
Car 313, 23.04, Rev. 1 TSAL Schematic

1 AMS und IMD Error Latching

0.13mm2 unshielded - RS PRO 8724476, 2A

IMD

IR155-3204

AMS Master - Input/Output

AMS Master - SDC Latching Circuit

AMS Master - Microcontroller

AMS Master

IMD OK

IMD OK

AMS Error

1.1 IMD Latching

• The IMD OK signal is pulled high approximately 1.5 seconds after startup for the IR155-3204 IMD.

• Therefore the Power-on Reset (PoR) lasts approximately 2 seconds.

1.2 AMS Latching

• The AMS OK signal is pulled low until the following conditions are met:

– The AMSMaster communicates with all six AMS Slaves, each providing valid voltage and temperature
measurements.

– The AMS Master mommunicates with the shunt sensor (IVT-S-300-U3-I-CAN2-12/24)

2 SCS signal implementation

0.13mm2 unshielded - RS PRO 8724476, 2A

AMS Master Dashboard

Accumulator

IMD OK

AMS OK

Both signals are transmitted every 50 ms over the CAN bus. If the Dashboard does not receive a CAN
message from the AMS Master within 150 ms, it will trigger a fault condition. In response to this fault, the
following LEDs will be activated: the AMS Error LED will be turned on, the IMD Error LED will be turned
on, and the TS Off LED will remain off.
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Car 313, 03.04, Rev. 2 TS Accumulator

TS Accumulator

AIR+

ϑ

500Ω
Precharge

Pickering
104-1-A-24/5D
1kV, 1.5A

Vishay PTCEL13R501RxE
800V, 40A=Iinrush

500mA

V

A
M
S

500mA

x6

500mA

V

A
M
S

500mA

Maintenance Plugs
Molex Sentrality 6.0mm
600V, 140A

TS Accumulator Segment
Cell: Molicel INR-21700-P50B
Configuration: 16s4p Adler-AE53100620

500V, 100A
A

IVT-S-300

1kV, 300A
AIR-

Tyco Electronics
ECK100BH5AAA
1kV, 150A

IMD

B
en
d
er

IR
1
5
5
-3
2
0
4

1000
V VI

V
o
lta

g
e
In
d
ica

to
r
C
ircu

it

V

to
T
S
A
L
&

P
rech

a
rg
e
S
ta
te

D
etectio

n

TSAC
Connector
Amphenol
ELRA2A16
850V, 120A

16mm2 unshielded - Coroflex - 9-2611 FHLR2GCB2G 16, 220A

0.13mm2 unshielded - Alphawire 6711, 2A

Page 1 of 3



1 2 3 4

1 2 3 4

A

B

C

A

B

C

Date: 2025-03-09
Rev: V1

Size: A5

Title: Input/Output

Author: Lene Marquardt
Project: Master_FT25 Exp. Date: 2025-04-27

Page: 13/15

FB1

GND

Mounting

1
2
3
4

M
P

J4
IMD

R40
4k7

GND

+3V3

GND

R43
2.2k

1

2

3

JP3
IMD_HSLS

+24V

R21
4k7

R20
R

D13
BZX84-A3V3

D14
BZX84-A3V3

+24V

GND

GND

1
3
5
7
9

2
4
6
8

10

J14
LV_Connector

+24V

R120
0

1
3

M
P

2
4

J10
Shunt

SHUNT

F5
CC06FA500MA-TR

GND

R119
0

+3V3

Mounting

1
2
3
4

M
P

J2
D

eb
ug

+3V3

GND

+3V3

+3V3

Mounting

1
2
3
4

M
P

J1 T
S

_D
C

D
C

GND

GND

+24V
C52

100n

R125
47k

GND

GND

IN
2

DEN
3

IS
4

V
S

1
G

N
D

9

OUT_3
8

OUT_2
7

OUT_1
6

NC
5

IC1
BTT62001ENAXUMA1

GND

R26
10k

C56
10n

R123
10k

TSAL_GREEN

CarCAN_HIGH

NRST

CarCAN_LOW

IMD_Power

Reset_Button_Out

IMD_M

SDC_IN

IMD_OK

SDC_OUT

Reset_Button_In
SDC_Voltage

SWDIO_1

TEMP_TSDCDC

SWCLK_1

LV_I_measure

IMD_VCC

IMD_VCC

"SDC_AIR_End"

