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Automotive Motor Driver Series

2ch Half-bridge Gate Driver
with 2 Built-in Current Detection Amplifiers
Circuits for Automotive Applications

BD16953MUF-C

Datasheet

General Description

BD16953MUF-C is a half-bridge gate driver that drives
external NMOS FET. The gate driver outputs are controlled
by a serial communication interface and a PWM input. For
error detection, detailed error results can be read out via
SPIl. Two built-in current detection amplifiers enable
constant monitoring of the load current of each half-bridge.

Features
BAEC-Q100 Qualified (Note 7)
B Function Safety Supportive Automotive Products
W 2ch Half-bridge Gate Drivers
W Single Stage Boost Charge Pump
W Constant Current Gate Drive Output
W16 Bit Serial Peripheral Interface (SPI)
W2 Input PWM Control
EEnable Input
M Forced Short Brake Input
B Equipped with Current Detection Amplifier (2ch)
mError Detection/Protection
(Overvoltage, Overcurrent, Thermal, Undervoltage)
W Static Open/Short Detection Function

W Error Output
(Note 1) Grade 1

Applications
W Automotive Brushed DC Motor
H Automotive Solenoid, Relay Switch
B Wiper, Power Window, Door Lock
B Power Seat (Slide, Reclining, Lifter)
mPower Sliding Door, Auto Closer, Power Lift Gate
W Sunroof
W Seat Belt Height Adjuster, Electric Pretensioner
WElectric Tilt Steering, Telescopic
WElectric Steering Lock
BElectric Shades, Electric Spoilers
etc.

Key Specifications

B Operating Power Supply Range (VB) :

55Vto30V

M Operating Power Supply Range (VCC): 3.0Vto55V

B Power Supply Standby Current (VB) :

B Power Supply Standby Current (VCC) :
W Gate Driver Output Voltage (High) :
m Gate Driver Output Voltage (Low) :

0 pA (Typ)
0 pA (Typ)
Ve +10.8 V (Typ)

10.3 V (Typ)

B Gate Driver Current Settings: +1.5 mA to £30 mA (Typ)
m Shoot-through Prevention Dead Time Setting:

B SPI Clock Frequency:
B Junction Temperature:

Package

0 s to 96 ps (Typ)
7 MHz (Max)
-40 °C to +150 °C

W (Typ) x D (Typ) x H (Max)

VQFN32FBV050

5.0mmx5.0mmx 1.0 mm

VQFN32FBV050
Wettable Flank Package

Enlarged View

Typical Application Circuit
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Figure 1. Typical Application Circuit

oProduct structure: Silicon integrated circuit oThis product has no designated protection against radioactive rays.
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BD16953MUF-C

Datasheet

Pin Configuration

Block Diagram
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Figure 3. Block Diagram
Pin Descriptions
Pin No. | Pin Name Function Pin No. | Pin Name Function
PWM input for half-bridge 1 Half-bridge 1 high-side gate driver
1 PWM1 control 17 G1H output
PWM input for half-bridge 2 Half-bridge 1 high-side source / low-
2 PWM2 control 18 S1H side drain voltage detection input
3.3 Vor 5V power supply Half-bridge 1 low-side gate driver
3 vee voltage input 19 GIL output
. Half-bridge 1 low-side source
4 ERRB Error output (Low Active) 20 S1L voltage detection input
. . . Half-bridge 2 low-side source
5 CSB SPI chip select input (Low Active) 21 S2L voltage detection input
6 SCK SPI clock input 22 | GaL gft';'ft“dge 2 low-side gate driver
. Half-bridge 2 high-side source / low-
! SDI SPI data input 23 S2H side drain voltage detection input
8 | spo SPI data output 24 | G2H Eft';'ftr'dge 2 high-side gate driver
Current detection amplifier 1 Half-bridge 1, 2 common high-side
9 AOUTH output 25 DH drain voltage detection input
10 AOUT2 gll;tgﬁ?t detection amplifier 2 26 VCP Step-up voltage output
Current detection amplifier 1 and Boost capacitor connection positive
11 REF 2 common reference voltage 27 CPH input P P
input
12 GND Small-signal ground input 28 PGND Power ground input
Current detection amplifier 1 Boost capacitor connection negative
13 AINN inverting input 29 CPL input
Current detection amplifier 1 .
14 AIN1P non-inverting input 30 VB Power supply voltage input
Current detection amplifier 2 Forced short brake input (Low
15 AIN2N inverting input 31 DBRKB Active)
Current detection amplifier 2 . . .
16 AIN2P non-inverting input 32 EN Enable input (High Active)
) EXP-PAD The center EXP-PAD needs to be short-circuited to GND pins outside IC.
The center EXP-PAD and corner EXP-PAD are short-circuited inside IC.
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BD16953MUF-C Datasheet

Application Examples
Applied Schematic (e.g. Brushed DC Motor Drive)
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Figure 4. Application Circuit
Selection of Components Externally Connected
. Recommended . Class
No. Symbol Function value Unit (Note 1)
1 C1 Decoupling bypass capacitor 1.0 or higher uF A
2 C2,C3 Decoupling bypass capacitor 0.1 uF A
3 C4 Step-up voltage smoothing capacitor 0.1 uF A
4 C5 Flying capacitor for step-up voltage generation 0.1 uF A
5 C6, C7 Differential input stabilizing capacitor - - B
6 C8, C9 Part of the output voltage smoothing low-pass filter. - - B
7 C10 Part of a mr-type CLC filter for battery voltage smoothing. - - B
8 C11 Capacitor for battery voltage smoothing 10 or higher uF A
9 c12,C13 El?ertr of a MOS FET source voltage smoothing low-pass _ _ B
Schottky barrier diode for battery reverse connection
10 | D1 ; - — B
protection
11 D2 Zener diode for battery voltage clamp - - B
12 | D3 Reverse current prevention diode - - B
Part of a mr-type CLC filter for battery voltage smoothing.
13 | L1 h . - — B
Use inductor such as ferrite bead.
14 M1, M2, M3, M4 | NMOS FET for motor drive - - A
15 | M5 NMOS FET for battery reverse connection protection - - B
16 | M6 NMOS FET for battery power relays - - B
17 | R1,R2 Shunt resistors for motor drive current detection - - A
18 | R3 Power supply pull-up resistor 10 kQ A
19 | R4,R5 Part of the output voltage smoothing low-pass filter. - - B
20 R6, R7, R8, R9 | Current limiting resistor - - B
R10, R11, R12, .
21 R13. R14 R15 NMOS FET gate-source pull-down resistors - - B
22 | R16,R17 E’l?;tr of a MOS FET source voltage smoothing low-pass _ _ B
23 | R18 Current limiting resistor when DBRKB is set - - B
24 Q1 Reverse battery protection switch - - B
Switches such as NMOS FET
25 | 81,82 (signal input control from other systems or MCU signal - - B
input control)
(Note 1) Class A: Components required for gate drivers, Class B: Components required for system consideration
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BD16953MUF-C

Datasheet

Absolute Maximum Ratings

Item Symbol Rating Unit
Power Supply VB Vs -0.3 to +40 \%
Voltage VCC Vce -0.3to +7 Vv
REF VReF -0.3to +7 \Y;
DBRKB VDBRKB -0.3to +40 \
EN, CSB, SCK, SDI, PWMT, VEN, Vess, Vsck, Vsol, Vewm1, VPwm2 -0.3to +7 \Y
PWM2
nputVoltage | Vou -0.3 to +40 v
S1H, S2H Vs1H, Vs2H -5 to +40 \Y
S1L, S2L VsiL, VsaL -2to+2 \Y
AIN1P, AININ, AIN2P, AIN2N | Vainip, Vainin, Vainze, Vainen -5to +7 \
VCP, CPH Vep, VepH Vg - 0.3 to Vs +20 Vv
CPL VepL -0.3t0 +12.3 <V \%
SDO Vspo -0.3to +7 \Y;
Output Voltage ERRB VERRB -0.3to0 +7 \%
G1H, G2H VoiH, Vezn 0.3 10 +60 v
(Voxt - Vsxn <12 V)
G1L, G2L VaiL, VeaL -0.3to +12.3 Vv
AOUT1, AOUT2 Vaout1, Vaout2 -0.3to +7 \Y
SDO Ispo -1to +1 mA
Output current | erra lerrs 0to +1 mA
AOUT1, AOUT2 laouT1, laout2 -5to +5 mA
Storage Temperature Range Tstg -55 to +150 °C
Maximum Junction Temperature Tjmax +150 °C

(Note 1) For current items, the current inflow to the IC is described as positive and the current outflow from the IC is described as negative.

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

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

Recommended Operating Conditions

Limit .
Parameter Symbol - Unit
Min Typ Max
Operating Temperature Topr -40 +25 +125 °C
VB Power Supply Voltage Vs 5.5 13.5 30.0 V
VCC Power Supply Voltage Vee 3.0 5.0 5.5 Vv
REF Input Voltage VREF 3.0 5.0 5.5 V
EN, CSB, SCK, SDI, PWM1, PWM2
Ven, Vess, Vsck, Vsoi, Vewm1, Vewm2 3.0 - Vce Vv
Input Voltage
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BD16953MUF-C

Datasheet

Thermal Resistance (Note 7)

Parameter Symbol Thermal Resistance (Typ) Unit
1g (Note 3) ’ 252p (Note 4)
VQFN32FBV050
Junction to Ambient SA7 103.0 39.3 °C/W
Junction to Top Characterization Parameter (Note 2) Wt 14.0 13.0 °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

Measurement Board Material Board Size
Single FR-4 114.3 mm x 76.2 mm x 1.57 mmt
Top
Copper Pattern Thickness
Footprints and Traces 70 ym
Layer Number of . . Thermal Via (Note 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 pm 74.2 mm x 74.2 mm 70 pm

(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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BD16953MUF-C

Datasheet

Electrical Characteristics

Unless otherwise specified, -40 °C < Tj < +150 °C, VB =5.5V t0 30 V, VCC = 3.0 V to 5.5 V, AINxP = AINxN = GND,
REF = EN = VCC, SxH = SxL = PGND, VB-VCP = 0.1 yF, CPH-CPL = 0.1 yF (x =1, 2)

Limit
Parameter Symbol Unit Conditions
y Min Typ | Max ! "
Overall
EN = GND
VB Circuit C t 1 (Note 1) I - 0 10 A
ircuit Curren vB1 H 40 °C < Tj < +105 °C
N EN = GND
VB Circuit Current 2 Ive2 - 0 50 MA +105 °C < T < +150 °C
VB Circuit Current 3 Ives - 3.4 5.9 mA | Register = Initial Value
CP_EN=CS_EN=1
VB Circuit Current 4 Ivea - 9.8 17.2 mA | DRV_GHIZ=0
VBOV_SEL =1
VB=135V
VB Circuit Current 5 I 140 233 410 A
redt =4 ves M | EN = DBRKB = GND
EN = GND
VCC Circuit C t 1 (Note 1) I - 0 10 A
ircuit Curren veet H 40 °C < Tj < +105 °C
N EN = GND
VCC Circuit Current 2 Iveez - 2 100 MA +105 °C < Tj < +150 °C
o CP_EN=CS_EN=1
VCC Circuit Current 3 Ivees - 2.8 5.6 mA DRV GHIZ = 0
Current Sense Amplifier 1 and 2 Common Reference Voltage Input (REF)
EN = GND
i (Note 1) _
High Level Input Current 1 IREFH1 0 10 MA 40 °C <Tj<+105 °C
High Level Input Current 2 I 0 100 A EN = GND
9 P REFH2 WA 4105 °Cc < Tj<+150 °C
High Level Input Current 3 IREFH3 - 40 180 MA
Low Level Input Current IREFL -1 0 - MA REF = GND
Current Sense Amplifier 1 and 2 Common Reference Voltage Generation Amplifier (REFBUF)
Reference Voltage Generation VRer/2 VRer/2 AINXP = AINXN = GND
REF. REF:
Y VRer/2 \Y CSAMP_REF =0
Amplifier Output Voltage 1 REFT -0.025 REF +0.025 e 1.2)
AINxP = AINxN = GND
Reference Voltage Generation v VRer/8 Vrer/8 VRer/8 v cs A)\(MP REI)=( -1
Amplifier Output Voltage 2 REF2 -0.025 REF +0.025 ce1.2)
Short Brake Input (DBRKB)
High Level Input Voltage Voerken | VB-0.8 - Vs V
Low Level Input Voltage VDBRKBL 0 - Vg -2.2 V
High Level Input Current IDBRKBH - 0 1 MA DBRKB = VB
Low Level Input Current IDBRKBL -0.81 -0.10 -0.02 mA | DBRKB = GND

For current values above, current flowing into the IC is indicated as a positive value, and current flowing out of the IC is indicated as a negative value.
(Note 1) This is a design guarantee item and is not subject to inspection at the time of shipment.
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BD16953MUF-C Datasheet

Electrical Characteristics - continued
Unless otherwise specified, -40 °C < Tj < +150 °C, VB =5.5V t0 30 V, VCC = 3.0 V to 5.5V, AINxP = AINxN = GND,
REF = EN = VCC, SxH = SxL = PGND, VB-VCP = 0.1 yF, CPH-CPL = 0.1 yF (x =1, 2)

Limit
Parameter Symbol Unit Conditions
Y Mn | Typ | Max ' "
Enable Input (EN), SPI Input (CSB, SCK, SDI), and PWM Input (PWM1, PWM2)
High Level Input Voltage VINH Vee x 0.7 - Vce V
Low Level Input Voltage VINL 0 - Vee x 0.3 V
Input Hysteresis Voltage ViNHYS - Vee x 0.1 - V
VCC=5V
High Level Input Current
liNH 25 50 100 MA | EN, SCK, SDI, PWM1,
EN, SCK, SDI, PWM1, PWM2
(EN. ’ ' ’ ) PWM2 = VCC
Low Level Input Current | 1 0 A EN, SCK, SDI, PWM1,
(EN, SCK, SDI, PWM1, PWM2) - W2 pwm2 = GND
High Level Input Current (CSB) lcseH - 0 1 MA | CSB=VCC
VCC=5V
Low Level Input C t (CSB I -100 -50 -25 A
ow Level Input Current ( ) CSBL [y CSB = GND
PWM Input Frequency
fi - - 2 kH
(PWM1, PWM2) PM S z
SPI Output (SDO)
High Level Output Voltage VspoH Vee x 0.8 - Vce V Isbo = -1 mA
Low Level Output Voltage VspoL 0 - Vee x 0.2 V Ispo = +1 mA
SDO =VCC
High Level Output Leakage Current | | - 0 10 A
'gh LevelDutpu getu spor WA | (sDO Output is Hi-2)
SDO = GND
Low Level Output Leakage Current I -10 0 - A
w Level Outpu ge Cu spoL W2 | (sDo output is Hi-2)
Error Output (ERRB)
Low Level Output Voltage VERRB 0 - 0.4 V lerre = +1 MA
ERRB = VCC
High Level Leak I - 1 A
igh Level Output Leakage Current ERRBH 0 0 ] (ERRB Output is Hi-Z)
Internal Oscillator
Oscillation Frequency fosc 9 10 1 ‘ MHz ’

For current values above, current flowing into the IC is indicated as a positive value, and current flowing out of the IC is indicated as a negative value.
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BD16953MUF-C

Datasheet

Electrical Characteristics - continued

Unless otherwise specified, -40 °C < Tj <+150 °C, VB =5.5V t0 30 V, VCC = 3.0 V to 5.5 V, AINxP = AINxN = GND,
REF = EN = VCC, SxH = SxL = PGND, VB-VCP = 0.1 yF, CPH-CPL = 0.1 yF (x =1, 2)

Limit
Parameter Symbol Unit Conditions
y Mn | Typ | Max ' "
Charge Pump Voltage Output (VCP)
EN = GND
VCP Circuit Current 1 (Note 7) lvepi - 0 10 MA | VCP=VB
-40°C<Tj<+105°C
EN = GND
VCP Circuit Current 2 Ivep2 - 0 50 MA | VCP=VB
+105°C < Tj<+150 °C
Ve Vs Vs VB=135V,30V,
tput Volt 1 V \Y,
Output Voltage o1 +100 | +108 | +125 Ivee = 0 mA
Vs Vs Vs
Output Voltage 2 Vep2 +55 +6.0 +65 V |VB=6V, Ilvcpr=0mA
VB=13.5V, 30V
Charge Pump Output Drop Voltage 1 ™Note 1) | Viep gropt - - 1 \Y, ’ ’
lvep =-10 mA
Charge Pump Output Drop Voltage 2 Mote 1) | Vcp grop2 - - 0.5 V |VB=6V, lvcr =-2 mA
CHP_FREQ_DFU_EN =
Operating Frequency fvep 360 400 440 kHz 0 - Q@ -
High-Side Drain Voltage Detection Input (DH)
EN = GND
Input C t 1 (Note 1) I - 0 1 A
ApHE SATen ort HA 1 40°c < Tj<+105°C
EN = GND
I 2 I - 1 A
nput Current DH2 0 0 [y +105 °C <Tj < +150 °C
DH Circuit Input Current VpH - 120 250 HA

For current values above, current flowing into the IC is indicated as a positive value, and current flowing out of the IC is indicated as a negative value.
(Note 1) This is a design guarantee item and is not subject to inspection at the time of shipment.
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BD16953MUF-C Datasheet

Electrical Characteristics - continued
Unless otherwise specified, -40 °C < Tj <+150 °C, VB =5.5V t0 30 V, VCC = 3.0 V to 5.5 V, AINxP = AINxN = GND,
REF = EN = VCC, SxH = SxL = PGND, VB-VCP = 0.1 yF, CPH-CPL = 0.1 yF (x =1, 2)

Parameter Symbol Min ‘ Ijll_;nplt ‘ Max Unit Conditions

High-Side / Low-Side Source Voltage Inputs (S1H, S2H, S1L, S2L),

High-Side / Low-Side Gate Driver Outputs (G1H, G2H, G1L, G2L)

High-Side Source Input Current 1 EN = GND

IsxH1 -10 0 - MA

(S1H, S2H) GxH-SxH = GND (x = 1, 2)
VCC=5V,VB=135V
SxH = VB

High-Side Source Input Current 2 CUR_SI_HxSEL =1

(S?H, S2H) (Mote 1) ’ loe | 1760 1 -880 | -440 1 A T o e S Hx [2:0] = 7h
GxH_SEL =0, GxH_FIX =1
(x=1,2)
VCC=5V,VB=135V
SxH = GND

High-Side Source Input Current 3 CUR_SI_HxSEL =1

(891]H, S2H) (Mote 1) ’ loxe 1800 1750 1375 1 A bR TSI Hx [2:0] = 7h
GxH_SEL =0, GxH_FIX=0
(x=1,2)

Low-Side Source Input Current 1 EN = GND

IsxL1 -10 0 - MA

(S1L, S2L) GxL-SxL = GND (x =1, 2)
VCC=5V,VB=135V
SxH = SxL = GND

Low-Side Source Input Current 2 CUR_SO_LxSEL =1

(S1L, S2L) (ote 1) ’ lox2 -540 -360 180 PA | CUR_SO_Lx [2:0] = 7h
GxL_SEL =0, GxL_FIX =1
(x=1,2)

) ) . ) Ve + Ve + Vs + VB =135V, 30V, lvce =0 mA

High-Side Gate Driver Output High 1 | VexHH1 10.0 10.8 12.0 Y S1H = S2H = VB

High-Side Gate Driver Output High 2 | Vexirz | Ve +4.5 | Ve +55 | Ve +6.5 | V X?H‘fé’z\g ':C\;B' 0 mA

Low-Side Gate Driver Output High 1 | VoxLH1 9.3 10.3 1.3 \Y VB=13.5V,30V

Low-Side Gate Driver Output High 2 | VoxLH2 4 5 6 Vv VB=55V
VB=13.5V,30V

High-Side / Low-Side Gate Driver VCP=VB +10.8V

Output Source Current Setting Aisr1 -30 - +30 % High-Side: GxH = SxH = VB

Accuracy 1 Low-Side: GxL = SxL = GND
(x=1,2)

High-Side / Low-Side Gate Driver VB=6.0V,VCP=12V

Ot?tput Source Current Setting Aisr2 -30 - +30 % High-Side: GxH = SxH = VB

Accuracy 2 Low-Side: GxL = SxL = GND
(x=1,2)

For current values above, current flowing into the IC is indicated as a positive value, and current flowing out of the IC is indicated as a negative value.

