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FEATURES

Offset voltage: 2.5 mV maximum
Single-supply operation: 2.7V to 5.5V
Low noise: 8 nV/vHz

Wide bandwidth: 24 MHz

Slew rate: 11 V/us

Short-circuit output current: 120 mA
Qualified for automotive applications
No phase reversal

Low input bias current: 1 pA

Low supply current per amplifier: 2 mA maximum
Unity gain stable

APPLICATIONS

Battery-powered instruments
Multipole filters

ADC front ends

Sensors

Barcode scanners

ASIC input or output amplifiers
Audio amplifiers

Photodiode amplifiers
Datapath/mux/switch control

GENERAL DESCRIPTION

The AD8646 and the AD8647 are the dual, and the AD8648 is
the quad, rail-to-rail, input and output, single-supply amplifiers
featuring low offset voltage, wide signal bandwidth, low input
voltage, and low current noise. The AD8647 also has a low
power shutdown function.

The combination of 24 MHz bandwidth, low offset, low noise,
and very low input bias current makes these amplifiers useful in
a wide variety of applications. Filters, integrators, photodiode
amplifiers, and high impedance sensors all benefit from the
combination of performance features. AC applications benefit
from the wide bandwidth and low distortion. TheAD8646/
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ADB8647/AD8648 offer high output drive capability, which is
excellent for audio line drivers and other low impedance
applications. The AD8646 and AD8648 are available for
automotive applications (see the Ordering Guide).

Applications include portable and low powered instrumenta-
tion, audio amplification for portable devices, portable phone
headsets, barcode scanners, and multipole filters. The ability to
swing rail to rail at both the input and output enables designers
to buffer CMOS ADCs, DACs, ASICs, and other wide output
swing devices in single-supply systems.
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SPECIFICATIONS

Vsy =5V, Veu = Vsy/2, Ta = +25°C, unless otherwise noted.

Table 1.
Parameter Symbol | Conditions Min Typ Max | Unit
INPUT CHARACTERISTICS
Offset Voltage Vos Vam=0Vto5V 0.6 2.5 mV
—40°C < Ta< +125°C 3.2 mV
Offset Voltage Drift AVos/AT | —40°C < Ta< +125°C 1.8 7.5 pv/eC
Input Bias Current Is 0.3 1 pA
—40°C < Ta< +85°C 50 pA
—40°C < Ta<+125°C 550 pA
Input Offset Current los 0.1 0.5 pA
—40°C < Ta < +85°C 50 pA
—40°C < Ta<+125°C 250 | pA
Input Voltage Range Vem 0 5 \%
Common-Mode Rejection Ratio CMRR Vav=0Vto5V 67 84 dB
Large Signal Voltage Gain Avo Ri=2kQ,Vo=05Vto4.5V 104 116 dB
Input Capacitance
Differential Corr 25 pF
Common Mode Cem 6.7 pF
OUTPUT CHARACTERISTICS
Output Voltage High Von lour=1mA 498 4.99 Vv
—40°C < Ta < +125°C 4.90 \
lour=10 mA 485 492 \Y
—40°C < Ta< +125°C 4.70 \
Output Voltage Low Vou lour=1mA 8.4 20 mV
—40°C < Ta< +125°C 40 mV
lour=10 mA 78 145 mV
—40°C < Ta< +125°C 200 | mV
Output Current Isc Short circuit +120 mA
Closed-Loop Output Impedance Zout At1MHz Av=1 5 Q
POWER SUPPLY
Power Supply Rejection Ratio PSRR Vsy=2.7Vto 5.5V 63 80 dB
Supply Current per Amplifier % 1.5 2.0 mA
—40°C < Ta< +125°C 2.5 mA
Supply Current Shutdown Mode Iso Both amplifiers shut down, 10 nA
(AD8647 Only) Vin_spa and Vin_sps =0V
—40°C < Ta < +125°C 1 A
SHUTDOWN INPUTS (AD8647)
Logic High Voltage (Enabled) Vinn —40°C <Ta < +125°C +2.0 Y%
Logic Low Voltage (Power-Down) Vine —40°C<Ta<+125°C +08 |V
Logic Input Current (Per Pin) I —-40°C < Ta<+125°C 1 MA
Output Pin Leakage Current —40°C < Ta < +125°C (shutdown active) 1 nA
DYNAMIC PERFORMANCE
Slew Rate SR R.=2kQ 11 V/us
Gain Bandwidth Product GBP 24 MHz
Phase Margin Om 74 Degrees
Settling Time ts To 0.1% 0.5 ps
Amplifier Turn-On Time (AD8647) ton 25°C, Av=1,RL=1kQ (see Figure 44) 1 ks
Amplifier Turn-Off Time (AD8647) toff 25°C, Av=1,RL=1kQ (see Figure 45) 1 ps
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Parameter Symbol | Conditions Min Typ Max | Unit
NOISE PERFORMANCE
Peak-to-Peak Noise en p-p 0.1Hzto 10 Hz 23 uv
Voltage Noise Density en f=1kHz 8 nV/VHz
f=10kHz 6 nV/VHz
Channel Separation cs f=10kHz -115 dB
f=100 kHz -110 dB
Total Harmonic Distortion Plus Noise THD+N | Vp-p=0.1V,R.=600Q, f=25kHz, Ta=25°C
Av=+1 0.010 %
Av=-10 0.021 %
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Vsy =2.7V, Vem = Vsy/2, Ta = +25°C, unless otherwise noted.

