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SEMICONDUCTOR

Automotive Motor Driver Series

Brushless DC 3-phase Gate Driver IC

BD16861MUF-C

General Description Key Specifications
BD16861MUF-C is a brushless DC 3-phase gate driver. IC EOperational Supply Voltage Range: VB: 4.5V to 32V
for automotive use which drives 3 channels half bridges ESleep Current: 10 pA (Max)
comprising 6 pcs of external Nch MOS-FET. It can output EOperational Temperature Range: -40 °C to +125 °C
an electric current level flowing through each half bridge EGate Output Current: 75mAto 1.2A
by monitoring voltage of shunt resistors and built-in
amplifiers. To achieve ASIL-D level functional safety, Package
various safety mechanisms are implemented, such as W (Typ) x D (Typ) x H (Max)
relay drivers to reduce the number of system components VQFN48FBV070 7.00 mm x 7.00 mm x 1.00 mm

and Static Open/Short Detection to stably detect
open/short external FET.

Features
B AEC-Q100 Qualified (Note 1)

Enlarged View
W |SO 26262 Process Compliant to Support ASIL-D
W Built-in 2-stage Charge Pump Circuit é
W 32bit Serial Peripheral Interface (SPI) (CRC check)
® High-Accuracy Current Sense Amplifiers (3ch)
B Integrated Relay Drivers (3ch) for Motor Lines

® Various Protections
- Overvoltage and Undervoltage Protection
- Open/Short Detection for External FET
(Dynamic/ Static mode)
- MCU/SPI Communication Error Detection
(Q&A WDT, Interruption Detection, CRC) Applications

VQFN48FBV070
Wettable Flank Package

- Internal Clock Mutual Monitoring B EPS (Electric Power Steering)
- Overtemperature Warning and Shutdown B [SG (Integrated Starter Generator)
B BIST for Checking Protection Functions B EWP (Electric Water Pump) Electric OP (Oil Pump)

(Note 1) Grade 1 B BBW (Brake By Wire)
B SBW (Steer By Wire)
B PSD (Power Sliding Door)

Typical Application Circuit
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OProduct structure : Silicon integrated circuit OThis product has no designed protection against radioactive rays.
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Pin Configuration
(TOP VIEW)
&l - g T T I T E g
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Pin Description
No. | Pin Name Function No.| Pin Name Function
1 | DOFFB Gate drive outputs control 25 | G1L Connected to gate of low-side1
2 | VCC g/llféglysroprpéyDgE?sBmOHItOF and power 26 | S1L Connected to source for low-side1
3 | INTH Control input for output G1H 27 | GR1 Connected to gate of Relay 1
4 | IN1L Control input for output G1L 28 | S1H Connected to source of high-side1
5 | IN2H Control input for output G2H 29 | G1H Connected to gate of high-side1
6 | IN2L Control input for output G2L 30 | VB Power supply (12 V)
7 | IN3H Control input for output G3H 31 | G2H Connected to gate of high-side2
8 | IN3L Control input for output G3L 32 | S2H Connected to source of high-side2
9 | SDO/ERRB | SPI Data output / Error output 33 | GR2 Connected to gate of Relay 2
10 | CSB SPI Chip select input 34 | S2L Connected to source of low-side2
11 | SCK SPI Clock input 35| G2L Connected to gate of low-side2
12 | SDI SPI Data input 36 | CP2L Connected to Charge Pump capacitor 2
13 | GND Ground 37 | DRN Drain voltage of high-side
14 | REF Reference voltage input for CSAMP 38 | CP2H Connected to Charge Pump capacitor 2
15 | AOUT1 Current sense output 1 39 | VCPH Charge Pump output 2
16 | AOUT2 Current sense output 2 40 | G3H Connected to gate of high-side3
17 | AOUT3 Current sense output 3 41 | S3H Connected to source of high-side3
18 | VDD LDO 5.3 V output for internal circuit 42 | GR3 Connected to gate of Relay 3
19 | AIN1P Current sense input P 1 43 | S3L Connected to source of low-side3
20 | AININ Current sense input N 1 44 | G3L Connected to gate of low-side3
21 | AIN2P Current sense input P 2 45 | VCPL Charge Pump output 1
22 | AIN2N Current sense input N 2 46 | CP1H Connected to Charge Pump capacitor 1
23 | AIN3P Current sense input P 3 47 | CP1L Connected to Charge Pump capacitor 1
24 | AIN3N Current sense input N 3 48 | PGND Ground for the Charge Pump
EXP-PAD The center EXP-PAD requires a short connection to the GND pin outside the IC.
The center EXP-PAD and corner EXP-PADs are shorted inside the IC.
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Block Diagram

- VB
> e cLPsIF | BGIF | [¢ VCPHOVG |7
-»{ o cLP5SM | BGSM | [ VCPHOV_
VCPH
L Uvree ’» < VCPHUV [ ‘ CP2H
N > <——|VCPHDRNUV/| CESI\RASE . CPoL
L, ) < VCPLOV | ‘
¢ VDOV > < VCPLUV  H ’ VepL
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o VDUV [P < DRNUV H ‘ CPIL
— DRNOPDET ’
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- || vDspETIL[T, -
e HVGSDETR1[] I GR1
PREDRVR1 ’ G1L
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Note 1) ~lvesoeriL[ I} S1L
-
(Note 2) : I ’ AIN3P
AOUT3 ‘ ABIST ‘ DBIST ‘ uSHUNTCMPS F{CSAMPS AIN3N
— O AIN2P
AOUT2 —{ SHUNTCMP2 r{ CSAMP2 E' ‘ AIN2N
— () AINTP
AOUTA RERZIS| Rerour h‘ ——Lorunrour 7 oot 5 (H)AININ

(Note 1) Generating clock is used as System CLK
(Note 2) Genarating clock is used for Monitor of System CLK
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Application Circuit and BOM List

When using external power relays and motor relays

BATTERY)
I_L|DCDC |—T—|DCDC BD16861MUF-Cy/g — C§§5%5 i 210
c{g% o e
c13 D¢ L < I
L Rry 24 5C1 liy'"[""'i;‘lt
b C6 ot 17 ower Line Filter
5 <] @ Re D1 M6
QQ
S
>[CANTT
%7 R4 M1 EZQ
< p1¥{5e¢s 7
. D14 EMQ
5 < p¥lgeo |
5 D152 | < M3
H < p3glci4
g =10 D165
DY § b 2T I 0
g g1 D17P8 Pmﬁ
= D8 [ z-c19 23
R15 D18+§‘m 3
D9¥ [ =-c20
D19p3
c12 llC 0
iil "fCiTT’ R6 Jris
C2C3C4 Dp1 T [Jrie
L D20Z 3 D2
. Reference Class
No Function PCS Value (Typ) Rated | ot 1)
11 ¢ Smoothing Capacitor for 1 1.0 uF v A
Internal Regulator
2 | C2/C3/C4 CSAMP Output filter capacitor 3 - 10V B
3| C5 Flying Capacitor for VCPH 1 0.47 pF 50V| A
4| C6 Smoothing Capacitor for VCPL 1 4.7 uF 16V | A
5| C7 Flying Capacitor for VCPL 1 0.47 uF 0V| A
6 C8/C9/C14/C15/C17/C18/ Gate-to-Source of MOSFET Protection 11 ) ) B
C19/C20/C23/C24/C25 Capacitor
7 | C10/C11/C12 Capacitor for CSAMP Input 3 - - B
8| C13 Smoothing Capacitor for VCPH 1 1.0 uF 16V A
9| C16 Power-to-GND Bypass Capacitor 1 0.1to 1 pF 50V| A
10 | C21 Noise Rejection Capacitor 1 - - B
11 | C22 Noise Rejection Capacitor 1 - - B
12 | C26 Power-to-GND Bypass Capacitor 1110 yF or more | 50V | A
13 | C27 Smoothing Capacitor for VCC 1| 1 uF or more 0V| A
14 | C28 Smoothing Capacitor for REF 1| 1 yF or more 0V,| A
15 | C29 Smoothing Capacitor for DRN 1 01 t?thng WF 50v| B
16 | R1/R2/R3 Resistor for CSAMP Output Filter 3 - - B
R4/R5/R9/R10/R11/R12/R14/ .
17 R15/R19/R21/R22 Gate-to-Source Pull-Down Resistor 11 - - B
18 | R6/R13/R16 Shunt Resistor for Current Sense 3 - - B
19 | R17/R18/R20 I\R/Ié)laS;ET Adjustment Resistor for Motor 3 0.3 to 300 kQ - A
20 | R7/R8 I\R/IgaSyFETAdjustment Resistor for Power 2 51 kQ - A
21 D1/D2/D3/D4/D6/D7/D8/D9/ | Protection Diode for Gate-to-Source of 11 ) ) B
D11/D12/D13 MOSFET
22 | D5 Protection Diode 1 - - B
23 | D10 Diode for Reverse Current Protection 1 - - B
24 | L1 Noise Rejection Inductor 1 - - B
25 | M1/M2/M3/M4/M7/M8 MOSFET for Motor Drive 6 - - B
26 | M5/M6 MOSFET for Power Relay 2 - - B
27 | M9/M10/M11 MOSFET for Motor Relay 3 - - B
28 | D14/D15/D16/D17/D18/D19 Diode for Source Protection 6 - - B
29 | D20/D21/D22 CSAMP Input Protection Diode 3 - - B

(Note 1) Class A: Components required as pre-driver IC, Class B: Components required to be considered in the system.

(Note 2) Maximum value of C29 is 1200 pF.
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Datasheet

Application Circuit and BOM List — continued
When not using external power relays and motor relays

BATTERY,
DCDC| [DCDC

!7‘4

BD16861MUF-Cy/g

C16C26D5 D10
c7 vy 021% Ko7
c13 v;;

Power Line Filter

DI ((I
38
> >
sfean Tt
¥ M1 J_CZg
<
» ¢ i M2
§ r —
% Jmlms
§ ﬂ;ﬂM4
o
g R4 DI7P% M7
D8X [ °C19
|
R15 D18->§‘m 5
DOX [ 5C20
D19p5
A 01%%1;9 0 R6
R13
L | D203 2 ZD2
. Reference Class
No Item Function PC (S) Value (Typ) Rated | (vote 1)
11 c1 Smoothing Capacitor for 1 10uF | 10v]| A
Internal Regulator
2 | C2/C3/C4 CSAMP Output filter capacitor 3 - 10V | B
3|C5 Flying Capacitor for VCPH 1 047 puF | 50V | A
4| C6 Smoothing Capacitor for VCPL 1 47uF | 16V | A
5| C7 Flying Capacitor for VCPL 1 047 puF | 10V | A
6 C8/C9/C14/C15/C17/C18/ Gate-to-Source of MOSFET Protection 11 _ ) B
C19/C20 Capacitor
7 | C10/C11/C12 Capacitor for CSAMP Input 3 - - B
8| C13 Smoothing Capacitor for VCPH 1 10uF | 16V | A
9| C16 Power-to-GND Bypass Capacitor 1 01to1uF | 50V | A
10 | C21 Noise Rejection Capacitor 1 - - B
11 | C22 Noise Rejection Capacitor 1 - - B
12 | C26 Power-to-GND Bypass Capacitor 1|10 yF or more | 50V | A
13 | C27 Smoothing Capacitor for VCC 1 1TuFormore | 10V | A
14 | C28 Smoothing Capacitor for REF 1 1TuFormore | 10V | A
15 | C29 Smoothing Capacitor for DRN 1| 0110120018 5oy | A
16 | R1/R2/R3 Resistor for CSAMP Output Filter 3 - - B
17 E%RS/RQ/M0/R11/R12/R14/ Gate-to-Source Pull-Down Resistor 11 - - B
18 | R6/R13/R16 Shunt Resistor for Current Sense 3 - - B
Protection Diode for Gate-to-Source of
21 | D1/D2/D3/D4/D8/D9/D11 MOSFET 11 - - B
22 | D5 Protection Diode 1 - - B
23 | D10 Diode for Reverse Current Protection 1 - - B
24 | L1 Noise Rejection Inductor 1 - - B
25 | M1/M2/M3/M4/M7/M8 MOSFET for Motor Drive 6 - - B
28 | D14/D15/D16/D17/D18/D19 Diode for Source Protection 6 - - B
29 | D20/D21/D22 CSAMP Input Protection Diode 3 - - B

(Note 1) Class A: Components required as pre-driver IC, Class B: Components required to be considered in the system.
(Note 2) Maximum value of C29 is 1200 pF.
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1. IC State Description

1.1 State Transition Diagram
This IC has some states shown in the table below.

State Description

Sleep No operation in IC. Minimum current consumption in this state.

DBIST Logic BIST is running. Therefore, logic block does not accept any operation from SPI until Logic
BIST is finished. If clock is stopped, this IC stays in this state.

ABIST Analog BIST is running. Logic block accepts some operation from SPI.

Charge Pumps are booted. If Charge Pump cannot be booted, this IC stays in this state. When
Analog BIST is finished, Charge Pump is stopped.

Stand-by | VDD for internal circuits is turned on. SPI is available. Protection functions for various power
supplies are valid.

Charge Pumps are not active and the protection circuit for them is invalid. Gate and relay drivers
are fixed to Hi-Z.

CPON Charge Pump are booted. If Charge Pump cannot be booted, this IC stays in this state.

Active Charge Pump and the protection circuit are enabled. Gate driver, Relay driver and Current sense
amplifiers are available. (If the current sense function is not required, MCU set Register CSEN to
‘0’. Power consumption can be reduced.)

FAIL If DBIST fails, ABIST fails or Internal Error occurs, it transitions to this state.

SPI and Error detection are available.

To read IC state status, MCU read register 05h by SPI access.
After reading register 05h in each state, the status is as shown below.

State State End End State State State State State Reg
(FAIL) | (BIST) (OS) | (ABIST) | (CPON) (ACT) (STB) | (ERRB) 05h
Sleep
DBIST Cannot read status from SPI
ABIST 0 0 0 1 0 0 0 1 0011h
Stand-by 0 1 0 0 0 0 1 1 0043h
CPON 0 1 0 0 1 0 0 1 0049h
Active 0 1 0 0 0 1 0 1 0045h
FAIL 1 1 0 0 0 0 0 0 00COh
End (OS) register is set to 1 when Static Open/Short Detection is finished.
IC functions for each state are as follows.
Normal Function Error Detection
Q.
o = > > > (7]
4 ng-’ =, S > g 20 o -8 |2s % 2
S| o|%%5 |3 | >8530 2|5 |353 EQQ
ol |X2 R <82 |§|o_0|%a0ukEE? D200 |azdpr 820
S0 |2 || c|NnT® 2| 2oW | moOoW=8a (w0® | O0XOQZX8A
State JO0 |m|»w |0 | OO | £ |Ownx |[>>5>5CF=20 | >>50 |>a>>0abF
Sleep S S S
DBIST AL S Al S s s
ABIST A S S S
Stand-by A S A
CPON A A S
Active S & A g g A A
FAIL S S S
S: Stopped/Disabled/Not active, A: Active
www.rohm.com
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1. IC State Description - Continued

State Transition Diagram is as follows.

DB

VCPH/VCPL
can’t boost

d

’ power on VB

4

DBIST Pass

v

Sleep
INXH/INxL=all ‘H’ A

l
_\INXH/INXL=aII L
IST

VDD UV error

»|

DBIST Fail or
Internal Error

Ll

SLP_EN=1or
OSC stop error or

AB VDD UV error

IST
ABIST Pass ABIST Fail
A 4

ACT_EN=1 & A
WDT pass &

VCC OV/UV pass & ACT_EN=0or
REF OV/UV pass & WDT error or
OSC monitor pass & SP! errorNete) or
yReg monitor pass Reg error

ON\(—>

Internal Errol

SLP_EN=1 or
OSC stop error or
VDD UV error or
SPI stop error

Internal Error

VCPH/VCPL
can’t boost

(Note 1) When
ProtectMode(SPI) =0

SLP_EN=1 or
OSC stop error or
SPI stop error |

VCPL UV & ACT_EN=0 or
VCPH-DRN UV WDT error or
pass SPI error(Noet) or

Reg error or
VCP* error or

v OSC Freq error

Active

SLP_EN=1 or
OSC stop error or
VDD UV error or
SPI stop error |

Internal Error SLP_EN=1 or

OSC stop error or

A 4 VDD UV error or
FAIL SPI stop error >

Figure 1. State machine

1.1.1 From Sleep to Stand-by state
To enter the Stand-by state from the sleep state, all INXH/INxL (x = 1,2,3) must be set to a high level and then to a low level.

After that, IC turns on the internal power supply circuits and starts BIST to check each Safety Mechanism (SM). After DBIST
state, SPI communication becomes available.

If DBIST and ABIST are passed, IC enter Stand-by state and End (BIST) set 1.
The period from applying low level to INxH/INXL (x = 1,2,3) to Stand-by state is maximum for 20ms.

End (BIST) Function
1 DBIST and ABIST are finished.
0 DBIST and ABIST are not finished.
State (ABIST) Function
1 State is ABIST state
0 State is others
www.rohm.com
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1. IC State Description - Continued

1.1.2 From Sleep to FAIL state

If either ABIST or DBIST is Fail, transition to FAIL state. And ERRB set L, Error (BIST) set 1.
If Internal Error occurs, transition to FAIL state. And ERRB set L, Error (Internal) set 1.
SPI communication becomes available, and IC cannot enter Active state.

State (FAIL)

Function

1

State is FAIL state

0

State is others

1.1.3 From Stand-by to Active state
Set register ACT_EN to ‘1’ where the following 4 conditions are true to change the state from Stand-by through CPON to Active.
® OV/UV of VCC/REF detections are passed(ote 7),

® WDT are passed. (Refer to_7.10 Watch Dog Timer (WDT) for detail.)
® OSC Error Detection does not detect errors.

) REG Monitor does not detect errors.

(Note 1) If set ErrorMaskUV(VCC) =1’ and ErrorMaskUV(REF) =1’ before set ACT_EN =1, this condition becomes invalid.

If VCPH and VCPL turn on in CPON state, IC change state from CPON to Active.

This function does not depend on ErrorMaskUV(CP) setting.

When VCPH and VCPL can’t turn on, IC continues to wait. Please check timeout in MCU.

ACT EN Function
1 Change state from Stand-by to Active
0 Change state from Active to Stand-by
State (CPON) Function
1 State is CPON state
0 State is others
State (ACT) Function

1

State is Active state

State is others

If set ACT_EN ='0’, change state from Active to stand-by

1.1.4 From Some state to Sleep state

IC will change the state to sleep if any of following 4 conditions are met.
[ 10 seconds have elapsed without SPI communication being performed correctly.

® VDD UV (under voltage) is detected.
® System CLK is stopped.
® MCU write SLP_EN =1

SLP_EN

Function

1

Change state to sleep.

Keep state

MCU cannot read error status in sleep state because IC is reset in the sleep state.

(Refer to_7.14 SPI Stop Detection and_7.3 Power Supply (VB/VDD/VCPH/VCPL) OV/UV and DRN UV Detection)
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(Low active)

1.2 Power on sequence
l Power on VB

1. IC State Description — Continued

register settings

[ ]

reglster settings

(__Sleep State (Voo ¥ )i i |[Set VCCIREF voltage I:VCTH VRTH |
| | ! — —————1(0:50V, 1:3.3V) |
' : |Wa|tm|n 50 s (Note2) : :
1
| INXH/INXL set H |: ! Disable CP/DRN UV :ErrorMasl;BxEDR)N) !
Wait min 0.5 ! i 1 ErrorMas| 1
armn o ms | : Disable VCC/RI,EF w | ErrorMaskUV(VCC) = 1|
[ INXH/INXL set L ! ! Error Detection | ErrorMaskUV(REF) = 1 1
v ! | .
! I Clear WDT t WDCHK or
(___DBIST/ABIST State | | L ear counter |.WQA WDA :
Wait max 20 ms | : I !
‘ ! ! | Enable Active state |. ACT EN =1 |
1 - 1
( Stand-by State )! ! ! !
: | CPON State )i :
: \ ' l Wait max 4 ms(Note3) : !
| Set Write Mode || WREN = 1 Al b G ) |
| I\NDT Sott l: WDCF, WDSD, ! . !
etting 1 FCMAX,WDTO, 'ErrorMaskUV(CP) =0
[ ' WDEN : Enable CP/DRN UV |IErrorMaskUV(DRN) = 01
| CSAMP Setting || CSEN, CSAMPGX | Enable VCC/REF UV |!ErrorMaskUV(VCC) =0}
1 Tothe top right of the flqrjr_e ___________ ! Error Detection 1 ErrorMaskUV(REF) = 0 1
(Note 1) VB of 6 V or higher is required for the transition from Sleep State to Stand-by State.
(Note 2) MCU must wait 50 ps for VCC/REF UV error detection to be enabled after setting VCC/REF voltage.
(Note 3) This time varies depending on the capacitance value used for VCPH/VCPL.
Figure 2. MCU action for power on sequence
Refer to 7.10 Watch Dog Timer (WDT) for WDT setting.
Refer to 5. Current Sense Amplifier (CSAMP) for CSAMP setting.
Min 0.6 ms Max 20 ms i , Max 4ms
! - i Setup from MCU >
! b ! See figure above ACT_EN=1
| - i v :
ICState || Sleep | DBIST | ABIST | Stand-by CPON| Active |
SPI [ Unavailable | Available ' |
1 1 i
Register05h| |  Can'tread [ 0011h 0043h 0049 0045h |

I (Note1

(ote1)
vB 4
VCC/REF / i

AU Y N NI DI SESNEDDEDEDY PR S S R

1
1
Internal Reset |
1

INXH/INXL
(x=123) | | Controlled by MCU |
L s V
GXHIGKL | Fixto Hi-Z from INXH/INKL ]
(x=123) | ! ! :
wo L /! i ;
/—\ VCPH T
VCPH P L e
VCPL v : E
1
i ; i
T
i a

(Note 1) VB of 6 V or higher is required for the transition from Sleep State to Stand-by State.

