MMICs Mimic Mixer

By H. Paul Shuch, N6TX
14908 Sandy Lane
San Jose, CA 95124

iode balanced mixers, long the
D favored circuit for heterodyne

downconversion in RF receivers,
suffer from two drawbacks: conversion
loss, and the need for relatively high local-
oscillator (LO) injection levels. The active
balanced mixer circuit presented here
uses two inexpensive monolithic micro-
wave integrated circuits (MMICs) to afford
significant conversion gain, and low noise
figure, and requires extremely low LO
drive levels.

The Mixer As A Nonlinear Element

The typical passive balanced mixer
consists of three segments, as shown in
Fig 1. The coupler is used to apply com-
ponents of the RF input and LO signals
to the nonlinear element, in a desired
amplitude and phase relationship. it may
consist of transmission-line delay net-
works, resistive or reactive power
dividers, balun transformers, coaxial or
waveguide directional couplers, hybrid
couplers, or some combination of these.
The coupler may be implemented with
lumped constants, coaxially, with toroidal
transformers, in stripline, or in micro-
stripline form.

It is in the nonlinear network, typically
comprised of Schottky barrier diodes, that
sums and differences of the LO- and RF-
input signals are generated. Diodes also
generate harmonics, which in turn are
responsible for the intermodulation

products that often plague frequency con-
version. Because diodes are passive,
rather than active devices, their use also
results in a signal amplitude loss in the
conversion process. This familiar conver-
sion loss also degrades system noise
performance.

Because conversion only occurs when
the diodes are forward biased to the knee
of their response curve (remember,
mixing is a nonlinear function, and thus
requires a nonlinear response), a sub-
stantial amount of LO injection is neces-
sary. This can be augmented by a dc bias
for those mixers operating in ‘‘starved
LO” mode, but doing so reduces the
mixer’s spurious-free dynamic range.

The IF matching network often provides
two functions: It is responsible for trans-
forming the diode network’s output to the
desired system impedance, as well as
fitering from the IF the unwanted
products of the input-signal and LO fre-
quencies that have been passed along in
the conversion process.

Consider Active Mixing

An active balanced mixer can borrow
the basic topology of the familiar passive
mixer, by substituting one or more RF
active devices for the diode array. Non-
linear gain stages will affect not only the
RF input signal (substituting conversion
gain for the passive-mixer loss), but the
LO signal as well, significantly reducing
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Fig 1—Block diagram of a passive balanced mixer.

LO injection requirements. An additional
advantage is that the noise performance
of the active devices used can essentially
establish system noise figure, often
negating the need for preamplifiers ahead
of the mixer.

One problem is that the nonlinear
network must remain just that—non-
linear—for frequency conversion to
occur. Past attempts to employ class-A
preamp stages in balanced mixers! have
met with only limited success, because
excellent linearity (generally a require-
ment for preamplifiers) severely limits
conversion efficiency.

MMIC gain stages are now available at
low cost, and their application requires a
minimum of external components. How-
ever, they are generally biased in class
A. In fact, high linearity is one of their
major selling points. In order to employ
MMIC amplifiers for frequency conver-
sion, it is necessary to bias them closer
to cutoff.

Coupler Selection Considerations

A previous study? evaluated the suita-
bility of several hybrid coupler topologies
for use in passive balanced mixers. Four
different couplers, each realizable in
microstripline form, were considered (see
Fig 2 and Table 1). in attempting to trade
off four mutually exclusive parameters
(SWR, amplitude imbalance, isolation,
and insertion loss), the 1.5-wavelength
hybrid ring coupler, or rat-race, was
determined to be the most suitable alter-
native for passive mixer use. Because the
same considerations of match, balance,
isolation and loss apply equally to active-
mixer design, | see no compelling argu-
ment against employing the same coupler
topology in active balanced mixers.