(Note 1) Reference value specification for external flow to SxH and SxL pins when VB = 13.5 V. (x = 1, 2)
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BD16953MUF-C Datasheet

Electrical Characteristics - continued
Unless otherwise specified, -40 °C < Tj <+150 °C, VB =5.5V t0 30 V, VCC = 3.0 V to 5.5 V, AINxP = AINxN = GND,
REF = EN = VCC, SxH = SxL = PGND, VB-VCP = 0.1 yF, CPH-CPL = 0.1 yF (x =1, 2)

Parameter Symbol Min ‘ Ijll_;qplt ‘ Max Unit Conditions
High-Side / Low-Side Source Voltage Inputs (S1H, S2H, S1L, S2L),
High-Side / Low-Side Gate Driver Outputs (G1H, G2H, G1L, G2L)
VB=135V,30V
High-Side / Low-Side Gate Driver VCP=VB+ 108V
Output Sink Current Setting Aisi1 -35 - +35 % | High-Side: GxH = SxH + 10.8 V
Accuracy 1 (Note 1) Low-Side: GxL = SxL = GND

(x=1,2)CP_EN=0

VB=6.0V,VCP=12V
High-Side: GxH = SxH + 6.0 V
Low-Side: GxL =SxL + 6.0 V
(x=1,2)CP_EN=0

High-Side / Low-Side Gate Driver
Output Sink Current Setting Aisi2 -35 - +35 %
Accuracy 2 (Note 1)

High-Side / Low-Side Gate to girssjr =‘22VV
ZS)ource Pull-down Resistance Mo | RgsxHL 80 160 260 kQ DRV _GHIZ = 1
(x=1,2)
Simultaneous ON Prevention {DEAD o B B 0.5 us
Setting Error Time (Note 6) - '
Synchronization Delay Time (Vete 3 | 5, - - 1.25 us
SxH =VB
Propagation Delay Time 1 (Nete 4) tporopat - - 400 ns | Output Current Settings1 to 4 =
All High (Initial Value)
SxH = VB
Propagation Delay Time 2 (Note ) tporopaz - - 2 us | Output Current Settings1 to 4 =
All High (Initial Value)
High-Side / Low-Side Gate to Sink
Drive Output On-Resistance at RcoN_ds - 50 100 Q

Full-On

For current values above, current flowing into the IC is indicated as a positive value, and current flowing out of the IC is indicated as a negative value.
(Note 1) High-side sink current: Isink (G1H = G2H = 11V, S1H = S2H = PGND) - Pull-down Current.
Low-side sink current: Isink (G1L = G2L = 11V, S1L = S2L = PGND) - Pull-down Current.
(Note 2) Gate driver output current = Gate driver output setting current - Gate to Source pull-down current
Ex.) Gate drive output setting current: 10 mA, the gate drive output current is 10 mA (Typ) - 13 pA = 9.987 mA
(Note 3) The synchronization delay time between the PWM input signal and the LOGIC circuit.
This is a design guarantee item and is not subject to inspection at the time of shipment.
(Note 4) Internal delay time between high-side / low-side logic control signals and GxH/GxL output signals.
This is a design guarantee item and is not subject to inspection at the time of shipment.
(Note 5) (GxH-SxH) / (GxL-SxL) Internal delay between voltage sense signal and high-side / low-side logic signal.
This is a design guarantee item and is not subject to inspection at the time of shipment.
(Note 6) Time Delay from high-side / low-side Logic Control Signals to GxH and GxL Outputs.
This is a design guarantee item and is not subject to inspection at the time of shipment.
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BD16953MUF-C

Datasheet

Electrical Characteristics - continued

Unless otherwise specified, -40 °C < Tj <+150 °C, VB =5.5V t0 30 V, VCC = 3.0 V to 5.5 V, AINxP = AINxN = GND,
REF = EN = VCC, SxH = SxL = PGND, VB-VCP = 0.1 yF, CPH-CPL = 0.1 yF (x =1, 2)

Limit
Parameter Symbol Unit Conditions
Y Min | Typ | Max | "
Current Sense Amplifier (AIN1P, AINTN, AIN2P, AIN2N, AOUT1, AOUT2)
REF = GND
Input Current AINxP Note )| |onup -16.8 | -10.0 | -5.8 PA x=1,2)
REF = GND, RDETx [2:0] = 7h
Input Current AINXN (Note )| [ -20.2 | -12.0 -7.0 MA x =1 S) ’ x[2:0]
Tj=25°C, AINxP = AINxXN = GND (x = 1, 2)
Input Offset Voltage \Y/ -1 0 +1 mV
P 9 AINOFS Vainors = (Vaox - VRer1) /Gaioy (y = 110 4)
Input Offset Voltage [\
vV -1 +1 V =V =GND (x=1,2
Temperature Drift (Vote AINDRFT 5 0 5 PG aNxP = Vainxn = GND (x = 1, 2)
M I
Common Mode Input VAINCMN -0.3 - +2.5 \%
Voltage Range
Output Voltage Range 1 Vao1 0.3 - 4.4 V |REF=50V
Output Voltage Range 2 Vao2 0.3 - 2.7 V |REF=33V
Output Clamp Voltage VeLp 2.8 3.2 3.6 V |REF=33V
Input/Output Gain 1 Gaio1 - 8 — V/V | CSAMP_GAIN [1:0] = Oh
Input/Output Gain 2 Gaioz2 - 16 - V/V | CSAMP_GAIN [1:0] = 1h
Input/Output Gain 3 Gaios - 32 - V/V | CSAMP_GAIN [1:0] = 2h
Input/Output Gain 4 Gaios - 48 - V/V | CSAMP_GAIN [1:0] = 3h
Input/Output Gain Precision | Acaio_er -2 - +2 %
Common Mode Rejection Common Mode Ripple < 100 Hz
CMRR 60 - - dB
Ratio 1 (Note 2 oet CSAMP_GAIN [1:0] = Oh
Common Mode Rejection Common Mode Ripple < 100 Hz
CMRR 67 - - dB
Ratio 2 (Note 2 bez CSAMP_GAIN [1:0] = 1h
Common Mode Rejection Common Mode Ripple < 100 Hz
MRR 72 - - B
Ratio 3 (Note 2 CMRRocs 9B | CSAMP_GAIN [1:0] = 2h
Common Mode Rejection Common Mode Ripple < 100 Hz
CMRR 75 - - dB
Ratio 4 (Note 2 pes CSAMP_GAIN [1:0] = 3h
Common Mode Rejection Common Mode Ripple = 20 kHz
MRR - - B
Ratio 5 (Note 2 CMRRzo | 95 9B | CSAMP_GAIN [1:0] = 0h
Common Mode Rejection Common Mode Ripple = 20 kHz
MRR 4 - - B
Ratio 6 (Note 2 CMRRzoz | 6 B | CSAMP_GAIN [1:0] = 1h
Common Mode Rejection Common Mode Ripple = 20 kHz
CMRR 72 - - dB
Ratio 7 (Note 2 20 CSAMP_GAIN [1:0] = 2h
Common Mode Rejection Common Mode Ripple = 20 kHz
MRR 7 - - B
Ratio 8 Nore 2 CMRRaos | 75 9B | csAMP_GAIN [1:0] = 3h
Power Supply Rejection Power Supply Ripple < 100 Hz
Ratio 1 (Note 2) PSRRoor | 75 B - | % 7v<vBs3ov
Power Supply Rejection Power Supply Ripple < 100 Hz
Ratio 2 (Note 2 PSRRpc2 50 - - dB VB =55V
Power Supply Rejection Power Supply Ripple = 20 kHz
Ratio 3 (Vote 2 PSRRzo | 70 B - 9B svcvesaov
Power Supply Rejection Power Supply Ripple = 20 kHz
Ratio 4 (Note 2 PSRR20k2 25 - - dB VB =55V
AINXP = -2 V/Gaioy to +2 V/Gaioy (y = 1 to 4)
Output Rise Time tarise - - 2 pus | AINXN =0V, CSAMP_REF =0
Caoutx = 25 pF load (x =1, 2)
AINXP = +2 V/Gaioy to -2 V/Gaioy (y = 1 to 4)
Output Fall Time taFALL - - 2 ps | AINxN =0V, CSAMP_REF =0
Caoutx = 25 pF load (x = 1, 2)

For current values above, current flowing into the IC is indicated as a positive value, and current flowing out of the IC is indicated as a negative value.

(Note 1) A bias current flows to detect an open pin.

(Note 2) This is a design guarantee item and is not subject to inspection at the time of shipment.
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BD16953MUF-C Datasheet

Electrical Characteristics - continued
Unless otherwise specified, -40 °C < Tj <+150 °C, VB =5.5V t0 30 V, VCC = 3.0 V to 5.5 V, AINxP = AINxN = GND,
REF = EN = VCC, SxH = SxL = PGND, VB-VCP = 0.1 yF, CPH-CPL = 0.1 yF (x =1, 2)

Limit

Parameter Symbol Unit Conditions
y Min | Typ | Max | "
Error Detection/Protection
VB P Supply Und It: Protecti
ower Supply Undervoltage Protection Veuv 45 50 55 v

Release Voltage

VB Power Supply Undervoltage Protection Detection Voltage:

VBUV_hys 300 500 700 mV

Hysteresis Voltage VBUVR - VBUV_hys
VB P Supply Und It Detection Blanki
. ower Supply Undervoltage Detection Blanking {VBUVBLK 48 64 80 us
Time
VB PO\.Ner Supply Overvoltage Protection Veouo 200 220 24.0 v VBOV SEL = 0
Detection Voltage 1 -
VB P Supply O It Protecti
ower supply Lvervoiage Frotection Veovbe 300 | 325 350 | V |VBOV SEL=1

Detection Voltage 2

VB Power Supply Overvoltage Protection Release Voltage:

VBOV_hys 0.6 1.0 14 \%

Hysteresis Voltage VBovp1, 2 - VBOV_hys

VB Power Supply Overvoltage Detection Blankin

) Wer Supply v g I "9 tveoveLKk 48 64 80 us

Time

VCCP Supply Und It Protecti
ower Supply Undervoltage Protection Veourr 255 275 295 Vv

Release Voltage

VCCP Supply Und It Protecti Detection Voltage:
ower Supply Undervoltage Protection Voo nys 10 50 100 Iy etection Voltage

Hysteresis Voltage Vcceuvr - Vecuv hys

VCC Power Supply Undervoltage Detection

Blanking time (Vote 1) tvccuveLk 1.0 25 5.0 s | VCC=22Vto3.0V

VCC Power Supply Overvoltage Protection

\Y 55 6.0 6.5 Y}
Detection Voltage CCoVD

VCC Power Supply Overvoltage Protection Release Voltage:
wer supply Lvervotiag ! Veoovms | 50 | 200 | 400 | mV 9
Hysteresis Voltage Vccovp - Vecov hys

VCC Power Supply Overvoltage Detection

t 48 64 80
Blanking Time VCCOVBLK us

VCP Power Supply Undervoltage Protection

Vepuvr 2.6 3.2 3.8 V | Vcpuvr: VCP — DH
Release Voltage

VCP Power Supply Undervoltage Protection Detection Voltage:

VepPuv_hys 50 200 400 mV

Hysteresis Voltage Vepuvr - Vepuv_hys
VCP Power Supply Undervoltage Detection

. ) PPy g tvcpuvBLK 48 64 80 us
Blanking Time
DH P Supply Und It Protecti

o.wer upply Undervoltage Protection Voruvo 44 49 5.4 Vv
Detection Voltage
DH Power Supply Undervoltage Protection

wer Supply rvoltag ! AtvbHuVD -10 - +10 %

Detection Blanking Time Setting Accuracy Mot 7. 2)

For current values above, current flowing into the IC is indicated as a positive value, and current flowing out of the IC is indicated as a negative value.

(Note 1) This is a design guarantee item and is not subject to inspection at the time of shipment.

(Note 2) This specifies the accuracy of the setting value set in the register. For delay times including analog delays, please refer to the register description of
DHUV Blanking Setting. Address = 1Ch <DHUV Blanking Setting>
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BD16953MUF-C Datasheet

Electrical Characteristics - continued
Unless otherwise specified, -40 °C < Tj <+150 °C, VB =5.5V t0 30 V, VCC = 3.0 V to 5.5 V, AINxP = AINxN = GND,
REF = EN = VCC, SxH = SxL = PGND, VB-VCP = 0.1 yF, CPH-CPL = 0.1 yF (x =1, 2)

Limit
Parameter Symbol Unit Conditions
Y Mn | Typ | Max ' "
Error Detection/Protection
VDS setting:
High-Side / Low-Side Drain-Source (Vofe 2 VDS S:X IFZQ.’O] =0h. 1h
Overvoltage (Overcurrent) Protection Avbsovp1 -25 - +25 % VD S_Lx [ 2_'0] B Oh, 1h
Detection Voltage Setting Accuracy 1 = ' ’
(x=1,2)
VDS setting:
High-Side / Low-Side Drain-Source (Vofe 2 VDS S:X I[nzg.’o] =2hto7h
Overvoltage (Overcurrent) Protection Avpsovb2 -15 - +15 % VD S_Lx [ 2_'0] - 2hto 7h
Detection Voltage Setting Accuracy 2 (x= 1 2) '
High-Side / Low-Side Drain-Source
Overvoltage (Overcurrent) Protection
A -10 - +10 %
Detection Blanking Time Setting Accuracy /DSOVD °
(Note 3)
High-Side / Low-Side Gate-Source GxH, GxL = High
V 2.1 3.0 3.9 \Y
Undervoltage Protection Detection Voltage GSUvD x=1,2)
High-Side / Low-Side Gate-Source
Undervoltage Protection Detection Blanking Awesuvp -10 - +10 %
Time Setting Accuracy (Noe 3)
High-Side / Low-Side Gate-Source GxH, GxL = Low
Y/ 0.4 1.2 2.4 Vv
Overvoltage Protection Detection Voltage esove x=1,2)
High-Side / Low-Side Gate-Source
Overvoltage Protection Detection Blanking Awesovp -10 - +10 %
Time Setting Accuracy (Nofe 3)
RDET setting:
Shunt Resistors Overvoltage Protection
. g AvrovD1 -35 - +35 % | RDETx [2:0] = Oh, 1h
Detection Voltage Accuracy 1 (Note 7)
(x=1,2)
. . RDET setting:
Shunt Resistors Overvoltage Protection
unt Rest v g ' AvRovD2 25 - +25 | % | RDETx[2:0]=2hto7h
Detection Voltage Accuracy 2 (Note 1)
(x=1,2)
Shunt Resistors Overvoltage Protection
Detection Blanking Time Setting Accuracy AwrovbD -10 - +10 %
(Note 2)
Vv Vv Vv
Static open/short Detection Voltage V/sxHD_off or X or X o X V | S1H, S2H Monitor
0.4 0.5 0.6
Stati /short Detection Pull D
aflc openishort LefectionfFull Down Rsxp_ofit | 0.66 133 | 266 | kQ |VB<14V
Resistor 1
Static open/short Detection Pull Do
c op 'ongull Bown Rewboz | 207 | 415 | 830 | kQ |VB<18V
Resistor 2
Th | Warning Detection T t
(Nograr)na arning Detection Temperature Trwo 15 132.5 150 oc
Thermal Warning Hysteresis Temperature T 10 °c Release Temperature:
(Note 3) TW-hys Ttwo - TTW hys
Thermal Protection Detection Temperature
s on ' POFAMIe | Trsop 150 | 175 | 200 | °C
Thermal Protection Hysteresis Temperature . Release Temperature:
Note 3) TTsp_hys - 15 - C
( Ttsop - TTSD_hys

For current values above, current flowing into the IC is indicated as a positive value, and current flowing out of the IC is indicated as a negative value.

(Note 1) Overvoltage detection COMP accuracy for the shunt resistor voltage (AINxP-AINxN [x = 1, 2] ).

(Note 2) This specifies the accuracy of the setting value set in the register. For delay times including analog delays, please refer to the register description of
VDS, VGS RDET Blanking Setting 1 and 2 address 1Ah and 1Bh respectively.
Address = 1Ah <VDS, VGS RDET Blanking Settings1>, Address = 1Bh <VDS, VGS RDET Blanking Settings2>

(Note 3) These are design values for which the performance evaluation was confirmed, and the shipment inspection is not conducted
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BD16953MUF-C Datasheet

Electrical Characteristics - continued
Unless otherwise specified, -40 °C < Tj < +150 °C, VB =5.5V t0 30 V, VCC = 3.0 V t0 5.5 V, AINxP = AINxN = GND,
REF = EN = VCC, SxH = SxL = PGND, VB-VCP = 0.1 yF, CPH-CPL = 0.1 yF (x =1, 2)

Limit
Parameter Symbol - Unit Conditions
Min Typ Max
SPI 1/0 (CSB, SCK, SDI, SDO)
SCK Frequency fsck - - 7.0 MHz
SCK Period tsck 142 — - ns
SCK High Time tsckH 65 - - ns
SCK Low Time tsckL 65 - - ns
SCK Setup Time tsckseT 125 - - ns
SCK Hold Time tsckHLD 125 ns
CSB Setup Time tcseseT 142 - - ns
CSB Hold Time tcsBHLD 142 - - ns
CSB High Time tcseH 2 - - us
SDI Setup Time tspISET 50 - - ns
SDI Hold Time tspiHLD 50 - - ns
SDO Valid Time tspov - - 60 ns No Load
SDO Enable after CSB t _ _ 125 ns
Falling Edge SDOEN
SDO Disable after CSB ¢ 500
Rising Edge (Note 1) SDODE B B ns
(Note 1) It is specified based on 0 % and 100 % of VCC.
'CSBSET
)
\ | ! j&m/ \' 70%
csB 1 I 1/1 1
30% 1 30% ] 1
! tsckser : ! tsex o tesaro i i tesan :
1 E ; ! | [ N K ~
| | : | I S > | : [ 1
M\M i/ \! 7(' 70% \
SCK 1 ! 1 N\ 11 ! ! 1
! h 30% Y \ X 30% 30% 30% |
! 0 1 1 1! | -—- ! 1 !
; : tspiser : 1 tspiro 1y [ 1 : : : 1 t 1
: I I : ] 'SCKH SCKL. : : *SCKHLD
Lo | i -- |
! 70% 70%
yERS G G i
1 /% 30% 30% | -
T : " L
poo D ro
) : 7.( A i ! =" E 5\100%
SDO T %20% : 20% : :/
1 1 i - t { 0%
<> — < <
tspoen tspov tspooe
Figure 5. Serial Interface Timing Chart
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BD16953MUF-C Datasheet

Power Supply/Driver Sequence Timing Chart

(Note 6
Veur - Veuriys R
vB Charge up time 2ms (MAX)_,
o mmm w mmm w mmm h o n mEm R o o mm n o o mm n mm n o w mmm w mm  mm N o o mm n o s mmow
(Note 1) (Note 4) (Note 5)
“z ﬂ Vow = Ve )d Ve x
_._._._._._.-..I_._._._._._._._._._._.
(Note 10)
EN \ ’ I ENReset 10 ps (Mn) (Note 11)
|
,100us (May |<100ps (Ma:l
L2 L_(Note 2)
(veuv) : ] I
e s o I O U N A —
; DRV_GHIZ = 1

i (Note 3) te 9
SPI Command Inactive x *1 ){ Inactive } ’ ﬁ Inactive
v

ST_vCw Is‘rfvcuv = X ST_VCWV = ox ST_VCWV = 1 x ST_VCW =@ x

State Sleep X Normal x Sleep x Normal x Sleep

PWM

anndiinnonon
i

niin__nn
eawoveo N TS~

*1: ST_VCWV = 1 (Registe sdtirg)
*2: DRV_GHIZ = 0, G1H_SEL = G1L_SEL= 1(Regéta sdtirg)
*3' LAT_CLR = 1 (Regigtér seting

Figure 6. Power Supply Sequence

(Note 1) The undervoltage lockout function (VCUV) monitors the VCC voltage.
When power is turned on, if VCC = Vccuvr and EN = High, the status register ST_VCUV = 1 is set and the value is maintained.
The VCUV circuit has a blanking time of 2.5 ps (Typ) to prevent false detection due to noise.
(Note 2) After VCC is raised, when EN = High, the device transitions to the Normal State and the analog circuit becomes active.
SPI commands can be sent after 100 ys (Max). The transition time from the Sleep State to the Normal State is 100 ys (Max).
(Note 3) The value of register ST_VCUYV is cleared by setting register ST_VCUV = 1 with the SPI command.
(Note 4) When the VCC voltage falls below (Vccuvr - Vccuv_hys) voltage, a VCUV fault is detected, the LOGIC circuit goes into reset state,
and the analog circuit turns off.
(Note 5) When the VCC voltage exceeds the fault release voltage (Vccuvr), the VCUV fault is released, the LOGIC circuit becomes operational,
and the analog circuit becomes active.
(Note 6) When CP_EN = 1 is set, the charge pump circuit is activated. The startup time is 2 ms (Max). If the charge pump does not start up within 2 ms and
VCPUV is not released, a timeout occurs and boost operation stops.
(Note 7) When DRV_GHIZ = 0, G1H_SEL = G1L_SEL = 1 are set, G1H and G1L outputs are PWM driven.
(Note 8) When VBUYV fault is detected, the charge pump circuit is turned off and the G1H and G1L outputs are set to Low.
(Note 9) When VBUYV fault is detected, the charge pump circuit is turned off and VCPUV is detected.
The charge pump operation and gate driver output operation can be resumed by using an SPI command to set register LAT_CLR = 1.
(Note 10) When EN = Low is set, the device goes into the Sleep State and the analog circuit is turned off. SPI communication is not possible.
(Note 11) When resetting with EN, input an EN = Low period of 10 ys or more.
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BD16953MUF-C Datasheet

Constant Current Control
The constant current control of the gate driver can be set individually using SPI register (SPI Address 10h to 13h). There are

two current setting modes, which can be selected from non-linear step 1.5 mAto 10 mA (Typ) and 4.5 mA to 30 mA (Typ). The
source/sink current does not include a 160 kQ (Typ) pull-down current.

