ROHM Datasheet

SEMICONDUCTOR

Automotive LED Driver Series

24-channel Constant Current Drivers and 8-
line Switch Controllers Embedded Backlight
LED Driver

BD94130MUF-M BD94130EFV-M

General Description Key Specification
BD94130MUF-M/BD94130EFV-M are embedded 24- B Power Supply Voltage Range: 3.0Vto55V
channel constant current drivers with 12bit PWM dimming B LEDCHn Pin Voltage (n = 1 to 24): 20V
and max 8-line switch controllers. This device can set B Maximum LED Output Current: 80 mA
LED constant current value by setting external ISET B Operating Temperature Range: -40 °C to +125 °C

resistor. Communication with p-controller via SPI is

feasible.
Features Package W (Typ) x D (Typ) x H (Max)
B AEC-Q100 Qualified™ote ) (BD94130MUF-M)
B Functional Safety Supportive Automotive Products VQFN56FCV080 8.0 mm x 8.0 mm x 1.0 mm
B Integrated 24-channel LED Constant Current Drivers (BD94130EFV-M)
B Integrated 4/6/8-line Switch Controllers HTSSOP-B54 18.5mm x 9.5 mm x 1.0 mm
B SPI Interface (Cascade Connection Feasible)
®  12bit PWM Dimming
B LED Constant Current Setting by ISET Resistor
B Phase Shift Function %
B 6bit Dot Correct (50 % to 100 %)
B LED Open Detection and LED Short Detection
B Adjacent LEDCH Short Detection
B PGATE Short Protection
®  VINSW Over Voltage Protection
B Slew Rate Control for PMOS Gate Driver
B Abnormality Output FAILB Pin VQFN56FCV080 HTSSOP-B54

(Note 1) Grade 1
Application

m  Cluster, Center Infotainment Display
m  Other Automotive Backlights

Typical Application Circuit
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OProduct structure : Silicon integrated circuit OThis product has no designed protection against radioactive rays.
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Datasheet

Pin Configuration

VQFNS56FCV080 (TOP VIEW)

HTSSOP-B54 (TOP VIEW)
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Pin Description
VQFN56FCV080 | HTSSOP-B54 Pin Name Function
1 48 SUMFB Control DCDC feedback voltage
2 49 GND Common GND
3 50 EN Enable input pin
4 51 VREG15 Output of 1.5 V voltage regulator for digital block
6 53 VCC Power supply pin
7 54 FAILB Abnormal operation detection output pin
8 1 VSYNC VSYNC signal input pin
9 2 HSYNC HSYNC signal input pin
10 3 VIO Power supply pin for I/O
11 4 SDO SPI data output pin
12 5 SCLK SPI CLK input pin
13 6 SDI SPI data input pin
14 7 SCSB SPI device select setting pin
15 8 LEDCH1 Output constant current channel 1
16 9 LEDCH2 Output constant current channel 2
17 10 LEDCH3 Output constant current channel 3
18 11 LEDCH4 Output constant current channel 4
19 12 LEDCH5 Output constant current channel 5
20 13 LEDCH6 Output constant current channel 6
21 14 LGND Analog GND for constant current driver block
22 15 LEDCH7 Output constant current channel 7
23 16 LEDCHS8 Output constant current channel 8
24 17 LEDCH9 Output constant current channel 9
25 18 LEDCH10 | Output constant current channel 10
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Pin Description — continued

VQFN56FCV080 | HTSSOP-B54 Pin Name Function

26 19 LEDCH11 Output constant current channel 11
27 20 LEDCH12 Output constant current channel 12
29 21 FB Control external DCDC feedback voltage
30 22 ISET LED constant current setting pin
31 23 TEST1 Test pin 1
32 24 PGATE1 Gate control 1 of external PMOS FET
33 25 PGATE2 Gate control 2 of external PMOS FET
34 26 PGATE3 Gate control 3 of external PMOS FET
35 27 PGATE4 Gate control 4 of external PMOS FET
36 28 VINSW Power supply for gate controller block
37 29 PGATES Gate control 5 of external PMOS FET
38 30 PGATE6 Gate control 6 of external PMOS FET
39 31 PGATE7 Gate control 7 of external PMOS FET
40 32 PGATES Gate control 8 of external PMOS FET
41 33 TEST2 Test pin 2. Use this pin as an open pin.
42 34 LSPSET LED short protection voltage setting for external adjustable
44 35 LEDCH13 Output constant current channel 13
45 36 LEDCH14 Output constant current channel 14
46 37 LEDCH15 Output constant current channel 15
47 38 LEDCH16 Output constant current channel 16
48 39 LEDCH17 Output constant current channel 17
49 40 LEDCH18 Output constant current channel 18

50 41 LGND Analog GND for constant current driver block
51 42 LEDCH19 Output constant current channel 19

52 43 LEDCH20 Output constant current channel 20

53 44 LEDCH21 Output constant current channel 21

54 45 LEDCH22 Output constant current channel 22

55 46 LEDCH23 Output constant current channel 23

56 47 LEDCH24 Output constant current channel 24

- - EXP-PAD The EXP-PAD is connected to GND
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Block Diagram
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Description of Blocks

If there is no description, the mentioned values are typical value.

The suffixes m of the symbol represent the number of gate control (m = 1 to 8), and the suffixes n represent the number of
current driver (n = 1 to 24), respectively. For example, LEDCHn means LEDCH1, LEDCHZ2,,,LEDCH24. PGATEm means
PGATE1, PGATE2,,,PGATES. This expression is applicable to the whole of this datasheet.

1. Power Supply (VCC)
The VCC pin has UVLO function (VCCUVLO), and it starts operation at VCC 2 2.65 V (Typ) and stops operation at
VCC < 2.55 V (Typ). About the condition to release/detect VCC UVLO, refer to Table 53. Connect a ceramic capacitor
(Cvcc) to the VCC pin for stable operation. Cvcc range is 1 uF to 22 yF and recommended value is 2.2 uF. If the Cvcc
is not connected, unstable operation might occur e.g. oscillation.

2. Power Supply (VIO)
It supplies power to FAILB, SCSB, SCLK, SDI, SDO, VSYNC, and HSYNC input / output from the VIO pin. Connect a
ceramic capacitor (Cvio) to the VIO pin for stable operation. Cvio range is 1 pF to 4.7 yF and recommended value is
2.2 yF. If the Cvio is not connected, unstable operation might occur e.g. oscillation.

3. Power Supply (VINSW)
It supplies power to the output of PGATE1 to PGATES from the VINSW pin. Connect a ceramic capacitor (Cvinsw) to
the VINSW pin to ensure stability of LED anode voltage. Cvinsw range is 1 pyF to 100 uF and recommended value is
10 pF. If the Cvinsw value is not enough, the LED output might become unstable e.g. flicker.

4. Reference Voltage (VREG15)
VREG15 block generates 1.5 V from VCC, and outputs 1.5 V to the VREG15 pin. It supplies this power (Vvrec1s) to
the internal digital circuit. The VREG15 pin has UVLO function (VREG15UVLO), and it starts operation at Vvreg1s =
1.35 V (Typ) and stops operation at Vvrec15< 1.30 V (Typ). It cannot be used to supply power to external components
from this IC. About the condition to release/detect VREG15 UVLO, refer to Table 53. Connect a ceramic capacitor
(Cvreais) to the VREG15 pin for phase margin. Cvrec1s range is 1 pyF to 4.7 yF and recommended value is 2.2 pF. If
the Cvrea1s is not connected, unstable operation might occur e.g. oscillation.

5. Gate Controller
PGATEm pins connect to the gate of external PMOS transistors and this block controls power source timing to LED
array. Each PGATEm pin turns on in order from PGATE1 to PGATES in one period of VSYNC. The number of
PGATEm’s ON in one period of VSYNC can be set by PWMFREQ register, refer to PWMFREQ register. PGATEm
output HIGH level is Vvinsw (Typ) and its LOW level is Vvinsw— 4.5 V (Typ).

6. Current Driver
This device has integrated 24-channel constant current driver. Maximum LED current level ILepmax (<80 mA) of all
channels is set by the external resistor Riser of the ISET pin. The dot corrected current ILeocrn (50 % to 100 %) is set
by the register IREVmn[5:0]. And the PWM dimming is set by the register DTYmn[11:0]. (m =110 8, n = 1 to 24)

VSYNC M

PGATE1
PGATE2

4 |Leomax: Maximum current level by Riser < 80 mA

¢ Dot Correnction (50 % to 100 %) by the register IREVmn[5:0]
I

LEDCHnN LEDCHn

current < - > _ _
PWM dimming by the register DTYmn[11:0]

Figure 1. LED Current Setting Method for Dimming
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6. Current Driver — continued

(1) Output Current Setting
ILepmax and ILepchn can be calculated by the following equation.
Recommended ILebmax setting range is from 8.5 mA to 80 mA.
1440k

RISET

I.epmax = [mA]

where RiseT is the external resistor value of the ISET pin.

(IREVmn[5:0] + 64)
I epcun = ILepmax %X 127 [mA]

(2) Local PWM Dimming Control
PWM dimming frequency and pulse width are set by SPI commands. Constant current driver can be controlled
synchronized to the internal signal PWMn (n = 1 to 24) for each channel set by SPI.
However, the constant current driver’s minimum pulse width is limited to 0.6 us. For example, in Matrix application
with HSYNC frequency 8 MHz, 12bit resolution is minimum 125 ns in 8-line controller. The controllable range is
from 5 to 4095.

The accurate average current of LEDCHDn is expressed as follows, considering the deadtime of line controller.

8
Iiep ave = lgpcin X Z (DTYmn + 1)/{(4,096 + 32 x 2NOOVLAPL | 37 5 QNOOVLAPZ) 5 g} [mA]

m=1
where NOOVLAP1 =0 to 3, NOOVLAP2 =0 to 3, MULSEL =0

(3) Delay Control
This IC integrates 12bit global delay function and 12bit local (each channel) delay function. In case HSYNC
frequency is 8 MHz, the shift rate (global) can be set by 1.0 s steps in 8-line controller.
If the length of the local delay and duty is more than the period, the remaining “ON” width is output at the next
VSYNC period as shown on LEDCH24 of Figure 2. Refer to Delay Setting for details of this function.

VSYNC [ I

_global delay setting (GDLY)

PGATEL ] L]

PGATE2 ] L]
PGATE3 |
PGATE4
PGATES | L
PGATES | | L]
PGATE? L] L]
PGATES ] L

delay settintg (DLY:01)
2 ——
DTY101 DTYR01 DT301 DT¥401 DTY501 DTY60LDTY¥701DTY80L

Y

delay setttng (DLY02)

current

EDTYlOl DTY®01 DT¥301 DT¥401 DTY501 DTY601 DT¥701DTY801
ooz 1 0 U LI L L
current

. idelay setfing (DLY24)
. H

corrent LT TU|
current

Figure 2. Delay Control
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6. Current Driver - continued

(4) LED Open Detection, LED Short Detection
This IC has LED Open Detection and LED Short Detection.
When LED Open/Short is detected and PWM = HIGH, it outputs FAILB = LOW and the status of LED Open/Short
Detection is updated.
LED Open Detection Voltage = Voprper
LED Short Detection Voltage = Vstper
(LED Short Detection Voltage can be set with SPI or the external resistor of the LSPSET pin. Refer to LEDSH
resister)
This IC can automatically detect or release Error condition (FAILB output, Error register) during PWMn = HIGH. The
error condition is retained during PWMn = LOW.

7. FB Control

DC/DC output and LEDCHn voltage is controlled by the FB pin. If the minimum LEDCHn voltage is lower than the
Feedback Reference Voltage, the FB sink current increases. If the minimum LEDCHn voltage is higher than the
Feedback Reference Voltage, the FB sink current decreases.

FB sink current is controlled by FBDAC[7:0]. The output is updated at the PGATE1 = ON in every VSYNC period
indicated by Figure 4. The minimum step current is 0.78 pA (Typ) and maximum sink current is 200 pA (Typ). The
resistor network between this device and DC/DC should be set appropriately by considering the current ability.
During the boot interval, the soft start function works. Please refer the register SSTIM[2:0] (Address 0x000: SRSST).

Table 1. Feedback Reference Voltage

LED Current | FBREF[20] | [ooI0acK
Setting Register Vi LEDCH1 LEDCH24
oltage pC/be vour |
8.5 mA -
to 20 mA 0x0 045V 0 -
20 mA Selector ? s
to 30 mA Ox1 0.53V | DC/DC
30 mA 2 V FB Logic [— FBDAC[7:0]
to 40 mA 0x 0.60 _L DC/DC FB |
40 mA -
0 60 MA 0x3 0.75V
60 mA
to 80 mMA 0x4 to Ox7 0.90V
Figure 3. FB Control Block Diagram
VSYNC [ I [l
PGATE1L
PGATE2

poaTES | | L L]
s e T 6 6 o 6

ot NI N I A A O o
current —,_l—

FBDACJ7:0] upP DOWN DOWN
When even one LEDCHDn pin is lower than the When all LEDCHn pins are higer than the feedback
feedback reference voltage. reference voltage.

Figure 4. FB Control Timing
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Absolute Maximum Ratings (Ta = 25 °C)

Parameter Symbol Rating Unit
Power Supply Voltage Range 1 Vee -0.3to +7 \%
Power Supply Voltage Range 2 Vvio -0.3to +4 \%
Power Supply Voltage Range 3 VviNsw -0.3to +20 Vv
VREG15 Pin Voltage Range VVREG15 -0.3 to +1.65 Y
LEDCHN Pin Voltage Range VLEDCHN -0.3 to +20 Y
PGATEm Pin Voltage Range VPGATEM -0.3 to Vvinsw+0.3 < +20 Vv
FAILB, ISET Pin Voltage Range VFaiLg, ViseT -0.3to +7 \Y
FB, TEST2 Pin Voltage Range VEB, VTEST? -0.3to +20 \Y
EN, LSPSET, TEST1 Pin Voltage Range VEeN, VispseT, VTEST! -0.3 to Vcc+0.3 \%
SR SOAKD1 500, YOG, HOWNG, | Vo Voo Voo | gsoveagsed |V
Maximum Junction Temperature Tjmax 150 °C
Storage Temperature Range Tstg -55 to +150 °C
Maximum LED Output Current ILEDGHN 85(Note 1)(Note 2) mA

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.

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.

(Note 1) Wide VF variation of LED increases loss at the driver, which results in rise in package temperature. Therefore, the board needs to be designed with
attention paid to heat radiation.

(Note 2) This current value is per 1ch. It needs be used within a range not exceeding power dissipation.

Caution 2:

Thermal Resistance (NVote 7)

Thermal Resistance (Typ) )

Parameter Symbol 15(Note 3 ‘ 252pNote Unit
VQFN56FCV080
Junction to Ambient 6ua 72.7 24.3 °C/W
Junction to Top Characterization Parameter(Vote 2) Yyt 4.0 3.0 °C/W
HTSSOP-B54
Junction to Ambient B.a 55.8 20.6 °C/W
Junction to Top Characterization Parameter(Vote 2) Yyt 4.0 2.0 °C/W

(Note 1) Based on JESD51-2A (Still-Air).

(Note 2) 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 3) Using a PCB board based on JESD51-3.

