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EPC91200_150V_VoltageSense.SCHDOC ocen Repeat(VGuL) Repeat(VGuL) Repeat(Vsns)
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s Repeat(VSI) GND K_> AGND
PWML1 PWML g —
AGND —_— epeat( )
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3 5)
MIC5239-3.3YS
U100
R100 R101
[ 5V ’ IN ouTt ' 3Vv3
0603 0603
0E 0.1W GND 0E 0.1W
C100 C101
0603 0603
<R102
22uF 10V 22uF 10V 20603
820 0.1W
GNDP GNDP GNDP
D100
0603 Yellow
LTST-C193KSKT-5A
GND GNDP
Power indicator
Title: 5V to 3V3 500mA LDO using MIC5239-3.3YS © EPC 2024
Design #: AP1074
909 Pacific Coast Hwy. Ste 230
Revision 1.0 El Segundo, CA 90245
Date: 5/9/2024 U.S.A.
File: AP1074_Revi_0.SCHDOC awaepcacoicom
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7 8 9 10
R80
[ veo—YCC W 5V
0805
OE 0.125W
GND
R87
G'ND 5V 5VPWR 5VHS “EVAS
0805
10E 0.125W D80
0805 5V FL
4.7uF 25V 0603
R81 200V 1A 22F 1/3W
T PWMH DFLS1200 DI
0603 MM5Z5V6ST1G
2.2E 113W GND C85 5.6V 500mwW
5VHS Il VSWN
——C80 2 us8o Il
0603 o W 0805
100pFs0v | 10K O 6% 4_Jvee 20 4.7UF 25V
UVLO 15 —{ VGuH
V% 3 _|Hin 14
GND GND i b’ L—{ VGuL
13 VSWN
R82 1 |[Lin NSW,
[ PWML > 5 5VPWR
0603 Logic
2.2E 1/3W a0 —{ VoIH
—Lca RE3 2 [SBiop E 0
os02 23&30 1w 7 i f“_ . L—{ VGIL
100pF 50V : SGND 3
<~ STDRIVEG600 B S|
GND GND 5253 4.7uF 25V
0E 0.1W = — =
[ vadPullup Gate Driver Vsl Vel v
“Vddpullup is
connecoted to 3.3V
or to 5V depending $R86 N
on microcontroller 30603
voltage 10k 0.1W
R83
[_OCPn
0603
OE 0.1W
——C82
2, . 0603
The 0 ohm resistor
can be modified to SRRy
filter spikes from
the ocmparators V%
lines GND
Title: 600 V Gate Driver using STDRIVE600G © EPC 2024
Design #: AP1032
909 Sepulveda Blvd. Ste 230
Revision 3.2 El Segundo, CA 90245
Date: 12/17/2024 | Sheet of 14 i
File: AP1032_Rev3_2.SCHDOC \Www.epe-co.com
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5) 6 7 8 9 10
Vin Vin Vin
- Vin
Vin C C4 c5
0805 0805 0805
100nF 250V 100nF 250V 100nF 250V
GND GND GND
GND Decoupling Capacitors
DC Input
200 Vmax.
Vin Vin__
iy
[ VGUH >——w——y
0603 Q1
10E0.125W | vG —"] 150V 80A 3mE D1
- 1 k7% Jepcasos 200V 2A
[ Ve —w—-- ESH2PD-M3/84A
0603 Cl
0.47E 0.1W 0603
100pF 16V |
EMPTY SW SW
R2
VGIH
0603 Q2
10E 0.125W | vG — 150V 80A 3mE
- 1 K7 ¥ Jepcasos D2
[ VGIL 200V 2A
0603 Cc2 ESH2PD-M3/84A
0.47E 0.1W 0603
100pF 16V |
EMPTY i B
Optional Diodes
JP1
VSl Sk >
Net Tie
Power Stage N
GND
Title:  HB Sub Schematic -Phase Leg © EPC 2023
Design #: EPC9196 Phase Leg
909 Sepulveda Blvd. Ste 230
Revision 1.0 P/N#: EPC2304 El Segundo, CA 90245
Date: 7/1/2024 [ Sheet 4 of 14 i
File: EPC2305_MotorDrivePhaseLeg.SCHDOC \WWW.epc-co.com
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3V3c
FB1
1 3V3c
[ 3v3 1] c2
1.8kE @ 100MHz 0.5A 0603
100nF 50V
13| AGND ul
Voo ACS37003KMCATR-120B3
Bhase " Phase 12 P+ > VREF |11
34 Optional Isns filter
R1
lIP VIOUT [12 1Cout Y @
[: 0603
0E 0.1W
W 38 IP- nCid
78 15 .
GND NC T omE
16 910 1nF 50V
GND AGND
= AGND v
GND N AGND
AGND

