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2.5-THz GaAs Monolithic Membrane-Diode Mixer

Peter H. SiegelSenior Member, IEEER. Peter Smith, Michael C. Gaidis,
and Suzanne C. Martimssociate Member, IEEE

Abstract— A novel GaAs monolithic membrane-diode mechanical fabrication techniques, blending of the active de-
(MOMED) structure has been developed and implemented as a vice and surrounding passive RF circuitry, enhanced reliability
2.5-THz Schottky diode mixer. The mixer blends conventional and ease of handling of the planar circuit, and solid RF

machined metallic waveguide with micromachined monolithic . . : . S
GaAs circuitry to form, for the first time, a robust, easily performance achieved with the first demonstration circuit have

fabricated, and assembled room-temperature planar diode Opened a new window of opportunity for submillimeter-wave
receiver at frequencies above 2 THz. Measurements of receiver semiconductor circuitry.
performance, in air, yield a Trecciver Of 16 500-K double sideband
(DSB) at 8.4-GHz intermediate frequency (IF) using a 150-K
commercial Miteq amplifier. The receiver conversion loss II. GaAs MEMBRANE
(diplexer through IF amplifier input) measures 16.9 dB in
air, yielding a derived “front-end” noise temperature below .
9000-K DSB at 2514 GHz. Using a C@pumped methanol A. Introduction and Concept
fa.\r-infrared. laser as a local oscillator at 2522 GHz, injected Due to moding effects, high-frequency circuits are often
}’(')? gpgﬂrﬁatr':_piﬁﬁtgdﬂgxg‘ntgg :2%::3 &Omi_rs 'fhgssmrwi limited by the thicknes_s of the supp_ort substrates that must be
with a 15% increase in receiver noise. Although demonstrated Used to define the active and passive RF structures employed
as a simple submillimeter-wave mixer, the all-GaAs membrane for signal processing. After device and circuit processing, mi-
structure that has been developed is suited to a wide variety of crowave semiconductor substrates are generally mechanically
low-loss high-frequency radio-frequency circuits. lapped to a thickness as small as B, but even 50um

Index Terms—FIR, GaAs, membrane, micromachined, planar, is too thick for microstrip circuits above 300 GHz. Also,
radiometer, Schottky diode mixer, THz, waveguide. -V semiconductors like GaAs are extremely brittle, and
handling is a major problem with these wafer dimensions. Wet
chemical etching has been used to thin GaAs-based devices to
_ a thickness ok:5 pm, but here again, handling and cracking
T HE terahertz frequency range offers a unique challengg e sypstrate material becomes a major concern.

for both heterodyne circuit and device designers. It rep- gjjicon micromachining techniques have been used very

resents a crossover re_gime where.vyavelength scales St“’s_r&&essfully to make a variety of RF structures and com-
the tolerances of traditional machining as well as the disnents; including superconducting mixers, with dimensions
mensions and geometries accessible through photolithograghignatible with terahertz circuitry [1]-[6]. However, these
processes. In addition, critical device and radio-frequency (REgmponents rely on the mechanical, not electrical, properties
circuit dimensions require submicrometer resolution to reduge he silicon for their applications. At high frequencies,
parasitics, whereas surrounding circuitry, especially at thgicon cannot be used to form good quality active devices,
intermediate frequencies which lie in the microwave bandss  giodes, transistors, etc. For device applications above 50
require macroscopic structures with smooth mechanical a@qqz, -V semiconductors, particularly GaAs, are preferred
electronic transitions to the RF environment. In this paper, WRer silicon. Several research groups [7]-[10] have recently
report on a process and component design which blends fRgastigated GaAs membrane structures. These approaches
flexibility of mechanical machining with the tight tolerances,5ve |ed to techniques for fabricating GaAs membranes of
and multiple die processing advantages of micromachining,iiple shapes and sizes for a few assorted mechanical
Although the techniques and circuit concepts described dpjications. Although some device incorporation has been
this paper have been aimed at a specific NASA spacefliglfempted [8], [11], no one has yet taken advantage of the
component realization, a 2.5-THz Schottky diode mixer, 0thgpmpined device/RF properties afforded by a GaAs membrane
millimeter and submillimeter-wave GaAs semiconductor Cikgchnology or realized a membrane fabrication approach that is
cuits can be enhanced with similar processing: frequengympatible with existing high-frequency circuits and devices.
multipliers, detectors, oscillators, antenna coupled devices;ne GaAs membrane process we report in this paper

