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ATT Series

DC - 8GHz Voltage-Variable Attenuator

Features

Wide Bandwidth: DC — 8GHz
Low Insertion Loss

Low Phase Shift vs. Attenuation
32dB Attenuation Range

Fast Switching

SMA Connectors

Description

Picture

The ATT8G32 is an is an absorptive Voltage Variable Attenuator operating from DC - 8GHz. It
features a reference attenuator for use with an external OpAmp to provide simple single voltage
attenuation control, 0 to -3V. GEM Microwave’s ATT8G32 is ideal in systems where an analog
DC control signal must control RF signal levels over a 30dB amplitude range. Applications
include AGC circuits and temperature compensation of multiple gain stages in microwave point-

to-point and VSAT radios.

Electrical Specifications, T, =25°C, 50 Ohm

Parameter Unit | Minimum | Typical | Maximum

Insertion Loss DC - 8GHz dB 1.5 25
Attenuation Range DC - 8GHz dB 27 32
Return Loss DC —-8GHz dB 5 10
Switching Characteristics tRISE, tFALL (10/90% RF) ns

tON, tOFF (50% CTL to 10/90% RF) ns
Input Power for 0.25dB Compression Min. Atten. dBm
(0.5 -8GH?z) Atten. >2dB dBm
Input Third Order Intercept (0.5 — 8GHz) Min. Atten. | dBm 25
(Two-tone Input Power = -8dBm Each Tone) Atten >2dB dBm 10
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Insertion Loss vs. Temperature Relative Attenuation
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Relative Attenuation vs.

Relative Phase Control Voltage @ 8 GHz
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*Two-tone input power = -8 dBm each tone, 1 MHz spacing.
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Absolute Maximum Ratings

Parameter

Absolute Maximum

RF Input Power

18dBm

Control Voltage

+1.0to =5.0V DC

Operating Temperature

-40 °C to +85 °C

Storage Temperature

-55 °C to +100 °C

ATT8G32

Handling Procedures
Gallium Arsenide Integrated Circuits are sensitive to electrostatic discharge (ESD) and can be damaged
by static electricity. Proper ESD control techniques should be used when handling these devices.

Mechanical Specifications

Parameter Unit
RF Connectors SMA female
Control Connectors Solder Pins
PCB Material R0O4350
Dimensions mm 45x 36 x 8
Weight Kg 0.01

PCB Footprint

00000000000
0000000000_°
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Circuit Description

A voltage variable attenuator is preferable over a digital attenuator in many applications since it has
continuously variable attenuation. In order to maintain a flat gain response over a wide bandwidth it is
important to maintain a good 50 Q match between the VVA and IF amplifier. Many VVA’s suffer from poor
VSWR as their attenuation is varied since the resistive values of the attenuator may no longer present the
optimum input impedance. In order to address this problem, the ATT8G32 has incorporated an integrated
reference circuit, which in conjunction with an off-chip OpAmp circuit, automatically adjusts the attenuator
for optimum impedance while maintaining its’ attenuation value. The ATT8G32 is comprised of three major
sections (as shown in Figure 1), two of which are on-chip and the third off-chip. The two on-chip sections
are the RF attenuator (Section I) and reference attenuator (Section Il). Naturally, the RF attenuator is used
to apply loss to the RF signal where the reference attenuator is used in conjunction with the off-chip
control circuitry (Section lll) to establish an optimum impedance point. In addition, the off-chip control
circuitry provides a single control line interface for the VVA. Each section will be described individually
beginning with the RF attenuator.

SECTION |
RF Attenuator

SECTION lil
Off Chip Impedance Control

SECTION II
Reference Impedance

Figure 1 — ATT8G32 Variable Voltage Attenuator with off-chip impedance control
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Section | — RF Attenuator

The RF attenuator is based on a traditional resistive “T” topology where the FET’s are used as series and
shunt resistors. The schematic shown in Figure 1 is simplified and does not include all of the circuit detalils.
50Q resistors are placed in parallel with the series FET’s to improve match at the higher attenuation
states. This resistance is required since during the high attenuation states the series FET’s are essentially
open (or capacitive) while the shunt FET’s are essentially shorts (or small resistance) to ground.

Section Il - Internal Reference Circuit

The attenuator circuit as depicted in Figure 1 requires two control lines to maintain a 50 Q impedance
match at the input and the output over the full attenuation range. Maintaining this 50 Q match requires a
specific complementary relationship between V1 and V2. The on-chip reference circuit is used with the off-
chip OpAmp circuit to determine and set the V2 voltage in order to maintain a 50 Q match. This reference
attenuator is depicted in “Section II” of Figure 1 and below in Figure 2.

