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Single Supply, Rail to Rail
Low Power FET-Input Op Amp

AD820

FEATURES
TRUE SINGLE SUPPLY OPERATION
Output Swings Rail to Rail
Input Voltage Range Extends Below Ground
Single Supply Capability from +3 V to +36 V
Dual Supply Capability from =15V to =18V
EXCELLENT LOAD DRIVE
Capacitive Load Drive Up to 350 pF
Minimum Output Current of 15 mA
EXCELLENT AC PERFORMANCE FOR LOW POWER
800 pA Max Quiescent Current
Unity Gain Bandwidth: 1.8 MHz
Slew Rate of 3.0 V/ps
EXCELLENT DC PERFORMANCE
800 pnV Max Input Offset Voltage
1pV/°C Typ Offset Voltage Drift
25 pA Max Input Bias Current
LOW NOISE
13 nV/VHz @ 10 kHz

APPLICATIONS
Battery Powered Precision Instrumentation
Photodiode Preamps
Active Filters
12- to 14-Bit Data Acquisition Systems
Medical Instrumentation ’
Low Power References and Regulators

PRODUCT DESCRIPTION

The ADS820 is a precision, low power FET input op amp that
can operate from a single supply of +3.0 V to 36 V, or dual
supplies of +1.5 V to +=18 V. It has true single supply capabil-
ity with an input voltage range extending below the negative
rail, allowing the AD820 to accommodate input signals below
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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
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

CONNECTION DIAGRAMS
8-Pin Plastic Mini-DIP
and Cerdip 8-Pin SOIC
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ground in the single supply mode. Qutput voltage swing extends
to within 10 mV of each rail providing the maximum output
dynamic range.

Offset voltage of 800 wV max, offset voltage drift of 1 wV/°C,
typ input bias currents below 25 pA and low input voltage noise
provide dc precision with source impedances up to a Gigaohm,
1.8 MHz unity gain bandwidth, —93 dB THD at 10 kHz and
3 V/us slew rate are provided for a low supply current of

800 pA. The ADS820 drives up to 350 pF of direct capacitive
load and provides a minimum output current of 15 mA. This
allows the amplifier to handle a wide range of load conditions.
This combination of ac and dc performance, plus the outstand-
ing load drive capability, results in an exceptionally versatile
amplifier for the single supply user.

The ADS820 is available in four performance grades. The A and
B grades are rated over the industrial temperature range of
—40°C to +85°C. There is 3 volt grade—the AD820A-3V, rated
over the industrial temperature range. The mil grade is rated
over the military temperature range of —55°C to +125°C and is
available processed on standard military drawing.

The AD820 is offered in'three varieties of 8-pin package: plastic
DIP, hermetic cerdip and surface mount (SOIC).

Gain of +2 Amplifier; Vg = +5, 0, Vy = 2.5V Sine
Centered at 1.25 Volts

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703
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ADBZU - SPECIFICATIONS (Vg = 0, 5 volts (@ T, = +25°C, Vg = OV, Vgur = 0.2 V unless otherwise noted)

