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25kW WolfPACK FM3 Six-Pack Inverter

BSize:

[No Variations]

BOARD SPECIFICATIONS
-------------------------------------------------------------------------------------------------------------------------
- Dimensions: 8in by 8in, 0.093in thick, 2oz copper on all layers, ENIG, 6 layers

PRESS-FIT NOTES
-------------------------------------------------------------------------------------------------------------------------
- All other components should be 5mm from the center of the WolfPACK pins
- For the REDCUBE press-fit terminals, per the application notes, other components should be 
spaced at least 4mm away and the hole should be at least 3mm from the edge.

GENERAL NOTES
-------------------------------------------------------------------------------------------------------------------------
- The +5V_ALT power rail is required to avoid routing the +5V rail across the DC-link copper pours 
on the PCB. Only route the +12V rail across the DC-link.

Version History

V1.0 2023/04

DescriptionDateVersion

V1.1 2023/07

V1.2 2024/01

Initial release.

Added 10kΩ to gate-source, made Rg easier to access, added thermal relief, switched to 1.65V regulators, fixed inverted regulator outputs

Added: 1) ID pins, 2) CAN filter, 3) fan control, 4) CAN daisy-chain connector, 5) alternative NOPOP aux power connector (for powering from 
adapter board), 6) missing bias pin to -/+15V IC, 7) pull up/down resistors to spare GPIOs/ADCs, 8) creepage/clearange slots under gate drivers, 9) 
EPWM pins to the spare I/O connector, 10) ambient temperature measurement.

NTC switched from isolated PWM using ECAP to isolated op amp using ADC. CAN upgraded to CAN FD functionality. Switched spare ADCs to  
have DAC capability. Changed voltage/current sense circuit gains to better use ADC dynamic range. Removed overcurrent hardware (performing 
overcurrent in software). Changed some of the ADC mapping to better utilize ADCB and ADCC. Changed fan connector to avoid crimping 
requirement in assembly.

RELAY1 controlled by GPIO44; GPIO57 routed to spare pin connector; Updated spare connector pinout to reflect GPIO changes; Moved DC-DC 
converters from controller for easier insert/remove; Reduced mounting hole annular ring; Moved components hidden by heat sink to topside; Silkscreen 
& copper pour clean up; Added option to float heatsink; Fixed resolver excitation circuit; Design rule improvements; Removed thermal relief from 
press-fit pins since no soldering; Improved pin notations in footprint silkscreens; Switched +/-15V regulation circuit to LM5157QRTERQ1; Added top 
layer copper islands to DC+/- terminals of module for improved thermals

Reduced number of unique BOM items by changing the following: 1) LED resistors, 2) input power conditioning resistors & RETRY capacitor, 3) 
NTC isolated supply

BLOCK DIAGRAM

V2.0 2024/09
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Power Stage - 25kW WolfPACK FM3 Six-Pack Inv.

BSize:

[No Variations]

