
1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM0.SchDoc Drawn By:

Common Mode Board

Daniel Sigg
171

FD040180

INA+ OUT
INA-

G0

G4
G3

G1
G2

G5

INB+
INB-

REPEAT(AMP,1,1)
CM2A.SchDoc; CM2B.SchDoc

J1

IN1

J2A

IN2

A Amp

INA+ OUT
INA-

G0

G4
G3

G1
G2

G5

INB+
INB-

REPEAT(AMP,2,2)
CM2A.SchDoc; CM2B.SchDoc

B Amp

IN1

IN2

OUT1

OUT2

SW1

B2

SW2
SW3

B0
B1

SLOW
MON BIAS

CB
CM3A.SchDoc;CM3B.SchDoc

Crossbar/

J4

OUT2

GND

Boost

IN

EXC+

MON1

MON2

OUT

EXC- ENABLE
OPTION

EXC1
CM4A.SchDoc

A Exc

GND

IN
FAST

SLOW

ENABLE

SPLIT

FILTER1

POLARITY2

POLARITY1

SLOWBYPASS

SPLIT
CM5A.SchDoc

Split
IN1

EXC+

MON1

MON2

OUT1

EXC-
ENABLE
OPTION

OUT2

IN2

ALT

EXC2
CM4B.SchDoc;CM4C.SchDoc

B Exc

J3A
OUT1

OUT

G0

G4
G3

G1
G2

G5

INA+
INA-

INB+
INB-

REPEAT(AMP,3,3)
CM2A.SchDoc; CM2B.SchDoc

C AmpGND

IN

MON

OUT
SLOW
LIMIT

LIMITS

FAST
CM6A.SchDoc;CM6B.SchDoc

Fast

GND

J5ASERVO

GND GND

D
1

D
0

D
2

D
3

D
4

D
5

D
6

D
7

D
8

D
10

D
11

D
12

D
13

D
14

D
15

D
16

D
17

D
9

D
18

D
19

D
20

D
21

D
22

D
23

D
24

D
25

D
26

D
27

D
28

D
29

D
30

D
32

D
35

D
33

D
34

D
31

D
36

D
37

D
38

D
39

D
40

D
41

D
42

D
43

D
44

D
45

D
46

D
47

D
48

D
49

D
50

D
51

BP
CM7A.SchDoc;CM7B.SchDoc

Backplane/Power

D0
D1
D2
D3
D4

D6
D7
D8
D9
D10

D26

D12
D13
D14
D15
D16

D18
D19

D24

D29

D
0

D
1

D
2

D
3

D
4

D
5

D
6

D
7

D
8

D
9

D
10

D
11

D
12

D
13

D
14

D
15

D
16

D
17

D
18

D
19

D
20

D
21

D
22

D
23

D20
D21

D5

D11

D17

D
24

D
25

D
26

D27

D28

D25
D30

D
27

D
28

D22
D23

D
29

D
30

D34

D
32

D32

D33

D35

D
33

D
34

D
35

GND

1

J5B

1

J2B

D31

D
31

D36

D
36

D[48..0]

 

J7

A IN1

D37

D38
D39
D40

D41
D42
D43
D44
D45
D46

D47
D48

J8

A EXC

J9

A IN2

GND GND

J10

B IN1

J12

B IN2

J11

B EXC

D
37

D
38

D
39

D
40

D
41

D
42

D
43

D
44

D
45

D
46

D
47

D
48

GND

1

J3B

NL
C4

NL
C5

T1
T2

T3
T4

IN1

OUT FILTER2
BOOST

BIAS
COMP

BYPASS

ENOFS
OPTION

FIXED
OFFSET

SLOWFB
SLOWMON

IN2

SLOW
CM5B.SchDoc;CM5C.SchDoc

Slow

FMON IMON
SMON

DAQ
CM8.SchDoc

DAQ

D49

D
49

IN1+

IN2+

OUT1A+
OUT1A-

SW1
SW2

IN1-

IN2-

OUT1B+
OUT1B-

OUT2A+
OUT2A-

OUT2B+
OUT2B-

INP
CM1.SchDoc

INP D50
D51

100n

C2

10

R2

GND

100n

C1

10

R1

GND

100n

C3

10

R3

GND

D
50

D
51



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM1.SchDoc Drawn By:

Common Mode Board: Input

Daniel Sigg
172

FD040180

OUT1B-

OUT2A-

OUT2B+

SW1

SW2

IN1-

OUT2A+

OUT1A-

IN2-

OUT1B+

OUT1A+

IN2+

IN1+

OUT2B-

3

2
6

7
4

5

U2
AD829

V+

100n
C9

GND

100

R5

V-

100n

C7
GND

68p
C8

3

2
6

7
4

5

U3
AD829

V+

100n
C11

GND
100

R7

V-
100n

C14

GND

68p
C13

NL
R6

100K
R4

100K
R8

GND

GND

3

2
6

7
4

5

U4
AD829

V+

100n
C16

GND

100

R10

V-

100n

C12
GND

68p
C15

3

2
6

7
4

5

U5
AD829

V+

100n
C17

GND
100

R12

V-
100n

C19

GND

68p
C18

NL
R11

100K
R9

100K
R13

GND

GND

V-

V+

GND

100n

C6

100n

C10

GND

1

23

V-
5

G
N

D
6

V
+

16

4

Shown logic 0

U1A
MAX333A

10

98

7

Shown logic 0

U1B

MAX333A

11

1213

14

Shown logic 0

U1C
MAX333A

20

1918

17

Shown logic 0

U1D

MAX333A

For small input signals add gain to these instrumnentation amplifier stages.

