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Automotive Motor Driver Series 

3-Phase Brushless Motor Pre-driver for 
Automotive 
BD63030EKV-C 

 

General Description 
BD63030EKV-C is a pre-driver for a 3-phase motor such 
as an air conditioner blower motor and a battery cooling 
fan motor. 180° commutation PWM drive minimizes 
motor drive noise. It has a built-in automatic lead angle 
control function for high-efficiency drive. Moreover, it has 
the lock protection time, over current limit detect value, 
over current protection detect value, external parts 
thermal shutdown value for various motor controls as 
well as adjustment of startup time externally. 

 

Features 
 AEC-Q100 Qualified (Note 1) 
 Built-in Automatic Lead Angle Function 
 Built-in Speed Feed-back Function  
 180° Commutation Sine Wave Drive (2-phase 

Modulation) 
 Built-in Charge Pump 
 Forward Rotation / Reverse Rotation Switch Function 
 Variable Speed Control, Standby Command Function 
(PWM / DC Input Support) 
 Selectable Output Modes / Dead Time 
 Soft Start, Soft Stop Setup Function 
 Built-in Protective Functions 
Over Voltage Protection (OVP), 
Under Voltage Lockout (UVLO), 
Over Current Limit (OCL), 
Over Current Protection (OCP), 
Lock Protection (LOCK), Thermal Shutdown (TSD), 
External Parts Thermal Shutdown (EXTSD), 
Abnormal Hall Input Detection (HALLERR) 

(Note 1) Grade 1 

 

Key Specifications 
 

 Supply Voltage Range: 6.5 V to 18 V 
 Standby Current: 55 μA (Max) 
 Operating Temperature Range: -40 °C to +125 °C 

 

Package              W(Typ) x D(Typ) x H(Max) 
HTQFP64AV  12.00 mm x 12.00 mm x 1.00 mm 

 
 
 

 
 
 
 

Applications 
 Air Conditioning Blower Motor 
 Battery Cooling Fan Motor 

 

Typical Application Circuits 
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Pin Configuration 
(TOP VIEW) 
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Figure 2. Pin Configurations 

 

Pin Descriptions 
No. Pin Name Function No. Pin Name Function 
1 PCI Lead angle control Initial torque setup 26 N.C - 
2 TEST4 TEST4 27 DUL U phase low side MOS-FET drive output 
3 TEST3 TEST3 28 N.C - 

4 FG 
Rotational speed / diagnostics result 
output 

29 VS_U U phase output 

5 N.C - 30 DUH U phase high side MOS-FET drive output 
6 XIN External CLK input  31 N.C - 
7 N.C - 32 PGND POWER GND 

8 XOUT External CLK output  33 C_M 
Charge pump capacitor minus side 
connection 

9 N.C - 34 N.C - 

10 EXTSD External parts temperature detection 35 C_P 
Charge pump capacitor plus side 
connection 

11 OCL Over current limit setup 36 N.C - 
12 OCP Over current protection setup 37 VCC Power supply 
13 AMPO Amplifier output  38 VG Charge pump output 
14 RNF1 Current detection 1 39 N.C - 

15 GND GND 40 TEST1 TEST1 
16 RNF2 Current detection 2 41 TEST2 TEST2 

17 DWL 
W phase low side MOS-FET drive 
output 

42 GND GND 

18 N.C - 43 HU+ U phase plus side hall signal input 
19 VS_W W phase output 44 HU- U phase minus side hall signal input 

20 DWH 
W phase high side MOS-FET drive 
output 

45 HV+ V phase plus side hall signal input 

21 N.C - 46 HV- V phase minus side hall signal input 

22 DVL 
V phase low side MOS-FET drive 
output 

47 HW+ W phase plus side hall signal input 

23 N.C - 48 HW- W phase minus side hall signal input 
24 VS_V V phase output 49 VREG Internal reference power supply 

25 DVH 
V phase high Side MOS-FET drive 
output 

50 SREG Internal reference power supply 
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Pin Descriptions – continued 
No. Pin Name Function No. Pin Name Function 
51 N.C - 59 SSU Soft start spin up time setup 

52 DCIN DC signal input 60 SSD Soft start spin down time setup 

53 N.C - 61 PROP 
Speed control gain setup (proportional 
control) 

54 PWM PWM signal input 62 INTG 
Speed control gain setup (integral 
control) 

55 TDEAD Dead time select 63 RREF Speed control maximum rotation setup 
56 MODESEL I/O mode select 64 PCG Lead angle control gain setup 

57 FR Forward / Reverse select 
- EXP-PAD Connect a EXP-PAD on GND 

58 LCSET Lock protection time setting 

 

Block Diagram 
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Figure 3. Block Diagram 
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Description of Operation (Note 1) 
(Note 1) The characteristic of time and frequency on condition that 10 MHz frequency is input on the XIN pin. 

1. Operation Overview  
(1) Operation Mode Overview (Note 2) 

(Note 2) Lead angle function is not enabled in 120° commutation mode but enabled in 180° commutation mode at startup. 
(Note 3) The hall cycle monitors the single phase signal (Electrical angle 360°) from the sweeping down of W phase (HW). (See P.7) 
(Note 4) See Electrical Characteristics1. (See P.25) 

 
When the hall signal opposite to the setup of direction of rotation (FR) is input, it performs in the 120° commutation drive and 
the asynchronous rectification, and high side arm output is operated in PWM. After that one cycle of the hall cycle is 
operated in the 120° commutation drive and the asynchronous rectification even if the same sequence is input as the setup 
of rotational direction. (Note 5) 
(Note 5) Asynchronous rectification does not operate if the hall cycle is less than 1.59 Hz. 

 
(2) Commutation Mode Logic 

120° commutation drive (synchronous rectification, without lead angle) is adopted at startup; when the hall cycle becomes 
3FG and 1.59 Hz or more for three cycles in a row, it is switched to 180° commutation drive (synchronous rectification). 
(See Figure 49, P.32 to 33 and Figure 50. Timing Chart) 
High/Low arm output logic for the hall input of 120° commutation and 180° commutation is in the following tables. 
 
Input / Output Logic of 120° Commutation Drive (Note 6), (Note 7) 

HU HV HW 
CW : clockwise CCW : counter-clockwise 

DUH DVH DWH DUL DVL DWL DUH DVH DWH DUL DVL DWL 

H L H L PWM L H  L PWM L L  H L 

H L L L L PWM H L  PWM L L  L H 

H H L L L PWM L H  L PWM L L  H 

L H L PWM L L  H L L PWM L H  L 

L H H PWM L L  L H L L PWM H L  

L L H L PWM L L  H L L PWM L H  
(Note 6) It becomes the asynchronous rectification at the reversal detection, and low output for PWM reversal output logic of low side arm output. 

Input / Output Logic of 180° Commutation Drive (Note 7) 

HU HV HW 
CW : clockwise CCW : counter-clockwise 

DUH DVH DWH DUL DVL DWL DUH DVH DWH DUL DVL DWL 

H L H L PWM PWM H   PWM L PWM  H  

H L L L PWM PWM H   PWM PWM L   H 

H H L PWM L PWM  H  PWM PWM L   H 

L H L PWM L PWM  H  L PWM PWM H   

L H H PWM PWM L   H L PWM PWM H   

L L H PWM PWM L   H PWM L PWM  H  
(Note 7) L = Low, H = High. 
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PWM PWM

PWM PWM

PWM PWM

PWM PWM

PWM PWM

PWM PWM PWM PWM

PWM PWM PWM PWM

PWM PWM PWM PWM

PWM PWM PWM PWM

PWM PWM PWM PWM
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Description of Operation – continued 
 

(3) Pin Setup 
Setup to control functions such as rotational speed command (DCIN) the speed control (RPEF, INTG, PROP), lead angle 
control (PCI, PCG), soft start (SSU, SSD) and lock protection time setup (LCSET) is available by applying the divided 
resistance voltage of VREG

(Note 1) to the corresponding pin. Zero scale is GND, and for full scale is VREG. 
The applied voltage is read in the A/D Converter ("ADC"). 
(Note 1) Set the input impedance to 5 MΩ or less. 

 

VRREF1 VSSU1 VSSD1 VINTG1 VLCSET1

10ms

1ms 1ms

10ms

VRREF2 VSSU2 VSSD2 VLCSET2
...VPCI1 VPCG1 VRREF3

...VDCIN1 VDCIN2 VDCIN3VPROP1 VTEST4

 
Figure 4. ADC Operation Sequence 

 
 
ADC takes samples of the pin voltage repeatedly in order to determine whether the parameter is required to update or not. 
The parameter does not change unless it exceeds the range of the default: ±1 LSB (VRREF1 in Figure 5). 
Two conditions are required to be updated the parameter. To exceed the range of the default: ±1 LSB and to be within the 
range of ±1 LSB three times (Note 2) after the value has exceeded the default (VRREF7 in Figure 5). 
(Note 2) If input is changed by resolution less than 2 LSB, the default may not be changed due to the above specifications. 
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Figure 5. Update of the ADC Result 
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Description of Operation – continued 
 

(4) Driving Waveform Generation 

 
Figure 6. Driving Waveform Generation 

 

The timing to change the drive waveform is determined by monitoring of electrical angle between edges (Falling -> Rising) of 
W-phase (HW) hall signal (electrical angle 360°). The internal counter that generates the timing to change waveform is reset 
if the falling edge of the monitor signal is detected. Then the timing of change is updated. 
 (Duty is determined regardless of a phase in 120° commutation) 
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Figure 7. Example of Drive Waveform Generation (No lead angle) when sudden acceleration (Upper) /deceleration (Lower) 
 

The switching point of the cycle is faster than expected when sudden acceleration. In this case the next 360° pattern is 
output from the switching point, the pattern is output in the expected electrical angle from the previous cycle. In reverse when 
sudden deceleration, the switching point of the cycle is later than expected so the duty corresponding to the finished 360° 
pattern is maintained. Duty becomes discontinuous when sudden acceleration or deceleration, if cycle change is larger, the 
current distortion is larger. The current distortion can be reduced by Soft Start that can extend the time of 
acceleration/deceleration. (See P.15 Soft Start). 
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Description of Operation – continued 
 

(5) Standby Circuit 
The PWM pin can be used as the command of rotational speed by Duty of High/Low; however, if the voltage fixed as High is 
applied, it turns to standby mode (It is recognized as High due to the high impedance of the PWM pin and it is fixed to the 
internal voltage). Standby mode is canceled (turns to Active mode) if sweeping down of the PWM pin is once detected. 
Standby mode and active mode can also be switched with the DCIN pin by applying ("> 0.3 V (Typ)" in the table below) or not 
applying ("< 0.15 V (Typ)" in the table below) DC voltage. 
The PWM input has priority if PWM and DCIN are input at the same time; however, such operation should be avoided as it 
may cause malfunction. (See Figure 9) 
In addition, when PWM is Low and VCC power turns on, standby is maintained and a motor does not operate. Please input 
PWM after SREG becomes the stable. 
 

