ANALOG
DEVICES

Low Noise, 90 MHz
Variable Gain Amplifier

AD603

FEATURES

Linear-in-dB gain control

Pin-programmable gain ranges
-11 dB to +31 dB with 90 MHz bandwidth
9 dB to 51 dB with 9 MHz bandwidth

Any intermediate range, for example —1 dB to +41 dB
with 30 MHz bandwidth

Bandwidth independent of variable gain

1.3 nV/V/Hz input noise spectral density

+0.5 dB typical gain accuracy

APPLICATIONS

RF/IF AGC amplifiers
Video gain controls
A/D range extensions
Signal measurements

GENERAL DESCRIPTION

The AD603 is a low noise, voltage-controlled amplifier for use
in RF and IF AGC systems. It provides accurate, pin-selectable
gains of —11 dB to +31 dB with a bandwidth of 90 MHz or +9 dB to
51+ dB with a bandwidth of 9 MHz. Any intermediate gain
range may be arranged using one external resistor. The input
referred noise spectral density is only 1.3 nV/VHz, and power
consumption is 125 mW at the recommended +5 V supplies.

The decibel gain is linear in dB, accurately calibrated, and stable
over temperature and supply. The gain is controlled at a high
impedance (50 MQ), low bias (200 nA) differential input; the
scaling is 25 mV/dB, requiring a gain control voltage of only

1 V to span the central 40 dB of the gain range. An overrange
and underrange of 1 dB is provided whatever the selected range.
The gain control response time is less than 1 ps for a 40 dB change.

The differential gain control interface allows the use of either
differential or single-ended positive or negative control voltages.
Several of these amplifiers may be cascaded and their gain
control gains offset to optimize the system SNR.

The AD603 can drive a load impedance as low as 100 Q with
low distortion. For a 500 (2 load in shunt with 5 pF, the total
harmonic distortion for a 1 V sinusoidal output at 10 MHz is
typically —60 dBc. The peak specified output is +2.5 V minimum
into a 500 2 load.

The AD603 uses a patented proprietary circuit topology—the
X-AMP°. The X-AMP comprises a variable attenuator of 0 dB
to —42.14 dB followed by a fixed-gain amplifier. Because of the
attenuator, the amplifier never has to cope with large inputs and
can use negative feedback to define its (fixed) gain and dynamic
performance. The attenuator has an input resistance of 100 ,
laser trimmed to 3%, and comprises a 7-stage R-2R ladder
network, resulting in an attenuation between tap points of
6.021 dB. A proprietary interpolation technique provides a
continuous gain control function that is linear in dB.

The AD603 is specified for operation from —40°C to +85°C.
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AD603

SPECIFICATIONS

@ Ta=25°C, Vs =+5V, -500 mV < V¢ < +500 mV, GNEG =0V, -10 dB to +30 dB gain range, R. = 500 (), and Ci. = 5 pF, unless

otherwise noted.