D1

D2

V+

V-

D3

D4

V+

V-
D5

D6

V+

V-

D7

D8

V+

V-



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM2A.SchDoc Drawn By:

Common Mode Board: Amp

Daniel Sigg
173

FD040180

INA+

INA-

3

2
6

7
4

5

U10 (U10A, ...)
AD829

V+

2.00K

R16 (R16A, ...)

2.00K

R24 (R24A, ...)

2.00K
R25 (R25A, ...)

10p
C38 (C38A, ...)

GNDGND

100n

C31 (C31A, ...)

GND

V-
100n

C37 (C37A, ...)

GND

3.3u

C39 (C39A, ...)

3.3u

C24 (C24A, ...)

2.00K

R14 (R14A, ...)

10p

C20 (C20A, ...)

1

2 3

V-
5

G
N

D
6

V
+

16

4

Shown logic 0

U6A (U6AA, ...)

MAX333A

V-

V+

GND

1.50K

R19 (R19A, ...)

1.00K
R23 (R23A, ...)

GND

TP1 (TP1A, ...)

2.00K

R20 (R20A, ...)

2.00K

R15 (R15A, ...)

Gain must be 0dB or greater for best noise performance

100n

C21 (C21A, ...)

GND

100nC40 (C40A, ...)

3

2
6

7
4

5
U14 (U14A, ...)

AD829

V+

100n
C48 (C48A, ...)

GND

1

2 3

V-
5

G
N

D
6

V
+

16

4

Shown logic 0

U12A (U12AA, ...)

MAX333A

1.50K

R32 (R32A, ...)

1.00K
R34 (R34A, ...)

GND

8dB

3

2
6

7
4

5
U13 (U13A, ...)

AD829

V+

100n
C47 (C47A, ...)

GND

20

19 18

17

Shown logic 0

U6D (U6AD, ...)

MAX333A

3.32K

R31 (R31A, ...)

620
R33 (R33A, ...)

GND

16dB

V-

V+

GND

100n

C42 (C42A, ...)

100nC49 (C49A, ...)

GND

A/B1

1A2

1B3 1Y 4

2A5

2B6 2Y 7

GND8

3Y 9

3B10 3A11

4Y 12

4B13 4A14

OE15 VCC 16

U11 (U11A, ...)

74ACT157
GND

VCCGND
G5

G4

G3

3

2
6

7
4

5
U9 (U9A, ...)

AD829

V+

100n
C36 (C36A, ...)

GND

100

R28 (R28A, ...)

-8dB

10

9 8

7

Shown logic 0

U6B (U6AB, ...)

MAX333A

3.32K

R17 (R17A, ...)

620
R21 (R21A, ...)

GND

3

2
6

7
4

5
U7 (U7A, ...)

AD829

V-

100n

C22 (C22A, ...)
GND

V+

100n
C33 (C33A, ...)

GND

100

R26 (R26A, ...)

-16dB

11

12 13

14

Shown logic 0

U6C (U6AC, ...)

MAX333A

1.50K

R18 (R18A, ...)

1.00K
R22 (R22A, ...)

GND

3

2
6

7
4

5
U8 (U8A, ...)

AD829

V+

100n
C34 (C34A, ...)

GND

100

R27 (R27A, ...)

-8dB

100n
C41 (C41A, ...)

VCC

dB | G5G4G3 | 1Y2Y3Y4Y
-----------------------
-32 |  0 1 1 |  1 1 1 1
-24 |  0 1 0 |  1 0 1 1
-16 |  0 0 1 |  0 1 1 1
 -8 |  0 0 0 |  0 0 1 1
  0 |  1 1 1 |  0 0 1 1
  8 |  1 1 0 |  0 0 1 0
 16 |  1 0 1 |  0 0 0 1
 24 |  1 0 0 |  0 0 0 0

27p
C35 (C35A, ...)

68p
C28 (C28A, ...)

V-

100n

C23 (C23A, ...)
GND

68p
C29 (C29A, ...)

V-
100n
C25 (C25A, ...)GND

68p
C32 (C32A, ...)

V-
100n
C43 (C43A, ...)GND

4.7p
C45 (C45A, ...)

V-
100n
C44 (C44A, ...)GND

18p
C46 (C46A, ...)

10p

C50 (C50A, ...)

15p

C51 (C51A, ...)

22p
C27 (C27A, ...)

GND

68p
C26 (C26A, ...)

GND

22p
C30 (C30A, ...)

GND

S

GND

11

12 13

14

Shown logic 0

U12C (U12AC, ...)

MAX333A

20

19 18

17

Shown logic 0

U12D (U12AD, ...)

MAX333A

GND

10.0K
R29 (R29A, ...)

GND

10.0K
R30 (R30A, ...)

GND

INB+

INB-



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM2B.SchDoc Drawn By:

Common Mode Board: Amp

Daniel Sigg
174

FD040180

G2

3

2
6

7
4

5
U16 (U16A, ...)

AD829

V+

100n
C57 (C57A, ...)

GND

10

9 8

7

Shown logic 0

U12B (U12AB, ...)

MAX333A

1.20K

R37 (R37A, ...)

2.00K
R39 (R39A, ...)

GND

4dB

G1

3

2
6

7
4

5
U17 (U17A, ...)

AD829

V+

100n
C58 (C58A, ...)

GND

499

R38 (R38A, ...)

2.00K
R40 (R40A, ...)

GND

2dB

G
0

3

2
6

7
4

5
U19 (U19A, ...)

AD829

V+

100n
C67 (C67A, ...)

GND

374

R42 (R42A, ...)

3.32K
R43 (R43A, ...)

GND

1dB

V-
100n
C53 (C53A, ...)GND

33p
C55 (C55A, ...)

V-
100n
C54 (C54A, ...)GND

47p
C56 (C56A, ...)

