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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

BAEC-Q100 Qualified Note 1)

mBuilt-in Automatic Lead Angle Function

mBuilt-in Speed Feed-back Function

m180° Commutation Sine Wave Drive (2-phase
Modulation)

mBuilt-in Charge Pump

mForward Rotation / Reverse Rotation Switch Function

mVariable Speed Control, Standby Command Function
(PWM / DC Input Support)

E Selectable Output Modes / Dead Time

W Soft Start, Soft Stop Setup Function

mBuilt-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

Typical Application Circuits

Key Specifications

6.5Vto 18V
55 pA (Max)
-40 °Cto +125 °C

ESupply Voltage Range:
mStandby Current:
mOperating Temperature Range:

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

mAir Conditioning Blower Motor
mBattery Cooling Fan Motor
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Figure 1. Appﬁcation Circuit

OProduct structure : Silicon monolithic integrated circuit

OThis product has no designed protection against radioactive rays
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BD63030EKV-C

Datasheet

Pin Configuration
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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 (I;{Ltj)tt;tjltonal speed / diagnostics result o9 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
Charge pump capacitor minus side
8 XOouT External CLK output 33 C M connection
9 N.C - 34 N.C -
. Charge pump capacitor plus side
10 EXTSD | External parts temperature detection 35 CP conneotion
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 | TESTH
16 RNF2 Current detection 2 41 TEST2 | TEST2
17 DWL \é\tljt%rsj?se low side MOS-FET drive 49 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 g‘{n‘mse high side MOS-FET drive 45 | HV+ | Vphase plus side hall signal input
21 N.C - 46 HV- V phase minus side hall signal input
22 | DWL Xﬁgise low side MOS-FET drive 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 Xu?&?tse high Side MOS-FET drive 50 SREG Internal reference power supply
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BD63030EKV-C

Datasheet

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)
. . Speed control gain setup (integral
54 PWM PWM signal input 62 INTG 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
58 LCSET | Lock protection time setting - | EXP-PAD | Connect a EXP-PAD on GND
Block Diagram
VCC VG C_P C_M
L] 1] L}
SREG Stand-by T Charge Pump
—>
VREG Regulator
DUH
VREG U=
HU uL Vs_U
+
HU- I v vH
PWM Generator buL
—e VL
HV+
HY- uip Hv WH DVH
HW+ wL Pre-driver VS V
HW- uip HW LA TRQ FG CLK MUTE
; DVL
TDEAD Vip
DWH
u Lead Angle 5
FR T \ VS W
= 2 L
MODESEL Wiy 8 I DWL
5 _ Speed € 1 Protect Logic
= a Discriminator PGND
PWM > "
E S | | s 24 Gurrent Limit/ Protect
DCIN sk T RNF1
2 8 ©
8 g TSD RNF2
PCI ] £ 2 AMPO
Sequential A - >
PCG ADC 2 F oCP
~ (@]
SsU Controller ol | |2 é b OCL
L 4 & & 1 N e e e
SSD E |3 Lock Protect / S —
Hall Error !
RREF ADC Soft Start }
INTG T EXTSD
PROP Reference Xout
LCSET Clock Generator XIN
FG

GND

Figure 3. BIockT)iagram
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BD63030EKV-C

Datasheet

Description of Operation et 7)
(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 Vot 2)

FR Low High Low High
Rotational
o CCwW cw
Dggﬁtjlgn CCW (UtoW to V) CW (Uto Vio W) (Uto W To V) (Uto V1o W)
Rotational P N CW Direction CCW Direction
Gondition | Direston (Reverse Rotation) (Forward Rotaton) (Forward (Reverse
Detection Rotation) Rotation)
Number of Below 1.59
Rotation Below 1.59 Hz Below 1.59 Hz 159 Hz Below | 1.59 Hz
(Hall Cycle) 1.59 Hz or More 1.59 Hz or More H or 1.59 Hz | or More
(Note 3) z More
PWM <
Dwminorr1 OF
PWM > .
Duaxorea OF Upper and lower arms OFF (Logic of low output for all gates)
PWM <
Normal Dwinorrs (Note 4)
Operation
Dwminont < o o o o °
PWM < 120 . 180 . 120 . 180 . K . 120° commutation
D commutation | commutation | commutation | commutation commutation asvnchronous
o g@mz synchronous | synchronous | synchronous | synchronous | asynchronous y tificati
DMINONE(NOZ4) rectification rectification rectification rectification rectification rectiiication

(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 3
(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)

Ho | av | aw CW : clockwise CCW : counter-clockwise
DUH | DVH | DWH | DUL DVL | DWL | DUH | DVH | DWH | DUL DVL | DWL
H L H L PWM L H PWM L PWM L PWM H L
H L L L L PWM H L PWM | PWM L L PWM L H
H H L L L PWM L H PWM L PWM L L PWM H
L H L | PWM L L PWM H L L PWM L H PWM L
L H|H|PWM| L L [ PWM | L H L L |PWM| H L | PWM
L L H L PWM L L PWM H L L PWM L H PWM
(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)
CW : clockwise CCW : counter-clockwise
HU | HV | HW
DUH | DVH | DWH | DUL DVL | DWL | DUH | DVH | DWH | DUL DVL | DWL
H L H L PWM | PWM H PWM | PWM | PWM L PWM | PWM H PWM
H L L L PWM | PWM H PWM | PWM | PWM | PWM L PWM | PWM H
H H L | PWM L PWM | PWM H PWM | PWM | PWM L PWM | PWM H
L H L | PWM L PWM | PWM H PWM L PWM | PWM H PWM | PWM
L|H | H|PWM PWM| L | Pwm  PwM | H L |[PWM PWM| H |PWM | PWM
L L H | PWM | PWM L PWM | PWM H PWM L PWM | PWM H PWM
(Note 7) L = Low, H = High.
ggv(\)lﬁrghﬁdilol\TCo., Ltd. All rights reserved. 5/43 TSZ02201-0H5SHOCE02230-1-2
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BD63030EKV-C Datasheet

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

10ms N 10ms

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 (Vrrer1 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 Noe 2 after the value has exceeded the default (Veger 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.

