
1

1

2

2

3

3

4

4

5

5

6

6

A A

B B

C C

D D

Document Creation Date: 8/26/2025

Design : free_electron

CT9042.PrjPcb



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

U_PSU
PSU.SchDoc

VC/VD

ADC-ICD

PNC

DRIVE

IM3
IM4

ADC-VCD

U_POWERAMP
POWERAMP.SchDoc

BFA
IB2
IB1

ADC-D0
ADC-D1
ADC-D2
ADC-D3
ADC-D4
ADC-D5
ADC-D6
ADC-D7

ADC-VBG
ADC-IBG

IBPOL

IB/VG

U_IBVG-DRIVER
IBVG-DRIVER.SchDoc

RET

DRIVE

REF

SYNC

LIMIT

CRS MARKER

XOUT

VCD

VCA
VCB

U_SWEEP SWEEP.SchDoc

PMA
PMB
OVERLOAD

ADC-VCD
ADC-ICD

MARKER

YOUT

U_MULTIPLIER
MULTIPLIER.SchDoc

115/230

P15VA
N15VA

P5VA
N5VA

P5VD

P5VREL

P40V

N40V

RAW 56V

ANALOG +/-15V

ANALOG +/-5V

DIGITAL +/-5V

RELAY +/-5V

PNC

U_PSU48
PSU48.SchDoc

P56V N56V

VC/VD
IB/VG

A/B
ENABLE

U_POWERMUX

POWERMUX.SchDoc

SCL
SDA

KEYINT
ROTCLICK

ROTPHA
ROTPHB

LCD-D7
LCD-D4
LCD-D5
LCD-D6

LCD-E
LCD-RW
LCD-RS

U_FrontPanel
FrontPanel.SchDoc

ADC-D0
ADC-D1
ADC-D2
ADC-D3
ADC-D4
ADC-D5
ADC-D6
ADC-D7

VCA
VCB

BFA
IB2
IB1

IBPOL

PMA
PMB

SCL
SDA

KEYINT
ROTCLICK
ROTPHA
ROTPHB

ADC-VBG
ADC-IBG

ADC-VCD
ADC-ICD

OVERLOAD

LCD-D7
LCD-D4
LCD-D5
LCD-D6
LCD-E
LCD-RW
LCD-RS

U_PROCESSOR

PROCESSOR.SchDoc

SILICONVALLEYGARAGE

CT9042
Instruments

Curve Tracer

WORK IN PROGRESS



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

1 2

SW?

1 2

SW?

1 2

SW?

1 2

SW?

1 2

SW?

1 2

SW?

1 2

SW?

1 2

SW?

1 2

SW?

Run/Stop

B Alt

DUT

12

D?

12

D?

12

D?

12

D?
12

D?
12

D?

12

D?
12

D?
12

D?

12

D?
12

D?
12

D?

Imax Vmax Pmax Oper

1 2

SW?

A1 2

D?

SILICONVALLEYGARAGE

CT9042

1 2 34 5

SW?

PEC12R-XX

Marker /  Trace

1 2

SW?

Mk 1 /  2

1 2

D?

12

D?

P5VD

1 2

SW?

DUT A /  B

1 2

D?

12

D?
P5VD

1 2

SW?

1 2
D?

12

D?

P5VD

1 2

SW?

1 2
D?

12
D?

Instruments

Curve Tracer

E/S C/D

B/G

E/S C/D

B/G

Trace Select

1
2

D?

1
2

D?

Cursor

1 2

SW?

Trace

Count

P N

Bipolar FET

Config

GND

1

VCC

2

CTR

3

RS

4

R/W

5

E
6

D
0

7

D
1

8

D
2

9

D
3

10

D
4

11

D
5

12

D
6

13

D
7

14

15

16

DISP? DISPLAY-LCD-2X40

P1
-1

14
P1

-2
15

IN
T

1

P0
-4

8

P0
-0

4
P0

-1
5

P0
-2

6
P0

-3
7

P0
-5

9

P0
-7

11

P0
-6

10

P1
-3

16

P1
-0

13

G
N

D 12

P1
-4

17
P1

-5
18

P1
-6

19
P1

-7
20

A
0

21

SC
L

22

SD
A

23
V

C
C24

A
1

2

A
2

3

U?

P1
-1

14
P1

-2
15

IN
T

1

P0
-4

8

P0
-0

4
P0

-1
5

P0
-2

6
P0

-3
7

P0
-5

9

P0
-7

11

P0
-6

10

P1
-3

16

P1
-0

13

G
N

D 12

P1
-4

17
P1

-5
18

P1
-6

19
P1

-7
20

A
0

21

SC
L

22

SD
A

23
V

C
C24

A
1

2

A
2

3

U?

GND

GND

GND

GND

GND

GND GND

P5VD

P5VD

P5VDP5VD

B
TN

-B
IP

FE
T

B
TN

-N
PN

-P
N

P

LE
D

-B
IP

LE
D

-P
N

P

LE
D

-N
PN

LE
D

-F
ET

LE
D

-C
H

A

B
TN

-C
H

A

GND

P5VD

GND

P5VD

B
TN

-C
H

B

LE
D

-C
H

B

B
TN

-IM
A

X
U

P
B

TN
-IM

A
X

D
N

LE
D

-2
m

A

LE
D

-2
0m

A

LE
D

-2
00

m
A

B
TN

-V
M

A
X

D
N

LE
D

-V
M

A
X

2V

LE
D

-V
M

A
X

10
V

LE
D

-V
M

A
X

40
V

B
TN

-P
M

A
X

D
N

B
TN

-P
M

A
X

U
P

1 2

SW?

