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Hybrid Couplers

Coherent power division was first accomplished by
means of simple Tee Junctions. At microwave
frequencies, wave-guide tees have two possible forms
— the H-Plane or the E-Plane tee. These two junctions
split power equally, but because of the different field
configurations at the junction, the electric fields at the
output arms are in-phase for the H-Plane tee and are
antiphase for the E-Plane tee. The combination of
these two tees to form a hybrid tee allowed the
realization of a four-port component which could
perform the vector sum (Z) and difference (A) of two
coherent microwave signals (A and B). This device is,
of course, the magic tee.

Figure 1 - Tee Junctions
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Components which perform the same function as the
Magic Tee have been realized in many different forms
in balanced, coaxial and strip transmission line
configurations. Also, lumped component devices which
make use of a center-tapped transformer have been
built at frequencies up to 1 GHz. (See Figure 2.) The
frequency limitation in this device is principally due to
the decline of the scalar permeability and the increase
in loss of ferrite materials at microwave frequencies.

The distributed versions bear little or no physical
resemblance to the waveguide hybrid, but are stili
sometimes referred to as Hybrids. The Rat Race is an
example of a TEM version of the waveguide Magic Tee.

Figure 2 - Distributed Version Of Magic Tee
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Figure 3 - TEM Version Of Magic Tee
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Another device which is also called a hybrid is a
Branch-Line Hybrid. This device, however, differs from
the Magic Tee and the Rat Race in that the output
signals are 4-90° relative to each other instead of 0°
and 180°. To differentiate between these two types of
devices, one is called a 180° Hybrid, and the other a
90° Hybrid.

Figure 4 - Branch Line Hybrid
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There are many technigues for reaiizing both
quadrature and 180° hybrids in stripline, however, the
most versatile versions from a point of view of both
performance and bandwidth make use of the backward
wave 3 dB coupler. The simplest version of this device
is the single section coupler which allows octave
bandwidth coverage. The device can easily be
designed to cover decade bandwidths and this will be
discussed later.

Anaren’

What'll we think of next?°®

USA/Canada: 5315 432-8909

Toll Free: 800) 411-6596
Europe: +44 2392-232392
Asia: +86-512-62876400



Quadrature (90°) Hybrid

A cross-section and top-view of a backward wave
coupler is shown in Figure 5. This consists of a pair of
printed lines in close proximity sandwiched between
two common ground planes. Analyses of this device
may be found elsewhere, meanwhile we will employ an
extremely simplified description of operation.

If the length £ of the coupled section is very small
compared to a wavelength, we can ignore propagation
effects and assume that the device is simply a pair of
loops whose extremities are terminated in 50 ohm to
ground. Because of proximity, the loops are coupled
both inductively and capacitively.

Figure 5 - Cross-Section And Top View of Backward
Wave Coupler.
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Referring to Figure 6, a generator at port 1 will drive a
current to ground through port 4. in addition, an
inductively coupled current (Lenz’s Law) will circulate
the coupled loop in the opposite direction as shown.
This inductively coupled current will create a potential
difference across the 50 ohm terminations at ports 2
and 3 with opposite polarities as shown.

Figure 6 - lllustrating the Coupling Mechanism.
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Meanwhile, a capacitive voltage is picked up on the
coupled loop owing to the capacitive coupling at the
coupled section. This voltage drives a current through
the terminations at ports 2 and 3 and creates potential
differences across these terminations which have the
same polarity.

If we design the device so that the capacitively induced
current is equal in magnitude to the inductively induced
current, then the voltages across port 2 will cancel
each other, while the voltages at port 3 are additive.

This device is a reciprocal 4-port network and can be
represented graphically as shown in Figure 7. Note
that, for convenience in circuit design, the coupled lines
are made to crossover at one extremity. Figure 7

Figure 7 - Signal Relationships in a Properly
Terminated 3 dB, 90° Hybrid
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An input signal applied to any port {port 1, for example)
will divide equally to the two opposite ports (3 and 4)
with port 2 remaining isolated. The voltage at port 4
lags the voltage at port 3 by 90°. This phase
quadrature relationship is independent of frequency and
is the unique property which makes the 90° coupler so
versatile.

The power spiit, however, is frequency sensitive. The
frequency characteristics of a backward wave coupler
are most easily described by means of a coupling angle
6. This angle is a function of the propogation constant,
the width and proximity of the coupled iines and the
electrical length of the coupled section. The coupling
angle 6 varies almost sinusoidally with frequency as:

0 = Ope sin 2w d/00

The maximum coupling angle thus occurs when the
coupler length is an odd multiple of quarter
wavelengths. 6 max depends only on the cross-
sectional geometry.

If a signal of strength one volt is applied to one port of
the coupler, then the signals appearing at the dc and
the coupled (ac) ports are respectively, (ignoring a
slight dispersion):

Vg = cos § e #t?
and
Voouples = | Sin 0 e

If the coupler geometry is arranged such that & max
= 45°, then at the frequency where the coupler length
is a quarter wavelength, the output voltages are:

Vg = 1/y/2volts » ¢ - 90°
and
Vcoup(ed = 1/4/2 volts / (12

This is, of course, a 3 dB coupler.

{1) This is an approximate expression. The exact expression is:
, 1 .
8 = tan ' [V2 (Z'0e —377) sin B
PAPY
This introduces a term 2’ called “normalized even-mode impedance”. The use of even

and odd mode excitation to facilitate the analysis of a four-port coupler is discussed in an
internal Anaren Technical Note “Coupled Lines — Hybrids”. Copies of this note can be

As noted earlier, the power split is frequency sensitive.
As frequency increases and the length £ becomes an
appreciable fraction of a wavelength, the coupled
voltage varies approximately sinusoidally with frequency
as shown in Figure 8. The coupied voltage reaches a
maximum when the length £ is a multiple of odd quarter
wavelengths, and is zero at multiples of half
wavelengths. The dc coupled voltage varies
approximately cosinusoidally.

Figure 8 - Amplitude Variation of Coupled Voltages
with Frequency
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Note in Figure 8 the coupler power split is exactly 3 dB
only at band center. When an octave bandwidth must
be covered with minimum deviation from a 3 dB
coupling value, the coupler geometry is adjusted to
make 6 = 45 1 2 degrees. This gives -3 dB + 0.3
dB of coupling to the output ports. This is a theoretical
value and actual practice may result in a maximum of
-3 dB #4 0.5 dB due to manufacturing and material
yields and tolerances.

Typical output characteristics of an octave band, 3 dB,
90° hybrid are shown in Figure 9.

Figure 9 - Typical Output Characteristics Octave
Band, 3 dB, 90° Hybrid.
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To achieve bandwidths greater than octave, we add
3rd, 5th, 7th, etc., harmonics in the form of extensions
shown in Figure 10 and with a form of Fourier synthesis
we can achieve quadrature hybrids with decade
bandwidths where the power split is within 1 0.5 dB
and the differential phase-shift between the output
voltages is 90°. This technique can also be used to
reduce the amplitude imbalance of an octave
bandwidth hybrid. Adding more sections, however, adds
directly to the insertion loss; for some applications, e.g.
balanced transistor amplifiers, benefits gained by the
reduction of amplitude imbalance may be negated by
this increased insertion loss.

s REACTIVELY COUPLED (AC) PORT.

Figure 10 - lllustrating Bandwidth Increase by
Adding Loosely Coupled Harmonic
Sections.
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Common couplers have coupling values of 3 dB, 6 dB,
10 dB and 20 dB. The last three devices are normally
called directional couplers. The first device is usually
called a 3 dB quadrature coupler, or simply 3 dB
coupler.

Performance characteristics of 3 dB, 90° hybrids (3 dB
couplers) deserve some discussion.

Frequency Coverage

Most designs make use of the single-section coupler
which aliows octave band coverage. Multi-octave
designs are usually 3 or 5 section devices which are
larger and generally have poorer isolation and VSWR
specifications. Anaren provides hybrids to cover the
frequency ranges from 30 MHz to 18 GHz in octave and
multi-octave bands.

Isolation

Coupler isolation is defined as the difference in dB
between the signal levels at the input port and the
isolated port when the two output ports (0° and -90°)
are terminated in 50 ohm loads. Since the coupler is a
reciprocal device, isolation can also be defined as the
signal level difference in dB between the 0° and -90°
ports (using one as an input) when the other two ports
are terminated in 50 ohm loads.

Theoretically, the backward wave hybrid has perfect
isolation independent of frequency. In reality, isolation is
limited primarily by turn-to-turn coupling between
coupled lines in the meander-line technique. (The
meander-line technique does not reduce the physical
length of the coupled line but it significantly improves
the form factor: 35 inches of coupled line can be
meandered in a 2.1 by 2.0 inch package!) As the
meander becomes tighter the turn-to-turn coupling
causes forward-wave coupling. This not only limits the
maximum isolation but also makes the isolation
frequency dependent.

When meandering is not a limiting factor on isolation
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the VSWR at the output connectors may become so. If
the combined VSWR of the stripline/connector
fransitions and their terminations is not perfect, some
energy will be reflected and focused to the isolated port
{a VSWR of 1.22 at the output ports would result in an
isolation measurement of only 20 dB even if the
coupler were a truly “perfect” device). The tendency for
measured isolation to degrade at the high frequency
end of an octave-band hybrid is usually due to the
combined effects of increased forward-wave coupling
and the poorer VSWR at the output.

YSWR

The input and output impedance match of the coupler
is a function of the coupled section and the input/
output lines. An additional factor is the quality of the
stripline/connector transition.

The effect of VSWR on isolation has previously been
discussed. VSWR, like isolation, is also theoretically
independent of frequency and dependent upon
minimizing the effects of forward-wave coupling. Some
internal impedance compensation is possible where the
coupled and uncoupled lines interface but tends 1o be
effective over less then octave bandwidths.

Tight manufacturing controls and computer-aided
designs assure typical VSWR specifications of 1.10 for
tests made with proper test instrumentation.

Amplitude Balance

Amplitude Balance is defined as the difference (in dB)
of the signals at the 0° port output and the -90° port
output, when compared to the average output level.

Another term sometimes used for Amplitude Balance is
“Coupling Frequency Sensitivity”. This terminology
emphasizes the frequency dependent character of the
coupled power from both the 0° and -90° output ports.
As noted earlier the amplitude of the coupled voltage
varies almost sinusoidally with frequency, reaching a
maximum when the electrical length of the coupled
section is an odd number of quarter wavelengths.

Because the amplitude of the coupled voltage “rolls-
off” each side of band center it is sometimes possible
to use a standard 3 dB hybrid to quickly and/or
economically obtain a specific coupling value at some
lower, or higher, frequency of interest.

Phase Balance

The output ports of a backward wave coupler
theoretically remain in phase quadrature independent of
frequency. The same factors that affect isolation
(forward-wave coupling and poor VSWR at the
connector interface) also can degrade phase balance
and make it frequency sensitive. The phase balance is
not as sensitive to the degrading factors however and a
typical phase balance specification of + 1.0°
approaches the limits of resolution, accuracy and
repeatability for most phase measurement schemes.

insertion Loss

Coupler insertion loss is defined as the net
unrecoverable power (in dB) based on one-way
transmission through the coupler.

The insertion loss is dependent upon several factors
and can be considered 1o be the sum of several losses.
The first of these is the 1°R loss due to the copper
conductor resistance. The lost energy is dissipated as
heat.

The second loss is dependent on the degree of maich
obtained at the coupler inputs and outputs. Any
departure from the optimum match will result in a loss
of signal delivered to the coupler and a subsequent
loss of available signal to the output loads. A VSWR of
1.20 at the input and output ports will result in a
mismatch loss of approximately .09 dB.

The third loss is in the form of directivity losses. A
perfect coupler would focus all the input power to the
two output poris and none would show up at the
isolated port. If the measured isolation of the coupler is
20 dB the directivity is equal 1o 17 dB (Directivity =
isolation minus coupling loss). 17 dB directivity results
in .085 dB of the input power not being directed to the
output ports.

Power Handling

Power handling capability of a 90° hybrid coupler
decreases with increasing signal frequency. For
example, a standard coupler handling 220 watts at 440
MHz could be expected to handle 160 watts at 880
MHz.
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Figure 11 - Power Handling vs. Signal Frequency for
Anaren 90° Caseless Couplers
Output Configurations

To provide the maximum flexibility for installing the
hybrids in a system Anaren offers miniature hybrids with
two choices of output port configurations: Standard and
H-Style.

Applications of the 3 dB, 90° Hybrid

Because of the 90° relative phase difference in the
output signals, the 3 dB, 90° hybrid is used extensively
in many microwave applications.

If the output ports (3, 4) of the 3 dB hybrid in Figure 7
are short-circuited to ground, then power into port 1 is
reflected to port 2. In fact, if ports 3 and 4 are
terminated with any identical components, then any
reflections from these components will appear at port
2. This simple behavicr allows us to obtain an apparent
input match to badly mismatched components.

Figure 12 - 3 dB, 90° Hybrid Terminated with
Reflection Coefficients, p

Let us examine this behaviour in more detail using
Figure 12. Let p be a complex voltage reflection
coefficient:

p = pe’
where
p = magnitude of the complex voltage
reflection coefficient
6 = phase angle of the complex voltage

reflection coefficient

With ports 3 and 4 terminated with voltage reflection
coefficients p, and p, respectively, and a signal applied
to port 1, the reflection coefficient at Port 1 is:

Yo(ps - )54)
and at Port 2:

Vo(ps + Pa)
If the output reflection coefficients are equal (0; = p.)
then the input port is perfectly matched. This is true
even for such drastic output conditions as open or
short circuits.

This characteristic of directing reflected energy away
from the input port to the normally isolated port applies
not just for open or short circuit output ports but for any
equal impedance terminations. This simple behavior
provides a very low input VSWR to badly mismatched
but similar components. These features are used in
balanced transistor amplifiers, tunnel diode
transmission line amplifiers, phase shifters, and
balanced detectors and balanced mixers, to name a
few.

Two identical tunnel diode amplifiers (TDA) connected
to the coupler, as shown in Fig. 13, form a transmission
line amplifier.

Figure 13 = TDA Transmission Line Amplifier

A manually controlled phase-shifter can be obtained by
using variable L-C networks as shown in Fig. 14. The
insertion phase (from input to output) varies as C is
varied but the input match is maintained.

Figure 14 - Manual Phase Shifter

An electronically controlied phase shifter is obtained by
replacing the manually variable capacitors of Fig. 14
with the bias-variable varactor diodes of Fig. 15.

Figure 15 - Electronic Phase Shifter

VARAGTOR

A single-bit, electronic time delay or phase shift is
obtained by means of a coupler and two PIN SPST
switches, as shown in Fig. 16.

Figure 16 - Single-Bit Phase Shifter

A manually controlled attenuator with good input maich
is shown in Figure 17. A pair of variable, tracking
resistors controls the amount of input signal absorbed
or reflected. This varies the attenuation level from
minimum to maximum.

Figure 17 - Manual Attenuator

An electronically controlled, matched attenuator is
obtained by replacing the variable resistors with PIN
diodes and associated bias networks. Varying the PIN
diode bias current controls the diode RF inpedance,
thereby controlling the attenuation level. Fig. 18
illustrates the technique.
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Figure 18 - Electronic Attenuator
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A matched detector is obtained by using a pair of
similar detector diodes as shown in Fig. 19.

Figure 19 - Balanced Detector
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If two 3 dB, 90° hybrids are connected in tandem, the
resulting four-port network displays some additional
interesting properties. This occurs because two
couplers connected back-to-back behave like a single
coupler with a coupling angle equal to the sum of the
two individual coupling angles.

If each of the two couplers have maximum coupling
angles of 45° (3 dB couplers) the combined coupling
angle is 90° (a 0 dB coupler). This allows a simple
biasing input to active RF components because it
provides a crossover at the RF frequency but a
straight-through path at dc, as shown in Fig. 20.

Figure 20 - Separation of RF and Bias Inputs
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When octave bandwidth 3 dB couplers are used in the
tandem network of Fig. 21, the circuit can be used to
separate even and odd harmonics, to lossiessly
combine harmonic signals, or as a signal diplexer. See
page 90 for a detailed treatment of the diplexer
application.

Figure 21 - Signal Diplexer
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When two identical two-port devices are placed
between two 3 dB, 90° hybrids, a new matched two-
port network is obtained which retains the cross-
scattering coefficients.

Figure 22 - Use of 3 dB, 90° Hybrids to Obtain a
Matched Two-Port Devices by
Paralleling Identical Devices.
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The input signal divides equally in the first hybrid as
usual, but the second hybrid now acts as a summing
tee network and all the original signal (expect for circuit
losses) appears at only one output port of the second
hybrid. The other output port is isolated.

When any two circuit components (transistors, for
example) have complex voltage transmission
coefficients T, and Tp (and reflection coefficients p,, Pg)
are placed between two hybrids, the voltage
transmission of the complete network is: Y2 (T, + Tg)

Figure 23 - Balanced Ampilifier
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(The voltage 2 (T,~ T) is absorbed in the termination
of the isolated output port).

When the transmission coefficients are identical (T, =
Tg) then none of the fransmitted signal is lost to the
isolated port and all appears at the output. When the
input reflection coefficients (D, ps) are identical the
input hybrid sums all the reflected voltage, V2 (pa +
Ds), to the termination at the isolated input port.

The new network of Fig. 23 is a balanced amplifier
having low input VSWR and output power twice that a
single transistor.

Replacing the transistors of Fig. 23 with PIN diode
attenuator modules, where the reflection and
transmission coefficients are varied by the use of dc
bias, results in a series of useful electronically
controlled devices. (A PIN diode acis as a variable RF
resistance, the RF resistance being controlled by a bias
current).

Analog control of the bias inputs of Fig. 24 resulis in a
matched, variable attenuator also useful as an
amplitude modulator. Digital bias results in a matched
on-off switch or pulse modulator.

Figure 24 - Matched Analog/Digital Attenuator/
Switch
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Using the reflected energy results in a single-pole,
double-throw (SPDT) switch:

Figure 25 - Matched SPDT Switch

O F ATTEN. . 3
RF INPUT 7 MODULE] I'e
— d |
]
RF OUTPUT 1 O BIAS i =
& - — i -
J
P

3
ORF INPUT 2
<

RF OQUTPUT 2
e

It
|
i
I
|
) 4

3

ORF INPUT 2
e

e o e

RF QUTPUT
i

Anaren 3 dB, 90° hybrids are also used as the RF and
IF building blocks for more complex devices; balanced
mixers, balanced (bi-phase)} modulators, double-
sideband and single-sideband modulators, image-
rejection mixers, quadraphase and vector modulators,
frequency and phase discriminators and a variety of
adaptive networks. More details on these devices can
be found by consulting the overall contents in the front
of the catalog.

3 dB, 180° Hybrids

Many signal processing applications also make use of
the 3 dB, 180° hybrid as well as the 90° hybrid. The
waveguide “magic tee” and the stripline/microstrip
“rat-race”configuration are narrow-band examples of
the 180° hybrid. This device is similar to the 90° hybrid
in most respects except that the output voltages are
either in-phase or anti-phase, depending on which input
port is used.

To convert a 90° hybrid to a 180° hybrid a fixed 90°
phase shift is required at one of the outputs as shown
in Figure 28. This is achieved, over octave bandwidths,
by using a Schiffman® phase-shifter which is simply a
dispersive transmission line inserted in one output of a
guadrature hybrid.

Figure 28 ~ 180° dB Hybrid
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The 180° hybrid shown in Figure 28 is non-reciprocal.
180° phase difference between outputs 3 and 4 occurs
only when the differnce (A) port is excited. The outputs
are in-phase when the sum (Z) port is driven.

The simple addition of a 90° phase-shift results in a
considerable difference in characteristics of the 180°
hybrid as compared to the 90° hybrid. These are best
illustrated when the ouiput ports are terminated with
devices having like reflection coefficients.

In Figure 29 we see that the reflected energy comes
out at the isolated port for a 90° coupler (Figure 29a)
and the input port of a 180° hybrid (29c).

Figure 29 - Reflective Properties of 90° and 180°
Hybrid with Even and Odd Reflection
Coefficients
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If the reflection coefficient of one of the mismaiches
were changed by 180°, the situation would be reversed.
That is, the reflected energy would come out the input
port of a 90° coupler (29b) and out the isolated port of
a 180° coupler (29d). These properties are fundamental
to devices such as absorptive PIN modulaiors,
balanced modulators, single sideband modulaators and
image rejection mixers.

MSchiffman, D.M., “A New Class of Broadband Microwave 90 Degree Phase Shifters,” IRE
TRANS. ON MICROWAVE THEORY AND TECHNIQUES, Vol. MTT-6, pp. 232-237, April,
1958.
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Applications of the 3 dB, 180° Hybrid

The 3 dB, 180° hybrid is used in many of the same
applications as the 90° hybrid. If a power split is
required the 180° hybrid has the option of providing
in-phase or anti-phase outputs. This property finds use
in polarization schemes for antenna feeds and beam-
forming networks. In many cases it is the reflective
properties that make the 180° hybrid useful. A balanced
mixer can be constructed by utilizing two mixer diodes
and either a 90° or 180° hybrid. If a 90° hybrid is used,
both the LO and RF would see a relatively good match,
but the LO to RF isolation would be poor. In the case of
a 180° hybrid, the VSWR of the LO and RF is poor, but
the LO to RF isolation is greatly improved over that
obtained by means of the 80° coupler balanced mixer
(like reflection coefficients in Figure 29c).

Figure 30 - 180° Balanced Mixer with Good LO/RF
Isolation, Poor VSWR
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Figure 31 illustrates the use of Anaren’s hybrid couplers
to produce a circular polarization antenna feed network.
the network will generate both right hand (RHC) and
left hand (LHC) circular polarization depending on
which input to the 90° hybrid is chosen as the feed
input.

The relative phasing of the output ports versus the
excited input port is shown below.

Qutput Using Using
Port Input 1 Input 2
B 0° 90°
C 90° 0°
A 180° 270°
D 270° 180°

Figure 31 - Circular Polarization Network, LHC, RHC,
Using Anaren Hybrids

3dB, 180° HYBRID

A balanced modulator can be constructed by placing
two mixer diodes with reverse polarity behind a 180°
hybrid, and combining the IF in a tee as shown in
Figure 32. (The same circuit as Fig. 30.) The incident
RF would see like reflection coefficients at the diodes
and reflect back to the input port. The biasing signal in
the IF port produces opposite polarity reflection
coefficients at the sum and difference frequencies and
the modulated signals appear at the remaining port.
The amount of carrier suppression depends on the
quality of the 180° coupler and the similarity between
the diodes. Octave bandwidth carrier suppression of 10
dB and narrow bandwidth suppression of 25 dB are
typical.

Figure 32 - 180° Balanced Modulator with Good
Carrier Suppression, Poor VSWR
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Monopulse tracking systems obtain tracking information
by fixed (rather than scanning) beams. A typical two-
dimensional system utilizes four primary antennas
grouped around the feed point as shown in Figure 33.
The feed network consists of four, 3 dB, 180° hybrids.

Figure 33 - Monopulse Tracking System
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The received energy is focused to either the sum or
difference port of a 180° hybrid, depending on the
phase relationship of the received RF signal. From the
input ports (A, B and C, D) of the hybrids, in-phase RF
energy combines at the Sum (Z) ports and out-of-
phase energy at the Delta (A) ports. These sum and
difference outputs are further combined to provide
elevation (and azimuth) differential patterns. These
patterns are zero (nulled) along boresight, and
maximum on either side of boresight. The tracking error
signal is produced by comparing the sum signal to each
of the differential patterns. When the received signal is
on boresight, the azimuth and elevation difference
information is at a null and the sum information is at a
peak output level. As the received signal deviates from
boresight, the sum channel output level decreases as
either (or both) difference channel outputs increase.
Thus the relative level of the outputs determines the
target location.

Directional Couplers

The directional coupler provides a simple, convenient
means for monitoring or sampling RF energy. Because
it can sample transmission line power by a known
amount, accurate measurements can be made without
system interruption. The directional coupler can also
monitor system operating frequency, provide a signal
sample for automatic leveling and frequency control
loops and provide indications of reflected power on the
transmission line.

Coupling Values

Anaren provides standard coupling values of 6, 10, 20
and 30 dB. The choice of coupling value normally
depends on the power levels involved. For example, if
the coupler is used to monitor mainline power the
coupling value would be selected to provide sufficient
power to the monitoring device for proper operation. It
must also be remembered that any coupler reduces
power fiowing in the main line by the amount coupled
off: a 6 dB coupling value reduces the main line power
output by 1.25 dB, while a 20 dB coupler reduces it by
only .044 dB.

Directivity

Directivity indicates the degree to which the coupled
port is isolated from the main line load. Open or short
circuiting the output port of a directional coupler having
20 dB directivity would affect the coupled output power
by only about 1%. High directivity is especially
important if the coupler is being used to measure
VSWR of a test device on the output port.

Insertion Loss

Low insertion loss is desirable because it means there
is more power available to the rest of the system.
Insertion loss increases with increasing frequency and

system. Any coupled port mismatch is isolated from the
main line input by the amount of coupling and from the
main line output by the coupling and directivity.

Bandwidth

Selecting a coupler with broad bandwidth involves
some tradeoffs. Broad frequency coverage is usually
accompanied by reduced coupling accuracy, reduced
directivity, increased VSWR, increased frequency
sensitivity, increased insertion loss and larger size.
When a choice is available, it is better to specify the
narrowest bandwidth possible.

Power Handling

Power ratings for Anaren’s directional couplers are
specified for CW power, in both the forward and reverse
directions. The ratings for the “in-line” style of couplers
takes into account the possibilities of an open or short
circuit output load which would refiect the transmitted
load power back to the coupler’s internal termination.
Since some of these terminations will dissipate only
300 mW at 95°C the 6 dB couplers are rated at 1 Watt
max reverse power. The H-style couplers have isolated
ports that are available for external terminations.
Greater reverse power can therefore be handied
dependent on the power rating of the external
termination actuaily used.

input/QOutput Configurations

Anaren offers two input/output port configurations
which are referred to as In-Line and H-Style,
Representatives of each style are shown in Figure 34
and 35. Two styles provide optimum flexibility for
solving system packaging problems.

Figure 34 - In-Line Directional Coupler
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Figure 35 - H-Style Directional Coupler
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Although both in-phase (Wilkinson) and quadrature
(90°) hybrid couplers may be used for coherent power
divider/combiner applications, fundamental differences
exist making each more suitable for specific
applications. The following note discusses the technical
properties of these devices.

Basic N-Way Power Dividers
Figure 1 - Basic Power Divider
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An n-way power divider is shown in Fig. 1. The device
has a single input port and n output ports. Ideally, input
power would be divided equally between the output
ports. The output phase relationship wouid depend
upon the construction of the device. If the device were
an in-phase divider, the output ports would be in phase.
in a quadrature hybrid divider, the output ports would
have a 90° (muitiple of 90°) phase relationship.

Using Dividers As Combiners

These devices, either quadrature hybrid or in-phase
dividers, can be used as coherent combiners as well as
dividers providing the reciprocity of the device is
understood. For lossless recombination, the same
amplitude and phase relationships which exist at the
output of the device when used as a divider must drive
the n input ports of the device when used as a
combiner. A divider will iosslessly combine n input
signals providing they are of the proper input phase and
amplitude relationship. If this is not the case, power is
lost in the combiner.

In many applications coherent addition of signals is not
a requirement. An example of this is where n signals of
different frequencies are applied o a device with a
single output port (multiplexer). One wishes to see the
sum of the signals at the output. This may be
accomplished using hybrid or in-phase combiners
provided losses can be tolerated. Using an n-way
combiner in this manner, only 1/n of the input power
will appear at the output.

A four-way combiner used as a multiplexer is shown in
Fig. 2. Four signals at four different frequencies of unit
power level each are applied at the inputs. The output
is the sum of the four signals but each has Y4 unit of
power. The signals have been combined, but at the
expense of a loss in power. Lossless multi-plexing can
only be done with filter networks.

Figure 2 - 4-Way Combiner as a Multiplexer
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Quadrature (80°) Hybrid Power Dividers

Anaren Application Note, “90° Hybrids for Transistor
Power Amplifiers,” (P. 86) discusses the match and
transfer properties of quadrature hybrid couplers. The
conclusions drawn are that poorly matched devices
may be placed at the output ports of a hybrid divider
without deteriorating the input match to the divider. In a
sense, then, the hybrid divider acts like an isolator
provided the devices have nearly identical reflection
coefficients.

Four-way Divider

Figure 3 - 4-Way Quadrature Hybrid-Divider with
Reflection Coefficients, p
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The case for a four-way hybrid power divider is
illustrated by Fig. 3. The divider is terminated by four
devices having complex reflection coefficients, pi, p»,
Ds, and p,. An expression for the input reflection
coefficient of the divider is given by:

Pn = Ya(-Py + Po—Ps + Pa)
it can be seen thatif p, = P, = Ps = D4, then p,
= 0. The reflected power from the mismatch at the

output goes to the terminations, R,, R, and R; as can
be seen by the expression for the power to the loads:

Pgi = —%‘—’—(51 -+ 52)2
Pre = f;—"(—ﬁs + Pa)?
Pas = F0(Bi =Py + Ps— Pa)?

8

Note: Rs is the “isolated” termination for the input hybrid in the 4-way quadrature hybrid
divider.

O
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Power Handling

Another advantage of the guadrature hybrid divider is
power handling capability. The terminations may be
brought out of the device so that high power
terminations may be used (i.e., relatively largely heat-
sink or finned loads.). The stripline circuitry has a power
handling capability in excess of 200 watts CW. In any
given application, the power handiing is usually limited
by the loads. The table on page 86 gives expressions
for power dissipated in terminations for hybrid dividers
and combiners.

Amplitude Balance

The primary disadvantage of quadrature hybrid dividers
is power imbalance between output ports. The
imbalance which occurs for a four-way divider over an
octave bandwidth is shown in Fig. 4. As can be seen,
two ports track closely while the other two diverge at
the band edges and at the center of the band (fc).
Specifications for a four-way divider are usually +1 dB
for an octave bandwidth device. Better results, of
course, can be achieved over narrow bandwidths with
optimization of the divider.

Figure 4 - Typical Output Characteristics:
Octave Band 4-Way Quadrature Divider
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Phase Balance

A possible disadvantage of a quadrature hybrid divider
(for certain applications) is that the output ports are not
in phase. The ports have a 90° (or a multiple of 90°)
phase relationship which remains constant over octave
bands. Specifications for hybrid dividers are for the
relative phase variation from 90° (or multiple of 90°)
over the frequency range specified.

Binary Outputs

Quadrature dividers can only be constructed with a
binary number (2" of output ports (i.e. 2, 4, 8, 16). The
final section of this note discusses the construction of
n-way power dividers.

In-Phase {Wilkinson) Power Divider

The in-phase (Wilkinson) power divider has the
advantages of excellent output port amplitude balance
(over octave or wider bandwidths) and in-phase power
division. The power split and phase balance is
theoretically perfect and nearly ideal results can be
achieved in practice.

Power Handling

The chief disadvantage (for power applications) is that
the terminations cannot be brought out externally to the
device. A constraint on the internal terminations is that
the terminations must be much less than a wavelength
in any dimension. This constraint limits worst case
power handling of some devices to approximately 200
milliwatts. These are “fail safe” specifications. The final
power handling capability depends upon the external
terminations of the divider. As an example, a two-way
divider with terminations is illustrated having complex
reflection coefficients p, and p,. The power (P) lost in
the internal termination is given by:

P = Bemi-p
Figure 5 - 2-Way In-Phase Divider
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It can be seen that if the refiection coefficients are
nearly identical no power will be lost in the internal
termination. The worst case is for one reflection
coefficient to be 180° out of phase with the other. In
this case, all reflected power is dissipated in the
internal termination. A good example is if both terminals
areopen (p; = P, = 1.0)orshort (@ = p, = —1.0).
in this case no power is dissipated in the external
termination. If, however, one output port is open
circuited and the other short circuited, (B, = 1.0, p,

= -1.0) then all of the input power is dissipated in the
internal termination.

Figure 5a - Input Power (P,,) for 2-Way In-Phase
Power Dividers.
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Figure 5A is useful for determining the power handling
capabilities of the 2-way, in-phase power dividers of
Figure 5.
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Worst case phase (180°) is assumed for the external
terminations. Internal load dissipation of only 100 mW is
assumed (to provide a safety factor).

Example:

VSWR of 2.5:1 is expected at port 1 and 1.6:1 at port 2.
The graph shows that the 2-way, in-phase power divider
can accept approximately 0.92 W at the input port
under these conditions.

Input Match

Unlike the quadrature hybrid power divider, if the output
ports are loaded with devices of nearly identical
reflection coefficients, the input match degrades
according o the magnitude of the reflection
coefficients. This is seen by an expression for the input
reflection coefficient.

Ein =Y (1—71 + 52)

Uniike the quadrature hybrid divider, if the outputs are
open or short circuited, (o, = p, = 1.00orp, = P
= -1} the input reflection coefficient is unity.

N-Way Outputs

In-phase power dividers, like the quadrature hybrid
dividers are most easily constructed with a binary (2")
number of output ports. N-way dividers can be
constructed but are most easily done in cylindrical
geometries (more difficult from a construction point of
view) than the binary dividers which lend themselves to
planar geometries.

in-Phase Power Dividers as Power Combiners

The in-phase power divider may be used for combining

RF signals. There are two types of signal combining:

a) Coherent signal combining, where the signals have
exactly the same period or frequency, but not
necessarily the same amplitude or phase code.

b} Non-coherent signal combining, where the combined

signals do not have the same period, and may not
have the same amplitude.

Coherent Signal Combining

The output of a 2-way in-phase power divider (see
Figure 6) when used as a coherent signal combiner can
be determined by the following equation:

Vou = 7v21/ (Va + VyCos 6 )% + (V, Sin 6 )2
where V, and V, are coherent input voltages and 0 is
the phase difference between V, and V,.

Figure 6 - 2-Way Power Divider Used As Coherent
Signal Combiner
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Non-coherent Signal Combining

Combining two non-coherent signals will cause 3 dB
loss for each input signal in addition to the losses
normally incurred when the device is used as a power
divider. This is because the signals are asynchronous
and will not correlate. Therefore, the power divider
output will be '/+/, V,, for each input signal.

Quadrature and in-Phase Combinations

Both quadrature hybrid and in-phase power dividers
have common properties of good match at all ports and
high isolation between output ports. Devices may be
constructed using combinations of both types of power
dividers to gain the advantages of both. For example,
an eight-way divider can be constructed from in-phase
and quadrature hybrid dividers. Using this approach,
input match under matched load conditions can be
guaranteed and the divider would have better amplitude
balance than a device made up of quadrature hybrid
dividers alone.

In power applications (i.e. amplifiers), in-phase dividers
can be kept in the low power region of the device with
hybrids in the higher power region. Again, better
amplitude balance is obtained while maintaining the
advantage of good input match.

Finally, where output phase is not important, n-way
dividers, for odd division or even division other than 2",
may be done using any combination of quadrature
hybrid dividers, in-phase power dividers, and backward
wave couplers. In this manner, 3, 5, 6, .. . way dividers
have been constructed for particular applications.

Input Match
and Power
Relationships

The following tables have expressions for input
reflection coefficients, output power and power lost to
terminations for two-way and four-way quadrature hybrid
and in-phase combiner/dividers. The expressions are in
terms of reflection and transmission coefficients for
devices placed between the divider and combiner. From
these tables, one can also obtain data for dividers and
combiners and combiners taken by themselves.

For example, as dividers, one only need be concerned
with the reflection coefficients. As combiners, one can
start with the amplitude and phase at the input ports
which will give perfect combination. Then by
progressive perturbation of phase and amplitude at any
one of the ports, one can determine power output and
power lost to any one of the loads.

Two-Way Quadrature (90°) Hybrid Combiner—
Dividers
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p = Voitage Reflection Coefficients

T = Voltage Transmission Coefficients

90° Hybrids for
Transistor
Power Amplifiers

Recent advances in RF power transistors have made it
technically feasible and economic to replace tube-type
amplifiers with solid state power amplifiers. At this time,
power amplifiers operating at 1kW (CW) over the UHF
band 225-400 MHz are entirely feasible. The more
common power requirements in this frequency range,
however, are in the 10 W to 100 W range.

Design Problems

Design problems for wideband amplifiers center around
two main areas:

1) The higher the power rating of an RF transistor, the
lower and more complex is the input impedance. This

makes it difficult to maich the device successfully over
any bandwidth.

2) The cost and reproductibility of the transistor
increases non-linearly with the power rating. Increased
power handiing capability is usually achieved by dc
paralleling many low power stages on a single chip.
Maintaining an even power division over an increasingly
larger number of stages is both a difficult materials
problem and a fabrication feat. This increases the
probability that a few stages will be stressed beyond
capability, and the transistor is destroyed.
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Using the 3 dB, 90° Hybrid

Technigues for overcoming these difficulties have been
described by Benjamin 2 and others. These
technigues are based primarily on the use of
quadrature (90°) hybrids (3 dB couplers).

The 90° hybrid (Fig. 1) is a reciprocal four-port device
that behaves like a pair of matched tees with common
output ports, and isolated input ports (hybrid tee). The
two tees are different only in the relative phasing of the
voltages in the output ports. A signal into port 1 divides
equally between ports 3 and 4 and ideally, port 2 is
perfectly isolated. The voltage at port 4 lags the voltage
at port 3 by 90° (hence, the term quadrature).

Figure 1 - 3 dB, 90° Hybrid
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A signal into port 2 also divides equally between ports
3 and 4 with port 1 isolated, but in this case the voltage
at port 4 leads the voltage at port 3 by 90°. Since the
device is reciprocal, the same situation holds true when
ports 3 and 4 are used as the isolated input ports.

If ports 3 and 4 are terminated in mismatches with
voltage reflection coefficients p; ~ p,) respectively and
a signal is incident on port 1, then the voltage reflection
cofficient at port 1 is given by:

Yo (D3 — Pa)
and at port 2

Yo (s + Pa)
Thus, if port 2 is terminated in a matched load, the
hybrid behaves like a tee with an input reflection
coefficient half the difference between the reflection
coefficients of the output loads.

If the output reflection coefficients are equal (p; = p.),
then the input port is perfectly matched. Note that this
is true even for such drastic output conditions as open
or short circuits.

Thus, if the output ports are terminated in equal
mismatches the 90° hybrid behaves like a tee where
the reflected power never reaches the input port.

When any two circuit components (transistors, for
example) having complex voltage transmission
coefficients T, and T; (and reflection coefficients pa, ps)
are placed between two hybrids, the voltage
transmission of the complete network is: V2 (T, + T3)

(1) J. Benjamin, “RF Power Combinations Using Hybrid Junctions,” and “Broadband
Transistor Power Amplifier Concept,” ITT Semiconductors.

(2) J. Benjamin, “Use Hybrid Junctions for More VHF Power,” Electronic Design, August 1,
1968.

Figure 2 - Balanced Amplifier
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The voltage is 2 (T, — Tg) and is absorbed in the
termination of the isolated output port.

When the transmission coefficients are identical (T, =
Ts) then none of the transmitted signal is lost to the
isolated port and all appears at the output. When the
input reflection coefficients (pa, ps) are identical the
input hybrid sums all the reflected voltage 2 (Da + Ps)
to the termination at the isolated input port.

The new network of Figure 2 is a balanced amplifier
having low input VSWR and output power twice that of
a single transistor.

Wideband Power Amplifiers

Now let us consider scome of the problems of building a
wideband power amplifier. The RF transistors have low
complex input impedances and some attempt at
matching must be made to realize the gain potential. To
obtain flat gain response across the band, however, it is
not necessary to match the transistor completely
across the band. Since the maximum available gain
decreases with frequency (approximately 6 dB per
octave), the matching network can be chosen to
maximize the gain at the high frequency end of the
band and allow the mismatch to increase towards the
lower end of the band. The reflection coefficient of
such an amplifier can be as high as 0.8 at the lower
end of an octave band. However, combining two such
amplifiers by means of a pair of quadrature hybrids
allows the realization of a matched power ampilifier
module with a flat gain response.

Using this module as a building block, high power
octave bandwidth amplifiers can be constructed
(paralleling modules) by means of the same quadrature
hybrid technique.

In some instances, four or even eight modules could be
combined in the last power stage. To facilitate
construction and lower the cost, Anaren can provide
four-way combiner divider networks for selected bands.

Many power transistor manufacturers have developed
application information on this subject 4. The effects
of hybrid characteristics (phase and amplitude balance)
on balanced amplifier performance are discussed at
length on page 88.

(3) J. Johnson, et al., “Solid Circuits,” (Chapter 16), Application Book 2.2.8.0A
Communications Transistor Company, San Carlos, Calif.

(4) Application Notes AN-6010, AN-6118, AN-6126; RCA Solid State Division, Socmmerville,
N.J.

Effect of Hybrid Phase and
Amplitude Balance on Balanced

Amplifier Performance

90° Hybrids For Balanced Amplifiers

The Uitra-Miniature series of 3 dB, 90° hybrids is
specifically intended for installation directly in the
microstrip circuitry employed for most balanced
transistor amplifer designs. Thirty-four standard models
in 15 case styles cover the frequency ranges from 30
MHz to 6.0 GHz. The popular 225-400 MHz band is
covered by 4 standard case siyles.

A balanced transistor stage usually consists of two
electrically similar transistors whose inputs and outputs
are combined in 3 dB, 90° hybrid couplers. The
characteristics of the hybrids provide an amplifier
module with good impedance match at input and output
while simultaneously giving good phase and amplitude
characteristics. (Anaren Application Note, “90° Hybrids
for Transistor Power Amplifiers,” discusses the match
and transfer properties of quadrature hybrid couplers
more completely.)

Using a balanced amplifier module as a building block,
high power amplifiers can be constructed by paralleling
modules using the same quadrature hybrid technique.
Anaren offers 4 models of 4-way Combiner-Dividers
designed specifically for this application; these devices
use the same lightweight construction and microstrip
solder terminals as the Ultra-Miniature 90° hybrids.

Hybrid Phase and Amplitude Balance

The balanced ampilifier module provides good input and
output match. It also provides good power handling
ability (up to 1,000 W CW for specially constructed
units) because the terminated ports can be brought out
of the unit and high power terminations used. A
disadvantage of the module is the power imbalance
between coupled ports of the quadrature hybrids, which
results in some power lost at the output port. This is
not as serious a problem as it might first appear.

The effects of the amplitude and phase balance of the
hybrids on balanced amplifier performance can be
evaluated using Figure 1.

Figure 1 - Balanced Amplifier
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Let the input be V; = 1 volt and G, G, be the voltage
gains for the two transistors.

The output voltage can be shown to be:
Vout = Vout = e ™ 2[(G, + G,) sin 6 cos 0] (1)
Vin

Where: total insertion phase from input to output

¢ _
6 = coupling angle
Vin = 1

0 is a function of the length of the coupled section of
the hybrid, the propagation constant and the coupler
geomeitry. A narrow band hybrid that has exactly -3 dB
coupling to each output at midband has 6 = 45°.

Amplitude Performance of “Perfect” Hybrids
Evaluating equation (1) at midband for 6 = 45°:
Vout = e 1 2[G, + G,)(.707)(.707)]
= e VG, + G(5)] @
Assume Gy = G, = 1 for ease of computation:
equation (2) becomes
Vout = e ™ F[(2)(5)]
= e ™-2[1.00]
Letting ¢ = 0 (no phase imbalance):
Vout = e )

in other words, an amplifier module using “perfect”
hybrids (no phase or amplitude imbalance) delivers ali
its power to the output port and the output has a phase
of -90° relative to the input.

Amplitude Performance of Octave-Band Hybrids

A normal octave band hybrid is specified with a
maximum differential power split at its outputs of 1 dB
(amplitude balance of +0.5 dB) and could therefore
have a coupling angle 6 = 48.5°:

Evaluating equation (1) at midband for 6 = 48.5°.
Vout=e™3 [(G; + G,)(.749)(.663)]
=e ™3 [(G, + Gy .496] @)
Assuming Gy = G, = 1 equation (3) becomes
Vout = e 3 [(2) .496]
Letting ¢ = 0 (no phase imbalance)
V out = e 73 (.992)

V out = .992 of the input voliage (at a relative phase
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Therefore, a coupler imbalance of 0.5 dB results in a
power loss of only .07 dB at the amplifier output.

Note: Even if the amplitude balance was +1.0 dB, the
power loss would only be:

Vout=e 3 [(G, + Gy)(sin 51.5°)(cos 51.5°)]

2 (.782)(.623)
974
0.2 dB

Phase Performance of Hybrids

The power lost due to a phase imbalance of 3° (4-1.5°)
for each hybrid in the amplifier can most easily be
calculated by assuming that the imbalance is due to an
additional line length of 6° (let the couplers and
amplifiers be “perfect”). This assumes the phase errors
are adding up in a worst case fashion:

Then ¢ =180° + 6° = w + 6°
Vout=-e™ "3 [(1 + 1)(sin 45°)(cos 45°)]
= e 7=+ [(2)(.707)(.707)]
- e -i{96°) [1]
= (cos 96° — | sin 96°)[1]
= (-sin 6° - j cos 6°)[1]
V out = (~.1045 — j .995)

The output voltage vector at a relative phase of -90° is
now equal to .995 of the input.

Vout = -.04 dB

Hybrid phase imbalance of 2=1.5° (adding in worst
case fashion) results in a power loss of only .04 dB at
the amplifier output. Please note that the phase
imbalance of most Anaren hybrids is typically +-0.5°
and not the maximum spec of +1.5°.

[

Summary

Balanced transistor amplifiers using 3 dB hybrids
provide good input and output impedance match and
offer good power handling capability.

An ampilifier using “perfect” hybrids (no amplitude or
phase imbalance) will focus all the power to the output
port. Any amplitude or phase imbalance will cause
some power to be directed to the terminated port and
will result in power lost at the output port.

The effects of amplitude and phase imbalance for an
amplifier using octave band hybrids were examined.
Only 0.11 dB is lost to defocusing: about 0.07 dB for
amplitude imbalance and 0.04 dB for phase imbalance.

