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Fabrication and subpicosecond optical response of low-temperature-grown
GaAs freestanding photoconductive devices
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We have fabricated and test&destandingow-temperature-grown GaAs photoconducting devices
exhibiting subpicosecond photoresponse. The epitaxially grown thin-film microswitches were
transferred on top of sapphire and Si/gi€ubstrates and integrated with Ti/Au coplanar strip
transmission lines. Our devices exhibited above 200 V breakdown voltages and dark currents at 100
V below 3x10™ 7 A. The photoresponse of our microswitches was measured using electro-optic
sampling technique with 100-fs-wide laser pulses at wavelengths of 810 nm and 405 nm as the
excitation sources. For 810-nm excitation, we measured 0.55-ps-wide electrical transients with
voltage amplitudes of up to 1.3 V. The ultraviolet excitation resulted in 1.35-ps-wide transients due
to the hot carriers generation and intraband relaxation.2002 American Institute of Physics.
[DOI: 10.1063/1.1518159

Low-temperature-grown GaA&T-GaAs) thin films ex-  prescribed position on any electronic or optoelectronic cir-
hibit subpicosecond relaxation time of photogeneratedtuit.
carrier$ and resistivity on the order gs>10° Q cm 1,23 Our devices were fabricated using molecular-beam epi-
making them the material of choice for fabrication of ul- taxy. We started with a 300-nm-thick layer of AlAs on top of
trafast photodetectofsTypically, LT-GaAs films are grown the GaAs substrate, followed by a 500-nm- to au-thick
in the temperature range 200—300 °C, followed by rapid ankT-GaAs film grown in the temperature range 200-25G°C.
nealing at 600 °C:> As was first reported by Yablonovitch The AlAs/LT-GaAs bilayer was subsequently patterned by
et al,%’ the AlAs grown under the LT-GaAs film enables photolithography and ion-beam etching to form a set of LT-
selective AlAs chemical etching and results in epitaxial lift- GaAs microswitches, featuring sizes from Ax10 um to
off of the LT-GaAs layer. This procedure allows for tfree- 150 umXx150 um. The LT-GaAs devices were next lifted
standingLT-GaAs film to be removed from the native GaAs from the GaAs substrate by selective chemical etching of the
substrate and transferred on top of a variety of nonepitaxiaf!AS layer in the diluted HF solution (HF:$D/1:9). After
substrates for material and device characterizdfidfBond- ~ €léaning in deionized water, a selected microswitch was
ing between the LT-GaAs and the new substrate surface itoransferred_ on top of a chosen subs?rate using a metallic tip,
established through the intermolecular Van der Waals forceflectrostatically charged and electrically isolated from the
Excellent adhesion and durability of tHesestandingLT- ground. To minimize height difference between the switch

GaAs was demonstrated by device patterning both b@foreand the substrate surfaces, our substrates contained 500-nm-
and aftet? the film transfer on top of sapphire or glass Sub_deep, ion-etched “wells” prepositioned at the designated mi-

strates. We must stress, however, that for successful LT-GaACerSW'tCh spots. Following the microswitch transfer, continu-

integration into practical electronic or optoelectronic cwcwts,ous. coplanar stnp(CPS tra_msml_ssmn Imesf [crossing our

. . devices were fabricated using Ti/Au deposition and a stan-
we need not only a robust technique for a reliable LT-GaAs : . : . .
. . . dard lift-off technique. A micrograph of one of our devices is
liftoff, transfer, and bonding, but also the size of the trans-ShOWn in Fig. 1
ferred structure must be microscopic, comparable with the Figure 2 shows typical current—voltage-V) character-

size %f thg COTﬁQnFntS qf the CII’CUItSf. ricat 4 obfi Iistics of freestandingLT-GaAs transferred on top of a sap-
The aim of this letter is to present fabrication and optical phire and Si/SiQ substrates, as well as, fas-grownLT-

properties ofreestandingnicrometer-size LT-GaAs devices, 5,as on native GaAs substrate, measured in the dark. The
integrated into circuits fabricated on sapphire and Si{SiO as-grownsamples exhibit ohmic dependence up~a0 V
substrates. Our microswitches can serve as, e.g., femtosegsq 4t higher bias nonlinear behavior is observed. On the
ond (THz bandwidth electrical pulse generators, located at agiher hand, théreestandinglevices show ohmic behavior in
the whole range of applied voltages up to 20Qcgrrespond-
dpauthor to whom correspondence should be addressed; electronic maiing to average electric field of 200 kV/gmFurthermore,