Connect to GND for -3204
Connect to +24V for -3203

SHUNT:
IVT-S-300-U3-I-CAN1-12/24
max. 80mA

TSDCDC Connector

With VBAT = 10..14V, we get I_{R}= 1.4..2.3mA.
This should^{TM}put the Zener at ~3V.

Datasheet
https://www.isabellenhuetteusa.com/wp-content/
uploads/2022/07/Datasheet-IVT-S-V1.03.pdf

IMD - Datasheet

https://www.bender.de/fileadmin/content/
Products/d/e/IR155-32xx-V004_D00115_D_XXEN.pdf

max. 150mA

IMD Connector

Main Connector

TSAL_Green = TS_OFF

3v3

IMD Supply

Debug Connector

GND

R123
10k

R26
10k

C52
100n

R125
47k

GND

IC1
BTT62001ENAXUMA1

IN
2

DEN
3

IS
4

V
S

1
G

N
D

9

OUT_3
8

OUT_2
7

OUT_1
6

NC
5

GND

J4
IMD

1
2
3
4

M
P

R40
4k7 +3V3

GND

R43
2.2k

JP3
IMD_HSLS

1

2

3

+24V

R21
4k7

D13
BZX84-A3V3

D14
BZX84-A3V3

J10
Shunt

SHUNT

1
3

M
P

2
4

+3V3

J2
D

eb
ug

1
2
3
4

M
P

+3V3

+3V3

+3V3

J1 T
S

_D
C

D
C

1
2
3
4

M
P



1 2 3 4 5 6

1 2 3 4 5 6

A

B

C

D

A

B

C

D

Date: 2025-03-09
Rev: V1

Size: A4

Title: SDC Latching Circuit

Author: Lene Marquardt
Project: Master_FT25 Exp. Date: 2025-04-27

Page: 12/15

C42
100nF

R86
120

1

3
2

Q5
DMN61D8LQ

R99
0

R100
100k

R101
10k

R97
120

+3V3+3V3

+3V3

C41
100nF

1

3
2

Q8
DMN61D8LQ

1

2
7

U17A
74LVC2G08

GND

V
D

D
14

V
S

S
7

U16C
MC14013BDG

D
9

C
11

S
8

R
10

Q
13

~{Q}
12

U16B
MC14013BDG

+3V3

R84
1k

5

6
3

U17B
74LVC2G08

GNDGND

R98
10k

R94
100k

GND

1

2

6
5
4

U19
PVG612AS

R92
1k

GND

1

3
2

Q7
DMN61D8LQ

R96
2k

+24V

R91
1k

V
C

C
8

G
N

D
4

U17C
74LVC2G08

GND

R102
100k

C43
20uF

R88
1k

GND

D27
LED_RED

GND

R89
120

GND

+3V3

1

2

6
5
4

U18
PVG612AS

1

3
2

Q6
DMN61D8LQ

R95
2k

+24V

R87
1k

GND GND

D26
LED_RED

R90
120

R83
1k

GND

R93
100k

D
5

C
3

S
6

R
4

Q
1

~{Q}
2

U16A
MC14013BDG

GND

1

3
2

Q4
DMN61D8LQ

R85
120

IMD_OK

Reset_Button_Out
Reset_Button_In

SDC_OUT

~{AMS_ERROR_LED}

~{IMD_ERROR_LED}

~{AMS_Error}

SDC_IN

AMS_Latch_Reset

~{IMD_Error}

Reset_Signal

Reset_Signal

IMD_Latch_Reset

AMS_Latch_Reset

~{IMD_Error}

~{AMS_Error}

Reset_Signal

IMD_Latch_Reset

~{AMS_Error}

The POR on the right should also work as a pulldown for
the button after POR. If it doesn't, remove R99 and place
R98.