+15V

DC+

1
2 50V

4.7μF
C160

2W
220kΩ
R9

2W
220kΩ
R5

2W
220kΩ
R1

U TP11

2W
220kΩ
R2

2W
220kΩ
R6

2W
220kΩ
R10

U_OUT

GND

U_OUT

1
2 50V

4.7μF
C164

2W
220kΩ
R3

2W
220kΩ
R7

2W
220kΩ
R11

DC+

-15V

2W
220kΩ
R4

2W
220kΩ
R8

2W
220kΩ
R12

DC-

+15V

1
2 50V

4.7μF
C159

V

DC+

TP12

W

V_OUT

V
U

1.1kV
65µF
C110

1.1kV
65µF
C111

GND

V_OUT

1
2 50V

4.7μF
C163

DC-

-15V

+15V

1
2 50V

4.7μF
C158

DC-

W TP13

W_OUT
G1 G4

MOLEX

J6

0734151471
MOLEX

J14

0734151471 W_OUT

GND

1
2 50V

4.7μF
C162

S1 S4

G2 G5

MOLEX

J13

0734151471
MOLEX

J8

0734151471

GND

-15V

S2 S5

G3 G6

MOLEX

J7

0734151471
MOLEX

J15

0734151471
S3

M4

MH1

M4

MH2

M4

MH3

M4

MH4

S6

IU

IV

IW

BLEED RESISTORS

MOUNTING HOLES

CURRENT MEASUREMENT

GATE METROLOGY

BULK CAPACITANCE OUTPUT TERMINALS

S6
G6
S4
G4
S2
G2

S5
G5
S3
G3
S1
G1

POWER MODULE

HEAT SINK

G1
S1
G3
S3
G5
S5

G2
S2
G4
S4
G6
S6

GND_NTC

NTC1

BLEED1

BLEED2

BLEED3

DC+

DC-

1.1kV
65µF
C112

7460307
WURTH

J18

7460307
WURTH

J19

7460307
WURTH

J20

7460307
WURTH

J2

7460307
WURTH

J3

UNDERGLOW

Vf = 3.3V
I = (12V-3.3V) / 498ohm = 17mA
P = 0.017^2 / 249ohm = 72mW

GND

+12V

GND

+12V

TP3

TP2

- Floating to avoid ground loops or short circuits through mounting hardware.
- Attach using 12mm standoffs (McMaster-Carr 98952A143)

LEM

IN4,5,6

OUT1,2,3

+ 8

M 9

- 7

U26

LAH 50-P

LEM

IN4,5,6
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+ 8

M 9
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KINGBRIGHT
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PURPLE

2
1

D16
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2
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D15
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U
V
W

G1
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D
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D
C+

_2

D
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4

5

6

Q2

CCB021M12FM3T

TP4

TP1

FISCHER ELEKTRONIK

1
2
3
4

HS1

LA6/150 12V

0Ω 0.75W
R134

0Ω 0.75W
R133

- Only ground in one location to prevent ground loops.
- Depopulate resistors to float heat sink (limited isolation)

249Ω
0.25W

R115

249Ω
0.25W

R118

249Ω
0.25W

R119

249Ω
0.25W

R116

GND

+12V

GND
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KINGBRIGHT
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2
1
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2
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R80
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0.25W

R81

249Ω
0.25W

R78
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PIC15801 
PIC15802 
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PIC16001 
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PIC16201 
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PIC16301 
PIC16302 
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PIC16402 
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PID1102 
COD11 
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COD12 
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COD15 
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COD16 

PIHS101 

PIHS102 

PIHS103 

PIHS104 
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PIJ20102030405060708 

COJ2 
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COJ3 

PIJ601 

PIJ602030405 

COJ6 

PIJ701 

PIJ702030405 

COJ7 

PIJ801 

PIJ802030405 
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COJ13 

PIJ1401 

PIJ1402030405 

COJ14 

PIJ1501 
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PIJ180102030405060708 

COJ18 
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COJ19 
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PIR1001 

PIR1002 COR10 
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PITP301 
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Controller - 25kW WolfPACK FM3 Six-Pack Inverter

BSize:

[No Variations]