b)r-adam@fZ-iuelich.de _ o Fig. 2 demonstrates that ofreestandingstructures exhibit
?‘Ilsso;t the Department of Physics, University of Rochester, Rochester, NYmOre than a ten-fold decrease of the dark current as com-
9Also at the Institute of Physics, Polish Academy of Sciences, PL-OZBGdDared_ to theas-growndevices, and the)’_ show no sign Of_
Warszawa, Poland. electrical breakdown up to 200 V of dc bias. We ascribe this
0003-6951/2002/81(18)/3485/3/$19.00 3485 © 2002 American Institute of Physics
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FIG. 1. Photograph of an Au/Ti CPS transmission line with au20x20
um LT-GaAs microswitch placed in the CPS gap. FIG. 3. 0.55-ps-FWHM photoresponse offraestandingLT-GaAs switch
exposed to 100-fs-wide, 810-nm-wavelength optical pulses. The inset shows
the photoresponse amplitude as function&/gf and P, at fixed P.,=0.46
improved performance to the substantially higher band gapw and fixedV4,=92.2 V, respectively.

energy of sapphire and SJQE;=9.0 eV,Es'02~8.O eV) as
compared to the native GaAs Substra@gib‘*szl_ﬂ e\). toresponse signal of odireestanding.T-GaAs switch trans-
The substrates, though, have relatively poor thermal conduderred on the Si/Si@ substrate and illuminated by 810-nm
tivity at room temperature ¢*®"~0.35 Wcm 1K1, photons is shown in Fig. 3. The transient exhibits a 550-fs
a5%2~0.14 Wem 1K1, anda®#~0.59 Wenrtk™t).  full-width-at-half-maximum(FWHM) with 380-fs rise time
Thus, the further improvement in room-temperature perforand 400-fs carrier relaxation time obtained from signal am-
mance of ouffreestanding_T-GaAs devicege.g., higher de- Plitude drop to its ¥ value. The inset of Fig. 3 shows the
vice biasing and increased optical illumination poyean be ~ Photoresponse amplitude as functions\gf and P, with
achieved by the film transfer on top of a substrates with higHixed Pex=0.46 mW andV=92.2 V, respectively. We ob-
. On the other hand, sapphire exhibits extremely hight ~ Serve that both curves start with near-to-linear dependence
low temperatures¢®®*~100 Wcni 'K~ at 20 K) and is ~ and gradually reach saturation. The saturated photoresponse
an ideal choice for cryogenic devices. LT-GaAs coupling@mplitude at constantq;=92.2 V was~1.3 V for P¢,>2.5
with Si substrates is attractive as well, since it offers theMW. At low P levels, the device voltage responsivity, de-
combination of good thermal conductivity of Sia¥ fined as the ratio of photoresponse voltage amplitude to the
~1.60 Wenm 1K™ 1) and a large range of integration op- corresponding photoexcitation poweg, exceeds 1HV/W.
tions with existing electronic devices. The 405-nm-wavelength excitation beam was obtained
Photoresponse of ourfreestanding LT-GaAs mi- by frequency doubling the 810-nm-wavelength laser pulses.
croswitches was measured using 100-fs-wide, optical pulsekhe LT-GaAs microswitch photoresponses were then re-
from Ti:Sapphire laser at 405-nm and 810-nm wavelengthcorded for severaV/y ranging from 18.5 to 119.1 V at fixed
Electrical transients were recorded with the help of anPex=0.87 mW. The normalized photoresponse signals at
electro-optic sampling system, featuringd00 fs temporal Vac=26.89 V andVy=110.1 V are shown in Fig. 4. In all
resolution®® The transients were sampled at the spot locate§ases, the signal FWHM is equal to 1.35 ps, substantially
only ~10 um away from the device. Thus, the signal distor- Wider then for 810-nm photoexcitation. In addition, we ob-
tion caused by pulse dispersion effects in the CPS line wagerve a signal trailing shoulder that grows with the increase
minimized enabling the measurement of near-to-intrinsic carof Vac. In Ref. 14, the authors attributed the shoulder-growth
rier dynamics in our LT-GaAs films. The time-resolved pho-
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FIG. 2. |-V characteristics of ans-grownLT-Gas-on-GaAs device and the FIG. 4. Normalized photoresponse offreestandingLT-GaAs switch ex-
LT-GaAs microswitch transferred on top of the sapphire and SySiab- posed to 100-fs-wide, 405-nm-wavelength optical pulses for dc bias 26.89 V

strates. and 110.1 V.
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effect to generation of additional carriers due to local heating  This work was supported by the NSBrant No. INT-
and to limited effectiveness of recombination centers due t®078949, the ONR(Grant No. N00014-02-1-0026and by
the ionization of carrier traps. Both latter effects could con-Corning Inc.

tribute to the trailing shoulder increase in our photoresponse
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