
I/V
CONVERTER

V/I
CONVERTER

VIN6

VIN5

VIN2

VIN1

OT

UV OV
AIINOV

AIOUTOV

VT1

SEL0

SEL 1

VTOP

VBOT1

C6O

CT2

C1O

C1U

C6U

DE-
GLITCHING

DE-
GLITCHING

DE-
GLITCHING

DE-
GLITCHING

DE-
GLITCHING

DE-
GLITCHING

VIN3

VIN4

AD8280

CT1

VT2

AVOUTOV

ALARM
LOGIC

VIN0

LDO REF

ENBO

ENBI

TOP

REF

DGT0

DGT1

OT

OT

LDO
TESTO

TESTI

SELF-
TEST

GENERATOR

BOT

LEVEL
SHIFTER

LEVEL
SHIFTER

AIOUTUV AIOUTOT

AIINUV AIINOT

DGT2

NPTC

ALRMSEL

AVOUTUV

AVOUTOT

VCC

VCCS

GND2

GND1
VBOT1S

VBOT2

VBOT2S

FBLDOS

VTOPS

LEVEL

SHIFTER

0
8

9
1

1
-0

0
1

https://form.analog.com/Form_Pages/feedback/documentfeedback.aspx?doc=AD8280.pdf&product=AD8280&rev=E
http://www.analog.com/en/content/technical_support_page/fca.html
http://www.analog.com/
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 









3

VBOT2S

4

VBOT1S

7

VIN1 6

VIN0 5

VBOT1

1

2

VBOT2

8

VIN2

9

VIN3

10

VIN4

12

VIN6

VTOP

11

VIN5

GND1

GND2

DGT0

ALRMSEL

NPTC

VCC

DGT1

SEL0

SEL1

AVOUTUV

AVOUTOT

AVOUTOV

36

35

34

33

31

30

29

28

27

26

25

32

1413 15 16 17 18 19 20 21 22 23 24

V
T

O
P

S

V
T

1

V
T

2

T
E

S
T

I

A
IO

U
T

O
V

A
IO

U
T

U
V

A
IO

U
T

O
T

E
N

B
I

O
V

U
V

D
G

T
2

O
T

T
O

P

B
O

T

T
E

S
T

O

A
II

N
O

V

A
II

N
U

V

A
II

N
O

T

E
N

B
O

R
E

F

F
B

L
D

O
S

V
C

C
S

L
D

O

48 47 46 45 44 43 42 41 40 39 38 37

PIN 1

AD8280

0
8

9
1

1
-0

0
2





1800

1200

1500

900

600

300

0
–30 –20 –10 0 10 20 30

0
8

9
1

1
-0

0
3

N
U

M
B

E
R

 O
F

 H
IT

S

TRIP POINT ERROR (mV)

UNDERVOLTAGE
OVERVOLTAGE

SAMPLE SIZE = 2726

1600

1200

1400

800

600

400

0
–30 –20 –10 0 10 20 30

0
8

9
1

1
-0

0
4

N
U

M
B

E
R

 O
F

 H
IT

S

TRIP POINT ERROR (mV)

200

1000

UNDERVOLTAGE
OVERVOLTAGE

SAMPLE SIZE = 2726

1800

1200

1500

900

600

300

0
–30 –20 –10 0 10 20 30

0
8

9
1

1
-0

0
5

N
U

M
B

E
R

 O
F

 H
IT

S

TRIP POINT ERROR (mV)

UNDERVOLTAGE
OVERVOLTAGE

SAMPLE SIZE = 2726

1200

1400

800

600

400

0
–30 –20 –10 0 10 20 30

0
8

9
1

1
-0

0
6

N
U

M
B

E
R

 O
F

 H
IT

S

TRIP POINT ERROR (mV)

200

1000

UNDERVOLTAGE
OVERVOLTAGE

SAMPLE SIZE = 2726

1800

2100

2400

1200

900

600

0
–30 –20 –10 0 10 20 30

N
U

M
B

E
R

 O
F

 H
IT

S

TRIP POINT ERROR (mV)

300

1500

UNDERVOLTAGE
OVERVOLTAGE

0
8

9
1

1
-0

0
7

SAMPLE SIZE = 2726

1800

1200

1500

900

600

300

0
–30 –20 –10 0 10 20 30

0
8

9
1

1
-0

0
8

N
U

M
B

E
R

 O
F

 H
IT

S

TRIP POINT ERROR (mV)