+5V

EPWM1A 49
EPWM1B 51

EPWM2A 53

EPWM2B 55

EPWM3A 50

EPWM3B 52

EPWM4A 54

EPWM4B 56
EPWM5A 57
EPWM5B 59

EPWM6A 61

EPWM6B 63

EPWM7A 58

EPWM7B 60

EPWM8A 62

EPWM8B 64

TEXAS INSTRUMENTS

U5B

TMDSCNCD280039C

JTAG-EMU1 1

JTAG-TMS 3

JTAG-TCK 5

JTAG-EMU0 2

JTAG-TRST 4

JTAG-TDO 6

JTAG-TDI 8

RSV0 32
RSV1 41

RSV3 44

RSV6 113

RSV7 114

RSV8 115
RSV9 116

RSV10 117

RSV4 66

RSV5 110

RSV2 42

TEXAS INSTRUMENTS

U5E

TMDSCNCD280039C

5V_0 48
5V_1 84
5V_2 98

VDD 118

VDDIO 119

GND_0 7

GND_1 10

GND_2 13

GND_3 16

GND_4 19
GND_5 22
GND_6 29
GND_7 35

GND_8 38

GND_9 46

GND_10 47

GND_11 65

GND_12 83

GND_13 97
GND_14 111

VREFLO 43
VREFHI 45

5V_3 112

RST 120

TEXAS INSTRUMENTS

U5A

TMDSCNCD280039C

GPIO16 67

GPIO17 69

GPIO18 71

GPIO19 73

GPIO20 68

GPIO21 70

GPIO22 72
GPIO23 74
GPIO24 75

GPIO25 77

GPIO26 79

GPIO27 81

GPIO28 76

GPIO29 78

GPIO30 80
GPIO31 82
GPIO32 85
GPIO33 87

GPIO34 86

GPIO35 90

GPIO37 88

GPIO40 89

GPIO41 91
GPIO44 92
GPIO47 93
GPIO48 99

GPIO49 101

GPIO50 103

GPIO51 105

GPIO52 107

GPIO53 109

GPIO54 100
GPIO55 102
GPIO56 104

GPIO57 106

GPIO61 108GPIO60 96
GPIO58 94

GPIO59 95

TEXAS INSTRUMENTS

U5D

TMDSCNCD280039C

GND

+5V_ISO

+5V_ISO

CAN_L

CAN_H

+3.3V

CAN_H

CAN_L

GND_ISOGND

GND_ISO

+3.3V

1
2 25V

0.10μF
C142

GND

+5V

GND

+5V

OE11

GND 10

Y8 11Y7 12Y6 13Y5 14Y4 15Y3 16Y2 17Y1 18

OE219

A12

VCC20

A23

A34

A45

A56
A67
A78
A89

TEXAS INSTRUMENTS
SN74LV541ATPWR

U38

GNDGND

U_HS_PWM
U_LS_PWM
V_HS_PWM
V_LS_PWM
W_HS_PWM
W_LS_PWM

VU_MEAS
VV_MEAS

VW_MEAS

IU_MEAS
IV_MEAS
IW_MEAS

VDC_MEAS

CAN_RX

CAN_TX

RELAY2_OUT
RELAY1_OUT

CONTROLLER

OTHER

PWM ANALOGGPIOPOWER

CAN

MOSFET CONTROL BUFFER

NTC_ISO

GND

LED_Y
LED_G

LED_R

LED_R

GND

LED_Y

GND

LED_G

PROGRAMMABLE LEDS

RELAY2_OUT

+5V_ISO

1
2 25V

0.10μF
C141

GND_ISO

COS
SIN

RSLV_PWM

1
2 50V

2.2μF
C153

2
1

LITE-ON
LTST-C171GKT
GREEN

D3

1
2
3
4
5
6
7
8
9
10

WURTH
61301221121

11
12

J9

+12V+3.3V
+5V

GND

AMPHENOL
L717SDE09PA4CH4RC309

NC0 1

CAN_L 2

V- 3

NC1 4

SHLD 5

O(V-)6

CAN_H7

NC28

V+9

MH 10,11

J4

Rely on controlCARD 
on-board LDOs to 
generate these reference 
rails

A1
A0

1
2 56pF

50V

C122

1
2 56pF

50V

C30

1
2 56pF

50V

C124

1
2 56pF

50V

C53

0ΩR48
0ΩR47
0ΩR79

0ΩR232

0ΩR84

0ΩR237

1
2 56pF

50V

C44

1
2 56pF

50V

C63

A1
A0

EPWM7A

GPIO55

EPWM7B

GPIO57

GND

SPARE INPUTS/OUTPUTS

CONNECTOR: SAMTEC HSEC8-160-01-L-DV-A-BL

+5V

1
2 25V

0.10μF
C152

GND

+5V

1
2 25V

0.10μF
C150

GND

+5V

1
2 25V

0.10μF
C151

GND

CAN_TX
X

X
X

X
X

X

Signals labeled with "X" are preferred not to use 
due to pre-assigned functionality on the controller

CAN_RX

X

GPIO55

GPIO57

GD_DIS

RELAY1_OUT

LITE-ON

YELLOW

2
1

D2

LTST-C171KSKT

VISUAL COMMUNICATIONS
CMD17-21VRD/TR8
RED

2
1

D1

330Ω
0.1W

R222
330Ω
0.1W

R225
330Ω
0.1W

R231

330Ω
0.1W

R221
330Ω
0.1W

R224
330Ω
0.1W

R230

A0/B15/C15/DACA 9
A1/B7/DACB 11

C7 39

B8 17

A5 21

A6 23

C3 33

A8 30

A9 34

B1 25

B10 27

C5 37

A14/B14/C4 36

B2 14

B3 12

B12 18

B6 15

B4 20

B5 26

B11 24

C1 28

B0 31

C14 40

TEXAS INSTRUMENTS
TMDSCNCD280039C

U5C

EPWM7A
EPWM7B

10kΩ
0.1W

R46

1
2
3
4

TE
640456-4

J5

CAN_L
CAN_H

GND_ISO

+5V_ISO

0Ω
R192

FAN1_OUT
FAN2_OUT

FAN1_OUT
FAN2_OUT

FAN1
FAN2

20kΩ
0.1W

R240

+3.3V

20kΩ
0.1W

R239

20kΩ
0.1W

R112
20kΩ
0.1W

R111

Fans default ON. Relays default OFF.