Vrrert VRRer2 Vrrers  VRrersa  Vrrers VRrers VRREF7 VRREFs Vrrers  VRREF10
OxFF i i i i i i
Setting of the | | i Not to Update
initial value ADG read update i
3 value
5
'C>) VRREF1+1 LSB H '
© ¢ @ -
®  Vpper-1LSB ;
O .
[a V +1LSB
< Setting * il e ® ® ®
10ms VRREF7'1 LSB
value ]
(Typ) E
0x00
Time [ms]
Figure 5. Update of the ADC Result
www.rohm.com
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BD63030EKV-C Datasheet
Description of Operation — continued
(4) Driving Waveform Generation
HU+ 4 B 4 N\
A I N R ) N N \
HV+ N\ e N\ Ve
HV- ~ ~wl_d4_7
HW+‘ 4 ™ 7 \
HW-1 ) S R G ) N U
FG _
Signal
2 _ 3 - - >
1 \\\A 2 \:N‘ \\k 4
r R i— —I—: — :- i ol e '-—'_\-\‘
DUH —
s L ll e
DVH
| - ) L d e ¥
DWH _l'\-\,
0° 60° 120° 180°  240° 300° 360° 420° 480° 540° 600° 660° 720°

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)

FG

DUH

FG

DUH

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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BD63030EKV-C Datasheet

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) Fixed to Low (Note 2)
or PWM =< 19.0 Hz, PWM = 1.25 kHz or PWM(20 Hz to 800 Hz)
DCIN < 0.15 V (Typ) Standby mode Active mode (PWM input)
voF|;|:ge > 0.3V (Typ) Active mode (DC input) Active mode (PWM input)
(Note 1) ltis fixed to High when it is at least 513 ms(19 Hz) and PWM= Vsgeg x0.8.
(Note 2) 1t is fixed to Low when it is at least 53 ms(19 Hz) and PWMs Vsreg x0.4.
ACTIVE ACTIVE ACTIVE ACTIVE ACTIVE
PWM . CI q d (PWM rotational (DC rotational (DC rotational (PWM rotational
( rqtatlona Speed comman speed command) speed command) speed command) speed command)
/ Maximum rotation are input) K R
State [ STBY STBY STBY STBY
facTé— &—its;B K thum tsTe K> tact ¥—> tacT §— torain
Hi
L R - - e 0L
peed Input  Hi-Z
PWM) Lo L~ UL JLUuuyl
pwm  Hi
Lo TE-TL - U L
VREG
MCU
Speed Input 0.2V(Typ) 0.3V(Typ)
(DC, DCIN) N
o——F
Rotation h'FF
Speed
Objective h 00

Figure 8. Transition to Standby and Recovery Operation (Note 3
(Note 3) tacr is the time from internal power supply VREG is within guaranteed value Vgea to output starts, it requires max 53 ms (PWM sampling time: 19 Hz)
+ Approx.1 ms (Depending on clock cycle).
tsteis the time before abnormal input is detected (Open or High fixed or PWM < 19.0 Hz, PWM 2= 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 2 1.25 kHz is
input into the PWM pin, it switches to standby mode due to noise. Please insert appropriate filter Vo' 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 o4 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.

*****

MGU Speed input (PWM) >

(a) PWM Input Application Circuit Diagram
Figure 9. Rotational Speed Command Input Application Circuit Diagram for Transition to Standby and Recovery Operation
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BD63030EKV-C Datasheet

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. Nete 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 Vto VREGXO.2 ngh . VREGXO.G to VREG
Output mode | mode Il mode

A

100% |~~~ === === e

Rotation speed
objective [%]

10.5%| -

WY A

O/ O/ /O o ! 0/ /0=
0% 5% 10% PWM / DGIN input [%] 90% 95% 100%

Figure 10. | Mode Rotation Speed Objective vs PWM Input Duty / DCIN Input Voltage™ote 2)
(MODESEL = Low)

100% -~ === ===

Rotation speed
objective [%]

10.5%! - -—

YA

0% 5% 10% PWM / DCIN input [%] 95% 100%

Figure 11. Il Mode Rotation Speed Objective vs PWM Input Duty / DCIN Input Voltage™ete 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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BD63030EKV-C

Datasheet

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.

6pole, 9slot
(P:S =2:3)

ﬁ\iﬁ\iﬁ\iﬁ\iﬁ\i

[jHU

[

é S

| Motor Rotating 1
! Direction :

ooc —

i

BemeE 30° /\ /—

Phase control (Lead angle)

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) Vete ') 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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BD63030EKV-C Datasheet

Description of Operation — continued

(9) Lead Angle Control Setup
To set the lead angle value, connect the resistors (Rpci, Rrca) to the PCl and PCG pins as follows.

The torque to start the lead angle control can be adjusted with a constant of Rpciand the tilt of the lead angle amount against
torque can be adjusted with a constant of Rpce. 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 ™ ") |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 "¢ 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.

30
Lead angle ADC PCI =
Initial torque 2 20
e ()
— E-;
Lead angle PCG 5 10
adande < ADC)—T=0— g
-
— 0
0% 20% 40% 60% 80% 100%
0x00 0x32 0x65 0x98 0xCC OxFF

TRQ duty
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,

30
Lead angle
" 9 = _._'_,.r'"-
Initial torque g 20 -
g _'_,.r'"-r'-r'
2
Lead angle S 10 s
Gain 3 e
0
0% 20% 40% 60% 80% 100%
= 0x00 0x32 0x64 0x96 0xC8 OxFA

TRQ duty
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.™ete 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.

R
G pep= ——L—— % 119.85x TRQ Duty|[deg]
Rpcarr + Rpcar
5. G o< 30[deg]
Rpca 1
Example) When ———————— = —, TRQ duty = 75 %,

Rpcan + Rpcay

%x119.85x0.75 =30, .G ppprey =30[deg]

When TRQ duty = 25 %,

%x 119.85%x0.25=14.98 .G yps, = 14.57(deg]
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BD63030EKV-C Datasheet

Conduction Angle Control Setting — continued

. OXFF . 0x80
| 0x40
120° 7 OXFF 80° '
> =3
S S
o @
2 60° - 24 0x80 2 15 0x20
= [ R B S
5 o e
E *® : § /
30° sl 0x40 70 OxOF
150 Sili— 0x20 8x8£ 30 / / . 0x06
7° X o e
o N e 0x02 1 a0
19 0% 259 50% 75% 100% 0% 25% 50% 75% 100%
TRQ duty [%] TRQ duty [%]
(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 Tpc) to start the lead angle can be calculated by using the formula below.

