
M

M

A B C D E F G H I J

1

3

4

6

7

A B C D E F G H I J

2

5

8

9

10

1

3

4

6

7

2

5

8

9

10

M

M

F

F

F

F

Rev: Size: A3

Last Change:

Developer: PCB No.:

PCB Name:

Date of Production:

Checked by:

Drawn by:
Project:
Schematic: Sheet:

DepartmentPAUL SCHERRER INSTITUT

CH 5232 Villigen - PSI

Located at:

Block page:

Sheet No.: Total:Variant Name:

D

16.12.2019

173500Hartmann Ueli
MuPix-HV

NUM

LTP

Liechti Mario

3205

HV_Power_Supply

9

Info Page173500 16/04/2021:14:36

MuPix-HV-N     -120V

1

Drawn by: Liechti Mario

PCB No.: 78 / 173500D

Project: Mu3e

Date: 16.04.2021

Checked by: Hartmann Ueli

Contents
1. Info Page

2. Block diagram

3. Power

4. Input

5. Microcontroller

6. DAC / HV ADC

7. Cockcroft Walton

8. Current measurement

9. Output

1 of 9

TOP-TopTop



M

M

A B C D E F G H I J

1

3

4

6

7

A B C D E F G H I J

2

5

8

9

10

1

3

4

6

7

2

5

8

9

10

M

M

F

F

F

F

Rev: Size: A3

Last Change:

Developer: PCB No.:

PCB Name:

Date of Production:

Checked by:

Drawn by:
Project:
Schematic: Sheet:

DepartmentPAUL SCHERRER INSTITUT

CH 5232 Villigen - PSI

Located at:

Block page:

Sheet No.: Total:Variant Name:

D

16.12.2019

173500Hartmann Ueli
MuPix-HV

NUM

LTP

Liechti Mario

3205

HV_Power_Supply

9

Block diagram173500 18/11/2020:12:24

Block diagram

2

Voltage relations

GND

+3.3V

+5.2V

+6.5V

+24V

-5V

HV / AGND

+2.5V_REF_A

+5V_A

+2.5V_REF

INPUT

RS-485
Transceiver

Voltage
Regulator

+5.2V

Microcontroller

uC
C8051F930

C2

Temp. Sensor

HV-ADC DAC
Cockcroft WaltonPI

OUTPUT
ADC

Current measurement

SPI
Power
Isolator

DAC / HV ADC High Voltage Generator Current Measurement

Voltage
Divider

SPI

+3.3V

isolated
Switch

Enable

Status

-5V

2 of 9

TOP-TopTop



M

M

A B C D E F G H I J

1

3

4

6

7

A B C D E F G H I J

2

5

8

9

10

1

3

4

6

7

2

5

8

9

10

M

M

F

F

F

F

Rev: Size: A3

Last Change:

Developer: PCB No.:

PCB Name:

Date of Production:

Checked by:

Drawn by:
Project:
Schematic: Sheet:

DepartmentPAUL SCHERRER INSTITUT

CH 5232 Villigen - PSI

Located at:

Block page:

Sheet No.: Total:Variant Name:

D

16.12.2019

173500Hartmann Ueli
MuPix-HV

NUM

LTP

Liechti Mario

3205

HV_Power_Supply

3 9

Input173500 19/11/2020:08:20

DI

DE_RE

GND

GND

R RO

RE
DE

DI

A

Logic

D

VL

SLO

B

Z
Y

GND

VCC

EP

GND

GND GND

GND

GND
GND

GND

Input-Connector RS-485

RS-485 Transceiver

1: P
2: N
3: GND
4: +24V

STPS2L40U
V3

+24V

TP3

75867-130LF

3

J1

2
4

1

3

SM712.TCT

2 1

V4

10

3

11

8
4

13

12

9

5
1

6

7

U4

2

LTC2865CMSE#PBF

4

L2
100u

32

1
120R
R4

2u2
C9

+5.2V

10k
R5

+5.2V

C10
2u2

RO

A

GND

VCC

Y

GND

GND

5

2

U5

3

4

SN74LV1T34DCKR
C14
2u2

+5.2V

SN74LV1T34DCKR

4

3

U7

2

5
2u2
C15

+5.2V

A

GND

VCC

Y

GND

GND

optional

O
V+

V-

-

+

GND

GND AY

GND NC1

VCC

Is
ol

at
io

n

VCC

GND1

INA

INB

INC

OUTD
NC

GND2
GND3
SEL
IND

OUTC

OUTB

OUTA

GND4

VISO

Enable Input

Enable override

0V ... 0.8V: disable HV
2V ... 30V: enable HV

0V ... 30V -> 0V ... 5V

Status Input

Status Output

Termination Jumper
(place on last board)

IN

OUT

(in PLC direction)

(in termination
direction)

Hysteresis: 0.8V...2V

If hysteresis is not wanted, remove
feedback resistor and set upper resistor
as 6k8 and lower resistor as 330R.