A closing comment: Better hybrid amplitude balance
could, in fact, be provided by using multi-section
hybrids. However, production tolerances would make it
impossible to economically provide octave-band
amplitude balance better than +0.2 dB. More
importantly, any amplifier performance improvement
due to better amplitude balance is usually nuliified by
the increased insertion loss of the multi-section hybrid.

Derivation of Output
Expressions
for 90° Hybrids

The general expression for any backward wave 90°
hybrid coupler with two inputs (a, b) is:

: —Oi (asin 6) ™9 4 (bcos 6) e

i

‘ N

,: (acos 8) e Jl v o + j(bsin 0) e—)(;5’1+ B
b

where: (54 + ) is the coupler insertion phase plus a
small dispersive phase error

and: B = propogation constant ()
£ = coupled length
¢ = smali phase dispersion error term
8 = coupling angle and a, b are voltages

The output expressions simplify if a is the only input
(b = 0):

-l 4o

a ,__Oj(asine)e

-l + o

s wm o s i

(acos 6 )e

Letting a = 1 (volt) and ignoring «:

Vcoupled = _l (Sln 9 ) e ~iﬁl
Ve = (cos 0 ) e ™

These expressions can be simplified even further at
midband where:

pL=T(l="

)
thene ™

=Ccos;-jsin; =0-j= -
and Veowes = | (sin 6 )(~j) = sin 6

Ve = (€0S 0 )(—j) = —j cos 6

If & = 45° (perfect 3 dB coupling)
Veoupies = 8iN 45° = 1/4/2

Vi = ~j c0s 45° = ~{//2
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Signal Diplexer
(“Crossover”)
Using 3 dB 90° Hybrids

When two 3 dB, 90° hybrids are connected in tandem, Figure 1 - Signal Diplexer (““‘Crossover”)
the the resulting four-port network (Fig. 1) displays

some interesting properties. This occurs because two

couplers connected back-to-back behave like a single

coupler with a coupling angle equal to the sum of the RF."DC” INg,, 7 1 HDCO_,W
two individual coupling angles. If each of the two i i

couplers have maximum coupling angles of 45° (3 dB j ; FFOUTy.

couplers) their combined coupling angle is 90° (a 0 dB
coupler). This device is useful as a diplexer and can be
used to separate low frequency signals (IF, video, dc)
from high frequency (RF) signals.

Figure 2 is a graph showing the attenuation response of
the network to signals of different frequencies. ® The
frequency scale is normalized to the hybrid’s band
center (fc = 1.0) to make the graph usable for all
tandem connected 3 dB,

A
398, >~  3dB. O
90°HYBRID  90° HYBRID

90° hybrids (having the same model number). The
attenuation scale is dB loss from the RF, “DC” input
(ignoring coupler insertion loss).

Figure 2 - Diplexer {“Crossover”) Response
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(1) The solid curves on Figure 2 show the response when using typical octave band devices. The dashed curve shows the response when using critically-coupled hybrids. i.e. devices that have 3
dB coupling only at band center. The difference in attenuation response characteristics between the octave and narrow-band devices is most evident when looking at the low frequency (“DC”)
path. The nulls in the attenuation response occur at points of exactly 3 dB coupling: band center (f¢) for the critically coupled hybrids and at the crossovers (.77f; & 1.23f) for the octave band
hybrid. Production variations that affect the crossover (3 dB) points will affect the position and depth of the nulls.
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Using the Graph Extended Band Coupling Data

Assume that a transmission line contains signals at 3

GHz and 60 MHz. Two 3 dB, 90° hybrids (Anaren i - i i
Model 10016-3) can be used to direct the low frequency fOI' S|ng|e Sectlon HYbI'IdS and
(60 MHz) signal to one output port and the 3 GHz H H
signal to the other output, as shown by Fig. 3. Dlrectlonal CouPIers
The coupled power from both the dc (mainline) and ac Example 1: A model 10016-3 hybrid is to be used at
Figure 3 - RF/IF Diplexer (coupled) ports of single-section 3 dB and directional 1200 MHz rather than its octave band design range of
couplers is frequency sensitive. The charts and 2-4 GHz. What are the coupling values at the 0° and
RE. IF IN()rl L OFour examples in this section are designed to provide out-of- -90° ports?
3GHz. 60 MHz ——p» 38R0 348, 000 ——> 60 MHz band coupling data for these devices. First; calculate f. for the 10016-3:
i MDY — 3GHz Figure 1 shows typical extended-band characteristics f—fo+fw 2GHz + 4GHz _ 5 51y,
(O ——QO rFOUT for an octave-band 3 dB, 90° hybrid. The frequency T 2 2 B
% scale is normalized to 1.0 at the coupler center Second; normalize 1200 MHz to f.: 1290 — 0.4
= frequency (fo). 3000
Third; read the coupling values from the two curves at
. fo = 0.4:
The normalized freq. of 1.0 (fc) on the chart ¢ : o _
corresponds to the hybrid center frequency (3.0 GHz 88?::29 z::sg 2§ ggu(‘_)_ggofoar)marT :1 ;g 32 dB
for the Model 10016-3). The chart shows that there is piing -
negligible loss between the RF, IF IN port and the RF Figure 1 - Extended Band Coupling Data For Octave Band 3 dB, 90° Hybrids
OUT port for the 3 GHz signal; the 60 MHz signal (a
normalized frequency of .02) is down approximately 24 50 1 1
dB at the RF OUT port. 0 T 1 R R A A R T
The 60 MHz signal exits at the “DC” port with | | ;
negligible loss while the 3 GHz signal is down ) S R - i
approximately 24 dB. (If the coupler was critically 30 : ‘
coupled, meaning it was designed for exactly 3 dB \ ; i 1 ]
coupling at band center, the rejection at the “DC” port : : : : : 1
to the 3 GHz signal would be infinite.) \ : /
The diplexer in the example just cited could be used for 2 . 3
increasing the LO/IF or RF/IF isolation of an S-band \:OUPLED ARMIOY) i /
mixer having a 60 MHz IF. If the mixer alone had 20 dB
LO/IF isolation, the diplexer would provide at least 24 |
dB additional rejection at any point in the 2-4 GHz &
octave. In addition, the LO and RF signals would be i3 \
terminated in a matched load and would not reflect § 10 y i
back into the IF port to cause additional intermodulation L 9 [ N\ v 4 i ’
problems. In this case, the diplexer performs as a low- g 8 \\ 4
loss, low-cost filter, matched at all frequencies. 7 \‘\ //
g — ;
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Figure 2 is similar to Figure 1 except that it details the
frequency response of the coupled arm only for
couplers of various coupling values.

fio + fui 2 GHz + 4 GHz
fo = -
2 2
Second; normalize 5 GHz to fc% = 1.666

= 3 GHz

Example 2: What is the expected roll-off at 5 GHz for a

Model 10616-6 directional coupler? Third; read the coupling value from the -6 dB curve at

fc + 1.666: approx. -10.2 dB
First: calculate f; for the 10616-6:

Figure 2 - Extended Band Coupling Data for Directional Couplers

50
40
N
4
30 \ /)
N 7
N N / 7
20 \ ~~ — /
\ B 20dB J—— /
\\ / / 4
N / '//
_ \\\ N - ///
> 10 \ AN ~~ — /
3 9 AN 10dB 7
a e
< N 7
> NS Z 7
[} N P
% 7 S P
a \ ‘\ /' /
8 6 i -t P
Q o 6dB —
g 5 T~ ! L~
'E' P 4.8dB R
o
z 4
3
2
OCTAVE BANDWIDTH >
(SINGLE SECTION DESIGN)
1
0 2 4 6 8 1.0 1.2 1.4 1.6 1.8 20

NORMALIZED CENTER FREQUENCY (f)

Anaren’s caseless couplers must be installed with the
label up for good case to ground plane contact.
Caseless couplers can be installed in microstrip or
stripline transmission media. Most units are designed
for circuits using .030 inch dielectric material. Note that
the ground plane mounting surface must be
counterbored to clear the eyelet protrusion on the
caseless coupler as shown in Figure 1.

Figure 1 - Basic Mounting, Side View

MOUNTING SCREW
& FLAT WASHER

EVELET—\

CENTER CONDUCTOR TAB

CONFORMAL
COATING

HYBRID

DIELECTRIC ;
TAPPED LOWER GROUND PLANE
{OR MOUNTING NUT)

This counterbore assures that the coupler is well
grounded to provide the exitremely low inductance
ground paths necessary for good high frequency
performance. It also promotes heat dissipation in high
power applications and ensures flush contact of the
coupler conductor tabs to the mating microstrip
conductors.

Figure 2 shows the use of a metal spacer to provide
good electrical ground contact the and flush tab
contact when the dielectric board is more than one-half
the hybrid thickness.

Figure 2 - Mounting with Spacer, Side View

MOUNTING SCREW
& FLAT WASHER
EYELET DIELECTRIC BOARD

CENTER
CONDUCTOR TAB

CONFORMAL
COATING

HYBRID

LT

METAL SPACER TAPPED LOWER GROUND PLANE
{AS REQUIRED) {OR MOUNTING NUT)

In normal installation, an area is cut-out of the dielectric
board to accommodate the coupler as shown in figure
3.

installation Details for
Caseless Couplers and
Combiner-Dividers

Figure 3 — Basic Mounting, Top View

MATING MICROSTRIP
CONDUCTORS

L
'o- -@-

F—

To permit proper iab alignment o the board’s microstrip
conductors, approximately .020 inch clearance is
allowed on each side of the coupier.

The clearance dimension “A” on the tab sides of the
coupler should be minimized to limit the inductance
caused by conductor tab spanning an air gap. An “A”
dimension of .020 inch is acceptable up to 150 MHz,
.010 inch up to 1 GHz and .005 inch up to 2 GHz.
Above 2 GHz this dimension becomes very critical and
every effort must be made to minimize it.

Screws are normally used to fasten the coupler to the
system ground plane. This ground plane may be tapped
or it may be drilled with clearance holes for a mounting
nut.

Conductor tabs may be attached to the microstrip
conductor by soldering, conductive epoxy, welding or
any other low contact resistance attaching method.

E
T
|

High Power Considerations

For use in application at or near their rated power,
Conformal coating on the tab to coupler interface is
required to eliminate arcing and voltage breakdown
caused by this sharp transition region. Conformal
coating the tabs also is required in high humidity and
high altitude application.

Heatsinking, other than normal mounting is not normally
required. However, when operating at high power, any
effort to improve heat dissipation will minimize the
insertion loss due to copper resistance increasing as
temperature increases.
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Mixers,Modulators

General

Mixers are used to convert a signal from one frequency
to another. This is done by combining the original RF
signal with a local oscillator signal (LO) in a non-linear
device such as a Schottky-barrier diode.

The diode output spectrum includes:

= the original inputs, LO and RF

e all higher order harmonics mLO and nRF (where m, n
are integers)

o the two primary sidebands, LO += RF (m, n = 1)

 all higher order products of mLO + nRF (where m, n
are integers)

e a dc output level

The desired output frequency, commonly called the
intermediate frequency (IF), can be either the lower
(LO-RF) or upper (LO + RF) sideband. When a mixer
is used as a down-convertor, the lower sideband is the
sideband of interest. (Unless specifically noted, we will
use the term “mixer” synonymously with down-
convertors.)

A microwave balanced mixer makes use of the 3 dB
hybrid to divide and recombine the RF and LO inputs to
two mixing diodes. The 3 dB hybrid can be either the
90° or 180° type. Each has certain advantages that will
be covered later. The critical requirement is that the LO
and RF signals be distributed uniformly (balanced) to
each mixer diode.

Figure 1 is a typical balanced mixer block diagram. The
mixer diodes are reversed relative to each other; the
desired frequency (IF) components of each diode are
then in-phase while the dc outputs are positive and
negative, respectively.

The two diode outputs are summed in a tee where the
dc terms cancel and only the desired IF component
exits at the IF port.

Mixer Types Compared

While Anaren’s 3 dB, 90° and 180° type mixers are in
widespread use and quite effective, Anaren also
supplies two other basic mixer types. These are the
double-balanced mixer and the Ortho-Quad®
(quadrature fed dual) mixer. None of the four mixer
types is optimum for all parameters. The relative
advantages and disadvantages of each type are
summarized in Table 1. Careful use of the table will
allow the selection of the optimum mixer type for a
particular application. A more detailed discussion of the
mixer parameters follows the table.

Figure 1 - Simplified Block Diagram of 3 dB Hybrid
Balanced Mixer
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NOTES:

Fair: partial rejection of LO/RF even harmonics

( 6) Harmonic Suppression: Poor: partial rejection of LO/RF even harmonics

+10 dBm LO power.

(1) 2-diode types require + 7 dBm LO power for best performance; 4-diode types require
(2) VSWR: Poor: 2.5:1 typ

(bias adjust will suppress some harmonics even further)

Good: can reject all LO even harmonics
Very Good: can reject all LO and RF even harmonics

( 7) Intercept Point: Typical third order intercept point is 6 to 9 dB above the LO power.

( 8) This intercept point can only be achieved by using the optimum load line biasing
technique (see page 000) and increasing the LO power to approximately -+ 23 dBm.

( 9) The IF bandwidth for the 73000 series of balanced mixers overlaps the RF range of the

Low 7 - 9 dB typ
Very Good: 25-30 dB typ

(4) LO/RF Isolation: Poor: 10 dB typ
Good: 20 dB typ

Good: 1.3:1 typ
(3) Conversion Loss: Lowest: 5 ~ 7 dB typ

units. Bandwidths from DC to 4 GHz are available.
(10) Image Focusing: defines where image signal energy is focused, LO port, RF port, or to
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internal termination. Where this image signal is focused can affect mixer performance in
phase and amplitude tracking systems. (See page 000 for additional information.)

(8) mxn Spurious Rejection: where |m - n|

mixer series 73120 and 74120, 180° balanced mixers are no longer
application section as part of the evaluation of the four basic mixer
types.

**Due to improved performance to be found in Anaren’s double-balanced
available as a separate line. However, they are discussed in this
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VSWR

The VSWR specifies the degree of impedance maich
between the mixer LO and RF ports and the 50 ohm
system in which it is used.

One of the most desirable characteristics of the 90°
hybrid mixer is its excellent VSWR over the full
performance range of the hybrid. When a signal is fed
into either input, any reflections from the similar mixer
diodes will combine at the other input, providing a low
VSWR at either port. The input reflection coefficient for
a 90° hybrid mixer having diode reflection coefficients,
ps, P2 is given by:

P (mixer, 90°) = b ;pz

If p, = p, (if the diodes are balanced), whatever their
value, the input remains matched.

If the mixer uses a 180° hybrid, any reflections from the
similar mixer diodes will be focused back to the input
port. Unless the diodes ook like a very good maich,
the input VSWR will be poor. The input reflection
coefficient for a 180° hybrid mixer having diode
reflection coefficients py, p, is given by:

P + P2
2

Diode impedance is a function of LO power; therefore
VSWR will be affected by LO drive level for this mixer.
If the diode impedances are equal, the input VSWR
equals the return loss for one diode.

An Ortho-Quad® mixer has the same good VSWR
characteristics as the 90° hybrid mixer since it uses 90°
hybrids as the coupling mechanism to the diodes.

A double-balanced mixer exhibits poor VSWR
characteristics. it uses 180° hybrids as the coupling
networks to its diodes and therefore depends on good
diode match to provide good input VSWR. in addition,
the LO VSWR is frequently degraded even further by
the necessity for extracting the IF signal from the LO
coupling network. VSWR’s of 3:1 or greater are not
uncommon for double-balanced mixers.

Low VSWR can be especially important if the mixers
are to be used in phase and amplitude tracking receiver
systems.!” The biggest cause of amplitude and phase
ripple in a tracking receiver system is the error paths
set up the mismatch of one component beating with
the mismatch of another component. Figure 2 shows
the phase and ampilitude ripple possible from two
mismatches on a 50 ohm line. Consider, for example,
the errors possible if an antenna and a mixer have &
mismatch. If a VSWR of 2.33:1 (p = 0.4) is assumed for
both components, Figure 2 shows it is possibie to have
peak-to-peak phase errors of 18.2 degrees and peak-to-
peak amplitude errors of 2.8 dB. When it is realized that
most microwave double-balanced mixers have a VSWR
of 3:1 or greater, the typical 1.4:1 VSWR advantage of
the Anaren 90° hybrid or Ortho-Quad® mixers becomes
apparent.

P (mixer, 180°) =

Figure 2- Amplitude and Phase Ripple Due to
Mismatch Errors.
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LO/RF Leakage

The LO/RF isolation is a measure of the LO leakage at
the RF port of the mixer.

The 90° hybrid mixer has poor isolation characteristics
because LO/RF isolation is dependent upon diode
match. Any LO energy not absorbed by the diodes is
directed to the RF port. The LO/RF isolation for a 90°
hybrid mixer having diode reflection coefficients py, p. is
given by:

2
i = 201 —
Isolation (dB) 0 logy ( 5 + P )
If the diode impedances are equal, the isolation equals
the return loss for one diode. Since diode impedance is
a function of LO power, the isolation will be sensitive to
LO drive.

A 180° hybrid mixer has good isolation characteristics;

dependent only on the diode balance regardless of

their impedance values. The LO/RF isolation for a 180°

hybrid mixer having diode reflection coefficients p,, p, is

given by:

S
p1= P2

LO power will not affect isolation if the diodes continue

to track each other.

The Ortho-Quad® will have good LO/RF isolation
regardless of LO power because a unique, patented
phasing network directs any unused LO energy to an
internal termination; it will never show up at the RF port
as LO/RF leakage. The good LO/RF isolation is
independent of LO power level. The Ortho-Quad® is the
only one of the four basic type mixers that will provide,
simultaneously, good VSWR and good isolation
regardless of LO drive level.

The double-balanced mixer has the same good LO/RF
isolation characteristics as the 180° hybrid balanced
mixer because is uses 180° hybrids as the coupling
networks to its diodes. As long as the diodes track
each other, the LO/RF isolation will be good and will
remain independent of LO power.

Isolation (dB) = 20 logyo (

For many receiving applications the amount of LO
power leaking out the RF port is important since it will
ultimately be reradiated out of the antennas. A biased
mixer can be very useful in such applications because
LO power and resultant reradiation can be significantly
lowered while still maintaining good conversion loss. In
fact, using biased 90° balanced mixers may actually
result in lower radiated energy from the antenna and
better overall performance than when using many
double-balanced mixers. Double-balanced mixers at
first would appear to offer better resulis because of
their higher LO/RF isolation specs, but the following
comparison will serve to illustrate why this may not be
the case:

BIASED 90° BALANCED MIXER
(Model 7H0118)

TYPICAL DOUBLE-BALANCED MIXER
(Same Frequency as Model 7H0118)

Conversion 8.0 dB max (0 dBm LO)  Conversion 9.0 dB max.
Loss: 8.5 dB max (-4 dBm LO) Loss:
LO Power: 0 dBm at 1.8 mA bias LO Power: + 10 dBm

-4 dBm at 1 mA bias {no bias option)

LO/RF 10 dB typical LO/RF Isolation: 17 dB typical*
isolation: {6 dB min)
LO Leakage at —-10 dBm (0 dBm LO) LO Leakage at -7 dBm
RF Port: ~14 dBm (-4 dBm LO)  RF Port: (+10 dBm LO)
LO, RF VSWR:  1.65 typ. LO, RFVSWR 3.0 typ

2.0 max. 4.0 max.”

*Many double-balanced mixers have no published worst case spec.

The Anaren 7H0118 radiated 7 dB /ess LO power at the
antenna terminal than the double-balanced mixer. This
improved leakage performance is even more impressive
when the rest of the specifications are examined. When
compared to the typical double-balanced mixer, the
Anaren biased, 90° hybrid mixer has:

1. Lower LO/RF leakage levels.

2. Equal or better conversion loss.

3. 10 to 14 dB /less LO drive required.
4. Much lower VSWR.

Conversion Loss and Noise Figure

Conversion loss and noise figure are two of the most
important and closely-related mixer parameters. The

primary requirement for a mixer is to provide maximum

IF output power with the minimum RF input power while
generating the least amount of noise. Minimum losses
in the RF, LO coupling networks, high quality Schottky-
barrier (hot carrier) coupling networks to the diodes,
broadband diode matching and optimum local oscillator
drive, all contribute to the good conversion loss and
low noise figure of Anaren’s mixers.

Conversion loss of the mixer is a measure of the power
at the IF frequency relative to the power at the RF input
frequency. It is a function of the mixer alone.

Mixer noise figure is commonly stated at a particular IF
frequency when measured in a system containing an IF
amplifier following the mixer. This IF amplifier
contributes to the measured noise figure. The mixer
diodes also can contribute a small amount of noise
energy to the noise figure. The measured noise figure
(NF,) in decibels is related to the mixer conversion loss
[Lc), the IF amplifier noise figure (Fg), and the mixer
diode noise-temperature ratio (T) by:

NF, = Lc + 10iogyw (Fe + T-1)

where L¢ is mixer conversion loss in dB &)
Fie is the noise factor {a numeric ratio)
of the IF amplifier
T is the effective diode noise-temperature ratio.

T can be as low as 0.85 for modern high-quality hot
carrier diodes but a more typical value is 1.0. The
relationship between measured noise figure and
conversion loss then simplifies to

NF, = Lo + NFg 2
where NF is IF preamplifier noise figure in dB.

When T = 1 the mixers’ single-sideband noise figure
is the same as its conversion loss. Equation (2) then
shows that the overall noise figure is obtained by
adding the noise figure of the IF preamplifier directly to
the mixer conversion loss.

It is instructive to observe what happens to the overall
noise figure when T = 0.85. By equation (1):

NFQ = LC + 10 ing (FIF + 0.85—1)
When NF is equal to 1.5 dB:

NF, Le + (1.413 - 0.15)
Le + 1.02dB

i

The combined preamplifier/diode noise contribution is
only 1.02 dB, 0.48 dB less than that produced by the
preamplifier alone.

All noise figure measurements relating to Anaren mixers
are based on single sideband operation using a 30 or
60 MHz iF preamplifier having a NF of 1.5 dB.

Bias Option

In many instances the optimum LO power is not
available for best conversion loss. The conversion loss
of an unbiased mixer degrades rapidly as the LO power
decreases. This is due chiefly to diode mismatch at the
RF and IF frequencies. The diode mismatch can be
minimized and the conversion loss dramatically
improved by biasing the diode with a dc current.

Anaren provides biased 90° hybrid mixers and biased
180° hybrid mixers as standard catalog items. Figure 3
is a block diagram for a2 90° biased mixer and Figure 4
shows how conversion loss and optimum bias current
typically vary with changing LO power. These biased
90° mixers use a single bias terminal with no internal
current limiting resistor.
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Figure 3 - Simplified Block Diagram of 90° Hybrid
Biased Mixer.
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Figure 4 - Conversion Loss and Bias Current versus
LO Power for 90° Hybrid Biased Mixer.
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The 180° hybrid biased mixers use two bias terminals
and most use internal current limiting resistors. Figure 5
is the block diagram for a 180° biased mixer. Figure 6
shows how conversion loss and optimum bias voltage
typically vary as the LO power is changed. Note that,
unlike the 90° biased mixer, bias voltage must be
applied at all times for proper operation of the 180°
biased mixer; even when normal LO power (+ 7 dBm)
is applied. This is because the only dc return for the
diode current is through the large (typically 3.3 K ohm)
internal current-limiting resistors.

Figure 5 - Simplified Block Diagram of 180° Hybrid
Biased Mixer

Figure 6 - Conversion Loss and Bias Current vs. LO
Power for 180° Hybrid Biased Mixer

T
&
2
2
g

OPTIMUM BIAS VOLTAGE o]

3
K
&
0
&
2 5
12

0

©

BIASED CONVERSION LOSS K4

VOLTAGE {2 V)

CONVERSION LOSS (48)
@

(OPTIMUM BiAS VOLTAGE) B g
4
o“
o"
7| MODEL 780056 ™ i 6
RF = 30GHz ol
If = 80MHz g
Ta = 25°C o
-ﬂ".- \ 3

LOPOWER (dBm)

It is convenient to have current limiting resistors built
into a mixer so that all one has to do is apply the
correct bias voltages to the bias terminals. However, it
turns out that having direct access to the diodes dc
bias point allows a number of bias techniques to be
used. One of these technigues, the optimum load line
approach, allows the designer to optimize conversion
loss and other mixer parameters over a wide LO
dynamic range.

These bias techniques were first developed for use with
Anaren’s 90° hybrid balanced mixers and are available
for use with the standard catalog models. Other mixer
types can be supplied with similar bias options, on
special order, but the discussion which follows will be
directed toward the standard catalog line of 90° biased
mixers.

Bias Techigues

Conversion loss, VSWR and spurious response
characteristics of a mixer depend upon the impedance
presented to the diodes, not only at the RF and IF
frequencies, but over the entire spectrum present in a
Taylor's expansion of the diode current®. For biased
mixer operation the dc impedance presented to the
diode is most important. A family of |-V characteristics
can be measured and plotted as a function of applied
LO power with conversion loss, RF VSWR and spurious
response contours then plotted over the |-V curves.
Various load lines* can then be plotted revealing mixer
performance under various bias and LO conditions.

Figure 7 shows the I-V characteristics and conversion
loss contours for a typical mixer and illusirates the
three types of load lines most useful for the majority of
mixer applications. The first type is the unbiased diode
(zero load resistance: voltage = constant = 0) which
covers the majority of mixers in use today. The second
type is the constant current load line (i = constant)
which has been commonly used where insufficient LO
power is available. The third case is a new approach®
which optimizes both conversion loss and RF VSEWR
over a wide LO dynamic range through the use of an
optimum load line.

*Where there is a resistance load in the diode's circuit, the voltage acting on the diode is a
function of this external resisiance network and any external bias voltage applied. This
function can be expressed as an equation and may be represented by what is commonly
known as a foad line on the diode -V characteristics. Because the load is a pure resistance
it will obey Ohm’s Law, and the relationship between current and voltage will be a straight
fine. Zero load resistance is indicated by a vertical oad line, while a horizontal line indicates
infinite resistance.

Figure 7 - Conversion Loss Contours
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Bias (Terminal) Voltage (Voits)

The simplest biasing technique (Figure 8a) is the

constant current load line chosen to optimize

conversion loss at a lower than normal LO power. A

series resistor R, is chosen according to the formula
Rs = Vb - Vq

where ls

ls = desired bias current (amps) from Figure 4
V, = supply voltage (volts)
total diode voltage drop (voits)

Vg varies with LO power but is between 0.2 volts and
0.8 volts for LO powers between + 3 dBm and - 10
dBm.

Example: Assume a + 6V supply and desired
operation at 0 dBm LO power;

then R, = 6V - 0.5V
1.8x 10° A
= 5.5V
1.8x10° A
and R; = 3.06 K ohms
A 8.1 K Ohm resistor in series with a + 6V supply

=
I

would, therefore, bias the mixer correctly for 0 dBm LO

power.

The constant current load line works best for situations
v_vrere the LO power variation can be limited to about
42 dB.

The optimum load line bias technique can optimize
conversion loss (also VSWR and spurious) performance
even if the LO power varies as much as 40 dB. Once a
particular mixer has been characterized, implementing
the required load line is straightforward.

The bias circuit required is a series and shunt resistor
network connected as shown in Figure 8b.

The series resistor R, is chosen such that

Ri =V
lo
Figure 8a - Constant Current Figure 8b - Optimum Load
Bias Line Bias
+Vy, By
4—V1
R,
s
)
+BIAS O +8As O
il {3 |-
REN
BAL MIXER i BAL MIXER ¥ [m
i~ i A
o] 0]

where V,, = supply voltage (volts)

lo = is the dc current value at the intersection of the

proper load line and current (V = 0) axis of
Figure 7.

The shunt resistor R, is chosen by
Rg = Vo R1
Vo = Vo
where V, = the voltage value (volts) at the intersection
of the proper load line and the voltage
(I = 0) axis of Figure 7.
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Each Anaren biased mixer is individually characterized
by measuring two current and voltage points on the
optimum load line. These values are supplied on each
mixer test data sheet in the form shown by Figure 9.

Figure 9

LO@ +7dBm | LO @ -5 dBm
Vy =__VOLTS |V, =___VOLTS
h=_—_ MA|IL =__ __ MA

One of the measured points (Vy, ) is measured at +7
dBm LO power and the other point current and voltage
axes, as LO power. The current intercept (l,) and
voltage intercept (V,) for the required resistor
calculations can then be found graphically by extending
the optimum load line through the two measured points
to the (V, 1) is measured at -5 dBm illustrated in
Figure 7.

Alternately, |, and V, could be calculated directly by
using:

Vo = VL + I
m
lp, = mV,
where m = Iy -1 = slope of the optimum load line
Vi - Vy

Example: Assume a + 6V supply and calculate the
required values for R; and R, for optimum load line bias
technique of Figure 8b. From Figure 7 or test data
information (Figure 9) supplied with mixer:

Vi = 0.12V V. = 061V
ly = 3.6 mA I = 0.95 mA
then m = (3.6 - 0.95) x 107
(0.61-0.12)
— 265x10° = 5.41x107
0.49

and Vo, = 0.61 +(0.95x10®%| = 0.61 4+ .176 = .786V
5.41x107®

lp = 5.41x107°(.786) = 4.25x107°A

Therefore:
R, = 6.0V = 1.412x107% ohms
4.25x10°°A
R, = .786(1.412x10%) = 1.110x10° = 213 ohms
6.0-.786 ~5.214
Use Ry = 1.5 K ohms
R, = 220 ohms

The two-resistor bias network just described minimizes
the mixer conversion loss over an extended LO
dynamic range. It also turns out that spurious and two-
tone intermodulation performance of these mixers can
be improved by operating the diodes at high LO powers
while the bias network maintains optimum conversion
loss.

Both the constant-current and optimum load line bias
techniques should be temperature compensated if

performance is 1o be maintained over wide temperature
variations. If temperature compensation is not used, the
constant current load line is more tolerant of temper-
ature variations, especially for mixer operation at low
LO power.

These mixers having the bias option differ from some

types of biased mixers because they can also be used
with no external bias. This is accomplished by directly
grounding the bias terminal (zero load resistance) and
applying sufficient LO power. As shown in Figure 4, an
LO drive of + 7 dBm is typically required for optimum
performance.

Figure 3 shows how the bias circuitry is implemented in
the mixer. The bias terminal is an EMI low-pass (pi-
network) filter. It does not protect against low frequency
(less than 1 MHz) noise or voltage surges. The bias
supply should, therefore, be reasonably well regulated
and filtered for optimum mixer performance and diode
protection.

intermodulation Performance

Strictly speaking, all mixer outputs other than the
desired sideband (LO — RF = [F) are “spurious”
responses. However, the spurious responses that will
be considered in this section are the two major types of
distortion products—single-tone (harmonic) inter-
modulation and two-tone intermodulation.

A mixer diode, due to its |-V curvature, is an efficient
harmonic generator and will produce the entire
spectrum of mixing terms present in the Taylor’s
expansion of diode current. All of these terms are of
lower amplitude than the desired IF output but can be
reduced even further by various techniques. A single-
ended mixer filters out many of the higher-order terms
with a frequency selective decoupling network behind
the diode. Balanced mixers depend on the phasing
properties of their LO and FR coupling networks, (3 dB,
90° or 180° hybrids) for added spurious suppression.
Most double-balanced mixers, by virtue of their 4-diode
network and symmetry of their LO and RF coupling
networks, achieve additional suppression without need
for frequency selective filters.

Harmonic intermodulation

Single-tone harmonic intermodulation products result
from the mixer local oscillator and its harmonics beating
with the RF input signal and its harmonics. They are of
the form mLO 1= nRF and are usually classified by their
“order”. For example, when the third harmonic (m = 3)
of the LO beats with the second harmonic of the RF

(n = 2) the resulting intermodulation product is a fifth-
order term (m + n = 5). This term is also commonly
called a “three-by-two”” (3x2).

Suppression of single-tone intermodulation products by
a balanced mixer* depends primarily upon good mixer
balance. The more uniform the distribution of RF and

LO power to the diodes, and the more closely matched
the diode characteristics, the better the mixer balance.

*Compared to an unfiltered, single-ended mixer.

Suppression of single-tone (harmonic) intermodulation
products is dependent upon the RF and LO phase
codes at the diode junctions. If the RF and LO
harmonics are properly phased, complete suppression
of some harmonic intermodulation terms is possible.
For exampile, all four basic mixer types, theoretically,
completely suppress the 2x2, 4x4, and other even m x
n harmonics. (Conversely, none of the mixers suppress
the 3x3, 5x5 or other odd

m X n harmonics).

The 90° hybrid balanced mixer has a phase code that
provides at least 3 dB additional suppression for all
harmonics of the LO and RF inputs, save the 2x4, 4x2,
3x3 and 5x5. 1t also, theoretically, completely
suppresses the 2x2, 4x4, 3x1, 1x3, 3x5 and 5x3 terms.
[In this discussion of intermodulation performance we
well limit ourselves to 5x5 terms or lower (m, n<5).]
Figure 10 shows typical single-tone intermodulation
response for a 90° mixer.

Figure 10 - Single-Tone Intermodulation Response
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The Ortho-Quad® mixer provides identical performance
to the 90° mixer except there is as much as 15 dB
additional suppression for all the harmonics of the RF
input.

The 180° hybrid mixer’s suppression characteristics
depend upon whether the sum () or difference (A)
port of the hybrid is selected as the LO port. When the
LO signal is applied to the A port, all even harmonics
of the LO signal are suppressed. (If the LO is applied to
the Z port, second-order intermodulation is
suppressed.)

The double-balanced mixer theoretically can provide

complete suppression of all even harmonics of the LO
and RF signals. Specification sheets for low frequency
(<100 MHz) double-balanced mixers typically provide

harmonic intermodulation charts for m x n responses
which show suppressions as high as 90 dB. Our
experience with microwave balanced and double-
balanced mixers indicates the microwave system
designer should be very cautious about exirapolating
this low frequency data to microwave frequencies.

At frequencies of 100 MHz or less it is possible to
achieve extremely broadband coupling networks that
provide phase and amplitude balances of == 1 degree
and == 0.1 dB at the input frequencies and their
harmonics. This performance is required to obtain
harmonic suppression greater than 50 or 60 dB at ~10
dBm input levels. Specifications of +-5° and + 0.3 dB
for phase and amplitude balance are typical for
microwave LO and RF coupling networks.

Because phase errors are muitiplied by the order of the
RF and LO harmonic, it is possible to have very large
phase errors that will reduce the actual harmonic
suppression. As an example: the 2x2 (mxn) suppression
for all mixers is theoretically infinite, but a calculation
shows the typical microwave balun could possibly have
m(5°) + n(5°) = 2(5°) + 2(5°) = 20° phase error.
Figure 11, showing the theoretical suppression for
various values of phase and amplitude error, gives a
maximum suppression vaiue of 15 dB for 20° phase
error. At some other point in the band there may be
zero phase error, if the balun errors cancel. At that
point the suppression would approach infinity (or more
realistically, be limited by the balun amplitude balance
and/or the diode balance). Our experience has shown
the amount of actual suppression to vary by as much
as & 15 dB depending on the exact frequency of
operation and the particular order of intermodulation.

Figure 11 - Suppression vs. Phase and Amplitude
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The double-balanced mixer will consistently provide the
best |m-n| = 1 suppression, however. These terms
(4x5, 65x4, 3x4, 4x3, etc.) are important because they,
along with the 2x2 and 3x3 terms, lie closest to the
desired response. Figure 12 shows typical single-tone
intermodulation response for a double-balanced mixer.
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Figure 12 - Single-Tone Intermodulation Response

+40
2x2/
+20 [‘é’?&:ﬁlzimaam 2x3)'l 4
IF = 60 MHz 17 ;
Ta = 25°C 4 II ’
Mxn response 3)(3/ ” ’
{m = L0.n = RF) - & ,
0 /l 7 7 7
7 [’ ¢y
7 1, 1%
-20 i 4 #
/ 1 177
x1 7 ’Illlll3x
V4 5

&
N
2

«f

S,

MIXER QUTPUT (dBm)

2 2

/
a4y
Sy
LM

-80 60 -40 -20 0 +20 +40
RF INPUT (dBm)

[
N
NN

Two-tone Intermodulation/Intercept point

Two-tone intermodulation distortion is the resuit of two
signals being applied to the mixer RF input at the same
time. These signals may generate harmonics, mix with
each other, then beat with the mixer local oscillator
according to the expressions (2RF; + RF,) + LO =
IF or (RF;, + 2 RF,) &= LO = IF. These are the
expressions for the third-order two-tone intermodulation
products. They are usually of primary interest because
of their relatively large magnitude and because they are
difficult to filter from the desired mixer output.

A convenient method of determining the two-tone third-
order performance of a mixer is the “third-order
intercept” approach. it makes use of the intersection of
the fundamental and third-order responses on a log-log
(or dB/dB) scale. A plot of each response will be a
straight line with a slope corresponding to the order of
the RF response. (The 1x1 fundamental is a first-order
response, a 3x2 is a second-order response, a 2x3 is a
third-order response, etc.) The third-order, two-tones
will have a slope of 3 when plotted on a dB/dB scale.
Figure 13 is a plot of the fundamental and third-order
responses for some typical mixers. The third-order
intercept for the biased Model 7HG116 mixer occurs at
an RF input level of + 15 dBm. Note this is a
theoretical point, graphically obtained by extending the
measured third-order and fundamental responses until

Figure 13 - Fundamental and Two-Tone, Third-Crder
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they intercept. Once the intercept point is known the
third-order response at any input level can be
calculated: with a slope of 3, a 1 dB change in the input
level will produce a 3 dB change in the third-order
output. Various mixers can be compared for third-order
suppression if their intercept points are known—the
higher the intercept point, the better the suppression.

Improvement with Bias

Note in Figure 13, the third-order performance of most
of the unbiased mixers, regardiess of what type they
are, is nearly identical. No mixers (balanced or double-
balanced, of any type) provide any additional two-tone
suppression compared to a single-ended mixer. Two-
tone suppression is a function of diode -V
characteristics.

Improved rejection of both single-tone (harmonic) and
two-tone intermodulation can be improved with the use
of high mixer LO power and/or high bias voltage as
shown in Figure 14. The intercept point will increase
approximately dB for dB, with LO power, if the mixer is
properly biased. (Note in Figure 13, the higher intercept
point for the biased Model 7H0116 compared to its
unbiased version, Model 70116.) Lepoff and Cowley®
have shown this intermodulation improvement to be
due 1o the diode characteristic’s departure from the
theoretical expression for diode current.

Figure 14 - Intermodulation vs. LO Power
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Intermodulation is caused by non-zero values for fourth-
order and higher terms in the power series expansion
of the diode current-voltage function. For diode
voltages near 1 volit they found that the measured diode
current drops below the theoretical curve. This meant
that the higher-power (intermodulation producing) terms
in the power series expansion were smaller at those
voltages than they were at lower leveis. Therefore,
intermodulation rejection could be improved by
operating the diode at a higher bias voltage than the
usual zero bias.

in a balanced mixer in which the two diodes can be
operated at different bias voltages (as the Anaren 180°
hybrid biased mixers having two bias terminals) some
of the higher power terms of one diode’s current
function can actually be made to cancel the
corresponding terms in the other diode’s current
function. This technique has been used with mixers
operating in the 2.2-2.3 GHz telemetry band to obtain
greater than 100 dB rejection of spurious components.

If the bias voitage is increased still further, the diode
current saturates and the second-order (mixing) term
decreases in magnitude. There is an optimum bias
voltage which minimizes intermodulation yet still
provides good conversion loss.

Other high-level mixer designs® use series diodes or
series resistors to achieve the bias effect necessary for
good intermodulation performance. These additional
elements add complexity, cost, and increased
conversion loss and are restricted to optimum
performance for high level signals. The Anaren optimum
load line bias technique aliows the lowest conversion
loss and the highest intercept point, regardless of
signal or LO drive. The LO power can be raised to the
level required for best two-tone suppression; without
suffering the conversion loss penalty, associated with
high LO drive, of mixers not using the load line
technique. A special, high-cost, high-level mixer for best
two-tone performance is not required. Figure 15 shows
the intermodulation performance obtained using the
optimum load line bias technique described on page
000. Figure 16 shows performance

Figure 15 - Conversion Loss (at Optimum Bias) &
intermodulation vs. LO Power
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when using a non-biased mixer. Comparison of the two
figures demonstrates the advantage of using the
optimum bias capability. At an LO power of + 23 dBm
it provides about 69 dB of intermodulation suppression
and a mixer conversion loss of about 5.5 dB. At the
same high LO power a normal unbiased mixer provides
about 63 dB suppression but the conversion loss has
increased to 10.6 dB.

image Focusing Port

In some mixer requirements, it is important that the
internally generated image signal (2LO-RF) be focused
where it will not interfere with generation of the desired
IF output. One of the sources of phase and amplitude
ripple produced by a mixer is the internally generated
image signal leaking from the RF port. This signal can
be reflected back into the mixer by other component
mismatches of the system, mix with the LO and convert
to the IF frequency as an error component. The image
signal leaking from the LO port does not cause the
same problem because it is suppressed by the mixer’s
common-mode rejection (all four basic mixer types
feature good common-mode rejection.)

USA/Canada: 31 5; 432-8909

Toll Free: 800) 411-6596
Europe: +44 2392-232392
Asia: +86-512-62876400

Anaren’

What'll we think of next?®

30

Anaren’

What'll we think of next?°®

31

USA/Canada: 31 5; 432-8909

Toll Free: 800) 411-6596
Europe: +44 2392-232392
Asia: +86-512-62876400



The 180° mixer and the double-balanced mixer focus
the image at the RF ports and the 90° mixer focuses it
to the LO port. The Ortho-Quad® mixer does not let
the image signal come out either the LO or RF ports. It,
and other potentially troublesome harmonic terms, are
focused to an internal load. For additional information
on other phase and amplitude error considerations see
page 116.

IF Bandwidth

The 90° mixer, the 180° mixer and the Ortho-Quad®
mixer frequency selective decoupiing networks behind
the diodes. These networks suppress higher-order
spurious components, increase the LO/IF and RF/IF
isolation, and minimize the mixer conversion loss at low
IF frequencies. A plot of relative conversion loss versus
IF frequency for the above 3 mixer types would show
the IF response rolling off at approximately 6 dB/
octave, and the -3 dB response point at approximately
.2 RFL, where RFL is the lower RF band edge. All
unbiased units have an IF response that extends down
to dc with no conversion loss degradation. Biased units
normally contain a dc blocking capacitor(s) in series
with the IF output. This limits the low frequency -3 dB
response to about 5 MHz.

The double-balanced mixer is available in two versions.
One version, in the standard mixer packages, has
frequency selective filters at the IF port as described
above. The second version, in a miniature package, has
an extremely wide IF bandwidth. The IF response
extends from dc up into the RF passband because it is
extracted with a phasing technique rather than by
filtering. These high IF mixers can be exiremely useful.
Large segments of the RF passband can be
downconverted and processed instantaneously using a
fixed-frequency (non-scanning) LO. This means a much
simpler LO system and elimination of the image and
2x2 and 3x3 spurious response. If the double-balanced
mixer is used as a bi-phase (BPSK) modulator, the wide
IF band allows very high data rate modulation.

Dynamic Range

Simply defined, dynamic range of a balanced mixer is
the power range over which the device can be used.
The absolute maximum useful range is limited on the
low end by the minimum detectable signal (MDS) and
at the high end by mixer saturation level. (The
saturation level occurs at an input power level
approximately equal to the LO power level less the
conversion loss of the mixer).
For most applications however, the dynamic range of
interest is usually the “spurious free dynamic range”.
The upper limit on this dynamic range is set by the
maximum input level that generates third-order
intermodulation products just equal to the mixer output
noise level.
An expression®, using the intercept point (IP) for
spurious free dynamic range (Rs¢) is:

Rsr (in dB) = 2/3 [IP -L¢ - MDS]
Where L is mixer conversion loss (dB). MDS is 3 dB
above thermal noise:

MDS = -111 dBm/MHz + 10 log« B

Where B is the bandwidth in MHz and -111 dBm is 3 dB

above thermal noise in a 1 MHz bandwidth.

Example: An optimally biased Model 7H0116 has an
intercept point of + 25 dBm. If an IF bandwidth of 10
MHz is chosen, the spurious free dynamic range is:

2/3[+25~-5.5 + 101] = 2/3 [+ 120.5] or 80 dB.
Applications of Balanced and Double-Balanced
Mixers
Downconverier

The preceding pages have been concerned with
performance of the four basic mixer types when used
as downconverters. These basic mixer types can be
used singly and/or combined with other components to

form Image Rejection mixers. Quadrature IF mixers, etc.

These downconversion devices will be discussed later.
Upconvertor {Balanced Moduiator)

In upconvertor or balanced modulator applications the
lowest frequency signal is used as an input and applied
to the IF port. Balanced modulation usually implies a
double-sideband, suppressed carrier, output signal with
the modulation sidebands located close to the carrier.
Upconversion usually means that the LO (pump) signal
is widely separated from the desired sideband outputs.

For either application, the balanced modulator accepts
an RF input and a modulation input (usually called the
IF) and produces an output consisting of the upper (RF
+ IF) and lower (RF - IF) sidebands. The original RF
input (carrier) is normally suppressed at the output.

For double-sideband, suppressed carrier applications,
the RF input is normally a low-level (-10 dBm typical)
signal while the IF input is a low-frequency, modulating
signal. The modulating signal is used as the high level
switching signal and is usually +7 to 410 dBm. The
RF output consists of the upper and lower sidebands
centered about the suppression RF carrier. The degree
of carrier suppression is directly related to the RF
input/RF output isolation of the modulator. This carrier
suppression may vary from 6 to 40 dB depending on
the type of modulator and the frequency involved.

The 90° hybrid mixer and the Ortho-Quad® mixer are
not used as modulators because their LO and RF
coupling networks use 90° hybrids. The 90° hybrid
mixer, if used as a balanced modulator, suppresses the
sidebands but does not suppress the carrier. The
Ortho-Quad® mixer suppresses both the carrier and
the sidebands.

