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A High-PerformancaN-Band Uniplanar
Subharmonic Mixer

Sanjay RamanStudent Member, IEEE;rank Rucky, and Gabriel M. Rebeigzellow, IEEE

Abstract—A uniplanar subharmonic mixer has been imple- However, advances in solid-state oscillator and multiplier tech-
mented in coplanar waveguide (CPW) technology. The circuit nology have made fundamental mixing a realistic option up
is designed to operate at RF frequencies of 92-96 GHz, IF y.ygn11-band. Still, subharmonic mixing remains attractive

frequencies of 2—-4 GHz, and LO frequencies of 45-46 GHz. Total P .
circuit size excluding probe pads and transitions is less than 0.8 due to the ease of LO distribution and the inherent RF/LO

mm x 1.5 mm. The measured minimum single-sideband (SSB) isolation. In receiver applications, this isolation is important
conversion loss is 7.0 dB at an RF of 94 GHz, and representsin order to minimize the radiation of LO power from the RF
state-of-the-art performance for a planar W-band subharmonic  port.

mixer. The mixer is broad-band with a SSB conversion loss ; ; ;

Th r f thi ri implemen 4-GHz
of less than 10 dB over the 83-97-GHz measurement band. € pu pose. 0 t S pape s to plement f"‘ 94-G
The measured LO-RE isolation is better than—40 dB for LO subharmonic mixer in uniplanar coplanar waveguide (CPW)

frequencies of 45-46 GHz. The double-sideband (DSB) noisetéchnology. The advantages of the CPW over a microstrip are
temperature measured using theY -factor method is 725 K at well known [5]. The CPW is a uniplanar structure allowing
an LO frequency of 45.5 GHz and an IF frequency of 1.4 GHz. poth shunt and series connection of circuit elements, and
The measured data agrees well with the predicted performance gjm e ground-plane connections without the need for backside
using harmonic-balance analysis (HBA). Potential applications o . ) . . .
are millimeter-wave receivers for smart munition seekers and Metallization or the associated via-holes. Quasi-static operation
automotive-collision-avoidance radars. is possible up to very high frequencies (low dispersion), and
the CPW line exhibits lower radiation losses in the odd mode.
There has been considerable recent work in the development of
millimeter-wave CPW fundamental mixer circuits, including a
64—77-GHz mixer for European automotive radar applications
l. INTRODUCTION [6], and FET V- to C-band andC- to V-band frequency

SJBHARMONIC mixers (SHM's) downconvert an RFconverters [7], [8].
ignal which is approximately theth harmonic of the
LO frequency to an IF. For mixing at even harmonics of Il. COPLANAR WAVEGUIDE DESIGN ISSUES

the LO frequency, SHM’s typically use a nonlinear device . N o
with an antisymmetric current—voltage characteristic suchA test wafer was fabricated with individual circuit elements

as an antiparallel Schottky barrier diode pair or a planHCh @s short- and open-circuited stubs, and through-line-
doped barrier (PDB) diode. These mixers have been usr&glect (TRL) on-wafer calibration standards. The circuits were

primarily at millimeter- and submillimeter-wave frequenciegé_‘l_)ricatec_i on 535””3'thi_0k high-resistivity ¢ 2000 Q-cm)
Silicon with a 3000A Si.N, (¢, =~4.0) layer grown using

in both waveguide [1] and quasi-optical [2] configurations;, - /=
and have demonstrated noise and conversion loss performafiggma-enhanced chemical vapor deposition (PECVD). The
=24 pm, g = 15 um) were chosen

competitive with fundamental mixers. There is considerabfe” W line dimensions

interest in the development of planar circuit alternatives {9 "esult in a 502 characteristic impedance and maintain

waveguide components at millimeter-wave frequencies. Miuasi-TEM operation up to 120 GHz [9]. A further advantage

crostrip SHM's have been realized & -band with both of this narrow ground-to—ground spacing is that the parasitics

antiparallel Schottky barrier diodes [3] and heterostructufd discontinuities (T-junctions, bends, etc.) remain relatively

field-effect transistors (HFET’s) [4], and minimum conversiogMall- , _
losses on the order of 10-11 dB have been achieved. The SiN, layer is necessary to prevent formation of a