VRea 30
ReciH
VreG g 20 e
Leadangle o |ADC PClI s rr'_'_,-r
Initial torque R @
PCGH =) Jr'_,.r"
ReciL % 10 -
Lead angle PCG — o
Gain ADC -
0
Recal 0% 20% 40% 60% 80% 100%
= 0x00 0x32 0x65 0x98 0xCC OXFF

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

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

R
Tpe= —2—— % 100[%)]
RPCIH + RPC[L

R PCIL

1 1
Example) When =—, the lead angle initial torque will be: T}, = E x100% = 50%

Rpcwy + Rpey,

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.

30[deg]x 8[period

4-pole motor: [deg]8lperiod] = 255 [revolutions]
0.47[deg]x 4[pole]/2
30[deg]x 8[period

6-pole motor: [deg]8lp ] = 170 [revolutions]
0.47[deg]x 6[pole]/2

30[deg]x 8[period

10-pole motor: [deg]x8period] =102 [revolutions]

0.47[deg]x 10[pole]/2
-rohm.
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BD63030EKV-C Datasheet

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 Vgeg on RREF. Set the resistance ratio of
RREF in reference to the theoretical formula below.

Rrer

Frmen = (300-50)x ——+50 [Hz]
Vrec
fMAXRPM
300-F————————————~—

I
I
[ fmaxRPM Pole = 4 Pole = 6 Pole = 10
: 50 Hz 1500 rpm 1000 rpm 600 rpm
: 300 Hz 9000 rpm 6000 rpm 3600 rpm
I
I
I
I
I

50— L> RREF Resist

0x00 OxFF esister

Figure 17. Setup of the Maximum Rotational Speed

REFCLK is calculated with the following formula.
Sruaxrens X DULY oy, =160Hz 0.5 [Hz]

[Example] If £ uxzmy =160Hz , pole =10, Duty,,,, =50%, REFCLK =80Hz(960rpm).

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)

MCU speedinput  PWM 1. Duty detector 2. Reference clock generator 3. Speeddiscriminator 4. Loop Fitter 5. Pre-driver 6. FET

(PWM) > —LF— PWM AC/DC
MCU speedinput  DCIN o 1 nPuT REFCLK IS
09> SDH 9 Gate Q“
RREFJ——— RREF ——TrRa —O—— Sate
ssy[—————{ ssu SDL DxH/DXL/VS_x
ssofl SSD FG INTG (O INTG GAIN
XINCE — XN PROP [+ PROP GAIN

7. Hall comparator

HxP/HxN
HxP/HXN

Figure 18. Configuration of Speed Control

fmaxrem depends on CLK signal to input on the XIN pin®™ete ) (Refer to [Setup of Maximum Rotational Speed] in case fx 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.
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BD63030EKV-C Datasheet

Speed control — continued

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

Loop Filter
Speed Discriminator Ko x At TRQp
REFCLK I_I EA | !— | .
L1 JKixatat ]

Figure 19. Block Configuration of Speed Control

Cycle difference At of target rotational speed (REFCLK) and actual rotational speed (FG) is counted. Based on At, torque
calculated at proportioned control: TRQp and torque calculated at integral control: TRQ, are added to determine torque.
Formulais as follows.

TRQ=TRQ, +TRQ,,
TRQ, = K, xAt, TRQ, = [(K, x At)dt .. K,=PROP, K, = INTG
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 Kl (constant of integration) set by the INTG pin.
Torque gain is set by Keand K;, TRQp and TRQ, are changed as Figure 20.

¢ Set rotation speed objective, and start motor rotate operation

Reached to target rotational speed
= “TRQ
3 According to A t=0,
8 integrated value is saved.
o
|_

According to A t=0,
A txKp=0
Time [s]
PWM |

Convergence time

T Rotation speed objective

Motor rotation
speed [rpm]

Time [s]
Figure 20. Transitions of TRQp and TRQ, by Speed Control

.rohm.
gv;v(\)/{g ?O?—lOI\TCo., Ltd. All rights reserved. 14/43 TSZ02201-0H5SHOCE02230-1-2

TSZ22111 « 15+ 001 04.Jul.2018 Rev.002



BD63030EKV-C Datasheet

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.

| |

| |
Bbxtggy f—————————m—mmm—mm e ——— —— 1119.1m (Typ) BVbxtssp-——————————————————————— ——— | 39.7m (Typ)

| |

| 3 .
3 ! - !

= | ®
ii | s~ |
S | 82 |
£ | c g |
a S | % g |
H: : 5 E :
Q

g° | g° |
[%2] | D |

| |

| |

| |
1xtssy 0.465m (Typ)  Ixtssp 0.155m (Typ)

0x00 OxFF 0x00 OxFF
SSU setting value SSD setting value
(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 tssp Spin up / Spin down.

tssu = 0.465m [s/%)] (Typ)
tssp = 0.155m [s/%] (Typ)

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

0.1[s/ %]
0.465m[ s/ %]

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

0.01[s/ %]
0.155m[s/ %]

Apply voltage divided resistance from Vgeg 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/%)].

=215.1

=64.5

Rotational speed Rotational speed
command command
100% 90%
PWM R PWM -
(Cordition@) [+ ! 1'/”" (Condition®) [ H100% %
H % 1%
PWM L * PWM
(COmﬂlm@) 10% ] 50% (Cor’drtlon@) 10% ] 50%
188 . 100
. Condition®:--._ L A 5 ‘ , Condmon®~.\
— Input command > 2T Input comm an
§ S Conditon®®) I (Conditon®,®)
iz Condition@ z g Condition@
28 50 - SE 50
S 119mI8/%1x89.5%10.851 = £ LL90[S/A]%89 5% =10 651
© g 119m(s/%]x39.5%=4.701s % 8 119m(s/%]x39.5%=4.700s \
g o 39.7m(s%]x90%=3.5735 : o 39.7m([s/%]x100%=3.970s "
1054 39.7m[sP%]x50%=1.985s !‘----\% 105+ 39.7m([sP%]x50%=1.985s ----Y
0 0
0 Rotational speed command transitional time [s] 0 Rotational speed command transitional time [s]
(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= Vrea, Vssp = Vrea)

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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BD63030EKV-C Datasheet