500

500
2 ;i E 500

A A A 500
| VA V2

Figure 2 — Schematic of the on-chip reference attenuator circuit

The reference attenuator has the same “T” topology as the RF attenuator with the exception that the
resistors parallel to the series FET’s are 500 Q instead of 50 Q and the characteristic impedance of the
reference attenuator is 500 Q. This 10:1 ratio will allow for the external impedance circuit to
simultaneously adjust the impedance of both the RF and reference attenuators. For example, if 0V is
applied to the series FET in the RF attenuator the channel resistance will be 7.7 Q , which corresponds to
77 Q with the same voltage applied to the series FET on the reference attenuator. The off-chip impedance
control circuit continually adjusts the V2 voltage maintaining 500 Q characteristic impedance at the input of
the reference attenuator. Because of the 10:1 relationship, the RF attenuator will be maintained at 50 Q.
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Section lll - Off-chip Impedance Control Circuit

The reference attenuator used with the external OpAmp circuit provides a single-line voltage control as
well as the return loss tracking for the RF attenuator circuit. The external OpAmp circuit depicted in
Figure 3 forms a control loop with the reference attenuator and adjusts control voltage V2 such that the
impedance seen looking into port | is always adjusted to 500 Q for any given V1 value. The input to the
non-inverting terminal ( Vger ) consists of a voltage divider that is made up of a 500 Q resistor to ground

and a 3.9 kQ resistor to a -5V reference voltage. The inverting input sees a voltage (VI) divider consisting
of a 3.9 kQ resistor to the same -5V reference voltage and the reference attenuator. The output of the
OpAmp is equal to:

V2=-A-(V,= Vaee) (1)
where:
A = Open Loop Gain (V/V)
V, = Voltage at the | port (V)
Vaer = Non-inverting input voltage (V)

The OpAmp control loop forces V, to track Vg by forcing V2 to a voltage that sets the reference
attenuator impedance looking into port | to 500 Q.

| V2 V1

AN N N

D1N4148

K

j A
3.92k I I CTL

W
3.92k -

Vrer - THS4031

1

T

T 500

T+ ]

—

Figure 3 — Schematic of the external OpAmp circuit
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Normal operation of the VVA requires that the gates of the FET’s are not positively biased. For this reason
a diode is placed at the output feeding back to the inverting input of the OpAmp. If the output voltage of
the OpAmp attempts to swing positive, the diode will turn on and feed a positive voltage back into the
inverting input. From equation (1) it can be seen that with a positive voltage in the inverting input the
subsequent output will become negative.

Due to the presence of the diode, the resistor values chosen in the divider network are crucial. Since the
reference attenuator impedance is 500 Q the resistance R3 from the non-inverting input to ground must
also be 500 Q. The resistors R1 and R2 in the voltage divider should be chosen to allow the output V2 to
get as close to zero as possible. With a 3.9 kQ resistor, the voltages at the inputs of the OpAmp are about
-0.56V. This allows the output to reach OV prior to the diode turning on. If the resistors were set lower, to
1 kQ for example, the voltage at the input of the OpAmp and the anode of the diode would be about -1.7V
causing the diode to turn on when the output of the OpAmp was around —0.9V. Since the diode would
prevent the output from going below —0.9V the full range of the attenuator could not be achieved.

1 0
0 Respohse when R1 ] : '
and R2 equal o 3.92k Loop generated V2

-1 A |--- ....... e
S E V1 Appll|ed
2 ° .
N -2 3 .

S T T 3
T e -2 [ N 2 fE s i VA
-4 ....E.ReshonseWhenW _____
*and R2 equal to 1.0k ! . ' .
5 - - - - -3
5 -45 -4 35 -3 25 -2 -15 -1 -05 O 0 5 10 15 20 25 30
V1 (V) Attenuation (dB)
Figure 4 — Output OpAmp voltage V2 Figure 5 — V1 and V2 vs. attenuation

vs. Control voltage V1

Inspection of Figure 5 reveals how the VVA operates with varying control voltage. At 0dB attenuation V1 is
at its maximum and V2 is at its minimum, at which point the series FET’s are on and the shunt FET is off.
The combined series resistance of the two series FET’s is 14 Q, which results in a return loss of 18dB and
insertion loss just over 1dB. At 30dB attenuation, V2 is maximum, which turns on the shunt FET. However,
V1’s voltage is at its minimum value, turning the series FET’s off. Since the series FET’s present high
impedance, the predominant impedance is the parallel 50 Q resistor, which is in series with the shunt FET
to ground resulting in an optimal return loss. It is important to note that the control circuit adjusts the RF
attenuator impedance to 50 Q at DC. Therefore, the match at higher frequencies will ultimately degrade
due to reactive parasitics. The operational amplifier used is the Texas Instruments THS4031. This OpAmp
was selected for its speed and low noise performance. However, an alternative amplifier could be the
lower cost TL343 also from Texas Instruments.
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Control Line Ripple and Noise