The primary motivation for using subharmonic mixin ectifying contact between the CPW center conductor and

at millimeter/submillimeter-wave frequencies has been t he silicon substrate. The 3, layer must be removed from

lack of sufficient LO power at the fundamental frequency’® 9aps in the CPW metallization to prevent excessive line

osses, in this case by reactive ion etching (RIE). These
Manuscript received October 2, 1996; revised February 28, 1997. This wdasses are due to a parasitic conduction layer at the interface
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Fig. 1. (a) CPW line geometries with = 24 m, g = 15 pm on various dielectric layers. (i) Bare highsi. (i) High-p Si with 7500A of SiO,. (iii) High-p
Si with 3000A of PECVD Si:N,. (iv) High-p Si with 3000A of Si.N,, RIE etched from the CPW gaps. (b) Effective dielectric constant. (c) Attenuation.

concentration of field lines in the CPW gaps with a narrow Il. MIXER DESIGN AND SIMULATION

g;}ound—;o—ground s%acinlgu(: 2;1 “?' 9= 1d5 /iLm)..Fig. 1 The subharmonic-mixer circuit schematic is shown in
shows the measured values of € ectlvg lelectric cons'tqﬂb_ 2. The circuit is designed to operate at RF frequencies of
(?eﬂ) and _attenu_atlc_)_n fpr varlo_us_d|electr|c° Iayer_geonj__etrlegz_% GHz, IF frequencies of 2-4 GHz and LO frequencies
(1) bare highy Si; (i) high-p Si with 7500A of SiOy; (il of 45-46 GHz. The mixer design is based on University

high-p Si with 3000 A of PECVD Si;N,; and (iv) highp o . .
A o . of Virginia SC1T7-D20 GaAs antiparallel Schottky diodes.
Si with 3000A of SizN, RIE etched from the CPW gaps. Pe 38,m-thick diode chip is 75:m x 195 xm: the small

The e.g and attenuation values are determined from on-wafe, . ) : -
TRL calibrations using NIST MultiCal software [11]. TheS'Z€ of the diode chip approximates a monolithic geometry

sample with unetched SN, has the closest.g value to while maintaining the flexibility of a hybrid design. The

bare Si, but suffers from excessively high losses (28 dB/ciipde parameters are given in Table I. The Schottky diodes
at 94 GHz) due to the aforementioned surface-charge effdegve an etched surface channel design in order to reduce
However, when the SN, is removed from the CPW gaps,parasitic capacitances. The junction capacitance per anode is
the attenuation drops to 6.9 dB/cm at 94 GHz, which is neary® fF and the total capacitance from anode pad to ohmic
that of the identical CPW line on a bare highSi substrate contact pad is 16 fF (5-fF junction capacitance in parallel
(6.1 dB/cm). The mixer circuits were subsequently fabricatedth 11-fF parasitic capacitance). Diode parameters extracted
on highp Si with 3000 A of PECVD Si,N, RIE etched from the dcl-V characteristic by curve fitting and indicate
from the CPW gaps. Distributed elements were redesigntiwt the individual junctions are exceptionally well matched.
taking into account the measuredy of 5.9 for this CPW The figure-of-merit cutoff frequency {f= 1/27R;Cr) is
configuration. approximately 1.5 THz.
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Fig. 2. Schematic of the subharmonic mixer circuit.

TABLE |
UNIVERSITY OF VIRGINIA SC1T7-D20 DIODE PARAMETERS

Co () [G U [ LAY [R (@[ 5 [ 60 (V) | I, (THe)
%5 | 11 [4x10-17] 60 [LI6] 084 | 15

JAF

§ 15 pm
JET

P18 um

The basic circuit has 3, rr/2 (A\g,.0/4) shorted-circuited
stub on the LO side of the diode pair such that the diodes are
terminated with a short circuit at the RF frequency, but the LO
signal is not affected. The use of a shorted stub also provides a
dc/IF return path to ground, and allows for straightforward dc
testing of the mounted diodes. SimilarlyAgr.o/4 (Ag,rr/2)
open-circuited stub is located on the RF side of the diode
pair such that the diodes are terminated with an open-circuit
at the LO frequency but the RF signal is not affected. The
IF signal is extracted from the RF side of the diode pair.
The 75-110-GHz bandpass filter provides good rejection at
2-4 GHz, preventing IF leakage to the RF port. An open-
circuited A, rr/4 stub located\, rr/4 away from the diodes
in the IF output circuit prevents RF leakage to the IF port
(RF choke).