V-
100n
C63 (C63A, ...)GND

68p
C65 (C65A, ...)

15p

C60 (C60A, ...)

68p

C61 (C61A, ...)

33p

C68 (C68A, ...)

3

2
6

7
4

5

U18 (U18A, ...)

AD829

V+

100n
C66 (C66A, ...)

GND

100

R41 (R41A, ...)

V-

100n

C62 (C62A, ...)
GND

68p
C64 (C64A, ...)

OUT

S 1

2 3

V-
5

G
N

D
6

V
+

16

4

Shown logic 0

U15A (U15AA, ...)

MAX333A

V-

V+

GND

100n

C52 (C52A, ...)

100nC59 (C59A, ...)

GND

GND

20

19 18

17

Shown logic 0

U15D (U15AD, ...)

MAX333A

GND

11

12 13

14

Shown logic 0

U15C (U15AC, ...)

MAX333A

10.0K
R36 (R36A, ...)

GND

10.0K
R35 (R35A, ...)

GND

10

9 8

7

Shown logic 0

U15B (U15AB, ...)

MAX333A



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM3A.SchDoc Drawn By:

Common Mode Board: Crossbar Switch

Daniel Sigg
175

FD040180

IN1

OUT1

SW
1

10

9 8

7

Shown logic 0

U20B
MAX333A

V- GND

GND

IN2

SW
2

11

12 13

14

Shown logic 0

U20C
MAX333A

GND

SW
3

20

19 18

17

Shown logic 0

U20D
MAX333A

3

2
6

7
4

5

U21 AD829

V+

2.00K

R47

100n

C73
GND

V-
100n

C76
GND

2.00K

R44

10p

C702.00K

R45

3

2
6

7
4

5

U24 AD829

V+

3.32K

R64

0
R66

NL
C100

GNDGND

100n

C97
GND

V-
100n

C101

3.32K

R60

10p

C93

100

R65

V+

V-GND

20K
R54

280
R55

GND

100K

R53

V+

100n

C69
GND

100nC74

27p
C75

GND

27p
C99

20.0K

R46

GND

SLOW

BOOST

1

2 3

V-
5

G
N

D
6

V
+

16

4

Shown logic 0

U20A
MAX333A

GND

3

2
6

7
4

5

U22 AD829

V+

10.0K

R52
NL

C78

NL

C96GND

100n

C84
GND

V-
100n

C90

NL
C95

0

R59

0

R57

100

R48
GND

NL

R63

NL
R61

NL

R51

MON3

2
6

7
4

5

U23 AD829

V+

3.32K

R56

0
R62

NL
C91

GNDGND

100n

C85
GND

100n

C92

3.32K

R50

10p

C79

100

R58

V-

NL

C86

NL

C87

Z1 Z2

Z4

Z3

GND

68p
C89

GND

68p
C88

generic filter stage

BIAS

100K
R49

TP2

TP3

TP4

TP5

TP6

TP7

1u
C71

20u
C83

NL

C80

NL

C81

NL

C77

NL
C94

NL

C98

1n
C82

GND

1n
C72

GND

Z5
Z6

Z7



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM3B.SchDoc Drawn By:

Common Mode Board: Boost

Daniel Sigg
176

FD040180

OUT2
BOOST

3

2
6

7
4

5
U28

AD829

V+
100n

C113
GND

V-

100n

C105

300Hz/4.5kHz pole/zero pair

GND

68p
C109

3

2
6

7
4

5
U27

AD829

V+
100n

C112
GND

V-

100n

C104

1kHz/20kHz pole/zero pair

GND

68p
C108

3

2
6

7
4

5
U26

AD829

V+
100n

C111
GND

V-

100n

C103

100
R71

1n

C114

82
R77

10

98

7

Shown logic 0

U29B

MAX333A

1kHz/20kHz pole/zero pair

GND

68p
C107

A/B1

1A2

1B3 1Y 4

2A5

2B6 2Y 7

GND8

3Y 9

3B10 3A11

4Y 12

4B13 4A14

OE15 VCC 16

U30
74ACT157

GND

VCCGND
B1

B0

100n
C124

VCC

Boosts | B1B0 | 1Y2Y3Y
-----------------------
     0 |  1 1 |  1 1 1
     1 |  1 0 |  0 1 1
     2 |  0 1 |  0 0 1
     3 |  0 0 |  0 0 0

1

2 3

V-
5

G
N

D
6

V
+

16

4

Shown logic 0

U29A
MAX333A

V- GND

V+

100n

C122
GND

100nC123

GND

40Hz/4kHz pole/zero pair

3

2
6

7
4

5
U25

AD829

V+
100n

C110
GND

V-

100n

C102

120K

R69

1n

C117

1.20K

R68

GND

68p
C106

1.20K

R70

B
2

0
R67

GND

1.50K
R72

GND

100
R73

1n

C115

82
R78

11

1213

14

Shown logic 0

U29C

MAX333A

1.50K
R74

GND

100
R75

1n

C116

374
R79

20

1918

17

Shown logic 0

U29D

MAX333A

4.99K
R76

GND

TP8 TP9 TP10

100n

C118

100n

C119

100n

C120

33n

C121

1.35Hz/4kHz pole/zero pair (LL)

40Hz/200Hz pole/zero pair (ALS)

100Hz/1kHz pole/zero pair (ALS)



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM4A.SchDoc Drawn By:

Common Mode Board: Com. Excitation

Daniel Sigg
177

FD040180

EXC+

EXC-

3

2
6

7
4

5

U35 AD829

V+

10.0K

R87

10.0K

R89

1.00K
R91

22p
C141

GNDGND

100n

C134 GND

V-

100n

C142

GND

3.3u

C143

3.3u

C130

1.00K

R82

22p

C128

EN
A

B
LE

V-

V+

GND

GND

1

2 3

V-
5

G
N

D
6

V
+

16
4

Shown logic 0

U32A
MAX333A

MON13

2
6

7
4

5

U31 AD829

V+

100n

C125
GND

V-
100n

C127

100

R80

49.9

R81

MON23

2
6

7
4

5

U33 AD829

V+

100n

C132
GND

V-
100n

C137

100

R85

49.9

R86

3

2
6

7
4

5

U34 AD829

V+

2.00K

R88

0
R90

NL
C138

GNDGND

100n

C133
GND

V-
100n

C139

2.00K

R83

10p

C1292.00K

R84
IN

OUT

10

9 8

7

Shown logic 0

U32B

MAX333A
GND

1112
13

14

Sh
ow

n 
lo

gi
c 

0

U32C
MAX333A

GND GND GND

2019
18

17

Sh
ow

n 
lo

gi
c 

0

U32D
MAX333A

GND GND GND

O
PT

IO
N

1
2
3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20

JP2

Header 10X2A
V-

V+

VCC

1
2
3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20

JP1

Header 10X2A

3.32K
R92

GND

optional daughter board

100n

C131
GND

100nC144

27p
C140

GND

27p
C136

GND

68p
C135

GND

68p
C126

TP11

TP12

TP13

TP14

M1 M3 standoff, 12mm

M3 M3 standoff, 12mm

M5 M3 standoff, 12mm

24434K-ND
Digi-Key

M11 M3 standoff, 12mm

M2 M3 pan, 8mm

M4 M3 pan, 8mm

M6 M3 pan, 8mm

M8 M3 pan, 8mm

M10 M3 pan, 8mm

M12 M3 pan, 8mm

M13 M3 pan, 8mm

90317A115
McMaster-Carr

M18 M3 pan, 8mm

M7 M3 standoff, 12mm

M9 M3 standoff, 12mm

M14 M3 pan, 8mm

M15 M3 pan, 8mm

M16 M3 pan, 8mm

M17 M3 pan, 8mm



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM4B.SchDoc Drawn By:

Common Mode Board: Fast Excitation

Daniel Sigg
178

FD040180

EXC+

EXC-

3

2
6

7
4

5

U40 AD829

V+

10.0K

R100

10.0K

R102

1.00K
R104

22p
C161

GNDGND

100n

C154 GND

V-

100n

C162

GND

3.3u

C163

3.3u

C150

1.00K

R95

22p

C148

V-

V+

GND

GND

1

2 3

V-
5

G
N

D
6

V
+

16
4

Shown logic 0

U37A
MAX333A

3

2
6

7
4

5

U36 AD829

V+

100n

C145
GND

V-
100n

C147

100

R93

49.9

R94

3

2
6

7
4

5

U38 AD829

V+

100n

C152
GND

V-
100n

C158

100

R98

49.9

R99

3

2
6

7
4

5

U39 AD829

V+

2.00K

R101

0
R103

NL
C157

GNDGND

100n

C153
GND

V-
100n

C160

2.00K

R96

10p

C1492.00K

R97
IN1

OUT1

10

9 8

7

Shown logic 0

U37B

MAX333A
GND

1112
13

14

Sh
ow

n 
lo

gi
c 

0

U37C
MAX333A

GND GND GND

2019
18

17

Sh
ow

n 
lo

gi
c 

0

U37D
MAX333A

GND GND GND

O
PT

IO
N

1
2
3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20

JP4

Header 10X2A
V-

V+

VCC

1
2
3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20

JP3

Header 10X2A

3.32K
R105

GND

optional daughter board

100n

C151
GND

100nC164

27p
C159

GND

27p
C156

GND

68p
C155

GND

68p
C146

TP15

TP16

TP17

TP18

EXC

MONA

MONB

EN1

M19 M3 standoff, 12mm

M21 M3 standoff, 12mm

M23 M3 standoff, 12mm

24434K-ND
Digi-Key

M29 M3 standoff, 12mm

M20 M3 pan, 8mm

M22 M3 pan, 8mm

M24 M3 pan, 8mm

M26 M3 pan, 8mm

M28 M3 pan, 8mm

M30 M3 pan, 8mm

M31 M3 pan, 8mm

90317A115
McMaster-Carr

M36 M3 pan, 8mm

M32 M3 pan, 8mm

M33 M3 pan, 8mm

M34 M3 pan, 8mm

M35 M3 pan, 8mm

M25 M3 standoff, 12mm

M27 M3 standoff, 12mm



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM4C.SchDoc Drawn By:

Common Mode Board: Slow Excitation

Daniel Sigg
179

FD040180

ENABLE

V-

V+

GND

GND

10

9 8

7

Shown logic 0

U41B

MAX333A

MON1

3

2
6

7
4

5

U42 AD829

V+

100n

C166
GND

V-
100n

C168

100

R106

49.9

R107

MON2

3

2
6

7
4

5

U43 AD829

V+

100n

C171
GND

V-
100n

C175

100

R110

49.9

R111

3

2
6

7
4

5

U44 AD829

V+

2.00K

R112

0
R113

NL
C176

GNDGND

100n

C172
GND

V-
100n

C177

2.00K

R108

10p

C1702.00K

R109
IN2

OUT2

1112
13

14

Sh
ow

n 
lo

gi
c 

0

U41C
MAX333A

1

2 3

V-
5

G
N

D
6

V
+

16

4

Shown logic 0

U41A
MAX333A

GND GND GND

20

19 18

17

Shown logic 0

U41D

MAX333A

100n

C165
GND

100nC169

GND

27p
C174

GND

68p
C173

GND

68p
C167

TP20

TP21

TP19

EXC

MONA

MONB

ENABLE ALT | PATH | EN1 EN2
---------------------------
     1   1 | FAST |   1   1
     0   1 | FAST |   0   1
     1   0 | SLOW |   1   1
     0   0 | SLOW |   1   0