Figure 3. Timing chart for power on sequence
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1. IC State Description — Continued
1.3 Power off sequence

l Power on Sequence - 'ngit?r_sftiin_g_s -

Internal Reset

1
[ Active State Ji :
I ! '
1
1
| Set Write Mode ! WREN=1 :
! |
! |
| Disable Active state || acT EN=0 !
' 1
1 1
1 1
1 1
1 1
v 1 X
( Stand-by State )\ !
' 1
1 1
! |
|  EnableSleepstate  |' sLp EN=1 [
- 1
' 1
1 1
1 1
1 1
! |
( Sleep State R !
Figure 4. MCU action for power off sequence
ACT EN=0 SLP_EN=1
IC State | Active Stand-by SLEEP | |
SPI | " Available [ Unavailable |
Register 05h | 0045h 0043h Can't read |
VB ! N\
VCC/REF ! ! \
INXH/INXL | :
(x=123) | Controlled by MCU | , :
v ! )
GxHIGXL | from INxH/INXL Fixto Hi-Z ! : |
(x=1,2,3) : i
VDD : ;
\ VCPH | |
VCPH ! i !
VCPL TS : !

(Low active)

Figure 5. Timing Chart for Power Off Sequence
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2. MCU Interface

2.1 Serial Peripheral Interface (SPI) protocol

MCU can configure and control this IC, and it can read status of this IC via SPI. SPI access is available in ABIST, Stand-by,
CPON, Active and FAIL state.

SPI consists of 4 signals: CSB, SCK, SDI and SDO/ERRB
CSB is a chip select. SCK is a serial clock. SDI is a serial data. SDO/ERRB is a data output and error status output. SPI
communication is available only during CSB = Low. Data from SDlI is latched to IC at the timing of rising edge of SCK. Data
from SDO is output at the timing of falling edge of SCK.

SPI communication consists of 32bits per command. Each bit in SDI/SDO are defined below.

Data Type | Bit Function
Frame counter (FC). If FC value is equal to FC value in previous command, IC will ignore current
FC 5 command and assert SPI error.
FC is reset by writing Register FCCLR = 1. Command after reset is accepted regardless of FC
value.
ADR 5 | Address for the register map (ADR).
WD 16 | Data which is written to the register (WD).
RD 16 | Data which is read from the register (RD).
In write access:
MCU must calculate the CRC code using FC, ADR, and WD. And attach the CRC to the end of
command. IC also executes the same calculation and compares the result with the CRC code
CRC 8 | generated by the MCU. If CRC codes are not equal, IC ignores this command and asserts SPI
error. The register indicated by ADR is not updated.
In read access:
IC calculates the CRC code using FC, ADR and RD. And attach CRC at the bottom of command.
Output error flag for error detections.
ERRB 1 L: Error, H: No Error.

SDO/ERRB signal can

be changed by EREN register when CSB = H.

SDO/ERRB output control by EREN and CSB is shown in the table below.

CSB
EREN - - -
Low period High period
0 L Hi-Z
SPI communication
ERRB (L: Error, H: No Error)

This IC has 3 kinds of registers by ADR. Access to them is controlled by WREN register.
Refer to 2.3 Register Map about assignment of kind by ADR.

Kind Notation on WREN
Register map 0 | 1
Read only R Read access
Write only W Write access
Write or Read W/R Read access | Write access
www.rohm.com
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2. MCU Interface - Continued

Data format of SPI command is below.

csB | | |
sck AL LS LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA L L DT LA LA LA LA
spi__ |FC| ADR | WD | crc | |FC| ADR |
: \ :
SDO/ERRBHI-Z] [FC| ADR WD CRC | Hiz | [Fc|ADR]
ERRB N Return Data sent from MCU >
flag ERRB flag is output if EREN=1(L: Error, H: No Error)
Figure 6. Data format for Write Access
csB | | |
sck AL AL LA LA LA LA LA LA LA LA LA LA LA LA L LA LA LA L LA L L LA L T LA 61
soi_ |FC| ADR | | ! |[FC| ADR |
' : \
SDO/ERRBHZ| [FC| ADR RD | CRC | HiZ | [Fc|aDR]
ERRB h " " Read data from register and created CRC code
flag Return Data sent from MCU

ERRB flag is output if EREN=1(L: Error, H: No Error)

Figure 7. Data format for Read Access

B SCK=Low start

CSB 1 2 3 4 30 31 32

sl * |FC1 |FCO| A4 | pRc1pch |
SDO/ERRB | Hiz ERRH FC1 |FCO| A4 | pRC1bRCq' *I HiZ |
N T J

v
MCU Strobe Timing
B SCK=High start

CSB 1 2 3 4 30 31 32

sbl|[ * |FC1 |FCO| A4 | pRc1pch o |
SDO/ERRB | Hiz ERRH FC1 |Fco| A4 | pRc1| CRCO | HiZ |
N J

~
MCU Strobe Timing
Figure 8. Support for SCK type in SPI communication

2.2 SPICRC
The specifications of CRC used in SPI are as follows.

CRC Specification

CRC result width 8bits Example:

Polynomial 97h= x® +x" +x*+x2+x1+1 When FC = 0, ADR = 01h, DATA = 0001h,
Initial value 00h CRC resultis FOh

Input data reflected No _ _ _

Result data reflected No When FC —.2, ADR = 0Ah, DATA = A865h,
XOR value 00h CRC result is AAh

www.rohm.com
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2. MCU Interface - Continued
2.3 Register Map
The register map is shown in the table below.

Write O for Data in the gray area of the register map.

As for the W/R columns

R: Read only, W: Write only, W/R: Write and Read.

00h to OCh: Area 1

Addr{ D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO D‘g’a"ﬁlt
W
00h - - - - FCCLR oo
W
01h - - - - WREN oo
ACT_| WR
02h ) ) ) ) EN | 0000h
0S_SEQ_ | OS_SEQ_ SLP_| WIR
03h| - i MR1SH PROP OS_DETVIH EN | 3B0Oh
ER | WR
04h - OSCHK - - SR Toooon
05h _ _ Status End Status R
FAL [ BIST | 0OS [ABIST|CPON| ACT | STB [ERRB| 0001h
06h ) ) Error W/R
INTER| TSD | Tw [ wDT | SPI | REG |[TDEAD| OSC [ BIST | 0000h
07h ) ErrorOV ErrorUV W/R
vB | vbD | vec | REF [vCPHVCPHG vePL[ DRN | vB [ - | vcc | REF [VCPH [VCPHD| VCPL | 0000h
08h _ ErrorVDS ErrorVGS W/R
tH [ 2H [ 3H ] 1L [ 2o [ 3L [ IR 2R [ 3R [ 1H | 2H | 3H 1L [ 2L | 3L [oooon
09h - ErrorShort ErrorShort2 WI/R
MB | MG | PRI IR [ 2R [ 3R [ 1H J 2H [ 3H [ 1L | 2L | 3L 1L | 2L [ 3L |o000h
0Ah ErrorSNT ErrorOpen ErrorOpen2 W/R
L ] 2e [ 3 [ PRI MR [ 2R [ 3R [ 1H [ 24 [ 3H [ 1L | 2 | 3L 1L | 2L | 3L [ooooh
R
0Bh - - WDTFC wDQ 0600h
0Ch CRCR R
0000h
0Dh to 1Bh: Area 2
Addr{ D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO D\gﬁlt
W/R
0Dh WDCF WDSD FCMAX WDTO WDEN
0000h
WD WIR
OEh - WDAS - ohK WDA 5000h
OFh ) ErrorMaskSNT ErrorMaskVDS ErrorMaskVGS W/R
AL | 20 [ 3L | 1HL [ 2HL [3HL [ 1R | 2R [ 3R [ 1H [ 2H [ 3H [ 1 [ 2L [ 3L [ooooh
10h ) ) ) ErrorMaskShort WIR
iH [ 2H | 3H [ 1L [ 2L [ 3L [ooooh
11h | ErrorMask : ) ) ErrorMaskOpen WIR
SPIST] 0SC iH | 24 [ 3H [ 1L [ 2o [ 3L [oo0ooh
12h ErrorMask ErrorMaskOV ErrorMaskUV W/R
TsSD | Tw [wDT | sPl | REG [TDEAD| vB [vbD [ veC [ REF | cP [DRN] vB [vcc | REF [ CP [oocen
13h ErrorOutEn ErrorOutEnOV ErrorOutEnUV WIR
TsD | Tw [wDT | sPl | REG [TDEAD| vB [vbD [ veC [ REF | cP [DRN] vB [vcC | REF [ CP [FFFFh
14h ErrorOutEn ProtectMode EREN WIR
Short | Open | VDS | SNT | VGS [VGSR| DRN | SPI | SNT | vDS |[VGSR ves | wB | Os FC10h
15h ProtectKeep ProtectKeepOV ProtectKeepUV ) W/R
TSD | Short | Open | VDS | SNT | vGs [vGsR| vB | vbD [ vec | REF | DRN | VB | vcc | REF 0000h
DRN ROF | R1 [ R2 [ R3 |[GOF| G1 | G2 | &3 | WR
16h i PD_EN i VRTH | VCTH 07 "oFF | oFF | oFf | Hiz | OFF | oFF | OFF [oooon
Reser TDEAD WIR
7hi g - VD TDEAD CSAMPG3 | CSAMPG2 | CSAMPG1 - |CSEN [ooean
18h HSDRV_SRC HSDRV_SNK LSDRV_SRC LSDRV_SNK 8\5/;\;/;
19h TVDS_FLT TVDS_MSK VDSL VDSH WR
_ _ 41AAh
1Ah TVGS_FLT TVGS_MSK TSNT_FLT TSNT_MSK VSNT B\é\gih
W/R
1Bh CRCW 5000h
www.rohm.com
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2. MCU Interface - Continued

2.4 Description of each bit in the register
The definition of each bit of the register is as follows.

00h: Write only registers

Symbol Bit Description
Frame Counter (FC) Reset.
FCCLR 0 The frame counter is initialized by writing register FCCLR = 1.
Command after reset is accepted regardless of FC value.

Refer to 2.1 Serial Peripheral Interface (SPI) protocol

01h: Write only registers

Symbol Bit Description
SPI Write enable. WREN influences W/R registers.
WREN 0 1: Write
0: Read

Refer to 2.1 Serial Peripheral Interface (SPI) protocol

02h: Write and Read registers

Symbol Bit Description

Active Enable.
ACT_EN 0 1: Transition from Stand-by state to Active state.
0: Transition from Active state to Stand-by state.

Refer to 1.1.3 From Stand-by to Active state

03h: Write and Read registers

Symbol Bit Description

OS _SEQ _MR1SH [1:0] | [13:12] | Period of Moter Relay Open/Short detection in Static OS Check.

OS_SEQ_PROP [1:0] [11:10] | Period of Power Relay Open/Short detection in Static OS Check.

OS DETVTH [1:0] [9:8] Thresh voltage between VB and DRN in Static OS Check.

Sleep Enable.
SLP_EN 0 1: Transition from Stand-by/Active state to Sleep state.

Refer to 7.8.1 Static OS Detection about OS_*
Refer to 1.1.4 From Some state to Sleep state about SLP_EN.

04h: Write and Read registers

Symbol Bit Description

Static OS Check start register.

OSCHK [4:0] [12:8] If MCU read this register, this data is returned 0.
Error Clear.
ERCLR 0 1: Error detection registers can be cleared except Error (BIST) and Error (INTER).

If MCU read this register, this data is returned 0.

Refer to 7.8.1 Static OS Detection about OSCHK.
Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification about ERCLR.

05h: Read only registers

Symbol Eill — Description

Stete (AL | NEalse

cw @y o [Pty

Fro (09 R t compme 6 kst 03
v plete. 0: No check static OS.

swvesn |« | SRR

State (CPON) 3 13%2 S’\TS%T;)N flag

sn 4T : [P

sun 70 [ e

State (ERRE) 0 I1E:Rl\|j{oBeSrir?)rrw,a(lJ:f II";gr;ror has occurred.

Refer to 1.1 State Transition Diagram
Refer to 1.1.2 From Sleep to FAIL state about End (BIST).
Refer to 7.8.1 Static OS Detection about End (OS).
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2. MCU Interface —

06h: Write and Read registers

Continued

Symbol Bit Description

Internal error

Error (INTER) 8 | 1. Error is detected. If MCU writes ‘1’ in this bit, the status is not cleared to ‘0’.
TSD error

Error (TSD) " | 1. Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
TW error

Error (TW) 6 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
WDT error

Error (WDT) 5 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.

Error (SPI) 4 SP error
1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.

Error (REG) 3 REG monitor error
1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
Through-current prevention operation status:

Error (TDEAD) 2 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
OSC error

Error (OSC) T | 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0'.

Error (BIST) 0 BIST error (common to ABIST error and DBIST error)
1: Error is detected. If MCU writes ‘1’ in this bit, the status is not cleared to ‘0’.

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification

07h: Write and Read registers

Symbol Bit Description

ErrorOV (VB) 14 Y:BE?r\cfrI?srrgtratected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorOV (VDD) 13 \1/:DEDrr(c?rVisEcri:ac3[gcted. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorOV (VCC) 12 \1/:CECrr2rVisE<;;otgcted. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
ErrorOV (REF) 1 I?:Egrrg:/isEcriftgcted. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorOV (VCPH) 10 \1/CEPr|r-|o-rV|S c%\t/eitr:zir.. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorOV (VCPHG) 9 Yzcgrgﬁgge%\étgg?lrf MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorOV (VCPL) 8 Y:CEF;lgérGi,:Dde?;:’;z?ll'f MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorUV (DRN) 7 l13:RE,\:rngise<rjr<g’[:ec’[ed. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorUV (VB) 6 | 1 Eror t detected, If MCU writss " n this bit, the status is cleared to 0.
ErrorUV (VCC) 4 \1/:CECrrlc->JrVise<rjrgtr¢.ected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorUV (REF) 3 I?:EEFrrch)Yiserég’[écted. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorUV (VCPH) 2 | 3 Error i deteeten, If MCU iites “C I this bit, the status is dleared to ‘0
ErrorUV (VCPHD) 1 Y:CEF;:'c;:DisRI;el{Je\{:tiz.o;f MCU writes ‘1’ in this bit, the status is cleared to ‘0.
ErrorUV (VCPL) 0 VCPL-GND UV error

1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification.
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2. MCU Interface - Continued

08h: Write and Read registers

Symbol Bit Description

VDS error in phase1 high-side drain-source

ErrorvDS (1H) 4 | 1 Erroris detected. If MCU writes ‘1" in this bit, the status is cleared to 0.
ErrorVDS (2H) 13 \1/:D§reorrr?sr cljnetper:;?:g.ZIP ;\%g_ljlsvii?er: lqslcr)]uthI:: bit, the status is cleared to ‘0.
ErrorVDS (3H) 12 \1/:|:)IESrr(§>:'riz,r (;r;’f)erl?:g?’ Ifh ﬁg-ljl(av?ifgs |rjI'SI;)l»:L(I3: bit, the status is cleared to ‘0’.
ErrorVDS (1L) 1| 1 Error i detociod, IFMOU writes T 1 i b, the status is leared fo 0"
ErrorVDS (2L) 10 \1/:D§reorrr?sr (Ijr:atpel':;?:g.2Ill‘ol\\;lvésLIJdvevr?tr(jsln‘_1s‘(i)rl1J ;ﬁeizs bit, the status is cleared to ‘0.
ErrorVDS (3L) 9 VDS error in phase3 low-side drain-source

1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.

8 VGS error in phase1 relay.

ErrorVGS (1R) 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.

VGS error in phase2 relay.

ErrorVGS (2R) " | 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
VGS error in phase3 relay.

ErrorVGS (3R) 6 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
VGS error in phase1 high-side gate-source

ErrorVGS (1H) 5 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.

ErrorVGS (2H) 4 VGS error in phase2 high-side gate-source

1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.

3 VGS error in phase3 high-side gate-source

ErrorVGS (3H) 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.

VGS error in phase1 low-side gate-source

ErrorVGS (1L) 2 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.

VGS error in phase2 low-side gate-source
ErrorVGS (2L) T | 1. Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’,

VGS error in phase3 low-side gate-source
ErrorVGS (3L) 0 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification.
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2. MCU Interface - Continued

09h: Write and Read registers

Symbol Bit Description
ErrorShort (MB) 14 1S:hgtroErrirsO ngteetgizr] I;n’\C/)lEDLOWU:ﬁ;J; ?r‘c?nvtiis bit, the status is cleared to ‘0.
ErrorShort (MG) 13 1S:hgtroErrirs0 Ejgfetgz((aj? I:‘nl\?ltglrJovl\jlt'ﬁg; a1ndetmISD bit, the status is cleared to ‘0.
ErrorShort (PR) 12 1S:hlc5):troErrir: :jf(:t:éteedr?ﬁll\;(EJL fvc\)/;ift)eosw‘?ri;elt?i; bit, the status is cleared to ‘0.
ErrorShort (1R) 1 1S:hgtroErrirsO Ejferl:ci(tteedrhﬁ‘ll\lzga fvc\)/rrifehsa‘sﬂnr‘ter:?sybit, the status is cleared to ‘0’.
ErrorShort (2R) 10 1S:hgtroErrirs0 Ejlenteeci(tteedrbﬁ‘ll\:EL fv?/rri?ehsa‘ie‘?nr?r:?sybit, the status is cleared to ‘0’.
ErrorShort (3R) 9 1S:hlc5):troErrir: :jf(:t:éteedr?ﬁll\j(EJL fvc\)/:ifehsa‘sf?nr;i?sy.t)'it, the status is cleared to ‘0.
ErrorShort (1H) 8 1S:hgtroErrirsO Ejferleeci(tteedr?ﬁ‘l I\ZEL fv?/;ifehsa‘sf?nhtfr?iz-ts);geir?: giétus is cleared to ‘0.
ErrorShort (2H) ’ 1S:hg:|t'oErrirs0 :j;:t:cz(tt:drbﬁ‘l I\ZE-IL—J fv?/rri?ehsa‘ie‘?nr}fr?iz-zfigeir?: tsetétus is cleared to ‘0’.
ErrorShort (3H) 6 1S:hg:troErrirsO Ei;;[:éfaecr]ﬂl ,\;(E:L fvc\)/rrifehsa‘sﬁ:ianhtlr?ig-gligeﬂ?: ts?étus is cleared to ‘0.
ErrorShort (1L) 5 1S:hg:troErrirsO Ei;:éfaec; '.’]ﬂl ,\;(E:L fvc\)/rrift)ehsa‘sfT ?nlct)r\:\iIL::SI;)cijt(,a t%?etes.tatus is cleared to ‘0.
ErrorShort (2L) 4 1S:hg|t'oErrirsO :jl:teecz(tteedr .nﬁ‘l I\ZE-IL-J fv?/rri?ehsa‘ie‘)?nkt)r‘:\i,:tﬁt? t?\?atitatus is cleared to ‘0’.
ErrorShort (3L) 3 1S:hg:troErrirsO Ei:;[:éfaec; '.’]ﬂl ,\;(E:L fvc\)/rrift)ehsa‘sﬁ:i3n|ct)r\:\iIL::SI:)cijt(,a t%?etes.tatus is cleared to ‘0.
ErrorShort2 (11.) 2 1S:hg:troErrirsO Ei:;[:éfaec; '.’]ﬂl ,\;(E:L fvc\)/rrift)ehsa‘sfT ?nlct)r\:\iIL::SI:)cijt(,a t%?etes.tatus is cleared to ‘0.
ErrorShort2 (2L) ! 1S:hg|t'oErrirsO :jl:teecz(tteedr .nﬁ‘l I\ZE-IL-J fv?/rri?ehsa‘ie‘)?nkt)r‘:\i,:tﬁt? t?\?atitatus is cleared to ‘0’.
ErrorShort2 (3.) 0 1S:hg:troErrirsO Ei:;[:éfaec; '.’]ﬂl ,\;(E:L fvc\)/rrift)ehsa‘sﬁ:ianlct)r\:\iIL::SI:)cijt(,a t%?etes.tatus is cleared to ‘0.