 PWM Pin Logic 
Fixed to Open(Hi-Z) or High (Note 1) 

 or PWM ≤ 19.0 Hz, PWM ≥ 1.25 kHz 
Fixed to Low (Note 2) 

 or PWM(20 Hz to 800 Hz) 
DCIN 
Pin 

voltage 

< 0.15 V (Typ) Standby mode Active mode (PWM input) 

> 0.3 V (Typ) Active mode (DC input) Active mode (PWM input) 

(Note 1) It is fixed to High when it is at least 513 ms(19 Hz) and PWM≥ VSREG ×0.8. 
(Note 2) It is fixed to Low when it is at least 53 ms(19 Hz) and PWM≤ VSREG ×0.4. 
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ACTIVE

(PWM rotational 
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(PWM rotational 

speed command)

ACTIVE

(DC rotational 

speed command)

ACTIVE

(DC rotational 

speed command)

 
Figure 8. Transition to Standby and Recovery Operation (Note 3) 

 (Note 3) tACT is the time from internal power supply VREG is within guaranteed value VREG to output starts, it requires max 53 ms (PWM sampling time: 19 Hz) 

+ Approx.1 ms (Depending on clock cycle). 
tSTB is the time before abnormal input is detected (Open or High fixed or PWM ≤ 19.0 Hz, PWM ≥ 1.25 kHz). If abnormal input more than 513 ms(Typ) 
is detected, it switchess to STBY. Torque to motor is changed according the time set by SSU/SSD.  

     
(6) Rotational Speed Command 

DC input or PWM input can be selected for Rotational speed command. When using the PWM input, rotation speed 
command value is input by changing the duty of PWM (Low active input). If frequency of PWM ≤ 19.0 Hz, PWM ≥ 1.25 kHz is 
input into the PWM pin, it switches to standby mode due to noise. Please insert appropriate filter (Note 4) for the PWM pin. 
When using DC input, rotation speed command value is input by applying voltage directly to the DCIN pin. In consideration 
of the noise between wires when applying voltage, make sure to insert an appropriate filter (Note 4) not to exceed the rated 
voltage of the DCIN pin. 

 (Note 4) Please consider the pin impedance when filter is configured. Please refer to H level input current of each pin (PWM, DCIN) in Electrical 

characteristic 2.  

STBY

DCIN

Duty 

Detector
MCU Speed input (PWM)

PWM

SREG

Noise filter

    

STBY
Noise filter

ADCMCU Speed input (DC)

PWM

DCIN

SREG

 
(a) PWM Input Application Circuit Diagram                  (b) DC Input Application Circuit Diagram 

Figure 9. Rotational Speed Command Input Application Circuit Diagram for Transition to Standby and Recovery Operation 
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Description of Operation – continued 
 

(7) Input / Output Mode Select 
The input/output mode can be selected with the setup voltage of the MODESEL pin. 
Avoid to switch the input/output mode during operation. (Note 1) 

(Note 1) To switch the MODESEL pin during operation is unexpected. If MODESEL is switched when PWM = 100 % input, the target value of rotational speed 
is changed according to soft start setup value. 

 

 
MODESEL Pin Logic 

Low : 0 V to VREG×0.2 High : VREG×0.6 to VREG 
Output mode I mode II mode 
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Figure 10. I Mode Rotation Speed Objective vs PWM Input Duty / DCIN Input Voltage(Note 2) 
(MODESEL = Low) 
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Figure 11. II Mode Rotation Speed Objective vs PWM Input Duty / DCIN Input Voltage(Note 2) 

(MODESEL = High) 
 

 (Note 2) PWM input is pulse input duty and DCIN input is the ratio of DCIN voltage to VREG. These are shown in percentage as the above. 
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Description of Operation – continued 
 

2. Commutation Angle Control 
(8) Phase relation of Voltage and Current, Lead angle setup 

Phase relation of voltage and current is shown when the lead angle on the pre-driver side is set to 0° in Figure12. 

S  N   S  

 

HU
 

HV
 

HW
 

30° 

 

Bemf U 

 

IU

Phase control (Lead angle)

 

Motor Rotating 

Direction
 

MU  MV  MW  

240°

90°

6pole, 9slot

(P:S = 2:3)

HU

DUH

VU

 
Figure 12. Phase Relation of Voltage and Current of a Brushless Motor (Delta Connection, 6 poles/ 9 slots) 

 

The output switching of the DUH (Pre-driver U phase output High side signal) (Note 1) starts to rise U phase hall signal (HU).  
The zero-cross point of the U phase inductive voltage (Bemf U) is located 30° delayed from the rising of the U phase hall 
signal, and the phase of the U phase winding current (IU) is generally delayed than the inductive voltage. The motor power is 
not efficient in this state, but it can be more efficient by advancing (performing a lead angle) the phase of winding current. 
 
To optimize, the zero-cross point of the inductive voltage and the zero-cross point of the winding current should be matched. 
By using the lead angle setup function of the controller, set the PCI/PCG pin voltage so that the zero-cross point of the 
current is located 30° delayed from the rising of the U phase hall signal. 

(Note 1) Low side output signal DUL is the inversion logic of DUH. 
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Description of Operation – continued 
 

(9) Lead Angle Control Setup 
To set the lead angle value, connect the resistors (RPCI, RPCG) to the PCI and PCG pins as follows. 
 
The torque to start the lead angle control can be adjusted with a constant of RPCI and the tilt of the lead angle amount against 
torque can be adjusted with a constant of RPCG.  The torque is equivalent to D*H output and D*L output Duty (TRQ Duty).  
The lead angle value coupled with torque can be calculated based on TRQ Duty (Note 1). In addition, maximum lead angle is 
30°. Please consider that the lead angle value is saturated at 30° although the lead angle value is set to more than 30° by 
RPCG. 

(Note 1) See <TEST Pin>. (P.23) for the description of TRQ Duty. 

 
To set a fixed lead angle, set the PCI pin and the PCG pin to GND and adjust the stator and hall positions (Note 2) as shown in 
Figure 13. (In the example in Figure 13, the stator and the hall are located to set the lead angle to zero.) 

(Note 2) See Figure 12 and design for the phase relation of the stator and hall positions. 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
Figure 13. Example of Fixed Lead Angle Setup (Zero lead angle in Driver Side) 

 
To set a lead angle that is changed along with the torque TRQ Duty, an external circuit can be configured as shown in Figure 
14. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. Example 1 of the Lead Angle Gain Setup Changed Along with the Torque 
 

The lead angle amount GPCG against TRQ Duty [%] is calculated using the below formula.(Note 3) 
(Note 3) Minimum resolution of lead angle setup is 0.47°.  Lead angle value does not change unless the lead angle value in the following formula is more 

than 0.47° resolution. 
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R
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2

1
75  PCGG    ,  
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1
25  PCGG    
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Conduction Angle Control Setting – continued 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

(a) Example 2 of the Torque Lead Angle Gain Setup         (b) Example 2 of the Torque Lead Angle Gain Setup (Enlarged) 
Figure 15. Example 2 of the Lead Angle Gain Setup Changed Along with the Torque 

 
The torque TPCI to start the lead angle can be calculated by using the formula below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 16. Example 3 of the Lead Angle Initial Torque Setup Changed Along with the Torque 

 
The torque TPCI to start the lead angle can be calculated by using the formula below. 
 

[%] 100




PCILPCIH

PCIL
PCI

RR

R
T  

 

Example) When
2

1
 

 PCILPCIH

PCIL

RR

R
, the lead angle initial torque will be: 50% %  100

2

1
PCIT  

 
The lead angle value is updated every eight cycles of the W phase hall signal, and the change in value per one update is 
0.47° step. 
For example, when the lead angle setup is changed from 0° to 30°, the lead angle will be changed from 0° to 30° in 255 
revolutions with a 4-pole motor. 
With a 6-pole motor, the lead angle will be changed from 0° to 30° in 170 revolutions. 
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Description of Operation – continued 
 

3. Speed Control 
(10) Speed Control 

The rotational speed of the motor is controlled by the feedback to be constant rotation according to the rotational speed 
commands input from the PWM pin or the DCIN pin (Figure 18). The target of rotational speed by the feedback (REFCLK) is 
set with "the maximum rotational speed determined by RREF" and with "the ratio of the rotational speed target against the 
maximum rotational speed determined by PWM Duty or the DCIN voltage for VREG" (Figure 18. 1, 2). 
 