Table 2.
Parameter Symbol | Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Offset Voltage Vos Vam=0Vto 2.7V 0.6 2.5 mV
—40°C < Ta< +125°C 3.2 mV
Offset Voltage Drift AVos/AT | —40°C < Ta< +125°C 1.8 7.0 pv/eC
Input Bias Current I 0.2 1 pA
—40°C <Ta < +85°C 50 pA
—40°C < Ta< +125°C 550 pA
Input Offset Current los 0.1 0.5 pA
—40°C < Ta < +85°C 50 pA
—40°C < Ta < +125°C 250 pA
Input Voltage Range Vem 0 2.7 \%
Common-Mode Rejection Ratio CMRR Vam=0Vto 2.7V 62 79 dB
Large Signal Voltage Gain Avo Ri=2kQ,Vo=05Vto22V 95 102 dB
Input Capacitance
Differential Corrr 25 pF
Common Mode Cem 7.8 pF
OUTPUT CHARACTERISTICS
Output Voltage High Von lour=1mA 265 268 Vv
—40°C <Ta< +125°C 2.60 Vv
Output Voltage Low Vou lour=1mA 11 25 mV
—40°C < Ta< +125°C 30 mV
Output Current Isc Short circuit +63 mA
Closed-Loop Output Impedance Zout At 1 MHz Av=1 5 Q
POWER SUPPLY
Power Supply Rejection Ratio PSRR Vey=27Vto 55V 63 80 dB
Supply Current per Amplifier Isy 1.6 2.0 mA
—40°C < Ta< +125°C 25 mA
Supply Current Shutdown Mode Iso Both amplifiers shut down, 10 nA
(AD8647 Only) Vin_spaand Vin_sps =0V
—40°C < Ta< +125°C 1 MA
SHUTDOWN INPUTS (AD8647)
Logic High Voltage (Enabled) VinH —40°C < Ta< +125°C +2.0 \Y
Logic Low Voltage (Power-Down) Vin —-40°C < Ta< +125°C +0.8 Vv
Logic Input Current (Per Pin) In —-40°C < Ta< +125°C 1 MA
Output Pin Leakage Current —40°C < Ta < +125°C (shutdown active) 1 nA
DYNAMIC PERFORMANCE
Slew Rate SR R.=2kQ 1 V/us
Gain Bandwidth Product GBP 24 MHz
Phase Margin Om 53 Degrees
Settling Time ts To 0.1% 03 ps
Amplifier Turn-On Time (AD8647) ton 25°C, Av=1,R.=1KkQ (see Figure 41) 1.2 s
Amplifier Turn-Off Time (AD8647) toff 25°C, Av=1,R.=1kQ (see Figure 42) 1 ps
NOISE PERFORMANCE
Peak-to-Peak Noise en p-p 0.1Hzto 10 Hz 23 "\
Voltage Noise Density €en f=1kHz 8 nV/vHz
f=10kHz 6 nV/vHz
Channel Separation cs f=10kHz -115 dB
f=100 kHz -110 dB
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ABSOLUTE MAXIMUM RATINGS

Table 3.

Parameter Rating

Supply Voltage 6V

Input Voltage GND to Vsy
Differential Input Voltage +3V

Output Short Circuit to GND Indefinite
Storage Temperature Range —-65°C to +150°C
Operating Temperature Range —40°Cto +125°C
Lead Temperature (Soldering 60 sec) 300°C

Junction Temperature 150°C

THERMAL RESISTANCE

0 is specified for the worst-case conditions, that is, a device
soldered in a circuit board for surface-mount packages.