ADS20A ADS20B ADS820S!
Parameter Conditions Min Typ Max | Min Typ Max | Min Typ Max | Units
DC PERFORMANCE
Initial Offset 0.1 0.8 0.1 04 0.1 08 |mV
Max Offset over Temperature 0.5 1.2 0.5 0.9 0.5 mV
Offset Drift 2 2 2 wV/rC
Input Bias Current Veu =0Vto4V 2 25 2 10 2 25 PA
at Tyax 05 5 05 25 0.5 nA
Input Offset Current 2 20 2 10 2 20 PA
at Tpax 0.5 0.5 1.3 nA
Open-Loop Gain Vo=02Vto4V
R, = 100k 400 1000 500 1000 500 1000 VimV
T to Tyax 400 400 VimV
Ry = 10k 80 150 80 150 80 150 VimV
Ty 10 Taax 80 80 VimV
Ry = 1k 15 30 15 30 15 30 V/imV
T 10 Tapax 10 10 V/imV
NOISE/HARMONIC PERFORMANCE
Input Voltage Noise
0.1 Hz t0 10 Hz 2 2 2 wV p-p
f=10Hz 25 25 25 nV/v/Hz
f =100 Hz 21 21 21 nV/A/Hz
f=1KkHz 16 16 16 nV//Hz
f=10kHz 13 13 13 nV//Hz
Input Current Noise
0.1 Hz to 10 Hz 18 18 18 fA p-p
f=1kHz 0.8 0.8 0.8 fA \/Hz
Harmonic Distortion R; = 10kto2.5V
f=10kHz Vo=025V10475V -93 -93 -93 dB
DYNAMIC PERFORMANCE
Unity Gain Frequency 1.8 1.8 1.8 MHz
Full Power Response Vopp =45V 210 210 210 kHz
Slew Rate 3 3 3 V/ps
Settling Time )
t0 0.1% Vo=02Vtod5V 1.4 1.4 1.4 us
to 0.01% 1.8 1.8 1.8 ®s
INPUT CHARACTERISTICS
Common-Mode Voltage Range® -0.2 4 —0.2 4 —0.2 4 A%
T t0 Taax =0.2 4 -0.2 4 \%
CMRR Veu =0Vito+2V 66 80 72 “80 66 80 dB
Tpny 10 Tapax 66 66 dB
Input Impedance
Differential 104405 10%)0.5 103j0.5 o|F
Common Mode 105)2.8 10%)2.8 10%32.8 QlpF
OUTPUT CHARACTERISTICS
Output Saturation Voltage®
Vor—Ver Iang = 20 pA 5 7 5 7 5 7 mV
Tae 10 Tyax 10 10 mV
VeeVou Isource = 20 pA 10 14 10 14 10 14 mV
T t0 Tyax 20 20 mV
Vor—Vee Iy = 2 mA 40 55 40 55 40 55 mV
Ty 0 Tauax 80 80 mV
VeeVou Isource = 2 mA 80 110 80 110 80 110 | mV
Ty 10 Taax 160 160 mV
or—VEr Tank = 15 mA 300 500 300 500 300 500 | mV
T 10 Tyax 1000 1000 mV
VeeVou Isoures = 15 mA 800 1500 800 1500 800 1500 | mV
T to Trax 1900 1900 mV
Operating OQutput Current 15 15 15 mA
Ty 10 Trax 12 12 mA
Short Circuit Current 25 25 25 mA
Capacitive Load Drive 350 350 350 pF
POWER SUPPLY
Quiescent Current 620 800 620 800 620 800 | pA
T 10 Taax 800 800 kA
Power Supply Rejection Vgt =5Vtol5V 70 80 66 80 70 80 dB
T t0 Tuax 70 66
—2— REV. 0




ANALOG DEVICES INC LE5E D WM 0816400 003803k 195 EEANA

(Vs = =5 volts (@ T, = +25°C, Vg = 0V, Voyr = 0V unless otherwise noted)