Biasing The MMICs

Fig 3 shows a simplified equivalent
circuit of the bias scheme typically used
with MMICs. This is a version of modified
collector feedback, which results in a rela-
tively constant collector potential, some-
what independent of the applied potential
or the value of the collector bias resistor,
R.. The combination of the dc source
(V¢o) and the collector resistor (R;) can

'Notes appear on page 6.
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Fig 2—Four microwave hybrid couplers. See Table 1 for a performance

comparison.
Table 1
Hybrid mixer performance comparison for a 20% bandwidth
Amplitvde Relative
Imbalance  lsolation Insertion
Hybrid Type SWR {aB) {dB) Loss
Two arm, 90° branch 1.45 0.7 14 1.0
Three arm, 90* branch 1.12 0.5 253 1.7
35 &, 180° ring 1.14 0.4 23.0 1.5
Extended, 1807 ring 1.40 0.9 230 20

thus be thought of as a constant-currant
source, allowing easy control of the
device's quiescent collector current.

| determined empirically that con-
version efficiency is maximized at a
quiescent current roughly half that
recommendad for linear amplification.
For a single MMIC amplifier, then, mixing
can be accomplished by roughly doubling
the manufacturer's recommended bias-
rasistor value. As an added bonus,
dacreasing device current appears to

4 QEX

somewhat lowar the MMIC's internal
noisa figure.

For balanced mixer service, it's
desirable to employ two identical MMIC
amplifiers, which can be operated in dc
parallal. Bacausa their collectors are tied
together to extract the IF component any-
way, il's reasonable to drive both
collectors with the bias resistance recom-
mended for a single stage of amplifica-
tion. This results in each MMIC being
biased at half its accustomed current,
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Fig 3—An example of MMIC biasing.

which places it in class AB, facilitating
frequency conversion.

Assembling A Prototype Active
Balanced Mixer

Some years ago, | developed a
passive, diede balanced mixer for down-
converting 1.7-GHz weather-satellite
images to VHF.? The mixer used a ring
hybrid coupler as described earlier, and
because several etched circuil boards
were laft over from the project, | decided
o assemble an MMIC active mixer on the
same substrate. The schemafic diagram
of the mixer circuit is presented in Fig 4,
and a photo of the mixer appears in Fig 5.

Hybrid coupler HY 1 affords two paths
between the RF input-signal (J1) and LO
(J2) ports, which are 180° out of phase
with each other. This affords the isolation
between the AF input-signal and LO ports,
which is characteristic ol balanced
mixers. Because the collectors of MMICs
L1 and U2 are connected in parallel, their
outputs arg in phasa. Hybrid HY1 applies
the LO components from J2 to the inputs
of the two MMICs 180° out of phase.
Thus, though the MMICs amplify the LO
signal (allowing low injection levels), the
LO components at their outputs cancel,
affording isolation between the LO and IF
ports.

Because this design is a singly
balanced mixer, there is no inharent
isolation betweean the RF input-signal and
IF ports. Note that hybrid HY 1 applies the
RF input-signal from J1 to the two MMIC




Fig 4—Schematic diagram of a prototype MMIC active balanced mixer.

HY1=—540° ring hybrid; 70-0! micros-
trlplina ring 1% A at operating fre-

“ym text).

J1 .12 MA receptacle.
J3—BNC receptacle.
L1—0.01 gH.

C1,C2— F chip capacitor.

C3—Etched ass capacitor, 30 01,

open stub, % i at LO frequency.
GE 5- to 40-pF ceramic trimmer
(15 pF nominal).
l::a.—mg;fF silver mica.

CT—10

pF feedthrough.

inputs in phasa. Thus, bath MMICs amplify
the RF input signal, and an appreciable
input-signal component exists at the out-
puts of the MMICs. To diminish the input-
signal component present at the IF port,
the IF impedance matching network (C3,
C4, L1, C5) is employed as a low-pass
filter.

Incidentally, in the intended application
of this prototype mixer, the design IF is
137.5 MHz. The MMICs are designed for
a nominal output impedance of 50 chms
each, thus their paralleled outputs
raprasent roughly a 25-ohm source 1o the
IF port. C3, C4, L1 and C5 were optimized
to step this value back up to a 50-o0hm
match at the desired IF. Fig 6 shows the
results of optimizing the IF match over the
band of 100 to 175 MHz. The optimiza-
tion was performed using SuperStar
(S-parameter Two-port Analysis Routing),
Randall Rhea's microwave circuit analysis
package for the IBM® PC and compatible
computers.

