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THROTMEL-  B7 | g MOTORTEMP=___ 5 \i0TOR_NTC— —phase—
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r NET-TIE
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+3.3 GREEN ~ SCREW
-E-iomz R301 IerSig-W
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H
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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=240khz) 120pF 3 -
96
H « 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 F C119 100pF U27A
R79 " 100pF
| R76 ANA
: ANA ;
ANA Place close to AC pin
+3.3A
Overcurrent protection
R49
————Em————
+Sl:ﬁAﬁaﬂrﬂV offset when sensor is ¢ f FOSIﬂVE current +33A
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
I_phase+ D> — e 5 + Ope’v;zz?ln ﬁutp:t,r;llses g =)
- Rer 22" pes 220PF ADCMP392ARZ on k2al pullip fo Sov C36 2 P
P 95 R17 R115 +3.3A ULA oo T & =4
[ 120pF I} >
3 =
<<
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 2 fdame resistance as
&4 [Wﬁ u‘«pm ©100°C) ﬁ Set to 100.(:
-~
U148 o
TLV9002IDR & 5
+
- 7 6 1 &L-e——D0T fault
10k el
Open drain output,relies
+ R182
PO 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.
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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
V519 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
Esov 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 SwW P PNEEPAPY . T 81 vin Vo L 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 1000k 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 overvaltages, overvoltages
mostly due to excess voltage applied
on a schottky—protected input.
[ Delay 3.3v rail for FPGA [
5v MCP1B24T—1202E_0T [POWer seauencing
1 5
IN ouT ® D1.2v
czloh SO PwRGD |4 _| C211
1uF 1uF
1ov " I7 GND T tov
3
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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
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5v to 3.3v with overvoltage protection and filtering

0%
R64

R66
IN-D- o
R67
IN+D- o A
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

THE HARDWARE IS PROVIDED "AS _IS", WITHOUT WA EXPRESS OR IMPLIED
INCLUDING BUT NOT LIMITED TO THE WAR FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY ABILITY.
Title: 5v to 3.3v conditioning Rev: 1
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5v to 3.3v with overvoltage protection and filtering

+5
M
=] O
=] M
& R325
IN-D- o M
R326
IN+D- o A

R324
OR

TPSMF4L5.0A

VS28 g
E

C249

100pF

= TVS29
TPSMF4L5.0A

Optional ref for
differential input

R330
o———(1—
U6BA
TLV90O02IDR
2>
OUT
3
i €252
€250

R339

€251 ||_DNP
I

z 100pF

Place close to AC pin

THE HARDWARE IS PROVIDED "A

INCLUDING BUT NOT LIMITED TO THE WAR
PARTICULAR PURPOSE AND NONINFRINGE
COPYRIGHT HOLDERS BE LIABLE FOR ANY
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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 q 10K > g
3 UL4A J20 o R165
2] TLV90O02IDR testpoint NS positive current
o comparator
IN-D b
1 33
IN+ D N 1 &>1-e——D0OV_Fault
2] Open drain output, needs a
R164 pullup to 3.3v somewhere B
cios c107 ADCMUP2329A2ARZ
100pF
ANA  ANA
ANA
ANA
+3.3A +3.3A
c
U14C o
S| £
S u22¢
2 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.
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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/
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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 "A

INCLUDING BUT NOT LIMITED TO THE WAR
PARTICULAR PURPOSE AND NONINFRINGE
COPYRIGHT HOLDERS BE LIABLE FOR ANY

Sheet: /Gate driver interface A/

Id: 10/34
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E3
BEAD-2200hm@100khz

TVS23
TPSMF4L5.0A

I_phase— —¢

R311
DNP

Divider in case of
weak Vref

|_phase+ &—I_phase+

vce
p—|_phase—

?DVSS
ANA

+3.3 eho
VDDin g VDDout
GNDin = GNDout
File: isolated_5v.sch
+3.3A
Sheet: sheet5CAC8881
PVDD2 = vDD1<
iDGNDZ = GND1e
V_phase+ < N Vout+ | & Vin+
V_phase—< Vout— 13 Vin—

to | sense board (opamp+diffamp)

A\

High Voltage

File: phase_voltage_sensor.sch

Expecting 120dB CMRR
based on TIDUBJ1 test results

AVin+

aVin—
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
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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 "AS _IS", WITHOUT WA EXPRESS OR IMPLIED
INCLUDING BUT NOT LIMITED TO THE WARR FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEM AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY ABILITY.
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ISOLATED POWER SUPPLY