The polarity is intentionally inverted to comply

with previous EPC motor drive inverter boards Title:  Bidirectional current sense using Hall effect sensor ACS773ECB-100B-PFF© EPC 2023

Design #: AP1078
909 Pacific Coast Hwy. Ste 230
Revision 1.0 El Segundo, CA 90245

U.S.A.

www.epc-co.com

Date: 3/25/2024 [ Sheet 5 of 14
File: AP1078_ACS773100B.SchDoc




3 4 5
3v3
V3
D1
A 30V 30mA
100k 0.1W 1% SDMO03U40-7
SR1 L
0603 0503
2.2kE 0.1W 1% 10nF 50V
GND AGND
= =
GND GND AGND AGIND
21.53 mV/IV

153.3 V maximum readable voltage

Title:  Sub Schematic

© EPC 2023

Design #: EPC9196_200V_VoltageSense

Revision 1.0

Date: 4/4/2024 [ Sheet 6 of 14

File: EPC91200_150V_VoltageSense.SCHDOC

909 Pacific Coast Hwy. Ste 230
El Segundo, CA 90245

U.S.A.

WWWw.epc-co.com
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5) 6 7 9 10
Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
B
——Cbl ——Chb3 ——Cb5 ——Cb7 ——Ch9 ——Cbll ——Cb13 ——Cb15 ——Cb17 ——Cb19 ——Cbh21 ——Ch23
1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210
GND 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
oD ——Ch2 ——Cb4 ——Cb6 ——Cb8 ——Cb10 ——Cb12 ——Cb14 ——Cb16 ——Cb18 ——Cb20 ——ch22 ——Cb24
ND 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210
10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
GND GND GND GND GND GND GND GND GND GND GND GND
Bus Bus Bus Bus Bus Bus Bus Bus Bus
——Ch25 ——Chb27 ——Chb29 ——Cbh31 ——Ch33 ——Cb35 ——Cb37 ——Cbh39 ——Cb41
- 1210 1210 1210 1210 1210 1210 1210 1210 1210
Always mount capacitors Cb1->Ch42 10UF 100V 10UF 100V 10UF 100V 10UF 100V 10UF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
——Cbh26 ——Cbh28 ——Cb30 ——Cb32 ——Cb34 ——Cb36 ——Cb38 ——Cb40 ——Cb42
1210 1210 1210 1210 1210 1210 1210 1210 1210
10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
GND GND GND GND GND GND GND GND GND
Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
——Cb43 ——Cbh45 ——Cb47 ——Cb49 ——Cb51 ——Chb53 ——Ch55 ——Cb57 ——Cb59 ——Cb61 ——Ch63 ——Cb65
1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210
10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
——Cbh44 ——Cb46 ——Cbh48 ——Cb50 ——Cb52 ——Cb54 ——Cbh56 ——Cbh58 ——Cb60 ——Cbh62 ——Cbh64 ——Ch66
1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210
10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
GND GND GND GND GND GND GND GND GND GND GND GND
Bus Bus Bus Bus Bus Bus Bus Bus Bus
——Ch67 ——Cb69 ——Cb71 ——Cbh73 ——Cb75 ——Cb77 ——Cb79 ——Cbh81 ——Ch83
1210 1210 1210 1210 1210 1210 1210 1210 1210
10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
——Ch68 ——Cb70 ——Cb72 ——Cbh74 ——Cbh76 ——Cbh78 ——Cb80 ——Cbh82 ——Ch84
1210 1210 1210 1210 1210 1210 1210 1210 1210
10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
GND GND GND GND GND GND GND GND GND
Additional capacitors
Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus Bus
EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY
——Cb85 ——Cbh87 ——Ch89 ——Ch91 ——Cb93 ——Ch95 ——Ch97 ——Cb99 ——Cb101 ——Cb103 ——Cb105 ——Cb107 ——Cb109 ——Cb111 ——Cb113 ——Cb115 ——Cb117 ——Cb119
1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210
10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY EMPTY
——Ch86 ——Ch88 ——Ch90 ——Cb92 ——Ch94 ——Ch96 ——Ch98 ——Cb100 ——Cb102 ——Cb104 ——Cb106 ——Cb108 ——Cb110 ——Cb112 ——Cbl114 ——Cb116 ——Cb118 ——Cb120
1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210 1210
10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V 10uF 100V
GND GND GND GND GND GND GND GND GND GND GND GND GND GND GND GND GND GND
Title:  DC bus capacitors © EPC 2023
Design #: EPC9196_DCbus_capacitors
909 Pacific Coast Hwy. Ste 230
Revision 1.0 El Segundo, CA 90245
Date: 3/18/2024 [ Sheet 7 of 1a i
File: EPC91200_200V_DCbuscapacitors.SCHDOC \Www.epe-co.com
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5V supply
R40
[ vcc
0805
uU40
OE 0.125W
—| AD590JCPZ-R5 c40
+ 3 0805
300pA 100nF 50V
GND @ at 25C
\ 4
NV GND
GND o~ [}
GND
150C scale to 3.3V
{_Tsns 7 GND
25C scale to 2.3V
cal 3 (F){;ols -55C scale to 1.7V
0805
100nF 50V 7.87KE 0.25W
GND GND
Title:  Temperature sense using AD590 - 0805 components © EPC 2023
Design #: AP1009_0805_2p3V
909 Pacific Coast Hwy. Ste 230
Revision 3.1 El Segundo, CA 90245
Date: 4/4/2024 [ Sheet 8 of 14 i
File: AP1009_0805_2p3V_Rev3_1.SCHDOC \WWWw.epc-co.com
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1 2 3 4 5
FB2 .
Iyl C
[ 3v3 1/
1.8kE @ 100MHz 0.5A
AGND
AGND
3V3c
3V3c
c6 3V3c
0805 .
2.2uF 25V 10KE 0.25W rail to rail common mode comparator
0.926 V threshold for +60A ’
with 12 mV/A sensitivity o TLV7022DGKR
AGND a_nd inv_erted §ignal 1 OCPn_wiredOR
(including spikes) R7 - RlO > 3v3c
g%OIEE 0.125W 0805 Lz EMPTY
: : 1nF 50V | OE0.125W ~ SR15
30805
10KE 0.25W
AGND AGND q R14
o AGND OCPn_wiredOR Yo @
0805
0805 OE 0.125W
——Cl10
110KE 0.25W 0805
1nF 50V
[ Csns 3V3c EMPTY
AGND
C9 “R12 and Co are
0805 not mounted
100nF 100V because they are
mounted in
3V3c UlB front of the gate
TLV7022DGKR ~ AGND driver.
ggos R1l rail to rail common mode comparator
3.9kE 0.125W 0805 7 OCPn_wiredOR
OE 0.125W — -
2.374 V threshold for -60A _
with 12 mV/A sensitivity
and inverted signal R9
(including spikes) 0805 C8
0805
10kE 0.25W 1nE 50V
R13
AGND AGND 0805
110KE 0.25W
Title:  Bidirectional Over Current detection © EPC 2023
Design #: AP1034
909 Pacific Coast Hwy. Ste 230
Revision 1.1 El Segundo, CA 90245
Date: 9/5/2024 [ Sheet 9 of 14 i
File: AP1034_Rev3_0_OverCurrentProtection.SCHDOC \WWWw.epc-co.com
1 2 3 ‘ 4 5




