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Femtosecond optical-pulse-induced absorption and refractive-index changes in GaAs
in the midinfrared
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We report on measurements of the ultrafast changes in the absorption and refractive index of pure GaAs in
the near-infrared and midinfrared ranges of the optical spectrum. The multicolor experiments have been
performed by using an ultrafast optical parametric oscillator that allowed photoexcitation of the electron-hole
plasma, and probing the associated changes in both parts of the dielectric function in a wide spectral range
(~1-4 um) with femtosecond time resolution. We found that while the change in absorption is primarily due
to resonant inter-valence-band optical transitions and, therefore, provides information on the dynamics of
nonequilibrium holes, the corresponding refractive index change is dominated by the nonresonant Drude
contribution of free carriers. Unlike the dynamics of the absorption coefficient, the time evolution of the
refractive index change is found to be strongly affected by the processes of diffusion of free carriers into the
bulk of the material and surface recombination. The latter effect may proceed on a picosecond time scale
depending on the surface quality of the samples. We deduced from our measurements that the characteristic
surface recombination velocity constant may be as high as T05cm/s. [S0163-18209)15835-1

I. INTRODUCTION while the induced absorption is dominated by the band filling
. p . .
effect in the valence band, thus reflecting the associated non-
A detailed understanding of the relaxation mechanisms oquilibrium hole dynamics probed via resonant transitions in
photoexcited carriers in semiconductors is essential for varithe band, the refractive index change is primarily due to the
ous problems ranging from the development of high_spee@onresonant Drude contribution of free carriers. The time
electronic devices to fundamental questions in many-bod volution of the refractive index change, unlike that for the

d ol a phvsics. The tremendous proaress of femtose bsorption, is found to be also influenced by carrier diffusion
anad plasma pnysics. us prog nd surface recombination effects. Depending on the sample

ond lasers in different wavelength regions has made possiblg, ,cture and its surface quality, these effects may proceed
the observation of the initial stages of carrier relaxation. Ingp 3 time scale as short as several picoseconds.

particular, several studies have reported separate measure-
ments of either electrdror hole dynamics® on the ultrafast Il. EXPERIMENT
time scale using multicolor, tunable femtosecond laser

sources. In our work?® we have studied th_e_ eyolution on the samples using the well-known femtosecond pump-probe
f_emtosecond t|m§ scale of the nonequilibrium heaYy'h()letechnique in either transmission or reflection mode. We used
Ilght?holg, an_d split-off hol¢HH, LH,_and _SO, respectively a thick (d=400xm) bulk GaAs sample r(,<10Mcm3)
distributions in GaAs probed selectively knspace near the o, gifferent sample structures with GaAs epilayers in order
zone center following fs pulse-induced valence-0-i, estimate surface recombination and diffusion effects. A
conduction bandV-C) transitions. The time-resolved probe high repetition rate, widely tunable femtosecond OPO using
of the corresponding induced absorption in the valence bang periodically poled lithium niobate crysfavas used as the
has been implemented using femtosecond pulses from gurce of the probe radiation. The OPO was synchronously
broadly tunable optical parametric oscillat®PO in the  pumped by an 85-MHz repetition rate, high average power,
midinfrared which has made it possible to induce direct opmode-locked Ti:S laser delivering 90-fs pulses at a tunable
tical transitions between the states in the HH or LH bandcentral wavelength around 800 nm. A part of the Ti:S laser
and those in the SO band within a broad rang&-afctor  output was used as the sample pump beam, while the
values. variable-delayed probe pulse was either the ihe2—4 um)

In this paper we present our results on the measurements the signal~1.0—1.3um) branch of the OPO output. The
of the photoinduced changes in the absorption and refractivéme resolution of the system was estimated by making
index of GaAs measured in a wide spectral range in theross-correlation measurements in BBO or KN@nlinear
midinfrared. Previous studies on hole dynamibssed on crystals. Depending on the wavelength of the probe beam,
mid-IR absorption did not examine explicitly the influence of typical values of the cross-correlation widtfull width at
the associated changes in the reflectivity on the timehalf maximun) were in the range of 150-220 fs. The time-
resolved transmission signal. Our study shows that thelependenAT/T andAR/R signals(or differential transmis-
changes in the reflectivity strongly affect the time-dependension and reflection signalsorrespond, respectively, to the
transmission signal in the midinfrared, and should be caremeasured changes in the intensities of the transmitted and
fully taken into account when analyzing the carrier dynamicsreflected probe beams. Using standard differential and
in an uncoated semiconductor sample. We demonstrate thidck-in detection techniques, the sensitivity of the system

