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Abstract

This paper presents recent performance data for a
200 GHz subharmonically pumped waveguide mixer using
an antiparallel pair of planar air bridge type GaAs Schottky
barrier diodes. The measured mixer noise and conversion
loss are below that of the best reported whisker contacted
or planar diode mixers using the subharmonic pump config-
uration. In addition, the required local oscillator power is as
low as 3 mW for the unbiased diode pair and significant LO
noise suppression was observed. The waveguide design is
a prototype for 640 GHz and uses split-block rectangular
waveguide with a 2:1 width to height ratio throughout.

Introduction

Recent advances in the production of high quality,
low capacitance, planar integrated GaAs Schottky barrier
diodes [1,2] make it possible to implement many high fre-
quency mixer designs which were considered mechanically
impractical using traditional whisker contacted arrange-
ments. As a prototype for a 640 GHz space qualified wave-
guide Schottky diode system we have designed, fabricated
and tested a 200 GHz subharmonically pumped mixer [3,4]
using planar air bridge Schottky diodes in a number of sub-
strate configurations. The antiparallel diode pair arrange-
ment has the advantages of pumping at one half the signal
frequency and inherent local oscillator noise suppression [5],
both useful for submillimeter wave operation, where sources
are difficult to come by.

Mixer Mount Configuration

The mixer mount uses a crossed-guide configuration
with the local oscillator waveguide perpendicular to the sig-
nal guide and electrically coupled with a shielded quartz
microstrip line (Fig. 1). The microstrip contains the planar
diodes and provides LO, signal and intermediate frequency
(IF) isolation through low pass hammerhead filters [6,7].
The filters and coupling probes are fabricated lithographical-
ly using standard chrome gold lift-off techniques with subse-

quent build up of electroplated gold to improve solderability.
In an added step, the back side of the quartz is metallized

under the microstrip filters (gaps are left under the LO and
signal waveguide coupling probes). This has the advantage
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of allowing the microstrip to be soldered, rather than glued,
into the machined channel and reduces the effects of sur-
face roughness. A DC return for the diodes is provided by
a separate shorting wire on the LO side of the microstrip
filter. The LO waveguide is formed in one piece by wire
electro-discharge machining (an electroformed insert or split
block structure could also be used) and the remaining wave-
guides are produced with carbide slitting saws in the two
halves of the mixer block. All waveguide is full height (2:1
aspect ratio) and the microstrip cavity is sized to prevent
waveguide mode propagation in the LO and signal filter
stopbands. The diode pair is suspended across the center
of the broad wall of the signal waveguide with the plane of
the filter metallization along the direction of propagation.
Tapered probes couple both signal and LO power to the
diodes. The IF pass and signal block hammerhead filters
are designed so as to present a short at the waveguide walls
for the signal and at the same time to maximize coupling of
the LO into the diodes. Local oscillator power is coupled
into the microstrip filter through a probe which protrudes
halfway across the center of the broad wall of the LO guide.
Both the signal and LO guides have contacting backshorts
behind the microstrip probes and E-plane tuners. The E-
plane tuner for the LO is directly opposite the E-plane cou-
pling probe. In the case of the signal guide the E-plane
tuner is approximately half of a guide wavelength in front of
the diodes at the band edge of 200 GHz, and tapers out
across the mixer block at an angle of 10 degrees to avoid
cutting across the LO guide. IF removal is performed
through a K-connector whose center pin is ribbon bonded
to the end of the microstrip filter. The signal and LO mixer
mount characteristics were optimized at 8.5 GHz on a 25X
frequency scaled model using coaxial probes and capacitive-
ly scaled antiparalle! pair diodes obtained from Microwave
Associates.

The planar diodes are GaAs Schottky air bridge type
devices similar to those described in [1,2 and 8]. To facili-
tate assembly, the diodes are indium bump bonded to the
host microstrip. All the measured diodes were formed as
integrated antiparallel pairs. Various diode package sizes
and substrate configurations were tested (Table I). As the
diodes have a common contact pad on each end, separate
DC biasing, to lower the LO power consuinption, was not
possible. The common DC return was used during RF mea-
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surements to slightly misbalance the diode pair and optimize
the LO coupling by peaking the current flow through a sin-
gle device.

Mixer Performance

The performance of the subharmonically pumped
mixer from 195-230 GHz is shown in Fig. 2 for the diode
packages listed in Table . Two diode package sizes and
three diode substrate configurations were tested. The larger
packaged devices had: an all GaAs substrate (UVa type
SD1T1), a GaAs substrate chemically thinned to 5um and
then glued to a quartz carrier [2] (UVa type SR2T1), and a
5um GaAs substrate soldered directly to the mixer filter
circuitry (glue dissolved and quartz carrier lifted away [2]).
The smaller packaged devices (UVa type SC1T4) had an all
GaAs substrate and were tested in mixer mounts with slight-
ly different signal E-plane tuner positions.

Discussion

Referring to Fig. 2, there is a general improvement in
mixer performance with decreasing package size and overall
substrate dielectric constant. The best performance so far
obtained has been with the small area all GaAs diode pack-
age (T,(SSB)=1600K, L,z=8.7 at 205 GHz), and the worst
performance has been with the large area all GaAs package.
Scale model measurements indicate that the larger all GaAs
devices have the most limited accessible RF signal matching
range in this particular mixer mount. However, the differ-
ence in performance between devices may simply be due to
varying diode electrical characteristics and a larger sample
set is required before definite conclusions can be made.