HS1
Heatsink

AT

SC1 SC2

TIM1
ThermalMaterial

t-Global
TG-Xxy 05
XmmxY mm

SC3 SC4

M2 Screw - Pan HeadM2 Screw - Pan HeadM2 Screw - Pan Head M2 Screw - Pan Head

95836A113 95836A113 95836A113 95836A113

S1 S2 S3 S4

Spacer M2 1mm Spacer M2 1mm Spacer M2 1mm Spacer M2 1mm

9774010243R 9774010243R 9774010243R 9774010243R

NP GND GND GND GND
Title: ~ Thermal material for EPC9196 © EPC 2023
Design #: EPC9196_ThermalMaterial
909 Pacific Coast Hwy. Ste 230
Revision 1.1 El Segundo, CA 90245
Date: 4/5/2024 [ Sheet 10 of U-S-A.
File: EPC91200_ThermalMaterial. SCHDOC \WWWw.epc-co.com
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3V3c
c1
a1 0603
— 7 . 100nF 16V
1.8kE @ 100MHz 0.5A Bypass capacitor
AGND
N

AGND
R1

L. ] 0603
Circuit bypass resistor oeoiw

R5
0603
3.3KE 0.1W
R4
0603
[ isnsB 5.23KE 0.1W R
lro ° Ul
20603 4. OPA365AIDBVT EQAPTY
5.23KE 0.1W AGND X > 1 lsns >
+ 0603

OE 0.1W
SR3 o~
30603 s
|3a€oaw | ook 16w

AGND AGND

Three options:

1) Bypass: place R1 only, R6 EMPTY

2) Balanced amplifier: R2=R4, R3=R5; Vout/Vin = R3/R2. Choose R2>1k€2 to have HiZ input; R1 EMPTY
3) Voltage follower: R5=02, R4=EMPTY, total gain is set by voltage divider R2,R3; R1 EMPTY

