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Parameter Symbol Limits Unit

Power supply voltage VCC

TjMAX

7 V

VSupply voltage for motor VM 7

20 VVG pin voltage VG

IOMAX

Topr

1000

mW

°C

°C

Operating temperature range

150 °CJunction temperature

Power dissipation

Output current

Storage temperature range

Pd

Tstg

1020

−20~+75

−55~+150

mA

Reduce power by 8.16mW for each degree above 25°C.
∗2 70mm×70mm×1.6mm glass epoxy board.
∗1 However, do not exceed Pd, ASO and Tj=150°C.

∗1

∗2

���������������������

�������
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Parameter

Supply voltage for motor

VG pin voltage
This product described in this specification isn't judged whether it applies to cocom regulations.
Please confirm in case of export.

This product is not disigned for protection against radioactive rays.

Power supply voltage VCC 4.5 5.5−

VM 3 6.5 V

V

V

−

VG 7.5 14−

Symbol Min. Typ. Max. Unit
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Driver Matrix

U-Pre
Driver

L-Pre
Driver

A31 1 28

27

26

25

24

23

22

21

20

19

18

17

16

15

2

3

4

5

6

7

8

9

10

11

12

13

14

A21

A32

A22

A11

A12

H1+

H1−

H2+

H2−

H3+

H3−

VM1

VH

+
−

+
−

+
−

+

−

+ −
Matrix

Torque
AMP

+
−

+
−

+
−

+
−

+
−

+
−

RNF1

FG

PS

EC

ECR

VM2

SB

CNF

VPUMP

CP2

CP1

GND

VCC

RNF2
Hall
bias

Charge
Pump

EXOR
OSC

PWM
Comp

Reverse Detect

Fig.1

Hall comp

Hall Amp

TSD

PS

CL

D Q

CK

Current
sense AMP
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Pin No. Function

Hall input AMP 2 positive input

Pin name

H2+

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Short brake pinSB

Hall input AMP 3 negative inputH3−

Hall input AMP 2 negative inputH2−

Hall input AMP 3 positive inputH3+

Hall input AMP 1 negative input

Output3 for motor

Resistor connection pin for current sense

Power supply for signal division

Power supply for driver

Torque control standard voltage input terminal

Capacitor connection pin for phase compensation

GND

Hall bias pin

Hall input AMP 1 positive input

Output3 for motor

Power supply fo driver

Output1 for motor

Output1 for motor

Output2 for motor

Output2 for motor

Capacitor pin 1 for charge pump

Torque control voltage input terminal

H1−

Capacitor pin 2 for charge pumpCP2

Capacitor connection pin for charge pumpVPUMP

RNF2

VCC

VM2

FG output pinFG

ECR

EC

CP1

Power save pin

Resistor connection pin for current sense

PS

RNF1

CNF

GND

VH

H1+

A12

A11

A21

A32

A22

VM1

A31
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Output pins
A1 : Pin1, 2, A2 : Pin3, 4, A3 : Pin5, 6

Hall bias
Pin8

CNF

Pin19

Torque amplifier
ECR : Pin24, EC : Pin25

Short brake
Pin20

FG output

FG : Pin26

RNF2

Pin21

Power save

Pin27

CP1 output

Pin16

CP2 / VPUMP output

CP2 : Pin17, VPUMP : Pin18

Hall input
H1+ : Pin9, H1− : Pin10, H2+ : Pin11, H2− : Pin12, 
H3+ : Pin13, H3− : Pin14

A1 A2 A3

VM

RNF1

VCC

Hn+

1k

5k

1k

1k

1k

VCC

Hn 

VCC

VH (Pin8)

100k

CP1 (Pin16)

VCC

50

VCC

FG (Pin26)

VCC

50

VCC

VM VPUMP (Pin18)

CP2 (Pin17)

2k 2k

CNF (Pin19)

VCC

50

20k

SB (Pin20)

