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Sheilding

Sheilding

Sheilding

Sheilding

Sheilding

Sheilding

Sheilding

Serial_Con

BEMF_sense_A
BEMF_sense_B
BEMF_sense_C

Zero_cross_A
Zero_cross_B
Zero_cross_C

PWM_AT

PWM_AB

PWM_BT

PWM_BB

PWM_CT

PWM_CB

PFC_z_c
PFC_enable
PFC_PWM

Brake_control

Temp_sense
I_sense_C
I_sense_B
I_sense_A
I_sense_DCB
V_sense_DCB

Use J10 (PE connection)
as one of the holes for
mounting heatsink

Brake 
resistor

Line Input
PFC

PWM_PFC

Motor

GND
V_IN
I_IN

GNDA

External
-15V_A

+5V_A

+5V_D
+Vref

GND
+18V_D

PFC signals

UNI-3

Use J6:3 as PE connection

DCB_pos

DCB_pos

+18V_D+5V_D+12V_FANS

+18V_D

GND

+15V_A+3.3/5V_A

GND

GNDA

GNDA

+3.3/5V_A

+5V_D
+3.3/5V_A

+Vref

GNDA

+Vref

+18V_D
+15V_A

GND

+5V_D

+12V_FANS

+3.3/5V_A

GNDA
GND

+18V_D

+15V_A

GND

GND

GND

+18V_D+5V_D+Vref

GND

J9J9

1 2

J8

CON/40

J8

CON/40

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
29
30
31
32
33
34
35
36
37
38
39
40

Analog sensing

I_sense_B
I_sense_A

I_sense_C
I_sense_B2
I_sense_B1

I_sense_C2
I_sense_C1

I_sense_A1
I_sense_A2 Temp

+V
re

f

+1
5V

_A
+3

.3
/5

V
_A

G
N

D
A

BEMF_sense_C

Phase_A

Phase_C

G
N

D

+1
8V

_D

Zero_cros_B
Zero_cros_A

Phase_B

BEMF_sense_B

Zero_cros_C

BEMF_sense_A

V_sense_DCB

DCB_Cap_pos
I_sense_DCB_out

I_sense_DCB

Brake_control_1

J1
HDR 2X1
J1
HDR 2X1

12

IGBT Drivers

+1
8V

_D
+5

V
_D

G
N

D

PWM_BT
PWM_BB

PWM_CT
PWM_CB

PWM_AB
PWM_AT

Gate_AT
Gate_AB

Source_AB
Source_AT

Gate_BT
Gate_BB

Source_BB
Source_BT

Gate_CT
Gate_CB

Source_CB
Source_CT

+V
re

f

I_sense_DCB2
I_sense_DCB1

I_sense_DCB_out

J2

CON/10

J2

CON/10

10

7
6
5
4
3
2
1

9
8

J5J5

1 2 3

J11J11

1 2

J4J4

1 2

Power Supplies

+18V_D

+15V_A

+12V_FANS

+5V_D GNDA
GND

DCB_Cap_Pos+3.3/5V_A

J12J12

1
2

J7

JUMPERS_2_CH

J7

JUMPERS_2_CH

1

5
3

2

6
4

J3

JUMPERS_2_CH

J3

JUMPERS_2_CH

1

5
3

2

6
4

F
A
N

FAN1
FAN_60x60x25F

A
N

FAN1
FAN_60x60x25

1
2

J10J10

Power Circuit

Gate_AT

Phase_A

Gate_AB

I_sense_A1
I_sense_A2

Gate_BT Phase_B
Gate_BB

I_sense_B1
I_sense_B2

Gate_CT

Phase_C

Gate_CB

I_sense_C1
I_sense_C2

I_Sense_DCB1
I_Sense_DCB2

Brake_control_2

DCB_Cap_Pos
DCB_Cap_Neg

B
ra

ke
_r

es

G
N

D
+1

8V
_D

E
ar

th
_G

N
D

AC1
AC2

D
C

B
_P

fc
_P

os
2

D
C

B
_P

fc
_P

os
1

Source_AB

Source_BB

Source_CB

D
C

B
_P

fc
_N

eg
1

D
C

B
_P

fc
_N

eg
2

Brake_control_1

J6J6

1 2 3
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330k and 150k resistors have "SM/R_1206" footprint
in order to withstand high voltage drop (<200V).