The RF bandpass filter [Fig. 3(a)] was designed using
CPW series open-circuited stubs [12]. A single-series stub
section was analyzed using the method-of-moments [13],
and the calculated’-parameters were matched to a lumped
LC-equivalent circuit for use in the mixer simulations. Th%ig_ 3

S-Parameter (dB)

@

T

T T T T T T |1

T "o,'g's'_‘l_?__Q!Q_‘QAA,Qr_qT(;_'(;‘
o LT

Measured |

o

Frequency (GHz)
(b)

) ] (a) Two-section CPW open-circuited series stub bandpass filter. (b)
two-section bandpass filter can be accurately modeled byarameters of bandpass filter from moment-method calculation, simulation

cascading theS-parameters of the single-stub section [14Pf lumped element equivalent circuit, and measurement.

Fig. 3(b) shows the calculated response of the two-section RF
bandpass filter on bare high-resistivity silicon, the correspond
ing response of the equivalent LC network, and the measure

dn order to determine the effect of the diode chip, a section
results on highp Si with 3000A of Si,N, RIE etched from the of CPW line representing the diode pads was fabricated.

CPW gaps. The measured filter rejection is better than 30 dBiS Section consists of a CPW line witw = 34 pm,
below 4 GHz, providing the necessary IF block. Based on tife= 21 um with step transitions from thes = 24 um,

S-parameter measurements the filter will contribute 1.2-1¢8 = 15 pm feed lines. A practice diode chip (an actual
SC1T7-D20 chip with bad-V curves) was flip-chip mounted

dB of loss to the RF signal from 85 to 100 GHz.
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while the insertion loss of the short-circuited stub (LO side)

a T — ™ — —r
Iil* n:. I I_ B,, Phasa, no chip | is approximately 0.4 dB from 40 to 48 GHz. The combined
- a.”_ . 5, Phas, wit g RF loss in the_ passive n_etwork fr_om the RF-port reference
% : 1 plane to the diode chip will result in a conversion les2.0
b [ ; h dB higher than predicted by the simulation.
g |n A R, S 5 ] The loss due to the RF mismatch is 1.2 dB, and this can
2 :?Eum'- ) ot A be reduced by the incorporation of an appropriate matching
LT = LN o e network in the RF path. In this case, it is not clear if an RF-
B [ g Ta matching network would result in a dramatic improvement in
an0:k mixer performance, ;i.nce the additional ci_rcuit losses du.e to
I | ; : | the network would mitigate some of the gains from matching,

and may not result in accurately predictable impedance lev-
els. On the other hand, an IF-matching network can clearly
Fraquency (GHz) improve the mixer performance by approximately 0.5 dB. A
lumped element network was designed to present a 80100-
load to the mixer over the 2—4-GHz IF bandwidth. However,

o 20 40 B0 EO 10 120

Fig. 4. Phase of § for diode mount with and without diode chip present.

TABLE I the fabricated matching network did not provide the desired
REsuLTS OF THELIBRA HARMONIC BALANCE ANALYSIS SIMULATION impedance levels and actuaIIy resulted in 0.7—1.0 dB of loss
Tro (GHz) [ frr (GHz) [ frr (GHz) [ Pro (dBm) [L. (dB) [Zinio @ [ Zmrr (@)  from 2 to 4 GHz. The following section will present results
5.0 6.16 14 - 356 85 +j21 H : H H : H
#5305 o 70 X TR P e T for a subharmonic-mixer circuit without matching networks.
9.0 6.28 41 -)28 185 -j26

IV. FABRICATION AND MEASUREMENT

on the line with EPO-TEK H20E silver epoXyThe phase  The 94-GHz uniplanar-mixer circuit (Fig. 5) was fabricated
of S indicates that the_dlode chip and mounting Structukgith probe pads at the RF, LO, and IF ports to accommo-
contribute~100° of electrical delay at 94 GHz (Fig. 4). ThiSqate on-wafer testing with 150m-pitch probes. The probe-
is accounted for in the mixer simulation by including®50 yaq—to-CPW-line transition is identical to that of the TRL
transmission-line sections on either side of the diode junctie@jipration standards fabricated along with the test circuits.
model. These sections result in reactive terminations at the RRfe circuit size excluding probe pads and transitions is 0.8
and LO frequencies rather than pure short circuits, and thegg, » 1.5 mm. Airbridges are included at various points in
reactances are included in the diode embedding impedanggg. circuit, particularly junctions, to suppress excitation of
This additional line length would not be significant in a fulline undesired slotline (even) mode in the CPW line. The
monolithic implement.ation, but must be considered here iycyit was fabricated on 53pm-thick high-resistivity &
order to accurately simulate the mixer. 2000 ©-cm) silicon with a 30004 PECVD-grown SiN,

