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PulSAR

/kSPS 100–250 500–570 800–1000

AD7660 AD7650
AD7664

AD7663 AD7665 AD7671

AD7675 AD7676 AD7677

18 AD7678 AD7679 AD7674

/ AD7654 AD7655

1 MSPS(Warp )

800 kSPS( )

INL ±2.5 LSB( ±0.0038%)

16

S/(N+D) 90 dB( 250 kHz)

THD –100 dB( 250 kHz)

±10 V ±5 V ±2.5 V

0 V 10 V 0 V 5 V 0 V 2.5 V

(8/16 ) 5 V/3 V

SPI®/QSPI™/MICROWIRE™/DSP

5 V

112 mW

100 SPS 15 μW

7 μW( )

48 (LQFP)

48 (LFCSP)

AD7665/AD7664

AD7671 16 1 MSPS SAR
(ADC) 5 V 16

ADC

AD7671
( ) (SNR)

(THD)

(Warp )
( )

( )

ADI 0.6 CMOS
48 LQFP 48 LFCSP

–40°C +85°C

1. 
 AD7671 (Warp 1 MSPS

800 kSPS) 16 SAR ADC
2. 
 AD7671 5 V 112 mW

( )

3. (INL)
 AD7671 2.5 LSB 16

4. 
(8 16 ) 3 V 5 V
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16

VIND – VINGND
VINGND

 ±4 REF 0 V 4 REF ±2 REF( I)
–0.1 V+0.5

fIN = 100 kHzCMRR dB74
I

1Warp μs
kSPS10001Warp
ms1Warp

1.25 μs
kSPS8000

1.5 μs
kSPS6660

–2.5 LSB1+2.5
16

LSB0.7
2 TMIN TMAX ± 5 V –45 LSB+45

–0.1 FSR %+0.1
2 TMIN TMAX –0.38 FSR %+0.38

2 TMIN TMAX –0.18 FSR %+0.18
2 TMIN TMAX –0.76 FSR %+0.76

AVDD = 5 V ± 5% ±9.5 LSB

fIN = 20 kHz dB39089
fIN = 250 kHz
fIN = 250 kHz
fIN = 20 kHz

dB90
dB
dB

100
–100 –96

fIN = 250 kHz
fIN = 20 kHz

–100 dB
dB9088.5

fIN = 250 kHz –60 dB dB30
–3 dB MHz9.6

ns2
5 ps rms

ns250

AVDD – 1.852.52.3 V
2001 MSPS μA

VIL –0.3 V+0.8
VIH VDVDD + 0.3+2.0
IIL –1 +1 μA
IIH –1 +1 μA

16

VOL ISINK = 1.6 mA V0.4
VOH ISOURCE = –570 mA OVDD – 0.6 V

( –40°C +85°C AVDD = DVDD = 5 V OVDD = 2.7 V 5.25 V)
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V5.2554AVDD
V5.2554DVDD

5.2542OVDD V
5 1 MSPS

AVDD mA15
DVDD6 mA7.2
OVDD6 37 μA

6, 7 666 kSPS 8 84 95 mW
100 SPS 8 15 μW
1 MSPS 5 112 125 mW

9 7 μW
10

TMIN TMAX –40 +85 �

1 LSB ±5 V 1 LSB = 152.588 μV
2

3 dB FS 0.5 dB
4 5.25 V DVDD + 0.3 V
5

6

7 0 V 5 V VIN – VINGND = 0 V
8

9 OVDD DVDD + 0.3 V DVDD DGND
10 ADI

I. 