[Setup of the Maximum Rotation Speed] 

The maximum rotational speed can be set by applying voltage divided from VREG on RREF. Set the resistance ratio of 
RREF in reference to the theoretical formula below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17. Setup of the Maximum Rotational Speed 
 
 

REFCLK is calculated with the following formula. 

[Hz]  Hz 5.0160  PWMMAXRPM Dutyf  

[Example] If Hz160MAXRPMf , 10pole , %50PWMDuty , )( rpmHz 96080REFCLK . 

 
The frequency of REFCLK and FG generated in the hall comparator are compared and the difference is input to the loop 
filter in order to determine the torque (TRQ) of the motor. (Figure 18. 3, 4, 7) 

3. Speed discriminator

SDH

SDL

5. Pre-driver

TRQ

AC/DC

INPUT

FG

6. FET

Gate 

input M

1. Duty detector

INTG GAIN

PWM

4. Loop Filter2. Reference clock generator

REFCLK

MCU speed input

XIN XIN

7. Hall comparator

6

HxP/HxN

INTG

9

DxH/DxL/VS_x

FG

DC

PWM

DCINMCU speed input

(PWM)

(DC)

RREFRREF

SSD

SSUSSU

SSD

HxP/HxN

PROP PROP GAIN

 
Figure 18. Configuration of Speed Control 

 
fMAXRPM depends on CLK signal to input on the XIN pin(Note 1)  (Refer to [Setup of Maximum Rotational Speed] in case fXIN is 
10 MHz. 
(Note 1) Refer to (18) XIN, XOUT (P.17) for the XIN and XOUT pins. 

 
If command value is input from DCIN, ADC filter is operated as mentioned in “1-(3) Pin Setup”. Command values for DCIN 
are changed with 2 LSB step but no change with 1 LSB or less because setup values are updated if the values changes 
more than 1 LSB. 

fMAXRPM Pole = 4 Pole = 6 Pole = 10 

50 Hz 1500 rpm 1000 rpm 600 rpm 

300 Hz 9000 rpm 6000 rpm 3600 rpm 
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0xFF0x00
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R
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Speed control – continued 

 
Torque (TRQ) of Speed Control is set as follows. 
Block configuration of Speed Control is as follows. 

REFCLK

dtt ΔK I 

tΔKP 

TRQ

Speed Discriminator

Δ t

Loop Filter

TRQP

TRQI

 
Figure 19. Block Configuration of Speed Control 

 

Cycle difference Δt of target rotational speed (REFCLK) and actual rotational speed (FG) is counted. Based on Δt, torque 
calculated at proportioned control: TRQP and torque calculated at integral control: TRQI are added to determine torque.  
Formula is as follows. 

IP TRQTRQTRQ  ,  

tKTRQ PP  ,    dttKTRQ II    PROPK P  , INTGK I   

 
Convergence time (From generation of motor rotational fluctuation to stability as target rotational speed) is determined by 
that the KP (constant of proportionality) set by the PROP pin and the KI (constant of integration) set by the INTG pin. 
Torque gain is set by KP and KI, TRQP and TRQI are changed as Figure 20. 
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Figure 20. Transitions of TRQP and TRQI by Speed Control 
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Description of Operation – continued 
 

(11) Soft Start 
A driving torque is input into a motor to get closer to the target rotational speed when the rotational speed command value is 
input by PWM or DCIN. The reliability of MOSFET may be damaged by inrush current if there is large torque in starting at 
once, etc. 
Inrush current on MOSFET can be suppressed by setting a slope for the target rotational speed and setting time of Spin 
up/down. The SSU pin is to set Spin up time and SSD is to set Spin down time. The slopes for change of rotational 
command against time are specified. 
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(a) Spin Up Time Setup                          (b) Spin Down Time Setup 
Figure 21. Spin Up / Down Time Setup 

 
The slope of the shift of rotational speed command during Spin up/down can be set in integral multiple (1 to 256) of 
minimum set point tSSU and tSSD Spin up / Spin down. 

 

tSSU = 0.465m [s/%] (Typ) 
tSSD = 0.155m [s/%] (Typ) 

 

For example, the slope of the target rotational speed command value during Spin up is in 0.1 [s/%], 
 

1.215
%]/[465.0

%]/[1.0


sm

s
 

 

Apply voltage divided resistance from VREG voltage on SSU at the resistance ratio of 215/256. 
If Spin down time is set in 0.01 [%/s], 

 

5.64
%]/[155.0

%]/[01.0


sm

s
 

 

Apply voltage divided resistance from VREG voltage on SSD at the resistance ratio of 65/256. 
The behavior of the target rotational speed against time is shown in Figure 22 if Spin up time is set as 119.1m [s/%] and Spin 
down time as 39.7m [s/%]. 
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(a) Spin Up / Down in MODESEL=H                  (b) Spin Up / Down in MODESEL=L 
Figure 22. Change of the Rotational Speed Command Value (Condition: VSSU = VREG, VSSD = VREG) 

 
If a rotational speed command value is input 10 % or more and Spin up like Figure 22, soft start operates from 10 % of max 
rotational speed in the slope of SSU setup value. If 100 % of rotational speed command value is input in 95 % like Figure 22 
(a), soft down operates from 95 % of max rotational speed in the slope of SSD setup value. If a rotation speed command 
value is 0 % during the motor rotation, output goes Hi-Z and a motor stops with idling. 
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Description of Operation – continued 

 
4. Pin Function 

(12) Charge Pump Circuit 
The charge pump circuit to drive the external MOS-FET on the High side is built in. 
Connect a 0.1 µF capacitor between C_M and C_P as well as a 0.1 µF capacitor between VG and VCC. Make sure to put 
the capacitor as close to the pin as possible to prevent voltage drop of the VG voltage. 
If the over voltage protection circuit is activated, the charge pump is stopped and the boosting operation is stopped. 
 

(13) Dead Time Setup Pin 
Output dead time is set up on each output stage of the pre-driver (DUH and DUL, for example) so that the external 
MOS-FETs (High/Low) are not turned on at the same time. 
The output dead time can be changed on the TDEAD pin. 
 

 
TDEAD Pin Logic 

Low : 0 V to VREG × 0.2 High : VREG × 0.6 to VREG 
Output dead time 1.0 µs (Typ) 0.5 µs (Typ) 

 
(14) VREG Output Pin 

VREG output (5.0 V Typ) is built-in for the hall element bias, phase control setup and pull up of PINs. 
Consider the maximum output current IVREG when using. For stabilization, make sure to connect the capacitor at least 1 
µF against GND. 
If there is short failure against grounded capacitor or grounded by short between GND line and wire, VREG goes over 
maximum output current. Consider to put limit resistance, etc. if there may be grounded configuration or layout.  
 

(15) Hall Input Pin 
Set the bias current to the hall element so that the hall input voltage amplitude will be minimum input voltage of at least 
35 mVpp and the in-phase input voltage range will be 0 V to VREG-1.2 V. 

If the hall input is affected by noise, put the capacitor as close to the pin as possible between inputs to eliminate noise. 
 

(16) The FR Pin 
The direction of rotation can be selected by the FR pin. 
See Figure 49 and Figure 50 for the Timing Chart. 
If FR signal is switched during motor rotation, the load is applied on MOS-FET by inrush current. Please consider allowable 
current of MOS-FET.  

 
FR Pin Logic 

Low : 0 V to VREG × 0.2 High : VREG × 0.6 to VREG 
Rotation Mode Reverse Rotation Forward Rotation 

 
(17) The FG Pin 

FG output is 3 pulses output with electrical angle 360°.  
If HALL signal cycle is 360° and less than 1.59 Hz (Low rotation detection = High), it outputs by Exclusive-OR of 3-phase 
HALL comparator output of HALL signal and the signal is changed to switch to High/Low in the cycle 1.59 Hz or more and 
electrical angle 360° divided by 6. FG signal with electrical angle 360° is not always output three pulses if motor is 
accelerated or decelerated rapidly as FG switching cycle is updated by electrical angle 360°. 
 

 
Figure 23. FG Signal 

HU

HV

HW

HU  ̂HV  ̂HW

FG

If low rotation detection is High, FG output to "HU ĤV ĤW "̂ It switches FG to a cycle of period A/6,

if low rotation detection is low.

xxxx overflow overflow period A

Low rotation

detection

360°cycle

register
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XOUT

XIN

CK1

RXOUT

RXIO
GND

The FG Pin – continued 
 
If the protection is operated properly, Duty of FG signal can be changed by DIAG function (Note 1). 
FG signal cycle is fixed as 10 Hz (Typ) when DIAG function is operated. 
If protected time is shorter than 1 cycle of DIAG output, DIAG function works for three pulses at least.  
FG signal Duty is output as follows according to each protection mode. 
(Note 1) Duty of DIAG function is written as High active in FG pin logic. Please note that logic is reverted if connecting to an open collector circuit.  
 

Protection mode FG Signal Duty DIAG Priority 

Lock Protection, Abnormal Hall Input Detection 10 % Low 

Over Current Protection, Over Current Limit 90 % 
↓ Thermal Shutdown, External Parts Thermal 

Shutdown 
30 % 

Over Voltage Protection, Under Voltage Lockout 70 % High 

 
(18) The XIN, XOUT Pins 

Please input the wave form of 10 MHz (Typ) frequency into XIN. 
If oscillating circuit is necessary; connect a feedback resistance and  
a ceramic resonator "CSTNE10M0G55A" between XIN and XOUT. (Note 2) 
(Note 2) Please refer to P. 34 Application Example for RXOUT or RXIO. 