Setup

B
TN

-S
ET

U
P

P5VD

POWER

LE
D

-P
M

A
X

40
m

W

LE
D

-P
M

A
X

40
0m

W

LE
D

-P
M

A
X

4W

LE
D

-R
U

N
ST

O
P

LE
D

-A
LT

B
TN

-R
U

N
ST

O
P

P5VD

GND

B
TN

-A
LT

ER
N

AT
E

LE
D

-T
R

C
SE

L

LE
D

-C
U

R
SO

R

LE
D

-M
R

K
-A

LE
D

-M
R

K
-B

LE
D

-M
R

K
-2

LE
D

-M
R

K
-1

B
TN

-D
U

TA
B

B
TN

-T
R

C
N

T
B

TN
-M

A
R

K
12

B
TN

-P
M

A
X

U
P

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

1/10W
0.1%

511R06
03

R?

B
TN

-IM
A

X
U

P
B

TN
-IM

A
X

D
N

B
TN

-V
M

A
X

D
N

B
TN

-P
M

A
X

D
N

B
TN

-R
U

N
ST

O
P

B
TN

-A
LT

ER
N

AT
E

B
TN

-D
U

TA
B

B
TN

-T
R

C
N

T
B

TN
-M

A
R

K
12

B
TN

-P
M

A
X

U
P

B
TN

-B
IP

FE
T

B
TN

-N
PN

-P
N

P
B

TN
-C

H
A

B
TN

-C
H

B

B
TN

-P
M

A
X

U
P

B
TN

-S
ET

U
P

LE
D

-B
IP

LE
D

-P
N

P
LE

D
-N

PN
LE

D
-F

ET
LE

D
-C

H
A

LE
D

-C
H

B
LE

D
-2

m
A

LE
D

-2
0m

A

LE
D

-2
00

m
A

LE
D

-V
M

A
X

2V
LE

D
-V

M
A

X
10

V
LE

D
-V

M
A

X
40

V
LE

D
-P

M
A

X
40

m
W

LE
D

-P
M

A
X

40
0m

W
LE

D
-P

M
A

X
4W

LE
D

-R
U

N
ST

O
P

LE
D

-A
LT

LE
D

-T
R

C
SE

L
LE

D
-C

U
R

SO
R

LE
D

-M
R

K
-A

LE
D

-M
R

K
-B

LE
D

-M
R

K
-2

LE
D

-M
R

K
-1

P1
-1

14
P1

-2
15

IN
T

1

P0
-4

8

P0
-0

4
P0

-1
5

P0
-2

6
P0

-3
7

P0
-5

9

P0
-7

11

P0
-6

10

P1
-3

16

P1
-0

13

G
N

D 12

P1
-4

17
P1

-5
18

P1
-6

19
P1

-7
20

A
0

21

SC
L

22

SD
A

23
V

C
C24

A
1

2

A
2

3

U?

P5VD GNDP5VD GND

P5VD

GND

GND

1/10W
0.1%

10K06
03

R?

1/10W
0.1%

10K06
03

R?

P5VD P5VD

101 = LED BANK 2100 = LED BANK 1 P5VD

GNDGND
000 = BUTTON BANK

SCL PROCESSOR[6B]
SDA PROCESSOR[6B]
KEYINT PROCESSOR[3B]

ROTCLICK PROCESSOR[3B]
ROTPHA PROCESSOR[3B]
ROTPHB PROCESSOR[3B]

P5VD

1/10W
0.1%

10K06
03

R?

1/10W
0.1%

10K06
03

R?

1/10W
0.1%

10K06
03

R?

LCD-D7 PROCESSOR[3A]

LCD-D4 PROCESSOR[3A]
LCD-D5 PROCESSOR[3A]
LCD-D6 PROCESSOR[3A]

LCD-E PROCESSOR[3A]
LCD-RW PROCESSOR[3B]
LCD-RS PROCESSOR[3B]

P5VD

LE
D

-B
A

C
K

LI
G

H
T

LE
D

-B
A

C
K

LI
G

H
T

3

1

2

Q?
BC847B

1/10W
0.1%

511R06
03

R?

GND

P5VD

GND

CONTRAST POT
V5 CAP 

BACKLIGHT CURRENT RES

FLOAT ?

PID?01 
PID?02 

COD? 

PID?01 
PID?02 

PID?01 PID?02 PID?01 PID?02 

PID?01 PID?02 PID?01 PID?02 

PID?01 PID?02 PID?01 PID?02 

PID?01 PID?02 PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PIDISP?01 PIDISP?02 PIDISP?03 PIDISP?04 PIDISP?05 PIDISP?06 PIDISP?07 PIDISP?08 PIDISP?09 PIDISP?010 PIDISP?011 PIDISP?012 PIDISP?013 PIDISP?014 

PIDISP?015 

PIDISP?016 

CODISP? 

PIQ?01 

PIQ?02 

PIQ?03 
COQ? 

PIR?01 

PIR?02 

COR? 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PISW?01 PISW?02 

COSW? 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 PISW?03 PISW?04 PISW?05 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PIU?01 PIU?02 PIU?03 

PIU?04 PIU?05 PIU?06 PIU?07 PIU?08 PIU?09 PIU?010 PIU?011 

PIU?012 

PIU?013 PIU?014 PIU?015 PIU?016 PIU?017 PIU?018 PIU?019 PIU?020 

PIU?021 PIU?022 PIU?023 

PIU?024 

COU? 