AMS Latching

Start of Shutdown Circuit

OK_{HS}Pin from Bender
IR155-3204

~{AMS_ERROR_LED}goes to Dashboard
via CAN

Reset Gate

IMD Latching
Reset Signal

~{IMD_ERROR_LED}goes to Dashboard
via CAN

AMS Low on Error

Prevents Q and ~{Q}to be High
at the same Time when attempting to reset

R85
120

Q4
DMN61D8LQ

1

3
2

U16A
MC14013BDG

D
5

C
3

S
6

R
4

Q
1

~{Q}
2

D26
LED_RED

U16B
MC14013BDG

D
9

C
11

S
8

R
10

Q
13

~{Q}
12

R86
120

GND

D27
LED_RED

GND

+24V

R96
2k

GND

R94
100k

U19
PVG612AS

1

2

6
5
4

Q7
DMN61D8LQ

1

3
2

Q8
DMN61D8LQ 1

3
2

R99
0

U18
PVG612AS

1

2

6
5
4

Q6
DMN61D8LQ

1

3
2

R95
2k

R93
100k



1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

A

B

C

D

E

F

A

B

C

D

E

F

Date: 2025-03-09
Rev: V1

Size: A3

Title: Microcontroller

Author: Lene Marquardt
Project: Master_FT25 Exp. Date: 2025-04-27

Page: 7/15

+3V3

R57
120

+3V3

GND

C21
100nF

R51
100

R55
100

R50
1k

C26
2.2uF

GND

GND

R134
10k

GND

GND

NRST
7

BOOT0
60

PH0
5

PH1
6

PD2
54

PC0
8

PC1
9

PC2
10

PC3
11

PC4
24

PC5
25

PC6
37

PC7
38

PC9
39

PC10
51

PC11
52

PC12
53

PC13
2

PC14
3

PC15
4

VCAP
30

VCAP
46

V
B

A
T

1

V
D

D
19

V
D

D
32

V
S

S
18

V
D

D
48

V
S

S
A

12

V
D

D
64

V
D

D
A

13

PA0
14

PA1
15

PA2
16

PA3
17

PA4
20

PA5
21

PA6
22

PA7
23

PA8
40

PA9
41

PA10
42

PA11
43

PA12
44

PA13
45

PA14
49

PA15
50

PB0
26

PB1
27

PB2
28

PB3
55

PB4
56

PB5
57

PB6
58

PB7
59

PB8
61

PB9
62

PB10
29

PB12
33

PB13
34

PB14
35

PB15
36

U12
STM32H7A3RIT6

R48
100

+3V3

C29
1u

M
S

T
R

1
P

IC
O

2
P

O
C

I
3

S
C

K
4

~
{C

S
}5

V
D

D
S

6
IN

T
R

7
W

A
K

E
8

VDDS2
30

VDD
12

WAKE2
32

VP
13

INTR2
31

IM
10

MSTR2
25

IP
11

~{CS2}
29

GND_1
9

SCK2
28

PHAPOL
14

POCI2
27

RTO
15

PICO2
26

XCVRMD
16

EP
33

X
C

V
R

M
D

2
24

R
T

O
2

23
P

H
A

P
O

L2
22

G
N

D
_2

17
IP

2
19

IM
2

18
V

D
D

2
20

V
P

2
21

IC2
ADBMS6822WCCSZ

8

9
10

U5C
74LVC7032A

R

G

B

1

2

3

4

D10
LED_150080M153000

+3V3

GND

C22
1uF

C20
4.7uF

C28
2.2uF

R39
120

GND

R37
10k

R44
10k

GND

C32
100nF

GND

GND

R64
120

R59
120

R62