planar array circuits, etc. The mixture of semiconductor and aijored specifically for compatibility with existing RF

. . ) _circuit and two-terminal device realizations at terahertz
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CF,/O, RIE is used to remove the silicon—nitride device
passivation layer. An ECR system using B@Ir, then
Buried Ohmic layer n+ GaAs (1um, doped 5¢18) BCl3/SFs/Ar, is used to continue etching down to the lower
AlGaAs etch stop layer. Material must be left wherever the
membranes themselves are to be formed, as well as over the
Membrane Layer (semi-insulating, 3um) tops of the frames so that there is no step in the metallization
layer as it traverses the frame.

The wafer is next mounted top-side down, using wax, onto
GaAs Substrate (lapped to 50 um after top-side processing) a suitable carrier wafer, e.g., silicon, glass, or sapphire. The

] backside is then lapped and polished to the desired frame

. ) ) . thickness of 5Q:.m. After lapping, the backside of the wafer
Fig. 1. Wafer profile for membrane and device/RF circuit definition. Layer

pattem (from top): n doped GaAs+nGaAs, AlGaAs etch stop (device 1S cleaned by subjecting it to a light etch and then protected
definition) followed by semi-insulating GaAs (membrane layer), AlGaAs etchy a low-temperature deposited (ECR) silicon—nitride layer.

Top junction layer n GaAs (1000A, doped 1e18)

Top Etch Stop (600A, Al 55 Ga 45 As)

Bottom Etch Stop (4000A, Al 55 Ga 45 As)

stop, and host wafer (used to form frames). The back of the wafer is then coated with photoresist and,
_ o employing a backside aligner, the relative positioning of the
B. Diode and Membrane Fabrication membrane and support frame is accomplished. The silicon