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification and 7.8 Open/Short (OS) Detection in
External MOS-FET
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Datasheet

2. MCU Interface -

Continued

0Ah: Write and Read registers

Symbol Bit Description
OV Error in external shunt register for phase1 circuit.
ErrorSNT (1L) 15| 1. Error is detected. If MCU writes ‘1" in this bit, the status is cleared to ‘0'.
OV Error in external shunt register for phase2 circuit.
ErrorSNT (L) 14 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
OV Error in external shunt register for phase3 circuit.
ErrorSNT (3L) 13 | 1. Error is detected. If MCU writes ‘1" in this bit, the status is cleared to ‘0'.
Open Error in external FET for a power relay
ErrorOpen (PR) 12| 1. Error is detected. If MCU writes ‘1" in this bit, the status is cleared to ‘0'.
Open Error in external FET for phase1 relay.
ErrorOpen (1R) i 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
Open Error in external FET for phase2 relay.
ErrorOpen (2R) 10| 1. Error is detected. If MCU writes ‘1" in this bit, the status is cleared to ‘0'.
Open Error in external FET for phase3 relay.
ErrorOpen (3R) 9 | 1:Error is detected. If MCU writes 1’ in this bit, the status is cleared to ‘0"
Open Error in external FET for phase1 high-side gate.
ErrorOpen (1H) 8 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
Open Error in external FET for phase2 high-side gate.
ErrorOpen (2H) " | 1: Error is detected. If MCU writes “1' in this bit, the status is cleared to ‘0'.
Open Error in external FET for phase3 high-side gate.
ErrorOpen (3H) © | 1:Error is detected. If MCU writes “1' i this bit, the status is cleared to ‘0'.
ErrorOpen (1L) 5 Open Error in external FET for phase1 low-side gate.
P 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
ErrorOpen (2L) 4 Open Error in external FET for phase2 low-side gate.
P 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
ErrorOpen (3L) 3 Open Error in external FET for phase3 low-side gate.
P 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0.
Open Error in external FET for phase1 low-side gate.
ErrorOpen2 (1L) 2 1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.
Open Error in external FET for phase2 low-side gate.
ErrorOpen2 (2L) T | 1. Error is detected. If MCU writes “1"in this bit, the status is cleared to ‘0'.
ErrorOpen2 (3L) 0 Open Error in external FET for phase3 low-side gate.

1: Error is detected. If MCU writes ‘1’ in this bit, the status is cleared to ‘0’.

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification and 7.8 Open/Short (OS) Detection in

External MOS-FET

0Bh: Read only registers

Symbol Bit Description
WDTFC [3:0] [8:5] | WDT Fail Counter.
WDQ [4:0] [4:0] | WDT Question Data.
Refer to 7.10 Watch Dog Timer (WDT).
0Ch: Read only registers
Symbol Bit Description
CRCR [15:0] [15:0] | Register Monitor Internally calculated CRC

Refer to 7.11 Register (REG) Monitor

0Dh: Write and Read registers

Symbol Bit Description
WDCF [4:0] [15:11] | WDT Config
WDSD [4:0] [10:6] | WDT Timer Seed.
FCMAX[1:0] [5:4] WDT Fail Counter maximum value.
WDTO [1:0] [3:2] WDT detection period.
WDEN [1:0] [1:0] WDT function setting.
Refer to 7.10 Watch Dog Timer (WDT)
OEh: Write and Read registers
Symbol Bit Description
WDAS [1:0] [11:10] | WDT Answer setting.
WDCHK 8 WDT Check. WDT clear in Window mode and Time-Out mode.
When "1" is written from MCU, WDT Counter is reset.
WDT Answer. WDT clear in Q&A mode.
WDA[7:0] [7:0] When correct answer is written from MCU, WDT Counter is reset.

Refer to 7.10 Watch Dog Timer (WDT)
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2. MCU Interface -

Continued

OFh: Write and Read registers

Symbol Bit Description
CromaskoNT (L) | 14| NSk ST Ever detece o e crt.
CrotlaskSNT 21) | 13| MeBK ST Evordelolon o phese? .
CrotaskSNT sL) | 12| MeBK ST Evordelcton o phased it
cromasyDs (1HL) | 11| HeSk DS Eror deecion for phaee gates (Comman o igh and ovi-ice)
CroiaskVDs (L) | 10| Mok YOS Ervor delelion for phase? gtes Common o igh and ow-5ces)
EroniaskDs GHL) | o | Wesk VDS Evor delelion forphased gles. (Camon o ighand oe-sices)
CrotlaskVs (1R) | | VaKUCS Ero detecion forphaso e
Crotlaskvas @R) | 7| MoK YGS Sror detecon frphase oy
CrotlaskVGs @R) | 5| MK YGS Bror detecon frphased oy
croleskvos (1) | 5 | MaskVOS Evor delecon forphaser righ-ide ate
CrotlaskVs (ar) | 4 | Wask UGS Ero detecon frphase <o gt
cronleskvos sH) | o | Mask UGS Evor delecon frphased igh-ide gate
croleskvos (1L) | 2 | MaskGS Evordetecon for hase fowsid g
CrotlaskVs () | 1| Wask YOS Ervor deteclon for phase? ow-ide gat.
ErrorMaskVGS (3L) 0 Mask VGS Error detection for phase3 low-side gate.

1: Disable detection. 0: Enable detection.

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification

10h: Write and Read registers

Symbol Bit _ Description . .
CrolaskSnor (1K) | 5| Yok Shor Eror detecon i xtrnal PET forphase it o et
Cronfaskhort 2r) | 4| MK Shor Eordelecon i et PET o phase2 it o g
cromeskshon GH) | 3| Yok Shor vor detecen b tr) PET o e i i ot
CrolaskShor (1) | 2| Mok Shor Err detecton 1 ot PETforphase o-ide gat.
Crontaskhort @L) | 1| YAk ShortErordelecion i st PET for a2 owr-ide gat
ErrorMaskShort (3L) 0 Mask Short Error detection in external FET for phase3 low-side gate.

1: Disable detection. 0: Enable detection.

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification
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2. MCU Interface -

Continued

11h: Write and Read registers
Symbol Bit ' Description
ErrorMask (SPIST) 15 |1v!al§iksastfll Sd;[gtpegt?ct)i(.:t(l)c:)hEnable detection.
ErrorMask (OSC) 4 l:/!aSiksaob?eC di';;%iigit.e(;tlgzable detection.
Erontaskpen (1K) | 5 | Wask Oben Erorn exernal FEY for phase il sid g
CrolaskOpen (2H) | 4 | sk Oper Eorn external FEVfr phase? igh-ide gate
CrorlaskOpen 9) | 3| Hesk Oben Eior 1 et FEY fr phaseS i oid g
erontaskpen (1) | 2 | Wask Oben Eror o cxernl FEY for phase ow-ide gate
CrolaskOpen L) | 1| Nk Oper Exorn exernl FEFfor phase? oo ate
ErrorMaskOpen (3L) 0 Mask Open Error in external FET for phase3 low-side gate.

1: Disable detection. 0: Enable detection.

12h

Refer to 7.2 Register Setting for Error

Detection, Protection and Error Notification

: Write and Read registers
Symbol Bit Description

Mask TSD Error detection.

ErrorMask (TSD) 15 1: Disable detection. 0: Enable detection.
Mask TW Error detection.

ErrorMask (TW) 14 1: Disable detection. 0: Enable detection.
Mask WDT Error detection.

ErrorMask (WDT) 13 1: Disable detection. 0: Enable detection.
Mask SPI Error detection.

ErrorMask (SPI) 12 1: Disable detection. 0: Enable detection.
Mask REG monitor

ErrorMask (REG) 1 1: Disable detection. 0: Enable detection.
Mask Shoot Through Error detection.

ErrorMask (TDEAD) 10 1: Disable detection. 0: Enable detection.
Mask VB OV Error detection

ErrorMaskOV (VB) 9 1: Disable detection. 0: Enable detection.
Mask VDD QV Error detection

ErrorMaskOV (VDD) 8 1: Disable detection. 0: Enable detection.
Mask VCC QV Error detection

ErrorMaskOV (VCC) 7 1: Disable detection. 0: Enable detection.
Mask REF OV Error detection

ErrorMaskOV (REF) 6 1: Disable detection. 0: Enable detection.
Mask Charge Pump OV Error detection.

ErrorMaskOV (CP) 5 (Common to VCPH-VB OV, VCPH-GND OV and VCPL-GND QV Error)
1: Disable detection. 0: Enable detection.
Mask DRN UV Error detection

ErrorMaskUV (DRN) 4 1: Disable detection. 0: Enable detection.
Mask VB UV Error detection

ErrorMaskUV (VB) 3 1: Disable detection. 0: Enable detection.
Mask VCC UV Error detection

ErrorMaskUV (VCC) 2 1: Disable detection. 0: Enable detection.
Mask REF UV Error detection

ErrorMaskUV (REF) ! 1: Disable detection. 0: Enable detection.
Mask Charge Pump UV Error detection.

ErrorMaskUV (CP) 0 (Common to VCPH-VB UV, VCPH-DRN UV and VCPL-GND UV Error)

1: Disable detection. 0: Enable detection.

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification
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2. MCU Interface - Continued

13h: Write and Read registers

Symbol Bit Description

Output TSD Error to SDO/ERRB.

ErrorOutEn (TSD) 15| 1. output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output TW Error to SDO/ERRB.

ErrorOutEn (TW) 14| 1. output Error to SDO/ERRB. 0: stop Error to SDO/ERRB,
OQutput WDT Error to SDO/ERRB.

ErrorOutEn (WDT) 13 1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output SPI Error to SDO/ERRB.

ErrorOutEn (SP) 12| 1. output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output REG Monitor Error to SDO/ERRB.

ErrorOutEn (REG) " | 1. output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output Short Through Prevention Error to SDO/ERRB

ErrorOutEn (TDEAD) 10 1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output VB OV Error to SDO/ERRB

ErrorOutEn (VB) 9 1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output VDD OV Error to SDO/ERRB

ErrorOutEnOV (VDD) 8 | 1. output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output VCC OV Error to SDO/ERRB

ErrorOutEnOV (VCC) / 1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output REF OV Error to SDO/ERRB

ErrorOUtEnOV (REF) 6 1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Qutput Charge Pump OV Error to SDO/ERRB.

ErrorOutEnQV (CP) 5 (common to VCPH-VB OV, VCPH-GND OV and VCPL-GND QV Error)
1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output DRN UV Error to SDO/ERRB

ErrorOutEnUV (DRN) 4 1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output VB UV Error to SDO/ERRB

ErrorOutEnUV (VB) 3| 1. output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Qutput VCC UV Error to SDO/ERRB

ErrorOutEnUV (VCC) 2| 1. output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output REF UV Error to SDO/ERRB

ErrorOutEnUV (REF) ! 1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.
Output Charge Pump UV Error to SDO/ERRB.

ErrorOutEnUV (CP) 0 (common to VCPH-VB UV, VCPH-DRN UV and VCPL-GND UV Error)

1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification
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2. MCU Interface -

Continued

14h: Write and Read registers

Symbol

Bit

Description

ErrorOutEn (Short)

15

Output Short Error to SDO/ERRB. (common to all-phase & external FET)
1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.

ErrorOutEn (Open)

14

Output Open Error to SDO/ERRB. (common to all-phase & external FET)
1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.

ErrorOutEn (VDS)

13

Output VDS Error to SDO/ERRB. (common to all-phase & high/low-side)
1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.

ErrorOutEn (SNT)

12

Output SNT Error to SDO/ERRB. (common to all-phase)
1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.

ErrorOutEn (VGS)

11

Output VGS Error to SDO/ERRB. (common to all-phase & high/low-side)
1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.

ErrorOutEn (VGSR)

10

Output VGSR Error to SDO/ERRB. (common to all-phase)
1: output Error to SDO/ERRB. 0: stop Error to SDO/ERRB.

ProtectMode (DRN)

Disable Protection of DRN UV Error.
0: Enable protection. 1: Disable Protection.

ProtectMode (SPI)

Disable Protection of SPI Error.
0: Enable protection. 1: Disable Protection.

ProtectMode (SNT)

Disable Protection of SNT Error. (common to all-phase)
0: Enable protection. 1: Disable Protection.

ProtectMode (VDS)

Disable Protection of VDS Error. (common to all-phase & high/low-side)
0: Enable protection. 1: Disable Protection.

ProtectMode (VGSR)

Disable Protection of VGSR Error. (common to all-phase)
0: Enable protection. 1: Disable Protection.

ProtectMode (VGS)
[1:0]

[4:3]

Protection Mode of VGS Error. (common to all-phase)

0: Enable protection. And Gate driver output to Low when VGS OV/UV error.
1: Enable protection. And Gate driver output to Hi-Z when VGS OV/UV error.
2: Enable protection. And Gate driver output to Low when VGS UV error.
When VGS OV error at H-side, GxH is Hi-Z and GxL is Low.

When VGS OV error at L-side, GxH is Low and GxL is Hi-Z.

3: Disable Protection.

ProtectMode (VB)

Protection Mode of VB Error. (common to OV/UV)
0: Enable protection. And Gate driver output to Short Brake.
1: Enable protection. And Gate driver output to signal selected by GOFHIZ.

ProtectMode (OS)

Disable Protection of OS Error in dynamic mode. (common to Short & Open)
OS Error in static mode is not used protection.
0: Enable protection. 1: Disable Protection.

EREN

0

Enable ERRB in SDO
1: Enable ERRB. SDO/ERRB output “ERRB” during CSB = H.
0: Disable ERRB. SDO/ERRB output Hi-Z during CSB = H.

Refer to_7.2 Register Setting for Error Detection, Protection and Error Notification about ErrorOutEn(*)

Refer to 7.1 Protection After Error Detection about ProtectMode(*)

Refer to 2.1 Serial Peripheral Interface (SPI) protocol about EREN
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2. MCU Interface -

15h: Write and Read registers

Continued

Symbol Bit Description
ProtectKeep (TSD) 15 T:esgg;)scg] I?Er::gr, 0: Output Error as it is
Protecoop (Shor) | 14| " St Erorcermon o alonase
Protecikeep (Open) | 13| 10 Gutput Evror s e
Protectioop (VDS) | 12| 288 DS Eror commr o b hase & g0
Proteciosp (SNT) | 11| 568 SNT Evor Common o b phae)
Proteciosp (VG5) | 10| KegB Y5 Erer comman o aahase & ghow e
Protetonp (vGSR) | s | KegP VOSR Eror commar ol ohase)
ProtectkeepOV (VB) 8 l1<e Ege\gBoS\érE(;,oB: Output Error as it is
ProtectkeepOV (VDD) ! |1(e Ege\[/)Doa gonr,rr(?:rOutput Error as it is
ProtectkeepOV (VCC) 6 |1(e Ege\[/)Cocri gonr,rr(?:rOutput Error as it is
ProtectKeepOV (REF) 5 l1<e Ege%Eoi (I)E\r/roEr,rr(c)):rOutput Error asiitis
ProtectkeepUV (DRN) 4 |1(e Ege?)i': lIéonr,rr(?:rOutput Error as it is
ProtectkeepUV (VB) 3 |1(e Ege\[/)Bolrj\I/Erlfcr)rr?E): Output Error as it is
ProtectkeepUV (VCC) 2 l1<e Ege\gcoi E\r/roErr I'()O:rOutput Error asiitis
ProtectKeepUV (REF) 1 | Keep REF UV Error

1: Keep on Error, 0: Output Error as it is

Refer to 7.2 Register Setting for Error Detection, Protection and Error Notification

16h: Write and Read registers

Symbol Bit Description
Pull Down for DRN.
DRN_PD_EN 12 1: Enable, 0: Disable
REF voltage detection threshold.
VRTH 9 0: For5.0V, 1: For 3.3 V.
VCC voltage detection threshold.
VCTH 8 0: For 5.0V, 1: For 3.3 V.
ROFHIZ 7 R.elay drl\./er. output OFF state selection when RxOFF =1’ (x = 1,2,3).
0: Low, 1: Hi-Z
R1OFF 6 Relay driver GR1 ON/OFF
0: ON. Output to High. 1: OFF. Output to signal selected by ROFHIZ.
R2OFF 5 Relay driver GR2 ON/OFF.
0: ON. Output to High. 1: OFF. Output to signal selected by ROFHIZ.
R30OFF 4 Relay driver GR3 ON/OFF.
0: ON. Output to High. 1: OFF. Output to signal selected by ROFHIZ.
GOFHIZ 3 Qate drlv.e qutput OFF state selection in occurring errors or GXOFF ="1" (x = 1,2,3).
0: Low, 1: Hi-Z
G10FF 2 Gate driver G1H/G1L ON/OFF.
0: ON. Output to INTH/IN1L, 1: OFF. Output to signal selected by GOFHIZ.
G20FF 1 Gate driver G2H/G2L ON/OFF.
0: ON. Output to IN2H/IN2L, 1: OFF. Output to signal selected by GOFHIZ.
G30OFF 0 Gate driver G3H/G3L ON/OFF.
0: ON. Output to IN3H/IN3L, 1: OFF. Output to signal selected by GOFHIZ.

Refer to 7.8.1 Static OS Detection about DRN_PD_EN.

Refer to 7.4 Reference Voltage (VCC/REF) OV/UV Detection about VRTH and VCTH.

Refer to 6. Relay Driver about ROFHIZ and RxOFF.
Refer to 4.1 Gate ON/OFF Control about GOFHIZ and GxOFF.
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2. MCU Interface -

Continued

17h: Write and Read registers

Symbol Bit Description

Reserved 15 Set ‘0’
Dead time mode.

TDEADMD 11 0: Using switching timing of INxH/INXL (x = 1,2,3)
1: Using Gate off level detection timing.

TDEAD [2:0] [10:8] | Dead time period.

CSAMPG3 [1:0] [7:6] | CSAMP Gain for phase3 circuit.

CSAMPG2 [1:0] [5:4] | CSAMP Gain for phase2 circuit.

CSAMPG1 [1:0] [3:2] | CSAMP Gain for phase1 circuit.

CSEN 0 CSAMP Enable

1: Enable, 0: Disable.

Refer to 4.2 Shoot Through Prevention and Detection (TDEAD) about TDEADMD and TDEAD.

Refer to 5. Current Sense Amplifier (CSAMP) about CSAMPGx and CSEN

18h: Write and Read registers

Symbol Bit Description
HSDRV_SRC [3:0] [15:12] | Source current setting for gate drive of high-side FET.
HSDRV_SNK [3:0] [11:8] | Sink current setting for gate drive of high-side FET.
LSDRV_SRC [3:0] [7:4] Source current setting for gate drive of low-side FET.
LSDRV_SNK [3:0] [3:0] Sink current setting for gate drive of low-side FET.

Refer to 4.3 Output Current Setting

19h: Write and Read registers

Symbol Bit Description
TVDS FLT [3:0] [15:12] | Filter period setting after VDS voltage abnormality detection.
TVDS_MSK [3:0] [11:8] | Mask period setting for VDS voltage abnormality detection.
VDSL [3:0] [7:4] VDS voltage abnormality detection threshold setting for low-side FET
VDSH [3:0] [3:0] VDS voltage abnormality detection threshold setting for high-side FET

Refer to 7.6 Drain-Source voltage (VDS) Error Detection

1Ah: Write and Read registers

Symbol Bit Description
TVGS _FLT [2:0] [15:13] | Filter period setting after VGS voltage abnormality detection.
TVGS MSK [2:0] [12:10] | Mask period setting for VGS voltage abnormality detection.
TSNT FLT [2:0] [9:7] Filter period setting of shunt resistor voltage error detection._
TSNT_MSK [2:0] [6:4] Mask period setting for shunt resistor voltage error detection._
VSNT [3:0] [3:0] Shunt resistor voltage anomaly detection threshold setting.

Refer to 7.5 Gate-Source voltage (VGS) Error Detection about TVGS_*

Refer to 7.7 Shunt Resister Voltage (SNT) Error Detection about TSNT_* and VSNT

1Bh: Write and Read registers

Symbol

Bit

Description

CRCW [15:0]

[15:0]

Register Monitor CRC from MPU

Refer to 7.11 Register (REG) Monitor
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3.LDO

A power supply circuit that generates VDD for internal circuits and VCPH and VCPL for gate control of external FETs from
VB input is built in. The voltage relationship is shown in the figure below. (Voltage values are typical).

VCPH

(VB +2xVDD)
" l2xvDD)
VB
(12.0V) verL 7
(2xVDD)
VDD

(5.3V) (2xvDD)

=1

GND

Figure 9. Voltage relationship
3.1 VDD: Power Supply for Internal Circuit

Power supply voltage for internal circuits is generated.
Connect a 1 yF to 4.7 yF capacitor between VDD and GND pins to stabilize the voltage.

VDD
—1t04.7 uF
GND ]

Figure 10. Capacitor for VDD

3.2 VCPH/VCPL: Power Supply for Gate Driving Circuit of External MOS-FET
VCPH is the ON-voltage level of the external high-side MOS-FET gate drive output (G1H/G2H/G3H) and VCPL is the ON-
voltage level of the external low-side MOS-FET gate drive output (G1L/G2L/G3L).

Please attach 0.47 yF between CP1H-CP1L and between CP2H-CP2L. And please attach 1.0 pF /4.7 pyF to VCPH/VCPL
to stable output voltage.

VB

1.0 uF
VCPH

CP2H

0.47 pF
CP2L

VCPL

CP1H
0.47 uF

CP1L

4.7 uF

Figure 11. Capacitor for VCPH/VCPL
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4. Gate Driver

4.1 Gate ON/OFF Control
Gate driving output (G1H/G2H/G3H/G1L/G2L/G3L) is directly controlled by IN1H/IN1L/IN2H/IN2L/IN3H/IN3L input signals.
IC provides dead-time control to prevent shoot-through at the half bridge caused by turning on both the high-side and low-
side MOSFETs.

BD16861MUF-C
Logic
INTH > 3| PREDRV »G1H
INAL > PREDRV »G1L
IN2H > OFF/Hi-Z PREDRV >G2H
IN2L »  control PREDRV »G2L
IN3H > PREDRV »G3H
INGL > PREDRV »G3L
DOFFB

Figure 12. Block diagram

There are 4 output types in Gate Control state.
Output Type Function
Normal GxH is controlled by INxH and GxL is controlled by INXxL.
LOW GxH and QXL are low level. .

External high-side and low-side MOS-FET are OFF
Hi-Z GxH are pulled down to SxH and GxL are pulled down to SxL.

GxH are low and GxL are high.

ShortBrake (SB) | £, iormal high-side MOS-FET are OFF, and low-side MOS-FET are ON
(x=1,2,3)

There is another method to control Gate Driver by a pin DOFFB and GxOFF registers (x = 1,2,3).