06 u28
SN6501DBV MBR0520 TPS76350
. T1A T18
VDDin 2[vee ol z Pk L o o gL o P2 ¢ aVDDout
: = EN - ripple: 23my
41 6ND VDD|nDT—$1 S GNDout 2| oD NR/FB Fx
c1n1 an IS b Clhb C145 C146
TRANG—2CT{DITRANS—2CT  2PH1 10uF 100nF 10uF
2:2uF U26 c143 MBRO520
D9
2.2uF
! GNDout

GNDin

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 —— = 70 P2 i Ground Ground
\ — < 60 1ROV 1uFH16V 1FA6V
> 5 P2 - / Input Buffer Center-Tap Output Buffer
[ g %0 [ Capacitor Capacitor Capacitor
5 2 a0
Z s § 30
2 20 Figure 57. Layout Example of a 2-Layer Board (SN6501)
1 |71 = 760390015 (2.5kv) 10 -7 TESe001S (2o
Vin =33V, Vour =8V ol THE HARDWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED
ol L L L I | 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 A sense/sheet5CAC8882/ Id: 13/34
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GATE

R290
Clamp signals ta 3.3v

Diodes + LED make
passible to identify

MBRO520
MBRO520

which switch faulted 3 RED
DS12
>
D11
MBR0520
S —oss <JFAULT_TOP
PWM_T0 l = D PWM_TOP_O
Pk 58 QFAULT_BOT
PWM_BOTD——b9t8——— * D PWM_BOT_O
MBRO520 c242 €243
Tvss 100pF == 100pF

VS7 rg
TPSMMLB.OAE

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

m TPSMF4L5.0A 50V$$50V

NTC+ d—1 J12 “lswitch NTC temperatute
NTC— G———<2 NTC_conn _isensor connecor

THE HARDWARE IS PROVIDED "A

INCLUDING BUT NOT LIMITED TO THE WAR
PARTICULAR PURPOSE AND NONINFRINGE
COPYRIGHT HOLDERS BE LIABLE FOR ANY

Sheet: /Gate driver interface B/

Id: 14/34
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GATE

R296
Clamp signals ta 3.3v

Diodes + LED make
passible to identify

MBRO520
MBRO520

>
3 RreD

which switch faulted
—'DS14
>
D30
MBR0520
5 eoEn AQFAULT_TOP
PWM_TOP l = D PWM_TOP_O
Pk 59 QFAULT_BOT

PWM_BOTD——— 83—
MBR0520

TVS9 rg
TPSMMLB.OAE

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

* D PWM_BOT_O0

NTC+ O—1 J11 “lswitch NTC temperatute
NTC— G———<2 NTC_conn _isensor connecor

THE HARDWARE IS PROVIDED "A

INCLUDING BUT NOT LIMITED TO THE WAR
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COPYRIGHT HOLDERS BE LIABLE FOR ANY
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E8
BEAD-2200hm@100khz

TVS24
TPSMF4L5.0A

I_phase— —¢

R313
DNP

Divider in case of
weak Vref

|_phase+ &—I_phase+

vce
p—|_phase—

?DVSS
ANA

+3.3 eho
VDDin g VDDout
GNDin = GNDout
File: isolated_5v.sch
+3.3A
Sheet: sheet5CAC8881
PVDD2 = vDD1<
iDGNDZ = GND1e
V_phase+ < N Vout+ | & Vin+
V_phase—< Vout— 13 Vin—

to | sense board (opamp+diffamp)

A\

High Voltage

File: phase_voltage_sensor.sch

Expecting 120dB CMRR
based on TIDUBJ1 test results

AVin+

aVin—
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.
Title: High Voltage sensing and current sensor input|Rev: 1
Sheet: /Phase B sense/ Id: 16/34
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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

22 VDD2=27V1036V
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R219

A\

AM

i

501

vDD1

GND1

VINP

VINN

ISOLATION.