The 2.5-THz mesa air-bridge T-anode Schottky barrigtride is then etched from all nonframe areas, including all
diodes used for the mixer circuit described in this paper argembrane areas, by RIE.
fabricated in a process which is similar to one developedThe frames are then formed by wet etching in an
for terahertz resonant tunneling diodes [13] with a few efdd202/NH30H mixture [15] that selectively etches GaAs
hancements and a novel planarization step. In order to allé@ative to AlGaAs. A brief nonselective etch (phosphoric
subsequent membrane formation, the GaAs host wafer has aligl/hydrogen peroxide/water) is then used to remove the
epitaxial structure shown in Fig. 1. The only additional layefAlGaAs etch stop. An additional lithography step and dry etch
structures required over our traditional mesa Schottky diode@n be employed to expose metal beam leads overhanging the
are the 3um-thick semi-insulating layer and the lower etctedges of the frames when such leads are desired.
stop which define the membrane. All device and surroundingThe membranes with their associated RF structures and
RF circuit processes are completed before membrane definitfsames are now completely defined. The finished parts can be
occurs. removed from the carrier wafer by dissolving the wax and any
Front-side lithography is defined using a combination ¢emaining photoresist in an appropriate solvent. The parts can
tools including a % I-line projection mask aligner, 50-kV be collected in a fine mesh placed in the bottom of the solvent
electron-beam system, and contact lithography. Conventioivgssel. No dicing or cleaving of the final parts is required.
recessed Au/Ge/Ni/Ag/Au ohmic contacts are used. Two medd®cess steps are shown in Fig. 2 and SEM micrographs of
are required for each device because of our anode process [, finished parts are shown in Fig. 3.
[13]. The active mesa is slightly largeel .«m) than the ohmic
f:ontact, and it is etched using a selective BSks/Ar _mixt_ure . 2.5-THz MIXER
in an electron cyclotron resonance (ECR) reactive ion-etch
(RIE) system. 0.5:m of gold is used to provide air-bridges to .
the tops of the vertical mesa walls and to form the RF filterAé' Introduction and Concept
and the intermediate frequency (IF) and dc bias lines used torhe lowest order OH doublets at 2510 and 2514 GHz are
connect the diode with off-chip mixer circuitry. strong tracers for the reaction rates of key ozone depleting
Anodes are formed using a novel polymethyl methacrgycles in the Earth’s atmosphere. By a fortuitous coincidence
late (PMMA) quasi-planarization technique followed by #fnature, a strong methanol laser line at 2522 GHz can be used
PMMA/copolymer/PMMA trilayer resist process as is comas & pump source for heterodyning; producing intermediate
monly used for high electron-mobility transistor (HEMT)requencies (IF's) at 8 and 12 GHz. An;@ine at 2502 GHz
or field-effect transistor (FET) T-gates [13]. The PMMAprovides a convenient pressure (altitude pointing) calibration
planarization is done by spinning on multiple layers of 495-&t an IF of 20 GHz. A receiver noise temperature of 20 000-K
PMMA to a thickness of approximately 4-8n, much thicker Single-sideband provides enough sensitivity to allow daily
than the height of the mesas, followed by a sequence of degf#bal stratospheric maps of OH above 35 km and weekly
UV blanket exposures and brief acetone spin-develop stejgal maps above 18 km from a satellite in polar orbit. State-
until the mesa tops are exposed. PMMA was chosen for tAkthe-art room-temperature Schottky diode mixers approach
planarization because more commonly used substances turtfégl performance level.
out to be incompatible with the PMMA used for the anode Whisker-contacted corner-cube mixers have been used at
lithography. The definition of the Ti/Pt/Au anodes has bedfequencies at and above 2.5 THz for many years [see, e.g.,
described elsewhere [14]. Finally, plasma-enhanced chemick—19]. Although the performance that has been reported [18]
vapor deposition (PECVD) silicon nitride is used to passiva@n be exceptionally good, the corner-cube suffers from the
the finished devices. following three major drawbacks:
The first membrane-related processing step lithographicallyl) low reliability;
defines the membrane strips from the top side of the wafer.2) poor beam quality;
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Processed GaAs Wafer: Devices on Top

Doped GaAs Layers
First Etch Stop
(@) Membrane Layer
Second Etch Stop

Semi-insulating GaAs Wafer
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Lapped and Etched Semi-insulating GaAs Wafer
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(b) Second Etch Stop
Membrane Layer
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Fig. 2. Membrane fabrication steps. (a) Finished top-side wafer (with de-
vices and RF circuitry) is etched down to lower etch stop, defining membrane
region. (b) Wafer is mounted upside down on carrier using low temperature
wax. Wafer is thinned, frame is patterned and etched out to bottom of
membrane. (c) Etch stop is removed, wax is dissolved, individual membranes
and frame float off carrier and are collected by filter or screen at bottom of
beaker.

3) extremely tight assembly tolerances that substantially L 8011 20KV X5,00

affect RF performance and beam shape.
. Fig. 3. SEM micrographs of completed membrane and frame with 2.5-THz

Recently, a QVOUF’ at RUthe_rford Appleton Labora_tory’ D'_CEchottky diode and RF low-pass filter structure. Frame dimensions are 1 mm
cot, U.K., fabricated waveguide-based 2.5-THz mixers witR 1.4 mm x 50 um thick. Membrane is 3&m x 600 zm x 3 xzm thick.
a novel “planar-whisker” contact and excellent noise perfor-
mance [20], [21]. They also proposed a means to integrate the
diode an.d whlsker. contact |_ntoafully pla_nar circuit °°“P'ed Qonsideration is given to device and circuit reliability and
a photolithographically defined waveguide [22]. Drawing o o
thi © but Usi hat diff ¢ circuit c[}]erformance repeatability.