The mixer circuit was simulated using a commercial Mizyer, As discussed above, the,8j, in the CPW gaps
crowave computer-aided design (CAD) software package (Rifzs removed using RIE. The CPW center conductors and
EESof Libra v.6.0, [15]) harmonic-balance analysis (HBAyround planes are 1,3m-thick evaporated Ti/AlITi/Au, which
routine. In this paper, the Libra HBA was used to simulaigorresponds to five skin-depths at 94 GHz, and three-and-one-
the mixer conversion loss, and RF and LO input impedancegyf skin-depths at 45.5 GHz. The 24n-wide airbridges are
However, since the Libra HBA does not yield the IF outpui_,m thick electroplated gold at a height of 3. above the
impedance, a reflection-type analysis program adapted frefpyy Jine. The antiparallel diode chip is mounted using flip-

the work in [16] by [2] was used to calculate this quantityehip technology and bonded to the circuit using EPO-TEK
Table Il shows the results of the Libra HBA simulations fofy2oE silver epoxy.

an LO frequency of 45.5 GHz and an IF of 3 GHz with a®0-

IF Ipad. The RF and LO input_impeda_mces givgn in Table Il aR Downconversion Loss
defined at the edge of the diode chip (see Fig. 2). The mixer i , )
IF output impedance calculated using the reflection algorithm 1€ Single-sideband (SSB) downconversion-loss-measure-
was found to be relatively insensitive to the termination (shoff/€Nt Setup is shown in Fig. 6. The RF source is an HP

open, or 500) of the higher RF and LO harmonics, and wa¥/85104A W-band source module controlied by an HP
around 110 for IF frequencies from 2 to 4 GHz. 85106C millimeter-wave network analyzer operating in CW

The Libra HBA mixer simulations are based on idedi"®de; the RF signal is delivered to the mixer vidlaband

transmission-line components and do not account for los<d§OProbe: The LO source is a 42-46 GHz mechanically

such as conductor loss, junction effects, loss in the RF bafii€d Gunn diode oscillator; the LO power is varied using
pass filter, etc. Loss in the RF filter was determined from ttfe WR-19 level-set attenuator and delivered to the mixer via
measureds-parameters to be 1.2-1.3 dB from 85 to 100 GH# 67-GHz Picoprobe. The 2-4-GHz IF signal is extracted by

The measured insertion loss of the fabricated open-circuitggtird probe and the IF power level is measured using a
stub (RF side) is approximately 0.5 dB over 80-96 GHspectrum analyzer. The waveguide/cable, probe and transition
losses at the RF, LO, and IF frequencies are determined using

1EPO-TEK H20E is a product of Epoxy Technology, Inc., Billerica, MA.  2Picoprobe is a product of GGB Industries, Inc., Naples, FL.
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Fig. 5. Photograph of the fabricated CPW subharmonic mixer circuit. Total circuit size excluding probe pads and transitions isx0.8.5nmm. The
size of the 38w m-thick diode chip is 75um x 195 pum.

a two-tier calibration approach and are deembedded from the

measured data. The measured conversion loss represents the| éﬁ'niﬁlj(?gj‘z
loss from the RF-port reference plane to the IF-port reference |- Spectrum Oscillator
plane, and the LO power is defined at the LO-port reference Analyzer —|
plane (see Fig. 5). '

Fig. 7 shows the measured SSB downconversion loss versus Picoprobes

RF frequency at the LO power corresponding to the minimum
conversion loss, and versus LO Power at an RF frequenéyg;BO
of 94 GHz. The measured minimum SSB conversion 10ss iggypler
7.0 dB at an RF of 94 GHz, an IF of 2-4 GHz, and an LO
power of 8.5 dBm, and represents state-of-the-art performance

_ Level Set
Attenuator

‘\ WR-19 to
V-connector

\ ) -
. Transition
. - ) \ Mixer 1.85 mm
for a planar¥-band subharmonic mixer. Furthermore, thggo%?grd : / Chip // Coax
mixer is broad-band with a SSB conversion loss of 7-8 dBensor | | \w.pand = = — ~On-Wafer
from 90 to 96 GHz, and less than 10 dB over the 83-97 Picoprobe Probe Station

GHz measurement band. When the.0-dB loss in the RF Fig. 6. Mixer downconversion-loss-measurement set-up.