PIU?01 PIU?02 PIU?03 

PIU?04 PIU?05 PIU?06 PIU?07 PIU?08 PIU?09 PIU?010 PIU?011 

PIU?012 

PIU?013 PIU?014 PIU?015 PIU?016 PIU?017 PIU?018 PIU?019 PIU?020 

PIU?021 PIU?022 PIU?023 

PIU?024 

PIU?01 PIU?02 PIU?03 

PIU?04 PIU?05 PIU?06 PIU?07 PIU?08 PIU?09 PIU?010 PIU?011 

PIU?012 

PIU?013 PIU?014 PIU?015 PIU?016 PIU?017 PIU?018 PIU?019 PIU?020 

PIU?021 PIU?022 PIU?023 

PIU?024 

PISW?02 

PIU?08 

NLBTN0ALTERNATE 

PISW?01 

PIU?019 

NLBTN0BIPFET 

PISW?01 

PIU?017 

NLBTN0CHA 

PISW?02 

PIU?016 

NLBTN0CHB 

PISW?02 

PIU?07 
NLBTN0DUTAB 

PISW?02 

PIU?014 

NLBTN0IMAXDN 

PISW?01 

PIU?015 

NLBTN0IMAXUP 

PISW?02 

PIU?05 

NLBTN0MARK12 

PISW?01 

PIU?018 

NLBTN0NPN0PNP 

PISW?01 

PIU?010 

NLBTN0PMAXDN 

PISW?01 PISW?02 

PIU?04 PIU?020 

NLBTN0PMAXUP 

PISW?02 

PIU?09 

NLBTN0RUNSTOP 

PISW?01 

PIU?011 

NLBTN0SETUP 

PISW?02 

PIU?06 
NLBTN0TRCNT 

PISW?01 

PIU?013 

NLBTN0VMAXDN 

PIDISP?01 

PIQ?02 

PISW?01 

PISW?02 

PISW?04 

PIU?02 PIU?03 

PIU?012 

PIU?021 PIU?01 

POKEYINT 

PIDISP?011 

POLCD0D4 

PIDISP?012 

POLCD0D5 

PIDISP?013 
POLCD0D6 

PIDISP?014 
POLCD0D7 

PIDISP?06 

POLCD0E 

PIDISP?04 

POLCD0RS 

PIDISP?05 

POLCD0RW 

PIR?02 

PIU?014 

NLLED02mA 

PIR?02 

PIU?013 

NLLED020mA 

PIR?02 

PIU?011 

NLLED0200mA 

PIR?02 

PIU?010 

NLLED0ALT 

PIR?02 

PIU?011 

NLLED0BACKLIGHT 
PIR?02 

PIU?020 

NLLED0BIP 

PIR?02 

PIU?016 

NLLED0CHA 

PIR?02 

PIU?015 

NLLED0CHB 

PIR?02 

PIU?08 

NLLED0CURSOR 

PIR?02 

PIU?017 

NLLED0FET 

PIR?02 

PIU?04 

NLLED0MRK01 

PIR?02 

PIU?05 

NLLED0MRK02 

PIR?02 

PIU?07 

NLLED0MRK0A 

PIR?02 

PIU?06 

NLLED0MRK0B 

PIR?02 

PIU?018 

NLLED0NPN 

PIR?02 

PIU?05 

NLLED0PMAX4W 

PIR?02 

PIU?07 

NLLED0PMAX40mW 

PIR?02 

PIU?06 

NLLED0PMAX400mW 

PIR?02 

PIU?019 

NLLED0PNP 

PIR?02 

PIU?04 

NLLED0RUNSTOP 

PIR?02 

PIU?09 

NLLED0TRCSEL 

PIR?02 

PIU?010 

NLLED0VMAX2V 

PIR?02 

PIU?09 

NLLED0VMAX10V 

PIR?02 

PIU?08 

NLLED0VMAX40V 

PID?01 

PIR?01 

PIDISP?03 PIDISP?07 PIDISP?08 PIDISP?09 PIDISP?010 

PIDISP?016 

PIQ?03 
PIQ?01 

PIR?01 

PIU?01 

PIU?013 PIU?014 PIU?015 PIU?016 PIU?017 PIU?018 PIU?019 PIU?020 

PID?02 

PIDISP?02 

PIDISP?015 

PIR?02 

PIU?03 PIU?021 

PIU?024 

PIR?01 

PISW?05 

POROTCLICK 

PIR?01 

PISW?03 

POROTPHA 

PIR?01 

PISW?01 

POROTPHB 

PIR?01 PIU?022 

POSCL 

PIR?01 PIU?023 

POSDA 
POKEYINT 

POLCD0D4 
POLCD0D5 
POLCD0D6 
POLCD0D7 

POLCD0E 

POLCD0RS 
POLCD0RW 

POROTCLICK 
POROTPHA 
POROTPHB 

POSCL 
POSDA 

PID?01 
PID?02 

COD? 

PID?01 
PID?02 

PID?01 PID?02 PID?01 PID?02 

PID?01 PID?02 PID?01 PID?02 

PID?01 PID?02 PID?01 PID?02 

PID?01 PID?02 PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PIDISP?01 PIDISP?02 PIDISP?03 PIDISP?04 PIDISP?05 PIDISP?06 PIDISP?07 PIDISP?08 PIDISP?09 PIDISP?010 PIDISP?011 PIDISP?012 PIDISP?013 PIDISP?014 

PIDISP?015 

PIDISP?016 

CODISP? 

PIQ?01 

PIQ?02 

PIQ?03 
COQ? 