IS concept, but using a somewnat dilterent CIrcult approach,ry, o mivar consists of the following five pieces:
the monolithic membrane diode (MOMED) integrated into a hich i I i o
mechanically machined waveguide circuit, we have achievedt) MOMED, which contains all RF filter circuitry;

the same goals of high reliability, state-of-the-art performance,2) €lectroformed “button-mount” that houses the membrane
and ease of assembly. and a single-mode 2.5-THz signal waveguide and feed

horn;
3) interchangeable fixed-depth hobbed backshort section;
B. Mixer Design and Fabrication 4) fused quartz suspended-substrate IF transformer;

The mixer design is based upon a scaling of lower frequency®) SPlit-block housing that holds the RF and IF pieces as
single-ended mixer circuits with modifications that allow for ~ Well as dc bias resistors and dc and IF connectors.
relatively simple fabrication and assembly at 2.5 THz. Sind® separate IF amplifier is required, as well as an appropriate
the intended application is a space-based instrument, speBi&l diplexer for local oscillator (LO) injection.
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Fig. 5. 2.5-THz electroformed “button-mount” showing horn aperture (with
3 human hair) on one side and 2.5-THz waveguide with inserted membrane
T I I NI mixer MOMED on the other.
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the highest IF frequency (21 GHz). The diode epitaxial layer

Fig. 4. Calculated FDTD performance of a four-section RF choke with dhrgperties and anode area were selected to minimize parasitic
mensions equal to those in the existing device. The inset shows a dimensio

(in micrometers) top view of the membrane strip as mounted. The cavity de;ﬁ_ﬁ%Ct_S without Seve'jely compromising the diode ”°”|_'”E_3a”ty
is 40 um. A more ideal configuration would utilize a 30w cavity depth (ideality factor no higher than 1.5). Initial wafer variations