120

R56
120

R47
100

R137
20k/0

+3V3

GND

+3V3

D12
BZX84-A4V3

GND

R135
10k

R144
10k

C23
1u

+3V3

R66
47k

C33
1uF

R65
120

R60
120

R45
100 R63

120R61
120

R58
120

GND

R49
1k

R136
20k/0

R52
100

GND

C24
100nF

C25
100nF

C27
100nF

R41
DNP

GND

C30
100nF

GND

R42
0

1

4 2

3

IQXC-42

WE 830108178109

+3V3

C17
6pF

R124
160

C31
47u

R54
100

R46
1k

GND

R53
100

R38
10k

GND

1
2
3
4
5
6

J3
SWD Connector

GND

+3V3

R141
330

GND

C18
6pF

C19
100nF

GND

C53
47u

TS_Error

CarCAN_TX

SDC_Voltage

PRE_and_AIR+_open

IP
B

IM
B

SWDIO_1
SWCLK_1

HV_Active
NRST

AIR+_Control
AIR-_Control

IMD_Power
TSAL_GREEN SDC_closed

IPA

TEMP_TSDCDC

IMA

~{AMS_Error}

LV_I_measure

~{IMD_ERROR_LED}

Precharge_Control

IMD_OK

AIR-_Closed
AIR+_Closed

IMD_M

CarCAN_RX

~{AMS_ERROR_LED}

SPI2_MOSI

RCC_OSC_OUT

TEMP_DCDC

SPI1_MOSI
INTR2

WAKE2

SPI2_NSS

SPI2_MOSI

LV_I

MSTR1

SPI2_SCK

Status_LED_R

Trace_SWO

WAKE2

SPI1_MISO

SPI2_NSS

SPI2_MISO

SPI1_NSS
SPI1_SCK

NRST

INTR2

S
P

I1
_M

IS
O

S
P

I1
_M

O
S

I

S
P

I1
_N

S
S

M
S

T
R

1

NRST

SWCLK_1

S
P

I1
_S

C
K

Status_LED_G

Trace_SWO

MSTR2

SWDIO_1

IN
T

R
1

W
A

K
E

1

AMS_NERROR

Status_LED_B

Status_LED_R

MSTR2

Status_LED_B

RCC_OSC_IN

LV_I

RCC_OSC_OUT

RCC_OSC_IN

TEMP_DCDC

Status_LED_G

WAKE1
AMS_NERROR
SPI2_SCK

INTR1

SPI2_MISO

VDD input range 3.0-5.5V

6pF = C_{L1}= C_{L2}= 2*(C_{L}- C_{S})= 2*(8pF þÿ"�5pF)
grob gerechnet, +-1pF wird passen

From AN2867:
C_{L}= C_{L1}* C_{L2}/ (C_{L1}+ C_{L2})+ C_{S}

https://electronics.stackexchange.com/questions/17891/stray-capacitance-for-crystals

SPI Tranciever

Standard Bidirectional isoSPI (with LPCM Timeout
Monitor Support -> 20k resistor to gnd)

Wired Or for AMS Master Error

Filter Signale von TS_DCDC

Crystal: WE 830108178109

From crystal datasheet:
C_{L}= 8pF
C_{S}= 5pF (see link)

MSTR = 1
þÿ�f�ü�rMicrocontroller Mode

Debug Stecker

add esd
siehe slave 24

don't use PC13,14,15 !!

While layouting make sure every VDD has a capacitor close to it

TS-OFF additionally via CAN to SensorNode &
Dashboard -> OR-Gate to prevent software
change of TSAL_GREEN