PIR?01 

PIR?02 

COR? 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PISW?01 PISW?02 

COSW? 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 PISW?03 PISW?04 PISW?05 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PISW?01 PISW?02 

PIU?01 PIU?02 PIU?03 

PIU?04 PIU?05 PIU?06 PIU?07 PIU?08 PIU?09 PIU?010 PIU?011 

PIU?012 

PIU?013 PIU?014 PIU?015 PIU?016 PIU?017 PIU?018 PIU?019 PIU?020 

PIU?021 PIU?022 PIU?023 

PIU?024 

COU? 

PIU?01 PIU?02 PIU?03 

PIU?04 PIU?05 PIU?06 PIU?07 PIU?08 PIU?09 PIU?010 PIU?011 

PIU?012 

PIU?013 PIU?014 PIU?015 PIU?016 PIU?017 PIU?018 PIU?019 PIU?020 

PIU?021 PIU?022 PIU?023 

PIU?024 

PIU?01 PIU?02 PIU?03 

PIU?04 PIU?05 PIU?06 PIU?07 PIU?08 PIU?09 PIU?010 PIU?011 

PIU?012 

PIU?013 PIU?014 PIU?015 PIU?016 PIU?017 PIU?018 PIU?019 PIU?020 

PIU?021 PIU?022 PIU?023 

PIU?024 

PISW?02 

PIU?08 

NLBTN0ALTERNATE 

PISW?01 

PIU?019 

NLBTN0BIPFET 

PISW?01 

PIU?017 

NLBTN0CHA 

PISW?02 

PIU?016 

NLBTN0CHB 

PISW?02 

PIU?07 
NLBTN0DUTAB 

PISW?02 

PIU?014 

NLBTN0IMAXDN 

PISW?01 

PIU?015 

NLBTN0IMAXUP 

PISW?02 

PIU?05 

NLBTN0MARK12 

PISW?01 

PIU?018 

NLBTN0NPN0PNP 

PISW?01 

PIU?010 

NLBTN0PMAXDN 

PISW?01 PISW?02 

PIU?04 PIU?020 

NLBTN0PMAXUP 

PISW?02 

PIU?09 

NLBTN0RUNSTOP 

PISW?01 

PIU?011 

NLBTN0SETUP 

PISW?02 

PIU?06 
NLBTN0TRCNT 

PISW?01 

PIU?013 

NLBTN0VMAXDN 

PIDISP?01 

PIQ?02 

PISW?01 

PISW?02 

PISW?04 

PIU?02 PIU?03 

PIU?012 

PIU?021 PIU?01 

POKEYINT 

PIDISP?011 

POLCD0D4 

PIDISP?012 

POLCD0D5 

PIDISP?013 
POLCD0D6 

PIDISP?014 
POLCD0D7 

PIDISP?06 

POLCD0E 

PIDISP?04 

POLCD0RS 

PIDISP?05 

POLCD0RW 

PIR?02 

PIU?014 

NLLED02mA 

PIR?02 

PIU?013 

NLLED020mA 

PIR?02 

PIU?011 

NLLED0200mA 

PIR?02 

PIU?010 

NLLED0ALT 

PIR?02 

PIU?011 

NLLED0BACKLIGHT 
PIR?02 

PIU?020 

NLLED0BIP 

PIR?02 

PIU?016 

NLLED0CHA 

PIR?02 

PIU?015 

NLLED0CHB 

PIR?02 

PIU?08 

NLLED0CURSOR 

PIR?02 

PIU?017 

NLLED0FET 

PIR?02 

PIU?04 

NLLED0MRK01 

PIR?02 

PIU?05 

NLLED0MRK02 

PIR?02 

PIU?07 

NLLED0MRK0A 

PIR?02 

PIU?06 

NLLED0MRK0B 

PIR?02 

PIU?018 

NLLED0NPN 

PIR?02 

PIU?05 

NLLED0PMAX4W 

PIR?02 

PIU?07 

NLLED0PMAX40mW 

PIR?02 

PIU?06 

NLLED0PMAX400mW 

PIR?02 

PIU?019 

NLLED0PNP 

PIR?02 

PIU?04 

NLLED0RUNSTOP 

PIR?02 

PIU?09 

NLLED0TRCSEL 

PIR?02 

PIU?010 

NLLED0VMAX2V 

PIR?02 

PIU?09 

NLLED0VMAX10V 
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P0-0 4P0-1 5P0-2 6P0-3 7
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110 = DAC BANK

P5VD

ADC-D0 IBVG-DRIVER[1B]
ADC-D1 IBVG-DRIVER[1B]
ADC-D2 IBVG-DRIVER[1B]
ADC-D3 IBVG-DRIVER[1B]
ADC-D4 IBVG-DRIVER[1B]
ADC-D5 IBVG-DRIVER[1B]
ADC-D6 IBVG-DRIVER[1B]
ADC-D7 IBVG-DRIVER[1B]

111 = CONTROL BANK
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VCA SWEEP[6C]
VCB SWEEP[6C]

BFA IBVG-DRIVER[6D]
IB2 IBVG-DRIVER[6D]
IB1 IBVG-DRIVER[6D]

IBPOL IBVG-DRIVER[1C]

PMA MULTIPLIER[1C]
PMB MULTIPLIER[1B]

PB0 1PB1 2PB2 3PB3 4PB4 5PB5/MOSI 6PB6/MISO 7PB7/SCK 8

RESET9

VCC10

GND11

XTAL212

XTAL113

PD0/RXD0 14PD1/TXD0 15PD2/INT0 16PD3/INT1 17PD4 18PD5 19PD6 20PD7 21

PC0/SCL 22PC1/SDA 23PC2 24PC3 25PC4 26PC5 27PC6 28PC7 29

AVCC30

GND31

AREF32

PA7 33

PA6 34

PA5 35

PA4 36

PA3/ADC3 37

PA2/ADC2 38

PA1/ADC1 39

PA0/ADC0 40

U?

