1 [ 2 [ 3 [ & I 5 I 6 T 7 I 8 T 9 I 10 i1 I
MP2
SCREW
Contactor /. DC Link discharge DC Link module 650V 600A IGBT modules
A BATT+ % — PP PSP Py Py cTh
K1A R247]
6v2008C k349 HALL_SENSOR
HVDC+ Ro56 PHASE_A MP3
Py R38H I B @ SCREW
R257 R341 POy
R262) -5 CT5
- x ' o m for 90 sec dincharge | K267 15k 58 5] | seNsOR :
R 10W -
2k (off board Sgég DNP —_— e - gégE’F (PHASEB ) e B/ AC_MOTOR i
3B9FHXXC1-24D R152 R259 for 25 sec u hd SCREW -
| R243R318R317 R3od oo 600Vdc
R260 A\ 16 c
Fast discharge when R265 o~ < | HALL_SENSOR
MCU supply is lost R270 A PHASE_C
HVDC— Q2 . @ wes
‘T I
— ah SZNUD3112LT16 ;
[BATT-) OK\ZAO NUA 1SMAS9xxBT3G ~  IPN70R750P7SATMAL PD-C600VDC—650UF10 FFG00RO7ME4B11BOSAL FFG600RO7ME4B11BOSAL FF600RO7ME4B11BOSAL ‘ Resolver/Encoder
GV200BC MP1 0z6
SCREW : i
B External to PCB : :
MP7 External to PCB
COLDPLATE
—— CP 3001
EG’ND
x3 shielded twisted pair cable
- 22
JST GH 4
1) ® CAN1_SV.
C 254 CANLH
354 CAN1L 15
Al X CAN1_GND Sheet: Power M
@i ! T5vo—T #5
a azm D12v_in svo—T 33
GND_IN H .
<Z‘ 13 DGND_in fg&g
“ 2 GND.uutD
i”* File: power.sch <
123 . R .. . Sheet: STM32F4 Sheet: Supervisor v2.0 S—
|| St o b —— gheet: Accel Input canditioning GATE_DRIVER_RESE TD}— GATE_DRIVER_RESET| +15 o g -
THROTILE 1 PADC_15 MCO2 CLKIN GATE DRIVER_FAULT TAULT 33 Sheet: Gate driver A
- s Ter 57 o 35¢ Pk RESET - - 7 c68 5 D15V { DRAIN_TOPQ—(AVDCE
JST GH & OV_Fault_LEDD—— DSiﬁ?#iRED D ver i . uf 7 GND = GATE_TOP
—e CANZOV OC_Fault_LED ¥ D sheet: Gate driver mteUr[?Fc%Oé 0 3 D 2 SOURCEiTOPD ( S_AT]
p——————— == [530] e =
¢ canzn o o ~Fault L E DD 57 e DPWM_TOP oM TR O 11 aFAULT_TOP |5 ~T0PD
N oEw e FAULT FAULT_UC  OT_Fault LEDDr sl /—DPWM,BOT FAULT 50T 13 DIN_TOP S DRAIN_BOTC(PHASEA
. CAN2_GND PB3 SAMPLE KNTC+ " 15| KJFAULT_BQOT = GATE_BOTDH<G_AB]
si PB7 SPICS PWMAT KINTC— PWM_BOLO RE DIN_BOT ! SOURCE_BOTD]
= SPI3_MISOQ—SPLMIS8 lasp) so PUM_AB St and il & RSTO————————— 43 |
Z RTS +5 SPI3_MOS|DL_SPLMOSL S op g, V_phase_A V_phase NTC+{ File: gate_driver_IF.sch File: gate_driver.sch
D o 1> micro USlB PTC-500mA MBRO520 SPI3.SCK SPICLK <Pl ScK I_phase_A I_phase NTC- Sheet: Phase A sense
23— V+ 203 - - TEMP_A TEMP |_phase+ |_phase+ vCC
IHp——r D->2 2= =1 RIohC93 USB_D—- OV_Fault A OV_Fault I_phase— |_phase— |_phase+
hy— Ju| pyyS b+ =3 Toonf USB_D+ 2,, OC_Fault_A OC_Fault V_phase+ V_phase+ I_phase—
{26 ID>-4x o 5 PWM_AT PWM_AT_uC OT_FaultA OT_Fault  V_phase— V_phase— Vss
JST GH &4 GND Y2 8 PWM_AB PWM_AB_uC 7 condioning 5¢ _ISOLATION _______|
st ol § PWM_BT PWM_BT_uC 3 Vin+ PHASEA]  S5B-PH-SM4
for firmware upgrade I PwWM_BB PWM_BB_uC H Vin— PHASE_B
24 Sheet: Isolated CA g PWM_CT PWM_CT_uC File: phase_sense.sch
. RJHSES38004 a5 D CAN1_5V & PWM_CB PWM_CB_uC
] A canah O CANLH CAN1_RX CAN1_RX < R334 B
pes3 2, £ana. k> CAN1L CAN1_TX CAN1_TX +15 o] é Sheet: Gate driver B
- ] CAN1_GND =z! eet: Gatle driver
<3 A3 A1l DCAN1_GND; & . 3 ;
S I ayvs o 2125 5 V_phase_A V_phase_A_uC e 3 D15V § DRAIN_TOP G—(HVDCT
; DN A5 | s e |A9 S DCANZ BV | & 5 I_phase_A I_phase_A_uC Sheet: Gate driver interface B 50V £ DGND = GATE_TOPDH—G_BT
S pcs A6 mx SANH > CAN2H CAN2_RX CAN2_RX ai  TEMP_A TEMP_A_uC ULT_TOP 2 s S SOURCE_TOPD}
< Ae A X canzL o CAN2L CAN2_TX CAN2_TX g /_DPWMJOP PWM_TOP_O 14 QFAULT_TOP &
€109 aveo | - - z DPWM_BOT =55 13 DIN.TOP i DRAIN_BOT<—PHASE_B
50V D CAN2_GND =V_phase_B V_phase_B_uC PWM_BT INTC FAULT_BOT &
L. - File: CAN.sch o + 15 KJFAULT_BOT i@ GATE_BOTD—G_BB
100nF 4—1 § -phase_B l_phase_B_uC PWM_BB condian /omcf PWM_BOTOl 7 DIN_BOT ! SOURCE_BOTDY
£ c67 . & TEMP_B TEMP_B_uC V_phase_B V_phase NTC+< RSTDY 47 - | _
e <]__| a2 Sheet: Filters S I_phase_B I_phase NTC— File: gate_driver_IF.sch [ 719 File: gate_driver.sch