bandpass filter and open-circuited stub T-junction is added to

the simulated conversion loss, there is excellent agreemggta has more fluctuations than the downconverter data due
between measurement and simulation. to the lower absolute power levels being measured by the
spectrum analyzer. In the downconversion experiment, the IF
power reaching the spectrum analyzer was on the order of
The mixer circuit was also measured as an upconverter30 to —40 dBm, while in the upconversion experiment, the
The probe arrangement is the same as in the downconvergywver reaching the spectrum analyzer is on the order 70
experiment. In this case, an IF signal is generated using an téP-80 dBm due to the 40-dB conversion loss of the WR-10
8350B sweep oscillator in CW mode and injected at the Marmonic mixer.
port. The upconverted RF signal is measured with band ]
waveguide harmonic mixer connected at the RF-waveguiffe 'Solation
reference plane whose output is measured with the spectrunfig. 9(a) shows measured and simulated port—to—port
analyzer. Again, all waveguide/cable, probe, and transitid©—RF and LO-IF isolation. The LO-RF isolation was
losses are deembedded from the measured data. measured with the LO power delivered to the mixer as shown
The measured port—to—port upconversion loss versus RFFig. 6. The RF port is probed with a second 67-GHz
frequency at the LO power corresponding to the minimuicoprobe connected tola-band waveguide harmonic mixer
conversion loss is shown in Fig. 8. The minimum measureta a 1.85-mm coaxial cable and appropriate transitions, and
upconversion loss is 7.0 dB at 89 GHz, and the upconversitire IF port is terminated in a matched load. The output of
loss at 94 GHz is 8.5 dB. The measured upconversion labe [/-band harmonic mixer is measured on the spectrum
remains below 10 dB from 86 to 96 GHz. The upconvert@malyzer. The measured LO-RF isolation agrees well with the

B. Upconversion Loss
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Fig. 7. Measured and simulated port-to-port SSB downconversion loss [d§- 9- (&) Measured and simulated port-to—port LO-RF and LO-IF isola-
versus RF frequency at LO power corresponding to the minimum conversit@ns. (b) Measured and simulated port—to—port RF-IF isolation.
loss (2 and 4 GHz IF) and (b) versus LO Power at an RF frequency of 94
GHz (2 and 4 GHz IF).
The LO-IF isolation also agrees well with the simulation and

is below —30 dB from 45 to 46 GHz.

- i ' ' ' ] Fig. 9(b) shows the measured and simulated port—to—port
a ol . RF-IF isolation. The RF-IF isolation was measured with the
® B e ] RF source configuration shown in Fig. 6. The IF port was
S - o . probed with a secondl’-band probe connected tol&-band
s 9 i .o’ ] waveguide harmonic mixer. The measured RF-IF isolation has
@ L 1 a minimum around 98 GHz, which is due to the open-circuited
%’ 61 2 GHz USB ] Agrr/4 stub (located\, rp/4 away from the diodes in the
8 i 2GHZLSE J IF output circuit) resonating at 97.4 GHz instead of the design
o 3F ---e--- 4 GHZ USB 7] frequency of 94 GHz. Still, the circuit provides better than
2 I ~--e-- 4GHzLSB ] —25 dB of RF-IF isolation from 90 to 100 GHz.
0 PO ST SR S ST TR TR T T ISR VR T WY BT SN S S T |
80 85 90 95 100 D. Noise Temperature
RF Frequency (GHz) Noise temperature measurements were performed using the

Fig. 8. Measured port—to—port upconversion loss versus RF frequency at XO‘faCtor method [17] and th_e measurement setup Shownl in

power corresponding to the minimum upconversion loss (2 and 4 GHz IF)Fig. 10(a). A corrugated conical horn (scalar feed horn) with
a WR-10 feed was connected to the RF input of the mixer.

simulation and is better thar40 dB for LO frequencies of Microwave absorber (ECCOSORB VHP-2-NRLjt room

45-46 GHz. The LO-RF isolation is expected to remain betté§mperature (290 K) placed in the near field of the horn
than —30 dB from 43 to 48 GHz. The LO—IF isolation wasProvided the hot load while an identical absorber immersed

also measured USing a similar setu.p, With.the 67-GHz prObeECCOSORB VHP-2-NRL is a product of Emerson and Cuming, Canton,
at the IF port and the RF port terminated in a matched loada USA.
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S B s e -| 1000 3 V. CONCLUSIONS AND FUTURE WORK
(] F RRERTSUREEE o E = . ) .
o0 L em T 500 cg,; A high-performancé¥ -band subharmonic mixer has been
g " xR realized in uniplanar CPW technology. The total circuit size
—tl 1 excluding probe pads and transitions is less than 0. 8xm
5 6 7 8 9 10 M 5 mm. The measured minimum SSB conversion loss of 7. 0 dB
LO Power (dBm) at an RF of 94 GHz and an IF of 2—-4 GHz represents state-of-

the-art performance for a plan#ir-band subharmonic mixer,
(b) X . .