UNDERVOLTAGE
OVERVOLTAGE

SAMPLE SIZE = 2726



250

150

200

100

50

0
–5 –4 –3 –2 –1 0

0
8

9
1

1
-0

0
9

N
U

M
B

E
R

 O
F

 H
IT

S

TRIP POINT ERROR (mV)

SAMPLE SIZE = 2726

240

120

150

180

210

60

90

30

0
47 48 49 50 51

0
8

9
1

1
-0

1
0

N
U

M
B

E
R

 O
F

 H
IT

S

HYSTERESIS (mV)

SAMPLE SIZE = 2726

400

500

200

300

100

0
4.94 4.96 4.98 5.025.00 5.04 5.06

0
8

9
1

1
-0

1
1

N
U

M
B

E
R

 O
F

 H
IT

S

REFERENCE VOLTAGE (V)

SAMPLE SIZE = 2726

120

180

150

60

90

30

0
4.8 4.9 5.0 5.25.1 5.3 5.4

0
8

9
1

1
-0

1
2

N
U

M
B

E
R

 O
F

 H
IT

S

LDO VOLTAGE (V)

SAMPLE SIZE = 2726

200

400

100

150

50

0
1.2 1.3

0
8

9
1

1
-1

1
3

N
U

M
B

E
R

 O
F

 H
IT

S

SUPPLY CURRENT (mA)

250

350

300

1.4 1.5 1.6 1.7 1.8 1.9

SAMPLE SIZE = 2726

200

600

100

0
–0.02 –0.01

0
8

9
1

1
-1

1
4

N
U

M
B

E
R

 O
F

 H
IT

S

SHUTDOWN CURRENT (µA)

300

500

400

0 0.01 0.02 0.03 0.04 0.05

SAMPLE SIZE = 2726



–25

–20

–15

–10

–5

0

5

10

15

20

25

–50 –30 –10 10 30 50 70 90 110

O
V

E
R

V
O

L
T
A

G
E

 E
R

R
O

R
 (

m
V

)

TEMPERATURE (°C)

VIN0 AND VIN1
VOLTAGE BETWEEN

VIN1 AND VIN2
VIN2 AND VIN3

VIN1 TO VIN2 AND VIN5 TO VIN6

VIN3 AND VIN4
VIN4 AND VIN5
VIN5 AND VIN6

0
8

9
1

1
-0

1
3

–25

–20

–15

–10

–5

0

5

10

15

20

25

–50 –30 –10 10 30 50 70 90 110

U
N

D
E

R
V

O
L
T
A

G
E

 E
R

R
O

R
 (

m
V

)

TEMPERATURE (°C)

VIN2 TO VIN3 AND VIN3 TO VIN4

0
8

9
1

1
-0

1
4

VIN0 AND VIN1
VOLTAGE BETWEEN

VIN1 AND VIN2
VIN2 AND VIN3
VIN3 AND VIN4
VIN4 AND VIN5
VIN5 AND VIN6

–10

–8

–6

–4

–2

0

2

4

6

8

10

–50 –30 –10 10 30 50 70 90 110

O
V

E
R

T
E

M
P

E
R

A
T

U
R

E
 E

R
R

O
R

 (
m

V
)

TEMPERATURE (°C)

VT1

VT2

0
8

9
1

1
-0

1
5

25

30

35

40

45

50

55

60

65

70

75

–50 –30 –10 10 30 50 70 90 110

O
V

E
R

V
O

L
T
A

G
E

 H
Y

S
T

E
R

E
S

IS
 (

m
V

)

TEMPERATURE (°C)

0
8

9
1

1
-0

1
6

VIN0 AND VIN1
VOLTAGE BETWEEN

VIN1 AND VIN2
VIN2 AND VIN3
VIN3 AND VIN4
VIN4 AND VIN5
VIN5 AND VIN6

25

30

35

40

45

50

55

60

65

70

75

–50 –30 –10 10 30 50 70 90 110

U
N

D
E

R
V

O
L
T
A

G
E

 H
Y

S
T

E
R

E
S

IS
 (

m
V

)

TEMPERATURE (°C)