Table 4. Thermal Resistance

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress

rating only; functional operation of the device at these or any

other conditions above those indicated in the operational

section of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect

device reliability.

Package Type 0:a 0c Unit
8-Lead SOIC_N 125 43 °C/W
8-Lead MSOP 210 45 °C/W
10-Lead MSOP 200 44 °C/W
14-Lead SOIC_N 120 36 °C/W
14-Lead TSSOP 180 35 °C/W
ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
‘ without detection. Although this product features

patented or proprietary protection circuitry, damage

‘!z I \ may occur on devices subjected to high energy ESD.

Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 7. Input Offset Voltage Distribution

35
Vgy = 5V

—40°C < Tp < +125°C
30

25

20

15

10

0 1 2 3 4 5 6 7 8
TCVos (UV/°C)

Figure 8. Vs Drift (TCVos) Distribution

06527-008

2500

Vgy =5V
2000 Ta = 25°C

1500

1000

500

-500

—1000

—-1500

—2000

—2500
0 1 2 3 4 5

INPUT COMMON-MODE VOLTAGE (V)

06527-009

Figure 9. Input Offset Voltage vs. Input Common-Mode Voltage




AD8646/AD8647/AD8648

10000 10000
VSY S 5V T
3 © I
< < Tp =25°C iy
£ 1000 £ 1000
w w
o [
'<_( ’<_( - T
5 5 DAL
> 100 > 100
z 2 = Ht
2 2 2 - i
g Z = P i
= 10 =) 10
E o= E .
2 T 2 Ever—von HH i
E é |- Vsy = VoH 4
E 1 E 1
3 S s i
\Y
o ] o LI T You I
0.001 0.01 0.1 1 10 100 2 0.001 0.01 0.1 1 10 100 1000
LOAD CURRENT (mA) g LOAD CURRENT (mA)
Figure 10. Output Saturation Voltage vs. Load Current Figure 13. Output Saturation Voltage vs. Load Current
25 120
Vgy = 2.7V Vsy =5V | | | |
IL=1mA _ —
S s Vsy = Vou = 10mA_L—"]
E 20 E 100 “ =]
w o e //
o [©) —
< < L~ el
= Veu —V, L—1 = g = N
— Sy OH // — A
0 / e Q L1 — VoL = 10mA
> 15 — — > |t oL
z ,L _— z |
2 L1 4+ Q  goF—
= L1 =
% 10 —| //T %
E Vou &
e I 40
= =
o 2
o 5 o
5 5 20
o o ¥ Vsv —Von = 1mA
o ) Y vg =1mA

40 25 -10 5 20 35 50 65 80 95 110 125
TEMPERATURE (°C)

40 25 -10 5 20 35 50 65 80 95 110 125
TEMPERATURE (°C)

06527-011

Figure 11. Output Saturation Voltage vs. Temperature Figure 14. Output Saturation Voltage vs. Temperature
300 300
Vgy = 2.7V Vgy = 5V
Tp = 125°C Tp = 125°C
4//
250 250
— —_ /_
< < —
s I s —
E 200 —_— £ 200
Z | z
[hq @
o 14
3 150 3 150
[} [}
< <
[a1] o
5 100 5 100
o o
< <
50 50
0 N 0
0.50 0.75 1.00 1.25 1.50 1.75 200 3 05 10 15 20 25 30 35 40 45
COMMON-MODE VOLTAGE (V) g COMMON-MODE VOLTAGE (V)
Figure 12. Input Bias Current vs. Common-Mode Voltage Figure 15. Input Bias Current vs. Common-Mode Voltage

Rev. D | Page 8 of 20

06527-013

06527-014

06527-015



AD8646/AD8647/AD8648

80
Vgy = 2.7V
R_ = 1kQ
CL = 10pF
60 - L= s
™N
—~ \'\
o
S 40 L 90
z N N
S N N
% 20 ®,, = 52° A 135
\
e} NN l
= "™
P4
g0 180
o N
\
‘n-‘
-20 225
-40 270
10k 100k M 10M 100M
FREQUENCY (Hz)
Figure 16. Open-Loop Gain and Phase vs. Frequency
60
Vgy = 2.7V
Tp=25°C
40 -
N
o
Z \
z
< N
(U] ™
o
o 0 \}
S A\
by
g \
@ -20
-
o \
-40
-60
1k 10k 100k M 10M 100M
FREQUENCY (Hz)
Figure 17. Closed-Loop Gain vs. Frequency
250
Vgy = 2.7V
Tp =25°C
200 |||
Ay=1
__ 150
=)
=
2
NS
100
Ay =10
Ay = 100 \
50 \| | mul -
9
1 LA e
L L+
0
1 10 100 1k 10k 100k M
FREQUENCY (kHz)