R53
100

R52
100

R54
100

GND

C30
100nF

C25
100nF

C24
100nF

C28
2.2uF

R134
10k

C26
2.2uF

R50
1k

R55
100

R51
100

R57
120

R48
100

R61
120

R63
120

R45
100

R65
120

R144
10k

GNDGND

D12
BZX84-A4V3

R47
100

R56
120

R62
120R59

120

R64
120

R60
120

C21
100nF

C22
1uF

C20
4.7uF

IQXC-42

WE 830108178109

1

4 2

3

C18
6pF

GND

R41
DNP

GND

IC2
ADBMS6822WCCSZ

M
S

T
R

1
P

IC
O

2
P

O
C

I
3

S
C

K
4

~
{C

S
}5

V
D

D
S

6
IN

T
R

7
W

A
K

E
8

VDDS2
30

VDD
12

WAKE2
32

VP
13

INTR2
31

IM
10

MSTR2
25

IP
11

~{CS2}
29

GND_1
9

SCK2
28

PHAPOL
14

POCI2
27

RTO
15

PICO2
26

XCVRMD
16

EP
33

X
C

V
R

M
D

2
24

R
T

O
2

23
P

H
A

P
O

L2
22

G
N

D
_2

17
IP

2
19

IM
2

18
V

D
D

2
20

V
P

2
21

+3V3

GND

C23
1u

GND

R136
20k/0

+3V3

GND

D10
LED_150080M153000

1

2

3

4

+3V3

R39
120

GND

R37
10k

J3
SWD Connector

1
2
3
4
5
6

+3V3

GND

+3V3

C19
100nF

R38
10k

R124
160

C31
47u

GND

R141
330

GND

C53
47u



1 2 3 4 5 6

1 2 3 4 5 6

A

B

C

D

A

B

C

D

Date: 2025-03-09
Rev: V1

Size: A4

Title: SDC Latching Circuit

Author: Lene Marquardt
Project: Master_FT25 Exp. Date: 2025-04-27

Page: 12/15

C42
100nF

R86
120

1

3
2

Q5
DMN61D8LQ

R99
0

R100
100k

R101
10k

R97
120

+3V3+3V3

+3V3

C41
100nF

1

3
2

Q8
DMN61D8LQ

1

2
7

U17A
74LVC2G08

GND

V
D

D
14

V
S

S
7

U16C
MC14013BDG

D
9

C
11

S
8

R
10

Q
13

~{Q}
12

U16B
MC14013BDG

+3V3

R84
1k

5

6
3

U17B
74LVC2G08

GNDGND

R98
10k

R94
100k

GND

1

2

6
5
4

U19
PVG612AS

R92
1k

GND

1

3
2

Q7
DMN61D8LQ

R96
2k

+24V

R91
1k

V
C

C
8

G
N

D
4

U17C
74LVC2G08

GND

R102
100k

C43
20uF

R88
1k

GND

D27
LED_RED

GND

R89
120

GND

+3V3

1

2

6
5
4

U18
PVG612AS

1

3
2

Q6
DMN61D8LQ

R95
2k

+24V

R87
1k

GND GND

D26
LED_RED

R90
120

R83
1k

GND

R93
100k

D
5

C
3

S
6

R
4

Q
1

~{Q}
2

U16A
MC14013BDG

GND

1

3
2

Q4
DMN61D8LQ

R85
120

IMD_OK

Reset_Button_Out
Reset_Button_In

SDC_OUT

~{AMS_ERROR_LED}

~{IMD_ERROR_LED}

~{AMS_Error}

SDC_IN

AMS_Latch_Reset

~{IMD_Error}

Reset_Signal

Reset_Signal

IMD_Latch_Reset

AMS_Latch_Reset

~{IMD_Error}

~{AMS_Error}

Reset_Signal

IMD_Latch_Reset

~{AMS_Error}

The POR on the right should also work as a pulldown for
the button after POR. If it doesn't, remove R99 and place
R98.