The required LO power for optimal mixer perfor-
mance is comparable for both the small all GaAs package
and the thinned GaAs diodes. Twice as much power was
required for the large area all GaAs device. Extra LO power
was also needed for the mixer block where the signal E-
plane tuner was less than 4,/2 from the diodes. The lower
than usual LO power required for these unbiased diode pairs
is attributed to the E-H tuner in the LO waveguide and care-
ful optimization of the signal coupling probe shape and first
LO and IF pass filter section lengths. Table Il is included to
show comparisons with the better room temperature results
from other groups using whisker contacted and planar di-
odes in fundamental, harmonic and subharmonically
pumped mixer configurations near the same frequency.

As a final note, the LO source used for the measure-
ments was a 75-110 GHz backward wave oscillator with no
noise filtering. When this source was used for measure-
ments on this same mixer block, but configured with a sin-
gle planar diode used in a second harmonic mixing mode,
the LO noise contributed by the oscillator added ~5000
degrees at the IF. With the antiparallel diode pair the LO
noise contribution was reduced to about 50K which is con-
sistent with the reduction in LO noise reported by [5] at 60
GHz using a similar diode configuration.

596

Concluding Remarks

The design and performance of a 200 GHz subhar-
monically pumped waveguide mixer using planar integrated
diodes were presented. The mixer mount design is intended
for use at frequencies up to 650 GHz and utilizes full height
waveguide in a split block configuration for ease of fabrica-
tion. Techniques similar to those used to form the sub-
strateless diodes [2,8] will be used to integrate the GaAs
package with the quartz microstrip structure in subsequent
receivers. The performance of the planar diode package
exceeds that of the best whiskered pair at 200 GHz in spite
of large pad to pad capacitance [8]. In addition, consider-
ably less LO power is required than that reported by other
groups with similar mixer configurations, and excellent LO
noise suppression was obtained with no external filtering.

Finally, although not discussed in this paper, compu-
tational analysis using the program developed by [9] gives
reasonable agreement with measured mixer performance
when the expected inductive and capacitive parasitic ele-
ments are added to the mixer embedding network. The
analysis also indicates that further performance improve-
ment is possible with careful control over these parameters.
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Table I. Diodes (Used for the Measurements Shown in Fig. 2

Designation Description Co b, n R, lat Anode Finger Bond Pad
diode  mixer filter fF v Q 10%® Diam. Igth. wil (pm)
SD1T1/A9 200B3 2A Large area all GaAs 3.0 | 1.09 | 1.28 | 10.7 25 1.4 pm 50 pm 120x100
120wx2601x80t (pm) 3.0 ] 1.08 | 1.25 | 12.0 1.2
SR2T1/H4 200B4 2A Thinned GaAs/Quartz 3.0 | 1.08 126 | 6.8 2.2 1.2 pm 50 um 130x50
130wx240Ix100t () 3.0 | 1.06 | 122 | 7.7 1.3
SR2T1/G5 200B4 2A Large area thinned 3.0 | 1.09 1.25 8.1 1.5 1.2 ym 50 pm 130x50
GaAs no substrate 3.0 1.07 1.22 7.3 0.9
SC1T4/A4 200B4 1A Small area all GaAs 3.0 1.09 1.28 | 11.9 2.5 1.4 pm 20 pm 30x50
80wx2001x50t (um) 3.0 | 107 1.25 | 126 1.4
SC1T4/B5 200A2 1A Small area all GaAs 3.0 | 1.07 125 | 114 1.6 1.4 pm 20 pm 30x50
in mod. mxr. block 3.0 1.05 1.18 | 12.8 1.2

All diodes were fabricated at the Univ. of Virginia Semiconductor Device Laboratory (see Ref. [8] for details).
Diode parameters (except C) are derived from the measured DC IV curves after mounting. Parameters for both diodes are given.

Values of Cy, and anode diameter are the nominal for the processed diode wafer.

Filters 2A and 1A differ in having diode bonding pads of 100 and 30 um wide and gaps of 100 and 40 pm respectively.
Mixer 200A2 has the signal E-plane tuner 1/24, behind the diodes at band center (215GHz) rather than at band edge (200 GHz).

Table Il. Reported Room Temperature Waveguide Schottky Diode Mixer Performance Around 200 GHz

Approx. Whisker Contacted Diode Planar Diode
Signal
Frequency Single Diode Single Dicde Two Diode Subharmonic Mixer Two Diode
Fund. Mixer Harm. Mixer Subharmonic Mixer
Far T Lg T L To Las Pio T L Pio
180 750! 5.7 2600° 10.0 2400° 10.5 6.5 2750° Trecenver 10
205 12502 7.1 2400° 9.0 18007 9.6 10 1590° 8.7 5.7
1715° 8.7 4.0
1990° 9.3 3.0
230 800° 6.2 24007 10.9 10
800* 6.6

All results are at room temperature and for an IF frequency between 1 and 2 GHz unless otherwisz indicated.
P o=required LO power in mW
The authors could not find data for planar diode fundamental and harmonic mixers at these frequencies in the literature.

T.=single sideband mixer noise temperature in K
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Ls=SSB conversion loss in dB
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215 GHz SHPM Mixer Block: Lower Half (24.5x19x9.5mm)
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Fig. 1 Schematic drawing showing the bottom half of the 215 GHz subharmonically pumped waveguide mixer block and filter circuitry.
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Fig. 2 Measured room temperature mixer noise, conversion loss, magnitude of the IF output impedance and required LO power between 195 and 230
GHz for the five diodes whose characteristics are given in Table |. Results are given for an IF frequency of 1.4 GHz. The mixer block was optimized for
lowest noise temperature at each frequency using the two backshorts and two E-plane tuners. The noise and conversion loss are measured between
the input RF signal feed horn and the IF output K-connector. LO power is referenced to the WR-8 input flange. In all cases, SSB values were obtained
by doubling the measured DSB results.
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