3.235V @ Phase_B = 400V

The comparators' hysteresis
VH = 240mV

u- = 6.60V @400V

400V max

400V max

400V max

3.235V @ Phase_C = 400V

3.235V @ Phase_A = 400V

u+ <15V
u+ = 2*V_sense_DCB_half_15
u+ = 13.30V/13.06V @400V

u+ <15V
u+ = 2*V_sense_DCB_half_15
u+ = 13.30V/13.06V @400V

u+ <15V
u+ = 2*V_sense_DCB_half_15
u+ = 13.30V/13.06V @400V

u- < 7.5V
u- = 6.60V @ 
DC-Bus = 400V

3.235V @  DC-Bus = 400V

Brake ON at
DC Bus > 350V
(2.888V)

V_sense_DCB

V_sense_DCB_half_15

V_sense_DCB_half_15

BEMF_sense_C

Phase_A

Phase_C

GND

GNDA

+18V_D

Zero_cros_B

Zero_cros_A

Phase_B

BEMF_sense_B

Zero_cros_C

BEMF_sense_A

V_sense_DCB

DCB_Cap_pos
+3.3/5V_A

Brake_control_1

GND

+5V_D

GNDA

GNDA

GNDA

GNDA

GNDA

GND

+18V_D

GNDA

GNDA

+5V_D

+5V_D

GND

GNDA

GND

+5V_D

+18V_D

GNDA

GND

+18V_D

GND

+5V_D

+3.3/5V_A

+3.3/5V_A

GNDA

R139
150k-1%
R139
150k-1%

R144
220k-1%
R144
220k-1%

R148
10M
R148
10M

TP125
BEMF_C_s

TP125
BEMF_C_s

R150
270-1%
R150
270-1%

C109

10nF

C109

10nF
R140
10k
R140
10k

R137
330k-1%
R137
330k-1%

TP124
ZC_C
TP124
ZC_C

C111

10nF

C111

10nF

R147
6.8k-1%
R147
6.8k-1%

C108
10pF
C108
10pF

TP117
BEMF_B_ZC

TP117
BEMF_B_ZC

R136
10M
R136
10M

TP114
ZC_A
TP114
ZC_A

R100
6.8k-1%
R100
6.8k-1%

+

- U104B
LM393D

+

- U104B
LM393D

5

6
7

TP115
V_dcb
TP115
V_dcb

+

- U103B
LM393D

+

- U103B
LM393D

5

6
7

R155
22k-1%
R155
22k-1%

R134
330k-1%
R134
330k-1%

C112

10nF

C112

10nF

TP121
BEMF_C

TP121
BEMF_C

TP113
BEMF_A_s

TP113
BEMF_A_s

R154
470k
R154
470k

R141
470k
R141
470k

TP118
BEMF_B_s

TP118
BEMF_B_s

TP120
V_dcb_ZC

TP120
V_dcb_ZC

R131
470k
R131
470k

+

- U103A
LM393D

+

- U103A
LM393D

3

2
1

8
4

TP111
BEMF_A

TP111
BEMF_A

R157
4.7k
R157
4.7k

R145
6.8k-1%
R145
6.8k-1%

TP123
BEMF_C_ZC

TP123
BEMF_C_ZC

R159
13k

R159
13k

C100
22pF
C100
22pF

R143
22k-1%
R143
22k-1%

C113
10pF
C113
10pF

C110
10pF
C110
10pF

R130
10k
R130
10k

TP112
BEMF_A_ZC

TP112
BEMF_A_ZC

R132
22k-1%
R132
22k-1%

R153
10k
R153
10k

R152
6.8k-1%
R152
6.8k-1%

R133
6.8k-1%
R133
6.8k-1%

+

- U104A
LM393D

+

- U104A
LM393D

3

2
1

8
4

R149
330k-1%
R149
330k-1%

R128
150k-1%
R128
150k-1%

R158
2k

R158
2k

R151
150k-1%
R151
150k-1%

R138
270k-1%
R138
270k-1%

TP116
BEMF_B

TP116
BEMF_B

R126
330k-1%
R126
330k-1%

TP122
V_dcb_s

TP122
V_dcb_s

R146
330k-1%
R146
330k-1%

R142
6.8k-1%
R142
6.8k-1%

R129
10M
R129
10M

R135
330k-1%
R135
330k-1%

R127
330k-1%
R127
330k-1%

TP119
ZC_B
TP119
ZC_B
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1.65V/2.5V ref

