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This letter describes time-resolved differential reflection measurements on low-temperature grown
GaAs on(100 Si substrates. The carrier recombination depends sensitively on growth and anneal
conditions. The differential reflectance signals of samples annealed at 600 °C are dominated by an
exponential subpicosecond transient, which can be as short as 370 fs. Optical microscopy and
atomic force microscopy show that the films are comparably smooth or smoother than other GaAs
material grown on Si. X-ray diffraction indicates tensile strain in the films, which is explained by the
different thermal expansion coefficients of GaAs and Si. 1899 American Institute of Physics.
[S0003-695(199)01643-3

Low-temperature grown GaAs$LTG-GaAs is well  report on the carrier dynamics of LTG-GaAs grown orf Si.
known for its subpicosecond photocarrier lifetiméhis  Our study extends these results to different wavelengths
property together with its high resistivity and high electronclose to the band edge of the LTG-GaAs film and investi-
mobility makes it one of the best photoconductive materialggates the effect of growth and anneal conditions in more
with subpicosecond response times available today. Photoddetail.
tectors operating at frequencies up to 560 &Hand sources For this study thin films of LTG-GaAs have been grown
of THz radiation such as photomix&rsave been based on by MBE on off-axis (100 silicon substrates, miscut by 4°
LTG-GaAs. We have investigated the growth of LTG-GaAstowards the[011] direction. The structural quality of the
by molecular beam epitax¢MBE) directly on silicon(Si)  films has been characterizeusitu by reflection high energy
substrates. The use of silicon substrates is important becausgectron diffraction(RHEED) andex situby optical micros-

Si has three times the thermal conductivity of GaAs. This iscopy, atomic force microscopgAFM) and double crystal
needed for high power applications such as photomixek-ray diffraction (DCXD).

devices’ Other motivations are the prospect of integrating  The procedure for synthesis of LTG-GaAs on Si consists
LTG-GaAs with Si-based electronics and larger substratef the following steps: After a cleaning proceddfehe sub-
sizes. strates are transferred into the MBE system where the native

About a decade ago the growth of GaAs on Si was inoxide is desorbed by increasing the substrate temperature to
vestigated in great detdil.The main problems associated 800 °C and exposing the Si substrate to the Ga beam and the
with heteroepitaxy of GaAs on Si are the different crystalsj beam'?>!® We nucleate the GaAs growth at a substrate
structures, the lattice mismatch of 4% and the different thertemperature of 400 °C and grow 100 nm. This layer is then
mal expansion coefficients. The lack of inversion symmetryannealed for 10 min at 600 °C followed by growth of 25 nm
in the GaAs crystal structure can lead to the formation ofof GaAs at 600°C. At this point, the RHEED pattern is
antiphase domainéAPDs). The formation of APDs can be streaky but usually shows no evidence of surface reconstruc-
suppressed for example by growing on off-ai®0) Si sub-  tjon. This procedure is known as the two-step nucleation
strates. Due to the lower growth temperature the strain remethod. This initial layer serves as a template for the LTG-
sulting from thermal mismatch will be less problematic for Gaas layer. The growth is interrupted while the substrate
LTG-GaAs on Si compared to regular GaAs on Si. A fewtemperature is lowered to temperatures between 220 and
groups have reported growth of LTG-GaAs on'Sl. 280°C as measured with a thermocouple touching the back

Several researchers used pump—probe techniques 10 igf the substrate. 900 nm of LTG-GaAs are deposited at this
vest|gﬁgllthe carrier dynamics in LTG-GaAs grown onjoy temperature. The RHEED pattern during the LTG-GaAs
GaAs. """ Annealed LTG-GaAs material shows subpico- growth is spotty indicating a rough, crystalline growth front.
second photocarrier lifetimes for anneal temperatures up t0  The films appear specular and featureless to the naked
approximately 600°C:™® If the anneal temperature iS eye as well as under an optical microscope. Phase contrast
700°C or higher the lifetime exceeds 1PsThere is one  Nomarski microscopy does not reveal any roughness. The
rms roughness as determined by AFM in qu& by 2 um
dElectronic mail: kadow@engineering.ucsb.edu scan is typically around 2.5 nm with a peak to peak variation
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FIG. 1. Time-resolved differential reflection signals from samples grown at %?
240 °C. The samples are as-grown and annealed at 600 and 700 °C. r}i
0.01E%
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below 30 nm. This is about an order of magnitude higher L2 I I I B
than the roughness we find on LTG-GaAs grown on GaAs =20 0.0 20 40 6.0 8.0 100
substrates; but it is among the best roughness values reported Time [psec]

