RF & MICROWAVE
VARIABLE ATTENUATORS
DC - 18.0 GHz

GENERAL INFORMATION

Microwave Coaxial Ferrite Attenuators

A variable attenuator placed between asignal source and a
load can be used to control the signal power transmitted to the
load. The power transmitted to theload can be varied manually
or electronically from nearly the full power of the sourceto as
little a millionth of a percent of the source power (-80 dB)
depending on the frequency of operation.

Merrimac coaxial variable attenuators are two-port devices
ideally suitable for adjusting power delivered to loadsthrough
RF coaxial transmission paths. Merrimac’ scatalog microwave
attenuator units normally employ ridged or coaxial transmis-
sion lines wherein the electro-magnetic field surrounding the
center conductor is loaded by vanes of ferrite or other lossy
elements. Therelativedegreeof intrusion of thelossy elements
is correlated with a calibrated dial or other measurement
device. Thus, overall attenuation may beinferred by the angu-
lar position of a shaft relative to a given index mark.

The penetration of thelossy materialsinto the electro-mag-
netic field dissipates RF energy in direct proportiona to the
extent of immersion of the materia into the field. The lossy
vanes are mounted to a graphite carrier block which provides
both a thermal path to conduct the heat generated within the
vanesto the outer shell of the attenuator and adry [ubricant for
the adjustable vane assembly. Figure 1 illustrates the basic

concept.
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Figure 1. Ferrite Attenuator Design

Merrimac offers abroad assortment of variable attenuators
for various bandwidths, attenuation levels, dissipation capaci-
ties, mechanical drives and packages for frequencies between
DC and 18.0 GHz.

ATTENUATORS

Four standard drive mechanisms serve most system and
instrumentation needs:

1) Micrometer drive suitable for calibration require-

ments,

2) Non-trandating screw or knob drive engraved in dB

for precision attenuation measurements;

3) Turns counting dial or knob drive suitable for calibra-

tion;

4)) Accurate dial drive engraved in dB for precision at-

tenuation measurements.

Special Attenuator Requirements

Many variable attenuator microwave applications require
performance optimized to provide precision performance
across specific narrow bandwidths. Merrimac variable attenu-
ators normally provide superior performance over narrow
bandwidths as may be seen in the performance characteristic
graphsincluded in this catal og.

Catal og items can be modified or specially tuned to provide
higher attenuation levels, flatter response, lower insertion loss
and VSWR according to the application’s specia require-
ments. Call for details and typical curves for a particular
frequency band.

Specially designed items requiring miniaturization, differ-
ent connectors, drivesand mounting featuresarealso available
on special order.

Variable Attenuators Below 500 MHz

Merrimac attenuators below 500 MHz include those with
manual knob or dotted screw adjustments and electronically
controlled units with either digital or analog control.

Compensated Bridged Tee Network Attenuators

Compensated bridged tee network attenuators are continu-
oudly variable attenuators utilizing compensated bridged tee
networksto vary signal power asillustrated in Figure 2. These
well matched, conservatively rated devices are designed for
DC to VHF in the manually variable models (AR, ARM and
ARS series) and HF to UHF in electronic type (ARE series).
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Figure 2.

Compensated Bridged Tee Design

Frequency Limitations

The highest usable frequency for a manually adjustable
attenuator depends primarily on how much impedance mis-
match istolerable. As signal frequency increases, wavelength
decreases. As wavelength decreases, the fixed, finite dimen-
sionsof theattenuator’ scircuit el ementsbecomeprogressively
larger in proportion to the wavelength.

As aresult, the ratio of capacitive to inductive reactance
changes with increasing frequency thus altering the imped-
ance. This, in turn, leadsto an impedance mismatch that tends
to increase with frequency. At some point the mismatch will
become unacceptable and that point defines the unit’s highest
usable frequency.

The highest usable frequency for electronically controlled
attenuators is principally determined by the junction capaci-
tance of the series diode. The smaller the physical size of the
diode, the lower the capacitance and the higher the frequency
at whichit will beuseful. However, with decreasing size comes
decreased heat dissipation capacity. Thus, there is a tradeoff
between upper frequency bound and power handling capacity.