The 180° hybrid coupling networks, used in the 180°
mixers and the double-balanced mixers, offer the right
phasing characteristics so they can be used either as
mixers (downconvertors) or as modulators
(upconvertors). The balanced modulator using a single
180° hybrid will be described for simplicity but the
double-balanced mixer (used as a modulator) works on
the same basic principle. The difference is that
separate 180° RF and LO hybrids (baluns) drive a
balanced diode quad in a full-wave configuration, for
the double-balanced modulator.

Balanced Mixer/Modulator Using Single Hybrids

A balanced mixer/modulator can be constructed by
placing two mixer diodes with reverse polarity behind a
180° hybrid and combining the IF in a tee as shown in
Figure 17.

Figure 17 - Balanced Modulator Using 180° Hybrid

MODULATION (BIAS)

The incident RF carrier sees like reflection coefficients
at the diodes and reflects back to the input port. The
modulating (biasing) signal in the IF port produces
opposite polarity reflection coefficients at the sum and
difference frequencies and these modulated signals
come out the remaining port.

Assuming perfect isolation for the hybrid, the amount of
carrier suppression depends primarily on the similarity
of the diodes—if they have equal reflection coefficients
all the residual carrier is reflected back to the input port
and none shows up at the output. This residual carrier
shows up as VSWR at the input port, however. In
effect, a balanced modulator using a 180° hybrid trades
carrier suppression for VSWHR.

Both 180° hybrid, and double-balanced, mixer/
modulators provide good carrier suppression and have
poor VSWR. The double-balanced mixer provides better
carrier suppression because it has higher LO/RF
isolation. It also offers more harmonic suppression
because of iis full-wave, double-balanced, drive. The
most serious problems occur because of the poor mixer
VSWR. When the mixer ports are not terminated in
well-matched loads, reflections can cause severe
amplitude and phase distortion due to the VSWR beats.
The LO and IF poris are particularly sensitive to
reactive terminations, which can cause conversion loss
variation of =3 dB and spurious response variations of
+20 dB.®

A balanced modulator using a 90° hybrid can be
construcied as shown in Figure 18, by placing two
mixer diodes with the same polarity behind the hybrid.
However, this modulator, used alone, provides no
carrier suppression. Because both diodes are inserted
with the same polarity, the carrier and the modulation
sidebands see like reflection coefficients. For a 90°
hybrid this means that no energy reflects back to the
input (therefore, good VSWR). There is poor carrier
suppression because the carrier shows up at port 2 at
a comparable amplitude to the sidebands.

Figure 18 - Balanced Modulator Using 90° Hybrid

A High Performance Balanced Modulator

In order {0 get good carrier suppression and good
VSWR simultaneously, Anaren uses the special
patented circuit of Figure 19 (which is a balanced
modulator version of the Ortho-Quad® balanced
mixers).

Figure 19 - 70660 Series Balanced Modulator

fetm e fe+ fm fefm fe fe+fm

As previously noted, the 90° balanced modulators (A,
B) of Figure 19 have no carrier suppression of their
own, and the unsuppressed carrier shows up at the
same port as the modulated signal. However, the
carrier and the modulated sidebands have different
phase relationships. This makes it possible to separate
the carrier from the sidebands by using RF phasing
networks. The RF phasing properties of the INPUT and
QUTPUT 80° hybrid direct the unsuppressed carriers fo
termination 2 where they are absorbed. The modulated
signals, having a different phase code, are focused to
the RF output port. Termination 1 absorbs the residual
carriers from A and B and provides the good VSWR.
The result is the 70660 Series balanced modulator;
providing good carrier suppression and good VSWR,
simultaneously.
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Figure 20 shows typical power up-conversion and two-
tone, third-order performance for the 180° balanced,
double-balanced, and 70660 series modulators. Note
the intercept poinis for all these mixers are identical,
except for the biased Model 70580 that uses the
oplimum load line technigue to achieve good two-tone
performance at high low power.

Figure 20 - Power Upconversion and Two-Tone,
Third-
Order Response
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AM Modulator

The balanced modulator can easily be converted to an
amplitude modulator by reinserting the required amount
of carrier at the output of the mixer. One method of
re-establishing the carrier is unbalancing the modulator
by applying a dc bias current along with the modulation
signal to the IF port. This decreases the RF input/RF
output isolation, letting more of the original carrier ieak
through to the output.

A second approach offers lower distortion and better
control of the modulation index by reinserting the
carrier after the modulator. This approach is illustrated
in Figure 21. The 70660 Series balanced modulators
offer the best VSWR at all ports, independent of drive
levels. This minimizes the output distortion.

70666, + 10 dBmIF
L_MODEL 70580, BIASED,
+ 23 dBm IF

Figure 21 - AM Modulation Using Balanced
Modulator
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Puise Modulator

The balanced modulator is used as a pulse modulator
by applying the carrier signal to the LO (or RF IN) port
and the modulating pulse (either positive or negative) to
the IF port. The pulsed ouiput is then taken from the
RF (RF OUT) port. The normal pulse requirements are
0 to 20 mA. The IF port will typicaily switch in less than
one nanosecond and will support a pulse of indefinite
length. Very clean pulse bursts, with minimal carrier
feedthrough are provided for RF levels between 0 and
4+ 10 dBm.

Again, the 70660 Series offers the best performance for
most applications, because of its very low VSWR and
high LO/RF (RF IN/RF OUT) isolation.

Bi-Phase Modulator

Bi-phase modulation is similar to pulse modulation—
reversing the IF pulse polarity will switch the RF output
phase by 180°. (A bi-polar drive of + 10 mA is typically
required.)

For those applications where the accuracy of the 0°,
180° phase and insertion loss states is critical, the
modulator having the best LO/RF (RF IN/RF OUT)
isolation and the best VEWR will provide the best
results. The 70660 Series will typically provide phase
accuracy of 1-2 degrees and insertion loss tracking of
4-0.2 dB for bandwidths up to 2 GHz. The absolute
insertion loss is typically 3 dB.

For BPSK systems requiring extremely high data rates,
the 73000 series of double-balanced mixers offers bi-
phase data rated up to 4 gigabits/sec.

Current-Conirolied Attenuator/Switch

Balanced modulators can be used as wide-range,
current-controlled attenuators or high on-off ratio
switches. The isolation between the LO and RF (or RF
IN, RF OUT) ports is controlled by the amount of dc
current flowing through the IF port. The control current
polarity is irrelevant. The maximum attenuation (“OFF”
state) is equal to the LO/RF (RF IN/RF OUT) isolation.
The minimum attenuation at 10-20 mA of control
current is typically 2-3 dB.

The VSWR at the RF ports will vary with the control
current for the 180° and double-balanced mixers. The
VSWR for the 70660 Series modulator will remain low
and independent of control current.

Figure 22 - LO to RF Attenuation vs. IF Current
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Figure 22 shows typical attenuation vs. control current
for the balanced modulators.

NOTE: For all applications requiring bias current, avoid
damage to the modulator diodes by always driving the
IF port with a current-limited source.

Phase Detector

All four basic mixer types are useful as microwave
phase discriminators. (The 70660 Series of balanced
modulators is not designed for use as a phase
detector). When identical frequencies are fed to the
mixer LO and RF ports, a dc output proportional to the
phase difference between the two signals will appear at
the IF port.

The 90° hybrid mixer produces an output voltage
proportional to the sine of the phase difference
between the two identical input frequencies:

VW‘DC = K1S'NE (e[_ - QR)

Where K, depends on the input power and diode
characteristics.

(6, - 6,) = phase difference of the two inputs.
A typical value of K, at 0 dBm input power (-3 dBm per
diode) is 500 mV/mW. This is the voltage sensitivity
when loaded into 1 K ohm.
The 180° hybrid mixer, and the double-balanced mixer,
produces a dc output proportional to the cosine of the
phase difference between the two identical input
frequencies:

Figure 23 - Phase Detector Performance
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A typical application for a phase detector is in a phase-
locked loop. The block diagram shown in Figure 24
shows a phase detector being used as the error sensor
for a phase locked source.

Figure 24 - Block Diagram of Phase-Stabilized
Frequency Source
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Freguency Discriminator

A phase detector can be converted to a frequency
discriminator by adding a power divider and a delay line
at the input as shown in Figure 25.

The unknown RF signal is divided to a reference and a
delay path. The differential delay (T) creates a phase
difference (6) between the two signals which is a linear
function of frequency (f) and is given by

0 = 27 fT
or 1
6=2wf(6)

where £ = length of the delay line
C = velocity of propagation

Figure 25 - Frequency Discriminator
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The 90° hybrid mixer, and the Ortho-Quad® mixer,
produce an output voltage proportional to

Vout = kP sine 6
The 180° hybrid mixer, and the double-balanced mixer,
produce an output voltage proportional to

Vou = kP cosine 6
k is a constant related primarily to insertion loss and
diode sensitivity. P is the RF input signal power.
If the RF input is 0 dBm, K is typically 500 mV/mwW
when the output is loaded into 1 K ohm.
The output voltage of the 90° hybrid mixer, and Ortho-
Quad® mixer, has zero crossings when 6 =0, , 2,
etc. For example, when

f_ N _ nc

=21 T~ 24
wheren =0, 1, 2, 3, etc.
The output voltage of the 180° hybrid mixer, and
double-balanced mixer, has zero crossings when
6 = m, 37, bm, etc.
2 2 2

Near the zero crossing, sine 6 and cosine 6 are almost
linear functions of 0, so the output voltage is nearly
linear with frequency (within + 30 degrees of the zero
crossings the deviation from linearity is less than
+5%). The slope of the output voltage curve is a
function of input power and the discriminator must be
preceded with a hard limiter to remove the power/
frequency ambiguity.

Quadrature IF Mixers

The Quadrature IF Mixer (QIFM) provides two equal
amplitude IF outputs that are in phase quadrature. It
consists, basically, of two balanced mixers and two

hybrids. Figure 26 is a block diagram.

Figure 26 - Block Diagram of a Quadrature IF Mixer

IF1

Operation

The LO is introduced to the two mixers in-phase and
the RF is introduced through a quadrature hybrid. This
introduces a 90° phase difference between the RF and
LO signals applied to the mixers, and results in two IF
outputs of equal magnitude but in phase quadrature.
One IF output leads or lags the other depending on
whether the RF frequency is greater or less than the
LO frequency. If the LO signal is a fixed frequency, the
desired IF output can be produced by an RF signal
above or below the LO frequency:

RF = LO £+ IF

The operation of a QIFM can be understood by
following the signal voltage vectors in Figure 27.

Figure 27 - Simplified Vector Operation of
Quadrature IF Mixer
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With a high level LO signal, b, (typically greater than 0
dBm), an RF input, a, will produce IF outputs equal to:
ki (7% ) and k. (7= ) where k, and k, are

proportional to the conversion iosses in mixers 1 and 2.

The vectors show the relative phase of the IF outputs
for the upper (RF - LO) and lower (LO - RF) sideband
responses.

When the RF frequency is below the LO frequency, the
IF response (LO — RF) from mixer 1 lags the output of
mixer 2 by 90°. When the RF is above the LO, the IF

response (RF — LO) leads the output of mixer 2 by 90°.

Another way of looking at the operation of the QIFM is
to realize that the two IF outputs are proportional to a
sin 6 and a cos 0, respectively. 0 is the difference
phase between signals a and b. Note that 6 can be a
fixed angle if the two frequencies are identical, or is
time varying at the difference frequency (Aot = IF).
Since the IF outputs are proportional to sin (a-b) t and
cos (a-b) t respectively, and since sin (-8) = -sin 6
and cos (-0) = cos 6, one output changes phase by
180° relative to the other when a>b or a<b.

The two IF voltages, a sin 6 and a cos 8, are the in-
phase () and quadrature (Q) components of the
correlation of the RF and LO signals. The correlation
time is the inverse bandwidth of the IF outputs. The
QIFM is identical in design and appilication fo the
correlaior (phase discriminator) provided one of the
QIFM inputs, a or b, is strong enough to act as an LO.
(The correlator uses dc biased diodes, which enables it
{0 operate with both a and b at very low levels.)

intermodulation Performance

The mixers shown in Figure 26 could be any of the four
mixer types: 90° balanced, 180° balanced, ORTHO-
QUAD® or double-balanced. The intermodulation
performance of the QIFM is the same as the
intermodulation performance of the type of mixer used.
(See pages 101-104 for a discussion of intermodulation
performance for the four mixer types.) Anaren uses the
90° balanced or the ORTHO-QUAD® in its QIFM
designs because they provide better phase and
amplitude balance at the IF ports than either the 180°
balanced or double-balanced.

Applications

Doppler Systems

This network is used for many applications. The earliest
was probably to discriminate between approaching and
receding doppler targets. This application is described
in detail by Skoinik®. For an approaching target, the
received frequency is greater than the LO and vice
versa for a receding target. The relative phases of the
received doppler signals (IF) are used to discriminate
between the two situations. This technique is used for
motion detector, “burglar” alarm, and radar altimeter
applications, io name a few.

Network Analyzer

When the LO and RF signals are at the same
frequency, the IF outputs are still proportional to a sin 8
and b cos respectively, where 6 is the phase difference
between the RF and the LO signais. The device can
therefore be used as a vector volimeter, when
connected to an X-Y oscilloscope, as shown in Figure
28.

Figure 28 - Quadrature IF Mixer Used as Network
Analyzer
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With the voltage a cos 8 applied 1o the X-axis of the
oscilloscope and the voliage a sin 6 applied to the
Y-axis, a puised RF signal appears as a strobe whose
fength is proportional io the RF voltage a and whose
angle is 8. This makes the device useful as a test
instrument to measure transmissicn and reflection
coefficients — a network analyzer.

Adaptive Canceller

The QIFM can be applied as a correlator and used in
the adaptive cancellation of two microwave signals.

A typical example of a problem that requires adaptive
canceliation is where a transmitter and receiver are
operating in close proximity, such as a jammer and a
surveillance receiver. Transmitter leakage to the
receiver via the antennas usually is sufficiently strong
s0 as to blind the receiver during transmission. Another
example is that of a hostile jammer blinding a receiver
through its sidelobes.

To combat such situations, short of turning off the
receiver, a scheme such as indicated in Figure 29 can
result in a significant reduction of the interference at the
receiver, while still maintaining look-through at the
outside world.
Figure 28 - Adaptive Canceler
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*See page 125 for details.

The essentials of the scheme are that we pick off a
strong sample of the interfering signal, (either by means
of a coupler in the first case, or by means of an
auxiliary omnidirectional antenna in the second case},
and add this sample to the signal being received by the
receiver. By adjusting the amplitude and phase of the
added signal we can arrange that it exactly cancels the
interfering signal in the receiver channel. Since the
relative amplitude and phase of the interfering signal
will vary owing to relative motion of the antennas,
vibration, frequency changes, etc., we are required to
continuously adjust the phase and amplitude of the
cancelling signal to maintain the nulled condition at the
receiver. This is achieved by means of a quadrature IF
mixer as shown.

RF O—’—
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A sample of the combined signal finally reaching the
receiver is correlated with a sample of the jammer
signal. Provided the jammer signal is strong enough to
act as an LO, the oulputs of the mixer are:

acos 9
and
asin 6

where a is the voltage entering the receiver, and 6 is
the difference phase between the two signals being
correlated. Note that 6 can be a fixed angle if the two
frequencies are identical, or is time varying at the
difference frequency (Ao ). Filtering these outputs with
a low-pass filter (e.g. 1 KHz cut-off) insures that only
signals that are extremely close in frequency give an
outpui. The two error signals are thus the in-phase (1)
and quadrature (Q) components of the correlation of
the RF signals over a time period equal to the inverse
bandwidth of the filter (1 msec. in the case of a 1 KHz
cut-off).

If the two RF signals do not correlate, then both a sin
9 and a cos 6 are zero. That is, the interfering signal
has been cancelled at the receiver. The two error
signals | and Q drive the variable attenuator/phase
shifter (Vector Modulator) in a null seeking mode to
insure a continuing null at the receiver. This adaptive
scheme will affect the desired signal at the receiver by
less than 1 dB.

Digital (PSK) Demodulator

The QIFM can also be used to demodulate a QPSK
digital phase format and recover the two data streams.
The QPSK input is applied to the RF port while the
regenerated carrier is applied to the LO port. The
demodulated data sireams are then available at IF
poris 1 and 2. Figure 30 shows a basic modulator/
demodulator system bilock diagram. The QPSK
modulator is the Quadraphase Modulator specified on
page 61 and explained on pages 114-115.

Figure 30 - Block Diagram of GQPSK Modulator/
Demoduiator System
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Image Rejection Mixers

From the previous section we know that a quadrature
IF mixer can discriminate between the IF outputs
produced when the RF frequency is above or below the
LO frequency. This fact allows the realization of an
Image Rejection Mixer (IRM). The IRM directs each IF
output to a specific IF port and suppresses the
undesired (image) IF response.

Operation

The desired IF frequency can be produced by an BF
signal either higher or lower than the LO frequency by a
frequency difference equal to the IF frequency:

RF = LO £ IF

Normally, only one of these sidebands is desired and is
designated the “real” IF output; the other is termed the
“image”. The chice of the upper or lower sideband as
the “real” response is an arbitrary design decision.

From Figure 27 we know that the IF outputs of the
mixers provide voltage vectors ky {7—2“ ), with phase
dependent on the sideband. If we select the lower
sideband (LO - RF) as the “real” response and apply
the corresponding IF frequency, the vectors will ideally
sum to only one IF (real) port and cancel at the other
(image) port. See Figure 31.

Figure 31 - Simplified Vector Operation of image
Rejection Mixer
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Image Rejection

If k, # ko, orif the vectors are not in quadrature, they
will not completely sum at the real port and cancel at
the image port. image rejection is the ratio of the image
signal to the real signal at the real IF port. Good image
rejection requires close control of the phase and
amplitude of the signal vectors.Phase and amplitude
errors occur primarily in the RF portions of the IRM
network but can also cccur when the mixer ouipuls are
summed by the IF hybrid. Figure 32 is a chart showing
how image rejection is affected by phase and amplitude
errors. When k, = k,, and there is no phase error, the
output voliage at the real port is equal to kia; the only
loss is due to the mixer losses (k,, kj).

Figure 32 - Image Rejection vs. Phase and
Amplitude Error
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Complete Image Rejection Using Gating Technigues

Figure 32 shows that it takes only 0.5 dB of
amplitude imbalance to reduce the image rejection io
25 dB (assuming perfect phase balance.) Typically,

20 dB of image rejection can consistently be obtained
over octave bands. This may not be enough rejection
for the applications in which image rejection mixers are
normally used. Typical applications for these mixers are
in wideband, sweeping LO receivers or spectrum
analyzers. In both cases, the required dynamic range of
the equipment may exceed 80 dB. The 20 dB image
rejection is, therefore, not a very practical number for
this application. However, once we have discriminated
between the real and image responses to this degree, a
simple gating scheme, such as illustrated in Figure 33
will give the additional rejection required.

Figure 33 - Gating Technique for Complete Image
Suppression
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The IF signals from the real (R) and image (i) ports are
detected and fed to the inputs of a differential amplifier
with an output: V, = |- kR where k is an adjustable
constant. When the | channel output is greater than the
R channel output, the differential amplifier produces a
positive output (V,) which activates the IF switch (gate)
and produces no IF output. If the R channel output is
greater than the | channel, the amplifier output is
negative, the IF gate is not activated, and the real IF is
allowed to pass. If the constant k is adjusted to a value
of 0.1, then the real channel IF output is inhibited when
the real signal does not exceed the image by at least
10 dB. This insures that random signals in the image
channel do not inhibit the real channel IF output. This
technique does more than suppress the image signal —
many intermodulation products can be eliminated by
the scheme.

other. Thus, harmonics of the LO signals are also in
phase with each other (the relative phase of the n
harmonic is n times the relative phase of the
fundamental). The RF fundamentals, however, are 90°
relative to each other. Thus the second, third and fourth
harmonics are 180°, 270°, and 360° (0°) respectively.

The second and fourth harmonics of the RF, mixing
with any harmonic of the LO (including the
fundamental), produce mixer outputs which are not in
phase quadrature, but are 180° and 0° respectively.
When these signals are summed in the IF quadrature
hybrid, they appear equally at the real (R) and image (1)
ports. Since there is no difference between | and R, a
positive V, is obtained, eliminating all these products.
(In practice, R and | vary by a few dB, but normally not
by the 10 dB threshold required to inhibit the output.)
This gating scheme, when properly implemented, can
eliminate the 1x2, 2x2, 3x2, 4x2, 1x4, 2x4, 3x4, and 4x4
intermodulation products. A more sophisticated gating
scheme is reviewed in detail on page 173.

Bias Options

The catalog’s biased IRM’s allow performance under
“starved” LO conditions. Biased IRM’s using the
optimum load line technique (see pages 99-103) can be
supplied on special order and can provide optimum
conversion loss and best intermodulation performance.

Single Sideband
Modulators

A single sideband modulator (SSBM) accepts an RF
(carrier) input and an IF input, and produces either the
upper (RF 4+ IF) or lower (RF - IF) sideband with the
carrier and unwanted sideband suppressed. This is
accomplished using the phase cancellation method of
single sideband modulation.

Operation

This single sideband modulator consists of two
balanced modulators and two hybrids, arranged as
shown in Figure 34 (The block diagram is identical to
the image rejection mixer shown in Figure 31, except
that the balanced mixers must be balanced
modulators.)

Figure 34 - Simplified Vector Operation of Single
Sideband Modulator
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Although not shown by the vectors in Figure 34, the
output of each modulator is a double sideband signal,
the phase states changing at the IF (modulation) rate.
When these double sideband signals are fed 1o the
output quadrature hybrid, one sideband will sum to the
RF out port with the other sideband suppressed. By
changing the modulating signal from IF1 to IF2, either
the lower or upper RF sideband can be selected. Thus
it is possible to do sideband selection by IF switching
between IF1 and IF2.

The vectors in Figure 34 follow just the upper (RF +
IF) sidebands. The upper sideband sums to the RF
output port when IF input 2 is driven. If input 1 was
driven, the upper sideband would sum to the
termination of the RF output hybrid, and the lower
sideband (RF - IF) would be available at the RF out
port.

Sideband and Carrier Suppression

The amount of unwanted sideband suppression
depends on the vectors at the RF hybrid being phase
and amplitude balanced, just as the image rejection
mixer. (Figure 32 can be used to determine unwanted
sideband suppression. As a function of phase and
amplitude balance; relabel the vertical axis “‘sideband
suppression.”)

The degree of carrier suppression is directly related to
the RF input/RF output isolation of the type of
balanced modulator used. Anaren uses the balanced
modulator versions of the ORTHO-QUAD® mixers as
described on pages 106-108. These balanced
modulators provide good isolation with the phase and
amplitude balance necessary for good unwanted
sideband suppression.

Applications

The SSBM is used whenever it is desired to generate a
carrier signal having only one sideband. It could be
used as the heart of a single sideband transmitter, for
example. The more common use, however, is to offset
a carrier by a precise frequency increment. The SSBM
can offset a carrier either up (RF + IF) or down (RF -

Figure 35 - Quadrative Drive Outputs from Single Input

100 «Q

IF) by simply changing IF input connections. The
accuracy of the offset will be equal to the frequency
stability of the modulation (IF) source.

Low-freguency Modulation

The modulatoin frequency is limited only by the
availability of a quadrature drive to the balanced
modulators. Aanaren supplies standard IF options from
20 MHz to 320 MHz. These options use an internal
octave-band hybrid to provide the quadrature modulator
drive.

For modulation frequencies below 20 MHz Anaren
offers the “—DC” suffixed models that have the
modulator inputs brought directly to the IF ports. The
customer must supply his own quadrature drive for
these models. Lumped component (ferrite toroid)
hybrids are available from a number of manufacturers
and can be externally connected to the “—DC” IF
ports. These devices will extend the IF modulation
capability of the “—DC”’ versions down to about 1 MHz.
Below this frequency either digital drive or phase-shift
techniques are required.

Figure 36 (page 114) shows a phase-shift method for
developing a quadrative drive from 100 Hz to 10 kHz.
Any methods used must be able to deliver the
equivalent of + 10 dBm, or approximately 10 mA
across 50 ohms, to the IF ports.

intermoduiation

The IF inputs are normally the high level signals. Their
harmonics produce single-tone harmonic
intermodulation products that limit the output power
dynamic range available from the SSBM. Typically the
RF =3 IF response is only suppressed by 10 to 15 dB.
However, the RF +3 IF response can be improved
significantly by making the RF carrier input the higher
level signal and the modulation (IF) the lower level
signal. This must be considered with care because
transposing the power levels will effectively degrade the
carrier suppression since this is related to the RF IN/
RF OUT isolation. In the case where the modular has
very high RF IN/RF OUT isolation the higher level
carrier should present no problem.
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Quadraphase
Modulators

The quadraphase (four-phase) modulator is designed
for high data-rate digital communication systems. it can
be used either in the biphase (BPSK) mode or the
guadraphase (QPSK) mode.

For BPSK operation the input carrier is modulated by
identical data inputs at modulation (IF) ports 1 and 2
(the ports can be simply “teed” together). The daia
input normally consists of a two-level, bi-polar pulse
code. The output carrier phase, relative to the input
carrier, is phase shifted by 0 or 180° depending on the
properties of the data inputs.

For QPSK operation the input carrier is modulated by
two independent data channels at 1F ports 1 and 2.
Each data channel consists of a two-level, bi-polar
pulse code. The output carrier phase, relative to the
input carrier, is phase shifted 0, 90°, 180° or 270°
depending on the properties of the data inputs.

Operation

Figure 36 shows the simplified vector and operation
and block diagram of the quadraphase modulator. (The
block diagram is identical to the single sideband
modulator except there is no IF hybrid.)

Figure 36 - Simplified Vector Operation of
Quadraphase (QPSK) Modulator
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The heart of the circuit is the balanced modulator, used

as bi-phase modulator (see page 125). The
unmodutated carrier signal a is split into two carrier

{modulator 2). The modulator outpuis are then
combined by an in-phase power divider {combiner) to
produce the four phases, 0°, 90°, 180°, and 270°.

Applications

Digital communication systems are becoming more
widely used because of their ability to transmit
information over long distances without deterioration,
since digital signals, unlike analog signals, can be
accurately regenerated. Digital phase modulation
(phase shift keying, PSK) allows only discrete phase
angles, rather than continuous functions that occur with
analog phase modulation. This instantaneous phase
difference of the output carrier with respect to the input
carrier determines the “digit” being fransmitted.

PSK Transmission Systems

Figure 37 shows the elements of a typical QPSK
fransmission system. PSK systems usually have 2
discrete phrase states with two-phase (biphase, BPSK),
and four-phase (quadraphrase, QPSK) being most
common. BPSK generally carries one data stream and
QPSK carries two data streams. These phase states
are as widely separated as possible to reduce the noise
sensitivity.

Figure 37 - Elementis of Typical QPSK Digital
Transmission System
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With PSK phase angles of 0° and 180°, 80° and 270°,
there is theoretically a perfect carrier null. In order to
detect this PSK signal at the demodulator the receiver
must therefore regenerate the carrier to use as a
coherent phase reference. This can be done by passing
the BPSK signal through a frequency doubier and
deriving a signal with 0° and 360° phase states. This is
now a constant phase signal and it can be filtered and
its frequency divided by two, thereby regenerating the
original carrier freguency. Or, it can be used as an input
o a phase comparator for controlling a phase-locked
reference oscillator. The same method is used for
regenerating the QPSK carrier except a frequency
quadrupler is used. Figure 38 is a block diagram
illustrating the coherent detection type of QPSK
demodulator.

Figure 38 - Coherent Detection Type QPSK
Demodulator
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Another, simpler, type of QPSK demodulator is shown
in Figure 39. It is called a differentially coherent or,
delay, detector. The delay detector is most suitable for
low-cost demodulators.

Figure 39 - Delay Detection Type QPSK
Demodulator

IF1

4 PHASE PSK SIGNAL PHASE Lo DEMODULATED
—ORF pETECTOR DATA
IF2 OUTPUTS

INPUT {(QIFMY

DELAY LINE, 1 BIT LENGTH

The delay line is used as a memory for the preceding
bit and provides a phase reference for the next symbol.
Carrier phase changes from bit o bit are, therefore,
detected without the need for establishing the fixed
phase-lock reference of the carrier regeneration
schemes. Either demodulator type uses the QIFM as
the demodulating elements.

Quadraphase Modulator Performance

Typical performance specifications for the Model

260015 Quadraphase Modulator are as foliows:
IF (Data) Signal Levels:

Logic 1: +15 mA
Logic 0: =15 mA

Data Rate: 0 to 100 mB/s {NRZ Format)
Biphase Modulation:

Input Logic Level Relative Phase

(iF Ports 1 and 2) (Degrees)
1 —{0 + 8¢ £ 5°
0 -~(180° + 6, £ 5°

Note: 8, is the zero reference phase angie
defined as input/output phase shift measured
with a logic 1 level present at both IF ports.

Quadraphase Modulation:

Input Logic Level Relative Phase

IF Port 1 IF Port 2 (Degrees)
1 1 -0 + 8¢ £5°
1 0 -(270 + 8) X5°
0 0 -(180 + 8} £5°
0 1 -{(90 + 8y) £5°

Note: 0, is defined as 0° for biphase modulation.

Input BF power Level: 0 dB (max)
Insertion Loss: 7 dB (typ.)
RF VSWWR: 1.5 (tvp.)
Isolation: IF to IF Ports: 25 dB (min)
IF to Output Ports: 25 dB (min)

The BPSK signal can be demodulated with any
balanced or double balanced mixer covering the
modulator RF range.

The QPSK signal can be demodulated with a
guadrature IF mixer (QIFM) covering the modulator RF
range.

Note that QPSK can give you two independent data
channels without multiplexing; biphase only one.
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Mixer Designs for
Phase/Amplitude tracking
Subassemblies

The principal requirements being imposed on modern
electronic warfare receivers today are wide-frequency
coverage, spurious free dynamic range, small size and
weight, and for direction-finding functions, extreme
accuracies in phase and amplitude characteristics.
Previously, broadband DF systems relied upon very
accurate RF beam forming networks. As bandwidths
have gone to multi-octave coverage, however, it has
been necessary to down-convert the RF received signal
and to perform beam forming functions at IF
frequencies. The translation from RF to an IF frequency
must be done, however, while preserving the RF phase
codes. This approach has placed considerable stress
on the mixer requirements. Specifically, those mixer
specifications which are most critical for wide-band
ECM receiving systems are: « Biasing of the mixer—this
bears on the LO dynamic range and spurious
performance. « Rejection of spurious signals—this is
important when related to system false alarm and
dynamic-range requirements. « LO is RF isolation—
important to reradiated LO power requirements.
VSWR—influences phase and amplitude tracking.
Number of diodes used—this has a direct bearing on
the LO power requirements. « Focusing of image signal
energy—critical to phase and amplitude tracking
requirements.

The last requirement on the internally generated image
signal, (produced by mixing of the LO second harmonic
with the RF input (2 LO-RF), introduces systems phase
error. The image power must, therefore, be focused so
it doesn’t interfere with the generation of the desired IF
output.

In order to get mixers to meet these requirements,
proper selection of the dc load line is critical.

Most mixers are designed to operate at a constant bias
voltage. However, through the use of a relatively simple
resistive bias network, it is possible to establish an
optimum dc load line, where diode conversion loss and
VSWR can be optimized over an extended local
oscillator dynamic range. in addition, spurious and
intermodulation performance of a diode can be
improved through the operation of the diode at high LO
power levels while maintaining optimum conversion
loss.

Four Mixer Types Analyzed

Figure 1 describes four basic mixer types that meet the
aforementioned mixer requirements in varying degrees.
For the double-balanced mixer in Fig. 1a, a fundamental
diode quad is shown. Also shown is a sequence of
phase codes or excitation required at each junction.

There are several circuit approaches available for
achieving the proper RF and LO excitation and
extracting the proper IF signal phase in a double-
balanced mixer.

The ORTHO-QUAD™ (quadrature-fed dual mixer), Fig.
1d, is a relatively new approach. In practice, a pair of
mixers—either balanced or double-balanced types—are
fed in phase quadrature. Only the quadrature-fed dual
mixer with a pair of 90° hybrid mixers is considered
here.

Table 1 gives a comparison of relative performance of
these four mixer types based on the criteria established
earlier. Ease of biasing is a direct function of circuit
complexity. The 90-degree hybrid mixer and the 180-
degree hybrid mixer, Fig. 1b and 1c are the easiest
mixers to bias. All the mixers reject 2 x 2 spurious,
none reject 3 x 3 spurious or two-tone intermodulation
but no one mixer is optimum for all parameters.

Figure 1 - Four mixers considered are (a) double-
balanced mixer; (b) 90-degree hybrid mixer; (c) 180-
degree hybrid mixer; and (d) Ortho-Quad® (quadrature-
fed dual mixer). Phase excitations for the double-
balanced mixer are shown.
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Combining Into a Mixer Subassembly

Let us now see which of these mixer types is most
suited for an ECM tracking system. In a phase and
amplitude tracking-receiving system, mixers can be
arranged such as shown in Fig. 2. With this system, the
phase and amplitude code which appears at the
various RF ports is translated to the same phase and
amplitude code at the corresponding IF ports. Note that
the LO and BITE signal are injected through a single
port.

The systems engineer can do broadband monopulse
direction finding, or build up relatively large synthetic
arrays using interferometric techniques with
subassemblies of this type. The IF frequency of such
systems can range from 60 MHz to 1 GHz or even
extend into S-band.

A typical frequency breakdown of a broadband system,
taking into account antenna bandwidths, LO power
available, and high frequency conversion loss as a
function of bandwidth, is a system broken into three
bands—the lower band from 0.5-2 GHz, the middle
band covering 2-12 GHz and the upper band covering
12-18 GHz. It is possible with today’s technology to
cover either 2-18 GHz, or even 0.5-1.8 GHz in a single
system, but as the overall bandwidth becomes larger
and larger, the conversion loss at 18 GHz begins to
suffer.

Figure 2 - A phase and amplitude tracking mixer
subassembly integrates several mixers, each of which
must preserve the RF phase codes applied.

MIERS AMP PHASE
i
LIMITERS AMP  ADJ ADJ

” C‘(_):JPLEH - ’:. S g
R S e e Op
st FR—DA@<

"> s ),,1!-@—( Ha
g > I"] ‘,‘.44@—( i

It is highly desirable, and almost imperative, that in a
wideband multi-channel phase and amplitude tracking
system of this type, the LO be operated on the same
side of the RF for all real signals. That is, throughout
the band, the real signal has to be consistently
characterized as LO above the RF frequency or vice-
versa. For discussion purposes, let us assume that the
LO frequency is always above the RF frequency for the
real channel. The phase of the nth IF channel is equal
to the phase of the nth LO channel, minus the phase of
the nth RF channel to the mixer,

¢6"IF = ¢"LO - ¢"RF
ldeally, the insertion phase from each RF input port to
each mixer should be identical, and likewise, the
insertion phase from the single LO terminal to each of
the mixers should track. But in the case of a broadband
multi-channel subassembly, such as in Fig. 2, the
insertion phase from the LO input to a single mixer can
be as large as 4 to 5 thousand degrees, and on the RF
side, the insertion phase can be as great as two
thousand degrees. Errors in the insertion phase
produced by either inhomogeneties in the propagation
constant (by a very small percentage) or slight
constructional line length differences will produce time-
delay errors. A time-delay error produces a phase error
which varies linearly with frequency.

Let us now consider a 12 to 18 GHz system where this
time-delay error causes a phase error of 1 degree per
GHz, Fig. 3. For the real signal, the phase error is equal
to 12 degrees at 12 GHz and increases linearity to 18
degrees at 18 GHz. At the image frequency, that is
where the LO is below the RF, the phase error is simply
reversed in sign. This error could be taken out in one of
the three places; a time-delay change in the RF
channel, a time-delay change in the LO channel or an
IF phase shift. Time delay corrections take out the
phase error at all LO frequencies and for both real and
image RF frequencies. The problem with this approach
is that in real life, a variable time delay will be
accompanied by a VSWR addition. This VSWR, if it
were the only one in the system, would not be a
problem, but this mismatch will beat with the aiready
existing VSWR’s of the other components and will
produce sinusoidal phase and amplitude error patterns

LO SAMPLE
BITE DIVIDER LO DIVIDER as a function of frequency. Such errors are large
l l enough to mask the good done by the time-delay
correction.
TEST INPUT LO INPUT . .
A phase-shift at the IF port; however, will not affect the
performance of the RF and LO paths as far as VSWR
Table 1 beats with frequency are concerned. It thus can
image Spurious
No. of LO-RF Focusing Rejection
Diodes VSWR Isolation Port Bias ability |m-n| =1
90° Hybrid 2 Good Poor LO 1 Poor
180° Hybrid 2 Poor Good RF 1 Poor
Double-Balanced 4 Poor Good RF 3 Good
Ortho-Quad® @.rom) 4 Good Good Int. Load 2 Good
a. VSWR: Poor: 2.6:1 typical d. Bias ability: Rated from 1 through 3
Good: 1.5:1 typical 1. Easiest to bias
b. LO-RF Poor: 6 dB typical 2. More difficult to bias
Isolation:  Good: 20 dB typical 3. Most difficult to bias
c. Image Defines where image signal 3. mxn Where |[m-n| = 1
Focusing:  energy is focused, LO port, spurious ig, 1x2, 2x1, 2x3, 3x2, etc.
RF port, or internally terminated. rejection:  Poor: Only partial rejection of jm-n| = 1 spurs
Good: Potentially rejects all [m-n| = 1 spurs
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produce a reduction of phase error 1o zero at one LO
frequency {real signal). In the case of the real and
image frequency errors in Fig. 3, an IF phase shift of 15
degrees at the IF terminal will produce the phase plois
shown in dashed lines. The real channel peak error has
been reduced from 18 degrees to 3 degrees. in this
case, the image channel peak error has been increased
from 18 degrees to 33 degrees. This increase is
immaterial if the LO is run consistently on the same
side of the RF with only the real channel information
being processed.

The biggest cause of amplitude and phase ripple in a
subassembly (Fig. 2) is the error paths set up by the
mismatch of one component beating the mismaich of
another component. The flow diagram of Fig. 4
describes the phase and amplitude ripple of these
mismaiches:

bpp = 250 T4 T 2

T4+ 1,1, ()
A, = 20log ——~—%
PP 1-T, I,
Figure 5 shows the phase and amplitude ripple possible
from two mismatches on a 50-ohm line.

There are many possible combinations of error paths
due to mismatches of an array of components making
up a subassembly. Consider, for example, a
hypothetical case where all components in Fig. 2 have
a perfect maich except the limiter and the RF port of
the mixer. if a VSWR of 2.33:1 I’ = 0.4) is assumed
for both of these mismaiches, then from fig. 5, it is
possible to have peak-to-peak phase errors of 18.2
degrees and peak-to-peak amplitude errors of 2.8 dB
(F1 r2 —_ 0.16)

Another source of phase and amglitude ripple which
can be traced to a mixer is the internally generated
image signal leaking from the RF port. This signal can
be reflected back into the mixer by the mismatches of
other components in the system, mix with the LO and
convert to an IF frequency as an error component.
Image generation of —12 dB relative to the BF input
signal offers the same error path potential as the
VSWR of 1.66:1. This image signal leaking from the LO
port does not have the same error potential because it
is suppressed by common mode rejection.

Figure 3 - Time-delay errors cause a phase error
which increases linearly with frequency.
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Figure 4 - Flow-graph generation of the transmission
coefficient shows cumulative efforis of two mismatches
separaied by a length of transmission line.
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Figure 5 - Two mismatches widely separated by a
matched transmission line produce widely varying
peak-to-peak amplitude and phase ripple.
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Isolation Important

As far as phase and amplitude tracking are concerned,
the three parameters that are most important in a mixer
are low RF VSWR, low LO VSWR, and image
generation at the RF port. These restrictions rule out
the double-balanced mixer, Fig. 1a, and the 180 degree
hybrid mixer, Fig. 1c, as contenders for a broadband
phase and amplitude tracking system. Both the 80
degree hybrid mixer, Fig. 1b and the Ortho-Quad®
(quadrature-fed dual mixers), Fig. 1d, have good return
loss and do not allow the image signal to come out the
RF port. Cross-channel isolation is also very important
if significant amplitude imbalance is expected at the RF
ports.
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It should exceed the greatest amplitude unbalance
expected in the system by more than 25 dB o minimize
the ampitude-to-phase cross talk. In a phase-only
system, where the RF levels are all the same, cross-
channel isolation will not produce significant errors.

There are four primary modes that can produce RF to
IF cross-channel coupling, Fig. 6. First, is RF leaking
through the first mixer across the LO divider and
coming in on the LO port to mixer 2. It may then be
down converted to the IF frequency at port IF,. The
cross-channel isolation is equal fo the RF to LO
isolation of the first mixer plus the isolation of the LO
splitter at the RF frequency pius the common mode
rejection of the second mixer.

The second type of leakage than can occur, Fig. 6b, is
IF generated in the first mixer leaking to the LO port
through the LO divider and coming in on the LO port of
the second mixer. If this mode turns out o be
prohibitive, it can be reduced by means of IF filtering on
the LO divider.

A third mode of leakage, Fig. 6¢, is the sum frequency
(LO + RF) generated in the first mixer coming out the
LO port, leaking through the LO divider and coming in
on the LO port of the second mixer. It then mixes with
two times the LO frequency in the second mixer and
generates an error signal at the IF. The leakage path is
generally not a problem uniess the LO divider has no
isolation at the sum freguency.

The fourth type of leakage is the image (2 LO - RF)
generated in the first mixer leaking out the LO port
across the LO divider and coming in on the LO port of
the second mixer.

In practice, if the isolation of the LO power divider is
maintained in-band and out-of-band, the primary
sources of cross channel coupling are RF and image
leakage across the LO divider.

The amount of LO power that is re-radiated from the
RF terminals is important since it will be ultimately re-
radiated out the antennas. The amount of LO power
appearing at the RF ports of Fig. 2 is equal to the LO
power required per mixer, minus the LO to RF isolation.
Under starved L.O conditions the typical LO power per
mixer is 0 dBm. A 90 degree hybrid mixer affords about
10 dB of LO to RF isolation. The Ortho-Quad®
{quadrature-fed dual) mixer provides approximately 25
dB of LO RF isolation, Hence, the LO power appearing
at the RF port in Fig. 2 would be either minus 10 dBm
or minus 25 dBm, depending upon the type of mixer
used. Any further reduction must be made up with
phase and amplitude tracking isolators between the RF
ports and the antennas.

Mixer Parameters as a Function of LO Power

The conversion loss and spurious response of a diode
depends on the impedance presented to the diode, not
only at the RF and IF freguencies, but over the entire
spectrum present in the Taylor’s expansion of the diode
current. In starved mixer operation, where insufficient
local oscillator power is available and a mixer diode
must be biased by a dc current the impedance
presented to the diode at dc is most important.

Figure 6 - Four Possible Modes of RF to I-F Cross-
channel coupling are (a) RF leakage; (b) IF leakage;
{(c) sum leakage (£ = LO + BF) and (d) image
leakage (| = 2 LO - RF).
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The current-voltage characteristics of a hot-carrier
diode varies as a function of LO power. This is due to
rectification effects in the diode, Fig. 7. The circuit used
to obtain these curves is also shown in Fig. 8. With a
fixed LO power level applied, the dc voltage is varied,
and the dc current through the diode measured.
Consider now the response of the diode for three dc
load lines, Fig. 7: [] Voltage = constant = 0
[]Current = constant = 1.0 mA. [] A linear load
linethroughV = 0ai5mAandl = 0at05V.

Figure 7 - Current Voltage Characteristics for a
Schottky diode, HP 5082-2508, show diode non-
linearities for various LO powers. Conversion loss
figures are superimposed on the curves (black)—VSWR

{(color).
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The first load line is for the unbiased diode— the case
for the majority of mixers in use today. The second
case is when the diode is biased for constant current.
Here, the load line is optimized for very low LO power.
The third case is a relatively new approach which
optimizes both diode conversion loss and RF VSWR

over a wide local oscillator power dynamic range. This
requires the use of an optimum dc load line and
requires a biasing circuit as shown in Fig. 9.

If the available supply voltage is Vs, then the series
resistor (R:) is chosen such that:
Ri = Vo /lo (4)
where
l.is the dc current value at the intersection of the
load line and current axis (Fig. 7).

The shunt resistance R: is then chosen to obtain the
proper slope of the load line such that:

R: = V, /I 5)
where

V. is the voltage value at the intersection of the load
line and | = 0 axis of the diode.

Since there is no current through the diode at this
point, the current | through R:is:

—_ Vb - Vo 6
| =S te (6)
Combining Eg. (5) and (6), the shunt resistor value is
then,
R, — YoR: 7
V- Ve 7)

Figure 8 - Circuit used to derive diode I-V
characteristics in Fig. 7 also provides conversion loss.

LO&rf if

__>

Figure 9 - This bias circuit is required to obtain the
optimum dc loading of the mixer diodes.

To obtain the optimum load line of Fig. 7 with a bias
supply of 10V; V. = 0.5V, I, = 5 mA then,

R, = 1OV _ ok ohm and
5 mA

Rz = Q.5)(2k = 105 ohms
10-0.5

Figure 10 is a direct plot of conversion loss as a
function of LO power for the three dc load line
conditions. As can be seen the third load line condition
provides the best possible conversion loss over a 35
dB LO dynamic range. The V = 0 load line optimizes
conversion loss at approximately + 10 dBm LO power
and the | = 1.0 mA load line has an optimum
conversion loss only for LO powers below -7 dBm.

Spurious and intermodulation suppression can also be
superimposed on the |-V curve as a function of LO
power. Fortunately, a load line can be chosen to
optimize spurious suppression, conversion loss and
VSWR simultaneously. Conversion loss and two-tone
suppression [(2f: - f2); f: and f: at — 10 dBm] are plotted
in Fig. 11. At high LO powers, (i.e., about + 16 dBm) a
load line other than V = constant = 0 can be used to
improve two-tone suppression with no degradation in
conversion loss. For example, the load line in Fig. 11
gives 60 dB two-tone suppression with 5.5 dB
conversion loss at + 16 dBm. Using the V = 0 load,
however, the optimum conversion loss point has less
than 50 dB two-tone suppression. If the LO power is
increased to improve the two-tone suppression, the
conversion loss degrades by 2.5 dB.