VCC

30k

20k

PS (Pin27)

VCC

30k

355

RNF2 (Pin21)

VCC

1k

ECR (Pin24)
EC (Pin25)

VCC

1k
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Parameter Conditions

Circuit current 1
Circuit current 2

ON voltage range
OFF voltage range

Hall bias voltage

Input bias current

Minimum input level

Input voltage range
Offset voltage (+)

Hall hysteresis level (+)
Hall hysteresis level (−)

In-phase input voltage range

Fig.2
Fig.2

Fig.2

Fig.2
Fig.2

Fig.4
Fig.4
Fig.4
Fig.8
Fig.8

Fig.6
Fig.6

Fig.6
Fig.6

Fig.7
Fig.7

Fig.6
Fig.5
Fig.3

Fig.6

Fig.9

Test Circuit

IHB=10mA

EC=ECR=1.65V

Sutand by mode

Sutand by mode

Hall input Amp

Short brake

Linear range 0.5V∼3.3V

Offset voltage (−)
Input current

Input / Output gain
Output ON-resistance
Torque limit voltage

<Charge pump voltage>
Charge pump output voltage

IFG=+100µA

VCC=VM=5V

<Total>

<Hall bias>

<Power save>

<Hall AMP>

<Torque control>

ON voltage range
OFF voltage range

IO=±600mA (Upper+Lower)

<Short brake SW>

<Output>

Low voltage
Fig.6High voltage IFG=−100µA

<FG output>

Symbol

ICC1
ICC2

VPSON

VPSOFF

VHB

IHA

VHAR

VINH

VHYS+

VHYS−

EC, ECR

Ecofs+

Ecofs−

GEC

ECIN

RON

VTL

VFGL

VFGH

Vpump

VSBON

VSBOFF

Max.

1.4

−
3.6

5
17

5

40

100

−

1.0
−

−5
−

1.2

14

0.24
0.7

0.4

−
1.0

−

Min.

−

−

0.6

1.4

5

2.5

−8.0

100
5

0
5

−100
−12

0.8

−

0.3
0.16

6

2.5
−

4.6

Typ.

1.0

−2.0

−5−40 −20

−
11

−
−

−

20
−

−
50

−50
−2.5

1.0
0.5
0.2

−

10

−
−

−

Unit

µA

V
V

V

V
µA

mA

mVPP

mV
mV

mV
V

mV
µA

A/V
Ω
V

V

V

V
V

V

���� �����
����
���
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5, 6pin

RL

A1

RL=5Ω, RNF=0.33Ω

A2 A3

GND

RNF

3, 4pin 1, 2pin 13, 16pin
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Pin No.

Condition1

Condition2

Condition3

Condition4

Condition5

Condition6

L

H

M

M

H

L

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

H

L

L

H

M

M

M

M

H

L

L

H

H

L

L

H

L

H

L

H

H

L

L

H

L

H

L

H

H

L

L

H

H

L

H

L

H

L

L

H

H

L

23 24 282625

Input condition
Output condition

EC<ECR EC>ECR

27 17.18 14.15 11.12 17.18 14.15 11.12
H1+ H1− H3−H2−H2+ H3+ A1 A2 A3 A1 A2 A3

H

L

H

L

L

H

H : Upper  Tr ON
L : Lower  Tr ON

Output logic
H=2.8V
M=2.5V
L=2.2V

Input voltage

�'� �����
����
���



Fig.2

H1

VPS
5V

1.65V
RNF0.01µF

10kΩ

5VRL

H2 H3H1 H2 H3

RLRL

IHB

RN
F1 P
S

FG E
C

E
C

R V
M

V
C

C

R
N

F2 S
B

C
N

F

V
P

U
M

C
P

2

C
P

G
N

A
3

A
3

A
2

A
2

A
1

A
1

V
M

V
H

H
1+

H
1−

H
2+

H
2−

H
3+

H
3− VHB : Value of V1

VPS=5 [V]
IHB=10 [mA]

VPSON : Range of Vps output pins become
            input-output table.

