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To be reported in this paper are new results obtained for mixers in the frequency range up to 95 GHz. Both
frequency diplexer types of mixers and those which utilize a standard directional coupler for LO injection will

be discussed. The mixers use a replaceable wafer type diode holder. The replaceable wafer contains a unique
Westinghouse developed double diode structure which results in very low RF losses. The diode is a GSAS Schottky
barrier with zero bias frequency cut-off of over 800 GHz. Theoretically predicted values of conversion loss
under 5.0 dB are attained over the frequency range.

Summ+q

In 19’71, there was reportedl by Westinghouse the
development of a mixer and solid state LO for a 60 GHz
receiver. The conversion loss of 5.0 dB therein re-

pofied represetied the state-of-the-art at that time.
This paper will contain the reeults of the continuing

effort at Westinghouse to utilize the GaAs Schottky
barrier end to realize the full potential of the GSAS
devices.

Schottky barrier diodes are patiicularly advan-
tageous for applications involving millimeter waves
because of the simplicity of their fabrication. A
single evaporation or electroplati~ operation, per-
formed through a suitable mask, will define the active
area and provide the metallic surface for lead cob
tact. The high mobility of GaAs has made possible the
design of diodes with active regions of extremely low
resistance. The design and fabrication of the semi-
conductor element follows closely the approach pre-
viously reportedl-4 and has resulted in GSAS diodes
with a varactor frequency cutoff of nominally 800 GHz,
as measured at zero bias and with a measurement fre-
quency of 70 GHz.

The diode is a planar, Si02 passivated device.

The chips used in the wafers are .015” x .015” x
.004” and have an array of 4.0 micron diameter junc-
tions spaced on 8.o micron centers. The junction
capacitance at zero bias is nominally .03-.04 pf and
the eeries resistance falls in the range of 5-7 ohms.
The diode package developed represents one successful
approach to the realization of a replaceable diode for
millimeter wave mixer applications which fully utilizes

the benefits of the planar passivated Schottky barrier
junction.

The mixer consists of a small metallic wafer, in
which are embedded the semiconductor diodes, the wave-
guide mount used to couple the diode wafer to the sig-
nal circuit, an RF tuning elemenb, and a 3 mm. coafial
connector for the IF output terminal. Figure 1 is a
photograph of a fixer mount for RG98/U with the wafer
diode in place. The cross-sectional dimension is that
of the waveguide flange (19 mm. x 19 mm., 0.75” x
0.7511), the overall len@h is nominally 25 mm. (Lo”).

This component is to be used as a single endedRF
mixer with replacement wafers which can be installed

as necessary in the field without unreasonably com-
plex procedures, tests or equipment. This mount can

be used with a simple directional coupler for IA in-
jection or with a frequency diplexer when the IO losses
of a coupler are not wanted. Figure 2 shows a photo-
graph of a complete mixer for a 50 GHz application.
In the figure is seen an RF bandpass filter, a direc-
tional filter and the mixer body. The combined inser-
tion loss of the bandpass and directional filters is

under 0.5 dB over a 2 GHz RF band. The IF port is
matched b+.ter than 2:1 over the IF band 2.O-4.O GHz
without any special IF transformers and only by virtue
of the unique double diode structure. The basic double
diode structure, shown more clearly in Figure 3, is
used for the advantage that it virtually eliminates RF
signal and LO leakage out of the IF terminal without
resorting to bypass capacitors or chokes which limit
the IF band, and that a better inherent impedance
match is obtained at both the RF and IF terminals.
The tunedRF impedance of a typical diode (single junc-
tion) is about 16o ohms under the usual mixer operating
conditions, and the IF impedance is about 90 ohms. For
this double diode configuration, the two diodes are in
series to the RF and thus yield a good match to the
waveguide impedances. But the two diodes are in par-
allel to the IF yielding an effective impedance of
45 ohms which is a good match to the IF output coax.
As the match to the RF and IF is simultaneously ob
tained, no transformers are needed. AS no impedance
transformer is required on the IF port, the IFter-
minal represents no problem on bandwidth.

This type of dual diode mixer has been developed
and expensively tested in mounts designed for opera-
tion at 50, 60, 70 and 95 GHz. The 95 GHz mixer was
developed for use in a 95 GHz radiometer receiver. The
conversion loss, in each case, is measured by use of a
klystron local oscillator for the IO, and a BWO for the
sweep signal generator. A waveguide level set atten-
uator followed by a precision (rotary-vane) attenuator
is used to obbain a precise and controllable power level.
A TRG Water Calorimeter is used as an absolute RF power
indicator. A General Microwavest Thermoelectric Power
Meter is used to measure the IF power. Calibration was
performed before and al%er each measurement to ensure
accuracy.