ADS20A ADS820B ADS820S!
Parameter Conditions Min Typ Max | Min Typ Max | Min Typ Max | Units
DC PERFORMANCE
Initial Offset 01 0.8 0.1 04 0.1 mV
Max Offset over Temperature 0.5 1.5 0.5 1 0.5 mV
Offset Drift 2 2 2 pv/eC
Input Bias Current Veu = —5Vio4dV 2 25 2 10 2 25 pA
at Tyax 0.5 5 05 2.5 0.5 nA
Input Offset Current 2 20 2 10 2 pA
at Tpax 0.5 0.5 1.5 nA
Open-Loop Gain Vo=4Vito—4V
R = 100k 400 1000 400 1000 400 1000 VimV
T 10 Tayax 400 400 VimV
R, = 10k 80 150 80 150 80 150 VimV
Ty 10 Tayax 80 80 VimV
R; = 1k 20 30 20 30 20 30 VimV
Trm 10 Trax 10 10 V/mV
NOISE/HARMONIC PERFORMANCE
Input Voltage Noise
0.1 Hz 10 10 Hz 2 2 2 wV p-p
f=10Hz 25 25 25 nV/v/Hz
f=100Hz 21 21 21 nV/A/Hz
= 1kHz 16 16 16 nV//Hz
f=10kHz 13 13 13 nV//Hz
Input Current Noise
0.1 Hz to 10 Hz 18 18 18 fA pp
f=1kHz 0.8 0.8 0.8 fA /n/Hz
Harmonic Distortion R; = 10k
f=10kHz Vo= %45V -93 —93 —93 dB
DYNAMIC PERFORMANCE
Unity Gain Frequency 1.9 1.9 1.9 MHz
Full Power Response Vopp=9V 105 105 105 kHz
Slew Rate 3 3 3 V/ps
Settling Time
t0 0.1% Vo=0Vio+45V 1.4 1.4 14 TR
to 0.01% 1.8 1.8 1.8 us
INPUT CHARACTERISTICS
Common-Mode Voltage Range? -5.2 4 —-5.2 4 -5.2 4 \%
T 10 Tpax -5.2 4 -5.2 4 \'%
CMRR Veu = —-3Vito+2V [ 66 80 72 80 66 80 dB
Tame 1© Tyax 66 66 dB
Input Impedance
Differential 102%0.5 10%0.5 10205 QlpF
Common Mode 1032.8 1042.8 10328 QlpF
OUTPUT CHARACTERISTICS
Output Saturation Voltage?
Vor—Ver Tgng = 20 pA 5 7 5 7 5 7 mV
VeeVou Isource = 20 pA 10 14 10 14 10 14 mV
T 10 Tmax 20 20 mV
Vor—Ver Ismix = 2 mA 40 55 40 55 40 55 mV
VeeVor Tsource = 2 mA 80 110 80 110 80 110 { mV
T 10 Tapax 160 160 mV
Vor~-Ves Isng = ISmA 300 500 300 500 300 500 | mV
T e 10 Tapax 1000 1000 mV
VeeVou Isource = 15 mA 800 1500 800 1500 800 1500 | mV
Taum 10 Tyax 1900 1900 mV
Operating Output Current 15 15 I5 mA
Tane 10 Tyax 12 12 12 mA
Short Circuit Current 30 30 30 mA
Capacitive Load Drive 350 350 350 pF
POWER SUPPLY
Quiescent Current Tane 10 Taax 650 800 650 800 650 800 | pwA
Power Supply Rejection Vst =5Vtwol5V 70 80 70 80 70 80 dB

REV. 0 R
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=15 volts (@ Ty = +25°C, Vg = 0V, Vgyr = 0V unless otherwise noted)

ADS820A ADS820B ADS820s?!
Parameter Conditions Min Typ Max | Min Typ Max | Min Typ Max | Units
DC PERFORMANCE
Initial Offset 04 2 03 1.0 0.4 mV
Max Offset over Temperature 05 3 05 2 0.5 mV
Offset Drift 2 2 2 TAY/N o
Input Bias Current Ve =0V 2 25 2 10 2 25 PA
Vem = —10V 40 40 40 pA
at Tyax Vem =0V 05 5 0.5 25 0.5 nA
Input Offset Current 2 20 2 10 2 20 PA
at Tyax 0.5 0.5 1.5 nA
Open-Loop Gain Vo= +10Vio—-10V
R; = 100k 500 2000 500 2000 500 2000 VimV
Tpine 10 Typax 500 500 VimV
Ry = 10k 100 500 100 500 150 400 V/imV
T 10 Tyax 100 100 VimV
Ry = 1k 30 45 30 45 30 45 VimV
T t0 Thyax 20 20 V/mV
NOISE/HARMONIC PERFORMANCE
Input Voltage Noise
0.1 Hz to 10 Hz 2 2 2 wV p-p
= 10 Hz 25 25 25 nV//Hz
f =100 Hz 21 21 21 nVA/Hz
f=1KkHz 16 16 16 nV//Hz
f =10 kHz 13 13 13 nV/A/Hz
Input Current Noise
0.1 Hz to 10 Hz 18 18 18 fA p-p
f=1kHz 0.8 0.8 0.8 fA NHz
Harmonic Distortion R; = 10k
f=10LkHz Vo= =10V -85 -85 —85 dB
DYNAMIC PERFORMANCE
Unity Gain Frequency 1.9 1.9 1.9 MHz
Full Power Response Vopp=20V 45 45 45 kHz
Slew Rate 3 3 3 V/us
Settling Time
to 0.1% Vo=0Viox10V 4.1 4.1 4.1 Bs
to 0.01% 4.5 4.5 4.5 s
INPUT CHARACTERISTICS
Common-Mode Voltage Range? —-15.2 14 —~15.2 14 -15.2 14 A%
Ty to Tyax -15.2 14 —15.2 14 \%
CMRR Ve = —15Vto 12V | 70 80 74 90 70 90 dB
Ty t0 Tyax 70 74 dB
Input Impedance
Differential 1013j0.5 1013j0.5 10%}jo.5 QllpF
Common Mode 10%2.8 10%%2.8 1032.8 QlpF
OUTPUT CHARACTERISTICS
Output Saturation Voltage®
Vor-Ver Tsmg = 20 pA 5 7 5 7 5 7 mV
Taumn to Tyax 10 10 mV
VeeVou Isource = 20 pA 10 14 10 14 10 14 mV
Trme 10 Taax 20 20 mV
Vor—Ver Isnk = 2mA 40 55 40 55 40 55 mV
T 10 Tayax 80 80 mV
Vee-Vou Tsource = 2 mA 80 110 80 110 80 110 | mV
T t0 Tyax 160 160 mV
Vor-Vee Ignk = 15 mA 300 500 300 500 300 500 | mV
T 10 Traax 1000 1000 mV
Vee-Vou Isource = 15 mA 800 1500 800 1500 800 1500 | mV
T 10 Tauax 1900 1900 mV
Operating Output Current 20 20 20 mA
Tammy 10 Tuax 15 15 mA
Short Circuit Current 45 45 45 mA
Ty 10 Trax mA
Capacitive Load Drive 350 350 350 pF
POWER SUPPLY
Quiescent Current Tam 10 Trax 700 900 700 900 700 pA
Power Supply Rejection Veg+ =5Vtol5V 70 80 70 80 70 80 dB
T to Tpax 70 70 dB
—4— REV. 0
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0.2 V otherwise unless noted)