ATMEGA1284

SCL FrontPanel[6D]
SDA FrontPanel[6D]

KEYINT FrontPanel[6D]

ROTCLICK FrontPanel[6D]
ROTPHA FrontPanel[6D]
ROTPHB FrontPanel[6D]

ADC-VBG IBVG-DRIVER[1D]
ADC-IBG IBVG-DRIVER[1C]

ADC-VCD MULTIPLIER[1A], POWERAMP[1B]
ADC-ICD MULTIPLIER[1B], POWERAMP[1C]

LCD-D7 FrontPanel[2A]

LCD-D4 FrontPanel[2A]
LCD-D5 FrontPanel[2A]
LCD-D6 FrontPanel[2A]

LCD-E FrontPanel[2A]
LCD-RW FrontPanel[2A]
LCD-RS FrontPanel[2A]

OVERLOAD MULTIPLIER[5C]

SWITCH TO ATMEGAX64D3
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PIU?026 

PIU?027 

PIU?028 

PIU?029 
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P5V P5V

EMITTER FOLLOWER

RAMP CAPACITOR

DISCHARGE

RAMP
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CMPD6001S
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HORIZONTAL (X) OUTPUT AMP
WITH ESD CLAMP

NOTE: ADDED CIRCUIT
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FLIPFLOP X-AXIS RETURN
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PIU21309 

COU213C 

PIU21401 

PIU21402 

PIU21403 

COU214A 

PIU21405 

PIU21406 

PIU21407 

COU214B 

PIU?05 

PIU?06 

PIU?07 

COU?B 

PIU?03 

PIU?04 

PIU?05 

PIU?09 

COU?C 

PIU?01 

PIU?02 

PIU?03 

PIU?04 

PIU?05 

COU? 

PIVR20201 
PIVR20202 

PIVR20203 COVR202 

PIVR21101 
PIVR21102 

PIVR21103 COVR211 

PIU?04 POADC0ICD 

PIR24301 

PIU21206 

PIU21207 PIU21303 

POADC0VCD 

PIC?01 

PIC?02 

PIU21403 PIU21405 

PIU21205 PODRIVE 

PIQ?02 

PIU?01 

PIU?05 

PIR?01 POIM3 

PIR?01 

POIM4 

PID?01 

PIR?01 

PIR?02 

PIVR20201 

PIVR21101 

PID?01 

PIC?01 

PID21501 PID23101 

PIU?05 

PIR?02 

PIC?02 

PID?02 

PIU?03 

PID?01 

PIK201 

PIQ?03 

PIK101 

PIK102 

PIK103 

PIK203 

PIR?01 

PIU?04 

PIK104 

PIR?01 

PIR?02 

PIK105 

PIR?01 
PIR?02 

PIK106 PIK207 

PIK107 

PIR?01 
PIR?02 

PIK202 

PIK204 

PIR?01 PIR?02 

PIK205 

PIR?01 
PIR?02 

PIK206 PIR26102 

PIQ?01 PIR?02 

PIR24101 PIVR20202 PIR24102 

PIR24201 PIR24302 

PIU?06 

PIR24202 

PIU21305 

PIU?07 

PIR25701 

PIR?01 
PIU21101 

PIU21102 

PIR25702 PIR31401 PIR26101 PIR31402 

PIR31602 

PIR?02 

PIU21406 

PIR31601 

PIVR21102 

PIR?01 

PIR?02 

PIU21402 

PIU?02 

PIU21407 

PIU?03 

PIU21401 

PIU?05 

PIR?03 

PIR?02 

PIR?03 

PIU21103 PIU21304 

PID21502 

PIR?03 

PIVR20203 

PIVR21103 

PID?03 

PIK108 PIK208 

PID23102 

PIU21309 

PIU?09 
POPNC 

PIC?02 

PIR?02 

POVC0VD 

POADC0ICD 

POADC0VCD 

PODRIVE 

POIM3 

POIM4 

POPNC 

POVC0VD 



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

2

3
5
6

7
8

K?

RELAY-IXYS-CPC1907B

2

3
5
6

7
8

K?

RELAY-IXYS-CPC1907B

VC/VDPOWERAMP[6A]

1
J?

BANANA RED, CHASSIS

1
J?

BANANA RED, CHASSIS

1
J?

BANANA BLACK, CHASSIS

1

J?

1
J?

BANANA BLACK, CHASSIS

2

1

4

6

5

K?

RELAY-IXYS-LCA701S

2

1

4

6

5

K?

RELAY-IXYS-LCA701S

P5VREL

IB/VGIBVG-DRIVER[6C]

AGND

AGND

1/10W
0.1%

511R
0603

R?

1/10W
0.1%

511R
0603

R?

1/10W
0.1%

511R
0603

R?

1/10W
0.1%

511R
0603

R?

1/10W
0.1%

511R
0603

R?

1/10W
0.1%

511R
0603

R?

1 2

D?

1 2

D?

1

J?

1/10W
0.1%

511R
0603

R? 1 2

D?

CHAN A

ISO

CHAN B

3

1

2

Q?
BC847B

3

1

2

Q?
BC847B

31
D?

MMBD4148

AGND

AGND

1/10W
0.1%

1K
0603

R?

1/10W
0.1%

1K
0603

R?1 2

U?B

3 4

U?C

3

1

2

Q?
BC847B

3

1

2

Q?
BC847B

AGND

AGND

1/10W
0.1%

1K
0603

R?

1/10W
0.1%

1K
0603

R?