When DOFFB is toggled from L to H, first set INxH / INxL input signals to L.

IC can fix the gate level of external MOS-FET to low or Hi-Z by GxOFF register. This fixing level can be selected by a register
GOFHIZ. DOFFB directly controls the gate driver without internal control logic.

P state [l Gate:

DOFFB (pin) _|All Gate:

Gate: \ Low )

Normal | Register setting (Each Gate:
N "| Low/Hi-z

y

A

Error Detected »[All Gate:

\ ) “Error Undetected | Low /Hi-Z/SB
Figure 13. State in Gate Driver

State Input Register Input Output
DOFFB | GxOFF | GOFHIZ INxH INXxL GxH GxL
L LOW
L H Low HIGH
0 * L HIGH LOW
. H H LOW LOW
Active H (Note 1) (Note 1)
1 0 LOW LOW
1 N . Hi-Z Hi-Z
L . . LOW LOW
Others * Hi-Z Hi-Z

(Note 1) If both INxH and INxL are high, force to low. (x = 1,2,3)
Refer to 7.1 Protection After Error Detection about gate control by Error detection.

www.rohm.com
© 2020 ROHM Co., Ltd. All rights reserved. 28/90 TSZ02201-0N4K0CX24900-1-2
TSZ22111 + 15 + 001 14.Sep.2026 Rev.001


http://www.rohm.com/

BD16861MUF-C

Datasheet

4. Gate Driver - Continued

4.2 Shoot Through Prevention and Detection (TDEAD)
This IC inserts a dead time to prevent shoot-through caused by the simultaneous turn-on of the high-side and low-side
MOSFETs in each phase half bridge. Dead time is inserted as ‘off period’ when high-side and low-side gate control input are
both high at the same time, or when ‘off period’ is shorter than a dead time which is set by TDEAD register.

In other case, ‘off period’ generated by INxH/INxL (x = 1,2,3) is used.
This function has 2 modes by TDEADMD register.

TDEADMD

Description

0

The dead time counter starts at the falling edge of INxH / INxL.

1

The dead time counter starts at the point where GxH / GxL falls and reaches the gate-off level defined by

the VGS detection circuit.

Dead time can

be selected by TDEAD register (fosc = 10.7 MHz (Typ))

T?;(’)*]D Dead time (toeap) T?Z':ESD Dead time (toeao)
0 Ons 4 4 / fosc
1 1/ fosc 5 5/ fosc
2 2 [ fosc 6 6 / fosc
3 3/ fosc 7 7 / fosc

This delay time is generated by re-timing internal clock. So, range of toeap has 1 cycle of fluctuations.

If this function is inserted dead time, Error (TDEAD) set 1.

Error (TDEAD) Function

0

Not insert dead time.

1

Insert dead time.
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4. Gate Driver - Continued

Timing Chart in TDEADMD =0

(A) OFF period >= tpeap

. OFF period OFF period .

INTH i — ,

INTL .I 5 | [

: toean ' i teropa . ;

G1H : L i i

External MOS-FET Vg : P i teroPA E i
(High Side) ' i — i i

' '
H tPROF’A tDEAD '
—P —» !

'

G1L .
External MOS-FET Vs : itPROPA
(Low Side) [ —)

SDO/ERRB High

(EREN =1,
ErrorOut(TDEAD) = 1) When “OFF period” is longer than tpeap, ERROR(TDEAD)=0’,

Gate turns on as the input changes low to high

Figure 14. Timing Chart in TDEADMD = 0 and case (A)

(B) OFF period < tpeap

. OFF period OFF period
INTH — PR —
IN1L .' ' f
i toropA

| L, R
G1H P N 5 |
External MOS-FET Vg : i iteropa ; !
(High Side) ; ——— i
toropA ’AAutomaticall'y 3 toean |
G1L Inlserted dead time Automatically 5
External MOS-FET Vg Lo Inserted dead time| ! tproPa
\ . ——————,

(Low Side) " :
SDO/ERRB High L | -
(EREN=1,
ErrorOut(TDEAD)=1) When “OFF period” is shorter than togap, ERROR(TDEAD)=1",

Automatically insert tPEAP as shown in the figure.

Figure 15. Timing Chart in TDEADMD = 0 and case (B)
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4. Gate Driver - Continued

Timing Chart in TDEADMD = 1

(A) OFF period >= tpropa + tcatefall + tcomp + toeap

INTH '« OFF period leOFF period !
IN1L i I
i . itPROI:r"A :
: toeAD : tatetay :
G1H : o : : 5
External MOS-FET Vg ; titero i '
: I Rt ; i
(High Side) ="~ labelsbebebslabsabsb T T T T T N
EtPROPA : o
! teatetall - :
GI1L N H
: teomp iteroPA
External MOS-FET Vg ' St ! k
(Low Side) "7 T r """ Yo
SDO/ERRB —
(EREN = 1, High

ErrorOut(TDEAD) = 1)

When “OFF period” is longer than tpropa * tgatetan + tcomp + toeans

ERROR(TDEAD)

‘0’, Gate turns on as the input changes low to high.

Figure 16. Timing Chart in TDEADMD = 1 and case (A)

(B) OFF period < tprora + tcatefall + tcomp + toeaD

INTH

'« OFF period of

IN1L I.

G1H
External MOS-FET Vg

(High Side) zzzz-zz-mrmrmrmmroro oo

G1L
External MOS-FET Vg

(Low Side) ~~ T [ "

SDO/ERRB

! HGatetall i

Automatically
inserted dead time

—

.
teroPA o :
.
! toateta !

.

Automatically \\ |
inserted dead time o :tPROPA >

(EREN = 1, High

ErrorOut(TDEAD) = 1)

When “OFF period” is shorter than tpropa + tgateran + tcomp + toeaps
ERROR(TDEAD) = ‘1, tpeap is automatically inserted as shown in the figure.

Figure 17. Timing Chart in TDEADMD = 1 and case (B)
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4. Gate Driver - Continued

4.3 Output Current Setting
MCU can select Source current and Sink current of gate driving for external MOS-FET (G1H/G2H/G3H and G1L/G2L/G3L)
via SPI. The setting is common in all three phases.

Source current setting for Gate driving Sink current setting for Gate driving

- HSDRV_SRC [3:0]: High-side MOS-FET - HSDRV_SNK [3:0]: High-side MOS-FET

- LSDRV_SRC [3:0]: Low-side MOS-FET - LSDRV_SNK [3:0]: Low-side MOS-FET

HSDRV_SRC [3:0] Source current HSDRV_SNK [3:0] Sink current
LSDRV_SRC [3:0] (mA) LSDRV_SNK [3:0] (mA)
Oh 75 Oh 75
1h 100 1h 100
2h 125 2h 125
3h 150 3h 150
4h 175 4h 175
5h 200 5h 200
6h 300 6h 300
7h 400 7h 400
8h 500 8h 500
9h 600 9h 600
Ah 700 Ah 700
Bh 800 Bh 800
Ch 900 Ch 900
Dh 1000 Dh 1000
Eh 1100 Eh 1100
Fh 1200 Fh 1200
www.rohm.com
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5. Current Sense Amplifier (CSAMP)

A current sensing amplifier is built in to detect the current through the shunt resistor.
The gain can be set by registers. The reference voltage can be set by the input voltage from the REF pin.
The output voltage of the current detection amplifier is expressed by the following equation.

Reference: REF/2  --1---,

AouT1 (

AouT2 (

AOUT3 (

VB
VDD

regulator

-/

REF (}G+
=

/

N

| _ +j
L!:Ij—t:k
_ +j
L!:Ij—t:k
_ +j
Li:lj—t:F

VDD
O

:AIN‘IP
AINTN X
AIN2P

i ﬂ
L AIN2N

AIN3P

J

{E AIN3N T

Figure 18. Block diagram in CSAMP

5.1 Current Sense Amplifier Setting
A register CSEN is an enabling register of CSAMP. If MCU sets CSEN to ‘0’, power consumption can be reduced.
Registers CSAMPGx (x = 1,2,3) are to set gain of each AMP.

AOUTX gain settin
CSAMPGx [1:0] c§qA|N 9
0 12
1 16
2 24
3 32

Output AOUTx (x = 1,2,3) in Status and CSEN is below.

Register CSAMP
State T ESEN AOUTX
. 1 (AINXP — AINxN) * GAIN + REF/2
Active
0 Hi-Z

Others *
www.rohm.com
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6. Relay Driver

This IC has relay drivers (GRx (x = 1,2,3)) to control external MOS-FETs for motor relay.

BD16861MUF-C
Logic

RLYDRV

Low/Hi-Z RLYDRV
control

RLYDRV

Figure 19. Block diagram

There are 3 output types in Relay Control state.

Output Type Function

HIGH GRXx are high level.
LOW GRx are low level.
Hi-Z GRXx are Hi-Z.

They can be turned on / off by R10OFF/R20FF/R30OFF registers.
And the off state (LOW or Hi-Z) can be selected ROFHIZ register.

VR
State All Gate:
Hi-Z

A 4

Gate: ‘Reglster setting Efg\]NG/aIEl"B:Z
HIGH [T -

A 4

Error Detected | Al Gate:
Hi-Z

\ ) Error Undetected

Figure 20. State in Relay Driver

Register Output
State TR OFF | ROFHIZ | GRx
0 - HIGH
Active 1 0 LOW
1 .
Others * * Hi-Z

Refer to 7.1 Protection After Error Detection about relay control by Error detection.
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7. Protection Function

This IC has various error detections such as an over / Undervoltage error for externally applied power supply (VB, VCC, REF)
and internally generated power supply (VDD, VCPL, VCPH), and open / short detection for external FETs. And it also has
protection functions to prevent it from a system destruction. When these errors are detected, IC notifies MCU by SDO/ERRB
at the same time of the protection process. The detected error information is stored registers in IC and MCU can read it via

SPL.

OV: Overvoltage, UV: Undervoltage

Error Detection Function Detected Errors DeteCti?nR;-:;S?%%)
VB OV | Overvoltage in power supply (12 V) 38.0V
UV | Undervoltage in power supply (12 V) 40V
vee OV | Overvoltage in voltage for SDO/ERRB (5.0 V /3.3 V) 540V / 355V
UV | Undervoltage in voltage for SDO/ERRB (5.0 V /3.3 V) 460V /3.05V
REF OV | Overvoltage in reference voltage for CSAMP (5.0 V /3.3 V) 540V /3.55V
UV | Undervoltage in reference voltage for CSAMP (5.0 V /3.3 V) 460V /3.05V
OV | Overvoltage in LDO voltage for internal circuit. (5.3 V) 6.0V
\E/(:rlgarge VbD UV | Undervoltage in LDO voltage for internal circuit. (5.3 V) 29V
VCPL OV | Overvoltage in the 15t step in Charge Pump. 141V
UV | Undervoltage in the 15t step in Charge Pump. 55V
VCPH OV | Overvoltage in the 2" step in Charge Pump (VB reference) 141V
UV | Undervoltage in the 2" step in Charge Pump (VB reference) 55V
VCPHD | UV | Undervoltage in the 2" step in Charge Pump (DRN reference) 55V
VCPHG | OV | Overvoltage in the 2" step in Charge Pump (GND reference) 55.0V
DRN UV | Undervoltage in DRN voltage. 3.7V
. H-side %}&-Lic\)/:[c;eov:;tﬁg\?e%rror in External MOS-FET for Motor Drive VCPH-2 V / SxH+1 V
L-side | Same as above VCPL-2 V / SxL+1 V
- VGSR %\&?Li?/zlr(;eov:;tﬁg\?e%rror in External MOS-FET for Motor Relay VCPH-2 V / 10 V
Driver VDS H-side | Drain-Source voltage error in External MOS-FET for Motor Drive -200 to +3000 mV
Error L-side | Same as above (16 steps)
SNT Shunt Resistors voltage error -200to *(-‘;Ig(;(t)e?s\;
Dynamic OS Open / short check in External MOS-FET (dynamic mode) -
Static OS Open / short check in External MOS-FET (static mode) -
Thermal TW Over temperature for Thermal Warning threshold 135°C
Error TSD Over temperature for Thermal Shutdown threshold 175 °C
Oscillatio | OSC Freq Over and under 20 % frequency in OSC_IF/SM -
n Error OSC Stop Stop Oscillator in OSC_IF/SM 25 us
WDT Watch dog timeout. MCU communication error via SPI 6 EZ gggs)‘
SPI Stop SPI long term stop. 10s
MCU 4 kinds of errors.

Error 1. Mismatch CRC on write access.

SPI 2. Mismatch Frame counter on write/read access. -
3. Over 32 clock pulse in SCK on write/read access.
4. Under 32 clock pulse in SCK on write/read access.

REG Unintended change in registers -
IC Error BIST BIST is failed in DBIST or ABIST state. -
Internal Internal Errorin IC -
((?oar:terol TDEAD Simultaneous on period error between INxH and INxL. 0 to(86§;pnss)
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7. Protection Function — Continued

7.1 Protection After Error Detection

The following table shows operations of Protection of Gate Driver and next |C state after each error detection in Active state.
Each error detection can be masked by register setting. Refer to 7.2 Register Setting for Error Detection, Protection and Error

Notification.

‘-“in table indicates that it is not affected by this protection.

Their Error detections are protected by changing IC state.

. Protection
Error Detection
Change IC State GxH/GxL
ov
VB
uv
ov
vCcC uvV } Protection
(Refer to next page)
ov
REF
uv
VDD ov
\E/oltage uv Sleep
rror
ov
VCPL
uv
ov Hi-Z/Hi-Z(Note 1)
VCPH Stand-by
uv
VCPHD | UV
VCPHG | OV
DRN uv
H-side
VGS -
L-side
VGSR Protection
FET H-side (Refer to next page)
Driver VDS -
Error L-side -
SNT
Dynamic OS
Static OS
Thermal ™w Brotech
Error rotection
sb (Refer to next page)
Oscillatio | OSC Freq Stand-by
n Error OSC Stop Sleep
WDT Stand-by
MCU
Error SPI Stop Sleep Hi-7/Hi-z(Note 1)
Sp|(Note 2)
Stand-by
REG
IC Error BIST
FAIL
Internal
Gate TDEAD ; Insert Deadtime(Note 3
control

(Note 1) If state is changed Active to other state, gate driver and relay driver is forced to set Hi-Z. And Charge Pump is turned off.
(Note 2) Protection by SPI Error is changed by ProtectMode (SPI). If ProtectMode (SPI) is set 0, It is shown in the table. If ProtectMode (SPI) is set 1, protection

by SPI Error is disabled.

(Note 3) GxH and GxL are inserted dead time for each phase. Refer to 4.2 Shoot Through Prevention and Detection (TDEAD)
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7. Protection Function - Continued

Each error and register assignment is shown in the table below.

Error Detection ProtectMode (*)
VB UV
VCC OV / UV
REF OV / UV No ProtectMode
VDD OV
TSD
DRN UV ProtectMode (DRN)
VGSR ProtectMode (VGSR)
VDS ProtectMode (VDS)
SNT ProtectMode (SNT)
Dynamic OS ProtectMode (OS)
VB OV ProtectMode (VB)
VGS ProtectMode (VGS)
Their error detections are protected by gate control. This protection is selected by GOFHIZ.
Error Detection Register Protection
GOFHIZ GxH | GxL
VB UV
VCC OV / UV 0 LOW
REF OV / UV
VDD OV 1 Hi-Z
TSD

Their error detections are protected by gate control. This protection is selected by ProtectMode (*) & GOFHIZ.

Error Detection Register Protection

ProtectMode (*) GOFHIZ GxH | GxL
DRN UV
VGSR 0 LOW
VDS 0
SNT 1 i
Dynamic OS

1 * No protection

VB OV error detection is protected below. If ProtectMode (VB) = 0, GxH and GxL are set Short Brake.

Register Protection
Error Detection Prot(e\?g\;lode GOFHIZ GxH GxL
0 * LOW HIGH
VB OV 1 0 LOW
1 Hi-Z
VGS error detections are protected below.
Register Error Location Protection
Error Detection ProtectMode ON-level / High-side / GxH Gxl
(VGS) [1:0] OFF-level Low-side
0 . LOW
1 * Hi-Z
ON-level LOW
VGsS 2 OFF-level High-side Hi-Z LOW
Low-side LOW Hi-Z
3 * *
www.rohm.com
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7. Protection Function - Continued

7.1.1 Protection and ERRB timing after Error Detection

Each error detection can be classified into 4 types, depending on the protection and ERRB output pattern.

Error Detection Error Type
VB OV / UV
VDD OV
VCC OV / UV
REF OV / UV
}I'/\?VSR A Output Error in Basic.
TSD If Error is detected, ERRB and protection are active.
OSC Freq
SPI
REG
TDEAD
Output Error with the function of holding protection for a period of
VCPL OV / UV time (trro) when P.rotectMode( )=0.
Error Detection tero [Us]
VCPH OV / UV
VCPL OV / UV
VCPHD UV
VCPH OV / UV
VCPHG OV
DRN UV VCPHD UV 1
B VCPHG OV
VGS
DRN UV
VDS )
Static OS
SNT VGS
Dynamic OS VDS
Static OS SNT 128
Dynamic OS
Fr’lltcsa-rrnal C Output Error with the function of keeping error conditions forever.
VDD UV
OSC Stop D No output error and IC is sleep.
SPI Stop
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7. Protection Function - Continued

The timing charts for each type are shown in the figure below.

Error Detection ) Error X )

Error Register
ERRB

Protection { | Protected | )
ERRB & Protection are controlled by Error status and registers.

Figure 21. Behavior of ERRTYPE-A

ProtectMode(*)=0
: trro

<
<

A 4

Error Detection [ | Error X : )

Error Register !

'
— 1

ERRB | | i

Protection ( X Protg:ected )

ProtectMode(*)=1 :

5 ! ' Same as ERRTYPE-A
Error Detection { ] Error 1 )

Error Register 5

ERRB ! |

Protection { ' )

Figure 22. Behavior of ERRTYPE-B

VCP OV/UV Error detections are protected by changing state to Stand-by state. So, protection does not maintain 1us.

Error Clea

Error Detection ( X Error X E )

Error Register i Can't clear stored error
ERRB |

Protection { J__Protected | : )

Figure 23. Behavior of ERRTYPE-C

i IC go to sleep state

Error Detection ( X Error X )
Error Register _Register Nothing .___________________ L
ERRB ( Hi-Z )
Protection { ) Protected ) )

Figure 24. Behavior of ERRTYPE-D
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7. Protection Function - Continued

7.2 Register Setting for Error Detection, Protection and Error Notification

Detected error status are stored to Error registers. MCU can monitor the result by reading registers via SPI.

Item

Error Register

Read Value Error Clear method
. Writing ‘1’ to ERCLR register. But all stored errors are cleared.
0: No error AP - .
1" Error Writing ‘1’ to a register of Error Register.

Writing ‘1’ to a register of Detection Mask

MCU can set following items for each detection / protection function.

Item

Function

ERRB output

Setting to output ERRB
0: Errors don’t output to ERRB
1: Errors output to ERRB

Detection Mask

Error detection is disabled. Protection operation after the detection is not executed if disabled.
0: Each error detection is enabled
1: Each error detection is disabled

If error detection mask register is set to ‘1’ after the error was detected, the error register is cleared.

Keep Protection

Setting to keep the protection operation after each error status is cleared.