(Note 4) 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 um
Layer Number of . . Thermal ViaNote 9
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 ym 74.2 mm x 74.2 mm 35 um 74.2 mm x 74.2 mm 70 um

(Note 5) This thermal via connect with the copper pattern of layers 1,2, and 4. The placement and dimensions obey a land pattern.
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Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit Condition
Operating Temperature Topr -40 - +125 °C
Power Supply Voltage 1 Vce 3.0 5.0 5.5 \%
Power Supply Voltage 2 Vvio 1.6 - 3.5 \Y
Power Supply Voltage 3 Vvinsw 3 - 20 \Y
VCC Pin Connection Capacitance Cvce 1.0 2.2 22.0 uF
VIO Pin Connection Capacitance Cvio 1.0 2.2 4.7 uF
VINSW Pin Connection Capacitance Cvinsw 1 10 100 uF
FB Pin Operation Voltage Vrs 0 - 16 \Y
VREG15 Pin Connection Capacitance Cvrec1s 1.0 2.2 4.7 uF
ISET Resistance Riser 18 - 170 kQ
HSYNC Frequency fHsyne - - 20 MHz
HSYNC Duty fusyneouTy 40 - 60 %
éélﬁzi;irtiﬂu:onn?r/oller) fusvnes 50 ) 500 Hz Ig/lvl\;ll\_/ISFIIE?IiE_QO: (())
zgélﬁziv'\:/irtecﬂuceonn?rloller) fusyncz 50 ) 750 Hz I';AVL\JIII\_/ISFIIE?IIE_QO: %
Xls-;lmicsv'\:/irtiﬂuceonn?rloller) fusves 50 ) 1000 Hz I':\’/IVL\JIII\_/ISFIIE?I]E_QO: 2)
VSYNC Minimum Pulse Width tvsyNeMIN 50 - - us
PWM Minimum Pulse Width tPwMMIN 0.6 - - us
LED Output Current 1 ILEDMAXL 8.5 - 70.0 mA 3.0V=sVCC<55V
LED Output Current 2 ILEDMAX2 8.5 - 80.0 mA 3.5V=sVCC<55V
LEDCHN Pin Connection Capacitance CLencH 0 - 0.1 uF (Note 1)
LSPSET Pin Voltage VLSPSETDET 0.5 - 1.8 \% LSHEXT =1
FAILB Pin Pull Up Resistance RraiLB 10 - 500 kQ

(Note 1) CreocH affects the transient response of LEDCHn pin. Please check the LED current waveform of the narrow PWM duty, the time margin of the LED
short detection, the short check of the adjacent LEDCHn pin, the pull up charge. Please refer the register ERRMASK (0x003), PRCEN (0x005), LEDSH

(0x006), LSHEXE (0x006)
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Electrical Characteristics

(Unless otherwise specified Vcc = 3.0 Vto 5.5V, Vyinsw =10V, Vyio = 1.8V, Ta = -40 °C to +125 °C)

Parameter Symbol ‘ Min ‘ Typ ‘ Max ‘ Unit ‘ Condition
[Device Overview]
EN = LOW
VCC Circuit Current 1 lcevecet - 0 20 MA HSYNC = LOW
All Current driver OFF
VSYNC = 240 Hz
N HSYNC = 7,987,200 Hz
VCC Circuit Current 2 lceveez - 10.5 18.0 mA MULSEL = 0
Duty =50 %
VINSW Circuit Current 1 lccvinswi - 35 60 A EN = LOW
N EN = HIGH,
VINSW Circuit Current 2 lccvinswz - 220 400 MA PGATEM = HIGH
SCSB = HIGH,
VIO Circuit Current lcevio - 0 5 MA SDI = SCLK = VSYNC =
HSYNC = LOW, EN = LOW
[VREG15 Block]
VREG15 Pin Output Voltage VVREG15 1.400 ‘ 1.470 ‘ 1.540 ‘ \% ’ Ivrec1s = 0 MA
[PROTECT LOGIC Block]
VCCUVLO Detection Voltage Vvccuviol 2.40 2.55 2.70 \% Vcec = SWEEP DOWN
VCCUVLO Release Voltage Vvceuvioz - 2.65 - \Y
VCCUVLO Hysteresis Voltage VvccuHys 50 100 200 mV
VIOUVLO Detection Voltage VviouvLo1 131 1.41 1.51 Vvio = SWEEP DOWN
VIOUVLO Release Voltage VviouvLo2 - 1.46 - \Y
VIOUVLO Hysteresis Voltage VVIouHYS 30 50 90 mV
VREG15UVLO Detection Voltage VVREG15UvVLO 1.22 1.30 1.38 \% Vvrec1s = SWEEP DOWN
LED Open Detection Voltage VopDET 0.05 0.15 0.25 \Y ViebcHn = SWEEP DOWN
. VLiebcHn = SWEEP UP
LED Short Detection Voltage 1 VSHDET1 2.6 3.0 34 \% LEDSH[1:0] = 0x0
. VLepbcHn = SWEEP UP
LED Short Detection Voltage 2 VSHDET2 5.6 6.0 6.4 \% LEDSH[1:0] = 0x1
. VLiepbcHn = SWEEP UP
LED Short Detection Voltage 3 VSHDET3 8.6 9.0 9.4 \% LEDSH[1:0] = 0x2
. VLiebcHn = SWEEP UP
LED Short Detection Voltage 4 VSHDET4 11.6 12.0 12.4 \% LEDSH[1:0] = 0x3
LED Short Detection Voltage 5 VLSPSETDET 7.6 8.0 8.4 \% \ngs;s&; S,? v
LSPSET Pin Leak Current ILsPsETLEAK - 0 1 A Vispser = 0.8 V
ISET Pin GND Short Detection
Resistance RiseTsp - - 16 kQ
ISET Pin Open Detection
Resistance RiseTopeN 340 - - kQ
VINSW Over Voltage Detection 1 VVINSWOVP1 7.5 8.0 8.5 \% VINSWOVPREF[1:0] = 0x0
VINSW Over Voltage Detection 2 VVINSWOVP2 114 12.0 12.6 \% VINSWOVPREF[1:0] = 0x1
VINSW Over Voltage Detection 3 VvINSwWOVP3 15.2 16.0 16.8 \% VINSWOVPREF[1:0] = 0x2
VINSW Over Voltage Detection 4 VVINSWOVP4 17.1 18.0 18.9 \% VINSWOVPREF[1:0] = 0x3
www.rohm.com - -1-
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Electrical Characteristics — continued
(Unless otherwise specified Vcc = 3.0 Vto 5.5V, Vyinsw =10V, Vyio = 1.8V, Ta = -40 °C to +125 °C)

Parameter ‘ Symbol ‘ Min ‘ Typ ‘ Max Unit ‘ Condition
[Constant Current Driver Block]
ISET Voltage Viser 1.38 1.50 1.62 V
LEDCHnN Pin ON Resistance RLEDCHN - 4.5 9.0 Q
ISET resistor = 48 kQ
LED Output Current ILEDCHN - 30 - mA PWM = 100 %
ISET resistor = 48 kQ
- - 0,
LED Output Current Error AlLebcHn 6 +6 % PWM = 100 %
LED Constant Current Errorl Al 6 ) +6 % ISET resistor = 48 kQ
(channel to channel)Nofe 1) LEDCL PWM = 100 %
LED = OFF
Pull Up Voltage VeuLLup VINSW-1.4 | VINSW-1.2 | VINSW-1.0 \% ILepchn = -100 pA
3.5V < VINSW

[Feedback Control Block]

Feedback Reference Voltage 1 VrB1 0.36 0.45 0.54 \Y, FBREF[2:0] = 0x0
Feedback Reference Voltage 2 VB2 0.44 0.53 0.62 \Y, FBREF[2:0] = Ox1
Feedback Reference Voltage 3 Vre3 0.50 0.60 0.70 \Y, FBREF[2:0] = 0x2
Feedback Reference Voltage 4 VB4 0.64 0.75 0.86 \Y, FBREF[2:0] = 0x3
Feedback Reference Voltage 5 Vrss 0.78 0.90 1.02 \Y, FBREF[2:0] = 0x4 to Ox7
FBDAC[7:0] = OXFF
FB Maximum Sink Current IFBMAX 170 200 230 MA V=20V
Viebcin= 0.5V
FB OFF Current IFBOFF - 0 1 MA Vieochn = 1.2 V, EN = LOW
FB ON Resistance Rrs - 5.5 9.0 kQ
SUMFB ON Resistance RsumrsL 10 160 290 Q IFaiLs = +1 mA
SUMFB Pull-up Resistance to VIO RsumrsH 50 100 150 kQ
[Gate Controller Block]
PGATEm PMOS ON Resistance Rronr 10 40 130 Q IpgatEm = -1 MA to -5 mA
PGATEm NMOS ON Resistance 1 | Ruowrt 50 100 200 :;’(GBASTER”‘CzNﬁl%]AiOO;g mA
PGATEm NMOS ON Resistance 2 | Ruowre 1.0 1.4 25 kQ :;’gASTER”‘CzNﬁf: g]Aztg;foo WA
PGATEM NMOS ON Resistance 3 | Ruonrs 5 10 15 Qe e o
PGATEm NMOS ON Resistance 4 | Ronre 50 100 200 k | lPoatem=+1uAto +12 pA

PGSRCNT[1:0] = 0x3

PGATEmM to VSINSW Short

Detection Voltage 1 VPGATEVINL | VINSW-2.2 | VINSW-1.5 - V. | VINSW=10V
PGATE ND Short D i
VSItager?. oG Short Detection VPGATEGND1 - VINSW-2.5 | VINSW-0.8 V VINSW =10V
PGATEm to VSINSW Short _
Detection Voltage 2 VpGATEVIN2 | VINSW-1.3 | VINSW-1.0 - \Y VINSW = 3.5V
PGATEm to GND Short Detection _
Voltage 2 VPGATEGND2 - VINSW-1.3 | VINSW-0.8 \Y VINSW = 3.5V
PGATEm LOW Level VLGATEm 3.8 5.6 7.4 \% VINSW =10V
[LOGIC Input Block (SCSB, SCLK, SDI, VSYNC, HSYNC)]
0.75 Vvio
Input HIGH Voltage VINH Vo - +0.2 \%
0.2
Input LOW Voltage VinL -0.2 - Vo \%
. Vvio=3.3V
LOGIC Pins Input Current Iin - 0 1 MA LOGIC Input = 3.3 V
(Note 1)
Aliepct = (Ieon/ ILep_ave- 1) x 100
ILepn is either pin of LED1 to LED24 current.
ILep_ave is the average current of LED1 to LED24.
www.rohm.com - -1-
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Electrical Characteristics — continued
(Unless otherwise specified Vcc = 3.0 Vto 5.5V, Vyinsw =10V, Vyio = 1.8V, Ta = -40 °C to +125 °C)

[Input Pin (EN)]

Input Pin HIGH Voltage VENH 1.6 - Vce \%

Input Pin LOW Voltage VENL -0.2 - +0.4 \%

Pin Input Current len - 33 60 MA Ven =33V

[Input Pin (TEST1)] Typical Condition

Input Pin HIGH Voltage VTESTIH 1.6 - Vce \%

Input Pin LOW Voltage V1ESTIL -0.2 - +0.4 \%

[LOGIC Output Block (SDO)]

Output HIGH Voltage VoutH }gv_'g - Vvio loL=-1mA

Output LOW Voltage VouTtL - - 0.2 loL =+1 mA

[FAILB Output Block]

FAILB Pin ON Resistance RraiLe 10 110 230 Q lFaLe = +1 MA

FAILB Pin Leak Current ILEAKFAILB - 0 1 MA Veag =5.0V
gvgv(\)lgghr\r’ndﬂol\r/lnCo., Ltd. All rights reserved. 12/74 T$202201-0V1V0B200030-1-2
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Application Example

T o 1
L T vee VINSW
BD94130MUF
BD94130EFV
H VREG15
sws
ISET PGATES [d e
o
LSPSET _ A
X FB W
PGATE2 g S |
® SUMFB -
IFEFAMA
PGATE1 Wi
— VIO & o
+— WA
LEDCELL LEDCEL LEDCELL]
ses® ﬁ%%ﬁ%% -------
SDI N N a0
oLk LEDCH24 B3
LEDCEL! LEDCEL LEDCELL]|
T -
MCU - N N
VSYNG LEDCH23 b3
HSYNC : : : :
LEDCELL LEDCEL LEDCELL
TR
N A o™
TESTL LEDCHL D¢
TEST?
GND LGND
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Functions of Logic Block

1. Serial Interface and AC Electrical Characteristics

Serial Peripheral Interface (SPI) controls the IC with SCSB, SCLK, SDI, and SDO signals.

Start the SPI communication with the initial value of SCSB is HIGH, and that of SCLK and SDI is LOW.

When using several devices, connect the SDO pin to the SDI pin of the next device to make cascade connection. SDO signal
outputs the SDI input after 16 SCLK pulses. Example of the N address write is shown in the following.

The initial value of SDO is LOW, until it is used to output the signal.

scsB |
1% om0 g gh gh gh M gh gh1gM 120 199 137 147157 167
scek  [TOTIOOO00000000 0000000 annnanonmnanmr -
‘ I I
Ry g gy
soI {20 TR (1 5 3 V) G T (2 c ) 0 e ) ) 0 ) 2
| DevAddr[5:0] | | NumoOfData[8:0] I RegAddr[8:0] | Data[15:0] |
i 16bits ! 16bits ! | 16bits | 16bits L
| o i i
SDO 0 (s)s) 0

Data[15:0]

scsB |

JURRRUARRR AR
I
|
""""" 5

[

B:

S:

RW:
DA[5:0]:
ND[8:0]:
RA[8:0]:
DT[15:0]:

Broadcast

Single

Read / Write
Device Address
Number Of Data
Register Address
Data

B

Figure 5. SPI Protocol (Write)

15 W gU 4N 5N gn 7N gh gh g 13 1o 130 140 150 16N
SCLK

|
| 0
| DevAddr(5:0] | | | i Data[15:0] i
} 16bits ¥ 16bits | N ! 16bits } 16bits i
| o ! | 1 | i
spo 0 (s)s) 0

B:
S:

RW:

DA[5:0]:
ND[8:0]:
RA[8:0]:

551 R 5 ] A A
[SI\4] [2] \[2] /\[0] sl 13]\(12]

RD[15:0]:

Broadcast

Single

Read / Write
Device Address
Number Of Data
Register Address
Read Data

Figure 6. SPI Protocol (Read)
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Functions of Logic Block — continued
2. SPI AC Timing

t |
| tscsavs  lscsevm | tscserp
| |-

[ —n
SCSB High Vth
Low Vth f
, fsa tscses

[

r—> | | :
SCLK | ! |
|

tson tspisi Itspin tspist
L]

|
| |
| ) k |
SDI
|
/ \!
SDO

High Vth
Low Vth

SPI Recommended Operation Condition
(Unless otherwise specified Ta = -40 °C to +125 °C, Vvio =1.8 V, Vcc=3.0 Vto 5.5 V)

Parameter Symbol Min Typ Max Unit
SCLK Frequency fsck 0.1 - 20 MHz
SCLK Duty fscLkpuTy 45 - 55 %
SDI Input Setup Time tsois 10 - - ns
SDI Input Hold Time tsoiH 10 - - ns
SCSB Input Setup Time tscses 100 - - ns
SCSB Input Hold Time tscseH 100 - - ns
SDO Output Delay Time tspob - - 40 ns
SCSB HIGH Pulse Width tscseHP 1000 - - ns
SCSB Setup Time for VSYNC tscsevs 10 - - V&
SCSB Hold Time for VSYNC tscsevH 10 - - V&
Cascade Connection Number Ncascape - - 20 pcs

(Note) Do not input VSYNC pulse during SCSB = LOW (Output load capacitance: 15 pF)

The maximum frequency of the HSYNC and VSYNC is described in the previous section “Recommended Operating Conditions”.
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Functions of Logic Block — continued
3. SPI Connection
(1) Cascade Connection
Each device can be controlled by connecting the SCLK and the SCSB pins to all devices in parallel, and by connecting
each SDO to the SDI of the next device in series. The maximum number of devices that can be cascaded is 20.

MCU Device #1 Device #2 Device #20 (maximum)
BD94130EFV BD94130EFV BD94130EFV

Figure 7. Image of Cascade Connection
(2) Individual Connection

Each device can be controlled by connecting the SCLK and the SDI pins to all devices in parallel, and by connecting
each SCSB.

Device #1
MCU BD94130EFV

CSlE]]:

MISO1[ 1«

Device #2
BD94130EFV

SDI SDO

CS2C

J

MISO2[ 1«

Device #20 (maximum)
BD94130EFV

CSZOE1
CLK L}

MISO20 [ 1«

Figure 8. Image of Individual Connection
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Functions of Logic Block — continued
4. SPI Data Flow
MCU Write and Read flow is shown as follow. This IC has 4 timing schemes for updating the analog control data.

Type 1 (immediately): Data is updated after SPI access.

Type 2 (VSYNC): Data is updated after SPI access and VSYNC rising edge.

Type 3 (VSYNC+GDLY): Data is updated after SPI access and VSYNC rising edge and GDLY.

Type 4 (PWM): Data is updated after SPI access and VSYNC rising edge and PWM timing.

So there is mismatch between Read data and Control data.