 
 

Figure 24. Example of Resonator Circuit Diagram 
5. Protection 

(19) Protection Mode 
As the protection functions, Over Current Protection (OCP), Over Current Limit (OCL), Lock Protection (LOCK), Under 
Voltage Lockout (UVLO), Over Voltage Protection (OVP), Thermal Shutdown (TSD) External Parts Thermal Shutdown 
(EXTSD) and Abnormal Hall Input Detection (HALLERR) are built in. The protection is operated as follows except for Over 
Current Limit. 

 

Protection Mode 
Pre-driver Output 

(D*H) 
Pre-driver Output  

(D*L) 
Charge Pump Output 

(C_P, C_M) 
Output 
Priority 

Lock Protection 

Low Low ACTIVE Low 

Abnormal Hall Input 
Detection 

Over Current 
Protection 

External Parts 
Thermal Shutdown 

Under Voltage 
Lockout 

Thermal Shutdown Hi-Z Hi-Z Hi-Z Mid 

Over Voltage 
Protection (Note 3) 

Low High MUTE High 

        (Note 3) When Over Voltage Protection is activated, the charge pump output is turned to MUTE by pre-driver as the short brake  
                regardless of other protection operations. 
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Description of Operation – continued 
 

(20) Over Current Protection 
The over current protection circuit and the over current limit circuit can be configured, connecting a low resistor (Figure 25 
RRNF) for detection of current on the GND side of the external output stage, by an amplifier to amplifier the voltage of the both 
edges of RRNF and a comparator to compare an amplifier output (AMPO) with the rated voltage the OCP, OCL pins. 
If AMPO pin voltage goes over than the value set on the OCP pin due to generated voltage on RRNF, all output stages of the 
pre-driver are switched to Low and latched at the same state. The filter is built in for the over current protection circuit to 
prevent malfunction. If the OCP comparator output is less than the noise mask time (10 µs Typ), it is ignored (See Figure 27 
a). Please switch to STBY mode one time in order to deactivate over current protection. 

RNF1

Digital

Filter

10µs(Typ)

VREG AMPO

Digital

Filter

11µs(Typ)

OCP

OCL

RNF2

Contoroller

Noise mask

Noise mask

RRNF

RRNF1

RRNF2

RRNF11

RAMPO

OCP comparator

OCL comparator

CRNF11

CRNF21

 
Figure 25. Circuit Diagram Around Over Current Protection 
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Figure 26. Over Current Protection 1 
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                 (a) Noise Filter Operation                  (b) Over Current Protection Detection / Deactivating Operation 

(No Over Current Detected in Mask Time)               (No Recovery if not PWM Duty = 0 % During 513 ms) 
Figure 27. Over Current Protection 2 
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Over Current Protection – continued 

 
If a malfunction occurs due to noise that exceeds the mask time, it is recommended to add the external RC filter (See Figure 
25 for RRNF1, RRNF2, CRNF11, CRNF21) while reviewing the board pattern. In this case, however, the external filter will increase 
the delay time until the protection circuit starts to operate. Make sure not to exceed the area of safety operation (ASO) of the 
external output stage MOSFET. 
In addition, it is DIAG function works in Figure 26, Figure 27(b), but DIAG function stops with Standby mode to deactivate 
latch of protection state. 
 

(21) Over Current Limit 
Same as over current protection If the AMPO pin voltage goes over than the value set on the OCL pin due to generated 
voltage on RRNF (Figure 25), it switches to the over current limit mode to limit torque to a motor. The over current limit mode is 
not able to be controlled against speed fluctuation because internal torque signal is reduced to less than OCL voltage. 
Please note that rotational speed is changed if the power supply voltage or load is changed. 
Same as over current protection the filter is built in for the over current limit circuit to prevent malfunction. The pulse input 
less than the noise mask time (11 µs Typ) is ignored. DIAG function works in Figure 28. If the detection and recovery for 
shorter time than one cycle as over current limit, DIAG function works at least for three pulses. 
 

OCP

OCL

GND

Over current limit detection
OCL comparator output (After Filtering)

PWM input
Rotational speed command input

TRQ

※Motor torque signal TRQ can be monitored from FG terminal 

output with Test mode. Frequency can be fixed as 10Hz at the 
same time. (Please refer P23 6. Test mode for details)

Motor rotational speed

Power supply voltage

PWM 50% PWM 50%

PWM 30%

＜ 10µs

Full scale = 100%

0%

MAXPRM

GND

②Rotational speed is fluctuated for power supply voltage

   during current limit operation.

GND

Current detection terminal voltage

AMPO

VCC

Motor torque

①Torque is controlled after 11µs once AMPO goes over OCL voltage.

③Torque becomes 0 to protect IC from over current after

   10µs once AMPO goes over OCP voltage.

fFG

GND

※Frequency of rotational speed output FG

10Hz

④If PWM is re-input, it recovers from

   over current protection then TRQ starts
   as soft start from zero.

＞ 10µs

11µs

MAX FREQUENCY

11µs

< 11µs

11µs

≥ 3 pulse

11µs

PWM 50%

10Hz

≥ 3 pulse ≥ 3 pulse

＞513ms

10Hz 10Hz

Over current protection detection
OCP comparator output (After Filtering)

 
Figure 28. Over Current Limit Circuit Operation 
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Description of Operation – continued 
 

(22) Lock Protection 
All the output stages of the pre-driver are set as Low and latched in that state when it is detected that the motor has been 
locked for a certain time. Select standby mode one time in order to deactivate lock protection. 

 
The lock detection time tLOCK can be set from 1.68 s to 15.05 s by applying voltage divided resistance from VREG on 
LCSET pin. 

LCSET 

counter

fFG

D*H

D*L

LCSET

Motor stop(Lock)

0Hz

FG tST B

Motor rotat ion start  (Lock deact ivated) Lock state detecti on

PWM PWM input

Hi-Z

tPWM

0xFF0x00
1.68

15.05

8.36

0x7F

LCSET input  

L
O

C
K

 d
e

te
c
t 
ti
m

e
 [

s
]

10Hz

Motor rotat ional 

speed
0rpm

Rotat ional speed com mand O FF

Rotat ional speed com mand O N

Motor stop(Lock)

  (a) Lock Protection Time vs LCSET                    (b) Detection of the Lock Protection and Return Operation 
Figure 29. Lock Protection Operation 

 
(23) Under Voltage Lockout 

The under voltage lockout circuit is provided to prevent malfunction of IC if VCC pin voltage goes less than the minimum 
power supply voltage for the driver IC operation. If the power supply voltage is lower than the setup voltage (5.5 V Typ), all 
the output stages of the pre-driver become Low. 
If the power voltage increases (6.0 V Typ), the protection is deactivated and it goes back to the normal operation with TRQ 
Duty according to the motor rotation state. 
Please note that under voltage lockout is not operated if VCC goes less than 4.5 V (Min). 

VCC VVCUVH

fFG

D*H

D*L

VVCUVL

VCC
VVCUVH

fFG

D*H

D*L

VVCUVL

Motor stop

0Hz
10Hz10Hz

Motor decelerat ion

0Hz

Motor 

rotational 

speed

0Hz

0Hz

Motor 

rotational 

speed

 
      (a) Under Voltage Detection / Return Operation      (b) Under Voltage Detection / Return Operation from Idling 

Figure 30. Under Voltage Lockout Operation 
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Description of Operation – continued 
 

(24) Over Voltage Protection 
If the VCC power-supply voltage is increased and exceeds the specified voltage for VCC over voltage detection (20 V 
Typ), the over voltage protection circuit is activated. At this time, the output stages of the pre-driver become High side to 
Low and Low side to High. If the VCC power supply voltage is reduced and lower than the specified voltage to 
deactivate the VCC over voltage protection (19 V Typ), and back to the normal operation by TRQ Duty according to the 
state of motor rotation. 
This function is only available when the active mode is turned on as the operating condition; it is not activated when it is 
in the standby mode since current supply to the IC is stopped. 
The over voltage protection is built in but make sure that the power-supply voltage should not to exceed the absolute 
maximum rating as it may be destroyed. 
 

VVCOVH

VVCOVL

VCC

VVCOVH

fFG

D*H

VVCOVL

Motor stop

Motor decelerat ion

0rpm

VCC

fFG

10Hz

Motor 

rotational 

speed

0rpm

0Hz

C_P

C_M

C_P

C_M

10Hz
0Hz

D*L

D*H

D*L

Motor decelerat ionMotor 

rotational 

speed

 
(a) Over Voltage Detection / Return Operation from a Stop   (b) Over Voltage Detection / Return Operation from All 

Over the Turn 
Figure 31. Over Voltage Protection Operation 

 
(25) Thermal Shutdown 

If the junction temperature of the driver IC increases and exceeds the specified temperature (175 °C Typ), the thermal 
shutdown circuit is activated. 
At this time, all the output stages of the pre-driver and the charge pump become Hi-Z. If the junction temperature 
decreases (150 °C Typ), the protection is deactivated for the normal operation by TRQ Duty according to the state of 
motor rotation. 
The thermal shutdown circuit is to shut down the driver IC from thermal runway. The operation guaranteed temperature 
is exceeded at the time of activation of this circuit. Make sure to consider a thermal design with a sufficient margin so 
that it should not be used continuously after the activation of this circuit or designed on the assumption of the activation 
of this circuit. 
The above setting temperature is the guaranteed designed values and no measurement with increasing temperature was 
done. 