ALT

ALT

ALT

ALT

EN2

E3

A1

Y1 4

Y0 6
U45

SN74LVC1G19

EN2

EN1

100n

C178
GND VCC

TP23

TP24

TP22

EN1



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM5A.SchDoc Drawn By:

Common Mode Board: Servo Split

Daniel Sigg
1710

FD040180

20

19 18

17

Shown logic 0

U47D

MAX333A

EN
A

B
LE

GND

10

9 8

7

Shown logic 0

U47B
MAX333A

3

2
6

7
4

5
U48

AD829

V+
100n

C188
GND

V-

100n

C183
GND

100

R122

NL

C191

IN

FI
LT

ER
1

V-

V+

GND

1

2 3

V-
5

G
N

D
6

V
+

16

4

Shown logic 0

U47A
MAX333A

3

2
6

7
4

5

U50
AD829

V+

0

R128
NL

C195

NL

C207GND

100n

C200
GND

V-
100n

C204

NL
C206

0

R130

0

R129

NL

R125
GND

NL

R132

NL
R131

NL
R123

GND

generic filter stage

NL

R121

NL

R127

0

R119

NL
R117

GND

FAST3

2
6

7
4

5

U49 AD829

V+

3.32K

R124

100n

C192
GND

V-
100n

C197

3.32K

R120

10p

C189

3.32K

R126

POLARITY2

GND

11

12 13

14

Shown logic 0

U47C
MAX333A

NL

C201

NL

C202

100n

C184
GND

100nC190

68p
C185

GND

27p
C203

GND

68p
C196

20.0K

R115

1n
C182

GND

SPLIT

3

2
6

7
4

5

U46 AD829

V+

3.32K

R116

100n

C180
GND

V-
100n

C187

3.32K

R114

10p

C179

3.32K

R118

GND

68p
C186

POLARITY1

GND

TP25

TP26

TP27

1u
C181

GND

NL

C193

NL

C194

NL

C198

NL

C199

NL

C208

NL
C205

SLOW

SLOWBYPASS

4kHz/17kHz pole/zero pair (MC):
Z5: 374
Z6: 33n || 1.2K

Z1 Z2

Z4

Z3

Z5
Z6

Z7

100kHz double pole/Q=0.85 (LL):
Z1: 2.7K Z2: 1.3K
Z3: 470p Z4: 1.5n
Z6: 0



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM5B.SchDoc Drawn By:

Common Mode Board: Slow

Daniel Sigg
1711

FD040180

3

2
6

7
4

5
U54

AD829

V+
100n

C219
GND

V-

100n

C211
GND

100

R142

NL

C223 FI
LT

ER
2

V-V+

GND

11

12 13

14

Shown logic 0

U51C
MAX333A

3

2
6

7
4

5

U55
AD829

V+

0

R151
NL

C227

NL

C239GND

100n

C230
GND

V-
100n

C236

NL
C238

0

R153

0

R152

NL

R149
GND

NL

R156

NL
R154

NL
R148

GND

generic filter stage

NL

R141

NL

R150

0

R138

NL
R134

GND

NL

C231

NL

C232

100n
C233

GND
100n
C234

68p
C214

GND

27p
C235

SLOWCOMP

3

2
6

7
4

5
U53

AD829

V+
100n

C218
GND

V-

100n

C210

120K
R146

1n
C221

1.20K
R155

GND

68p
C213

0
R147

4Hz pole

V+

V- GND

20K
R137

280
R139

GND

100K

R136

100K
R133

BIAS

2019
18

17

Sh
ow

n 
lo

gi
c 

0

U51D
MAX333A

COMP

12
3

V- 5

GND 6

V+16

4

Sh
ow

n 
lo

gi
c 

0

U51A
MAX333A

TP29

TP30

TP31

TP28

1n
C216

GND

1.20K
R143

330n
C220

20u
C215

NL

C228

NL

C229

NL

C226

NL

C240

NL
C237

NL

C224
IN1

10

9 8

7

Shown logic 0

U51B
MAX333A

4Hz/400Hz pole/zero pair

3

2
6

7
4

5
U52

AD829

V+
100n

C217
GND

V-

100n

C209

120K

R140

1n

C222

1.20K

R144

GND

68p
C212

1.20K

R145

B
O

O
ST

0
R135

GND

330n

C225

Z1 Z2

Z4

Z3

Z5
Z6

Z7



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM5C.SchDoc Drawn By:

Common Mode Board: Slow

Daniel Sigg
1712

FD040180

OUT3

2
6

7
4

5

U59 OP27

V+

3.32K

R170

NL
C267

GND

100n

C265
GND

V-
100n

C268

3.32K

R168

470p

C261

100

R172

IN2

20

19 18

17

Shown logic 0

U56D
MAX333A

11

12 13

14

Shown logic 0

U56C

MAX333A

GND

100kHz pole

NL
C266

2kHz pole/gain of 5 (MC):
Z2: 16.5K || (4.7n + 100)
Z4: 49.9K
Z5: 10K + 49.9K

Z1

Z2

GND

EN
O

FS

SLOWCOMP

1

2 3

V-
5

G
N

D
6

V
+

16

4

Shown logic 0

U56A
MAX333A

GND

OPTION

1
2
3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20

JP6

Header 10X2A
V-

V+

VCC 3.32K
R169

GND

optional daughter board

1
2
3
4
5
6
7
8
9

10

11
12
13
14
15
16
17
18
19
20

JP5

Header 10X2A

V-

V+

GND

100n

C255

100nC264

GND

10

9 8

7

Shown logic 0

U56B

MAX333A

20u
C270

10.0K
R177

10.0K

R173

GND

FI
X

ED

VREF

OFFSET

20.0K

R176

1n
C272

GND

SLOW

20.0K

R171

1n
C262

GND

SLOWFB

3

2
6

7
4

5

U58 AD829

V+

3.32K

R160
180p

C242

0

C258GND

100n

C247
GND

V-
100n

C254

0
C256

48.7K

R165

48.7K

R164

374

R158
GND

14.3K

R167

2.00K
R166

NL

R159

MON3

2
6

7
4

5

U57 AD829

V+

3.32K

R161

0
R163

NL
C251

GNDGND

100n

C244
GND

100n

C252

33.2K

R157

10p

C243

100

R162

V-

1n

C248

1n

C249

Z1 Z2

Z4

Z3

GND

68p
C250

GND

68p
C253

generic filter stage
2 real zeros at 10Hz

2 real poles at 100Hz
dc gain of 0.1

TP35

TP32

TP33

TP34

1n
C269

1u
C263

GND

1u
C271

GND

NL
C257

NL

C259

NL

C241

330n

C245

330n

C246

NL

C260

BYPASS

10.0K

R174

Z3Z4Z5

10.0K

R175

Z5
Z6

Z7

ground option path (ALS/LL):
Z1: 0

Z1

M37 M3 standoff, 12mm

M39 M3 standoff, 12mm

M41 M3 standoff, 12mm

24434K-ND
Digi-Key

M47 M3 standoff, 12mm

M38 M3 pan, 8mm

M40 M3 pan, 8mm

M42 M3 pan, 8mm

M44 M3 pan, 8mm

M46 M3 pan, 8mm

M48 M3 pan, 8mm

M49 M3 pan, 8mm

90317A115
McMaster-Carr

M54 M3 pan, 8mm

M43 M3 standoff, 12mm

M45 M3 standoff, 12mm

M50 M3 pan, 8mm

M51 M3 pan, 8mm

M52 M3 pan, 8mm

M53 M3 pan, 8mm

500Hz pole/gain of 1 (ALS/LL):
Z2: 3.32K || (100n + 100)



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM6A.SchDoc Drawn By:

Common Mode Board: Fast Path

Daniel Sigg
1713

FD040180

IN 3

2
6

7
4

5
U60

AD829

V+
100n

C281
GND

V-

100n

C273

100

R186
NL

C288

1n

C279

1.5K
R178

GND

5Hz high pass

3

2
6

7
4

5
U61

AD829

V+
100n

C282
GND

V-

100n

C274

100

R188

1.5K
R179

GND

5Hz high pass

3

2
6

7
4

5

U63 AD829

V+

3.32K

R192
180p

C294

0

C309GND

100n

C299
GND

V-
100n

C306

0
C307

48.7K

R196

48.7K

R195

374

R190
GND

14.3K

R199

2.00K
R198

generic filter stage
2 real zeros at 10Hz

2 real poles at 100Hz
dc gain of 0.1

NL

R191

MON3

2
6

7
4

5

U62 AD829

V+

3.32K

R193

0
R197

NL
C303

GNDGND

100n

C298
GND

100n

C305

33.2K

R189

10p

C295

100

R194

V-

1n

C280

1n

C300

1n

C301

Z1 Z2

Z4

Z3

Filter Design Examples:

Butterworth high pass: G = 1.586, Z1 = Z2 = 1/sC, Z3 = Z4 = R
    two zeros at 0Hz, two complex poles at f = 1/(2 pi R C)

Butterworth low pass: G = 1.586, Z1 = Z2 = R, Z3 = Z4 = 1/sC
    two complex poles at f = 1/(2 pi R C)

Whitening: G = 1, Z1 = Z2 = (1/sC) || R2, Z3 = Z4 = R1
   two real zeros at f = 1/(2 pi R2 C), two real poles at f = 1/(2 pi (R1 || R2) C)

Dewhiteninig: G = 1 Z1 = Z2 = R1, Z3 = Z4 = 1/sC + R2
  two real poles at f = 1/(2 pi (R1 + R2) C), two real zeros at f = 1/(2 pi R2 C)

GND

68p
C277

GND

68p
C278

NL

R182

NL

C290

NL

R184

70kHz zero/140kHz pole (MC):
Z1: NL
Z2: 0
Z3(330p + 3.32K) || 3.32K
Z4: 3.32K || 10p

NL

R185
NL

C287

NL

R181

NL

R187
NL

C289

NL

R183

Z3 Z4

Z1

voltage follower (MC):
Z1: 0 Ohm
Z2: NL
Z3: NL
Z4: 100 Ohm

Z3 Z4

Z1

GND

68p
C302

GND

68p
C304

20.0K

R180

1n
C292

GND

SLOW

Limiter

TP36 TP37
TP38

TP39

NL

C293

NL
C308

NL

C310

330n

C296

330n

C297

20u

C275

20u

C276

NL

C283

NL

C284

NL

C285

NL

C286

1u
C291

GND

Z5
Z6

Z7

Z2 Z2

voltage follower (ALS/LL):
Z1: 0 Ohm
Z2: NL
Z3: NL
Z4: 100 Ohm

voltage follower (ALS/LL):
Z1: 0 Ohm
Z2: NL
Z3: NL
Z4: 100 Ohm



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM6B.SchDoc Drawn By:

Limiter

Common Mode Board: Output Limiter

Daniel Sigg
1714

FD040180

Diodes only for 
mode cleaner board

11
4

5
6

12
3

U68A
LM319M

V-
100n

C325
GND

V+

100n

C323
GND

GND

9

10
7

8
11

6

U68B
LM319M

V-

V+

GND

3.32K
R211

VCC

4.99K
R215

10.0K
R210

10.0K
R216

V-

V+

1.00M

R214

1.00M

R217

CX/RX15

CLR3 Q 4

Q 13A1

B2

CX14

U67A

74HCT123
VCC

200K
R209

VCC

10u
C324

CX/RX7

CLR11 Q 12

Q 5A9

B10

CX6

U67B

74HCT123
VCC

10.0K
R213

VCC

GND

100n
C326

LIMIT

window comparator & one-shot

OUT3

2
6

7
4

5

U65 AD829

V+

3.32K

R205

0
R207

NL
C321

GNDGND

100n

C315
GND

100n

C322

3.32K

R200

10p

C311

49.9

R206

V-

GND

68p
C319

1.00K

R208

3

2
6

7
4

5

U64 AD829

V+

100n

C313
GND

V-
100n

C320

100

R203

GND

68p
C318

NL

C314

NL

R204

4.99K

R212

limiter

100n
C327

GND

3

6

V-2

GND4

V+ 5

1

Lo
gi

c 
0

U66

MAX4648

GND

10.0K
R202

V+

GND

10.0K
R201

V-

100n
C316

100n
C317

V-

GND

V+

GND

LIMITS
TP40

TP41

NL

C312
Z1

Z2

D9 D10

2.7V
D12

2.7V
D11



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM7A.SchDoc Drawn By:

Common Mode Board: Backplane(P1)

Daniel Sigg
1715

FD040180

GND

V+

100n
C329

GND

GND

V-

100n
C334

GND

GND

GND

GND

VCC

100n
C338

GND GND

D0
D1
D2
D3
D4
D5
D6
D7

D8
D9

D10
D11
D12
D13
D14
D15D16

D17
D18
D19
D20
D21
D22

GND

D23

D24
D25

GND

GND

GND

GND

GND

GND

GND

GND

10
.0

K
R

22
4

10
.0

K
R

22
5

10
.0

K
R

22
6

10
.0

K
R

22
7

10
.0

K
R

22
8

10
.0

K
R

22
9

10
.0

K
R

23
0

10
.0

K
R

23
1

10
.0

K
R

23
2

10
.0

K
R

23
3

10
.0

K
R

23
4

10
.0

K
R

23
5

10
.0

K
R

23
6

10
.0

K
R

23
7

10
.0

K
R

23
8

10
.0

K
R

23
9

10
.0

K
R

24
0

10
.0

K
R

24
1

10
.0

K
R

24
2

10
.0

K
R

24
3

10
.0

K
R

24
4

10
.0

K
R

24
5

10
.0

K
R

24
6

10
.0

K
R

24
7

10
.0

K
R

24
8

10
.0

K
R

24
9

VCC

10
.0

K
R

22
3

D26

10
.0

K
R

22
2

10
.0

K
R

22
1

D27
D28

VCC

GND
100n

C333

VCC

GND

100n

C328

VCC

GND

100n

C337

VCC

GND

100n

C332

10
.0

K
R

22
0

10
.0

K
R

21
9

D29
D30

10
.0

K
R

21
8

F1 F2 F3 F4 F5 F6 F7 F8 F9 F1
0

F1
1

F1
2

F1
3

F1
4

F1
5

F1
6

F1
7

F1
8

F1
9

F2
0

F2
1

F2
2

F2
3

F2
4

F2
5

F2
6

F2
7

F2
8

F2
9

F3
0

F3
1

F3
2

BLM31PG121

4.7u
C331

GND

4.7u
C336

GND

10u
C340

GND

D31

OE 1

D1 2

D2 3

D3 4

D4 5

D5 6

D6 7

D7 8

D8 9

GND 10

LE 11

Q812 Q713 Q614 Q515 Q416 Q317 Q218 Q119

VCC20

U70
74ALS573 OE1

D12 D23 D34 D45 D56 D67 D78 D89

GND10

LE11

Q8 12

Q7 13

Q6 14

Q5 15

Q4 16

Q3 17

Q2 18

Q1 19

VCC 20

U69
74ALS573

OE 1

D1 2

D2 3

D3 4

D4 5

D5 6

D6 7

D7 8

D8 9

GND 10

LE 11

Q812 Q713 Q614 Q515 Q416 Q317 Q218 Q119

VCC20

U72
74ALS573 OE1

D12 D23 D34 D45 D56 D67 D78 D89

GND10

LE11

Q8 12

Q7 13

Q6 14

Q5 15

Q4 16

Q3 17

Q2 18

Q1 19

VCC 20

U71
74ALS573

LE

GND

-24

+24

V-

V+

DD3
DD1

DD2
DD4 DD5

DD0

DD6 DD7
DD8 DD9
DD10 DD11
DD12 DD13
DD14 DD15
DD16 DD17
DD18 DD19
DD20 DD21
DD22 DD23
DD24 DD25
DD26 DD27
DD28 DD29
DD30 DD31

1
3
5 6

4
2

7
9 10

8

11
13 14

12

15 16
17 18
19 20
21 22
23 24
25 26
27 28
29 30
31 32
33 34
35 36
37 38
39 40
41 42
43 44
45 46
47 48
49 50