0
8

9
1

1
-0

1
7

VIN0 AND VIN1
VOLTAGE BETWEEN

VIN1 AND VIN2
VIN2 AND VIN3
VIN3 AND VIN4
VIN4 AND VIN5
VIN5 AND VIN6

25

30

35

40

45

50

55

60

65

70

75

–50 –30 –10 10 30 50 70 90 110

O
V

E
R

T
E

M
P

E
R

A
T

U
R

E
 H

Y
S

T
E

R
E

S
IS

 (
m

V
)

TEMPERATURE (°C)

VT1

VT2

0
8

9
1

1
-0

1
8



–15

–10

–5

0

5

10

15

6 10 14 18 22 26 30

T
R

IP
 P

O
IN

T
 E

R
R

O
R

 (
m

V
)

STACK VOLTAGE (V)

0
8

9
1

1
-0

1
9

VOLTAGE BETWEEN

VIN1 AND VIN2
VIN2 AND VIN3
VIN3 AND VIN4
VIN4 AND VIN5
VIN5 AND VIN6

VIN0 AND VIN1

–25

–20

–15

–10

–5

0

5

T
R

IP
 P

O
IN

T
 E

R
R

O
R

 (
m

V
)

STACK VOLTAGE (V)

6 10 14 18 22 26 30

0
8

9
1

1
-0

2
0

VIN0 AND VIN1
VOLTAGE BETWEEN

VIN1 AND VIN2
VIN2 AND VIN3
VIN3 AND VIN4
VIN4 AND VIN5
VIN5 AND VIN6

–2

0

2

4

6

8

10

6 10 14 18 22 26 30

B
IA

S
 C

U
R

R
E

N
T

 (
n

A
)

STACK VOLTAGE (V) 0
8

9
1

1
-1

2
3

0

0.5

1.0

1.5

2.0

2.5

6 10 14 18 22 26 30

E
N

A
B

L
E

D
 S

U
P

P
L
Y

 C
U

R
R

E
N

T
 (

m
A

)

0

0.5

1.0

1.5

2.0

2.5

D
IS

A
B

L
E

D
 S

U
P

P
L
Y

 C
U

R
R

E
N

T
 (

µ
A

)

STACK VOLTAGE (V)

ENABLED

DISABLED

0
8

9
1

1
-0

2
2

1.15

1.20

1.25

1.30

1.35

1.40

–50 –30 –10 10 30

TEMPERATURE (°C)

50 70 90 110

STACK VOLTAGE = 7.5V

STACK VOLTAGE = 18V

STACK VOLTAGE = 29.8V

0
8

9
1

1
-0

2
3

S
U

P
P

L
Y

 C
U

R
R

E
N

T
 (

m
A

)

2.5

3.0

3.5

4.0

4.5

5.0

5.5

0 5 10 15 20 25 30

V
O

L
T
A

G
E

 (
V

)

SOURCE CURRENT (mA)

LDO

REF

0
8

9
1

1
-0

2
9



2.5

3.0

3.5

4.0

4.5

5.0

5.5

0 5 10 15 20 25 30

V
O

L
T
A

G
E

 (
V

)

SOURCE CURRENT (mA)

LDO

REF

0
8

9
1

1
-0

3
0

0

5

10

15

20

25

30

35

–50 –30 –10 10 30 50 70 90 110

S
O

U
R

C
E

 C
U

R
R

E
N

T
 (

m
A

)

TEMPERATURE (°C)

LDO

REF

0
8

9
1

1
-0

3
1

4.95

4.97

4.99

5.01

5.03

5.05

5.07

5.09

5.11

–50 –30 –10 10 30 50 70 90 110

V
O

L
T
A

G
E

 (
V

)

TEMPERATURE (°C)

LDO

REF

0
8

9
1

1
-0

3
2

4.98

4.99

5.00

5.01

5.02

5.03

5.04

5.05

5.06

5.07

5.08

6 10 14 18 22 26 30

V
O

L
T
A

G
E

 (
V

)

STACK VOLTAGE (V)

LDO

REF

0
8

9
1

1
-0

3
3

–10

–8

–6

–4

–2

0

2

4

6

8

10

–50 –30 –10 10 30 50 70 90 110

B
IA

S
 C

U
R

R
E

N
T

 (
n

A
)

TEMPERATURE (°C)