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 pF capacitor between C_M and C_P as well as a 0.1 pF 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 Vto VREG x 0.2 High . VREG x 0.6 to VREG
Output dead time 1.0 ps (Typ) 0.5 us (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 lvreg When using. For stabilization, make sure to connect the capacitor at least 1
WF 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 Vgee-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 : 0V to VREG x 0.2 ngh . VREG x 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°.

o > [
L e I S e e B S
w o [ .. . 1
ORI [ [ S O

Low rotation

detection -
AT I U I A S I I
e e e Pl-b - >
If low rotation detection is High, FG output to "HUHVHW' It switches FG to a cycle of period A/6,
360°cycle if low rotation detection is low.
regi};ter XXXX | overflow | overflow period A |
Figure 23. FG Signal
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BD63030EKV-C

Datasheet

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 o )
30 %
Shutdown
Over Voltage Protection, Under Voltage Lockout 70 % High
(18) The XIN, XOUT Pins Rxour
Please input the wave form of 10 MHz (Typ) frequency into XIN. XOouT CK1

If oscillating circuit is necessary; connect a feedback resistance and
a ceramic resonator "CSTNE10MOG55A" between XIN and XOUT. (Nete 2)

(Note 2) Please refer to P. 34 Application Example for Rxour or Rxio.

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.

XIN

g0

RXIO

GND

Figure 24. Example of Resonator Circuit Diagram

Protection Mode

Pre-driver Output
(D*H)

Pre-driver Output
(b

Charge Pump Output
(C_P,C_M)

Output
Priority

Lock Protection

Abnormal Hall Input
Detection

Over Current
Protection

External Parts
Thermal Shutdown

Under Voltage
Lockout

Low

Low

ACTIVE

Low

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 MU

regardless of other protection operations.

TE by pre-driver as the short brake
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BD63030EKV-C

Datasheet

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
Rrne) 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 Rrne 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 Rrnr, 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 us Typ), it is ignored (See Figure 27
a). Please switch to STBY mode one time in order to deactivate over current protection.

J J J Contoroller
CRNF11
RNF1 (L ‘+ OCP comparator
/
RRNF1
Digital
RRNF RRNF11 - J_ Fi?ter —
Noise mask
10us(Typ)
— AmPO N
E Y
OCP
@ C) [ OCL comparator
Digital
oot A uy . -
O Filter
Noise mask
11us(Typ)

FigL}e 25. Circuit Diagram Around Over Current Protection

Over current protection
deactivating time

Noise mask time

Over current protection

Noise mask time deactivating time

10ps 513ms 10us 513ms
el AE—— T o e
| |
| I I I [ | (!
| | | | | [
OoCP / | ) : L beud
AMPO /| i } % | | l 1/
GND i | - | | | ||
Motor ! } i | i } r: P
Rotational D \ b ol -
SPEEd b ‘ | | o I M
Lo I I [T
Orpm ; == { ' . ===k bt
| I | I ! I
! I I I | Il
fra I /‘ } | | / : |
10Hz Lo ; et ook ; o
OHz : ! - :
T | TTTTTTITTT | T
D*H/L PWM ! PWM ! PWM
(L ; (L ; I
T ' TTTTTTTTTT : T
PWM PWM Hi-Z PAM Hi-Z UM
T I (I

Figure 26. Over Current Protection 1

Noise mask time Noise mask time

Noise mask time  Over current protection deactivating time

‘ 10us‘ ‘10us‘ ‘ 10ps | 513ms ‘
|
>
ocP A ; ‘ ‘ oCP | | |
AMPO /! ! \ AMPO T T
GND o M o =7 —_ ‘
Motor ! | ! | Motor ! ! !
rotation ! ! 7 N rotation : } ! !
speed 1 1 ! ! speed | } ! 1
Orpm | \ | \ Orpm ‘ | |
| | | | |
fra } : m fra / : }
1QHz ! } ! } 1QHz : !
OHz OHz ] | X
. T . TN | |
D*H/L PWM H| D*H/L PWM | |
g | L \ }
|
TN T Uiz
PWM PWM H| PWM PWM | Hiz ] PWM
g T L

(a) Noise Filter Operation
(No Over Current Detected in Mask Time)

(b) Over Current Protection Detection / Deactivating Operation
(No Recovery if not PWM Duty = 0 % During 513 ms)

Figure 27. Over Current Protection 2
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BD63030EKV-C Datasheet

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 Rrnr1, Renre, Crnrr1, Crare1) 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 Rrnr (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 ps 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.

Current detection terminal voltage
OoCP

= /\v/\\/ \/
(DTorque is controlled after 11us once AMPO goes over OCL voltage.
AMPO H
11 i
B e > 11ps e
: | f—
GND > e <tips || KiTiksie —> 11psie—
Over current limit detection —
OCL comparator output (After Filtering) H >'10pus /7
< 10us i i —>i
Over current protection detection i — ,j
OCP comparator output (After Filtering) : : //
Rotational speed command input : ®Torque becomes 0 to protect IC from over current after
PWM input PWM 30% 10ps once AMPO goes over OCP voltage.
PWM 50% [P 50% | | PwM 50%
Motor torque —» S
Full scale = 100% >513ms;
\E/ iy
—

0% 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)

@)If PWM is re-input, it recovers from
over current protection then TRQ starts
as soft start from zero.

Motor rotational speed

- T~ /\\ \/A /

GND
MAX FREQUENCY : :
¢ >3 pulse _» ¢ > 3 pulse _» > 3 pulse R
fra ; p /
10Hz 10Hz 10HZ 10Hz
7
GND

X Frequency of rotational speed output FG

Power supply voltage /

(2Rotational speed is fluctuated for power supply voltage
VCC during current limit operation.

GND
Figure 28. Over Current Limit Circuit Operation

.rohm.
v@\;v;v(\)/{g ?O?—lOI\TCo., Ltd. All rights reserved. 19/43 TSZ02201-0H5SHOCE02230-1-2

TSZ22111 « 15+ 001 04.Jul.2018 Rev.002



BD63030EKV-C Datasheet

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 t ock can be set from 1.68 s to 15.05 s by applying voltage divided resistance from VREG on
LCSET pin.

