1
J4 @ﬂb_ Designator ) e 3v3
5 @ﬂb_ 48V TPVIN TPGND EPC9186 BusCapacitors Revi 0.SCHDOC EPC9186_HeatsinkKit Revl 0.SchDoc
SMD Probe loop  SMD Probe loop . F%l FD.Z FD.3 PCB1 — GND Lr701 D701
100 Vmax. — Y a8V 30805 40V 30mA
% @ PCB Fiducial 100KE 0.25W SDMO03U40
48V, FD1 1 FD12 FD1.3 FD1 4 GND vde
[ ) [ ) [ ] [ ] B5453 Revl_0 - -
7 (@ (© onp Heatsink Kit
GND - EPC ——C700
_ Vin Measure S04 SO5  SO6  SO7 112,93V scale to 33V 3X100 0805
48 V Connection GND 29.2 mv/V 112.93 V maximum |3.01kE 0.125W 10nF 100V
8 1
VCC e —_
% g 8834 8834 8834 8834 AGND AGND
5V optional supply
EMPT
GND 1" Male Vert. NOTE: this sheet is temporary: valid only for release R1.1 with PCB R1.0 S N h d M
PP10 Repeat(G,1,3) Repeat(L,1,3) witch-node easure
V1 AP1065 Revl_0_100V_to SV—PSU'SCF';%SZC AP1032_Revl_1 STDRIVEG600 GateDriver temporary.SCHDOC EPC2302 Revl 0 ParallelPhaseLeg.SCHDOC Repeat(F.1,3)
48V . VCC AP1037_Rev1_2_PhaseShunt_withV_lsns.SCHDOC TPPh1
vin . Vvee o MEC . vee Vsnsl SMD Probe loop
3 0E 0.125W R Vsns2_
o epeat(VGuH)
3v3 ) 48V 3v3 Phasel
O PWMH1 VddPullup | Repeat(VGuH) Vin 3v3 Repeat(Vsns) ¥ Vsns3 TPPh2 \—QD© J1
_PWMH2 Repeat(VGuL) SMD Probe loop
- VGuL Phasel
Driver Suppl SWMHIL3], PWMH i Repeat(VGuL) — [ Phase2
pply PWMHS3 Repeat(PWMH) Repeat(sw) SN _SNIL3L SNt pooisw) Prase? o ;)rplph3 32
Repeat(SW) robe loop
PWML1 PWML Repeat(Phase) ] Phase3
PWML2 Repeat(PWML) I Repeat(VGIH) [ Phase3 @ 5
PWML3 Ll cs1 TPGND2
ZWVES | Repeat(VGIH) SRV SMD Probe |
% pP11  IPS > ocn I Repeat(VGIL) _cs2 robe foop
AP1051_Rev1_0_5Vt03V3LDO_PSU.SCHDOC 5 o ocp Repeat(VGIL) . k> GND Repeat(CS) -
VCC 3Vv3 60900213421 n — .
—— > vce 3v3 Jumper o2 (> GND (& Repeat(Vs)) AGND Motor Connection
o Repeat(VSI)
° R —Peood = GND NP = GND
EN 00 S
> EN . AGND
0 0805 LiMalevert | GND Power Stage Phase shunt and voltage sense
110kE 0.25W v Gate Drlver
AGND Repeat(CS 1.3 APlOOSfRevlflf%tadEncdr.SCHDOC
Controller Analog Interface Power Supply epeat(CS,1,3) i .
PGood R800 CS1 EPC9186_CurrentSenseOptions_Revl_1.SCHDOC — VCC EncA IDL
oo cs2 wva M3 3vs  Ence [OpEE.
0E 0.125W ¢—PGood EN cs3 Sl CS ) Repeat(IN-) L > GND Encl [0
EN .
Repeat(lIsns)
0805 EMPTY Optlon Phasel
OE 0.125W AGND e\o - Shaft encoder input
Repeat(IN+) -
FB4 Quadrature with Index
R803 " 3v3
{] L .
%60 o005 L6KE @ 100MH? 0.5A v Supports optical and hall
PWMHL [ e : Phase Current Sense Repeat(OCP.1,3) _
PWML1 2 3 AP1034_Revl_1_OverCurrentProtection.SCHDOC
PWMH2 6 : C60
PWML2 8 > 0805 opL2
PWMH3 0 9 22UF 16V Ts
% 12 1 AP1009_Revl 3 TemperatureSense_AD590.SCHDOC Repeat(Csns)
e 13 N
EncB o . GND  GND VCC  vee 3v3
Encl LEDact
Ve gg 123 Tons [lTsns AGND
Vsnsl
R 23 -
Vansz o o R66 (> AGND = Over Current Protection
sns %8 57 0805 AGND
e 30 29 10KE 0.25W =
[TV > a1 Aacnp  Temperature Sense
Isns3 gg ;’g
PGood EN | 5o = R60  ocpn
Tsns LEDact 005 GND . .
=L 140 39 |———==4 0805