Parameter

Conditions

Min

ADS820A-3V
Typ

DC PERFORMANCE
Initial Offset
Max Offset over Temperature
Offset Drift
Input Bias Current
at TMAX
Input Offset Current
at Tyax

Open Loop Gain
Thme 10 Tyax
Thn 10 Tyax

Tmme 10 Tyax

Veu =0Vt +2V

Vo=02Vto2V
R, = 100k

R, = 10k
R, = 1k

NOISE/HARMONIC PERFORMANCE
Input Voltage Noise
0.1 Hz to 10 Hz

f= 10Hz
= 100 Hz
= 1kHz
f= 10kHz
Input Current Noise
0.1 Hz to 10 Hz
f=1kHz
Harmonic Distortion
f=10kHz

R, = 10kto 1.5V
Vo= %125V

DYNAMIC PERFORMANCE
Unity Gain Frequency
Full Power Response
Slew Rate
Settling Time
t0 0.1%
to 0.01%

Vopp= 25V

Vour =02V1to25V

INPUT CHARACTERISTICS
Common-Mode Voltage Range*
Trame 10 Traax
CMRR
T 10 Taax
Input Impedance
Differential
Common Mode

Vem =0V ito +1V

74

1043]j0.5
1049)2.8

OUTPUT CHARACTERISTICS
Output Saturation Voltage?
VorVe
T 0 Tyax
VeeVonu
Ty 10 Tyax
Vor—Ves
Tane t© Tayax
VeeVon
Tan t0 Trax
VoLVez
Ty 10 Triax
VCC—'VOH
Ty t0 Tyax
Operating Output Current
Taany t0 Tppax
Short Circuit Current
Ty 10 Tyax
Capacitive Load Drive

Temg = 20 pA
Isourcs = 20 pA
TIgng = 2 mA
ISOURCE 2 mA
ok = 10 mA
Isource = 10 mA

POWER SUPPLY
Quiescent Current
Power Supply Rejection

TMIN to TMAX

Thane 10 Tyax
Ve+ =3Viol5V
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NOTES
1See standard military drawing for 883B specifications.

2This is a functional specification. Amplifier bandwidth decreases when the input common-mode voltage is driven in the range (+Vg -1 V) to +Vg. Common-
mode error voltage is typically less than 5 mV with the common-mode voltage set at 1 volt below the positive supply.

3V or—Vgg is defined as the difference between the lowest possible output voltage (V) and the minus voltage supply rail (Vgg).

VeeVou is defined as the difference between the highest possible output voltage (Vo) and the positive supply voltage (Vo).