/U P -
£ B11 HALLS SV_phase_C V_phase_C_uC TEMP_B TEMP I_phase+{ Sheet: Phase B sense -
2VE g B T s PHALLSIN HALL-0UT HALL_S N | phase C |_phase C_uC DOV_Fault8 OV_fault Lphase—(]}_\—(]\,phaseJr vee
k3 PAIANT B4 | g B2A |FBl2y¢ D HALL2_IN HALL2_OUT HALL_2
o 85 89 HALLL TEMP_C TEMP_C_uC OC_Fault_B OC_Fault V_phase+<} Kl_phase— I_phase+
g 85 B1C 22 D HALLL_IN HALL1_OUT HALL_1 o7 Fault B OT Fault v oh kv oh oh
E THROTILE 2+ B6 | g B1A [-BLOs¢ MOTORTEMP+ b \OTOR NTC+ TEMP_OUT TEMP_MOTOR _Fault_ a] mrw’amijg.“ _p asefﬂ}—\_o\/,phaSEJr _p aE\:/ES;
THROMEL-  B7 | g5 MOTORIEMP= b MOTOR_NTC— e ISOLATION
mROMELe BB | File: hallfilters.sch — | L ISOLATION .
e % fe: et iters.se : Vin+ PHASE_B|  S58-PH-SML4
B wooweee o1 foy Sheet: resolver = i . Vin— PHASE_C
L ] MoorTeMe- €2 | excs lexc s = SPI3_NSS ile: phase_sense.sc
g Bsssv G313 coc Filx £xc= KJEXC— MISO SPI3_MISO
é BISS_MA+ Ch ch C2A Eiz}( SIN+ DSIN+ CLK SPI3_SCK +15 35 1 -
g ama <5 {cs cie 9% Sit= DSIN- SAMPLE PB3 53] Sheet: Gate driver C
® BISS.GND E: c6 c1a L0 £05+ DCOS+ RDVEL PC14 C148 5 515V : DRAIN_TOP<—HVDCT
2 BISS_SLO- 7 cos- COS— 4.7uF : —
= BISS_SL0+ 8 | g EF>le . Sheet: Gate driver ig;eur[?c%'og 5;\/ ; DGND = SOUGRAEE,%EES Gs:g
(. ile: ver. —_— 1O
7 0| 11 QFAULT_TOP & -
cos- o1 | s - PWM_CT PWM_TOP PWM_TOP_O 3 DIN_TOP 3 DRAIN_BOT<—PHASE_C
g cos+ 02 | oy Sheet: BiSS interface PwM_CB condltion] PWM_BOT FAULT_BOT 15 IFAULT BOT & GATE_BOTDH<G_CB
t SIN- D3 D11 155 + . _phase_ _phase + + — ! T H -
F e Bssse B BISS_SLO V_ph C V_ph NTC NTC PWM_BOT_O =
s D3 D2C =X BiSS_SLoD— 5T 7 DIN_BOT 1 SOURCE_BOTD—S_CB
£ Exce 04 | o oon 012 Bissslo- S BiSS_SLO— - |_phase_C I_phase NTC - NTC— RSTDﬂ - : -
o Exc— 05 09;: BissMAy  ARISS MA+ i TEMP_C TEMP I_phase+<] File: gate_driver_IF.sch . File: gate_driver.sch
H 05 pic 22 BISS_MA B BiSS_MAG—
S siNe 06 | pg bia [-DL10s¢ ot e—(IBISS_MA- OV_Fault_C OV_Fault I_phase—< Sheet: Phase C sense a Gate drivers external
& MOTOR TEMP+ 07 | o7 SHiIELD |-PS1 S5V BiSS BiSS. CS PD2 0C_Fault_C OC_Fault  V_phase+d Kl_phase+ vCcC h trol board
woroRteMe- DB | oo o > Bis5 Mo KIGND_BiSS - OT_Fault_C OT_Fault _ V_phase-4 Kl_phase— I_phase+ 0 controt boar
- P$3 2 File: BiSS.sch Fies condonmg.seh T KV_phase+ I_phase—
SHEL PS4 AGND_sHIELD File: ice40_FPGA.sch Sheet: Vbus conditioning V. phase— VSS
ne: 1 | . _— -
SHIELD - 220: Diom L—0V_Ffault IN+G— _ISOLATION ______| -
- ohme@ z - ! i — -
. [J)it Temp SADC_TEMP ouTt IN—-<— i x[ﬂJr E::gE_C S5B—PH-SM4
] PRETIE 5 File: temp.sch File: diff_to_single_ended.sch e phase sensle =<k n- EA
B K . - .
S 4 Gate driver supply +3.3 P
S R — ] voltage sensing Sheet: sheet5D0562D2
g2 VDDin @ VDDoutd
= 5‘-)1 PB10_TX GNDin__i=1 GNDout<
i CONN_SPI File: isolated_5v.sch
+3.3 a +5 +3.3A ;
- = Sheet: Protected GPIQs Sheet: DC_link Vsense
T i ;T 1 - ‘
SPLMISO L2 PATANT _q0UTL IN1 PA7 LED_GREEND} o - 1D52 BEAD-2200hm@100khz B pVDD2 3 VDD1<H
SELMISO 4¢3 44> PC13 < 2¢—DGND2 (B GND1te
SPLMOSI 05 gy pas  [A0UI7 IN2 PeLs e +33 g +33A Vout+ {3 Vin+ HVDC+
G SPLAK 7 o> [ouTs N PELS LED_REDD) oo R SR f\—_’o"l_ Vout— &  Vin- HVDC—
127 File: GPIUs.sch Fle- MCU<ch +3.3 RED % Czl‘ai ii?z File: phase_voltage_sensor.sch
VTP, tov 1oV
SNON____1¢D AUX_SUPPLY +15 GREEN
ano M Des NET-TIE N7
-E‘m'—jﬂﬁ w1 MP6
+3.3 GREEN SCREW
T I""Dsw-m
ngul TPL TP10 mechanical support only
|| TESTPOINT TESTPOINT
panel moust conn: Shielded CATS cable. Connect shield to chassis
RCP-5SPFFH-TCU7001
H
THE HARDWARE IS PROVIDED "AS _IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
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PCB temperature sensor