vDD2

GND2

VOouTP

VOUTN

T s Lo
C151 C152

100nF 2.2uF
5 GND2

H——D Vout+

F— D Vout—

Special layout requirements
for isolation

Title: High Voltage sensing
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ISOLATED POWER SUPPLY
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SN6501DBV MBR0520 TPS76350
. T2A 728
VDDin 2[vee ol z Pk L o o gL o P2 ¢ aVDDout
: = EN - ripple: 23my
41 6ND VDD|nDT—$1 S GNDout 2| oD NR/FB Fx
153 an IS c156 c157 c158
TRANG—2CT{WI TRANS—2CT Pf 10uF 100nF 10uF
2.2uF 057 c155 MBR0520
D22
2.2uF
! GNDout

GNDin

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 a0
Z s %30
2 20 Figure 57. Layout Example of a 2-Layer Board (SN6501)
1 |71 = 760390015 (2.5kv) 10 -7 TESe001S (2o
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
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E10
BEAD-2200hm@100khz

TVS25
TPSMF4L5.0A

E11
DNP

I_phase— —¢

R315
DNP

Divider in case of
weak Vref

|_phase+ &—I_phase+

vce
p—|_phase—

?DVSS
ANA

+3.3 eho
VDDin g VDDout
GNDin = GNDout
File: isolated_5v.sch
+3.3A
Sheet: sheet5CAC8881
PVDD2 = vDD1<
iDGNDZ = GND1e
V_phase+ < N Vout+ | & Vin+
V_phase—< Vout— 13 Vin—

to | sense board (opamp+diffamp)

A\

High Voltage

File: phase_voltage_sensor.sch

Expecting 120dB CMRR
based on TIDUBJ1 test results

AVin+

aVin—
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.
Title: High Voltage sensing and current sensor input|Rev: 1
Sheet: /Phase C sense/ Id: 19/34
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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

22 VDD2=27V1036V
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VOUTN
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Special layout requirements
for isolation

Title: High Voltage sensing
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ISOLATED POWER SUPPLY
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: = EN - ripple: 23my
41 6ND VDD|nDT—$1 S GNDout 2| oD NR/FB Fx
163 am  0m IS) C166 c167 168
TRANF—2CT{ DI TRANS—2CT Pf 10uF 100nF 10uF
2:2uF U40 165 MBRO520
D25
2.2uF
! GNDout

GNDin

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 a0
Z s %30
2 20 Figure 57. Layout Example of a 2-Layer Board (SN6501)
1 |71 = 760390015 (2.5kv) 10 -7 TESe001S (2o
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 C sense/sheet5CAC8882/ Id: 21/34
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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 TOR 2
Certified Galvanic Isolation: R227 R228 R229 R230 H R232c170

- UL1577 and VDE V 0884-10 Approved HIGH VOLTAGE & 330pF

— Isolation Voltage: 4250 Vpeak (AMC1200B) Vin-D @ X 3
— Working Voltage: 1200 Vpgak R233

— 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
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— VOUTP
— VOUTN

Output Voltage (V)

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

A\

42
AMG1301
VDD1 vpp2 -8 vDD2
Ic171 Ic172

= 100nF 2.2uF

GNDL {© GND2 [ GND2
-

VINP é VOUTP —L——D Vout+
Wy

VINN VOUTN -8— D vout-

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

E
Title: High Voltage sensing

Sheet: /DC link Vsense/

Id: 22/34
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ISOLATED POWER SUPPLY

026 Ubh
SN6501DBV MBR0520 TPS76350
. T4A T4B
VDDin 2fvee o1t 3 L 'L o - W ouT P2 o qVDDout
: = EN - ripple: 23my
41 6ND VDD|nDT—$1 S GNDout 2| oD NR/FB Fx
173 am  0m IS) c176 €177 c178
TRANF—2CT{ DI TRANS—2CT Pf 10uF 100nF 10uF
2:2uF Us3 €175 MBRO520
027
2.2uF
! GNDout