Motor rotation statt (Lock deactivated) Lock state detection
Motor stop(Lock) Motor stop(Lock)
NP N
LCSET : J
counter W/ /T
15.05 SRS i roser
X P Motor rotational
= P s Orpm
S 836 A fra®,
[0 /: . 1
g . 1QHz =7 S K town
S 7 : OHz 0 :
S i D*H m"""""""""""""""""m' '"""
H * Hi-Z,
’ F’_,.H"JJI : ot ?
168 i PWM | PWM input =
0x00 0x7F OxFF W
LCSET inp ut Rotational speed command O FF
Rotationalspeed command ON
(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 VCC

VVCUVL E E VVCUVL i E E
Motor i Motor deceleration Motor o
rotational T rotational \/w'—
speed speed P
OHz i OHZ-eeemmmcemeeeenee }---:r ----- e
fra fra : ’
10Hz 10H= :
OHz (0] Pttt ee e e e
D*H D*H
D*L D*L
(a) Under Voltage Detection / Return Operation (b) Under Voltage Detection / Return Operation from Idling
Figure 30. Under Voltage Lockout Operation
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BD63030EKV-C Datasheet

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.

Motor

rotational :0 rotational
speed ' ' speed
Orpm + r Orpm

fra i fra

10Hz : 10Hz
OHz OHz

D*H D™H

D*L D*L

CP ' CP
CM CM

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

VCC
Motor

(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.
175°C(Typ) , 175C(Typ) .
:::*:::::: ::: ;--:::::::":::: ---- : E===22 - l-::: ::: :' """"""""
T L 1s0c(Typ) | [y ) .
Motor : yp) Motor  150°C(Typ) i Motor deceleration
rotational t Motor decelerat|o:n rotational t i :
speed : : speed A
Orpm e - — Orpm - e
fra Motor stop ! fra 5
10HZ ceeeeaeeanneee i‘;,.{-. 110 = A demmeeeeeeaaae
(0] 5 V2 - oot (0] = A H HE
D*H Hi-Z D*H Hi-Z
D*L D*L :
CP Hi-Z CP Hi-Z
C M C M

(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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BD63030EKV-C Datasheet

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.

The protection combination LOGIC | VRea

+

Detect signal _U_

EXTSD
L

1
L

Themistor
(NTC)

Figure 33. External Parts Temperature Detection Circuit Diagram

Vrhore . .
EXTSD EXTSD :
Motor )I\ MOtOI’"""“""/F ----- : : )
rotational rotational Vrhon Motor deceleration
speed speed
Orpm Orpm 1
fFG fFG H
10Hz 1QHz |
OHz ' (0] = P i
D*L D*L
(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.

HU 1 0—>»1 :]2 >z —»i ... _>|7
HV | lo > i1 >z ———») e I8 —> \ l__
HW 0 /

[
Hall Error | L ort e
Predriver OQutput Active | Low | Active Low 1 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

Figure 35. Abnormal Detection Operation of Hall Input
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BD63030EKV-C Datasheet

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

20kHz, Duty : 70%(Typ)
FG

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. 30
Boosting voltage characteristic changes according to o8 Ta=-40°C N
conditions of load, voltage, temperature and element Ta = +25 °C
variation. — 26 \
Figure 37 is characteristic of voltage and temperature without =
connecting load. o 24 o 125
Considering loading conditions ™ee 7 and element variation, > 00 as+
Boosting volatge VG is: o
Vg =2 x Vgc -2.218 V (Note 2) %20
(Note 1) It is the measuring value when connecting with 10000 pF capacitor to %
output as an external MOS-FET gate capacitance > 18
(Note 2) It is the measuring value for Vcc = 6.5 Vto 11.5 V. Please use it as a —
reference. a
816 2 x Voo - 2.218 V
> (Vec = 6.5V 10 11.5 V)
O 14

-
N

6 8 10 12 14 16 18
Supply Voltage : Ve [ V]

Figure 37. Output Voltage vs Supply Voltage
Boosting Voltage Temperature, Voltage Characteristic
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BD63030EKV-C Datasheet
Absolute Maximum Ratings (Ta = 25°C)
Parameter Symbol Rating Unit
Supply Voltage VCC, VG Vee, Va 50 \
PWM, DCIN Vewm, Vocn Vsrea \Y
TDEAD, FR, MODESEL, LCSET, PCl, V{/DEAD’VVFF" \JMODE\fEL’ \y LCSET:
PCG, SSU, SSD, RREF, INTG, PROP, PCl, YPCG, VSSU, VSSD, VRREF,
Input Voltage ™0 ) | TEST1 TEST2. TEST3. TEST4 Vinta, Verop, VTesTi, VTEST2,
’ ’ ’ V1esTs, V1EST4 VRea \Y
RNF1, RNF2, OCP, OCL, EXTSD, XIN | VANFt: Vanrz, V\;’XC; Veer, Vexrso,
HU+, HU-, HV+, HV-, HW+, HW- Viuss Vius Viva, Vivo Viwe, Viw-
VREG VRea 6 \
SREG VsgreG 6 \
Output Voltage AMPO, FG, XOUT Vawmro, Vg, Vxout VReg v
DUH, DVH, DWH VbuH, VovH, VowH 50 v
VS U, VS V,VS W,C P Vvsu, Vvsv, Vvsw, Vcp
DUL, DVL, DWL, C_M Vout, Vowt, Vowt, Vom 15 v
VREG |VREG -40 mA
8;gaegit”ty(,vme » |SREG lsrea -10 mA
FG lFa +500 HA
Storage Temperature Range Tstg -55t0 +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.

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.

Caution 2:

Recommended Operating Conditions

Limits .
Parameter Symbol - Unit
Min Typ Max
Supply Voltage Vece 6.5 12 18 \
Operating Temperature Topr -40 +25 +125 °C
Thermal Resistance®™o?2
Thermal Resistance (Typ) .
Parameter Symbol {s(Note 9 [ 2sopetes) Unit
HTQFP64AV
Junction to Ambient AT 69.8 23.6 °C/W
Junction to Top Characterization Parameterote 3 Wir 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 um
Layer Number of , . Thermal Via™ote )
Measurement Board Material Board Size Pitch Diameter
4 Layers FR-4 114.3 mm x 76.2 mm x 1.6 mmt 1.20 mm ®0.30 mm
Top 2 Internal Layers Bottom
Copper Pattern Thickness Copper Pattern Thickness Copper Pattern Thickness
Footprints and Traces 70 ym 74.2mm x 74.2 mm 35 uym 74.2mm x 74.2 mm 70 ym