R1

+3.3A

NTC 10k

Temp

Rev: 1

Id: 2/34

Date: 2019-08-15

Title: Controller temperature sensin‘g

Sheet: /Board temperature/
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+3.3A
2nd order filter Differential to single ended Overvoltage protection
(fC=240|(|12) 120pF % —E—
96
H o R172 Trip at 550Vdc
+3.3A q ok R18 'Y E
(24
. U3A )7 3+
RSO“E s A\ TLV9002IDR testpoint X 1 &>1-e——PD0OV Fault
V_phase— D L00R R:ilo;l = Open drain output,relies
c53 V,phase c111 ADCMP392ARZ on R242 pullup to 3.3v
V_phase+ D 1008 C119 100pF U27A
R79 100pF
| R76 ANA
: ANA ;
ANA Place close to AC pin
+3.3A
Overcurrent protection
R49
————Em————
+3'jAsanmv offset when sensor is ) P positive current +3.3A
disconnected U3B 115 comparator
g TLV9002IDR ;
R305E) AN\ g, . ais testpoint 3[3
I_phase—D- 100%] . F 61 ANA final TF with ISB sensor=300A/V UO 1 DOC_Fault ~N
54 56 R15 z 2] & o
phase+ D> — R 5 + Ope’v;zz?ln ﬁutp:t,r;llses g =)
-P RB1 Res  220PF ADCMP392ARZ on k2al pullip fo Sov €36 3 S
P €95 R17 R115 +3.3A UbA 100 2 =
g 120pF nFlo3 >
3 =
<<
ANA +
ANA R63
L,,,,,,,,fl{,,,,j +3.3A negative current
Place close to AC pin comparator
3 >+
b, . IR
£ €90
o ADCMP392ARZ
@ 100nF U4B
ANA
+3.3A
NTC signal conditioning Overtemp protection
+3.3A o i ame resistance as
é ?ufﬁ'g‘«"m 0106°C) ﬁ Set to 100°C
-~
U148 o
TLV9002IDR & 5
+
- 7 6 1 &L-e——D0T fault
10k el
Open drain output,relies
+ R182
o ADCMP392ARZ on R274 pullup to 3.3v
100pF$ u228
A AXA N
D TEMP
R146
€120 THE HARDWARE IS PROVIDED "AS_IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED)
100pF INCLUDING BUT NQOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
A COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
o | Title: Signal conditioning and fault trips Rev: 1
Sheet: /conditioning A/ Ild: 3/34
PowerDesigns.ca Date: 2019-08-15
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1 [ 2 [ 3 [ 4 [ 5 [ 6
€226
H R31g  ONP
ilter o v=30v to 15v
protection DNP
DMP40475SD—13
L5 DMP40O475SD-13 198
L4 4.7uH 5] Q3A 1uF
. PLT5BPH5013R1SNL FUSE 24 SLOW 50v A
12v_in D+ L 4 15v
o 6 €236
ve19 4.7uF 4.7uF 22uH c45
A 57P6SHB36ATIG 5ov$$5ov 5 2A éé\F/ 100nF
GND_in D I "
cu2
100nF JULIELLE 197 229 R75
50V
z 8. Vin FB |3 Ql._Enm == 330nF 100pF 10k
2| comp bR L6 BSC123N08 N 50V 50V 100mW
71 FA/SYNC  Isense T ] RS
R13 4
AGND PGND q
46,4k <
R37
zsov 18m0hm
R12
c7 1.78k
820pF ==
50V €40 B
180nF
10V
Ov-30v to 5.0v 3A SMPS 3.3v LDO requlator
L ° ° L
cu3
10nF Lo
FUSE 2A SLOW e LM22676QTJ—5.0 100V UEDN
2
i el 5V BD33HC5MEF)
c5 €235 €39 PWR L
4.7uF 4. 7uf 1uF Sw P PNEEPAPY . e 81 vin Vo [ D 3.3V
50V 50V
c 50V a.ggkg F8/Vo_s 12— BJR1%3 C
cu6 C47 oo 50 en 4 c51 €52 = 073
i 22uF 22uF 5.6v zener 2ZUFCZ3O NE | gy 100nF 22uf 3.9v zener
10V wov N7 10V 31 GND NC B g sov iov N
A ! 100pF EGND ne 1% B GND_out
B < h h R138
L] EN EP(GND) ! zener/tvs to sink
BURN power in case of overvoltages, overvoltages
mostly due to excess voltage applied
on a schottky—protected input.
[ Delay 3.3v rail for FPGA [
5v MCP1824T—1202€_0T [POWer sedvencing
1 5
IN ouT ® D1.2v
€210 5 SHDN PWRGD |-+ c211
1uF 1uF
1ov " I7 GND T tov
!
THE HARDWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED
INCLUDING BUT NQOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
D PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR D
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
Title: Power supplies Rev: 1
Sheet: /Power/ Id: 4/34
PowerDesigns.ca Date: 2019-08-15
1 T 2 T 3 I [ 5 6




2nd order filter Differential to single ended = Overvoltage protection

(fc=240kh2) 120pF
HCN“ R180 Trip at 550Vdc

R177

+3.3A < TR0 3

g U16A )18
REOGﬁ A TLV90O02IDR testpoint
R99 R105 R50

V_PhESE— D [L00R v

V_phase+ D>

R100 : R106

R178

+ .
1 S>L1-e——DOV Fault

10k 2
R179 Open drain output,relies
DV_phase C115 ADCMP392ARZ on R242 pullup to 3.3v

100pF U29A

€138
100pF

ANA

Place close to AC pin

+3.3A

Overcurrent protection

R160

positive current +3.3A
comparator

+3.3A o—f5)—o

600mV offset when sensor is

disconnected U168 J19

R307 3 TLV9002IDR i
] A\ R101 R107 R52 testpoint

|_phase—-D 1008} A0 61— ANA final TF with IS8 sensor=300A/V
c62 coh

3

+
>1 DOC_Fault ©y17¢c @uiec
P Open 2raln output,relies
R241 pullup to 3.3
ADCMP392ARZ on pullup fo 3.5v 38

UL7A 100nF

2

51+

ETE Lt
I_phase+D 1008 - 50
R119 +3.3A

R102 : R108

R55

TLV9002IDR

N
o
<
~
o
M
a
=
)
a
<

230k

. R161
: ANA +3.3A negative current

comparator

ANA

Place close to AC pin

5

R150

+
>

6

Cc92
ADCMP392ARZ
100nF u178

R151

ANA

+3.3A

NTC signal conditioning

+3.3A

Overtemp protection

<— same resistance as

NTCatrip e 5500}
E (495 Ohm ©100°C) R201 Set to 100°C

R198

U348
TLV9002IDR

R199

+ .
U oL1-e——D0T fault

: - : Open drain output.reli
pen drain output.relies

+ R200 R274 pullup to 3.3
136 ADCMP392ARZ on Ra74 pullup to 3.3v

U35A

ANA___ ANA. ANA

L
PARTI RPOSE
COPYRIGHT HOLDERS

AB
T * | Title: Signal condition

Place clase to ADC pin
Sheet: /conditioning C/ Ild: 5/34

PowerDesigns.ca Date: 2019-08-15
4 [




5v to 3.3v with overvoltage protection and filtering

+5
] <
e
£
R66
IN-D- o
R67
IN+D- ]
TVS26

R65
OR

TPSMF4L5.0A

$

N
N4

= TVS27

Optional ref for
differential input

c15 || _DNP
I
R321

o——3—o

ues
TLV9002IDR

— &= R322

R68 . z OUT
o i c16
R69 100pF
R320 Cil4 P

10k
Place close to AC pin

R337

Id: 6/34

THE HARDWARE IS PROVIDED "AS
INCLUDING BUT NOT LIMITED TO
PARTICULAR PURPQOSE AND NONI
COPYRIGHT HOLDERS BE LIABLE
Title: 5v to 3.3v conditi
Sheet: /Accel input conditioning/
PowerDesigns.ca

Date: 2019-08-15
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5v to 3.3v with overvoltage protection and filtering

