ANALOG
DEVICES

Precision, Low Noise, CMOS, Rail-to-Rail,
Input/Output Operational Amplifiers

AD8605/AD8606/AD8608

FEATURES

Low offset voltage: 65 pV maximum

Low input bias currents: 1 pA maximum

Low noise: 8 nV/vHz

Wide bandwidth: 10 MH:

High open-loop gain: 1000 V/mV

Unity gain stable

Single-supply operation: 2.7V to 5.5V

5-ball WLCSP for single (AD8605) and 8-ball WLCSP for
dual (AD8606)

APPLICATIONS

Photodiode amplification
Battery-powered instrumentation
Multipole filters

Sensors

Barcode scanners

Audio

GENERAL DESCRIPTION

The AD8605, AD8606, and AD8608" are single, dual, and quad
rail-to-rail input and output, single-supply amplifiers. They
feature very low offset voltage, low input voltage and current
noise, and wide signal bandwidth. They use the Analog Devices,
Inc. patented DigiTrim® trimming technique, which achieves
superior precision without laser trimming.

The combination of low offsets, low noise, very low input bias
currents, and high speed 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. Audio and other ac
applications benefit from the wide bandwidth and low
distortion. Applications for these amplifiers include optical
control loops, portable and loop-powered instrumentation,
and audio amplification for portable devices.

The AD8605, AD8606, and AD8608 are specified over the
extended industrial temperature range (—40°C to +125°C). The
ADB8605 single is available in 5-lead SOT-23 and 5-ball WLCSP
packages. The AD8606 dual is available in an 8-lead MSOP, an
8-ball WLSCP, and a narrow SOIC surface-mounted package.
The AD8608 quad is available in a 14-lead TSSOP package and
a narrow 14-lead SOIC package. The 5-ball and 8-ball WLCSP
offer the smallest available footprint for any surface-mounted
operational amplifier. The WLCSP, SOT-23, MSOP, and TSSOP
versions are available in tape-and-reel only.

' Protected by U.S. Patent No. 5,969,657; other patents pending.

Information furnished by Analog Devices is believed to be accurate and reliable. However, no
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other
rights of third parties that may result fromits use. Specifications subject to change without notice. No
license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
Trad rks and regi itradk ks are the property of their respective owners.
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Figure 1. 5-Lead SOT-23 (RJ Suffix) Figure 2. 8-Ball WLCSP (CB Suffix)
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AD8605/AD8606/AD8608

9 VELECTRICAL SPECIFICATIONS

Vs=5V, Veu = Vg/2, Ta = 25°C, unless otherwise noted.

Table 1.
Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Offset Voltage Vos
AD8605/AD8606 (Except WLCSP) Vs=35V,Vaw=3V 20 65 pv
AD8608 Vs=35V,Vam=2.7V 20 75 uv
AD8605/AD8606/AD8608 Vs=5V,Vau=0Vto5V 80 300 pv
—40°C < Ta< +125°C 750 "
Input Bias Current I 0.2 1 PA
AD8605/AD8606 —40°C < Ta < +85°C 50 pA
AD8605/AD8606 —40°C < Ta < +125°C 250 pA
AD8608 —40°C < Ta< +85°C 100 pA
AD8608 —40°C < Ta < 4+125°C 300 pA
Input Offset Current los 0.1 0.5 pA
—40°C < Ta < +85°C 20 pA
—40°C < Ta< +125°C 75 pA
Input Voltage Range 0 5 \Y
Common-Mode Rejection Ratio CMRR Vam=0Vto5V 85 100 dB
—40°C < Ta< +125°C 75 90 dB
Large Signal Voltage Gain Avo Ri=2kQ,Vo=05Vto4.5V 300 1000 V/mV
Offset Voltage Drift
AD8605/AD8606 AVos/AT —40°C < Ta < +125°C 1 4.5 pv/eC
AD8608 AVos/AT —40°C <Ta < +125°C 15 6.0 pv/eC
INPUT CAPACITANCE
Common-Mode Input Capacitance Ceom 8.8 pF
Differential Input Capacitance Corrr 2.6 pF
OUTPUT CHARACTERISTICS
Output Voltage High Von lL=1TmA 4.96 4.98 Y
IL=10mA 4.7 479 Vv
—40°C < Ta<+125°C 4.6 Vv
Output Voltage Low Vou lL=1mA 20 40 mV
=10 mA 170 210 mV
—40°C < Ta < 4+125°C 290 mV
Output Current lout +80 mA
Closed-Loop Output Impedance Zout f=1MHz Av=1 1 Q
POWER SUPPLY
Power Supply Rejection Ratio PSRR
AD8605/AD8606 Vs=27Vto55V 80 95 dB
AD8605/AD8606 WLCSP Vs=27Vto55V 75 92 dB
AD8608 Vs=27Vto55V 77 92 dB
—40°C<Ta< +125°C 70 90 dB
Supply Current/Amplifier sy lout=0mA 1 1.2 mA
—40°C < Ta<+125°C 1.4 mA
DYNAMIC PERFORMANCE
Slew Rate SR Ri=2kQ,C.=16 pF 5 V/ps
Settling Time ts To 0.01%,0Vto 2V step, Av=1 <1 Us
Unity Gain Bandwidth Product GBP 10 MHz
Phase Margin Om 65 Degrees
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AD8605/AD8606/AD8608