VCP

7

Current sense resistor --._}

Source

\_ Current

SN

.
<
B

/N G1H/G2H |
|

%7

External
FET

N\
I l ‘ Sink
Current
,,,,,,,, T
= | ]
E;i*tl i&{i Sk D?gg}gwynp)
o o
1 T L S1H/S2H
Internal Voltage Scrutonew ] N~
4T7 1 T ]
Current sense resistor D D ;
<Dfmj [ il e
YT [E SRS G | I t
Lo oo e ! i : G
— (e i erema
% S, I ] s
o " = I e .
TD Sl = I L = Lﬁi e [ e,
Or—e —e Or—=e O+
) o [T T U ]
1 ‘ L~ SiL/saL
Sink FulOnsw  ——————— \7/ =

Figure 7. Constant Current Drive Circuit Diagram

High-Side Gate Driver Output Source Current Control
When the (GxH-SxH) voltage exceeds (High Output Voltage <SxH Reference>) - 0.7 V (Max), the source current decreases
below the set value. Therefore, the range in which constant current drive is possible is (GxH-SxH) voltage < (High Output
Voltage <SxH Reference>) - 0.7 V (Max). After constant current drive, the gate driver outputs G1H and G2H are pulled up
by the current detection resistor and PMOS. (x = 1, 2)

High output voltage
(SxH reference)

GxH — SxH

Configure current
(Source current)

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

Constant Current driving area’ Current decreasing area 1 Pulled-up Voltage (*1)

(Note) x =1, 2
*1 : Pulled-up Voltage determined by Current sense resistor and PMOS Ron

Figure 8. High-Side Gate Driver Output Source Current Control Waveform
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BD16953MUF-C Datasheet

Low-Side Gate Driver Output Source Current Control
When the (GxL-SxL) voltage exceeds (High output voltage <SxL reference>) - 0.7 V (Max), the source current decreases
below the set value. Therefore, the range in which constant current drive is possible is (GxL-SxL) voltage < (High output

voltage <SxL reference>) - 0.7 V (Max). After constant current drive, the gate driver outputs G1L and G2L are pulled up by
the current detection resistor and PMOS. (x = 1, 2)

High output voltage
(SxL reference)

GxL — SxL

Configure current
(Source current)

______________________________________________________

Constant Current driving area; Current decreasing area 1 Pulled-up Voltage (*1)

(Note) x =1, 2
*1 : Pulled-up Voltage determined by Current sense resistor and PMOS Ron

Figure 9. Low-Side Gate Driver Output Source Current Control Waveform

High-Side Gate Driver Output Sink Current Control
When the (GxH-SxH) voltage falls below SxH voltage + 0.7 V (Max), the sink current decreases below the set value.
Therefore, the range in which constant current drive is possible is (GxH-SxH) voltage > SxH voltage + 0.7 V (Max). If it
falls below this range, the gate driver outputs G1H and G2H are pulled down by the current detection resistor and NMOS.
In addition, when the gate driver output falls below the over-voltage protection detection voltage (Vesovp) and the
propagation delay time 2 (tpropa2) has elapsed, the NMOS for Full ON turns on and pulls down to 50 Q (Typ). (x =1, 2)

tpropaz
GxH — SxH Threshold Voltage == '
Vosow) 7\/7(I(/Ia’x)$ii =
SxH e e s
Configure current
(Sink currenty
Constant Current driving area’ Current decreasing area " *1 ' pulled-down

50Q (Typ)
(Note) x =1, 2
*1: Pulled-down Voltage determined by Current sense resistor and NMOS Ron

Figure 10. High-Side Gate Driver Output Sink Current Control Waveform

Low-Side Gate Driver Output Sink Current Control
When the (GxL-SxL) voltage falls below SxL voltage + 0.7 V (Max), the sink current decreases below the set value.
Therefore, the range in which constant current drive is possible is (GxL-SxL) voltage > SxL voltage + 0.7 V (Max). If it falls
below this range, the gate driver outputs G1L and G2L are pulled down by the current detection resistor and NMOS. In
addition, when the gate driver output falls below the over-voltage protection detection voltage (Vesovp) and propagation
delay time 2 (tpropa2) has elapsed, the Full ON NMOS turns on and pulls down to 50 Q (Typ). (x =1, 2)

e ommmmemn »
GxL — SxL ;I'\?resh:ld Voltage ™= L H tpropaz ; '
N !
0.7V (Max | :
T om i |
Configure current
(Sink current) e
. —
Constant Current driving area ' Current decreasing area ' *1 ' Pulled-down

50Q (Typ)
(Note) x =1, 2
*1: Pulled-down Voltage determined by Current sense resistor and NMOS Ron

Figure 11. Low-Side Gate Driver Output Sink Current Control Waveform
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BD16953MUF-C Datasheet

Drive Modes
There are two modes of driver output control: independent control mode and H-bridge control mode. In the independent control
mode, the high-side gate driver and the low-side gate driver can be controlled independently; in the H-bridge control mode,
the motor is assumed to be driven with an H-bridge connection, and the high-side and low-side gate driver outputs of the same
channel are controlled so that they cannot turn on simultaneously. The H-bridge control mode is designed to drive the motor
with an H-bridge connection.
In addition, each driver output can be controlled either through the register setting value GxH_FIX/GxL_FIX or directly from
the PWM1 or PWM2 pin. The mode can be selected by the registers GxH_SEL and GxL_SEL.
When register GxH_SEL/GxL_SEL = 0, the driver output can be controlled by the register set value.
When register GxH_SEL/GxL_SEL = 1, the driver outputs are controlled by the PWM1/PWM2 pins; the PWM1 pin controls
the G1H/G1L outputs, and the PWM2 pin controls the G2H/G2L outputs. It is also possible to combine PWM control and
register set value control for drive control. See Table 6. Gate Driver Output Control Mode, for details on combinations.

Independent Control Mode
When register MODE_SEL = 0 is set, the independent control mode is enabled. In the independent control mode, the high-
side gate driver output and the low-side gate driver output can be controlled independently of each other, enabling various
drive configurations and making it possible to support a variety of applications. An example connection is shown in the
figure below.

When using inductive loads, the absolute maximum ratings of the S1H and S2H pins may be exceeded. Therefore, clamp
the S1H and S2H pins by connecting protective diodes as shown in the figure below. Select an appropriate clamping
element according to the connected load to prevent the absolute maximum ratings from being exceeded.

No.2 mode No.3 mode

No4 mode No.6 mode

No.7 mode No.8 mode No.9 mode

Figure 12. Independent Control Mode Circuit Example
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BD16953MUF-C Datasheet

H-bridge Control Mode

Setting register MODE_SEL = 1 places the device in H-bridge control mode; this mode assumes an H-bridge connection.

The high-side / low-side gate drivers can be controlled from the register setting value or PWM1 pin input and PWM2 pin
input.

VB VB VB

}_I—?—L G2H G1H ;_I—?—\_‘ G2H G1H ;_I—?—L‘ G2H

G1H
OFF |&q OFF O ON ON OFF |q OFF
) : , -
GiIL GaL GIL ) GaL GIL G2L
OFF g_‘—l—,m OFF E OFF t] r’} OFF & x ON ;1_—] rw‘ ON &

No.10 mode No.11 mode No.12 mode

VB

1 ﬁ?ﬁm <

G2H
GTH ON |5 OFF GIH e G2H G1H ﬁ G2H
ﬂ—‘ \—RF X © ON% |X|PWM1 “© OFF X

G1L G2L
—x-OFElS, . oy 7 & onm Blore 84 W ore B, e &

No.13 mode No.14 mode No.15 mode

d—%%_ G2H G1H ﬁ P2
_RA' OFF« ;LE\ALM% — ‘
= .

No.16 mode No.17 mode

Figure 13. H-bridge Control Mode Circuit Example

www.rohm.com

© 2022 ROHM Co., Ltd. Al rights reserved. 19/75 TSZ02201-0N1K0C802460-1-2
TSZ22111 + 15 + 001 16.Mar.2026 Rev.001



BD16953MUF-C Datasheet

PWM Control
PWM control of the gate driver output differs between independent control mode and H-bridge control mode.
In independent control mode, the high-side gate driver and low-side gate driver are controlled at the same time, but in H-bridge
control mode, a Dead Time is inserted to prevent the high-side and low-side gate driver outputs from being turned on at the
same time.

Independent Control Mode
The relationship between the PWMx input and the GxH, GxL output signals for independent control mode is shown in the
diagram below. When the registers MODE_SEL = 0, GxH_SEL = GxL_SEL = 1 are set, G1H and G1L will output High/Low
with the same polarity depending on the logic input to the PWM1 pin. Similarly, G2H and G2L will output High/Low with the
same polarity depending on the logic input to the PWM2 pin. Since the signal input to the PWMx pin is synchronized with
the internal clock, a synchronization delay time (tsyn) occurs. In addition, there is a propagation delay time 1 (tpropat) before
GxH and GxL start output. (x =1, 2)

A

PWMx

Propagation Delay i«g¢—— «¢——p' Propagation Delay
(tsyn * toropat) (toyn * toropat)

GxH

GxL

Figure 14. PWM Output Timing Chart (Independent Control Mode)

H-bridge Control Mode

The relationship between the PWMx input, GxH, and GxL output signals for H-bridge control mode is shown in the diagram
below. When register MODE_SEL = 1, GxH_SEL = GxL_SEL = 1, G1H and G1L output High/Low with opposite polarity
depending on the PWM1 pin input logic. Similarly, G2H and G2L output High/Low with opposite polarity depending on the
PWM2 pin input logic. Since the signal input to the PWMx pin is synchronized with the internal clock, a synchronization
delay time (tsyn) occurs. In addition, there is a propagation delay time 1 (tpropat) until GxH and GxL start output. In H-bridge
control mode, the gate driver voltage is monitored to prevent shoot-through current in the external MOS FET, and the Dead
Time (toeap) set in register TDEAD [3:0] is inserted from the time when the gate driver voltage reaches Vesowo = 1.2 V
(Typ) to prevent shoot-through current. (x = 1, 2)

PWNMx
>
«_____, Propagation Delay ) 'TTOPfGtJaﬁOH Delay
(tsyn * toropat) (tsyn * toropat)
GxH
Threshold Voltage
(Vasovo)
> ¢
> -«
toropat * ropaz + foeap toropat * toropaz * toean
GxL
Threshold Voltage
(Vasovo)

v

Figure 15. PWM Output Timing Chart (H-bridge Control MODE)
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Charge Pump Circuit (CP)

The device is equipped with a charge pump circuit that generates the voltage to drive the gate driver of the external high-side
MOS FET transistor. A 0.1 uF capacitor must be connected between the CPH and CPL pins, and a 0.1 yF capacitor must be
connected between the VCP and VB pins. When there is no load or the VB power supply voltage is 13.5 V or higher, the VCP
pin voltage is boosted to the VB voltage + 10.8 V (Typ). The charge pump is driven by the built-in oscillator with a 400 kHz

(Typ) clock.

When register CP_EN = 0, the protection functions of VCPUV, DHUV, VGSOV (high-side), VGSUV (high-side), and YDSOV

(high-side) are disabled.

VCP - VB
10,8V} ---nnmmmrmmmmmmnmeeenees :
i VBOV_SEL=0| |
B.OV| oo | ovp ovp
. Released Detected
VBOV_SEL =1
D e N
. OVP OvP
UVLO i
Detected NS Releas ?d e I?et?cted -
: : VB
4.5V 5.0V 6.0V 13.5V 21.0V 22.0V 31.5V 32.5V

Note1 : The above figures are Typ.

Figure 16. Charge Pump Output Potential Relationship Diagram
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Current Sense Amplifier (CSAMP)
It is equipped with a current detection amplifier to detect the current flowing through the shunt resistor. The gain can be set
using the register CSAMP_GAIN. The reference voltage VREF can be set using the input voltage of the REF pin and the
register CSAMP_REF. The current detection amplifier output voltage is expressed by the following formula.

AOUT1 = (AIN1P — AIN1N) X Gain + VREF
AOUT2 = (AIN2P — AIN2N) X Gain + VREF

The current detection amplifier can be set as follows.
To use the current detection amplifier, set the register CS_EN = 1. If not using it, set the register CS_EN = 0 to reduce power
consumption.

CS_EN Current Detection Amplifier Function
0 Disable
1 Enable

Set CSAMP_GAIN [1:0] register to change the gain of the current detection amplifier.

CSAMP_GAIN [1:0] Gain Settings
Oh x 8
1h x 16
2h x 32
3h x 48
Set CSAMP_REF register to change the reference voltage VREF of the current sense amplifier.
CSAMP_REF Reference Voltage VREF Settings
0 REF/2
1 REF/8

An open input pin of a current sense amplifier can be detected by checking for an abnormal voltage in the AOUTx voltage.

(Example) When no motor current is flowing (AINxP = AINxN = GND), the AOUTx output voltage is VREF + output offset
voltage. When AINXxP is open, the AOUTx output goes high, and when AINxN is open, the AOUTx output goes low,
indicating an abnormality. (x = 1, 2)

_______________ AINXP Shunt Resistor
CSAMP_GAIN [1:0]—> 11

B AOUTx N : : D

- T i . AINXN

CAOUTx — : : [
i 1 1
= (R - S : £
Current Sense Amplifier
_________________ ,
REF () Overvoltage

protection
circuit between
shunt resistors

1
T
:
CSAMP_REF —»
1
1
1
1

__________________

Reference Voltage Generator Amplifier

iGND Note: (x =1, 2)

Figure 17. Current Detection Amplifier Current Detection Connection Configuration Diagram
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DBRKB Function
This function forcibly puts the gate driver output into a short brake by the DBRKB pin input, without going through the internal
LOGIC circuit, even in the sleep state (EN = Low) where SPI communication is not possible.
When the DBRKB pin is set to Low, the gate driver outputs G1H and G2H will be low outputs, and G1L and G2L will be high
outputs. It is recommended to use this function in the sleep state (EN = Low). If used in the normal state (EN = High), a
mismatch may occur between the control input and gate driver output. Please note that in such cases, the LOGIC circuit will
detect various faults.
In addition, when the Sleep State (EN = Low) is set, the VB current can be reduced by inserting a pull-down resistor into the
DBRKB pin and connecting it to GND. Use a pull-down resistor of 220 kQ (Typ) or less.

7000 — —
k‘ Usablerange | |
600.0 1
VB =24V :
Ta=150°C
500.0 I
Worst Case :
I
§ 400.0 1 i
8 o .
- 300.0 . ! —
| t —
|
VB=135V
2000 |—— i
Ta=150°C | |
Worst Case I
100.0 i
|
0.0 -
0 100 200 300 400

DBRKB Pull down resistor [KQ]

Figure 18. EN = Low, DBRKB VB Current Characteristics When Inserting Pull Down Resistor (Reference Value)

www.rohm.com

© 2022 ROHM Co., Ltd. Al rights reserved. 23/75 TSZ02201-0N1K0C802460-1-2
TSZ22111 + 15 + 001 16.Mar.2026 Rev.001



BD16953MUF-C

Datasheet

Static OPEN/SHORT Detection Function

The static open/short detection function is a function that can detect if the external MOS FET is either open or short without
passing a large current before driving the motor. When using this function, be sure to start the charge pump circuit before
starting. Even if an open or short state is detected, the error notification signal (ERRB) will not output low. Check the values
of register ST_OSCHK_FAIL and register ST_OSCHK to see the detection result.

PRE
DRIVER

SOS_CHK1

\

S1L

[37

@M

Y

SET_0S1 GiL —
- “ @ M2
=3 >

!

VB
PaN
DH
[ 2
G2 PRE
@wm3 DRIVER
S2H
5 GaL SET_0S2
® m4 jl: 1

E S2L

GND

SOS_CHK2

e

Figure 19. Static Open/Short Detection Function Block Diagram

The detection function has two modes: automatic detection mode and manual detection mode.

The detection mode can be controlled by the following registers: DRV_GHIZ, OS_EN, and AUTO_OS_START.

Table 1. Static Open/Short Detection Function Setting Table

Register Setting Description
DRV_GHIzZ OS_EN AUTO_OS_START
0 X X Function is inactive
1 0 X Function is inactive
1 1 1 Auto Detection mode (See Table 2)
1 1 0 Manual Detection mode (See Table 3)

When using the static open/short detection function, the VGSOV, VGSUV, and VDSQV protection functions are disabled.
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Automatic Detection Mode

In automatic detection mode, the sequence in Table 2 is executed automatically in step order from 1 to 7. The step period is 2
ms (Typ). When the sequence is executed and completed, the register ST_OSCHK_END = 1 is set. If fault is detected, the
check sequence is terminated at that point and the register ST_OSCHK_FAIL = 1 is set. The step value of the completed
sequence is also set to the register ST_OSCHK_STEP. The registers ST_OSCHK_END and ST_OSCHK_FAIL are only valid
in automatic detection mode. They are initialized when the IC starts up and when the detection sequence starts, and the results
are retained after the sequence is executed. Depending on the motor load used, the change in the SxH pin voltage may be
slow and fault may not be detected correctly. If the SxH pin voltage does not stabilize within 1.5 ms, use manual detection
mode.