VPSOFF : Range of Vps output pins become
             open.

ICC1 : Value of A1

VPS=0 [V]
Hall input condition : condition1

ICC2 : Value of A1

VPS=5 [V]
Hall input condition : condition1

10

V

A
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Fig.3

H1+

1.65V

5V

RL

H2+ H3+H1− H2− H3−

RLRL

VRNF2

RN
F1 PS FG EC

EC
R VM VC
C

R
N

F2 SB C
N

F

VP
U

M

C
P2 C

P

G
N

A3 A3 A2 A2 A1 A1 V M VH H
1+

H
1−

H
2+

H
2−

H
3+

H
3−

VPS=5 [V]

VTL : Range of VRNF2 that VM current (IM)
        become 0A.

5V5V

A1

Fig.4

H1+

1.65V
RNF0.01µF

10kΩ

5VRL

H2+ H3+H1− H2− H3−

RLRL

RN
F1 P
S

FG E
C

E
C

R V
M

V
C

C

R
N

F2 S
B

C
N

F

V
P

U
M

C
P

2

C
P

G
N

A
3

A
3

A
2

A
2

A
1

A
1

V
M

V
H

H
1+

H
1−

H
2+

H
2−

H
3+

H
3−

VHAR : HALL voltage range that output pins
          become input-output table.

VINH :  HALL input level that output pins
          become input-output table.

IHA : Value of 'A1' (Hn+=2.5V, Hn−=2.0V)
       Value of 'A2' (Hn+=2.0V, Hn−=2.5V)
       n=1, 2, 3

5V 5V 10V

Hn−=2.5 V
VINH :  Hn+−Hn−

A1 A1A2 A1 A2 A2
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Fig.5

H1+

1.65V

5V

600mA

H2+ H3+H1− H2− H3−

RN
F1 P
S

FG E
C

E
C

R V
M

V
C

C

R
N

F2 S
B

C
N

F

V
P

U
M

C
P

2

C
P

G
N

A
3

A
3

A
2

A
2

A
1

A
1

V
M

V
H

H
1+

H
1−

H
2+

H
2−

H
3+

H
3−

Ron=(VOH + VOL) / 0.6

VOH : In case output measurement pin='H' by
         input condition and IO=−600mA,
         value of 'VOH'

VOL : In case output measurement pin='L' by
         input condition and IO=600mA,
         value of 'VOL'

5V5V

A1  5, 6pin
A2  3, 4pin
A3  1, 2pin

A1  5, 6pin
A2  3, 4pin
A3  1, 2pin

RNF1

VOL

600mA

VM

VOH

Fig.6

VECR

RNF0.01µF

10kΩ

5V

RL

H2 H3H1H1 H2 H3

RLRL

RN
F1 P
S

FG E
C

E
C

R V
M

V
C

C

R
N

F2 S
B

C
N

F

V
P

U
M

C
P

2

C
P

G
N

A
3

A
3

A
2

A
2

A
1

A
1

V
M

V
H

H
1+

H
1−

H
2+

H
2−

H
3+

H
3−

GEC= { (V1−V2) / (1.5−1.2) } / 0.5
When ECR=1.65V
           value of V1 (EC=1.2V)
           value of V2 (EC=1.5V)

EC, ECR : Torque control operating range.
ECOFS : EC voltage range that VM current (IM)
            is 0A.

ECIN : Value of 'A2' (EC=ECR=1.65V)
 Value of 'A3' (EC=ECR=1.65V)

VFGH : Value of V1 (IFG=−100µA)
Hall input condition 3.

VFGL : Value of V1 (IFG=+100µA)
Hall input condition 4.