The m x n spurious suppression can also be super-
imposed on the current-voltage curves in Fig. 11 in the
same manner as the two-tone suppression. Best
spurious performance results with relatively high LO
power and by selecting the proper load line.

Figure 10 - By optimizing the load line at which a
mixer diode operates, the dynamic range of a mixer can
be improved to 35 dB.
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Figure 11 - Variations of conversion loss (biack) and
two-tone suppression (color) as a function of LO
power are shown super-imposed on the |-V
characteristics of a mixer.
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Increase of Dynamic Range by Means of Gating

A starved LO situation, which is frequently encountered
in broadband electronic warfare systems, can produce
serious dynamic range problems. The spurious
suppression of a mixer is seriously degraded as the LO
power is reduced. For example, a choice of mixers will
not help the particular situation depicted in Fig. 12,
since all of the mixers of Fig. 1 suppress the 2x2 and
none of them suppress the 3x3. A gating technique,
however, can be used when severe spurious generation
limits the dynamic range.

Figure 12 - Spurious 2x2 and 3x3 signals vary linearly
with LO power.

Figure 13 - Spurious chart indicates under what RF
and LO conditions spurious signals occur. The
rectangle represents limitations of a typical bandpass
filter.

/ /, 4x3
/
J S ' ::\"3
4 / / /
14 / 7y y / 5x4 \,//// R
/ / 7w 7
/ , s 7 4 //////
“ A Py
/, e 7%
13+ /y / / 7,
/7 vy ’ 7 /;// x5
‘r %, z
/' / 7V Y 7
/ e 7 e z
, / 'y /% Y P Zs, z P 3x4
c 124 S iyl P P P2
/ vyt 7 %, <
E Yy 4 2 L o3
ey Ay Y ~ &7 “Z s L 2X
= aw 7 y L7
7 i 2
104 Vi //'/,, /// /// ////
7 v 27 1x2
2x2 “ P 27
b
e ~ /,///
8 o
7
A< g
l A et N " . . .
| e + + $ $
8 8 1.0 1.2 1.4 1.6
LO/tmin

Fig. 13 is a spurious chart showing the relative RF and
LO frequencies at which the various spurious signais
occur. In this chart, both the RF and LO signals are
normalized to the minimum RF frequency. In this case,
it is assumed that the real signal will exist when the LO
is above the RF. Fig. 13 assumes the IF frequency is
equal to 4% of the minimum RF frequency. The LO and
RF frequencies required to produce the m x nth
spurious signals are:

mLO - nRF = +IF (8)
We can divide all these spurious signals into two
categories; near in terms, that is RF close to the LO
frequency, and far out terms, (i.e., where the RF is a
least 20% removed from the LO frequency). The
troublesome near-in terms are the image (which is at
the same level as the real signal for a single mixer),
and the 2x2 and 3x3. The troublesome far-out terms
are the m x n spurs where |m-n} = 1. Gating
techniques can utilize three separate gates. The first
will inhibit the signal channel if an image is present, the
second will inhibit the signal channel if either a 2x2 or
3x3 is present, and the third will inhibit the signal
channel if signals such as the 3x2, 4x3, or |m-n| =1
are present. The gating technique shown in Figure 14
centers around an image rejection mixer. The mixer
itself has two input ports; the LO and RF. It has two IF
outputs, the real channel and the image channel; in
addition, it has one other output which will provide the
difference freqency when the [m-n| = 1 spurs are
present. This particular port has no image rejection; it
will respond in the same manner for both the high side
and low side spur.

Figure 14 - Gating circuits used in conjunction with an
image-rejection mixer allows rejecting 2x2, 3x3 and
m-n = 1 spurs.
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Before discussing the gating circuitry further, consider
what would come out the real port of an image
rejection mixer after passing through a narrow band IF
filter as the LO is swept over a wide frequency range
for a fixed high level RF signal. The IF output as a
function of LO frequency normalized to the RF
frequency is plotted in Fig. 15. A similar plot of the
image channel wouid yield a similar looking spectrum,
except that the level of the real and image signals
would be interchanged. The image gating takes the real
and image channel and passes them through
narrowband filters at the IF frequency. A comparison is
made of the real to image level. If the image is greater
than the real, the image gate is activated.

Figure 15 - This spectrum occurs with an image
rejection mixer after passing through a narrowband IF
filter as the LO is swept over a wide-frequency range.
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The 2x2 spur is generated when the LO is above or
below the RF signal by half of the IF frequency. The
image rejection mixer is designed such that the IF
response is flat from one-third of the IF frequency to
the IF frequency. This means, when the 2x2 spur is
produced at the IF frequency, there is a much stronger
signal (stronger by the 2x2 suppression) at one-half the
IF frequency. A diplexer is placed in the real channel to
separate out one-half the IF frequency and one-third
the IF frequency.

Theoretically, the 2x2 spurious should be at the same
level for both the real and image channels. in practice,
these two channels do not track closely. Differences as
great as 10 dB can be seen in large production lots. To
overcome this imbalance, the diplexer is placed in both
the real and image channel and detectors are placed
on both output and the video signals are added. This
2x2 and 3x3 detector will respond for RF signals that
are removed from the LO frequency in the vicinity of
one-third to one-half the IF frequency. If the response
of the real channel is due to a 2x2 or 3x3 spurious, this
spur channel detector output will be stronger than the
real channel detector by the spur suppression. Relative
amplitudes of these detectors can be adjusted and fed
into the 2x2 or 3x3 gate. When the gate is activated,
the system output is inhibited because of the possibility
of a 2x2 or 3x3 spurious signal being present.

The third gate works on the spurious signals with wide
LO to RF separation. For a given spurious, such as the
4x3 spur, the range of difference in frequencies
between the LO and RF over which this spur can be
generated is relatively small. The 3x2 and 2x3 spurs are
generated in the vicinity of LO-RF = 0.5 of RF min. The
4x3 and 3x4 are generated in the vicinity of LO-

RF = 0.33 RF min. The 4x3 and 3x4 are generated in
the vicinity of LO-RF = 0.2 RF min. The high IF (|m-
n| = 1) port of the mixer can be filtered for one or
more of these spurious and foliowed by a detector.
Pre-amplification should not be needed in front of the
detector since these signals are higher than the real
channel spurious by the amount of the spurious
rejection. The output of this detector is then compared
to the real channel detector. If the detector output of
the |m-n| = 1 channel is greater than the real
detector, this gate will be activated and the real
channel will be inhibited because of the possibility of a
spur whose absolute value of m—n is equal to 1.

These gating techinques have one serious drawback. A
desired low-level real signal can be rejected in the
presence of a high-level non-spurious signal occurring
at an RF frequency where a spur would exist. The
probability of this happening is proportional o the
bandwidth of that particular detector. Therefore, the
image gate presents the least serious problem. Next
would be the 2x2 and 3x3 gate, and the most serious is
the |m-n| = 1 channel.

Future Trend—Wider Bandwidths
Two trends are emerging with EW receivers

e Mixers requiring more and more bandwidth
e Mixers with high IF frequency capability

Recent developments in biasing of the 90-degree
hybrid-coupler mixer have made possible bandwidths of
six octaves in a single mixer, Fig. 16. The 3 dB point of
the IF response is 150 MHz. since the mixer is biased,
the minimum IF frequency is determined by the
coupling capacitor. In this case, the minimum IF
frequency is 1 Mhz. The typical RF and LO VSWR is
1.5:1, (hence, it is possible to use this mixer in phase
and amplitude tracking systems). The typical LO to RF
isolation is only 6 dB.
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Figure 16 - A 90-degree hybrid mixer can be
designed to cover six octaves or over a 60:1 bandwidth.
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The second trend is in high IF mixers. A frequency
spectrum comparison between the low IF scanned LO
system and the high IF fixed LO system is made in Fig.
17. In a low IF system, the LO is swept through the RF
band in a search mode such that IF is always in the
center of the IF pass band. When this occurs, the RF
frequency is equal to the LO frequency, minus the IF.
Circuitry must be provided for rejecting images and 2x2
and 3x3 intermodulation products as well as 2x1 and
3x2 higher-order spurs. in the high IF system, the
image and the 2x2 and 3x3 lower-order intermodulation
products are not a problem. The LO is a fixed
frequency and the IF is typically an octave wide. This
means that an RF band—either below or above the LO
frequency— can be covered but preselection is required
to separate the RF band.

Figure 17 - This spectrum shows the differences
between a low IF scanned LO system and a high IF
fixed LO system.
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The two major advantages of a high IF system are

« Less complicated LO system

o Elimination of image and 2x2 and 3x3 spurious
response.

The major disadvantage is a more complicated IF

processor because of the increase of both absolute

and percentage bandwidth.

The conversion loss of a mixer with a 10 GHz LO and

2-4 GHz IF is shown in Fig. 18.

Figure 18 - Conversion loss of a high IF mixer with a1

IF of 2-4 GHz and an LO of 10 GHz.
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By Carl W. Gerst, Jr., Executive Vice President, Anaren Microwave, inc. Reprinted from
“Microwaves.”

Attenuators

There are two basic types of PIN control devices,
reflective and non-reflective. As the name implies,
reflective attenuators reflect some portion of the input
power back to the driving source; the amount reflected
being a function of the attenuation level. Non-reflective
(absorptive) attenuators absorb this reflected power in
some manner so that it never appears at the input or
output ports. Since any reflected power is a measure of
VSWR, the absorptive attenuator offers better VSWR
characteristics than the reflective device.

Reflective Attenuator

Fig. 1 is a simplified block diagram of a reflective
attenuator.

Figure 1 - Reflective Attenuator

DIODE MODULE

BIAS

When the PIN diodes are zero-biased, or reverse-
biased, they appear as open circuits which permit most
of the RF input power to travel to the RF output port.
Whenever, the diodes draw bias current, their RF
resistance decreases and they absorb some of the RF
input, but simultaneously reflect some back to the input

port. The remainder of the RF input passes on to the
output port. At maximum bias current, when the diodes
have very low RF resistance, most of the RF input will
be reflected back to the input port resulting in a high -
input VSWR.

Absorptive Attenuators

Fig. 2 is a simplified block diagram of a non-reflective
(absorptive) attenuator. The VSWR of an absorptive
unit remains good at any attenuation (bias) state
because of the properties of the input and output hybrid
couplers.

The input 3 dB 90° hybrid coupler divides the RF input
at port 1 equally to ports 3 and 4. When the PIN diodes
are zero-biased, or reverse-biased, they basically
appear as open circuits which permits nearly all the RF
input to travel to ports 1 and 2 of the output 3 dB 90°
hybrid coupler. The output coupler combines these
inputs to port 4, the RF output port.

Whenever the diodes draw bias current, their RF
resistance decreases and they absorb a portion of the
RF input while simultaneously reflecting some of the RF
input back to ports 3 and 4 of the input coupler.

The remainder of the RF input is combined in the
output coupler to the RF output port. That portion of
the RF input, reflected by the diodes to the input
coupler, is combined to port 2, which is terminated
internally with a 50 ohm load. Thus, none of the
reflected RF input appears at the RF input port even at
maximum bias when the diodes have very low RF
resistance.

Figure 2 - Simplified Block Diagram of 60360 Series Non-Reflective PIN Diode Attenuator
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Power Handling

At a certain value of diode impedance, the diodes will
be absorbing some maximum amount of power. This
point occurs at approximately the 6 to 10 dB
attenuation state of the attenuator and limits the
maximum power handling of the attenuator. At lower
attenuation (bias) settings the diodes pass most of the
microwave energy along the transmission line to the
output hybrid; at higher attenuation (bias) settings most
of the energy is reflected back to the hybrid internal
load and is dissipated there.

Maximum RF power ratings (burnout levels) are 2 watts
CW at 25° C, linearly derated above 25° C to 1 watt at
+95° C. Pulse power ratings (1 microsecond wide,
0.001 duty cycle) are 50 watts peak at 25° C, linearly
derated above 25° C to 25 watts at + 95° C. These
“burnout” ratings are very conservative and are based
on worst case analysis for heat sinking, attenuation
level and rate of temperature rise (thermal shock).

There are other effects limiting power handling for the
absorptive attenuators and attenuator/drivers. Before
the maximum PIN diode burnout rating is exceeded,
diode self rectification effects (frequency and power
sensitive) can limit the power handling because of
harmonic generation and accompanying distortion
products.

Insertion Loss

With Anaren attenuators and attenuator/drivers,
insertion loss is primarily a function of RF dispersive
losses in the 90° input and output hybrids and PIN
diode modules, and increases with increasing RF
frequency.

Attenuator Flatness

Attenuator flatness is a function of input and output
match, hybrid performance, and diode-module tracking.
The input and output match is tightly controlled due to
attenuator design, excellent hybrid performance and
because the modules are Anaren designed and built.
The combination these factors assures the
exceptionally high degree of uniformity required for the
attenuator specifications and applications.

Attenuation flatness is specified as 12 dB maximum
for attenuation settings up to 45 dB for L thru X band
units. The typical data curves of attenuation versus
frequency on pages 66-67 show, for lower attenuation
values and/or narrower bandwidths, flatness is
dramatically improved. A 20% BW at any attenuation
setting will provide a typical flatness of 1-0.25 dB. As
the attenuation curves also show, the octave-band
specifications are generally valid 10% out-of-band and
the X band specifications are typical for 20% out-of-
band performance.

Vector Modulator

Aside from the conventional applications of PIN
attenuators such as modulators, switches, and levelers,
the PIN attenuator can be connected in complex
networks to provide a variety of functions. One such
application is a Vector Modulator (Figure 5) which
utilizes PIN attenuators, in-phase power dividers, 90°
and 180° couplers. With the correct control signals, all
value of phase and an amplitude (over 55 dB dynamic
range) can be generated. In this application the control
signals shown in Figure 5 control the vectors as
illustrated in Figure 6. The control signals are analog
and vary between 0 and + 10V, + 10 volts being the
“absence of” the vector signal. For example, a vector
of unity amplitude and relative phase of -90° would
require 4 10 Volts on A-2, B-1 and A-1 and 0 volts on
B-2.

Insertion loss through the vector modulator is
approximately 12dB. Since the network utilizes PIN
diodes it can be operated at relatively high input levels
with low intermodulation levels. The Vector Modulators
can be operated at a level of 100 mw (+ 20 dBm) input
for harmonics 50 dB down.

Figure 5 - Vector Modulator
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Figure 6 - Vector Modulation Control Diagram
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The Phase Discriminator (correlator) and Frequency
Discriminator are similar devices. Both use a common
principle; a unique phase difference between two RF
signals is determined. The phase angle is measured (by
interferometry) and, instantaneously, the required
phase, frequency or amplitude signature of the RF
signal is obtained.

Phase Discriminators

Consider first the phase discriminator (correlator)
network shown in Figure 1.

Figure 1 - Phase Discriminator (Correlator) Network

V4 V3

RF DETECTORS

Vi v2

The passive RF portion of this device is a two-channel
processing network. Two RF input signals (A / o and B
/ B) are divided to the four output ports. The resultant
outputs are square-law detected and have the
amplitude and phase relationships shown in Figure 2.

Figure 2 - Instantaneous Video Amplitude Versus
Phase

\Z3

Vi

v4

AMPLITUDE
o

V3

PHASE
B=a~f

These video voltages are a function of the relative
phase between inputs A and B (6 = a - ) and are
proportional to:

V, = (A2 + B? 4 2ABcos 6
V, = (A? + B? - 2AB cos 6
Vs = (A? + B? + 2ABsin 6
V, = (A2 + B - 2ABsin 6

Connecting V1 and V2 to the + X and —-X deflection
plates of an oscilloscope, and connecting V3 and V4 to
the + Y and -Y deflection plates, respectively, will
produce a circular (polar) display. The radius of the
display will be proportional to AB and the angular
displacement proportional to 6, as indicated in Figure
3.

Figure 3 - Polar Discriminator Display

Alternatively, outputs V1 thru V4 can be combined in
differential amplifiers as shown in Figure 4. These two
resulting bipolar voltages are also the X-Y coordinates
of a polar display and are of the form:

| kAB cos 6
Q kAB sin 0

Figure 4 - Simplified Block Diagram
Phase Discriminator/Video Amps.

DIFFERENTIAL
AMPLIFIERS

v,
n
Aza > v | | = KABCOS 0
PHASE
DISCRIMINATOR v,
T
>—o—o = KABSIN

B >— v.
These two video outputs are, in fact, the in-phase (l)
and quadrature (Q) components of the correlation of
the two RF signals over a time period corresponding to
the video bandwidth (30 nanoseconds for 15 MHz video
bandwidth). To increase the correlation time, simply
reduce the video bandwidth.

When | and Q are applied to the oscilloscope the beam
is deflected from the center of the display. The vector
radius is again proportional to AB (signal power) and
the angle at which it occurs is 6 (the relative phase
angle between A and B). CW signals would produce a
dot at the vector tip (in a completely dc coupled
network). Pulsed signals will produce a strobe along the
vector radius.
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The phase discriminator (correlator) can serve as a
common signal processing network for systems
designed to monitor bearing, polarization and frequency
of AM or FM radiated signals.

Frequency Discriminators

A frequency discriminator uses a phase discriminator
and adds a power divider/delay line at the RF input as
shown in Figure 5. The unknown RF signal A is divided
to a reference and delay path. The differential delay (T)
creates a phase difference (0) between the two signals
which is linear function of frequency (f) and is given by
6 =2 ft

Figure 5 ~ Frequency Discriminator
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The two signals are applied to the phase discriminator
which provides four detected video voltages
proportional to:

kP kP )
Vil = ~;(1 +cos 0) Ve=Qy = —é-ﬁ + sin 6)

kP kP

Where: P is the RF signal power level
k is a constant related primarily to delay line
insertion loss

These output voltages are used in the same manner as
described in the previous section on phase
discriminators. All four outputs can be applied directly
to an oscilloscope or they can be differenced in a pair
of differential video ampilifiers to produce bipolar
voltages:

C=1 —1,=kPcos#8

S=Q —Q,=kPsin 0
Either method would result in a display as shown in
Figure 6. Again, the deflection radius (kP) is
proportional to the power of the RF signal. For the
frequency discriminator, however, the angle (0) is now
linearly proportional to the frequency of the RF Signal.
This proportionality constant depends on the differential
delay required and determines the length of the delay
line.

The frequency discriminator display is obviously
ambiguous if required to operate over more than 360°.
The delay time is therefore selected so that varying the
frequency from start (F min) to stop (F max) yields
approximately 275°-330° rotation on the oscilloscope
display. The unambiguous bandwidth for a discriminator
with a differential delay, T, is given by:

Af =1

-
For example, an S-band discriminator designed to work
from 2 to 4 GHz typically would require a differential
delay of about 0.39 nanoseconds. This would provide
an unambiguous bandwidth of 2.56 GHz, with the
phase angle 6 varying from 281 degrees at 2 GHz to
562 degrees at 4 GHz.

Figure 6 ~ Polar Display of Discriminator Video
OQutputs

kP COS @

The phase/frequency relationship is theoretically linear.
However, owing to construction tolerances, a practical
discriminator exhibits a phase linearity error. Depending
on the operating band, at any given frequency, the
actual phase angle produced may be in error by as
much as plus or minus 12 degrees. For any given
discriminator, this is a reproducible error. That is, the
same angle will always be produced for the same
frequency. The actual phase/frequency function is thus:

0 = 2afT + €
where € is the phase linearity error.

Application Information

Test & Measurement Networks:

Measurement of Transfer Characteristics

The transfer characteristics of a device can be rapidly
and accurately determined over wide bandwidths with a
correlator connected as shown in Fig. 7.

Figure 7 - Connection Of Correlator For
Determination Of
Transfer Characteristics

INPUT REFERENCE
Lt

PHASE
[DISCRIMINATOR]
(CORRELATOR)

DEVICE UNDER
TEST

The reference signal is adjusted to equal 1 /° on the
CRT display. The polar display is then proportional to
the transfer characteristics of the device under test.

This testing technique is particularly useful for
measuring the transfer characteristics of phase-shifters
and microwave transistors.

The vector display can be continuously monitored as
successful states of the phase-shifter are switched into
the circuit; microwave transistors can readily be tested
for both gain and insertion phase over wide
bandwidths.

Smith Chart Plotter

A correlator connected as shown in Fig. 8 will provide a

fast, accurate Smith Chart display of the input

impedance of a device under test.

Figure 8 -~ Connection Of Correlator For Display Of
Input Impedance.
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As indicated, an additional coupler is required to obtain
a signal proportional the reflection component. With a
Smith Chart plot on the face of the CRT the input
impedance of the device being tested can be read
directly.

If a leveled sweep source is used, the octave
bandwidth of the correlator makes it possible to quickly
match devices over wide bandwidths.

Video Interface Considerations

Anaren phase discriminators Series 20750, which do
not include video amplifiers, use Schottky Barrier
diodes as detectors. Because of the voltage potential
necessary, to bring the Schottky Barrier detectors into
conduction an external bias voltage (-+5V) is used to
forward bias the detectors. This bias level is set for
optimum tangential sensitivity and linearity and is
established by four fixed resistors inside the
discriminators. (Figure 9)

Figure 9 - Phase Discriminator Series 20750

Due to the voltage drop across the detectors caused by
the external bias, there is a dc offset voltage present
on the video output terminals. This offset voltage value
is a function of the diode VF characteristics and may
be between 200 mV and 450 mV DC.

Certain precautions must be taken when connecting the
video outputs of the 20750 series discriminators to
external circuits:

1. The connecting circuit must be of sufficient high dc
resistance (greater than 500K ohms) so that it does
not shunt all or part of the detector bias current. If
the connecting circuits dc resistance is not high
enough the discriminator will not perform to
specification. However, this will not affect the
reliability of the discriminator. The discriminator will
function correctly when reconnected to a high dc
resistance video circuit.

There are various methods that can be used to
interface the discriminators video outputs. Two are
listed below:

(a) Install series blocking capacitors in the video
circuits. This will affect the low frequency response
of the video signal but will prevent bias shunting to
the video load. (Figure 10) The Anaren discriminator
series 2A0750 uses this method. They have
integrated ac coupled video amplifiers which
interface with the video detectors.

Figure 10 - Instailation of Series Blocking
Capacitors

DC BLOCKING CAPACITORS
TYP. 4 PLACES

RF A>—| P b g
PHASE 2 | ; TO
DISCRIMINATOR VIDEO
SERIES va CIRCUITS
TS
RF B>—| P f—

(b) Connecting the detector outputs to a differential
amplifier having a high input impedance (greater
than 500K ohms) The detector offset voltage
appears as a common mode voltage to the
differential amplifiers and the zero signal output
should be near zero. Slight offsets due to circuit
imbalances can be trimmed out. (Figure 11)

Figure 11 - Connecting Outputs to High Input
Impedance
DIFFERENTIAL AMPS
HIGH INPUT
IMPEDANCE

[~ """
RF A>—| v ! |
Vi |
PHASE i
DISCRIMINATOR
SERIES |
20750 |V

’ |
4 |

]

2. Precautions should be taken to prevent static
discharge damage to the discriminators. The RF
detector diodes used in the Anaren discriminators
are protected against applications of reverse bias
voltages but are static sensitive. These detectors
may be permanently damaged by careless handling.
Antistatic handling procedures must be used.

RF B>—
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90° Hybrids, no case
Size Port Return Insertion | Amplitude Phase X
Part Frequency Power . Isolation
Number Clla ) inches/ Impedance Loss Loss Balance Balance (4B)
(mm) Q) (VSWR) (dB) (+/-dB) | (+/-°)

10230-3 0.03-0.076 800 2.1 x 2 50 1.4:1 0.5 0.8 2 15
10270-3 0.03-0.076 200 2.65 x 2.65 50 1.2:1 0. 45 0.8 2 20
1A0230-3 0. 054 - 0. 088 700 2.1 x 2 50 1.2:1 0. 45 0.5 2 20
10261-3 0.0625 - 0. 125 200 1.83 x 2.01 50 1.2:1 0. 35 0.5 2 20
1D0261-3 0.07-0.11 200 1.83 x 2.01 50 1.2:1 0.3 0.3 2 20
1A0280-3 0.09 -0.18 200 1.83 x 2.01 50 1.2 0.3 0.5 2 20
1H0280-3 0.09 -0.18 200 2.2 x 0.8 50 1.2 0.3 0.5 2 18
1J0280-3 0.1-0.16 500 2.2 x 0.8 50 1.2 0.3 0.3 2 20
1A0920-3 0.1-0.5 200 5 x 2.5 50 1. 35 0.9 0. 85 2.5 13
RFP-4243 0.12-0.23 200 2.2 x 0.8 50 1.25 0.3 0.5 2 20
10262-3 0.125-0.25 300 1.43 x 1.5 50 1.2 0.3 0.5 2 20
RFP-4053 0.13-0.18 200 2.2 x 0.8 50 1.25 0.3 0.4 2 20
1H0262-3 0.16 - 0. 23 400 1.43 x 1.5 50 1.2 0.3 0.3 2 20
10260-3 0.225-0.4 250 1.25 x 1.25 50 1.2:1 0.3 0.5 2 20
1A0260-3 0.225-0.4 250 1.09 x 1.22 50 1.2 0.3 0.5 2 20
1B0260-3 0.225-0.4 250 2 x 0.5 50 1.2 0.3 0.5 2 20
1R0260-3 0.225-0.4 250 1.62 x 0.56 50 1.2 0.3 0.5 2 20
10263-3 0.25-0.5 200 1.25 x 1.25 50 1.2 0.3 0.5 2 20
1H0263-3 0.25-0.5 200 1.62 x 0.56 50 1.2 0.3 0.5 2 20
RFP-4047 0.3-0.5 200 1.35 x 0.5 50 1.2 0.3 0.4 2 21
1D0263-3 0.3 -0.55 200 1.25 x 1.25 50 1.2 0.3 0.5 2 20
1R0263-3 0.4-0.52 100 2 x 0.5 50 1.2 0.3 0. 25 2 20
1B0263-3 0.4-0.7 200 2 x 0.5 50 1.2 0.3 0.5 2 20
1H0264-3 0.44 - 0. 88 200 1 x1 50 1.2 0.3 0.5 2 20
10264-3 0.5-1.0 200 1 x 0.87 50 1.2 0.3 0.5 2 20
1B0264-3 0.5-1.0 200 1.35 x 0.5 50 1.2 0.3 0.5 2 20
10330-3 0.7-1.4 150 0.81 x 0.81 50 1.25 0.3 0.5 2 18
RFP-4015 0.8-1.0 400 1.5 x 0.5 50 1.25 0.3 0.3 1.5 20
1Y0265-3 0.8-2.1 1.35 x 0.5 50 .3 0. 35 0.9 2.5 17
1B0220-3 0.8-2.5 55 2.2 x 0.8 50 1.5 0. 25 0.5 3 12
1A0220-3 0.8-4.2 55 2.2 x 0.8 50 1.43 0. 45 0.7 3 16
1B0890-3 0.85-1.45 150 1.35 x 0.5 50 1.25 0.3 0.5 2 20
10890-3 0.95-1.225 150 1.35 x 0.5 50 1.25 0.3 0.3 2 18
1L0265-3 1.0-1.4 150 1.35 x 0.5 50 1.25 0.3 0.3 2 20
10265-3 1.0-2.0 100 0.81 x 0.81 50 1.25 0.3 0.5 2 18
1B0265-3 1.0-2.0 100 1.35 x 0.5 50 1.25 0.3 0.5 2 18

1C0220-3 1.0-4.2 55 2.2 x 0.8 50 1. 36 0. 45 0.6 4 16. 5
1K0265-3 1.3-1.7 100 1.35 x 0.5 50 1.25 0.3 0.3 2.5 20
1E0320-3 1.3-2.6 100 0.81 x 0.81 50 1.3 0. 35 0.5 2.5 18
160265-3 1.35-1.85 0.81 x 0.81 50 1.25 0.3 0.5 2 22
1B0320-3 1.7-2.5 100 1.35 x 0.5 50 1.3 0. 35 0.5 2 18
1B0266-3 1.7-3.4 80 1.2 x 0.4 50 1.3 0. 35 0.5 2.5 17
10266-3 2.0-4.0 60 1.2 x 0.4 50 1.3 0. 35 0.5 2.5 17
1C0266-3 2.0-4.0 60 1.35 x 0.51 50 1.3 0. 35 0.5 17
1D0266-3 2.0-4.2 1.35 x 0.51 50 1.35 0. 035 0.7 16
11270-3 2.0-6.0 50 1.62 x 0.56 50 1.5 0.8 0.8 15
1A0266-3 2.1-4.2 60 1.2 x 0.4 50 1. 0. 35 0.5 18
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Hybrids Coupler, no case Selection Matrix

Model 10230-3

90° Hybrids, Hi-pwr, no case
Part Frequency Power Size Port Return Insertion | Amplitude Phase Isolation
Number CHz ) inches/ Impedance Loss Loss Balance Bale:nce (dB) Hy brld Cou plers
(mm) Q) (VSWR) (dB) (dB) ) o
120261-3 0. 088 - 0. 108 400 2.65 x 2.65 50 1.15 0. 25 0.4 2 23 3 dB, 90
120280-3 0.1-0.16 700 2.65 x 2.65 50 1.15 0. 25 0.4 2 23 Applications
120262-3 0.16 - 0.23 560 4.5 x 0.8 50 1.15 0. 25 0.3 2 23 - - - -
120263-3 0.2-0.4 420 1.5 x 0.8 50 1.15 0. 25 0.5 2 20 ® Microstrip Circuits
1H0360-3 0.225-0.4 420 4.5 x 0.8 50 1.15 0.25 0.4 2 23 e Dividers/Combiners
120364-3 0.44 - 0. 88 280 1.43 x 1.5 50 1.15 0. 25 0.5 2 23 ° Switch Networks
e Balanced Detectors
e Antenna Feeds
Features
e 0.03-0.076 GHz
e \\elded Tab mount
e Reliable Performance
e Handles 800 Watts
e Meets MIL-E-5400 Class 3 Requirements
NOTES: Anaren Power rating applies when solder tab/coupler interface has been
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. - ectrical and Mechanical Specifications subject to change without notice.
Outline Drawing P ! g
4 [ 3 4 [E31507F 10922-600T ] !
1750 l REVISIONS
| m) |
s S 4x
o 4 ®3) ' 1050 £.005 WIDE X .005 £.001 THICK
J; m (13) (@) l
f
® N
[V =90
B E%&R%ECT\DN B
.51
AInaren
e (425)
(508) 10230-3 ) NOTES:
0320-.076 GH= 1 DIMENSIONS ARE IN INCHES OVER (MILLIMETERS)
2 MARKING: MARKING SHALL BE IN ACCORDANCE
WITH MIL—STD-130
3 FINISH: CHEMICAL CONVERSION COAT (CLEAR) PER
IN IS(>L MIL—C—5541, CLASS 1A
v { ) 4| SOLDER TAB: %
@ @ 4.1 MATERIAL: FLAT WIRE, COPPER—061, PER
f m u ASTM—B-272
('3%) 4.2 FINISH: GOLD PLATE PER MIL—G—-45204,
’ .50 1.100 1 TYPE 3, GRADE A, CLASS 00,
[ (27 @79 e OVER NICKEL SULFAMATE FLASH
2.10 PER QQ-N-290, CLASS 1
53.3) 5  WEIGHT: .70 OUNCES MAX
%umwc EYELET
8.093 —_.105 THRU COMPUTER GENERATED
(24) ~(@27) DOCUMENT — MANUAL
A %]) FLANGE 0D MAX CHANGES NOT ALLOWED A
: INTERFACE CONTROL DRAWING ‘ﬁé‘.” 10922-C001 E
+2.0° ! NEXT ASSY UNLESS OTHERWISE SPECIFIED HCﬂONTWACT
m w1 | “Anaren ST, ¢
INSR_LOSS 050 dB WX : JhLoEc s vg‘zo COUPLER, CASELESS 7
AMPTD BAL +0.80 dB MAX ANGLES + - BdB 9o° 5
e o : O s YA e i .mﬁ o ‘gg_c — 2
@ = g B| 31597 10922-G001 £
SPECIFICATIONS . T;’;E‘jgg‘;&{ 01 0230-0002 CE 9/ ‘ DOC CODE: 3 ‘SHEU 1 0F 1 3
812 4 . 3 % 2 ‘ 00 1
USA/Canada: E315 432-8909 ® ® USA/Canada: 5315; 432-8909
Toll Free: 800) 411-6596 n n n r n Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
Asia: +86-512-62876400 What'll we think of next?® What'll we think of next?® Asia: +86-512-62876400

58 59



Model 10270-3

Hybrid Couplers
3 dB, 90°
Applications
e  Microstrip Circuits

Model 1A0230-3

Hybrid Couplers
3 dB, 90°

Applications

e Microstrip Circuits

e Dividers/Combiners
e  Switch Networks
e Balanced Detectors
e Antenna Feeds
Features
e 0.03-0.076 GHz
e Welded Tab mount
e Reliable Performance
e Handles 200 Watts
e Meets MIL-E-5400 Class 3 Requirements
NOTES: Anaren Power rating applies when solder tab/coupler interface has been
conformally coated.
: : Electrical and Mechanical Specifications subject to change without notice.
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e Dividers/Combiners
e  Switch Networks
e Balanced Detectors
e Antenna Feeds
Features
e 0.054-0.088 GHz
e Welded Tab mount
e Reliable Performance
e Handles 700 Watts
e Meets MIL-E-5400 Class 3 Requirements
NOTES: Anaren Power rating applies when solder tab/coupler interface has been
conformally coated.
Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
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Model 10261-3

Hybrid Couplers
3 dB, 90°

Applications
* Microstrip Circuits
* Power Amps

» Divider/Combiners
» Switch Networks

» Balanced Detectors
* Antenna Feeds

rl

o
ey

Model 1D0261-3

Features Electrical Specifications Features Electrical Specifications
* Welded Tab Mount Frequency Isolation Insert. Loss VSWR + Welded Tab Mount Frequency Isolation Insert. Loss VSWR
« 2-\Wav Power Solit MHz dB Min/Typ dB Max Max : 1 « 2-Way Power Split MHz dB Min/Typ dB Max Max : 1
y Power Spli 62.5-125 20/27 0.35 1.20/1.10 . 70 -110 20/23 0.30 1.20/1.15
* Reliable Performance » Reliable Performance
Amp. Bal. Ph Bal. P . Amp. Bal. Phase Bal. Power
* Handles 600 Watts TBP Maxa De;::S sz Ave. g:/IVV?/I:atts Handles 600 Watts dB Max Degrees Max Ave. CW Watts
+0.50 +20 600 +0.30 2.0 600

Applications

* Microstrip Circuits
+ Power Amps

+ Divider/Combiners
« Switch Networks

» Balanced Detectors
* Antenna Feeds

*

Hybrid Couplers
3 dB, 90°

e

L

o

3

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications.

Electrical and Mechanical Specifications subject to change without notice.

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications.

Electrical and Mechanical Specifications subject to change without notice.

Outline Drawing Outline Drawing
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Model 1A0280-3

Hybrid Couplers
3 dB, 90°

Applications
* Microstrip Circuits

 Divider/Combiners
» Switch Networks
» Balanced Detectors
* Antenna Feeds

Features

Model 1H0280-3

Electrical Specifications

* Welded Tab Mount
+ 2-Way Power Split
» Reliable Performance
» Handles 400 Watts

Outline Drawing

Frequency Isolation Insert. Loss VSWR
MHz dB Min/Typ dB Max Max : 1
90 - 180 20/27 0.30 1.20/1.10
Amp. Bal. Phase Bal. Power
dB Max Degrees Max Ave. CW Watts
+0.50 2.0 400

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications.

Electrical and Mechanical Specifications subject to change without notice.

MOUNTING EYELET
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Alnaren I
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D/

NOTES:
1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS)
2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130
3. FINISH: CHEMICAL CONVERSATION COAT (CLEAR)
PER MIL-C-5541, CLASS 1A
4. SOLDER TAB:
4.1 MATERIAL:FLAT WIRE, COPPER-061, PER ASTM-B-272
4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A,
CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290,
T CLASS I

005 +.001 THICK

USA/Canada: E31 5; 432-8909

Toll Free: 800) 411-6596
Europe: +44 2392-232392
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Applications

* Microstrip Circuits
» Power Amps
 Divider/Combiners
« Switch Networks

» Balanced Detectors
* Antenna Feeds

Features

Hybrid Couplers
3 dB, 90°

Welded Tab Mount
+ 2-Way Power Split
Reliable Performance
Handles 400 Watts

Outline Drawing

Electrical Specifications
Frequency Isolation Insert. Loss VSWR
MHz dB Min/Typ dB Max Max : 1
90 - 180 18/25 0.30 1.20/1.10
Amp. Bal. Phase Bal. Power
dB Max Degrees Max Ave. CW Watts
+0.50 2.0 400

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude bal-
ance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications.

Electrical and Mechanical Specifications subject to change without notice.
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Model 1J0280-3 Model 1A0920-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3dB, 90°

Applications
* Microstrip Circuits
 Divider/Combiners

Applications
e Microstrip Circuits

e Dividers/Combiners
» Switch Networks e Switch Networks
« Balanced Detectors ¢ Balanced Detectors
e Antenna Feeds
« Antenna Feeds
Features

e 0.1-05GHz

4 p e s
M

PHASE BALANCE: +2.5 DEGREES MAX
AVE. CW POWER: 200 WATTS

so

=00 COUPLER, CASELESS

e Welded Tab mount
e Reliable Performance
Features Electrical Specifications e Handles 200 Watts _
e Meets MIL-E-5400 Class 3 Requirements
+ Welded Tab Mount Frequency Isolation Insert. Loss VSWR
. MHz dB Min/T} dB Max Max : 1
+ 2-Way Power Split L
. 100 - 160 20/27 0.30 1.20/1.10
* Reliable Performance
Amp. Bal Phase Bal Power
+ Handles 500 Watts e : ; i i
dB Max Degrees Max Ave. CW Watts NOTES: Anaren Power rating applies when solder tab/coupler interface has been
. . conformally coated.
+0.30 +2.0 500 Outline Drawmg Electrical and Mechanical Specifications subject to change without notice.
Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper- 4 ‘ 3 l 2 \ ‘ !
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude o
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating NouNTING EYELET
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400 D / @4 @) D
5.00 220 FLANGE OD MAX
Class 3 requirements. Additional screening available for military and space applications. - (127.0) . ©0)
Ouﬂ|ne Draw|ng Electrical and Mechanical Specifications subject to change without notice. '%TJ)“ :L@M\N t
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Model RFP-4243 Model 10262-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3 dB, 90°

Applications
e  Microstrip Circuits

Applications
e  Microstrip Circuits

e Dividers/Combiners e Dividers/Combiners
e  Switch Networks e  Switch Networks
e Balanced Detectors e Balanced Detectors
e Antenna Feeds e Antenna Feeds
Features Features
e 0.12-0.23GHz e 0.125-0.25GHz
e Welded Tab mount e Welded Tab mount
e Reliable Performance e Reliable Performance
e Handles 200 Watts e Handles 300 Watts
o Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements
NOTES: Anaren Power rating applies when solder tab/coupler interface has been
conformally coated.
NOTES: Anaren Power rating applies when solder tab/coupler interface has been Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
conformally coated. T
- - Electrical and Mechanical S ificati j i ice. 4 ‘ 3 &6 31597% 10966-G00T [*1 [ 1
Outline Drawmg al Specifications subject to change without notice ‘% [ : [ [ S—
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Model RFP-4053

Model 1H0262-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3dB, 90°
Applications Applications
e Microstrip Circuits

e Microstrip Circuits

e Dividers/Combiners e Dividers/Combiners
e  Switch Networks e  Switch Networks
e Balanced Detectors e Balanced Detectors
e Antenna Feeds e Antenna Feeds
Features Features
e 0.13-0.18GHz e 0.16-0.23GHz
e Welded Tab mount e \Nelded Tab mount
e Reliable Performance e Reliable Performance
e Handles 200 Watts e Handles 400 Watts
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements
NOTES: Anaren Power rating applies when solder tab/coupler interface has been
NOTES: Anaren Power rating applies when solder tab/coupler interface has been conformally coated. o . ) )
confor_ma//y coated. ) - ) ) ) Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
0 tli D - Electrical and Mechanical Specifications subject to change without notice. .
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Model 10260-3

Model 1A0260-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3 dB, 90°

Applications Applications
 Microstrip Circuits s * Microstrip Circuits
« Divider/Combiners e Divider/Combiners
» Switch Networks » Switch Networks

« Balanced Detectors « Balanced Detectors
+ Antenna Feeds + Antenna Feeds

Features Electrical Specifications Features Electrical Specifications
* Welded Tab Mount Frequency |solation Insert. Loss VSWR + Welded Tab Mount Frequency Isolation Insert. Loss VSWR
. i . : MHz dB Min/T) dB Max Max : 1
« 2-\Way Power Split MHz dB Min/Typ dB Max Max : 1 o 2-Way Power Sp|lt yp
y P 225 - 400 20/25 0.30 1.20/1.10
. 225 - 400 20/25 0.30 1.20/1.10 . - i : :
+ Reliable Performance + Reliable Performance
Amp. Bal. Phase Bal. Power
« Handles 250 Watts Amp. Bal. Phase Bal. Power « Handles 250 \Watts P
dB Max Degrees Max Ave. CW Watts dB Max Degrees Max Ave. CW Watts
+0.50 +2.0 250 +0.50 2.0 250
Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper- Nt°t353 T'egficmlsiecficaﬁons :PP'Y ZntW V,\;llT g;_ogiféysdiﬂgr:e; ;eéif:(tgfis- I?Stilni is dONEI?T ambie:jtt tdempa-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude ature only. Sample testing Is performed to - -109, Level 2, -U. Test includes coupling, amplituae
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400 applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
. . Class 3 requirements. Additional screening available for military and space applications. . . Class 3_ requirements. Additi_onal screer]ir]g av_ailable for _military and space a[)plicationsv .
Ouﬂ'ne quwu\g Electrical and Mechanical Specifications subject to change without notice. Ouﬂ|ne quwqu Electrical and Mechanical Specifications subject to change without notice.
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Model 1B0260-3 Model 1R0260-3

Hybrid Couplers
3 dB, 90° 3 dB, 90°

Applications
* Microstrip Circuits

Applications

* Microstrip Circuits

 Divider/Combiners
« Switch Networks

» Balanced Detectors
» Antenna Feeds

» Divider/Combiners
» Switch Networks

» Balanced Detectors
* Antenna Feeds

Features Electrical Specifications Features Electrical Specifications
+ Welded Tab Mount Frequency Isolation Insert. Loss VSWR + Welded Tab Mount Frequency Isolation Insert. Loss VSWR
. 2-Way Power Split MHz dB Min/Typ dB Max Max : 1 . 2-Way Power Split MHz dB Min/Typ dB Max Max : 1
. 225 - 400 20/25 0.30 1.20/1.10 . 225 - 400 20/25 0.30 1.20/1.10
* Reliable Performance » Reliable Performance
. Amp. Bal. Phase Bal. Power R Amp. Bal. Phase Bal. Power
Handles 250 Watts dB Max Degrees Max Ave. CW Watts Handles 250 Watts dB Max Degrees Max Ave. CW Watts
+0.50 2.0 250 +0.50 2.0 250

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications.