Tj

175℃(Typ)

fFG 

D*H

D*L

150℃(Typ)

Motor stop

0Hz
10Hz

Motor decelerat ion

175℃(Typ)

150℃(Typ)Motor 

rotational 

speed

0rpm

Tj

fFG 

D*H

D*L

0Hz
10Hz

0rpm

C_P

C_M

C_P

C_M

Hi-Z

Hi-Z

Hi-Z

Hi-Z

Motor decelerat ionMotor 

rotational 

speed

 
     (a) Thermal Shutdown Detection / Return Operation from a Stop.        (b) Thermal Shutdown Detection / Return Operation from 

All Over the Turn 
Figure 32. Thermal Shutdown Operation 
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Description of Operation – continued 
 

(26) External Parts Thermal Shutdown 
To detect temperature increase in an external part and turn off output of the driver IC can be configured in the circuit. 
The thermistor is set adjacent to a part that requires temperature protection. If the voltage generated in the thermistor falls 
below the internal reference voltage VTHON (2.5 V Typ), all output stages of the pre-driver become Low. 
If the protection is deactivated, the operation starts in TRQ Duty according to the motor rotational state. 
 

Detect signal

The protection combination LOGIC VREG

EXTSD

Thermistor
(NTC)

Θ
 

Figure 33. External Parts Temperature Detection Circuit Diagram 
 

EXTSD
VTHOFF

fFG

D*H

D*L

fFG

EXTSD

D*H

D*L

Motor stop

VTHOFF

VTHON

0Hz
10Hz10Hz

VTHON
Motor decelerat ion

Motor 

rotational 

speed

0rpm 0rpm

0Hz

Motor 

rotational 

speed

Motor decelerat ion

 
(a) External Parts Temperature Detection                   (b) External Parts Temperature Detection  

          / Recovery Operation from a Stop                         / Recovery Operation from All Over the Turn 
Figure 34. External Parts Thermal Shutdown Operation 

 
(27) Abnormal Detection of Hall Input 

If any abnormality occurs in a hall element or a circuit around hall element and single phase of hall input signal does not 
switch, the hall signal logic detects the state there is no input with the normal sequence. (See Figure 49, Figure 50) Then if 
the hall input of other phase switches 7 times, it is judged as abnormal hall input signal and all output stages of pre-driver go 
to Low. Please switch to standby mode one time in order to deactivate the protection state after any abnormality of hall input 
is detected. If 2 or 3 phase hall input does not switch, the motor is locked and the lock protection is operated. If 3-phase hall 
input is fixed as Low or High, the driver output becomes Low until the hall input signal switches to normal. 

 
 

Figure 35. Abnormal Detection Operation of Hall Input 

HU 0 1 2 3 … 7

HV 0 1 2 … 6

HW 0 …
…

Hall Error

Predriver Output Active Low Active Low … Low

FG … Duty 10%

Hall input logic 101 100 110 010 010 000 100 100 110 010 010 000 100 000 100 100 110 100

OFF Latch



 
 

23/43 

TSZ02201-0H5H0CE02230-1-2 
 

 

© 2018 ROHM Co., Ltd. All rights reserved. 
04.Jul.2018 Rev.002 

 

BD63030EKV-C 

 

www.rohm.com 

TSZ22111 • 15 • 001 

Description of Operation – continued 
 
6. Test Mode 

(28) The TEST Pin 
The TEST1, TEST2, TEST3 and TEST4 pins are for shipping inspection. Short TEST1 to TEST3 with GND. And short 
TEST4 with VREG. 
Set TEST1 = TEST3 = GND, TEST2 = TEST4 = VREG as the test mode so that the torque can be monitored with Duty of 
FG. 
For the torque, High Duty of the DUH output is output as High Duty of the FG output. 

 

DUH
 

FG

Duty : 70%

20kHz, Duty : 70%(Typ)

 
 

Figure 36. TRQ Duty Monitor 
 
 

7. Supplemental Characteristic 
(29) Boosting Voltage Characteristic 

Booster circuit is built in to drive High side N chanel 
MOS-FET. 
Boosting voltage characteristic changes according to 
conditions of load, voltage, temperature and element 
variation. 
Figure 37 is characteristic of voltage and temperature without 
connecting load. 
Considering loading conditions (Note 1) and element variation, 
Boosting volatge VG is:  
VG = 2 × VCC - 2.218 V (Note 2) 
(Note 1) It is the measuring value when connecting with 10000 pF capacitor to 

output as an external MOS-FET gate capacitance 
(Note 2) It is the measuring value for VCC = 6.5 V to 11.5 V. Please use it as a 

reference. 

 
 
 
 
 
 
 
 
 
 

Figure 37. Output Voltage vs Supply Voltage 
Boosting Voltage Temperature, Voltage Characteristic 
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Absolute Maximum Ratings (Ta = 25°C) 

Parameter Symbol Rating Unit 

Supply Voltage VCC, VG VCC, VG 50 V 

Input Voltage (Note 1) 

PWM, DCIN VPWM, VDCIN VSREG V 

TDEAD, FR, MODESEL, LCSET, PCI, 
PCG, SSU, SSD, RREF, INTG, PROP, 
TEST1, TEST2, TEST3, TEST4 

VTDEAD, VFR, VMODESEL, VLCSET, 
VPCI, VPCG, VSSU,VSSD, VRREF, 
VINTG, VPROP, VTEST1, VTEST2, 

VTEST3, VTEST4 VREG V 

RNF1, RNF2, OCP, OCL, EXTSD, XIN 
VRNF1, VRNF2, VOCP, VOCL, VEXTSD, 

VXIN 
HU+, HU-, HV+, HV-, HW+, HW- VHU+, VHU-, VHV+, VHV-, VHW+, VHW- 

Output Voltage 
 

VREG VREG 6 V 

SREG VSREG 6 V 

AMPO, FG, XOUT VAMPO, VFG, VXOUT VREG V 

DUH, DVH, DWH VDUH, VDVH, VDWH 
50 V 

VS_U, VS_V, VS_W, C_P VVSU, VVSV, VVSW, VCP 

DUL, DVL, DWL, C_M VDUL, VDVL, VDWL, VCM 15 V 

Current 
Capability(Note 2) 

VREG IVREG -40 mA 

SREG ISREG -10 mA 

FG IFG ±500 µA 

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. 

(Note 1) Pull it up in VREG etc., configure an external circuit so that it does not surpass VREG voltage. 

(Note 2) For the current item, the current inflow into the IC is indicated as a positive notation, and the current outflow from the IC as a negative notation. 

 

Recommended Operating Conditions  

Parameter Symbol 
Limits 

Unit 
Min Typ Max 

Supply Voltage VCC 6.5 12 18 V 

Operating Temperature Topr -40 +25 +125 °C 

 

Thermal Resistance(Note 2) 

Parameter Symbol 
Thermal Resistance (Typ) 

Unit 
1s(Note 4) 2s2p(Note 5) 

HTQFP64AV 

Junction to Ambient θJA 69.8 23.6 °C/W 

Junction to Top Characterization Parameter(Note 3) ΨJT 11 10 °C/W 
(Note 2) Based on JESD51-2A(Still-Air). 
(Note 3) The thermal characterization parameter to report the difference between junction temperature and the temperature at the top center of the outside 

surface of the component package. 
(Note 4) Using a PCB board based on JESD51-3. 
(Note 5) Using a PCB board based on JESD51-5, 7. 

Layer Number of 
Measurement Board 

Material Board Size 

Single FR-4 114.3 mm x 76.2 mm x 1.57 mmt 
 

Top 

Copper Pattern Thickness 

Footprints and Traces 70 μm 
 

Layer Number of 
Measurement Board 

Material Board Size 
Thermal Via(Note 6) 

Pitch Diameter 

4 Layers FR-4 114.3 mm x 76.2 mm x 1.6 mmt 1.20 mm Φ0.30 mm 
 

Top 2 Internal Layers Bottom 

Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness 

Footprints and Traces 70 μm 74.2 mm x 74.2 mm 35 μm 74.2 mm x 74.2 mm 70 μm 
(Note 6) This thermal via connects with the copper pattern of all layers.  
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Electrical Characteristics 1 (Unless otherwise specified VCC = 6.5 V to 18 V, Tj = -40 °C to +125 °C, 0.1 µF between C_P to 

C_M, 0.1 µF between VG to VCC, VS_U/VS_V/VS_W=GND, fXIN=10 MHz) 
 

Parameter Symbol 
Limits 

Unit Conditions 
Min Typ Max 

[General] 

Circuit Current 1 ICC1 - 26 55 µA VPWM = VSREG, VDCIN = 0 V 

Circuit Current 2 ICC2 - 18 35 mA VDCIN = 2.5 V 

VREG Voltage  VREG 4.8 5.0 5.2 V IVREG = -40 mA 

SREG Voltage VSREG 3.6 4.75 5.6 V IVSREG = -10 mA 

Boosted Voltage 1 VG1 2×VCC-2.0 2×VCC-1.0 2×VCC V 
VCC = 6.5 V to 11.5 V,  
fPWM = 625 Hz (Duty = 1 %) 

Boosted Voltage 2 VG2 VCC+9 VCC+11.5 VCC+13 V 
VCC = 11.5 V to 18 V  
fPWM = 625 Hz (Duty = 1 %) 

Boosted Voltage Load 
Fluctuation 

VG3 - 0.8 1.3 V 
IVG = -5 mA, VCC = 6.5 V to 11.5 
V, fPWM = 625 Hz (Duty = 1 %) 