(Note 6) This thermal via connects with the copper pattern of all layers.
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BD63030EKV-C Datasheet

Electrical Characteristics 1 (Unless otherwise specified Voc = 6.5 V1o 18 V, Tj = -40 °C to +125 °C, 0.1 pF between C_P to
C_M, 0.1 pF between VG to VCC, VS_U/VS_V/VS_W=GND, fxn=10 MHz)

Limits ) .
Parameter Symbol - Unit Conditions
Min Typ Max
[General]
Circuit Current 1 lcet - 26 55 UA Vewm = VSREG, Vpoon=0V
Circuit Current 2 lcce - 18 35 mA | Vpen=25V
VREG VoItage VReG 4.8 5.0 5.2 \Y lvreg = -40 mA
SREG Voltage VSREG 3.6 4.75 5.6 \Y IVSREG =-10 mA
_ _ Vec=6.5Vto11.5Y,
Boosted VoItage 1 VG1 2><Vcc 2.0 2><Vcc 1.0 2XVcc \Y fown = 625 Hz (Duty =1 %)
Vec=11.5Vto 18V
Boosted Voltage 2 Ve Vee+9 | Vee+11.5| Vec+13 \ fow = 625 Hz (Duty = 1 %)
Boosted Voltage Load vV ) 0.8 13 Vv lvg=-5mA, VCC=6.5Vto 11.5
Fluctuation a3 ' : V, frwm = 625 Hz (Duty = 1 %)
Boosted Voltage Load vV ) 0.6 10 Vv lvg=-5mA, VCC=11.5Vto 18,
Fluctuation o ' ' frwm = 625 Hz (Duty = 1 %)
Switching Frequency for fop 050 3125 375 KkHz

Voltage Boost
[ADC]

Update Voei, Vecl, Veca, Vssu,
ADC Updating Cycle tanc 9 10 11 ms | Vsso, Vinta, Verop, VRReF, VicseT
with the cycle tapc

[Hall Input]
Input Bias Current IHALL -10 0 +10 MA
Input Amplitude Voltage VHALLMIN 35 - - mVpp

Common-mode Input Voltage
Range

[Rotation Speed Instruction]™ote 1)
Minimum Rotation Speed

VHaLLem 0 - VReg-1.2 \%

Instruction ON Duty 1 Duinont 8 10 12 % | VmopeseL = Low
Minimum Rotation Speed _
Instruction OFF Duty 1 Dumorer | 3 5 7 % | VwoeseL = Low
Hysteresis 1 Dhvst 3 5 7 Y% VmopeseL = Low
Maximum Rotation Speed D 93 95 97 o v — Low
Instruction OFF Duty 2 MAXOFF2 o MODESEL =
Maximum Rotation Speed o _
Instruction ON Duty 2 Duaxonz | 88 90 92 % | VmopeseL=Low
Hysteresis 2 Dhyvs2 3 5 7 % VmopeseL = Low
Minimum Rotation Speed o o
Instruction ON Duty 3 Duinons 8 10 12 7% | VmopeseL = High
Minimum Rotation Speed o o
Instruction OFF Duty 3 Duinores 3 5 7 7% | VmopeseL = High
Hysteresis 3 Dhyss 3 5 7 % | VmopeseL = High
[Output Dead Time]Note 2

Dead Time 1 toTi 0.55 1.0 1.45 Ms | Vrpeap = Low
Dead Time 2 tome 0.05 0.5 0.95 ps | Vioeap = 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 kQ to specify the time that the output changes from 10 % to 90 % or from 90 % to 10 %.

tor1, tor2 tor1, tor2
/ﬁ/’/;‘ 90%
DUH
e \ 10%.
90%
DUL
\ J L 10%
7/
Figure 38. Dead Time Limit
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BD63030EKV-C Datasheet

Electrical Characteristics 2 (Unless otherwise specified Voc = 6.5 V1o 18 V, Tj = -40 °C to +125 °C, 0.1 pF between C_P to
C_M, 0.1 pF between VG to VCC, VS_U/VS_V/VS_W=GND, fxn=10 MHz)

Limits . "
Parameter Symbol - Unit Conditions
Min Typ Max
[Mode Change : FR, MODESEL, TDEAD]
H Level Input Voltage Vini | VRegx0.6 - VRrec \%
L Level Input Voltage VinL 0 - Vgegx0.2 \
Hysteresis Voltage ViNHYs - VReex0.11 - \"
H Level Input Current It 25 50 100 MA | V=5V
L Level Input Current IinL -10 0 +10 MA | VNn=0V
[The PWM Pin]
H Level Input Voltage Vewmn | Vsrecx0.8 - Vsrea \%
L Level Input Voltage VewmL 0 - Vsreax0.4
Hysteresis Voltage VewMHYs - \:(S)R_IE1G -
L Level Input Current lpwmL -100 -50 - HA | Vpwm=0V
H Level Input Current lpwmH -20 0 +20 HA Vpwm = Vsreg
Pin Open Detect Time tere : 513 | 530 | ms | =0 ecpen.
Pin Open Release Time tpwm - - 53 ms \é’;‘g’;’;::ofg EHO v
Input Switching Time tcHaIN - - 53 ms ¥Z§§G==\{IH(;ECI;(,QVPWM = open—0V,
[The DCIN Pin]
Input Voltage Setup Range Vocrange| 0.25 - Vregx0.95] V
H Level Input Current Iocinm - 50 100 LA
L Level Input Current Ipcine -20 0 +20 MA
DCIN STBY Release Voltage VsTBOFF 0.15 0.30 0.45 \Y Vpwwm = High
DCIN STBY Detect Voltage VsTBON 0.05 0.15 0.25 Vv Vewm = High
DCIN STBY Hysteresis Voltage | Vstahys 0.05 0.15 0.25 \Y VsteorF - VsTBON
[The FG Pin]
H Level Output Voltage VEGH 4.0 - - \ IFg=-500 pA
L Level Output Voltage VFaL - - 0.3 \ Irg = 500 pA
H Output Leak Current ILkFGH -10 - - MA | Vrg=0V
L Output Leak Current ILkFeL - - 10 MA | Vrg=5V
[Reference Clock Input Pin XOUT]
XOUTH Voltage VxoH Veeg-1.0 | VRreg-0.2 VReg \ Vxin= 0V, Ixour= -2 mA
XOUT L Voltage VoL 0 0.3 0.5 \Y Vxin=5V, 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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BD63030EKV-C Datasheet