R330

5 o———(1—9

P UBA

2] TLV9002IDR

& R325
IN-D — 2 -
Q326 C249 5 OUT
IN+D> LE 100pF i €252
= TVS29 €250

R324
OR

TPSMF4L5.0A

VS28 g
E

TPSMF4L5.0A

Optional ref for
differential input

R339

€251 ||_DNP
I

z 100pF

Place close to AC pin

Sheet: /Regen input conditioning/

Id: 7/34

Date: 2019-08-15
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3 T [ T 5 T 3
A
1st order filter Differential to single ended Overvoltage Protection
C184 100pF i
” P L33n Trip at 550Vdc ||
R114
+3.3A L 20 3 g
3 UL4A J20 o R165
2] TLV90O02IDR testpoint NS positive current
o comparator
IN-D b
1 303
IN+ D N 1 &>1-e——D0OV_Fault
2] Open drain output, needs a
R164 pullup to 3.3v somewhere B
TonF c107 ADCMUP2329A2ARZ
100pF
ANA  ANA
ANA
ANA
+3.3A +3.3A
C
U14C o
S| £
N u22¢
S ADCMP392ARZ
el B
= >
|
fc = 170khz
see simulation projects in /simulation/ folder
THE HARDWARE IS PROVIDED "AS_IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED]
INCLUDING BUT NOT UM\TED TO THE ‘WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR b
COPYRIGHT HOLDERS BE UABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
Title: Differential to single ended Rev: 1
Sheet: /Vbus_conditioning/ Ild: 8/34
PowerDesigns.ca Date: 2019-08-15
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Protected, 1A Open drain outputs

D OUT1
R196
= VS22

IN1D m TPSMF4L5.0A

D 0UT2

R1501
= TVS3
R TPSMF4L5.0A

IN2D

D OUT3
R1502
= TVS4
R TPSMF4L5.0A

" Q10

i SZNUD3112LT1G

These circuits can be reconfigured

to work as a 12V open drain output for fans,
relays or pumps.

Remember TPSMF4L5.0A is a 5v zener

IN3D

Title: Protected outputs

Sheet: /Protected GPIOs/

Id: 9/34

PowerDesigns.ca
I

Date: 2019-08-15




GATE

Clamp signals ta 3.3v
Diodes + LED make
passible to identify

MBRO520
MBRO520

which switch faulted 3 RED
DS10
D5
MBR0520
S p—T <JFAULT_TOP
PWM_T0 l = D PWM_TOP_O
Pk R QFAULT_BOT
PWM_BOTD——b7+— * D PWM_BOT_O
MBRO520 c240 c241
Tvs6 100pF == 100pF

VS5 g
TPSMMLB.OAE

some gate drivers need a reset
signal to recover from a fault

m TPSMF4L5.0A 50V$$50V

NTC+ d—1 J8 “lswitch NTC temperatute
NTC— G———<2 NTC_conn _isensor connecor

THE HARDWARE IS PROVIDED "AS
INCLUDING BUT NOT LIMITED TO
PARTICULAR PURPOSE AND NONI
COPYRIGHT HOLDERS BE LIABLE F

Sheet: /Gate driver interface A/

Id: 10/34
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Date: 2019-08-15
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E3
BEAD-2200hm@100khz

TPSMF4L5.0A

Divider in case of
weak Vref

DNP

|_phase+ &—I_phase+
p—|_phase—

?DVSS
ANA

I_phase— —¢
R311

vce

V_phase+ <

+3.3 eho
VDDin g VDDout
GNDin = GNDout
File: isolated_5v.sch
+3.3A
Sheet: sheet5CAC8881
PDVDD2 =i vDD1g
iDGNDZ = GND1<e
N Vout+ | & Vin+
w .
Vout— = Vin—

V_phase—<

to | sense board (opamp+diffamp)

A\

High Voltage

<JVin+

File: phase_voltage_sensor.sch

Expecting 120dB CMRR
based on TIDUBJ1 test results

<JVin—

Title: High Voltage sen

Sheet: /Phase A sense/

Id: 11/34

PowerDesigns.ca
I
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>

0-650V phase voltage measurement
using isolation amplifier

1 Features

+ $250-mV Input Voltage Range Optimized for
Shunt Resistors

+ Very Low Nonlinearity: 0.075% Maximum at 5 V
Low Offset Error: 1.5 mV Maximum
Low Noise: 3.1 mVgys Typical

Low High-Side Supply Current: vDD1 Dﬁl
8 mA Maximum at 5 V C179 C69
Input Bandwidth: 60 kHz Minimum 2.2uF 100nF
Fixed Gain: 8 (0.5% accuracy) GND1 m"

High Common Mode Rejection Ratio: 108 dB
3.3-V Operation on Low-Side

Certified Galvanic Isolation: R204 R205 R206 R207
— UL1577 and VDE V 0884-10 Approved HIGH VOLTAGE

R208

— lIsolation Voltage: 4250 Vpgak (AMC1200B) Vin-D

18
AMG1301
VDD1 vpp2 -8 vDD2
Icn Icmo
= 100nF 2.2uF
GNDL {© GND2 [ GND2
-
VINP gvouw H——D Vout+
Wy
VINN VOUTN -8— D vout-

— Working Voltage: 1200 Vpgak

— Transient Immunity: 10 kV/ps Minimum
Typical 10-Year Lifespan at Rated Working
Voltage (see Application Report SLLA197)
Fully Specified Over the Extended Industrial
Temperature Range

22 VDD2=27V1036V

3
27
24
2.1
18
15
12
0.9
06
03

— VOUTP
— VOUTN

Output Voltage (V)

0
-400 -300 -200 -100 O 100 200 300 400
Input Voltage (mV)

Special layout requirements
for isolation

THE HARDWARE IS PROVIDED "A

INCLUDING BUT NOT LIMITED TO THE WARR
PARTICULAR PURPOSE AND NONINFRINGEM
COPYRIGHT HOLDERS BE LIABLE FOR ANY

Title: High Voltage sensing

Sheet: /Phase A sense/sheet5CAC8881/

Id: 12/34

PowerDesigns.ca
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Transformer selection:
2500Vrms Isolation 3 —> Sv ELDO; 760390015

5000Vrms isolation 3 —> 5v (LDO

750313626 (higher CMRR?)