[0 2% 080 oW 3-phase motar drive board using 4x BRC2302 poner Sage
mm X mi . . -
= L s % For evaluation only;, TitetEPC9186 B5453 Rev. 1.1 Efficient Power Conversion
AGND AGTND oND not FCC approved for resa|e 909 N. Pacific Coast Hwy, Ste. 23
. ATTE . * PR El Segundo, CA 90245
Contr0| |nterface con neCtOI’ H|gh Vo|tage Horsunmce H|gh V0|tage AIICWTIROSTJ%N Size: A Revision: 1 United States
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5
3v3
vee —
SR85
20805
1KE 0.25W ERL
EncdrA R8s ,
GND ’ EncA
i {EncA >
1KE 0.25W D85
GND - BZT52C3V6T-7
0805
1nF 50V
GND GND
J80 VDD
—E”CdrA 18 3v3
ncdrB ) —_—
vbb___ f35 C80
Encdrl 0805
— 4.7UF 25V $hee
59 : 20805 P2
N ; 100mil SMD GND LE O'ZSWng ,
GND EncdrB
A\ . EncB
e { EncB >
. 1KE 0.25W D86
Shaft encoder connection A D caveTs
Quadrature with Index 0805
. 1nF 50V
Supports optical and hall
GND GND
5V R8l  vbD 3v3
0805
0E 0.125W SR87
20805
1KE 0.25W HEE)
3v3 R82 VDD Encdrl Rg4
3v3 A\ A . Encl
| 0805 0805 _Encl >
0E 0.125W 1KE 0.25W D87
EMPTY i BZT52C3V6T-7
Source Selection 0805
1nF 50V
GND GND
Quadrature Encoder Interface without 5V regulator
- Efficient Power Conversion
TileAP1005 Rev. 1.1 909 N. Pacific Coast Hwy, Ste. 2
Size: A * Revision: 1 El Segundo, CA 90245
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Vin Vin Vin Vin Vin Vin
Cml Cm2 Cm3 Cm4 Cm5 Cmé
0805 0805 0805 0805 0805 0805
1uF 100V 1uF 100V 1uF 100V 1uF 100V 1uF 100V 1uF 100V
GND GND GND GND GND GND
N
GND
DC Input
100 Vmax
Vin Vin Vin Vin Vin
vGuH _ RIL vGuH _ RsL VGuH R51 veuH _ R7L “
0402 o1 0402 Q3 0402 Q5 0402 Q7 « P
10 0.1W |K:} EPC2302 10 0.1W |K: EPC2302 10 0.1W |K: EPC2302 10 0.1W |K: EPC2302 SS8PH10-M3/86A
R12 100V, 1.9mE R32 100V, 1.9mE R52 100V, 1.9mE R72 100V, 1.9mE N
VGUE = /Epciane VGuL = /Epcane VGuL 1 _/erciane VGuL = /Eepcaso: <<
VGUH 0402  0.47 1/16W 0402  0.47 1/16W 0402  0.47 1/16W 0402  0.47 1/16W
VG —* & = & =
[ Veu —————— c1 = EMPTY—— EMPTY —— EMPTY ——
EMPTY SW 5
Y@L VGIH
VeIL vGiH __ Ra VGIH R4l VGIH R61 VGIH___ R8l
0402 Q2 0402 Q4 0402 Q6 0402 Q8 @
10 0.1W IK:} EPC2302 10 0.1W IK: EPC2302 10 0.1W IK: EPC2302 10 0.1W IK: EPC2302 « P2
R22 100V, 1.9mE RA2 100V, 1.9mE R62 100V, 1.9mE RS2 100V, 1.9mE ISS8PH10-M3/86A
VGIL 1 /ercza02 VGIL 1 /ercza02 VGIL 1 /ercza02 VGIL 1 /ercza0: .~
0402  0.47 1/16W 0402  0.47 1/16W 0402  0.47 1/16W 0402  0.47 1/16W <'<'| 100v, 8A, 150Apk 10ms
c2 c4 c6 c8 NI
EMPTY —— EMPTY —— EMPTY —— EMPTY ——
o e BE e e
GND . .
Optional Diodes
Power Stage
- Efficient Power Conversion
TIt|EEPC2302 ReVl " O PhaSeLeg 909 N. Pacific Coast Hwy, Ste. 2
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3 2 5 6
R40
[ vce
0805
0E 0.125W u40
—| AD590JCPZ-R5 ca0
-—_|- * 0805
AR oon [ 100nF 50V
? -@ at 25C 4 L
AGND =
N ) —
AGND
Tsns : AGND
{Tsns |
150C scale to 3.3V
cal tRa1
0805 20805 25C scale to 2.3V
100nF 50V 7.87KE 0.25W
-55C scale to 1.7V
AGND P