0: Recovering from protection state to normal state after each error is cleared

1: Keeping protection state even after each error is cleared. IC can recover from protection state by
setting a register ProtectKeep (*) to ‘0.
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7. Protection Function - Continued

The function assignments for each register and error detection are as follows. x represents each phase (x = 1,2,3)
Error Detection Error Register ERRB output Detection Mask Keep Protection
VB ov ErrorQV (VB) ErrorOutEnQV (VB) ErrorMaskOV (VB) ProtectKeepQOV (VB)
uv ErrorUV (VB) ErrorOutEnUV (VB) ErrorMaskUV (VB) ProtectKeepUV (VB)
VCC ov ErrorOV (VCC) ErrorOutEnQV (VCC) ErrorMaskOV (VCC) ProtectKeepQV (VCC)
uv ErroruV (VCC) ErrorOutEnUV (VCC) ErrorMaskUV (VCC) ProtectKeepUV (VCC)
REE ov ErrorOV (REF) ErrorOutEnQOV (REF) ErrorMaskQV (REF) ProtectKeepOV (REF)
uv ErrorUV (REF) ErrorOutEnUV (REF) ErrorMaskUV (REF) ProtectKeepUV (REF)
VDD ov ErrorOV (VDD) ErrorOutEnQV (VDD) ErrorMaskOV (VDD) ProtectKeepQOV (VDD)
uv (No error info) (No error info) (Always enabled)
VCPL ov ErrorOV (VCPL) ErrorOutEnQV (CP) ErrorMaskQV (CP)
uv ErrorUV (VCPL) ErrorOutEnUV (CP) ErrorMaskUV (CP)
ov ErrorOV (VCPH) ErrorOutEnQV (CP) ErrorMaskOV (CP) (No keep protection)
VCPH uv ErrorUV (VCPH)
VCPHD UV ErrorUV (VCPHD) ErrorOutEnUV (CP) ErrorMaskUV (CP)
VCPHG ov ErrorOV (VCPHG) | ErrorOutEnQV (CP) ErrorMaskQV (CP)
DRN uv ErrorUV (DRN) ErrorOutEnUV (DRN) ErrorMaskUV (DRN) ProtectKeepUV (DRN)
H-side ErrorVGS (xH) ErrorMaskVGS (xH)
VGS L-side ErrorVGS (xL) ErrorOutEn (VGS) ErrorMaskVGS (xL) ProtectKeep (VGS)
VGSR ErrorVGS (xR) ErrorOutEn (VGSR) ErrorMaskVGS (xR) ProtectKeep (VGSR)
H-side ErrorVDS (xH)
VDS L-side ErrorVDS (xL) ErrorOutEn (VDS) ErrorMaskVDS (xHL) ProtectKeep (VDS)
SNT ErrorSNT (xL) ErrorOutEn (SNT) ErrorMaskSNT (xL) ProtectKeep (SNT)
Dynamic OS
H-side ErrorOpen (xH) ErrorMaskOpen (xH)
Open L-side ErrorOpen (xL) ErrorOutEn (Open) ErrorMaskOpen (xL) ProtectKeep (Open)
ErrorOpen2 (xL)
H-side ErrorShort (xH) ErrorMaskShort (xH)
Short L-side ErrorShort (xL) ErrorOutEn (Short) ErrorMaskShort (1L) ProtectKeep (Short)
ErrorShort2 (xL)
Static OS
H-side ErrorOpen (xH)
L-side ErrorOpen (xL)
Open Motor ErrorOpen (xR) ErrorOutEn (Open)
Relay
Power
Relay ErrorOpen (PR)
H-side ErrorShort (xH)
L-side ErrorShort (xL) (Always enabled) (No keep protection)
Motor
ErrorShort (xR)
Relay
Short Power ErrorShort (PR) ErrorOutEn (Short)
Relay
Motor to
VB ErrorShort (MB)
Motor to
GND ErrorShort (MG)
TW Error (TW) ErrorOutEn (TW) ErrorMask (TW) (No keep protection)
TSD Error (TSD) ErrorOutEn (TSD) ErrorMask (TSD) ProtectKeep (TSD)
0SsC OSCIF
Freq OSCSM Error (OSC) (Always enabled) ErrorMask (OSC)
OSC OSCIF . . (Always enabled)
Stop OSCSM (No error info) (No error info) ErrorMask (OSC)
WDT Error (WDT) ErrorOutEn (WDT) ErrorMask (WDT)
SPI Stop (No error info) (No error info) ErrorMask (SPIST) (No keep protection)
SPI Error (SPI) ErrorOutEn (SPI) ErrorMask (SPI)
REG Error (REG) ErrorOutEn (REG) ErrorMask (REG)
BIST Error (BIST)
Internal Error (INTER) (Always enabled) (Always enabled)
TDEAD Error (TDEAD) ErrorOutEn (TDEAD) ErrorMask (TDEAD)
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7. Protection Function - Continued

Error*(*) = 1 or

ERCLR =1or
ErrorMask(*) = 1

ErrorOutEn(*) = 1

Error Detection ( \ Error X )
Error Register E Clear Stored Error Detection
ERRB : Output to ERRB | E
Protection ( X Protected X )
g
Error Detection | \ Error X ; )
Error Register 5 . Clear Stored Error Detection
ERRB Don’t output to ERRB
Protection { ) Protected ) 5 )
Figure 25. Behavior of ERRB output and Error Clear
ErrorMask*(*) = 0 ErrorMask*(*) = 1
Error Detection ( X Error x )
Error Register I
ERRB |
Protection :( X Protected X )

! Stop & Disable Error Detection

Enable Error Detection

Figure 26. Behavior of Detection Mask

ProtectKeep(*) = 0)

Error Detection ( X Error X E )

Error Register |
ERRB |

Clear Stored Error Detection

Protection | X Protected )\ )
5 ; Different behavior by Error Clear method
: Error Register =1 o
ProtectKeep(*) = 1 : RCLR = 1 ProtectKeep(*) = 0
Error Detection § \ Error X : E )

Error Register !
ERRB |

iDon’t clear Stord:d Error Detection

SR

Protection ( X Prote:acted X )
IErrorMask =1

Error Detection ( \ Error 1 )

Error Register :-ICIear Stored Error Detection

ERRB ] § !

Protection ( X Protected X )

: Keep Protect after Error Detectioniis finished
' iRelease protection

Figure 27. Behavior of Keep Protection
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7. Protection Function - Continued

7.3 Power Supply (VB/VDD/VCPH/VCPL) OV/UV and DRN UV Detection

VB BD16861MUF-C

VB

P_ErrorQV(VCPH)

g

)
/

+ > ErrorQV(VB)
- > ErroryV(VB)
i +

- ErroryV(VCPH)

.

VREG

Charge
pump

VCPH

VCPL

CP2H

VB ©

CP2L

SELE

CP1H

CP1L

\VCPH

S |

-

- > ErrorHV(VCPHD)
+
DRN

+: ErrorOV(VCPHG)

N

- > ErrorgV(DRN)
+

Q

+ > ErrorQV(VCPL)

Gy [ B | [EH ot | O

- > ErrorgV(VCPL)
+

VDD

VCPL
C)-ﬂg7

PGND
GND

ErrorQV(VDD)
VDD UV

To Sleep state

O ul

Figure 28. Block Diagram for Power Supply

Low voltage and high voltage of Power supply (VB/VDD/VCPH/VCPL) can be detected.

Behaviors of protection for Gate driver can be selected in Overvoltage detection in VB.

When VDD UV is detected, IC enters Sleep state.
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7. Protection Function - Continued

7.4 Reference Voltage (VCC/REF) OV/UV Detection

VC_C@)f_ D VC_)g__A VB

BD16861MUF-C
VB

i +> ErrorOV(VCC)
-> ErrorUV(VCC)
+

+> ErrorQV(REF)
- > ErrorUV(REF)
+

M)

e

L REF

M)

e

VCC D VCC_A

Gh |4 | |t

MCU

g@ GND

Figure 29. Block diagram for Reference Voltage

Overvoltage / Undervoltage of input pin (VCC/REF) can be detected. Each threshold can be set by registers VCTH, VRTH and
state.

VCTH Vvecuv (V) Vveov (V)
0 4.60 5.40
1 3.05 3.55
VRTH Vreruv (V) Vrerov (V)
0 4.60 5.40
1 3.05 3.55
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7. Protection Function - Continued

7.5 Gate-Source voltage (VGS) Error Detection

7.5.1 VGS Error Detection in External MOS-FET for Motor Drive

BD16861MUF-C
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Figure 30. Circuit diagram for VGS Error Detection in GxH/GxL

This function detects 4 conditions in each phase.

1. When INxH = H, GxH is lower than ON level threshold (VCPH-2.0 V).

2. When INxH =L, GxH is higher than OFF level threshold (SxH+1.0 V).

3. When INxL = H, GxL is lower than ON level threshold (VCPL-2.0 V).

4. When INXL =L, GxL is higher than OFF level threshold (SxL+1.0 V).

VGS errors for GxH/GxL (x = 1,2,3) will be detected even if gate outputs are turned off by DOFFB = L or GxOFF = 1.

In VGS error detections for GxH/GxL, there are a detection mask period tves_msk after the gate drive output change and a filter
period tves_rLT after detection mask period, which can be set in the registers TVGS_MSK and TVGS_FLT, respectively. The mask
and filter period are also applied when GxH/GxL are turned off by protection after error detection.

VGS errors for GxH/GxL will be detected if GOFHIZ = 1 because the settling time to low level will become longer than the masking
period based on the gate capacitance of FET.

TVGS_MSK [2:0] Mask Period (tves msk) TVGS_FLT [2:0] Filter Period (tves_FLt)

0 4 / fosc 0 0

1 8/ fosc 1 1/ fosc
2 12 / fosc 2 2 / fosc
3 16 / fosc 3 4 / fosc
4 24 | fosc 4 8 / fosc
5 32 / fosc 5 16 / fosc
6 48 / fosc 6 32 / fosc
7 64 / fosc 7 64 / fosc

1/ fosc =93.7ns (Typ)
The timing chart below shows when an error occurs and when it does not.
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7. Protection Function - Continued

INTH |
;BSPA itﬂg:PA

------------- bommmeee e A TN e o-- ON-Level

—p B —p
ioteswmsk ! tesrr 0 tueswsk
Error Register : P
ERRB i
Protection ( )

Figure 31. No-error Pattern Timing Chart for High-side in VGS.

ON-Level

External MOS-FET Vg OFF-Level
-Leve

VGS ON Comparator 5 H : i

VGS OFF Comparator : | :

o Weswsk i tugs pri ¢ tvesmsk !
: st |
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Error Register ' | P
ERRB ||
Protection { I )

Figure 32. Error Pattern Timing Chart for High-side in VGS when ProtectMode(VGS) =1

INTH |
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Figure 33. Error Pattern Timing Chart for High-side in VGS when ProtectMode(VGS) = 0
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7. Protection Function - Continued

7.5.2 VGS Error Detection in External MOS-FET for Motor Relay

BD16861MUF-C

CP2H ()
cP2L ()
CP1H()
cP1L O
ErrorVGS{1R)_~% i YCEH

(ON 1eVel) ¢ VCPL @ 0 X0

ErrorVG
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1R
(ON level) :
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Power Line Filter

+
+

ALL
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&
Hre +HHe oo
e

—eo ¥

N

Figure 34. Circuit diagram for VGS Error Detection in GRx

This function detects 2 conditions in each phase.

1. When RxOFF = 0, GRx is lower than ON level threshold.

2. When RxOFF = 1, GRx is higher than OFF level threshold.

VGS errors for GRx (x = 1,2,3) will be detected even if relay outputs are turned off by RxOFF = 1.

In VGS error detections for GRX, there are a detection mask period tves msk = 64 / fosc and a filter period tves FLT = 64 / fosc.
About timing chart, refer to 7.5.1 VGS Error Detection in External MOS-FET for Motor Drive.
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7. Protection Function - Continued

7.6 Drain-Source voltage (VDS) Error Detection

VDS error state can be detected by monitoring drain-source voltage of external MOS-FET.
VB

BD16861MUF-C

Power Line Filter

{ BATTERY

VDS Comparator
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Figure 35. Circuit Diagram for VDS Error Detection

This function detects 2 conditions in each phase.

1. When INxH = H, VDS of High-side MOS-FET is higher than threshold.

2. When INxL = H, VDS of Low-side MOS-FET is higher than threshold.

VDS errors will be detected even if gate outputs are turned off by DOFFB = L or GxOFF = 1.

When VDS is over the selected voltage level, IC detects an error.

The threshold voltage level for error detection of VDS can be set for

each of high-side / low-side FET by registers VDSH and VDSL.
(Note 1) : These setting are forbidden in the condition of VB = 4.5 to 5.5V.

VDSH [3:0] Vbs Abnormal Detection
VDSL [3:0] Threshold Voltage [mV]

Oh -200

1h +50

2h +100

3h +200

4h +300

5h +400

6h +500

7h +600

8h +700

9h +800

Ah +900

Bh +1000

Ch +1500

Dh +2000

Eh(Note 1) +2500

FhNote 1) +3000
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7. Protection Function - Continued

Immediately after the gate drive output changes, the drain-source voltage becomes unstable. Spike noise may also occur
immediately after VDS error detection. To prevent false detection due to these, there is a detection mask period tvos_msk after
the gate drive output change and a filter period tvos_rLt after detection mask period, which can be set in the registers
TVDS_MSK and TVDS_FLT, respectively.

TVDS MSK [3:0] Mask Period tvps msk TVDS FLT [3:0] Filter Period tvps FLT
Oh 4 / fosc Oh 0ns
1h 8/ fosc 1h 1/ fosc
2h 12/ fosc 2h 2/ fosc
3h 16 / fosc 3h 4 | fosc
4h 24 | fosc 4h 8 / fosc
5h 32/ fosc 5h 16 / fosc
6h 48 / fosc 6h 32/ fosc
7h 64 / fosc 7h 64 / fosc
8h 80 / fosc 8h 80 / fosc
9h 160 / fosc 9h 160 / fosc
Ah 240 / fosc Ah 240 / fosc
Bh 320 / fosc Bh 320 / fosc
Ch 400 / fosc Ch 400 / fosc
Dh 480 / fosc Dh 480 / fosc
Eh 560 / fosc Eh 560 / fosc
Fh 640 / fosc Fh 640 / fosc

1/ fosc = 93.7ns (Typ)
The timing chart below shows when an error occurs and when it does not.

INXH |

External MOS-FETVDS:L----------Q --------------- AR/

........................................

VDS Comparator Lﬂ_ﬂ

VDSS1H < Y e - '
tvps_msk : itVDS_FLTi '
Error Register : I I
ERRB ’ ’
Protection ( )

Figure 36. No-error pattern Timing Chart for VDS

INxH
: Protection : force to LOW
«—> !

External MOS-FET Vpg --------- e XY S S e S S oy
VDS Comparator 5 | 1 I
VDSSTH ; T L0 ;
E tvps_msk botyps FiT : '
| P
. i 2/fosc[ ! |
Error Register ; itero F 128Us
ERRB § o]
Protection ( ) )
Protected
Figure 37. Error pattern Timing Chart for VDS
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7. Protection Function - Continued

7.7 Shunt Resister Voltage (SNT) Error Detection

The shunt resistor voltage abnormality detection function monitors abnormal voltage at both ends of the external shunt resistor.
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Figure 38. Circuit Diagram for SNT Error Detection

This function detects Vsnrxis higher than threshold when INxH = H or

INxL= H. The threshold voltage for SNT error detection can be set

with register VSNT.

VSNT [3:0] Threshold Voltage [mV]
Oh -200
1h +33
2h +100
3h +150
4h +200
5h +250
6h +300
7h +350
8h +400
9h +450
Ah +500
Bh +600
Ch +700
Dh +800
Eh +900
Fh +1000
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7. Protection Function - Continued

Immediately after the gate drive output changes, the voltage between AINxP and AINxN becomes unstable. Spike noise may
also occur immediately after shunt resistor voltage error detection. To prevent false detection due to these factors, there is a
detection mask period tsnt_msk after the gate drive output changes and a filter period tsnt L after detection mask period,
which can be set with the registers TSNT_MSK and TSNT_FLT, respectively.

TSNT_MSK [2:0] Mask Period tsnt msk TSNT_FLT [2:0] Filter period tsnt_FLT

0 0 0 0

1 1/ fosc 1 1/ fosc
2 2/ fosc 2 2/ fosc
3 4 | fosc 3 4 | fosc
4 8 / fosc 4 8 / fosc
5 16 / fosc 5 16 / fosc
6 32/ fosc 6 32/ fosc
7 64 / fosc 7 64 / fosc

1/ fosc = 93.7ns (Typ)

The timing chart below shows when an error occurs and when it does not.
INTH |

Shunt Register Vyy - ------4 -~ M f\ ____________ :

SNT Comparator i I | '

VSHUNT1 — e, '
Dotntmsk 1 tenTpLT :
Error Register | i
ERRB § i
Protection ( )

Figure 39. No-error pattern Timing Chart for SNT
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: Protection : force to LOW
' — b

Shunt Register V SR V) NN A ) W S set by
JISTEr Yont B B S — VSNT
SNT Comparator b | :
VSHUNT1 ; 3 S
! tSNT_MSKI :tSNT_FLT i H
E § ffose |
Error Register ' - Horo £ 12811s
ERRB § N
Protection { ) ’ )
Protected
Figure 40. Error pattern Timing Chart for SNT
www.rohm.com
© 2020 ROHM Co., Ltd. Al rights reserved. 51/90 TSZ02201-0N4K0CX24900-1-2

TSZ22111 - 15 - 001 14.Sep.2026 Rev.001


http://www.rohm.com/

BD16861MUF-C Datasheet

7. Protection Function - Continued
7.8 Open/Short (OS) Detection in External MOS-FET
This IC has 2 modes of open / short detection in external MOS-FET. One is a static OS detection, and another is a dynamic

OS detection. If IC runs static OS detection and dynamic OS detection at the same time, only static detection will take
precedence.
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7. Protection Function - Continued

7.8.1 Static OS Detection

Static OS detection is available in Active state and it is executed during stopping motor rotation. It starts by writing value to
the register OSCHK.

Support application circuit in the figure below.
Circuit A
BD16861MUF-C BD16861MUF-C

jVB

)

—

Circuit B

jEil
G
— 1]
|«
k3 El
AN
2
X
]

~o 1

Figure 41. Support Circuit in Static OS Detection
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7. Protection Function - Continued

OS[EE]K Check item for Circuit A OS[AEE]K Check item for Circuit B
00h (NOP) 10h (NOP)
01h (A1)—>(A2)>(C) 11h (A1)—>(A2)—(B)—>(C)
02h (A1)—(A2)—(C)—(D) 12h (A1)—(A2)—(B)—(C)—(D)
03h (A1)—(A2)—(C)—(E) 13h (A1)—(A2)—(B)—(C)—(E)
04h (A1)—(A2)—(C)—(F) 14h (A1)—(A2)—(B)—(C)—(F)
05h (A1)—(A2)—(C)—(G) 15h (A1)—(A2)—(B)—(C)—(G)
06h (A1)—>(A2)—(C)—(D)—(E)>(F)—(G) 16h (A1)—(A2)—(B)—(C)—(D)—(E)>(F)—>(G)
07h (C)—(D) 17h (C)—(D)
08h (C)=(D)—(E)—~(F)—(G) 18h (C)=(D)—(E)—~(F)—(G)
09h (A1)—(A2) 19h (A1)—(A2)—(B)
0Ah | (C) 1Ah [ (C)
0Bh | (D) 1Bh | (D)
och | (E) 1Ch [ (E)
0Dh (F) 1Dh | (F)
0Eh | (G) 1Eh | (G)
OFh | (B) MNete ) 1Fh | (NOP)
(Note 1) During short check of power relay, application circuit must be in the figure below.
BD16861MUF-C jVB
.
L |

Figure 42. How to check Power Relay in Circuit A

Overview and period of each sequence.

Sequence Overview Period [ms]
Wait - 0.1
A1 Power Relay Open check1 0.1
A2 Power Relay Open check2 0.1/1.0/10.0/20.0
B Power Relay Short check (Select by OS_SEQ_PROP)
C High/Low-side FET Short check 0.4
D High/Low-side FET Open check 0.6
E Motor output to VB check 0.5
F Motor Relay Short check 05/0.6/09/1.4
(Select by OS_SEQ_MR1SH)
G Motor Relay Open check 0.3/04/0.7/1.2
(Select by OS_SEQ_MR1SH)

DRNOPDET

DRNOPDET monitors DRN voltage during power relay check.

When power relay is checked open/short, DRN is pulled down, and the voltage between VB-DRN is compared with the
threshold voltage for judgment.
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7. Protection Function - Continued

BD16861MUF-C

VB

To Logic lb>lock t DRN

Figure 43. Circuit Diagram when DRNOPDET =1

(A1) Power Relay Open check1
Open failure of the power relay is detected by turning on power relay and monitoring the voltage between VB-DRN.
If DRN voltage is greater than 0.5 V (Typ) with respect to VB voltage, it is judged as Open failure of power relay.

(A2) Power Relay Open check?2
Open failure of the power relay is detected by turning on power relay and monitoring the voltage between VB-DRN.
DRN is pulled down in the interval set by OS_SEQ_PROP. If VB-DRN voltage exceeds the threshold set by OS_DETVTH
within that interval, it is judged as Open failure of power relay.

(B) Power Relay Short check
Short failure of power relay is detected by turning off power relay and monitoring the voltage between VB-DRN.
DRN is pulled down in the interval set by OS_SEQ_PROP. DRN is pulled down may cause ErrorUV (DRN), ErrorUV (VCC)
and ErrorUV (REF) errors, but don't worry. MCU needs to change OS_SEQ_PROP depending on the capacity of C29
(smoothing capacitor for DRN). If there is not enough time, short failure of power relay will be falsely determined.
If VB-DRN voltage doesn’t exceed the threshold set by OS_DETVTH within that interval, it is judged as short failure of power
relay.
This check is only available for applications where power relay can be turned off.

Static Open check detection period of Sequence (A2 and B) is set by register (OS_SEQ_PROP [1:0])

. (A2) Power Relay Open check
O slEel IFROIFD)] (B) Power Relay Short check [ms]

0 0.1
1 1.0
2 10.0
3 20.0

Static Open/Short check detection threshold voltage between VB-DRN is set by register (OS_DETVTH [1:0] )

. Detection Threshold Voltage
G a1 Between VB-DRN [V]
0 0.5
1 1.0
2 1.5
3 2.0

(C) High/Low-side FET Short check

Short failure of high-side / low-side FET is detected by turning all FET into OFF state and monitoring VDS voltage. IC can
change VDS thresh by VDSL register.
Short check of high-side / low-side FET, and check for Motor short-to-ground faults are performed by the following two

sequences.

1. SxHis pulled down, and if the voltage between DRN-SxH doesn’t exceed 0.5V (Typ), it is judged as Open failure of high-
side FET.

2. SxHis pulled up, and if the voltage between SxH-SxL doesn’t exceed 0.5 V (Typ), it is judged as short failure of low-side
FET.

If low-side FET of all three phases are judged as short failure, it is judged as Motor short-to-ground fault.

(D) High/Low-side FET Open check

Open failure of high-side / low-side FET is detected by turning sequentially each FET into ON state and monitoring VDS

voltage.

open check of high-side / low-side FET is performed by the following two sequences.

1. SxH is pulled down when high-side FET is turned ON, and if the voltage between DRN-SxH exceeds 0.5 V (Typ), it is
judged as Open failure of high-side FET

2. SxH is pulled up when low-side FET is turned ON, and if the voltage between SxH-SxL exceeds 0.5 V (Typ), it is judged
as Open failure of low-side FET.
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7. Protection Function - Continued

(E) Motor output to VB check
Moror short-to-VB fault is detected by turning motor relay and monitoring VDS voltage.