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400

. . : I ning av ! P i . . Class 3 requirements. Additional screening available for military and space applications.
Outline quWIng Electrical and Mechanical Specifications subject to change without notice. Outline quWlng Electrical and Mechanical Specifications subject to change without notice.
NOTES:
180 ~ 1-500 gl i 1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS) X TAB 0501005 WICE
2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130 X .0052.002 THK
15MIN [l il 3. FINISH: CHEMICAL CONVERSATION COAT (CLEAR) i
: . PER MIL-C-5541, CLASS 1A / : o
0 3 0.083/.105 THRU
f L ® ANAREN 4. SOLDER TAB: / sl SR X 020 MAX
50 250 2265400 Gz N 4.1 MATERIAL:FLAT WIRE, COPPER-061, PER ASTM-B-272 W/ l x EYELET PROJECTION
) ¥ I DF o5 4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A, 4 : : 2.110 0D MAX
1] T ¥ CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290, X015 MIN ' FLANGE
CLASSI. T ) _
n ¥ T Anaren - . NOTES:
se 375 |@©— 1R0260-3 —g 1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS)
| 1.80 | T 225-.400 GHe T 28 2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130
DN 1s0L& 3. FINISH: CHEMICAL CONVERSATION COAT (CLEAR)
] T PER MIL-C-5541, CLASS 1A
2.00 . 09 ‘ i ‘ J ] 4. SOLDER TAB:
EYELE . . 4.1 MATERIAL:FLAT WIRE, COPPER-061, PER ASTM-B-272
O35 e At 50 170 - [~ 1 MAX 4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A,
SIDE , FLANGE CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290,
220DIA MAX 09— 1437 CLASS I.
TAB .05 X.005 THK - 1.62
4 PL
093
05 DIA 2PL
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
ia: +86-512- . B . ia: +86-512-
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Model 10263-3 Model 1H0263-3

Hybrid Couplers
3 dB, 90°

Hybrid Couplers
3 dB, 90°

Applications
Applications e Microstrip Circuits
« Microstrip Circuits e Dividers/Combiners
. : e  Switch Networks
» Divider/Combiners
. e Balanced Detectors
» Switch Networks
e Antenna Feeds
» Balanced Detectors
+ Antenna Feeds Features
e 025-05GHz
e Welded Tab mount
e Reliable Performance
e Handles 200 Watts
. e . e Meets MIL-E-5400 Class 3 Requirements
Features Electrical Specifications
+ Welded Tab Mount Frequency Isolation Insert. Loss VSWR
. 2-Way Power Split MHz dB Min/Typ dB Max Max : 1
. 250 - 500 20/25 0.30 1.20/1.10
» Reliable Performance
« Handles 200 \Watts Amp. Bal. Phase Bal. Power NOTES: Anaren Power rating applies when solder tab/coupler interface has been
dB Max Degrees Max Ave. CW Watts conformally coated.
+0.50 +2.0 200 Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper- 4 ‘ 3 @ C%ﬁg‘nﬁ S 12884-GO01 ‘SHl ‘ ' !
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude bal-
ance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications. 4X
Outline quw|ng Electrical and Mechanical Specifications subject to change without notice. iSots.81] %93[2361/”5[257]
1.437 THRU — 11
|| [36.50] | ' r[z 82]
3860 TAB 050 WIDE ) i i
NOTES: B o -90°@ B
1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS) 1 Aneren NOTES
2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130 [14.22] 56 8 H0263-3 .375[9.52] 1 MARKING: MARKING SHALL BE AS SHOWN IN
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4. SOLDER TAB: f Il | og] ) " PER MIL-C-5541, CLASS 1A
f o 90° 4.1 MATERIAL:FLAT WIRE, COPPER-061, PER ASTM-B-272 [2.29) 2x SOLDER TAB: ' )
@ @ [ 4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADEA, 020 MAX 3.1 MATERIAL; COPPER PER QQ—C-502.
CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290, 51] 3.2 PLATING: GOLD PLATE PER MIL-G-45204,
ANAREN -000 CLASS I. [2.29].09— CLASS 1, GRADE G, 20 TO 30
1.25 gé%zg?)gMHz 02 MAX EYELET [3.30].130-] [”70] ps MICROINCHES THICK, OVER
- . 29.72 NICKEL SULFAMATE FLASH PER
BOTH S I5Es —=> 1052%* :005 WIDE X[°O5] 002 THICK QQ-N-290, CLASS 1, GRADE G. [K=—
1.6 4. WEIGHT: .14 OUNCES (4 GRAMS)
¥ @\ _@ ] [41.15] 5. DIMENSIONS ARE IN INCHES AND [MILLIMETERS]
«2 IN S
¥ 1
> 'QL_ A= e
—» 37 \ M| REV | REV STATUS
?A?r%DéwAr\ETL}E‘:?U 2132l 1] sn OF SHEETS
.25 MAX DIA FLANGE COMPUTER GENERATED
220 4PL DOCUMENT - MANUAL
A CHANGES NOT ALLOWED A
PHASE 2.0 | ‘PN‘ERT 12884-G001
IsoL 20 dB MIN | e i
! , Do o ek Anaren S5 L
AMPTD BAL 5 dB . 3 Et EEE 00 COUPLER, HYBRID m
COUPLING 3 dB | ANGLES * 3 dB, 907 5
DRAWING IS IN ACCORDANCE
FREQ 250 — 500 GHZ | RAWING, 15, I ALCORDAN Tz [eheE o, - o 128840001
SPECIFICATIONS . var e |7 00633 W] [ 5 [shEET 1 OF 1 2
. 4 ‘ 3 ﬁ 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
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Model RFP- 4047

Applications

Microstrip Circuits
Dividers/Combiners
Switch Networks
Balanced Detectors
Antenna Feeds

Features

Outl

0.3-0.5GHz
Welded Tab mount
Reliable Performance
Handles 200 Watts

Meets MIL-E-5400 Class 3 Requirements

ine Drawing

Hybrid Couplers

3 dB, 90°

NOTES: Anaren Power rating applies when solder tab/coupler interface has been

conformally coated.

Electrical and Mechanical Specifications subject to change without notice.

Model 1D0263-3

THIS DRAWING CONTAINS PROPRIETARY INFORMATION
ANY REPRODUCTION, DISCLOSURE OR USE

OF THIS DRAWING IS EXPRESSLY PROHIBITED EXCEPT
AS OTHERWISE AUTHORIZED IN WRITING.
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Hybrid Couplers

3 dB, 90°

Applications

* Microstrip Circuits

Divider/Combiners
Switch Networks
Balanced Detectors
Antenna Feeds

Features

* Welded Tab Mount
« 2-Way Power Split
Reliable Performance
Handles 200 Watts

Outline Drawing

Electrical Specifications
Frequency Isolation Insert. Loss VSWR
MHz dB Min/Typ dB Max Max : 1
300 - 550 20/25 0.30 1.20/1.10
Amp. Bal. Phase Bal. Power
dB Max Degrees Max Ave. CW Watts
+0.50 +2.0 200

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications.

Electrical and Mechanical Specifications subject to change without notice.

f O@ @90

. ANAREN
r-25 1D0263-3
.300-550 GHz

f i
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— 37

.000

1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS)
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5860 TAB 050 £.005 WIDE
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NOTES:
150 )
MlN ) X
J_ 3. FINISH: CHEMICAL CONVERSATION COAT (CLEAR)

PER MIL-C-5541, CLASS 1A
[ 4. SOLDER TAB:
4.1 MATERIAL:FLAT WIRE, COPPER-061, PER ASTM-B-272

4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A,

CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290,

niz_—’_m@\ '@Omﬁ

125
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Model 1R0263-3

Applications
e  Microstrip Circuits

Hybrid Couplers
3 dB, 90°

Model 1B0263-3

Hybrid Couplers
3 dB, 90°

Applications

e Dividers/Combiners » Microstrip Circuits
* Switch Networks « Divider/Combiners
e Balanced Detectors .
« Switch Networks
e Antenna Feeds
« Balanced Detectors
Features + Antenna Feeds
e 04-052GHz
e \Welded Tab mount
e Reliable Performance L
e Handles 100 Watts
e Meets MIL-E-5400 Class 3 Requirements . - "
Features Electrical Specifications
+ Welded Tab Mount Frequency Isolation Insert. Loss VSWR
: MHz dB Min, dB Max Max : 1
« 2-Way Power Split Typ
) 400 - 700 20/25 0.30 1.20/1.10
» Reliable Performance
NOTES: Anaren Power rating applies when solder tab/coupler interface has been « Handles 200 Watts Amp. Bal. Phase Bal. Power
conformally coated. o ] . . dB Max Degrees Max Ave. CW Watts
Outline Drawmg Electrical and Mechanical Specifications subject to change without notice. + 50 20 200
T
4 ' 5 @ [# 31597 17930-G001 "1™ 0| ! . o ) ) ) - )
I REVISIONS Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
DATE CODE ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
‘ i ‘ balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
25 639 38% applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
‘ \ ‘ . . Class 3 requirements. Additional screening available for military and space applications.
. o FTo] T e Ouﬂ|ne quwu“g Electrical and Mechanical Specifications subject to change without notice.
B B 200
(50.8)
2x
| |- 'ggL[;‘EZRUT;}:P 005 [13]1 THK QETENEYS:‘EJ
25 24 27N a5 il
[ 15 [ MIN TYP Tlea [ é% FLANGE 0D MAX KizgN 28
’ m m ; I+| I+l —L EYELET PROJECTION
| ﬁ. —gpo .02 MAX TYP
Anearesn T 5
25 v o -90°
1Sy 1635 | @ 130263-3 5' /\ . 250 @ Anaren 9‘1‘ 50 NOTES.
EEE  — .Amof.sznﬁHz—‘g 983 DA (2) HoLes ] 130263-3 W27 :
e . 1% FELEL PROTRUSION 020 s (6'“ ! N .400-.700 GHz €] 2 o 1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS)
[‘31%5] 2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130
180 | 10 t2541 O ) 2 l'] 3. FINISH: CHEMICAL CONVERSATION COAT (CLEAR)
‘ rase ! L DIMENSIONS ARE IN INCHES AND CMILIMETERS) 62 _[ 1500 j{ 4 SOLDER?&;.MIL'C'SE’M’CLASSM
2. MARKING SHALL BE IN ACCORDANCE WITH MIL-STD-130. = : :
2.00 3. FINISH CHEMICAL CONVERSION COAT (CLEAR> 8 8y J x 4.1 MATERIAL:FLAT WIRE, COPPER-061,
[50.801 PER MIL-C-5541, CLASS 1A, 165 TAB PER ASTM-B-272
4, SOLDER TAB: (419 ! 1050 +005 WIDE X 005 001 THICK 4.2 FINISH: GOLD PLATE PER MIL-G-45204,
41 MATERIAL: FLAT WIRE, COPPER-061 PER ASTM-B-272, 3 o TYPE 3, GRADE A, CLASS 00. OVER NICKEL
42 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, SULFAMATE FLASH PER QQ-N-290, CLASS .
GRADE A, CLASS 00 DOVER NICKEL SULFAMATE FLASH
PER GQ-N-290, CLASS 1,
A 5. WEIGHT: .35 DUNCES (10 GRAMS). A
ELECTRICAL SPECIFICATIONS
FREQ. 400 — .520 GHZ GHz e AR NS ANAREN MICROWAVE INC.
ISOLATION: ~ 20.0 dB MINIMUM prLoEgE And[@n EAST SYRACUSE, NEW YORK
NERTON 1055, 30 63 WA i ULTRA MINTURE 3dB 90"
AMPLITUDE BALANCE:  +.25 dB MAXIMUM W “IEM _ P HYECR.D COUPLER 452
PHASE BALANCE: __ +2.0 DEGREES NAXIMUM S D P 0263-000% B 7 e 17930-G001
AVE. CW_POWER: 100 WATTS S noted [R€2/1 [8%. s [SHEET 1 OF 1 g
o2 4 3 % 2 [ 900 1
e (g ° . e (g
[e] ree: - [o] ree: -
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Model 1H0264-3

Model 10264-3

Hybrid Couplers Hybrid Couplers
@ 3 dB, 90° 3 dB, 90°

> ) Applications
Applications ) — { :315 e Microstrip Circuits

« Microstrip Circuits ot » 1 ] Dividers/Combiners
+ Divider/Combiners ‘Mﬂ‘“‘ Switch Networks

« Switch Networks Balanced Detectors
Antenna Feeds
« Balanced Detectors

« Antenna Feeds “\(Qil . Features

e 05-1.0GHz
o \Welded Tab mount
o Reliable Performance
e Handles 200 Watts
. T . e Meets MIL-E-5400 Class 3 Requirements
Features Electrical Specifications
* Welded Tab Mount Frequency Isolation Insert. Loss VSWR
. 2-Way Power Spllt MHz dB Min/Typ dB Max Max : 1
Reliable Perf 440 - 880 20/25 0.30 1.20/1.10
° ellable Ferrormance
+ Handles 200 Watts ATBP;WBaI' F;hase ?ﬂal. A Pgwi: . NOTES: Anaren Power rating applies when solder tab/coupler interface has been
ax egrees Max ve. ats conformally coated.
+0.50 +2.0 200 . . Electrical and Mechanical Specifications subject to change without notice.
Outline Drawing P ! 9
Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper- oo oo ST
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude 4 ‘ S @ @ 31 597'; ! 097[0761 01 ‘ LW ‘ FEE L
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications. 4%
i i Electrical and Mechanical Specifications subject to change without notice. .050+.005 WIDE X
Outllne quW|ng P ) 9 .D05+.002 THK TAB
—J—8x .02 MAX
EYELET PROJECTION
0 . 4X 15 MIN i m,‘,o ! ;
17.8) "~ X
195 " [ g . /_:.093/.105 THRU
50 5 o nearen MTG EYELETS
50 X " [ “aam™ “ ”(z.e) 62 10264-3
5-1 GHz
=) @™ | S e L* @[ s 0w
= 12 IN FLANGE
Jinaren u‘»TO.Z) :EUNTING EYELET < f m u T
d X - .105 THRU
= 1H0264-3 / R |
440-880 MHz .220 FLANGE 0D MAX
5.6) NOTES: 35— =
__. . 1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS) S -
IN @ “‘°'- L 2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130 310 2
A2 U 3. FINISH: CHEMICAL CONVERSATION COAT (CLEAR) NOTES:
3.00 PER MIL-C-5541, CLASS 1A 175 49 1 FINISH:
(»;_190, { 4. SOLDER TAB: 1.1 CHEMICAL CONVERSION COAT (CLEAR) PER
w | & 4.1 MATERIAL:FLAT WIRE, COPPER-061, PER ASTM-B-272 1.00 Y %L‘MCA‘TESQ TEEELD“PG&??S géﬂc%spspgéx
— ise 050 & +001 THICK 4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A, o -
o 100 (DTSEOI 003 e X l2.0_05 oo T CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290, 7 MARKING: MQT&%?Q??@% BE IN ACCORDANCE WiTH
F@sa CLASS I 3 CASESTYLE 111
COMPUTER GENERATED
DOCUMENT — MANUAL
A CHANGES NOT ALLOWED A
INTERFACE CONTROL DRAWING ™ 10970-6001 1
PHASE BAL £2.0° MAX NEXT ASSY UNLESS QTHERWISE SPECIFIED ANAREN MICROWAVE INC. —
o T 4 PDL‘MDESCS’%EEQ’SEC&’NCHES /ﬂmﬂﬂ'@n EAST SYRACUSE, NEW YORK ||
VSWR 3
INSR_LOSS 030 dB NAX 3 PLODEC & 'g;‘) COUPLER, HYBRID, 7]
AMPTD BAL +0.50 dB MAX iNF;;LngEcii ' 3 dB. 9O [5]
POWER 200 AVE CW WATTS DRAWING IS IN ACCORDANCE 37 T CAGE CODE DOC
FREQ 05-10 Grz T e e B| 31597 @ 10970-G101 H“
SPECIFICATIONS oo 10264-3 HE o) ‘ \SHEET TOF 1 g
BI_1 4 3 {F 2 ‘ 900 1
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Model 10330-3

Model 1B0264-3

Hybrid Couplers Hybrid Couplers
3dB, 90°

3 dB, 90°

Applications

Applications
e  Microstrip Circuits

* Microstrip Circuits e Dividers/Combiners

« Divider/Combiners e Switch Networks

. Switch Networks e Balanced Detectors
Ant Feed

« Balanced Detectors ¢ ntenna reeds

« Antenna Feeds Features

e 07-14GHz
Welded Tab mount

[ )
e Reliable Performance
e Handles 150 Watts
. - . e Meets MIL-E-5400 Class 3 Requirements
Features Electrical Specifications
+ Welded Tab Mount Frequency Isolation Insert. Loss VSWR
: GHz dB Min/T) dB Max Max : 1
+ 2-Way Power Split Lid
. 05-1.0 20/25 0.30 1.20/1.10
* Reliable Performance
Amp. Bal. Phase Bal. Power
+ Handles 200 Watts : i i i
dB Max Degrees Max Ave. CW Watts ?3}';5;;/;&10?; eI:Iower rating applies when solder tab/coupler interface has been
+0.50 +2.0 200 Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper- 4 ‘ 3 ‘ 2 ‘ 1
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude REVISIONS (A DENOTES CHANGE)
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating #1[2057] “‘M'gﬁﬂ{mf?{[;w REV DATE UPDATED BY
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400 / %)Ei E)‘(DA FLANGE P
Class 3 requirements. Additional screening available for military and space applications. f~— .40[10.16] ’ — — .11[2.79]
Ouﬂ|ne quw"‘\g Electrical and Mechanical Specifications subject to change without notice.
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X IN ISOL & J H 1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS) f NOTES:
J_ 2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130 1 DIMENSIONS ARE IN INCHES AND (MILLIMETERS)
] 3. FINISH: CHEMICAL CONVERSATION COAT (CLEAR) 2 MARKING: MARKING SHALL BE IN ACCORDANCE WITH MIL-STD-130
PER MIL-C-5541, CLASS 1A f SHONLEER ?:;M\CAL CONVERSION COAT(CLEAR)PER MIL-C—5541, CLASS 1A.
4. SOLDER TAB: 06 = 2 :
06 | . [1.52] [5:84] 4.1 MATERIAL: FLAT WIRE, COPPER-061 PER ASTM-B-272.
i) 40 550 2X 4.1 MATER_IAL'FLAT WIRE, COPPE_R_061‘ PER ASTM-B-272 460[11.68] TAB .0B0+.005 WIDE X .005+.002 THK. 4.2 FINISH: QOLD PLAT PER MIL-G—45204, TYPE 3, GRADE A, CLASS 00 OVER NICKEL SULFAMATE
—fom T ivo - MOUNTING EYELET 4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A, 4.1 MATERIAL: FLAT WIRE, COPPER-061 PER ASTM—B-272.
0093 - 105 THRU CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290, 88 [17.27] “X FLASH PER QQ-N-290, CLASS 1.
Flance B0 220 1ax CLASS I. 5 WEIGHT: .13 OUNCES(3.7 GRAMS) MAXIMUM
5.6)
A A
ELECTRICAL SPECIFICATIONS 1
FREQUENCY .70 — 1.40 GHz UNLESS OTHERWISE SPECFFIED DRAWN BY [ owe ANAREN MICROWAVE INC. —
ISOLATION 180 dB MIN O e atcts e \ Anaren e e ow
INSERTION LOSS | -50 dB MAX 3 PLDEC £010 R COOUPLER, M
VSWR 1.25:1.0 MAX 2 PL DEC +.02 APPROVAL SIGNATURES ON FILE HYBRID 3dB 90 —
AMP_BAL +£.50 dB MAX ANGLES * THIRD ANGLE PROJECTION | ooz 5% 5
PHASE BAL 12.0° MAX CONTRACT NO B| 31597 ‘Nov 10985-G001 &4
AVG. CW POWER | 150 WATTS E SME /1 00600 5 [ REY P [SHEET 1 OF 1 a
b_format_sh1_rev 0 4 5 f 2 ‘ 900 W
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Europe: +44 2392-232392 Europe: +44 2392-232392
Asia: +86-512-62876400 What'll we think of next?® What'll we think of next?® Asia: +86-512-62876400
85

84



Model RFP- 4015

Model 1Y0265-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3 dB, 90°
Applications
e  Microstrip Circuits

Applications
e  Microstrip Circuits

e Dividers/Combiners e Dividers/Combiners
e Switch Networks e  Switch Networks
e Balanced Detectors e Balanced Detectors
e Antenna Feeds e Antenna Feeds
Features Features
e 08-1.0GHz e 08-21GHz
e Welded Tab mount e Welded Tab mount
e Reliable Performance e Reliable Performance
e Handles 200 Watts e Meets MIL-E-5400 Class 3 Requirements
e Meets MIL-E-5400 Class 3 Requirements
NOTES: Anaren Power rating applies when solder tab/coupler interface has been
NOTES: Anaren Power rating applies when solder tab/coupler interface has been conformally coated.
conformally coated. . - Electrical and Mechanical Specifications subject to change without notice.
Outli D . Electrical and Mechanical Specifications subject to change without notice. Outline DraWIng :
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Model 1B0220-3

Hybrid Couplers
3 dB, 90°

Applications

e  Microstrip Circuits
Dividers/Combiners
Switch Networks
Balanced Detectors
Antenna Feeds

Features
0.8-2.5GHz
Welded Tab mount .
Reliable Performance =
O
-

Handles 55 Watts
Meets MIL-E-5400 Class 3 Requirements

NOTES: Anaren Power rating applies when solder tab/coupler interface has been
conformally coated.
Electrical and Mechanical Specifications subject to change without notice.
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Model 1A0220-3

Applications

e  Microstrip Circuits
Dividers/Combiners
Switch Networks
Balanced Detectors
Antenna Feeds

Features

0.8-42GHz

Welded Tab mount

Reliable Performance

Handles 55 Watts

Meets MIL-E-5400 Class 3 Requirements

Hybrid Couplers
3 dB, 90°

NOTES: Anaren Power rating applies when solder tab/coupler interface has been

conformally coated.
Electrical and Mechanical Specifications subject to change without notice.
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Model 1B0890-3 Model 10890-3

Hybrid Couplers
3 dB, 90°

Applications

Hybrid Couplers
3 dB, 90°

Applications
e  Microstrip Circuits

* Microstrip Circuits

e Dividers/Combiners
» Divider/Combiners e Switch Networks
« Switch Networks e Balanced Detectors
» Balanced Detectors * Antenna Feeds
+ Antenna Feeds Features

e 0.95-1.225GHz
e \Welded Tab mount

e Reliable Performance
[ ]
[ ]

Handles 150 Watts

: - - Meets MIL-E-5400 Class 3 Requirements
Features Electrical Specifications a
+ Welded Tab Mount Frequency Isolation Insert. Loss VSWR
o 2-Way Power Split GHz dB Min/Typ dB Max Max : 1
. 0.85-1.45 20/22 0.30 1.25/1.15
* Reliable Performance
. Amp. Bal. Phase Bal. Power NOTES: Anaren Power rating applies when solder tab/coupler interface has been
Handles 150 Watts dB Max Degrees Max Ave. CW Watts conformally coated.
+0.50 20 150 Outline Drawing Electrical and Mechanical Specifications subject to change without notice.

\ [

RFVISIONS

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper- 4 ' 3 {l} .agiwgw &
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications.

Electrical and Mechanical Specifications subject to change without notice. ?:B
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Model 1L0265-3 Model 10265-3

Hybrid Couplers
3 dB, 90° 3 dB, 90°

Applications

Applications
e Microstrip Circuits

e Dividers/Combiners * Microstrip Circuits
e Switch Networks + Divider/Combiners
e Balanced Detectors . Switch Networks
e Antenna Feeds
» Balanced Detectors
Features « Antenna Feeds
e 10-14GHz
e \Welded Tab mount
e Reliable Performance
e Handles 150 Watts
* Meets MIL-E-5400 Class 3 Requirements Features Electrical Specifications
+ Welded Tab Mount Frequency Isolation Insert. Loss VSWR
. 2-Way Power Split GHz dB Min/Typ dB Max Max : 1
. 1.0-2.0 18/24 0.30 1.25/1.10
» Reliable Performance
Amp. Bal. Phase Bal. Power
NOTES: Anaren Power rating applies when solder tab/coupler interface has been + Handles 100 Watts dBP Max Degrees Max Ave. CW Watts
conformally coated.

+0.50 +2.0 100

. - Electrical and Mechanical Specifications subject to change without notice.
Outline Drawing P ! 9

4 ‘ 3 @] e - ' 1 Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
[Sr8e7 [¥ 21 465“61 o1 [ e ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
o balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
. . Class 3 requirements. Additional screening available for military and space applications.
Oui‘"ne quwu“g Electrical and Mechanical Specifications subject to change without notice.
4
135 me 3
(34.3) 050 £.005 WIDE X 005 £.001 THICK
| 1.050 | (1.3) 1) 4X ©.093/.105 THRU
(26.7) MTG EYELET
B 5 . K B 0.220 MAX FLANGE
(6.4) 2 (28 06 . 68
CONSTRUCTION EYELET g @9 150 (15) 17.3) 4X .050=005 WIDE X
8.120 MAX FLANGE 15 4)((‘—3—5:«.\1 .005:.002 THK GOLD
G0 XN : 7 PLATED COPPER TAS _ 07 max EYELET
PROJECTION
(e . -4e I 2 _ 80TH SIDES
% hﬁnégg@' n EYELET PROJECTION T 9~
TLB265-3 .50 BOTH SIDES I p
) o 0 Tozasea 262
T— &) @ [ (206 (15.2) " 14.3) NOTES:
25 - e’ 2‘0 NOTES: 1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS)
= (69 &0 T MARKING: Ma’?ﬁ%ﬁ[ﬂ@% BE AS SHOWN IN ACCORDANCE WITH < 2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130
EN ISOL | 2 FINISH: CH(ELMA(SI/;L &ONVERS\ON COAT (CLEAR) PER MIL—C—5541, 4| ‘_% 3. FINISH: g::'mﬁ’}é—_?;??’gfigg'?y COAT (CLEAR)
3] SOLDER TAB INFO: 4. SOLDER TAB:
3.1 MATERIAL: FLAT WIRE, COPPER-061, PER ASTM—B-272 4.1 MATERIAL:FLAT WIRE, COPPER-061, PER ASTM-B-272
. 550 2 # 32 PLAING: GOLD PLATE PER M- 4sa0n, TYPE 3, GRADE A 4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A,
)] ) 505 1oe iRy PER Q0-N1-290, CLASS 1 CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290,
40 @h @) 4 WEIGHT: .15 OUNCES MAX CLASS I.
I CTO%) E— FLANGE 0D 220 MAX 5 DIMENSIONS ARE IN INCHES AND (MILLIMETERS)
(5.6)
COMPUTER GENERATED
DOCUMENT — MANUAL
A CHANGES NOT ALLOWED A
INTERFACE CONTROL DRAWING [ 21465-G001 |
PHASE £2.0° NEXT ASSY UNLESS OTHERWISE SPECIFIED | CONTRACT [ ANAREN MICROWAVE INC.
i ?ozdsa WM‘NMAX 4 PDL‘Ms:CS’EgEERA'z'EC‘E’é*‘NCHES }I lnal'@n] EAST SYRACUSE, NEW YORK  {—
VSWR .25
INSR_LOSS 3048 3 PLDEC £.010 COUPLER, HYBRID [7]
AMPTD BAL 10,348 ke x 02 3dB 90" 51
COUPLING 3dB DRAWING 1S IN ACCORDANCE $1ZE | CAGE NO. DOC
FREQ 10 - 1.4 GHz © == — YJ’QEHDANS‘ Y14.5M-1982 )B 31597 | 21465-G101 1*2
SPECIFICATIONS RoveoTon 01L0265-0003 E4/1] [SHEET 1 OF 1 g
A= 4 \ 3 g 2 | 900 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
S AR W R
sia: e What'll we think of next?® What'll we think of next?® sla: et

92 93



Model 1B0265-3 Model 1C0220-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3 dB, 90°

Applications Applications
e Microstrip Circuits M.IC.I'OS'[l'Ip C|r01.J|ts
e Dividers/Combiners * Dividers/Combiners
. e Switch Networks
e Switch Networks
°
e Balanced Detectors Balanced Detectors
e Antenna Feeds * Antenna Feeds
Features Featurfz 5o
U—-4, z
e 10-20GHz °
e Welded Tab mount ° \Flivel!dgf 'Il;abrfmount
e Reliable Performance ° HZr:?jlees 52 V(\)I;rtrt]:nce
e Handles 100 Watts ° ] :
° Meets MIL-E-5400 Class 3 Requirements ° Meets MIL-E-5400 Class 3 ReqUIrementS
NOTES: Anaren Power rating applies when solder tab/coupler interface has been
conformally coated. NOTES: Anaren Power rating applies when solder tab/coupler interface has been
. - Electrical and Mechanical Specifications subject to change without notice. conformally coated.
Outline DraWIng : Outline DraWIng Electrical and Mechanical Specifications subject to change without notice.
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Model 1K0265-3 Model 1E0320-3

Hybrid Couplers .
3 dB, 90° Hybrid Couplers
3 dB, 90

Applications
e Microstrip Circuits '\ Applications
o Div.iders/Combiners "bﬁp + Microstrip Circuits :
* Switch Networks 2R ®. « Divider/Combiners o o
e Balanced Detectors - o\', Switch Network g o [ ] -) b
e Antenna Feeds @ \a : witch Networks {f""\. @d“' :
_ 1 - Balanced Detectors | q N
Features e @ + Antenna Feeds
e 13-17GHz \ Ny o
e Welded Tab mount @ \‘\;
e Reliable Performance
e Handles 100 Watts
e Meets MIL-E-5400 Class 3 Requirements . . .
Features Electrical Specifications
+ Welded Tab Mount Frequency Isolation Insert. Loss VSWR
o 2-Way Power Split GHz dB Min/Typ dB Max Max : 1
. 1.3-26 18/25 0.35 1.30/1.15
» Reliable Performance
NOTES: Anaren Power rating applies when solder tab/coupler interface has been « Handles 100 Watts ATBP ;VIExaI. F;::rj:s?”::(' Avepg‘wllvilratts

conformally coated.

. . Electrical and Mechanical Specifications subject to change without notice. +0.50 2.5 100
Outline Drawing
4 ' 3 é] ‘%%97 S 21424-G101 ‘sw 7 . ‘ 1 Notes: Electrical specif.icat.ions apply only with properly designed test fixtures. Tgsting is done gt ambient temper-
T REVISIONS ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications.
% 3 0uﬂ|ne quw|ng Electrical and Mechanical Specifications subject to change without notice.
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3] SOLDER TAB INFO: -C-
3.1 MATERIAL: FLAT WIRE, COPPER-061, PER ASTM—B—272 Q?'_ IN ISOL T;‘Z?: 4. SOLDER '_T_E';:MIL C-5541, CLASS 1A
06| 550 . % I e o oueR o vt emie e u L_( 4.1 MATERIAL:FLAT WIRE, COPPER-061, PER ASTM-B-272
(1.6) (14.0) 5093 — 105 THRU PER QQ—N-290, CLASS 1 4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A,
.40 24) @7 4 WEIGHT: .15 OUNCES MAX o6 b 23 EONSTRUCTION EYELET CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290,
 Goay 1 FLANGE OD .(ZAMAX 5 DIMENSIONS ARE IN INCHES AND (MILLIMETERS) e o8 20 00 HaX FLANGE CLASS I.
5.6 46 !
7
COMPUTER GENERATED L
DOCUMENT — MANUAL w3
A CHANGES NOT ALLOWED A
ELECTRICAL SPECIFICATIONS INTERFACE CONTROL DRAWING 8014246001 |
FREQ. 1.3-1.7 GHz NEXT ASSY UNLESS OTHERWISE SPECIFIEL ANAREN MICROWAVE INC. ]
ISOLATION:  20.0 dB MINIMUM \ pTM;:CSl‘igfsﬁfﬁc\stlNCHEs /Hﬂ@ll@ln EAST SYRACUSE, NEW YORK ||
INSERTION LOSS: .30 dB MAXIMUM {3 rL0tc £ 010 COUPLER, HYBRID H
VSWR  1.25:1.0 MAXIMUM 2oL D £.02 3dB ’ 90" .
AMPLITUDE BALANCE: +.30 dB MAXIMUM DRAWING IS N ACCORDANCE SizE T GacE o, 56C >
PHASE BALANCE: #2.5 DEGREES MAXIMUM e Il T Bl 31597 | 21424—G101 g
AVG. CW POWER: 100 WATTS PrSection 01K0265-0003 W4/ ] [sweer 1 oF 1 |3
a1 4 3 7 2 | 900 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
ia: +86- - ’ s ’ s ia: +86- -
Asia: 86-512-62876400 What'll we think of next?® What'll we think of next?°® Asia: 86-512-62876400
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Model 1G0265-3

Applications

e Microstrip Circuits
Dividers/Combiners
Switch Networks
Balanced Detectors
Antenna Feeds

Features

1.35-1.85GHz
Welded Tab mount
Reliable Performance
Handles 100 Watts

Outline Drawing

Meets MIL-E-5400 Class 3 Requirements

Hybrid Couplers
3 dB, 90°

NOTES: Anaren Power rating applies when solder tab/coupler interface has been
conformally coated.
Electrical and Mechanical Specifications subject to change without notice.

Model 1B0320-3

Applications

* Microstrip Circuits
+ Divider/Combiners
+ Switch Networks

+ Balanced Detectors
* Antenna Feeds

Features

Hybrid Couplers
3 dB, 90°

+ Welded Tab Mount
« 2-Way Power Split
» Reliable Performance
» Handles 100 Watts

Outline Drawing

Electrical Specifications
Frequency Isolation Insert. Loss VSWR
GHz dB Min/Typ dB Max Max : 1
1.7-25 18/25 0.35 1.30/1.15
Amp. Bal. Phase Bal. Power
dB Max Degrees Max Ave. CW Watts
+0.50 2.0 100

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude
balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
Class 3 requirements. Additional screening available for military and space applications.

Electrical and Mechanical Specifications subject to change without notice.
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FLANGE 0D 120 MAX
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[TE] ]
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[
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10.2) 14,0

;T

2X
\— MOUNTING EYELET
0.093 - 105 THRU
26 27
FLANGE 0D 220 MAX

5.6

EYELET PROJECTION
BOTH SIDES
02 MAX TYP

1)

5

NOTES:

1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS)

2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130

3. FINISH: CHEMICAL CONVERSATION COAT (CLEAR)
PER MIL-C-5541, CLASS 1A

4. SOLDER TAB:
4.1 MATERIAL:FLAT WIRE, COPPER-061, PER ASTM-B-272
4.2 FINISH: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A,
CLASS 00. OVER NICKEL SULFAMATE FLASH PER QQ-N-290,
CLASS I

T
4 [ 3 & [EE31597F 48731-G101 [ [ | 1
l REVISIONS
4X .093/.105 THRU
MTG EYELET
$.220 MAX FLANGE
206
B (1.5) 4% .050+.005 WIDE X B
4><(;‘580)M\N 1005+.002 THK GOLD
- PLATED COPPER TAB 02 MAX EYELET
PROJECTION
W_‘— BOTH SIDES
.60 Angaren
& T5.2) 16G0265-3 962
(206) 1.35-1.45 GHz (14.3)
NOTES:
[_— 1 MARKING: MARKING SHALL BE IN ACCORDANCE WITH e
4 L 1 MIL-STD—130
o) 2 FINISH: CHEMICAL CONVERSION COAT (CLEAR)
PER MIL—C-5541, CLASS 1A
3 SOLDER TAB INFO:
3.1 MATERIAL: FLAT WIRE, COPPER-061, PER ASTM-B-272
3.2 PLATING: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A,
CLASS 00, OVER NICKEL SULFAMATE FLASH
PER QQ-N-290, CLASS 1
COMPUTER GENERATED
DOCUMENT — MANUAL
A CHANGES NOT ALLOWED A
INTERFACE CONTROL DRAWING ‘rf&” 48731 —-G001
PHASE 12.0° ! NEXT ASSY UNLESS OTHERWISE SPECIFIEL ANAREN MICROWAVE INC.
\soL 22 d8 MIN | N oS- Anq[en EAST SYRACUSE, NEW YORK
VSWR 1.25:1 MAX | 4 PL DEC & o0
0.30 d3 MAX 3 PLDEC £
e ~050 a8 : 2P DEC £ 02 0160265—0003CSLS CPLR [
COUPLING 3.0 dB NOMINAL | DRAWING 15 N ACCORDANCE 7E T oeE GonE 50T >
FREQ 1.35-1.85 Ghz | | AN Y14 1962 B ‘ 31597 ‘NU. A48731—-0101
SPECIFICATIONS . THRD ANoLE 160265-3 R o ] [sweer_10F 1 g
BI_t 4 . 3 ﬁ 2 ‘ 900 1
USA/Canada: 315) 432-8909 ®
Toll Free: 800) 411-6596
Europe: +44 2392-232392
ia: +86- - s
Asia: 86-512-62876400 What'll we think of next?®
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Model 1B0266-3 Model 10266-3

Hybrid Couplers
3 dB, 90°

Hybrid Couplers
3 dB, 90°

Applications
* Microstrip Circuits
+ Divider/Combiners

Applications
e Microstrip Circuits

e Dividers/Combiners
e Switch Networks « Switch Networks
e Balanced Detectors » Balanced Detectors
e Antenna Feeds « Antenna Feeds
Features
e 1.7-3.4GHz
e 2-Way Power Split
. \F/i\fl::g:l-ll;aebrf?r?‘::rt]ce Features Electrical Specifications
e Handles 80 Watts + Welded Tab Mount Frequency Isolation Insert. Loss VSWR
o Meets MIL-E-5400 Class 3 Requirements . 2-Way Power Split GHz dB Min/Typ dB Max Max : 1
) 2.0-4.0 17121 0.35 1.30/1.20
» Reliable Performance
* Handles 60 Watts ATBpI.WExaI. F;E;i:s?/laa)l(. Avel.)gwemll'atts
+0.50 +2.5 60
NOTES: Anaren Power rating applies when solder tab/coupler interface has been

conformally coated.
Electrical and Mechanical Specifications subject to change without notice.

Notes: Electrical specifications apply only with properly designed test fixtures. Testing is done at ambient temper-
ature only. Sample testing is performed to MIL-STD-105, Level 2, AQL 1.0. Test includes coupling, amplitude

Outline Drawing

balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power rating
4 ‘ 3 @ “515g7 [ 13593-G101 \SH 1 . ‘ 1 applies when solder tab/coupler interface has been conformally coated. Impedance: 50 ohms. Meets MIL-E-5400
| REVISIONS | Class 3 requirements. Additional screening available for military and space applications.
Ouﬂ|ne quw|ng Electrical and Mechanical Specifications subject to change without notice.
fe T3]
050 +.005 WIDE X .005 +.001 THK 050 +.005 WIDE X .005 +.001 THK
(1.3) (1) E] [XH)
B B ) 950 El
13 .950 1 G2 261 28
G2 [Z3) @8 | |
H LXS‘%}MIN %HAX
4X('3%)M\N 202 3 EYELET PROJECTION
E‘?ELEF PROJECTION 0°e -90° f BOTH SIDES NOTES:
o —gOo f ? B0TH SIDES 5 /lnaren 1 s 1. DIMENSIONS ARE IN INCHES OVER (MILLIMETERS)
w02 2. MARKING SHALL BE IN ACCORDANCE WILL MIL-STD-130
" Almeareen n | 40 130266-3 20 3. FINISH: CHEMICAL CONVERSATION COAT (CLEAR)
B0266-3 0 Y IN ISOL o PER MIL-C-5541, CLASS 1A
A 4. SOLDER TAB:
&N ‘ NOTES: .
~ IN ISOL T 1 MARKING: MARKING SHALL BE AS SHOWN IN ACCORDANCE WITH 3 :.éRM:;'FnRAIgLé;;AT WIRE, COPPER-081,
MIL-STD-130 -B-!
2 FINISH: CHEMICAL CONVERSION COAT (CLEAR) PER MIL~C-5541, -— i%z: |—— % ——l *— 4.2 FINISH: GOLD PLATE PER MIL-G-45204,
solomR T ss T X G eveLer TYPE 3, GRADE A, CLASS 00.
] e F 625 4_‘ %L 30 MATERAL: FLAT WIRE, COPPER-061, PER ASTM-B-272 3% 2,093 - 105 THRY OVER NICKEL SULFAMATE FLASH PER QQ-N-290,
() 15.9) 2 3.2 PLATING: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A, e B 20 max CLASS I.
MOUNTING EYELET CLASS 00, OVER NICKEL SULFAMATE FLASH 2
1.20 093 - .105 THRU PER QQ-N-290, CLASS 1
(305) Ty (27 4 WEIGHT: .1 OUNCES MAX
FLANGE 0D »Z(QL)MAX 5 DIMENSIONS ARE IN INCHES AND (MILLIMETERS)
56
COMPUTER GENERATED
DOCUMENT — MANUAL
A CHANGES NOT ALLOWED A
SO INTERFACE CONTROL DRAWING  13595-G001 L
FREQUENCY 1.7 - 3.4 GHz NEXT ASSY UNLESS OTHERWISE SPECIFIED | CONTRACT [ ANAREN MICROWAVE INC. [
ISOLATION 17.0 dB MIN . :L\Mg::f‘iw Rhices Ancll'en EAST SYRACUSE, NEW YORK  (—
INSERTION LOSS | .35 dB MAX L
VSWR 1.30:1.0 MAX 2o 1 cou PBLdEBR 9HOEYBR‘D 1
AMP_ BAL +.50 dB MAX AN;;E&«\NXG IS IN ACCORDANCE STE o 1o, oC Aﬁz
PHASE BAL +2.5 WAX © = [mheynoeesr B| 31597 ‘NU» 13593-G101 4
AVG CW POWER | B0 WATTS FROJECTION 01B0266-0003 [ [ [ | |* 4/1] [SHEET 1 OF 1 2
aupi-1 4 \ 3 7 2 | 200 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
ia: +86-512- . . ia: +86-512-
Asia: 86-512-62876400 What'll we think of next?® What'll we think of next?°® Asia: 86-512-62876400
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Model 1C0266-3

Model 1D0266-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3 dB, 90°

Applications
e  Microstrip Circuits

Applications
e Microstrip Circuits

e Dividers/Combiners e Dividers/Combiners
e  Switch Networks e Switch Networks
e Balanced Detectors e Balanced Detectors
e Antenna Feeds e Antenna Feeds
Features Features
e 20-40GHz e 20-42GHz
e \Welded Tab mount e \Welded Tab mount
e Reliable Performance e Reliable Performance
e Handles 60 Watts e Handles 60 Watts
e Meets MIL-E-5400 Class 3 Requirements o Meets MIL-E-5400 Class 3 Requirements
NOTES: Anaren Power rating applies when solder tab/coupler interface has been NOTES: Anaren Power rating applies when solder tab/coupler interface has been
confor_mally coated. ) o ) ) ) conformally coated.
Outline Drawing Electrical and Mechanical Specifications subject to change without notice. Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
4 ‘ 3 $ PR F 55 coo1 1] | 1 4 \ 3 & Py somacior [l | |
l REVISIONS REVISIONS
ZONE [REV | DESCRIPTION DATE | APPROVED
‘ A \ INITIAL RELEASE, RCN
T ki
135 /050 £.005 WIDE X .005 +.001 THIC 135 .050 +.005 WIDE X .005 +.001 THICK
B43) (1.3) N ) (13) 1)
| 105 | | 1.05 |
26.7) (26.7)
B L (5%)) 2X ‘ 7 T r (i%) g B L ('5%)* 2x ] T V <.21‘;> B
/ CONSTRUCTION EYELET — CONSTRUCTION EYELET —
H FLANGE 0D ,%MAX AX(%)MW i FLANGE 0D Jé%)MAX 4x<'£)mw J-
@«» —@,N}” EYELET PROJECTION

BOTH SIDES Qe =4gpe EYELET PROJECTION
Alncaren 7 e Angaren T

T @ | [ @ © 1
12.9) (12.9)
25 G) + NOTES: 25 x e 4L NOTES
@7) 20 1 MARKING: M;TNSC;DS%LQL BE AS SHOWN IN ACCORDANCE WITH (ET) ' 20 1 MARKING: MARKING SHALL BE AS SHOWN IN ACCORDANCE WITH
1 1C0266-3 ISOL | ®Y e o )

2 FINISH: CHEMICAL CONVERSION COAT (CLEAR) PER MIL~C—5541, L IN 1ID0266-3 IsOL (5.1) MIL-STD~130 <

? CLASS 1A
SOLDER TAB INFO:
3.1 MATERIAL: FLAT WIRE, COPPER-061, PER ASTM-B-272

2 FINISH:  CHEMICAL CONVERSION COAT (CLEAR) PER MIL-C-5541,

T CLASS 1A
SOLDER TAB INFO:
3.0 MATERIAL: FLAT WIRE, COPPER-061, PER ASTM-B-272

+

3.2 PLATING: GOLD PLATE PER MIL—G-45204, TYPE 3, GRADE A,

3.2 PLATING: GOLD PLATE PER MIL-G-45204, TYPE 3, GRADE A,
QXE | CLASS 00, OVER NICKEL SULFAMATE FLASH 06 CLASS 00, OVER NICKEL SULFAMATE FLASH
(1.6) w o . PER QQ-N-290, CLASS 1 208 o PER QO-N-290, CLASS 1
40 550 4 WEIGHT: .15 OUNCES MAX _40. 550 4 WEIGHT: .15 OUNCES MAX
(10.2) (14.0) Zi’g@“ﬁcfgﬁﬂﬁjw 5 DIMENSIONS ARE IN INCHES AND (MILLIMETERS) 10.2) (14.0) g_%ggwcfgﬁw 5 DIMENSIONS ARE IN INCHES AND (MILLIMETERS)
FLANGE 0D 220 MAX e &0
(5.6) COMPUTER GENERATED (5.6) COMPUTER GENERATED
DOCUMENT — MANUAL DOCUMENT ~ MANUAL
A CHANGES NOT ALLOWED A A CHANGES NOT ALLOWED A
PART
INTERFACE CONTROL DRAWING [*"  48555-G001 [] INTERFACE CONTROL DRAWING B 50354-G101
PHASE +3.0° NEXT ASSY UNLESS OTHERWISE SPECIFIED ANAREN MICROWAVE INC. ™ PHASE +3.0° NEXT AsSY UNLESS OTHERWISE SPECIFIED | CONTRACT ANAREN MICROWAVE INC. —
soL 7 a8 MN NSO Aices CHES Anu[@n EAST SYRACUSE, NEW YORK | —| SoL 16 4B MIN DIMENSIONS ARE N IWCHES  [NO Anur@n EAST SYRACUSE, NEW YORK |
VSHR 1.3 NAX 4PLDEC £ || VSHR 1.35:1 NAX 4 PLDEC + [ speRoms [ [uo[ox 3
L R o 01C0266-0003 : o oo FR Lo o 01D0766-0003 5|
AVPTD_BAL 5 o PR CASFELESS COUPLER 51 AVPTD BAL 17 o8 S o BSE CASELESS COUPLER 51
COUPLING 5.0 dB DRAVING 1S IN ACCORDANCE e e 7 COUPLING 50 4B DRAVING IS IN ENGR T o
FREQ 2.0 10 4.0 GHz = b5 ‘U“‘STE“DANS‘ 14501982 Bl 31597 e 48555—-CG001 1* FREQ 2.0 T0 4.2 GHz & =— WITH ANSI Y1451-1982 [WFG B| 31597 ‘NO, 50354—-G101 i
1ST USED

SPECIFICATIONS FROJETON 01C0266-0003 A4/ [0 s Iswer ior 1|8 SPECFICATIONS FecHon 0100266-0003 [ SHE 4/1 ] [see Tor 1|2

AMIBT-1 4 3 ﬁ 2 . 900 1 BT 4 3 {} 2 . 900 1

USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
ia: +86-512- . . ia: +86-512-
Asia: 86-512-62876400 What'll we think of next?® What'll we think of next?°® Asia 86-512-62876400
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Model 11270-3 Model 1A0266-3

Hybrid Couplers Hybrid Couplers
3 dB, 90 3 dB, 90°

Applications
e Microstrip Circuits L
e Dividers/Combiners Applications
e Switch Networks e Microstrip Circuits
e Balanced Detectors e Dividers/Combiners
e Antenna Feeds e  Switch Networks
e Balanced Detectors
Features e Antenna Feeds
e 20-6.0GHz
e Welded Tab mount Features
e Reliable Performance e 21-42GHz
e Handles 50 Watts e Welded Tab mount
e Meets MIL-E-5400 Class 3 Requirements e Reliable Performance
e Handles 60 Watts
e Meets MIL-E-5400 Class 3 Requirements
NOTES: Anaren Power rating applies when solder tab/coupler interface has been
conformally coated.
. . Electrical and Mechanical Specifications subject to change without notice.
Outline Drawing P ! g
4 ‘ 3 @ S8y B 18456-G001  ["1] ‘ ! NOTES: Anaren Power rating applies when solder tab/coupler interface has been
‘ REVIIONS conformally coated.
Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
162 4 ‘ 3 b oy oecol P | I
@1y [ REVISIONS i
2X -
=i 3 LS # ]
| TG 2x ]
3 4
. ] [ -900 ‘ EYELET PROJECTION . ES VIR X g e T
wgam T Ancren L 0 e TP o o
R S R -
J;@ N s 1SHLQ -Q!E) ' B &5 2 ] @ B
%) J L m 4X %)MIN (05% MAX
4 ’ .
& gy \lome e @ 0o —gqe ] s
4X 5
: e Alneareen | @
= .050_£.005 WIDE X .005_£.001 THICK kKe—| + 7 + R
) m e © 1A0266-3 =
1 MARKING: MARKING SHALL BE AS SHOWN IN ACCORDANCE WITH IN 1ISOL <D l NOTES:
2 FINISH: CH’gl‘;Ei[D(;(li\(/)ERS\ON COAT (CLEAR) PER MIL-C-5541, u { ! eRE M;thilﬁTﬂg—qgtL B A5 SHDUIN N ACCORDANCE MITH
CLASS 1A 2 FINISH: CHEMICAL CONVERSION COAT (CLEAR) PER MIL-C-5541,
S SOLDER TA;L?NSFSDIA
. : . ~ -B-272 '
52 NG oD P e o-gsan e . o @& — . L L e
?t:ssi SER OVER NICKEL SULFAMATE MOUNTING EYELET CLASS 00, OVER NICKEL SUL’FAMAYE ’FLASH ’
QQ-N-290, CLASS 1 Lleo 2093 - 105 THRU PER G0-N-290, CLASS 1
4 WEIGHT: .14 OUNCES MAX COMPUTER GENERATED 305 [ 4 WEIGHT 1 DUNCES MAX
5 DIMENSIONS ARE IN INCHES OVER (MILLIMETERS) DOCUMENT — MANUAL @ 5 DIMENSIONS ARE [N INCHES AND (MILLIMETERS)
A CHANGES NOT ALLOWED CONPUTER CENERATED
FONER S0 A o INTERFACE SSONTROL DRAWING ‘WT 18456—-G001 A CBEEEE%NLD; EEEHC/LED A
. NEXT ASSY UNLESS OTHERWISE SPECIFIED ANAREN MICROWAVE INC. PRT |-
ISoL lidjwM:yAx ”‘“E:Sl‘%éfgéiﬁc\g“slm““ Anaren EAST SYRACUSE, NEW YORK POVER 50w AVG TW I N T E R F A [: E C D N T R D L D R A \/‘/ I N G FD‘ 10976-G001 —
VSWR -0 4 PLDEC £ 325 MAX NEXT ASSY _ [UNLESS OTHERWISE SPECIFIED L
INSR_LOSS 0.80d8 MAX 3 Lo 2 010 COUPLER, HYBRID FHASE T DIENSINS 6RC I INCiES Anaren E:gfgsp:éﬂ?{“”%ﬁ e
AVIPTD BAL £0.8008 MAX ANGLES + 3dB 90" VSWR 1300 WX 4 PLEC
COUPLING 308 DRAWING IS IN ACCORDANCE TG 500 INSR_LOSS 0.350B_MAX L COUPLER, HYBRID 39
FREQ 2.0 - 6.0 GHz = mﬁw& B| 31597 ‘NO. 18456—-G00 1 AMPTD BAL 40508 MAX NGLES = 3dB 90° B
SPECIICATIONS THRD ANGLE 01 1270-0003 T8 S [SHEET 1 OF 1 EE. e 5= U st iasiisse 15897 e 10976-G101 ke]
A1~ 4 3 ﬁ 2 ‘ 900 1 SPECIFICATIONS mmase | iaoess-0003 LR (e [SHEET 1 oF 1 g
AMIBI-1 4 3 41} 2 . 900 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
Asia: +86-512-62876400 What'll we think of next?® What'll we think of next?® Asia: +86-512-62876400
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Model 120261-3 Model 120280-3

Hybrid Couplers Hybrid Couplers

High Power 3 dB, 90° High Power 3 dB, 90°

Applications \ Applications

« Microstrip Circuits P i « Microstrip Circuits
« Power Amps « Power Amps

« Divider/Combiners  Divider/Combiners
« Switch Networks « Switch Networks

« Balanced Detectors - Balanced Detectors
« Antenna Feeds

+ Antenna Feeds

Features Electrical Specifications Features Electrical Specifications
* Welded Tab Mount Frequency Isolation Insert. Loss VSWR + Welded Tab Mount Frequency Isolation Insert. Loss VSWR
. 2-Way Power Split MHz dB Min/Typ dB Max Max : 1 « 2-Way Power Split MHz dB Min/Typ dB Max Max : 1
. 88 - 108 23 0.25 1.1 y P 100 - 160 23 0.25 1.15
» Reliable Performance » Reliable Performance
. Amp. Bal. Phase Bal. Power . Amp. Bal. Phase Bal. Power
Handles 980 Watts dB Max Degrees Max Ave. CW Watts Handles 700 Watts dB Max Degrees Max Ave. CW Watts
+0.30 2.0 980 +0.40 2.0 700

Outline Drawing

Notes: Impedance: 50 ohms nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available for
military and space applications. Electrical specifications apply only properly designed test fixtures. Testing is done
at ambient temperature only. Sample testing is performed to MIL-Std-105, Level ii, AQL 1.0. Test includes cou-
pling, amplitude balance, insertion loss and isolation. If your application requires additional testing, consult Anaren
Power rating applies when solder tab/coupler interface has been conformally coated.