and a 30wm-wide GaAs membrane strip, as asymmetries in the membrajy¢cluded only anode area (0/2n x 1 gm and 0.35um x
mounting would be less likely to induce undesired mode propagation. 1 um), anode finger shape (an S-bend was included in case
stress on the membrane turned out to be a problem; it did
The MOMED'’s unique bridge structure (Fig. 3) allowsnot) and required process variation bracketing. A membrane
placement of the diode across the center of the broad wallwariation which included overhanging beam leads (for IF and
the 2.5-THz waveguide. Surrounding the diode on the memie bonding) was also included.
brane are low-pass filters, which both block RF propagationUpon completion of the membrane fabrication process, the
from the waveguide port. Unlike the configuration describeskeparated circuits are collected on filter paper, transfezred
in [2], the thin (36¢:m wide, 600xm long) membrane bridge masseto a wafer holder, and individually probed and sorted
is actually suspended along the centerline of a sealed sindlefore being inserted into the mixer block. Device yield on the
mode transmission-line cavity (60-widem x 40-um-high first quarter wafer run was fairly poor with only about 10% of
cross section, metal on all sides) forming aB-thick GaAs the diodes surviving with good dc performance characteristics
suspended stripline circuit. The membrane support frame liggries resistance below 20, leakage current below pA).
outside the sealed cavity (active RF area) and is intendedTiorough process modifications, yield on subsequent runs was
have no effect on the signal coupling. A finite-difference timémproved to approximately 30%.
domain (FDTD) analysis [23] of the filter is shown in Fig. 4. Mechanically, almost all the membrane structures survived
An interesting result of the analysis was the appearance at thiact and there is no observed strain or strain-related prob-
center of the stop band of what we believe is a propagatifems. Device reliability appears to be very high, although no
ridge waveguide mode between the membrane and cavity sidethenius tests have as yet been completed. Sample devices
This mode could only be reliably suppressed by reducing theere thermally cycled from—50 to +150 C (ten cycles,
height of the stripline cavity from 60 tec40 m, hence, the 15-min dwell) with no observed changes in their dc charac-
resulting asymmetric cross section. teristics. Devices were also subjected to vibration (13 g(rms),
The membrane thickness {8n) was chosen as a compro-20 Hz to 2 kHz) with no degradation. During device mounting,
mise between ease of fabrication (epitaxial growths-dfzm the membrane frames are picked up, dropped into place in the
are expensive) and mechanical robustness. Careful adjustmmaixer block, glued with cyanoacrylic, and probed, all with no
of the membrane layer thickness to avoid mechanical streggparent detrimental effects.
(a concern in silicon—nitride membrane configurations) doesThe RF coupling circuit, which provides signal and LO
not appear to be necessary. In our tests, a membrane thicknesthe membrane diode, is formed in a standard copper
of 3 um gave sufficient robustness to a 6@f+-long 36.:m- electroforming operation. This electroformed “button mount”
wide beam. No strain-related bowing was visible, even aft@fig. 5) contains a single-mode 2.5-THz rectangular wave-
device and metal deposition. Membranes of 1.2- angh®- guide (nominally 100pm x 50 pm), a tapered transition
thickness with widths varying between 10 and;88 were also to circular waveguide, and a scaled Pickett—Potter dual-mode
fabricated on test wafers, and although they survived routifeeed horn [24] (aluminum mandrel shown in Fig. 6).
handling and had no signs of mechanical stress, the thickeOther than the small waveguide dimensions, no special
membrane structure was deemed more reliable for spacefligijuirements are placed on the fabrication at this point. Fol-
applications. lowing electroforming, but while the aluminum mandrel still
The length of the membrane bridge was chosen to be fdls the waveguide cavity, the button mount is machined to
short as possible and still accommodate sufficient high/ldimal size (0.187 inx 0.075 in). A relief cavity to house
impedance filter sections for reasonable RF rejection. Thee membrane frame is then milled into the copper and the
membrane frame size was selected to be large enough gaspended stripline filter cavity is machined across the button
handling, yet small enough to have a negligible effect and through the center of the waveguide using a high-speed
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Fig. 6. 2.5-THz Pickett—Potter feed-horn mandrel. Tip dimensions are 50 |7V
pm x 100 zm. Mandrel is etched away in NaOH after electroforming. 8 I ]
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diamond saw with a cubic boron-nitride loaded blade. The
depth of the stripline cavity channel is set at this time to Frequency (GHz)
precisely locate the membrane bridge and frame below tpi . 7. Dimensioned diagram (in millimeters) and HP8510 plot of transmis-

surface of the button, at a depth determined by two suppeidn loss for two back-to-back 7—21-GHz suspended-substrate IF transformers
ledges that have been machined into the frame relief slI(i0-200¢2). Quartz= 0.15-mm thick, cavity= 1.9-mm square.

These ledges catch and support the bottom of a membrane

web left petween dog ears on both sides of the me_mbraﬂ&eprovide the 250- to 50 impedance range and match (at
frame. Since the ledge references the membrane itselfy{t connector side) to a standard microstrip launcher. Due to
precisely positions the suspended stripline filter verticallyymg initial moding problems with the connector-to-stripline
in the enclosed cavity. After dicing the stripline slot, theint at 20 GHz, the original wide tab (0.050 in) launcher had

aluminum mandrel is etched out of the copper button usiig pe replaced with a 0.020-in-wide tab launche.through

NaOH. . " ] measurement on two back-to-back 200- to{b@ansformers
The button is press fit into a brass split-block mount that <hown in Fig. 7.

also contains a much larger stripline cavity to house the ”:Assembly of the mixer block is fairly simple and can

transformer and the bias and IF connectors. Machining of tr‘dgua"y be accomplished in less than 1 h. A photo of the
portion of the mixer block is straightforward. assembled mixer (without the backshort cavity and with the

In order to provide some degree of adjustable matching I@p half removed) can be seen as Fig. 8, and a close-up of the
the diode, a fixed-depth backshort cavity, aligned with theomprane mounting is shown as Fig. 9.