© Copyright EPC 2022

Temperature sense using AD590 with separate AGND

Titt AP1009 Rev. 1.3 Efficient Power Conversion
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TIM1 TIM2
HS1 ThermalMaterial ThermalMaterial
Heatsink

t-Global t-Global

-| ” ” ” ” ” ” ” |— TG-A1780-40-40-0.5 TG-A1780-40-40-0.5
40 mm x 40 mm 40 mm x 40 mm

AlphaNovaTec
SO08FTS02 SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8
LPD4980-30BM-E48 M2 Screw M2 Screw M2 Screw M2 Screw M2 Screw M2 Screw M2 Screw M2 Screw
S1 S2 S3 S4 S5 S6 S7 S8

Standoff M2 Standoff M2 Standoff M2  Standoff M2  Standoff M2  Standoff M2  Standoff M2  Standoff M2
9774010243R  9774010243R  9774010243R  9774010243R 9774010243R 9774010243R 9774010243R 9774010243R

GND
N
e GND GND GND GND GND GND GND GND

TitIeEPC9 lSG_HeatSI n kKit_ReVl_O Efficient Power Conversion

909 N. Pacific Coast Hwy, Ste. 2

Size: A * Revision: 1 | SIS, AR
United States
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GND
N
GND
48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V
J*CMIl J*CMIZ J*CMIS J*CMM J*CMIS J*CMIG J*CMI7 J*CMIS J*CMIQ J*CMIlO J*CMIll J*CMIlZ J*CMI13 J*CMIM J*CMIlS J*CMIlG J*CMI17 J*CMIlS
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
48V 48V 48V 48V 48V 48V 48V 48V 8V 48V 48V
CMI19 CMI20 CMI21 CMI22 CMI23 CMI24 CMI25 CMI26 CMI27 CMI28 CMI29 CMI30 CMI31 CMI32 CMI33 CMI34 CMI35 CMI36
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
GN ND GND GN ND GND GND GND GND GN ND GN ND GND
48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V
CMI37 CMI38 CMI39 CMI40 CMI41 CMI42 CMI43 CMI44 CMI45 CMI46 CMI47 CMI48 CMI49 CMI50 CMI51 CMI52 CMI53 CMI54
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
GN ND GND GN ND GND GND GND GND GN ND GND GND GND GND
48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V 48V
CMI55 CMI56 CMI57 CMI58 CMI59 CMI60 CMI61 CMI62 CMI63 CMI64 CMI65 CMI66 CMI67 CMI68 CMI69 CMI70 CMI71 CMI72
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
GN ND GND GN ND GND GND GND GND GN ND GND GND GND GND
48 V DcBus Capacitors
High Power Motor Drive DcBus Capacitors
- A Efficient Power Conversion