Default +Vref=1.65V
For +Vref=2.5V solder R156 or a wire jumper

1.
65
V/
2.
5V
 r
ef

1.
65
V/
2.
5V
 r
ef

Phase Currents
Sensing

1.65V +/- 1.65V  @ +/- Imax
2.50V +/- 2.50V  @ +/- Imax
Imax = 8A at Vref = 3.3V

1.65V +/- 1.65V  @ +/- Imax
2.50V +/- 2.50V  @ +/- Imax
Imax = 8A at Vref = 3.3V

1.65V +/- 1.65V  @ +/- Imax
2.50V +/- 2.50V  @ +/- Imax
Imax = 8A at Vref = 3.3V

1.65V +/- 1.65V  @ +/- Imax
2.50V +/- 2.50V  @ +/- Imax
Imax = 8A at Vref = 3.3V

N/P

I_sense_B

I_sense_A

I_sense_C

I_sense_B2

I_sense_B1

I_sense_C2

I_sense_C1

I_sense_A1

I_sense_A2

Temp

+Vref

+15V_A

+3.3/5V_A

GNDA

I_sense_DCB_out
I_sense_DCB

GNDA

GNDA

+15V_A +Vref

GNDA

+3.3/5V_A

GNDA

GNDA

+3.3/5V_A

GNDA

+Vref

+15V_A

+3.3/5V_A

GNDA

GNDA

+3.3/5V_A

+3.3/5V_A

R109

1.6k-1%

R109

1.6k-1%

R123
47k-1%
R123
47k-1%

R156

0

R156

0

R114
5.1k-1%
R114
5.1k-1%

TP103
Ib-

TP103
Ib-

TP107
Ic-

TP107
Ic-

R108
220-1%

R108
220-1%

TP100
Ia-

TP100
Ia-

R112
220-1%

R112
220-1%

C104
47pF
C104
47pF

+

-

U100B
MC33502D

+

-

U100B
MC33502D

5

6
7

TP109
Ic_s
TP109
Ic_s

R106
7.5k-1%
R106
7.5k-1%

R119

1.6k-1%

R119

1.6k-1%

R102

1.6k-1%

R102

1.6k-1%

R104
220-1%

R104
220-1%

R117

1.6k-1%

R117

1.6k-1%

R116
220-1%
R116

220-1%

C103
100nF
C103
100nF

R118
220-1%
R118

220-1%

+

-

U101A
MC33502D

+

-

U101A
MC33502D

3

2
1

8
4

R121

6.2k

R121

6.2k

R103

7.5k-1%

R103

7.5k-1%

C106
100nF
C106
100nF

TP104
Ib+

TP104
Ib+

R122
100k-1%
R122
100k-1%

TP102
Ia_s
TP102
Ia_s

+

C107
10uF/20V

+

C107
10uF/20V

U102
LM285M
U102
LM285M

8

5

4

C105
100nF
C105
100nF

R120
7.5k-1%
R120
7.5k-1%

TP110
+Vref
TP110

+Vref

R105

1.6k-1%

R105

1.6k-1%

TP105
Ib_s
TP105
Ib_s

+

-

U101B
MC33502D

+

-

U101B
MC33502D

5

6
7

R113
7.5k-1%
R113
7.5k-1%

R124
33k-1%
R124
33k-1%

TP101
Ia+

TP101
Ia+

R115

7.5k-1%

R115

7.5k-1%

R107

7.5k-1%

R107

7.5k-1%

C101
47pF
C101
47pF

TP126
Idcb_s
TP126
Idcb_s

R101
220-1%

R101
220-1%

RV100
10k
RV100
10k

1
2

TP108
Ic+

TP108
Ic+

R125
1k-1%
R125
1k-1%

TP106
Temp
TP106

Temp

C102
47pF
C102
47pF

R111
3.6k-1%
R111
3.6k-1%

+

-

U100A
MC33502D

+

-

U100A
MC33502D

3

2
1

8
4

R110

1.6k-1%

R110

1.6k-1%

D101

BAT42

D101

BAT42
