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1 Initial Release equivalent to CWRU BP2B

T. Crish 10-25-2022

Biopotential  Module ~ 2-channel (BP2)
Note 1, Rev. 2

2. Moved rail holdup capacitor (C3 and C5) to the front end of the current sense resistor.

3. Added a bypass capacitor (C17) to the network sense negative rail of the LDO (U9).

4. Replaced positive network rail LDO (U3) with a stepdown DC/DC converter.

5. Added high side rail switch (Q2) to control the AVDD and n3V3 power supplies for the
Biopotential Amplifier circuit.

6. Added control signal (AVDD_ctrl) from Microcontroller (U11) for high side rail switch.

7. Removed some zero ohm resistors: R12; R13; R19; R30; R37.

8. Changed n3V3 control from switched AVDD to Microcontroller (U11) pin 38, I/O Port C3.

9. Removed zero ohm resistors from shut down input of U12, pin 5.

10. Changed C33 package size from 0603 to 0402..

11. Changed part numbers of several resistors and capacitors for for manufacture and supplier conformity.

12. Changed Resistors R1 - R10 from 0.0ohm to Do Not Populate (DNP).

Note 2 Rev. 3

Note 3 Rev. 4

13. Changed C26 from 2.2uF to 1.0uF to prevent transients on the positive analog rail when the
AVDD power supply is turned on.

14. Changed C28, C30 and C31  from 10uF to 1.0uF to prevent transients on the negative analog
  rail when the n3V3 power supply is turned on.

15. Added SBI part numbers to all components.

Note 4, Rev. 5

16. Changed Manufacturer and Supplier part numbers for C1 and C6 from GRM2165C2A101JA1D to
GRM155R71C104KA88D and 490-1599-6-ND to 490-3261-6-ND.

17. Remove Power-up reset circuit C18, R26, and U10.  Request from CWRU, report “BP2B Skywire
Tissue Power Control - Engineering Report 160520 Rev B.docx”

18. Change value of C3 and C5 from 47uF to 22uF.

Note 0, Rev. 1
1. Initial Release

Note 5, Rev 06

19. Changed Manufacturer and Supplier part numbers for C2, C14, C15, C28, C30 and C31 from Murata
   Electronics Corp  GRM188R71E105KA12D (Digi-Key 490-5307) to TDK Corp CGA3E1X7R1C105K080AC 
  (Digi-Key 445-12539).

20. Changed Manufacturer and Supplier part numbers for C37, C43, C45, C46, C47, C48 and C54  from
 Murata Electronics Corp GRM155R71C154KA12D (Digi-Key 490-5307) to Samsung Corp
 CL05B154KO5NNNC  (Digi-Key 490-5955)

Note 6, Rev 07

21. Changed Manufacturer and Supplier part numbers for C40 and C51 from Johanson Dielectric Inc.
 500X14W103MV4T to Johanson Dielectric Inc. 500X14W221MV4T (Digi-Key 500X14W221MV4T-ND).

BIOPOTENTIAL MODULE

ENCLOSURE = AMPLIFIER 
REFERENCE

-21
NETWORK
POWER

-11
NETWORK
DATA

POWER CONDITIONING SYSTEMS

-22 3V3
POWER

-23 n3V3
POWER

-24 1V65
REFERENCE

-41
UCONTROLLER

-42 DIGITAL
PERIPHERALS

-43 ANALOG
PERIPHERALS

-61
BIOPOTENTIAL
AMPLIFIER

-1/-2
HEADERS

PROCESSING

NON-TISSUE 
INTERFACES

TISSUE 
INTERFACE

TISSUE

ENCLOSURE = AMPLIFIER 
REFERENCE

fixed polarity variable amplitude analog signal

ANALOG SIGNALS

bidirectional
unidirectional

ANALOG CURRENT FLOW or

DIGITAL SIGNALS
high level true

unidirectional

fixed polarity constant amplitude analog signal

FESCAN bus power and data signal

MIXED SIGNALS

low level true

pulse width modulated

reversing polarity variable amplitude analog signal

DIGITAL SIGNAL DIRECTION

biopotential signal

See Note 1, DCN 101

3 See Note 2, DCN 101

4 See Note 3, DCN 107

5 See Note 4, DCN 101 101

6 See Note 5, DCN 107 107

7 See Note 6, DCN 121 121

8 See Note 7, DCN 151

2

-

101

101

107

151

22. Added R57 1M ohm resistor and R58 1M ohm resistor.  R57 (Page 5) is hand-soldered across pins 4 and 5
of U12.  R58 (Page 3) is hand-soldered across the gate and  source of Q2.

