A and GND > Pin B, the P-N junction operates as a parasitic diode.
When GND > Pin B, the P-N junction operates as a parasitic transistor.

Parasitic diodes inevitably occur in the structure of the IC. The operation of parasitic diodes can result in mutual
interference among circuits, operational faults, or physical damage. Therefore, conditions that cause these diodes to
operate, such as applying a voltage lower than the GND voltage to an input pin (and thus to the P substrate) should be
avoided.

‘ Resistor ‘ ‘ Transistor (NPN) ‘
P|n A Pin B Pin B
c —2—
‘ \ Pin A | E
:| ' B—r P’ NPl P
i Parasitic N ] N N
EIements ¥ A
,<' P Substrate v 4 P Substrate
- GND JT— GND GND=-
Parasitic Parasitic N Region
Elements Elements close-by

Figure 96. Example of Monolithic IC Structure

Ceramic Capacitor
When using a ceramic capacitor, determine a capacitance value considering the change of capacitance with
temperature and the decrease in nominal capacitance due to DC bias and others.

Thermal Shutdown Circuit (TSD)

This IC has a built-in thermal shutdown circuit that prevents heat damage to the IC. Normal operation should always
be within the IC’s maximum junction temperature rating. If however the rating is exceeded for a continued period, the
junction temperature (Tj) will rise which will activate the TSD circuit that will turn OFF power output pins. When the Tj
falls below the TSD threshold, the circuits are automatically restored to normal operation.

Note that the TSD circuit operates in a situation that exceeds the absolute maximum ratings and therefore, under no
circumstances, should the TSD circuit be used in a set design or for any purpose other than protecting the IC from heat
damage.

Over Current Protection Circuit (OCP)

This IC incorporates an integrated overcurrent protection circuit that is activated when the load is shorted. This
protection circuit is effective in preventing damage due to sudden and unexpected incidents. However, the IC should
not be used in applications characterized by continuous operation or transitioning of the protection circuit.

Functional Safety

“ISO 26262 Process Compliant to Support ASIL-*"

A product that has been developed based on an ISO 26262 design process compliant to the ASIL level described in
the datasheet.

“Safety Mechanism is Implemented to Support Functional Safety (ASIL-*)”

A product that has implemented safety mechanism to meet ASIL level requirements described in the datasheet.
“Functional Safety Supportive Automotive Products”

A product that has been developed for automotive use and is capable of supporting safety analysis with regard to the
functional safety.

Note: “ASIL-*" is stands for the ratings of “ASIL-A”, “-B”, “-C” or “-D” specified by each product's datasheet.

www.rohm.com

© 2021 ROHM Co., Ltd. All rights reserved. 78/84 TS202201-0T1T0B400410-1-2
TSZ22111 + 15 + 001 01.Mar.2023 Rev.002


http://www.rohm.com/

BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet

Ordering Information

B D1 8 3 9 x x x x| - ME 2
— |
Output Package Product Rank
Channel RUV: HTSSOP-C48R M: for Automotive
7: 2 channel EUV: HTSSOP-C48 Packaging and forming specification
8: 3 channel E2: Embossed tape and reel

Marking Diagrams

HTSSOP-C48R (TOP VIEW)

Part Number Marking

P —

LOT Number

Pin 1 Mark

HTSSOP-C48 (TOP VIEW)

Part Number Marking

K
LOT Number
/—
K
Pin 1 Mark
Lineup
Output Channel Part Number Marking Package Orderable Part Number
5 ch BD18397 HTSSOP-C48R BD18397RUV-ME2
c
BD18397EUV HTSSOP-C48 BD18397EUV-ME2
3ch BD18398 HTSSOP-C48R BD18398RUV-ME2
c
BD18398EUV HTSSOP-C48 BD18398EUV-ME2
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Physical Dimension and Packing Information

Package Name

HTSSOP-C48R

0. 85*x0. 05
0. 08%0. 08

00gRRRRAAgARRRRARgRRRRD
o o
|| < o ol
L LR GRRG =
- 9. 0.3

< Tape and Reel Information >

+0. 05
0. 22-0. 04 [§l0. 080

(UNIT :mm)
PKG:HTSSOP—C48R
Drawing Na. EX1T77—=8002—1

Tape Embossed carrier tape
Quantity 2000pcs
Direction of feed E2

The direction is the pin 1 of product is at the upper left when you hold
reel on the left hand and you pull out the tape on the right hand