Boosted Voltage Load 
Fluctuation  

VG4 - 0.6 1.0 V 
IVG = -5 mA, VCC = 11.5 V to 18 V, 
fPWM = 625 Hz (Duty = 1 %) 

Switching Frequency for 
Voltage Boost 

fCP 250 312.5 375 kHz  

[ADC] 

ADC Updating Cycle tADC 9 10 11 ms 
Update VDCIN, VPCI, VPCG, VSSU, 
VSSD, VINTG, VPROP, VRREF, VLCSET 

with the cycle tADC 

[Hall Input] 

Input Bias Current  IHALL -10 0 +10 µA  

Input Amplitude Voltage  VHALLMIN 35 - - mVpp  

Common-mode Input Voltage 
Range  

VHALLCM 0 - VREG-1.2 V  

[Rotation Speed Instruction](Note 1) 

Minimum Rotation Speed 
Instruction ON Duty 1 

DMINON1 8 10 12 % VMODESEL = Low 

Minimum Rotation Speed 
Instruction OFF Duty 1 

DMINOFF1 3 5 7 % VMODESEL = Low 

Hysteresis 1 DHYS1 3 5 7 % VMODESEL = Low 

Maximum Rotation Speed 
Instruction OFF Duty 2 

DMAXOFF2 93 95 97 % VMODESEL = Low 

Maximum Rotation Speed 
Instruction ON Duty 2 

DMAXON2 88 90 92 % VMODESEL = Low 

Hysteresis 2 DHYS2 3 5 7 % VMODESEL = Low 

Minimum Rotation Speed 
Instruction ON Duty 3 

DMINON3 8 10 12 % VMODESEL = High 

Minimum Rotation Speed 
Instruction OFF Duty 3 

DMINOFF3 3 5 7 % VMODESEL = High 

Hysteresis 3 DHYS3 3 5 7 % VMODESEL = High 

[Output Dead Time](Note 2) 

Dead Time 1 tDT1 0.55 1.0 1.45 µs VTDEAD = Low 

Dead Time 2 tDT2 0.05 0.5 0.95 µs VTDEAD = High 

For the current item, the current inflow into the IC is indicated as a positive notation, and the current outflow from the IC as a negative notation. 

 

(Note 1) If a rotational speed command in DCIN is input, a ratio against the VREG voltage is shown. 

(Note 2) Pull down DUH and DUL at 10 kΩ to specify the time that the output changes from 10 % to 90 % or from 90 % to 10 %. 

DUH

DUL

tDT1, tDT2 tDT1, tDT2

90%

10%

90%

10%

 
Figure 38. Dead Time Limit 
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Electrical Characteristics 2 (Unless otherwise specified VCC = 6.5 V to 18 V, Tj = -40 °C to +125 °C, 0.1 µF between C_P to 

C_M, 0.1 µF between VG to VCC, VS_U/VS_V/VS_W=GND, fXIN=10 MHz) 

Parameter Symbol 
Limits 

Unit Conditions 
Min Typ Max 

[Mode Change : FR, MODESEL, TDEAD] 

H Level Input Voltage VINH VREG×0.6 - VREG V  

L Level Input Voltage VINL 0 - VREG×0.2 V  

Hysteresis Voltage VINHYS - VREG×0.11 - V  

H Level Input Current IINH 25 50 100 µA VIN = 5 V 

L Level Input Current IINL -10 0 +10 µA VIN = 0 V 

[The PWM Pin] 

H Level Input Voltage VPWMH VSREG×0.8 - VSREG V  

L Level Input Voltage VPWML 0 - VSREG×0.4 V  

Hysteresis Voltage VPWMHYS - 
VSREG 

×0.11 
- V  

L Level Input Current IPWML -100 -50 - µA  VPWM = 0 V 

H Level Input Current IPWMH -20 0 +20 µA VPWM = VSREG 

Pin Open Detect Time tSTB - 513 530 ms 
VPWM = 0 V→open,  
RSREG = 10 kΩ 

Pin Open Release Time tPWM - - 53 ms 
VPWM = open→0 V,  
RSREG = 10 kΩ 

Input Switching Time tCHGIN - - 53 ms 
VDCIN = VREG, VPWM = open→0 V, 
RSREG = 10 kΩ 

[The DCIN Pin] 

Input Voltage Setup Range VDCRANGE 0.25 - VREG×0.95 V  

H Level Input Current IDCINH - 50 100 µA  

L Level Input Current IDCINL -20 0 +20 µA  

DCIN STBY Release Voltage VSTBOFF 0.15 0.30 0.45 V VPWM = High 

DCIN STBY Detect Voltage VSTBON 0.05 0.15 0.25 V VPWM = High 

DCIN STBY Hysteresis Voltage VSTBHYS 0.05 0.15 0.25 V VSTBOFF - VSTBON 

[The FG Pin] 

H Level Output Voltage VFGH 4.0 - - V IFG = -500 µA 

L Level Output Voltage VFGL - - 0.3 V IFG = 500 µA 

H Output Leak Current ILKFGH -10 - - µA VFG = 0 V 

L Output Leak Current ILKFGL - - 10 µA VFG = 5 V 

[Reference Clock Input Pin XOUT] 

XOUT H Voltage VXOH VREG -1.0 VREG -0.2 VREG V VXIN = 0 V, IXOUT = -2 mA 

XOUT L Voltage VXOL 0 0.3 0.5 V VXIN = 5 V, IXOUT = 2 mA 

For the current item, the current inflow into the IC is indicated as a positive notation, and the current outflow from the IC as a negative notation. 
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Electrical Characteristics 3 (Unless otherwise specified VCC = 6.5 V to 18 V, Tj = -40 °C to +125 °C, 0.1 µF between C_P to 

C_M, 0.1 µF between VG to VCC, VS_U/VS_V/VS_W=GND, fXIN=10 MHz) 

Parameter Symbol 
Limits 

Unit Conditions 
Min Typ Max 

[Maximum rotation Speed Setup] 

Maximum Rotation Speed 
Setup Tolerance 

fMAXRPM 257 264 271 Hz 
RRREFH = 27 kΩ, RRREFL = 160 kΩ 
(Note 1) 

[The SSU,SSD Pin] 

Rotation Speed Instruction Rise 
Time(Note 2) 

tSSU - 0.492 - ms VSSU = GND, VRREF = VREG 

Rotation Speed Instruction Rise 
Time(Note 2) 

tSSD - 0.164 - ms VSSD = GND, VRREF = VREG 

[Phase Control] 

Lead Angle Gain Setup(Note 3) GPCG 14 15 16 ° 
VPCG = VREG/4, VPCI = GND,  
fPWM = 625 Hz (Duty = 50 %),  
TRQ duty = 50 % 

Lead Angle Initial Torque Setup TPCI 46 50 54 % VPCI = VREG/2,VPCG = VREG/2 

Maximum Lead Angle PMAX 29 30 31 ° VPCG = VREG,VPCI = VPWM = GND 

[Pre-driver Output Pin](Note 4) 

D*H/ D*L Output Oscillating 
Frequency 

fOSC 18 20 22 kHz fXOUT = 10 MHz 

D*H High Voltage1 VOUTHH1 23 - 31 V VCC = 18 V 

D*H Low Voltage1 VOUTHL1 - 0 0.2 V VCC = 18 V 

D*L High Voltage1 VOUTLH1 9 - 13 V VCC = 18 V 

D*L Low Voltage1 VOUTLL1 - 0 0.2 V VCC = 18 V 

D*H High Voltage2 VOUTHH2 10.5 - 13.5 V VCC = 6.5 V 

D*H Low Voltage2 VOUTHL2 - 0 0.2 V VCC = 6.5 V 

D*L High Voltage2 VOUTLH2 4.5 - 7 V VCC = 6.5 V 

D*L Low Voltage2 VOUTLL2 - 0 0.2 V VCC = 6.5 V 

D*H Slew Rate Rising 1 VOHUSR1 10 - 55 V/µs VCC = 18 V 

D*H Slew Rate Falling 1 VOHDSR1 30 - 120 V/µs VCC = 18 V 

D*L Slew Rate Rising 1 VOLUSR1 2 - 40 V/µs VCC = 18 V 

D*L Slew Rate Falling 1 VOLDSR1 8 - 85 V/µs VCC = 18 V 

D*H Slew Rate Rising 2 VOHUSR2 6 - 45 V/µs VCC = 6.5 V 

D*H Slew Rate Falling 2 VOHDSR2 6 - 70 V/µs VCC = 6.5 V 

D*L Slew Rate Rising 2 VOLUSR2 1 - 10 V/µs VCC = 6.5 V 

D*L Slew Rate Falling 2 VOLDSR2 6 - 55 V/µs VCC = 6.5 V 

Diode Voltage Between VS_U / 

VS_V / VS_W to GND 
VDI -1.35 -0.72 -0.40 V ISINK = -50 mA 

For the current item, the current inflow into the IC is indicated as a positive notation, and the current outflow from the IC as a negative notation. 

 
(Note 1) According to the resistance ratio for the RREF voltage setting, VREG x 0.855 is applied to RREF. 
(Note 2) The time required for rotational command to fluctuate 1 % is defined. 

This characteristic does not the shipment inspection. 

(Note 3) This characteristic does not the shipment inspection. 
(Note 4) Slew rate items are the rated value when a 10000 pF capacitor is connected to output as a gate capacity of an external MOS-FET. 