Note 7, Rev 08

Pg1  Revision History
Pg2  Biopotential Amplifier System
Pg3  BP2 Microcontroller
Pg4  Network Interface
Pg5 Analog/Digital Peripheral System
Pg6 BP2 Modular and Test Header
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BIOPOTENTIAL AMPLIFIER SYSTEM-61

CH1POS

CH1NEG

AVDD

n3V3

AVDD

1V65

AVDD

1V65

1V65

AVDD

CH1

CH2

MOSI
SCK

MISO

nCSLOGPOT

AVDD

n3V3

n3V3 Anti-alias LP Fc = 500Hz or 1 kHz

R=332 -> Gain=150

CH2NEG

UCH1

UCH2

CH2POS

SOT563

S3i1026X-T1-GE

6

2
1

5

3

4

N

U21

MOSFET 2N, 60V, 0.305A

RES_0402
10k 0.1%

R44

0603X2Y
220pF

C40

0603X2Y
220pF

C51

CAP_0402

4700pF
C41

CAP_0402
4700pF
C52

RES_0402
332ohm 1%

R45

CAP_06030.15uF
C37

RES_0402

10k 0.1%

R47

RES_0402
10k 0.1%

R53

RES_0402
10k 0.1%

R56
RES_0402
332ohm 1%

R54

CAP_0603
0.15uF
C45

CAP_0603
0.15uF

C48

CAP_0603
0.15uF

C54

DFN-8

LT1490ACDD#PBF

1
2

3

V-
4

5

6
7

V+
8

A

B

U19

Op-Amp Dual R-R

CAP_0603
0.15uF

C46

CAP_0603
0.15uF

C47

CAP_0603

0.15uF

C43

R=332 -> Gain=150

RES_0402
10k 1%

R49

RES_0402
10k 1%

R50

QFN16

MAX5408ETE

DOUT
15

DIN
16

SCLK
1

CS
2

H0
3

L0
4

W0
5

NC
6

NC
7

W1
8

L1
9

H1
10

AGND
11

GND
12

VL
13

VDD
14

U17

DIGPOT 2.7-3.6V SPI
8-DFN

OPA2333AIDRBT

1
2

3

V-
4

5

6
7

V+
8

A

B

U18

OPA 1.8-5.5V DFN8

RES_0402
1.6K 1%

R43

RES_0402
1.6K 1%

R51

CAP_0402
0.15uF

C44

CAP_0402
0.1uF
C38

CAP_0402

0.1uF
C50

CAP_0402
0.1uF
C39

CAP_0402

0.1uF
C53

LFCH2LFCH1

DIFF GAIN (x150)

UNIPOLAR CONVERSION & 10Hz HPF

PROGRAMMABLE GAIN (x2 to x50) & ANTI-ALIAS LPF (500Hz or 1kHz)

LACH1

LACH2

INPUT SE & DIFF LPF

HP Fc = 10Hz

HP Fc = 10Hz

Low Amplitude Ch1

Low Amplitude Ch2

Lower Freq Ch1 control Lower Freq Ch2 control

OFF1

OFF2

CAP_0402
0.1uF
C42

RES_0402

150k 1%

R48

CAP_0402

0.1uF

C49

RES_0402
150k 1%

R52

SOIC8-N

LT1168ACS8

RG
1
2

3

4

REF
5

6

7

RG
8

V+

V-

U16

SOIC8-N

LT1168ACS8

RG
1
2

3

4

REF
5

6

7

RG
8

V+

V-

U20

RES_0402
1M ohm 1%
R46

RES_0402

1M ohm 1%
R55

3V3

CAP_0402
0.15uF

C55

BIOPOTENTIAL AMPLIFIER SIGNAL FLOW MAX5408 WIPER,GAIN
SIGNAL AFTER
PROGRAMMABLE GAIN
& ANTI-ALIAS LFP

CHx

1V65

GND

3V3

SIGNAL AFTER DIFF
GAIN,UNIPOLAR
CONVERSION, & 10 Hz
HPF

LACHx

1V65

GND

3V3

RAW SIGNAL

1V65

GND

3V3

-3V3

CHxPOS-CHxNEG

Biopotential Amplifier System

MAX5408 Wiper 
Position (WP) 
vs. Gain vs. 
Gain (in dB)

WP  Gain   dB
--  ----   --
16  39.8   32
17  50.1   34
18  63.1   36
19  79.4   38
20  100.0  40
21  125.9  42
22  158.5  44
23  199.5  46
24  251.2  48
25  316.2  50
26  398.1  52
27  501.2  54
28  631.0  56
29  794.3  58
30  1000.0 60
31  1258.9 62

MAX5408 Wiper 
Position (WP) 
vs. Gain vs. 
Gain (in dB)

WP  Gain   dB
--  ----   --
0   1.0    0 
1   1.3    2 
2   1.6    4 
3   2.0    6 
4   2.5    8 
5   3.2    10
6   4.0    12
7   5.0    14
8   6.3    16
9   7.9    18
10  10.0   20
11  12.6   22
12  15.8   24
13  20.0   26
14  25.1   28
15  31.6   30
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QFN64