Specifications subject to change without notice.

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily

accumulate on the human body and test equipment and can discharge without detection. Although WAR N I N G '

the AD820 features proprietary ESD protection circuitry, permanent damage may occur on

devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are W“

recommended to avoid performance degradation or loss of functionality. ESD SENSITIVE DEVICE

ABSOLUTE MAXIMUM RATINGS*

Lead Temperature Range

Supply Voltage . . ...... ... .o i *18V (Soldering 60sec) .. ... ... ... it « .. +260°C
Internal Power Dissipation NOTES
Plasqe DIP(N) oo 1.6 Watts IStresses above those listed under “Absolute Maximum Ratings” may cause
Cerdip(Q) ... 1.6 Watts permanent damage to the device. This is a stress rating only and functional
SOICR) . vttt 1.0 Watts operation of the device at these or any other conditions above those indicated
Input Voltage .......... (+Vg+0.2V)to — 20V + Vg) in the operational section of this specification is not implied. Exposure to
Output Short Circuit Duration . . ............. Indefinite ablsio{)l}ltje maximum rating conditions for extended periods may affect device
. . reliability.
Differential Input Voltage ... ................. =30 V' 2'bin Plastic DIP Package: 0,5 — 0°C/Watt
Storage Temperature Range (N) . ... ... .. —65°C to +125°C 8-Pin Cerdip Package: 0, = 110°C/Watt
Storage Temperature Range (Q) ... ...... —65°C to +150°C 8-Pin SOIC Package: 8, = 160°C/Watt
Storage Temperature Range (R) ......... —65°C to +150°C
Operating Temperature Range
ADB20A/B . ...... .. i e —40°C to +85°C
AD8B20S . .. ... e ~55°C to +125°C
ORDERING GUIDE
Model Temperature Range Package Description
ADS820AN —40°C to +85°C 8-Pin Plastic Mini-DIP
ADS820BN —40°C to +85°C 8-Pin Plastic Mini-DIP
ADS820AR —40°C to +85°C 8-Pin SOIC
ADS820BR —40°C to +85°C 8-Pin SOIC
AD820AR-3V —40°C to +85°C 8-Pin SOIC
ADS820AN-3V —40°C to +85°C 8-Pin Plastic Mini-DIP
Standard Military Drawing* —55°C to +125°C 8-Pin Cerdip

*Contact factory for availability.

REV.0




ANALOG DEVICES INC LSE D 081LA00 0038040 blhL EEANA

Typical Characteristics—AD820

VS =0V, 5V]

NUMBER OF UNITS

10

0
-05 04 03 02 01 0 01 02 03 04 05

OFFSET VOLTAGE — mV

Figure 1. Typical Distribution of Offset Voltage (248 Units)

Vg =25V
] Vs =15V

32

24

% IN BIN

16

o R
-0 -8 -6 -4 2 0 2 4 6 8 10
OFFSET VOLTAGE DRIFT ~ uV/°C

Figure 2. Typical Distribution of Offset Voltage Drift
{120 Units)

8 &8 &8 & 8

N
v

NUMBER OF UNITS
3

-
(4}

0 1 2 3 4 ] 6 7 8 9 10
INPUT BIAS CURRENT - pA

Figure 3. Typical Distribution of Input Bias Current
(213 Units)

REV.0 -7-

=0V, +5V AND =5V

INPUT BIAS CURRENT - pA

5 -4 -3 -2 - 0 1 2 3 4 5
COMMON-MODE VOLTAGE -~V

Figure 4. Input Bias Current vs. Common-Mode
Voltage; Vs = +6V, 0V and Vg = =5V

2

INPUT BIAS CURRENT - pA
3

=y

041
-16 -12 -8 -4 0 4 8 12 16

COMMON-MODE VOLTAGE -V

Figure 5. Input Bias Current vs. Common-Mode
Voltage; Vg = 16V

100k
10k =
Z
b 7
1 « v
= —=
: -
pZ
3 100 —
V.
2 i
3]
'5 10 >
a 7z
z W
1
0.1
20 40 60 80 160 120 140

TEMPERATURE ~°C

Figure 6. Input Bias Current vs. Temperature;
VS =5 ‘/, VCM =0




ANALOG DEVICES INC B 081LA00 0038041 552 EEANA

AD820 —Typical Characteristics
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Typical Characteristics—AD820
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AD820 —Typical Characteristics
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AD820