Immediately VSYNC VSYNC + GDLY PWM
Register
SPI write >
(LEDENL, etc)
B Control |
(GDLY,etc) data
McuU SPI read é’)a'o_g
ircuit
c buffer Control
(DLYn) data
D Control
(OTYCNTmN) E> bufferl E> buffer2 E> data
(n=1to 24)
(m=1to8)
Figure 9. SPI Data Flow
Available to access register for next frame
< >
se [ ] [ ] E [ ]
VSYNC | : l
Type 1 : :
pwMFREQ X X : X
Type2 i E i :
GDLY X i X : X
(register) : | update at next VSYNC ! : :
GDLY Y : X
(Control data) H .
Type 3 : : : :
DLYn )& X X
(register) : %\ update at next VSYNC
DLYn D\ \ X
(buffer) ! e GDLY \\‘\ update at next PWM output :
DLYn g XY X
(Control data) :
Type 4 i :
DTYCNTmn X\ ! 5 X X
(register) \:update at nekt VSYNC
DTYCNTmn Y N X
(buffer1) \ update at next PWM output
DTYCNTmn X X
(buffer2) i . \DLVn
DTYCNTmn XY X
(Control data) I
PGATEL :

1¢«——>DTYCNTmn

LEDCHn

Figure 10. SPI Data Flow Timing
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Functions of Logic Block — continued
5. SPI Protocol
(1) Device Address

Bitt5 | Bit14 | Bit13 | Bit12 | Bit11 | Bit1o | Bito | Bit8 | Bit7 | Bite | Bits | Bit4 | Bit3 | Bit2 | Bit1 [ Bito

B S 0 DevAddr[5:0]
Bit Parameter Value
B = 1: All devices receive the data
B Broadcast (Write only / No Read)
B = 0: Write / Read to the Device that assigned by DevAddr[5:0]
. S =1: 1 address Write / Read mode
S Single

S = 0: Block Write / Read mode

0x00: Write the same data to the same RegAddr[8:0] of all devices
Device (provided, B = 1)
DevAddr[5:0] Address 0x01 to 0x14: Device Address

0x3F: Write the different data to the same RegAddr[8:0] of all devices
(provided, B = 1)

DevAddr[5:0] of each device is calculated by counting the number of byte of 0x0000 data after the fall-edge of SCSB.

When the received DevAddr[5:0] matches with the calculated DevAddr[5:0] of the device, Write/Read function occurs.
When the received DevAddr[5:0] does not match the calculated DevAddr[5:0] of the device, the data is not received and is
output to SDO. Refer to each protocol for the details.

(2) Number of Transferred Byte when Block Write/Read

Bitt5 | Bitt4 | Bit13 | Bit12 | Bitt1 | Bitto | Bito | Bit8 | Bit7 | Bits | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito

0 NumOfData[8:0]

Bit Parameter Value

NumOfData[8:0] Number of transferred data 0x002 to 0x16B

Transferred byte number = NumOfData[8:0]

www.rohm.com
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5. SPI Protocol — continued

When S = 0 (Block Write / Read) of DevAddr[5:0], set the number of transferred byte (NumOfData) after DevAddr{5:0].

When S = 1, it skip this packet. (“Device Address” -> “Register Address” -> ....

Please access this IC using the settings as shown in Table 2 and Table 3.

)

Table 2. Access Table for Write (RW = 0)

SPI Setting Access to Devices
For Single For All Device Acceptable
B S DevAddr[5:0] NumOfData[8:0] Device Same Different (Note)
Data Data
0x00 - - - X
0 0x01 to 0x14 0x002 to 0x147 @) - - (0]
0 0x15 to Ox3F - - - X
0x00 Not sending = . - X
1 0x01 to 0x14 this data 6] - - (6]
0x15 to Ox3F - - - X
0x00 - O - o
0 0x01 to Ox3E 0x002 to 0x147 - - - X
1 0x3F - - o o
0x00 Not sendin - © - )
1 0x01 to OX3E thic anta - - - X
0x3F - - (0] (0]
(Note) X: This setting is not acceptable. Do not set this condition
Table 3. Access Table for Read (RW = 1)
SPI Setting Access to Devices
For Single For All DeviF:e Acceptable
B S DevAddr[5:0] NumOfData[8:0] Device Same Different (Note)
Data Data
0x00 - - - X
0 0x01 to 0x14 0x002 to 0x16B 6] - - (6]
0 0x15 to Ox3F - - - X
0x00 Not sendin - - - X
1 0x01 to Ox14 s datn 0 - - o)
0x15 to Ox3F - - - X
0x00 - - - X
1 0/1 0x01 to 0x3E 0x002 to 0x16B - - - X
0x3F - - - X

(Note) X: This setting is not acceptable. Do not set this condition.

www.rohm.com
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5. SPI Protocol — continued

(3) Register Address

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit1o | Bitg

Bt | Bitz | Bite | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito

RW 0 RegAddr[8:0]
Bit Parameter Value
. RW = 0: Write the registers
RW Read / Write RW = 1: Read the registers
RegAddr([8:0] Register Address 0x000 to 0x16B
(4) Data

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit1o | Bito | Bits | Bitz | Bits | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bito

Data[15:0]
Bit Parameter Value
Data[15:0] Data 0x0000 to OxFFFF
(5) Single Device, 1 Address Write (Write to Device #1)
B= 0: Target device receives the data
S= 1: Single
DevAddr[5:0] = 0x01: Target device address
NumOfData[8:0] = -: 1 address access
RW = 0: Write

RegAddr[8:0] =

0x002: Address

SDI:  Transfer in the order of DevAddr[5:0], RegAddr[8:0], and Data[15:0].
SDO: Output the transferred data to the next device after SDI input by 2 bytes.

scse
S

SCLK

Ut u T Ur i rr T Ty

DevAddr[5:0] RW RegAddr[8:0]

Datal[15:0] |

S
‘o|1| 0x00 | 0x01 o| 0X00 | 0x002

‘ 0X0000 0|1| 0><oo3 | 0x01 |0| 0x00 | 0x002

RegAddr[8:0]

Datal[15:0]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Device #1
Register

0x007
0x006
0x005
0x004
0x003
0x002 | Datal
0x001
0x000

Figure 11. SPI Protocol for 1 Address Write to Device #1
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5. SPI Protocol — continued
(6) Single Device, 1 Addres

s Write (

Write to Device #3)
Target device receives the data

B =

S= : Single

DevAddr[5:0] = 0x03: Target device address
NumOfData[8:0] = -: 1 address access
RW = 0: Write

RegAddr[8:0] = 0x002:  Address

SDI:

Transfer in the order of DevAddr[5:0], RegAddr[8:0], and Data[15:0].

SDO: Output the transferred data to the next device after SDI input by 2 bytes.

DevAddr[5:0] of each device is calculated by counting the number of byte of 0x00 data after the falling-edge of SCSB.

DevAddr[5:0] = (Number of byte of 0x00 data) + 1

SCSB

SCLK

Device #1 SDI

Device #1 SDO
(Device #2 SDI)

Device #2 SDO
(Device #3 SDI)

Device #3 SDO

-

—

BS  DevAddr5:0RW

RegAddr[S:b]

H1| 0x00 | 0x03 H 0x00| 0x002 | Datal[15:0] | 0x0000 | 0x0000
0x0000 cH 0x00 | 0x03 (1 0x00| 0x002 Datal[15:0] 0x0000
0x0000 0x0000 o|1| 0x00 | 0x03 4 Ox00| 0x002 Datal[15:0]
0x0000 0x0000 0x0000 (H 0x00 | 0x03 nio><oo| 0x002

Device #1 Device #2 Device #3
Register Register Register
0x007 0x007 0x007

0x006 0x006 0x006

0x005 0x005 0x005

0x004 0x004 0x004

0x003 0x003 0x003

0x002 0x002 0x002 | Datal
0x001 0x001 0x001

0x000 0x000 0x000

Figure 12. SPI Protocol for 1 Address Write to Device #3
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5. SPI Protocol — continued
(7) Single Device, N Address Write (Write to the consecutive register of Device #1)

B = 0: Target device receives the data
S= 0: Single

DevAddr[5:0] = 0x01: Target device address
NumOfData[8:0] = 0x003: 3 address access

RW = 0: Write

RegAddr[8:0] = 0x002:  Address

SDI:  Transfer in the order of DevAddr[5:0], NumOfData[8:0], RegAddr[8:0], and Data[15:0].
SDO: Output the transferred data to the next device after SDI input by 2 bytes.

SCSB —l ,7
SCLK
és DevAddr[S:O]g NumOfData[S:O]gRW RegAddr[B:é] i H i
Device #1 SDI Ho| 0x00 |Ox01 | 0x00 | 0x003 H Ox00| 0x002 | Datal[15:0] | Data2[15:0] | Data3[15:0] |
Device #1 SDO 0x0000 44 0x00 | 0x01 | 0x00 | 0x003 4 0x00| 0x002 Datal[15:0] Data2[15:0]
(Device #2 SDI)
Device #2 SDO 4 | 4 |
. 2 f
(Device #3 SDI) 0x0000 0x0000 0x00 | 0x01 | 0x00 | o0x003 |d 0x00 | o0x00 Datal[15:0]
Device #3 SDO 0x0000 0x0000 0x0000 IH 0x00 |0x01 | Ox00 | 0x003 (1 0x00 | 0x002

Device #1 Device #2 Device #3
Register Register Register
0x007 0x007 0x007
0x006 0x006 0x006
0x005 0x005 0x005
0x004 | Data3 0x004 0x004
0x003 | Data2 0x003 0x003
0x002 | Datal 0x002 0x002
0x001 0x001 0x001
0x000 0x000 0x000

Figure 13. SPI Protocol for N Address Write to Device #1
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5. SPI Protocol — continued

(8) All Devices, Different 1 Address Write (Write the same 2 bytes data to the same RegAddr[8:0] of all devices)

B = 1: All devices receive data

S= 1: Single

DevAddr[5:0] = O0x3F: All devices receive different data
NumOfData[8:0] = -: 1 address access

RW = 0: Write

RegAddr[8:0] = 0x002:  Address

SDI:  Transfer in the order of DevAddr[5:0], RegAddr[8:0], and Data[15:0].

SDO: Output the transferred data to the next device after SDI input by 2 bytes.

SCSB _| ,—
SCLK
E—SS DevAddr[S:O]gRW RegAddr[S:()s] H i H
Device #1 SDI |1|1| 0x00 |0x3F H 0x00 | 0x002 | Datal[15:0] | Data2[15:0] | Data3[15:0] 0x0000 0x0000 |
Device #1 SDO 0x0000 1|1| 0x00 | OX3F (1 0x00 | 0x002 Datal[15:0] Data2[15:0] Data3[15:0] 0x0000
(Device #2 SDI)
Device #2 SDO
(Device #3 SDI) 0x0000 0x0000 1|1| 0x00 | Ox3F c{ 0x00 | 0x002 Datal[15:0] Data2[15:0] Data3[15:0]
Device #3 SDO 0x0000 0x0000 0x0000 1|]| 0x00 | OX3F Ci 0x00 | 0x002 Datal[15:0] Data2[15:0]
Device #1 Device #2 Device #3
Register Register Register
0x007 0x007 0x007
0x006 0x006 0x006
0x005 0x005 0x005
0x004 0x004 0x004
0x003 0x003 0x003
0x002 | Datal 0x002 | Data2 0x002 | Data3
0x001 0x001 0x001
0x000 0x000 0x000

Figure 14. SPI Protocol for 1 Address Distinct Data Write to All Devices
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5. SPI Protocol — continued

(9) All Devices, Same 1 Address Write (Write the same 2 bytes data to the same RegAddr[8:0] of all devices)

B =
S =

DevAddr[5:0] =
RW =

NumOfData[8:0] =

RegAddr[8:0] =

SDI:

1:

All devices receive data

: Single
0x00: All devices receive the same data
0: Write
1 address access
0x002: Address

Transfer in the order of DevAddr[5:0], RegAddr[8:0], and Data[15:0].

SDO: Output the transferred data to the next device after SDI input by 2 bytes.

SCSB

SCLK

Device #1 SDI

Device #1 SDO
(Device #2 SDI)

Device #2 SDO
(Device #3 SDI)

Device #3 SDO

Figure 15. SPI Protocol for 1 Address Distinct Data Write to All Devices

-

BS  DevAddr5

O RW

RegAddr8:0]

|1|J.| 0x00 | 0x00 H 0x00| 0x002 | Datal[7:0] | 0x0000 | 0x0000

0x0000 1|1| 0x00 | 0x00 c{ 0x00| 0x002 Datal[7:0] 0x0000
0x0000 0x0000 1|1| 0x00 | 0x00 (1 0x00 | 0x002 Datal[7:0]
0x0000 0x0000 0x0000 1|1| 0x00 | 0x00 (10x00| 0x002
Device #1 Device #2 Device #3

Register Register Register

0x007 0x007 0x007

0x006 0x006 0x006

0x005 0x005 0x005

0x004 0x004 0x004

0x003 0x003 0x003

0x002 | Datal 0x002 | Datal 0x002 | Datal

0x001 0x001 0x001

0x000 0x000 0x000

www.rohm.com

© 2020 ROHM Co., Ltd. All rights reserved.

TSZ22111 15«

001

24/74

TSZ02201-0V1V0B200030-1-2

02.Dec.2022 Rev.002


http://www.rohm.com/

BD94130MUF-M BD94130EFV-M Datasheet

5. SPI Protocol — continued
(10) All Devices, Different N Address Write (Write the different N x 2 bytes data to the same RegAddr[8:0] of all

devices)
B= 1: All devices receive data
S= 0: Multi
DevAddr[5:0] = 0x3F: All devices receive different data
NumOfData[8:0] = 0x002: 2 address access
RW = 0: Write
RegAddr[8:0] = 0x002:  Address
SDI:  Transfer in the order of DevAddr[5:0], NumOfData[8:0], RegAddr[8:0], and Data[15:0].
SDO: Output the transferred data to the next device after SDI input by 2 bytes.
SCSB “ ’7
SCLK I | |
Ij3$ DevAddr[S:O]s NumOlDala{S:D]gRW RegAtM@:é] i i i H H H i i
Device #1 SDI Hc{ 0x00 | OX3F DxOOI 0x002 HOxool 0x002 | Datal[15:0] | Data2[15:0] | Data3[15:0] Datad[15:0] Data5[15:0] Data6[15:0] 0x0000 0x0000 ‘
(DDe;\i/iC:e#;ZSSDE;?) 0x0000 1H 0x00 | Ox3F | 0x00 | 0x002 ({nxoo 0x002 Datal[15:0] Data2[15:0] Data3[15:0] Datad[15:0] Data5[15:0] Data6[15:0] 0x0000
([I)I;e;/\i/ic:e#:BSSDE;IJ) 0x0000 0x0000 1H 0x00 | Ox3F | 0x00 | 0x002 C{OXDD 0x002 Datal[15:0] Data2[15:0] Data3[15:0] Datad[15:0] Data5[15:0] Data6[15:0]
Device #3 SDO 0x0000 0x0000 0x0000 1H 0x00 |Ox3F | 0x00 | 0x002 0x00 | 0x002 Datal[15:0] Data2[15:0] Data3[15:0] Data4[15:0] Data5[15:0]
Device #1 Device #2 Device #3
Register Register Register
0x007 0x007 0x007
0x006 0x006 0x006
0x005 0x005 0x005
0x004 0x004 0x004
0x003 | Data2 0x003 | Datad 0x003 | Data6
0x002 | Datal 0x002 | Data3 0x002 | Data5
0x001 0x001 0x001
0x000 0x000 0x000
Figure 16. SPI Protocol for N Address Distinct Data Write to All Devices
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5. SPI Protocol -

continued

(11) All Devices, Same N Address Write (Write the same N x 2 bytes data to the same RegAddr[8:0] of all devices)

B = : All devices receive data
S= 0: Multi
DevAddr[5:0] = 0x00: All devices receive the same data
NumOfData[8:0] = 0x003: 3 address access
RW = 0: Write
RegAddr[8:0] = 0x002:  Address
SDI: Transfer in the order of DevAddr[5:0], NumOfData[8:0], RegAddr[8:0], and Data[15:0].
SDO:  Output the transferred data to the next device after SDI input by 2 bytes.
SCSB
— —
SCLK MWWWWWWWWWWWWWWMWWWW
éS DevAddr[5: O] NumOfData[8: O] RW RegAddr(8: 0
Device #1 SDI |1H 0x00 | 0x00 | 0x00 | 0x003 H 0x00 | 0x002 Datal[15:0] | Data2[15:0] | Data3[15:0] | 0x0000 | 0x0000 |
Device #1 SDO 0x0000 0x00 | 0x00 | 0x00 | 0x003 ci 0x00 | 0x002 Datal[15:0] Data2[15:0] Data3[15:0] 0x0000
(Device #2 SDI)
Device #2 SDO ] ] -
(Device #3 SDI) 0x0000 0x0000 lH 0x00 | Ox00 | O0x00 | 0x003 4 0x00 | 0x002 Datal[15:0] Data2[15:0] Data3[15:0]
Device #3 SDO 0x0000 0x0000 0x0000 1H 0x00 |0x00 [ 0x00 | 0x003 4 0x00 | 0x002 Datal[15:0] Data2[15:0]
Device #1 Device #2 Device #3
Register Register Register
0x007 0x007 0x007
0x006 0x006 0x006
0x005 0x005 0x005
0x004 | Data3 0x004 | Data3 0x004 | Data3
0x003 | Data2 0x003 | Data2 0x003 | Data2
0x002 | Datal 0x002 | Datal 0x002 | Datal
0x001 0x001 0x001
0x000 0x000 0x000

Figure 17. SPI Protocol for N Address Same Data Write to All Devices
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5. SPI Protocol — continued
(12) Single Device, 1 Address Read (Read the 2 bytes data from Device #2)
B=

0: Target device receive the data
S= 1: Single
DevAddr[5:0] = 0x02: Target device address
NumOfData[8:0] = -: 1 address access
W = 1: Read
RegAddr[8:0] = 0x003:  Address

SDI:  Transfer in the order of DevAddr[5:0] and RegAddr[8:0].
SDO: Output the transferred data to the next device after SDI input by 2 bytes.