A 4
for GaAs grown on St . .. FIG. 2. Time-resolved differential reflection signals from samples grown at
DCXD shows that the lattice constant of the GaAs film gifterent temperatures ofta) 220 °C, (b) 240 °C, (c) 260°C and (d)

normal to the interface is 0.2% shorter than the GaAs bulkgo °C. All samples are annealed at 600 °C. Each set of data is fit with the
value. The full width half maximum{FWHM) of the peak sum of two exponentials. The inset shows the dependence of the initial
from the GaAs film is approximately 1000 arcsec. We be-ransient decay time, on growth temperature.
lieve that the tensile strain is due to the different thermal _
expansion of GaAs and Si. The GaAs film contracts moresamples annealed at 600 and 700 °C. These traces illustrate
than the Si substrate leading to the tensile strain. In contragfe trends we find on the samples from all four wafers. As-
LTG-GaAs films on GaAs substrates are strained compredfown samples and samples annealed at lower temperatures
sively due to the excess As in the films. (approximately up to 525°Cshow differential reflection

The response time of the material was measured b§ignaIsAR/R that consist of a subpicosecond transient re-
time-resolved differential reflection. Our experimental setupSPONse on top of a term that is essentially constant on the 10
is a pump—probe arrangement using short laser pulses geRS time scale mve;sﬂgated. Both signal components are of
erated by a mode-locked Ti:sapphire laser. The laser pulsé&®mparable magnitude. The exact dependence of the two
are centered at a wavelength of 858 nm. Their repetition ratg0mponents on anneal and growth temperature appears to be
is 105 MHz and their duration is 135 fs. Pump and probecomplicated. SomeAR/R signals also contain additional
pulses are polarized orthogonal to each other. The pumferms and the constant term depends on pump power in a
beam is modulated with an acousto-optical modulatomonlinear fashion. Here we will not discuss samples annealed
(AOM) at 9.0 MHz. Additionally the pump and the probe at these low temperatures in more detail. If the anneal tem-
beam are modulated with a mechanical chopper at 2.5 areratures are increased further up to 600 °C, the magnitude
1.8 kHz, respectively. The signal is measured using lock-irPf the constant term decreased and the magnitude of the tran-
detection. The average powers are typically 10 mW for thesient response increases. The subpicosecond transient domi-
pump beam and the 0.35 mW for the probe beam. XRéR nates theAR/R signals of the samples annealed at 600 °C.
signals are independent of probe power for the power leveldhese samples are discussed in more detail in the next para-
used. The spot size on the sample is abouj0 graph. TheAR/R traces of samples annealed at 700 °C have

We estimate that each pump pulse generates approxilecay times in excess of 1 ps. Sign reversal of ARR/R
mately 2x< 1017 cm2 carriers. The wavelength of 858 nm is Signals was not observed in this experiment.
chosen because it is about 16 meV larger than the band edge W€ now focus on the samples annealed at 600°C be-
of GaAs at room temperature. Therefore carrier coolingt@use they may prove useful for subpicosecond photocon-
within the bands by optical phonon emission should not afductive applications. Figure 2 shows th&/R signals from

fect the measured signals. The measured changes in refleg@mples grown at different temperatures and annealed at
tion are on the order of 10 600 °C. A least square fit with the sum of two exponentials

Different samples from the same wafer underwent rapids also shown for each set of data. Table | summarizes the fit
thermal annealing in a forming g&a80% N,, 10% H,) am-
bient for 30 s at anneal temperatures of 400, 500, 525, 550ABLE |. Fit parameters for fits shown in Fig. 2.
575, 600 and 700°C. The samples are capped with a GaAg,, - oC
wafer during the anneal to avoid outgasing of As. Samples— " sroun () n (P9 ™2 (P9

from four wafers grown at 220, 240, 260 and 280°C were & 220 0.37 3.0
measured. 2 ggg g.gg o;g
Figure 1 shows signals measured on the wafer grown at 4 280 0.68 18

240°C. The three traces are from an as-grown sample and
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parameters. The first exponential term accounts for at leastaction indicates tensile strain in the films which is ex-
86% of the signals initial amplitude in all cases. The inset inplained by the different thermal expansion coefficients of
Fig. 2 shows the time constantg of the first exponential GaAs and Si. Pump—probe experiments demonstrate that
term as a function of growth temperature. The time constantarrier recombination is very sensitive to anneal and growth
74 monotonically increases from 370 to 680 fs with growth conditions. When annealed at 600 °C, a subpicosecond tran-
temperature. The best fit for the sample grown at 240 °C isient dominates the time-resolved differential reflection sig-
achieved whenr, approaches large values compared to thenals. However, the signals also contain a smaller slow com-
time scale of the measurement. For that reason werjet ponent. LTG-GaAs grown on Si is promising for high speed,
approach infinity. The time constanf does not show a clear high power devices where a higher thermal conductivity is
trend with growth temperature. needed and for integration of a high speed photoconductor
Judging from the differential reflection measurementswith Si based circuitry.
anneal temperatures around 600°C seem best suited to
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