5 6

U?D

A/B

ENABLE

4

2
3

K?A

5

7
6

K?B

18

K?C

31
D?

MMBD4148

4

2
3

K?A

5

7
6

K?B

18

K?C

31
D?

MMBD4148

9 8

U?E

31
D?

MMBD4148

P5VREL P5VREL

1 P?

PAD-2.5MM-1.8MM

1 P?

PAD-2.5MM-1.8MM

1 P?

PAD-2.5MM-1.8MM

1 P?

PAD-2.5MM-1.8MM

1 P?

PAD-2.5MM-1.8MM

1 P?

PAD-2.5MM-1.8MM

OUTPUT CHOPPER (OPTIONAL) OUTPUT RELAYS
THE OPTOMOS ARE PRICEY.
BUT ALLOW TO ALTERNATE SWEEPS
FOR VISUAL COMPARISON

INSTALL EITHER RED BLOCK OR BLUE BLOCK

1/10W
0.1%

10K06
03

R?

AGND

1/10W
0.1%

10K06
03

R?

AGND

PID?01 PID?03 

COD? 

PID?01 PID?03 PID?01 PID?03 

PID?01 PID?03 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PIJ?01 

COJ? 

PIJ?01 

PIJ?01 

PIJ?01 

PIJ?01 

PIJ?01 

PIK?01 PIK?08 

COK?C 

PIK?05 

PIK?06 

PIK?07 

COK?B 

PIK?02 

PIK?03 

PIK?04 

COK?A 

PIK?01 PIK?08 

PIK?05 

PIK?06 

PIK?07 

PIK?02 

PIK?03 

PIK?04 

PIK?01 

PIK?02 

PIK?04 

PIK?05 

PIK?06 

COK? 

PIK?01 

PIK?02 

PIK?04 

PIK?05 

PIK?06 

PIK?02 

PIK?03 

PIK?05 

PIK?06 

PIK?07 

PIK?08 

PIK?02 

PIK?03 

PIK?05 

PIK?06 

PIK?07 

PIK?08 

PIP?01 

COP? 

PIP?01 

PIP?01 

PIP?01 

PIP?01 

PIP?01 

PIQ?01 

PIQ?02 

PIQ?03 
COQ? 

PIQ?01 

PIQ?02 

PIQ?03 

PIQ?01 

PIQ?02 

PIQ?03 

PIQ?01 

PIQ?02 

PIQ?03 

PIR?01 

PIR?02 

COR? 

PIR?01 

PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIU?08 PIU?09 

COU?E 

PIU?05 PIU?06 

COU?D 

PIU?03 PIU?04 

COU?C 

PIU?01 PIU?02 

COU?B 

PIU?03 POA\0B 

PIP?01 

PIQ?02 PIR?02 

PIU?05 POENABLE 

PIK?04 

PIK?06 

POIB0VG 

PID?01 

PIK?08 

PIQ?03 PIR?01 

PIR?02 

PID?03 PIQ?01 

PIR?01 

PIJ?01 PIK?02 PIR?02 

PIK?03 PIR?02 

PIK?04 

PIK?05 

PIK?06 

PIP?01 

PIK?05 

PIK?06 PIP?01 

PIK?07 

PIQ?01 PIR?02 PIR?01 

PIU?06 

PIU?09 PIU?08 

PIR?02 

PIU?01 PIU?04 PIU?02 

PID?02 

PID?03 

PIK?01 

PIK?02 

PIK?03 

PIK?07 

PIK?08 

POVC0VD 

POA\0B 

POENABLE 

POIB0VG 

POVC0VD 

PID?01 PID?03 

COD? 

PID?01 PID?03 PID?01 PID?03 

PID?01 PID?03 

PID?01 PID?02 

PID?01 PID?02 

PID?01 PID?02 

PIJ?01 

COJ? 

PIJ?01 

PIJ?01 

PIJ?01 

PIJ?01 

PIJ?01 

PIK?01 PIK?08 

COK?C 

PIK?05 

PIK?06 

PIK?07 

COK?B 

PIK?02 

PIK?03 

PIK?04 

COK?A 

PIK?01 PIK?08 

PIK?05 

PIK?06 

PIK?07 

PIK?02 

PIK?03 

PIK?04 

PIK?01 

PIK?02 

PIK?04 

PIK?05 

PIK?06 

COK? 

PIK?01 

PIK?02 

PIK?04 

PIK?05 

PIK?06 

PIK?02 

PIK?03 

PIK?05 

PIK?06 

PIK?07 

PIK?08 

PIK?02 

PIK?03 

PIK?05 

PIK?06 

PIK?07 

PIK?08 

PIP?01 

COP? 

PIP?01 

PIP?01 

PIP?01 

PIP?01 

PIP?01 

PIQ?01 

PIQ?02 

PIQ?03 
COQ? 

PIQ?01 

PIQ?02 

PIQ?03 

PIQ?01 

PIQ?02 

PIQ?03 

PIQ?01 

PIQ?02 

PIQ?03 

PIR?01 

PIR?02 

COR? 