SCSB _| ,7

SCLK

BS  DevAddr5:0lRW  RegAddr[8:0] ; i i
Device #1 SDI H].I 0x00 | 0x02 |1| 0x00 | 0x003 | 0x0000 | 0x0000 | 0x0000 0x0000 |

Device #1 SDO

- 0x0000 o|1| 0x00
(Device #2 SDI)

0x02

=

0x00 | 0x003 0x0000 0x0000 0x0000

Read Data[15:0]

Device #2 SDO
(Device #3 SDI) 0x0000 0x0000 (H 0x00 | 0x02 4 0x00 | 0x003 Datal[15:0] 0x0000
Device #3 SDO 0x0000 0x0000 0x0000 (H 0x00 | 0x02 J| 0x00 | 0x003 Data1[15:0]
Device #1 Device #2 Device #3
Register Register Register
0x007 0x007 0x007
0x006 0x006 0x006
0x005 0x005 0x005
0x004 0x004 0x004
0x003 0x003 | Datal 0x003
0x002 0x002 0x002
0x001 0x001 0x001
0x000 0x000 0x000

Figure 18. SPI Protocol for 1 Address Read from Device #2
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5. SPI Protocol — continued

(13) Single Device, N Address Read (Read the N x 2 bytes data from Device #2)
B=

0:

S= 0:
DevAddr[5:0] = 0x02:
NumOfData[8:0] = 0x002
RW =

RegAddr[8:0] = 0x003
SDI:  Transfer in the order of

SCSB

Target device receives the data
Multi

Target device address

2 address access

Read

Address

DevAddr{5:0], NumOfData[8:0], and RegAddr[8:0].
SDO: Output the transferred data to the next device after SDI input by 2 bytes.

— —
SCLK
l§3$ DevAddr[S:O]E NumOfData[S:OEZ RW RegAddr[B:b] H i
Device #1 SDI |[H 0x00 |0x02 | 0x00 | 0x002 |1| 0x00| 0x003 | 0x0000 | 0x0000 | 0x0000 0x0000 0x0000 |
Device #1 SDO 0X0000 UH 0x00 | 0x02 | 0x00 | 0x002 1| 0x00 | 0x003 0X0000 0X0000 0X0000 0X0000
(Device #2 SDI)
Read Data[15:0]
Device #2 SDO ] ]
(Device #3 SDI) 0Xx0000 0x0000 0x00 | 0x02 | 0x00 | 0x002 1| 0x00 | 0x003 Datal[15:0] Data2[15:0] 0Xx0000
Device #3 SDO 0x0000 0x0000 0x0000 KH 0x00 [0x02 | 0x00 | 0x002 1| 0x00 | 0x003 Datal[15:0] Data2[15:0]
Device #1 Device #2 Device #3

Register Register Register

0x007 0x007 0x007

0x006 0x006 0x006

0x005 0x005 0x005

0x004 0x004 | Data2 0x004

0x003 0x003 | Datal 0x003

0x002 0x002 0x002

0x001 0x001 0x001

0x000 0x000 0x000

Figure 19. SPI Protocol for N Address Read from Device #2
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5. SPI Protocol — continued
(14) Example (Write the data to Device #1 and Device #2)

Example of byte transfer for 2 devices in Cascade Connection.

Table 4. Byte transfer

B, S, DevAddr[5:0] 2 bytes
Transfer setting | RW, NumOfData[8:0] 2 bytes
RegAddr[8:0] 2 bytes

(2 bytes x 24 channels)

x 8

Data Data for the duty setting of Duty | matrix switch x 2 devices
= 768 bytes
Dummy byte for multi device transfer 2 bytes
SUM 776 bytes
DevAddr[5:0] NumOfData[8:0] RegAddr[8:0] 48 bytes : LEDCH1 to LEDCH24 data for PGATEL of Device #1
wan oz i a6 | sam Floaos | cam | device #1 device #1 | .......................... device #1 device#1 |
|1H X X H X | X H X | X DTYCNT101 DTYCNT102 DTYCNT123 DTYCNT124

Number of RegAddr of

transferred byte DTYCNT101

for each device

48 bytes : LEDCH1 to LEDCH?24 data for PGATES of Device #2 Dummy byte
............... device #2 device #2 device #2 device #2 0X0000
DTYCNT801 DTYCNT802 DTYCNT823 DTYCNT824

Figure 20. Transfer Byte Number for Multi Access
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Functions of Logic Block - continued

6. Register Map

Address Register Name Description Section
0x000 SRSST Software reset and soft start time Here
0x001 TURNONWAIT Wait time after turn on Here
0x002 SSMASK Soft start mask time Here
0x003 ERRMASK Error output mask time Here
0x005 SYSCONFIG 1 System config 1 Here
0x006 SYSCONFIG 2 System config 2 Here
0x007 SYSCONFIG 3 System config 3 Here
0x008 SYSCONFIG 4 System config 4 Here
0x009 LEDENL Enable of LEDCH1 to LEDCH8 Here
0x00A LEDENM Enable of LEDCH9 to LEDCH16 Here
0x00B LEDENU Enable of LEDCH17 to LEDCH24 Here
0x00C GDLY Global delay for all channel Here
0x010 DTYCNT101 PWM duty setting of LEDCH1 for PGATE1 Here
0x011 DTYCNT102 PWM duty setting of LEDCH2 for PGATE1

to to to -
0x0CD DTYCNT823 PWM duty setting of LEDCH23 for PGATES8
0x0CF DTYCNT824 PWM duty setting of LEDCH24 for PGATES8 -
0x0D0 DLYO01 Delay setting of LEDCH1 Here
0x0D1 DLY02 Delay setting of LEDCH2

to to to -
0x0E6 DLY23 Delay setting of LEDCH23
Ox0E7 DLY24 Delay setting of LEDCH24 -
0x0E8 IREV10102 Current revision of LEDCH1 and LEDCH2 for PGATE1 Here
0x0E9 IREV10304 Current revision of LEDCH3 and LEDCH4 for PGATE1

to to to -
0x146 IREV82122 Current revision of LEDCH21 and LEDCH22 for PGATES
0x147 IREV82324 Current revision of LEDCH23 and LEDCH24 for PGATES -
0x148 ERLSH1L Error status of LED1 to LED16 short detection for PGATE1 Here
0x149 ERLSH1H Error status of LED17 to LED24 short detection for PGATE1 Here
Ox14A ERLSH2L Error status of LED1 to LED16 short detection for PGATE2

to to to -
0x155 ERLSH7H Error status of LED17 to LED24 short detection for PGATE7
0x156 ERLSHS8L Error status of LED1 to LED16 short detection for PGATES8 -
0x157 ERLSH8H Error status of LED17 to LED24 short detection for PGATES8 -
0x158 ERLOP1L Error status of LED1 to LED16 open detection for PGATE1 Here
0x159 ERLOP1H Error status of LED17 to LED24 open detection for PGATE1 Here
0x15A ERLOP2L Error status of LED1 to LED16 open detection for PGATE2

to to to -
0x165 ERLOP7H Error status of LED17 to LED24 open detection for PGATE7
0x166 ERLOPSL Error status of LED1 to LED16 open detection for PGATES8 -
0x167 ERLOPSH Error status of LED17 to LED24 open detection for PGATES -
0x168 EROTHER Other error status Here
0x169 ERLEDL Adjacent LEDCH1 to LEDCH16 short detection Here
0x16A ERLEDH Adjacent LEDCH17 to LEDCH24 short detection Here
0x16B ERPGSH PGATE VIN/GND short detection Here

As for the register update timing, there are 4 kinds of timing as following.
Type 1. Updated to the newest data immediately when the data is written.
Type 2. Updated to the newest data at the next VSYNC. (Rising edge trigger, after the data is written.)
Type 3. Updated to the newest data at the next VSYNC and GDLY.
Type 4. Updated to the newest data at the next PWM timing. (Rising edge trigger of VSYNC, then rising edge trigger of
PWM after the data is written.)
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Functions of Logic Block — continued
7. Description of Registers
The writing register annotated “-” is not valid.

Address 0x000: SRSST

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]

Name - - - - - - - -
Initial value 0 0 0 0 0 0 0 0

Bit No. Bit[7] Bit[6] | Bit[5] | Bit[4] Bit[3] Bit[2] Bit[1] Bit[0]

Name - SSTIM[2:0] - - - SWRST
Initial value 0 0 | 1 | 1 0 0 0 0

[Read / Write] Initial value: 0x0030 Update: Immediately

The register data is updated immediately when the new data is written.
SWRST is Write-only register.

Bit[6:4] SSTIM
SSTIM[2:0] is the register for setting the soft start time. It sets how the FBDAC[7:0] code changes with HSYNC.

Table 5. Soft Start Time / 1 count
SSTIM[2:0] Count Up Time

0 128 HSYNC
256 HSYNC
512 HSYNC
1024 HSYNC
2048 HSYNC
4096 HSYNC
6144 HSYNC
8192 HSYNC

N[O AR WIN|(=~

Bit[0] SWRST
SWRST is available when HSYNC is available, because this function uses HSYNC clock.
If SWRST = 1 is written, wait for more than 10 HSYNC pulses before accessing other registers.

Table 6. Software Reset

SWRST Software Reset
0 Normal
1 Reset (return to ‘0’ automatically)
Address 0x001: TURNONWAIT
Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -
Initial value 0 0 0 0 0 0 0 0
Bit No. Bit7] | Bitte] | Bits] | Bit4] | BitB] | Bit2l | Bit] [ Bit[0]
Name TURNONWAIT[7:0]
Initial value 0 | 0 | 0 | 0 | 0 | 1 | 0 | 0

[Read / Write] Initial value: 0x0004 Update: VSYNC
The register data is updated at the next VSYNC signal rising edge after the data is written.
The mask time of PWM output is set by counting the number of VSYNC pulses.

This register value is updated at the 3rd VSYNC pulse after reset is released (UVLO, SWRST). If this register needs to be
updated, update this register before the 3rd VSYNC pulse. Write data higher than 0x04.

trurvonwarr = TURNONWAIT[7:0]/fysync [s] (Except for waiting time until 1st VSYNC pulse)

Table 7. Maximum Turn on Wait Time

fvsyncHz] 60 120 240 480
Maximum TURNONWAIT Time [ms] 4,250 2125 | 1,062.5 531.3
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7. Description of Registers — continued
Address 0x002: SSMASK

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -
Initial value 0 0 0 0 0 0 0 0
Bit No. Bit7] | Bitte] | Bitf5s] | Bit4 | BitB] | Bit2] | Bit1] [ Bit0]
Name SSMASK]|7:0]
Initial value 0 | 0 | 1 | 1 | 1 | 1 | 0 | 0

[Read / Write] Initial value: 0x003C Update: VSYNC

The register data is updated at the next VSYNC signal rising edge after the data is written. Set the value higher than 0x02.
The mask time of ERROR detection is set by counting the number of VSYNC pulses after TURNONWAIT time.

tssmask = SSMASK([7:0]/fysync [s] after TURNONWAIT time
(Except for waiting time until 15t VSYNC pulse)

Table 8. Maximum Soft Start Mask Time

fusync[Hz] 60 120 240 480
Maximum SSMASK Time [ms] 4,250 2,125 | 1,062.5 531.3
Address 0x003: ERRMASK
Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -
Initial value 0 0 0 0 0 0 0 0
Bit No. Bif7] | Bite] | Bitfs] | Bitl4] | Bit3 | Bit2] | Bitl] | Bit[0]
Name ERRMASK][7:0]
Initial value 0 | 0 | 1 | 0 | 1 | 0 | 0 | 1

[Read / Write] Initial value: 0x0029 Update: VSYNC

The register data is updated at the next VSYNC signal rising edge after the data is written.

Range: over 0x03 (Set for 0x00 to 0x02 also lead to 0x03, register value = writing value)
ERROR mask time is set by counting the number of HSYNC pulses.

terrmasx = ERRMASK[7:0]/fusync [s]

If the capacitance of LEDCHn pin Ciebch is connected, the transient response is affected. Please set the value

considering the time margin of LED short detection.
(Example) ERRMASK = 3: mask 3 or 4 clock (PWMn = HIGH and error signal)
It reset ERRMASK counter when PWMn = LOW. Refer to HSYNC equation about the relationship between HSYNC

frequency and VSYNC frequency.

Table 9. Maximum Error Mask Time

frsync[Hz] 1,996,800 | 3,993,600 | 7,987,200 | 15,974,400
Maximum ERRMASK Time [us] 127.7 63.8 31.9 15.9
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7. Description of Registers — continued
Address 0x005: SYSCONFIG1

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]

Name - - - - - - MULSEL[1:0]
Initial value 0 0 0 0 0 0 0 | 0

Bit No. Bit7] |  Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0]

Name PGSRCNTI[1:0] - - - - PRCEN | PRCSEL
Initial value 0 | 0 0 0 0 0 0 0

[Read / Write] Initial value: 0x0000 Update: Immediately

The register data is updated immediately when the new data is written.

Bit[9:8] MULSEL[1:0]
Line Switch Controller setting of external PMOS gate. Refer to PWM Delay and ON Duty setting procedure each

dimming mode. As for the HSYNC frequency for MULSEL, Refer to the register PWMFREQ. This register
prohibits changing the setting during dimming.

Table 10. Line Switch Controller of External PMOS Gate

MULSEL][1:0] Line Switch Controller
0x0 8-line switch controller
0x1 4-line switch controller
0x2 6-line switch controller
0x3 6-line switch controller

Bit[7:6] PGSRCNT[1:0]
Fall Slew Rate Control of external PMOS gate.

Table 11. Fall Slew Rate of External PMOS Gate

PGSRCNT[1:0] Slew Rate
0x0 100 Q pull down
0x1 1.4 kQ pull down
0x2 10 kQ pull down
0x3 100 kQ pull down

Bit[1] PRCEN
According to setting of PRCSEL, pull up charge ‘VINSW — 1.2 V'’ to the LEDCHn pin.

Table 12. Pull up charge Enable Setting

PRCEN Pull up charge Enable Setting
0 Pull up charge disable
1 Pull up charge enable

(Note) It is necessary to be careful about reverse pressure resistance.

Bit[0] PRCSEL
Pull up charge period setting of the LEDCHn pin.

Table 13. Pull up charge Period

PRCSEL Pull up charge Period Setting
0 Pull up charge during PWM OFF
1 Pull up charge during all PGATE OFF
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7. Description of Registers — continued
Address 0x006: SYSCONFIG2

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] | Bit[11] | Bit[10] Bit[9] |  Bit[8]
Name - - LSHEXE FBREF[2:0] SMPTIM[1:0]
Initial value 0 0 0 0 | 0 | 0 0 | 1
Bit No. Bit[7] |  Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] |  Bit[0]
Name PWMFREQI[1:0] - LSHEXT | LOPEN LSHEN LEDSH[1:0]
Initial value 0 | 0 0 0 0 0 0 | 0

[Read / Write] Initial value: 0x0100 Update: Immediately

The register data is updated immediately when the new data is written.
This register should be set before PWM dimming. Do not change this register value during dimming.