) ) _and is even competitive with fundamental planar Schottky
Fig. 10._ (a) Measuremen_t setup for measuring the DSB conversion Io&lsode mixers. The mixer is broad-band with a SSB conversion
and noise temperature using thefactor method. (b) The measured DSB '
conversion loss and noise temperature at an IF of 1.4 GHz and an l@ss of less than 10 dB over the 83—97 GHz measurement
frequency of 45.5 GHz. The measured conversion loss represents the I§81d. The measured LO—RF isolation is better tad0 dB for
from the RF-port reference plane to the IF-port reference plane, and the IL(a) f . f 45-46 GH hich is i X .
power is defined at the LO-port reference plane (see Fig. 5). _rquenues O_ o~ _Z'_W Ich Is important in receiver

applications to minimize radiation of LO power from the RF

o _ port. The mixer is expected to have a minimum DSB noise
in liquid nitrogen (77 K) provided the cold load. Based ofemperature of 650 K. These results are in excellent agreement
past experience with this type of measurement [18], a cajglth HBA simulations after including passive circuit losses in
temperature of 85 K is used in the-factor calculations since the RF path. The excellent performance of this subharmonic-
the absorber is not a perfect black body radiator. The IF pofixer design is due to the high-quality antiparallel diode chip
of the mixer was connected to a 1.4-GHz IF chain with @nd the well-characterized CPW components. It is important
gain of 93 dB, noise temperature of 58 K, and a bandwid{§ note that commercial microwave CAD programs accurately
of 50 MHz. RF and IF waveguide/cable, probe, and transitigitedicted the performance of this mixer, showing the maturity
losses are deembedded from the measured data. The efficiagicshixer-design techniques up to 100 GHz.
of the corrugated conical horn is 94% and is included as anCyrrent work at the University of Michigan is focused
additional 0.3 dB of RF loss prior to the mixer. on lowering the LO power requirements of the subharmonic

The measured double-sideband (DSB) noise temperatuixer. A 94-GHz subharmonic mixer was built with simple
and conversion loss are shown in Fig. 10(b). The DSB noisghgle-stub RF and LO matching networks, and the lumped
temperature is 725 K (DSB NE 5.4 dB) at an IF of 1.4 element IF matching network mentioned in Section lll. The
GHz, an LO frequency of 45.5 GHz, and an LO power of 7.measured results at an RF of 94 GHz (Fig. 11) indicate an
dBm. The DSB conversion loss is 5.7 dB at an LO powémproved LO match, with a SSB conversion loss less than
of 8.5 dBm. This roughly corresponds to a SSB conversi®5 dB for LO powers from 4 dBm (2.5 mW) to 12 dBm
loss of 8.7 dB. With an LO frequency of 45.5 GHz and a(5.8 mW). To the authors’ knowledge, this represents the
IF of 1.4 GHz, the upper-sideband (USB) is at 92.4 GHowest LO power requirement of arf§ -band planar mixer to
and the lower-sideband (LSB) is at 89.6 GHz. The measurddte. The minimum measured SSB conversion loss of 8.2 dB
SSB conversion losses at 92.4 GHz (7.5 dB) and at 89.6 Gi4z1.2 dB worse than the mixer without matching networks,
(8.5 dB) result in an average SSB value of 8.0 dB, whicllue primarily to additional losses in the nonoptimal lumped
is in reasonably close agreement with tiiefactor method element IF matching network and the RF matching network.
results. It is expected that the mixer will result in a DSB nois8till this conversion loss is approximately 2 dB better than
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previous planar SHM’s af¥-band. Future work includes
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for filter applications,”|EEE Trans. Microwave Theory Techzol. 39,
pp. 873-881, May 1991.

optimizing the matching network designs to realize 7_8'dﬁs]
conversion loss at a 3-mW power level.

Other future work includes extending the design for oper-
ation at an RF of 140-150 GHz, and integrating the mixdt*!
with planar antennas to realize high-performance millimeter-
wave front-ends. The mixer design can readily be extendedﬁ@}
a fully monolithic implementation.
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