Special layout requirements

for isolation

11.2 Layout Example

O VIA to Power Ground Plane
® VIA to ISO-Ground Plane
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BEAD-2200hm@100khz

TPSMF4L5.0A

Divider in case of
weak Vref
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High Voltage
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Expecting 120dB CMRR
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0-650V phase voltage measurement
using isolation amplifier

1 Features

+ $250-mV Input Voltage Range Optimized for
Shunt Resistors

+ Very Low Nonlinearity: 0.075% Maximum at 5 V
Low Offset Error: 1.5 mV Maximum
Low Noise: 3.1 mVgys Typical

Low High-Side Supply Current: vDD1 Dﬁl
8 mA Maximum at 5 V Cc180 C149
Input Bandwidth: 60 kHz Minimum 2.2uF 100nF
Fixed Gain: 8 (0.5% accuracy) GND1 m"

High Common Mode Rejection Ratio: 108 dB
3.3-V Operation on Low-Side

Certified Galvanic Isolation: R213 R214 R215 R216
— UL1577 and VDE V 0884-10 Approved HIGH VOLTAGE

R217

T0R

2

R218c150
330pF

IC

— Isolation Voltage: 4250 Vpeak (AMC1200B) Vin-D Fs
— Working Voltage: 1200 Vpgak

— Transient Immunity: 10 kV/ps Minimum
Typical 10-Year Lifespan at Rated Working
Voltage (see Application Report SLLA197)
Fully Specified Over the Extended Industrial
Temperature Range
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ISOLATED POWER SUPPLY
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Transformer selection:
2500Vrms Isolation 3 —> Sv ELDO; 760390015

5000Vrms isolation 3 —> 5v (LDO

750313626 (higher CMRR?)

Special layout requirements

for isolation

11.2 Layout Example

O VIA to Power Ground Plane
® VIA to ISO-Ground Plane

Isolation
Transformer

Rectifier
Diodes

VIN ® —@ Vour
ISO-Ground
Figure 9. Output Voltage vs Load Current Figure 10. Efficiency vs Load Current
s [ % T 1] oo © 0
e~ T’p' 80 l'(ﬁ‘N Power 1SO
6 e = 70 — P2 i Ground Ground
\ ] < 60 1ROV 1uFH16V 1FA6V
> 5 P2 - / Input Buffer Center-Tap Output Buffer
[ g %0 [ Capacitor Capacitor Capacitor
5 2 40
Z s § 30
2 20 Figure 57. Layout Example of a 2-Layer Board (SN6501)
1 | T1=760390015 (2.5kV) 10 ;5‘::735539\0/‘?‘5:(253"\/?
Vin =33V, Vour =8V ol THE HARDWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED
ol L L L | | 0 10 20 30 40 50 60 70 80 90 100 INCLUDING BUT NQOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
0 1020 30 40 50 60 70 80 90 100 ILoap -mA PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
lLoap - mA COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
TP1: rectified node Title: Isolated DC/DC supply Rev: 1
TP2: LDO output Sheet: /Phase B sense/sheet5CAC8882/ Id: 18/34
PowerDesigns.ca Date: 2019-08-15
1 [ 2 [ 3 I [ I 5




E10
BEAD-2200hm@100khz

E11  TPSMF4L5.0A
DNP

Divider in case of
weak Vref

DNP

|_phase+ &—I_phase+
p—|_phase—

?DVSS
ANA

I_phase— —¢
R315

vce

V_phase+ <

+3.3 eho
VDDin g VDDout
GNDin = GNDout
File: isolated_5v.sch
+3.3A
Sheet: sheet5CAC8881
PDVDD2 =i vDD1g
iDGNDZ = GND1<e
N Vout+ | & Vin+
w .
Vout— = Vin—

V_phase—<

to | sense board (opamp+diffamp)

A\

High Voltage

<JVin+

File: phase_voltage_sensor.sch

Expecting 120dB CMRR
based on TIDUBJ1 test results
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0-650V phase voltage measurement
using isolation amplifier

1 Features

+ $250-mV Input Voltage Range Optimized for
Shunt Resistors

+ Very Low Nonlinearity: 0.075% Maximum at 5 V
Low Offset Error: 1.5 mV Maximum
Low Noise: 3.1 mVgys Typical

Low High-Side Supply Current: vDD1 Dﬁl
8 mA Maximum at 5 V c181 C159
Input Bandwidth: 60 kHz Minimum 2.2uF 100nF
Fixed Gain: 8 (0.5% accuracy) GND1 m"

High Common Mode Rejection Ratio: 108 dB
3.3-V Operation on Low-Side

Certified Galvanic Isolation: R220 R221 R222 R223
— UL1577 and VDE V 0884-10 Approved HIGH VOLTAGE

R224

T0R

2

R225c160
330pF

IC

— Isolation Voltage: 4250 Vpeak (AMC1200B) Vin-D Fs
— Working Voltage: 1200 Vpgak

— Transient Immunity: 10 kV/ps Minimum
Typical 10-Year Lifespan at Rated Working
Voltage (see Application Report SLLA197)
Fully Specified Over the Extended Industrial
Temperature Range
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for isolation
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ISOLATED POWER SUPPLY
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Transformer selection:
2500Vrms Isolation 3 —> Sv ELDO; 760390015

5000Vrms isolation 3 —> 5v (LDO

750313626 (higher CMRR?)

Special layout requirements

for isolation

11.2 Layout Example

O VIA to Power Ground Plane
® VIA to ISO-Ground Plane

Isolation
Transformer

Rectifier
Diodes

VIN ® —@ Vour
ISO-Ground
Figure 9. Output Voltage vs Load Current Figure 10. Efficiency vs Load Current
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0-650V phase voltage measurement
using isolation amplifier

1 Features

+ $250-mV Input Voltage Range Optimized for
Shunt Resistors

+ Very Low Nonlinearity: 0.075% Maximum at 5 V
Low Offset Error: 1.5 mV Maximum
Low Noise: 3.1 mVgys Typical

Low High-Side Supply Current: vDD1 Dﬁl
8 mA Maximum at 5 V c182 C169
Input Bandwidth: 60 kHz Minimum 2.2uF 100nF
Fixed Gain: 8 (0.5% accuracy) GND1 m"

High Common Mode Rejection Ratio: 108 dB
3.3-V Operation on Low-Side

Certified Galvanic Isolation: R227 R228 R229 R230
— UL1577 and VDE V 0884-10 Approved HIGH VOLTAGE

R231

— lIsolation Voltage: 4250 Vpgak (AMC1200B) Vin-D

— Working Voltage: 1200 Vpgak

— Transient Immunity: 10 kV/ps Minimum
Typical 10-Year Lifespan at Rated Working
Voltage (see Application Report SLLA197)
Fully Specified Over the Extended Industrial
Temperature Range
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Special layout requirements
for isolation

Title: High Voltage sen
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ISOLATED POWER SUPPLY
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Transformer selection:
2500Vrms Isolation 3 —> Sv ELDO; 760390015

5000Vrms isolation 3 —> 5v (LDO

750313626 (higher CMRR?)