= —"w
/| o0 0,0 0,0 0,0 0,0 O,O )
e2 TR || e2 iR ||e2itrR|[|e2itr||e2itR||E2|Tr f

TL ;E1 T §E1 TL | ET TLEE‘I TL E1 || L ;E1 |"I

Pocket Quadrants

.\'\\

Direction of feed
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Physical Dimension and Packing Information — continued

Package Name HTSSOP-C48
12. 5+0. 1
(MAX12. 85 include. BURR)
i (5. 0) : --740,2‘»;
48 25
[ AEARAARARARAAAARARARARAR ﬂ
2l O [ i
ik i | 2 e
1 g b ol
SN i} L L LB E L Lk N—1 |
1 24
0.5 || 1PIN MARK 0. 1740 93
s«
"
g. Y
%
:f| ﬁ 1105 Jo. 08]s |o. 2220 04 [&]o. 08m
il (UNIT :mm)
e|e PKG:HTSSOP—C48

Drawing No. EX176—-5002—1

< Tape and Reel Information >

Tape Embossed carrier tape
Quantity 2000pcs
Direction of feed E2

The direction is the pin 1 of product is at the upper left
when you hold reel on the left hand and you pull out the tape on the right hand

0,0 0.0 0,0 0,0 0,0 0.0

\ Direction of feed \
Pocket Quadrants >

Reel
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Revision History

Date Revision Changes

15.Feb.2022 001 New Release

Adding Lineup
Before: BD18397RUV-M, BD18398RUV-M
After: BD18397RUV-M, BD18398RUV-M, BD18397EUV-M, BD18398EUV-M

P1 updating Key Specification
LED Output Voltage Range
Before: 2 V to 60 V
After: 25V to 60 V

P1 updating Typical Application Circuit
Figure 1. Typical Application Circuit

P3 updating Pin Descriptions
BOOT1, BOOT2, BOOT3
Before: Connecting boot strap capacitor
After: Connecting series resister and boot strap capacitor

SW1, SW2, SW3
Adding description: Connecting schottky barrier diode to the SW3 pin.

5VREG
Before: 2.2 uF
After: 4.7 pF

5VEXT
Before: 2.2 pF
After: 4.7 uF

P4 updating Bock Diagram
01.Mar.2023 002 Figure 4. Block Diagram
P6 updating Thermal Resistance

Adding item: HTSSOP-C48 for BD1839xEUV-M

P7 updating Recommended Operating Conditions
Note 2
Before: Schottky Barrier Diodes between
After: Schottky Barrier Diodes should be needed between

Adding item: PWM Dimming off Pulse Width and Note 6
Adding item: Continuous Total Average LED Current for BD1839xEUV-M

P8 updating Recommended Setting Parts Range
Adding item: Retx and Note 2

P14 updating Description of Blocks > Buck Converter LED Current Regulation
Before: by the real time sensing Vein and Vsnsnx voltage.
After: by the real time sensing Vein and Vsnsex voltage.

P15 updating Description of Blocks > LED Current Setting (Current Sense)
Figure 7. LED Current Setting

P16 updating Description of Blocks > DCDC Switching Frequency
Tonx
Before: k / (TONXx[5:0] +1) x Rton X Vsnspx / Vein + 20 x 10°°
After: k / (TONx[5:0] +1) x Rton X Vsnspx / Vein X 10 + 20 x 10°°

fSWX

Before: 1/ (k / (TONx[5:0] +1) x Rton x Vsnspx / Vein + 20 x 10°) x Vsnsex / VrIN
After: 1/ (k / (TONx[5:0] +1) X Rron X Vsnspx / Vein X 10 + 20 x 10°) x Vsnsex / Vein
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Revision History — continued

Date

Revision

Changes

01.Mar.2023

002

P20 updating Description of Blocks > Bootstrap Charge
Adding description: When turning on the corresponding channel, the output voltage
must be sufficiently discharged (Vourx < 1.5 V) before turning on the corresponding
channel (CHONXx = 1) to ensure that the bootstrap voltage is above the recommended
operating voltage (Verswx > 3.5 V).