IND(4R) INC(4R) INB(2R) INA(R) 1

±4 REF2 V
V
V
V
V
V

IN INGND INGND REF 1.63 kW
±2 REF IN V IN INGND REF 948 W
±REF IN V IN V IN REF 711 W
0 V to 4 REF IN V IN INGND INGND 948 W
0 V to 2 REF IN V IN V IN INGND 711 W
0 V to REF IN V IN V IN V IN 3

1

2 REF = 3 V –11 V +12 V
3

11 12
t1 sn5
t2 1/1.25/1.5 1 μs

(Warp / / )
CNVST BUSY t

t
3 30 ns

BUSY 4 0.75/1/1.25 μs
(Warp / / )

t5 sn2
t
t

BUSY 6 sn01
(Warp / / ) 7 0.75/1/1.25 μs

t8 sn052
tRESET 9 sn01

( –40°C +85°C AVDD = DVDD = 5 V OVDD = 2.7 V 5.25 V)
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( )

13 14 15 16( )
CNVST DATA t10 0.75/1/1.25 μs

(Warp / / )
tDATA BUSY 11 sn02
tDATA 12 40 ns
t13 sn515

17 18( )2

CS SYNC t14 10 ns
CS SCLK t15 10 ns
CS SDOUT t

t
16 10 ns

CNVST SYNC ( ) 17 25/275/525
(Warp / / )

SYNC SCLK 3 t18 sn4
SCLK 3 t19 sn0452
SCLK 3 t20 sn51
SCLK 3 t21 sn5.9

SDOUT 3 t22 sn5.4
SDOUT 3 t23 sn2
SCLK SYNC 3 t24 3
CS SYNC t25 10 ns
CS SCLK t26 10 ns
CS SDOUT t27 10 ns
BUSY ( )3 t28 II μs
CNVST SYNC t29 0.75/1/1.25 μs

ns

(Warp / / )

tSYNC BUSY 30 sn52

19 21( )
t
t

SCLK 31 sn5
SCLK SDOUT 32 sn613

tSDIN 33 sn5
tSDIN 34 sn5
tSCLK 35 sn52
tSCLK 36 sn01
tSCLK 37 sn01

1 Warp 1 ms
2 SYNC SCLK SDOUT 10 pF CL 60 pF
3 II

II. 

DIVSCLK[1] 0 0 1 1

DIVSCLK[0] 0 1 0 1

SYNC SCLK 18 4 20 2 0 20 ns
SCLK 19 25 50 100 200 ns
SCLK 19 40 70 140 280 ns
SCLK 20 15 25 50 100 ns
SCLK 21 9 24 4 9 99 ns

SDOUT 22 4.5 22 22 22 ns
SDOUT 23 2 4 30 89 ns
SCLK SYNC 24 3 60 140 300 ns
BUSY (Warp ) 28 1.5 2 3 5.25 μs
BUSY ( ) 28 1.75 2.25 3.25 5.5 μs
BUSY ( ) 28 2 2.5 3.5 5.75 μs

t
t
t
t
t
t
t
t
t
t
t
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ST-48 CP-48

36

35

34

33

32

31

30

29

28

27

26

25

13 14 15 16 17 18 19 20 21 22 23 24

1

2

3

4

5

6

7

8

9

10

11

12

48 47 46 45 44 39 38 3743 42 41 40

PIN 1
IDENTIFIER

TOP VIEW
(Not to Scale)

AGND

CNVST

PD

RESET

CS

RD

DGND

AGND

AVDD

NC

BYTESWAP

OB/2C

WARP

IMPULSE

NC = NO CONNECT

SER/PAR

D0

D1

D2/DIVSCLK[0]

BUSY

D15

D14

D13

AD7671

D3/DIVSCLK[1] D12

D
4
/E

X
T

/I
N

T

D
5
/I
N

V
S

Y
N

C

D
6
/I
N

V
S

C
L

K

D
7
/R

D
C

/S
D

IN

O
G

N
D

O
V

D
D

D
V

D
D

D
G

N
D

D
8
/S

D
O

U
T

D
9
/S

C
L

K

D
1
0
/S

Y
N

C

D
1
1
/R

D
E

R
R

O
R

N
C

N
C

N
C

N
C

N
C

IN
D

(4
R

)

IN
C

(4
R

)

IN
B

(2
R

)

IN
A

(R
)

IN
G

N
D

R
E

F
G

N
D

R
E

F

1

1

2

3 48 LQFP  θJA = 91°C/W, θJC = 30°C/W.
4 48 LFCSP  θJA = 26°C/W.