P2

09 18 550 7324

GND

D
D

0
D

D
1

D
D

2
D

D
3

D
D

4
D

D
5

D
D

6
D

D
7

D
D

8
D

D
9

D
D

10
D

D
11

D
D

12
D

D
13

D
D

14
D

D
15

D
D

16
D

D
17

D
D

18
D

D
19

D
D

20
D

D
21

D
D

22
D

D
23

D
D

24
D

D
25

D
D

26
D

D
27

D
D

28
D

D
29

D
D

30
D

D
31

D41
D42
D43
D44
D45
D46
D47
D48

GND

GND

GND

100n

C341
OE1

D12 D23 D34 D45 D56 D67 D78 D89

GND10

LE11

Q8 12

Q7 13

Q6 14

Q5 15

Q4 16

Q3 17

Q2 18

Q1 19

VCC 20

U73
74ALS573

F33 DD48
F34 DD47
F35 DD46
F36 DD45
F37 DD44
F38 DD43
F39 DD42
F40 DD41

10
.0

K
R

25
9

10
.0

K
R

25
8

10
.0

K
R

25
7

10
.0

K
R

25
6

10
.0

K
R

25
5

10
.0

K
R

25
4

10
.0

K
R

25
3

10
.0

K
R

25
2

VCC

TP42

TP44

TP43

TP45 TP46 TP47 TP48

VCC

100u
C330

100u
C335

100u
C339

GND

DS1

280
R250

VCC

S

D

G
Q1
FDV301N

20.0K
R251

GND

OK

TP49 TP50 TP51

D13

D14

D15



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM7B.SchDoc Drawn By:

Common Mode Board: Backplane(P2)

Daniel Sigg
1716

FD040180

D35

GND

GNDVCC

100n
C364

GND

3

2
6

7
4 U75

OP27

V+
100n

C350
GND

V-

100n

C344

0

R271

GND

100

R265 D34

GND
NL

R272

3

2
6

7
4 U78

OP27

V+
100n

C358
GND

V-

100n

C353

0

R281

GND

100

R275 D33

GND
NL

R282

3

2
6

7
4 U80

OP27

V+
100n

C367
GND

V-

100n

C361

0

R293

GND

100

R286 D32

GND
NL

R294

F4
1

F45
10.0K

R295
10.0K

R292
VCC

V+
100n

C348
GND

V-

100n

C342

200K

R266

GND

100K

R261

GND

100K

R267

200K
R260

1n

C351

1n
C345

LE 10.0K

R290

D36

VCC

1
3
5 6

4
2

7
9 10

8

11
13 14

12

15 16
17 18
19 20
21 22
23 24
25 26
27 28
29 30
31 32
33 34
35 36
37 38
39 40
41 42
43 44
45 46
47 48
49 50

P1

09 18 550 7324

D32_P
D33_P
D34_P
D39_P
D40_P

D36_P
D37_P
D38_P

GND

GND

GND GND

GND

GND

D36_N
D37_N
D38_N

DD35LLE

GND

VREF

DD49
DD50 DD51

D52_P D52_N

D32_P

D33_P

D34_P
D36_P

D36_N

DD48DD47
DD46DD45
DD44DD43
DD42DD41

D37

D37_P

D37_N

D38

D38_P

D38_N

LL
E

DD35

D
D

49
F4

2
F4

3
D

D
50

D
D

51

GND

3

2
6

7
4 U77

OP27

V+
100n

C357
GND

V-

100n

C352

0

R279

GND

100

R274 D39

GND
NL

R280

D39_P

3

2
6

7
4 U74

OP27

V+
100n

C349
GND

V-

100n

C343

0

R269

GND

100

R264 D40

GND
NL

R270

D40_P

TP52

100K

R262

100K

R268

1n
C347

200K

R263

1u
C346

GND

2

3
1 A

8
4

U76A
AD706

5

6
7 B

U76B
AD706

OK

V+
100n

C360
GND

100n

C354

200K

R283

GND

100K

R276

100K

R284

200K
R273

1n

C362

1n
C355

TP53

100K

R277

100K

R285

1n
C359

200K

R278

1u
C356

2

3
1 A

8
4

U79A
AD706

5

6
7 B

U79B
AD706

V- GNDGND

V+
100n

C369
GND

100n

C363

200K

R297

GND

100K

R288

100K

R298

200K
R287

1n

C370

1n
C365

TP54

100K

R289

100K

R299

1n
C368

200K

R291

1u
C366

2

3
1 A

8
4

U82A
AD706

5

6
7 B

U82B
AD706

V- GNDGND

D49

F4
4

B
LM

31
PG

12
1

D50
D51

10.0K

R296

OE 1

D1 2

D2 3

D3 4

D4 5

D5 6

D6 7

D7 8

D8 9

GND 10

LE 11

Q812 Q713 Q614 Q515 Q416 Q317 Q218 Q119

VCC20
U81

74ALS573

VCC



1

1

2

2

3

3

4

4

5

5

6

6

D D

C C

B B

A A

Title

Number RevisionSize

B

Date: 3/15/2013 Sheet    of
File: D:\Users\..\CM8.SchDoc Drawn By:

Common Mode Board: DAQ

Daniel Sigg
1717

FD040180

FMON

IMON

SMON

1

2

3

4

5

6

7

8

9

11

10

J2

DB9

100n

C381

10

R313
GND

3

2
6

7
4

5

U83 AD829

V+

0
R310

NL
C376

GNDGND

100n

C373
GND

100n

C377

10.0K

R300

10p

C371

100

R305

V-

GND

68p
C375

10.0K

R304IMON_P
IMON_N

IMON_P
IMON_N

0

R306

GND
NL

R302

GND

FMON_P
FMON_N
SMON_P
SMON_N

3

2
6

7
4

5

U84 AD829

V+

0
R311

NL
C379

GNDGND

100n

C374
GND

100n

C380

10.0K

R301

10p

C372

100

R308

V-

GND

68p
C378

10.0K

R307FMON_P
FMON_N

0

R309

GND
NL

R303

3

2
6

7
4

5

U85 AD829

V+

0
R318

NL
C385

GNDGND

100n

C383
GND

100n

C386

10.0K

R312

10p

C382

100

R316

V-

GND

68p
C384

10.0K

R315SMON_P
SMON_N

0

R317

GND
NL

R314