AMS Latching

Start of Shutdown Circuit

OK_{HS}Pin from Bender
IR155-3204

~{AMS_ERROR_LED}goes to Dashboard
via CAN

Reset Gate

IMD Latching
Reset Signal

~{IMD_ERROR_LED}goes to Dashboard
via CAN

AMS Low on Error

Prevents Q and ~{Q}to be High
at the same Time when attempting to reset

R85
120

Q4
DMN61D8LQ

1

3
2

U16A
MC14013BDG

D
5

C
3

S
6

R
4

Q
1

~{Q}
2

D26
LED_RED

U16B
MC14013BDG

D
9

C
11

S
8

R
10

Q
13

~{Q}
12

R86
120

GND

D27
LED_RED

GND

+24V

R96
2k

GND

R94
100k

U19
PVG612AS

1

2

6
5
4

Q7
DMN61D8LQ

1

3
2

Q8
DMN61D8LQ 1

3
2

R99
0

U18
PVG612AS

1

2

6
5
4

Q6
DMN61D8LQ

1

3
2

R95
2k

R93
100k



1 2 3 4 5 6

1 2 3 4 5 6

A

B

C

D

A

B

C

D

Date: 2025-03-09
Rev: V1

Size: A4

Title: Relay Drivers

Author: Lene Marquardt
Project: Master_FT25 Exp. Date: 2025-04-27

Page: 9/15

SDC_closed

SDC_buf
GND_Coil

Precharge Relay Driver

File: pre_relay_driver.kicad_sch

R77
10k

R74
10k

GNDGND

D23
LED_GREEN

D24
PMEG3015EJ

D21
PMEG3015EJ

1

3
2

Q3
DMN61D8LQ

GND

1

3
2

Q2
DMN61D8LQ

GND

D22
LED_GREEN

R78
22k

GND

R76
120

D19
VSSAF512

R79
22kD18

PMEG3015EJ

R73
120

D20
LED_GREEN

R75
22k

1
3

M
P

2
4

J6
NEG_AIR

+3V3+3V3

1
3

M
P

2
4

J5
POS_AIR

1

3
2

Q1
DMN61D8LQ

R69
10k

GND GND

R68
120

D16
LED_GREEN

R70
22k

D17
VSSAF512

GND

C36
2.2m

R71
120

R72
120

SDC

aux_out[0..1]

SDC_closed

AIR-_Control
Precharge_Control

aux_in[0..1]

SDC_Voltage

AIR+_Control

S
D

C
_R

el
ay

Relay_4
Relay_3

aux_out1aux_out0

Relay_2

aux_in1aux_in0

The MOSFETs act as a low-side switch for the
Power-relais used. The diodes protect the
MOSFETs from inductive voltage spikes
caused by the Relais-coils when powered off.

Cap keeps Relays temporarily closed to bridge power
disruptions and allow for a soft-shutdown of the
relays, preventing high-voltage inductive spikes in the motors.
Calculate Cap-value with:
C=t/(Rcoil*ln(Vcc/Vdropout))
With the current values, Relais will remain closed
for 250ms after Vcc has been disrupted.
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"Regarding your questions about our testing process, we
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Discharge of the Capacitor
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-> Voltage at ~1,2V
Active LOW input Voltage is 0.8V
-> Delay of 1-1.5s

Time Delay
to prevent
noise from
triggering a fault

1s = RC = 100k * 10uF -> Spannung bei 2,08V
HIGH input voltage ist min. 2V -> PoR þÿ�f�ü�r1s
! Quick restarts -> capacitor may stay charged -> no PoR
-> DNP 1M resistor if needed

3V3 Signal

if (~{Short}= 0) -> Short
=> Failure detected
=> Signal is inverted and
Error is Latched

to prevent hv_mismatch
during discharge
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TS Accumulator
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The inverters and motors
are connected through direct screwed
connections using cable lugs. The built-in
overcurrent protection of the inverters
(150Arms) is used to protect the wires,
which can handle a continuous current of
170A

The cables are routed through cable glands if not specified

16mm2 unshielded - Coroflex - 9-2611 FHLR2GCB2G 16, 220A

16mm2 shielded - Coroflex - 9-2611 FHLR2GCB2G 16, 220A

6mm2 shielded - Coroflex - 9-2611 FHLR2GCB2G 6, 150A

0.5mm2 shielded - TE SPEC55, 6A

0.13mm2 unshielded - Alphawire 6711, 2A
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