Special layout requirements

for isolation

11.2 Layout Example

O VIA to Power Ground Plane
® VIA to ISO-Ground Plane

Isolation
Transformer

Rectifier
Diodes

VIN ® —@ Vour
ISO-Ground
Figure 9. Output Voltage vs Load Current Figure 10. Efficiency vs Load Current
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2 “ 2 Figure 57. Layout Example of a 2-Layer Board (SN6501)
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BiSS absolute encoder PHY

E7
X5 BEAD-2200hme@100khz
SV_BiSS_INT
c186 c187
100nF 100nF BiSS Clock output
50V R253 50V
c188 R
Lo ] F5V_E|SS_INT
100n 30 -
Y 4 50V SN65176BDR D BiSS_MA+|
= | 8 VS11 |
%H| * v+ TPSMF4L5.0A 3
5V_BISS_INT 2 | RE A R249 ° < )¢ !
wif R 6 =l LNz Vs ]
[<R254 B 17 [} ° r a g
R250 i :
. V512 :
BiSS_MAD 4 DDE €190 ___L €192 | roemrals.0A i
3 220pF 220pF ' D BiSS_MA-|
5 $ $
GND GNDL GNDL
GNDL
BiSS Data input
c189 R
{00nOV-BISSINT )
50V SN65176BDR <dBiSS_SLO+!
= | 8 Vs13 |
& Il s TPSMF4L5.0A R255 1
. RE R251 o 60.4R i
BiSS_CSD- 2 Als ks ¢+ D L
. = R =1 1|2 & 250mW :
BiSS_SLO G 4 ZTT1e s —i _ i
=1 p 2 R332 H
R252 DS 60.4R i
N DDE c191 ___L €193 TPSLVFS;L“B oA 250mW
3 220pF 220pF ' <IBiSS_SLO- |
5 $ $
GND GNDL GNDL
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RT8
. PTC-500mA
5V_B|SS_INTm D 5V_BiSS §
& DGNDBiSS [

GNDL

THE HARDWARE IS PROVIDED "AS_IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED]

INCLUDING BUT NOT LIMITED TO THE ‘WARRANTIES OF MERCHANTABILITY, FITNESS FOR A

PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR

COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
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FPGA

[ 4 [ 5
+1.2
. o T
€213 218
L 1oonFL 4.7uF
L sov 25V
+3.3
. -

- 100nF 4 7uF 2
SO is NOT 5v tolerant and we ' y y 25V +3.3
have a 5v BiSS and resolver IC . &
Tow Tom .
T 100nFTTT o5y 223 > | usoc
+3.3 +3.3 1 +3.3 +_3;;3 100nF o | NLWHCT50ADTR26
@ (%
R282 R297E ER275 L €216 L 5_272& =
2.2k 10k 1k ICELOUPSK—SG48ITR50 :; 100nF:; ey ~
CDONE nig 7 vee -2 "
DS15 W' RESETD CDBUO0S 8 zgg;;,a vecio_o |33 R131 %12
GREEN 4= R141 fiHT‘l*j'j veeio2 L 100R
SPLSO—L1—te 14 { 10B_32A_SPI_SO spI_vcciol [—22 s 017 c222
SPI_SID- 17 | 108_338_SPI_SI veepLl 22 +3. 4. 7uF
SPI_SCKD 15 1 10B_34A_SPI_SCK VPP_2V5 M—Thifr y 100#? 25V
SPl_CS 10B_35B_SPI_CSN D21 c212
CLKIN D CDBUOSZO:; 100nF
TESTPOINT @ ° 35 1 10T_46B_60O 10T_37A PWM_CB_FPGA
P2 %321 |01_45A 61 107_39A 26— OT_Fault_LED NLVVHCT50ADTR2G
PWM_BB_FPGA_20 | 05 555 g3 lot_41A 28— > OV_Fault_LED
PWM_BB_uC D—*4 108_38_66 10T_43A |-32-% 8 PWM_AT
10T_49A 53— G PWM_CB_uC
TESTPOINT @—53 46 { 10p_oa IoT_51A 42— J PWM_AT_uC USOE
DS_I TESTPOINT @—57 :; 108_2A s NLVVHCT50ADTR2G
TESTPOINT @ 55 Overvolt 10B_4A 107368 —==—<J GATE_DRIVER_FAULT
—9——70VEfT° age.n 2 15g6p 101388 |-2L——D 0C_Fault_LED PWM_AB_FPGA 10 PWM_AB
verlemp.n 4 | 558 101428 |-2+——> GATE_DRIVER_RESET
TESTPOINT @ 9 1 10B_16A 10T_448 |34
TP6 10 5 U50F
DSV TESTPOINT @ 7 " 10B_18A 10T_488B ?x NLVVHCT50ADTR2G
+3.3 —Y TESTPOINT @—55 e 107508 [—~*——J SAMPLE
TESTPOINT
5 WM AT FPCA 13 :g:ﬁii PWM_BT_FPGA 13 12 D PWM_BT
N R6Bo M1 PWM_BT.uC el
Yo PWM_AB_uCD— 10858 ReB1 ———JPWM_CT_uC ’ US0A
E(3C_l__Faullt_AB w&/er%ﬁrrent n_3 | 0808 Res2 |39 D FAULTuC NLVVHCT50ADTR2G
au %61 108_138
OC_Fault_C PWM_CT_FPGA 21 | \op_o38 2 PWM_BB
PWM_BT_FPGA 19 | 108 298 .
PWM AB FPGA 18 | 105 514 o |45 Csos
NLVVHCT50ADTR2G
OV_Faul PuM, “R'ZZ? 3 & D pWM_CT
OV_Fault B 4,99k
OV_Fault_C : us0C
NLVVHCT50ADTR2G
V_phase_AD D V_phase_A_uC
V_phase_BD D V_phase_B_uC
V_phase_CD D V_phase_C_uC
ST Fat A |_phase_AD D |_phase_A_uC
g'.ll'- F:ll:ll B |_phase_BD- D |_phase_B_uC
OT_Fault_C I_phase_CD D |_phase_C_uC
TEMP_AD D TEMP_A_uC
TEMP_BD DTEMP_B_uC  THE HARDWARE IS PROVIDED "AS IS, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED
TEMP_CD DTEMP_C_uC | INCLUDING BUT NOT LIMITED TO THE 'WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
Title: FPGA supervisor Rev: 1
Sheet: /Supervisor v2.0/ Id: 25/34
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STM32F405 MCU

J5
testpoint U1

ANA V_phase_ AD—L4— pao
16 (e——— | V_phase_BD—15— pat
testpoint V_phase_CD 16 PA2

optional 12bit DAC output

for debugging PC14-0SC32_IN ——pD PC14

ADC123_INO/WKUP)
PC15-05C32_0UT —+—PC15

ADC123_IN1)
ADC123_IN2)

X2

H ABM3B - 8MH:
L AN PHO—0SC_IN |—2 :

ADC_TEMP H;; PA3

TEMP_AD-

TEMP_BD>-

ADC_8a—25—
ADC_9D—2L—
CAN2_RXD—2L—
CAN2_TX G—28

PWM_CB G—38—

ADC123_IN3)
PAL
PAS
PA6
PA7
PA8
PA9(OTG_FS_VBUS)
PALO

PALL

PAL2

ADC12_IN6)
ADC12_IN7)

PBO(ADC12_IN8)
PB1(ADC12_IN9)
PB5

PB6

PB7

PB8

PBY

PB10

PB11

PB12
PB13(0TG_HS_VBUS)
PBL4

PB15

ADC12_IN4/DAC1_0UT)
ADC12_IN5/DAC2_0UT)