SxH is pulled down, and if the voltage between DRN-SxH for all three phases doesn’t exceed 0.5V (Typ), it is judged as Motor
short-to-VB fault.

(F) Motor Relay Short check
Short failure of motor relay is detected by turning motor relay into OFF state and monitoring VDS voltage.

SxH is pulled down, and if the voltage between DRN-SxH doesn’t exceed 1.5 V (Typ), it is judged as short failure of motor
relay.

The period of Sequence (F) can be set by OS_SEQ_MR1SH.
Static Short Check detection period of Sequence (F) is set by register (OS_SEQ_MR1SH [1:0])

(G) Motor Relay Open check
Open failure of motor relay is detected by turning motor relay into ON state and monitoring VDS voltage.

SxH is pulled down, and if the voltage between DRN-SxH exceeds 0.5 V (Typ), itis judged as Open failure of motor relay.
The period of Sequence (G) can be set by OS_SEQ_MR1SH.

OS_SEQ_MR1SH [1:0] (F) Motor Relay Short check [ms] (G) Motor Relay Open check
[ms]
0 0.5 0.3
1 0.6 04
2 0.9 0.7
3 1.4 1.2

Note that shorted FET of high-side and low-side cannot be identified in case of no motor relay in the circuit.

Note that in circuit B, DRN_UV and VCPH_DRN_UV detection should be masked when power relay is off (R20FF =1’ in
register) because DRN level will be Hi-Z.

The register End (OS) becomes ‘1’ after end of the static detection.

Start Open/Short static detection Restart Open/Short static detection

State Active :
GxH/GxL/Gin Normal | Open/Short Check | Norrr:1al | Open/Short Check| Normal
End(OS) | | | i |

Figure 44. Behavior of End (OS)

During Static OS detection, Some Error Detections are masked or protection is disabled. Refer to the table below.
Error Detection

>
5 o 8
>>>>2088 2o >>>>0 P
>0500Q0un 2 T | >535555 EQ
Oouwaoaz=E00=?2 o5 |2000aZd0E g w
MOWLAOCS=NR2aoWe | mOoWoxXxvaz =)
SSr>S>HOFO00=2nwnr s | >S>S>a>>n oY=

Error detection and protection are Error detection is same as active state | Error detection and protection
same as active state Protection is disabled are disabled.
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7. Protection Function - Continued
7.8.2 Dynamic OS Detection

Dynamic OS detection always monitoring open / short state of external MOS-FET during motor rotation. But this detection
cannot detect Short / Open in Motor / Power Relay.

This detection is used VDS and SNT detection circuit and VDS and SNT comparator (VDSSxH, VDSSxL, VSHUNTXx (x =
1,2,3). If MCU wants to execute Dynamic OS Detection, MCU needs to set the following settings.

ErrorMask (VDS) =0
ErrorMask (SNT) =0

ProtectMode (VDS) = 1
ProtectMode (SNT) =1

The detection conditions for Open and Short are shown in the table below. If VDSSxH or VDSSxL is H, it is affected by
tvos_msk and tvps rur. If VSHUNTX is H, it is affected by tsnt msk and tsnt Fur.

INxH | INxL VDSSxH VDSSxL VSHUNTX Register
ErrorOpen(xH) = 1
ErrorOpen(xL) = 1
ErrorOpen2(xL) = 1
ErrorShort(xH) = 1
ErrorShort(xL) = 1
ErrorShort2(xL) = 1

T T || |xT
Ll e o o Y |
IT|IT|T|rr(r|XT
T|IT|I| *|IT|—
||| |

Dynamic OS detection will be detected even if gate outputs are turned off by DOFFB = L.

Short error can be detected in case of the short resistance < 150mQ (where VB = 12 V, FET’s Ron = 0.65mQ, Shunt resistor
=0.50 mQ, VDS Abnormal Detection Threshold Voltage = 50 mV and Shunt Resistor Abnormal Detection Threshold Voltage
= 33.3 mV. VB current is 80 A)

The timing chart below shows when an error occurs and when it does not.

INTH
IN1L §
VDSS1H ! L |
: !
tyos msk | 'tvps FuT
VDSS1L
VSHUNT1 ‘
tSNT_MSKi i tsnt FLT
Error Register B
ERRB
Protection ( )

Figure 45. No-error pattern Timing Chart for Dynamic OS

INTH | ‘
INTL : Protection
VDSS1H
tvps_msk tvps_FLT

VDSS1L P ;

3 . :

VSHUNT1 : T Zfosc :

e 3

. tont_msk | tsnT FLT |

Error Register ! i + | tpro = 128us |

ERRB ]
Protection ( )( Protected X )

Figure 46. Error pattern Timing Chart for Dynamic OS
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7. Protection Function - Continued

7.9 Thermal Shutdown (TSD) / Thermal Warning (TW)
When the junction temperature exceeds 135 °C (Typ), a thermal warning (TW) is detected (Error (TW) ='1"). In this state, the
IC itself raises an error flag, but continues normal operation.
And the temperature rises further and the junction temperature reaches 175 °C (Typ), the thermal shutdown function TSD
operates, TSD error is detected (Error (TSD) = ’1’) and all gate output turns off. When the junction temperature falls below
150 °C (Typ), the gate output resumes operation when ProtectKeep (TSD) ='0'

Temperature 4
L O ReE=omemomamossEomsssoaseasassoaossy 4 TSD Detect Range
150°C [rmmmmmmmmmmm e boeeenon LR 4 TSD Clear Range
135°C [ (ommmmmmn e boooneeoea booon e 4 TW Detect Range
125°C [ommmmmmmmmmee s R i e A 4 TW Clear Range
i ; ; . Time
T™W | | : Detect | |
TSD | | Detect | |

Figure 47. Graph of temperature for TSD / TW

www.rohm.com

© 2020 ROHM Co., Ltd. All rights reserved. 58/90 TSZ02201-0N4K0CX24900-1-2
TSZ22111 + 15 + 001 14.Sep.2026 Rev.001


http://www.rohm.com/

BD16861MUF-C Datasheet

7. Protection Function - Continued
7.10 Watch Dog Timer (WDT)

The purpose of WDT is to monitor the abnormal condition of MCU. IC monitors SPI communication status with MCU. IC
supports three modes of WDT: Time-out mode, Window mode, Q&A mode. MCU can select the mode by WDEN register. In
any mode, WDT counter can be cleared by sending a specific command from MCU. Specific command is selected by WEDN.
If timeout period (twotmax) is exceeded without clearing WDT counter, WDT is judged to be FAIL. The specified period selected
by WDTO register. In Window mode and Q&A mode, WDT sets the minimum period during which specific command can be
received (twpTmin).

WDEN [1:0] WD mode
0 WODT is stopped.
WDT is started in Timeout mode.
1 If MCU write WDCHK = 1, WDT counter is cleared.

If twotmax is exceeded without clearing WDT counter, WDT is judged as FAIL.

WDT is started in Window mode.

2 If MCU write WDCHK = 1 in the period twotmin to twotmax, WDT counter is cleared.

If it is outside the period, WDT is judged as FAIL.

WDT is started in Q&A mode.

MCU read a question from WDQ register, write an answer to WDA register in the period twormin to
3 twotmax. If the answer from MCU is correct, WDT counter is cleared.

If it is incorrect or outside the period, WDT is judged as FAIL.

The solution to the question is described in 7.10.3 QA mode (WDEN = 3)

If WDT is judged as FAIL, Fail Counter is incremented by 2. If WDT counter is cleared, Fail Counter is decremented by 1.
Fail Counter can be read from WDTFC register.

When Fail Counter reaches Max of Fail Counter selected by FCMAX, Error (WDT) is set 1 and ERRB becomes low.

Set a register WDTO for detection period of WDT following table below.

. minimum period timeout period

WDTO [1:0] (twoTtmin) [ms] (twoTmax) [ms]

0

1 4 12

2 15 45

3 32 96

Set register FCMAX for max of fail counter following table below.

FCMAX [1:0] Max of Fail Counter

0 2

1 6

2 10

3 14

7.10.1 Timeout mode (WDEN=1)
MCU must write WDCHK = 1 by twptmax.
The timing charts for correct and wrong patterns are as follows.

When WDTO =0, FCMAX =1 Check(Write WDCHK=1)

. . Wrong Pattern1 ,
««—Correct Pattern > < WDT i ) —
: - imeout. -
. ; WDEN=0 ERCLR=1
Register DEN=1 WDEN=1
Access § | c @ i timeout timeout timeout:
§ """""""""""""""""""
Detection O ; i
Period 9 | 5 1
Q! _ f t o
= -1 4 - : ‘ +2 +2 £
Fail Counter[_0_][ 2 1 0 | 0 2 4 6]0
WDT Enable _5_7/ L] |
Error(WDT) : [
SDO(ERRB) | ; L
Figure 48. Timing Chart for WDT in Timeout mode
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7. Protection Function - Continued

7.10.2 Window mode (WDEN = 2)
MCU must write WDCHK = 1 from twotmin to twoTmax.
The timing charts for correct and wrong patterns are as follows.

+ When WDTO =0, FCMAX =1, [C]Check(Write WDCHK = 1)

' | Wrong Pattern1 i Wrong Pattern2
4«—Correct Pattern—»ﬁ—WDT i ¢ : WDCHK is too fast
! . imeout. is too fast.
) i WDEN =0 ERCLR =1
Register -4 WDEN=2 DEN=2 DEN=2 WDEN= 0
Access Z| [Cl C 5 timeout timeout timeout : <Q [ @
Detection | 7T N 7 I R L R D
(@) ' { |
Period = / A A [ N RS S IS R S S B S IO M S N —
8 ! i :
EL : : : ty
= -1 -1 -1 ! +2 +2 +2 +2 +2 +2
Fail Counter | (:D [ 2 1 0 ! 0 2 4 6 0! 0 21416 |
WDT Enable i | —
Error(WDT) __t : L '__
SDO(ERRB) | i [ |

Figure 49. Timing Chart for WDT in Window mode

7.10.3 QA mode (WDEN = 3)
MCU must write correct answer to WDA from twprtmin to twoTtmax.

Flow of Question-and-answer Generation in IC:
1. WDQ_pre is generated based on Seed register (WDSD) in Linear Feedback Shift Register (LFSR).
2. The question (WDQ) is calculated by exclusive OR of the WDQ_pre and WDCF register.
3. The answer can be generated based on WDQ. MCU can select a conversion method from 4 mode by WDAS register.

4. If MCU writes the answer of WDQ (WDA), IC compares WDA and answer generated in IC. If it is equal, WDT counter is
cleared and WDQ_pre is regenerated. If it isn’'t equal, WDT is judged as FAIL.

when WDA compare passed

MCU
A WDQ[4:0] WDA[7:0]
BD16861MUF-C WDCF[4:0] WEASH:O]
Answer[7:0]
WDQ_pre :
WDSD[4:0]> ;'isxi 1 P Calculation » Compare ¥ Pass/Fail
answer from
Updated after 31 cycle WDQ Compare when WDA write.

Calculation Answer [7:0] from WDQ by WDAS (~: Invert)

Figure 50. WDQ and WDA calculation flow

WDAS Answer [7:0]
[2:0] [7] [6] [5] [4] [3] (2] [1] [0]
0 ~WDQ[4] | ~WDQ[3] | ~WDQ[2] | ~WDQ[1] | ~WDQ[0] | ~WDQ[4] | ~WDQ[3] | ~WDQ[2]
1 ~WDQ[0] | ~WDQ[1] | ~WDQ[2] | ~WDQ[3] | ~WDQ[4] | ~WDQ[0] | ~WDQ[1] | ~WDQ[2]
2 1 1 1| ~WDQ[4] | ~WDQ[3] | ~WDQ[2] | ~WDQ[1] | ~WDQ[0]
3 0 0 O wpap| woap]| woapj| wbpapty| wbaqo]

The timing charts for correct and wrong patterns are as follows.
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When WDTO=0, FCMAX=1

Question(Read WDQ) |A| Answer(Write WDA)

' i Wrong Pattern1 Wrong Pattern2
<4—Correct Pattern —» 1 ¢—— . :
; DEI\IJ- WDT timeout. WDA s too fast.
Regiter , [WDEN=3 DEN WDEN=3 WoEN=g
Access g| QA | @Al timeout timeout timeout! QIAIQIAIQIAIQIA
Detection @[ 1177 T T T R e I I TR T
O i i i
Period =1 . / _________________ R B4 U A R A R A S N A ARSI SR SV S I
=1 . .
gl ! / : ’
EL : : ' ty
= i i H
; -1 1 i A1 +2 +2 +2 1 A 42 +2 +2
Fail Counter[_0 ][ 2 1 0 I 0 2 4 6[0] 0 21416 |
WDT Enable __1]77 | |
Error(WDT) | f ' -
SDO(ERRB) | 5 ] L]
; Wrong Pattern3 i ’
; WDA is incorrect :
Register DEN= ERCLR=1
Access b | Incorrect Incorrect |
= QlA] :
Detection g~ "7 T -
Period .O.. /
> 1
o '
2 |
SN
Fail Counter[_q: |[ 4
WDT Enable__{[ 77 :
Error(WDT)
SDO(ERRB) ! L

Figure 51. Timing Chart for WDT in Q&A mode

7.10.4 WDT on Startup sequence

When transitioning from Stand-by to CPON state, WDT counter must be cleared at least once.
The conditions depend on WDEN and ErrorMask (WDT) registers. Refer to the figure below.

ErrorMask iti
(WDT) WDEN WDT Conditions of CPON state
L 0 Do nothing
0 1 Write WDCHK = 1 before timeout period (until twotmax)
2 Write WDCHK = 1 in the period minimum to timeout. (twotmin to twpTmax)
3 Write correct WDA in the period minimum to timeout. (twotmin t0 twoTmax)
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7. Protection Function - Continued
7.11 Register (REG) Monitor
This IC has a register monitor function to detect unintended changes caused by electric noise. This IC calculates CRC of

writable registers regularly (CRCR) and compares CRCR with CRCW register written by MCU. When CRCW and CRCR are
not equal, Error(REG) = 1 is set. The register monitor operates from the time CRCW is written until write access of other

registers.
Register Function
CRCW [15:0] Expected CRC code written by the MCU
CRCR [15:0] CRC code calculated by the IC, read-only resister

Timing Chart : Normal pattern

Read other registers| Write other registers|

Register monitor v rite CRCW| v H Write CRC
enable g ’ '
CRC calc [Stop calc| calc | calc | calc | calc | calc | cd Stopcalc | calc | calc | calc | calc |
26ys(TyR): i E E i i i !
v v v v v v v v v
check CRCW | Uncheck | Match ' |
ERRB
Error(REG)
IC status | Active state |
Timing Chart : Error pattern
Occur soft errors in registers [Write ERCLR=1
MWrite other registers| :
Register monitor Write CRCW v Write CRCW H
enable — ’ ! i
CRC calc [Stop calc| calc | calc | calc | calc | calc | cd Stopcalc | calc | calc!] calc | calc |
26HngyQ2: ' : : : ' i i
\4 v Y v v \ 4 4 v v
check CRCW | Uncheck |  Match Mismatch ! Match |
ERRB | error occurs until CRC match CRCW | ;
Error(REG) | '
IC status | Active state | Stand-by state : |

Figure 52. Timing Chart for Register Monitor

The registers that are protected by Register Monitor are as follows.

Register Monitor

Protected Register’s address 01h, 02h, ODh to 1Ah

CRC Calculate Data 256bits = 16bit x 16regs

The assignment of CRC calculation data and registers is as follows.
CRC Calculate Address of Target CRC Calculate Address of Target
Data Bits registers Data Bits registers

[255:240] 01h [127:112] 13h
[239:224] 02h [111:96] 14h
[223:208] 0Dh [95:80] 15h
[207:192] OEh [79:64] 16h
[191:176] OFh [63:48] 17h
[175:160] 10h [47:32] 18h
[159:144] 11h [31:16] 19h
[143:128] 12h [15:0] 1Ah
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7. Protection Function - Continued

The specifications of CRC used in Register Monitor are as follows.

CRC Specification

CRC result width 16bits Example:

Polynomial 8005h = x16 4+ x15 + x2 4+ 1 Register on Addr. 01h = 0001h,

Initial value 0000h Register on Addr. 02h = 0001h,

Input data reflected No Other registers = default value

Result data reflected No CRC-result = CRCW value = 44a2h
XOR value 0000h
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7. Protection Function - Continued
7.12 Oscillation (OSC) Error Detection

7.12.1 OSC Frequency Error Detection
This is a function that oscillators for logic control monitor mutually and they detect an error when the frequency is out of range
(-20 % to +20 %). Two oscillators are implemented, and they can inform detected errors after the detection.
This function is disabled when ErrorMask (OSC) = “1”

Circuit diagram OSC _IF has failure
Logic Circuit e lliininhhizsizsizgEnEnEpEnEnER
1%"'2 osc_sM IV
0SC_IF Clock Error(OSC) r
SDO(ERRB) H |
Notify Result IC Statel Active | Stand-by |
1J(')|_|r\|/|_r|H Mutual Gate Drivers| Normal | Hi-Z |
OSC_SM > monitoring \—  Relay Drivers| ON [ Hi-Zz |
block Charge pumpl Normal | Off |
OSC error detects

OSC_SM has failure
osc_IF JIUTUULumumuumumumLmummumLmmmm,
0OSC_SM

when clock frequency faster
20% or slower 20% than
another clock frequency.

Error(OSC)
SDO(ERRB) H
IC State| Active | Stand-by |
Gate Drivers| Normal [ Hi-Zz |
Relay Drivers| ON | Hi-z |
Charge pumpl Normal | Off |

Figure 53. Circuit diagram and Timing chart for OSC Frequency Error

7.12.2 OSC Stop Detection
This is a function that oscillators for logic control monitor mutually and they detect an error when oscillation continue to stop
over 25pus. This IC change to Sleep when Oscillation stop is detected. OSC stop detection is enable in all states except

SLEEP and DBIST state.

OSC (Main) stop can be detected at ErrorMask (OSC) = 1.
OSC (Sub) stop can’t be detected at ErrorMask (OSC) = 1.
Describes the relationship between Error (OSC) and ErrorMask (OSC).

OSC Condition ErrorMask (OSC) =0 ErrorMask (OSC) = 1
OSC_IF OSC_SM Error State Error State
(GSC) (0SC)
Normal freq. 0 Unchanged
Normal freq. Abnormal freq. Go to Stand-by
Clock Stop 1 Go to Sleep 0 Unchanged
Abnormal freq. Normal fre Go to Stand-by
Clock Stop 9- Go to Sleep Go to Sleep
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7. Protection Function - Continued
7.13 SPI Error Detection

SPI Error is detected in the following cases

® CRC error

®  Frame counter error

® SCKover 32 pulses error

® SCKunder 32 pulses error

IC will not receive data to the registers if the command has any of 4 errors.

And it will notify the error to MCU via ERRB and a read register Error (SPI).

IC status after these error detections can be selected by ProtectMode (SPI) register.
(Refer to 7.1 Protection After Error Detection)

These SPI errors can be masked by ErrorMask (SPI) register.
When ErrorMask (SPI) = 1, if SPI command is less than SCK 32 clock cycles, this command is ignored.
However, protection after SPI Error is masked, and Error (SPI) is not triggered.