Table 2. Automatic Detection Mode Table (DRV_GHIZ = OS EN = AUTO_OS_ START = 1 setting)

Setting (Note 4) H-bridge Determination Method
Step Output Signal Internal Switch Detection Part Detection Results (Status Register)
Open Short ST_OSCHK2 | ST_OSCHK1 ST_OSCHK_STEP[2:0 ST_OSCHK_FALL
G2H [ G2L [G1H| GIL | SET_0S2 | SET_OSt TTelelalelolalalale Note 1) WNote 1) = (Note 2) 0] = (Note 3)
0 0 0 : Normal
1 L L L L 0 0 olo 1 0 1h 1:@ or ® FET Short
Other 1 : llegal (Fail) (Note3)
0 0 0 : Normal
) L L L L o 4 ofo 0 1 oh 1 :@or@FET Short
@) 1 0 1:@® Open
Other 1 : llegal (Fail)
0 0 0 : Normal
ofo 0 1 1: @ or @ FET Short
3 L L L L 1 0 S 0 1 3h T+ Open
Other 1 : llegal (Fail)
0 | 0 0 : Normal
4 L L H L 0 1 o 1 [ 0 4h 1: @ Open
Other 1 : llegal (Fail)
0 [ 0 0 : Normal
5 H L L L 1 0 o 1 [ 1 5h 1:@ Open
Other 1 : llegal (Fail)
0 [ 0 0 : Normal
6 L L L H 0 0 o 1 [ 1 6h 1:@ Open
Other 1 : llegal (Fail)
0 | 0 0 : Normal
7 L H L L 0 0 o 0 [ 1 7h 1:® Open
Other 1 : Illegal (Fail)
(Note 1) Register Description See. Table 19. Static OPEN/SHORT Check Results
(Note 2) Register Description See. Table 18. Static OPEN/SHORT Check Detection Step
(Note 3) lllegal (Fail) refers to any fault state other than a single open/short fault such as @ to ® in Figure 19.
(Note 4) In automatic detection mode, the gate output control mode (Address = 03h <Mode Settings>) setting is invalid.
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Manual Detection Mode
In manual detection mode, open/short detection is possible by controlling the internal switch and gate output pins through
register writing as shown in Table 3 in setting column.
In the manual detection mode, to prevent destruction of external MOS FET due to shoot-through-currents, check for failures
in the order of Steps in Table 3, “Manual Detection.

Table 3.Manual Detection Mode Table (DRV_GHIZ = OS_EN = AUTO_OS_START = 0 setting)

Setting (Note 3) H-bridge Determination Method
(Example) Output Signal Internal  Switch Detection Part Detection Results (Status Register)
Step Open Short ST_OSCHK2 | ST_OSCHK1 Remark
G2H | G2L | GIH| G1L | SET_OS2 SET_OS1 olololelalololalale (Note 1) (Note 1) (Note 2)
0 0 Normal
1 L L L L 0 0 [e][e) 1 0 @ or 5 FET Short
Other lllegal (Fail) (Note2)
0 0 Normal
olo 0 1 @ or ) FET Short
2 [N T T A 0 1 S : 5 5 Opon
Other lllegal (Fail)
0 0 Normal
3 L L L L 1 0 (e} fe) 0 1 @ or @ FET Short
(@) 0 1 (3 Open
Other lllegal (Fail)
0 | 0 Normal
4 Lfc]H]|L 0 1 &) 1 [ 0 ® Open
Other lllegal (Fail)
0 | 0 Normal
5 HlL]cLo]|tL 1 0 &) 1 [ 1 @ Open
Other lllegal (Fail)
0 | 0 Normal
6 LlL]L]|H 0 0 [e) 1 [ 1 @ Open
Other lllegal (Fail)
0 | 0 Normal
7 LlH]|L]L 0 0 0 0 [ 1 © Open
Other lllegal (Fail)

(Note 1) Static OPEN/SHORT Check register see. Table 19. Static OPEN/SHORT Check Results
(Note 2) lllegal (Fail) refers to any fault state other than a single open/short fault such as @ to ® in Figure 18.
(Note 3) In manual detection mode, the external PWM control mode (GxH_SEL, GxL_SEL) setting is invalid (x = 1, 2).

After checking and taking measures against an open/short fault detected by the Static Open/Short function, recheck the status
using automatic detection or manual detection mode, etc., to make sure that the open/short fault has been removed.

If you omit checking automatic detection or manual detection and turn on the gate driver output, consider the guaranteed range
of the external MOS FET characteristics and set the blanking time and drive current with a margin.
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EN Pin and Reset Operation
The following reset operations are available. Each register setting is reset and returns to the initial state.

Table 4. Reset Operation
Item Detail
The IC circuit operation stops. It is initialized and starts operating
when EN = High.
The LOGIC circuit is in reset state. It starts operating when the low
voltage state is released.
The LOGIC circuit is initialized when EN = High.
Software Reset Send data of 5Ah to register address 00h using the SPI command to
immediately initialize all registers.

EN = Low

VCUV (VCC Undervoltage Detection)

Serial Interface
SPI Protocol
The serial interface allows reading the status register and configuring each IC setting. The input pins CSB, SCK, and SDI are
used. When CSB is low, serial data is accepted. Write data (SDI) consists of a total of 16 bits: an 8-bit address and 8 bits of
data. SDI data is captured on the rising edge of SCK, and after all 16 bits of data have been received, it is written to the register.
Read data (SDO) outputs various statuses for faults and register values of the specified address. SDO data also starts being
output on the rising edge of SCK. When CSB goes from low to high, the SPI transfer is considered to be completed and the
internal register starts being updated.

csB

SCK

sor xR s < s e X 2 3 a1 < a0 < o7 3 oo X o5 5 04 X 03 ) oz 3 01 X 00 X %
I R S D DD LGP E GO GG G D C G CD G

W/R: Read/Write specified bits

A6-AQ: Address Data

D7-DO0: Data to be written to the address specified by bits A6-A0

RD7-RDO0: Register value at address specified by bits A6-A0 (data immediately before writing)

Figure 20. SPI Protocol

-

Write Registers
To write to a register, set the W/R bit to low. The A6-AO0 bits specify the address of the register to be written to, and D7-D0
specify the data to be written to the register. When writing, data is also output from SDO. The SDO output data bits OCD,
VGS, UVD, OVD, SPI_FL, OT, and VCUV are called the Global status registers, and output the protection status. The
RD7-RDO bits output the register value (the value immediately before the write) of the address specified by the A6-AQ bits.

|
|

csB

SCK

sl DNLIACP EP D PP D EPEDEP CP ED EP EP LD ) &
so < GOKoenves X o< ove e X o < Gemx Ror > Roe < o Roa < Roa < Roz < o< oo

W/R: Read/Write specified bits

A6-A0: Address Data

D7-DO0: Data to be written to the address specified by bits A6-A0

RD7-RDO: Register value at address specified by bits A6-A0 (data immediately before writing)

Figure 21. Register Write Protocol
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Read Register
To read a register, set the W/R bit to High. The A6-AO0 bits specify the address of the register to be read. Any SDI data in a
correct SPI transaction thereafter is ignored. The individual register data is output from SDO. As with writing, the OCD,
VGS, UVD, OVD, SPI_FL, OT, and VCUYV bits of the SDO output data are global status registers and output the protection
status. The RD7-RDO bits output the register value (the value immediately before the write) of the address specified by the
AB-AO bits.

CsB ﬁ ’—
S S I e s
so xR e s s s Xz Xt X o X x X X x X X x X X e X X

I & DG GG D G GG G GG G G

W/R: Read/Write specified bits
A6-AQ: Address Data
RD7-RDO: Register value at address specified by bits A6-A0 (data immediately before writing)

Figure 22. Register Read Protocol

Global Status Register

The global status registers are data bits in SDO that output the protection status. These are the OCD, VGS, UVD, OVD,
SPI_FL, OT, and VCUV bits of the SDO output data. It works in conjunction with the normal status register (ST_XXX) and
is assigned as follows.

OCD bits : ST_VDS_Hx, ST_VDS Lx, ST VRDETx (x =1, 2)

VGS bits : ST_VGS_Hx_0V, ST_VGS_Lx_0V, ST_VGS_Hx_UV, ST_VGS_Lx_UV (x =1, 2)

UVD bits : ST_VBUYV, ST_VCPUV, ST_DHUV

OVD bits : ST_VBOV, ST_VCOV

SPI_FL bit : ST_SPI

OT bit :ST_TW, ST_TSD

VCUV bit : ST_VCUV
The global status register (OCD, VGS, UVD, OVD, OT bits) to which multiple status registers are assigned outputs the OR
logic of each status register, so an error is notified if any of the protections is detected. If you want to identify the location
where an abnormality has occurred, check the status register.
When the value of each status register (ST_XXX) is cleared, the value of the corresponding global status register is also
cleared.

Error Notification Signal (ERRB)
The ERRB signal notifies you in real time when any selected protection function detects fault. This signal is an NMOS
open-drain output, and outputs low when fault is detected. It can also be used in common with NMOS open-drain in other
CHIPs. The items for which you want to be notified of faults with the ERRB signal can be selected using the flag setting
registers (SPI Address 0Dh-0Fh). Also, if a low level is detected in the ERRB signal, you can check what fault was detected
by checking the value of each status register (SPI Address 04h-06h). The ERRB signal is not released in conjunction with
the value of each status register. The operation when the fault or fault behavior is released depends on the setting value
of each protect function control register (LAT_XXX).
When LAT_XXX = 0, fault detection is monitored in real time and notification of ERRB signal is released in conjunction with
the protect function detection state.
When LAT_XXX = 1, the fault notification of the ERRB signal continues even if the detected fault behavior is released. To
release the ERRB signal and the protect function operation, set the register LAT_CLR = 1 and then reset.
The value of the register LAT_CLR is automatically initialized to LAT_CLR = 0 after LAT_CLR =1 is set.
For each protect operation control register (LAT_XXX), refer to the operation explanation of each protection function or the
explanation of each register Address = 07h <Latch Settings1>, Address = 08h <Latch Settings2>, Address = 09h <Latch

Settings3>.
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Protective Function

Table 5. Protection Function Table

Protection

Detect Conditions (Typ)

Protect Operation

Status Register

Charge Gate driver output
D! e Pump (GTH, G2H, G1L, G2L)
Veuv VCC=2.70V VCC2 275V OFF 'F’,‘l'ﬁ'lac'j'zfvs';ﬂegft;‘ffmote 5 ST_VCUV
VCOV VCC=6.0V VCC=<58V ON Outputs Low ST_VCOV
VBUV VB=<45V VB=50V OFF Pull down all output (Note ) ST_VBUV
VB=22.0V VB=<21.0V
Set MODE_SEL =0
(VBOV_SEL = 0) (VBOV_SEL =0) Pull down all output (Note 9
VBOV or or OFF - ST_VBOV
2325V VB<315V Set MODE_SEL = 1
vB : . Short brake output (Note 3)
(VBOV_SEL=1) | (VBOV_SEL=1)
Set MODE_SEL =0
VCP < VCP > G1H, G2H Outputs Low
VCPUV 3.0 V (VCP-DH) 3.2V (VCP-DH) OFF S(é:tﬂ'\_/l,oGDZIE_ l\éogr:l?perahon ST_VCPUV
Short brake output (Note 3
G1H, G2H Outputs Low
DHUV DH<49V DH>49V OFF G1L, G2L Normal Operation ST_DHUV
(Drain-Source) (Drain-Source) §$—ggg—ﬂg
VDSOV (Note 4) (Note 4) ON Only the output detected is low ST VDS L1
> VVDSx (Note 1) < VVDSx (Note 1) — _
ST VDS L2
AINXP-AINXN = AINXP-AINXN < .
Only the Low-Side output of the ST _VRDET1
RDET Vroerx (Note 2 VroeTx (Mo 2 ON | iotectod phase is low P ST_VRDET?2
(X=1,2) X=1,2) -
TSD Tj2175°C Tj<160 °C OFF | Pull down all output (Vete 9 ST_TSD
TW Tj=132.5°C Tj<122.5°C ON Normal Operation ST_TW
(Gate-Source) (Gate-Source) 2$—ggg—m —llJJ\\//
VGSUV (Note 4) (Note 4) ON Only the output detected is low ST VGS H2 LV
<30V >3.0V ST_VGS_L2_UV
ST_VGS_H1 OV
VGSov (Gat?&gfgrce) (Gat?l\-,?teo:jrce) ON Only the output detected is Pull ST_VGS_L1_0OV
519V <12V down ST VGS_H2 OV
ST_VGS_L2_OV
SPI_FAIL SCK Pulse # 16 SCK Pulse = 16 ON Normal Operation ST _SPI

(Note 1) The detection voltage threshold can be set using the registers VDS_H1, VDS_H2, VDS_L1, and VDS_L2.
Address = 17h <VDS Settings1>, Address = 18h <VDS Settings2>

(Note 2) The detection voltage threshold can be set using the registers RDET1 and RDET2.

Address = 19h <RDET Settings>

(Note 3) The short brake output is a mode that turns on the external low-side MOS FET.

(Note 4) Monitors the (Gate-Source) and (Drain-Source) of an external MOS FET.
(Note 5) Pulled down with 160 kQ (Typ).

(Note) When register CP_EN = 0, the VCPUV, DHUV, VGSOV (high-side), VGSUV (high-side), and VDSOV (high-side) protection functions are disabled.
When register DRV_GHIZ = 1, the VGSOV, VGSUV, and VDSOV protection functions are disabled.
When register OS_EN = 1, the VGSOV, VGSUV, and VDSOV protection functions are disabled.
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VCC Undervoltage Lock Out (VCUV)

This protect function monitors the VCC pin for fault undervoltage behavior and performs VCUV protection operation should it
detect said behavior. When the applied voltage to the VCC pin falls below (Vccuvr - Vccuv_hys) = 2.70 V (Typ), a VCUYV fault is
detected, and when the voltage rises above (Vccuvr) = 2.75 V (Typ), it is released. A blanking time of 2.5 ys (Typ) is provided
to prevent false detections due to noise. When the VCUV fault is detected, the gate driver output is pulled down to 160 kQ
(Typ) and the charge pump output is also stopped. At this time, the LOGIC circuit will be in a reset state, so SPI communication
is not possible and the ERRB signal will continue to output the initial value. In addition, the status register ST_VCUV =1 is
set. When the fault behavior is no longer detected, the LOGIC circuit starts operating again and SPI communication is enabled.
The status register value can be reset by writing ST_VCUV = 1. Note that the status register ST_VCUV has a different initial
value from the other status registers. The initial value is ST_VCUV = 1 (fault detected), so it is necessary to first set ST_VCUV
=0.

Global Status: VCUV
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Figure 23. VCC Undervoltage Protection Timing Chart
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VCC Overvoltage Protection (VCOV)
This protect function monitors VCC pin for fault overvoltage behavior and performs VCOV protection operation should it detect
said fault behavior. When the applied voltage to the VCC pin exceeds (Vccovp) = 6.0 V (Typ), a VCOV fault is detected and it
is released when the voltage falls below (Vccovp - Vecov_hys) = 5.8 V (Typ). Ablanking time of 64 us (Typ) is provided to prevent
false detections due to noise. If this fault behavior is detected, the protection operation will have the gate driver output set to
low. At this time, the protect function sets the status register ST_VCOV to '1'. How the protection operation is released depends
on the setting value of the register LAT_VCOV.
When the register LAT_VCOQOV = 0, the gate driver output will automatically recover when the VCOV is no longer detected by
this protect function.
When the register LAT_VCOV = 1, the gate driver output will continue the protection operation even if VCOV is no longer
detected. To release the protection operation, set the register LAT_CLR = 1 via SPI write. However, while VCOV is detected,
the protection operation will not be released even if LAT_CLR = 1 is set. Also, the value of the register LAT_CLR is automatically
initialized to LAT_CLR = 0 after LAT_CLR = 1 is set. The value of the status register ST_VCOV can be reset by writing
ST_VCOV =1.

Do not exceed the absolute maximum rating of the power supply voltage as it may cause destruction.

Global Status: OVD

Vecovn 6.0V (Typ)
Vecovo - Vecov_nys 58V (Typ)

vce R e
Vo bbb bbbl bbb ettt
VB
G1H-S1H, G2H-S2H, Constant Current Low Constant Current
G1L-S1L, G2L-S2L Operating Operating

LAT_CLR
(Register set)

ST_vCov 2
ERRB *3
(0: Protect, 1: Normal)

Normal " Protection b Normal
*1: Blanking Time (tyccoveLk) 64 Hs (Typ) *3: All ERRB output selection registers are set to their initial values.
*2: ST_VCOV =1 SPI Command Input (Register Set)

Figure 24. VCC Overvoltage Protection Timing Chart (LAT_VCOV = 0)
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Figure 25. VCC Overvoltage Protection Timing Chart (LAT_VCOV = 1)

.rohm.
gv;v(\)lzrg };nO(I:-lOI\TCo., Ltd. All rights reserved. 31/75 TSZ02201-0N1K0C802460-1-2
TSZ22111 « 15 « 001 16.Mar.2026 Rev.001



BD16953MUF-C Datasheet

VB Undervoltage Protection (VBUV)

This protect function monitors the VB pin for fault undervoltage behavior and performs VBUV protection operation should it
detect said fault behavior. When the voltage applied to the VB pin falls below (Vsuvr - Veuv_nys) = 4.5 V (Typ), a VBUV fault is
detected, and when it rises above (Vsuvr) = 5.0 V (Typ), it is released. A blanking time of 64 ps (Typ) is provided to prevent
false detection due to noise. If this fault behavior is detected, the gate driver output is pulled down to 160 kQ (Typ) and the
charge pump output is also stopped. At this time, the protect function sets the status register ST_VBUV to '1". How the
protection operation is released depends on the setting value of the register LAT_VBUV.

When the register LAT_VBUV = 0, if the charge pump circuit does not detect a low voltage when the VBUV is no longer
detected, the gate driver output will automatically recover. If the charge pump circuit detects a low voltage, the gate driver
output will recover by starting the charge pump circuit. To start the charge pump circuit, the register LAT_CLR = 1 must be set.
When the register LAT_VBUV = 1, the gate driver output will continue protection operation even if VBUV is no longer detected.
To release the protection operation state, set the register LAT_CLR = 1 via SPI write. This will release the protection operation,
start the charge pump circuit, and restore the gate driver output. However, while a VBUV is still being detected, protection
operation will not be released even if LAT_CLR = 1 is set. Also, after setting LAT_CLR = 1, the register LAT_CLR is
automatically initialized to LAT_CLR = 0. The value of the status register ST_VBUV can be reset by setting ST_VBUV = 1.
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Figure 26. VB Undervoltage Protection Timing Chart (LAT_VBUV = 0)

VCPUV
Undetected VCPUV

VCP-DH -==============+ R / --------------------- N / Detected ~ ~---------
AN X L’
Vepuvr = Vepuy_nys 3:0 V (Typ) o AN ot

__________

VB
Vauvr 5.0 V (Typ)
Veuvr = Vauv_ hys 4.5 V (Typ) - »

*—’_"—1 _160kQ (Typ) o —e
—— -7 Pulled down ——
G1H-S1H, G2H-S2H,  Constant Current s Constant Current 160kQ (Typ) Constant Current
G1L-S1L, G2L-S2L  Operating Operating Pulled down Operating
ST _VBUV — *2 |
LAT_CLR
(Register set) |—| I_l
ERRB *3
(0: Protect, 1: Normal)
Normal S Normal " Protection | Normal
Protection
*1: Blanking Time (tysuvek) 64 s (Typ) *3: All ERRB output selection registers are set to their initial values.