2.5-THz waveguide, is added over the top of the membrane.
Since the membrane frame support ledges locate the membrane
and the top of the frame below the top surface of the button
mount, the waveguide and stripline cavity are completel
sealed off by the backshort cavity block. The backshor
cavity itself is easily formed using a hobbing technique to Accurate RF noise measurements at 2.5 THz are com-
punch the rectangular hole to depths as great as several nillisated by several factors: high mixer noise temperatures,
A range of cavity depths is readily obtained by hobbingariable atmospheric attenuation, poorly calibrated “absolute
deeper than required slots in individual holders, then finishifgpwer” detectors, unavailability of matched attenuators, “gray
with a few strokes on some fine lapping paper to readpdy” loads, and imperfect Gaussian beams. The measurement
the desired depth. Alignment of the blind waveguide in thigst system used here to overcome these difficulties is shown
backshort piece with the waveguide in the button mount ghematically in Fig. 10. LO power is generated by a compact
accomplished by picking up alignment holes in both parsO.-pumped methanol gas laser with a maximum output
under an optical microscope. The fixed backshort featupewer of 7 mW at 2522 GHZ. A Martin—Puplett-style wire-
makes tuning rather time consuming, but assures extremgljd diplexef is used to spatially combine the LO and signal
stable and repeatable measurements and requires no chahgags. An off-axis ellipsoidal mirror matches the beam of the
for flight implementation. Optimal cavity depth so far variegliplexer to that of the Pickett—Potter feed horn. The laser beam
only by a few micrometers for different diodes of the samerofile at 2.5 THz can be coarsely viewed with low thermal-
nominal anode size. response liquid-crystal paper and, when the laser is properly
The final piece of the mixer block is the IF transformetuned, appears to be circular with a single bright central spot.
which converts the expected diode output impedance I power measurement is provided by a “calibrated” Sci-
200-250¢} to 50 € over the required IF bandwidth of 1cp; part numbers 5753 cC or 5763 CC. Available from Connecting
7-21 GHz. In order to be mechanically and electricallpevices, Long Beach, CA 90815.
compatible with the tiny membrane structure and, at the?Laser fabricated by Dr. A. Peebles, Innovative Research and Technology,

; : ; ; nta Monica, CA 90403, under NASA Small Business Innovative Research
same time, provide a very high impedance to the output of t@ Nt NAS7.1312.

GaAs filter, a thi_n (125:m) fused quartz, s_us_pended_ st_riplipe 3Diplexer fabricated by Thomas Keating Ltd., Station Mills, Billingshurst,
transformer design was selected. The stripline cavity is sizedst Sussex RH14-9SH, U.K.

IV. PERFORMANCE

. Test System
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entech multimode thermal detector and the numbers reported
here should be taken with error bars of at least 3 dB, due to
beam mode and detector absorber nonidealities.

The noise temperatures are measured using the standard
Y-factor technique on the full receiver only. A chopper
switches the signal beam between a hot load (wedged Ec-
cosorb CR110) and a cold load (Eccosorb AN74 flat sheet,
soaked in liquid nitrogen), held in the signal beam during the
measurement. The assumed hot- and cold-load temperatures
are 300 and 77 K, respectively, no corrections are made to
account for mismatch or nonideal Rayleigh—Jeans behavior.
A lock-in detector at=~100-Hz chopper frequency is used to
extract a hot/cold-load power output variation from a crystal
diode detector. A correction factor of 0.45 is divided into the
lock-in value to convert its root mean square (rms) output
to a peak-to-peak value (the chopper bow-tie blade, radius
50 mm, produces a good approximation to a square wave as
it switches the relatively small signal beam waist radius of
~4 mm). This peak-to-peak variation is then summed with
the dc average diode detector value to give the hot and cold
powers needed for an accuratefactor measurement. This
lock-in technique can be used to evaluate receivers with noise
in excess of 500000-K double sideband (DSB).