GNDin

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
[ % T [oXe) ® 0
! I e o1 80 /,T’ﬁ‘\ Power 1SO
6 et ] 70 P2 = Ground Ground
\ ] < 60 1HFA0V 1UF/I16V 1FA6V
> 5 : Input Buffer Center-Tap Output Buffer
TP2 > 50 /
e 4 2 I/ Capacitor Capacitor Capacitor
g gw
> 3 E 4
2 “ 20 Figure 57. Layout Example of a 2-Layer Board (SN6501)
1 | T1=760390015 (2.5kV) 10 ;5“:735539\0/‘?‘5:(253"\/?
Vi =3.3V, Vour = 5V ol THE HARDWARE IS PROVIDED "AS_IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED
ol L L L I | 0 10 20 30 40 50 60 70 80 90 100 INCLUDING BUT NOT 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: /sheet5D0562D2/ Id: 23/34
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[
" I apbsoilute encoder
£7
X5 BEAD-2200hme@100khz
SV_BiSS_INT
c186 c187
100nF 100nF BiSS Clock output
50V R253 50V
xa {00nOV-BISSINT -
Y e 50V SN65176BDR D BiSS_MA+]
¢ ng oo 5TV TPSTMVFSzolLis 0A 3
svssar 2| RE n R249 . < .D;
1R 6 = i P Py
esu * B 17 = ° i DE i3
R250 3 :
BiSS_MAD- SR cro0 L L c192 | oot on
3 220pF$$ 220pF . D BiSS_MA-
5 GND GNDL GNDL
[ ] GNDL
BiSS Data input
c189 .
{00nOV-BISSINT . )
50V SN65176BDR <dBiSS_SLO+!
o | 8 V513 ;
& Il s TPSMF4L5.0A R255 3
. RE R251 o 60.4R i
BiSS_CSD> 2 Ale 2 b e
¢ ; 1R e Vs 250mW P
BiSS_SLO G A QU F = ° . &= R332 Pe
R252 EPn 60.4R :
N DDE c191 ___L 193 TPSLVFS;LL'B o 250mW
3 zzopF$$ 220pF ' ABiISS_SLO- |
5 GND GNDL GNDL
GNDL
RTS8
__ PTC-500mA
5V_B|SS_INTm D 5V_BiS'S §
& DGND_BiSS i 2
GNDL
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
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY.
Title: BiSS PHY Rev: 1
Sheet: /BiSS interface/ Id: 24/34
PowerDesigns.ca — CC—BY-SA Date: 2019-08-15
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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 . &
Lcans L2 =
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 k ICE4OUP5K~SG4BITR50 T 1000F T ohy ~
CDONE nig 7 vee -2 "
cnBlios PR e 33 R131 +1-2
DS15 3 RESETD CRESET_B VCeio_0 " 100R
GREEN R141 r—H—‘|+3.3 veeio2
SPLSO—L1—te - 14 { 10B_32A_SPI_SO spI_vcciol [—22 s 017 c222
SPI_SID 17 1 108_338_SPI_S 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—%* 108_38_G6 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 @—7 47 1 1oB_2a NLVVHCT50ADTR2G
TESTPOINT @— 5 48 1 10B_uA 107_368 |-25———J GATE_DRIVER_FAULT
OverVoltage.n 2 | 554, 1388 22— OC_Fault_LED PWM_AB_FPGA 10 PWM_AB
OverTempn % | o5 6 107_428 |34 GATE_DRIVER_RESET
TESTPOINT @—5¢ 9 1 10B_16A 10T_448 |34 U50F
TESTPOINT @—55 10 1 10B_18A 107_488 [—38 NLVVHCT50ADTR2G
+3.3 DSV restpoinT o 11 1 108_20A 107_508 |28 ——J SAMPLE
TESTPOINT 12
5 WM AT FPCA 1d :g:ﬁi PWM_BT_FPGA 13 12 D PWM_BT
N R6Bo M1 PWM_BT.uC el
T T T, PWM_AB_uC D—> 10858 ReB1 [—<JPWM_CT_uC ’ US0A
E(3C_FFault_A w&/er%ﬁrrent n_3 | 0808 Res2 |39 D FAULT_uC NLVVHCT50ADTR2G
ault B %61 108_138
OC_Fault_C PWM_CT_FPGA 21 | \op_o38 2 PWM_BB
Puag rron e ] 02 . )
PWM_AB_FPGA 18 | 9
10B_318 GND w U508
NLVVHCT50ADTR2G
PWM_CT_FPGA 3 4
T D PWM_CT
Ea
au 4.99k
OV-Faulec NLVVHCUTsﬁooiDTMG
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  ITHE 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

60

SWi +3.3
-

BOOTL should always be 4 |
pulled down on startup
R122

7

28D LED_GREEN

O
BOOTLOADER

NRST

46 SWDIO
49 SWCLK

5—gc>sp|3_Nss

C32
100nF
50V

* 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
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noonoooononononoonn