Table 1.
Parameter Conditions Min Typ Max Unit
INPUT CHARACTERISTICS
Input Resistance Pin3to Pin 4 97 100 103 Q
Input Capacitance 2 pF
Input Noise Spectral Density' Input short-circuited 13 nV/yHz
Noise Figure f=10 MHz, gain = maximum, Rs=10 Q 8.8 dB
1 dB Compression Point f=10 MHz, gain = maximum, Rs= 10 Q -1 dBm
Peak Input Voltage +1.4 +2 \%
OUTPUT CHARACTERISTICS
—3 dB Bandwidth Vour =100 mV rms 90 MHz
Slew Rate RL=500Q 275 V/us
Peak Output? RL.=500Q +2.5 +3.0 \Y
Output Impedance f< 10 MHz 2 Q
Output Short-Circuit Current 50 mA
Group Delay Change vs. Gain f =3 MHz; full gain range +2 ns
Group Delay Change vs. Frequency Ve=0V;f=1MHzto 10 MHz +2 ns
Differential Gain 0.2 %
Differential Phase 0.2 Degree
Total Harmonic Distortion f=10 MHz, Vour=1Vrms -60 dBc
Third-Order Intercept f =40 MHz, gain = maximum, Rs =50 Q 15 dBm
ACCURACY
Gain Accuracy, f = 100 kHz; Gain (dB) = (40 Vs + 10) dB —-500 mV < Vs < +500 mV -1 +0.5 +1 dB
Twmin to Tmax -1.5 +1.5 dB
Gain, f=10.7 MHz Ve=-05V -103 -9.0 -8.0 dB
Ve=0.0V +9.5 +105 +115 | dB
Ve=05V +29.3 4303 +31.3 | dB
Output Offset Voltage? Ve=0V -20 +20 mV
Twmin to Tmax -30 +30 mV
Output Offset Variation vs. Vg —500 mV < Vg < +500 mV -20 +20 mV
Twmin to Tmax -30 +30 mV
GAIN CONTROL INTERFACE
Gain Scaling Factor 100 kHz 394 40 40.6 dB/V
Twmin to Tmax 38 42 dB/V
10.7 MHz 38.7 393 399 dB/V
GNEG, GPOS Voltage Range* -1.2 +20 |V
Input Bias Current 200 nA
Input Offset Current 10 nA
Differential Input Resistance Pin 1 to Pin 2 50 MQ
Response Rate Full 40 dB gain change 80 dB/ps
POWER SUPPLY
Specified Operating Range +4.75 +6.3 \
Quiescent Current 12.5 17 mA
Twmin to Tmax 20 mA

' Typical open or short-circuited input; noise is lower when system is set to maximum gain and input is short-circuited. This figure includes the effects of both voltage

and current noise sources.

2 Using resistive loads of 500 Q or greater or with the addition of a 1 kQ pull-down resistor when driving lower loads.

3 The dc gain of the main amplifier in the AD603 is x35.7; therefore, an input offset of 100 uV becomes a 3.57 mV output offset.

*GNEG and GPOS, gain control, and voltage range are guaranteed to be within the range of Vs + 4.2 V to +Vs — 3.4 V over the full temperature range of —40°C to +85°C.
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AD603

ABSOLUTE MAXIMUM RATINGS

Table 2.
Parameter Rating
Supply Voltage +Vs 7.5V

Internal Voltage VINP (Pin 3)

GPOS, GNEG (Pin 1 and Pin2)
Internal Power Dissipation
Operating Temperature Range

AD603A

AD603S
Storage Temperature Range
Lead Temperature (Soldering, 60 sec)

+2V Continuous
+Vs for 10 ms
+Vs

400 mW

—40°C to +85°C
—55°Cto +125°C
—65°C to +150°C
300°C

Table 3. Thermal Characteristics

Package Type 6sa O1c Unit
8-Lead SOIC 155 33 °C/W
8-Lead CERDIP 140 15 °C/W

ESD CAUTION

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.

A
Ala\

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
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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OUTLINE DIMENSIONS
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CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 53. 8-Lead Ceramic Dual In-Line Package [CERDIP]
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COMPLIANT TO JEDEC STANDARDS MS-012-AA

CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 54. 8-Lead Standard Small Outline Package [SOIC-N]

012407-A

Narrow Body (R-8)
Dimensions shown in millimeters and (inches)

ORDERING GUIDE

Model Temperature Range Package Description Package Option
ADG603AR —40°Cto +85°C 8-Lead SOIC R-8
AD603AR-REEL —40°C to +85°C 8-Lead SOIC, 13" Reel R-8
AD603AR-REEL7 —40°C to +85°C 8-Lead SOIC, 7" Reel R-8
AD603ARZ! —40°C to +85°C 8-Lead SOIC R-8
AD603ARZ-REEL' —40°C to +85°C 8-Lead SOIC, 13" Reel R-8
AD603ARZ-REEL7" —40°C to +85°C 8-Lead SOIC, 7" Reel R-8
AD603AQ —40°C to +85°C 8-Lead CERDIP Q-8
AD6035Q/883B? —55°C to +125°C 8-Lead CERDIP Q-8

AD603-EVALZ'
AD603ACHIPS

Evaluation Board
DIE

' Z = RoHS Compliant Part.

2 Refer to AD603 Military data sheet. Also available as 5962-9457203MPA.
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