VIN0 VIN1

VIN2 VIN3

VIN4 VIN5

VIN6 VT2

VT1 OV

UV OT

0
8

9
1

1
-0

3
4

1
OV

0
8

9
1

1
-0

3
5

5
V

/D
IV

20ns/DIV



1

OV

0
8

9
1

1
-0

3
6

5
V

/D
IV

20ns/DIV

5
V

/D
IV

20ms/DIV

4

1

2

3

OV

UV

OT

TESTI

0
8

9
1

1
-0

2
4

4

1

2

3

OV

UV

OT

TESTI

0
8

9
1

1
-0

2
5

5
V

/D
IV

20ms/DIV

3

1

2

4

OV

UV

OT

TESTI

CH1
CH3

5V
5V

CH2
CH4

5V
5V

M200ms  1.25ks/s
A CH4       2.4V

800µs/pt

0
8

9
1

1
-0

4
8

3

1

2

4

CH1
CH3

5V
5V

CH2
CH4

5V
5V

M200ms  1.25ks/s
A CH4       2.4V

800µs/pt

0
8

9
1

1
-0

4
9

OV

UV

OT

TESTI

1

2

OV

TESTI

0
8

9
1

1
-0

3
8

5
V

/D
IV

4µs/DIV



3

1

2

CH1
CH3

5V
5V

CH2
CH4

5V
5V

M400ms  625s/s
A CH4       2.4V

1.6ms/pt

0
8

9
1

1
-0

5
0

4

OV

UV

OT

TESTI

0
8

9
1

1
-1

4
3

4

1

2

3

TESTI

OV

UV

OT

4µs/DIV

5
V

/D
IV

4

1

2

3

ENBI

OV

REF

TESTI

0
8

9
1

1
-0

2
8

5
V

/D
IV

1ms/DIV

0
8

9
1

1
-1

5
0

100ms/DIV

5
V

/D
IV

OV

CELL

ALARM
TRIPPED

0
8

9
1

1
-1

5
1

500ms/DIV

5
V

/D
IV

OV

CELL

ALARM
TRIPPED



 

 

 

 

 