16 33 [1PB12 H
|

Title: Microcontroller

Sheet: /STM32F4/ Id: 26/34

PowerDesigns.ca — CC—BY-SA Date: 2019-08-15
4 I




+3.3A
2nd order filter Differential to single ended Overvoltage protection
(fC=240|(|12) 120pF E —E—
€100
H « R176 Trip at 550Vdc
+3.3A L 20 R42 3 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————
+S.BAEGUMV 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 >+
b, . IR
% €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 0106°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
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GATE DRIVER

15VD

IN_BOTD
IN_TOPD

FAULT_TOPQ
FAULT_BOTA

GNDD

3 T [ T 3
A
GATE_DRIVERL
25P0115T2A0-06
Ra2 Rvece Il
E VISO2
vee @ 4
] _2_ Eé Vdd rj|i>
2 VCE com
o 3 160 ¢ Visoz BB aoran_top
. AUXGH —lJ'J RQMSZ VISOE g
L vee Channel 2 GH DGATE TOP
| INP o Ezl o
Rg,off B
NN Rref VISO2
5 oval=h T £ ©SOURCE_TOP
- ] - ADRAIN_BOT
Uik com2 comz
Bl— e bC2—— A~ Ral Rvce o
SDl Vlel t
vdd Cal
VCE |—>COM1
@ NN A
1GD V'ljol \:ILSOII/L A —
NP AUXGH—|J Rg,cnSZ
GH
o w D—L@ﬂ % GATE_BOT
Rg,off
Rref VISO1
£
f
R L T+ [EN ©SOURCE_BOT
—+
COM1 com1
c
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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 ~ O I vee CANH R238 Cc207 TVS15 < 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 ° °
é m vee CANH R272  C208 TVS17 < CANZH
Mo ) 60.4R  100nF A TPSMF4L5.0A ¢
]2 U33A 100nF R237 250mW z 5
; 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.
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esolver interface

uz20
APX809

+5 +5

oI osTT

100nF

C74
100nF

Buffer

c83

ES
BEAD-2200hm@100khz +5

2.2uF 50V 50V

PWR
c77 c78 ‘

100nF

BT T

+5 +5
)
™~ o
UAStE RESET line requires | o m AD2S1205
RESET 2 a voltage monitor 555 33 RESET 29 a
10 s N es =
- CSD f T3
é SAMP|ED——> SAMPLE
R202 RDVELD——2{ ROVEL Exc B4 camace.
SOE EXC 35 exc_souRes=
DegradationOfSignal and LossOfTracking reported 24 pos tune divider for signal to be below 4Vpp
on every SPI transfer 30| 57 sin 132 T <SING
R124 €238 oo
68.1k 100pF
MISO G4 DB11/50 SinLo (38 P = <aSIN-
CLKD-2) 0B10/5CLK u R166
2| DBY € 1
%0 os R125 €239 Cos+
Los 68.1k 100pF 1167
sl pg7 CosLO [0 : P = <acos—
»%Z pe6 R168
ﬁ DB5 L, Ri38
DB4 FS1 =]
9 03 = Set to 20KHz BUFREF 3 |,
% DB2 R137
X1
ﬁ ggé xTALoUT 2L
CLKIN 2
29 CcPO
A
58 g REFBYP [13 15pFL T 150F
% NM 22 23 REFOUT ﬁ( “us};/-n A u;m}suglgz;z;”m./ e ‘ N
&8 pir g3 35 o1 200 S S A - ,
O ) 100nF 4.7uf Its mare expensive, but much simpler and smaller
i M)

IC Part# points to 22 arc—minute version.
There is a more expensive 11 arc—minute
resalution version available

¥

@ uis

T T o

+12
“Pu19c
-
85 =%
100nF 2
50V E
>
|
N4
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HALL position input and motor temp sensor

clamped HALL input
HALL3_IND ot D HALL3_OUT
HALL2_IND I D HALL2_OUT
HALLL_IND i) * D HALLL_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
u48C
D TEMP_OUT
MOTOR_NTC- c227 TL/a002I0R
RT4
PTC-500mA QO"F
Place close o ADC pin
TVS1 = TVS2
TPSMF4L5.0A ETPSMFHLS.OA

Unused OpAmp
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GATE DRIVER
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L vee Channel 2 GH DGATE TOP
| INP o Ezl o
Rg,off B
NN Rref VISO2
5 oval=h T £ ©SOURCE_TOP
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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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