Bit[13] LSHEXE
Short check sequence of adjacent LEDCHNn pin is executed after TURNONWAIT time if LSHEXE = 1 is written
before TURNONWAIT time.

Table 14. Short Check of Adjacent LEDCHn Pin
LSHEXE Short Check Execution
0 No operation
1 Execute short check sequence (return to ‘0’ automatically)

Bit[12:10] FBREF
Feedback reference voltage of FB control block.

Table 15. Error Reference of FB Control Block

FBREF[2:0] Feedback Reference
Voltage
0x0 0.45V
0x1 0.53V
0x2 0.60 V
0x3 0.75V
other 0.90 V

Bit[9:8] SMPTIM
The LED channel voltage sampling timing, after PWMn goes from LOW to HIGH. It is necessary to set PWM
duty register more than 8 at the dimming.

Table 16. Sampling Time

SMPTIM[1:0] LED Chaqnel \(oltage
Sampling Time
0x0 8 HSYNC
0x1 16 HSYNC
0x2 32 HSYNC
0x3 64 HSYNC
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Address 0x006: SYSCONFIG2 — continued

Bit[7:6] PWMFREQ (Please update this register until the 4th VSYNC pulse from RESET release.)
The register PWMFREQ defines the number of times PWM turns on during a VSYNC pulse. So the proper HSYNC
pulse number is almost proportional to the PWMFREQ. More specifically, considering the NOOVLAP1 and
NOOVLAP2 timing, which is the deadtime of PMOSm (m = 1 to 8), the necessary HSYNC pulse number is
expressed by the following equation.

fusync = fusyne X (4096 + a + b) x ¢ x 2(PWMFREQ[1:0D
NOOVLAP1 register 0: a =32, 1: a

NOOVLAP2 register 0: b=32,1: b =
MULSEL register 0: c=8,1:c=4,2:c ,3:¢c=

The ratio fusync/fusyne is noted in the Table 17. Here is the example of the register MULSEL = 0 (the case c =8 is
substituted in the above formula)

Table 17. The example of the ratio fusync/fusyne (the register MULSEL = 0)

PWMFREQ[1:0] } NOOVLAP1 NOOVLAP2
0 1 2 3
0 33,280 33,536 34,048 35,072
1 33,536 33,792 34,304 35,328
0 2 34,048 34,304 34,816 35,840
3 35,072 35,328 35,840 36,864
0 66,560 67,072 68,096 70,144
1 1 67,072 67,584 68,608 70,656
2 68,096 68,608 69,632 71,680
3 70,144 70,656 71,680 73,728
0 133,120 134,144 136,192 140,288
2 1 134,144 135,168 137,216 141,312
2 136,192 137,216 139,264 143,360
3 140,288 141,312 143,360 147,456
0 266,240 268,288 272,384 280,576
1 268,288 270,336 274,432 282,624
3 2 272,384 274,432 278,528 286,720
3 280,576 282,624 286,720 294,012

The example of HSYNC pulse number is shown as VSYNC is 60 Hz, 120 Hz, 240 Hz and 480 Hz.
The maximum HSYNC frequency is 20 MHz. (Refer to frequency range of electric characteristics)

Table 18. HSYNC Frequency and PWM Frequency (NOOVLAP1 = NOOVLAP2 = 0, MULSEL = 0) (Example)

. VSYNC Frequency [Hz]
PWMFREQ [1:0] 60 120 240 480

0 60 120 240 480
1,996,800 3,993,600 7,987,200 15,974,400

1 120 240 480 960
3,993,600 7,987,200 15,974,400 -

2 240 480 960 1,920
7,987,200 15,974,400 - -

3 480 960 1,920 3,840
15,974,400 - - -

(Note) Upper: PWM frequency Lower: HSYNC frequency “-“ is not acceptable to set this value in PWMFREQ register
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Address 0x006: SYSCONFIG2 — continued

Bit[4] LSHEXT
External pin or internal register setting for LED short protection voltage.

Table 19. Setting for LED Short Protection Voltage

LSHEXT Setting for LED Short Protection
0 Internal register LEDSH[1:0] setting
1 External LSPSET pin setting

As LSHEXT = 0, please connect the LSPSET pin to GND.
As LSHEXT = 1, please set the LED short protection voltage Vispsetoer by the following equation.

VLSPSETDET =10 x VLSPSET
Where Vispset is the LSPSET pin voltage (0.5 Vto 1.8 V)

Bit[3] LOPEN
This register enables/disables LED Open Error detection.

Table 20. Enable Setting for LED Open Error Detection of LEDCHn

LOPEN Enable Setting
0 LED Open Error detection is not available
1 LED Open Error detection is available

Bit[2] LSHEN
This register enables/disables LED Short Error detection.

Table 21. Enable Setting for LED Short Error Detection of LEDCHn

LSHEN Enable Setting
0 LED Short Error detection is not available
1 LED Short Error detection is available

Bit[1:0] LEDSHI[1:0]
This register controls the detection voltage for LED Short Error.

Table 22. LED Short Error Detection Voltage Setting

LEDSH[1:0] Detection Voltage[V]
0 3.0V
1 6.0V
2 9.0V
3 120V
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7. Description of Registers — continued
Address 0x007: SYSCONFIG3

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit9] |  Bit[g]
Name VINSW )
- - - - - hubypsing VINSWOVPREF[1:0]
Initial value 0 0 0 0 0 0 0 | 0
Bit No. Bit7] |  Bit[] Bit5] |  Bit[4] Bit[3] Bit[2] Bit[1] Bit[0]
Name NOOVLAP1[1:0] NOOVLAP2[1:0] AUTOCLR | AUTOOFF | ERRCLR | ERRLAT
Initial value 0 | 0 0 | 0 0 0 0 0

[Read / Write] Initial value: 0x0000 Update: Immediately or VSYNC

The data in registers (VINSWOVPEN, VINSWOVPREF, AUTOCLR, AUTOOFF and ERRCLR) are updated immediately when
the new data is written.

The data in registers (NOOVLAP1, NOOVLAP2, ERRLAT) are updated at the next VSYNC signal rising edge after the data
is written. The data in registers (NOOVLAP 1, NOOVLAP2) should be set before PWM dimming.

AUTOCLR and ERRCLR are Write-only registers.

Bit[10] VINSWOVPEN
This register enables/disables Over Voltage Detection of the VINSW pin.

Table 23. Enable Setting for Over Voltage Detection of the VINSW pin

VINSWOVPEN Enable Setting
0 VINSW Over Voltage detection is not available
1 VINSW Over Voltage detection is available

Bit[9:8] VINSWOVPREF[1:0]
Detection voltage for over voltage of the VINSW pin.

Table 24. Detection Voltage Setting of the VINSW pin

VINSWOVPREF[1:0] | Detection Voltage[V]
0 8.0V
1 12.0V
2 16.0V
3 18.0 V

Bit[7:6] NOOVLAP1 (Update this register until 4th VSYNC pulse from RESET release.)
None overlap time setting 1. Refer to None overlap function.
As for the HSYNC frequency for NOOVLAP1, please refer to the register PWMFREQ.

Table 25. None Overlap Time Setting1

NOOVLAP1[1:0] | None Overlap Time Setting 1
0 32 HSYNC
1 64 HSYNC
2 128 HSYNC
3 256 HSYNC

Bit[5:4] NOOVLAP2 (Update this register until 4th VSYNC pulse from RESET release.)
None overlap time setting 2. Refer to None overlap function.
As for the HSYNC frequency for NOOVLAP2, please refer to the register PWMFREQ.

Table 26. None Overlap Time Setting2

NOOVLAP2[1:0] | None Overlap Time Setting 2
0 32 HSYNC
1 64 HSYNC
2 128 HSYNC
3 256 HSYNC
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Datasheet

Address 0x007: SYSCONFIG3 - continued
Bit[3] AUTOCLR
AUTOCLR is available in AUTOOFF = 1 setting.

Table 27. AUTOOFF Condition

AUTOCLR AUTOOFF Condition
0 No Operation
1 AUTOOFF condition in LEDCHn output is released
(return to ‘0’ automatically)
Bit[2] AUTOOFF
Control ON/OFF condition in LEDCHn output. AUTOOFF condition is latched until released by UVLO or
AUTOCLR.
Table 28. ON/OFF Condition of LEDCHn Output
AUTOOFF ON/OFF Condition
0 LEDCHnN does not turn OFF automatically after error is detected
1 LEDCHn turn OFF automatically after error is detected

Bit[1] ERRCLR
ERRCLR is available in ERRLAT = 1 setting.

Table 29. Clear Error Register

ERRCLR

Clear Error Register

0 No Operation

1

Clear error register and return Hi-z in FAILB output when ERRLAT = 1
(returns to ‘0’ automatically)

Bit[0] ERRLAT
Control error register and FAILB output when error is detected.

Table 30. Error Detection Function

ERRLAT

Error Detection Function

Error register and FAILB output return to initial condition when error is released

Error register and FAILB output is retained until ERRCLR = 1 is written
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7. Description of Registers — continued
Address 0x008: SYSCONFIG4
Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -
Initial value 0 0 0 0 0 0 0 0
Bit No. Bit[7] Bit[6] | Bit[5] | Bit[4] Bit[3] | Bit[2] Bit[1] Bit[0]
Name - DACUP[2:0] DACDNI1:0] - MSMODE
Initial value 0 0 | 0 | 1 0 | 0 0 0
[Read / Write] Initial value: 0x0010 Update: Immediately

The register data is updated immediately when the new data is written.

Bit[6:4] DACUP[2:0]

Bit[3:2] DACDNI[1:0]
DACDNI1:0] is register for setting the FB DAC's count down step after soft start.

DACUPI[2:0] is register for setting the FB DAC's count up step after soft start.

Bit[0] MSMODE
MSMODE is register for setting of FB DAC’s controller mode or target mode.

Table 31. FB DAC Code Count Up Step

FB DAC Code Count
DACUP[2:0] Up Step
0 1
1 2
2 3
3 4
4 5
5 6
6 7
7 8

Table 32. FB DAC Code Count Down Step

FB DAC Code Count
DACDNI1:0] Down Step
0 -1
1 -2
2 -3
3 -4

Table 33. FB DAC Mode Setting

MSMODE

FB DAC Mode Setting

0

Controller mode

1

Target mode
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7. Description of Registers — continued
Address 0x009: LEDENL

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -

Initial value 0 0 0 0 0 0 0 0
Bit No. Bit7] | Bitte] | Bitf5s] | Bit4 | BitB] | Bit2] | Bit1] [ Bit0]
Name LEDEN([7:0]

Initial value 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

[Read / Write] Initial value: 0xOOFF Update: Immediately

Address 0x00A: LEDENM

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -

Initial value 0 0 0 0 0 0 0 0
Bit No. Bit7] | Bitte] | Bitfs] | Bitd | BitB | Bit2] | Bit1] [ Bit0]
Name LEDEN[15:8]

Initial value 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

[Read / Write] Initial value: 0xOOFF Update: Immediately

Address 0x00B: LEDENU

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -

Initial value 0 0 0 0 0 0 0 0
Bit No. Bit7]l | Bite] | Bitf5] | Bit[d | BitB | B2l | Bit(1] [ Bit[0]
Name LEDEN[23:16]

Initial value 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

[Read / Write] Initial value: 0xOOFF Update: Immediately
The register data is updated immediately when the new data is written.
These registers (0x009, 0x00A, 0x00B) enable or disable each LED channel. If ‘0’ is set in LEDEN[n-1] (n = 1 to 24), the
channel n is not available. LEDCHn current is turned off, and the status of LED Open/Short Detection and FAILB output are
not affected by LEDCHn since disabled channels do not detect LED Open/Short Error.

Table 34. LEDCHn Enable Setting

LEDCHnN current control,
LEDEN[n-1] LED Open/Short Detection,
FAILB output for LEDCHn
0 Disable
1 Enable
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7. Description of Registers — continued

Address 0x00C: GDLY

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit(11] | Bit10] [ Bit[9] | Bit[8]
Name - - - - GDLY[11:8]

Initial value 0 0 0 0 0 | 0 | 0 | 0
Bit No. Bit7] | Bitte] | Bitf5s] | Bit4 | BitB] | Bit2] | Bit1] [ Bit0]
Name GDLY[7:0]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

GDLY is the delay time counted from VSYNC rising edge to PGATE1 fall-edge.

[Read / Write] Initial value: 0x0000 Update: VSYNC

The register data is updated at the next VSYNC signal rising edge after the data is written.

MULSEL register0:c=8,1:¢c=4,2:¢c=6,3:¢c=6
Table 35. Global Delay Setting

GDLY[11:0] GDLY Total Clock Number (clock width @HSYNC)
0x000 NobpLya = 5 clock to 6 clock from rise-edge of VSYNC
0x001 NepLya + 1 x ¢ x 2(PWMFREQ[1:0)
0x002 NepLya + 2 x ¢ x 2(PWMFREQ[1:0)
0x003 NabLya + 3 x ¢ x 2(PWMFREQ[1:0])

to to
OxFFC NapLya + 4092 x ¢ x 2(PWMFREQ[1:0])
OxFFD NapLya + 4093 x ¢ x 2(PWMFREQ[1:0])
OxFFE NapLya + 4094 x ¢ x 2(PWMFREQ[1:0])
OxFFF NobLya + 4095 x ¢ x 2(PWMFREQ[1:0])

(Note) This count starts from VSYNC rising edge.
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7. Description of Registers — continued
Address 0x010: DTYCNT101

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit(11] | Bit[10] | Bit[9] | Bit[8]
Name - - - - DTY101[11:8]

Initial value 0 0 0 0 0 | 0 | 0 | 0
Bit No. Bit7] | Bitte] | Bitf5s] | B4 | BitB] | Bit2] | Bit[1l | Bit[0]
Name DTY101[7:0]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

[Read / Write] Initial value: 0x0000 Update: PWM
The register data is updated at the next PWM signal rising edge after the data is written.

Table 36. PWM Duty Setting

DTYmn[11:0] LED Pulse Width
0x000 0 HSYNC clock width
0x001 1 HSYNC clock width
0x002 2 HSYNC clock width
0x003 3 HSYNC clock width
0x004 4 HSYNC clock width

to to
OxFFC 4,092 HSYNC clock width
OxFFD 4,093 HSYNC clock width
OxFFE 4,094 HSYNC clock width
OxFFF 4,095 HSYNC clock width

Address 0x011 to 0xOCF: DTYCNT102 to DTYCNT824
These registers are used to set the PWM pulse width. The setting procedure is the same as that for LEDCH1 with Address
set to 0x010.

Address Description
0x010 to 0x027 PWM duty register for PGATE1
0x028 to 0x03F PWM duty register for PGATE2
0x040 to 0x057 PWM duty register for PGATE3
0x058 to 0x06F PWM duty register for PGATE4
0x070 to 0x087 PWM duty register for PGATE5S
0x088 to 0x09F PWM duty register for PGATE6
0x0AO to Ox0B7 PWM duty register for PGATE7
0x0B8 to OxOCF PWM duty register for PGATES8

Address 0x0D0: DLY01

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit(11] | Bit[10] | Bit9] | Bit[8]
Name - - - - DLY01[11:8]

Initial value 0 0 0 0 0 | 0 | 0 | 0
Bit No. Bit7] | Bitff] | Bit5] | Bit4] | Bit3 | Bit2] | Bit1] | Bit[0]
Name DLY01[7:0]

Initial value 0 | 0 | 0 | 0 | 0 | 0 [ 0 [ 0

[Read / Write] Initial value: 0x0000 Update: VSYNC+GDLY

The register data is updated at the next VSYNC+GDLY timing after the data is written.
DLYO01 is the delay time which starts to count after NOOVLAP2.
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Address 0x0D0: DLY01 (PWM Delay setting register) — continued

Table 37. Delay Setting of PWM Output

DLY01[11:0] DLY01 Total Clock Number (clock width @HSYNC)
0x000 0
0x001 1
0x002 2
0x003 3
to to
OxFFC 4092
OxFFD 4093
OxFFE 4094
OxFFF 4095

(Note) This count starts from NOOVLAP2 finish point.
Address 0x0D1 to 0x0E7: DLY02 to DLY24
These registers are used to set the delay width of PWM for LEDCH2 to LEDCH24. The setting procedure is the same as that
for LEDCH1 with address set to 0x0DO.