PIR?01 

PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIU?08 PIU?09 

COU?E 

PIU?05 PIU?06 

COU?D 

PIU?03 PIU?04 

COU?C 

PIU?01 PIU?02 

COU?B 

PIU?03 POA\0B 

PIP?01 

PIQ?02 PIR?02 

PIU?05 POENABLE 

PIK?04 

PIK?06 

POIB0VG 

PID?01 

PIK?08 

PIQ?03 PIR?01 

PIR?02 

PID?03 PIQ?01 

PIR?01 

PIJ?01 PIK?02 PIR?02 

PIK?03 PIR?02 

PIK?04 

PIK?05 

PIK?06 

PIP?01 

PIK?05 

PIK?06 PIP?01 

PIK?07 

PIQ?01 PIR?02 PIR?01 

PIU?06 

PIU?09 PIU?08 

PIR?02 

PIU?01 PIU?04 PIU?02 

PID?02 

PID?03 

PIK?01 

PIK?02 

PIK?03 

PIK?07 

PIK?08 

POVC0VD 

POA\0B 

POENABLE 

POIB0VG 

POVC0VD 



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

ADC-VCDPOWERAMP[1B], PROCESSOR[3A]

P15VA

N15VA

AGND

AGND 2

3
1

U218A

LM393

6

5
7

U218B

LM393

2

3
1

U101A

LF412

14

11

13

12

U?A

CD4053

ADC-ICDPOWERAMP[1C], PROCESSOR[3A]

1/10W
0.1%

1K0106
03

R?

1/10W
0.1%

4M75
0603

R271

1/10W
1%

39K206
03

R273

1/10W
0.1%

10K
0603

R277

1/10W
0.1%

100K
0603

R270

C0G
50V
100pF

0603

C217

1/10W
0.1%

9K0906
03

R?

1/10W
0.1%

40K206
03

R?

1/10W
1%

866R06
03

R?
AGND

AGND

1/10W
0.1%

10K06
03

R?

P5VA

VREF

1/10W
0.1%

10K
0603

R?

1/10W
0.1%

4M75
0603

R?

1/10W
0.1%

100K
0603

R?

C0G
50V
100pF

0603

C?

AGND

1/10W
0.1%

10K
0603

R272
VREF

1/10W
0.1%

10K
0603

R279

1/10W
0.1%

10K06
03

R280

AGND

1/10W
0.1%

1K
0603

R278

1/10W
0.1%

511R
0603

R218

C0G
50V
1nF

0603

C?

MARKERSWEEP[1A]

1

2

10

15

U?B

CD4053

AGND

PMAPROCESSOR[6C]

PMBPROCESSOR[6C]

1
2

3
u?
LM385-2V5-SOT23

VREF

1/10W
0.1%

2K0506
03

R?

P5VA

AGND

7
8

1
2

VEE

3

4

5

VCC

6

U?
AD633JR

NOTE: R VERSION, DIFFERENT PINOUT

AGND

X1/X10 SCALING

PMB 0 = X10
PMB 1 = X1

ANALOG MULTIPLIER
VOLT X AMP=WATT

"POWER" COMPARATOR

6

5
7

U101B

LF412

YOUT

1/10W
0.1%

511R
0603

R?

1 2
3

D?
CMPD6001S

P15VAN15VA

VERTICAL (Y) OUTPUT AMP
WITH ESD CLAMP

OVERLOAD PROCESSOR[4B]

"CURRENT" COMPARATOR

X7R
50V
10nF

06
03 C?

REFERENCE GENERATOR

X1/X10 SCALING

X1/X10 SCALING

PMB 0 = 2V
PMB 1 = 200mV

CHANGE COMPARATOR REF

2V THRESHOLD

X2 AMPLIFIER

DIMPLE GENERATOR
FOR MARKER

NOTE: ADDED CIRCUIT

NOTE: AGND ADDED ON MUX

VCC

8

VEE

4

U218C
LM393

BLOCKS WITH MODIFICATIONS

X7R
50V
100nF

06
03 C?

X7R
50V
100nF

06
03 C?

GND

P5VA

N5VA

X7R
50V
100nF

0603

C?

GND

X7R
50V
100nF

0603

C?

GND

VCC

8

VEE

4

U101C
LF412

P15VA

N15VA

X7R
50V
100nF

06
03 C?

X7R
50V
100nF

06
03 C?

AGND

VOLTAGE COLLECTOR/DRAIN

CURRENT COLLECTOR/DRAIN

PIC21701 PIC21702 

COC217 

PIC?01 

PIC?02 

COC? 

PIC?01 

PIC?02 

PIC?01 PIC?02 

PIC?01 PIC?02 

PIC?01 

PIC?02 

PIC?01 

PIC?02 

PIC?01 

PIC?02 

PIC?01 PIC?02 

PIC?01 PIC?02 

PID?01 PID?02 

PID?03 
COD? 

PIR21801 PIR21802 

COR218 

PIR27001 PIR27002 

COR270 

PIR27101 PIR27102 

COR271 

PIR27201 PIR27202 

COR272 

PIR27301 

PIR27302 
COR273 

PIR27701 PIR27702 

COR277 

PIR27801 PIR27802 

COR278 

PIR27901 PIR27902 

COR279 

PIR28001 

PIR28002 

COR280 

PIR?01 PIR?02 

COR? 

PIR?01 

PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIU10101 

PIU10102 

PIU10103 

COU101A 

PIU10105 

PIU10106 

PIU10107 

COU101B 

PIU10104 

PIU10108 

COU101C 

PIU21801 

PIU21802 

PIU21803 

COU218A 

PIU21805 

PIU21806 

PIU21807 

COU218B 

PIU21804 

PIU21808 

COU218C 

PIu?01 

PIu?02 
PIu?03 

COu? 

PIU?01 

PIU?02 

PIU?03 

PIU?04 

PIU?05 

PIU?06 
PIU?07 

PIU?08 

COU? 