Thelow frequency limit of electronically controlled attenu-
ators is determined by the de-coupling chokes. Flatness may
thusbeimproved by bandwidth reduction or by usingasmaller
diode junction. Although attenuation flatness (with varying
frequency) isnot normally specified, unitssel ected or designed
for aflatness of 1 dB, for example, can be obtained on special
order.

Quadrature Hybrid Based Attenuators

Quadrature hybrid based attenuators are manually control-
led attenuators used for narrowband leveling and control ap-
plications. The chief advantages of this design approach are
flat attenuation and minimal phase shift variations. This ap-
proach uses a quadrature hybrid linked to a pair of variable,
tracking resistors, as shown in Figure 3.

Changing the resistance values alters the mismatch. This
modifies the response from *‘complete’” absorption to **com-
plete” reflection of the input signal. Thus, the output level is
varied by approximately 20 dB while maintaining a good
match at both the input and output.
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Figure 3. Quadrature Hybrid based Design

An additional benefit of thisapproachisthat the bandwidth
limitation is about 25% due to the quadrature hybrid. High
frequency operation islimited by stray capacitance and asym-
metriesin the variable element. Responseflatnessisafunction
of the band pass characteristics of the quadrature hybrid and
may be improved by using a broadband unit.

Electronically Variable Attenuators

Electronically variable attenuators are continuously vari-
able attenuators used for applications requiring automatic sig-
nal leveling and control, amplitude modulation, remote signal
control, etc. Thesimplest realizationisabalanced mixer circuit
in which the diodes are biased over the linear portion of their
characteristic curve. The disadvantage of this approach is that
the impedance ‘‘seen’”” by the signal source changes with the
bias.

A quadrature hybrid as shown in Figure 4 may be used to
eliminate this problem at the cost of decreased bandwidth.
With the configuration shown, modifying the bias or control
current through the pair of tracking diodes causesvariationsin
their RF impedances changing from *‘complete’” absorptionto
““complete’” reflection of an incident RF signal.
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Figure 4. Quadrature Hybrid Design Attenuator

Theoverall performance of these designsdependscritically
on the precise tracking of the series and shunt variable ele-
ments. The low frequency limit is set by the values of the
coupling capacitors, the core material s used for the decoupling
chokes and the diode junctions. The high frequency limit is
determined by stray capacitance and inductance, diode junc-
tion capacitance and resonancesinthedecoupling chokes. This
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type of attenuator (AEF and AFF series) can be supplied at
frequencies from audio to microwave.

Digital Attenuators

The standard catalog AD series digital attenuators are
switched pad attenuators designed to be driven directly by
TTL. They accept straight binary input and produce monotoni-
caly increasing RF attenuation. Diode switches are used to
route the signal through the appropriate resistive pads. For
applications requiring attenuation of signals that include DC,
relays are subgtituted for the diode switches at the cost of
reduced switching speed. When isolation from switching tran-
sientsisarequirement, itisimportant to cancel out their effects
using quadrature hybrid switch sections or a similar balanced
approach. Many such digital switchesare available and can be
supplied on specia order.

Parameter Definitions

Attenuation Range - The difference in dB between the
maximum and minimum obtainable attenuation. The mini-
mum obtainable attenuation is normally the basic insertion
loss.

Attenuation Flatness - The difference in dB between
minimum and maximum attenuation at a given attenuation
setting over the specified frequency range at ambient tempera-
ture (unless otherwise specified).

An attenuation flatness specification of 0.5 dB or 5%
(whichever is greater) is typical for a0 to 30 dB model. This
means that when set at 10 dB, the maximum attenuation
variation is 0.5 dB over the frequency range. However, when
the same unit is set at 30 dB, the attenuation variation can be
as high as 5% of the level s, i.e, 1.5 dB.

Insertion Loss - Thelossin dB of the attenuator when set
at the minimum attenuation position.

VSWR - TheV SWR at either port at any attenuation setting
with the other port terminated with a perfectly matched load.