Electrical and Mechanical Specifications subject to change without notice.

Notes: Impedance: 50 ohms nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available for
military and space applications. Electrical specifications apply only properly designed test fixtures. Testing is done at
ambient temperature only. Sample testing is performed to MIL-Std-105, Level 2, AQL 1.0. Test includes coupling,
amplitude balance, insertion loss and isolation. If your application requires additional testing, consult Anaren Power
rating applies when solder tab/coupler interface has been conformally coated.

Outline Drawing

Electrical and Mechanical Specifications subject to change without notice.

e 22 s w5 o«
2.00 5.6) oS ‘I 2 1/ 59 4005 e x 05 01 Tk
(50.8) 02 o
25 XM Ty MAX — ’J_
(6.4) [IREE) EYELET PROJECTION T @
1 BOTH SIDES
il i L / 00 -90°
o " g0 s
Anaren X s Alnaren 20
2.400 — MOUNTING EYELET ©3 120280-3
= 120261-3 2.093 - .105 THRU .100-.160 GHz
(61.0) 24) @27
88-108 MHz FLANGE 0D ,220 MAX .
265 561 NOTES: ) ) )
£:99 1 Marking: Marking shall be in accordance with MIL-STD-130
(67.3) TOIIIEaSrI:(ing' Merking shell be i accordance with MIL-ST0-130 N I1soL g ginlidsh:1 - Chemical conversion coat (clear) per MIL-C-5541, class 1A
: 3 older tab info:
m_ @XSOL |§ ;inlidsh:t - Chemical conversion coat (clear) per MIL-C-5541, class 1A ‘:_‘ @ m K 3.1 Material: Flat wire, copper-061, per AST-B-272
l older tab info: : 3.2 Finish:  Gold plate per MIL-G-45204, Type 3,
13 v K T 3.1 Material: Flat wire, copper-061, per AST-B-272 o5 [ s l\ 1500 L,. GradgA. C’IJass 00, over nickelyspulfamate
(3.3) € 3.2 Finish:  Gold plate per MIL-G-45204, Type 3, e e & flash per QQ-N-290. Class.
] 58 1500 4x Grade A, Class 00, over nickel sulfamate 5 4 Weight: 2.3 0z. M P
(14.6) (380 TAB flash per QQ-N-290. Class 1 . Veight: 3oz Max
: . ves 050 2005 WIDE X .005 + .001 THICK 4 Weight 23 02, Max ash per QQ-N-230. Class 1. “gg:;,fﬁ‘ggng, 5 Dimensions:  Inches and (millimeters)
@—E) .3 5 Dimensions:  Inches and (millimeters) Ei‘?mz’ :;w:“
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
Asia: +86-512-62876400 Asia: +86-512-62876400
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Model 120262-3

Applications

* Microstrip Circuits
* Power Amps
 Divider/Combiners
« Switch Networks

» Balanced Detectors
+ Antenna Feeds

Features

Hybrid Couplers
High Power 3 dB, 90°

* Welded Tab Mount
» 2-Way Power Split
Reliable Performance
Handles 560 Watts

Outline Drawing

Electrical Specifications
Frequency Isolation Insert. Loss VSWR
MHz dB Min/Typ dB Max Max : 1
160 - 230 23 0.25 1.15
Amp. Bal. Phase Bal. Power
dB Max Degrees Max Ave. CW Watts
+0.30 2.0 560

Notes: Impedance: 50 ohms nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available for
military and space applications. Electrical specifications apply only properly designed test fixtures. Testing is done
at ambient temperature only. Sample testing is performed to MIL-Std-105, Level 2, AQL 1.0. Test includes cou-
pling, amplitude balance, insertion loss and isolation. If your application requires additional testing, consult Anaren
Power rating applies when solder tab/coupler interface has been conformally coated.

Electrical and Mechanical Specifications subject to change without notice.
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r (97.8)
X
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24 27
FLANGE 0D 220 MAX
(5.6)
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Model 1

Z0263-3

.02 MAX
[ ~90° _I— o

;g @ Jinaren 15 BOTH SIDES

o 120262-3 203

_‘_ 5 160-230 MHz 5 ’

™ soL |y
2T I \
(3.0 J L_ 2%
[ 67 3158 &1
17.00 80.2)
NOTES:
450 1 Marking: Marking shall be in accordance with MIL-STD-130
(1163 2 Finish: Chemical conversion coat (clear) per MIL-C-5541, class 1A
Solder tab info:
3.1 Material: Flat wire, copper-061, per AST-B-272
3.2 Finish:  Gold plate per MIL-G-45204, Type 3,
Grade A, Class 00, over nickel sulfamate
flash per QQ-N-290. Class.
4 Weight: 1.2 0z. Max
5 Dimensions:  Inches and (millimeters)
USA/Canada: 315) 432-8909 ®
Toll Free: 800) 411-6596
Europe: +44 2392-232392
Asia: +86-512-62876400 What'll we think of next?®
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Hybrid Couplers
High Power 3 dB, 90°

Applications

* Microstrip Circuits
+ Power Amps
 Divider/Combiners
« Switch Networks

» Balanced Detectors
« Antenna Feeds

Features

Welded Tab Mount
+ 2-Way Power Split
Reliable Performance
Handles 420 Watts

Electrical Specifications
Frequency Isolation Insert. Loss VSWR
MHz dB Min/Typ dB Max Max : 1
200 - 400 20 0.25 1.15
Amp. Bal. Phase Bal. Power
dB Max Degrees Max Ave. CW Watts
+0.50 +2.0 420

Notes: Impedance: 50 ohms nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available for
military and space applications. Electrical specifications apply only properly designed test fixtures. Testing is done
at ambient temperature only. Sample testing is performed to MIL-Std-105, Level 2, AQL 1.0. Test includes cou-

pling, amplitude balance, insertion loss and isolation. If your application requires additional testing, consult Anaren

Outline Drawing

Power rating applies when solder tab/coupler interface has been conformally coated.
Electrical and Mechanical Specifications subject to change without notice.

MOUNTING EYELET

X
TAB
050 £00S WIDE X 005 & .001 THK
a3 [5R]

35 2.093 - .105 THRU
9 — 24 @7
FLANGE 0D 220 MAX X2 N 02
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ﬁ EYELET
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T € Anaren 80T ses
550 _ 80
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W& 9) 1soL
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Bo 24
3.0 &
67 3158
17.00 80.2)
NOTES:
50 1 Marking: Marking shall be in accordance with MIL-STD-130
el 2 Finish: Chemical conversion coat (clear) per MIL-C-5541, class 1A

Solder tab info:
3.1 Material: Flat wire, copper-061, per AST-B-272
3.2 Finish:  Gold plate per MIL-G-45204, Type 3,
Grade A, Class 00, over nickel sulfamate
flash per QQ-N-290. Class.
4 Weight: 1.5 0z. Max
5 Dimensions:  Inches and (millimeters)

Anaren’

What'll we think of next?°®

USA/Canada:
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Model 1H0360-3

Model 120364-3

Hybrid Couplers
High Power 3 dB, 90°

Applications

+ Microstrip Circuits
+ Power Amps
 Divider/Combiners
« Switch Networks

- Balanced Detectors
« Antenna Feeds

Features

* Welded Tab Mount
« 2-Way Power Split
« Reliable Performance
+ Handles 420 Watts

Electrical Specifications
Frequency Isolation Insert. Loss VSWR
MHz dB Min/Typ dB Max Max : 1
225 - 400 23 0.25 1.15
Amp. Bal. Phase Bal. Power
dB Max Degrees Max Ave. CW Watts
+0.40 2.0 420

Outline Drawing

Notes: Impedance: 50 ohms nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available for
military and space applications. Electrical specifications apply only properly designed test fixtures. Testing is done
at ambient temperature only. Sample testing is performed to MIL-Std-105, Level 2, AQL 1.0. Test includes cou-
pling, amplitude balance, insertion loss and isolation. If your application requires additional testing, consult Anaren
Power rating applies when solder tab/coupler interface has been conformally coated.

Electrical and Mechanical Specifications subject to change without notice.

Applications

e  Microstrip Circuits
Power Amps
Dividers/Combiners
Switch Networks
Balanced Detectors
Antenna Feeds

Features

0.44 - 0.88 GHz

2 — \Way power Split
Welded Tab mount
Reliable Performance
Handles 280 Watts

Outline Drawing

Meets MIL-E-5400 Class 3 Requirements

Hybrid Couplers
High Power 3 dB, 90°

NOTES: Anaren Power rating applies when solder tab/coupler interface has been

I

Ancaren
120 120364-3
440 - 880 GHz

Ny @

.050 £.005 WIDE X .005 +.001 THICK

SOLDER TAB INFO
41 WATERAL: FLAT WIRE,

42 FINSH:
FLASH

5 WEIGHT: .75 OUNCES MAX

GOLD PLATE PER MIL-G—45204, TYPE 3,
GRADE A, CLASS 00, OVER NICKEL SULFAMATE

conformally coated.
Electrical and Mechanical Specifications subject to change without notice.
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CLASS 1A

COPPER-061, PER ASTM—B-272

PER QQ-N-290, CLASS 1
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DOCUMENT — MANUAL
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n FLANGE OD%%MAX WZ—[ ESYJELET PROJECTION
o s 80TH SIDES
T e T
550 Anaren o
.225-. z
J_ N @ 1SOL
1. A
&IV v 1L
[ 67 3158 &1
a7.0) (80.2) 1
NOTES:
% 1 Marking: Marking shall be in accordance with MIL-STD-130
' 2 Finish: Chemical conversion coat (clear) per MIL-C-5541, class 1A
[3] Solder tab info:
3.1 Material: Flat wire, copper-061, per AST-B-272
3.2 Finish:  Gold plate per MIL-G-45204, Type 3,
Grade A, Class 00, over nickel sulfamate
flash per QQ-N-290. Class.
4 Weight: 1.5 0z. Max
5 Dimensions:  Inches and (millimeters)
USA/Canada: 315) 432-8909 ®
Toll Free: 800) 411-6596
Europe: +44 2392-232392
Asia: +86-512-62876400
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® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596
Europe: +44 2392-232392
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HYbI'idS Coupler, cased Selection Matrix

90° Hybrids, cased

Part Frequency Power . Size Port Return Loss Insertion | Amplitude Phase Isolation

Number Cllz a inches/ Impedance (VSWR:1) Loss Balance Balance (dB)
(mm) (%) (dB) (+/- dB) +/-°)
10540-3 0.03-0.076 800 2.2 x 3.75 50 .2 0.5 0.75 5 20
10011-3 0.062-0.125 100 3 x 1.75 50 1.25 0. 35 0.5 2.5 21
10012-3 0.125-0. 25 100 3 x 2.25 50 1.25 0.3 0.5 3 21
10010-3 0.225-0.4 250 1.65 x 1.62 50 1.2 0.3 0.5 2 23
10013-3 0.25-0.5 200 1.65 x 1.62 50 1.2 0.3 0.5 2 23
10023-3 0.25-1.0 200 4 x 2.25 50 1.3 0.5 0.75 3 20
10014-3 0.5-1.0 200 1.65 x 1.62 50 1.22 0.3 0.5 2 22
10574-3 0.5-1.0 200 1.9 x 1.37 50 1.29 0.3 0.5 2 22
1A0024-3 0.5-2.0 100 4 x 2.25 50 1.45 0.6 0.8 5 15
1B0024-3 0.5-3.0 100 6 x 1.35 50 1. 65 1.2 0.8 5 16
1C0680-3 0.7-1.4 150 1.25 x 1.25 50 1.25 0.3 0.5 2 18
1A0004-3 0.8-1.0 200 1. 72 x 1. 315 50 1.2 0.3 0. 35 3 21
1B0680-3 0.95-1.225 200 1.25 x 1.25 50 1.25 0.3 0.3 2 20
10015-3 1.0-2.0 150 1.65 x 1.62 50 1.27 0.3 0.5 2 22
1H0565-3 1.0-2.0 150 2.49 x 0.58 50 1.2 0.3 0.5 2 25
10025-3 1.0-4.0 100 3 x 2.25 50 1.5 0.5 0.75 5 15
1J0560-3 1.3-2.6 100 1.61 x 0.58 50 1.25 0.3 0.5 2 23
10040-3 1.4-2.8 100 1.25 x 1.25 50 1.25 0.3 0.5 2 20
10016-3 2.0-4.0 100 1.25 x 1.25 50 1.3 0.3 0.5 2 20
1H0566-3 2.0-4.0 100 1.61 x 0.58 50 1.25 0.3 0.5 2 23
10017-3 4.0-8.0 80 1.25 x 1.25 50 1.35 0.6 0.5 4 18
1H0567-3 4.0-8.0 80 1.08 x 0.58 50 1.3 0. 35 0.5 3 18
10029-3 4.5-18.0 60 1.4 x 0.75 50 1.58 1.3 0.6 7 16
1E0018-3 7.0-11.0 70 1.25 x 1.25 50 1.45 0.5 0.5 6 7
1J0770-3 7.5-18.0 60 1.08 x 0.58 50 1.5 0.8 0. 65 7 14
10018-3 8.0-12.4 70 1.25 x 1.25 50 1.5 0.6 0.5 6 16
1H0568-3 8.0-12.4 7 1.08 x 0.58 50 1.35 0.5 0.4 3 18
1H0569-3 12.4-18.0 60 1.08 x 0.58 50 1.5 0.8 0.4 5 14
180° Hybrids, cased

Part Frequency Power . Size Port Return Loss | Insertion | Amplitude Phase Isolation

Number Gz ) inches/ Impedance (VSWR) Loss Balance Balance (B)
(mm) (Q) Max:1 (dB) (+/- dB) /=)

30054 0.5-1.0 200 3 x 2.25 50 1.25 0.6 0.5 8 20
30110 0.6-1.2 200 3.4 x 2.45 50 1.27 0.6 0.5 8 18
30055 1.0-2.0 150 3 x 2.25 50 1.35 0.6 0.5 6 18
3A0055 1.0-2.0 150 3.4 x 2.1 50 1.35 0.6 0.2 8 20
3A0200 1.3-2.6 100 3.4 x 2.1 50 1.4 0.6 0.4 8 20
30056 2.0-4.0 100 1.65 x 1.62 50 1.6 0. 65 0.5 10 15
3A0056 2.0-4.0 100 3 x 2.25 50 1.55 0. 65 0.4 8 19
30057 4.0-8.0 80 1.25 x 1.25 50 1.9 0.8 0.5 10 15
30070 6.0-18.0 60 2.2 x 1.925 50 1.9 2.2 0.5 10 15
30160 7.0-11.0 70 1.25 x 1.25 50 1.8 1.2 0.5 10 15

Poitres s (300) 4116508 Anaren@ Anaren@ USoiEee s (306) 471 6000

Europe: +44 2392-232392 Europe: +44 2392-232392
Asla: +86-512-62876400 What'll we think of next?® What'll we think of next?® Asia: +86-512-62876400
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Model 10540-3 Model 10011-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3 dB, 90°

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Features Features
e Military Grade e Military Grade
e 0.03-0.076 GHz e 0.0625-0.125 GHz
e 2-\Way power Split e 2-Way power Split
e Quadrature e Quadrature
e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012
e Rugged Aluminum Housing e Rugged Aluminum Housing
e Low VSWR e Low VSWR
e Meets MIL-E-5400 Class 3 Requirements o Meets MIL-E-5400 Class 3 Requirements
Outline Drawing Electrical and Mechanical Specifications subject to change without notice. Outline Drawmg Electrical and Mechanical Specifications subject to change without notice.
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Model 10012-3

Model 10010-3

Applications

e Balanced Mixers

e Antenna Feed Networks
e Phasing Networks

e Dividers/Combiners

Features

Military Grade
0.125-0.250 GHz
2—-Way power Split
Quadrature

Low VSWR

Outline Drawing

Connectors Per MIL-C-39012
Rugged Aluminum Housing

Meets MIL-E-5400 Class 3 Requirements

Hybrid Couplers
3 dB, 90°

Electrical and Mechanical Specifications subject to change without notice.

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Features

e Military Grade
0.225-0.4 GHz
2 — Way power Split
Quadrature
Connectors Per MIL-C-39012
Rugged Aluminum Housing
Low VSWR

Outline Drawing

Meets MIL-E-5400 Class 3 Requirements

Hybrid Couplers
3 dB, 90°

Electrical and Mechanical Specifications subject to change without notice.
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Model 10013-3

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Features

Military Grade

0.25-0.5GHz

2—-Way power Split

Quadrature

Connectors Per MIL-C-39012

Rugged Aluminum Housing

Low VSWR

Meets MIL-E-5400 Class 3 Requirements

Outline Drawing

Hybrid Couplers
3 dB, 90°

Electrical and Mechanical Specifications subject to change without notice.
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Model 10023-3

Applications

e Balanced Mixers

e Antenna Feed Networks
e Phasing Networks

e Dividers/Combiners

Features

Military Grade
0.25-1.0GHz

2-\Way power Split
Quadrature

Connectors Per MIL-C-39012
Rugged Aluminum Housing
Low VSWR

Meets MIL-E-5400 Class 3 Requirements

Outline Drawing

Hybrid Couplers
3 dB, 90°

Electrical and Mechanical Specifications subject to change without notice.
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Model 10014-3 Model 10574-3

Hybrid Couplers

Hybrid Couplers
3 dB, 90°

3 dB, 90°

Applications

e Balanced Mixers

e Antenna Feed Networks
e Phasing Networks
[ )

Applications

e Balanced Mixers

e Antenna Feed Networks
e Phasing Networks
[}

Dividers/Combiners Dividers/Combiners
Features Features
e Military Grade e Military Grade
e 05-10GHz e 05-10GHz
e 2-\Way power Split e 2-Way power Split
e Quadrature e Quadrature g
e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012 B -
e Rugged Aluminum Housing e Rugged Aluminum Housing .
e Low VSWR e Low VSWR "
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements "\__,

Electrical and Mechanical Specifications subject to change without notice.

Outline Drawing

Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
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Model 1A0024-3 Model 1B0024-3

Hybrid Couplers Hybrid Coupltoers
3 dB, 90° 3dB, 90

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Features Features
e Military Grade : gﬂgltargc?(rsgg
e 05-20GHz 5=-3. -
e 2-\Way power Split : ZQ_u\;V:r); t;Lor\g/er Split
e Quadrature
e Connectors Per MIL-C-39012 . gonnegt%s Per MIL|_-|C-3_9012
e Rugged Aluminum Housing : L:\Ag/g\/eSWFl{Jmmum ousing
e Low VSWR .
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

Outline Drawmg Electrical and Mechanical Specifications subject to change without notice.
Outline Drawmg Electrical and Mechanical Specifications subject to change without notice. - | - T i i e :
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Model 1A0004-3

Model 1C0680-3

Hybrid Couplers

Hybrid Couplers
3 dB, 90°

3 dB, 90°

Applications Applications

e Balanced Mixers e Balanced Mixers

e Antenna Feed Networks e Antenna Feed Networks

e Phasing Networks e Phasing Networks

e Dividers/Combiners e Dividers/Combiners
Features Features

e Military Grade o Military Grade

e 07-14GHz e 08-1.0GHz

e 2-\Way power Split e 2-\Way power Split

e Quadrature e Quadrature

e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012

¢ Rugged Aluminum Housing e Rugged Aluminum Housing

¢ Low VSWR e Low VSWR

e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

Outline DraWing Electrical and Mechanical Specifications subject to change without notice.

Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
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Model 1B0680-3

Model 10015-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3 dB, 90°

Applications

e Balanced Mixers

e Antenna Feed Networks
e Phasing Networks
[ )

Applications

e Balanced Mixers

e Antenna Feed Networks
e Phasing Networks
[ ]

Dividers/Combiners Dividers/Combiners
Features Features
o Military Grade e Military Grade
e 0.95-1.225GHz e 10-20GHz
e 2-Way power Split e 2-\Way power Split
e Quadrature e Quadrature
e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012
¢ Rugged Aluminum Housing e Rugged Aluminum Housing
e Low VSWR e Low VSWR
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements
Outline Drawing Electrical and Mechanical Specifications subject to change without notice. Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
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Model 1H0565-3

Model 10025-3

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Features

Military Grade
1.0-2.0GHz
2-\Way power Split
Quadrature

Rugged Aluminum Housing
Low VSWR

Outline Drawing

Connectors Per MIL-C-39012

Hybrid Couplers
3 dB, 90°

Meets MIL-E-5400 Class 3 Requirements

Electrical and Mechanical Specifications subject to change without notice.

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Features

e Military Grade
1.0-4.0GHz
2-Way power Spilit
Quadrature
Connectors Per MIL-C-39012
Rugged Aluminum Housing
Low VSWR

Outline Drawing

Hybrid Couplers

3 dB, 90°

Meets MIL-E-5400 Class 3 Requirements

Electrical and Mechanical Specifications subject to change without notice.
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Model 1J0560-3 Model 10040-3

Hybrid Couplers Hybrid Couplers
3 dB, 90° 3 dB, 90°

Applications
e Balanced Mixers
Antenna Feed Networks

Applications
e Balanced Mixers

. e Antenna Feed Networks
e Phasing Networks e Phasing Networks
e Dividers/Combiners e Dividers/Combiners
Features Features
e Military Grade e Military Grade
e 13-26GHz e 14-28GHz
e 2-Way power Split e 2-Way power Split
e Quadrature e Quadrature
e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012
e Rugged Aluminum Housing e Rugged Aluminum Housing
e Low VSWR e Low VSWR
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements
Photo shows protective
connector caps
Outline Drawmg Electrical and Mechanical Specifications SUbje?t to change without notice. Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
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Model 10016-3

Hybrid Couplers

3dB, 90°

Model 1H0566-3

Hybrid Couplers
3 dB, 90°

Applications Applications

e Balanced Mixers e Balanced Mixers

e Antenna Feed Networks e Antenna Feed Networks

e Phasing Networks e Phasing Networks

e Dividers/Combiners e Dividers/Combiners
Features Features

e Military Grade e Military Grade

e 20-4.0GHz e 20-40GHz

e 2-Way power Split e 2-\Way power Split

e Quadrature e Quadrature

e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012

e Rugged Aluminum Housing ¢ Rugged Aluminum Housing

e Low VSWR e Low VSWR

o Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

Outline Drawing Electrical and Mechanical Specifications subject to change without notice.

Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
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Model 10017-3

Model 1H0567-3

Hybrid Couplers Fybrid Couplers
3 d, 90° :

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Applications

« Balanced Mixers

+ Antenna Feed Networks
* Phasing Networks
 Divider/Combiners

Features
e Military Grade
e 40-8.0GHz
e 2-\Way power Split
e Quadrature
: . . e Connectors Per MIL-C-39012
Features Electrical Specifications e Rugged Aluminum Housing
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Model 1E0018-3

Model 10029-3

Hybrid Couplers Hybridﬁgugtl)grs

3 dB, 90°

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

. Features
eature_s_ o Military Grade
e Military Grade e 70-11.0GHz
e 45-18.0GHz _ e 2-\Way power Split
e 2-\Way power Split e Quadrature
e Quadrature e Connectors Per MIL-C-39012
e Connectors Per MIL-C-39012 ¢ Rugged Aluminum Housing
e Rugged Aluminum Housing e Low VSWR
e Low VSWR _ e Meets MIL-E-5400 Class 3 Requirements
e Meets MIL-E-5400 Class 3 Requirements

Outline Drawmg Electrical and Mechanical Specifications subject to change without notice. Outline Drawmg Electrical and Mechanical Specifications subject to change without notice.
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Model 1J0770-3

Applications
e Balanced Mixers
e Antenna Feed Networks
e Phasing Networks
e Dividers/Combiners

Features

Military Grade

7.5-18.0 GHz

2-\Way power Split
Quadrature

Connectors Per MIL-C-39012
Rugged Aluminum Housing
Low VSWR

Outline Drawing

Meets MIL-E-5400 Class 3 Requirements

Hybrid Couplers
3 dB, 90°

Electrical and Mechanical Specifications subject to change without notice.

Model 10018-3

Applications

e Balanced Mixers

e Antenna Feed Networks
e Phasing Networks

e Dividers/Combiners

Features

Military Grade
8.0-12.4 GHz
2—-Way power Split
Quadrature

Low VSWR
Meets MIL-E-5400 Class

Outline Drawing

Connectors Per MIL-C-39012
Rugged Aluminum Housing

3 Requirements

Hybrid Couplers
3 dB, 90°

Electrical and Mechanical Specifications subject to change without notice.
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Model 1H0569-3

Model 1H0568-3

Hybrid Couplers
3 dB, 90°

Hybrid Couplers
3 dB, 90°

Applications Applications

e Balanced Mixers

Balanced Mixers

e Antenna Feed Networks e Antenna Feed Networks

e Phasing Networks e Phasing Networks

e Dividers/Combiners e Dividers/Combiners
Features Features

e Military Grade e Military Grade

e 80-124GHz e 124-18.0GHz

o 2-\Way power Split e 2-\Way power Split

e Quadrature e Quadrature

e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012

e Rugged Aluminum Housing e Rugged Aluminum Housing

e Low VSWR e Low VSWR

e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

Outline Drawing

Electrical and Mechanical Specifications subject to change without notice.

Outline Drawing

Electrical and Mechanical Specifications subject to change without notice.
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Model 30054

Applications

Balanced Mixers

Antenna Feed Networks
Image Reject Mixers
Dividers/Combiners

Single Sideband Modulators

Features

Military Grade

0.5-1.0GHz

2-\Way power Split

180 Degree

Stainless Steel Connectors
Rugged Aluminum Housing
Low VSWR

Meets MIL-E-5400 Class 3 R

Outline Drawing

equirements

Hybrid Couplers
3 dB, 180°

Electrical and Mechanical Specifications subject to change without notice.
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Applications

Balanced Mixers

Antenna Feed Networks
Image Reject Mixers
Dividers/Combiners

Single Sideband Modulators

Features

Military Grade
06-1.2GHz

2-Way power Split

180 Degree

Stainless Steel Connectors
Rugged Aluminum Housing
Low VSWR

Meets MIL-E-5400 Class 3 Requirements

Outline Drawing

Hybrid Couplers
3 dB, 180°

Electrical and Mechanical Specifications subject to change without notice.

4 \ 3 @} [31597 [/ 13441-G001 \SM\““FH 1
N—FEMALE PER MIL-C-39012
/ TYP (4) PLACES
3.400
3.100 /
: 7
8,145 THRU ~75%° MAX TP EL
B HOLES 4X EAT) =) i B
[ #inaren) |
X 1250 2.450
| BB [COUPLER | ]
o Ole-112] GGHZ _®
i
.600
z & |
,6507-——P 2.100 a‘
.870
F|REV | REV STATUS
a3z 1] sh OF SHEETS
COMPUTER GENERATED
A DOCUMENT — MANUAL A
CHANGES NOT ALLOWED L
INTERFACE CONTROL DRAWING o' 13441-G001 H
UNLESS OTHERWISE -
SPECIFIED, DM IN INCHES | D Anlcren Agé;ﬁ&ggﬁ:m VYED‘RT(C'
FREQ. 06-1.2 GHz |ISOLATION 18dB MIN. LhL BEUCLETNCES* 13
EE
i RIS JALOCAO0  fop COUPLER,30B 180° B
INSERT LOSS .6dB : MFG
10508 AL & B 31597 [F 13441-Go01
,E’(;{W%EE Bé%ﬁ JE;?/G‘ ow &ﬁm%gg Jot1o SCALE 1/1[DaC CODE_ 3 [SHEET 1 OF 1 g
4 | 3 2 1
® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596
Europe: +44 2392-232392
. ia: +86- -
What'll we think of next?°® Asia: 86-512-62876400

143



Model 30055

Applications

Balanced Mixers

Hybrid Couplers
3 dB, 180°

Applications

Model 3A0055

Hybrid Couplers
3 dB, 180°

Balanced Mixers

e Antenna Feed Networks e Antenna Feed Networks

e |mage Reject Mixers e |mage Reject Mixers

e Dividers/Combiners e Dividers/Combiners

e Single Sideband Modulators e Single Sideband Modulators
Features Features

e Military Grade e Military Grade

e 10-20GHz e 1.0-20GHz

e 2-\Way power Split e 2-\Way power Split

e 180 Degree e 180 Degree

e Stainless Steel Connectors e Stainless Steel Connectors

e Rugged Aluminum Housing ¢ Rugged Aluminum Housing

e Low VSWR e Low VSWR

o Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

Outline Drawing Electrical and Mechanical Specifications subject to change without notice. Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
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Model 3A0200

Applications
e Balanced Mixers
Antenna Feed Networks

e |mage Reject Mixers

e Dividers/Combiners

e Single Sideband Modulators
Features

e Military Grade

e 13-26GHz

e 2-Way power Split

e 180 Degree

e Stainless Steel Connectors

e Rugged Aluminum Housing

e Low VSWR

[ ]

Meets MIL-E-5400 Class 3 Requirements

Hybrid Couplers
3 dB, 180°

Applications

e Balanced Mixers

Antenna Feed Networks
Image Reject Mixers
Dividers/Combiners

Single Sideband Modulators

Features

Military Grade
20-4.0GHz

2—-Way power Spilit

180 Degree

Stainless Steel Connectors
Rugged Aluminum Housing
Low VSWR

Outline Drawing

Model 30056

Meets MIL-E-5400 Class 3 Requirements

Hybrid Couplers
3 dB, 180°

Electrical and Mechanical Specifications subject to change without notice.
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Model 3A0056

Applications

Balanced Mixers

Antenna Feed Networks
Image Reject Mixers
Dividers/Combiners

Single Sideband Modulators

Features

Military Grade
20-4.0GHz

2-\Way power Split

180 Degree

Stainless Steel Connectors
Rugged Aluminum Housing
Low VSWR

Meets MIL-E-5400 Class 3 Requirements

Outline Drawing

Hybrid Couplers
3 dB, 180°

Electrical and Mechanical Specifications subject to change without notice.

Model 30057

Applications

e Balanced Mixers

e Antenna Feed Networks

e |Image Reject Mixers

e Dividers/Combiners

e Single Sideband Modulators
Features

e Military Grade

e 40-8.0GHz

e 2-\Way power Split

e 180 Degree

e Stainless Steel Connectors

e Rugged Aluminum Housing

e Low VSWR

[ )

Meets MIL-E-5400 Class 3 Requirements

Outline Drawing

Hybrid Couplers
3 dB, 180°

Electrical and Mechanical Specifications subject to change without notice.
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Model 30070

Model 30160

Hybrid Couplers

3 dB, 180°

Hybrid Couplers

3 dB, 180°

Applications Applications

e Balanced Mixers e Balanced Mixers

e Antenna Feed Networks e Antenna Feed Networks

e |Image Reject Mixers e Image Reject Mixers

e Dividers/Combiners e Dividers/Combiners

e Single Sideband Modulators e Single Sideband Modulators
Features Features

e Military Grade e Military Grade

e 6.0-18.0GHz e 7.0-11.0GHz

e 2-\Way power Split e 2-\Way power Split

e 180 Degree e 180 Degree

e Stainless Steel Connectors e Stainless Steel Connectors

e Rugged Aluminum Housing ¢ Rugged Aluminum Housing

¢ Low VSWR e Low VSWR

e Meets MIL-E-5400 Class 3 Requirements o Meets MIL-E-5400 Class 3 Requirements

Outline Drawing Electrical and Mechanical Specifications subject to change without notice.

7 [ 3 ¥ 2 [ 7 Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
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Combiners/Power Dividers Selection Matrix

Combiners/Dividers, no case

Size

Port

Insertion

Amplitude

Phase

NE;II;ZI Fregl}l;ncy P(Z;)er inches/ Impedance Retzl\glwéoss Loss Balance Balance Iso(l;];c)ion
(tmm) (®) (dB) (+/- dB) +/-°)
40170 0.7-1.4 100 3x 0.9 50 1.3 0.6 1 3 18
40600 0.965 - 1. 565 100 3x 0.9 50 1.3 0.6 0.9 3 20
Power Dividers, 2-way
Part Frequency | Power | . o.2e | 1Iselation ) Insertion | o yoyp |output vewg | APLitude BZTZEZ
Number GHz ) inches/ (d.B) Loss Max:1 Max:1 Balance (degrees)
(mm) Min (dB) Max (dB) Max Vox
40260 0.225-0.4 10 3.75 x 2.75 20 0.3 1.2 1.2 0.4 2
40263 0.25-0.5 10 3.75 x 2.75 20 0.3 1.2 1.2 0.4 2
42000 0.5-2.0 10 3.75 x 2.75 20 0.5 1.3 1.2 0.4 2
41620 0.5-3.0 10 1.75 x 3.75 15 0.75 1.6 1.6 0.4 8
41180 0.7-1.4 10 1.45 x 3 20 0.3 1.25 1.25 0.4 6
40255 1.0-2.0 10 3.92 x 2.65 20 0.3 1.3 1.3 0.4 4
40265 1.0-2.0 10 3.4 x 1.25 20 0.3 1.25 1.25 0.4 6
4J0265 1.0-2.0 10 3 x 1.45 20 0.3 1.25 1.25 0.4 6
40710 1.0-2.6 10 3.75 x 2.75 18 0.5 1.3 1.2 0.4 8
42010 1.0-4.0 10 1.4 x 1.5 18 0.5 1.35 1.2 0.4 3
40510 1.0-12.4 10 1.45 x 3 |split specs|split specs|split specs|split specs 0.4 split specs
4E0265 1.5-3.0 10 3.4 x 1.25 20 0.3 1.25 1.25 0.4 6
40256 2.0-4.0 10 2.12 x 1 20 0.3 1.3 1.3 0.4 6
40266 2.0-4.0 10 1.25 x 2.1 20 0.3 1.3 1.3 0.4 6
4J0266 2.0-4.0 10 3 x 1.45 20 0.4 1.35 1.25 0.4 4
42020 2.0-8.0 10 1 x 1.5 |[split specs|split specs|split specs|split specs 0.4 split specs
41130 2.0-18.0 10 1.45 x 3 |split specs|split specs|split specs|split specs|split specs| split specs
42100 2.0-18.0 10 1.575 x 1 |split specs|split specs|split specs|split specs|split specs| split specs
4A0256 3.6-4.3 10 2 x 1.53 20 0.3 1. 37 1.3 0.2 2
40267 4.0-8.0 10 1 x 1.5 18 0.7 1.6 1.6 0.4 6
42030 4.0-12.0 10 1x1 18 0.6 1.5 1.4 0.4 8
42040 6.0-18.0 10 1 x0.75 17 split specs|split specs|split specs 0.5 10
41640 7.0-11.0 10 1x 1.2 16 0.7 1.8 1.8 0.4 8
41690 7.0-18.0 10 1 x 1.2 |[split specs|split specs|split specs|split specs|split specs| split specs
40268 8.0-12.4 10 1 x 1.2 16 0.8 1.8 1.8 0.4 8
40269 12.4-18.0 10 1x 1.2 14 1.2 2 2 0.5 10
Power Dividers, 3-way
Part Frequency | Power |  o.2e | 1Iselation ) Insertion | o yoyp |output vswg | APLitude BZTZEZ
Number GHz ) inches/ (d.B) Loss Max:1 Max:1 Balance (degrees)
(mm) Min (dB) Max (dB) Max Vox
43000 0.5-2.0 10 5.53 x 0.95|split specs 0.5 split specs|split specs|split specs 3
43020 2.0-6.0 10 0.95 x 2.4 17 0.5 1.4 1.5 0.3 6
43040 6.0-18.0 10 1 x 1.51 |split specs|split specs|split specs|split specs|split specs| split specs
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Combiners/Power Dividers Selection Matrix

Model 40170

Power Dividers, 4-way
Size Isolation | Insertion Amplitude Phase = = =
Part Frequency | Power | .~ @) e | Input VSWR [Output VSWR [ "% Balance Combiner/Dividers
Number GHz ) (am) i (dB)Ma Max:1 Max:1 (dB)Ma (degrees)
m in x x Yo 4 - Way
44000 0.5-2.0 17 2.4 x 4 20 1 1.5 1.3 0.6 6 Applications
40275 1.0-2.0 17 |3.2x 285 20 0.6 1.35 1.35 0.6 6 e Microstrip Circuits
44010 1.0-4.0 17 2.4 x 2 18 1 1.5 1.35 0.6 6 e LO Networks
44020 2.0-8.0 17 2x 1.75 16 1.2 1.55 1.45 0.6 6 e Switch Networks
44100 2.0-18.0 17 2 x 1.75 |split specs|split specs|split specs|split specs|split specs| split specs e Balanced Detectors
4A0456 3.6-4.3 17 4 x 2.75 20 0.5 1.37 1.3 0.2 3 ° Antenna Feeds
44040 6.0-18.0 17 2 x 1.03 17 1.6 1.78 1.5 0.6 12
4A0279 7.0-18.0 17 2.5 x 2 14 2 * 2.2 2 1 Features
40278 8.0-12.4 17 2.5 x 2 16 1.2 1.85 1.85 0.8 12 ® 0.7-1.4GHz )
40279 12.4-18.0 17 2.5 x 2 14 2 2 2 0.8 24 ° 4 __Way Power Spllt
e Reliable Performance
e Handles 100 Watts
e Meets MIL-E-5400 Class 3 Requirements
Power Dividers, 8-way
Size Isolation | Insertion Amplitude Phase
Part Frequency Power . Input VSWR |Output VSWR P Balance
Number GHz w) inches/ (dB) Loss Max:1 Max:1 Balance (degrees)
(mm) Min (dB) Max ’ ’ (dB) Max Vox
440286 2.0-4.0 25 5.2 x 2.5 18 1 1.6 1.4 0.8 10 NOTES: Anaren Power rating applies when solder tab/coupler interface has been
conformally coated. Testing is done at ambient temperature only.
41730 2.0-18.0 25 5.2 x 5 [split specs|split specs 2.5 2.5 split specs 20 Outline Drawing Electrical and Mechanical Specifications subject to change without notice.
40287 4.0-8.0 25 5.2 x 2.5 17 2 2 1.5 1 12 . ‘ 5 Q& ) ;
4A0857 5.7-6.5 25 8 x 1.75 20 0.8 1.4 1.3 0.4 6
40288 7.0-12.4 25 5.2 x 2.5 15 2 2 1.7 1 16
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Model 40600 Model 40260

Combiner/Dividers Power Dividers
4 - Way 2-Way

Applications
e Microstrip Circuits

Applications
e Phased Arrays

e LO Networks
e Dividers/Combiners e Antenna Feed Networks
e Switch Networks e |mage Reject Mixers
°
e Balanced Detectors Test System.s.
e Antenna Feeds e LO Power Dividers
Features Features
e 0.965-1.565 GHz * Military Grade
e 4—\Nay Power Split . 2-335 'P°-4 G"S'Z "
e Reliable Performance ° : i Pﬁy ower Spli
e Handles 100 Watts g C“ asf ber MIL.C.39012
e Meets MIL-E-5400 Class 3 Requirements ° onnectors gr S
e Rugged Aluminum Housing
e Low VSWR
e Meets MIL-E-5400 Class 3 Requirements
NOTES: Anaren Power rating applies when solder tab/coupler interface has been
conformally coated. Testing is done at ambient temperature only.
Outline Drawing Electrical and Mechanical Specifications subject to change without notice. . . NOTES: Input power with load VSWR of 1.20:1
. ‘ 3 é ) 1 Outline Draw|ng Electrical and Mechanical Specifications subject to change without notice
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Model 42020

Model 41130

Power Dividers
2-Way

Power Dividers
2-Way
Applications
e Phased Arrays

Applications

e Antenna Feed Networks ® Phased Arrays
e Image Reject Mixers : /IAntenn; Eee:jwfl‘fetworks
e Test Systems mage Reject Mixers
e LO Power Dividers o Igs; Systeg_s y
° ower Dividers
Features
e Military Grade Featur'\ellﬁitary ..
e 20-80GHz o
e 2-Way Power Split e 20-18.0GHz '
e In-Phase e 2-Way Power Split
e Connectors Per MIL-C-39012 e In-Phase
e Rugged Aluminum Housing e Connectors P_er MIL-C-39012
e Low VSWR o Euggvegvogmmum Housing
e Meets MIL-E-5400 Class 3 Requirements Photo shows old marking stencil, see : Mo:éts VL E-5400 Class 3 Requirements

drawing for current marking design.