IOH500 A

1.6mA IOL

TO OUTPUT
PIN

1.4V

 * IN SERIAL INTERFACE MODES, THE SYNC, SCLK, AND
  SDOUT TIMINGS ARE DEFINED WITH A MAXIMUM LOAD
  CL OF 10pF; OTHERWISE, THE LOAD IS 60pF MAXIMUM.

CL

60pF*

AD7671AST –40°C +85°C ST-48
AD7671ASTRL –40°C +85°C
AD7671ACP –40°C +85°C
AD7671ACPRL –40°C +85°C

(LQFP)
(LQFP)

(LFCSP)
(LFCSP)

ST-48
CP-48
CP-48

EVAL-AD7671CB1

EVAL-CONTROL BRD22

1 EVAL-CONTROL BRD2 /
2 PC CB ADI

tDELAY tDELAY

0.8V

V8.0V8.0

2V2V

2V

2. 1. 
SDOUT SYNC SCLK CL  = 10 pF

 IND2, INC2, INB2 .............................................. –11 V +30 V
 INA, REF, INGND, REFGND, AGND
 ........................................................... – 0.3 V AVDD + 0.3 V

 AGND, DGND, OGND ............................................... ±0.3 V

 AVDD, DVDD, OVDD ................................... –0.3 V +7 V
 AVDD DVDD AVDD OVDD ............................. ±7 V
 DVDD OVDD ............................................... –0.3 V +7 V

 ......................................... –0.3 V DVDD + 0.3 V
3 ............................................................................ 700 mW
4 ................................................................................. 2.5 W

 ........................................................................................... 150°C
 ....................................................... –65°C +150°C

 ( 10 )....................................................................300°C

ESD( ) 4000 V

AD7671 ESD

ESD
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1
2
3, 44–48
4

5 DI

DI

DI

P
P

P

P

P
P

6

7

8 DI

DO

DI/O

DI/O

DI/O

DI/O

DI/O

9, 10

11, 12

13

14

15

16

17

18

19
20

AGND 
AVDD
NC
BYTESWAP

DIVSCLK[0:1]

D[4] 
EXT/INT 

D[5]
INVSYNC

D[6] 
INVSCLK

D[7] 
RDC/SDIN

OGND

OVDD

DVDD
DGND

OB/2C

WARP

IMPULSE

SER/PAR

D[0:1]

D[2:3]

5 V

(8/16 ) LSB D[7:0] MSB D[15:8]
LSB D[15:8] MSB D[7:0]
/ OB/2C
MSB

IMPULSE

WARP

/

0 1 SER/PAR

SER/PAR 2 3

SER/PAR EXT/INT RDC/SDIN

SER/PAR 4

SER/PAR ( )
( )

EXT/INT SCLK EXT/INT
SCLK CS

SER/PAR 5
SER/PAR ( ) SYNC

SYNC SYNC
SER/PAR 6
SER/PAR ( ) SCLK

SER/PAR 7

SER/PAR ( )
EXT/INT  

EXT/INT RDC/SDIN
ADC SDOUT

16 SCLK SDIN DATA  
EXT/INT RDC/SDIN RDC/SDIN

SDOUT RDC/SDIN
SDOUT  

/  

 

/ (5 V 3 V)  

5 V  
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( )

21 D[8] DO SER/PAR 8
SDOUT SER/PAR ( ) SCLK

AD7671 MSB
OB/2C EXT/INT

SDOUT SCLK

EXT/INT
INVSCLK SDOUT SCLK
INVSCLK SDOUT SCLK

22 D[9] DI/O SER/PAR 9
SCLK SER/PAR ( )

EXT/INT SDOUT INVSCLK

23 D[10] DO SER/PAR 10
SYNC SER/PAR ( )

(EXT/INT= ) INVSYNC
SYNC SDOUT INVSYNC
SYNC SDOUT

24 D[11] DO SER/PAR 11
RDERROR SER/PAR EXT/INT ( )

RDERROR

25–28 D[12:15] DO 12 15 SER/PAR

29 BUSY DO
BUSY

30 DGND P
31 RD DI CS RD
32 CS DI CS RD

CS
33 RESET DI AD7671 ( )