Address 0x0E8: IREV10102

Bit No Bit[15] Bit[14] Bit(13] | Bit(12] | Bit(11] | Bit10] | Bit[9] [ Bit[8]
Name - - IREV102[5:0]

Initial value 0 0 1 | 1 | 1 | 1 | 1 | 1
Bit No Bit[7] Bit[6] Bits] | Bitl4l | Bit3] | Bit2] | Bit[1] |  Bit[0]
Name - - IREV101[5:0]

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

[Read / Write] Initial value: 0x3F3F Update: immediately
IREV101 is used with current revision of LEDCH1 of PGATE1 from 50 % to 100 %.
IREV102 is used with current revision of LEDCH2 of PGATE1 from 50 % to 100 %.
IREV register prohibit changing the setting during dimming.

These LED current registers should be updated before LED turns on. The dynamic update during the dimming may affect to
the DCDC feedback.

Table 38. Current Revision Setting of LEDCHn

IREV101[5:0] Current Revision Setting
0x3F ILeppc X 100 %
0x3E ILebpc X 99.2 %
0x3D ILepoc X 98.4 %
0x3C ILeppc X 97.6 %

to to
0x03 ILebbc X 52.8 %
0x02 ILebbc X 52.0 %
0x01 ILeppc X 51.2 %
0x00 ILeppc X 50.4 %

(IREV;,[5: 0] + 64)
Ligpart = ILeppe X mn127 [mA]

Address 0x0E9 to 0x147: IREVmn
This register is used to make setting of current revision for LEDCH3 to LEDCH24 of PGATE1 and LEDCH1 to LEDCH24 of
PGATE2 to PGATES. The setting procedure is the same as that for LEDCH1 of PGATE1 with address set to OxOES.
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7. Description of Registers — continued
Address 0x148: ERLSH1L

Bit No. Bit(15] | Bit14] | Bit(13] | Bit12] [ Bit11] | Bit(10] | Bit® | Bit[8]
Name ERLSH1 [15:8]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Bit No. Bit7] | Bitte] | Bitf5s] | Bit4 | BitB] | Bit2] | Bit1] [ Bit0]
Name ERLSH1 [7:0]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

[Read] Initial value: 0x0000 Update: Immediately

Address 0x149: ERLSH1H

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -
Initial value 0 0 0 0 0 0 0 0
Bit No. Bit7] | Bitte] | Bitfs] | Bitd | BitB | Bit2] | Bit1] [ Bit0]
Name ERLSH1 [23:16]
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

[Read] Initial value: 0x0000 Update: Immediately

The register data is updated immediately when the data is written.
These registers (0x148, 0x149) correspond to the status of LED Short Detection of PGATE1 of LED1 to LED24.

Table 39. Status of LED Short Detection

ERLSH1[n-1] Status
0 Normal
1 Detected LED Short Error(Nete 1)

(Note 1) ERRLAT = 0: ERLSHm[n-1] (m = 1to 8, n = 1 to 24) turns 0, if LED Short Error is released or LEDEN[n-1] = 0 is set or LSHEN = 0 is set.
ERRLAT = 1: ERLSHm[n-1] turns 0, if ERRCLR = 1 is set.

Address 0x14A to 0x157: ERLSHm[n-1]
These registers (0x14A to 0x157) correspond to the status of LED Short Detection of PGATE2 to PGATES of LED1 to
LED24. The setting procedure is the same as that for LED1 to LED24 of PGATE1 with address set to 0x148 and 0x149.

www.rohm. comn - TSZ02201-0V1V0B200030-1-2
44/74
SSZZOZZZO1 1R1O|-|1l\é1 53861Ltd. All rights reserved. 02.Dec.2022 Rev.002


http://www.rohm.com/

BD94130MUF-M BD94130EFV-M Datasheet

7. Description of Registers — continued
Address 0x158: ERLOP1L

Bit No. Bit(15] | Bit14] | Bit(13] | Bit12] [ Bit11] | Bit(10] | Bit® | Bit[8]
Name ERLOP1[15:8]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Bit No. Bit7] | Bitte] | Bitf5s] | Bit4 | BitB] | Bit2] | Bit1] [ Bit0]
Name ERLOP1[7:0]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

[Read] Initial value: 0x0000 Update: Immediately

Address 0x159: ERLOP1H

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -
Initial value 0 0 0 0 0 0 0 0
Bit No. Bit7] | Bitte] | Bitfs] | Bitd | BitB | Bit2] | Bit1] [ Bit0]
Name ERLOP1[23:16]
Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

[Read] Initial value: 0x0000 Update: Immediately

The register data is updated immediately when the data is written.
These registers (0x158, 0x159) correspond to the status of LED Open Detection of PGATE1 of LED1 to LED24.

Table 40. Status of LED Open Detection

ERLOP1 [n-1] Status
0 Normal
1 Detected LED Open Error¥ofe 2

(Note 2) ERRLAT = 0: ERLOPm[n-1] (m = 1to 8, n = 1 to 24) turns 0,if LED Open Error is released or LEDEN[n-1] = 0 is set or LOPEN = 0 is set.
ERRLAT = 1: ERLOPm[n-1] turns O, if ERRCLR = 1 is set.

Address 0x15A to 0x167: ERLOPm[n-1]
These registers (0x15A to 0x167) correspond to the status of LED Short Detection of PGATE2 to PGATES of LED1 to
LED24. The setting procedure is the same as that for LED1 to LED24 of PGATE1 with Address set to 0x158 and 0x159.
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7. Description of Registers — continued
Address 0x168: EROTHER

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - - -
Initial value 0 0 0 0 0 0 0 0
Bit No. Bit[7] Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0]
ERISET ERISET ERVINSW
Name - - EXENG EXEOK OPEN OCP - OVP
Initial value 0 0 0 0 0 0 0 0

[Read] Initial value: 0x0000 Update: Immediately

The register data is updated immediately when the new data is written.

Bit[5]: EXENG
EXENG register correspond to the status that short check sequence of adjacent LEDCHn is not executed.

Table 41. Status of Short Check Sequence NG

EXENG Status
0 Normal
1 Short check sequence of adjacent LEDCHn is not executed

Bit[4]: EXEOK
EXEOK register correspond to the status that short check sequence of adjacent LEDCHn is executed.

Table 42. Status of Short Check Sequence OK

EXEOK Status
0 Normal
1 Short check sequence of adjacent LEDCHn is executed

Bit[3]: ERISETOPEN
ERISETOPEN register correspond to the status of ISET Open Detection.

Table 43. Status of ISET Open Detection

ERISETOPEN

Status

0

Normal

1

Detected ISET Open ErrorNote 3)

Bit[2]: ERISETOCP
ERISETOCP register correspond to the status of ISET Over Current Detection.

Table 44. Status of ISET Over Current Detection

ERISETOCP

Status

0

Normal

1

Detected ISET Over Current Error(Note 3)

Bit[0]: ERVINSWOVP

ERVINSWOVP register correspond to the status of VINSW Over Voltage Detection.

Table 45. Status of VINSW Over Voltage Detection

ERVINSWOVP

Status

0

Normal

1

Detected VINSW Over Voltage Error(Note 3)

(Note 3) ERRLAT = 0: ERISETOPEN, ERISETOCP and ERVINSWOVP turns 0, if error condition is released. ERRLAT = 1: ERISETOPEN, ERISETOCP
and ERVINSWOVP turns 0, if ERRCLR = 1 is set.
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7. Description of Registers — continued
Address 0x169: ERLEDL

Bit No. Bit(15] | Bit14] | Bit(13] | Bit12] | Bit11] | Bit(10] | Bit® | Bit[8]
Name ERLED[15:8]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Bit No. Bit7] | Bitte] | Bitf5s] | Bit4 | BitB] | Bit2] | Bit1] [ Bit0]
Name ERLEDI[7:0]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

[Read] Initial value: 0x0000 Update: Immediately

Address 0x16A: ERLEDH

Bit No. Bit[15] Bit[14] Bit[13] Bit[12] Bit[11] Bit[10] Bit[9] Bit[8]
Name - - - - - - -

Initial value 0 0 0 0 0 0 0 0
Bit No. Bit7] | Bitte] | Bitfs] | Bitd | BitB | Bit2] | Bit1] [ Bit0]
Name ERLED[23:16]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

[Read] Initial value: 0x0000 Update: Immediately

The register data is updated immediately when the data is written.
These registers (0x169, 0x16A) correspond to the status of Short Detection of adjacent LEDCHn.

Table 46. Status of Short Detection of Adjacent LEDCHn

ERLED[n-1] Status
(n =1 to 24))
0 Normal
1 Detected Short Detection Error of Adjacent LEDCHn(Vote 4)
Address 0x16B: ERPGSH
Bit No. Bit(15] | Bit14] | Bit(13] | Bit12] | Bit11] | Bit(10] | Bit@9] | Bit[8]
Name ERPGVINSH][7:0]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Bit No. Bit7] | Bitte] | Bitf5s] | Bt | BitB] | Bit2] | Bit1] [ Bit0]
Name ERPGGSHI[7:0]

Initial value 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

[Read] Initial value: 0x0000 Update: Immediately
The register data is updated immediately when the data is written.

Bit[15:8]: ERPGVINSHI[7:0]
This register correspond to the status of Short Detection between the PGATEm pin and the VINSW pin.

Table 47. Status of Short Detection between the PGATEm pin and the VINSW pin

ERPGVINSH[m-1] Status
(m=1to 8)
0 Normal
1 Detected Short Error to the VINSW pin(Note 4)

Bit[7:0]: ERPGGSH[7:0]
This register correspond to the status of Short Detection between the PGATEm pin and the GND.

Table 48. Status of Short Detection between the PGATEm pin and GND

ERPGGSH[m-1] Status
(m=1t08)
0 Normal
1 Detected Short Error to GNDMote 4)

(Note 4) ERLED[n-1], ERPGVINSH[m-1] and ERPGGSH[m-1] turn 0, if ERRCLR = 1 is set.
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Application Circuit Diagram
1. The Example of Basic Application

% peibc %
1 7 vee VINSW
5 BD94130MUF
BD94130EFV
I pb—— VREGIS
= swe
1SET PGATES )
[y LopseT . -
FB w2 -
PGATE2 i
SUMFB al
i
swi
— vio PGATEL :
1 M
fece] | fEmoe xS
Y £
scLk LEDCH24
feocrn] | femcen) s
00 R R
McU N
VSYNG LEDCH23
HSYNC
ﬁ FAILB
3 TESTL LEDCHL
TEST2
GND LGND

ol

2. The Plural BD94130 Usage (the common SPI and the common DCDC)

% peie %
L I vee VINSW
o BD94130MUF
BD94130EFV
3= VREG15
Y=g sws
1SET PGATES )
[ s . =
]
PGATE2
SUMFB
it vio PGATEL
—
scss scsB
ol soI
seik scLk LEDCH24
00 S0
Mcu
vsvne VsYNG LEDCH23
HSNG HSYNC
ﬁvwo
LB FALB
Y TESTL LEDCHL,
TEST2
ND LGND
i vee INSW
BD94130MUF
BD94130EFV
3= VREG1S
=3 sws
ISET PGATES i
[ LsPseT X =
B
PGATE2 SV‘"Z
SUMFB o
IS
swij
vio PGATEL B
3—HJ TS
scsB s e
N a1 i
ScLk LEDCH24
spo
vsYne LEDCHZ3
HSYNC
FAILB
[P p— LEDCH1
TEST2
GND LGND

I
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Timing Chart
1. Boot Sequence
(1) SPI Command Mode

vce _/4 VCCUVLO VCCUVLO \

[1] (9l

VINSW
(2] [8]

VIO A Viouvio VIOUVLO
EN

il

{5} :
VREG15 7‘: VREG15UVLO VRE615UVL0¥[7]
RESET (internal) lRESET: VCCUVLO or VIOUVLO or EN or VREG15UVLO or Register .
vSYNC : Y Y A
HSYNC | .
: [4] : 6] :

PGATE1

|\—7 ?ﬁnnnnﬂnnnnn

I AR RRRRRARE

PGATES ; \ :

LEDCHn current

status OFF )'( \XTURNONWAIT X dimining

output disalle outplit disable

Enlarged view Enlarged view Enlarged view
Initial setting Duty setting OFF setting :
;SPI ;SP' [ 1 ESP' _|:|_
ERegister SRSST LEDENL ;Register DTYCNTmnE lReglster LEDENL :
. TURNONWAIT LEDENM . . LEDENM

SSMASK LEDENU N N LEDENU
ERRMASK GDLY v v

SYSCONFIG1 DTYCNTmn

SYSCONFIG2 DLYn

SYSCONFIG3 IREVMN

SYSCONFIG4

Figure 21. The Boot Sequence for SPI Command Mode

Turn ON Sequence

[1] Power on VCC and VCCUVLO is released. And power on VINSW.

[2] Power on VIO and VIOUVLO is released.

[3] After the EN pin is H, VREG15 turn on. The signal RESET is expressed by the following equation. After RESET
is released, the registers can be accessed.

RESET = VCCULVO or VIOUVLO or EN or VREG15UVLO or Register

[4] Set the initial registers until 4th VSYNC period from RESET release. 4th VSYNC period is adjustable by the
register TURNONWAIT[7:0]. During the state TURNONWAIT, the IC keeps LEDs off.

[5] The duty register DTYCNTmn are updated in every VSYNC period for dimming.

Turn OFF Sequence
[6] Set the register LEDENL, LEDENM and LEDENU registers to 0.
[7]1 VREG15 turn off after the EN pin is L. The registers cannot be accessed during RESET = L.
[8] Power off VIO and VIOUVLO is detected.
[9] Power off VINSW and VCC.

The first turn on and the last turn off are VCC. And the order of the VIO, EN can be exchanged.
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1. Boot Sequence - continued
(2) PWM Direct Control Mode (without SPI command)

vCC _/f' VCCUVLO VCCUVLO "N
[1] (9

VINSW

2] (8]
VIO ¥ VIOUVLO VIOUVLO =K
EN

:13] 7]
VREG15 7# VREG15UVLO VREG15UVLO 31
RESET (interna|) lRESET: VCCUVLO or VIOUVLO or EN or VREG15UVLO or Register
TEST1 1 .
: (4] [5] (6]

VSYNC
HSYNC Low:
SCsB High:
SCLK Low!
SDI Low:

LEDCHnN current

: g

TURNONMASK  0x0C: OXFF

counter :

PGATEL : : |

PGATE2 : : |

PGATES : : |

status OFF X XTURNONWA'TX dimming X OFF

output disable

Figure 22. The boot Sequence for PWM Direct Control Mode

Turn ON Sequence
[1] Power on VCC and VCCUVLO is released. And power on VINSW.
[2] Power on VIO and VIOUVLO is released.

[3] After the EN pin is H, VREG15 turn on. The signal RESET is expressed by the following equation. After RESET
is released, the VSYNC signal becomes valid. And the TEST1 pin must be H.
RESET = VCCULVO or VIOUVLO or EN or VREG15UVLO or Register
[4] Until 4th VSYNC period from RESET release, the IC keeps LEDs off, as TURNONWAIT.
[5] Input PWM pulse to VSYNC for dimming. VSYNC signal can control LED current directly. PGATEm are all on.

Turn OFF Sequence
[6] Stop PWM dimming pulse input to VSYNC.
[71 VREG15 turn off after the EN pin is L.
[8] Power off VIO and VIOUVLO is detected.
[9] Power off VINSW and VCC.

The first turn on and the last turn off are VCC. And the order of the VIO, EN can be exchanged.

About PWM Direct Control Mode

If 8 HSYNC clocks counts, PWM Direct Control Mode is shifted to SPI Command Mode.

Even if error is detected, LED keeps ON, and FAILB signal is still HIGH.

RESET (intemalj
HSYNC

—

0

BITCNT(30] o X 1 X 2% 3 (4 X5 X6 X7 X 8
(internal signa

operating mode PWM Direct Control SPI Command Mode

__ XPWM Direct Control

Figure 23. SPI Command Mode / PWM Direct Control Mode
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Timing Chart — continued

2. Matrix Operation and PWM Dimming Setting
(1) Matrix Operation Setting (the line number of gate controller)
The register MULSEL[1:0] controls the number of active PGATE as shown in Figure 24. The unused PGATES5 to PGATES8
asserts always OFF. The selectable gate number is 4, 6, and 8. The necessary HSYNC clock number is depend on the

register MULSEL[1:0].