*2: ST_VBUV = 1 SPI Command Input (Register Set)

Figure 27. VB Undervoltage Protection Timing Chart (LAT_VBUV = 1)
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VB Overvoltage Protection (VBOV)
This protect function monitors the VB pin for fault overvoltage behavior and performs VBOV protection operation should it
detect said fault behavior. When register VBOV_SEL = 0, a VBOV fault is detected when the voltage applied to the VB pin
exceeds (Vsovpt) = 22.0 V (Typ), and when register VBOV_SEL = 1, a VBOV fault is detected when the voltage applied to the
VB pin exceeds (Veovp2) = 32.5 V (Typ).
When register VBOV_SEL = 0, the detection is released when the voltage applied to the VB pin falls below (Vsovp1 - Vsov_hys)
=21.0 V (Typ), and when register VBOV_SEL = 1, the detection is released when the voltage applied to the VB pin falls below
(VBovb2 - Veov_hys) = 31.5 V (Typ). A blanking time of 64 us (Typ) is provided to prevent false detection due to noise. If this fault
behavior is detected, the gate driver output is protected and the charge pump output is stopped.
The gate driver output protection operation differs depending on the drive mode (set by the register MODE_SEL). When
MODE_SEL = 0 (independent control mode), the gate driver output is pulled down with 160 kQ (Typ).
MODE_SEL = 1 (H-bridge control mode), the gate driver output operates as a short brake. At this time, the protect function
sets the status register ST_VBOV to '1'. How the protection operation is released differs depending on the setting value of the
register LAT_VBOV.
When the register LAT_VBOV = 0, if the charge pump circuit does not detect a reduced voltage when the VBOV fault is
released, the gate driver output will recover automatically. If the charge pump circuit has detected a reduced voltage, the gate
driver output will recover by starting the charge pump circuit. To start the charge pump circuit, the register LAT_CLR = 1 must
be set.
When the register LAT_VBOV = 1, the gate driver output will continue the protection operation even if VBOV is no longer
detected. To release the protection operation state, set the register LAT_CLR = 1 via SPI write. This will release the protection
operation, start the charge pump circuit, and restore the gate driver output. However, while an VBOV is still detected, the
protection operation will not be released even if LAT_CLR = 1 is set. Also, after setting LAT_CLR = 1, the register LAT_CLR
is automatically initialized to LAT_CLR = 0.
The value of the status register ST_VBOV can be reset by writing ST_VBOV = 1.
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VCPUV VCPUV
Undetected Detected
VCP-DH ----mmmmmmmn R R " s
Vepuvr = Veruv s 3:0 V (Typ) Y N

i
'
'
'
'
N

Vaovor 2.0V / Vgoyp; 32.5V
Vot - vEOV_hys 21.0V

Typ)

Typ)

Typ) 4 1
VB —>— —>—

! Vaowoz - Veov ys 315V
*1 1

> >
G1H-S1H, G2H-S2H, Constant Current “ Constant Current * Constant Current
G1L-S1L, G2L-S2L Operating Operating Operating
ST_VBOV 3
LAT_CLR(Register set) ﬂ

ERRB *4 |_|

(0: Protect, 1: Normal)

Normal Normal Protection Normal
Protection
*1: Blanking Time (tygoveik) 64us (Typ) *3: ST_VBOV =1 SPI Command Input (Register Set)
*2: MODE_SEL =0 : 160kQ (Typ) Pulled Down *4: Al ERRB output selection registers are set to their initial values.
MODE_SEL = 1 : Short Brake

Figure 28. VB Overvoltage Protection Timing Chart (LAT_VBOV = 0)
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Figure 29. VB Overvoltage Protection Timing Chart (LAT_VBOV = 1)
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VCP Undervoltage Protection (VCPUV)
This protect function monitors the VCP pin for fault undervoltage behavior and performs VCPUV protection operation should
it detect the fault undervoltage behavior. When the voltage difference between the VCP and DH pins falls below (Vcpuvr -
Vcpuv_hys) = 3.0 V (Typ), a VCPUV fault is detected, and when it rises to (Vcruvr) = 3.2 V (Typ) or more, it is released. A
blanking time of 64 us (Typ) is provided to prevent false detections due to noise. If this fault behavior is detected, the gate
driver output is protected and the charge pump output is stopped. The gate driver output protection operation differs depending
on the drive mode (set by the MODE_SEL register).
When MODE_SEL = 0 (independent control mode), the gate driver outputs of G1H and G2H are set to Low and the charge
pump output is stopped.
When MODE_SEL = 1 (H-bridge control mode), the gate driver outputs of G1H and G2H are set to Low and the gate driver
outputs of G1L and G2L are set to High, and the charge pump output is stopped. At this time, the protect function sets the
status register ST_VCPUV to '1'. For VCPUYV, the gate driver output will continue to maintain protection even after the VCPUV
detection is released. To release the protection state, set the register LAT_CLR = 1 via SPI write. This will release the protection,
start the charge pump circuit, and restore the gate driver output. However, while VCPUV s still being detected, setting
LAT_CLR = 1 will not release the protection. Also, after setting LAT_CLR = 1, the value of the register LAT_CLR is automatically
initialized to LAT_CLR = 0. The value of the status register ST_VCPUV can be reset by writing ST_VCPUV = 1.
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Figure 30. VCP Undervoltage Protection Timing Chart (MODE_SEL = 0)
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Figure 31. VCP Undervoltage Protection Timing Chart (MODE_SEL = 1)
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DH Undervoltage Protection (DHUV)
This protect function monitors the DH pin for fault undervoltage behavior and performs DHUV protection should it detect the
fault undervoltage behavior. If the voltage applied to the DH pin falls below (Voruvp) = 4.9 V (Typ), a DHUV fault is detected,
and if it exceeds (Voruvp) = 4.9 V (Typ), it is released. A blanking time (set in the DHUV_FLT register) is also provided to
prevent noise and false detection during gate driver output transitions. If this fault behavior is detected, the gate driver output
is set to low and the charge pump output is also stopped. At this time, the protect function sets the status register ST_DHUV
to '1'. After this has been detected, the gate driver output maintains the protection operation state for the time set in the Protect
Period (protection operation period. Set in the DHUV_FLT register). The operation when DHUV is released depends on the
setting of the LAT_DHUV register.
When the register LAT_DHUV = 0, if the fault undervoltage behavior is no longer detected and the charge pump circuit does
not detect a reduced voltage after DHUV fault is released after the Protect Period, the gate driver output will recover
automatically. If the charge pump circuit detects a reduced voltage, the gate driver output will recover by starting the charge
pump circuit. To start the charge pump circuit, the register LAT_CLR = 1 must be set.
When the register LAT_DHUV = 1, the gate driver output and charge pump output will continue the protection operation even
if the DHUV detection is released after the Protect Period. To release the protection operation state, set the register LAT_CLR
= 1 via SPI write. This will release the protection operation, start the charge pump circuit, and recover the gate driver output.
However, during the Protect Period or while DHUV is detected, the protection operation will not be released even if LAT_CLR
=1 is set. In addition, the value of the register LAT_CLR is automatically initialized to LAT_CLR = 0 after LAT_CLR =1 is set.
The status register ST_DHUV can be reset by writing ST_DHUV = 1.
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Figure 32. DH Undervoltage Protection Timing Chart (LAT_DHUV = 0)
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Figure 33. DH Undervoltage Protection Timing Chart (LAT_DHUV = 1)
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Drain-Source Overvoltage (Overcurrent) Protection (VDSOV)
This protect function monitors the drain and source of the external MOS FET for fault overvoltage (overcurrent) behavior
between and performs protective operation. The overvoltage detection and protection operation is independent for each gate
driver output (G1H, G1L, G2H, G2L), and each individual protect function operates separately. When an overcurrent flows
between the drain and source and the drain-source voltage exceeds the detection voltage Vvbsx (set by registers VDS_HX,
VDS_Lx), a VDS fault is detected, and when it falls below Vvpsx, it is released. In addition, a blanking time (set by registers
FET_GxH_FLT, FET_GxL_FLT) is provided to prevent noise and false detection during gate driver output transitions. When
this fault behavior is detected, the gate driver output of only the detected output is set to Low. At this time, the status register
ST_VDS_Hx =1 (or ST_VDS_Lx = 1) corresponding to the gate driver output where the fault behavior was detected is set.
After this has been detected, the gate driver output continues protection operation for the period set in the Protect Period
(protection operation period. Set using the registers FET_GxH_FLT and FET_GxL_FLT). The operation when VDSOV is
released depends on the setting values of the registers LAT_VDS_Hx and LAT_VDS_Lx.
When the register LAT_VDS_Hx = 0 (or LAT_VDS_Lx = 0), the gate driver output will automatically recover if VDSQV is no
longer detected after the Protect Period. When the register LAT_VDS_Hx = 1 (or LAT_VDS_Lx = 1), the gate driver output will
continue protection operation even if VDSOV fault is no longer detected after the Protect Period. To release the protection
operation state, set the register LAT_CLR = 1 to reset and release the protection operation.
The status register can be reset by writing ST_VDS_Hx = 1 (or ST_VDS_Lx = 1). The register LAT_CLR is automatically
initialized to LAT_CLR = 0 after LAT_CLR = 1 is set. However, during the Protect Period or while VDSOV is still being detected,
the protection operation will not be released even if LAT_CLR =1 is set. (x = 1, 2)
Overcurrent protection is a function to prevent the destruction of the IC due to output shorts, etc., but if the overcurrent state
continues, the IC may heat up or deteriorate, so if the overcurrent state continues, take measures such as putting the IC into
standby mode.
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Figure 34. Drain-Source Overvoltage Protection Timing Chart (LAT_VDS_Hx = 0, LAT_VDS_Lx = 0)
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Figure 35. Drain-Source Overvoltage Protection Timing Chart (LAT_VDS_Hx = 1, LAT_VDS_Lx = 1)
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Shunt Resistor Overvoltage Protection (RDET)
This protect function monitors the external shunt resistor for fault overvoltage (overcurrent) behavior and performs RDET
protection operation should it detect it. The RDET detection and protection operations are independent for the gate driver
outputs G1L and G2L, and each operates separately. When an overcurrent flows through the shunt resistor and the voltage
between the AINxP-AINXN pins exceeds the detection voltage Vroetx (set by the register RDETx), an RDET fault is detected,
and when it becomes smaller than Vroety, it is released. In addition, a blanking time (set by the registers FET_G1L_FLT and
FET_G2L_FLT) is provided to prevent noise and false detection during gate driver output transition.
When this fault behavior is detected between the AIN1P-AIN1N pins, the gate driver output G1L is set to low, and when fault
is detected between the AIN2P-AIN2N pins, the gate driver output G2L is set to low. At this time, the protect function sets the
status register ST_VRDETXx to '1' corresponding to the AINxP-AINxN pins where the RDET fault was detected. After the fault
overvoltage (overcurrent) behavior is detected, the gate driver output continues the protection operation for the time set in the
Protect Period (protection operation period. Set using the registers FET_G1L_FLT and FET_G2L_FLT). The operation when
RDET is released depends on the setting value of the register LAT_VRDETXx.
When the register LAT_VRDETXx = 0, if RDET fault is no longer detected after the Protect Period, the gate driver output will
self-recover, and if the fault behavior continues, the protection operation will continue.
When the register LAT_VRDETx = 1, the gate driver output will continue the protection operation even if the RDET fault is
released after the Protect Period. To release the protection operation state, set the register LAT_CLR = 1 via SPI write.
However, during the Protect Period or while RDET fault is still detected, the protection operation will not be released even if
LAT_CLR = 1 is set. The value of the status register can be reset by setting ST_VRDETx = 1. The register LAT_CLR is
automatically initialized to LAT_CLR = 0 after setting LAT_CLR =1. (x =1, 2)
As with the drain-source overvoltage protection, if an overcurrent state continues, the IC may heat up or deteriorate, so if an
overcurrent state continues, take measures such as putting the IC into standby mode.
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*3: ST_VRDETx= 1 SPI Command Input (Register set) (x =1, 2)
*4: All ERRB output selection registers are set to their initial values.

Figure 36. Shunt Resistor Overvoltage Protection Timing Chart (LAT_VRDETx = 0)

VRDETX
(AINXP — AINXN) . . .
Voltage __>_1‘_ _*_14_ _,_14_
-2 “«--2__y
CP .........................................................................
VB
G1L-S1L, Constant Current L Constant Current L Constant Current
G2L-S2L  Operating ow Operating ow Operating

ST_VRDETx 3

LAT_CLR
_ | — *
(Register set) |_| 4 I_l

ERRB*5
(0: Protect, 1: Normal)

[Je—4 [

Protection

< »e >e
Normal Normal Protection Normal

*1: Blanking Time (FET_G1L_FLT, FET_G2L_FLT)
*2: Protect Period (FET_G1L_FLT, FET_G2L_FLT)
*3: ST_VRDETx= 1 SPI Command Input (Register set) (x = 1, 2)

*4: LAT_CLRis ignored during anomaly detection or during the Protect Period.

Figure 37. Shunt Resistor Overvoltage Protection Timing Chart (LAT_VRDETx = 1)

*5: All ERRB output selection registers are set to their initial values.
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Thermal Shutdown (TSD)
This protect function monitors for fault high IC temperature and performs TSD protective operation if the fault high IC
temperature is detected. If the junction temperature rises and exceeds (Ttspbp) = 175 °C (Typ), a TSD fault is detected, and it
is released when the junction temperature falls below (Ttspp - Ttsp_hys) = 160 °C (Typ). If this fault behavior is detected, the
gate driver output is pulled down to 160 kQ (Typ) and the charge pump output is also stopped. At this time, the protect function
sets the status register ST_TSD to '1'. How the protection operation is released depends on the setting value of the register
LAT_TSD.
When the register LAT_TSD = 0, if the charge pump circuit has not detected a reduced voltage when the TSD fault detection
is released, the gate driver output will recover automatically. If the charge pump circuit has detected a reduced voltage, the
gate driver output will recover by starting the charge pump circuit. To start the charge pump circuit, the register LAT_CLR =1
must be set.
When the register LAT_TSD = 1, the gate driver output will continue the protection operation even if the TSD fault detection is
released. To release the protection operation state, set the register LAT_CLR = 1 via SPI write, which will release the protection
operation, start the charge pump circuit, and restore the gate driver output. However, while the TSD fault is still detected, the
protection operation will not be released even if LAT_CLR = 1 is set. The value of the status register ST_TSD can be reset by
setting ST_TSD = 1.
After setting LAT_CLR = 1, the register LAT_CLR is automatically initialized to LAT_CLR = 0.

Global Status: OT

VCPUV VCPUV
VCP-DH ==========ns _ Undetected ~---v-uoooa-u N Detected -
Tl / % Pl
- N / il
Vepuvr = Vepuy hys 30V (Typ) . Pl
Trsoo 175°C (Typ) »/\\
Trsoo - Trso_hys 160 °C (Typ) ~
Temperature \
G1H-S1H, G2H-S2H, Constant Current| 160kQ (Typ)| Constant Current 160kQ (Typ) Constant Current
G1L-S1L, G2L-S2L  Operating Pulled down | Operating Pulled down Operating
ST_TSD « "1
LAT CLR |—|
(Register set)
ERRB *2
(0: Protect, 1: Normal)
Normal Protection Normal Protection Normal

*1: ST_TSD = 1 SPI Command Input (Register set)
*2: All ERRB output selection registers are set to their initial values.

Figure 38. Thermal Shutdown Timing Chart (LAT_TSD = 0)

VePUv VCPUV
VCP-DH =---------- . Undetected/_ ------------ \ Detected S —
o Tes J// x\ //’
Vepunr = Vepuv ys 30 V (Typ) . b
Trspp 175 °C (Typ)
Trsop = Trsp_nys 160 °C (Typ)
Temperature
G1H-S1H, G2H-S2H, Constant Current| 160kQ (Typ)|  Constant Current 160kQ (Typ) Constant Current
G1L-S1L, G2L-S2L Operating Pulled down |  Operating Pulled down Operating
ST_TSD "
LAT_CLR
(Register set) |_| |_|

ERRB *2

(0: Protect, 1: Normal)

> > »< » <
>« > < > < )

Normal Protection Normal Protection Normal

*1: ST_TSD =1 SPI Command Input (Register set)
*2: All ERRB output selection registers are set to their initial values.

Figure 39. Thermal Shutdown Timing Chart (LAT_TSD = 1)
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Thermal Warning (TW)
This protect function monitors the IC temperature and notifies if the temperature has reached a certain level. If the junction
temperature rises and exceeds (Ttwp) = 132.5 °C (Typ), a TW fault detected, and if it falls below (Ttwp - Ttw_nys) = 122.5 °C
(Typ), it is cleared. If a TW fault is detected, the IC is notified and it sets the status register ST_TW to '1". The status register
ST_TW can be reset by writing ST_TW = 1. Even if this fault or fault behavior is detected, the gate driver output and charge
pump continues to operate.
The operation of the error notification signal (ERRB) depends on the setting value of the register LAT_TW.
When the register LAT_TW = 0, the signal goes low when a TW fault is detected, and the ERRB signal automatically returns
to normal when it is cleared.
When the register LAT_TW = 1, the signal goes low when a TW fault is detected, and the signal continues to go low even after
it has been cleared. The fault notification (low output) can be released when no thermal warning is detected by setting the
register LAT_CLR = 1. After setting LAT_CLR = 1, the register LAT_CLR is automatically initialized to LAT_CLR = 0.

Global Status: OT

Trwp 132.5 °C (Typ)
Trwo - TTthys 122.5°C (Typ)

Temperature

VB

G1H-S1H, G2H-S2H,

G1L-S1L, G2L-S2L Constant Current Operating

"1

ST_TW

ERRB *2
(0: Protect, 1: Normal)

Normal

*1: ST_TW =1 SPI Command Input (Register set)
*2: All ERRB output selection registers are set to their initial values.

Figure 40. Thermal Warning Timing Chart (LAT_TW = 0)

Trwp 132.5 °C (Typ)
Trwo - TTW_hys 122.5°C (Typ)

Temperature

VB

G1H-S1H, G2H-S2H,
G1L-S1L, G2L-S2L

e *
ST_TW L L

ERRB *2
(0: Protect, 1: Normal)

Constant Current Operating

LAT CLR |_|
(Register set)

»
< >

Normal
*1: ST_TW =1 SPI Command Input (Register set)
*2: All ERRB output selection registers are set to their initial values.

Figure 41. Thermal Warning Timing Chart (LAT_TW = 1)
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Gate-Source Undervoltage Fault Detection (VGSUV)
When the gate driver output is set to High, this protect function monitors the reduced voltage between the gate and source of
the external MOS FET and performs VGSUV protection operation if it is detected. The VGSUV detection and protection
operations are independent for each gate driver output G1H, G1L, G2H, G2L, and each one operates separately. When the
upper and lower gate driver output High voltages (VexHHx, Vexihx) are being output, if the gate-source voltage of the external
MOS FET falls below (Vasuvp) = 3.0 V (Typ), a VGSUV fault is detected, and when it exceeds (Vasuwp) = 3.0 V (Typ), the
VGSUV fault detection is released. In addition, a blanking time (set by registers FET_GxH_FLT, FET_GxL_FLT) is provided to
prevent noise and false detection during gate driver output transitions. When a VGSUV fault is detected, only the gate driver
output where the fault or fault behavior was detected goes Low. At this time, the status register ST_VGS_Hx_UV (or
ST_VGS_Lx_UV) corresponding to the gate driver output where the VGSUV fault was detected is set to '1'. After it has been
detected, the gate driver output continues the protection operation for the time set in the Protect Period (protection operation
period. Set using the registers FET_GxH_FLT and FET_GxL_FLT).
How this protect operation is released depends on the setting values of the registers LAT_VGS_Hx and LAT_VGS_Lx. When
register LAT_VGS_Hx (or LAT_VGS_Lx) = 0, if VGSUV fault is released after the Protect Period, the gate driver output will
recover automatically, and if the detection of the VGSUV fault continues, protection operation will continue. (The timing of self-
recovery depends on the time set in the Protect Period). When the register LAT_VGS_Hx (or LAT_VGS_Lx) = 1, the gate
driver output continues the protection operation even if the VGSUV fault is released after the Protect Period. To release the
protection operation state, set the register LAT_CLR = 1 via SPI write to release the protection operation. However, during the
Protect Period or while VGSUYV fault is still being detected, the protection operation will not be released even if LAT_CLR = 1
is set.
The value of the status register can be reset by writing ST_VGS_Hx_UV =1 (or ST_VGS_Lx_UV = 1). The value of the register
LAT_CLR is automatically initialized to LAT_CLR = 0 after LAT_CLR = 1 is set.
(x=1,2)

Global Status: VGS

Gate-Source Short

NoFaur “Z5 7T NoFaut s« _Gate-SourceShort _ . NoFaut __
(Gate-Source)
Voltage
VGSUVD
3.0V (Typ)
_’*1 1 *1
-2 «-2_ 5 -2
[0 e e e e e el Sl b b
VB

ST_VGS_Hx_UV .
ST_VGS_Lx_UV '_4”
ERRB *5 |
(0: Protect, 1: Normal)

Normal Protection Normal Protection Protection Normal
Normal
*1: Blanking Time (FET_GxH_FLT, FET_GxL_FLT) (x =1, 2) *5: All ERRB output selection registers are set to their initial values.
*2: Protect Period (FET_GxH_FLT, FET_GxL_FLT) (x =1, 2)
*3: ST_VGS_Hx_UV =1 or ST_VGS_Lx_UV = 1 SPI Command Input (Register set) (x =1, 2)
*4: This “Gate Control Signal " is output of internal logic circuit.