Cases ErrorMask (SPI) = 0 ErrorMask (SPI) = 1
SPI CRC error is detected
Frame counter error is detected Accept command

- Ignore command
SCK over 32 error is detected

SCK under 32 error is detected Ignore command

7.13.1 CRC error detection
If CRC of the command sent from MCU does not match, an error is detected.

CSB CRC Incorrect value
SDI ADR |
\ \/ / \ i | : \ \
SDO/ERRB !
(EREN=1) | Fc|  aoR | w | | CRC . |[Fc| ADR |wo|
ERRB flag | ERRB flag
Error(SPI) Y

Figure 54. Timing chart for CRC error

SPI command from MCU  SCK Cycle SPI receive in IC Error detection Output
[FCTADR] WD | CRC ]J[NUM]:|SPlaccess || FC|| CRC | FC | SCK |[i|ERRB|
[0 [ oth J oooth | Fon ][ 32 |i| write || - | Pass || Pass | Pass || H |
[ 1 ] obh | 0513h | o0o7h || 32 |i| write || 0 || Pass || Pass | Pass || H |
[ 0] oth [ ooooh | 67h |[ 32 ]Ji[ write || 1 || Pass | Pass | Pass |i[ H |
[ 3] 08 | wxxh | xh |[ 32 ]i| Read |[ 0 |iuncheck|[ Pass || Pass |iI[ H |
[0 ] oth Joooth | Fon ][ 32 |i| write || 3 |if Pass || Pass | Pass || H |
[ 1] 16h | ooooh | E9n |[ 32 ]i| Ignore || 0 ||| Error | Pass | Pass |i[ H |
[ 2 ] 12h [ ooceh | FDh || 32 |i| write || 1 ||| Pass || Pass | Pass || L |
[ 3 [ oEn | 0034h | 87n [ 32 |i| write || 2 | Pass || Pass | Pass |i[ H |
[ 0] o2h | o001th | 59h || 32 |i| write || 3 || Pass || Pass | Pass || H |
[ 1 [ oth [ oooon | 3Fh ][ 32 |i| write || 0 || Pass || Pass | Pass || H |
[ 2 ] 04h | xxh | xh || 32 || Read || 1 |i| Uncheck || Pass || Pass |i| H |

Figure 55. SPI command samples when CRC error
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7. Protection Function - Continued

7.13.2 FC error detection
If FC value is equal to FC value in previous command, an error is detected.

FC: Different value as previous

CSB_! FC: S/ame value as previous |—| )
sk LFLUFLFLASLELASLIL [FLELASLALASLALAALS | [SLFLAALFLAALLS
SDI FC ADR | WD / / CRC § FC ADR WD
SDO/ERRB—— || \ : CN N
ERENeT) | lFc| AR | w | | CRC . |[Fc| abrR  |wo|
/ 5 /
ERRB flag : ERRB flag
Error(SPI) {
Figure 56. Timing chart for FC error
SPIl command from MCU  SCK Cycle SPlI receive in IC Error detection Output
[FCTADR] WD [ CRC |[NUM] | SPlaccess || FC|| CRC | FC || SCK || ERRB |
[ 0| oth | oooth | Foh || 32 |i| write || - |ij Pass |[ Pass | Pass ||| H |
[ 1 ] obh | 05130 | o7h || 32 |i| Write || O |if Pass | Pass || Pass || H |
[ 0] oth | ooooh | 67n |[ 32 |i| Write || 1 || Pass |[ Pass || Pass || H |
[ 3 ] 08h | xxxh | xxh |[ 32 ][ Read |[ 0 || Uncheck| Pass | Pass || H |
[0] oth Joooth | Fon || 32 |i| Write || 3 || Pass | Pass || Pass || H |
[ 0] 16h | ooooh | ESh |[ 32 ]i| Ignore || O || Pass |[ Eror || Pass |i{[ H |
[ 2 | 12h J ooceh | FDh || 32 |i| Wwrite || 0 |i| Pass | Pass || Pass |i| L |
[ 3 ] oeh | 0034h | 87n |[ 32 |i| Write || 2 || Pass |[ Pass || Pass || H |
[ 0| 0o2n | o00th | 59h || 32 |i| Wwrite || 3 |ij Pass || Pass | Pass |i| H |
[ 1] oth | ooooh | 3Fh || 32 |i| Write || 0 || Pass | Pass || Pass || H |
[ 2 | 04h | xxxh | xxh || 32 |{| Read || 1 |i Uncheck | Pass | Pass || H |
Figure 57. SPI command samples when FC error
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7. Protection Function - Continued

7.13.3 SCK over 32 error detection
If the number of SCK cycles per command exceeds 32, an error is detected.

SCK: 33th pulse

csB | \ /(;\

sk |FLASLFLFLAAIFLELAL | FLALAUSLELAALALSLAAS T (FLFLASLFLFLASLILY

SDI Fc| AR | wo | [ | CRC B Fc| ADR | wD |
SDO/ERRE—— A [ A A : \
ERENST) |Fc| AR w | | CRC | . |[Fc| AR |wp|

U\ | \ /
ERRB flag .\ ERRB flag
Error(SPI) 1

Figure 58. Timing chart for SCK over 32 error

\

Ignore SDI after SCK 33 pulse

SPIl command from MCU  SCK Cycle SPlI receive in IC Error detection Output
[FCITADR] WD | CRC |[NUM] | SPlaccess || FC|| CRC | FC || SCK || ERRB |
[ 0] oth | oooth | Foh || 32 |i| write || - |ij Pass || Pass | Pass ||| H |
[ 1 [ obh | 0513n | o07h |[ 32 ]i| write || O |if Pass |[ Pass | Pass [i[ H |
[ 0] oth | ooooh | 67n |[ 32 |i| Write |[ 1 | Pass | Pass || Pass || H |
[ 3 ] 08h | xxxh | xxh |[ 32 ][ Read |[ 0 | Uncheck| Pass | Pass || H |
[0] oth Joooth | Fon || 32 |i| Write || 3 | Pass | Pass || Pass || H |
[ 1] 16h | ooooh | B1h |[ 83 ]i| Ignore || 0 ||| Pass |[ Pass || Eror || H |
[ 2 | 12h J ooceh | FDh || 32 |i| Write || 1 |i| Pass | Pass || Pass |[i| L |
[ 3 ] oeh | 0034h | 87n |[ 32 |i| Write || 2 || Pass |[ Pass || Pass || H |
[ 0| 0o2h | oo0th | 59h || 32 |i| write || 3 |ij Pass || Pass | Pass |i| H |
[ 1 ] oth | ooooh | 3Fh || 32 |i| Wwrite || O |i| Pass || Pass | Pass || H |
[ 2] 04h | woxh | xxh || 32 |i| Read || 1 |/ Uncheck || Pass || Pass || H |

Figure 59. SPI command samples when SCK over 32 error
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7. Protection Function - Continued
7.13.4 SCK under 32 error detection

If the number of SCK cycles per command is less than 32, and error is detected. However, when it is 0 cycles, error is not
detected.

SCK: Lack of pulses

CSB_|
M Lﬂﬂﬂﬂﬂﬂﬂﬂr—mm
SDI FC| ADR D |
SDO/ERRE—— \‘ / / A : I
EREN-1) Fc| ADR w | CRC ' |Fc| AR [wp
ERRB flag . ERRB flag
Error(SPI) {
Figure 60. Timing chart for SCK under 32 error
SPI command from MCU  SCK Cycle SPl receive in IC Error detection Output
[FCTADR] WD | CRC |[NUM]{| SPlaccess || FC|i{|{ CRC | FC || SCK || ERRB |
[ 0| oth | o00oth | FOn |[ 32 |i| Wwrite || - || Pass || Pass | Pass ||| H |
[ 1 [ obh | 0513h | o7h || 32 |i| Wrte || O || Pass || Pass | Pass || H |
[ 0] oth | ooooh | 67h |[ 32 |i| write || 1 ]i[ Pass | Pass |[ Pass || H |
[ 3] 08h | wxxh | xxh |[ 32 ]i[ Read || 0 |{ Uncheck | Pass | Pass || H |
[0 oth Joooth ] Fon ][ 32 |i| write || 3 |i[ Pass | Pass |[ Pass ||| H |
[ 1] 16h | ooooh | Bth |[ 81 ]i| Ignore || O ||| Pass | Pass || Eror || H |
[ 2 | 12h J ooceh | FDh |[ 32 |i| Wwrte |[ O ]| Pass || Pass | Pass || L |
| 3 [ oEh | 0034h | 87h [ 32 ]i[ write || 2 || Pass |[ Pass |[ Pass || H |
[ 0] o2h | oo0oth | 59h || 32 |i| Wrte || 3 || Pass | Pass || Pass || H |
[ 1] oth | ooooh | 3Fh || 32 |i| wWrte || O || Pass | Pass || Pass || H |
[ 2 ] 04h [ woxh | xxh || 32 |i| Read || 1 |{ Uncheck | Pass | Pass ||| H |
Figure 61. SPI command samples when SCK under 32 error
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7. Protection Function - Continued
7.14 SPI Stop Detection

IC automatically change the state to sleep state when SPI stops over 10s if there are any SPI errors. This error is not notified
to MCU. If there is a good SPI communication (No SPI errors), internal timer for counting 10s is reset.

When WDT is used at the same time, this detection starts after WDT error detected. After WDT error detection and SPI error
state keeps 10s, IC enters sleep state.

SPI Stop Detection

408 b emmm o m . Y o
SPI access SPI access | /
&
c
o}
[e]
@)
5
o
(3]
S
l_
Time
10s '
IC State | Stand-by/CPON/Active/FAIL [ Sleep |
Figure 62. Timing Chart for SPI Stop
www.rohm.com
© 2020 ROHM Co., Ltd. All rights reserved. 69/90 TSZ02201-0N4K0CX24900-1-2

TSZ22111 - 15 - 001 14.Sep.2026 Rev.001


http://www.rohm.com/

BD16861MUF-C

Datasheet

8. Absolute Maximum Ratings

ltem Symbol Rated Value Unit
Supply VB Vvs -0.3 to +60 \Y
Voltage \Yele; Vvee 03 to 460 Y
INTH, IN1L, IN2H, IN2L, ViNtH, VINIL, ViNzH, VINZL,
IN3H, IN3L, DOFFB VinaH, ViN3L, VDoFFB -0.3 to +60 \Y
SCK, SDI, CSB Vsck, Vsbl, Vess
Input AIN1P, AIN2P, AIN3P Vainte, Vainze, Vainsp
Voltage AIN1N, AIN2N, AIN3N VainiN, VaINN, VAIN3N 50 o +7.0 v
REF VRer -0.3 to +60 \%
DRN VDRN -0.3 to +60 \%
VDD Vvbp -0.3 to +7.0 Y
SDO Vspo -0.3 to +60 \%
AOUT1, AOUT2, AOUT3 Vaout1, Vaoutz, VaouTs -0.3 to +7.0 \Y
VCPH, CP2H VvepH, Vepzr -0.3 to +60 \%
VCPH-VB - -0.3 to +15.5 Y
VCPH-CP2H - -0.3 to +22 Vv
VCPL VvepL -0.3 to +14 \%
VCPL-VDD - -0.3 to +7.0 Vv
Output G1H, G2H, G3H VG1H, VazH, VaesH -5.0 to +60 \%
Voltage S1H, S2H, S3H Vs1H, Vs2H, Vs3H -5.0 to +60 \%
S;:-S1H, G2H-S2H, G3H- ) 03 to +20 Vv
G1L, G2L, G3L VaiL, Ve, Vel -5.0 to +14 \Y
S1L, S2L, S3L Vsi1i, Vsai, VsaL -5.0 to +5.0 \%
g:‘alll__—S1L, G2L-S2L, G3L- ) 03 to +20 Vv
GR1, GR2, GR3 VGR1, VGR2, VGR3 -0.3 to +60 \Y
CP2L, CP1H VepaL, VepiH -0.3 to +14 \Y
CP1L VepiL -0.3 to +7.0 Vv
VCPH, VCPL IvepH, IvepL 0 to 30 mA
Output VDD Ivbp 0 to 40 mA
Current SDO Ispo 0 to 5 mA
AOUT1, AOUT2, AOUT3 laout1, laouTt2, lacuTs 0 to 10 mA
Maximum Slew Rate of SxH (x = 1, 2, 3) Tsr -300 to +300 V/us
Storage Temperature Range Tstg -55 to +150 °C
Maximum Junction Temperature Tjmax 150 °C

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

Caution 2: Should by any chance the maximum junction temperature rating be exceeded the rise in temperature of the chip may result in deterioration of the

properties of the chip. In case of exceeding this absolute maximum rating, design a PCB with thermal resistance taken into consideration by
increasing board size and copper area so as not to exceed the maximum junction temperature rating.
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9. Thermal Resistance
Based on JESD51-2A (Still-Air).

Terminal Resistance (Typ)
Parameter Symbol 1s 4s Unit
(Note2) (Note3)
VQFN48FBV070
Junction to Ambient B 67.8 246 °C/W
Junction to Top Characterization Parameter (Vote 1) Wor 8 6 °C/W

(Note 1) Thermal characteristic parameters from junction to package top center (mold).
(Note 2) Using based on JESD51-3.
(Note 3) Using based on JESD51-5,7.

G B 01 2 Material Board Size
Measurement Board
Single FR-4 114.3 mm x 76.2 mm x 1.57 mmt
Top
Copper Pattern Thickness
Footprints and Traces 70 um
i Thermal Via (Note4)
I\l}umber ol B3l Material Board Size
easurement Board 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 um 74.2 mm? (Square) 35 um 74.2 mm?(Square) 70 um
(Note 4) This thermal via connects with 1st, 2nd and 4th layer copper patterns.
10. Recommended Operating Conditions
Spec .
Parameter Symbol - Unit
Min Typ Max
v 6.0(Note 1) 12.0 32.0 \Y,
Power Supply ve 4 5(Note 2) 12.0 32.0 v
Vvce 3.0 5.0 5.5 \%
Input Pin VREF 3.0 5.0 5.5 \%
Operating Topr -40 +25 +125 °C
Temperature

(Note 1) VB of 6.0 V or higher is required for the transition from Sleep State to Stand-by State.
(Note 2) VB of 4.5V or higher is required for the transition after Stand-by State.
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11. Electrical Characteristics
11.1 Electrical Characteristics (Circuit Current, Input Pin)

(Unless otherwise specified Vvs = 4.5V to 32 V, Tj = -40 °C to +150 °C, 0.47 yF between CP1L -CP1H, 0.47 yF between
CP2L -CP2H. 1 uF between VCPH -VB, 4.7 uF between VCPL -GND, Vs1+ /Vs2H /Vs3n = VB, VsiL /VsaL [VsaL = GND Note 1))

Spec

Parameter Symbol - Unit Condition
Min ‘ Typ ‘ Max
[All]
VB Sleep Current IvesLp - 0 10 WA | Sleep state
VB STBY Current Stand-by state
Including VDD internal power supply current lvesTs - 16 28 mA VB=12V
Active state
VB Operating Circuit Current IveacT - 40 55 mA | VB=12V
SPI Communication Stopped
VCC Sleep Current Ivcesie - 3 8 MA | Sleep state
WA | Stand-by state
VCC STBY Current Ivcests - 300 650 VB=12V
When SDO output L
Active state
VCC Operating Circuit Current | lvccact - 0.8 2.0 mA | VB=12V

SPI Communication Stopped
[Half Bridge Gate PWM Input Pin INTH / IN1L / IN2H / IN2L / IN3H / IN3L Characteristic]

Input Voltage L Level VINxL 0 - XV(\)/_CZC V
Input Voltage H Level ViNxH X\(/)Cg - Vvce \Y,
Input Current L Level lINxL_sLP -10 0 +10 MA | VinxH=Vine=0V (x = 1,2,3)
ISP ) 10 40 uA Vined = Vine = 5V (x = 1,2,3)
Sleep Mode
Input Current H Level Vined = VinL = 5V (x = 1,2,3)
lINxH_sTB - 20 100 MA INxH NxL- -

Stand-by state

[Gate Drive ON/OFF Pin DOFFB Characteristic]

Vvce

Input Voltage L Level VDOFFBL 0 - % 0.2 \%
Input Voltage H Level VporFBH :(/\60; - Vvece \%
Input Current L Level IpoFFBL -10 0 +10 MA | Vbores = 0.0 V
Input Current H Level IpoFFBH - 15 50 MA | Vborrs = 5.0 V

[Serial Input Pin CSB, SCK, SDI Characteristic]

VesaL,
Input Voltage L Level VsckL, 0 - Vvee V
x 0.2
VspiL
VcsBH,
Input Voltage H Level VsckH, Vvee - Vvce V
x 0.8
VspiH
Iscki, IspiL -10 0 +10 MA | Vsck =Vspi=0V
| 10 0 +10 A | Vess=0V,
Input Current L Level CSBL_SLP - H Sleep state
Vese =0V,
lcseL_sTs -50 15 ) WA Stand-by/Active state
IsckH_sLp, 10 0 +10 uA Vsck = Vspi =5V,
IsDiH_sLP Sleep state
Input Current H Level IsckH_sTB, ) Vsck =Vspi =5V,
IspiH_sTB 15 50 WA Stand-by/Active state
IcseH -10 0 +10 MA | Vese=5V
[Serial Output Pin SDO Characteristic]
Output Voltage Low Level VspoL - - 0.6 \% Isbo = 1.0 mA
Output Voltage High Level VspoH \{\(/)Cg - Vvce \Y, Isbo =-1.0 mA

Regarding current items, + notation is for current inflow to IC, -notation is for current outflow from IC.
(Note 1) This condition is only for measurement purposes, in normal use it will be connected to 1/2/3 phases of motor.
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11. Electrical Characteristics - Continued

11.2 Electrical Characteristics (Internal Power Supply)

(Unless otherwise specified Vvs = 4.5V to 32 V, Tj = -40 °C to +150 °C, 0.47 pF between CP1L -CP1H, 0.47 yF between

CP2L -CP2H. 1 yF between VCPH -VB, 4.7 yF between VCPL -GND, Vs14 /Vs2n /Vs3n = VB, Vs1L /VsaL [VssL= GND )

Spec : »
Parameter Symbol - Unit Condition
Min Typ Max
[Oscillator]
_ 9.0 10.7 12.3 MHz | Vv =4.5V to 5.5V
Oscillation Frequency fosc
9.3 10.7 12.0 MHz | Vw=55Vto32V
[Boosted Voltage] (Note 7)
Vve=4.5V1t06.0V,
Vv Vve+6.0 ) ) v Ivcpr = -5 MA, IvcpL = -5 mA
Vve=6.0Vto32V,
Vvg+9.0 | Vva+10.6 | Vve+12.0 \% lverh = -5 MA, IvepL = -5 mA
Vve=4.5V1t06.0V,
VyerLt 70 ) ) v IvepH = -5 mA, IvcpL = -5 mA
Vwe=6.0Vto 32V,
VCPH Boosted Voltage 9.0 106 12.0 v IvepH = -5 mA, IvepL = -5 mA
VCPL Boosted Voltage Vve=4.5Vto7.0V,
VyGPHa Vve+6.0 ) ) v IvepH = -10mA, lvere = -10 mA
Vv =7.0Vio 32V,
Vvg+9.0 | Vva+10.6 | Vve+12.0 \% lvern = ~10mA, Iveer = -10 mA
70 ) ) v I\/VB =_4.? \% t;)‘ 7|.0 V,_ 0 mA
vB = 1. (0] y
9.0 106 12.0 v IvepH = -10mA, IvcpL = -10 mA
[Regulator Output Characteristics]
VDD Regulator Output v Vve-0.5 - Vvs Vvs i 45Vto55V
Voltage vDD 5.2 53 5.4 Vv Vs =55V 1to 32V,
Ivop = -5 mA
Vve=45Vto6.0V,
VDD Load Regulation v ) ) 500 MV | lvop = -15 mA to -50 mA
(Noto2) LINVD 150 vy | VWe=60Vto32V,
) ) m Ivop = -15 mA to -50 mA

(Note 1) These values are subject to change.
(Note 2) These values are design values and are not tested at the time of shipment.
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11. Electrical Characteristics - Continued

11.3 Electrical Characteristics (Shunt Current Sense Amplifier)
(Unless otherwise specified Vvs = 4.5 V to 32 V, Tj = -40 °C to +150 °C, 0.47 yF between CP1L -CP1H, 0.47 yF between
CP2L -CP2H. 1 yF between VCPH -VB, 4.7 yF between VCPL -GND, Vsin /Vs2n /Vs3n = VB, VsiL /VsaL /VsaL = GND,
CSAMPGx =01h)

Spec . "
Parameter Symbol Min ‘ e ‘ Max Unit Condition
[Shunt Current Sense Amplifier]
Vve=45V1to55YV,
Input Offset Voltage v -5.0 - 0 | MV VINP=VINN =0V, Tj=25°C
(Absolute Error) OFAMPABS 1.0 1.0 vy | Ve=55Vt032V,
o ) : m VINP=VINN =0V, Tj =25 °C
Vwe=45Vto55V,
Input Offset Voltage v -3.0 ) +3.0 MV | VINP = VINN = 0 V, Tj=25°C
(Relative Error) OFAMPREL 10 1.0 v | Wwe=55Vto32V,
o ) ) m VINP=VINN=0V,Tj=25°C
Input Offset Drift Vv - 40 - pVv/°C | Vie=4.5Vto55V
(Note1) OFDRIFT - 6 - UV/°C | Vi =55V 1032V
Input Common Mode Voltage ViNAP -0.5 - +1.5 V Vwe=4.5Vto 55V
Range -0.5 - +2.0 V Vvg=55V1to32V
CSAMPGx = Oh, GAMpg1
Ganpet ) 12 ) Vv = Vaoutx! (Vainxe-Vainn+Voraveass)
Gavpe2 - 16 - VIV SEAMS%( N TC’ GA:-A:’/GZ )
Gain Conﬁguration CS'AAC:K/TPG AI:<P2hAINxN OFAMPABS
Gawvpes - 24 - VIV X ; Gaweas
= Vaoutx! (Vainxe-Vainn+Voraveass)
CSAMPGx = 3h, GAMPG4
GAMPG4 ] 32 ) V/V = VAOUTX/ (VAINxP'VAINxN+VOFAMPABS)
Gain Configuration Error GERR1 -1.2 0 +1.2 %
60 ) ) 4B Vv =4.5V to 6.Q V,
CMRRoc Common mode ripple < 100 Hz
o . 70 ) ) dB Vve =6.0V to 32_ V,
Common Mode Rejection Ratio Common mode ripple < 100 Hz
(Note 1) Vwe=4.5V106.0V,
50 - - dB c - _
CMRRa0k ommon mode ripple = 20 kHz
65 ) ) dB Vvs =6.0V to 32. vV,
Common mode ripple = 20 kHz
60 ) ) dB Vv =4.5V to §.O V,
PSRRoc Power supply ripple < 100 Hz
o . 80 ) ) 4B Vve =6.0V to 1_32 V,
Power Supply Rejection Ratio Power supply ripple < 100 Hz
(Note 1) Vwe=4.5V1t06.0V,
50 - - dB - _
PSRRaok Power supply ripple = 20 kHz
70 ) ) dB Vv =6.0Vto32V,
Power supply ripple = 20 kHz
Vainxe = -156 mV—+156 mV,
- - 3.0 us Vanxn =0V, Vve=45Vto 5.5V,
. } CSAMPGx = 1h, Cout = 25 pF
Rise Time Delay (Note?) tAMPRISE Vanse = -156 MV—+156 mV,
- - 0.8 us Vansn =0V, Vvs =55V 10 32V,
CSAMPGx = 1h, Cout = 25 pF
Vainxe = +156 mV—-156 mV,
- - 3.0 us Vanxsn =0V, Vv =45V1to55YV,
) CSAMPGx = 1h, Cout = 25 pF
Fall Time Delay (Note) tAMPFALL Vaine = +156 mV—-156 mV,
- - 0.8 us Vanxn =0V, Vvg =55V 1o 32V,
CSAMPGx = 1h, Cout = 25 pF