8 Line Gate controller (MULSEL[1:0] = 0x0)

VSYNC "
GOLY

4 Line Gate Controller (

VSYNC "

MULSEL[1:0] = 0x1)

| |

———t—

GOLY

S

PGATE1 |

PGATE1

L]

PGATE2

PGATE2

PGATE3 H

Io-

PGATE3

L
L L LT
L L L

PGATE4 H

PGATE4

L L

PGATES

PGATES

PGATE6

PGATE6

PGATE7

PGATE7

PGATES8

PGATES :
LEDCH1 LEDCH1
current H current H
+: DIV +:, DIV

LEDCH2 . LEDCH2 H
current + current _I LJ I_, I_’ |_, |_, I_, I_’

. aDLY24
——

. : ——
LEDCH24 LEDCH24
current current

Figure 24. Dimming Mode

(2) Matrix Operation Setting (PWM frequency)
The register PWMFREQ[1:0] controls the repeated number of active PGATE for VSYNC period. The figure 25 show the
example of the one repeat and two repeats. The selectable repeated number is 1, 2, 4, and 8. The necessary HSYNC
clock number is depend on the register PWMFREQ[1:0].

PWMFREQ=0 LEDCHn output frequency = VSYNC x 1

VSYNC "

:

PWMFREQ=1 LEDCHn output frequency = VSYNC x 2

VSYNC "

HSYNC

HSYNC

PGATEL

PGATEL I_l

PGATE2

PGATE2 : |_|

PGATE7

PGATE8

LEDCH1 | [ || .......
current

PGATE7 P

Figure 25.

PGATES L
LEDCH1 i
o current

PWMFREQ vs LEDCHn output
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2. Matrix Operation and PWM Dimming Setting — continued
(3) PWM Delay Setting

There are 2 kinds of delay setting.

The register GDLY set the interval from VSYNC to PGATE1, and the GDLY delay affects all PGATEm accordingly.

The register DLYn (n = 1 to 24) set the interval from PGATE = ON to the current rising of LEDCHn. (That interval is
expressed NOOVLAP2 + DLYn in detail.)

By shifting the starting timing of each LED current, the transient response of the total current is averaged.

+« _NOOVLAP1 || the interval PGATEL = off is omitted
) LIl
' _NOOVLAP2

VSYNC o

pATEL —ﬁq I —| B
PG,.ATEZ |_ |_

PGATES : .
. DLYO1 . . . DLYO1 .
D — ] . e
LEDCH1 i P i

current | | ' l_ _] I_I I_

.4 LEDCH1PWM =100 % interval .
. € : . »

. \_DLY24 . . : ! DLY24 . ;
LEDCH24 h 3 P 1
current _l I. _, I_I I—

e LEDCH24 PWM =100 % interval .\
o p:

Figure 26. PWM delay setting

Figure 26 shows the delay setting over 1 PGATE in 8 Line Gate Controller. The setting in the figure is 75 % Duty and
50 % Delay for LEDCH1.
If the LED current is finished within the single period of PGATE = ON, the delay setting of DTYmn is expressed as

following.
0 < DLY, < 4095
DTYyy, + DLY, < 4095
.rohm.
gv%zrg Rr’noclz-?l\r/]quo., Ltd. All rights reserved. 52/74 T$202201-0V1V0B200030-1-2

TSZ22111 « 15« 001 02.Dec.2022 Rev.002


http://www.rohm.com/

BD94130MUF-M BD94130EFV-M Datasheet

2. Matrix Operation and PWM Dimming Setting — continued
(4) PWM Duty Setting

VCC

VIO . .
present VSYNC period next VSYNC peridd

VSYNC I‘—"‘—’l | |

HSYNC

scsB | i
s [ ] [ ]
status : .
registen X

DTYmn ;
(bufferl) X

DTYmn
(buffer2) X

DTYmn
(control data)

i
PGATE1 |_§_’ : :
PGATE2 | ] L] L]

PGATES

LEDCHn
current

'SPl

‘Register

Figure 27. Dimming Sequence for Normal Operation

[1] The register DTYmn access is finished within the present VSYNC period to reflect in the next VSYNC period. If that
access is not finished by the VSYNC, the register is not reflected correctly.

[2] Buffer1 data is updated at VSYNC timing.

[3] Buffer2 data is updated at VSYNC+GDLY timing.

[4] Control data (DTYmn) is updated after the delay setting DLYn in the next VSYNC period, DTYmn is reflected to the

LEDCHN current.
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Timing Chart — continued
3. None Overlap Function
None overlap time between PMOSm can be adjustable by the register NOOVLAP1, NOOVLAP2.
NOOVLAP1 is the interval from PMOSm = OFF to PMOS(m+1) = ON. This is set longer than the PMOS off delay not to
cause PMOS = ON simultaneously.
NOOVLAP2 is the interval from PMOS = ON to the beginning of LEDCHn current. This is set longer than the PMOS on
delay.
These register adjustable such as 32 clock, 64 clock, 128 clock, 256 clock by HSYNC.
The necessary clock of HSYNC is changed accordingly. Please refer the section of Description of PWMFREQ[1:0] (Address

0x006).
(Example) NOOVLAP1 = 0, NOOVLAP2 =0 (DTY101, DTY201 = OxFFF, DLY1 = 0)
‘< none overlap time (total 64 clock) ::
Elst ond 3rd 63[h64th565m
HSYNC I ‘
PGATEL IIPMO_S__E’_FE_??EY ---------
NOOVLAP1 0
NOOVLAP2 0 : :
pecntrero) o XOOOOOOOC | DOEGENKAE0O0 OOE62636463C
(Note 1) i NOOVLAP1 setting L NOOVLAP2 setting
: :‘PMOS ON delay :
PGATE2 : T :
LEDCH1 current
(Note 1) Internal signal for counting PGATE ON timing and LEDCH1 current ON timing.
Figure 28. PGATE1, PGATE2 None Overlap Timing
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Timing Chart — continued
4. PWM Behavior at Close VSYNC Intervals
In this section, PWM dimming behavior is shown if HSYNC is not equal to ideal frequency.
The ideal frequency of HSYNC is 33280 times of VSYNC below example.

(1) HSYNC Frequency less than Ideal Frequency
Example: Delay = 0, Duty = 75 %, PWMFREQ = 0, NOOVLAP1 = NOOVLAP2 = 0, MULSEL =0

54 HSYNC = 33280 x VSYNC HSYNC < 33280 x VSYNC ‘
VSYNC

HSYNC

MAIN
COUNTER

PGATE1

PGATE2

PGATE7 L] ] L |_| |_|

PGATES J |_| |_| |_| |_|

::PGATES width is proper . 1:PGATES8 and PWMn width is short

PWMn

Figure 29. HSYNC Frequency Less than Ideal Frequency

The main counter is reset at the rising edge of VSYNC. The main counter starts counting up by HSYNC and proceed

the line control from PGATE1 to PGATES.

[1] As HSYNC is equal to the ideal frequency, the main counter reaches the full value 33280. The ON interval of
PGATES8 and PWMn are proper.

[2] As HSYNC is smaller than the ideal frequency, the main counter does not reach the full value. The ON interval of
PGATE8 and PWMn are short.

(2) HSYNC Frequency more than Ideal Frequency
Example: Delay = 0, Duty = 50 %, PWMFREQ = 0, NOOVLAP1 = NOOVLAP2 = 0, MULSEL =0

L HSYNC = 33280 x VSYNC P HSYNC > 33280 x VSYNC g
< > »>
VSYNC
HSYNC
MAIN
COUNTER
PGATE1
PGATE2
poates | [1 L L L L]
: : : '+ _blank interval
PWMn : :

Figure 30. HSYNC Frequency More than Ideal Frequency

[1]1 As HSYNC is more than the ideal frequency, the main counter continues the full value 33280 without reset. In this
blank interval after PGATE8 = OFF, all LEDs turn off. The ON interval of PGATE8 and PWMn are almost proper,
but all LEDs brightness is LOW.
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Timing Chart — continued

5. ERROR Detection and Release

The following are the internal signals on the timing chart:

PWM_OH[1]
LOPDET_IL[n-1]
LSHDET_IL[n-1]
VINSWOVP_IL
ISETOCP_IL
ISETOPEN_IL
PGGSH_IL[m-1]
SSEND

R_LOPDET, R_LSHDET, R_VSYNC

ERR_MASKCNTmn
R_SSCNT
(m=1t08,n=1to24)

(1) LED Open Detection

PWM signal for channel 2 control
LED Open Error signal (HIGH: normal, LOW: error)

LED Short Error signal (HIGH: normal, LOW: error)

VINSW pin Over Voltage Error signal (HIGH: normal, LOW: error)
ISET pin Over Current Error signal (HIGH: normal, LOW: error)
ISET pin OPEN Error signal (HIGH: normal, LOW: error)

PGATEm Comparator signal

Soft start mask signal (HIGH: normal, LOW: mask)
retiming signal

error mask counter for PGATEm

counter for soft start

LED Open Error is detected after ERRMASK, and LED Open Error is released as shown in Figure 31.

Here ERRMASK]7:0] = 0x03

If PWM_OHI[n-1] is shorter than ERR_MSKCNTmn[7:0], the LED OPEN is not detected.

VSYNC

HSYNC I A A O
PGATEL "Low"

PGATE2 "High"

PGATES "High"

PWM_OH(1]

LOPDET IL[Y] | .

R_LOPDET[1] —\ﬂ(zscy‘ﬁihrienﬁi) s

SSEND "High”

ERRMASK register 0x03

ERR_MSKCNT102[7:0] __ 0x00 D, Y

ERR_MSKCNT202[7:0] __0x00

ERR_MSKCNT802[7:0] __ 0x00

ERLOP1[23:0] 0x000000 0x000002
ERLOP2[23:0] 0x000000
ERLOP8[23:0] 0x000000

FAILB

VSYNC

“Low"

HSYNC 14 [ 1514

PGATEL

"Low"

PGATE2 "High"
PGATES “High"
PWM_OHI[1]
[
LOPDET_IL[1] g mask
R_LOPDET[1] "High"
SSEND "High"
ERRMASK register 0x03
ERR_MSKCNT102[7:0] 0x00 0x01)0x020x0 0x00
ERR_MSKCNT202[7:0] 0x00
ERR_MSKCNT802[7:0] 0x00

ERLOP1[23:0]

0x000002

0x000000

ERLOP2[23:0]

0x000000

ERLOPS8[23:0]

0x000000

FAILB

Figure 31. LED Open Detection and Release
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(1) LED Open Detection - continued

[Case: LED Open Error signal is LOW width]

While PWM_OH[1] = HIGH and LOPDET_IL[1] = LOW with SSEND = HIGH (Soft Start end), if ERR_MSKCNT does not

counts up until the ERRMASK, FAILB remains HIGH.

In the same condition, if ERR_MSKCNT counts up until the ERRMASK, FAILB asserts LOW.

VSYNC
1st 2nd  3rd
HSYNC N I e A I A
PGATE1 Low!
PGATE2 “High"
PGATES "High"
PWM_OH[1] "High"
LOPDET_IL[1] \ [
mask (3 to 4 clock)
R_LOPDET[1] 2clock delay’
(synchronize)
SSEND "High"
ERRMASK register 0x03
ERR_MSKCNT102[7:0] 0x00 x01)0x02/0x03{_0x00
ERR_MSKCNT202[7:0] __ 0x00
ERR_MSKCNT802[7:0] __ 0x00
ERLOP1[23:0] 0x000000
ERLOP2[23:0] 0x000000
ERLOP8[23:0] 0x000000
FAILB "High”

VSYNC
1st 2nd  3rd 4th 1st 2nd  3rd  4th
HSYNC 0 I A O I A [T
PGATEL Low!
PGATE2 High"
PGATE8 High"
PWM_OH[1] High"
LopDET_ILRY] | b [ e
R_LOPDETH] ]
SSEND "High"
ERRMASK register 0x03
ERR_MSKCNT102[7:0] _0x00 0x01/0x020x03{0x0010x01)0x02/0x03] 0x00
ERR_MSKCNT202[7:0] _0x00
ERR;MSKCNTSOZU:O} o><.oo
ERLOP1[23:0] 0x000000 0x000002 0x000000
ERLOP2[23:0] 0x000000
ERLC;PS[ZB:O] 0x000000
FAILB

Figure 32. LED Open Detection (the error signal is LOW width)

(2) LED Short Detection
(Example) ERRMASK]7:0] = 0x03
LED Short Error is detected after ERRMASK, and LED Short Error is released as shown in Figure 33.

If the capacitance of LEDCHn pin CLeocH is connected, the transient response is affected. Please set the ERRMASK
value considering the time margin of LED short detection.

VSYNC "High"
HSYNC e U O o I O I O I
PGATEL Low

PGATE2 “High"

PGATES “High'

PWM_OHI[1]

LSHDET_ILL] |

R_LSHDETI1] *\ﬂéﬂﬁﬁﬁiﬂiﬁ) T

SSEND "High"

ERRMASK register 0x03

ERR_MSKCNT102[70] 000 ) ) v

0x00

ERR_MSKCNT202[7:0]

ERR_MSKCNT802[7:0]

0x00

ERLSH1[23:0]

0x000000

0x000002

0x000000

ERLSH2[23:0]

ERLSH8[23:0]

0x000000

FAILB

VSYNC

HSYNC

PGATE1

PGATE2

PGATE8

PWM_OH[1]

“High"

LSHDET_IL[1]

“High"

mask

R_LSHDET[1]

“High"

SSEND

“High”

ERRMASK register

0x03

0x00

0x01X0x02 X0x03

0x00

ERR_MSKCNT102[7:0]

0x00

ERR_MSKCNT202[7:0]

0x00

ERR_MSKCNT802[7:0]

ERLSH1{23:0]

0x000002

0000000

0x000000

ERLSH2[23:0]

ERLSH8[23:0]

0x000000

FAILB

Figure 33. LED Short Detection and Release
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5. ERROR Detection and Release - continued
(3) VINSW Over Voltage Detection
(Example) VINSWOVPEN = 1, ERRLAT =0
VINSW Over Voltage is detected after SSEND, and VINSW Over Voltage Error is released as shown in Figure 34.

LEDCHn output is not turned off by VINSW Over Voltage Error.

VSYNC T [ [ [

PGATEL N L] L] L]

PGATE2 L L] L] L]

PG.ATEB ] L] L] L] L
PWM_OH1] _JUUUUUUUUUUUE U U U U U U U U U U

SSEND

"High"

VINSWOVP_IL

ERVINSWOVP

FAILB

(4) ISET Over Current Detection

(Example) ERRLAT = 0

Figure 34. VINSW Over Voltage Detection

ISET Over Current is detected after SSEND, and ISET Over Current Error is released as shown in Figure 35.
LEDCHn output is turned off by ISET Over Current Error.

VSYNC T [ [ [

HSYNG |
PGATEL N L] L L

PGATE2 L L] L] L]

PG‘ATEB ] L] L] L LJ
PWM_OH(1] _yuUruyUyyy MuUuUyUUyyt

SSEND

"High"

ISETOCP_IL

ERISETOCP

FAILB

(5) ISET Open Detection
(Example) ERRLAT =0

Figure 35. ISET Over Current Detection

ISET Open is detected after SSEND, and ISET Open Error is released as shown in Figure 36.
LEDCHNn output is not turned off by ISET Open Error.

VSYNC 11 [ [ ] []

PGATEL N L] L] L]

PGATE2 1 L] L] L]

PG.ATEB ] L L L L
PWM_OH[1] _gyuUruuUirudrrUUUrU U U U oyt

SSEND

"High"

ISETOPEN_IL

ERISETOPEN

FAILB

Figure 36. ISET Open Detection
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5. ERROR Detection and Release — continued
(6) Short PGATEm to VINSW Detection

(Example) MULSEL =0

Short PGATEm to VINSW is detected the timing that PGATEm goes from LOW to HIGH during dimming mode.
Detected PGATEm becomes Hi-z output. Short Error can release by ERRCLR.

VSYNC T [

PGATE1

PGATE2 shc{TGATEa to VINSW

PGATES3 LT Hiz

PGATE4 \

PGATES

PGATES

PGATE?

PGATES LT

R e s T 1 s [N s s I s [ e ) e O

PGGSH_ILI7:0] | OxFE o0 N oxreJoxrd [ oxez [N oxer JI oxor J{ oxer J oxrr J{ oxre
OXFF OXFF ) OXFF OXFF OXFF OXFF OXFF OXFF

ERPGVINSH[7:0] 0x00 0x04

FAILB

Figure 37. Short PGATEm to VINSW Detection
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5. ERROR Detection and Release — continued
(7) Short PGATEm to GND Detection
(Example) MULSEL =0
Short PGATEm to GND is detected the timing that PGATEm goes from HIGH to LOW during dimming mode. Detected
PGATEm becomes Hi-z output. Short Error can release by ERRCLR.