Figure 18. Zour vs. Frequency

80 0
Vgy = 5V
R_ = 1kQ
? 60 CL=10pF1 o ¢
E NN o
g - i PHASE g
T 40 8 90
n z N ™~ &
I < Y T
5 é N A N %]
w w
) a 20 ~ 720 135
< o g Dy, =74 N 2
T o NN T
o & GAIN ~~.\ v o
[«8 zZ
o w o0 180 %
e} o N o
< @ ™ <
4
& -20 h 225 E
o o
e —40 270
g 10k 100k M 10M 100M g
g FREQUENCY (Hz) 2
Figure 19. Open-Loop Gain and Phase vs. Frequency
60
1] Vor =5V
Ay =100 Tp=25°C
40 3
a | | \‘\
5 Ay =10
z 2 — q
5 | | ™
o Ay=1
g o J
S N
2 N
g \
@ 20 \
p
0
-40
~ _60 o
g 1k 10k 100k M 10M 100M §
g FREQUENCY (Hz) g
Figure 20. Closed-Loop Gain vs. Frequency
120
Vgy =5V
Tp=25°C
100
Ay=1
80 N
c -
= 60 Ay =10]] | |
N N
Ay = 100 -
w0 it
\
//
20 L/ b
/ A
—"' |11 L
0 =
1 10 100 1k 10k 100k k1Y

06527-018

Rev.D | Page 9 of 20

06527-021

FREQUENCY (kHz)

Figure 21. Zour vs. Frequency




AD8646/AD8647/AD8648

CMRR (dB)

PSRR (dB)

OVERSHOOT (%)

100
Vgy = 2.7V
Tp =25°C
80
60 ™S
\~~
N
N
40 N
\4’/
20
0
1k 10k 100k M 10M 100M
FREQUENCY (Hz)
Figure 22. CMRR vs. Frequency
1o TTTIT Vey= 2.7V
PSRR+ Ta=25°C
80 [
V] N
Ny, \
N
60 [— PSRR-
\\~
\.\
40 N N
™
N
20
N
ﬁt
0
1k 10k 100k M 10M
FREQUENCY (Hz)
Figure 23. PSRR vs. Frequency
60
Vgy = 1.35V
Tp=25°C
50 g
-0s
40 " 308
A
/
30 ///
20 T
10
0
1 10 100 1000
CrLonp (PF)

Figure 24. Overshoot vs. Load Capacitance

CMRR (dB)

06527-022

PSRR (dB)

06527-023

OVERSHOOT (%)

06527-024

Rev.D | Page 10 of 20

100
Vgy =5V
L Ta =25°C
2
80 ™
\~~
N \
60
\\..
\\
40
\\—ﬂ”’
20
0
1k 10k 100k M 10M 100M
FREQUENCY (Hz)
Figure 25. CMRR vs. Frequency
100
PSRR+ Vgy =5V
Ta =25°C
W
80 [
\ A
™
PSRR- \
N
60 N
N
N .\
40 ™ S
N
N
Y \
20
\Q\
\\~.h
N
0
1k 10k 100k M 10M
FREQUENCY (Hz)
Figure 26. PSRR vs. Frequency
70
Vgy =5V
RL = 10kQ
Ta =25°C
60| Ta y v,
4
AV
50 .
%/
40
OS+/
30 / oS-
vl
20 P
//
10
0
10 100 1000
CrLoap (PF)

Figure 27. Overshoot vs. Load Capacitance

06527-025

06527-026

06527-027




AD8646/AD8647/AD8648

THD + N (%)
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Figure 30. THD + Noise vs. Frequency
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Figure 40. Supply Current per Amplifier vs. Temperature
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Figure 42. Turn-Off Time
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Figure 44. Turn-On Time
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Figure 45. Turn-Off Time
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Figure 46. Supply Current with Op-Amp Shutdown vs. Temperature
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Figure 47. Supply Current with Op-Amp Shutdown vs. Temperature
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THEORY OF OPERATION

POWER-DOWN OPERATION

The shutdown function of the AD8647 is referenced to the
negative supply voltage of the operational amplifier. A logic
level high (> 2.0 V) enables the device, while a logic level low
(< 0.8 V) disables the device and places the output in a high
impedance condition. Several outputs can be wire-ORed, thus
eliminating a multiplexer. The logic input is a high impedance
CMOS input. If dual or split supplies are used, the logic signals
must be properly referred to the negative supply voltage.