NOTES: /nput power with load VSWR of 1.20:1

NOTES: Input power with load VSWR of 1.20:1 Electrical and Mechanical Specifications subject to change without notice

Electrical and Mechanical Specifications subject to change without notice Outline DraWIng

Outline Drawing

173

T
4 \ 3 ¥ [E31597F 15904-G001 % [% | |
4 \ 3 { FEaE ost0acior Pl | W
I REVISIONS
o0 3 - [2%19041 ~
Tom SMA FEMALE f
i (22'3) /PER MIL-C-39021 - o
@o [ Com! ] e [ (8,891 ' 35 18897 3x
T Bl =
B F 3X 9.5) B B ouT ouT ﬁ B
J2 s | T H
SouNTNG HoLE Anaren $.145 [368] £005 THRU |i |
/:&@ +.005 300 / 2X (I NOTES:
3.7 SERIAL NUMBER — — '
150 ~ Anaren o A ) ’ 176.20] O g 1. DIMENSIONS ARE IN INCHES AND (MILIMETERS)
(38.1) 42020 | oAre cooe 2-18 GHz 2, MARKING SHALL BE IN ACCORDANCE WITH MIL-STD-130,
Il L0 3, FINISH: EPOXY COATING PER MIL-C-22750, COLOR CHIP
(35101 L. 35180 (BLUE) PER FED-STD 595, OVER EPOXY PRIMER.
88 Cae . PER MIL-P-23337.
@22) 2-8 GHz géTR%ALC%%E/ 4. WEIGHT: 29 OUNCES (82 GRAMS) MAXIMUM
IN )
[N INE;JT ke > SMA FEMALE E *
L 12|l MIL—C—39012 TYP P
\ores: [3.05] 3 *‘ -
1 MARKING: MARKING SHALL BE IN ACCORDANCE WITH 73 ‘ [9.401
MIL—STD—130 [18.541
2 FINISH: EPOXY COATING PER MIL-C—-22750, COLOR
o _| Vi_‘ CHIP 35180 (BLUE) PER FED-STD—595, — 1200 +—
(24) (10.3) OVER EPOXY PRIMER PER MIL-P-23377 [30.48] FREQ ISOL | VSWR | INS. LOSS | AMP BAL PHASE BAL
3 WEIGHT: 1.6 OUNCES MAX -
%) 4 DIMENSIONS ARE IN INCHES AND (MILLIMETERS) e 145 o 2—-4 GHz 15dB [1.6:1 [0.6dB 0.4dB MAX |6 MAX ’_(__*_Hﬂ{ REV STATUS
[36.831 4—8 GHz 1508 |1.6:1 | 0.8dB 0.4dB MAX |8 MAX 43]2] 1] s | OF SHEETS
COMPUTER GENERATED 8—12.4 GHz [15dB |1.8:1 | 1.2dB 0.6dB MAX [10° MAX gggw&i GENMEE’Q*JEE
DOCUMENT — MANUAL ; . -
. CHANGES NOT ALLOWED . \WNZP.fJ;WSO@?é 1STdOB W/ir?g A\/(;ZCEWB MAXiMOQSMdB AR R CHANGES NOT ALLOWED A
INTERFACE CONTROL DRAWING o 25104-G001 ' [ 15904—-G001
4 MAX 6 MAX NEXT ASSY UNLESS OTHERWISE SPECIFIED ANAREN MICROWAVE INC. NEXT ASSY UNLESS OTHERWISE SPECIFIET ANAREN MICROWAVE INC.
1S0L WZUZ“SBWM‘N 13;’;'““ . :L‘MDE:?%&;:&‘EZ—WES Anaﬂ'@n EAST SYRACUSE, NEW YORK B /Ilnaren EAST SYRACUSE, NEW YORK
VSWR OUT .25: .33 4 PL DEC *
- - .10
o o5 oee S7s8 O POWER DIVIDER 7 Jebg s IN_ PHASE POWER DIVIDER, 2WAY |3
AVPTD BAL 0.4d8 MAX 0.4d8 MAX ANE%’%?&@ AR SIZE | CAGE N0, D0C 25104—G101 452 ANS»;E;\;G 15 IN ACCORDANCE S TR ConE DOCZ*W 8 CHz ’
FREQ 2 — 4 GHz 4 — B GHz @) |0 ARy TTRINT 1902 INO. — WITH ANS| Y14.5M-1982 7 . . {42
SPECIFICATIONS TH‘R;TTTJ 15T 04 2020 SCALE J1597 & Rﬁ 1ST USED B ‘ 315 " w 5904 GOO w -
ERosEemon | I N 2/1 ] [SHEET 10OF 1 2 THRD ANGLE 41130 RE g [ g R a
AVIBI-1 4 3 ﬁ 2 ‘ 900 1 B2 4 3 ? 2 ‘ 900 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
R R WE O ER
sia: e What'll we think of next?® What'll we think of next?® sla: et
172



Model 42100

Model 4A0256

Power Dividers

2-Way Power Dividers

2-Way

Applications
e Phased Arrays

Applications
e Phased Arrays

e Antenna Feed Networks : ]Antenn; F-eetd Nl:etworks
e |mage Reject Mixers ° Tn;zf; gysféen:s e
e Test Systems .
. LO Power Dividers e | O Power Dividers
Features Features
— e Military Grade
e Military Grade e 36-43GHz
e 20-18.0GHz _ e 2-Way Power Split
e 2-Way Power Split e In-Phase
e In-Phase
e Connectors Per MIL-C-39012 : gﬁggg;t%f.rzie;uwﬁgjiﬁgz
e Rugged Aluminum Housing e Low VSWR
e Low VSWR .
~ Mobts MIL.E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

NOTES: Input power with load VSWR of 1.20:1
Electrical and Mechanical Specifications subject to change without notice

NOTES: /nput power with load VSWR of 1.20:1

Electrical and Mechanical Specifications subject to change without notice
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Model 40267

Model 42030

Power Dividers
2-Way

Applications
e Phased Arrays

Power Dividers
2-Way

Applications

e Phased Arrays
Antenna Feed Networks
Image Reject Mixers
Test Systems
LO Power Dividers

Features

Military Grade

4.0-12.0 GHz

2-Way Power Split

In-Phase

Connectors Per MIL-C-39012

Rugged Aluminum Housing

Low VSWR

Meets MIL-E-5400 Class 3 Requirements

NOTES: Input power with load VSWR of 1.20:1
Outline Drawing Electrical and Mechanical Specifications subject to change without notice
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e Antenna Feed Networks
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e Test Systems
e | O Power Dividers
Features
o Military Grade
e 40-8.0GHz
e 2-Way Power Split
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Model 42040 Model 41640

Power Dividers Power Dividers
2-Way 2-Way

Applications

Applications e Phased Arrays
e Phased Arrays e Antenna Feed Networks
e Antenna Feed Networks ¢ Image Reject Mixers
e |mage Reject Mixers e Test Systems
Y Test Systems [ ] LO Power Dividers
e LO Power Dividers
Features
. Military Grade e 70-11.0GHz
' ' . In-Phase
e 2-Way Power Split ¢
 Phase ereP «  Connectors Per MIL-C-39012
e Connectors Per MIL-C-39012 . 5”99\%‘ Aluminum Housing
e Rugged Aluminum Housing o LowVSWR ,
e Low VSWR e Meets MIL-E-5400 Class 3 Requirements
e Meets MIL-E-5400 Class 3 Requirements
NOTES: Input power with load VSWR of 1.20:1
NOTES: Input power with load VSWR of 1.20:1 Outline Drawing Electrical and Mechanical Specifications subject to change without notice
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Model 41690 Model 40268

Power Dividers
2-Way

Power Dividers
2-Way

Applications
e Phased Arrays

Applications
e Phased Arrays

e Antenna Feed Networks e Antenna Feed Networks

e Image Reject Mixers e Image Reject Mixers

e Test Systems e Test Systems

e | O Power Dividers e L O Power Dividers
Features Features

o Military Grade e Military Grade

e 7.0-18.0GHz e 80-124GHz

e 2-Way Power Split e 2-\Way Power Split

e In-Phase e In-Phase

e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012

e Rugged Aluminum Housing e Rugged Aluminum Housing

e Low VSWR e Low VSWR

e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

NOTES: Input power with load VSWR of 1.20:1

Electrical and Mechanical Specifications subject to change without notice NOTES: Input power with load VSWR of 1.20:1

Outline Drawing Electrical and Mechanical Specifications subject to change without notice
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Model 40269

Model 43000

Applications

e Phased Arrays

Antenna Feed Networks
Image Reject Mixers
Test Systems

LO Power Dividers

Features

o Military Grade
12.4 -18.0 GHz
2-Way Power Split

Power Dividers
2-Way

Applications

e Phased Arrays

Antenna Feed Networks
Image Reject Mixers
Test Systems

LO Power Dividers

Features

Military Grade
0.5-2.0GHz
3-Way Power Split

Power Dividers
3-Way

In-Phase

Connectors Per MIL-C-39012

Rugged Aluminum Housing

Low VSWR

Meets MIL-E-5400 Class 3 Requirements

In-Phase

Connectors Per MIL-C-39012
Rugged Aluminum Housing
Low VSWR

Meets MIL-E-5400 Class 3 Requirements

NOTES: /nput power with load VSWR of 1.20:1

NOTES: Input power wit load VSWR of 1.20:1 Outline Drawing Electrical and Mechanical Specifications subject to change without notice
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Model 43020

Model 43040

Power Dividers

3-Way

Power Dividers

3-Way

Applications Applications

e Phased Arrays e Phased Arrays

e Antenna Feed Networks e Antenna Feed Networks

e Image Reject Mixers e Image Reject Mixers

e Test Systems e Test Systems

e | O Power Dividers e | O Power Dividers
Features Features

e Military Grade o Military Grade

e 20-6.0GHz e 6.0-18.0GHz

e 3-Way Power Split e 3-Way Power Split

e In-Phase e In-Phase

e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012
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Applications
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Outline Drawing
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Model 40279 Model 4A0286

Power Dividers Power Dividers
4-Way 8-Way

Applications
e Phased Arrays

Applications
e Phased Arrays

e Antenna Feed Networks
e Antenna Feed Networks e Image Reject Mixers
e Image Reject Mixers e Test Systems
e Test Systems e LO Power Dividers
e LO Power Dividers
Features
Features e Military Grade
o Military Grade e 20-40GHz
e 124-18.0GHz e 8-Way Power Split
e 4-Way Power Split e In-Phase
e In-Phase e Connectors Per MIL-C-39012
e Connectors Per MIL-C-39012 e Rugged Aluminum Housing
e Rugged Aluminum Housing e Low VSWR
e Low VSWR e Meets MIL-E-5400 Class 3 Requirements
e Meets MIL-E-5400 Class 3 Requirements
NOTES: Input power with load VSWR of 1.20:1 ) ) NOTES: Input power with load VSWR of 1.20:1
Outline Drawing Electrical and Mechanical Specifications subject to change without notice Outline Drawing Electrical and Mechanical Specifications subject to change without notice
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Model 41730

Applications

e Phased Arrays

e Antenna Feed Networks

e |mage Reject Mixers

e Test Systems

e | O Power Dividers
Features

e Military Grade

e 20-18.0GHz

e 8-Way Power Split

e In-Phase

e Connectors Per MIL-C-39012

e Rugged Aluminum Housing

e Low VSWR

e Meets MIL-E-5400 Class 3 Requirements

Outline Drawing

NOTES: Input power with load VSWR of 1.20:1
Electrical and Mechanical Specifications subject to change without notice

Power Dividers
8-Way

Model 40287

Power Dividers
8-Way

Applications

e Phased Arrays

Antenna Feed Networks
Image Reject Mixers
Test Systems

LO Power Dividers

Features
e Military Grade
4.0-8.0GHz
8-Way Power Split
In-Phase
Connectors Per MIL-C-39012
Rugged Aluminum Housing
Low VSWR
Meets MIL-E-5400 Class 3 Requirements

NOTES: /nput power with load VSWR of 1.20:1

Outline Drawing Electrical and Mechanical Specifications subject to change without notice
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Model 4A0857

Power Dividers
8-Way

Applications

e Phased Arrays
Antenna Feed Networks
Image Reject Mixers
Test Systems
LO Power Dividers

Features

Military Grade

57-6.5GHz

8-Way Power Split

In-Phase

Connectors Per MIL-C-39012

Rugged Aluminum Housing

Low VSWR

Meets MIL-E-5400 Class 3 Requirements

NOTES: Input power with load VSWR of 1.20:1

Outline Drawing Electrical and Mechanical Specifications subject to change without notice
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Applications

Model 40288

Features

Phased Arrays

Antenna Feed Networks
Image Reject Mixers
Test Systems

LO Power Dividers

Outline Drawing
d

Military Grade

7.0-12.4 GHz

8-Way Power Split

In-Phase

Connectors Per MIL-C-39012
Rugged Aluminum Housing
Low VSWR

Meets MIL-E-5400 Class 3 Requirements

NOTES: Input power with load VSWR of 1.20:1
Electrical and Mechanical Specifications subject to change

| 3 3 2

Power Dividers
8-Way

without notice

201

1
T [Sp— 1
[+] tise) I
—np0 s ——— ey T FERALE PR
{108) - El.'l T g T EL (%)
A o330 TV 7 GCESE 00— i i__
] | B0 B BB = B B = e, |1
:!_ Ji S 43 ad Js Ja Jr a8 ;
L : i )
ARAPEN I
c -}r.-: : n:_nl-'l::; .;-l':llu II.‘"" :
! = J =L e FATE, COCE
1 I ) SERIAL MO,
» I e ® J I FILE COPY 1 |,
2 ol — A ALD _ = = g
{3) fize) INTE RFACE. CONTROL DRAWING
EET +_ |[CONV.LOSE [CAn surr
B MOISE Fig. 58 _suPe ;
L FB W SWITCH TaME -
ok . L0 PR ATTEM, -
NOTES: - AMP BAL. [0 R aias [BIAS
I, MARKIMG PIR MIL-STD- 183 PHALE | M SUPR
2_FINEH: EPDYT PRIMER POWIE 100 TR
— BLUE EFD FRINT B ATEM o =
N WEIGHT: AF r-;--}'-_x "as :Lz {2 4] GREME) [ELATCH o0 v =
e Ve—tr | T
: Anaren == |
\ : [
; = ~ALLM OWER DIVIDER, -8 WaAY -
I T WAE | SO0E e mG | SRk el
I T NATE 2 & D2ES B E‘sw 2O-NCEs2 -5 D1 =
| I e e ] [N — BCALE FULL [N g - | SeT | oF i
i I - 'y - T
® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596
Europe: +44 2392-232392
What'll we think of next?® Asia: +86-512-62876400



Cased Directional Couplers Selection Matrix

Directionals, H-style, cased
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. . . Input
Frequency Power . Size Port Coupling Insertion VSWR Fre.qu'en.cy Directivity
Part Number Clz ) inches/ Impedance Mean Loss (VSWR) Sensitivity. (dB) Min
(tnm) Q) (dB) (dB) +/-(dB) Max ’
Max :1
1F0626-10 2.0-4.0 50 1.61 x 0.58 50 10+/-.8 0.4 1.25 0.8 20
1F0626-20 2.0-4.0 100 1.61 x 0.58 50 20+/-1.5 0.4 1.25 1. 25 18
1F0627-10 4.0-8.0 50 1.08 x 0.58 50 10+/-.8 0.4 1.25 0.8 15
Directionals, In—line, cased
Size Port Couplin, Insertion Input Frequenc
Frequency Power . p-ing VSWR q X .y Directivity
Part Number Cllz ) inches/ Impedance Mean Loss (VSWR) Sensitivity (dB) Min
(mm) Q) (dB) (dB) Mex +/- (dB) Max
Max :1
10010-10 0.225-0.4 50 4.9 x 1.4 50 10+/-.8 0.4 1. 15 0.8 20
10013-10 0.25-0.5 50 6 x 1.2 50 10+/-. 8 0.4 1. 15 0.8 20
10013-20 0.25-0.5 100 6 x 1.2 50 20+/-1. 0.4 1. 15 0.8 17
10014-30 0.5-1.0 100 3.7 x 1.2 50 30+/-1.5 0.4 1.2 0.9 15
10870-10 0.5-2.0 50 4x 1.2 50 10+/-1.2 0.5 1. 25 1 17
1C0870-20 0.5-4.0 100 4.9 x 1.4 50 20+/-1.5 0.5 1.3 1.5 17
10930-10 0.8-1.6 50 3.7 x 1.2 50 10+/-.8 0. 35 1.2 0.8 20
10930-6 0.8-1.6 20 3.7x 1.2 50 6+/-. 8 0.35 1.2 0.8 20
10615-10 1.0-2.0 50 2.5 x 1 50 10+/-.8 0. 35 1.2 0.8 20
10615-20 1.0-2.0 100 2.5 x 1 50 20+/-1. 0.35 1.2 0.8 20
10615-30 1.0-2.0 100 2.5 x 1 50 30+/-1.5 0. 35 1.2 0.8 15
10616-10 2.0-4.0 50 2.44 x 1.25 50 10+/-.8 0. 45 1.25 0.8 18
10616-20 2.0-4.0 100 2.44 x 1.25 50 20+/-1. 0. 45 1.25 0.8 18
10616-30 2.0-4.0 100 2.44 x 1.25 50 30+/-2. 0. 45 1.25 0.8 15
10616-6 2.0-4.0 20 2.44 x 1.25 50 6+/-..8 0. 45 1. 25 0.8 18
1G0617-10 4.0-8.0 50 1.3 x 0.9 50 10+/-.8 0.5 1.35 0.8 17
1G0617-20 4.0-8.0 100 1.3 x 0.9 50 20+/-1 0.5 1.35 1 16
1G0618-10 8.0-12.4 50 1.3 x 0.9 50 10+/-.8 0.6 1.45 0.6 15
1G0618-20 8.0-12.4 100 1.3 x 0.9 50 20+/-1 0.6 1.45 0.8 15
1G0618-6 8.0-12.4 20 1.3 x 0.9 50 6+/-. 8 0.6 1.45 0.5 15
® USA/Canada: 315) 432-8909
n r n Toll Free: 800) 411-6596
Europe: +44 2392-232392
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Model 1F0626-10

Applications
e Subassemblies
e Lab Systems
e Leveling Loops
e Power Monitoring
e Test and Calibration

Directional Couplers
“H” Style

Model 1F0626-20

Directional Couplers
H” Style

Applications
e Subassemblies
e Lab Systems
e |eveling Loops
e Power Monitoring
e Test and Calibration

Features Features
e Military Grade e Military Grade
e 20-40GHz e 20-40GHz
e “H” Style Configuration e “H” Style Configuration
e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012
e Rugged Aluminum Housing 1F0626-20 shown ¢ Rugged Aluminum Housing
e High Directivity e High Directivity
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

NOTES: The power rating applies when optional termination is supplied by Anaren and coupled port
VSWR is 2.0:1 or less. Higher power can be handled with a lower VSWR termination

Outline Drawing

Electrical and Mechanical Specifications subject to change without notice

Outline Drawing

NOTES: The power rating applies when optional termination is supplied by Anaren and coupled port
VSWR is 2.0:1 or less. Higher power can be handled with a lower VSWR termination
Electrical and Mechanical Specifications subject to change without notice
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Model 1F0627-10

Model 10010-10

Directional Couplers

Directional Couplers
H” Style

In-Line Style

Applications
e Subassemblies

Applications
e Subassemblies

e Lab Systems e Lab Systems

e |eveling Loops e |eveling Loops

e Power Monitoring e Power Monitoring

e Test and Calibration e Test and Calibration
Features Features

e Military Grade e Military Grade

e 40- 8.0GHz e 0.225-0.4GHz

e “H” Style Configuration e In-Line Configuration

e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012

e Rugged Aluminum Housing ¢ Rugged Aluminum Housing

e High Directivity e Built in Termination

e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.
Higher power can be handled with a lower VSWR termination
Electrical and Mechanical Specifications subject to change without notice

NOTES: The power rating applies when optional termination is supplied by Anaren and coupled port

VSWR is 2.0:1 or less. Higher power can be handled with a lower VSWR termination Outline Drawing

i i Electrical and Mechanical Specifications subject to change without notice T
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Model 10013-10 Model 10013-20

Directional Couplers Directional Co_uplers
In-Line Style In-Line Style

Applications Applications
e Subassemblies e Subassemblies
e Lab Systems e Lab Systems
e Leveling Loops e Leveling Loops
e Power Monitoring e Power Monitoring
e Test and Calibration e Test and Calibration
Features Features
e Military Grade e Military Grade
e 025-05GHz e 025-05GHz 10013-10 shown
e In-Line Configuration e In-Line Configuration
e Connectors Per MIL-C-39012 o Connectors Pfar MIL-C-3_9012
e Rugged Aluminum Housing : FBizigl;tgiidT::IrLrlnr?:;::]nHousmg
e Built in Termination
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less. I'E'{Q;Es' The powel;' rit’"%la’zlp”?; Wf;en coe@l Wsz?ﬁ V,SM{,R is 2.0:1 or less.
. . Higher power can be handled with a lower VSWR termination Outline Drawin E:g ;—:-r_polwerdcm z an Ies w .ffa ot\_/ver bi irtmmf‘/on ithout noti
Outline Drawing Electrical and Mechanical Specifications subject to change without notice g ectrical and Mechanical Speciiications subject to change without notice
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H|REV | REV STATUS H|REV | REV STATUS
4l 3lel1] su OF SHEETS 4|3]2]1] sH OF SHEETS
COMPUTER GENERATED COMPUTER  GENERATED
DOCUMENT — MANUAL A DOCUMENT — MANUAL A
A CHANGES NOT ALLOWED A CHANGES NOT ALLOWED
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Model 10014-30

Model 10870-10

Directional Couplers Directional Couplers
In-Line Style In-Line Style

Applications Applications
e Subassemblies « Subassemblies
e Lab Systems
Y « Lab Systems
e |eveling Loops Leveling L
- . evelin oops
e Power Monitoring 9 P
e Test and Calibration + Power Monitoring
» Test and Calibration
Features
e Military Grade
e 05-10GHz
: . Features
e In-Line Configuration —
« Connectors Per MIL-C-39012 + Military Grade - .
e Rugged Aluminum Housing « 05-2.0GHz Electrical SpeCIfICdilons
e Built in Termination . « “In-Line” Configuration Model#  Frequency Coupling Insert. Loss Input VSWR
e Meets MIL-E-5400 Class 3 Requirements GHz dB Mean dB Max Max:1
¢ Connectors Per MIL-C-39012 | 10870-10 05-20 10.0+ 0.8 0.50 1.25
* Rugged Aluminum Housing
« Built in Termination Model # Freq. Sems. Directivity Max CW Power*
NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less. ‘iB 12 dBIMITTyD onvardmBackward
. . Higher power can be handled with a lower VSWR termination 10870-10 0.90 17122 0 5
Outline Drawmg Electrical and Mechanical Specifications subject to change without notice
4 ‘ 3 & [3597 12874 cool P~ ] 1
Notes: Electrical and Mechanical Specifications subject to change without notice. Impedance: 50 ohms
nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available for military and space applications.
*These power ratings apply when coupled port VSWR is 2.0:1 or less. Higher power can be handled with a lower VSWR
50 OHm LOAD termination. In general the Max CW Power is identical to 3 dB couplers when there is no internal termination or one
3.700 [93.98] —————~ / supplied by Anaren. All models have SMA connectors.
3.200 [81.28] | . .
r»ﬁu [8.88) —| 500 [12_70] / ‘ Outllne quWlng
VP
B ] SMA-FEMALE PER MIL-C-39012 . 310 78] B SMA FEIMALE PER
S TYP (3) PLACES LOAD MIL-C-39012 TYP
o *zwtsw] 3048 . f 3.50 | (3) PLACES
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! N t
NOTES 12 [e—I.20 I.e00
1. DIMENSIONS ARE IN INCHES AND (CMELWHUE@E).STD o ' . \ .37
2. MARKING: SHALL BE IN ACCORDAN ~STD-130.
3. FINISH: EPOXY COATING PER MIL-C—22750, COLOR CHIP 4.00 DATE CODE
35180 (BLUE) PER FED-STD-595. & SERIAL NO.
ELECTRICAL SPECIFICATIONS o MG 20 GLICES (65 6 e SOCLMENT - ML \
A N o 0o CHANGES NOT ALLOWED LA 1'3 "1: 'fﬁ?z?.:s
VEAN COUPLING 30.0d8 +/- 1.5dB NNTLESR;Q%SEE CONTROL DRAWING o 12874-6001 4 TYP (4) HOLES
INSERTION LOSS: .40dB MAXIMUM ANAREN MICROWAVE INC. .
INPUT VSWR: 1.20:1.0 MAXIMUM SPEC\T%‘LEE%C‘MCH Anaren SYRICUSE, NV YORK
FREQUENCY SENSITMITY | +/—.80dB MAXIMUM § Et BEE 1.010 COUPLER . DIRECTIONAL H
DIRECTMITY 15dB MINIMUM 2 PL DEC + .02 S ! 5
VAXIMUM CW POWER 100 WATTS FORWARD, 100 WATTS BACKWARD ANGLES B131597 ¥ 12874-G001 H
*RATING WITH COUPLED PORT TERMINATED INTO A 2.0:1.0 VSWR MAXIMUM éi‘mugnig 10014-30 SCE /L [00C CODE 3 [SHEET 1 OF 1 g
4 3 2 2 \ 1
USA/Canada: 231 5; 432-8909 ® ® USA/Canada: 231 5; 432-8909
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Model 1C0870-20

Model 10930-10

Directional Couplers Directional ﬁfﬂgﬁrﬁ
“In-Line” Style ¢

Applications
Applications e Subassemblies
+ Subassemblies e Lab Systems
. Lab Systems e |Leveling Loops
Leveling Loobs e Power Monitoring
L]
g ) P ] e Test and Calibration
» Power Monitoring
- Test and Calibration Features
o Military Grade
Feat e 08-16GHz
eaiures e In-Line Configuration
 Military Grade e Connectors Per MIL-C-39012
. 05-40 GHz e Rugged Aluminum Housing
o _ _ Electrical Specifications e Builtin Termination
* “In-Line” Configuration e Meets MIL-E-5400 Class 3 Requirements
« Connectors Per MIL-C-39012 Model# Frequency Coupling Insert. Loss Input VSWR
GHz dB Mean dB Max Max:1
o Rugged Aluminum Housing 1C0870-20 0.5-4.0 20015 0.50 1.30
 Built in Termination
Model # Freq. Sems. Directivity Max CW Power* NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.
dB Max dB Min/Typ Forward Backward - - Higher power can be handled with a lower VSWR termination
1C0870-20 .5 17/20 100 50 Outline Drawmg Electrical and Mechanical Specifications subject to change without notice
4 ‘ 3 ‘ [EE31597F 14965-C001 " 1|6 | 1
Notes: Electrical and Mechanical Specifications subject to change without notice. Impedance: 50 ohms
nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available for military and space applications.
*These power ratings apply when coupled port VSWR is 2.0:1 or less. Higher power can be handled with a lower VSWR
termination. In general the Max CW Power is identical to 3 dB couplers when there is no internal termination or one sup-
. . plied by Anaren. All models have SMA connectors.
Outline Drawing
NOTES
éé%% } B 1. MATERIAL: ALUMINUM 6061-T6 B
s | 2. MARKING PER MIL-STD-130
| 350 ;o 3. FINISH: PRIMER PAINT (BLUE)
881
| e | :
i 591 T
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3% 38 ELECTRICAL SPECIFICATIONS & SERAL 1O 1] S| OF SHEEE
— — T FREQUENCY: .80 — 1.6 GHz QUTLINE DRAWING —
MEAN COUPLING: 10.0 dB + .80 dB UNLESS OTHERWISE SPECIFIED [
INSERTION_L0SS: 35 dB_MAXIMUN O L e Anaren oo woox L
INPUT_VSWR: 1.20:1.0_MAXIMUM FeEs o H
FREQUENCY SENSITIVITY: _ +.80 dB_MAXIMUM L T DIRECTIONAL COUPLER L
DIRECTIVITY: 20 dB MINIMUM T i o4 B Toms S T -
FMAXIMUM CW_POWER: 50 WATTS FORWARD, 5 WATTS BACKWARD o e | i No. - £l
SRATING WITH COUPLED PORT TERMINATED INTO A 2.0:1.0 VSWR MAXIMUM. S Roxcion | S0 ML }Eg 911 5\26761»5 3 [sweer 1 oF 1 |2
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Model 10930-6

Model 10615-10

Directional Couplers
In-Line Style

Directional Couplers
In-Line Style

Applications Applications
e Subassemblies e Subassemblies
e Lab Systems e |ab Systems
e |Leveling Loops e |eveling Loops
e Power Monitoring e Power Monitoring
e Test and Calibration e Test and Calibration
Features Features
e Military Grade e Military Grade
e 08-16GHz e 10-20GHz
e In-Line Configuration e In-Line Configuration
e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012
e Rugged Aluminum Housing e Rugged Aluminum Housing
e  Built in Termination e Built in Termination
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements
NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less. NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.
Higher power can be handled with a lower VSWR termination . . Higher power can be handled with a lower VSWR termination
i i Electrical and Mechanical Specifications subject to change without notice Outline Drawmg Electrical and Mechanical Specifications subject to change without notice
utiine Drawing 5 j ‘ ;
. | 3  FaF e T ] 1 4 | [ 37597F 129906007 T 1% |
I REVISIONS
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(74.9) 145 £.005 DIA
5 . 1600 2.25 50 OHM LOAD 2 MTG HOLES
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3.70
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> DATE CODE
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\OTES ELECTRICAL SPECIFICATIONS
1 MARKING: MQF\T‘%?DS:@LQL BE IN ACCORDANCE WITH FREQUENCY: 1.0 — 2.0 GHz
2 FINISH: EPO)C(‘COA‘T\NG PER MIL-C—22750, COLOR MEAN COUPLING: 10.0 dB + .80 dB
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3 WEIGHT: 3.0 QUNCES FREQUENCY SENSITIVITY + .80 dB MAXIMUM
DIRECTIVITY: 20 dB MINIMUM
COVPUTER GENERATED PVAKIMUM, W POWER: e B NARDS COMPUTER GENFRATED
DOCUMENT — MANUAL A A CHANGES NOT ALLOWED A
A | ELECTRICAL SPECIFICATIONS CHANGES NOT ALLOWED . ‘ o [
REQUENCY T0-15 o INTERFACE CONTROL DRAWING ‘WT 14967-G001 U4 RMWGMWHDW&DPTTEWWM@\MOAQO.WOVWRMMW %o 12990-G001 4
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AAXIMUM CW POWER 20 WATTS FORWARD, 2 WATTS BACKWARD = | s v E1%{597 & 14967-G101 ¥ 2. FINISH: PRIVER PAINT, BLUE T [ ANl TeN-1982 B 597 o 12990-G001 =
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Model 10615-20

Directional Couplers
In-Line Style

Model 10615-30

Directional Couplers
In-Line Style

Applications

e Subassemblies
Lab Systems
Leveling Loops
Power Monitoring
Test and Calibration

Features

e Military Grade
1.0-2.0GHz
In-Line Configuration
Connectors Per MIL-C-39012
Rugged Aluminum Housing
Built in Termination

Outline Drawing

Meets MIL-E-5400 Class 3 Requirements

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.
Higher power can be handled with a lower VSWR termination
Electrical and Mechanical Specifications subject to change without notice
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ELECTRICAL SPECIFICATIONS
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[ REVISIONS

LOAD
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NOTES:
Ko—|
1. MARK PER MIL-STD-130
2. FINISH: PRIMER
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COMPUTER GENERATED
DOCUMENT - MANUAL
CHANGES NOT ALLOWED A

INSERTION LOSS 03508 MAX INTERFACE CONTROL DRAWING F 12989-G001 [
INPUT VSWR: 120:10 MAX NEXT ASSY UNLESS OTHERWISE SPECIFIED
FREQUENCY SENSITIVITY: £,800iB MAX ANAREN MICROWAVE INC. [
DIRECTIVITY 204B MIN ;‘:EN;E”CF‘@SQ?AENSEX‘,NEH“ }Wnar‘en EAST SYRACUSE, NEW YORK ||
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USA/Canada: 315) 432-8909 ®
Toll Free: 800) 411-6596
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Applications

e Subassemblies
Lab Systems
Leveling Loops
Power Monitoring
Test and Calibration

Features

Military Grade

1.0-2.0GHz

In-Line Configuration

Connectors Per MIL-C-39012

Rugged Aluminum Housing

Built in Termination

Meets MIL-E-5400 Class 3 Requirements

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.
Higher power can be handled with a lower VSWR termination

Outline DraWIng Electrical and Mechanical Specifications subject to change without notice
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Model 10616-10

Directional Couplers
In-Line Style

Applications

e Subassemblies
Lab Systems
Leveling Loops
Power Monitoring
Test and Calibration

Features
e Military Grade
2.0-4.0GHz
In-Line Configuration
Connectors Per MIL-C-39012
Rugged Aluminum Housing
Built in Termination
Meets MIL-E-5400 Class 3 Requirements

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.
Higher power can be handled with a lower VSWR termination

Outline Drawing Electrical and Mechanical Specifications subject to change without notice

Model 10616-20

4 ' 3 {& 2 1
T oS
7
u
D D
o 3
78
Ya TERMINATION LOAD
SMA FEMALE PER
Vi MIL-C—39012
C E C
/ 2X 9145
Lo
; Dey 62 318
1 g B e
28 41 L
74 A3
109 NOTES.
- , 1 DIMENSIONS ARE IN INCHES AND (MILLMETERS)
m———— Pm
.!1)1||:1!H 2 MARKING: MARKING SHALL BE IN ACCORDANCE WITH
N — ; MIL-STD-130.
3 FINISH: EPOXY PAINT PER MIL-C—22750 COLOR CHIP
B DATE CODE 35180 (BLUE) PER FED-STD-595, OVER
SERIL NO. EPOXY PRIMER PER ML-P-23377
(|
COMPUTER GENERATED
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What'll we think of next?®

Applications

e Subassemblies
Lab Systems
Leveling Loops
Power Monitoring
Test and Calibration

Features

Military Grade

2.0-4.0GHz

In-Line Configuration
Connectors Per MIL-C-39012
Rugged Aluminum Housing
Built in Termination

Meets MIL-E-5400 Class 3 Requirements

Directional Couplers
In-Line Style

10616-10 shown

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.
Higher power can be handled with a lower VSWR termination

Outline Drawing

Electrical and Mechanical Specifications subject to change without notice
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VSVR IN Lo50 MAX INTERFACE CONTROL DRAWING %n, 13141-G002 L
I NEXT ASSY UNLESS OTHERWISE SPECIFIED ' ' ANAREN MICROVAVE INC, [
FREQ SENS +80dB MAX 4“;:[:?:“ oS e ﬁﬂ[ﬁ]@]ﬁ"@[ﬁ] EAST SYRACUSE, NEV YERK |
DIRECTIVITY 180 MIN 3 P EC + 010 b
MAX CW POWER 100 WATTS FORWARD,S0 WATTS BACKWARD 2o e = 02 COUPLER, DIRECTIONAL
% RATING WITH COUPLED PORT TERMINATED =] i e dsiose FI5Es, ¥ 13141-06102 4
IN A 2010 VSWR 5T USED =
FROJECTIT 10616-20 L RE ﬂ“”c wE 3 [SHEET 1 OF 1 g
; 3 7 : [ =
® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596
Europe: +44 2392-232392
. Asia: +86-512-62876400
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Model 10616-30

Applications
e Subassemblies

e [ab Systems

e Leveling Loops

e Power Monitoring

e Test and Calibration
Features

o Military Grade

2.0-4.0GHz

In-Line Configuration
Connectors Per MIL-C-39012
Rugged Aluminum Housing
Built in Termination

Meets MIL-E-5400 Class 3 Requirements

Directional Couplers
In-Line Style

10616-10 shown

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.

Outline Drawing

Higher power can be handled with a lower VSWR termination
Electrical and Mechanical Specifications subject to change without notice

Model 10616-6

4 ‘ 3 {l& 2 1
D D
FEMALE PER
—39012
C - C
(R ko]
43 =
109 27
1 DIMENSIONS ARE IN INCHES AND (MILLIMETERS) \‘T
2 MARKING: MARKING SHALL BE IN ACCORDANCE WITH 79
MIL-STD—130. .
3 FINISH: EPOXY PAINT PER MIL-C—-22750 COLOR CHIP w
B DATE CODE 35180 (BLUE) PER FED-STD-585, OVER >
SERIAL NO. EPOXY PRIMER PER MIL-P-23577 ©
4 INCES. |
<
o
B
T e[ [ v sws |3 |
a[3]2[ 1] w | oF swErs |
ELECTRICAL SPECIFICATIONS COMPUTER GENERATED
DOCUMENT — MANUAL
FREQ 2.0-4.0 GHz CHANGES NOT ALLOWED
MEAN COUPLING 3042.048 INTERFACE CONTROL DRAWING [ 13599-6002 |
INSR LOSS 45dB MAX
I A RN WGROVAVE NG
A VSWR IN 1.25:1.0 MAX Lo T CES— naren EAST SYRACUSE, NEW YORK
e e Haeting COUPLER, DIRECTIONAL |3
DIRECTIVITY 1508 MIN nag o2 d 5
% MAXIMUM CW POWER 100 WATTS FORWARD, 100 WATTS BACKWARD ORANG 15 N ACCORDANC ERETY Bac.
v b 7597 [F_13599-G102
*RATING WITH COUPLED PORT TERMINATED IN A 2.0:1.0 VSWR MAXIMUM THIRD ANGLE 10616~30
RORETON B (8% s [SHEET 1 oF 1 18]
et 4 3 éf 2 1
USA/Canada: 315) 432-8909 ®
Toll Free: 800) 411-6596
Europe: +44 2392-232392
Asia: +86-512-62876400 What'll we think of next?®

Applications
e Subassemblies
e Lab Systems
e |eveling Loops
e Power Monitoring
e Test and Calibration

Features

e Military Grade
2.0-4.0GHz
In-Line Configuration
Connectors Per MIL-C-39012
Rugged Aluminum Housing
Built in Termination

Meets MIL-E-5400 Class 3 Requirements

Directional Couplers
In-Line Style

10616-10 shown

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.

Outline Drawing

Higher power can be handled with a lower VSWR termination
Electrical and Mechanical Specifications subject to change without notice

4 ‘ 3 {& 2 1
w
D D
[ S
519 5
— =4
TERMINATION LOAD
a SWA FEWALE PER
MiL-C-39012
C * C
Va % 8.145
L o125
2 3is
‘g e
-
08

B i DATE CODE

SERIAL NO.

ELECTRICAL SECIFICATIONS
FREQUENCY 20 - 40 Ghz
MEAN COUPLING 6.0 dB + .80 dB

NOTES:

1 DIMENSIONS ARE IN INCHES AND (MILLMETERS)
2 MARKING: MARKING SHALL BE IN ACCORDANCE WITH

3 FINISH: EPOXY PAINT PER MIL-C-22750 COLOR CHIP
35180 (BLUE) PER FED-STD-505, OVER
EPOXY PRMER PER MIL~P~23377

MIL-STD-130.

INTERFACE CONTROL DRAWING

'] ¢019-500L1 ﬁlﬁégﬂ}

s

B RV | Rev starts
al5[2[1] 1| oF swemrs
COMPUTER GENERATED

DOCUMENT — MANUAL
CHANGES NOT ALLOWED

" 11003-G002

]

PN e — e E—— Inaren ST []
FREQUENCY SENSITVITY | +.80 dB_MAXIMUM 3 n o 00 COUPLER, DIRECTIONAL [
DRECTVITY 16 d5 MINMUM Mem L e 5
“MAXIMUM CW POWER | 20 WATTS FORWARD. 2 WATTS BACKWARD W A 14 Si-lses [FT597 & 11005-G102 1
TRATING WITh GOUPLED PORT TERMINATED INTO A 2.0:1.0 VSR MAXWUM L I S e e Tseer Tor 718
o 4 3 ? 2 1
® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596
Europe: +44 2392-232392
Asia: +86-512-62876400
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Model 1G0617-10

Model 1G0617-20

Directional Coyplers Directional Couplers
In-Line Style In-Line Style

Applications
e Subassemblies

Applications
e Subassemblies

e |ab Systems e |ab Systems
e |eveling Loops e |Leveling Loops
e Power Monitoring e Power Monitoring
e Test and Calibration e Test and Calibration
Features Features
e Military Grade e Military Grade
e 40-8.0GHz e 40-8.0GHz
e In-Line Configuration e In-Line Configuration
e Connectors Per MIL-C-39012 . e Connectors Per MIL-C-39012
e Rugged Aluminum Housing 1G0617-20 shown e Rugged Aluminum Housing
e Built in Termination e  Built in Termination
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements
NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less. ) ) )
Higher power can be handled with a lower VSWR termination NQTES: The power rating appllgs when coupled port VSWR is 2.0:1 or less.
. . Electrical and Mechanical Specifications subject to change without notice Higher power can be handled with a lower VSWR termination
Outline Drawmg Outline Drawing Electrical and Mechanical Specifications subject to change without notice
4 \ 3 § PEErE18024-G101 P1l | L 4 \ 3 & [ F_tmoaicior ] | 1
[ REVISIONS
| — 93
TERMINATION
TO BE PAINTED WITH UNIT ﬁ
il P
A= (20.7) ?ERSRmT\ON
37 TYP 37 — 27
: r - I @h
B ‘ -10dB3  TERM B

2.003 (2) HOLES\

s B — a)éUNT\NG HOLE B
35 6.093 +.005
@  Anaren @ o e
| 1G0si7-10 | | % i

4 IN  4-8 GHz OUT EE .58 -20dB TERM s
.30 T MAX
(36.3)
} f r@® AneiEen & %

f \ 1G0617-20 \ 29 €3.£35

1.080 58 IN 4-8 GHz QUT —

‘ NOTES: e o5 EAE

: ] @6) FAS

[ 1 MARKING SHALL BE PER MIL-STD-130 L

8

1 MARKING: MARKING SHALL BE IN ACCORDANCE WITH

2. PAINT — A160-16221-6001 (BLUE) 4X
230 SMA FEMALE PER MIL=STD-130
DATE CODE & (33.0) MIL-C-39012 2 FINISH:  EPOXY COATING PER MIL-C—22750, COLOR
SERIAL NUMBER DATE CODE & CHIP 35180 (BLUE) PER FED-STD-595,
SERIAL NUMBER OVER EPOXY PRIMER PER MIL—P-23377

THIS SIDE OF CASE

o &l

e | L—J
. . _ _ 1 08 .37
2 FINISH: 1. PRIMER A160-16123—-G001 @9 57, 0.4) NOTES:
3

= 3 WEIGHT: 1.3 OUNCES MAX
SMA FEMALE PER al REV STATUS 4 DIMENSIONS ARE IN INCHES AND (MILLIVETERS)
Yilzc-soorz 41321 sn | oOF sHeeTs
CDDDMCPUUMTEENRT GENMEARNAUTAELD ELECTRICAL SPECIFICATIONS COMPUTER GENERATED

*RATING WITH COUPLED PORT TERMINATION INTO - . _ DOCUMENT — MANUAL

A DL Vo CHANGES NOT ALLOVED | A N £0=B0 o CHANGES NOT ALLOWED A
5 W FORWARD, 5 W BACKWARD PART MEAN_COUPLING: 200 dB + 1.0 dB

INSERTION _LOSS | .50 dB MAX 'ND' 180246001+ NSERTON LoSs: w0 a5 v INTERFACE CONTROL DRAWING ‘Npém 18041-G001 |

INPUT VSWR 1.35:1.0 MAX IEXRSSY NS Ak I Ches [ ANAREN MICROVAVE INC, ) ] ) NEXT ASSY UNLESS OTHERWISE SPECIFIED ANAREN MICROWAVE INC. [

DIRECTIVITY 17 dB MIN o pL e NS VA [ [ [ /anlr@n EAST SYRACUSE, NEW YORK NPUT VSWR: 135:1.0 WAXIMUM , :L\MDE::iLaéfgézﬁc‘stlNcm /ﬂnﬁl’eh EAST SYRACUSE, NEW YORK ||

FREQ SENS +.80 dB MAX 3 PL DEC £ 005 DWN STM 75[11]19 1 FREQUENCY SENSITIVITY: + 1.0 dB MAXIMUM 3 PLDEC £ .010 Il

WEAN COUPLING | 10 08 £ a8 bso1_TELNSKS_[75[12[05 COUPLER, DIRECTIONAL ] ) 2 5 00 COUPLER, DIRECTIONAL, 20d8 ||

FREQUENGY %0 30 on DRAVING IS IN ACCORDANCE ENGR  J.KEATING 75[11]20 DIRECTIVITY: 16 dB MINIMUM ANGLES + 5

8 - i r4 = SIZE [CAGE CODE 0C DRAWING IS N ACCORDANCE
= STVU‘;:DANS‘ TI1o5e !;En R‘MERLEBH‘OR ;: 1; gé B| 31597 .N” 18024-G101 — MAXIMUM_CW_POWER: 100 WATTS FORWARD, 50 WATTS BACKWARD = | M AN Yiesuioez SéE %E1N°597 o 18041—-G101 |
SPECIFICATIONS THIRD ANGLE TaC o ST USED
PROJECTION 0160617-0010 [oc pMCLAUGHLN [75]12]01]° "¢ 2/1 | (B 5 [shEET 1 OF 1 a RATING WITH_COUPLED PROT TERMINATED INTO A 2.0:1.0 VSWR MAXIMUM. FRosECToN 0160617-0020 WA /1] [SHEET 1 oF 1 g
e 4 ‘ 3 ? ) \ 1 s 4 ‘ 3 § . | 900 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
Asia: +86-512-62876400 . . Asia: +86-512-62876400
8 What'll we think of next?® What'll we think of next?® 8
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Model 1G0618-10

Model 1G0618-20

Directional Couplers
In-Line Style

Directional Couplers
In-Line Style

Applications
e Subassemblies

Applications
e Subassemblies

e Lab Systems e Lab Systems

e |eveling Loops e |Leveling Loops

e Power Monitoring e Power Monitoring

e Test and Calibration e Test and Calibration
Features Features

o Military Grade e Military Grade

e 80-124GHz e 80-124GHz

e In-Line Configuration e In-Line Configuration

e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012

e Rugged Aluminum Housing e Rugged Aluminum Housing

e Built in Termination 1G0618-20 shown e  Built in Termination

e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.
Higher power can be handled with a lower VSWR termination
Electrical and Mechanical Specifications subject to change without notice

NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less.
Higher power can be handled with a lower VSWR termination

Electrical and Mechanical Specifications subject to change without notice

Outline Drawing Outline Drawing

T T
4 ‘ 3 § EE31507F ta04a—cior i [l ] 4 | 5 & [ESTSOTE teis-cil T W
[ REVISIONS [ REVISIONS
loso___ | 1080
(27.4) 27.4)
.82 .82
— 50 OHM — 50 OHM
(20.7) /TERM\NAT\ON (207) /TERM\NAT\ON TL
27 27
B & B B e B
2X 2X
MOUNTING HOLE MOUNTING HOLE
9.093 +.005 0.093 +.005
(2.4) 2.4)
-10di3 TERM -204B TERM
1.42 1.42
= MAX 361X
3 5
t@  Anaren G N Gef 77*@ Anaren of 90 Ge.if
| 1G0618-10 (,72‘2) (@29) | 1G0618-20 (-72‘%) (229)
58 . [ 58 N .
.58 8.0-12. 58 8.0-12.4 ¢
) N 0-12.4 GHz ouT —T ) IN 124 GHz ouT —r @
7 L = 7 L Sas N
Z % NOTES: % NOTES:
J S 1) EQQ;LCON%E & SMA FEMALE 1 DIMENSIONS ARE IN INCHES AND (MILLIMETERS) [y ) g’é;fALCON%F “ SMA FEMALE LEJ 1 DIMENSIONS ARE IN INCHES AND (MILLIMETERS)
(2.8) s sioe PER MIL—C—39012 2 MARKING: MQTSN;D%%L BE IN ACCORDANCE WITH 28) THS SIDE PER MIL-C—30012 (9:4) 2 MARKING: MC«T@?D?@% BE IN ACCORDANCE WITH
1.30 3 FINISH: EPOXY COATING PER MIL—C—22750, COLOR 1.30 3 FINISH: EPOXY CDATING PER MIL-C—22750, COLOR
(33.0) CHIP 35180 (BLUE) PER FED-STD-595, (33.0) CHIP 35180 (BLUE) PER FED-STD-595,
38 OVER EPOXY PRIMER PER MIL—P—23377 38 QVER EPOXY PRIMER PER MIL-P-23377
— 3X 4 WEIGHT: 1.3 OUNCES MAX = X7y 4 WEIGHT: 1.3 OUNCES MAX
@5) @5
ELECTRICAL SPECIFICATIONS COMPUTER GENERATED ELECTRICAL SPECIFICATIONS COMPUTER GENERATED
. _ DOCUMENT — MANUAL ] _ DOCUMENT — MANUAL
A | meoumcr 80 = 124 Gz CLANGES NOT ALLGWED A L 0= 124 G CHANGES NOT ALLOWED A
MEAN COUPLING: 10.0 dB + .80 dB ‘P}\RT MEAN COUPLING: 20.0 dB + 1.0 dB ‘NTERFACE CONTROL DRAW‘ ‘PART 1 8433 Goo”‘
. — INO. — -
1t INTERFACE_CONTROL DRAWING &7 18044-C001 H 2.5 woun oAl CONIROL SRaC
ANAREN MICROWAVE INC. | ANAREN MICROWAVE INC. ]
INPUT VSWR: 1.45:1.0 MAXIMUM D‘MENS,“?EE[RAZEC‘[%,‘NCHES Anar‘en EAST SYRACUSE, NEW YORK [ INPUT VSWR: 1.45:1.0 MAXIMUM Y PTMD[:??EEESEECQSANCHES Anaren EAST SYRACUSE, NEW YORK 1
4 e DEC
FREQUENCY SENSITWVITY: + .60 dB MAXIMUM 3 PL DEC + .010 || FREQUENCY SENSITWVITY: + .80 dB MAXIMUM 3 PLDEC +.010 CO 1
2 PL DEC + .02 2 PL DEC + .02
T 15 48 uhU 28 oeC COUPLER, 10dB DIRECTIONAL B RECTIY: U 2 P DEC UPLER, 20dB DIRECTIONAL =l
DRAING 15 I ACCORDINGE S o T oo . O i AR S [GRE o T o0e
MAXIMUM_CW_POWER: 50 WATTS FORWARD, 5 WATTS BACKWARD \RD = Fsrom - Bl 31597 [@ 18044—-G101 ] MAXIMUM_CW_POWER: 100 WATTS FORWARD, 50 WATTS BACKWARD mﬁ AT owesews . Bl 51597 v 18433-G101 =
RATING WITH COUPLED PROT TERMINATED INTO A 2.0:1.0 VSWR MAXIMUM. PROJECTION 0160615-0010 | L o] [sHEET 10F 1 8 RATING WITH COUPLED PROT TERMINATED INTO A 2.0:1.0 VSWR MAXIMUM. PROJECTION 0020 ] [T Rl 74 ‘ ‘SHEU 10F 1 s
o 4 \ 3 7 2 [ 900 1 o 4 \ 3 ? 2 [ 900 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 n Toll Free: 800) 411-6596
Exrqpe: ++8464 521 5)%2257283()20 Europe: +44 2392-232392
sia: - - . . ia: - -
What'll we think of next?® What'll we think of next?® Asia: +86-512-62876400
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Model 1G0618-6

Mixers Selection Matrix

Mixers, Double Balanced
. . Frequenc Power Size Isolation | Conversion VSWR IF RF Lo
Dlrectlonal Cou plers Part Number ((l}Hz g W inches/ LO-RF Loss RF Frequency Power Power
In-Line Style (mm) (dB) Min (dB) Max (Max:1) (MHz) Input (dBm) (dBm Nom)
74125 1.0-4.0 1.65 x 1.2 35 9 3.5 DC-1000 4 10
- - 73126 1.5-5.0 1 1 18 9 3 DC-1000 4 12
Applications -
. 74127 2.5-10.0 1.18 x 1. 05 28 8.5 DC-1500 4 12
e Subassemblies
76127 2.5-10.0 1.18 x 1.05 25 9.5 4 DC-1500 10 18
e Lab Systems
. 73128 4.5-12.0 0.82 x 0.82 15 9 4.5 DC-4000 4 12
e |eveling Loops
o 74129 5.0-18.0 1.2 x 0.74 26 11 4.5 DC-2500 4 12
e Power Monitoring
e Test and Calibration
Features Mixers Quadrature IF
* Military Grade Frosency | Power Size |Isolation| Conversion | VSWR IF IF IF
e 80 - 12.4 G_HZ ) Part Number ((l}Hz g ) inches/ LO-RF Loss RF Frequency Amp Bal Phase Bal
e In-Line Configuration (mm) (dB) Min | (dB) Max (Max:1) (MHz) +/= (dB) |+/-(degrees)
e Connectors Per MIL-C-39012
N Rugged Aluminum Housing 250126 2.0-4.0 3 x 2.9 20 12 2 DC - 400 1 10
e Built in Termination 1G0618-20 shown
e Meets MIL-E-5400 Class 3 Requirements
Mixers Balanced OrthoQuad
Prequenc Power Size Isolation | Conversion VSWR Noise IF Bias
Part Number ((l}Hz g (;) inches/ LO-RF Loss (Max: 1) Figure Frequency (Yes/No)
NOTES: The power rating applies when coupled port VSWR is 2.0:1 or less. (mm) (dB) Min (dB) Max ’ (dB) Max (MHz) ”s”
Higher power can be handled with a lower VSWR termination
Outline Drawing Electrical and Mechanical Specifications subject to change without notice TA0124 0.5-1.0 3x3 20 7.5 1.6 8.5 DC - 150 No
4 \ 3 } EEsis9E isoraciol [ 1
[ REVISIONS ]
: Mixers Image Rejection
Exm— ] Frosency | Power Size |Isolation| Conversion IF RF Lo ReI.Z:f‘;on
Y 50 o i Part Number | 00 | PO | dnches/ | LO-RF Loss Output VSWR VSWR (B Min
. s / RN ? ; (m) | (B) Min | (dB) Max (Miiz) Max: 1 Max: 1
6.7)
SoUTG oL 150017-240 4.0-8.0 3 x 2.5 14 9 160 - 320 2 2.5 15
ﬂ%}i.OOS
-6di3 TERM 1
L " A (56.1}““
L i
.58 . K
) IN  80-124 GHz ouT —1
— L4 e ~
Z DATE CODE & 4 o NOTES:
1la N e L& | e e e e
_1.30 3 FINISH: ELLC;XSYTDCEX?\)NG PER MIL-C-22750, COLOR
L o0 e et
— 3X 7, 4 WEIGHT: 1.3 DUNCES MAX

(95)

ELECTRICAL SPECIFICATIONS

COMPUTER GENERATED

DOCUMENT — MANUAL
A FREQUENCY: 8.0 - 12.4 GHz CHANGES NOT ALLOWED A
S U INTERFACE CONTROL DRAWING " 18074—G001
= NEXT ASSY UNLESS OTHERWISE SPECIFIED | CONTRACT. I X
| o R vk Anaren &' o
FREQUENCY SENSITIVITY: + 50 dB MAXIMUM ; Et ggg i -(U);U COUPLER, 6dB DIRECTIONAL 5
DIRECTMITY: 15 dB MINMUM AN(D;;'%/\NtG S IN ACCORDANGE ] 5
MAXIMUM CW POWER: 20 WATTS FORWARD, 2 WATTS BACKWARD © == mn@ww ) %50%97 [ 18074-G101 4
RATING WITH COUPLED PROT TERMINATED INTO A 2.0:1.0 VSWR MAXIMUM. Tpﬁ‘%ﬁEé?\gLN[ 0160618-00 £ 2/1 Dcoﬂcn[: 3 ‘SH[U 10F 1 g
ot 4 3 7 2 | 900 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
Asia: +86-512-62876400 What'll we think of next?® What'll we think of next?® Asia: +86-512-62876400
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Model 74125

Model 73126

Applications

e \Wideband Down Converters
Wideband Up Converters
Balanced Modulators
Bi-Phase Modulators
Phase Detectors

Features
e Extremely Wide IF Bandwidth
1.0-4.0GHz
Excellent LO/RF Isolation
Multi-Octave Performance
Good Intercept Point
Miniature Size
Connectors Per MIL-C-39012
Meets MIL-E-5400 Class 3 Requirements

NOTES: Input power with load VSWR of 1.20:1
Outline Drawing

Mixers
Double Balanced

Electrical and Mechanical Specifications subject to change without notice

Applications

« Wideband Down Converters
« Wideband Up Converters

« Balanced Modulators

+ Bi-Phase Modulators

» Phase Detectors

Features

* Extremely Wide IF Bandwidth
» Good LO/RF Isolation

* Multi-Octave Performance

» Good Intercept Point

* Miniature Size

» Connectors Per MIL-C-39012

Outline Drawing

Mixers

Double Balanced

Electrical Specifications

Frequency Isolation Lo-rRF Convers. Loss VSWR, rF
GHz dB Min/Typ dB Max/Typ Typ : 1
1.5-5.0 18/28 8.5/7.0 3.5
IF Freq.! RF Power? LO Power
MHz Input dBm dBm Nominal
DC-1500 +4 +12

Notes: Impedance: 50 ohms nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available
for military and space applications. 1) Upper IF frequency is the -3 dB response point. 2) At 1dB Compression
point Electrical and Mechanical Specifications subject to change without notice.

800 ——-1

TF

.120 DIA THRU
2PL \ =

73126
RF 1.5-5.0GHZ
.34

i ©

50 DATE CODE
: J ¢ SERIAL NO.
.37 TYP / R 3‘7
e g R e
p 1
ANA H
REN  LO HHI CONNECTOR 3 MM
800  1.00 FEMALE COAXIAL (A210-16263)
3PL
.66
} NOTES:
1 Power (Bias terminal grounded)
2 Conversion loss measured at 60 MHz
t DC blocking capacitor (470 pF) built into I.F. output
10 3 External bias current limitation must be employed when using bias option.

Use any positive supply voltage (up to +15V) by selecting required valve
of current limiting resistor to optimize bias current.

4 Finish: Epoxy Primer (A160-16123-G001)

Blue Epoxy Paint (A160-16221-G001)
5 Marking: Marking shall be in accordance with MIL-STD-130
6 Dimensions:  Inches

T
4 | 3 ¥ EooE  wion TR [Fevsons | 1
FIRST USED ZONE | REV DESCRIPTION DATE APPROVED
074125
3X SMA F 9012
l— 825 [20.95] *‘ /
f
3% .37 [0.40]
B G\ 1 O B
Anaren ._(;Eﬂ%t g@
74125 1.100 [27.94] 1.300 [33.02]
DOUBLE BAL MIXER 975 [24.77)
[ RF 1-4 GH=z
325 [8.25
il Q
= j =
100 [2.54] 8670 o |~ \
e DATE CODE AND SERIAL NUMBER
100 [2.54] —| 1.45 [36.83 37 [9.40
(254 3683 o401 ELECTRICAL SPECIFICATIONS
FREQUENCY 1.0 - 40 GHz
1.65 [41.81] L0 TO RF_ISOLATION 35.0 dB_MINIMUM
2% MOUNTING HOLE CONVERSION LOSS 9.0 dB_MAXIMUM
20 [63.05] VSWR 3.50:1.0 TYPICAL
L0 POWER +10.0_dBm_NOMINAL
IF_BANDWIDTH* DC - 1.0 Gz
A * UPPER IF IS THE ~3.0d8 RESPONSE POINT A
NOTES: ]
1 DIMENSIONS ARE IN INCHES AND [MILLIMETERS s e APPROVALS | 0 | o ANAREN MICROWAVE INC. [
2 MARKING: SHALL BE ACCORDANCE WITH MH:%TD*BD s PDL‘MDE:?TSEQA:NEC‘ENSJNCHES s Anal’en EAST SYRACUSE, NEW YORK ||
3 FINISH: EPOXY COATING PER MIL-C-22750, COLOR CHIP JRLbCE 0 R H
35180 (BLUE) PER FED-STD-595 OVER EPOXY AolEs 4 o S MIXER, DOUBLE BALANCED H
PRIMER PER MIL-P-23337
4 WEIGHT: 1.5 OUNCES MAXIMUM S —— [ e [ 5
B © == e | e e |B|FfBoy B este-coor
PROJECTION CHANGES NOT ALLOWED [SHE 5y  [oeoome 3 [SHEET 1 OF 1 2
b_form_s1 4 ‘ 3 ? 2 900 1
USA/Canada: 315) 432-8909 ®
Toll Free: 800) 411-6596
Europe: +44 2392-232392
Asia: +86-512-62876400
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Model 74127 Model 76127

Mixers

Mixers Double Balanced

Double Balanced Applications

e \Wideband Down Converters

Applications e \Wideband Up Converters
e \Wideband Down Converters e Balanced Modulators
e \\ideband Up Converters e Bi-Phase Modulators
e Balanced Modulators e Phase Detectors
e Bi-Phase Modulators
e Phase Detectors Features :
e Extremely Wide IF Bandwidth
«  Extremely Wide IF Bandwidth . "\Enx‘it‘?'g”tt '-O/FFfFrf'SO'a“O”
° 25-10.0 GHz L] ulti-Octave rFerrormance
o Excellent LO/RF Isolation * Good Intercept Point
e Multi-Octave Performance * Miniature Size
e Good Intercept Point e Connectors Per MIL-C-39012 _
e Miniature Size o Meets MIL-E-5400 Class 3 Requirements
e Connectors Per MIL-C-39012
o Meets MIL-E-5400 Class 3 Requirements
NOTES: Input power with load VSWR of 1.20:1
Outline Drawing Electrical and Mechanical Specifications subject to change without notice
NOTES: Input power with load VSWR of 1.20:1 'F 4 i J b e E 26550—G007T [71] [ . ! j.
: : ectrical and Mechanical Specifications subject to change without notice
Outline Drawmg Electrical and Mechanical S ificati bject to ch ithout noti | .
R S B R LR s [ 1 7 | |
| REVISIONS | | |
‘ ZONE | REV DESCRIPTION DATE APPROVED ‘ ' .
} } 4 u
| | : 5 SMA FEMALE PER 5 :
MIL-C—-39012, 3 PL
\ \
I |
\ \
| B Mg 59072, 3 PL B | | i
| | I f |
| - | | ‘ 105 .
‘ : (26671
\ 71 \ [ i
‘ E 105 NOTES \ [ . ‘ ! — .
26.67
! s MARKING: MARK AS SHOWN IAW MIL-STD—130 ! ! DATE CODE AND [;%4] 37 .
‘ 5| (LOCATION APPROXIMATE) ‘ [ SERIAL NUMBER 941 \gTEs: <
‘ DATE CODE AND 10 37 ‘ I = 18 1. DIMENSIONS ARE IN INCHES AND (MILIMETERS> |
[ SERIAL NUMBER 254 o 2 FINISH: EPOXY PRIMER AND EPOXY PAINT — | \TG HOLE 4.7 MARKING SHALL BE IN ACCORDANCE WITH MIL-STD-130. .
' (BLUE) | 12 o) o el 3. FINISH: EPOXY CDATING PER MIL-C-22750, COLOR
} ﬁ? | | [3.05] COLOR CHIP 35180 (BLUE> PER FED-STD-595,
MTG HOLE : : OVER EPOXY PRIMER PER MIL-P-23337.
\ Sg5 0k 2R o e o e | : fea7es 4. WEIGHT: 12 OUNCES (35 GRAMS) MAXIMUM :
‘ 4 DIMENSIONS GIVEN IN INCHES OVER MILLIMETERS ‘ ' 118 Hﬂﬂ%ﬂ{ ROEFVSSJ?;JSS .
SH
} e ... T s } ! o COMPUTER GENERATED |
29.97 El DOCUMENT — MANUAL
[ COMPUTER GENERATED \ : A CHANGES NOT ALLOWED A :
} A DOCHENT o7 Mmorl | ) } ' ELECTRICAL SPECIFICATIONS OUTLINE DRAWING B 26550—G001H !
PART FREQ. 2.5-10.0 GHz NEXT ASSY UNLESS OTHERWISE SPECIFIEL . |l
\ Lo PO Dc+jzw ZBZH Ll;j ISVERFﬁ[SCS EHER&SEQ{EI RCDOW\ZW DRAWING ” WA%A?EJ M%p;m%%c(ﬂ L I (0 70 RF ISOLATON: 5.0 dB MINNUM \ :L‘M;::%fgéfﬁc‘?sl”mgs ﬂlnd[@n 2T ovmncuse, new Yo |||
\ IF BANDWIDTH 5 48 BANDWIOTHY) P T Anaren Sl [ | CVOS%ERS'OZ éofzz WP?C“Z‘EB MAXIMUM Jre =010 MIXER, DOUBLE !
\ CONVERSION LOSS @ 60MHz 85 dB 3PLEC 010 o MIXER, 7 | e AOLES & oA BALANCED, HIGH LEVEL  [5] |
\ ISOLATION LO/RF 28 dB MIN e & \;?szkmg a DOUBLE BALANCED % | | ‘LFOEZ%WW*: Mgszgg %(LMZWAL = W B1%%%597 ‘28? 26550—-0001 1 |
\ OPERATING FREQ RANGE 2.5 - 10.0 GHz Rﬁ S E LT B1"%1%597 ¥ 19518—-CG101 4;2 \ | “UPPER IF 5 THE 30 43 RESPONSE PONT. THRD ANCLE 76127 W] ESEE @ |
L L ELZCTR\CAL SPECIFICATIONS : e 74127 . SBUE 7 /7 ] boc ok 3 goo‘sfﬁ 10F 1 g J | e i 77777 J 777777 :L 77777 ﬁ - 2 777777 L - joi l 77777 N
USA/Canada: 231 5; 432-8909 ® ® USA/Canada: 531 5; 432-8909
Toll Free: 800) 411-6596 n r n n r n Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
Asia: +86-512-62876400 What'll we think of next?® What'LL we think of next?® Asia: +86-512-62876400
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Model 73128

Applications

« Wideband Down Converters
« Wideband Up Converters

» Balanced Modulators

» Bi-Phase Modulators

¢ Phase Detectors

Features

+ Extremely Wide IF Bandwidth
« Good LO/RF Isolation

« Multi-Octave Performance

+ Good Intercept Point

* Miniature Size

« Connectors Per MIL-C-39012

Outline Drawing

Mixers
Double Balanced

Electrical Specifications
Frequency Isolation Lo-rRF Convers. Loss VSWR, rF
GHz dB Min/Typ dB Max/Typ Typ : 1
45-12.0 15/23 9.0/8.0 4.5
IF Freq.! RF Power? LO Power
MHz Input dBm dBm Nominal
DC-4000 +4 +12

Notes: Impedance: 50 ohms nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available
for military and space applications. 1) Upper IF frequency is the -3 dB response point. 2) At 1dB Compression
point Electrical and Mechanical Specifications subject to change without notice.

‘-—.625———

b 41

CONNECTORS 3 MM
FEMALE COAXIAL (A210-16263)

.120 DIA THRU
2 PL \

a
| F

B{:: il .|; '3;

(e T 1
ANAREN |3 - . a2 toms ¢ SERIAL NO
€ 73128 625 1 Power (Bias terminal grounded)
[ME_24'5 -12.0GHZ 2 Conversion loss measured at 60 MHz
N

DATE. CODE

DC blocking capacitor (470 pF) built into I.F. output
3 External bias current limitation must be employed when using bias option.

.28 P
@

U

Use any positive supply voltage (up to +15V) by selecting required valve

—— .82 ——— ]

A0 —  fa—

Epoxy Primer (A160-16123-G001)
Blue Epoxy Paint (A160-16221-G001)
Marking: Marking shall be in accordance with MIL-STD-130
Dimensions:  Inches
Weight 40 grams

of current limiting resistor to optimize bias current.
1 4 Finish:

~o o

Model 74129

Mixers
Double Balanced

Applications

e Wideband Down Converters
Wideband Up Converters
Balanced Modulators
Bi-Phase Modulators
Phase Detectors

Features

USA/Canada: 531 5; 432-8909

Toll Free: 800) 411-6596
Europe: +44 2392-232392
Asia: +86-512-62876400

Anaren’

What'll we think of next?®
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e Extremely Wide IF Bandwidth

5.0-18.0 GHz

Excellent LO/RF Isolation

Multi-Octave Performance

Good Intercept Point

Miniature Size

Connectors Per MIL-C-39012

Meets MIL-E-5400 Class 3 Requirements

NOTES: Input power with load VSWR of 1.20:1

Outline Drawing Electrical and Mechanical Specifications subject to change without notice

T 5
4 ‘ 3 # [EE31597F% 19652-0001 "1 [°F |
DATE CODE
SMA FEMALE PER MIL -C- 39012, 3 PL
& SERIAL NO.
B B
MTG HOLE
— 12 DIA 3 PL
[U940\ ] 37 3 PL
|
3 N i
0.370
74 ]
L o |
76 =
=120~
ELECTRICAL SPECIFICATIONS
FREQUENCY: 5.0-18.0 CHz
CONVERSION LOSS: 11.0 dB MAXIMUM @ 60 MHz IF
A IF BANDWIDTH: DC TO 2.5 GHz rv st |
L0 TO RF ISOLATION: 26 dB MINIMUM 1] sw [ oF snecs
T.MARKING PER MIL-STD~130 DMENSIONS ARE N INCHES Anaren - v vow
2. FINISH: (EPOXY) PRIMER & BLUE (EPOXY) sroe s o0 L
PAINT ANGLES & MIXER, DOUBLE BALANCED Ll
3. WEIGHT: APPROX 40 GRAMS U ek o T .
4. DIMENSIONS GIVEN IN INCHES & (MM) e | e oy 1B 131597 [0 196526001 &
PROVECTION CHANGES NoT ALLOWED R [sHEET 1 oF 1 3
4 | 3 t 2 [ 1
® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596
Europe: +44 2392-232392
. ia: +86- -
What'll we think of next?°® Asia: 86-512-62876400
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Model 250126 Model 7A0124

Mixers
Balanced, OrthoQuad®

Mixers
Quadrature IF

Applications
« Down Converters

Applications
e PSK Demodulators

® Quadrature Phase Detectors « Demodulators
° Iljopple;S‘ystt(?mslilll-'\fadar Altimeters . Pulse Modulators
e Image Rejection Mixers
e  Error Sensors in Adaptive Systems Current Controlled Attenuators
« Phase, Frequency Discriminators
Features
e Military Grade
20-40GHz
e |F Center Frequencies from 30 to 240 MHz
Available (Specs are for IF Center of 60MHz) Features
e Good Phase/Amp Balance - Electrical Specifications
e Good LO/RF Isolation  Military Grade
e Good LO/RF VSWR . : Frequency Isolation Lo-rF Convers. Loss VSWR RrF LO
° Connectors per Mil-C-39012 Good LO/RF Isolation GHz dB Min/Typ dB Max/Typ Max/Typ :1
e Biased Versions Available « Connectors Per 05-1.0 20/25 7.5/6.5 1.6/1.2
e Meets MIL-E-5400 Class 3 Requirements MIL-C-39012 o ,
. Noise Fig. IF Freq.
NOTES: « Low Conversion Loss dB Max MHz
Outline Drawing Electrical and Mechanical Specifications subject to change without notice « Good Intermodulation 8.5/7.5 DC-150

Performance

4 | ] ¥ 2 | 1 Note: Impedance: 50 ohms nominal. Operating temperature -54 to +95°C. LO drive of +8 dBm. All measurements
— — are made in 50 ohm system. For biased models, conversion loss and noise figures specify @ 0 dBm LO power.
: . : . Good LO/RF VSWR Mixers have internal bias networks that allow operation over LO dynamic range > 20 db while maintaining optimum
i 1. Conve;rsmn Loss; DQ bl_ockmg conversion loss.
o p———32co — g capacitor (470pF) built into IF Electrical and Mechanical Specifications subject to change without notice.
- — 2,70 — output TNoise figure is single sideband using a 30 MHz amplifier having a noise of 1.5 dB. 2Upper IF frequency is the -
T p— . . - . . 3dB response point.
e | f -l 51} 2. External bias current limiting Outline quwmg
CI; @ ot - must be employed when using
—— ol s ’r s bias option. Use up to +15V for Thse "‘
= F I, .
T =g P -1 bias. Contact Anaren for more 12— 2.750 ~
-l_ ) | information. | |
- o HAR
5 ot l}_-.nm-:.'nnfi' i £ g o] i % %
oo MODEL 2 & —OATE CODE § & . IF
A.F. FREQ. Z
1008 -
i 145 DIA, THRU 3.00 | [
— - 1-_:;. TYP. (2) HOLES N ANAREN U
ks 5c i - ; 7A0124 T DaTE coos
A L SN — FILE CO [ P eaLmixer  § ] SER. No.
| & |l| \ D OUTLINE DRAWINE PY 1 0.5-1.0 GHz |
| | T \__ LT e el TR 3- 4 Guen CONY.L03E 12 = ] .
3 i L AT [EOUFLING NOISE PG, TR i NOTES:
| IR J , e ey S RN T s Torarear Tl Lo AF 1. CONNECTORS: SMA FEMALE
b InaL LSS L0 P 110 S winel, [T TN, é % SsoTvR g PER MIL-C-39012. TYP. (3) PLACES
iz il BT — ) AP BAL = 1O [RiAs [to-nr o : _ 2. MARKING PER MIL-STD-130
TERMISETION S ST T T N ¢ 3. FINISH: PRIMER, EPOXY PAINT, EPOXY BLUE
BE PRTEF i ul) Lo T — .80 '-- N I 4. DIMENSIONS ARE IN INCHES
o MOTER L i le—— 1. 40 ’
s MARM WS DER Wil = STD- |55 AFFROVALE | DAt S ] = e e 3.00 —
h ¥ I e s—y i
1 - i Ancren e
o Piay i e
£ ik G OUSORATURE 17 MuKER
» - as R e o
'!- — AT wne 313159? Booo-18425-G101 |
1 NN b 1 (= BEALE Ly [Ma [smexr 1 o¢ 7 |4
T = a T
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
Asia: +86-512-62876400 What'll we think of next?® What'll we think of next?® Asia: +86-512-62876400
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Model 150017-240

Modulators, PIN Attenuators, Phase Discriminators election Matrix

MixerS Modulators, Balanced
. . Size IF Conversion Carrier RF
/ mage Re.’ ection NEmaEZr Freglﬁincy P(Z;J];’r inches/ Input Loss Suppresion VSWR
(mm) (MHz) (dB) Max (dB) Min Max:1
. . 70666 2.0-4.0 2.35 x 2.35] DC - 250 8 16 1.6
Applications
. . . 70668 8.0-12.4 2.35 x 2.35| DC - 400 9.5 15 1.8
e Wideband Sweeping Receivers
e Spectrum Analyzers - -
. SErveiIIance RZceivers Modulators, Single Sideband
e \Wideband Test Instrumentation Part Frequency Power Size IF Conversion Carrier Sideband
o St d LO Svst Number CHz W inches/ Input Loss Suppresion |Suppresion
arve ystems (m) (MHz) (dB) Max (dB) Min | (dB) Min
Features 90337-DC 4.0-8.0 3 x 2.9 DC - 400 9.5 15 16
e 30to 240 MHz IF Available
e Military Grade PIN Attenuators, cased
e 40-8.0GHz VSWR
e Excellent Image Suppression Part Frequency Power . Slhze/ Dﬁnamlc InsLertlon Flatness Lir}eezz;;cy Ins. Loss Att vswgt "
e Low Conversion Loss Number GHz W) ln(cm;)s ( dB;;n?\Fin ( dB;)S}: /= (@) Max | State ?1\? _l)a ©
° Stainless Steel Connectors MOdel 150017-300 ShOWn abOVe ax ax (Max:1) ax:
e Biased Versions Available 61525 1.0-2.0 1.88 x 1.56 60 1.5 2.5 3 1.4 1.65
e Meets MIL-E-5400 Class 3 Requirements 61526 2.0-4.0 1.88 x 1.56 60 1.9 2.5 3 1.71 1.65
61527 4.0-8.0 1.88 x 1.56 60 2.2 2.5 3 1.8 1.9
61528 8.0-12.4 1.88 x 1.56 60 2.8 2.5 3 1.9 2.1
NOTES: . -
Outline Drawing  Electrical and Mechanical Specifications subject to change without notice Phase Dlscrlmmatfs’ cased
Phase
4 3 2 1 i i i
‘ é ‘ S— Part Frequency Power .Sife/ AC?EZ?CY ;hngi?ﬁli} VSWR Dinamlc
T — s Number GHz w) 1nches ensitivity Max:1 ange
- — (mm) (degrees) (dBm) (aB)
D D Max
= o ) 20756 2.0-4.0 5.3 x 2.75 7 -43 1.8 30
38 (;43:) ‘ 18
— ‘ (95)’7 (@6 r, [
] - (=
0 T Lo T ®
c e C
L/
Ancaren i [T~ o cooe
Bon 150017-240 (635) [
|l IMAGE RElJEC(TI}:()N MIXER N LUl LI serm noweer L]
4-8 GHz MOUNTING HOLE
/a_,(%)i.ﬂoﬁ iﬁ
& [ RF ol T oo ey o g
B I g I e “
@) ELECTROMAGNETIC, AND OTHER ENVIRONMENTAL FIELD FORCES é
t‘; COMPUTER GENERATED ;
INTERFACE CONTROL DRAWING ¥ Sra39-0000 |]
A [ e T R ﬂ‘:ﬁ%ﬁi@?‘m e IEIE‘ ANAren oo e e [
e e B MIXER, IMAGE REJECTION [Z]
E—T AT | WS ’C"\“‘ﬂ’é"w i3 31‘83976102 =
seorame e 1 o020 o e
oo 4 3 T 2 900 1
USA/Canada: E31 5; 432-8909 ® ® USA/Canada: 231 5; 432-8909
Toll Free: 800) 411-6596 naren naren Toll Free: 800) 411-6596
S SRk W Rl
sia: -512-6287 What'll we think of next?® What'll we think of next?® sia: -512-6287
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Model 70666

Applications
e Up Converters

Modulators
Balanced

Applications

e Up Converters

Model 70668

Modulators

Balanced

e Double Sideband Modulators e Double Sideband Modulators
e  Amplitude Modulators e  Amplitude Modulators
e Pulse Modulators e Pulse Modulators
e Current Controlled Attenuators e Current Controlled Attenuators
e Suppressed Carrier Systems e Suppressed Carrier Systems
e BiPhase Modulators e Bi Phase Modulators
e Digital PSK Systems e Digital PSK Systems
Features Features
e Military Grade e Military Grade
e 20-40GHz e 80-124GHz
o Excellent Carrier Suppression e Excellent Carrier Suppression
¢ Low VSWR e Low VSWR
e Good Bi Phase Tracking e Good Bi Phase Tracking
e Low Conversion Loss e Low Conversion Loss
e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012
NOTES: NOTES: ) o ) ) )
Outline Drawing Electrical and Mechanical Specifications subject to change without notice Outline Drawing Electrical and Mechanical Specifications subject to change without notice
1 . ¥ . . . Fl L |
| 3 L4 2 [
¥ A2 --r - . P I-‘-;l::r:;ﬂ_:_lm: ¢} D
T (YPLACES t
-|-| |'.*—--| NS oD ——-— F ;
' tesprices
e P | ? 25 T g L = ': T ‘
¥ | @ j , 2
;l..ws ] ] e [ |
! c | | |
\Tﬂ':::.;'?fc * 7,38 PR - I 4 "_:": l“‘:-- 5~ t
e e T T e N FILE COPY 1
. [ 8] _ |- » L_; e e S -
;Tir*-tn-h; :-"-'- ;:r.{i\ﬁ:-:nl'r- oo i = B | bl =
e iINTERFACE CONTROL DRAWING i | i | STECH KO BSOO- 478500
L - | l- . F—lam— L [FREQ. o= 53 S [EONWLORE 2 8 [CAR SUPE -
o -l [COUPLING INCISE FIG. 185U
- ER T, I— IFRW ©=-are i !-wm:n"m: g
Ll-!l-'l.l-m LS W ATTEM. —
AME DAL |mins -
IFHASE BaL. — 1M FOPR ——
i — WOTE! moEn e -k VF FWR-
i _ = B
MprES e I i) HMABWINE PER MiL=-STD-130 e
L EwiiBSnatENTAL i MiL-E-SADC,.CLARE B A% o peeem- g i ] i e T T Fikissl Powy PeumER  [RiBD - 612 ~Roa ) i
' 2 SR e svo- 130 T wii Inaren = i geefiooicilloug s R Anaren == |
A -l o ol P Cagw - A BALANCED WUODULATOR o BALANCED MODLLATOS
4, WTrriEs ¥ i, T B3 PR ELECS ’ - mﬁwlmﬂnrmr——-—‘ 5 Eoxs i [ TS (e
i R e = oo B | 31597 |BFOO-14517-6i0) : i = _—i B | 31597 |Booc- 1475400 |
seaie Ty [Rra Jawev v oy r £ MOCEL CekE Jecaiw Wy Wi, [asmer i or |
d | 3 2 [ 1 4 T P 3 - T -

USA/Canada: E315 432-8909 ® ® USA/Canada: 5315;432-8909
Toll Free: 800) 411-6596 naren naren Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392

Asia: +86-512-62876400 What'll we think of next?® What'll we think of next?® Asia: +86-512-62876400
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Model 90337-DC

Model 61525

Modulators Attenuators
Single Sideband PIN Diode

Applications
e SSB Communication Systems
e Down/Up Converter Systems
e Precision Frequency Offset
e Doppler Simulators

Applications
e |oad Sensing Devices
e Precision Attenuation Controllers
e Instrumentation

Features
Features e Military Grade
e Military Grade e 1.0-20GHz
e 40-8.0GHz e Low VSWR
e High Unwanted Sideband Suppression o Flat Response
e Wideband Operation e Supply Voltages: +12V @120mA, -12V @40mA
e Excellent Carrier Suppression e Control Voltage 0 to 10 volts (6dB/Volt) Typical
e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012
e 30 to 240 MHz IF Frequencies Available e Meets MIL-E-5400 Class 3 Requirements

NOTES: NOTES: Model has 10,000 ohm drive impedance and 100 kHz drive bandwidth. Flatness
Outline Drawing Electrical and Mechanical Specifications subject to change without notice Outline Drawin Specified to 45 dB, add +/- 1,5dBto 60 dB. ) )
: uth wing Electrical and Mechanical Specifications subject to change without notice
m |
& ‘ 2 # 52315071 14448-C001 [ ['R | SO ! 4 ‘ 3 @ [ 31597k 229{470101 ] 1
REVISIONS
ZONE | REV DESCRIPTION ‘ DATE APPROVED -
‘ MOUNTING HOLE
2.70 [68.58] } o 9.125 +.005 .
@38) 95
- 150 [38.10] - SMA FEMALE @s9) i alac)
o ///7PER MIL—C—39012 @
-30 [7.62] | TYP (5) PLACES
I ©.145+.005 025 [6.35] I _
B / 4X THRU I B %A B
TP 4 \VY
1.362
’7 —‘ Anaren 34.6)  NOTES:
1 DIMENSIONS ARE IN INCHES AND (MILLIMETERS,
‘ / E/EEEAE%%E PIM / ;’;?E%NSUAT()R 5 2 MARKING: MARKING SHALL BE AS( SHOWN IN )
- A ACCORDANCE WITH MIL-STD-130
2.90 [73.66] 1.90 [48.26] ‘ ‘ . N T 3 FINSH:  EPOXY COATING PER MIL—C-22750,
1-2 GHz 42 COLOR CHIP 35180 (BLUE) PER
(107) FED-STD-585, OVER EPOXY PRIMER
‘ ‘ PER MIL-P-23377
@ 4 PRECAUTIONARY PACKAGING, HANDLING AND
. _ L J T PROCESSING PROCEDURES PER DOD—STD-1686,
i TE NoTES: .80 \ o o' PREVENT DANACE. FRON ELECTROSTATE,
=P = = 045 %WE 1 QUADRATURE DRIVE [ “786) ! () ELECTROMAGNETIC, AND OTHER ENVIRONMENTAL [G=—
. : 2 ANAREN PROVIDES TEST DATA TAKEN AT 30 MHz FIELD FORCES
12 [3.05] ) [== ‘ T WITH EXTERNAL COUPLER. 5 WEIGHT. 3.5 07 MAX
1.00 [25.40] | ‘ 3 DIMENSIONS ARE IN INCHES AND (MILLIMETERS) - — 5
0.18 = =~ 4 MARKING: MARKING SHALL BE IN ACCORDANCE WITH | DATE CoDE | ey ———— Ne”3
l— 2.00 [50.80] — AN [4.57] MIL=STD—130 - PER MIL—C—39012 \‘j
o 056 5 FINISH:  EPOXY COATING PER MIL-C-22750, COLOR | SERAL NUVBER |
2.75 [69.85] PANTED Wi [14.22] CHIP 35180 (BLUE) PER FED-STD-595, A4 — SENSTVE O & DEvICES
ﬁHE e OVER EPOXY PRIMER PER MIL—P—23377
[~—— 3.00 [76.20] ) 6 WEIGHT: 7.1 OUNCES (201 GRAMS) MAX T
COMPUTER GENERATED 8 COMPUTER GENERATED
DOCUMENT — MANUAL 5 DOCUMENT — MANUAL
A ELECTRICAL SPECIFICATIONS CHANGES NOT ALLOWED | A A CHANGES Nor ALLOWED | A
e o & 14448-G001 1 I INTERFACE_CONTROL_DRAWING & 22974—G001
NEXT ASSY UNLESS OTHERWISE SPECIFIED | CONTRACT [ - 0% NEXT ASSY UNLESS OTHERWISE SPECIFIED | CONTRACT ANAREN MICROWAVE INC.
POWER RF IN —10dBm I R0 Ay ol Anlulrenﬂ E/:SNTA’?SiiAhéLcsRSWCng« vgw ] VSWR MAX-INSR LOSS | 1.4:1 MAX DIMENSIONS AFE N Wahes N Anq[en £AST SYRAGUSE, NEW YORK
CONV LOSS: 9.5dB MAX  — PRI APPROVALS & [0 o INSR_LOSS 1.5d8_MAX eroes
] | ol ATTEN LINEARITY +3.0dB MAX 3 PL DEC % .
F_POWER 1008m T hamiy L MODULATOR, u o e o 25 b s oo PIN ATTENUATOR E
IF_FREQ DC —400MHz (SEE NOTES 1&2) I ence SINGLE SIDEBAND 5 TN TG ottt AGLES & 5
z e s TN iR B%T8q7 B 20974-G101 [
CAR SUPP 5.0 dB MIN = e e B ["51897 ¥ 14448-G001 | ‘ Q== rmwe Bl31597 [® =
S B SUPP 16.0 dB MIN FRotEeToN 90337-DC STAE Ty [P6 ey [SHEET 1 0F 1 2 SPECIFICATIONS PROJECTION 06 1525 L o B [SHEET 1 0F 1 2
oz 4 \ 3 % 2 \ o0 1 w2 4 3 i 2 | 900 1
USA/Canada: 315) 432-8909 ® ® USA/Canada: 315) 432-8909
Toll Free: 800) 411-6596 Toll Free: 800) 411-6596
Europe: +44 2392-232392 Europe: +44 2392-232392
ia: +86-512- . . ia: +86-512-
Asia: 86-512-62876400 What'll we think of next?® What'll we think of next?°® Asia: 86-512-62876400

240 241



Model 61526

Model 61527

Attenuators Attenuators
PIN Diode PIN Diode

Applications
e |oad Sensing Devices
e Precision Attenuation Controllers
e |nstrumentation

Applications
e Load Sensing Devices
e Precision Attenuation Controllers
e |nstrumentation

Features Features

o Military Grade e Military Grade
e 20-40GHz e 40-8.0GHz
e Low VSWR e Low VSWR
o Flat Response e Flat Response
e Supply Voltages: +12V @120mA, -12V @40mA e Supply Voltages: +12V @120mA, -12V @40mA
e Control Voltage 0 to 10 volts (6dB/Volt) Typical e Control Voltage 0 to 10 volts (6dB/Volt) Typical
e Connectors Per MIL-C-39012 e Connectors Per MIL-C-39012
e Meets MIL-E-5400 Class 3 Requirements e Meets MIL-E-5400 Class 3 Requirements
NOTES: Model has 10,000 ohm drive impedance and 100 kHz drive bandwidth. Flatness NOTES: Model has 10,000 ohm drive impedance and 100 kHz drive bandwidth. Flatness
Outli D . Specified to 45 dB, add +/- 1,5dB to 60 dB. . . Specified to 45 dB, add +/- 1,5dB to 60 dB.
utiine Drawing Electrical and Mechanical Specifications subject to change without notice Outline Drawing Electrical and Mechanical Specifications subject to change without notice
|
4 ‘ 3 }  EsiseE wmricior Pl | 4 ‘ 3 Y EsTseE eraoiol T 1
[ REVISIONS ] [ REVISIONS
2X - 2X
MOUNTING HOLE MOUNTING HOLE
©.125 £.005 4 8.125 +.005
94 .38 | ! -
"‘m)“‘ ﬂ XTe5) 1 h (zioxﬂ f* (z?aﬂ ‘1 255
& T ©)
GNID . (©) P GND P
B e B ol B
156 +12 \g/ 362 +iz M/ 1.362
L Anesren B8 s, Anaren 548 o,
¢ @56) | -1z 61526 J1 1" DIMENSIONS ARE IN INCHES AND (MILLIMETERS) -1z 61527 J1 1* DIMENSIONS ARE N INCHES AND (MILLWETERS)
a3 22 | w PIN ATTENUATOR W B RoANGE Wi ML srbe 150 w PIN ATTENUATOR ™ T 7 MARKING: WARKING SHALL O 45 SHON IN
(236) = @)ji 2-4 GHz .53 3 FINISH EPOXY COATING PER MIL-C—22750, 4-8 GGH=z 53 3 FINISH:  EPOXY COATING PER MIL-C—22750,
.38 (13.5) COLOR CHIP 35180 (BLUE) PER (13.5) COLOR CHIP 35180 (BLUE) PER
L \ (@.5) ‘ FED-STD-595, OVER EPOXY PRIMER l FED-STD-595, OVER EPOXY PRIMER
t @ ER MIL-P-23377 @ PER MIL-P-23377
4 PRECAUTIONARY PACKAGING, HANDLING AND 4 PRECAUTIONARY PACKAGING, HANDLING AND
] PROCESSING PROCEDURES PER DOD-STD-1686, ‘r PROCESSING PROCEDURES PER DOD-STD-1686,
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Model 61528 Model 20756

Attenuators . .
PIN Diode Phase Discriminators

Without Video Amplifier

Applications
e Load Sensing Devices
e Precision Attenuation Controllers
e |nstrumentation

Features
e Military Grade
e 80-1240GHz
e Low VSWR
e Flat Response
e Supply Voltages: +12V @120mA, -12V @40mA
e Control Voltage 0 to 10 volts (6dB/Volt) Typical
* Connectors Per MIL-C-39012 Electrical Specifications
e Meets MIL-E-5400 Class 3 Requirements
Without Video Amplifier Frequency
GHz
2 0756 2.0-4.0
Phase Accuracy Tang. Sensitivity VSWR
Degrees Max dBm Max:1
NOTES: Model has 10,000 ohm drive impedance and 100 kHz drive bandwidth. Flatness *7 -43 18
R . Specified to 45 dB, add +/- 1,5dB to 60 dB.
outllne DraWIng Electrical and Mechanical Specifications subject to change without notice Notgs: Electrical and Mechanical Spgcifications §ybject to c!'lange .without n?tice. Impedance: 59 qhms
4 ‘ 3 '@ - - — ] nominal. Meets MIL-E-5400 Class 3 requirements. Additional screening available for military and space applications.
8 31597 22826-G101 [ [™.] Dynamic Range: 30 dB  Voltage/Power Sensitivity: 100 mV/mW typ  (Models 2075X: +5V @ 3 mA, Models
Revisions 2A075X: + 15V @ 125 mA max
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