Figure 4 presents the measured results for several
95 GHz diodes. Therein is shown the range of conver-

sion loss as a function of IO power. The plotted con-

version loss includes all mount RF and IF losses. The
shaded.range represents that range into which fell 95$
of the data taken on nine separate tixer diode wafers.
The curves for eight of the nine wafers fell completely
within the given area. The initial tuning was done at
an LO power level of +5 dBm. The bias was optimally
sat and the waveguide (RF) tuner was adjusted. Then
the LO power was varied and the bias adjusted for mini-
mum conversion loss; the RF tuner was not readjusted at
each LO power level. Notice that at the LO power level
of about +11 dBm, the conversion loss of all nine wafers
tested fell within 5.3 ~ 0.5 ~.

The theoretical limitations of these diodes as
developed from GsAs, and the limitations that would

exist if comparable processing technolog were utilized
to make silicon mixer diodes can be seen from the follow-
ing considerations. Reliable paseivated Schottky barrier
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diodes can be made from GaAs that can have a frequmcy
cutoff fco? as measured at zero bias of about WO GHz”
Withou# the use of very special (any very expensive)
techniques such as ion implatiation, one is limitsdto
an fco = 250 GHz at zero bias for silicon Schdtky
barrier diodes of similar dimensions.

Barber5 has presented an analysis of microwave
mixers and has shown that the pulse duty ratio (PDR)
of the Schottky diode current waveform is the most
fundamental parameter for defining mixer operations
because the diode current pulse retains its typical
(switched) shape even when thevoltage waveformbs
comes highly noneinusoidal.

It can be shown that most microwave mixer diodes
(adjusted for lowest conversion loss) behaveas though
the barrier itself were switched on and off at the LO
rate; and that the resistance in the ON state is just
that of the limiting series resistance (Rs), and the
impedance in the OFF state is just that expected of
the series resistance, R~7 in seri- with the barrier
capacitance, Cb. Of course the barrier Capacitance
is a function of voltage and time, but good correla-
tion with measured results are obtained if the zero
bias capacitance value is u ed. Thus, the frequency

-1cutoff is fco . (2n RS Cb) ; and tskes the WO GHz
and 250 GHz values for GaAs and Si as given above.

Using these considerations, an exbension of Bar-
berts analysis has allowed the calculation of the con-
version loss as a function of the PDR and as limited
by the operating frequencyto cutoff frequency ratio
(f/ fcf). Figure 5 shows the expected mixer conver-
sion oss that would obtain for the broadband case
(wherein theimagetermimtion equals the signal ter-
mination). Figure 6 shows the computed mixer cor+
version loss for the case wherein the image is shorL-
circuit ed.

To understand the effects of fco more clearly,
we compute the performance expecLed both for an X-band

image enhanced case6 (shorbed image) andthe60GHz
broadband case; computed both for GaAs and silicon.
Nowwith GaAs at X-band (10 GHz) the (f/fco) =0.0125
and taking a PDR = 0.15 (a reasonable value which keeps
the terminal impedance low enough to handls) then the
conversion loss, Lc, takes a value of 2.4 dB which ie
very c,lose to the measured value. WithSi, (f/fco) ~
0.04 and with the same PDR7 LCZ2.7 ~- oti a 0.3 ~
difference.

However, at 60 GHz, the results diverge appre-
ciably. With GsAs, (f/fco) = 0.075; andt*ing a
PDR Z 0.2, the broadband mixer conversion loss ie
about 4.9 dB which is about as measured. With Si,
(f/fco) =0.24; andtakingpDR~CJ.3 (at whichpDR
minimum Lc obtains), a conversion 10SS of 8.0 @
minimum is found. Now a 3.1 dB difference is encoun-
tered.

Note that in figures 5 and 6, minim occur in the
curves of Lc vs. PDR. Figure 7 presents the minimum
mixer conversion loss for both the image shorted Snd
image terminated cases as a function of f/fco. Not e
that with GSAS at 60 GHz there is a possible 1.6 dB
improvement in Lc by using image enhancemeti techniques
(i. e., LC+3.3 dB). For the silicon diodes, only an
0.8 dB improvemeti is possibls (i.e., LC+7.2 dB) which
does not even get the image enhanced value downto the
broadband value for GaAs.

Noise figure of the single-ended mixer was mea-
sured at 60 GHz (IF of 1-2 GHz) and for several mixer
diodea. The results of this test and others confirm
the fact that the mixer noise figure is essentially
that due to the conversion loss, and hence, that the
noise ratio of the mixer (tm) is close to unity. That
the fco of 800-1000 GHz has been attained has been well
demonstrated by these results herein presented and iUr-
ther supporbed by the fact that sitilar GSAS diodes
have been used in the varactor mode in a parametric
amplifier application for which parsmp7?8 was obbained
an uncooled excess noise temperature of 62°K (0.85 m
noise figure).
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FIG. 2: Complebe 50 GHz mixer with frequency diplexer
and signal bandpass filter.
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FIG. 5: Computed Mixer Conversion LQSS for the Broad- FIG. 6: Computed Mixer Conversion Less for Short
band Case (Image Termination Equals Signal Termination) Cir~uited Image
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