 
 



 
 

28/43 

TSZ02201-0H5H0CE02230-1-2 
 

 

© 2018 ROHM Co., Ltd. All rights reserved. 
04.Jul.2018 Rev.002 

 

BD63030EKV-C 

 

www.rohm.com 

TSZ22111 • 15 • 001 

Electrical Characteristics 4 (Unless otherwise specified VCC = 6.5 V to 18 V, Tj = -40 °C to +125 °C, 0.1 µF between C_P to 

C_M, 0.1 µF between VG to VCC, VS_U/VS_V/VS_W=GND, fXIN=10 MHz) 

Parameter Symbol 
Limits 

Unit Conditions 
Min Typ Max 

[Lock Protection] 

Lock Protection Detect Time 
(Note 1) 

tLOCK - 8.36 - s VLCSET = VREG/2 

[Over Current Detect Amplifier] 

Input Offset Voltage VAMPOFST -8 0 +8 mV 
VRNF2 = VAMPO, VRNF1 = 200 mV 
VAMPOFST = VAMPO - VRNF1 

Common-mode Input Range  VINRNG 0.2 - 2.5 V VRNF2 = VAMPO, VAMPOFST ≤ |8 mV| 

Source Current IAMPSRC - - -50 µA 
VRNF2 = VAMPO, VRNF1 = 2.5 V 
VAMPO ≥ 2.0 V 

Sink Current IAMPSNK 50 - - µA 
VRNF2 = VAMPO, VRNF1 = 0 V 
VAMPO ≤ 0.2 V 

Output Voltage Range  VOUTRNG 0.2 - 2.5 V VRNF2 = VAMPO, VAMPOFST ≤ |8 mV| 

Voltage Gain Range  AOC 31 32 33 dB 
RRNF1 = RRNF2 = 10 kΩ,  
RRNF11 = RAMPO = 400 kΩ 

[Over Current Protection] 

OCP Detect Comparator Offset VOCPOFST -10 - +10 mV 
VRNF2 = VAMPO, VRNF1 = Sweep,  
VOCP = 500 mV 

OCP Detect Time tOCPON - 10 35 µs  

[Over Current Limit] 

OCL Detect Comparator Offset VOCLOFST -10 - +10 mV 
VRNF2 = VAMPO, VRNF1 = Sweep, 
VOCL = 1.0 V 

OCL Detect time tOCLON - 11 35 µs  

OCL Release Time tOCLOFF - 11 35 µs  

[Under Voltage Lockout] 

UVLO Release Voltage VVCUVH 5.5 6.0 6.5 V  

UVLO Detect Voltage VVCUVL 5.0 5.5 6.0 V  

UVLO Hysteresis Voltage VVCUVHYS 0.3 0.5 0.7 V  

[Over Voltage Protection] 

OVP Detect Voltage VVCOVH 17.3 20.0 22.7 V  

OVP Release Voltage VVCOVL 16.5 19.0 21.5 V  

OVP Hysteresis Voltage VVCOVHYS 0.4 1.0 1.6 V  

[External Parts Thermal Shutdown] 

External Parts Thermal 
Shutdown 
Detect Voltage 

VTHON VREG×0.47 VREG×0.50 VREG×0.53 V  

External Parts Thermal 
Shutdown 
Release Voltage 

VTHOFF VREG×0.55 VREG×0.58 VREG×0.61 V  

[DIAG Output Function Using FG Duty] 

DIAG1 
(LOCK / HALLERR) FG Duty  

DDIAG1 5 10 15 % 
Lock Protection, Abnormal Hall 
Input 

DIAG2 
(OCP / OCL) FG Duty 

DDIAG2 85 90 95 % 
Over Current Protection, Over 
Current Limit 

DIAG3 
(TSD / EXTSD) FG Duty 

DDIAG3 25 30 35 % 
Thermal Shutdown, External 
Parts Thermal Shutdown 

DIAG4 
(OVP / UVLO) FG Duty  

DDIAG4 65 70 75 % 
Over Voltage Protection, Under 
Voltage Lockout 

For the current item, the current inflow into the IC is indicated as a positive notation, and the current outflow from the IC as a negative notation. 
 

(Note 1) This characteristic does not the shipment inspection 
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Typical Performance Curves 
 

  
Figure 39. Circuit Current 1 vs Supply Voltage 

 

 

  
Figure 40. Circuit Current 2 vs Supply Voltage 

 

 

  
Figure 41. SREG Voltage vs Supply Voltage 

 

 

  
Figure 42. VREG Voltage vs Supply Voltage 
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fPWM = open, 
VDCIN = VSREG 
IVREG = -40 mA 
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Typical Performance Curves – continued 
 

 

  
Figure 43. VREG Voltage vs Input Voltage 

(The DCIN Pin STBY Detection Release / Detection Voltage) 

 

  
Figure 44. AMPO Voltage vs Sink Current 

(Over Current Detection Amp Sink Capacity) 

 

 
Figure 45. AMPO Voltage vs Source Current 

(Over Current Detection Amp Source Capacity) 

 

  
Figure 46. FG Voltage vs Input Current 
(The FG Pin L Level Output Voltage) 
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Typical Performance Curves – continued 
 

 

  
Figure 47. FG Voltage vs Input Current 
(The FG Pin H Level Output Voltage) 

 

 
Figure 48. VS_U Voltage vs Input Current 

(Diode Voltage between VS_U / VS_V / VS_W and GND) 

  

 

4.4

4.5

4.6

4.7

4.8

4.9

5.0

5.1

-4 -3 -2 -1 0

F
G

 V
o
lt
a
g
e
 :
 V

F
G

[ 
V

 ]

Input Current : IFG [ mA ]

-1.2

-1.1

-1.0

-0.9

-0.8

-0.7

-0.6

-0.5 -0.4 -0.3 -0.2 -0.1 0

V
S

_
U

 V
o
lt
a
g
e
 :
 V

D
I

[ 
V

 ]
Input Current : ISINK [ A ]

Ta = -40 °C 

Ta = +125 °C 

Ta = +25 °C 

Ta = +25 °C Ta = +125 °C 

Ta = -40 °C 



 
 

32/43 

TSZ02201-0H5H0CE02230-1-2 
 

 

© 2018 ROHM Co., Ltd. All rights reserved. 
04.Jul.2018 Rev.002 

 

BD63030EKV-C 

 

www.rohm.com 

TSZ22111 • 15 • 001 

Timing Chart (Forward Rotation) 
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Figure 49. Timing Chart (FR=H Forward Rotation) 

 
(Note 1) PWM sections: DUL, DVL and DWL surrounded by dotted lines, are fixed as Low and low side arm turns OFF for asynchronous rectification. 
(Note 2) FG switching timing is generated from the electrical angle saved in the internal IC and it does not match always with a hall signal of U, V or W-phase. 

 

(Note 1) 

(Note 2) 
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Timing Chart (Reverse Rotation) 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 50. Timing Chart (FR=L Reverse Rotation) 

 
(Note 1) PWM sections: DUL, DVL and DWL surrounded by dotted lines, are fixed as Low and low side arm turns OFF for asynchronous rectification. 
(Note 2) FG switching timing is generated from the electrical angle saved in the internal IC and it does not match always with a hall signal of U, V or W-phase. 
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Application Example 
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Figure 51. Application Example 

Recommended Circuit Component 
This IC is designed and evaluated based on the assumption that the recommended components listed below are used. 
If the application circuit is designed without the following recommended components, make sure to select components after 
carefully checking in the characteristics. 

No. Component Name 
Component 

Value 
Description 

1 DVCC1 1.0 A Rectifier 
2 DVCC2 30 V Zener Diode 
3 L 100 μH Inductor 

4 CVCC1 220 μF / 35 V Electrolytic Capacitor 
5 CVCC2 100 µF / 50 V Electrolytic Capacitor 
6 CVCC3 0.1 µF / 50 V Ceramic Capacitor 
7 CVCC4 100 pF / 50 V Ceramic Capacitor 
8 CVCC5 0.1 µF / 50 V Ceramic Capacitor 
9 COUT 1320 μF / 35 V Electrolytic Capacitor 

10 CCC, CCP 0.1 µF / 50 V Ceramic Capacitor 
11 MUH, MUL, MVH, MVL, MWH, MWL - Nch MOSFET 
12 CUHH, CVHH, CWHH, CULH, CVLH, CWLH 100 pF / 50 V Ceramic Capacitor 
13 CUHL, CVHL, CWHL, CULL, CVLL, CWLL 100 pF / 50 V Ceramic Capacitor 
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Recommended Circuit Component – continued 
 

No. Component Name 
Component 

Value 
Description 

14 CUH, CVH, CWH, CUL, CVL, CWL 1000 pF / 50 V Ceramic Capacitor 

15 RVUH, RVUL, RVVH, RVVL, RVWH, RVWL 51 Ω Resistor 
16 RUH, RVH, RWH 47 kΩ Resistor 
17 RUL, RVL, RWL 10 kΩ Resistor 
18 RDUH, RDUL, RDVH, RDVL, RDWH, RDWL 75 Ω Resistor 
19 DDUH, DDUL, DDVH, DDVL, DDWH, DDWL - Diode 
20 RRNF 1 mΩ / 5 W Shunt Resistor 

21 RRNF1, RRNF2 2.2 kΩ Resistor 
22 RRNF11 47 kΩ Resistor 
23 RAMPO 47 kΩ Resistor 
24 CRNF1, CRNF11, CRNF21 0.1 µF / 50 V Ceramic Capacitor 
25 CRNF2, CRNF12, CRNF22 100 pF / 50 V Ceramic Capacitor 
26 ROCPH 39 kΩ Resistor 

27 ROCPM 4.7 kΩ Resistor 
28 ROCPL 5.6 kΩ Resistor 
29 REXTSDH 1.4 kΩ Resistor 
30 REXTSDL 100 kΩ NTC Thermistor 
31 RXOUT 150 Ω Resistor 
32 RXIO 1 MΩ Resistor 