RELAY2
RELAY1

10kΩ
0.1W

R197

10kΩ
0.1W

R198

10kΩ
0.1W

R45

10kΩ
0.1W

R66
10kΩ
0.1W

R87

10kΩ
0.1W

R71
10kΩ
0.1W

R89

10kΩ
0.1W

R93

10kΩ
0.1W

R90

+3.3V

10kΩ
0.1W

R108

10kΩ
0.1W

R102

0ΩR50
0ΩR49
0ΩR76
0ΩR82

0ΩR234
0ΩR238

VCC11 VCC2 8

CANH 7

CANL 6RXD3

TXD2

GND14 GND2 5

TEXAS INSTRUMENTS
ISO1042BQDWVRQ1

U36

ID0
ID1
ID2

T_AMB

1
2 18pF

50V

C121

1
2 18pF

50V

C120

120Ω
0.1W

R194
120Ω
0.1W

R193

120Ω
0.1W

R196
120Ω
0.1W

R195

1 2

25V
4.7nF

C1192

34

1

100µH

L10

CAN_MIDCCAN_MIDR

CAN_HFILT

CAN_LFILT

+5V_ISO_BUF

Use NOPOP resistors for configuring ADCs or biasing GPIOs.

20kΩ
0.1W

R92
20kΩ
0.1W

R107
20kΩ
0.1W

R109

20kΩ
0.1W

R96
20kΩ
0.1W

R101
20kΩ
0.1W

R110

GND

+3.3V

ID0
ID1
ID2

IDENTIFICATION

CAN_HFILT

CAN_LFILT

0ΩR227
0ΩR233

GPIO35
GPIO54

0ΩR226
0ΩR229

1
2 56pF

50V

C148

10kΩ
0.1W

R228

1
2 56pF

50V

C149

10kΩ
0.1W

R236

10kΩ
0.1W

R223
10kΩ
0.1W

R235

GPIO54

GPIO35

PIC3001 
PIC3002 

COC30 
PIC4401 
PIC4402 

COC44 
PIC5301 
PIC5302 

COC53 
PIC6301 
PIC6302 

COC63 

PIC11901 PIC11902 

COC119 

PIC12001 
PIC12002 

COC120 

PIC12101 
PIC12102 

COC121 

PIC12201 
PIC12202 

COC122 
PIC12401 
PIC12402 

COC124 

PIC14101 
PIC14102 

COC141 PIC14201 
PIC14202 

COC142 

PIC14801 
PIC14802 

COC148 
PIC14901 
PIC14902 

COC149 

PIC15001 
PIC15002 

COC150 

PIC15101 
PIC15102 

COC151 

PIC15201 
PIC15202 

COC152 

PIC15301 
PIC15302 

COC153 

PID101 

PID102 
COD1 

PID201 

PID202 
COD2 

PID301 

PID302 
COD3 

PIJ401 

PIJ402 

PIJ403 

PIJ404 

PIJ405 

PIJ406 

PIJ407 

PIJ408 

PIJ409 

PIJ4010011 

COJ4 

PIJ501 

PIJ502 

PIJ503 

PIJ504 

COJ5 

PIJ901 

PIJ902 

PIJ903 

PIJ904 

PIJ905 

PIJ906 

PIJ907 

PIJ908 

PIJ909 

PIJ9010 

PIJ9011 

PIJ9012 

COJ9 

PIL1001 PIL1002 

PIL1003 PIL1004 

COL10 

PIR4501 

PIR4502 
COR45 

PIR4601 

PIR4602 
COR46 

PIR4701 PIR4702 
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Auxiliary Power - 25kW WolfPACK FM3 Six-Pack Inv.
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Gate Drivers - 25kW WolfPACK FM3 Six-Pack Inv.
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