Figure 27. Large Signal Response Unity Gain Follower;
Vs = =15V, R, = 10 k)

Figure 25. 20 V, 25 kHz Sine Input; Unity Gain Follower; Figure 28. Small Signal Response Unity Gain Follower;
R, = 6000, Vs = =15V Vs = =15V, R, = 10 kO

Figure 26. V5 = +5V, 0 V; Unity Gain Follower Figure 29. Vg = 5V, 0 V; Unity Gain Follower
Response to 0 V to 4V Step Response to 0 V to 5V Step

REV.0 11—
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AD820

Figure 30. Unity-Gain Follower Figure 33. Vg = +5V, 0V, Unity Gain Follower Response
to 40 mV Step Centered 40 mV Above Ground

10k 20k

Figure 34. Vg = +5V, 0 V; Gain of Two Inverter Response
to 20 mV Step, Centered 20 mV Below Ground

Figure 32. Vg = +5V, 0 V; Gain of Two Inverter Response Figure 35. Vg =3V, 0V; Gain of Two Inverter, V;, = 1.25 V,
to 2.5 V Step Centered —1.25 V Below Ground 25 kHz, Sine Wave Centered at —0.75V, R, = 600 Q2
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APPLICATION NOTES

INPUT CHARACTERISTICS

In the AD820, n-channel JFETs are used to provide a low offset,
low noise, high impedance input stage. Minimum input common-
mode voltage extends from 0.2 V below —Vg to 1 V less than
+Vg. Driving the input voltage closer to the positive rail will
cause a loss of amplifier bandwidth (as can be seen by compar-
ing the large signal responses shown in Figures 26 and 29) and
increased common-mode voltage error as illustrated in Figure 17.

The AD820 does not exhibit phase reversal for input voltages up
to and including +Vg. Figure 36a shows the response of an
ADB820 voltage follower to a 0 V to +5 V (+Vj) square wave
input. The input and output are superimposed. The output
polarity tracks the input polarity up to +Vs—no phase reversal.
The reduced bandwidth above a 4 V input causes the rounding
of the output wave form. For input voltages greater than +Vg, a
resistor in series with the AD820’s plus input will prevent phase
reversal, at the expense of greater input voltage noise. This is
illustrated in Figure 36b.

Since the input stage uses n-channel JFETs, input current dur-
ing normal operation is negative; the current flows out from the
input terminals. If the input voltage is driven more positive than
+Vg — 0.4V, the input current will reverse direction as internal
device junctions become forward biased. This is illustrated in
Figure 4.

Figure 36. (a) Response with R, = 0; V,,, from 0 to +Vg
(b) Viy = 0to +Vg + 200 mV
Vour = 0 to +Vg
Rp = 49.9 kO

REV.0

A current limiting resistor should be used in series with the
input of the AD820 if there is a possibility of the input voltage
exceeding the positive supply by more than 300 mV, or if an
input voltage will be applied to the AD820 when +=Vg = 0, The
amplifier will be damaged if left in that condition for more than
10 seconds. A 1 k() resistor allows the amplifier to withstand up
to 10 volts of continuous overvoltage, and increases the input
voltage noise by a negligible amount.

Input voltages less than —Vg are a completely different story.
The amplifier can safely withstand input voltages 20 volts below
the minus supply voltage as long as the total voltage from the
positive supply to the input terminal is less than 36 volts. In
addition, the input stage typically maintains picoamp level input
currents across that input voltage range.

The AD820 is designed for 13 nV/\/Hz wideband input voltage
noise and maintains low noise performance to low frequencies
(refer to Figure 11). This noise performance, along with the
ADS820’s low input current and current noise means that the
AD820 contributes negligible noise for applications with source
resistances greater than 10 kQ and signal bandwidths greater
than 1 kHz. This is illustrated in Figure 37.

