384 IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 8, NO. 11, NOVEMBER 1998

5-mW and 5% Efficiency 216-GHz InP-Based
Heterostructure Barrier Varactor Tripler

X. Mélique, C. Mann, P. Mounaix, J. Thornton, O. Véskn, F. Mollot, and D. Lippens

Abstract—We report on record performance in terms of effi- to be met [5], [6]. The frequency tripler, described here,
ciency and output power for an InP-based heterostructure barrier yses such InAlAs/InGaAs heterojunctions with a thin AlAs

varactor (HBV) tripler. Owing to a step-like INGaAs/INAIAS/AIAS | aver in the middle of the barrier. The associated benefit is a
barrier scheme, the device exhibits excellent voltage handling

with low leakage current (10 Alcn?) up to at least 5 V. A high voltage handling capability before significant conduction
4x 12 umz finger-shaped device in a dual Configuration y|e|ded which permits us to demonstrate the best planal‘ HBV’s results

a delivered output power of 5 mW (5.4% conversion efficiency) reported to date above 200 GHz.
at 216 GHz.

Index Terms—HBV’s, InP-based materials, varactor tripler. ll. INTEGRATION TECHNIQUES

The technology demonstrated in this letter starts from
the epitaxial material reported in [6]. In short, the blocking
. INTRODUCTION barrier consists of an lk2Alg.4sAs 5-nm-thick/AlAs 3-nm-
HISKER-CONTACTED [1], [2] or planar-integrated thick/Ing 52Alg 4sAs 5-nm-thick trilayered heterostructure.
[3], [4] GaAs-based heterostructure barrier varactoihis blocking layer was sandwiched between two 300-
(HBV’s) have now shown promise for millimeter-wave operam-thick cladding layers whose doping concentration was
ation and have key advantages over Schottky barrier varacttygically 1 x 10t cm~2. This basic scheme was grown two
in terms of device functionality (only the odd-harmonics arémes in sequence so that a dual configuration (two diodes
generated) and of epitaxial integration. A major limitatioepitaxially stacked) is thus obtained. In addition, a @rB-
of GaAs-HBV’s, however, stems from their relatively higtthick capping layer and lam-thick buried layer with an
leakage current. This is primarily due to the limited barrign-doping concentration of & 10** cm~2 are grown in order
height and to parasitic current contributions which involvtd implement low-resistance contact regions.
I'-X mixing effects. When these devices are used for har- The main effort on device fabrication concerns the techno-
monic multiplication, the nonup-converted power raises tHegical procedures aimed at planar integration of the devices
junction temperature resulting in a higher leakage curreby means of a low-parasitic air-bridge technique. To this
through thermal emission leading to a dramatic degradationaifn, we developed a pyrolyzation technique [7] with Hoescht
performance. InP-based HBV's may alleviate such a drawbagkotoresists. Pyrolyzation of photolithography patterned resists
primarily because the height of the blocking barrier, whictesults in a convex-shaped temporary mold for evaporated thin
prevents conduction through the structure, is high, while eagtetal films. Such a procedure permitted us to fabricate, with
cladding layer can be depleted according to the bias conditi@nrelatively high-yield finger-shaped ¢4n width), or round-
There has been a great deal of work in determining shaped devices. In addition, the single devices, which already
effective means to maintain the leakage current at a logwntain two epitaxially stacked barriers as aforementioned, can
level. The desired goal is to provide a barrier thick enoudbe further series integrated by placing two devices facing each
without sacrificing the benefits of a high barrier discontinusther. A scanning electron microphotograph of this configura-
ity. The step-like barrier scheme induced by the growth d&ion is displayed in Fig. 1. Otherwise, conventional fabrication
InGaAs/InAlAs/AlAs heterojunctions allows such a criterigprocesses including notably electron beam patterning and
nonselective reactive ion etching were used to process the 2-in
wafer using six mask levels.
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illustrates the capacitance voltage characteristics of a typical n ]
dual-barrier device. We thus found an intrinsic capacitance , 'c;\(K - 14
level of typically 1 fFfzm? for a single sample (two barriers) % A Y BN ] m
along with a capacitance ratio of 5: 1. The breakdown voltagg 1 T e 3
. 3 [ /oy 'ged¢ "q 3 8
reaches 12 V. Electrical measurements versus temperatufe PV FRCIF SabN &
demonstrate that impact ionization in the depleted zone ig ER ; 1] R
responsible for this breakdown process. The series resistanee, L b 1,
. . =] 4
does not scale with the area and hence was found dominated by % o| o "3
the spreading contribution. For a typical B8’ area device [ T N :\Q
with a distance between the mesa and the side ohmic contact ' - P 4, !
of 5 um, the best series resistance value was found to be as R N ]
low as 2.5¢2. In practice, this key figure of merit was deduced , L.. R I N P S 0

using the deembedding procedure described in [8]. Such a 210 220 230 240 250 260 270 280
promising result can be explained first by the use of a low gap Frequency (GHz)

(Eg = 0.7 eV), highly doped (5¢< 10*® cm—2), thick (1 xm), Fig. 3. Output power and conversion efficiency versus output frequency.
InGaAs buried layer lattice matched to InP. For instance, the

ohmic contact resistance which can be deduced from TLM

measurements can be as low as k510-7 Q-cn? with output power greater than2 mW was generated from 216

Ni/Ge/Au/Ti/Au ohmic contact material annealed at 400 FO 250 GHz as shown in Fig. 3'_ Also plotted in this figure
for 40 s. is the output power for 50 mW input. Above 250 GHz, we

For the mounting of the devices into the multiplier block?PS€rved a sharp decrease in output power even though the
the samples were first diced with a typical track depth ph&  Waveguide circuit has p’rewously operated to over 300 GHz
Then they were lapped to a thickness of 488 by HCl wet USINg GaAs based HBV’s [10]. This discrepancy is attributed
etching and finally separated into discrete chips by cleavidg. the thicker substrate (100m versus 50um) which has
The overall chip dimensions are 160220 x 100 um?. not b_een accounted for electrlcally._ We are _currently fl_thher

The tripler block used was a Rutherford Appleton Labhinning the samples to test the validity of this assumption.
oratory waveguide block described in detail elsewhere [9]. Fig- 4 shows the variation of the output power and of
It was equipped with a single backshort at the output ar‘ilﬂe overall efficiency measured at 216 GHz versus input
both backshort and E-plane tuners at the input. Input powkewer. The efficiency exhibits a steep increase for input
was delivered by a Carlstrom Gunn Oscillator (serial numbgpwer in excess of 20 mW and then saturates when the
H279) which could be mechanically tuned over the frequendjput powers reaches 100 mW. The maximum conversion
range of 72-96 GHz and gives around 100 mw from 72 &fficiency is 5.4%, whereas the delivered power is more or
89 GHz. Both input and output powers were measured usilegs increasing linearly. In the present experiment which was
separate Anritsu power heads which have been previouliipited by available input power, a maximum output power
compared with a Thomas Keating power meter. To date,0d5 mW is thus obtained in the lower part of the spectrum.
maximum output power 5 mW was obtained at a pump frdo the best of our knowledge, this is the highest performance
quency of 72 GHz £, = 216 GHz). However, a maximum published so far for heterostructure barrier varactor in this
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