Prototype Mixer Test Results

The prototype MMIC active balanced
mixer was lested as a downconverter,
under the conditions summarized in
Table 2. The IF spectrum is shown in
Fig 7, with vertical sensitivity of 10 dB per
division, with 0 dBm at the top of the
screan, and a horizontal sweep of dc o
2 GHz. Swept conversion gain is shown
in Fig 8.

The prototype exhibits 18 dB of conver-
sion gain at 1.7 GHz, with a 3-dB band-

Flﬁ 5—The p mﬂw balanced mixer is built on a substrate originally designed for use with a passive mixer. The
ICs are pllc the holes normally occupled by the hot-carrier diodes. A bias network has been added to the IF
filter section.
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Fig 6—SuperStar plot of the mixer’s
IF gort match, swept from 100 to
175 MHz.
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Fig 7—The output spectrum of a pro-

totype active balanced mixer showing
suppression of RF input-signal and LO
components (see text).

width of more than 50 MHz, when driven
with a 1.5 GHz, — 15 dBm LO. LO com-
ponents at the IF are suppressed by 21
dB, though the RF input-signal compo-
nent at the output, as expected, is only
slightly attenuated. A frequency selective
IF amplifier stage following this mixer
would significantly clean up the output
spectrum.

Other Bands

The hexagonal rat-race configuration
seen in the photographs has, over the
fifteen years or so I've been building
passive balanced mixers, become some-
thing of a signature. | like to think the
hex shows there’s still a bit of sorcery
associated with microwave circuit design.
I’'ve used this mixer on all six ham bands
between 900 MHz and 10.5 GHz, as well
as for a number of commercial applica-
tions, including WEFAX, MDS, ITFS,
TVRO, and various avionics services. The
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Table 2
Prototype Active Balanced Mixer
Test Conditions and Results

VCC = +12 V, IC = 30 mA

Frequency Amplitude  Gain

Port (MHz) (dBm) (dB)
LO 1533 -15 N/A
RF 1691 -40 N/A
IF 138 -22 +18
1533 -36 -21

1691 -45 -5

configuration has been widely pub-
lished,23.56 and even more widely
imitated.” The time has come to share
the secret of the hex design.

Think of the rat race coupler as being
composed of six microstripline matching
transformers, each a quarter wave long
at the operating frequency. The trick is to
define the operating frequency, as the
coupler must pass both the RF input-
signal and LO components. For optimum
tradeoff between these two frequencies,
design the arms to be a quarter wave at
the geometric mean (square root of the
product), rather than the arithmetic mean
(half the sum) of the two frequencies of
interest. Of course, the coupler has a
finite bandwidth. For best results, these
two frequencies should be within about
ten percent of each other.

But how do you control the input-signal-
to-LO separation? Simply by judiciously
selecting your IF. Because of mixer band-
width limitations, you would like to use the
lowest possible IF. But image rejection
demands the greatest possible separa-
tion of RF and LO components, hence,
the highest possible IF. A paradox? Well,
yes, but a good compromise seems to be
to always convert down to about a tenth
of the input frequency. (If you have to go
further, use multiple conversion.) For-
tunately, many of our ‘‘preferred”
amateur conversion schemes are in the
right ballpark: 1296 to 144 MHz; 2304 to
220 MHz; 3456 and 5760 to 432 MHz;
10,368 to 1296 MHz. And of course, 1691
(WEFAX) to 137.5 MHz.

As you might imagine, over the years
I've taped up quite a few hex couplers for
a number of different frequencies. For
your convenience, I've included a few PC-
board etching patterns in Fig 9. All should
be etched on V4e-inch-thick, fiberglass-
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Fig 8—Swept conversion gain of the
prototype MMIC active balanced mixer.

epoxy substrate, double-sided, 1-0z cop-
per PC board and used for the frequen-
cies indicated.

Summary

The prototype mixer met its original
design objectives of conversion gain, low-
noise performance, and operation at low
LO injection levels. Reducing the quies-
cent current of the MMICs permits the
efficient generation of sum and difference
frequencies, which is the overall function
of a mixer stage. The observed combina-
tion of low LO injection requirements,
reasonable conversion gain, and noise
figure established by the MMICs should
significantly simplify RF-receiver design.
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Fig 9—PC-board etching patterns for passive balanced mixers to be used on different frequencies: at A, 1296 MHz; B,
2304 MHz; C, 1691 MHz and D, 2.6 GHz.
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