Parameter Symbol Conditions Min Typ Max Unit
NOISE PERFORMANCE
Peak-to-Peak Noise en p-p f=0.1Hzto 10 Hz 23 35 MV p-p
Voltage Noise Density en f=1kHz 8 12 nV/VHz
en f=10kHz 6.5 nV/vHz
Current Noise Density in f=1kHz 0.01 pA/NHz
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AD8605/AD8606/AD8608

2.7V ELECTRICAL SPECIFICATIONS

Vs=2.7V, Vem = Vg/2, Ta = 25°C, unless otherwise noted.

Table 2.
Parameter Symbol Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Offset Voltage Vos
AD8605/AD8606 (Except WLCSP) Vs=35V,Vem=3V 20 65 puv
AD8608 Vs=35V,Vam=2.7V 20 75 uv
AD8605/AD8606/AD8608 Vs=27V,Veu=0Vto 2.7V 80 300 uv
—40°C < Ta< +125°C 750 uv
Input Bias Current s 0.2 1 PA
AD8605/AD8606 —-40°C < Ta< +85°C 50 pPA
AD8605/AD8606 —40°C <Ta< +125°C 250 pA
AD8608 —40°C < Ta< +85°C 100 pA
AD8608 —40°C < Ta< +125°C 300 pPA
Input Offset Current los 0.1 0.5 pA
—40°C < Ta < +85°C 20 pA
—40°C < Ta< +125°C 75 PA
Input Voltage Range 0 2.7 \Y
Common-Mode Rejection Ratio CMRR Vaw=0Vto 2.7V 80 95 dB
—40°C <Ta< +125°C 70 85 dB
Large Signal Voltage Gain Avo Ri=2kQ,Vo=05Vto2.2V 110 350 V/mV
Offset Voltage Drift
AD8605/AD8606 AVos/AT —-40°C < Ta< +125°C 1 4.5 pv/eC
AD8608 AVos/AT —40°C <Ta< +125°C 15 6.0 pv/°C
INPUT CAPACITANCE
Common-Mode Input Capacitance Ceom 8.8 pF
Differential Input Capacitance Corrr 2.6 pF
OUTPUT CHARACTERISTICS
Output Voltage High Vou lL=1mA 2.6 2.66 Y
—40°C<Ta<+125°C 2.6 \Y
Output Voltage Low Vou lL=1mA 25 40 mV
—40°C <Ta< +125°C 50 mV
Output Current lout +30 mA
Closed-Loop Output Impedance Zout f=1MHz Av=1 1.2 Q
POWER SUPPLY
Power Supply Rejection Ratio PSRR
AD8605/AD8606 Vs=27Vto55V 80 95 dB
AD8605/AD8606 WLCSP Vs=27Vto55V 75 92 dB
AD8608 Vs=27Vto55V 77 92 dB
—40°C < Ta< +125°C 70 90 dB
Supply Current/Amplifier Isy lour=0mA 1.15 1.4 mA
—40°C <Ta<+125°C 1.5 mA
DYNAMIC PERFORMANCE
Slew Rate SR Ri=2kQ,C.=16 pF 5 V/us
Settling Time ts To 0.01%,0Vto 1V step, Av=1 <0.5 us
Unity Gain Bandwidth Product GBP 9 MHz
Phase Margin Om 50 Degrees
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AD8605/AD8606/AD8608

Parameter Symbol Conditions Min Typ Max Unit
NOISE PERFORMANCE
Peak-to-Peak Noise en p-p f=0.1Hzto 10Hz 23 35 LV p-p
Voltage Noise Density en f=1kHz 8 12 nV/vHz
en f=10kHz 6.5 nV/VHz
Current Noise Density in f=1kHz 0.01 pA/\Hz
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AD8605/AD8606/AD8608

ABSOLUTE MAXIMUM RATINGS

Table 3. Table 4.
Parameter Rating Package Type 0sa’ Osc Unit
Supply Voltage 6V 5-Ball WLCSP (CB) 170 °C/W
Input Voltage GND to Vs 5-Lead SOT-23 (RJ) 240 92 °C/W
Differential Input Voltage 6V 8-Ball WLCSP (CB) 115 °C/W
Output Short-Circuit Duration to GND | Observe Derating Curves 8-Lead MSOP (RM) 206 44 °C/W
Storage Temperature Range 8-Lead SOIC_N (R) 157 56 °C/W

All Packages —-65°C to +150°C 14-Lead SOIC_N (R) 105 36 °C/W
Operating Temperature Range 14-Lead TSSOP (RU) 148 23 °C/W

All Packages —40°C to +125°C 1054 is specified for the worst-case conditions, that is, a device soldered in a
Junction Temperature Range circuit board for surface-mount packages.