ENABLE GND
ENABLE IN

STATUS IN
STATUS OUT

ENABLE GND
ENABLE IN

STATUS IN
STATUS OUT

C116
2u2

1k
R71

+5V_PE

U33

R78
75k

15k
R79

JP1
TSW-102-07-L-S

2

1

1k
R72

LMC7215IM5/NOPB
U27

5

4
1

3

2

2u2
C117

+3.3V

R74
470R

+5.2V

SP4021-01FTG-C
V43

SMBJ45CA
V42

K1
TLP172AM(TPR,E

34

16

+5V_PE

+5V_PE

+5V_PE

GND

+5.2V

C118
2u2

C114
10u

L9

74
27

92
09

7

GND

GND

+5V_PE

C119
2u2

10u
C115

74
27

92
09

7

L10
338070-4

4

J8

2
1

3

TSW-101-08-L-D-RA

1

J10

2

338070-4

2
1

4

J9

3

18K0
R75

12k
R76

R77
510R

3

4

5

2

1

SN74LVC1G06

U26

1

6

8

3

16

9 2
15

4

10

5

13

7

14

12

11

ISOW7841DWE
U32

HV_ENABLE

STATUS_OK

J11

2

1

M22-2010205

Termination

TP4

3 of 9

TOP-TopTop



M

M

A B C D E F G H I J

1

3

4

6

7

A B C D E F G H I J

2

5

8

9

10

1

3

4

6

7

2

5

8

9

10

M

M

F

F

F

F

Rev: Size: A3

Last Change:

Developer: PCB No.:

PCB Name:

Date of Production:

Checked by:

Drawn by:
Project:
Schematic: Sheet:

DepartmentPAUL SCHERRER INSTITUT

CH 5232 Villigen - PSI

Located at:

Block page:

Sheet No.: Total:Variant Name:

173500

9

Power

MuPix-HV
NUM

Hartmann Ueli

LTP

Liechti Mario

3205 4

HV_Power_Supply

16.12.2019

D

19/11/2020:08:23173500

BYPGND
GND
GND

IN OUT
SENSE/ADJ

SHDN

GNDGND GND GND

GND

GND GND

GND

OUTIN

GND

Voltage Regulators

3

5

LT1763CS8

6
7

U2

4

2
8 1

+24V +6.5v +5.2V

C5
10n

10u
C6

C1
4u7 4u7

C2 C3
4u7 1u

C4
33k
R1

R2
10k

3

U1

2

1

TSR 1-2465
742792097

L1

GND GND GND

G

GND

OUTIN

GND

1u
C7

1u
C8

+5.2V +3.3V

V2

330R
R3

3

U3
MCP1700T-3302E/TT

2

1

V1
MBR140SFT3G

GNDGND

GND

TP2TP1

TOP-TopTop

4 of 9

TP23TP24



M

M

A B C D E F G H I J

1

3

4

6

7

A B C D E F G H I J

2

5

8

9

10

1

3

4

6

7

2

5

8

9

10

M

M

F

F

F

F

Rev: Size: A3

Last Change:

Developer: PCB No.:

PCB Name:

Date of Production:

Checked by:

Drawn by:
Project:
Schematic: Sheet:

DepartmentPAUL SCHERRER INSTITUT

CH 5232 Villigen - PSI

Located at:

Block page:

Sheet No.: Total:Variant Name: 16.12.2019

173500 D

173500 19/11/2020:08:29

5

MuPix-HV
NUM

LTP

Liechti Mario

9

Microcontroller

Hartmann Ueli

3205

HV_Power_Supply

A

OE
GND

Y

VCC

SCK
MISO
MOSI

C2CK

C2D
DI

RO
DE_RE

EN_HV

HV ON

Microcontroller

Temperature Sensor

CS_HV_ADC

CS_ADC

CS_DAC

GND

GND

EN_OUTA
EN_OUTB
EN_OUTC
EN_OUTD

R

GND

GND/DC-

GND

VDD/DC+

DCEN
VBAT

RST/C2CK

P2.7/C2D
P2.6/WR

XTAL4
XTAL3

P2.5/RD
P2.4/ALE

P2.3/AD11
P2.2/AD10

P2.1/AD9
P2.0/AD8

P1.7/AD7
P1.6/AD6
P1.5/AD5
P1.4/AD4
P1.3/AD3
P1.2/AD2
P1.1/AD1
P1.0/AD0

P0.7/IREF0
P0.6/CNVSTR
P0.5/RX
P0.4/TX
P0.3/XTAL2
P0.2/XTAL1
P0.1/AGND
P0.0/VREF

C8051F930-G-GQ

26

23

20

31

19

28

13
12
11

27

30

24

18
17

15

10

14

21

16

29

25

22

U6

32

2

7

1

4

3

6

9

5

8

TLMS-1000V5

+3.3V

+3.3V

SN74LVC1G125

U10

42

3

5

1

J3

2
1

R9
2k2

R8
680R

2k2
R16

Interface "C2"

C2
Soldering Pads uC

J2

4
3

1
2

+3.3V

1

TP5

2

3
TP6

3

1

2

2u2
C16

2u2
C17

C2CK
C2D

Pad_1 Pad_2

2u2
C24

Pad_1
Pad_2

Pin Verifizierung Software
Vdd = pos. Version
GND = neg. Version

STATUS_OK

TEMP_OUT
TEMP_OUT_EN

1k
R10

TEMP_IN R11
1k

1k
R12

GND

+3.3V

GND

GND

GND

GND
GND GND

+3.3V

+3.3V +3.3V

GND GND

GND

4.7V

V35
MMBZ5230BLT1G

GND

HV_ENABLE

all inputs 5V tolerant

R88
220R

R89
10R

C121
10n

V44 3

1

2

BAV99W,115

GND

GND

+3.3V

TOP-TopTop

5 of 9



M

M

A B C D E F G H I J

1

3

4

6

7

A B C D E F G H I J

2

5

8

9

10

1

3

4

6

7

2

5

8

9

10

M

M

F

F

F

F

Rev: Size: A3

Last Change:

Developer: PCB No.:

PCB Name:

Date of Production:

Checked by:

Drawn by:
Project:
Schematic: Sheet:

DepartmentPAUL SCHERRER INSTITUT

CH 5232 Villigen - PSI

Located at:

Block page:

Sheet No.: Total:Variant Name: 9

DAC / HV ADC

3205 6

173500 19/11/2020:08:30

HV_Power_Supply

LTP

Liechti Mario
MuPix-HV

NUM

D

16.12.2019

173500Hartmann Ueli

GND

TEMP TRIM

VIN VOUT

32
 -

 B
IT

S
H

IF
T

 R
E

G
IS

T
E

R

16
 -

 B
IT

D
A

C

R
E

G
IS

T
E

R
IN

P
U

T
 / 

D
A

C

CTRL

SDO

SDI

SCK

CLR

CS/LD

REF

VOUT

GND

VCC

LDAC
THERMAL

MOSI

SCK

CS_DAC

HV_SOLL

SDI

VCC
VREF

IN+
IN-

CS

SDO

GND

SCK

F0

THERMAL

MOSI

SCK
CS_HV_ADC

MISO

HV ADC

Voltage Measurement

16-Bit DAC

SPI

2.5V Ref.

SPI HV_IST

+5.2V

GND GND

GND

+3.3V

GND GND GND GND

Thermal pad must be soldered

GND

GND

+3.3V

+3.3V

1u
C27

3 4

5

U11
ADR03BKSZ

1

2

LTC2601CDD-1#PBF
U14

8

1

10

6
2

4

3

5

9

11

7

R18
1k

100n
C30

100n
C29

U13
LTC2484CDD#PBF

3

4

11

6
5

8

10

1

2

9
7 R19

1k

R20
1k

GND

2u2
C28

2u2
C31

2u2
C32

2u2
C25

GND

GND

2u2
C33

TP8

TP7

TP12

+2.5V_REF

V+

V-
-

+

GND

GND

+5.2V

REF_BUF

AD8605ARTZ

4

U12
3

1

5

2

2k2
R17

2u2
C26

Y

Y

TP10TP9 TP11

TOP-TopTop

6 of 9



M

M

A B C D E F G H I J

1

3

4

6

7

A B C D E F G H I J

2

5

8

9

10

1

3

4

6

7

2

5

8

9

10

M

M

F

F

F

F

Rev: Size: A3

Last Change:

Developer: PCB No.:

PCB Name:

Date of Production:

Checked by:

Drawn by:
Project:
Schematic: Sheet:

DepartmentPAUL SCHERRER INSTITUT

CH 5232 Villigen - PSI

Located at:

Block page:

Sheet No.: Total:Variant Name:

D

16.12.2019

173500Hartmann Ueli
MuPix-HV

NUM

LTP

Liechti Mario

3205

HV_Power_Supply

7 9

Cockcroft Walton173500 18/11/2020:12:24

GND

GND

HV_SOLL

V+

V-
-

+

0.1%. 1206

HV_IST

GND GND GND GND GND

DIV

GND

GRD

OUT

SET

V+

U16

6

4

1

5

2

3

LTC6906CS6#TRMPBF

Buffer

HV DIVIDER

PI Voltage Regulator

COM

IN

NC
NO

COM

IN

NC
NO

GND

V+

SW1

1

6

MAX4717EUB+

VCC

GND

&
A B

Y

EN_HV

Clock

Cockcroft
Walton AGND|HV_OUT

V+

V-

-

+

0.1%. 1206

Y

+5.2V

+5.2V

GND GND GND GND

+5.2V

GND

GND

+5.2V

GND GND

GND
GND

GND

+5.2V

+5.2V

+5.2V

GND

GND

250V

250V

REF_BUF

V6

9

SW1

7

MAX4717EUB+

10

8

SW1

5
3

4

MAX4717EUB+

2

U15

3

SN74AHCT1G08DBVR

5

SN74AHCT1G08DBVR
U15

4
21

250V250V250V250V

U17
4

1

AD8531ARTZ-REEL7
5

3

2

AD8605ARTZ
U18

3

5

2

1
4

250V250V250V

250V250V250V250V

250V250V

250V250V250V250V

250V250V250V250V250V250V

250V250V250V250V250V250V

CW ON

R24
0R100k

R23

R25
1k

1u
C42

1k
R28

1k
R27

1u

C35

C37
100n

1k
R21

R22
100R

C39
1n

C A

A
C

C A

A
C

C A

A
C

C A

A
C

C A

A
C

C A

A
C

C A

A
C

C A

A
C

C A

A
C

C A

A
C

C A

A
C

C A

A
C

C A

A
C

12

3

BAT54SW
V17

BAT54SW
V21

2 1

3

V18
BAT54SW

2

3

1

V20

2

BAT54SW

1

3

2 1

3

BAT54SW
V22

BAT54SW
V19

2 1

3

BAT54SW
V29

1

3

2

BAT54SW
V24

12

3

V23
BAT54SW

3

2 1

BAT54SW

2

3

V28

1

BAT54SW
V27

3

2 1

V25

2

BAT54SW

1

3

V26

2 1

3

BAT54SW

GND

+5.2V

GND

+5.2V

BAV99W,115
V9

2

1

3

V8
BAV99W,115

1

2

3

C A

A
C

250V

250V

3

BAT54SW

12

V10

C A

A
C

250V

250V

3

BAT54SW

12

V11

C A

A
C

250V

250V

3

BAT54SW

12

V12

C A

A
C

250V

250V

3

BAT54SW

12

V13

C A

A
C

250V

250V

3

BAT54SW

12

V14

C A

A
C

250V

250V

3

BAT54SW

12

V15

C A

A
C

250V

250V

3

BAT54SW

12

V16

R29
1M

R30
15K

C55
10n

C56
10n

10n
C57

10n
C58

10n
C59

10n
C60

10n
C61

10n
C62

10n
C64

10n
C63

10n
C65

10n
C43

10n
C45

10n
C47

10n
C49

10n
C51 C53

10n

10n
C44

10n
C46 C48

10n
C50
10n

C52
10n

C54
10n

L5

47u

L6

47u

R34
10R

R33
10R

10R
R32

10R
R35

R31
100R

2u2
C34

2u2
C36 2u2

C38

2u2
C40

2u2
C41

TP14

TP16

TP15

TP13

Y

Y

Y

Y

100n
C84

0805 1206

LV MV

MV HV

C66
10n

C68
10n

C67
10n

C69
10n

C70
10n

C71
10n

C72
10n

C73
10n

C74
10n

C75
10n

C76
10n

C78
10n

C80
10n

C79
10n

C81
10n

C77
10n

C83
10n

C82
100n

C86
22n

C85
10n

C87
10n

7 of 9

TOP-TopTop



M

M

A B C D E F G H I J

1

3

4

6

7

A B C D E F G H I J

2

5

8

9

10

1

3

4

6

7

2

5

8

9

10

M

M

F

F

F

F

Rev: Size: A3

Last Change:

Developer: PCB No.:

PCB Name:

Date of Production:

Checked by:

Drawn by:
Project:
Schematic: Sheet:

DepartmentPAUL SCHERRER INSTITUT

CH 5232 Villigen - PSI

Located at:

Block page:

Sheet No.: Total:Variant Name:

D

16.12.2019

173500Hartmann Ueli
MuPix-HV

NUM

LTP

Liechti Mario

3205

HV_Power_Supply

8 9

Current measurement173500 19/11/2020:16:49

Is
ol

at
io

n

VCC

GND1

INA

INB

INC

OUTD
NC

GND2
GND3

SEL
IND

OUTC

OUTB

OUTA

GND4

VISO

SPI-Power Isolator

ADC

Current Measurement AGND|HV_OUT

GND

AGND

+5V_A

AGND

AGND

AGND

250V

250V

250V

2

BAV99W,115
V31

1

3 V32
BAV99W,115

2

1

3

2

1

3
BAV99W,115
V33 V34

BAV99W,115

2

1

3

C104
100n

100n
C103

100n
C102

C101
100n

1

2

3

5

6
7

4

8

10
11

9

12

13

U19
ISOW7841DWE

15

14

16

100n
C97

100n
C98

100n
C99

100n
C100

10u
C94

1k
R36

GND

GND

250V

GND

GND

+5V_A +5V_A +5V_A +5V_A

GND

TEMP TRIM

VIN VOUT

2.5V Ref.
ADR03BKSZ

2

4

U21

1 5

3

+5V_A

AGNDAGND

AGND

R46
1k

place close
 to isolator

1k
R37

R38
1k

R39
1k

1k
R40

R42
1k

R43
1k

R44
1k
1k

R45

100R
R48

R50
100R

100R
R52

100R
R54

TP17

2u2
C95

AGNDAGND

4
CM2824E182R-10

L8

1

2 3

R41
560R V30

BZX585-B5V6

+5V_A

2u2
C90 C91

10u 47u
C92

GND

+5.2V

2u2
C88

C89
10u

L7

74
27

92
09

7

C93
2u2

OUTPUT_B

OUTPUT_A

OUTPUT_D

OUTPUT_C

MOSI A

GND

VCC

Y

GND

GND

3

U8
SN74LV1T34DCKR

4

5

2

C19
2u2

2

5

4

SN74LV1T34DCKR
U9

3

2u2
C20

A

GND

VCC

Y

GND

GND
SCK

2

5

4

SN74LV1T34DCKR
U23

3

2u2
C21

A

GND

VCC

Y

GND

GND
CS_ADC

2

5

4

SN74LV1T34DCKR
U24

3

2u2
C22

A

GND

VCC

Y

GND

GND

+5.2V

+5.2V

+5.2V

MISO

+3.3V

ADC_MOSI

ADC_MISO

ADC_SCK

ADC_CS

+2.5V_REF_A

+2.5V_REF_A

AGND

2u2
C96

GND

+5.2V

C23
2u2

OUT_EN

Y

A

K S1

S

K2

3

1 4

LH1546AEFTR

2

A

K S1

S

2

LH1546AEFTR

41

3

K3

A

K S1

S

A

K S1

S

VCC

GND

&
A
B

Y

&
A
B

Y

VCC

GND
&

A
B

Y

&
A
B

Y

+5.2V

+5.2V

+5.2V

+5.2V

GND

+5.2V

K4
LH1546AEFTR

4

32

1

1

K5
LH1546AEFTR

4

2 3

U34
SN74LVC2G00DCUT

8

4

SN74LVC2G00DCUT

2

U35

7
1

1
2

U34

7

U35

8

4

SN74LVC2G00DCUT
U35

3
6
5

5
3

6

U34

2u2
C120

EN_OUTA

EN_OUTB

EN_OUTC

EN_OUTD

1k
R80

1k
R81

1k
R82

1k
R83

TOP-TopTop

8 of 9

HV - Switch

Input range:
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