Figure 42. Gate-Source Undervoltage Fault Detection Timing Chart (LAT_VGS_Hx = 0, LAT_VGS_Lx =0)

‘Z’jteCO"”O'Sig”a' High Low High | Low I—I Low High

Gate-Source Short

MNoFaut _ oy ] NoFaul ______ by CateSourceShort | NoFaut __
(Gate-Source)
Voltage
VGSUVD
3.0V (Typ)
S S
-« 45 Y «--Lo. >
[0 R i R R it D e Bttt
VB
Gate Control Signal High Low High | Low

*5 High
ST_VGS_Hx_UV
ST_VGS_Lx_UV |<: 3
LAT_CLR . .
(Register set) ﬂ 4 |_| |_| 4 |_|

ERRB *6 |
(0: Protect, 1: Normal)

> > ) >

Normal Protection Normal Protection Normal

*1: Blanking Time (FET_GxH_FLT, FET_GxL_FLT) (x =1, 2) *5: This “Gate Control Signal ” is output of internal logic circuit.

*2: Protect Period (FET_GxH_FLT, FET_GxL_FLT) (x =1, 2) *6: All ERRB output selection registers are set to their initial values.
*3: ST_VGS_Hx_UV=10r ST_VGS_Lx_UV =1 SPI Command Input (Register set) (x = 1, 2)

*4: LAT_CLR s ignored during anomaly detection or during the Protect Period.

Figure 43. Gate-Source Undervoltage Fault Detection Timing Chart (LAT_VGS_Hx =1, LAT_VGS Lx =1)
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Gate-Source Overvoltage Fault Detection (VGSOV)
When the gate output is set to low, this protect function of the device monitors the overvoltage between the gate and source
of the external MOS FET and performs VGSOQV protection operation if it is detected. The VGSOV detection and protection
operations are independent for each gate driver output G1H, G1L, G2H, G2L, and each one operates separately. When the
upper and lower gate driver output low voltages (VexHix, VexLix) are being output, if the gate-source voltage of the external
MOS FET exceeds (Vaesovp) = 1.2 V (Typ), a VGSOV fault is detected. When it falls below (Vesowp) = 1.2 V (Typ), the VGSOV
fault detection is released. In addition, a blanking time (set by registers FET_GxH_FLT, FET_GxL_FLT) is provided to prevent
noise and false detection during gate driver output transitions. When a VGSOV fault is detected, only the gate driver output
where the fault or fault behavior was detected is pulled down to 160 kQ (Typ). At this time, the status register ST_VGS_Hx_OV
(or ST_VGS_Lx_OV) corresponding to the gate driver output where the VGSOV fault was detected is set to '1". After it has
been detected, the gate driver output continues the protection operation for the time set in the Protect Period (protection
operation period. Set using the registers FET_GxH_FLT and FET_GxL_FLT).
How this protection operation is released depends on the setting values of the registers LAT_VGS_Hx and LAT_VGS_Lx.
When register LAT_VGS_Hx (or LAT_VGS_Lx) =0, if VGSOV fault is released after the Protect Period, the gate driver output
will recover automatically, and if the detection of the VGSQV fault continues, protection operation will continue. (The timing of
self-recovery depends on the time and timing set in the Protect Period.) When the register LAT_VGS_Hx (or LAT_VGS_Lx) =
1, the gate driver output continues the protection operation even if the VGSOV fault is released after the Protect Period. To
release the protection operation state, set the register LAT_CLR = 1 via SPI write to release the protection operation. However,
during the Protect Period or while VGSOV fault is still being detected, the protection operation will not be released even if
LAT_CLR =1 is set.
The value of the status register can be reset by writing the register ST_VGS_Hx_OV =1 (or ST_VGS_Lx_OV = 1). The value
of the register LAT_CLR is automatically initialized to LAT_CLR = 0 after setting LAT_CLR = 1.

(x=1,2)
Global Status: VGS
VCP-GxH Short VCP-GxH Short
VCC-GxL Short VCC-GxL Short,
NoFaut_ "0 &y —_ NoFaut e pe———__NoFaut_____
Vesowo 1-2 V(Typ)
(Gate-Source)
Voltage *1 *1 *1
PR PR
0] g g
VB
Gate Control Signal *4 High Low High Low High
ST_VGS_Hx_OV .
ST_VGS_Lx_OV N
ERRB *5
(0: Protect, 1: Normal)
Normal o Protection i Normal i Protection Normal

*1: Blanking Time (FET_GxH_FLT, FET_GxL_FLT) (x = 1, 2) *4: This “Gate Control Signal " is output of internal logic circuit.
*2: Protect Period (FET_GxH_FLT, FET_GxL_FLT) (x =1, 2) *5: All ERRB output selection registers are set to their initial values.
*3: ST_VGS_Hx_OV =1 or ST_VGS_Lx_OV =1 SPI Command Input (Register set) (x = 1, 2)

Figure 44. Gate-Source Overvoltage Fault Detection Timing Chart (LAT_VGS_Hx = 0, LAT_VGS_Lx =0)

VCP-GxH Short VCP-GxH Short
VCC-GxL Short VCC-GxL Short
L\lch_au_lt___pq_w___Eo_Féu_lt____.>4______><______NO_FE% _____

Vesovn 1.2 V(Typ)

(Gate-Source)

Voltage —>— —>—
€S > DI, >
S
VB
C:gte Control Signal High Low High Low High
ST_VGS_Hx_OV — *3
ST_VGS_ Lx_OV
LAT CLR [le—= ] [ Je— 4 N
(Register set)
ERRB *6
(0: Protect, 1: Normal) R - > —
Normai "7 Protection '~ Normal Protection "7 Normal

*1: Blanking Time (FET_GxH_FLT, FET_GxL_FLT) (x=1, 2) *5: This “Gate Control Signal " is output of internal logic circuit.

*2: Protect Period (FET_GxH_FLT, FET_GxL_FLT) (x =1, 2) *6: All ERRB output selection registers are set to their initial values.
*3: ST_VGS_Hx_OV =1 or ST_VGS_Lx_OV =1 SPI Command Input (Register set) (x = 1, 2)

*4: LAT_CLR is ignored during anomaly detection or during the Protect Period.

Figure 45. Gate-Source Overvoltage Fault Detection Timing Chart (LAT_VGS_Hx =1, LAT_VGS Lx =1)
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Dead Time Protection
The gate-source voltage of the external MOS FET is monitored to prevent the upper and lower MOS FET from being turned
on at the same time. In H-bridge control mode, the gate driver control signals GxH and GxL are controlled while monitoring
the gate-source voltage. When turning on the upper MOS FET, the upper MOS FET is turned on after it has confirmed that the
lower MOS FET is turned off. Conversely, when turning on the lower MOS FET, the lower MOS FET is turned on after it has
confirmed that the upper MOS FET is turned off. The monitoring circuit for this gate-source voltage has a comparator delay
toropa2, and since the gate-source voltage cannot be monitored accurately during this tpropa2 time, a dead time of 2 us (Typ) is
forcibly inserted to prevent shoot-through current in the MOS FET, preventing the generation of shoot-through current due to
incorrect recognition of the gate driver-source voltage (See Figure 46. Dead Time Protection Timing Chart (No VGS
Response) ). As a result, there may be a difference in the PWM Duty of the PWM input signal and the motor drive output signal.
Note that the signal input to the PWMx pin is synchronized with the internal clock, so a synchronization delay time (tsyn) also
occurs.
The minimum pulse width of the PWM Low output is the total time towmi, which is the time it takes for the gate driver circuit to
respond after the control logic circuit turns on the gate driver output control signal (tpropat), the rise and fall times of the gate
driver signal, the VGS comparator response time tpropaz, the time it takes for the opposite side gate driver circuit to respond
(tpropat), the Dead Time protection time tpropazmask 2 Ps (Typ), the time it takes for the gate driver circuit to respond (tpropat), and
the internal clock synchronization delay time (tsyn) of the PWMx pin input signal. (See Figure 47. Dead Time Protection Timing
Chart (with VGS response) ).
The rise and fall times of the gate driver signals vary depending on the gate driver output current settings (set in registers
CUR_SO_HxSEL, CUR_SO_Hx, CUR_SI_HxSEL, CUR_SI_Hx, CUR_SO_LxSEL, CUR_SO_Lx, CUR_SI_LxSEL,
CUR_SI_Lx) and the capacitance value of the MOS FET, so please verify these values in your system and determine the
PWM frequency and duty before performing PWM control.

PWMx I |—| L

Propagation Delay <—» ‘«—» Propagation Delay
(tsyn * toropat) (tsyn * toropat)
GxH-SxH
Threshold Voltage
-, (Vasovo)
» t
<«—— Dead Time Protection Period
GxH VGS Comp t
N propazmask
(Internal Signal) > t
P "
ropagation Delay
tsyn + toropat
toeap * toropat
towmi
GxL-SxL
Threshold Voltage
(Vesovo)
>t
Comparator Delay <+——» «—»'Comparator Delay
tor
GxL VGS Comp % bropa2 oropaz
(Internal Signal) ‘ | I -
>t

Figure 46. Dead Time Protection Timing Chart (No VGS Response)
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>t

Compgrator Delay Comparator Delay
toropaz toropaz
GxL VGS Comp 4
(Internal Signal) ‘ | I_‘

L

Figure 47. Dead Time Protection Timing Chart (with VGS response)
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SPI Transfer Error (SPI_FAIL)
This protect function monitors SPI transfer and protective action is taken. An SPI fail fault is detected if there are other than 16
SCK clock pulses while CSB is low. At this time, the status register ST_SPI = 1 is set. The status register ST_SPI is updated
every time CSB rises. The status register ST_SPI can be reset by writing ST_SPI = 1. Note that the gate driver output will not
be turned off even if fault is detected.

Global Status: SPI_FL
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Register Map
The table below lists the register map. The registers can be set by SPI.

R/W |Address DATA bit -
. Initial
Description Val
15 | 14-8 7 6 5 4 3 2 1 0 alue
Software W 00h Software Reset 00h
Reset
Fault
Protection | vy | o1n . : : : - - LAT.CIR| - 00h
State
Reset
Enable DRV_
Sotings |RW| 02h - - - - - cpEN | 28V | csEN | o2n
S'Z't?iﬂgs RW| 03h |G2H_SEL| G2H_FIX G2L_SEL G2L FIX |G1H_SEL| G1H_FIX | GIL_SEL GIL_FIX | 00h
Fault ST ST ST ST ST ST ST ST
status1 | VW) 04" 1 yepUv | DHOV | vBOV | VvBUV | vcov | veuv | TW Tsp | 94h
Fault ST ST ST ST ST ST ST
status2 | VW 05" \ypsTH2 | vDs L2 | vDS H1 | vDSL1 | SPI * | VRDET2 | VRDET1 | 90N
Fau ST ST ST ST ST ST ST ST
st |RW/| 06h |VGS H2_|VGS_L2_|VGS_H2_| VGS_L2 VGS_H1_ VGS L1_|VGS_H1_|VGS_L1_| 00h
ov ov uv UV ov ov uv uv
Latch LAT | LAT_ | LAT_ | LAT_
Settings1 |N/W/| 07h - DHUV | VBOV | VBUV | VCOV - LAT_TW | LAT_TSD | 00h
Latch | oovl ogn | LAT_ | LAT_ | LAT_ | LAT ) ) LAT_ | LAT_ | o
Settings2 VDS _H2 | vDS L2 | vDS_H1 | VDS L1 VRDET2 | VRDET1
Latch LAT | LAT_ LAT | LAT.
Settings3 |N/W/| 09h - © | VGS_H2 | VGS 12 - © |ves A1 | ves 11| 0N
Mask MASK_ | MASK_ | MASK_ | MASK_ | MASK_
Settings1 |VW| OAM | yepuV | DHUV | VBOV | VBUV | vCOV - - - 00h
Mask | ovl omn | MASK_ | MASK_ | MASK_ | MASK_ ) ) MASK_ | MASK_ | o
Settings2 VDS_H2 | VDS L2 | VDS _H1 VDS L1 VRDET2 | VRDET1
Mask MASK_ | MASK_ MASK_ | MASK_
Settings3 |F/W| 0Ch - - VGS_H2 | VGS_ L2 - © |ves H1 | ves L1 | 9o
Flag FLG. | FLG_ | FLG_ | FLG_ | FLG_
Settingst |WW| 0P | yepGyv | DHUV | vBOV | VBUV | VCOV - |FLG_TW FLG_TSD| FBh
Flag v ogn | FLG. | FLG_ | FLG_ | FLG_ | FLG ) FLG_ | FLG_ | e
Settings2 VDS _H2 | VDS L2 | VDS _H1| VDS L1 | SPI VRDET2 | VRDET1
Flag FLG_ | FLG_ FLG_ | FLG_
Settings | VW /| OFh - © | VGS_H2  VGS L2 - © | ves H1 ves L1 38N
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Register Map - continued

R/W |Address DATA bit -
L Initial
Description Val
15 | 14-8 7 6 5 4 3 2 1 0 alue

Output CUR SO | CUR CUR CUR CUR CUR CUR CUR
Current |R/W/| 10h == — — — s - - - FFh
Settinast H1SEL |SO_H1[2]/SO_H1[1] SO_H1[0]/SI_H1SEL SI_H1[2]| SI_H1[1] | SI_H1 0]
Output CUR SO | CUR CUR CUR CUR CUR CUR CUR
Current |R/W| 11h == — — — — = - - - FFh

. L1SEL |SO_L1[2]/SO_L1[1] SO_L1[0]|SI_L1SEL| S| L1[2] | SI_L1[1] | SI_L1 0]
Settings2

Output CUR SO | CUR CUR CUR CUR CUR CUR CUR
Current |R/W| 12h == — — — g -, -y - FFh
Settinasa H2SEL |SO_H2 [2]|SO_H2 [1]'SO_H2 [0] SI|_H2SEL| SI_H2 2] | SI_H2[1] | SI_H2 [0]
Output CUR SO_| CUR CUR CUR CUR CUR CUR CUR
Current |R/W| 13h = — — — = - - —- FFh
Settmsd L2SEL SO _L2[2]/SO_L2[1]/SO_L20]|SI_L2SEL | SI L2 2] | S| L2 ] | SI_L2[0]
Analog MODE_ | VBOV CHP_ CSAMP_ | CSAMP_ | CSAMP
Settings1 | VW 140 | TsEL T | sELT - FREQ_ - REF | GAIN[1] | caNfo] | TP

DFU_EN
Dead Time TDEAD | TDEAD | TDEAD | TDEAD

Setting | VW| 16h - - - - [3] 2] 1] [0] 00h

VDS VDS_ | VvDS_ | VDS_ ) vDS_ | vDS_ | VvDs_
Settings1 | VW] 17h - H1[2] | H1[] | H1[0] L1[2] | L[] | Lo | 440

VDS VDS | VDS_ | VDS_ VDS_ | vDS_ | vDs_
Settings2 |R/W| 18N - H2[2] | H2[] | H2[0] - L2[2] | L2p] | L2po] | 44M
Szﬁiﬁgs RW!| 19h - |RDET2[2] RDET2[1] RDET2[0]] -  |RDET1[2]|RDET1 [1] RDET1[0]| 44h
VDS, VGS,

RDET | mwy 1an |FET_G1H|FET_G1H FET_G1H FET_G1H|FET_GIL|FET_GIL FET_GIL|FET GIL| ..
Blanking FIT[R] | _FLT[2] | _FOT[(] | _FLT[0] | _FLT[3] | _FLT[2]  _FLTH] | _FLT0]
Settings1
VDS, VGS,

RDET | mny 1gn |FET_G2H FET_G2H FET_G2H FET_G2H|FET_G2L|FET G2l FET_G2L|FET G2L| 4.
Blanking FIT[3] | _FLT[2] | _FOT[(M] | _FLT[0] | _FLT[3] | _FLT[2]  _FLTH] | _FLTI0]
Settings2
DHUV

: DHUV_ | DHUV_ | DHUV_ | DHUV_

Blanking |R/W| 1Ch - - - - FLT[3] | FLT[2] | FLT(M] | FLTo] | 20N
Setting
i e

W | 1Eh ; ; ; - OS EN | OS__ |SET OS2|SET 0s1| 00h

SHORT

START

Check
gg,aéﬁ/ ST ST ST ST ST - -
shorr | R | 1Fn ; OSCHK_ | OSCHK_| OSCHK_ | OSCHK_ | OSCHK_ | satimies | oseriki | 00N

STEP[2] | STEP[1] | STEP[0] | END FAIL
Status
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BD16953MUF-C Datasheet

Address = 00h <Software Reset>

DATA bit
Address R/W
7 | e | s | a4 | 3 | 2 | 1 1] o
00h w Software Reset
Initial Value | 00h 0 0 0 o | o | o | o | o

Software reset command. Initialization of the digital block is performed. All registers are initialized. 5Ah of data is sent to
perform a software reset. When EN = H, the software reset command can be used.

Address = 01h <Fault Protection State Reset>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
01h w - - - - - - LAT CLR -
Initial Value 00h 0 0 0 0 0 0 0 0

LAT_CLR: Set LAT_CLR = 1 if you want to return from protection state after fault is detected.
The value of LAT_CLR is automatically initialized to '0' after being set to '1'. Note that while fault is being
detected or during protection operation due to the Protect Period, the protection state will not be released even if
LAT_CLR =1 is set. Protection operation will continue.

Address = 02h <Enable Settings>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
02h R/W - - - - - CP_EN |DRV_GHIZ| CS _EN
Initial Value 02h 0 0 0 0 0 0 1 0

CP_EN: Charge Pump enable
0: Boost operation is stopped and G1H and G2H are pulled down by 160 kQ (Typ).
G1L and G2L operate according to the setting.
1: Starts boost operation, and G1H and G2H can also output.

DRV_GHIZ: Gate driver output enable
0: G1H, G2H, G1L, and G2L outputs operate according to the setting.
1: G1H, G2H, G1L, and G2L are pulled down by 160 kQ (Typ).

CS_EN: Current detection amplifier enable
0: AOUT1 and AOUT2 are Hi-Z.
1: AOUT1 and AOUT2 amplify and output the input difference between AIN1P, AIN1N, AIN2P and AIN2N.
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BD16953MUF-C Datasheet

Address = 03h <Mode Settings>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
03h R/W | G2H_SEL | G2H_FIX | G2L_SEL | G2L_FIX | G1H_SEL | G1H_FIX | G1L_SEL | G1L_FIX
Initial Value 00h 0 0 0 0 0 0 0 0

Each gate driver output can be driven High or Low by PWM input signal or SPI register setting value.

G2H_SEL, G2L_SEL, G1H_SEL, G1L_SEL
Changes the control mode of each gate driver output.
0: Each gate driver output is output according to the value set by the following register G1H_FIX, G1L_FIX, G2H_FIX,
G2L_FIX.
1: Each gate driver output is output according to the input value of the PWM1 and PWM2 pins.

G2H_FIX, G2L_FIX, G1H_FIX, G1L_FIX
When G2H_SEL, G2L_SEL, G1H_SEL, G1L_SEL = 0, controls the logic of the gate driver outputs.
When G2H_SEL, G2L_SEL, G1H_SEL, G1L_SEL = 1, the set value has no effect on the gate driver outputs.
0: Gate driver output is Low.
1: Gate driver output is High.