100K I | | | |
WHENEVER JOHNSON NOISE IS GREATER THAN
AMPLIFIER NOISE, AMPLIFIER NOISE CAN BE
« 10k | —CONSIDERED NEGLIGIBLE FOR APPLICATION. ———
=
3 tkHz
1 -
| d
oK o
2 RESISTOR JOHNSON L-
2 NOISE P -
w 100 -] g
<] \\/
< - L ~,
5 _ - ’\ -
o - Lad A -
R PR - N
= - P
5 )« 10Hz
2 =
= -
z _ N
|~ AMPLIFIER GENERATED
NOISE
01 . .
10k 100k ™ 10M  100M 1G 106G

SOQURCE IMPEDANCE - Q

Figure 37. Total Noise vs. Source Impedance

OUTPUT CHARACTERISTICS

The AD820’s unique bipolar rail-to-rail output stage swings
within 5 mV of the minus supply and 10 mV of the positive
supply with no external resistive load. The AD820’s approxi-
mate output saturation resistance is 40 Q sourcing and 20 ()
sinking. This can be used to estimate output saturation voltage
when driving heavier current loads. For instance, when sourcing
5 mA, the saturation voltage to the positive supply rail will be
200 mV, when sinking 5 mA, the saturation voltage to the
minus rail will be 100 mV.,

The amplifier’s open-loop gain characteristic will change as a
function of resistive load, as shown in Figures 7 through 10. For
load resistances over 20 kQ, the AD820’s input error voltage is
virtually unchanged until the output voltage is driven to 180 mV
of either supply.

If the AD820’s output is driven hard against the output satura-
tion voltage, it will recover within 2 s of the input returning to
the amplifier’s linear operating region.

—13—
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Direct capacitive load will interact with the amplifier’s effective
output impedance to form an additional pole in the amplifier’s
feedback loop, which can cause excessive peaking on the pulse
response or loss of stability. Worst case is when the amplifier is
used as a unity gain follower, Figure 38 shows the AD820’s
pulse response as a unity gain follower driving 350 pF. This
amount of overshoot indicates approximately 20 degrees of phase
margin—the system is stable, but is nearing the edge. Configu-
rations with less loop gain, and as a result less loop bandwidth,
will be much less sensitive to capacitance load effects. Figure 39
is a plot of capacitive load that will result in a 20 degree phase
margin versus noise gain for the AD820. Noise gain is the
inverse of the feedback attenuation factor provided by the feed-
back network in use.

Figure 38. Small Signal Response of AD820 as Unity Gain
Follower Driving 350 pF Capacitive Load

\

\

Re
NOISE GAIN — 1+ R
I

300 1k 3k 10k 30k
CAPACITIVE LOAD FOR 20° PHASE MARGIN ~ pF

Figure 39. Capacitive Load Tolerance vs. Noise Gain

Figure 40 shows a possible configuration for extending capaci-
tance load drive capability for a unity gain follower. With these
component values, the circuit will drive 5,000 pF with a 10%
overshoot.

—-14~
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Figure 40. Extending Unity Gain Follower Capacitive Load
Capability Beyond 350 pF

OFFSET VOLTAGE ADJUSTMENT

The ADS820’s offset voltage is low, so external offset voltage
nulling is not usually required. Figure 41 shows the recom-
mended technique for AD820’s packaged in plastic DIPs or cer-
dips. Adjusting offset voltage in this manner will change the
offset voltage temperature drift by 4 pV/°C for every millivolt of
induced offset. The null pins are not functional for AD820s in
the SO-8 “R” package.

Figure 41. Offset Null

APPLICATIONS

Single Supply Half-Wave and Full-Wave Rectifiers

An AD820 configured as a unity gain follower and operated
with a single supply can be used as a simple half-wave rectifier.
The ADS820’s inputs maintain picoamp level input currents even
when driven well below the minus supply. The rectifier puts
that behavior to good use, maintaining an input impedance of
over 10'10Q) for input voltages from 1 volt from the positive sup-
ply to 20 volts below the negative supply.