AT90CAN128-16MI

NC
1

PE0 (RXD0 / PDI)
2

PE1 (TXD0 / PD0)
3

PE2 (XCK0 / AIN0)
4

PE3 (OC3A / AIN1)
5

PE4 (OC3B / INT4)
6

PE5 (OC3C / INT5)
7

PE6 (T3 / INT6)
8

PE7 (ICP3 / INT7)
9

PB0 (SS)
10

PB1 (SCK)
11

PB2 (MOSI)
12

PB3 (MISO)
13

PB4 (OC2A)
14

PB5 (OC1A)
15

PB6 (OC1B)
16

PB7 (OC0A / OC1C)
17

PG3 (TOSC2)
18

PG4 (TOSC1)
19

RESET
20

VCC
21

GND
22

XTAL2
23

XTAL1
24

PD0 (SCL / INT0)
25

PD1 (SDA / INT1)
26

PD2 (RXD1 / INT2)
27

PD3 (TXD1 / INT3)
28

PD4 (ICP1)
29

PD5 (TXCAN / XCK1)
30

PD6 (RXCAN / T1)
31

PD7 (T0)
32

PG0 (WR)
33

PG1 (RD)
34

PC0 (A8)
35

PC1 (A9)
36

PC2 (A10)
37

PC3 (A11)
38

PC4 (A12)
39

PC5 (A13)
40

PC6 (A14)
41

PC7 (A15 / CLKO)
42

PG2 (ALE)
43

PA7 (AD7)
44

PA6 (AD6)
45

PA5 (AD5)
46

PA4 (AD4)
47

PA3 (AD3)
48

PA2 (AD2)
49

PA1 (AD1)
50

PA0 (AD0)
51

VCC
52

GND
53

PF7 (ADC7 / TDI)
54

PF6 (ADC6 / TDO)
55

PF5 (ADC5 / TMS)
56

PF4 (ADC4 / TCK)
57

PF3 (ADC3)
58

PF2 (ADC2)
59

PF1 (ADC1)
60

PF0 (ADC0)
61

AREF
62

GND
63

AVCC
64

PKG GND
65

TWI

SPI

POWER

OUTPUT 
COMPAREADC 

INPUTS

PORT B

PORT A

PORT C

PORT E I/O

I/O

PORT G

PORT F

CAN

USART1

PORT D

USART0

ATMEL
8 BIT AVR CORE

JTAG

U11

uC 2.7-5.5V 8bit

SCK
MOSI

RXCAN
TXCAN

3V3

VICAIN
VINAIN

TCK
TMS

TDO
TDI

nRESET

HEARTBEAT

RXD0
TXD0

SCL
SDA

I2C PUP

3V3

SCL
SDA

ACCINT

MISO

I2C PUP

JTAG
JTAG

JTAG
JTAG

nCSLOGPOT

CH1
CH2

CAP_0402

8pF

C19

CAP_0402

8pF

C21

NX5032GA1
2

Y1

Crystal 8MHz SMT

RES_0402
10k 1%
R28

RES_0402
10k 1%
R29

CAP_0402

0.1uF
C20

CAP_0402

0.1uF
C22

CAP_0402

0.1uFC23

CAP_0402
0.1uF
C24

RES_0402
10k 1%
R33

LED1
LED Red 0402

MICROCONTROLLER SYSTEM-41

HIZVT

LFCH1
LFCH2

Reserved

STCC

RES_0402
10k 1%

R31

RES_0402
10k 1%

R32

OFF1

OFF2

CAP_0402

2.2uF 6.3V
C25

RES_0402
20 ohm 1%
R27

VOS ENable
ANode Force ON

VOS adj CS

STIM DA CS

DISCHARGE
STIMTE
nSTIMLE
nSTIMEN

nOUTEN1
nOUTEN2
nOUTEN3
nOUTEN4

Reserved

Fc = 3.6 kHz

AVDD_ctrl

3V3

AVDD

1

2
3

Q2
NTE4151PT1G

RES_0402
20 ohm 1%
R30

CAP_0603

1.0uF
C26

AVDD_ctrl

n3V3_ctrl

PB5
PB6

AVCC

1MR58

BP2 Microcontroller
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BUSA

BUSB

VIC

BA_ISO

BB_ISO

NETWORK POWER INTERFACE SYSTEM-21

ISOLATION
BARRIERCG0603MLC-12E

RV1
MOV 12V 0603

CAP_0805

100nF

C1

CAP_0805
100nF

C6

SSSMini2-F4-B,
DB2731600L

D1

SSSMini2-F4-B,
DB2731600L

D2

SSSMini2-F4-B,
DB2731600L

D3

SSSMini2-F4-B,
DB2731600L

D4

RES_0402

0.1ohm

R11

SOT23-5

ZXCT1010E5TA

NC
1

GND
2

Iout
3

VIN
4

LOAD
5

U1