DGND
34 PD DI

I

35 CNVST DI CNVST
(IMPULSE WARP ) (t8)

CNVST

36 AGND P
37 REF AI
38 REFGND AI
39 INGND P
40, 41, INA, INB, AI
42, 43 INC, IND

AI = 
DI = 
DI/O = 
DO = 
P = 
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(INL)

“ ” “ ”
1/2 

LSB 1/2 LSB

(DNL)

ADC 1 LSB

( 011 . . . 10 011 . . . 
11) 1 1/2 LSB (±2.5 V

2.499886 V)

(0 V)

1/2 LSB

(SFDR)

(dB)

(ENOB)

 ENOB = (S/[N + D]dB – 1.76)/6.02)

(THD)

(dB)

(SNR)

(dB)

(S/[N+D])

(dB)

CNVST

AD7671 AD7671
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2.5

2.0

1.5

1.0

0.5

0

–0.5

–1.0

–1.5

–2.0

–2.5

0                     16384                 32768                 49152                 65536

IN
L

 –
 L

S
B

CODE

TPC 1. 

0

D
N

L
 –

 L
S

B

CODE

16384

1.75

1.50

1.25

1.00

0.75

0.50

0.25

0

–0.25

32768 49152 65536

–0.50

–1.00

–0.75

TPC 2. 

0        0.3      0.6     0.9      1.2      1.5      1.8      2.1     2.4      2.7     3.0

N
U

M
B

E
R

 O
F

 U
N

IT
S

POSITIVE INL – LSB

60

50

40

30

20

10

0

TPC 3. INL (314 )

60

50

40

30

20

10

0

–3.0    –2.7    –2.4    –2.1   –1.8    –1.5    –1.2    –0.9    –0.6   –0.3

N
U

M
B

E
R

 O
F

 U
N

IT
S

NEGATIVE INL – LSB

TPC 4. INL (314 )

0

1000

2000

3000

4000

5000

6000

7000

8000

7FFD 7FFE 7FFF 8000 8001 8002 8003 8004 8005 8005

CODE IN HEXA

C
O

U
N

T
S

0 0 17 25

1297

7029 7039

986

00

TPC 5. 16,384 ( )

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

7FFC 7FFD 7FFE 7FFF 8000 8001 8002 8003 8004 8005 8006

CODE IN HEXA

C
O

U
N

T
S

001231200 106

3296 3344

9503

TPC 6. 16,384 ( )
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0
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FREQUENCY – kHz

100 200 300 400 500

0

–20

–40

–60

–80

–100

–120

–140

–160

–180

FS = 1MSPS

fIN = 45.5322kHz

SNR = 89.45dB
THD = –100.05dB
SFDR = 100.49dB
SINAD = 89.1dB

TPC 7. FFT

FREQUENCY – kHz

70
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R
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D
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N
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D
] 

–
 d

B

75
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100
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SNR
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16.0
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sSINAD

ENOB
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S
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R
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F
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R
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L
L

 S
C

A
L

E
) 

–
 d

B

INPUT LEVEL – dB

–80
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88

86

–70 –60 –50 –40 –30 –20 –10 0

TPC 9. 

96

93

90

87

84

–98

–100

–102

–104
–55      –35      –15         5         25        45        65        85        105     125

S
N

R
 –

 d
B

T
H

D
 –

 d
B

TEMPERATURE – C

THD

SNR

TPC 10. 

THD

SECOND HARMONIC

THIRD HARMONIC

SFDR

–60

–65

–70

–75

–80

–85

–90

–95

–100

–105

–110

–115

110

105

100

95

90

85

80

75

70

65

60

1                                  10                               100                             1000

T
H

D
, 
H

A
R

M
O

N
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S
 –

 d
B

S
F

D
R

 –
 d

B

FREQUENCY – kHz

TPC 11. 