Since a voltage applied to the control line varies the amplitude of the RF signal, a VVA acts as an
amplitude modulator. Therefore, any ripple on the control line will result in AM sidebands on the RF output.
An amplitude modulated signal consists of a carrier signal and two side band signals located above and
below the carrier frequency. Multiple sidebands can appear at the output depending on the number and
amplitude of unwanted signal(s) appearing on the control line of the VVA. An amplitude modulated signal
m(t), can be written as:

m(t)=k, - A, -cos(@nf, -t) (2

where k, is a constant and A, is the amplitude of the modulating signal. If the above signal is applied to
the control line V1 of the attenuator then the output signal can be represented by:

S(t)=A, -[1+m(t)]-coslen-f,) (3)

After substituting equation (2) into equation (3) and applying the appropriate trigonometric identities,
equation (3) can be expressed as:

S(f)=A, -cos(2n - fc)+%-u -A, -cos[2n(f, - f)- t]+%-u “A, -cos2n(f, +f )-t] (4)

where n=k, - A, . Figure 6 shows a plot of attenuation vs. control voltage V1. As depicted in the plot,
K = dA

2= qv1 (lj which is the amplitude sensitivity to the control voltage V1.
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¥
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-3 -2.5 -2 -1.5 -1 -0.5 0
V1 (V)
Figure 6 — Attenuation versus control voltage

The slope of the line varies from 0V to —2.5V with the slope reaching a maximum between V1=-2.25V and
V1=-2.5V.
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From equation (4) the voltage amplitude of the sideband is equal to V :%u - A, which is a function of

the amplitude sensitivity k,, implying that the sideband will be at a maxima when k, is maximum. The
average power delivered to a 50 Q load is determined by:

Py = W) ()

2-50
Substituting the side band voltage V into equation (5) results in the following equation:

Py uepang = 30 +10 -10g(0.0025 - u2 - A2} (dBm) (6)

where:

dA

=——- A V/V
h=yq A (V/Vv)

A, = The amplitude (peak) of the input signal (V)
A, = The amplitude (peak) of the modulating signal (V)

Equation (6) can be used to calculate the power level of the sideband for given amplitude of ripple applied
to the V1 control line on ATT8G32 attenuator.

EXAMPLE:

A modulating signal with amplitude of 5 mVp-p at a frequency of 100 kHz is applied to the control voltage
input V1. The DC voltage on V1 is set to the following values: V1= 0,-2.125,-2.357,-2.470,-2.559,-2.633,-
2.687 and an RF signal of 1 GHz and amplitude of 0.1 Vp-p is applied to the input of the attenuator. The
side band power is measured and compared to the calculated values for each value of V1.

In order to calculate the values for k, an equation is curve fitted to the data in Figure 6. Figure 7 shows
the plotted data from —-2.125V to -3V and the polynomial that is used to determine k,. A similar
polynomial is determined for the data from 0V to —2.125V.

The derivative of the polynomial fit function in Figure 7 is taken and multiplied by the peak voltage of the
modulating signal (0.0025V) resulting in an equation for the modulation index p which is a function of V1.
The calculated values of the modulation index (p) and the amplitude of the input carrier A, are substituted

into equation (6) and the sideband power calculated.

Figure 8 is a comparison between the measured and calculated power of the sideband, which is produced
when a 100kHz signal with an amplitude 5mVp-p is applied to the V1 control line. Also plotted in Figure 8
is the normalized modulation index u/y’, which is the modulation index normalized to the minimum value
(). From the figure it can be seen that the maximum sideband level occurs at a control voltage V1 of
approximately —2.3V, where the modulation index is at its maximum.
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Figure 7 — Attenuation vs. V1 with Figure 8 — Sideband power and normalized
polynomial curve fit modulation index versus control voltage V1

The equation gives a conservative estimate of the sideband levels with closer agreement occurring at the
worstcase sideband levels. The difference between the calculated and measured is primarily due to the
omission of the effects of the control loop in the calculation. Including the effects of the control loop is
beyond the scope of this product note and therefore was omitted.

Switching Speed

The ATT8G32 has a fast turn on time of 8 nSec and a rise/fall time of 2 nSec. However, when controlled
by the off-chip impedance control circuit, these times will increase due to the slew rate of the operational
amplifier, and circuit time constants. For example, the THS4031 operational amplifier has a slew rate of
80 V/uS when operating at 5V. From previous analysis it was shown that the output of the amplifier is
required to swing from —2.7V to —0.39V when switching from 0dB of attenuation to 30dB attenuation. In
order to achieve this swing the operational amplifier will require 36nS, which will add to the total switching
time of the attenuator. Therefore, for applications requiring fast switching the selection of a high-speed
operational amplifier along with careful board design is critical.

Conclusion

The ATT8G32, with its on-chip reference attenuator, is a versatile voltage variable attenuator that may be
implemented in a variety of gain control applications. Depending on the application, the attenuator may be
used with or without the off-chip impedance control circuit. When using the off-chip impedance control
circuit special care must be taken in choosing the proper component values to ensure proper operation
over the entire dynamic range. Also, because the ATT8G32 is essentially an AM modulator, filtering of the
control line may be required to minimize AM noise and spurs at the output of the attenuator.
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