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FAULT DISABLE

DC Bus Current Sensing

0.50V  @ +Ifault

+18V_D

+5V_D

GND

PWM_BT

PWM_BB

PWM_CT

PWM_CB

PWM_AB

PWM_AT

Gate_AT

Gate_AB

Source_AB

Source_AT

Gate_BT

Gate_BB

Source_BB

Source_BT

Gate_CT

Gate_CB

Source_CB

Source_CT

+Vref

I_sense_DCB2

I_sense_DCB1

I_sense_DCB_out

+18V_D

+5V_D

GND

GND

GND

GND

+18V_D

GND

+5V_D

GND

+18V_D

+18V_D

+18V_D

GND

GND

+5V_D

GND

+Vref

+Vref

GND

GND

TP204
Gate_AB

TP204
Gate_AB

R214
75

R214
75

D213
MMSZ5251BT1
D213
MMSZ5251BT1

TP205

Gate_BT

TP205

Gate_BT

R227

7.5k-1%

R227

7.5k-1%

TP208
Gate_BB

TP208
Gate_BB

TP200
I_trip
TP200
I_trip

C204
1uF/50V
C204
1uF/50V

R224
75

R224
75

U201

IR2133S

U201

IR2133S

CAO
3

SD
6 CA-
4

VSS
7

FLT-CLR
2

CA+
5

COM
8

LO3
9

LO2
10

LO1
11

ITRIP
1

VS3
12

LIN2
26

LIN3
27

FAULT
28 HO2

16

VS2
15

VB3
14

HIN2
23

HO1
19

HIN3
24

VB1
20

HIN1
22

VS1
18

HO3
13

VB2
17

VCC
21

LIN1
25

R217

1.6k-1%

R217

1.6k-1%

TP201
Gate_AT

TP201
Gate_AT

C207
4.7uF/35V
C207
4.7uF/35V

R210
75

R210
75

C205
1uF/50V
C205
1uF/50V

R209
0

R209
0

D205
MMSZ5251BT1
D205
MMSZ5251BT1

VCC

GND

U200A
MM74HCT14M

VCC

GND

U200A
MM74HCT14M

1 2

14
7

R226

220-1%

R226

220-1%

R211
0

R211
0

R203
6.8k
R203
6.8k

1
2

TP206
PWM_BT

TP206
PWM_BT

R216
75

R216
75

TP209
PWM_CT

TP209
PWM_CT

D211
MBRS130LT3

D211
MBRS130LT3 TP210

Gate_CT
TP210

Gate_CT

D214
MBRS130LT3

D214
MBRS130LT3

D207
MURS160T3
D207
MURS160T3

U200D
MM74HCT14M
U200D
MM74HCT14M

9 8

D203
MBRS130LT3

D203
MBRS130LT3

D212
MURS160T3
D212
MURS160T3

R208
10k
R208
10k

TP213
Gate_CB

TP213
Gate_CB

U200B
MM74HCT14M
U200B
MM74HCT14M

3 4

U200F
MM74HCT14M
U200F
MM74HCT14M

13 12

TP202
PWM_AT

TP202
PWM_AT

D201
MBRS130LT3

D201
MBRS130LT3

R205

3.6k

R205

3.6k

TP215
FAULT
TP215
FAULT

R219
10k
R219
10k

D209
MBRS130LT3

D209
MBRS130LT3

C203
100nF
C203
100nF

D204
RED
D204
RED

D206
MBRS130LT3

D206
MBRS130LT3

J200
N/P

J200
N/P

12

D202
MMSZ5251BT1
D202
MMSZ5251BT1

R212
10k
R212
10k

U200C
MM74HCT14M
U200C
MM74HCT14M

5 6

R206
75

R206
75

TP207
PWM_BB

TP207
PWM_BB

R207
10k
R207
10k

R218

220-1%

R218

220-1%

R225
n/p
R225
n/p

R222
1k