For the results reported here, a broad-band bfassfinects
Fig. 8. Photo showing bottom half of complete 2.5-THz mixer block with REhe mixer to a low-nose broad-band IF amplifieThe IF
membrane diode, quartz IF transformer, and dc-bias resistor and sensing t i i i i
A backshort tunergavity and top block seal the membrane and IFtransfc?rr?a'gﬁ;rﬁp“fler provides apprOX|mat_er 65 dB of gain over the
cavities. guency range 7-21 GHz, with noise at the low frequency
end of =150 K, and at the high frequency end &f200
K. Coaxial filter§ limit the detected bandwidth tez700
MHz about the desired center frequencies of 8.4, 12.8, and
20.4 GHz. Detected power is in the neighborhood ofiA8.
Front-end conversion loss is measured using a power meter to
calibrate the response of the crystal diode detector and then
extracting the measured amplifier gain and filter loss (0.9 dB).

Mixer noise temperature can be extrapolated from the
receiver measurements after separate IF amplifier calibration,
but includes diplexer, atmospheric, and horn coupling losses
as well as any bias-T losses and IF impedance mismatch that
may be present between the mixer output port and amplifier.
We can provide only approximate corrections for these losses
until better calibration can be performed. They are distributed

. as follows:
Fig. 9. Close-up showing MOMED mounted in “button” with diode sus- diplexer signal loss 0.5 dB;
pended across 2.5-THz waveguide (center), dc return (top), and IF transformefirror-to-horn coupling loss 0.5 dB:
beamlead bond (bottom). . ) !
bias-T loss 0.4 dB;
IF mismatch loss up to 3 dB at 21 GHz
Cotd Load based on relative IF mea-

Diode surements;

Hot Load
Detector .
Chopper atmospheric losses 1 dB.
> Filter / . . . .
Laser LO 7 IF Amp /G More accurate values will be obtained in the future. For this
Signal
[N
.

2522 THz @

Bias Tee % paper, we will not attempt to calibrate out these losses, but
%é i Mixer (v will refer to “front-end” (rather than mixer) noise and loss as
)\ that belonging to all components forward of the IF amplifier.
—3 SN | ff-Axi
Martin-Puplett < ’ S gllips:ilcsial
. N . 4Wiltron model K250 bias-T, Wiltron Company, Morgan Hill, CA 95037-
Diplexer Mirror 2809

5
Fig. 10. Schematic of the RF test system used to collect the performance MITEK model JSD2-00010, MITEQ, Inc., Hauppauge, NY 11788.
data given in this paper. 6K&L Microwave Inc., Salisbury, MD 21804.
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current at a fixed LO power o6 mW. No corrections for air losses
Fig. 11. Measured bias current and receiver noise temperature at 8.4-GMARayleigh-Jeans approximation have been included. The minimum noise
IF as a function of bias voltage for LO power levels=fl2, 6, and 3 mW temperature is£9000-K DSB, and the minimum front-end conversion loss
(left-to-right). The bias current curves exhibit monotonic positive slope, noise ~16.9 dB.
temperature curves negative.

of 0.35 x 1 um?, measured resistances between 15 and

3 ' ' . ' 20 €, ideality factors of about 1.5, and a saturation current
between 0.3 and 2 pA. Smaller area devices have not yielded

5 . N ) as good pe_rformance. A backshort depth betweer! 15 and
8 ® ‘A“n“mm PN ‘m‘m “ 20 pm cons!stently gave the best perform_ance during tests
T N FORE cekll a of several different devices of varying resistance. Thus far,
% 5 MMA:', approximately ten devices have been measured, and four have
s %;-.. given performance similar to that shown in Fig. 11. As can
3 @‘th;.-y e be seen from the figure, the current bias greatly mitigates
% 2 WWQWL the effect of LO power variation. In fact, we were able to
s %ﬁg’“’m’wﬂ%a adequately pump the mixer with only 3 mW of measured LO
E <y R, power and could occasionally go as low as 2.5 mW without
z = noticeably starving the diode. On the other extreme, pump
E power levels as high as 22 mW did not burn out the device
59