TItIEEPC9186—BuscapaCItO rS—ReV:L—C 909 N. Pacific Coast Hwy, Ste. 23
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1 2 3 4 5
3Vv3 500 mA max.
V3
AP1020_Revl 0 5Vto3V3_PSU.SCHDOC
[Vce 2 5V o 3V3 Ve V3 V3
z
[0
£ 0 lr7e
SR71 c71 $0805
30805 0805 330E 0.125W
OE 0.125W 22uF 16V
GND
EN N D78
5Vto3.3V GND ! LTST-C193KSKT-5A
0603 Yellow
GND
N N/
GND GND
Power indicator
5V to 3V3 LDO Housekeeping Power Supply
- Efficient Power Conversion
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U100
TLV75533PDRVR
R100 R101
5V AW 3 IN ouT 2 A 3Vv3
0603 0603
OE 0.1W selne @ ek OE 0.1W
C100 CEN >——={EN C101
GND 0603 GND 0603
1uF 25V 1uF 25V
N
GND GND GND
GND
5V to 3.3V LDO power supply
+ Efficient Power Conversion
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2 3 4 5
FB4 v
i c
[ 3v3 1/
1.8kE @ 100MHz 0.5A
AGND
AGND
3V3c
U2A
TLV7022DGKR
C23 Ve 3V3c
0805 R19
2.2uF 25V 0805 | railto rail common mode comparator
8.06kE 0.25W
e 2
q 0.45 V threshold ’ .
AGND (including spikes) - . OCPn_wiredOR
a2 c13 0805
0805 OE 0.125W
1.27kE 0.25W 1nE 50V
AGND AGND AGND
R9
0805
110kE 0.25W
3V3c
[ Csns 3V3c
SR1I2ZEMPTY
30805
C21 o8 10KE 0.25W
uz2B OCPn_wiredOR
0805 OCPn >
TLV7022DGKR 100nF 100V 0805
3V3c 0E 0.125W
3V3c = =—C9 EmMPTY
GT 0805
R16 (e 1nF 50V
0805 rail to rail common mode comparator —
0805 i =
1.27kE 0.25W OE 0.125W 7 OCPn_wiredOR AGND
2.85V threshold o 2
(including spikes) Raolandicolate
not mounted
R24 cs because they are
0805 0805 mounted in
8.06kE 0.25W 1nF 50V = front of the gate
R39 ACHD driver.
AGND AGND 00
110KE 0.25W
Bi-Directional Over Current Detection
- Efficient Power Conversion
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RSp3 EMPTY

3920
100uOHM 1% 9W

{Cs >

Phase

200UE 6W
RSp2

GND

2512
200uE 6W

Phase

GND OPT 1 - If INA240A2 (50 x gain) is used, there is 100 uE shunt (2 in parallel) - gain is 5 mV/A
OPT 2 - If ACS72981 is used, do not mount the 2 shunt resistors

Phase 3V3 V3
D1
s 40V 30mA
100KE 0.25W SDM03U40
Vsns >
11293V scale to 33V st ——cz7
) 0805
29.2 mv/V 112.93 V maximum | 3.01kE 0.125W TERER 00
AGND
AGND AGND
Phase Voltage sense =
AGND