Calibration Accuracy - The maximum deviation in dB
between attenuation obtained and that shown by the unit's
attenuation indicator assuming zero setting error. In a step
attenuator, for example, if the selector were set to 10 dB and
actua attenuation provided was 10.1 dB at one frequency and
9.9 dB at another, the calibration accuracy would be +0.1 dB.
In a continuoudly variable attenuator with an analog type
indicator, the assumptionisthat thedial isset “‘exactly” to the
attenuation desired; an ideal condition which excludes the
additive error effects of “‘precision” and resetability.

Resetability - The difference in dB between a desired
attenuation setting and that actually obtained. This is con-
trasted with ** calibration accuracy” as defined above. Reseta

bility is a measure of precision in the mechanical apparatus
used to adjust the attenuator. In a step attenuator, mechanical
detents provide digital increments and perfect resetability re-
sults. In continuously variable, attenuators provided with ana-
log type indicators such as micrometers or verniers,
resetability depends on factors such asbacklashin gearing and
““mechanical hysteresis.”” In general, the more turns of a mi-
crometer it requires to cover the entire attenuation range, the
better isthe resolution on small deviations and the better isthe
resetability.

Here is an example of how to determine resetability. As-
sume an attenuator is equipped with a micrometer which
provides 100 turns from end to end of the attenuation range.
Assumefurther that each turn of themicrometer isdivided into
50 increments. Finally, assume that because of gear clearance
and other factors that the attenuation does not change until the
micrometer ismoved onetenth of oneof thoseincrements. The
resultant resetability would therefore be 1/100 x 1/50 x 1/10 =
1/50,000. In this exampl e the resetability would be 0.002%. In
the case of a micrometer-equipped attenuator, the resetability
isusually much better than the calibration accuracy because of
the resolution provided.

In an electronically controlled attenuator, resetability de-
pends on the resolution of the device that adjusts the control
current.

Power - The capacity of the attenuator in wattsto pass CW
power through it under matched load conditions.

Reliability

Merrimac variable attenuators have been designed in ac-
cordwithMIL-A-24215A. Certain model shavebeen qualified
to this military specification.

MTBF calculationsperformedin accord with MIL-HDBK-
217B can be provided for reliability estimates. Merrimac has
provided the highest reliability components possible consis-
tent with catalog-based items. Models have quality factors
monitored to MIL-1-45208A or MIL-Q-9858A Quality Con-
trol Level as may be required by your application.

For higher levels of reliability, Merrimac can provide at-
tenuators with Hi-Rel connectors at additional cost. Other
environmental services such as high temperature exposure
(bake), burnin, vibration, etc. are available.

Calibration Data

All variable attenuators driven with micrometer or turns
counting dial drives can be calibrated at specified frequencies
upon request.
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To order calibrated models, the center operating frequency
must be specified when ordering. The maximum anticipated
operating attenuation level at that frequency must also be
specified. A calibration chart showing attenuation versus mi-
crometer or turns dial setting will accompany the attenuator
when shipped.

Merrimac standard catalog models are calibrated at the
attenuation increments shown in Table 1.

Table 1
Standard Catalog Attenuator Calibration
Increments
Unit Attenuation Range In dB
0-20 0-40 0-50 0-60 0-80

1 1 1 1 1

2 2 2 2 2

3 3 3 3 3

4 4 4 4 4

5 5 5 5 5
10 10 10 10 10
15 15 15 15 20
20 20 20 20 30
25 25 30 40
30 30 40 50
35 40 50 60
40 50 60 70
80

Attenuation Ranges (dB)

Contact Merrimac if other attenuation increments are re-
quired. Calibrated models with dials permanently engraved in
dB are also available.

Panel Mounting Provisions

In addition to the attenuators shown in this catalog that are
expressly designed for panel mounting, Merrimac can supply
most of its attenuators with provision and hardware for panel
mounting. Inquire at the factory regarding availability of spe-
cia units custom designed for your application.

The miniature screw dot drive models and certain screw
driven, non trandating models are available as optional panel

mountable and non-panel mountable styles. They are essen-
tially identical except that the necessary mounting hardware,
as illustrated in each panel mountable outline drawing, is

ATTENUATORS

provided with the panel mountable models.

All knob driven models and turns counting dial models are
panel mountable and are delivered with the necessary mount-
ing hardware.
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