For details about the control modes, refer to Table 6 below. For information about PWM control, refer to the chapter on PWM
control. Note that combinations not listed in Table 6 below are prohibited from use. When set to prohibited conditions, all gate
driver outputs will be set to low.

Table 6. Gate Driver Output Control Mode

Gate Driver Output Control Mode Configuration

No.| MSEE | SEL hix | seC | P | O | et | GE| x| ser | Fx | 92 | 62 | o
1 0 0 0 0 Low | Low 0 0 0 0 Low | Low

2 0 0 1 X Low |PWM1 0 0 1 X Low |PWM2

3 0 0 0 1 Low | High 0 0 0 1 Low | High %
4 1 X 0 0 |PWM1| Low 1 X 0 0 |[PWM2| Low %

5 0 1 X 0 1 PWM1 | High 1 X 0 1 PWM2| High %
6 0 1 0 0 High | Low 0 1 0 0 High | Low é

7 0 1 1 X High |PWM1 0 1 1 X High |PWM2

8 0 1 0 1 High | High 0 1 0 1 High | High

9 1 X 1 X PWM1 | PWMA1 1 X 1 X PWM2 | PWM2

10 0 0 0 0 Low | Low 0 0 0 0 Low | Low

1 0 1 0 0 High | Low 0 1 0 0 High | Low _
12 0 0 0 1 Low | High 0 0 0 1 Low | High g
13 1 0 1 0 0 High | Low 0 0 0 1 Low | High §
14 0 0 0 1 Low | High 0 1 0 0 High | Low ;’:
15 1 X 0 0 |PWM1| Low 0 0 0 1 Low | High

16 0 0 0 1 Low | High 1 X 0 0 PWM2| Low

17 1 X 1 x |PWM1|PWM1 1 X 1 x |PWM2|PWM2
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BD16953MUF-C Datasheet

Address = 04h <Fault Status1>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
04h RIW ST ST ST ST ST_ ST ST_ ST_
VCPUV DHUV VBOV VBUV VCQV VCUV TW TSD
Initial Value 04h 0 0 0 0 0 1 0 0

This is a status register that indicates the results of each detected fault.
0: No fault detected
1: Fault detected

ST_VCPUV : VCP Undervoltage Detection results
ST_DHUV  : DH Undervoltage Detection results
ST_VBOV  :VB Overvoltage Detection results
ST_VBUV  :VB Undervoltage Detection results
ST_VCOV :VCC Overvoltage Detection results
ST_VCUV  :VCC Undervoltage Detection results
ST TW : Thermal Warning Detection results
ST_TSD : Thermal Shutdown Detection results

Writing 1 to each register ST_XXX (status register) resets the fault detection result to 0. The corresponding global status
register is also reset. Note that while fault is being detected or during a protection period set by the Protect Period, the status
register cannot be reset to 0 even if ST_XXX = 1 is set. It will still continue to be detected.

Only the register ST_VCUV has a different initial value than the other status registers. The initial value is ST_VCUV = 1 (fault
detected), so it is necessary to set the value to ST_VCUV = 0 once. If a VCUV fault is detected after that, it will be reset to
ST_VCUV = 1. Note that if a VCC undervoltage fault behavior is detected, the entire LOGIC circuit is reset, and so the values
of other fault status registers and settings are also reset.

Address = 05h <Fault Status2>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
05h RIW ST_ ST_ ST_ ST_ ST_ ) ST_ ST_
VDS H2 VDS L2 VDS H1 VDS L1 SPI VRDET2 | VRDET1
Initial Value 00h 0 0 0 0 0 0 0 0

This is a status register that indicates the results of each detected fault.
0: No fault detected
1: Fault detected

ST_VDS_H2 : External MOS FET (DH-S2H) Overcurrent (Overvoltage) detection result
ST_VDS_L2 : External MOS FET (S2H-S2L) Overcurrent (Overvoltage) detection result
ST_VDS_H1 : External MOS FET (DH-S1H) Overcurrent (Overvoltage) detection result
ST_VDS_L1 : External MOS FET (S1H-S1L) Overcurrent (Overvoltage) detection result
ST_SPI : SPI transfer error detection result

ST_VRDET2 : Shunt Resistor (AIN2P-AIN2N) Overcurrent (Overvoltage) detection result
ST_VRDET1 : Shunt Resistor (AIN1P-AIN1N) Overcurrent (Overvoltage) detection result

Writing 1 to each register ST_XXX (status register) resets the fault detection result to 0. The corresponding global status
register is also reset. Note that while fault is being detected or during a protection period set by the Protect Period, the status
register cannot be reset to 0 even if ST_XXX = 1 is set. It will still continue to be detected.
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BD16953MUF-C Datasheet

Address = 06h <Fault Status3>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
06h RIW ST VGS_H|ST _VGS L|ST VGS H|ST VGS L|ST VGS H|ST_VGS L|ST VGS HST VGS L1
2 OV 2 OV 2 UV 2 UV 1 0V 1 0V 1 UV UV
Initial Value 00h 0 0 0 0 0 0 0 0

This is a status register that indicates the results of each detected fault.
0: No fault detected
1: Fault detected

ST_VGS_H2_0OV: G2H VGS Overvoltage Detection result
ST_VGS_L2_0OV : G2L VGS Overvoltage Detection result
ST_VGS_H2_UV: G2H VGS Undervoltage Detection result
ST_VGS_L2_UV : G2L VGS Undervoltage Detection result
ST_VGS_H1_0OV: G1H VGS Overvoltage Detection result
ST_VGS_L1_0OV : G1L VGS Overvoltage Detection result
ST_VGS_H1_UV: G1H VGS Undervoltage Detection result
ST_VGS_L1_UV : G1L VGS Undervoltage Detection result

Writing 1 to each register ST_XXX (status register) resets the fault detection result to 0. The corresponding global status
register is also reset. Note that while fault is being detected or during a protection period set by the Protect Period, the status
register cannot be reset to 0 even if ST_XXX = 1 is set. It will still continue to be detected.
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BD16953MUF-C Datasheet

Address = 07h <Latch Settings1>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
LAT _ LAT _ LAT _ LAT _
07h R/W - DHUV VBOV VBUY VCOV - LAT_TW | LAT_TSD
Initial Value 00h 0 0 0 0 0 0 0 0

It is possible to select the protective action to be taken when fault is detected and the mode of the error notification signal
(ERRB).
0: Automatic recovery mode. Output operation is automatically restored when the fault or fault condition is resolved.
1: Latch Mode. Even if the abnormal condition is resolved, the protection operation continues until the SPI
command (LAT_CLR) is set.

LAT_DHUV : Protection operation after DH undervoltage detection and error notification signal mode selection.
LAT_VBOV : Protection operation after VB overvoltage detection and error notification signal mode selection.
LAT_VBUV : Protection operation after VB undervoltage detection and error notification signal mode selection.
LAT_VCOV : Protection operation after VCC overvoltage detection and error notification signal mode selection.
LAT_TW  : After thermal warning detection, error notification signal mode selection.

LAT_TSD : Protection operation after Thermal Shutdown detection and error notification signal mode selection.

Address = 08h <Latch Settings2>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
08h RIW LAT VDS_|LAT VDS _L|LAT VDS |[LAT_VDS L ) . LAT_VRDE [LAT_VRDE
H2 2 H1 1 T2 T1
Initial Value 00h 0 0 0 0 0 0 0 0

It is possible to select the protective action to be taken when fault is detected and the mode of the error notification signal
(ERRB).
0: Automatic recovery mode. Output operation is automatically restored when the fault or fault condition is resolved.
1: Latch Mode. Even if the abnormal condition is resolved, the protection operation continues until the SPI
command (LAT_CLR) is set.

LAT_VDS_H2: Protection operation after External MOS FET (DH-S2H) Overcurrent (Overvoltage) detection and error
notification signal mode selection.

LAT_VDS_L2 : Protection operation after External MOS FET (S2H-S2L) Overcurrent (Overvoltage) detection and error
notification signal mode selection.

LAT_VDS_H1: Protection operation after External MOS FET (DH-S1H) Overcurrent (Overvoltage) detection and error
notification signal mode selection.

LAT_VDS_L1 : Protection operation after External MOS FET (S1H-S1L) Overcurrent (Overvoltage) detection and error
notification signal mode selection.

LAT_VRDET2: Protection operation after Shunt Resistor (AIN2P-AIN2N) Overcurrent (Overvoltage) detection and error
notification signal mode selection.

LAT_VRDET1: Protection operation after Shunt Resistor (AIN1P-AIN1N) Overcurrent (Overvoltage) detection and error
notification signal mode selection.
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BD16953MUF-C Datasheet

Address = 09h <Latch Settings3>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
LAT_VGS_[LAT VGS L LAT_VGS_[LAT VGS_L
09h RIW - - H2 2 - - H1 1
Initial Value 00h 0 0 0 0 0 0 0 0

It is possible to select the protective action to be taken when fault is detected and the mode of the error notification signal

(ERRB).

0: Automatic recovery mode. Output operation is automatically restored when the fault or fault condition is resolved.
1: Latch Mode. Even if the abnormal condition is resolved, the protection operation continues until the SPI

command (LAT_CLR) is set.

LAT_VGS_H2: Protection operation after External MOS FET (G2H-S2H) voltage detection and error notification signal

mode selection.

LAT_VGS_L2: Protection operation after External MOS FET (G2L-S2L) voltage detection and error notification signal

mode selection.

LAT_VGS_H1: Protection operation after External MOS FET (G1H-S1H) voltage detection and error notification signal

mode selection.

LAT_VGS_L1 : Protection operation after External MOS FET (G1L-S1L) voltage detection and error notification signal

mode selection.
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BD16953MUF-C Datasheet

Address = 0Ah <Mask Settings1>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
0Ah RIW MASK _ MASK _ MASK _ MASK _ MASK _ ) ) )
VCPUV DHUV VBOV VBUV VCQV
Initial Value 00h 0 0 0 0 0 0 0 0

The detection operation of each protection can be selected.
0: Fault Detection Enable. If the specified fault or fault condition occurs, it is detected, and protective action is taken.
1: Fault Detection Disable. Even if the specified fault or fault condition occurs, it is not detected.

MASK_VCPUV : VCP Undervoltage Detection Mask Select
MASK_DHUV  : DH Undervoltage Detection Mask Select
MASK_VBOV  : VB Overvoltage Detection Mask Select
MASK_VBUV  : VB Undervoltage Detection Mask Select
MASK_VCOV  :VCC Overvoltage Detection Mask Select

Address = 0Bh <Mask Settings2>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
0Bh RIW MASK_ MASK _ MASK_ MASK_ ) ) MASK _ MASK _
VDS H2 VDS L2 VDS H1 VDS L1 VRDET2 | VRDET1
Initial Value 00h 0 0 0 0 0 0 0 0

The detection operation of each protection can be selected.
0: Fault Detection Enable. If the specified fault or fault condition occurs, it is detected, and protective action is taken.
1: Fault Detection Disable. Even if the specified fault or fault condition occurs, it is not detected.

MASK_VDS_H2 : External MOS FET (DH-S2H) Overcurrent (Overvoltage) Detection Mask Select
MASK_VDS_L2 : External MOS FET (S2H-S2L) Overcurrent (Overvoltage) Detection Mask Select
MASK_VDS_H1 : External MOS FET (DH-S1H) Overcurrent (Overvoltage) Detection Mask Select
MASK_VDS_L1 : External MOS FET (S1H-S1L) Overcurrent (Overvoltage) Detection Mask Select
MASK_VRDET2 : Shunt Resistor (AIN2P-AIN2N) Overcurrent (Overvoltage) Detection Mask Select
MASK_VRDET1 : Shunt Resistor (AIN1P-AIN1N) Overcurrent (Overvoltage) Detection Mask Select

Address = 0Ch <Mask Settings3>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
MASK_VGS|MASK_VGS MASK_VGS|MASK_VGS
0Ch RIW - - H2 L2 - - HA X
Initial Value | 00h 0 0 0 0 0 0 0 0

The detection operation of each protection can be selected.
0: Fault Detection Enable. If the specified fault or fault condition occurs, it is detected, and protective action is taken.
1: Fault Detection Disable. Even if the specified fault or fault condition occurs, it is not detected.

MASK_VGS_H2 : External MOS FET (G2H-S2H) Voltage Detection Mask Select
MASK_VGS_L2 : External MOS FET (G2L-S2L) Voltage Detection Mask Select
MASK_VGS_H1 : External MOS FET (G1H-S1H) Voltage Detection Mask Select
MASK_VGS_L1 : External MOS FET (G1L-S1L) Voltage Detection Mask Select
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BD16953MUF-C Datasheet

Address = 0Dh <Flag Settings1>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
0Dh RIW FLG_ FLG_ FLG_ FLG_ FLG_ ) FLG_ FLG_
VCPUV DHUV VBOV VBUV VCQV TW TSD
Initial Value FBh 1 1 1 1 1 0 1 1

ERRB pin output operation can be selected.
0: Fault detection does not output to ERRB pin.
1: Fault detection outputs to ERRB pin.

FLG_VCPUV :VCP Undervoltage Detection ERRB output select
FLG_DHUV : DH Undervoltage Detection ERRB output select
FLG_VBOV : VB Overvoltage Detection ERRB output select
FLG_VBUV : VB Undervoltage Detection ERRB output select
FLG_VCOV : VCC Overvoltage Detection ERRB output select
FLG_TW : Thermal Warning Detection ERRB output select
FLG_TSD : Thermal Shutdown Detection ERRB output select

Address = OEh <Flag Settings2>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
OEh RIW FLG_ FLG_ FLG_ FLG_ FLG_ ) FLG_ FLG_
VDS H2 VDS L2 VDS _H1 VDS L1 SPI VRDET2 | VRDET1
Initial Value FBh 1 1 1 1 1 0 1 1

ERRB pin output operation can be selected.
0: Fault detection does not output to ERRB pin.
1: Fault detection outputs to ERRB pin.

FLG_VDS_H2 : External MOS FET (DH-S2H) Overcurrent (Overvoltage) Detection ERRB output select
FLG_VDS_L2 : External MOS FET (S2H-S2L) Overcurrent (Overvoltage) Detection ERRB output select
FLG_VDS_H1 : External MOS FET (DH-S1H) Overcurrent (Overvoltage) Detection ERRB output select
FLG_VDS_L1 :External MOS FET (S1H-S1L) Overcurrent (Overvoltage) Detection ERRB output select
FLG_SPI : SPI transfer error Detection ERRB output select

FLG_VRDET2 : Shunt resistance (AIN2P-AIN2N) Overcurrent (Overvoltage) Detection ERRB output select
FLG_VRDET1 : Shunt resistance (AIN1P-AIN1N) Overcurrent (Overvoltage) Detection ERRB output select

Address = 0Fh <Flag Settings3>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
FLG_VGS | FLG_VGS FLG_VGS | FLG_VGS
OFh RIW - - “H2 T2 - - HA 1
Initial Value | 33h 0 0 1 1 0 0 1 1

ERRB pin output operation can be selected.
0: Fault detection does not output to ERRB pin.
1: Fault detection outputs to ERRB pin.

FLG_VGS_H2 : External MOS FET (G2H-S2H) Voltage Detection ERRB output select
FLG_VGS_L2 : External MOS FET (G2L-S2L) Voltage Detection ERRB output select
FLG_VGS_H1 : External MOS FET (G1H-S1H) Voltage Detection ERRB output select
FLG_VGS_L1 : External MOS FET (G1L-S1L) Voltage Detection ERRB output select
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BD16953MUF-C Datasheet

Address = 10h <Output Current Settings1>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
10h RIW CUR_ CUR_ CUR_ CUR_ CUR_ CUR_ CUR_ CUR_
SO _H1SEL| SO H1[2] | SO H1[1] | SO H1[0] | SI H1SEL | SI H1[2] | SI H1[1] | SI_H1[0]
Initial Value FFh 1 1 1 1 1 1 1 1

CUR_SO_H1SEL : Gate Driver Output G1H Source Current Range Setting
CUR_SO_H1 [2:0] : Gate Driver Output G1H Source Current Setting
CUR_SI_H1SEL : Gate Driver Output G1H Sink Current Range Setting
CUR_SI_H1 [2:0] : Gate Driver Output G1H Sink Current Setting

Table 7. Gate Driver Output Source/Sink Current Settings

CUR_SO_HxSEL CUR_SO_Hx [2:0]

CUR_SI_HxSEL CUR_SI_Hx [2:0] Source Current

CUR_SO_LxSEL CUR_SO_Lx [2:0] Sink Current

CUR_SI_LxSEL CUR_SI_Lx [2:0]

X=1,2) X=1,2)
Oh 1.50 mA
1h 1.75 mA
2h 2.00 mA
0 3h 2.50 mA
4h 3.00 mA
5h 4.00 mA
6h 6.00 mA
7h 10.00 mA
Oh 4.50 mA
1h 5.25 mA
2h 6.00 mA
1 3h 7.50 mA

4h 9.00 mA
5h 12.00 mA
6h 18.00 mA
7h 30.00 mA

The source/sink current value does not include the pull-down current due to the 160 kQ (Typ) resistor.

.rohm.
gv;v(\)lzrg };nO(I:-lOI\TCo., Ltd. All rights reserved. 54/75 TSZ02201-0N1K0C802460-1-2
TSZ22111 « 15 « 001 16.Mar.2026 Rev.001



BD16953MUF-C

Datasheet

Address = 11h <Output Current Settings2>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
11h RIW CUR_ CUR_ CUR_ CUR_ CUR_ CUR_ CUR_ CUR_
SO L1SEL| SO L1[2] | SO L1[1] | SO L1[0] | SI_L1SEL | SI L1[2] | SI.L1[1] | SI L1][0]
Initial Value FFh 1 1 1 1 1 1 1 1
CUR_SO_L1SEL : Gate Driver Output G1L Source Current Range Setting
CUR_SO_L1 [2:0] : Gate Driver Output G1L Source Current Setting
CUR_SI_L1SEL : Gate Driver Output G1L Sink Current Range Setting
CUR_SI_L1[2:0] : Gate Driver Output G1L Sink Current Setting
For details on register settings, see Table 7. Gate Driver Output Source/Sink Current Settings
Address = 12h <Output Current Settings3>
DATA bit
Address R/W
7 6 5 4 3 2 1 0
12h RIW CUR_ CUR_ CUR_ CUR_ CUR_ CUR_ CUR_ CUR_
SO_H2SEL| SO H2[2] | SO_H2[1] | SO _H2[0] | SI_H2SEL | SI_ H2[2] | SI_ H2[1] | SI_H2]0]
Initial Value FFh 1 1 1 1 1 1 1 1
CUR_SO_H2SEL : Gate Driver Output G2H Source Current Range Setting
CUR_SO_H2 [2:0] : Gate Driver Output G2H Source Current Setting
CUR_SI_H2SEL : Gate Driver Output G2H Sink Current Range Setting
CUR_SI_H2 [2:0] : Gate Driver Output G2H Sink Current Setting
For details on register settings, see Table 7. Gate Driver Output Source/Sink Current Settings
Address = 13h <Output Current Settings4>
DATA bit
Address R/W
7 6 5 4 3 2 1 0
13h RIW CUR_ CUR_ CUR_ CUR_ CUR_ CUR_ CUR_ CUR_
SO L2SEL| SO L2[2] | SO L2[1] | SO L2[0] | SI L2SEL | SI L2[2] | SI.L2[1] | SI L2][0]
Initial Value FFh 1 1 1 1 1 1 1 1

CUR_SO_L2SEL
CUR_SO_L2[2:0] :
CUR_SI_L2SEL
CUR_SI_L2[2:0]

: Gate Driver Output G2L Source Current Range Setting

Gate Driver Output G2L Source Current Setting

: Gate Driver Output G2L Sink Current Range Setting
: Gate Driver Output G2L Sink Current Setting

For details on register settings, see Table 7. Gate Driver Output Source/Sink Current Settings
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BD16953MUF-C

Datasheet

Address = 14h <Analog Settings1>

DATA bit
Address R/W
7 6 4 3 2 1 0
CHP_FREQ CSAMP_ | CSAMP_ | CSAMP_
14h R/W |MODE_SEL|VBOV_SEL "DFU EN - REF GAIN [1] GAIN [0]
Initial Value 01h 0 0 0 0 0 0 1

MODE_SEL: Select H-bridge control mode or independent control mode.