All Packages —65°C to +150°C
Lead Temperature (Soldering, 60 sec) | 300°C ESD CAUTION
Stresses above those listed under Absolute Maximum Ratings ESD (electrostatic discharge) sensitive device.
may cause permanent damage to the device. This is a stress A Charged devices and circuit boards can discharge

, K i X without detection. Although this product features
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.

patented or proprietary protection circuitry, damage

‘!’% 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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AD8605/AD8606/AD8608
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Figure 60. 8-Lead Standard Small Outline Package [SOIC_N]
Narrow Body (R-8)
Dimensions shown in millimeters and (inches)
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Figure 61. 8-Ball Wafer Level Chip Scale Package [WLCSP]
(CB-8-1)
Dimensions shown in millimeters
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Figure 62. 14-Lead Standard Small Outline Package [SOIC_N]
Narrow Body (R-14)
Dimensions shown in millimeters and (inches)
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AD8605/AD8606/AD8608
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Dimensions shown in millimeters
ORDERING GUIDE
Model Temperature Range Package Description Package Option Branding
AD8605ACB-REEL —40°C to +125°C 5-Ball WLCSP CB-5-1 B3A
AD8605ACB-REEL7 —40°C to +125°C 5-Ball WLCSP CB-5-1 B3A
AD8605ACBZ-REEL' —40°C to +125°C 5-Ball WLCSP CB-5-1 A1)
AD8605ACBZ-REEL7" —40°C to +125°C 5-Ball WLCSP CB-5-1 A1)
AD8605ART-R2 —40°Cto +125°C 5-Lead SOT-23 RJ-5 B3A
AD8605ART-REEL —40°C to +125°C 5-Lead SOT-23 RJ-5 B3A
AD8605ART-REEL7 —40°C to +125°C 5-Lead SOT-23 RJ-5 B3A
AD8605ARTZ-R2' —40°C to +125°C 5-Lead SOT-23 RJ-5 B3A#
AD8605ARTZ-REEL' —40°C to +125°C 5-Lead SOT-23 RJ-5 B3A#
AD8605ARTZ-REEL7' —40°C to +125°C 5-Lead SOT-23 RJ-5 B3A#
AD8606ARM-R2 —40°C to +125°C 8-Lead MSOP RM-8 B6A
AD8606ARM-REEL —40°C to +125°C 8-Lead MSOP RM-8 B6A
AD8606ARMZ! —40°C to +125°C 8-Lead MSOP RM-8 B6A#
AD8606ARMZ-R2! —40°C to +125°C 8-Lead MSOP RM-8 B6A#
AD8606ARMZ-REEL' —40°C to +125°C 8-Lead MSOP RM-8 B6A#
AD8606AR —40°Cto +125°C 8-Lead SOIC_N R-8
AD8606AR-REEL —40°C to +125°C 8-Lead SOIC_N R-8
AD8606AR-REEL7 —40°C to +125°C 8-Lead SOIC_N R-8
AD8606ARZ! —40°C to +125°C 8-Lead SOIC_N R-8
AD8606ARZ-REEL' —40°C to +125°C 8-Lead SOIC_N R-8
AD8606ARZ-REEL7’ —40°C to +125°C 8-Lead SOIC_N R-8
AD8606ACBZ-REEL' —40°C to +125°C 8-Ball WLCSP CB-8-1 B6A#
AD8606ACBZ-REEL7" —40°C to +125°C 8-Ball WLCSP CB-8-1 B6A#
AD8608AR —40°C to +125°C 14-Lead SOIC_N R-14
AD8608AR-REEL —40°C to +125°C 14-Lead SOIC_N R-14
AD8608AR-REEL7 —40°Cto +125°C 14-Lead SOIC_N R-14
AD8608ARZ! —40°C to +125°C 14-Lead SOIC_N R-14
AD8608ARZ-REEL' —40°C to +125°C 14-Lead SOIC_N R-14
AD8608ARZ-REEL7’ —40°C to +125°C 14-Lead SOIC_N R-14
AD8608ARU —40°C to +125°C 14-Lead TSSOP RU-14
AD8608ARU-REEL —40°C to +125°C 14-Lead TSSOP RU-14
AD8608ARUZ! —40°C to +125°C 14-Lead TSSOP RU-14
AD8608ARUZ-REEL’ —40°C to +125°C 14-Lead TSSOP RU-14

' Z = RoHS Compliant Part, # denotes RoHS compliant product (except for CB-5-1) may be top or bottom marked.
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