Electrical Characteristics 3 (Unless otherwise specified Voc = 6.5 V1o 18 V, Tj = -40 °C to +125 °C, 0.1 pF between C_P to
C_M, 0.1 pF between VG to VCC, VS_U/VS_V/VS_W=GND, fxn=10 MHz)

Limits . "
Parameter Symbol - Unit Conditions
Min Typ Max
[Maximum rotation Speed Setup]
Maximum Rotation Speed Rrrern = 27 kQ, RrrerL = 160 kQ
Setup Tolerance fmaxrPM 257 264 271 Hz (Note 1)
[The SSU,SSD Pin]
_IT_{icr)T:aet(lA%r;ZS)peed Instruction Rise tssu _ 0.492 } ms | Vssu = GND, Viger = Vrea
_IT_{icr)T:aet(lA%r;ZS)peed Instruction Rise tssp _ 0.164 3 ms | Vsso = GND, Viger = Vrea
[Phase Control]
Vpca = VREG/4, Vpci= GND,
Lead Angle Gain Setup(ete 3 Grca 14 15 16 ° frwm = 625 Hz (Duty = 50 %),
TRQ duty =50 %
Lead Angle Initial Torque Setup Teal 46 50 54 % Veai = VRea/2,Vrca = VRea/2
Maximum Lead Angle Pmax 29 30 31 ° Vpca = VRea,Vrci= Vepwm = GND
[Pre-driver Output Pin]Nete
D*H/ D*L Output Oscillating _
Frequency fosc 18 20 22 kHz fXOUT =10 MHz
D*H High Voltaget VouTHH1 23 - 31 Vv Vec=18V
D*H Low Voltage VouTHL1 - 0 0.2 Vv Vec=18V
D*L High Voltagef VouTLH1 9 - 13 Vv Vec=18V
D*L Low Voltaget VouTLLt - 0 0.2 \Y Vec=18V
D*H High Voltage2 VouTHHz2 10.5 - 13.5 Vv Vec=6.5V
D*H Low Voltage2 VouTHL2 - 0 0.2 Vv Vec=6.5V
D*L High Voltage2 VOUTLH2 4.5 - 7 \Y Vco =65V
D*L Low Voltage2 VOUTLL2 - 0 0.2 \Y Vco =65V
D*H Slew Rate Rising 1 VoHusR1 10 - 55 Vius | Vec=18V
D*H Slew Rate FaIIing 1 VoHDSR1 30 - 120 V/US Vec=18V
D*L Slew Rate Rising 1 VOLUSR1 2 - 40 V/US Vco =18V
D*L Slew Rate FaIIing 1 VOLDSR1 8 - 85 V/US Vco =18V
D*H Slew Rate Rising 2 VoHusR2 6 - 45 Vius | Vec=6.5V
D*H Slew Rate Falling 2 VoHDSR2 6 - 70 Vius | Vec=6.5V
D*L Slew Rate Rising 2 VOLUSR2 1 - 10 V/pS Vco =65V
D*L Slew Rate Falling 2 VoLpsr2 6 - 55 Vius | Vec=6.5V
Diode Voltage Between VS U /
g - Vo -1.35 -0.72 -0.40 Y, Isink = -50 mA
VS_V/VS_W to GND

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.
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BD63030EKV-C Datasheet

Electrical Characteristics 4 (Unless otherwise specified Voc = 6.5 V1o 18 V, Tj = -40 °C to +125 °C, 0.1 pF between C_P to
C_M, 0.1 pF between VG to VCC, VS_U/VS_V/VS_W=GND, fxn=10 MHz)

Paramet Symbol Limits Unit Conditi
arameter mbo ni onditions
Y Min Typ Max
[Lock Protection]
I(Tvoogls)Protectlon Detect Time fLock i 8.36 i s Vicser = Veea/2
[Over Current Detect Amplifier]
Venrz = Vampo, Vener = 200 mV
Input Offset Voltage VamporsT -8 0 +8 mV Vamporst = Vampo - VRNE
Common-mode Input Range VINRNG 0.2 - 25 \ Venrz = Vavpo, VamporsT < |8 mV|
) ) ) Venrz = Vavro, Venri = 2.5 V
Source Current lamPsRC 50 WA\ ro= 2.0 V
, Vernr2 = Vavpro, Venei =0 V
Sink Current [amPSNK 50 - - HA Vawpo < 0.2 V
OUtpUt Voltage Range VouTtrnG 0.2 - 2.5 \ VRN = VAmpo, VAmPOEST < |8 mV|
] Rrnr1 = Rrnrz = 10 KQ,
Voltage Gain Range Aoc 31 32 33 dB Renri1 = Rawpo = 400 KQ
[Over Current Protection]
] ] VRrnr2 = Vawvro, VrnF = Sweep,
OCP Detect Comparator Offset | VocrorsT 10 +10 mV Voop = 500 mV
OCP Detect Time tocron - 10 35 Hs
[Over Current Limit]
OCL Detect Comparator Offset | Vociorst| -10 - +10 my | VAnr2= Vaupo, Vane = Sweep,
Voc,=1.0V
OCL Detect time tocLon - 11 35 Hs
OCL Release Time tocLorr - 11 35 Hs
[Under Voltage Lockout]
UVLO Release Voltage VvcuvH 5.5 6.0 6.5 \
UVLO Detect Voltage Vvecuve 5.0 5.5 6.0 \
UVLO Hysteresis Voltage VvcuvHys 0.3 0.5 0.7 \
[Over Voltage Protection]
OVP Detect Voltage VvcovH 17.3 20.0 22.7 \
OVP Release Voltage VvcovL 16.5 19.0 21.5 \
OVP Hysteresis Voltage VvcovHys 0.4 1.0 1.6 Vv
[External Parts Thermal Shutdown]
External Parts Thermal
Shutdown V1Hon |VReGx0.47|VRegx0.50|VRegx0.53 \Y
Detect Voltage
External Parts Thermal
Shutdown Vtuore |VRegx0.55|VRegx0.58|VRegx0.61 \Y
Release Voltage
[DIAG Output Function Using FG Duty]
DIAGH1 D 5 10 15 o Lock Protection, Abnormal Hall
(LOCK/ HALLERR) FG Duty DIAGT ° | Input
DIAG2 o Over Current Protection, Over
(OCP / OCL) FG Duty Donez | 85 90 95 % | Current Limit
DIAG3 D o5 30 35 o Thermal Shutdown, External
(TSD / EXTSD) FG Duty DIAGS ° | Parts Thermal Shutdown
DIAG4 o Over Voltage Protection, Under
(OVP / UVLO) FG Duty Dowcs | 65 70 75 % | 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
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Figure 39. Circuit Current 1 vs Supply Voltage
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Figure 41. SREG Voltage vs Supply Voltage
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Figure 40. Circuit Current 2 vs Supply Voltage
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Figure 42. VREG Voltage vs Supply Voltage
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Typical Performance Curves — continued
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Figure 43. VREG Voltage vs Input Voltage Figure 44. AMPO Voltage vs Sink Current
(The DCIN Pin STBY Detection Release / Detection Voltage) (Over Current Detection Amp Sink Capacity)
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Figure 45. AMPO Voltage vs Source Current Figure 46. FG Voltage vs Input Current
(Over Current Detection Amp Source Capacity) (The FG Pin L Level Output Voltage)
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Typical Performance Curves — continued
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Figure 47. FG Voltage vs Input Current Figure 48. VS_U Voltage vs Input Current
(The FG Pin H Level Output Voltage) (Diode Voltage between VS_U /VS_V/VS_W and GND)
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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.
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Timing Chart (Reverse Rotation)
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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 Coro;zgent Description
1 Dvect 1.0A Rectifier
2 Dvcee 30V Zener Diode
3 L 100 uH Inductor
4 Cvcct 220 yF / 35V Electrolytic Capacitor
5 Cvcee 100 yF /50 V Electrolytic Capacitor
6 Cvccs 0.1 uF/50V Ceramic Capacitor
7 Cvcca 100 pF /50 V Ceramic Capacitor
8 Cvccs 0.1uF/50V Ceramic Capacitor
9 Cout 1320 yF / 35V Electrolytic Capacitor
10 Ccc, Ccp 0.1 uF/50V Ceramic Capacitor
11 Mun, Mut, Mvh, My, Mwh, Mwe - Nch MOSFET
12 Cunt, Cvhn, Cwhh, Cuth, Cvin, Cwin 100 pF/50V 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 Cor\r;;)lﬁgent Description