PH1-0SC_OUT

BOOTO(VPP)
PB2-BOOTL

NRST

PA13(JTMS-SWDIO)
PAL4(JTCK-SWCLK)
PA15(JTDI)

PB3(JTDO/TRACESWO)

PBL(NJTRST)

VDD

6

SWi +3.3
60 s——

28D LED_GREEN

BOOTL should always be 4 |
pulled down on startup
R122

7 o NRST

O
BOOTLOADER

| 46 SWDIO €32
49 SWCLK 100nF

22— SPI3_NSS 0V

* 1] 3
15pF 15pF

GND
C33 c17

GND GND

Place close to MCU and
minimize loop area

+3.3

1
ok 5,
GND <}—93
SWDID SWD

NRST i

VDD 32 Bypass, place next to VDD pins
ADC123_IN10 VDD 48

)

ADC123_IN11) vop |84 c12 c11 €10 C34
)
)

I_phase_AD—8— pco
I_phase_BD—2— Pct
I_phase_CD—L%— pc2

V_BUSD—LL— pc3

ADC123_IN12 100nF 100nF 100nF 100nF
ADC123_IN13 50V 50V 50V
TEMP_MOTOR D—24—| PC4(ADC12_IN14) VSS
ADC_15D—25— PC5(ADCL2_IN15) VSSs
HALL 1 D—31— pce - o
HALL2D—38 pc7 owR
HALL_3D—32— pcs +3.3
MCO2D—*2—{ pco VBAT |—1 7T
SPI3_SCKa—3L pcto C30 3t
SPI3_MISOD—322— Pc11 VDDA [—13 égg“ é-ch
53 52 51 50 Aga VDD SP|3_MOS|H53 PC12 VSSA 12 :
47[1VCAP_2 PC13D—2— PC13_(RTC_AF1)

apeae verpt |31

1

2

3

A

5 44 0 PATT PD2D—24—{ pD2 VCAP2 —4Z

s 431 PAT0 029 o8
7 2 PA9

ao
coadaaoa
63 62 61 60 59 58 57 56 55 54
VBAT
PC13
PC14
PC15
PHO
PH1
NRST
PCO
PC1
pPC2
PC3
VSSA
VDDA
PAO_WKUP
PA1

PP STM32F405RGT6
9 LQFP64 40 p PCY
10 39 0 PC8
" 3 1 PC7
12 37 1 PCB
13 36 0 PB15
1 3sfPB14
15 34 [1PB13

PA2

noonoooononononoonn

16 33 [1PB12 H
|

Title: Microcontroller
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+3.3A
2nd order filter Differential to single ended Overvoltage protection
(fC=240|(|12) 120pF E —E—
€100
H o R176 Trip at 550Vdc
+3.3A q ok R42 'Y E
(24
. U12A 116 51+
RSOQE . /A TLV9002IDR testpoint . 1 &>L-e——D0V_fault
V_phase— D L00R R:iLO;S = Open drain output,relies
c57 V,phase c113 ADCMP392ARZ on R242 pullup to 3.3v
V_phase+ D 8- C133 100pF u278
R9o <" 100pF
5| Re7 ANA
: ANA
ANA Place close to AC pin
+3.3A
Overcurrent protection
R158
————Em————
+Sl:ﬁAﬁaﬂrﬂV offset when sensor is ¢ f FOSIﬂVE current +33A
disconnected U12B )17 comparator
g TLV9002IDR ;
R0 AN o, cos - testpoint 3[3
I_phase—-D FIT - Ak 61— ANA final TF with ISB sensor=300A/V Uo 1 DOC_Fault ~ Puioc ®uizc
cs8 60 R39 v . 21 & «
I_phase+ D> — e 5 + Ope’v;zz?ln ﬁutp:t,r;llses g =)
P :Rgz 2.§nF -R% 22§pF ADCMP392ARZ on pullup o 35V A S c24
cads €99 R4i R117 +3.3A U10A < &
& 120pF = g 100nF
3 =
<<
ANA +
ANA R159
L””””fl"’”” +3.3A negative current
Place close to AC pin comparator
T >+
>, o U3 z
% €91
o ADCMP392ARZ
o 100nF U108
ANA
+3.3A
NTC signal conditioning Overtemp protection
+3.3A o i ame resistance as
g ?ufﬁ'g‘«"m 0100°C) ﬂ Set to 100°C
o
U3LA o
TLV9002IDR & 5
+
- 1 6 U S>Le——D0T Fault
10k el
Open drain output,relies
+ R191
129 ADCMP392ARZ on R274 pullup to 3.3v
100pF$ u3sss
A AXA N
D TEMP
R188
c127 THE HARDWARE IS PROVIDED "AS_IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED)
100pF INCLUDING BUT NQOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
A COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
o | Title: Signal conditioning and fault trips Rev: 1
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GATE DRIVER

15VD

IN_BOTD
IN_TOPD

FAULT_TOPQ
FAULT_BOTA

GNDD

GATE_DRIVERL
25P0115T2A0-06

Ra2 Ruce
£ vISo2
vee @ 4
4 5 Vdd ca2
CF = 5 VCEL comz
1 8 @ - NNNN |G
e 16D e PTATPTIT
g VIS02
. AUXGH A4
L vee Chanel 2 - _lJ e i
A | e G2
Rg,off
NN
— viso2
ai ref—:l—l e
Vss - L5
2m S T <IDRAIN_BOT
com2 com2
Bl— e bC2—— A~ Ral Rvce o
vIso1 wzcu -
vdd ca|i>
VCE com1
NNNMN
1GD A V'ljol ATTIAIA
VISO1
NP AUXGH—|J Rg,cnSZ
GH % e
o e %‘_ G1] X GATE_BOT
9,0
_ ViSOl
- £
Vss L
o

Ccom1

External to control board

<ADRAIN_TOP

X GATE_TOP

X>SOURCE_TOP

{ET] X>SOURCE_BOT
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>

2 [ 3 [ 4 [ 5 [ 6
RT6
+3.3 PTC—500mA
CAN1_5V
~i 00|
i
+10 0+
35 ==
100nF Qi A TPSMF4L5.0A
=z : =z
O cANIGND B
| 'el
&i1s077210R use
= CANYGND SN65HVD1050DR
3.3 3 CANL_SV_INT 3 7 ° °
In case of MCU failure, pullup ~ (= I vee CANH R238 207 vsS1i5 < CAN1H
ensures the bus is kept in 0 C205 100nF TPSMF4L5.0A
recessive state  [=] 1 U2A 100nF R236 60.4R . i~ TPSh .
| & 250mW £ 2
; 2/ Gnp Vref s CAN1_GND
CANLRX G L{oUTAEE A IT———— e S R P T
R234 } 4 RxD TPSMF4L5.0A ]
CAN1_TX|:>—¢ INB -=30UTB |2 L 1xp CANL ® ¢ : & CANAL
c1 i Defult high output 208mW dissipation in worst
1OODF$ 3000Vrms 1SO7721DR case canbus harness failure
ISOLATION
= uss
IS} SN65HVD1050DR
—
+3.3 CANZ_SV_INT 3 7 ° °
3 206 1 vee CANH R272 €208 Ws17 < CANZH
Mo ) 60.4R  100nF A TPSMF4L5.0A ¢
el = U33A 100nF R237 Seomy e e
; 2/ Gnp Vref s CANZ_GND
CAN2_RX G LoumasE NI T———— e S S O N
R235 i * RXD TPSMF4L5.0A
CANz_TXD—c INB -—30UTB |8 L 1xp CANL ¢ : & CAN2L
c2 :
100pF 3000Vrmsi 3507721DR
:; RT7
+3.3 PTC—500mA
CAN2_5V ~
~i (O
e
+i00+
c75 it
100nF Qi A TPSMF4L5.0A
=z : =z
O CANZGND
il i THE HARDWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED
ISO7721DR INCLUDING BUT NQOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
CANZGND PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR D
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
Special layout requirements o
for isolation Title: Isolated CAN BUS Rev: 1
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esolver interface