P24 updating Description of Blocks > Abnormal Detection/Protection Function
5VREG 5VEXT UVLO
Before: VBVREG 24.5V or VSVEXT 24.5V
After: VBVREG 24.2 V or VSVEXT 24.2V

P25 updating Description of Blocks > Under Voltage Locked Out (UVLO)
Before: When detecting a UVLO by the Vin or Vsvrec or VsvexT,
After: When detecting a UVLO by the Vin or Vsvres or Vsvext or Ve,

P26 updating Description of Blocks > SW Over Current Protection (SWOCPXx)
Figure 20. SW Over Current Protection Waveform

P27 updating Description of Blocks > LED Open Detection
Figure 21. LED Open Detection Waveform

P28 updating Description of Blocks > LED Short to GND Detection
Figure 22. LED Short to GND Detection Waveform

P31 updating Description of Blocks > SPI Protocol and AC Electrical Characteristics
Adding description: S| data is outputted with 24 bits shift from SO/FAULT_B.
SO/FAULT_B keeps Hi-z when CSB = high.

P33 updating Description of Blocks > SPI Protocol and AC Electrical Characteristics
> SPI AC Timing
Adding item: NOTE (Countermeasure of Noise)
Adding item: Figure 29. Countermeasure of Noise

P34 updating Description of Blocks > SPI Protocol and AC Electrical Characteristics
> SPI Protocol > CRC
Adding description: (It doesn't change value until 1" input because initial 0. (The result
of "011111111111111111111111" (binary) is same as result of "111111111111111111111111".))

P41 updating Description of Blocks > Register > Description of Registers
initial value of Address 0x00: SYSSET
Before: initial value 0x00
After: initial value 0x40

P43 updating Description of Blocks > Register > Description of Registers
Description of Address 0x03: DIMSET bit[7] PHEN
Before: as shown in Figure 41.
After: as shown in Figure 44.

P44 updating Description of Blocks > Register > Description of Registers
Description of Address 0x04 & 0x05
Removing description: If you want to change value during dimming, WLOCK function
can be used.

www.rohm.com

© 2021 ROHM Co., Ltd. Al rights reserved. 83/84 TSZ02201-0T1T0B400410-1-2

TSZ22111 « 15« 001

01.Mar.2023 Rev.002



http://www.rohm.com/

BD18397RUV-M BD18398RUV-M BD18397EUV-M BD18398EUV-M Datasheet

Revision History — continued

Date

Revision

Changes

01.Mar.2023

002

P45 updating Description of Blocks > Register > Description of Registers
Table 15. DC/DC GM Amplifier Trans Conductance Setting
GM1[1:0]=0

Before: 1200
After: 1360

GM1[1:0] =1
Before: 750
After: 870

GM1[1:0] = 2
Before: 430
After: 530

GM1[1:0] =3
Before: 240
After: 300

P57 updating Sequence > Start-up and Turn-off Sequence > Error Sequence for “WDT
Error”
Description of Error Sequence for “WDT Error” @
Removing description: and SO/FAULT_B output is set to low

P66 updating Design Procedure > Total LED Current Setting
Adding description and formula for BD1839xEUV-M

P66 updating Design Procedure >Inductor Selection
Before: in case of the minimum on time
After: in case of the minimum off time

Before: in case of the maximum on time
After: in case of the minimum on time

P68 updating Typical Application Examples
Figure 79. Application Circuit

P69 updating Application Parts Choice Example
Courx
Before: 10 yF, GCM31MR72A224KA01#_X7R_+10 %
After: 4.7 uF x 2, GCM32DC72A475KEQ02# X7S_+10 %

Lx
Before: XAL8050-223ME
After: XAL5050-223M

Ds
Before: RBO68LAM100
After: RBO68MM100TF
Adding item: Rarx

P74 updating Layout Example

P75 updating I/O Equivalence Circuits
Adding item: New package Pin No.