http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf


0
8

9
1

1
-0

3
9

I/V
CONVERTER

V/I
CONVERTER

VIN6

VIN5

VIN2

VIN1

OT

UV OV
AIINOV

AIOUTOV

VT1

SEL0

SEL 1

VTOP

VBOT1

C6O

CT2

C1O

C1U

C6U

DE-
GLITCHING

DE-
GLITCHING

DE-
GLITCHING

DE-
GLITCHING

DE-
GLITCHING

DE-
GLITCHING

VIN3

VIN4

AD8280

CT1

VT2

AVOUTOV

ALARM
LOGIC

VIN0

LDO REF

ENBO

ENBI

TOP

REF

DGT0

DGT1

OT

OT

LDO
TESTO

TESTI

SELF-
TEST

GENERATOR

BOT

LEVEL
SHIFTER

LEVEL
SHIFTER

AIOUTUV AIOUTOT

AIINUV AIINOT

DGT2

NPTC

ALRMSEL

AVOUTUV

AVOUTOT

VCC

VCCS

GND2

GND1
VBOT1S

VBOT2

VBOT2S

FBLDOS

VTOPS

LEVEL

SHIFTER



VBOT1

VTOP UV OV OT

ENBI

AD8280

VCC
REF

UV
REF

OV
REF

OT
REF

VT2

10kΩ

FB

VBOT1S

VTOPS

2.2µF

10nF

SEL0

VCCS

0.1µF

SEL1

VIN6

VIN5

VIN4

VIN3

VIN2

VIN1

VIN0

VT1

VBOT2

VBOT2S

ENBO

LDO

LDOS

TESTO

TESTIAIOUTOV AIOUTUV AIOUTOT

AIINOV AIINUV AIINOT

AVOUTOV

AVOUTUV

AVOUTOT

DGT2

NPTC

GND1 GND2

TOP

BOT

ALRMSEL

DGT0

DGT1

100nF

Z1
0.1µF

0.1µF

10µF

PART
GROUND

PART
GROUND

NOTES

1. PART IS CONFIGURED AS FOLLOWS:

      MIDDLE PART IN DAISY CHAIN

      ALARMS ARE SHARED

      DEGLITCH TIME SET TO 0.0 SECONDS

      NTC THERMISTOR INPUTS

      6 CELL INPUTS

22pF

+

+

+

+

+

+

0
8

9
1

1
-0

4
0

http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf


RTOP

THERMISTOR AD8280

VTx
RIN

VTH

0
8

9
1
1

-0
4

7

VIN6

VIN5

VIN4

VIN3

VIN2

VIN1

VIN0

AD8280

0
8
9
1
1

-0
4
1

+

+

+

+

+

VIN6

VIN5

VIN4

VIN3

VIN2

VIN1

VIN0

AD8280

0
8
9
1
1

-0
4
2

+

+

+

+

VIN6

VIN5

VIN4

VIN3

VIN2

VIN1

VIN0

AD8280

0
8
9
1
1

-0
4
3

+

+

+

http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf


http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf


VIN6

VIN5

VIN4

VIN3

VIN2

VIN1

VIN0

VT1

VBOTx

VTOPx UV OV AIINxxOT

AIOUTxx

AD8280

AD8280

AD8280

AVOUTxx

DGT0

UV
REF

OV
REF

OT
REF

UV
REF

OV
REF

OT
REF

UV

REF

OV

REF

OT

REF

REF/FB

VT2

ENBO

ENBI

ENBI

SEL0

SEL1

10kΩ

10kΩ

10µF 0.1µF

LDOx

TESTI

DGT1

TOP

BOT

TESTO

VOUT

ENBI

TEST

NTC

T1/T2

T1

T2

T3/T4

T5/T6

10nF

2.2µF

100nF

1.0µF

ALRMSEL/
DGT2/
NPTC

VCCx

GNDx

VIN6

VIN5

VIN4

VIN3

VIN2

VIN1

VIN0

VT1

VBOTx

VTOPx UV OV AIINxxOT

AIOUTxx

AVOUTxx

DGT0

REF/FB

VT2

ENBO

SEL0

SEL1

LDOx

TESTI

DGT1

TOP

BOT

TESTO

ALRMSEL/
DGT2/
NPTC

VCCx

GNDx

VIN6

VIN5

VIN4

VIN3

VIN2

VIN1

VIN0

VT1

VBOTx

VTOPx UV OV AIINxxOT

AIOUTxx

AVOUTxx

DGT0

REF/FB

VT2

ENBO

ENBI

SEL0

SEL1

LDOx

TESTI

DGT1

TOP

BOT

TESTO

ALRMSEL/
DGT2/
NPTC

VCCx

GNDx

100nF

22pF

T5

T4

T6

T3

0
8

9
1

1
-0

4
4

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+



http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf


TESTI

AIOUTxx/AVOUTxx
TEST OK

AIOUTxx/AVOUTxx
TEST FAILS

AIOUTxx/AVOUTxx
ALARMED
TEST OK

NORMAL OPERATION

DURING SELF-TEST MODE

UNALARMED

AIOUTxx/AVOUTxx

ALARMED

AIOUTxx/AVOUTxx

LOW AT FALLING EDGE OF TESTI:
PART PASSES SELF-TESTHIGH AT FALLING EDGE OF TESTI:

PART FAILS SELF-TEST

0
8

9
1

1
-0

4
5

 

 

 

 

 

 

http://www.analog.com/AD8280?doc=AD8280.pdf
http://www.analog.com/AD8280?doc=AD8280.pdf


0

1

0

1

0

1

0

1

0

1

0

1

TESTI

TESTI

AVOUTxx
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NOTES
1. tRE IS THE TIME FROM THE RISING EDGE OF THE TEST PULSE (TESTI) TO THE START OF THE SELF-TEST. WAIT A MINIMUM OF tRE FROM THE

EDGE OF TESTI BEFORE COUNTING ON A VALID SELF-TEST READING.
2. tST IS THE TIME FROM THE RISING EDGE OF THE TEST PULSE UNTIL THE DEVICE COMPLETES THE SELF-TEST (TEST PULSE MUST BE LONGER

THAN tST MAX).
3. tSTV IS THE TIME FROM THE FALLING EDGE OF THE TEST PULSE THAT THE SELF-TEST INDICATION REMAINS VALID (LOW = PASS, HIGH = FAIL).

TO MEASURE THE SELF-TEST SIGNAL AFTER TESTI GOES LOW (NOT RECOMMENDED), MEASURE BEFORE tSTV EXPIRED.
4. tFE IS THE TIME FROM THE FALLING EDGE OF THE TEST PULSE UNTIL THE SELF-TEST DATA IS CLEARED AND THE ALARM DATA IS VALID

AGAIN. WAIT A MINIMUM OF tFE AFTER THE FALLING EDGE OF TESTI BEFORE RELYING ON THE ALARM SIGNALS.
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