ES
BEAD-2200hm@100khz +5

PWR
c77 c78 ‘

100nF

BT T

+5 +5 +5
Cc73 C74
223? 100nF 100nF
: 50V 50V
5 +5
|
~
e RESET line requires ha K
uz20 RESET 2 a voltage monitor 33 RESET g g
APX809 Pullup 2| 75 =3
GND E 3 oS
EL SAMPLED——2{ SAMPLE
R202 RDVELD——2 ROVEL
SOF

DegradationOfSignal and LossOfTracking reported @ DOS
on every SPI transfer @ T

MISO -4 DB11/S0
CLKD-8{ pB10/sCLK

BEEEEEREE

NM
DIR

BRES

DGND

DGND

Buffer

c83

16

IC Part# points to 22 arc—minute version.

M)
o~
There is a more expensive 11 arc—minute Q

resolution version available

36

A AD2S1205
o
o
=
exc B4 s
EXC 35 exe_souRce—
tune divider for signal to be below 4Vpp
37
sin R124 o35 LEASIN+
58 68.1k 100pF 156
SinLO - e} SIN-
" R166
Cos R125 239 LE—AC0S+
Lo 68.1k 100pF 1167
CoslLO - =13 CO0S-
R168
L, R3S
Fs1 [ BUFREF
Foo [32 = E Set to 20KHz
R137V
xTALoUT 2L s
CLKIN 2
CPO
REFBYP [13 15F0 L 15pF
£ REFOUT %( s Ts an alternative buffer suggested herer
:(9 :(9 c81 €209 http://www.analog.com/en/analog-dialogue /articles /precision—rid \
— 100nF 4.7uF Its mare expensive. but much simpler and smaller
@ uts 50V & & 25V 12
+15 6 ®u19c
L78M12ABDT-TR BEAD-2200hm@100khzp,q "
IN_ouT |2 85 = |5
86 GND 100nF Py
100nF - 50V =4
sov & 50V 35V 35V >
|
N4
THE HARDWARE IS PROVIDED "AS IS”, WITHOUT WA EXPRESS OR IMPLIED]
INCLUDING BUT NQT LIMITED TO THE W NTIES FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRIN T.IN AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR A AIM, ABILITY.
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clamped HALL input

HALL3_IND ) D HALL3_0UT
HALL2_IND o D HALL2_OUT
HALL1_IND Tt ° D HALL1_OUT

+3.3 +3.3 +3.3
D3 D13 D14
BAT54S[™ BAT54S[™ BAT54S[™
NTC signal conditioning
+3.3
RT3 ch
PTC—500mA 10nF 4= TLVgSSS\DR
MOTOR_NTC+D—S3——4
R284
D TEMP_OUT
MOTOR_NTC- c227

RT4
PTC-500mA

TVS1
TPSMF4L5.0A

= TVS2
ETPSMFALS.OA

Place close to ADC pin

Unused OpAmp

HALL position input and motor temp sensor

u48C

TLV9002IDR

)
o
o
<
o
o
T
=
pu
o
—
o
MmO

,
o~
3
a

Title: Hall senso
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GATE DRIVER

15VD

IN_BOTD
IN_TOPD

FAULT_TOPQ
FAULT_BOTA

GNDD

GATE_DRIVERB1
25P0115T2A0-06

Ra2 Ruce
£ vISo2
vee @ 4
4 5 Vdd ca2
CF = 5 VCEL comz
1 8 @ - NNNN |G
e 16D e PTATPTIT
g VIS02
. AUXGH A4
L vee Chanel 2 - _lJ e i
A | e G2
Rg,off
NN
— viso2
ai ref—:l—l e
Vss - L5
2m S T <IDRAIN_BOT
com2 com2
Bl— e bC2—— A~ Ral Rvce o
vIso1 wzcu -
vdd ca|i>
VCE com1
NNNMN
1GD A V'ljol ATTIAIA
VISO1
NP AUXGH—|J Rg,cnSZ
GH % e
o e %‘_ G1] X GATE_BOT
9,0
_ ViSOl
- £
Vss L
o

Ccom1

External to control board

<ADRAIN_TOP

X GATE_TOP

X>SOURCE_TOP

{ET] X>SOURCE_BOT
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GATE DRIVER

15VD

IN_BOTD
IN_TOPD

FAULT_TOPQ
FAULT_BOTA

GNDD

GATE_DRIVERC1L
25P0115T2A0-06

Ra2 Ruce
£ vISo2
vee @ 4
4 5 Vdd ca2
CF = 5 VCEL comz
1 8 @ - NNNN |G
e 16D e PTATPTIT
g VIS02
. AUXGH A4
L vee Chanel 2 - _lJ e i
A | e G2
Rg,off
NN
— viso2
ai ref—:l—l e
Vss - L5
2m S T <IDRAIN_BOT
com2 com2
Bl— e bC2—— A~ Ral Rvce o
vIso1 wzcu -
vdd ca|i>
VCE com1
NNNMN
1GD A V'ljol ATTIAIA
VISO1
NP AUXGH—|J Rg,cnSZ
GH % e
o e %‘_ G1] X GATE_BOT
9,0
_ ViSOl
- £
Vss L
o

Ccom1

External to control board

<ADRAIN_TOP

X GATE_TOP

X>SOURCE_TOP

{ET] X>SOURCE_BOT
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+3.3

+3.3A

+3.3A

+3.3A

+3.3A

+3.3A

U298
ADCMP392ARZ
Unused comparator

N4
ANA

JAIZ006ATL ©
©

R >
R

C233
100nF

Z4YZ65dWI0

- I

=A

C66
100nF

Z4YZ65dWI0

- I

=A

c21
100nF

Z4YZ65dWI0

- I

=A

LU35C

C20
100nF

JAIZO0BATL

(e
D2l

;

C19
100nF

ANA

ANA

ANA

ANA

their supply pins in order to be shared

opamp and comparators scattered
across different sheets

throughout the schematic without
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