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li”“‘”llo function of a phase tnvariant attenu-
ator is to change the amplitude in the

_,i:l_ processing of a microwave signal with

minimal impact to the phase char: acteristic.

The theory of operation is that when a sig-
nal reaches its maximum attenuation, it has a
bi-phase characteristic and returns to insertion
loss with an equal and opposite characteristic.
Therefore, the input signal is divided into two
equal signals with each processed through a
variable attenuator and then combined at the
output. As a result, each signal, one pro-
grammed from the 0° phase state and one
programmed from the 180° phase state, will
cancel the errors of each other. In effect, it is
two attenuators that perform a task while pro-
viding compensations to improve the overall
performance. Cascading multiple phase in-
variant attenuators improves phase and ampli-
tude characteristics, as well as increases dy-
namic attenuation range.

Simply stated, if one were to imagine a polar
chart with these types of attenuators, one at 0°
and one at 180° and then calibrate them to si-
multaneously reach the center, they would can-
cel each other’s errors and virtually remain con-
stant in phase and amplitude variations vs. fre-
quency while changing attenuation values.

PHASE INVARIANT
ATTENUATORS

The key component is a 3 dB, 90° quadra-
ture hybrid. The imput signal is processed by
the first hybrid. It equally divides the ampli-
tude and the two signals are isolated. Two hy-
brids are used as variable thtenuat()ls cach
controls the magnitude and is capable of a 180°
phase shift. fhc final hybrid combines the sig-
nals at the output.

In the RF design of a phase invariant atten-
uator, the prelerred media is microstrip. Tra-
ditional hybrids are designed in stripline.
Whether incorporating a stuphne hybrid as
part of the circuit or as a discrete component
similar to hybrids for microstrip configura-
tions, the result is that the microwave hclds of
propagation are excited. This creates a discon-
tinuity within the transinission line of the de-
vice. Techniques can be employed to mini-
mize the discontinuity, but with multiple port
hybrids this event occurs directly or indireotly
To this end, changing media alters {ringing
fields, thus cr edtmu advmsc ffects and de
grading performance.

In a very natural progression, hybrids in mi-
crostrip were developed to eliminate the dis-
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A Fig. 1 A single-section altenuator’s
independent 0° and 180° states.
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A Lig. 2 Combined states of cascaded
attenuator sections.

continuities. This complements the
design. Tn a stripline hybrid, tuning is
performed between measurements
because the hybrid’s circuitry is not
accessible. Microstrip hybrids allow
access to the circuitry while being
measured. This provides for a more
precise tuning capability. The tech-
nique yields an overall improvement
in both optimization and perfor-
mance. Broadband hybrids exhibit a
3:1 bandwidth with an amplitude bal-
ance of £0.5 dB, a phase balance of
+9° an isolation of 25 dB min and an
SWR of 1.3 max.

With the transmission problems
eliminated by using a true microstrip
configuration for the entire mi-
crowave circuit topology, there were
other design considerations that were
incorporated. The choice of a diode
was an important design considera-
tion. Using chip diodes with a ribbon
lead in a shunt configuration has its
drawbacks. In a high frequency
broadband application, the induc-
tance of ribbon leads adversely af-
fects the attenuation and phase. A
beam lead diode installed using a
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F\ Fig. 3 A broadband phase invariant attenuator with 32 dB of dynamic range.

proprietary technique reduces the se-
ries inductance and provides a signifi-
cant improvement in perfbrmance.

To minimize adverse effects from
biasing, the biasing networks are locat-
ed as far as possible from the direct sig-
nal paths. In addition, the line length
between adjacent hybrids is zero {or
optimal broadband performance.

Even with the improvement in the
microwave performance, it is the con-
trol circuitry that provides the absolute
accuracy for the overall device. The
control section of the phase invariant
attenuator is designed as two indepen-
dent 0° and 180° drivers with digital or
linearized voltage controlled inputs.

The 8-bit digital model has 256
monotonic steps. The optimal perfor-
mance values are stored in the dri-
ver’s electronically erasable program-
mable read-only memory (EEP-
ROM) ready to be commanded from
the digital control input. This is ac-
complished by using a computer with
I/O and IEEE controller cards, a pro-
prietary program and a vector net-
work analyzer. The computer sets the
external control input for the desived
attenuation then ramps the driver’s
4X of resolution using an internal
coutrol input. While ramping the dri-
vers, the vector network analyzer
measures each step and sends the
data to the computer via the IEEE

bus. The optimal performance is
mathematically caleulated by the
computer and the driver's EEPROMs
are programmed accordingly.

Typical performance achieved us-
ing the described techniques is
shown in Figures 1, 2 and 3 for a
single-section attenuator, cascaded at-
tenuator sections and a broadband
phase mvariant attenuator with 32 dB
of dynamic range.

This technology is applicable to a
variety of products, which include bi-
phase shift keying, quadrature phase
shift keying and vector modulators,
and phase shifters. Models are of-
fered with options that include digital
control with up to 64K of resolution,
linearization or any desired control
input slope characteristic, narrow-
band optimized performance, tem-
perature compensation, video filter-
ing and sub-assembly integration.

With the new millenuium upon us,
modulation techniques will require
technology to demand a new genera-
tion of components. They will require
improved performance at lower cost.
The phase invariant attenuators pro-
vide tomorrow’s capability today.
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