5V5V 10V

IFG

A3

VEC

A2

A1

A1
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Fig.7

H1+

1.65V
RNF

VSB

0.01µF

10kΩ

5VRL

H2+ H3+H1− H2− H3−

RLRL

RN
F1 P
S

FG E
C

E
C

R V
M

V
C

C

R
N

F2 S
B

C
N

F

V
P

U
M

C
P

2

C
P

G
N

A
3

A
3

A
2

A
2

A
1

A
1

V
M

V
H

H
1+

H
1−

H
2+

H
2−

H
3+

H
3−

VSBON : Volatge range of 'VSB' that output 
            pins become 'L'.

VSBOFF : Range of 'VSB' that output pins
             become input-output table.

5V 5V 10V

Fig.8

H1+

1.65V
RNF0.01µF

10kΩ

5VRL

H2+ H3+H1− H2− H3−

RLRL

RN
F1 P
S

FG E
C

E
C

R V
M

V
C

C

R
N

F2 S
B

C
N

F

V
P

U
M

C
P

2

C
P

G
N

A
3

A
3

A
2

A
2

A
1

A
1

V
M

V
H

H
1+

H
1−

H
2+

H
2−

H
3+

H
3−

VHYS : Voltage difference H3+ to H3− that FG
          voltage change V1.

5V 5V 10V

V1
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Fig.9

H1+

1.65V
RNF0.01µF

10kΩ

5VRL

H2+ H3+H1− H2− H3−

RLRL

RN
F1 P
S

FG E
C

E
C

R V
M

V
C

C

R
N

F2 S
B

C
N

F

V
P

U
M

C
P

2

C
P

G
N

A
3

A
3

A
2

A
2

A
1

A
1

V
M

V
H

H
1+

H
1−

H
2+

H
2−

H
3+

H
3−

VPUMP : Value of V1.

5V 5V 0.1µF

0.1µFV1
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VCC

R1

R2

R1

VH

R2

VH

Fig.10

Parallel connection

H2 H3H1

VCC

Series connection

H2

H1

H3

1'/�
<)�����	�!�
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ITL

IM [A]

0
ECR EC [V]

Fig.11

Forward torque Reverse torque
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SB EC < ECR

H

L

Short brake

Rotating forward

EC > ECR

Short brake

Reverse brake
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Fig.12

OFF

ON

OFF

ON

MOTOR

OFF

ON

RNF

VM
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Fig.13

H2+

EC

OUT

ECR

H2−

H3+

H3−

+
−

+
−

+
−

D Q

CK
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Reverse detection is triggered and set outputs to open, 
when motor rotates in the reverse direction.

Deceleration (reverse torque) when EC > ECR

Forward rotation (forward torque) when EC < ECR

Stop

Motor idles in the reverse direction by inertia.
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H1+

H2+

H3+

30°

A1 Output current

A1 Output voltage

A2 Output current

A2 Output voltage

A3 Output current

A3 Output voltage

Fig.14
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Driver Matrix

U-Pre
Driver

L-Pre
Driver

A31

A21

A32

A22

A11

A12

H1+

H1−

H2+

H2−

H3+

H3−

VM1

VH

+
−

+
−

+
−

+

−

+ −

Matrix

Torque
AMP

+
−

+
−

+
−

+
−

+
−

+
−

RNF1

FG

PS

EC

ECR

VM2

SB

CNF

VPUMP

CP2

CP1

GND

VCC

RNF2
Hall
bias

Charge
Pump

EXOR
OSC

PWM
Comp

Reverse Detect

Hall comp

Hall Amp

TSD

PS

CL

D Q

CK

Current
sense AMP

100Ω

100Ω

0.33

VCC

Servo
signal

10µF

0.1µF

0.1µF

100pF

10kΩ

1.65V

Fig.15

1µF

H3

H2

H1

VCC
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Fig.16  Power dissipation curve

∗ 70mm×70mm×1.6mm glass epoxy board.
∗ Reduce power by 8.16mW for each degree above 25°C.
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