R222
1k

TP214
Idcb-
TP214
Idcb-

C202
1uF/50V
C202
1uF/50V

TP203
PWM_AB

TP203
PWM_AB

R215
0

R215
0

C201

10nF

C201

10nF

R223
0

R223
0

TP211
PWM_CB

TP211
PWM_CB

C206
1nF
C206
1nF

R202
75

R202
75

R204
0

R204
0

D210
MMSZ5251BT1
D210
MMSZ5251BT1

U200E
MM74HCT14M
U200E
MM74HCT14M

11 10

R201
0

R201
0

R220
10k
R220
10k

R213
10k
R213
10k

D215
MMSZ5251BT1
D215
MMSZ5251BT1

TP212
Idcb+
TP212
Idcb+

D200
MURS160T3
D200
MURS160T3

C200
47pF
C200
47pF

D208
MMSZ5251BT1
D208
MMSZ5251BT1

R200

1.6k-1%

R200

1.6k-1%

R221

7.5k-1%

R221

7.5k-1%
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Closed - 115V
Opened - 230V

Earth_GND

AC1

AC2

DCB_Cap_Pos

DCB_Cap_Neg

DCB_Pfc_Pos2DCB_Pfc_Pos1

DCB_Pfc_Neg1 DCB_Pfc_Neg2

F300

Fuse

F300

Fuse

TP304
AC2
TP304
AC2

R308
120k/2W

R308
120k/2W

+

C305
1000uF/250V

+

C305
1000uF/250V

R309
120k/2W

R309
120k/2W

J301
Jumper
J301
Jumper

1 2

C303
10nF/3000V
C303
10nF/3000V

C302
10nF/3000V
C302
10nF/3000V

D304
V14E250

D304
V14E250

i

R307

SG-200

i

R307

SG-200

+

C304
1000uF/250V

+

C304
1000uF/250V

TP303
AC1

TP303
AC1

-
+

D303
GBU605

-
+

D303
GBU605

2

1

3

4
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From comparator

PWM from MCU

Brake_gate

Brake_gate

Brake_source

Brake_res

Brake_source

Gate_AT

Phase_A

Gate_AB

I_sense_A1

I_sense_A2

Gate_BT

Phase_B

Gate_BB

I_sense_B1

I_sense_B2

Gate_CT

Phase_C

Gate_CB

I_sense_C1

I_sense_C2

I_Sense_DCB1 I_Sense_DCB2

Brake_control_2

DCB_Cap_Pos

DCB_Cap_Neg

Brake_res

GND

+18V_D

Source_AB Source_BB Source_CB

Brake_control_1

GND

GNDGND GND

+18V_D

GND

+18V_D

GND

DCB_Cap_Pos

DCB_Cap_Neg

J300

CON/HEADER_3

J300

CON/HEADER_3

1
2
3

sense

sense

R302
0.050-1%

sense

sense

R302
0.050-1%

C301
100nF
C301
100nF

R304
0

R304
0

sense

sense

R301
0.050-1%

sense

sense

R301
0.050-1%

D300
HFA04TB60S
D300
HFA04TB60S

+

C300
10uF/35V

+

C300
10uF/35V

R306
22k
R306
22k

D302
MMSZ5251BT1
D302
MMSZ5251BT1

R305
75
R305
75

sense

sense

R300
0.050-1%

sense

sense

R300
0.050-1%

Q306
SGP10N60
Q306
SGP10N60

Q300
SKP10N60
Q300
SKP10N60

TP300
Gate_brake

TP300
Gate_brake

se
ns
e
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