Current Monitor, 2.5V-20V, 1%

VIN

CAP_1210
22uF

C3
RES_0402

49.9k 1%
R12

VIN

DFN-8

LTC3642EDD-3.3#PBF

SW
1

HYST
7

ISET
3

SS
4

VOUT
6

RUN
5

VIN
2

GND
8

U2

Step Down DC-DC, 4.5V-45V, 50mA

3V3

RES_0402

470kohm
R13

CAP_0603

1.0uF

C2

3V3 POWER SUPPLY SYSTEM-22

100uH

VLCF5020T-101MR27

L1

CAP_0603
10uF
C4

CAP_1210
22uF

C5

3V3BUS

0mA = REC
1mA = DOM

Bus data xmt

3V3BUS
3V3BUS

3V3BUS

TXCANBUS

VTP

VABD

VTN

VTN

VABD

n3V3BUS

BUSB

BUSB
BUSB

NETWORK DATA INTERFACE SYSTEM-11

BUSA

BUSB

RES_0402
1k 1%
R14

RES_0402
5.1k 1%
R15

RES_0402

5.1k 1%

R16

SSSMini2-F4-B,
DB2731600L

D5

SSSMini2-F4-B,
DB2731600L

D6

SSSMini2-F4-B,
DB2731600L

D7

RES_0402
1k 1%

R20

RES_0402
49.9k 1%

R19

CAP_0402
68pF
C13

CAP_0603

1.0uF
C15 CAP_0603

1.0uF
C14

SOT23-5

LT1964ES5-BYP#PBF

GND
1

IN
2

BYP
3

ADJ
4

OUT
5

U9

LDO, -1.2-20V, -200mA

49.9k, 84.5k -> n3V3BUS = -3.3V

RES_0402

1k 1%
R23

RES_0402

49.9k 1%
R25

RES_0402

49.9k 1%
R18

RES_0402
1k 1%
R21

CAP_0402
0.1uF

C7

CAP_0402

0.1uF

C10

SOT23-8

MAX9142EKA+

VCC
8

GND
4

1

7
6

5

2

3

U7

CMP 2.7-5.5V  40ns

MAC06A

NC7SZ86L6X

2

GND
3

1
4

VCC
6

NC
5

NC7SZ86L6XTR-ND
U5

XOR 1.65-5.5V

DFN-8

LTC3642EDD-3.3#PBF

SW
1

HYST
7

ISET
3

SS
4

VOUT
6

RUN
5

VIN
2

GND
8

U3

Step Down DC-DC, 4.5V-45V, 50mA

IND_1007

470uH

L2

CAP_0402
4.7uF

C12

CAP_0402
4.7uF

C16

CAP_0402
.001uF

C17

RES_0402
49.9k 1%
R22

RES_0402
84.5k 1%
R24

SOT523
DSA9001S0L

Q1

3V3

3V3

3V3

RXCAN

TXCAN

3V3
TXCANBUS
CMPXBUS CMPX

3V3BUS

TXCAN

ISOLATION BARRIER

BUSB

CAP_0402
0.1uF

C8

CAP_0402
0.1uF

C9

CAP_0402
0.1uF

C11

uSOP8

IL712-1E

GND1
4

IN1
2

VDD2
8

VDD1
1

OUT2
3

GND2
5

IN2
6

OUT1
7

U4

ISO DIG 3-5.5V

uSOP8

DS1100LU-500

IN
1

200n
2

400n
3

VCC
8

GND
4

500n
5

300n
6

100n
7

U6

Silicon delay 3-3.6V
uPAk6

NC7SZ175L6X

CLK
1

GND
2

D
3

Q
4

VCC
5

CLR
6

NC7SZ175L6XFSTR-ND
U8

Flip-Flop 1.65-5.5V

RES_0402

49.9k 1%
R17

Network Interface
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SOT23-6

Vout
1

Vin
2

C-
3

GND
4

SHDN
5

C+
6

NCP1729SN35T1

U12

Voltage inverter 1.15-5.5V 50mA

n3V3 POWER SUPPLY SYSTEM-23

3V3

CAP_0603
10uF
C27

CAP_0603

1.0uF

C28
n3V3

RES_0402
20 ohm

R34

CAP_0603
1.0uF
C31

CAP_0603
1.0uF
C30

n3V3_ctrl

Removed zero ohm
 resistor Rev. 3

1M

R57

1V65 REFERENCE SYSTEM-24

AVDD

1V65

RES_0402
100k 1%
R37

CAP_0402

0.15uF

C33

RES_0402
100k 1%
R39

CAP_0402
0.1uF
C34

1V65

RES_0402
100 ohm 1%
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