P79 updating Ordering Information and Marking Diagram and Lineup
Adding item: HTSSOP-C48 for BD1839xEUV-M

P81 updating Physical Dimension and Packing Information
Adding item: HTSSOP-C48 for BD1839xEUV-M

www.rohm.com

© 2021 ROHM Co., Ltd. All rights reserved. 84/84

TSZ22111 « 15« 001

TSZ02201-0T1T0B400410-1-2
01.Mar.2023 Rev.002



http://www.rohm.com/

Datasheet

Notice

Precaution on using ROHM Products
1. If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (ot 1),
aircraft/spacecraft, nuclear power controllers, etc.) and whose malfunction or failure may cause loss of human life,
bodily injury or serious damage to property (“Specific Applications”), please consult with the ROHM sales
representative in advance. Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way
responsible or liable for any damages, expenses or losses incurred by you or third parties arising from the use of any
ROHM'’s Products for Specific Applications.

(Notel) Medical Equipment Classification of the Specific Applications

JAPAN USA EU CHINA
CLASSII CLASSIb
CLASSIV CLASSII CLASSII CLASSII

2. ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety
[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

3. Our Products are not designed under any special or extraordinary environments or conditions, as exemplified below.
Accordingly, ROHM shall not be in any way responsible or liable for any damages, expenses or losses arising from the
use of any ROHM'’s Products under any special or extraordinary environments or conditions. If you intend to use our
Products under any special or extraordinary environments or conditions (as exemplified below), your independent
verification and confirmation of product performance, reliability, etc, prior to use, must be necessary:

[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents

[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust

[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including Clz,

H2S, NH3, SO2, and NO2

[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves

[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items

[f] Sealing or coating our Products with resin or other coating materials

[g] Use of our Products without cleaning residue of flux (Exclude cases where no-clean type fluxes is used.
However, recommend sufficiently about the residue.); or Washing our Products by using water or water-soluble
cleaning agents for cleaning residue after soldering

[h] Use of the Products in places subject to dew condensation

4. The Products are not subject to radiation-proof design.
5. Please verify and confirm characteristics of the final or mounted products in using the Products.

6. In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse, is applied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

7. De-rate Power Dissipation depending on ambient temperature. When used in sealed area, confirm that it is the use in
the range that does not exceed the maximum junction temperature.

8. Confirm that operation temperature is within the specified range described in the product specification.

9. ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.

Precaution for Mounting / Circuit board design
1. When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

2. In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must
be used on a through hole mount products. If the flow soldering method is preferred on a surface-mount products,
please consult with the ROHM representative in advance.

For details, please refer to ROHM Mounting specification
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Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the
characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2. You agree that application notes, reference designs, and associated data and information contained in this document
are presented only as guidance for Products use. Therefore, in case you use such information, you are solely
responsible for it and you must exercise your own independent verification and judgment in the use of such information
contained in this document. ROHM shall not be in any way responsible or liable for any damages, expenses or losses
incurred by you or third parties arising from the use of such information.

Precaution for Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including Clz, H2S, NHs, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3. Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent leads
may occur due to excessive stress applied when dropping of a carton.

4. Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

Precaution for Product Label
A two-dimensional barcode printed on ROHM Products label is for ROHM’s internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

Precaution for Foreign Exchange and Foreign Trade act

Since concerned goods might be fallen under listed items of export control prescribed by Foreign exchange and Foreign
trade act, please consult with ROHM in case of export.

Precaution Regarding Intellectual Property Rights
1. All information and data including but not limited to application example contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data.

2. ROHM shall not have any obligations where the claims, actions or demands arising from the combination of the
Products with other articles such as components, circuits, systems or external equipment (including software).

3. No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the Products or the information contained in this document. Provided, however, that ROHM
will not assert its intellectual property rights or other rights against you or your customers to the extent necessary to
manufacture or sell products containing the Products, subject to the terms and conditions herein.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

4. The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.
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General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM’s Products against warning, caution or note contained in this document.

2. All information contained in this document is current as of the issuing date and subject to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the latest information with a ROHM sales
representative.

3. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.
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