MULTIPLEXING OPERATION

Because each op amp has a separate logic input enable pin, the
outputs can be connected together if it can be guaranteed that
only one op amp is active at any time. By connecting the op amps
as shown in Figure 48, a multiplexer can be eliminated. With
the reasonably short turn-on and turn-off times, low frequency
signal paths can be smoothly selected. The turn-off time is
slightly faster than the turn-on time so, even when using
sections from two different packages, the overlap is less than
300 nanoseconds.

5kHz

06527-049

2kHz
Figure 48. AD8647 Output Switching
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OUTLINE DIMENSIONS
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REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 51. 8-Lead Standard Small Outline Package [SOIC_N]
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Figure 52. 8-Lead Mini Small Outline Package [MSOP]

(RM-8)

Dimensions shown in millimeters

Rev.D | Page 16 of 20

x 45°

100709-B

012407-A




AD8646/AD8647/AD8648

3.10
2.90
10 5.15
3.10 4.90
8.00 265
2.90
PIN 1 ‘
IDENTIFIER
0.50 BSC
0.95 15° MAX
0.85

o

—*_ 1.10 MAX (X

» Y] L f—r_

o T L 0.70

ooR || 0.30 6§ t_o023 | s

005 = 3 0.40

COPLANARITY 0.15
0.10

091709-A

COMPLIANT TO JEDEC STANDARDS MO-187-BA

Figure 53. 10-Lead Mini Small Outline Package [MSOP]
(RM-10)
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Figure 54. 14-Lead Thin Shrink Small Outline Package [TSSOP]
(RU-14)
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Figure 55. 14-Lead Standard Small Outline Package [SOIC_N]
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ORDERING GUIDE

Model'? Temperature Range Package Description Package Option Branding
AD8646ARZ —40°Cto +125°C 8-Lead SOIC_N R-8

AD8646ARZ-REEL —40°Cto +125°C 8-Lead SOIC_N R-8

AD8646ARZ-REEL7 —40°C to +125°C 8-Lead SOIC_N R-8

AD8646ARMZ —40°Cto +125°C 8-Lead MSOP RM-8 A1V
AD8646ARMZ-REEL —40°Cto +125°C 8-Lead MSOP RM-8 A1V
AD8646WARZ-RL —40°Cto +125°C 8-Lead SOIC_N R-8

AD8646WARZ-R7 —40°Cto +125°C 8-Lead SOIC_N R-8

AD8646WARMZ-RL —40°C to +125°C 8-Lead MSOP RM-8 A1V
AD8646WARMZ-R7 —40°Cto +125°C 8-Lead MSOP RM-8 A1V
AD8647ARMZ —40°Cto +125°C 10-Lead MSOP RM-10 ATW
AD8647ARMZ-REEL —40°Cto +125°C 10-Lead MSOP RM-10 ATW
AD8648ARZ —40°C to +125°C 14-Lead SOIC_N R-14

AD8648ARZ-REEL —40°Cto +125°C 14-Lead SOIC_N R-14

AD8648ARZ-REEL7 —40°Cto +125°C 14-Lead SOIC_N R-14

AD8648ARUZ —40°Cto +125°C 14-Lead TSSOP RU-14

AD8648ARUZ-REEL —40°Cto +125°C 14-Lead TSSOP RU-14

AD8648WARUZ —40°Cto +125°C 14-Lead TSSOP RU-14

AD8648WARUZ-RL —40°Cto +125°C 14-Lead TSSOP RU-14

' Z = RoHS Compliant Part

2W = Qualified for Automotive Applications.
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NOTES

Rev.D | Page 19 of 20




AD8646/AD8647/AD8648

NOTES

B 4% &1 # #} 886-3-5753170
WEAS ) (i) 86-21-34970699
4% 1 LT 91) 86-755-83298787
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