Phase Shunt and phase voltage sense

TiteAP1037 Rev. 1.2

Efficient Power Conversion
909 N. Pacific Coast Hwy, Ste. 2

Size: A * Revision: 1 El Segundo, CA 90245
) ) United States
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3 4 6
33 3v3
AGTND
Valutare se usare tutte e due le piste con uscita Allegro
Ti
AP1004_Rev1_3_CurrentSenseAmp.SCHDOC
3Vv3
p— cs RO TiAl n M=
OE 0.125W Isns
Shielded traces from shunt to control connector fons Ltsns >
R10 . AGND
Phase TiPhase
IN+ AN IN+
| OE 0.125W J:—
AGND
Phase Current sense opt 1
mount only Ti, R6, R10
Ti is inverting
Al
AP1067_Rev1_0_CurrentSensorlC.SCHDOC
3Vv3
Phase IN- e
T Alsns Rll TiAl R13
OE 0.125W EMPTY OE 0.125W
EMPTY
AGND
CS IN+ I
AGTND
Phase Current sense opt 2
mount only Al, R11, R13
Al is non-inverting
Bi-Directional Current Sense options
TitetEPC9186_Curre ntSenseOptions_ggﬂiﬁgggaﬁf:ﬁii’: IR
Size: A * Revision: 1 EL?(:%“;‘:’E‘:*E:AQOZ“S IEPG
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4 5 6
L 3V3 3v3
1 C C
[ 3v3 1/
1.8kE @ 100MHz 0.5A
EMPTY EMPTY c20
0603
AGND 3.3uF 16V
AGND AGND
"T U10
= EMPTY
|
[ IN+ g 3 ACS72981ELRATR-200B3
A0S _LCSl 5 VOUT —
T EMPTY 6] o o I 200uohm insertion +/-200 Arange
360pF 50V N Offset Voltage = 1.65 V/
z R30
3V3c Isns >
~ 0805
EMPTY —=—C50 OE 0.125W £
0603 s 0805
100nF 25V 100nF 50V
EMPTY
AGND AGND AGND
Bi-Directional Current Sensor IC - no shunt required
- Efficient Power Conversion
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2 3 4 5
i 3V 3V3 3V3i
1 C C c
[ 3v3 1/
1.8KE @ 100MHz 0.5A
il Cc2
0603 0603
100nF 25V 3.3uF 16V
AGND AGND AGND
3V3c
N R1
1008%3 %ZSW - o
: INA240A2PWR R3
8
——c4 ’ Isns
0805 6 3vic 0805 (lens >
10nF 100V 7 100E 0.125W
[N iy o Ga0s
T
VWA~ 100nF 25V
0805 b 4
100E 0.125W TIIPEDY
AGND AGND AGND
INA240A2PWR Gain 50V/V
Offset Voltage = 1.65 V
Bi-Directional 80 V Current Sense Amplifier
- Efficient Power Conversion
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4 5 6
1091
0805
1uF 25V Vins
o GND o
VCC Vin
Vins R91 1 [EN |vee + veer BST| 5
i 0805
10 Vmin. to 100 Vmax. 100KE 0.25W v 5.25V 400 mA max.
L90
D R90 Vins ) 3 6 | 1000F100V 7o R92 \Vele Ve
0805 0805
OE 0.125W fs: 417 kHz S3UH 0.5 OE 0.125W
. C90 C96 R96 o
PSU disconnect 0805 0805 0805 small size inductor current measure
2.2uF 100V | 100nF 100V 80.6kE 0.125W 4 ——C9%4 ——C9%5
0805 0805
10uF 25V 10uF 25V vee
GND GND WEq)
GND MP4581
GND
SR97
GND o 32589515 ——c93 :,gﬁoozzw 1%
40.2KE 0.125W | 0805 - 0

R93 680pF 50V

0805 GND

0E 0.125W D90

SR95 !gLTST-ClQSKGKT—SA
30805 0603 Green
9.53kE 0.125W
Power indicator
oNb GND
100 V to 5 V Housekeeping Power Supply
- Efficient Power Conversion
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6
R5
[ veo—Yee S 5V
0805
OE 0.125W
GND
GNl D NOTE: this sheet is temporary only for release R1.1
for future releases (i.e. R2.0) use the sheet without this note
Changed diode for better performance - BAT46WJ115 in SOD-323
in PCB R1.0 the footprint is smaller: SOD-523 but can accomodate SOD-323
D61
5V R77 5VPWR 5 R61
0805 N
Cc25 10E 0.125W g.SZOESOAW
R8 0805 o
[ PWMH - 10uF 10V MM5Z5V6ST1G
L 5.6V 500mwW
2.2E 0.4W NG csl : e
R26 uso 5VHS1 Il VSWN
o 0805 Il
0805 10KE 0.25W 5V 4 |vcc 16 0805
100pF 50V ’ Vo 10uF 10V
- [ VGuH >
VGuH
3 _|Hin i @ 14 VGUL »
GND GND
e 13VSWN SW
i b . 5 5VPWR
Logic
11 J_
- C26
2 SD/ODF% 10 T osos
10uF 10V
7 SGNDi . 9 !
e 1 VGIH
STDRIVEG600
[ PWML VGIL >
0805 (?S()lS
22E04W OE 0.125W V&l
C75 R76 i
o A Gate Driver
100pF 50V 10KE 0.25W
GND
GND GND
[ VddPullup
=
VddPullup is
connecoted to 3.3V
or to 5V depending
on microcontroller
voltage $R29
30805
10KE 0.25W
R30
[_OcCPn
0805
OE 0.125W
——Cl16
B . 0805
The 0 ohm resistor
can be modified to 360pF 50V
i oompetaors <7 STDRIVEG600 Half Bridge Gate Driver
B - Efficient Power Conversion
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