5V t0 3.3V

1) N/A

2) R2=R4=4.99k2; R3=R5=3.3k2

3) R5= 02, R4=EMPTY, R2=1.69k®2; R3=3.3kQ

5.2V t0 3.3V:
1) N/A Title: 5V to 3.3 V scale current sense rescale © EPC 2023
2) R2=R4=5.23kQ; R3=R5=3.3kQ Design #: APLxxx
3) R5= 02, R4=EMPTY, R2=1.91k®; R3=3.3k Revision 1.1 e oA
Date: 4/5/2024 [ Sheet 11 of 14 U-S-A.
File: EPC91200_5V2to3v3_Noninv.SCHDOC \Www.epc-co.com
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4 3 6
3Vv3
v —2Y
R8s
30805 TPQE1L
1kE 0.25W
EncdrA Reg
GND AN . EncA
o {EncA >
1kE 0.25W D85
€ —Lcss 6V 300mW
0805 BZT52C3V6T-7
1nF 50V
GND GND
J8o VDD
EncdrA 18 3v3
EncdrB 29 -_—
vbD___ 9 C80
_Encdl |, o 0805 s
50 4.7uF 25V 20805 TPQE2
N\ ; 100mil TH GND LkE O'ZSWng
GND EncdrB
AN . EncB
T { EncB >
Shaft encoder connection 1kE 0.25W D86
- ——C86 .6V 300mwW
Quadrature with Index 0805 BZT52C3V6T-7
- 1nF 50V
Supports optical and hall
GND GND
5V R81  vpD 3v3
0805
OE 0.125W <R87
30805 TPQE3
1kE 0.25W
3v3 R82 VDD Encdrl R84
3Vv3 AN AN . Encl
| 0805 0805 [ Enel >
OE 0.125W 1kE 0.25W D87
SulAN ——C87 .6V 300mwW
Source Selection 0805 BZT52C3V6T-7
1nF 50V
GND GND
Quadrature Encoder Interface without 5V regulator
. Efficient Power Conversion
Tile AP1005 Rev. 1.1 909 N. Pacific Coast Hwy, Ste. 23
Size: A * Revision: 1 El Segundo, CA 90245
| . United States
© Copy”ght EPC 2021 Date: 2/1/2024 Sheet 12 of WWW.EpC-C0.com
File: AP1005_Revl 1_QuadEncdr.SCHDOC
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6 Vmin. to 28 Vmax.
R70
Ve e VLVs
O 0.125W
PSU disconnect
VLVs
vivs _ R7L
0603 u70
O 0AW TPS62175DQCR o C70
EN 3 Jen ,ﬂ ; (2)620 3F 25V
EN Control | HS lim <
4 11 b L
e | o = 5.2 V 500 mA max.
_|,_ GND
L70
e Sem] | | Power | | Gate 9 _ Vout & 5V
Vout i &7 02‘3’0"% E
R Control Drive = 10uH 750mA
74 M &7 OE 0.125W
0603 Mout 10 _|vos Ip=————= 0603
= ompensaion
GND e A 5 | §1 22UF 16V
DCS-Control g ?
R75 = Expad __ AGND & GND
0603
120KE 0.1W 1% | e
= = == 5V
GND GND GND GND
IR78
30603
820 0.1W
D78
30603 Green
LTST-C193KGKT-5A
GND
Power indicator
Title: 28 V to 5.2 V Housekeeping Power Supply © EPC 2024
Design #: AP1043_5V2_0603
909 Pacific Coast Hwy. Ste 230
Revision 1.0 El Segundo, CA 90245
Date: 5/9/2024 [ Sheet 13 of 14 g
File: AP1043_5v2_0603.SCHDOC \w.epc-co.com




1 3 4 5 6 8 9 10
400 V max
i R60
1206 B U60
0E025W _| .o D " 3LNK3OGGN-TL
1206 LDO T sR62
100nF 450V 0603
B f L, 33E0IW 1% ——C62  ——C63 D60
{—)l Controller FB| 4 0805 0805 IR
= - 10UF 25V | 10uF 25V VSR 12 VV 200 mA max.
GND ! - LR61
o ToonF 16y |47KE0.1W 1% . Re4 -
680uH 0.36A 32005 15w
. . D61 !
When DC bus capacitors are present, C60 is enough Asoov 1A $R63 —cet ——ce5 ——ces ==CO
VS-1EFU06-M3/I s 0805 0805 0805 SMD Can
. . 100k 0.1W 1% 220uF 25V
When DC bus capacitors are not present, add 82 uF in parallel to C60 , RIAZ5Y)| ~asy)| dar2sY
GND Output voltage is 13 V with some ripple. To get clean 12 V, LDO is necessary
12V
1R69
$0603
10k 0.1W
D69
N0603 Blue
NLTST-C193TBKT-5A
GND
Title: 400 V to 12 V Housekeeping Power Supply © EPC 2024
Design #: AP1077
909 Pacific Coast Hwy. Ste 230
Revision 1.0 El Segundo, CA 90245
Date: 5/9/2024 [ Sheet 14 of 14 U-S-A.
File: AP1077_400Vto12V_PSU_LNK306.SCHDOC \Www.epe-co.com
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