14 Cun, Cvh, Cwh, Cut, Cvi, Cwi 1000 pF /50 V Ceramic Capacitor
15 Rvun, Rvu, Rvvh, Ry, Rvwh, Rvwi 51 Q Resistor

16 Run, Rvh, Rwh 47 kQ Resistor

17 Rut, Rvi, Rwi 10 kQ Resistor

18 Roun, Rout, Rovh, Rovi, Rown, Row 75 Q Resistor

19 Dout, Dout, Dovh, Dovi, Down, Dowt - Diode

20 Rrne 1mQ/5W Shunt Resistor
21 RrnFi1, RRnFe 2.2kQ Resistor

22 RRrnF11 47 kQ Resistor

23 Rampo 47 kQ Resistor

24 CrnF1, CrnFi1, CRaFa1 0.1 pF/50V Ceramic Capacitor
25 Crnr2, CrnFi2, CRNF22 100 pF /50 V Ceramic Capacitor
26 RocpH 39 kQ Resistor

27 Rocpm 4.7 kQ Resistor

28 RocpL 5.6 kQ Resistor

29 RexTtspH 1.4 kQ Resistor

30 RexTsoL 100 kQ NTC Thermistor
31 Rxout 150 Q Resistor

32 Rxio 1 MQ Resistor

33 CK1 10.000 MHz Ceramic Resonator
34 Cvreat, Cvrea? 22uF/5V Ceramic Capacitor
35 Csreait, Csreae 0.22uF/5V Ceramic Capacitor
36 RuH 150 Q Resistor

37 Hu, Hy, Hw - Hall Element
38 Chu, Chyv, Crw 0.1uF/5V Ceramic Capacitor
39 RuL 150 Q Resistor

40 Rsrea 10 kQ Resistor

41 RrpeaoL, RrrL, RmobEesELL 00 Resistor

42 RtoeapH, RrrH, RmobESELH N.A Resistor

43 Rpwm 47 kQ Resistor

44 Crwm 100 pF/5V Ceramic Capacitor
45 Rocin 47 kQ Resistor

46 Coci 100 pF/5V Ceramic Capacitor
47 Ricth, RinteH, RereH, RrReFH, Rssph, Rssuns Recah, RecH to 500 kQ Resistor

48 Rict, RintaL, RereL, RrrerL, RssoL, Rssul, Recal, Reci. to 500 kQ Resistor

49 Rra 1 kQ Resistor

50 Qra - 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 |C 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 0Q 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 Q to 10 kQ.
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1/0 Equivalence Circuit (Typ values for resistance and capacitance)
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I/0 Equivalence Circuit — continued
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I/0 Equivalence Circuit — continued
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Operational Notes

1.

10.

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.

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

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 I1C 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

11.

12.

13.

14.

15.

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) ‘
P|n A Pin B Pin B
c —2—
‘ \ Pin A | E
— B Pt 'NIPL P
i Parasitic N ] N~ N ,\
, - Flements ¥ t """ '\ Parasitic
Pl P Substrate . 4 P Substrate H Elements
JT— GND JT— GND GND = / — GND
Parasitic Parasitic N Region
Elements Elements close-by

Figure 52. 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.

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).

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.
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Ordering Information

B D6 3 0 3. 0 E K V - CE2
Package Packaging and forming
EKV: HTQFP64AV specification
C: for Automotive
E2: Embossed tape and reel

Marking Diagram

HTQFP64AV (TOP VIEW)

Part Number Marking
/
BD63030EKYV /LOT Number
/
Pin 1 Mark
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Physical Dimension and Packing Information

Package Name

HTQFP64AV
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Datasheet

Notice

Precaution on using ROHM Products
1. If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (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 CLASSIb
CLASSIV CLASSII CLASSII CLASSII

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

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

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

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

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

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

[9] 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

Notice-PAA-E Rev.003
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Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the
characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

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

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

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including 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.

Notice-PAA-E Rev.003
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General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM’s Products against warning, caution or note contained in this document.

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

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

Notice — WE Rev.001
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