PIU?01 

PIU?02 

PIU?010 

PIU?015 

COU?B 

PIU?011 
PIU?012 

PIU?013 

PIU?014 

COU?A 

PIR?02 

PIU10103 

PIU?01 POADC0ICD 

PIU?07 POADC0VCD 

PIC?02 

PIR27301 

PIR28002 

PIR?02 PIu?02 
PIu?03 

PIU?02 

PIU?08 

PIU?012 

PIU?014 

PIC?01 

PIC?02 

PIC?02 

PIR21802 

POMARKER 

PIC?02 
PIU21804 

PIC?01 

PIC?02 

PID?01 PIU10104 

PIU?03 
PIC21701 PIR27002 PIC21702 

PIR27102 

PIR?01 

PIU21803 

PIC?01 

PIR21801 

PIR27802 PIU10105 

PIC?02 

PIR?02 PIC?02 PIR27201 PIR27302 

PIR?02 

PIU21805 

PID?03 

PIR?01 

PIU10106 

PIU10107 

PIR27801 

PIR27901 

PIU10101 

PIR27902 

PIR28001 

PIU10102 

PIR?01 

PIU?01 

PIU21806 

PIR?02 

PIU21802 PIU?05 

PIU?013 

PIU?04 

PIU?015 

PIR27001 

PIR27101 

PIR27701 

PIR?01 

PIU21801 

PIU21807 POOVERLOAD 

PIC?01 

PIR27702 

PIR?01 

PIU21808 

PIC?01 

PID?02 

PIU10108 

PIU?06 

PIU?011 
POPMA 

PIU?010 

POPMB 

PIC?01 

PIR27202 

PIR?02 

PIu?01 

PIR?02 POYOUT 

POADC0ICD 

POADC0VCD 

POMARKER 

POOVERLOAD 

POPMA 

POPMB 

POYOUT 

PIC21701 PIC21702 

COC217 

PIC?01 

PIC?02 

COC? 

PIC?01 

PIC?02 

PIC?01 PIC?02 

PIC?01 PIC?02 

PIC?01 

PIC?02 

PIC?01 

PIC?02 

PIC?01 

PIC?02 

PIC?01 PIC?02 

PIC?01 PIC?02 

PID?01 PID?02 

PID?03 
COD? 

PIR21801 PIR21802 

COR218 

PIR27001 PIR27002 

COR270 

PIR27101 PIR27102 

COR271 

PIR27201 PIR27202 

COR272 

PIR27301 

PIR27302 
COR273 

PIR27701 PIR27702 

COR277 

PIR27801 PIR27802 

COR278 

PIR27901 PIR27902 

COR279 

PIR28001 

PIR28002 

COR280 

PIR?01 PIR?02 

COR? 

PIR?01 

PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIR?01 

PIR?02 

PIU10101 

PIU10102 

PIU10103 

COU101A 

PIU10105 

PIU10106 

PIU10107 

COU101B 

PIU10104 

PIU10108 

COU101C 

PIU21801 

PIU21802 

PIU21803 

COU218A 

PIU21805 

PIU21806 

PIU21807 

COU218B 

PIU21804 

PIU21808 

COU218C 

PIu?01 

PIu?02 
PIu?03 

COu? 

PIU?01 

PIU?02 

PIU?03 

PIU?04 

PIU?05 

PIU?06 
PIU?07 

PIU?08 

COU? 

PIU?01 

PIU?02 

PIU?010 

PIU?015 

COU?B 

PIU?011 
PIU?012 

PIU?013 

PIU?014 

COU?A 

PIR?02 

PIU10103 

PIU?01 POADC0ICD 

PIU?07 POADC0VCD 

PIC?02 

PIR27301 

PIR28002 

PIR?02 PIu?02 
PIu?03 

PIU?02 

PIU?08 

PIU?012 

PIU?014 

PIC?01 

PIC?02 

PIC?02 

PIR21802 

POMARKER 

PIC?02 
PIU21804 

PIC?01 

PIC?02 

PID?01 PIU10104 

PIU?03 
PIC21701 PIR27002 PIC21702 

PIR27102 

PIR?01 

PIU21803 

PIC?01 

PIR21801 

PIR27802 PIU10105 

PIC?02 

PIR?02 PIC?02 PIR27201 PIR27302 

PIR?02 

PIU21805 

PID?03 

PIR?01 

PIU10106 

PIU10107 

PIR27801 

PIR27901 

PIU10101 

PIR27902 

PIR28001 

PIU10102 

PIR?01 

PIU?01 

PIU21806 

PIR?02 

PIU21802 PIU?05 

PIU?013 

PIU?04 

PIU?015 

PIR27001 

PIR27101 

PIR27701 

PIR?01 

PIU21801 

PIU21807 POOVERLOAD 

PIC?01 

PIR27702 

PIR?01 

PIU21808 

PIC?01 

PID?02 

PIU10108 

PIU?06 

PIU?011 
POPMA 

PIU?010 

POPMB 

PIC?01 

PIR27202 

PIR?02 

PIu?01 

PIR?02 POYOUT 

POADC0ICD 

POADC0VCD 

POMARKER 

POOVERLOAD 

POPMA 

POPMB 

POYOUT 



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

IN1

GND

2

OUT 3

U?
L7805CP

P40V

N40V

IN1

GND

2

OUT 3

U?
L7805CP

IN1

GND

2

OUT 3

U?
L7815CP

IN2
GND

1

OUT 3

U?
L7915CP

1
2

D?
NRVA4007

62

51

84

73

115V

115V

14V

14V

TR?

162F28

62

51

84

73

115V

115V

6V3

6V3

TR?

162F12

62

51

84

73

115V

115V

20V

20V

TR?

162F20

1

2

3

4

115V

115V

23
0V

*

CONN-115-230

12
D?

S2J

12
D?

S2J
1 2

D?

S2J

1 2
D?

S2J

12
D?

S2J

12
D?

S2J
1 2

D?

S2J
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