T P N N R Lo d s and we could obtain essentially identical noise temperature
04 0.6 0.8 1.0 12 versus bias current curves for the two LO power extremes.
Current (mA) Fig. 12 shows the effect of LO power on the performance
Fig. 12. Measured receiver noise temperature at 8.4-GHz IF for best_ devg:]:eour .beSt device me.asurement. to date. Power is measured
to date at LO power levels between? and ~5 mW. The best noise PY an infrared (IR) calibrated Scientech power meter placed
temperature obtained with this device was 16 500-K DSE:&tmW. in front of the RF diplexer. A best receiver performance of

) o ) 16500 K was recorded at an LO power of approximately 6
During measurements, the mixer is current biased so that The “front-end” noise and conversion loss for this same

power fluctuations are compensated by a voltage change e extracting the amplifier noise of 150 K, are shown in
the diode. We find that current bias: (curvature bias) makes Fig. 13; again, as a function of bias current at fixed LO power.

the mixer relatively insensitive to changes of LO power. Oy corrections are made for diplexer, mirror, horn, bias-T,

one diode (Fig. 11), We_nominally observed the same rece“fﬁfair losses. The best performance is obtained with 1.2-mA
noise temperature at fixed current when we altered the Lo o rrent in the diode and measures less than 9000-K DSB
power by more than a factor of five. In Fig. 12, our best devicfyise temperature and 16.9-dB conversion loss for the front-

the LO sensitivity is somewhat higher. end. All the data shown is at an IF of 8.4 GHz. At 12.8 GHz

The entire RF noise test systgm is computer cqntrolled aﬂﬁjn a different, but similarly performing device), the receiver
can be programmed to sweep bias current versus time to ObWHiEe is within 10% of 8.4 GHz, but at 20.4 GHz, the noise

the plots shown in the figures. Pumped and unpumped notormance is a factor of two higher for all devices. Recent

curves can also be generated. Typically, we operate Withy@neriments suggest that the connection between the SMA tab
lock-in time constant of 300 ms and 100 data points per CUN{g ncher and the IF filter is responsible for this degradation

and it is easily fixed with additional wire bonds.

The mixer performance is sensitive to the backshort cavity
Measured receiver noise temperatures, using the test systipth; changes of as little as 1on can result in changes of
described in Section IV, are given in Figs. 11 and 12, plottedore than 50% in receiver noise. This is consistent with the
against bias voltage in one case and current in the othsensitivity observed in lower frequency mixers that use full

The devices that produced these results had measured ahegght waveguide.

B. Receiver/Mixer Noise
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no post processing on the die as chemical etching replaces
labor-intensive dicing or scribe and break procedures. The lack
of induced stress on the completed membrane makes it ideal
for circuits where long thin bridging is required. The circuit
and device implementation demonstrated in this application
can be employed for other submillimeter- and millimeter-
wave components including multipliers or harmonic mixers
(membrane couples to two different-size waveguides), hetero-
dyne arrays (multiple membranes superimposed on a feed-
horn array), oscillators (cavity-coupled membrane strip) or
micromachined components (membranes used to span formed
waveguides or cavities). The circuit described in this paper is
being employed on a NASA flight mission and will undergo
Fig. 14. Measured beam pattern of 2.5-THz Pickett—Potter feed horn usﬁég:rr::gec(l)l;?tlme atnd reliability screening before delivery of
the LO pump laser as the RF source and the mixer as a direct detector. ponents.

contours are linearly spaced in 10% intervals (i.e., the outer contour has 0.1
times the signal strength of the peak).
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