33 CK1 10.000 MHz Ceramic Resonator 
34 CVREG1, CVREG2 2.2 µF / 5 V Ceramic Capacitor 
35 CSREG1, CSREG2 0.22 µF / 5 V Ceramic Capacitor 
36 RHH 150 Ω Resistor 
37 HU, HV, HW - Hall Element 
38 CHU, CHV, CHW 0.1 µF / 5 V Ceramic Capacitor 

39 RHL 150 Ω Resistor 
40 RSREG 10 kΩ Resistor 
41 RTDEADL, RFRL, RMODESELL 0 Ω Resistor 
42 RTDEADH, RFRH, RMODESELH N.A Resistor 
43 RPWM 47 kΩ Resistor 
44 CPWM 100 pF / 5 V Ceramic Capacitor 
45 RDCIN 47 kΩ Resistor 

46 CDCIN 100 pF / 5 V Ceramic Capacitor 

47 RLCTH, RINTGH, RPRPH, RRREFH, RSSDH, RSSUH, RPCGH, RPCIH to 500 kΩ Resistor 

48 RLCTL, RINTGL, RPRPL, RRREFL, RSSDL, RSSUL, RPCGL, RPCIL to 500 kΩ Resistor 
49 RFG 1 kΩ Resistor 
50 QFG - NPN Transistor 

 

Application Designing Notes 
1. Absolute Maximum Ratings 

An excess in the absolute maximum ratings such as supply voltage and voltage range of operating conditions may 
damage the IC, thus making impossible to identify breaking mode, such as a short circuit or an open circuit. In cases 
where the IC is expected to be used in a special mode in which it exceeds the absolute maximum ratings, consider 
taking physical safety measures such as using a fuse. 
 

2. GND Potential 
Depending on the conditions including heat generation condition, power supply voltage and the motor in use, it may 
cause failures such as malfunction when the potential of the output pin swings to substantially below GND. In that 
case, take measures to prevent such failures by adding a schottky diodes between the output and GND. Make sure 
to keep the potential of the GND pin at the minimum potential in any operating conditions. 
 

3. Back Electromotive Force 
The back electromotive force may be changed due to the operating condition, environment and characteristic of each 
motor. Make sure to thoroughly check that the IC operation is not affected by the back electromotive force. 
 

4. GND Wiring 
Connection destinations of PGND and GND of each component are shown as recommended connection 
destinations in Figure 51. Pay sufficient attention when wiring as high current flows into PGND. 
 

5. TDEAD, FR, MODESEL 
The TDEAD, FR and MODESEL pins are respectively connected to GND at 0Ω when the recommended circuit 
components are installed in the circuit shown in Figure 51. When connecting them to the VREG pin, set the 
resistance value to at least 130 Ω to 10 kΩ. 
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I/O Equivalence Circuit (Typ values for resistance and capacitance) 

1.PCI, 2.TEST4, 15.GND, 42.GND, 58.LCSET, 59.SSU, 60.SSD, 61.PROP, 62.INTG, 63.RREF, 64.PCG 

Pin 1, Pin 2,

Pin 58, Pin 59,

Pin 60, Pin 61,

Pin 62, Pin 63,

Pin 64

Pin 49

Pin 15,

Pin 42

10k
ADCIN

 

3.TEST3, 40.TEST1, 41.TEST2, 55.TDEAD, 56.MODESEL, 57.FR 4.FG 

Pin 49

Pin 3,

Pin 40,

Pin 41,

Pin 55,

Pin 56,

Pin 57

Pin 15,

Pin 42

Pin 15,

Pin 42

100k

10k

Pin 49

Pin 15,

Pin 42
Pin 15,

Pin 42  

Pin 49 Pin 49

Pin 4

Pin 49

Pin 15,

Pin 42

Pin 15,

Pin 42

Pin 15,

Pin 42

Pin 15,

Pin 42

 

6.XIN, 8.XOUT 

Pin 49

Pin 6

Pin 15,

Pin 42

250

6k

Pin 15,

Pin 42

500k 500k

50

50

Pin 49

10k

Pin 49

Pin 8

Pin 15,

Pin 42

Pin 49

Pin 15,

Pin 42 Pin 15,

Pin 42

Pin 15,

Pin 42

 

10.EXTSD 

Pin 49

Pin 10

Pin 15,
Pin 42

10k

Pin 49 Pin 49

10k

90k

90k

35k
Pin 15,
Pin 42

Pin 15,
Pin 42

Pin 15,
Pin 42
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I/O Equivalence Circuit – continued 
 

11.OCL,12.OCP 13.AMPO 

Pin 11,

Pin 12

Pin 49

Pin 15,

Pin 42

10k

Pin 49

10k

Pin 13

AMPOUT

 

Pin 49

Pin 49

Pin 13

Pin 15,

Pin 42

40k

Pin 15,

Pin 42Pin 15,

Pin 42

A
M

P
O

U
T

 
14.RNF1, 16.RNF2 17.DWL, 22.DVL, 27.DUL, 32.PGND, 37.VCC 

Pin 49

Pin 14

Pin 15,

Pin 42

Pin 16

1k

Pin 49

1k

Pin 49

Pin 15,

Pin 42  

Pin 37

3k

9k

1M

Pin 32

Pin 17,

Pin 22,

Pin 27

1M

 

19.VS_W, 20.DWH, 24.VS_V, 25.DVH, 29.VS_U, 30.DUH 33.C_M 

6k

39k

1M

Pin 38

Pin 20,

Pin 25,

Pin 30

Pin 19,

Pin 24,

Pin 29

Pin 32

Pin 32

200 1M

 

Pin 37

5k

16k

1M

1M

Pin 32

Pin 33
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I/O Equivalence Circuit – continued 
 

35.C_P, 38.VG 43.HU+, 44.HU-, 45.HV+, 46.HV-, 47.HW+, 48.HW- 

Pin 38

Pin 35

1M

1M

5k

16k

Pin 37  

Pin 49

Pin 15,

Pin 42

Pin 44,

Pin 46,

Pin 48

Pin 49

Pin 15,

Pin 42

Pin 43,

Pin 45,

Pin 47

2k

2k

Pin 49

 

49.VREG 50.SREG 

2M

Pin 37

10k

293k

100k

Pin 49

Pin 15,

Pin 42

Pin 15,

Pin 42

 

Pin 37

50

800k

650k

550k

Pin 15,

Pin 42

Pin 50

Pin 15,

Pin 42

Pin 15,

Pin 42

 

52.DCIN 54.PWM 

Pin 50

100k

Pin 52

Pin 15,

Pin 42

10k

100k

Pin 50

ADCIN

Pin 15,

Pin 42

Pin 15,

Pin 42
Pin 15,

Pin 42  

Pin 54

Pin 50

Pin 50

100k

10k

Pin 15,

Pin 42

Pin 50

Pin 15,

Pin 42

Pin 15,

Pin 42
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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. 
 

2. 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. 
 

3. 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. 
 

4. 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. 
 

5. 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. 
 

6. 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. 
 

7. Operation Under Strong Electromagnetic Field 
Operating the IC in the presence of a strong electromagnetic field may cause the IC to malfunction. 
 

8. 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. 
 

9. 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. 
 

10. 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 
 

11. 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. 

Figure 52. Example of monolithic IC structure 
 

12. 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. 
 

13. Area of Safe Operation (ASO) 
Operate the IC such that the output voltage, output current, and the maximum junction temperature rating are all within 
the Area of Safe Operation (ASO). 
 

14. 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. 
 

15. 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.   
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Ordering Information 
 

B D 6 3 0 3 0 E K V - CE2  

             
              
                
 Package 

EKV: HTQFP64AV 
Packaging and forming 
specification 
C: for Automotive 
E2: Embossed tape and reel 

 
 
 

Marking Diagram 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HTQFP64AV (TOP VIEW) 

BD63030EKV 

Part Number Marking 

LOT Number 

Pin 1 Mark 
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Physical Dimension and Packing Information 

Package Name HTQFP64AV 
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Revision History 
Date Revision Changes 

04.Jul.2018 002 New release. 
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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 

CLASSⅢ 
CLASSⅢ 

CLASSⅡb 
CLASSⅢ 

CLASSⅣ CLASSⅢ 

 
2.  ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor 

products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate 
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which 
a failure or malfunction of our Products may cause. The following are examples of safety measures: 

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

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

[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents 
[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust 
[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including 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 (even if you use no-clean type fluxes, cleaning residue of 

flux is recommended); or Washing our Products by using water or water-soluble cleaning agents for cleaning 
residue after soldering 

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

 
4. The Products are not subject to radiation-proof design. 
 
5. Please verify and confirm characteristics of the final or mounted products in using the Products. 
 
6.  In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse. is applied, 

confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power 
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect 
product performance and reliability. 

 
7.  De-rate Power Dissipation depending on ambient temperature. When used in sealed area, confirm that it is the use in 

the range that does not exceed the maximum junction temperature. 
 
8.  Confirm that operation temperature is within the specified range described in the product specification. 
 
9.  ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in 

this document. 
 

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

performance and reliability. 
 
2.  In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must 

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

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

characteristics of the Products and external components, including transient characteristics, as well as static 
characteristics. 

 
2. You agree that application notes, reference designs, and associated data and information contained in this document 

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

 

Precaution for Electrostatic 
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper 
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be 
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron, 
isolation from charged objects, setting of Ionizer, 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 Cl2, 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.  

 



DatasheetDatasheet 

  Notice – WE Rev.001
© 2015 ROHM Co., Ltd. All rights reserved. 

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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