–60

–70

–80

–90

–100

–110

–120

–130

–140

–150

–60            –50            –40            –30            –20            –10              0

T
H

D
, 

H
A

R
M

O
N

IC
S

 –
 d

B

INPUT LEVEL – dB

THD

THIRD HARMONIC

SECOND HARMONIC

TPC 12. 
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50

40

30

20

10

0
0                        50                      100                     150                     200

t 1
2
 D

E
L

A
Y

 –
 n

s

CL – pF

TPC 13. CL

O
P

E
R

A
T

IN
G

 C
U

R
R

E
N

T
S

 –
 

A

SAMPLING RATE – SPS

0.001

0.01

0.1

0

10

100

1000

10000

100000

1 10 100 1000 10000 100000 1000000

AVDD, WARP/NORMAL

DVDD, WARP/NORMAL

AVDD, IMPULSE

DVDD, IMPULSE

OVDD, ALL MODES

TPC 14. 

1000

900

800

700

600

500

400

300

200

100

0
–55       –35       –15           5           25         45          65         85        105

P
O

W
E

R
-D

O
W

N
 O

P
E

R
A

T
IN

G
 C

U
R

R
E

N
T

S
 –

 n
A

TEMPERATURE – C

DVDD

AVDD

OVDD

TPC 15. 

TEMPERATURE – C

10

–10
52155– –35

L
S

B

–15 5 25 45 65 85 105

8

0

–4

–6

–8

6

4

–2

2
OFFSET

–FS

+FS

TPC 16. +FS –FS

AD7671 16
(ADC)

Warp AD7671 1,000,000 (1 
MSPS)

AD7671 ADC

AD7671 5 V 5 V 3 V
48 LQFP 48 LFCSP

AD7671
AD7665 AD7664
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000...000

000...001

000...010

111...101

111...110

111...111

A
D

C
 C

O
D

E
 –

 S
tr

a
ig

h
t 

B
in

a
ry

ANALOG INPUT

+FS – 1.5 LSB

+FS – 1 LSB–FS + 1 LSB–FS

–FS + 0.5 LSB

4. ADC

SWA

COMP

SWB

IND
4R

REF

REFGND

LSBMSB

32,768C

INGND

16,384C 4C 2C C C

CONTROL
LOGIC

SWITCHES
CONTROL

BUSY

OUTPUT
CODE

INC
4R

INA
R

INB
2R

CNVST

65,536C

3. ADC

AD7671 DAC
3 ADC

(0 V 2.5 V 0 V 5 V 0 V 10 V)
(±2.5 V ±5 V ±10 V)

0 V 2.5 V DAC 16
1 “LSB”

DAC “Dummy”

SWA AGND

“Dummy” INGND

CNVST
SWA SWB

“Dummy”
REFGND

INGND

REFGND REF
(VREF/2 VREF/4 . . . VREF/65,536)

MSB

ADC BUSY

AD7671 Warp

Warp 1 MSPS
( ) 1 

ms
1 ms

(800 kSPS)

666 
kSPS 100 SPS 15μW

AD7671
OB/2C

4 III
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5 AD7671

100nF10 F 100nF 10 F

AVDD

10 F 100nF

AGND DGND DVDD OVDD OGND

SER/PAR

CNVST

BUSY

SDOUT

SCLK

RD

CS

RESET

PD

REFGND

CREF

2.5V REF
REF

20

D

CLOCK

AD7671

C/ P/DSP

SERIAL
PORT

DIGITAL SUPPLY
(3.3V OR 5V)

ANALOG
SUPPLY

(5V)

DVDD

OB/2C

NOTE 8

BYTESWAP

DVDD

50k

100nF

1M

INA

100nF

U2

IND

INGND

ANALOG
INPUT
( 10V)