VSYNC [
PGATEL
PGATE2
PGATE3
Hi-z
PGATE4
short PGATE4 to GND

PGATES
PGATE6
PGATE7
PGATES
PwM_OHI ] Lii L] l_]ﬂ L] L] L] L] L] L
PGGSH_IL[7:0] | OxFE oxFD |\ oxFe JoxrF3 oFr_ [ oxer [ o7 JN ower  JN o7 JN _oxs )

OXFF OXFF OXF7Y OXF7 OxF7 OxXF7 OXF7 OxXF7 OXF7
ERPGVINSH[7:0] 0X00 0x08
FAILB

Figure 38. Short PGATEm to GND Detection
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5. ERROR Detection and Release — continued
(8) Short Check Detection of Adjacent LEDCHnN
The short check sequence of adjacent the LEDCHn pin is executed at the end of TURNONWAIT interval, if the register
LSHEXE = 1 is written by the end of TURNONWAIT interval, where EXEOK status is HIGH. If LSHEXE = 1 is written
after TURNONWAIT interval, the short check sequence is not executed and the register EXENG = 1.
The short check result can be read from the register ERLED[23:0]. Example both ERLED[5] and ERLED[6] is HIGH,
the LEDCH6 pin and the LEDCH7 pin can be judged as short pin.

internal reset
VSYNC 1 I I 1 1 I
PGATE1 J |_|
PGATE2 |_| |_|
PGATES |_|
PWM_OH[1] LSHEXE =1 is written
by the end of TURNONWAIT——»i

LSHEXE I
EXEOK
TURNONWAIT short check
ERLEDI[23:0] 0x000000 . 0x000060
Status OFF TURNONWAIT dimming

output disable
FAILB

Figure 39. Short Check Detection of Adjacent LEDCHn

(9) Soft-start Masking Function
LED Open Error cannot be detected during Soft Start (SSEND = LOW). Soft start counter counts up every VSYNC
period until the SSMASK setting (SSEND = HIGH) as shown Figure 40 below. LED Open Error can be detected when
SSEND = HIGH. It is also the same when LED Short Error is detected.

Time of mask = (TURNONWAIT register + SSMASK register) x VSYNC
(Example) SSMASK = 0x3C

internal reset |

VSYNC | | | | I

HSYNC .

PGATEL F

PGATE2 T T

PGA:FES Al

output mask

LEDCH1 | I I

LOPDET_IL[0] o

TURNONWAIT _ Dx00 0x03)0x04} OXFF OXFF

SSMASK[7:0]  i0x3C

0x00
R_SSCNT[7:0] Dx00 0x01 0x3C\; OXFF \
SSEND |
mask released "soft start mask'’
FAILB B
Figure 40. Setting for Soft Start Mask
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5. ERROR Detection and Release — continued
(10) Error Sequence for the Register AUTOOFF
AUTOOFF set the abnormal LED = OFF automatically.
(Case) the register ERRLAT = 0 and AUTOOFF =1

VSYNC | | | | | | |
PGATEL L] [_| L| l_| l_l L i
PGATE2 |] |] L L N L i

PGATES L] |_]:[
2]

LEOCHL T TR

current .

i

|_[L]_ LEDCH 1|(_.I$_(_3ATE1) = QFF automatically

: “H A ALETOOFF is cleared
LEDCH24 i i
current |LLLTUETLOUETEQVETERUTTROUTOROUTETORCCETOUTTTOurrarrrreveL
! (4 61
SPI :
Error‘>EDCH1(PGATE1) :
[ |/ [31 :
External normal l : normal
condition \ :
& :
AUTOOFF(register) "High' E
ERRLAT(register) "Low"é \ E
AUTOCLR(register) "Low"E \ I
ERRCLR(register) "Low“é \
: l :
ERLSH1(register) 0x000000 X | oxooo001 X 0x000000
: \ :
LEDENI[23:0](register) . l OxFFFFFF .
; \ (7]
FAILB ! |
Enlarged viewl ¢ Enlarged view
Fos s sscsccccsssccccsessdesney ) Fosf s s sc "2
Eregister Read: Eregister Write:

ERLSHmn : : AUTOCLR
ERLOPmMn H H

Figure 41. Error Sequence for the register AUTOOFF = 1

[1] If LED Short Error is detected, FAILB asserts LOW.

[2] LEDCH1 output is turned off automatically. (Only target timing (PGATE1))

[3] The external condition turns to normal. The LEDCH1 = OFF continues, and FAILB keeps LOW.

[4] By reading the register ERLSHmn, ERLOPmn, the abnormal LED component can be distinguished.

[5] Once LEDCH1(PGATE1) is off automatically, IC does not judge the LED Short Error status. The LED keeps off.

[6] The register AUTOCLR = 1 is written, The automatical off status is cleared.

[7]1IC judges LED Short Error. As the external condition is normal, LED turns on and ERLSH1 = 0x000000 and FAILB
= HIGH.

(Case) the register ERRLAT = 0 and AUTOOFF =0
[2] When the abnormal is detected, LED does not turn off automatically.
[3] If the abnormal state is released, LED turn on again.
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5. ERROR Detection and Release — continued
(11) Error Sequence for the Register ERRLAT
ERRLAT keeps the abnormal state as latch state, even if that is released.
(Case) the register ERRLAT = 1 and AUTOOFF =0

VSYNC | | | | | | |
PGATE1 L] [_| l_| l_| L| L i
PGATE2 L] |] L L L] L i

PGATES |_| u u u u |_| |_|
current ; i {
current |
: [4] [6]
SPI . |_|

[ [3] \
External normal A A l ‘ normal
condition . R
' Efror|LEDCH1(PGATEL) :
AUTOOFF(register) " Low"E E
ol T
ERRLAT(register) "High": :
AUTOCLR(register) "Low" :
ERRCLR(register) "Low" \ I \
ERLSH1(register)  0x000000§ | oxo00001 X\ 0x000000
LEDEN([23:0] (register) | oxFFFFFF : \
FAILB \ |
l Enlarged view Enlarged view
Mt ! """""""""""""""" .
sm [ ] e [
Eregister Read: Eregister Write: H
: ERLOPmMN : : AUTOCLR :
ERLSHmMn : : :

Figure 42. Error Sequence for the register ERRLAT = 1

[1] If LED Short Error is detected, FAILB asserts LOW.

[2] LEDCH1 output is still turned on, because AUTOOFF is 0.

[3] The external condition turns to normal. The register ERLSH1 keeps 0x000001 and FAILB asserts LOW.

[4] By reading the register ERLSHmMn, ERLOPmn, the abnormal LED component can be distinguished.

[5] LEDCH1 output is still turned on, because AUTOOFF is 0.

[6] The register ERRCLR = 1 is written, The register ERLSH1 is cleared to 0x000000 and FAILB asserts HIGH.
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Condition for Protections

Table 49. Protection Table 1

LED OPEN LED SHORT
ERRLAT =0 \ ERRLAT =1 ERRLAT =0 \ ERRLAT =1
Pin LEDCHn in every PGATEmM
Detection LEDEN[n-1] =1 and DTYmn > 0 and LEDEN[n-1] =1 and DTYmn > 0 and
Protection Condition LOPEN =1 and LEDCHn ON and LSHEN =1 and LEDCHn ON and
Viepchn < 0.15V VLEDCHN 2 VSHDET
Release LEDEN[n-1] =0 or LOPEN =0 or LEDEN[n-1] =0 or LSHEN =0 or
Condition LEDCHnN ON and ViepbcHn > 0.15V LEDCHN ON and VLepcHn < VsHDET
Error Enable LOPEN LSHEN
Error SSMASK (0] (0]
Settin ERRMASK O O
9 ERRLAT 0 0
AUTOOFF O (0]
Error
o Register ERLOP[n-1] ERLSH[n-1]
Flag FAILB(Note 1) LOW LOW
Clear Protection released ERRCLR = 1 Protection released ERRCLR = 1
Condition
o | OFF by LEDEN[n-1] = 0%t OFF by LEDEN[n-1] = 0/ite2
Channel AUTS?FF OFF automatically OFF automatically

‘O’: It has the function.

(Note 1) When the IC detects VCCUVLO or VREG15UVLO or TSD or EN, it cannot detect other protection.
(Note 2) Write LEDENI[n-1] = 0 when the error channel is turned off.
(Note) m=1to8,n=1to 24

Table 50. Protection Table 2

ISET OCP

ISET OPEN

ERRLAT = 1

ERRLAT =0

ERRLAT =0 ERRLAT = 1

Protection

Pin

ISET

Detection
Condition

Risetsp < max 16 kQ

RiseToreN =2 min 340 kQ

Release
Condition

Risetsp > max 16 kQ

Risetoren < min 340 kQ

Error
Setting

Error Enable

SSMASK

@)

ERRMASK

ERRLAT

0]

o]
o]

AUTOOFF

Error
Flag

Error
Register

ERISETOCP

ERISETOPEN

FAILBNote 7)

LOW

LOW

Clear
Condition

ERRCLR =1

Protection released

Protection released ERRCLR =1

Error
Channel

AUTOOFF
=0

AUTOOFF
=1

‘’: It does not have the function.

(Note 1) When the IC detects VCCUVLO or VREG15UVLO or TSD or EN, it cannot detect other protection.
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Condition for Protections — continued

Table 51. Protection Table 3

PGATEm to VINSW SHORT

PGATEm to GND SHORT

Pin

PGATEm

Detection

Protection Condition

PGATEm Rise edge and
Vpcatem > VINSW-1.5 V

PGATEm Fall edge and
Vpeatem < VINSW-2.5 V

Release
Condition

ERRCLR =1

ERRCLR =1

Error Enable

SSMASK
Error

ERRMASK

Setting ERRLAT

AUTOOFF

Error

Error Register

ERPGVINSH[mM-1]

ERPGGSH[mM-1]

(Note 1)
Flag FAILB

LOW

LOW

Clear
Condition

ERRCLR =1

ERRCLR =1

AUTOOFF

Error =0

AUTOOFF
=1

Channel

‘’: It does not have the function.

(Note 1) When the IC detects VCCUVLO or VREG15UVLO or TSD or EN, it cannot detect other protection.

(Note) m=1t0 8

Table 52. Protection Table 4

VINSW OVP .
ERRLAT = 0 ‘ ERRLAT = 1 Short of Adjacent LEDCHn
Pin VINSW LEDCHn
LSHEXE = 1 before TURNONWAIT time
. Detection VviNsw and
Protection Condition > V/VINSWOVPREF LEDCHn OFF and ViebcHn < VsHper during
short check sequence
Release Vvinsw _
Condition < Vvinswovprer % 0.9 ERRCLR =1
Error Enable VINSWOVPEN -
Error SSMASK (0] -
Settin ERRMASK - -
9 ERRLAT 0 -
AUTOOFF - -
Error ERVINSWOVP ERLED[n-1]
Error Reqister
Flag FAILBNote 7) LOW LOW
Cle.a.r Protection released ERRCLR =1 ERRCLR =1
Condition
AUTOOFF ) )
Error =0
Channel AUTOOFF ) )
=1

‘1 It does not have the function.

(Note 1) When the IC detects VCCUVLO or VREG15UVLO or TSD or EN, it cannot detect other protection.

(Note) n=1to 24
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Condition for Protections — continued

Table 53. Protection Table 5

VCCUVLO

VREG15UVLO

VIOUVLO

Protection

Pin

VCC

VREG15

VIO

Detection
Condition

Vce
<255V

VVREG15
<13V

Vvio
<141V

Release
Condition

Vce
2265V

VVREG15
2135V

Vvio
2146V

Error Setting

Error Enable

SSMASK

ERRMASK

ERRLAT

AUTOOFF

Error
Flag

Error Register

FAILBNote 7)

Clear Condition

Error Channel

AUTOOFF
=0

AUTOOFF
=1

’: It does not have the function.
(Note 1) When the IC detects VCCUVLO or VREG15UVLO or TSD or EN, it cannot detect other protection.
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1/0 Equivalence Circuit
VCC FB EN

VCC

FB
VCC
GND

= 5k

GND /LGND VREG15 ISET

VCC VCC _l j

GND 7%
VREG15
LGND 1k
Tor ISET
GND
HSYNC / VSYNC / SCSB/ SDI / SCLK VIO SDO
VIO
—l:lj VIO
] Tj
HSYNC VIO
VSYNC " i SDO
SCcsB
SDI N
SCLK 5 =
GND ::Il GND  GND
GND
FAILB LEDCH1 to LEDCH24 PGATE1 to PGATES8 / VINSW
VINSW

LEDCH1 T

lm,_l o o GND PGATE1

N FAILB U T LEDCH24 to

tll T w | PGATES
L L LGND

GND GND q

LGND
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/0 Equivalence Circuit — continued

SUMFB TEST1 TEST2
VIO
j vee
—
] u =
= = 10k
] % TEST2
5 TEST1 N
SUMFB - =
: B :
= GND
:i GND
GND
LSPSET
=
20k
LSPSET
-5
GND
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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. Separate the ground and supply lines of the
digital and analog blocks to prevent noise in the ground and supply lines of the digital block from affecting the analog
block. 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 Y 4 P Substrate
— GND JT— GND GND =
Parasitic Parasitic N Region
Elements Elements close-by

Figure 43. 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.
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Ordering Information

B D 9 4 1 3 0 x x x| - ME2
S — 1
Package Product Rank
MUF: VQFN56FCV080 | M: for Automotive
EFV: HTSSOP-B54 Packaging and forming specification

E2: Embossed tape and reel

Marking Diagram

VQFN56FCV080 (TOP VIEW) HTSSOP-BS54 (TOP VIEW)
Part Number Marking Part Number Marking

&« &«
D94130 LOT Number D94130 LOT Number
| /—

&« «
Pin 1 Mark Pin 1 Mark
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Physical Dimension and Packing Information

Package Name VQFNS6FCV080
8. 0+£0. 1
H
Q
1PIN MARK oy
y oS
| = ©
; [elo. 08]s]
- (0. 23) (0. 1)
4. 5£0. 1
Cco. 2
1 14
ENVAVAURVEVEVAVAVAVAVAUAVRVAV S
56 [ ats
) d
D by =
D) (@
D) (@
D d -
D) d ©
D a -
D) (@
~ D) d
¢ P =
- ) (-
S 8D i P
amNaNaNalnNoNaNalaNalaNaladals
42f 1 ‘ 29
0. 75 ‘ 0.5 ‘ 0. 2555 83
' (UNIT :mm)
NOTE: Dimensions in () for reference only. Drawing No. EX433-5001
< Tape and Reel Information >
Tape Embossed carrier tape
Quantity 1000pcs
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
0O 0,0 0,0 0,0 0,0 0,0
e2itR|[|le2 i ||le2imr||e2itr||e2ir||Eeim
E1 TL E1 TL ;‘E1 TL : E1 TL E1 TL E1
\ Direction of feed \
Pocket Quadrants —_—
Reel
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Physical Dimension and Packing Information - continued
Package Name HTSSOP-B54
18, 9£0. 1
(MAX18. 85 (include. BURR) )
(6. 0) ) PR i
. | 54 28 j
. HARAAAAARAAAAAAARAAAAARAAAAAR 7
|_ _________ 1
| Q | |
S|s | 1 3
H|H | | ]
00 I | 1 0| o
o= | | i I
O . | ] 53

0. 8 ‘

\ 1PIN MARK

S L L LR L ELELE L -

+0. 05 = _ ; = _—
| | 0.65 0.22 ¢l 04 [@o. 08M ‘“=[o0. 08]S]

0. 85+0. 05
0. 08+£0. 05

< Tape and Reel Information >

(UNIT : mm)
PKG:HTSSOP—-B54
Drawing No. EX196—-5002

Tape Embossed carrier tape
Quantity 1500pcs
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
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Data Revision Changes
17.Aug.2022 001 New release
(1) Page 39
Modified description of MSMODE register.
02.Dec.2022 002 (2) Page 49, 50
Added VINSW pin to the timing chart.
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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

Notice-PAA-E Rev.004
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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.

Notice-PAA-E Rev.004
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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.

Notice — WE Rev.001
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