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High-Speed Photoconductive Switch Based
on Low-Temperature GaAs Transferred
on SiIO,—Si Substrate

Martin Mikulics, Xuemei Zheng, Roman Adam, Roman Sobolewski, and Peter Kordo

Abstract—In this letter, we report high-speed photoconductive or eliminated. Structures with LT GaAs transferred by liftoff
switches based on low-temperature (LT) grown GaAs on Si sub- technique onto optically transparent substrates like glass and
strate. Epitaxially grown LT GaAs was separated from its sub- - ga5nhire have been reported [8], [9]. However, silicon substrate
strate, transferred on an SiO,-coated Si substrate and integrated . . . .
with a transmission line. The 10x 20-um? switches exhibit high ¢a" be another glternatwe because_ of the p053|b_le |n'Fegrat|on
breakdown voltage and low dark currents (<10~7 Aat100V). The Of LT GaAs switches and PDs with advances in Si-based
photoresponse at 810 nm shows electrical transients witk0.55-ps  electronics.
full-width at half-maximum and ~0.37-ps decay time, both inde- |n this letter, we demonstrate a high-speed photoconductive
pendent on the bias voltage up to the tested limit of 120 V. The q\itch pased on freestanding LT GaAs transferred on an SiO
photoresponse amplitude increases up te-0.7 V with increased - - . .
bias and the signal bandwith is~500 GHz. The freestanding LT coated_Sl_substrate and integrated W'th a coplanar-strip (CPS)
GaAs switches are best suited for ultrafast optoelectronic testing transmission line. Low dark currents, high breakdown voltage,
since they can be placed at virtually any point on the test circuit. ~ subpicosecond response of up to 120 V dc bias, and the ability to

Index Terms_(30p|anar Waveguide' ga|||um arsenide’ liftoff place the SWitCh at any Chosen pOSitiOI’l at the hOSt Substrate indi'
technique, molecular beam epitaxy, photoconductive device, cate that the developed devices can be useful for femtosecond-

photodetector. pulse generation and on-chip ultrafast optoelectronic testing.

I. INTRODUCTION Il. DEVICE PREPARATION

OLECULAR-BEAM epitaxial (MBE) GaAs grown  The device structures with LT GaAs active layer were grown
at low substrate temperature (LT GaAs) of aboudn 2-in semi-insulating GaAs wafer by MBE technique using a
200 °C-400°C is a promising material for the preparatiorvVarian GEN-Il equipment [2], [6]. They were prepared as fol-
of ultrafast photoconductive switches [1] and broad-bardws: at first a 300-nm-thick AlAs layer was grown on top of the
photodetectors (PDs) [2], as well as tunable sources of terah&&As substrate, followed by a 0.5- to Jua-thick LT GaAs
radiation by photomixing [3]. Dynamic behavior of thesgrown at the substrate temperature of 2883-250°C (thermo-
devices is based on nonstoichiometric nature of LT GaAsuple reading only). The structures were in-situ isothermally
accompanied with high density of defects resulting in lo@nnealed at-600°C for 10 min under local As overpressure.
carrier lifetime. However, further improvements of the device The device processing consisted of a multiple-step process in
performance are needed to be useful in applications. Therefosbjch LT GaAs layer was lifted from the GaAs native substrate
various modifications in device configuration, like vertical-illu-and transferred on top of an Si@oated Si substrate. Selective
minated traveling wave (TW) [4] and resonant-cavity enhancetiemical etching of the AlAs layer (HF 4@, 1:9) was used
(RCE) [5] structures, have been demonstrated. Besides tarseparate the LT GaAs layer from the GaAs substrate [10].
increase of the absorption efficiency, one can simply overcorbe separated LT GaAs with a featuring size fromx100 to
the problem of efficient light absorption versus critical LTL50x 150 um? was then transferred on top of an SiCoated
GaAs thickness [6]. The major difficulties in the use of sucBi substrate. Special care was taken to ensure that the contacting
PDs are efficient light coupling into the active region and highaurfaces were exceptionally clean so that the LT GaAs would ad-
requirements on the epitaxial growth. GaAs PDs with recessleelre to the Si@through molecular bonding. To minimize height
metal contacts, which improve electric field distribution in theifference between the LT GaAs and the substrate surface, the Si
active region, have also been reported [7]. Another alternatisebstrates contain ion-etched “wells” prepositioned at the des-
to improving the properties of LT GaAs switches and PDs ignated switch spots. Following the LT GaAs transfer, contin-
the use of a host substrate. In such a way, some of the unwanieds CPS lines crossing the device were fabricated using Ti-Au
effects related to the native GaAs substrate can be suppresserporation and a standard liftoff technique. An Siiterface
layer ensures insulation of the LT GaAs and the CPS lines from
Manuscript received September 13, 2002; revised November 12, 2002. Si substrate and improves absorption effciency in the LT GaAs.
M. Mikulics, R. Adam, and P. Kordbare with the Research Centre JillichNo antireflection coating of the LT GaAs surface was applied.