The full and half-wave rectifier shown in Figure 42 operates as
follows: when Vp is above ground, R1 is bootstrapped through
the unity gain follower A1l and the loop of amplifier A2. This.
forces the inputs of A2 to be equal, thus no current flows
through R1 or R2, and the circuit output tracks the input.
When Vyy is below ground, the output of Al is forced to
ground. The noninverting input of amplifier A2 sees the ground
level output of Al, therefore A2 operates as a unity gain
inverter. The output at node C is then a full-wave rectified ver-
sion of the input, Node B is a buffered half-wave rectified ver-
sion of the input. Input voltages up to +18 volis can be
rectified, depending on the voltage supply used.
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FULL-WAVE
RECTIFIED OUTPUT

O+B

HALF-WAVE
RECTIFIED OUTPUT

v

Figure 42. Single Supply Half- and Full-Wave Rectifier

4.5 Volt Low Dropout, Low Power Reference

The rail-to-rail performance of the AD820 can be used to pro-
vide low dropout performance for low power reference circuits
powered with a single low voltage supply. Figure 43 shows a

4.5 volt reference using the AD820 and the AD680, a low power
2.5 volt bandgap reference. R2 and R3 set up the required gain
of 1.8 to develop the 4.5 volt output. R1 and C2 form a low-
pass RC filter to reduce the noise contribution of the AD680.

+2.5V
o OUTPUT

+4.5V
OUTPUT

L c3
™ 10uF/25V

REF
COMMON

Figure 43. Single Supply 4.5 Volit Low Dropout Reference

With a 1 mA load, this reference maintains the 4.5 volt output
with a supply voltage down to 4.7 volts. The amplitude of the
recovery transient for a 1 mA to 10 mA step change in load cur-
rent is under 20 mV, and settles out in a few microseconds.
Output voltage noise is less than 10 WV rms in a 25 kHz noise
bandwidth.

REV.0

Low Power Three-Pole Sallen Key Low-Pass Filter

The AD82(’s high input impedance makes it a good selection
for active filters. High value resistors can be used to construct
low frequency filters with capacitors much less than 1 pF. The
AD820’s picoamp level input currents contribute minimal dc
errors.

Figure 44 shows an example, a 10 Hz three-pole Sallen Key Fil-
ter. The high value used for R1 minimizes interaction with sig-
nal source resistance. Pole placement in this version of the filter
minimizes the Q associated with the two-pole section of the fil-
ter. This eliminates any peaking of the noise contribution of
resistors R1, R2, and R3, thus minimizing the inherent output
voltage noise of the filter.

b
(=]
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&
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5 &k

FILTER GAIN RESPONSE ~ dB
4
S

&

&

\

-100
0.1 1 10 100 1k

FREQUENCY — Hz

Figure 44. 10 Hz Sallen Key Low-Pass Filter
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm,)

Mini-DIP (N) Package

PN NP2 NP S

s s

025
PIN 1 ©35) 0.3

P

b=~ s

0.39 (9.91) MAX —>|
0.035:0.01

(o 89:0.25)

C1792-8-4/93

0.16520.01 |

0.30 (7.62)
r REF ’l
(4.1920.25)
0.125 13'0 03 0.011:0.003
(3.18) (4 5720.76) (0.28:0.08)
MIN 150
>l e e

0.018:0.003 0.10 0.033
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(0.46:0.08) (2.54) (0.84) PLANE
BSC NOM

Cerdip (Q) Package

0.005 (0.13) MIN 0085 (1,35) MAX

T

0.310 (7.87)
0.220 (5.59)

0.070 (1.78)
BT (0.76)

0.320 (8.13)
> 0405 (1020)MAX |- ™| 0.200.37) " .
0,200 0.060 (1.52)
(5.08) 0.015 (0.38)
MAX
0.150
0.200 (5.08) (3.81) 0.015 (0.38}
0.125 (3.18) MIN 0.008 (0.20)
»lle > [+
) 0.023 (0.58)  0.100 (2. 54) °"'1 5
K 0.014 (0.36) BSC  SEATING PLANE
SOIC (R) Package l
> 0150 (3.81) |-
0.244 (6.20) 0.157 (3.99)
0228 (5.79) L 0150 (3.81)
PINT ]
i 4

5
H H H H 0.020 (0.051) x 45°
CHAYR 0190 (a82)
0.197 (5.01) 190 (4.
|“ 0.189 (a.80) v a"\“_ 8170 3.32) _’l

0102 (2.59)  ¢° Y } "{ooso
0.010 (0.25) _L 0.094 (2.39) FL \ JA\Y (229)
2004 (9.10 . 3 5

COF e ke F e .

0.050  0.019(048) 445 9.2482) 0.030 (0.76)
027 0.014(038) G575 (o.1009) 0,018 (0.46)
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