0: Independent Control
1: H-bridge Control

VBOV_SEL: Thresholds for Detecting VB Overvoltage

Mode

Table 8. VB Overvoltage Detection Threshold Voltage Setting

VBOV_SEL

Threshold Voltage [V]

0

Detect: 22.0 V/Release: 21.0 V (Typ)

1

Detect: 32.5 V/Release: 31.5V (Typ)

CHP_FREQ_DFU_EN: Frequency Diffusion Setting

Table 9. Frequency Diffusion Setting

CHP_FREQ_DFU_EN

Frequency Diffusion Setting

0

Frequency Diffusion is Disabled

1

Frequency Diffusion is Enabled

This device is equipped with a frequency diffusion function that varies the frequency over a given range. Using the
frequency diffusion function makes it possible to suppress EMI radiation noise. The diffusion frequency band is 333
kHz (Typ) to 455 kHz (Typ) +10 %, and frequency diffusion is performed in 8 steps.

CSAMP_REF: REF Voltage Setting of Current Detection Amplifier

Table 10. Current Detection Amplifier REF Voltage Setting

CSAMP_REF REF Voltage Setting [V]
0 REF/2
1 REF/8

CSAMP_GAIN [1:0] : Gain Setting of Current Detection Amplifier

Table 11. Gain Setting of Current Detection Amplifier

CSAMP_GAIN [1:0] Gain Setting Multiplier
Oh 8 times
1h 16 times
2h 32 times
3h 48 times
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BD16953MUF-C Datasheet

Address = 16h <Dead Time Settings>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
16h R/W - - - - TDEAD [3] | TDEAD [2] | TDEAD [1] | TDEAD [0]
Initial Value 00h 0 0 0 0 0 0 0 0

TDEAD [3:0] : Dead time Setting for preventing shoot-through current

Table 12. Dead Time Setting

TDEAD [3:0] Dead Time
Oh 0 ps (Note 1)
1h 1us
2h 2 us
3h 3 s
4h 4 us
5h 5us
6h 6 us
7h 7 us
8h 8 us
9h 12 us
Ah 16 ps
Bh 24 us
Ch 32 us
Dh 48 us
Eh 64 us
Fh 96 ps

(Note 1) To prevent shoot-through current, do not set TDEAD [3:0] = Oh.

Address = 17h <VDS Settings1>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
17h R/W - VDS_H1 [2]|VDS_H1 [1]|VDS_H1 [0] - VDS _L1[2]|vDS_L1[1]|VDS_L1 [0]
Initial Value 44h 0 1 0 0 0 1 0 0

VDS_H1 [2:0] : External MOS FET (DH-S1H) Overvoltage (Overcurrent) detection threshold voltage setting
VDS_L1 [2:0] : External MOS FET (S1H-S1L) Overvoltage (Overcurrent) detection threshold voltage setting

Table 13. VDS Overvoltage (Overcurrent) Detection Threshold Voltage Setting

loks Ik [2_:0] VDS Overvoltage (Overcurrent)
V%? ;L1X [22)'01 detection threshold voltage setting (Vvpsx)

Oh, 200 mV

1h 300 mV

2h 400 mV

3h 500 mV

4h 750 mV

5h 1000 mV

6h 1250 mV

7h 1500 mV
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BD16953MUF-C Datasheet

Address = 18h <VDS Settings2>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
18h R/W - VDS_H2 [2]|VDS_H2 [1]|VDS_H2 [0] - VDS _L2[2]|VDS_L2[1]|VDS_L2 [0]
Initial Value 44h 0 1 0 0 0 1 0 0

VDS_H2 [2:0] : External MOS FET (DH-S2H) Overvoltage (Overcurrent) detection threshold voltage setting
VDS_L2 [2:0] : External MOS FET (S2H-S2L) Overvoltage (Overcurrent) detection threshold voltage setting

For details on register settings, see Table 13. VDS Overvoltage (Overcurrent) Detection Threshold Voltage Setting

Address = 19h <RDET Settings>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
19h R/W - RDET2 [2] | RDET2 [1] | RDET2 [0] - RDET1 [2] | RDET1 [1] | RDET1 [0]
Initial Value 44h 0 1 0 0 0 1 0 0

RDET2 [2:0] : Shunt Resistor (AIN2P-AIN2N) Overvoltage detection threshold voltage setting
RDET1 [2:0] : Shunt Resistor (AIN1P-AIN1N) Overvoltage detection threshold voltage setting

Table 14. Shunt Resistor Overvoltage Detection Threshold Voltage Setting

RDET2 [2:0] Shunt Resistor Overvoltage
RDET1 [2:0] detection threshold voltage setting (VrpeTx)
Oh 200 mV
1h 300 mV
2h 400 mV
3h 500 mV
4h 750 mV
5h 1000 mV
6h 1250 mV
7h 1500 mV
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BD16953MUF-C

Datasheet

Address = 1Ah <VDS, VGS RDET Blanking Settings1>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
1Ah RIW FET G1H_| FET_G1H_| FET_G1H_| FET G1H_| FET_G1L_| FET_G1L_| FET_G1L_| FET_G1L_
FLT [3] FLT [2] FLT [1] FLT [0] FLT [3] FLT [2] FLT [1] FLT [0]
Initial Value 33h 0 0 1 1 0 0 1 1

FET_G1H_FLT [3:0] : Fault detection blanking time and protection hold time settings for
VDS fault detection of external MOS FET (DH-S1H) and
VGS fault detection of external MOS FET (G1H-S1H).

FET_G1L_FLT [3:0] : Fault detection blanking time and protection hold time settings for
VDS fault detection of external MOS FET (DH-S1L),

VGS fault detection of external MOS FET (G1L-S1L), and
Overcurrent (overvoltage) fault detection of shunt resistor (AIN1TP-AIN1TN).

The blanking time includes the Blanking Time Setting time set in the register plus an internal circuit delay of 2.4 pys (Max)

(Note)

Therefore, the actual blanking time is calculated using the following formula.

Blanking Time

Table 15. Blanking Time/Protection Period Setting 1

Internal Delay (2.4 ps < Max >)Not®) + Blanking Time Setting

FET_G1H_FLT [3:0]
FET_GI1L_FLT [3:0]

Blanking Time Setting

Protect Period

Oh 1 s 10 ps
1h 2 ps 20 ps
2h 3 us 30 us
3h 4 us 40 s
4h 6 us 60 ps
5h 8 us 80 us
6h 10 ys 100 ps
7h 12 ps 120 ps
8h 16 us 160 us
9h 24 us 240 ps
Ah 28 us 280 us
Bh 32 us 320 us
Ch 40 ps 400 ps
Dh 48 ps 480 ps
Eh 56 us 560 us
Fh 64 ps 640 us

(Note) This is a design guarantee item and is not inspected at the time of shipment.
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BD16953MUF-C

Datasheet

Address = 1Bh <VDS, VGS RDET Blanking Settings2>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
1Bh RIW FET G2H_| FET_G2H_| FET_G2H_| FET _G2H_| FET_G2L_| FET_G2L_| FET_G2L_| FET_G2L_
FLT [3] FLT [2] FLT [1] FLT [0] FLT [3] FLT [2] FLT [1] FLT [0]
Initial Value 33h 0 0 1 1 0 0 1 1

FET_G2H_FLT [3:0] : Fault detection blanking time and protection hold time settings for
VDS fault detection of external MOS FET (DH-S2H) and
VGS fault detection of external MOS FET (G2H-S2H).

FET_G2L_FLT [3:0] : Fault detection blanking time and protection hold time settings for
VDS fault detection of external MOS FET (DH-S2L),

VGS fault detection of external MOS FET (G2L-S2L), and
Overcurrent (overvoltage) fault detection of shunt resistor (AIN2P-AIN2N).

The blanking time includes the Blanking Time Setting time set in the register plus an internal circuit delay of 2.4 pys (Max)

(Note)

Therefore, the actual blanking time is calculated using the following formula.

Blanking Time =

Table 16. Blanking Time/Protection Period Setting 2

Internal Delay (2.4 us < Max >)N°t®) + Blanking Time Setting

FET_G2H_FLT [3:0]
FET_G2L_FLT [3:0]

Blanking Time Setting

Protect Period

Oh 1 s 10 ps
1h 2 ps 20 ps
2h 3 s 30 ps
3h 4 us 40 ps
4h 6 us 60 ps
5h 8 us 80 us
6h 10 us 100 us
7h 12 ps 120 ps
8h 16 us 160 us
9h 24 us 240 ps
Ah 28 ps 280 ps
Bh 32 us 320 us
Ch 40 ps 400 ps
Dh 48 ps 480 ps
Eh 56 us 560 us
Fh 64 ps 640 us

(Note) This is a design guarantee item and is not inspected at the time of shipment.
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BD16953MUF-C Datasheet

Address = 1Ch <DHUV Blanking Setting>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
DHUV_FLT |DHUV_FLT |DHUV_FLT |DHUV_FLT
1Ch R/W - - - - - = = =
[3] [2] 1] [9]
Initial Value 00h 0 0 0 0 0 0 0 0

DHUV_FLT [3:0] : DH Undervoltage Detection Fault detection blanking time and protection hold time setting.
The blanking time includes the Blanking Time Setting time set in the register plus an internal circuit delay of 2.4 ys (Max)

(Note)_
Therefore, the actual blanking time is calculated using the following formula.

Blanking Time = Internal Delay (2.4 us < Max >)MN°%) + Blanking Time Setting

Table 17. DH Undervoltage Detection, Fault Detection Blanking Time and Protection Hold Time Setting

DHUV_FLT [3:0] Blanking Time Setting Protect Period
Oh 1 s 10 ps
1h 2 ps 20 ps
2h 3 us 30 us
3h 4 us 40 us
4h 6 us 60 ps
5h 8 us 80 us
6h 10 ys 100 ps
7h 12 us 120 us
8h 16 us 160 us
9h 24 us 240 ps
Ah 28 us 280 us
Bh 32 us 320 ps
Ch 40 ps 400 ps
Dh 48 ps 480 ps
Eh 56 us 560 us
Fh 64 us 640 us

(Note) This is a design guarantee item and is not inspected at the time of shipment.
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BD16953MUF-C Datasheet

Address = 1Eh <Static OPEN/SHORT Check>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
AUTO_OS
1Eh W - - - - OS_EN " START SET_0OS2 | SET_OS1
Initial Value 00h 0 0 0 0 0 0 0 0
OS_EN : Static OPEN/SHORT Check Enable
AUTO_OS_START : Static OPEN/SHORT Check Automatic Enable Start
SET_0S2 : Static OPEN/SHORT Check Setting 2
SET_OSH1 : Static OPEN/SHORT Check Setting 1
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BD16953MUF-C

Datasheet

Address = 1Fh <Static OPEN/SHORT Status>

DATA bit
Address R/W
7 6 5 4 3 2 1 0
1Eh R ) ST _OSCH| ST_OSCH| ST_OSCH| ST_OSCH| ST_OSCH| ST_OSCH| ST_OSCH
K_STEP [2] K STEP [1] K STEP [0] K END K_FAIL K2 K1
Initial Value 00h 0 0 0 0 0 0 0 0

ST_OSCHK_STEP[2:0] : Static OPEN/SHORT Check result (Detection step) See detection mode table
See Table 18. Static OPEN/SHORT Check Detection Step

ST_OSCHK_END
ST_OSCHK_FAIL

: Static OPEN/SHORT Check Completion Flag
: Static OPEN/SHORT Check Fail Flag

ST_OSCHK2 : Static OPEN/SHORT Result
ST_OSCHK1 : Static OPEN/SHORT Result
Table 18. Static OPEN/SHORT Check Detection Step
ST_OSCHK_STEP [2:0] Detection Part
1h Drain-Source short circuit failure of M2 or M4 MOS FET
2h Drain-Source short circuit failure of M1 or M3 MOS FET / Open circuit failure of Motor
3h Drain-Source short circuit failure of M1 or M3 MOS FET / Open circuit failure of Motor
4h Open circuit failure of G1H connected MOS FET
5h Open circuit failure of G2H connected MOS FET
6h Open circuit failure of G1L connected MOS FET
7h Open circuit failure of G2L connected MOS FET
Table 19. Static OPEN/SHORT Check Results
Detection Results (Status Register)
ST_OSCHK2 | ST_OSCHK1 ST_OSCHK_STEP [2:0] Check Result
0 0 Pass
1 0 1h Fail: Drain-Source Short circuit failure of M2 or M4 connected
MOS FET
Other Fail: lllegal (Fail)
0 0 Pass
0 1 Fail: Drain-Source Short circuit failure of M1 or M3 connected
2h MOS FET
1 0 Fail: Open circuit failure of Motor
Other Fail: lllegal (Fail)
0 0 Pass
0 1 3h Fail: Drain-Source Sho_rt circuit failure of M1 or M3 connected
MOS FET / Open circuit failure of Motor
Other Fail: lllegal (Fail)
0 0 Pass
1 0 4h Fail: Open circuit failure of M1 (G1H) connected MOS FET
Other Fail: lllegal (Fail)
0 0 Pass
1 1 5h Fail: Open circuit failure of M3 (G2H) connected MOS FET
Other Fail: lllegal (Fail)
0 0 Pass
1 1 6h Fail: Open circuit failure of M3 (G2H) connected MOS FET
Other Fail: lllegal (Fail)
0 0 Pass
0 1 7h Fail: Open circuit failure of M4 (G2L) connected MOS FET
Other Fail: lllegal (Fail)
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BD16953MUF-C

Datasheet

1/0 Equivalence Circuit

Pin No. | Pin name Equivalence circuit Pin No. Pin name Equivalence circuit
vCe
[,
(Pin 3) ?:‘] (P\ifr?gm
1 PWM1 | pwmitpin 1) armm
2 PWM2 | PWM2(Pin2) O3 u 3 vVCC NG
6 SCK SCK(Pin 6) 32 EN (Pin 32)
SDI(Pin 7)
7 SDI N 100k (Typ) % i
(P'G1N2D) O '—‘ (Pir?ng i,
n
vCe
s L
ERRB {Pin 3) _I:;] m]
Pin4) & |—.
4 ERRB ZS ’E‘ 5 CSB CSB e
(Pin 5) 1
GND
(Pin 12) 3 ‘ yi q
GND
(Pin 12) O '—I
VCC
Pin3y (P\irncsc) 0 L
EE ‘|E|HL‘L 160k 2(Typ) _||—
SDO 9 AOUT1 AQUT1(Pin 9) 1009(Typ)
8 SDO Fin ) ! 10 AOUT?2 AOUT2(Pin 10) & B
yi el iy ol
GND
GND Pin12) O
Pin 12) 3
REF
0
(Pin 11) rsuemye | 7N J (P'GNE; O
- 12
n
12 GND
" REF THRTYE) [ 2060 {Typ) ZS SZ
100kQ(Typ) ( ) 28 PGND G
7& 53k Q(Typ) P ND
! FL - (Pin 28) [}
(P\E?JQD)D
vep
Pin26)
AINP(Pin 14)  100k2(Typ)
13 AININ | AININ(Pin 13) 10KO(TYP) l J 17 G1H G1HPI17) l"l—
14 AINTP | AIN2P(Pin 16) - I~ 24 G2H G2H(Pin 24) J] Ly
15 AIN2N | AIN2N(Pin 15) A4 18 S1H 5 [Jreoeare ﬁf‘
16 AIN2P N 23 S2H S1H(Pin 18
GND S2HPIn23) 7
(Pin 12) — x
GND
(Pin 12) o
O
(Pin 30) S DH ‘
N (Pin 25) L
19 GIL GiL(Pin 19) _ - s F”_
22 G2L G2L(Pin 22)
20 S1L S1L(Pin 20) N N |Jl]1somﬁyp)|}] \i 25 DH N L
21 Sa2L S2L(Pin 21) = v L 5:
% T olj (pif?.—g .
tPin12) O}
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BD16953MUF-C Datasheet
/0 Equivalence Circuit - continued
Pin No. | Pin name Equivalence circuit Pin No. Pin name Equivalence circuit
C VCP
(PirYZSF)' . l:,_ Pin 26)
yin C
L o
26 Ve in 30,0 £ 27 CPH CPH i
30 VB (Pin 30) @in 27) -
K 7 = -
GND
tpin 12) (Pin :08) O
VB
; O
(Pin 30) L'|_ (Pin goﬁ) O
K 124kﬂ(Typ)¢}S
76k Q (Typ)
29 CPL Fi 31 DBRKB | (a0 =
CPL |_'
(Pin 20) I L Vi
N GND 2MQ(Typ)
PGND F (Pin 12) O}
(Pin 28)
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BD16953MUF-C

Datasheet

Typical Performance Curves
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BD16953MUF-C

Datasheet

Typical Performance Curves - continued
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BD16953MUF-C

Datasheet

Typical Performance Curves - continued
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Temperature
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BD16953MUF-C

Datasheet

Typical Performance Curves - continued
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Figure 59. Input Offset Voltage vs Temperature
(CSAMP_GAIN [1:0] = Oh)

Figure 60. Input Offset Voltage vs Temperature
(CSAMP_GAIN [1:0] = 1h)
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Figure 61. Input Offset Voltage vs Temperature
(CSAMP_GAIN [1:0] = 2h)

Figure 62. Input Offset Voltage vs Temperature
(CSAMP_GAIN [1:0] = 3h)
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BD16953

MUF-C

Datasheet

Typical Performance Curves - continued
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Figure 63. Output Rise Time vs Temperature
(VB=13.5V,VCC=5V)

Output Fall Time: taga, [Us]
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Figure 64. Output Fall Time vs Temperature
(VB=13.5V,VCC=5YV)
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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. 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.
However, pins that drive inductive loads (e.g. motor driver outputs, DC-DC converter outputs) may inevitably go
below ground due to back EMF or electromotive force. In such cases, the user should make sure that such voltages
going below ground will not cause the IC and the system to malfunction by examining carefully all relevant factors
and conditions such as motor characteristics, supply voltage, operating frequency and PCB wiring to name a few.

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.

11.

12.

13.

14.

Regarding the Input Pin of the IC

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) ‘
Pln A Pin B Pin B
c —2—
‘ \ Pin A | E
:| : B—t p* NTPL P
i Parasitic N ] N N :\
. Elements ¥ t _____ '\ parasitic
P P Substrate x4 P Substrate j Elements
JT— GND JT— GND GND = / — GND
Parasitic Parasitic N Region
Elements Elements close-by

Figure 65. 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.

This IC supports two configurations, Retry Mode and Latch Mode.

When configured in Retry Mode, when the Tj falls below the TSD threshold, the outputs are automatically restored to
normal operation.

When configured in Latch Mode, the TSD circuit keeps the outputs in the OFF state even if the Tj falls below the TSD
threshold. The IC should be powered down and turned ON again to resume normal operation.

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

Over Current Protection Circuit (OCP)

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

Functional Safety

“ISO 26262 Process Compliant to Support ASIL-*"

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

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

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

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

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

www.rohm.com

© 2022 ROHM Co., Ltd. All rights reserved. 72/75 TSZ02201-0N1K0C802460-1-2
TSZ22111 + 15 + 001 16.Mar.2026 Rev.001



BD16953MUF-C

Datasheet

Ordering Information
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Physical Dimension and Packing Information
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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 (Note 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.

(Note1) Medical Equipment Classification of the Specific Applications

JAPAN USA EU CHINA
CLASSII CLASSIIb
CLASSNV CLASSII CLASSII CLASSII

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

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 Cl2,
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

The Products are not subject to radiation-proof design.

Please verify and confirm characteristics of the final or mounted products in using the Products.

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.

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.

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

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.

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

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

2. You agree that application examples, their constants, software, 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 CI2, H2S, NH3, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

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

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

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

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

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

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

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

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

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

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

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

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

4. The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.
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General Precaution
1. 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.

2. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.
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General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM’s Products against warning, caution or note contained in this document.

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

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