CC

2.7nF

U1
15

10 F

NOTE 2

NOTE 1

NOTE 3

NOTE 7

NOTE 4

50

INC

INB

NOTE 6

NOTES

1.  SEE VOLTAGE REFERENCE INPUT SECTION.

2.  WITH THE RECOMMENDED VOLTAGE REFERENCES, CREF IS 47 F. SEE VOLTAGE REFERENCE INPUT SECTION.

3.  OPTIONAL CIRCUITRY FOR HARDWARE GAIN CALIBRATION.

4.  FOR BIPOLAR RANGE ONLY. SEE SCALER REFERENCE INPUT SECTION.

5.  THE AD8021 IS RECOMMENDED. SEE DRIVER AMPLIFIER CHOICE SECTION.

6.  WITH 0V TO 2.5V RANGE ONLY. SEE ANALOG INPUTS SECTION.

7.  OPTION. SEE POWER SUPPLY SECTION.

8.  OPTIONAL LOW JITTER CNVST. SEE CONVERSION CONTROL SECTION.

++

+

++ +

+

AD8031

AD8021

50

ADR421

NOTE 5

WARP

IMPULSE

5. (±10 V )

III. 

( )

1

(LSB)
FSR – 1 LSB

 + 1 LSB

 – 1 LSB
–FSR + 1 LSB
–FSR

± 10 V
305.2μV
9.999695 V
305.2μV
0 V
–305.2μV
–9.999695 V
–10 V

± 5 V
152.6μV
4.999847 V
152.6μV
0 V
–152.6μV
–4.999847 V
–5 V

± 2.5 V
76.3μV
2.499924 V
76.3μV
0 V
–76.3μV
–2.499924 V
–2.5 V

0 V 10 V
152.6μV
9.999847 V
5.000153 V
5 V
4.999847 V
152.6μV
0 V

0 V 5 V
76.3μV
4.999924 V
2.570076 V
2.5 V
2.499924 V
76.3μV
0 V

0 V 5 V
76.3μV
4.999924 V
2.570076 V
2.5 V
2.499924 V
76.3μV
0 V

FFFF2

8001
8000
7FFF
0001
00003

7FFF2

0001
0000
FFFF
8001
80003

1 REF = 2.5 V REF = 3 V
2

3
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INC

INB

INA

4R

2R

R

IND
4R

AGND

AVDD

R1

CS

R = 1.28k

6. 

40

35

50

45

60

55

70

65

75

1                        10                      100                    1000                  10000

C
M

R
R

 –
 d

B

FREQUENCY – kHz

7. CMRR
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f–3 dB  AD7671 –3 dB (9.6 MHz)
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N  ( 1)

eN  
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FSR  (±2.5 V 5 V)

0 V 5 V AD8021
2 nV/       
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 THD AD7671 TPC 11 THD
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10 pF NPO

1 AD8022

(100 kHz ) AD829
1 82 pF
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LOGSNR
N
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LOSS

AD7671 2.5 V

AD7671 REF
REF REFGND

1μF REF REFGND
ESR

47 μF

 ADR421 AD780

 ADR291

 AD1582

AD7671
AD8031

±15 
ppm/°C ±1 LSB/°C

VREF AVDD – 
1.85 V SNR

VREF AVDD 4.85 V ±REF
±2.5 V ±3 V

SNR 1.58 dB (20 log [3/2.5])
1 dB AD780

3 V

( )

AD7671 5

REF Inx
AD8031 5 V

AD7671
AD7671

AD7671 5 V AVDD 5 V
DVDD / OVDD

OVDD 2.7 V DVDD + 0.3 V

(DVDD) RC
5 OVDD DVDD 0.3 V AD7671
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 11. 
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12. RESET
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10 AD7671

( )

0 V 2.5 V 0 V
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t1
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15. ( )
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BYTE
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16. 8

AD7671
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CS RD

CS AD7671 AD7671 CS
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LSB D[15:8] MSB D[7:0]

BYTESWAP 16 2
D[15:8] D[7:0]

SER/PAR AD7671
AD7671 MSB SDOUT 16

SCLK 16

EXT/INT AD7671 SCLK

CS CS RD
CS

19 21

SER/PAR AD7671

14 15
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IRQ
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22. AD7671 SPI
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AD7671 (EXT/INT )
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LAFS = 1 RFSR = 1) (LRFS = 0) ADSP-
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21065L



AD7671

Rev. B | Page 21 of 24 

RFS
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