Institute of Thin Films and Interfaces (ISG-1), D-52425 Julich, Germany. A photograph of one of the prepared LT GaAs microswitches
X. Zheng and R. Sobolewski are with the Department of Electrical and Com-
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Fig. 1. Darkcurrentas afunction of applied bias for the LT GaAs microswitdhig. 2. Temporal response of the LT GaAs-on-$iGSi microswitch at the

on an SiQ-Si substrate. Photograph of the microswitch and CPS lines witlpplied bias voltage of 111 V (full line, left axis) and 18 V (dashed line, right
10-#m gap is shown in the inset. axis).

I1l. EXPERIMENTAL RESULTS Bias voltage (V)

The current-voltagelV') characteristics in the dark of LT 0,30 . 2l0 ] 4'0 . 6'0 . 810 : 1?0 ; 1‘?0 — 10
GaAs-on-SiQ—Si microswitches were measured at first. They ]
exhibit ohmic behavior in the wide range of biases, and low ) ]
dark currents€10~" A at 100 V), as shown in Fig. 1. Space- 06 - 1
charge effects (i.e., nonohmit-V' region) are not observed, [ J s o |
which indicates an efficient suppression of the high-field region 04 r e T
near the contacts [11]. The breakdown voltage was estimated -
to be higher than 200 V, which confirms for LT GaAs known 02} l'—‘ E
typical average breakdown field of200 kV/cm. I i I ]

The photoresponse of our LT GaAs-on-$#3i photo-
conductive microswitches was measured with an electrooptic
sampling system using-110-fs-wide optical pulses from a
Ti: sapphire laser at 810 nm. Both the excitation and sampling

Amplitude (V)
Response time (ps)

A\

O+ reference [12]
beams were focused with a long-focal-length (49 mm) micro- . T 0.1

scope objective te-5-um spots, positioned on the same place 10 ) 100

of 10-um-wide CPS gap on LT GaAs. The electrical transients Average electric field (kV/cm)

were measured at various dc bias voltages up to the tested IiﬁH.t 3. Response time as a function of average electric field (lower and right
of 120 V and laser beam excitation powers up to 3 mW. Adixes) and amplitude as a function of applied bias voltage (upper and left axes)
records show the same full-width at half-maximum (FWHME”he LT GaAs-on-SiQ-Si microswitch (open dots are response times for LT
of ~0.55 ps. Two examples for 18- and 111-V bias are showy S"0n-GaAs given in [12]).

in Fig. 2. Even more important is the observation that the

response timel(/e decay time) does not depend on the applied The response amplitude as a function of applied bias, mea-
bias up to 120 V and is-0.37 ps (Fig. 3, right axis). This is sured at the excitation power 6f0.46 mW, is shown in Fig. 3

in contradiction to the experiments on LT GaAs switches dteft and upper axes). At low biases, the pulse amplitudes in-
GaAs substrates [1], [12] showing response time increase wittease linearly with voltage, as expected. At higher biases, the
applied bias voltage (e.g+-0.3 ps akk10 V and~5 ps ai~50V amplitude saturates, indicating the decrease in the device collec-
[12]). Data given in [12] are shown in Fig. 3 too, and becaud®n efficiency. Similar dependencies have also been observed
of different contact spacing an average electric field is uséar other excitation powers and the saturated amplitudes ex-
instead of applied bias voltage. The response-time increase wasded 1 V at higher illumination powers.

attributed to thermal effects [1] or to a reduction of the electron Fig. 4 shows the frequency response of the LT
capture cross section with increased electric field as repor@dAs-on-SiQ@—Si microswitch obtained from the uncor-
recently [12]. Another explanation might be that the high fieldected transient measurements using the fast Fourier transform
region, which is located near the contacts, penetrates partidi§=T). The FFT results for signals recorded at 27, 55, and 119 V
into the GaAs substrate at high biases and subsequently sdii@s voltage are shown as examples. Fi&dB bandwidth
“slow” carriers contribute to the photoresponse. Howeveipr the bias up to 119 V is about 500 GHz. This is nearly the
this effect is absent in our structures and this underlines tk@me bandwidth as obtained for LT GaAs-on-GaAs substrate
advantage of presented LT GaAs-on-$#3i structures to [2]. Some peaks observed in the frequency responses above
achieve short response times even at high bias voltages. = ~200 GHz are apparently due to nonoptimized CPS lines.
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Fig. 4. Frequency response of the LT GaAs-on-SiSi microswitch at three

different bias voltages.

IV. CONCLUSION

8
We have demonstrated a high-speed photoconductive switch
on LT GaAs transferred on Si9Si substrate and integrated

with CPS lines. The devices show low dark currertd@™" A

at 100 V) and high breakdown voltagés 200 V). Photore-
sponses with~0.55-ps FWHM,~0.37-ps response time, and
up to 0.7-V amplitudes for bias voltages up to 120 V were oby;q

(1

[2]

(3]

[4]

(5]
(6]

(71

[9]

tained. The decay time did not increase with the applied voltage,

in contradiction to LT GaAs-on-GaAs switches. The&-dB

bandwidth of~500 GHz was obtained from as-measured tran

(11]

sients using FFT. The developed technology and the properties
of LT GaAs-on-SiQ-Si switches indicate that these devices can

; A 42!
be useful for high-voltage femtosecond-pulse generation an

on-chip ultrafast optoelectronic testing.
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