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A Broadband 800 GHz Schottky Balanced Doubler
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Abstract—A broadband planar Schottky balanced doubler at DU i3
800 GHz has been designed and built. The design utilizes two

Schottky diodes in a balanced configuration on a 1Zum thick T
Gallium Arsenide (GaAs) substrate as a supporting frame. This 5«‘1'{\
broadband doubler (designed for 735 GHz to 850 GHz) uses a il -t
split waveguide block and has a relatively simple, fast, and robust Warvaguica

assembly procedure. The doubler achievedz 10% efficiency at
765 GHz, giving 1.1 mW of peak output power when pumped with

Sl N, Cagecion with
about 9 mW of input power at room temperature.
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12 um Gata Frame

Index Terms—Balanced doubler, broadband, millimeter waves,
Schottky diode.
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Fig. 1. Sketch of an 800 GHz doubler. The doubler chip rests on its beam
leads on the split waveguide block. The diodes are operated under reverse bias

I. INTRODUCTION condition and are biased through the bias beam lead.
M ILLIMETER and submillimeter wave detectors for as-
tronomical, remote sensing, and atmospheric sciences II. DESIGN, FABRICATION, AND ASSEMBLY

licati being developed with -i i bilit . .
applications are being ceveloped with ever-increasing capa IIyThe 800 GHz balanced doubler design process involves a
to meet the growing demands of the immensely powerful setPf } . ) .
new and future space-borne and ground-based telescopes e\ﬁvﬁs_teps. Advar_lced DeS|gn Sy_stem.s (AD.S) [3] nonlinear har-

- . : onic balance simulator, in conjunction with our Schottky var-
facilities. Many of these instruments have cryogenically-cool

tor diode model [4], is used to optimize the doping profile and

heterodyne receivers, which use superconductor insulator Stde dimensions such as the anode and mesa size for a given

perconductor (SIS) and hot electron bolometer (HEB) mixefﬁput power (we used 7 mW input power for our design). From
for use in high sensitivity, high resolution spectroscopy megyjs simulation, we also calculate the diode junction character-
surements. These receivers require wideband fixed-tuned loggts as a function of frequency and the embedding impedances
oscillator (LO) sources which are robust, easy to implememér optimum performance of the multiplier. Then, the multiplier
cryogenically cool-able, and reliable. input and output matching circuits are synthesized using high

Current state-of-the-art solid state sources above 200 GHz fregjuency structure simulator (HFSS)—a finite element electro-
constructed from chains of cascaded Schottky-barrier varactoagnetic simulator [5]. Using the S-parameters obtained from
diode frequency multipliers. Using a new planar substrateldd&SS simulations and the diode properties obtained from the
technology [1], we have designed and developed an 800 Ghinlinear diode simulations, we optimize the design in a linear
broadband doubler for use in the 735 GHz to 850 GHz frequenginulator with waveguide matching components for maximum
range. This balanced doubler incorporates a pair of diodes cégubler efficiency. Finally, we put all the components in the
figured symmetrically so that they only respond to odd hafonlinear harmonic balance simulator which predicts the per-
monics at the input and even harmonics at the output, making@fmance of the doubler.

easier to separate the input and output frequencies without any N€ INPUt signal is directly coupled to the diodes which are

filter structures [2]. The balanced design also facilitates bro:’:ﬁ&l—amEd in a reduced height inp_ut waveguide. The outp_ut signalis
pled to the output waveguide by means of an E-field probe.

band operation by eliminating the need to incorporate frequer% e input matching is accomplished with the input backshort

filtering within the impedance matching circuitry. and waveguide matching sections and the output circuit is op-
timized using waveguide matching components, a waveguide

channel connecting the input and output waveguides and a small
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Fig. 2. Picture of an assembled 800 GHz doubler. 0.2 e V-v. 1
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lead to a single implementation when it comes to the chip tec Output Frequency in GHz

nOIOQy and topography. A number of [mplementatlon ChOIC%ﬂSﬂ_ 3. Performance of the doubler at room temperature. The dotted line shows
can b_e made W_h_|C'h are b_ased on practical concerns SL.JCh as fHélAput power used to pump the doubler. For this measurement, the diodes were
handling, sensitivity to dimensional tolerances, and circuit asptimally biased at each and every frequency points and the bias voltage range
sembly issues to name a few. We have designed a numbepf was from-1 volt to —3 volts.

slightly different circuit variations to cover most of the concerns.

Fig. 1 shows the sketch of one such doubler chip placed inside IV. CONCLUSION

the split waveguide block. o We have designed, fabricated, and partly evaluated the

~ The device and circuitry for the doubler is fabricated on a Gajst-ever planar Schottky diode doubler around 800 GHz. The
lium Arsenide (GaAs) substrate using optical lithography [6}e 4k output power from this doubler when pumped with existing
What is unique about this fabrication process is thg use of me[S‘T’énar Schottky diode multipliers puts out more than 1 mwW at
beam leads for dc and RF contacts with waveguides. Also, {9, temperature. This work leads us to make two important
minimize dielectric loading of the waveguides and to reduce Rls o sions. First, current planar design and device technology
losses in passive circuit elements, the GaAs substrate undera{ng sufficient to provide fixed-tuned broadband doublers in
transmission lines is removed in back-side processing, leavi 800 GHz range and, second, these stages can now provide
free standing metal lines suspe nded in air from a nominal ough output power to enable sufficient pumping of the next

12 um thick GaAs frame. L - -
: o ) . t Itipliers, i.e., 1600 GHz doubl d 2400 GHztriplers.
Assembly for this device is relatively simple, fast, and robusst.age MUILpTers, 1. doublersan zlriplers

The diode chip is dropped inside the split waveguide block with
the diode beam leads resting on the waveguide metal. The beam
lead from the integrated capacitor is bonded to a chip capacitorThe authors would like to thank P. Siegel of JPL, J. Zmuidzinas
which, in turn, is wire-bonded to the bias connector. There & Caltech, and N. Erickson of the University of Massachusetts
no soldering or other high temperature procedure used on thetheir suggestions and helpful discussions. The authors would
device and that reduces the possibility of device damage. Tdlso like to acknowledge R. Tsang of JPL for help with circuit as-
picture of an assembled doubler is shown in Fig. 2. sembly, W. Chun of JPL for measurements, and T. Rose of RPG,
Germany, for lending us the corrugated feed horn at 800 GHz.
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bler at room temperature is shown in Fig. 3. For this measure-_ San Diego, CA, Feb. 2001, pp. 485-494. o
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Wi dabout 1.1 mW of peak output power at to 2700 GHz multiplier devices using GaAs and metal membranes,” in
components. We measured about 1. Pe; putp 2001 IEEE MTT-S Int. Microwave Symp. Dighoenix, AZ, May 2001,
room temperature at 765 GHz when pumped with about9 mW of  pp. 1641-1644. N N .
input power. From this, the efficiency was calculated to be morel?] N. R. Erickson, “A fast and sensitive submillimeter waveguide power
h 10% his f | b : Fia. 3 th h meter,” in Tenth Int. Space Terahertz Technol. Syn@harlottesville,
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