(Note 1) These values are design values and are not tested at the time of shipment.
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11. Electrical Characteristics - Continued
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11. Electrical Characteristics - Continued

11.4 Electrical Characteristics (Gate Driver Output)
(Unless otherwise specified Vvs = 4.5V to 32 V, Tj = -40 °C to +150 °C, 0.47 pyF between CP1L -CP1H, 0.47 pF between
CP2L -CP2H. 1 yF between VCPH -VB, 4.7 yF between VCPL -GND, Vs1H /Vs2n /Vs3n = VB, VsiL /VsaL /VsaL = GND )

Spec . "
Parameter Symbol Min ‘ TVp ’ Max Unit Condition
[Gate Driver Output]
Vwe=4.5V1t06.0V,
VB = O. (0] ,
9.0 10.6 12.0 \Y Iorykis £ -5 mMA (Note2)
High-side Gate Output Ves 6.0 ) ) v Vve=45Vto7.0V,
Voltage Viisasn ) IorvHs = -10mA (Note2)
Ve =7.0Vto 32V,
9.0 10.6 12.0 Y, lIoryHs = -10 mA (ote2)
Vhisest 0 - 0.2 Vo e e
Vwve=4.5V106.0V,
6.0 ) ) v IpRvLs < -5 mA (Note2)
Visest 0.0 106 120 v | Vwe=60Vto32V,
) ) ) IpRvLs < -5 mA (Note2)
Low-side Gate Output Ves 6.0 ) ) v Vve=45Vto7.0V,
Voltage Viscs ) IprvLs = -10mA (Nete2)
Vwe=7.0Vto32V,
9.0 10.6 12.0 \Y IpryLs = -10 mA (Note2)
VisesL 0 - 0.2 \% |\QF/:/LS 151’ (\)/ r’:]cjoﬁ,\z,o,\e/z)
Vi =4.5Vto 55V
HSDRV_SRC [3:0] = Oh to 2h,
-65 - +65 % HSDRV_SNK [3:0] = Oh to 2h,
LSDRV_SRC [3:0] = Oh to 2h,
LSDRV_SNK [3:0] = 0h to 2h
Vwe=45Vto55V
HSDRV_SRC [3:0] = 3h to 4h,
-50 - +50 % HSDRV_SNK [3:0] = 3h to 4h,
LSDRV_SRC [3:0] = 3h to 4h,
LSDRV_SNK [3:0] = 3h to 4h
Vwe=45Vto55V
HSDRV_SRC [3:0] = 5h to Fh,
-45 - +45 % HSDRV_SNK [3:0] = 5h to Fh,
LSDRV_SRC [3:0] = 5h to Fh,
Gate Driver Current Accuracy | lac_brvHs LSDRV_SNK[3:0] = 5h to Fh
(Note1) lac_brvLs Vv =5.5Vto32V
HSDRV_SRC [3:0] = 0h to 2h,
-60 - +60 % HSDRV_SNK [3:0] = Oh to 2h,
LSDRV_SRC [3:0] = Oh to 2h,
LSDRV_SNK [3:0] = Oh to 2h
Vwe=55Vto32V
HSDRV_SRC [3:0] = 3h to 4h,
-45 - +45 % HSDRV_SNK [3:0] = 3h to 4h,
LSDRV_SRC [3:0] = 3h to 4h,
LSDRV_SNK [3:0] = 3h to 4h
Vwe=55Vto32V
HSDRV_SRC [3:0] = 5h to Fh,
-30 - +30 % HSDRV_SNK [3:0] = 5h to Fh,
LSDRV_SRC [3:0] = 5h to Fh,
LSDRV_SNK [3:0] = 5h to Fh
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11. Electrical Characteristics - Continued

Ve =4.5Vtob55V
HSDRV_SRC [3:0] = Fh,
HSDRV_SNK [3:0] = Fh,
LSDRV_SRC [3:0] = Fh,
LSDRV_SNK [3:0] = Fh,

Rise Prop: INxH/INXL rising
edge to VGS =1V,

Fall Prop: INxH/INXL falling
edge to VGS = VCPH/VCPL-1
Input/Output Propagation Delay | trrora xvs =55Vi032V
HSDRV_SRC [3:0] = Fh,
HSDRV_SNK [3:0] = Fh,
LSDRV_SRC [3:0] = Fh,
LSDRV_SNK [3:0] = Fh,

Rise Prop: INxH/INXL rising
edgetoVGS =1,

Fall Prop: INxH/INxL falling
edge to VGS = VCPH/VCPL-
Vv

| Lside Fall Prop Delay
-Hside Rise Prop Delay |

| Hside Fall Prop Delay
-Lside Rise Prop Delay |

Delta Input/Output Propagation t
Delay1 (Note 1) propadeltal
Delta Input/Output Propagation
Delay2 (Note 1)

(Note 1) These values are design values and are not tested at the time of shipment.
(Note 2) IDRVHS is the total gate output current of the High-side 1/2/3 phase, IDRVLS is the total gate output current of Low-side 1/2/3 phase.

- - 50 ns

tpropadeltaZ - - 50 ns
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11. Electrical Characteristics - Continued

11.5 Electrical Characteristics (Gate Driver Output / Relay Driver Output)

(Unless otherwise specified Vvs = 4.5V to 32 V, Tj = -40 °C to +150 °C, 0.47 yF between CP1L -CP1H, 0.47 yF between
CP2L -CP2H. 1 pF between VCPH -VB, 4.7 uF between VCPL -GND, Vs1H/Vs21 /Vs3n = VB, VsiL/Vs2L /VssL = GND )

Spec . "
Parameter Symbol Min ‘ Typ ‘ Max Unit Condition
[Gate Driver Output Pin]
¢ - - 350 ns Vie=4.5Vto55V
o - - 300 ns | VWwe=55Vto32V
D Time A i i
ead Time Accuracy Sgttmg Setting Sgttlng
toeap Time Time Time ns
- 1/fosc +1/fosc
High-side H Level VGS Vv VverH VverH VverH v
Detection Voltage HTHDETH | 35 2.0 0.5
Low-side H Level VGS Vv VvepL VvepL VvepL v
Detection Voltage LTHDETH 3.5 2.0 0.5
High-side L Level VGS Vv SxH SxH SxH Vv
Detection Voltage HTHDETL | 405 +1.0 +1.4
Low-side L Level VGS Vv SxL SxL SxL Vv
Detection Voltage LTHDETL | 405 +1.0 +1.4
GxH-SxH Pull Down VOoRESH _
Resistance Voltage 03 22 45 v low=5 pA
GxL-SxL Pull Down Resistance | VoresL 0.3 29 45 v loL= 5 pA
Voltage
SxH Outflow Current IsH 0.30 0.40 0.75 mA
[Relay Driver Output Pin]
Vys+6.0 i i v Ve =:1.5 V10 6.0V,
VieH IRDRV = -5 MA
Vvs Vvs Vs Vve=6.0V1to 32V,
Gate Output Voltage 4.0 | +106 | +12.0 V' | lrorv = -5 mA
Vie=4.5Vto 32V,
VRreL 0 - 0.3 \% Irory = 5 MA
. - - 2.0 us Vie=4.5Vto55V
Input/Output Propagation Delay | trrorar N N 10 us Vve=55V 1032V
H Level Relay Output Detection v VvepH VvepH VvepH v
Voltage THDETH -35 2.0 -0.5
L Level Relay Output Detection
Voltage VTHDETL 0.5 1.0 14 \%
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11. Electrical Characteristics - Continued
11.6 Electrical Characteristics (Abnormal Detection 1)

(Unless otherwise specified Vvs = 4.5V to 32 V, Tj = -40 °C to +150 °C, 0.47 yF between CP1L -CP1H, 0.47 yF between
CP2L -CP2H. 1 pF between VCPH -VB, 4.7 uF between VCPL -GND, Vs11 /Vs21/Vssn = VB, VsiL/VsaL /VssL = GND )

Spec , e
Parameter Symbol - Unit Condition
Min Typ Max
[VB, VCC, REF, VDD Overvoltage Protection]
VB Overvoltage Detection VvBovH 36.0 38.0 40.0 \Y
VB Overvoltage Release VveovL 33.5 35.5 37.5 \%
. 3.45 3.55 3.65 \Y Vvece=3.3V
VCC Overvoltage Detection VvcovH
5.25 5.40 5.55 \Y Vvece=5.0V
3.35 3.45 3.55 \Y Vvece=3.3V
VCC Overvoltage Release Vvcowl
5.10 5.25 5.40 \Y Vvece=5.0V
. 3.45 3.55 3.65 \Y Vrer = 3.3V
REF Overvoltage Detection VREFOVH
5.25 5.40 5.55 \Y Vrer= 5.0V
3.35 3.45 3.55 \Y Vrer= 3.3V
REF Overvoltage Release VREFOVL
5.10 5.25 5.40 \Y Vrer= 5.0V
VDD Overvoltage Detection VvbovH 5.80 6.00 6.20 \%
VDD Overvoltage Release VvbowL 5.45 5.65 5.85 \Y
[VB, VCC, REF, VDD, DRN Undervoltage Protection]
VB Undervoltage Detection VvBuvL 3.80 4.00 4.20 \Y
VB Undervoltage Release VvBUVH 4.00 4.20 4.40 \Y
. 2.95 3.05 3.15 \Y Vvee=3.3V
VCC Undervoltage Detection VveuvL
4.45 4.60 4.75 \Y Vvee=5.0V
3.05 3.15 3.25 \Y Vvee=3.3V
VCC Undervoltage Release VVeuvH
4.60 4.75 4.90 \Y Vvee=5.0V
) 2.95 3.05 3.15 \Y Vrer= 3.3V
REF Undervoltage Detection VREFUVL
4.45 4.60 4.75 \Y Vrer= 5.0V
3.05 3.15 3.25 \Y Vrer= 3.3V
REF Undervoltage Release VREFUVH
4.60 4.75 4.90 \Y Vrer= 5.0V
VDD Undervoltage Detection VvbuvL 2.70 2.90 3.10 \Y
DRN Undervoltage Detection VDRNVL 3.50 3.70 3.90 \Y
DRN Undervoltage Release VDRNVH 3.60 3.80 4.00 \Y
[Charge Pump Overvoltage]
VCPH Overvoltage Detection VVCPHOVH 12.5 141 15.7 \% VvepH - Vs
VCPL Overvoltage Detection VvcPLOVH 12.4 13.2 14.0 \Y
V(%Tq%%\gigoegacg? Detection V/VCPHOVH_ABS 50 55 60 VvcpH - GND
[Charge Pump Undervoltage]
VCPH Undervoltage Detection | VvcpHuvL 4.5 5.5 6.5 \% VvepH - Vv
VCPL Undervoltage Detection VvepLuve 4.5 5.5 6.5 \%
\[;gtpelst-i(?r?N dndervoliage VornuvL 4.5 5.5 6.5 VvcpH - VDRN
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11. Electrical Characteristics - Continued

11.7 Electrical Characteristics (Abnormal Detection 2)

(Unless otherwise specified Vvs = 4.5V to 32 V, Tj = -40 °C to +150 °C, 0.47 pF between CP1L -CP1H, 0.47 yF between
CP2L -CP2H. 1 uF between VCPH -VB, 4.7 uF between VCPL -GND, Vs1H /Vs21 /Vs3n = VB, Vs1L/Vs2L /VsaL= GND )

Parameter

Symbol

Spec

Min ‘ Typ ‘ Max

Unit

Condition

[High / Low-side MOS-FET Drain-Source Voltage, SHUNT Voltage Abnormal Protection]

Accuracy of Detection Voltage Vve=45Vto 32V,
between DRN and SxH 1 VbssH_seT1 -800 -200 -20 MV | VDSH [3:0] = Oh
Setting | Setting | Setting _
Voltage | Voltage | Voltage mV x\SS_H“[g (\)/] t=o 15 Hs v
Accuracy of Detection Voltage Vv -40 +40 )
between DRN and SxH 2 DSSH_SET2 Setting | Setting | Setting _
V=55V to32V,
Voltage | Voltage | Voltage mV VDSH [3:0] = 1h
-30 +30 )
Vve=4.5V1t05.5YV,
- 0, ’
Accuracy of Detection Voltage Vv 50 0 +50 /° VDSH [3:0] = 2h to 5h
between DRN and SxH 3 DSSH_SETS o5 0 05 o | V=55V1032V,
° VDSH [3:0] = 2h to 5h
Vve=4.5Vt05.5Y,
- o, )
Accuracy of Detection Voltage Vv 50 0 +50 o VDSH [3:0] = 6h to Dh
between DRN and SxH 4 DSSH.SET 10 0 +10 % | Vwe=55Vt032V,
° VDSH [3:0] = 6h to Fh
Accuracy of Detection Voltage Vve=4.5Vto32V,
between SxH and SxL 1 Vosst_seTt -800 -200 -20 mV' | VDSL [3:0] = Oh
Setting | Setting | Setting _
Voltage | Voltage | Voltage mvV x\SS_L‘};)E)/] tf fHSV,
Accuracy of Detection Voltage Vv -40 +40 )
between SxH and SxL 2 DSSLSET2  ["Setting | Setting | Setting _
Vve=55Vto32V,
Voltage | Voltage | Voltage mV VDSL [3:0] = 1h
-30 +30 :
Vv = 4.5V to 5.5V,
- 0, ’
Accuracy of Detection Voltage Vv 50 0 +50 & VDSL [3:0] = 2h to 5h
between SxH and SxL 3 DSSL_SETS o5 0 05 % | Ve=55Vt032V,
° VDSL [3:0] = 2h to 5h
Vve=4.5Vt05.5YV,
- o, )
Accuracy of Detection Voltage Vv 50 0 +50 % VDSL [3:0] =0h to Dh
between SxH and SxL 4 pSsL_seTe 10 0 +10 o Vve=55V 1032V,
° VDSL [3:0] =6h to Fh
SHUNT Resistor-to-Resistor Vve=4.5V1to32V,
Detection Voltage Accuracy 1 VSHUNT_seTt -800 -200 -20 mv VSNT [3:0] =0h
Setting | Setting | Setting _
Voltage | Voltage | Voltage mV x\éBN_Tét[':f'(;; t=°15h'5 v
SHUNT Resistor-to-Resistor VSHUNT SET2 -30 +30 )
Detection Voltage Accuracy 2 - 3;122% 3;122% 3;122% x\éBN=T5 35 oV t—013h2 vV,
20 +20 mv [3:0] =
V=45V t05.5YV,
- o, )
SHUNT Resistor-to-Resistor V. 50 0 +50 A VSNT [3:0] = 2h to Ah
Detection Voltage Accuracy 3 SHUNT_SETS 25 0 +25 o Vvg=5.5Vto32V,
° VSNT [3:0] = 2h to Ah
Vve=4.5Vt05.5YV,
- 0, 3
SHUNT Resistor-to-Resistor | ,, 50 0 +50 % | VSNT[3:0] = Bh to Fh
Detection Voltage Accuracy 4 SHUNT_SET4 10 0 10 o Vve=5.5V 1032V,
° VSNT [3:0] =Bh to Fh
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11. Electrical Characteristics - Continued

11.8 Electrical Characteristics (Abnormal Detection 3)
(Unless otherwise specified Vvs = 4.5V to 32 V, Tj = -40 °C to +150 °C, 0.47 yF between CP1L -CP1H, 0.47 yF between
CP2L -CP2H. 1 pF between VCPH -VB, 4.7 uF between VCPL -GND, Vs1H/Vs21 /Vs3n = VB, VsiL/Vs2L /VssL = GND )

Spec : »
Parameter Symbol 5 Unit Condition
Min ‘ Typ ‘ Max
[High / Low-side MOS-FET Drain-Source Voltage, SHUNT Voltage Abnormal Protection]
tvDssHMTON
) ’ TVDS_MSK [3:0] = Oh
Detect Delay Time :VDSSLMTON, - 15 10.0 us TVDS_FLT [3:0] = Oh
SHTMTON
tvDSSHMTOFF,
) ’ TVDS_MSK [3:0] = Oh
Release Delay Time tvDSSLMTOFF, - 1.5 10.0 V& TVDS_FLT [3:0] = Oh
tsHTMTOFF
Setting . Setting
. ) i tvbs_msk . Setting . TVDS_MSK [3:0] = Oh to Fh
Mask/Filter Time Variation tvos. FLT Time Time Time ns TVDS_FLT [3:0] = Oh to Fh
- 1/fosc +1/fosc
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11. Electrical Characteristics - Continued

11.9 Electrical Characteristics (SPI AC)

(Unless otherwise specified Vvs =4.5Vt0 32 V,VCC=3.0Vto 5.5V, Tj=-40 °C to +150 °C, 0.47 pF between CP1L -CP1H,
0.47 pF between CP2L -CP2H. 1 yF between VCPH -VB, 4.7 uF between VCPL -GND, Vs1n /Vs2n /Vs3n= VB, VsiL/VsaL [VsaL

= GND)
Spec : »
Parameter Symbol - Unit Condition
Min Typ Max
SCK Frequency fsck - - 5 MHz
SCK Cycle Period teve 200 - - ns
SCK High Pulse Width tekwH 90 - - ns
SCK Low Pulse Width tekwi 90 - - ns
SCK Setup Time tcks 50 - - ns
SCK Hold Time tekn 150 - - ns
CSB Setup Time tcss 50 - - ns
CSB Hold Time tesh 50 - - ns
CSB High Pulse Width tcswH 400 - - ns
SDI Setup Time tos 20 - - ns
SDI Hold Time toH 30 - - ns
SDO Output Delay (Note 1) (Note 2) top - - 90 ns CL=20pF
SDO Output On (Note 1) (Note 2) toon - - 90 ns CL=20 pF
SDO Output Off (Note 1) (Note 2) toor - - 90 ns CL=20 pF
SDO Output Off (Hi-zZ) (Note 1) (Note 3) | tqor; - - 90 ns

(Note 1) These values are design values and are not tested at the time of shipment.
(Note 2) The reference level is defined as 20 % and 80 % of VCC.
(Note 3) The reference level is defined as 0% and 100% of VCC.

CSB Veser™ %

SCK

SDO

(EREN ='1")

SDO : 80% >< / >< 3 100%
EREN =0’ ‘ 3

( ) < 20% L oo

Figure 64. SPI Timing
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12. Typical Performance Curves
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13. I/0 Equivalence Circuit

REF

VCPH
400KQ

400KQ
GND

VCPHOEJ
GR1 ‘

G2H
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S3H

434 KQ

]
N
T

csB(O—

!

eND O

vbD ()

INTH IN1L
IN2H INZLO

IN3H IN3L

GND

G1H

800 KQ

O'1KQJT

VCPLQ‘EJ

S1L ‘
S2L
S3L

:+—OCP1L

vCPHO) *
ve() %

verPLO)

VDD

vbD()
veeO—e

G1L
G2L

GND
G3L

PGNDQ) —s

VCPLOﬁ
:+—O CP2L

PGNDO—}:——,

434 KQ

DOFFB
SCK SDI

~ iomnﬁ
300]KO

[(F1L1 ]
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14. Note in Application Circuit

(1) CP2H - CP2L short circuit
Large current will occur if CP2H-CP2L are short-circuited.
Duplication of the capacitor is recommended to avoid this case.
Large Current

—
T vea

$

<+

— PGND

BreakDown

(2) VCPH - ground / CP2H — ground short circuit
Large current will occur if VCPH — ground or CP2H — ground is short-circuited.
Insert fuse or switch on VB line if this case should be avoided.
Large Current
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Operational Notes

1.

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

supply pins.

Power Supply Lines

Design the PCB layout pattern to provide low impedance supply lines. Separate the ground and supply lines of the
digital and analog blocks to prevent noise in the ground and supply lines of the digital block from affecting the analog
block. Furthermore, connect a capacitor to ground at all power supply pins. Consider the effect of temperature and
aging on the capacitance value when using electrolytic capacitors.

Ground Voltage

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

1.

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
} P— | = ol
: p* N|pl P ;
i Parasitic N ] N N :\
, Elements ¥ t """ '\ Parasitic
A P Substrate x4 P Substrate ! Elements
— GND JT— GND GND = / — GND
Parasitic Parasitic N Region
Elements Elements close-by

Figure 71. Example of Monolithic IC Structure

Ceramic Capacitor

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

Thermal Shutdown Circuit (TSD)

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

Note that the TSD circuit operates in a situation that exceeds the absolute maximum ratings and therefore, under no

circumstances, should the TSD circuit be used in a set design or for any purpose other than protecting the IC from heat
damage.

Over Current Protection Circuit (OCP)

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

Functional Safety

“ISO 26262 Process Compliant to Support ASIL-*"

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

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

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

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

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

B D1 6 8 6 1 M U F| - | CE2
|
Part Number Package Packaging and forming specification
MUF: VQFN48FBV070 C: for Automotive
E2: Embossed tape and reel

Marking Diagram

VQFN48FBV070 (TOP VIEW)

Part Number Marking
BD16861
Q\ " ~_LOT Number
Pin 1 Mark
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Physical Dimension and Packing Information
Package Name VQFN48FBV070
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< Tape and Reel Information >

Tape Embossed carrier tape
Quantity 1500pcs
Direction of feed E2

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

O 0.0 0,0 0,0 0,0 0,0
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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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