The measurements were performed on a variety of GaAs
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allowed us to detect the changesAd/T or AR/R on the
level of ~10° 5. heavy hole band probe - light hole band probe

IIl. RESULTS AND DISCUSSIONS

Taking into account the fact that without photoexcitation _ |
there is no absorption for pure bulk GaAs in the probe wave- ™
length range and that, under moderate photoexcitation, the1.2f
refractive index changes are smalin(t)<n], the time- 4l
dependenfA R/R for a thick sample can be represented by a
simple formula

AR(hwp 1) 4XAn(hwy,t)

R T nf(hop) -1 7 D g
For an antireflectiofAR)-coated sampleR~0) and small ™[
changes in the absorptidn «(t)], it can be shown that for  -1.6f
our combination of the pump and probe photons, 0 500 1000 1500 0 500 1000 1500
delay [fq delay [fq
AT(hwp,t)
_( T ) =Aa(hwp,t) X daps, 2 FIG. 1. The normalized measurgé@), (c)] and calculated(b),
R=0 (d)] differential transmission curved{/T)|g—, for the AR-coated

whered,is the absorption length of the pump beam. Thusbulk GaAs sample for several different probe wavelengitisand
measurements of AT/T)|z_, (i.e., for an AR-coated (b) reflect the dynamics of the heavy holes, wtig and (d) rep-
sample and AR/R for an uncoated sample give experimen- resent the light-hole dynamics. All curves are presented on a nor-
tally both parts of the complex dielectric function of GaAs in malized scale and offset for clarity. Heavy-hole probe wavelengths
the midinfrared. It is important to note that, while the differ- (from top to bottonx: 2750 nm(_._._.__), 3500 nm(~ — ),
. : : : . 3020 nm(- - - -), and 3150 nm(—). Light-hole probe wave-
ential absorption measurement gives information on pros :
. . . . lengths (from top to bottom: 3600 nm(—.—.—.—), 3800 nm
cesses mainly in the bulk of a sample, thA&/R signal is (- - - ), and 4000 nmM—)

sensitive to different effects at the surface of a sample.

HH band and~3.3x10° cm™? for the LH band. The corre-
sponding wavelengths of HH-SO and LH-SO transitions in-
volving these nonequilibrium hole distributions are centered
Neglecting free-carrier(intraband absorption mecha- at) ¢~ 3.1 and~3.8 um, respectively. We have shown in
nisms, for the midinfrared probe photons, the differential abqyr earlier worR that for the range of probe wavelengths
sorption (Aa) through the sample following pump-pulse- shorter than-3.5 um, the main contribution toAT/T)|z_o
excited HH- and LH-toS transitions is given by comes from the temporal evolution of the heavy-hole distri-
bution. Fork pqpe>3.6um, the signal is proportional to the
Aaredhwp, )= apn.sd o wp) X Frl En(K),t]+ @insdiop)  jight hole distribution function.
X[ Epn(K),t], (3) We have modeled the tir_ne-dependent absor_ption give_n by
Eqg. (3) on a femtosecond time scale by numerically solving
where app s wy) and ajn.sffiwy,) are constants propor- the Boltzmann equatidrfor nonequilibrium hole distribution
tional to the respective transition probability and joint den-functionsf, andf, under our experimental conditions. The
sity of states at the probe photon enevgy, = Enp i Eso- model has been shown to give good agreement with the ex-
The functionsf,, and f, are, respectively, the distribution perimental data on hole dynamics reported in Ref. 4, where a
functions of the HH and LH bands excited by the pumpquantitative description of the relevant scattering processes is
beam, assuming initially empty hole bands evaluated atjiven. In our simulation, we used an isotropic, parabolic ap-
Enn(k), En(K), andEgk), the energy states in the HH, LH, proximation for the band structure of GaAs, with the effec-
and SO bands. tive mass parameters taken from Ref. 10, which lead to sig-
The absorption coefficient change in the midinfrared hasnificant simplifications in solving the Boltzmann equations
been measured for a 4Qaw-thick bulk GaAs sample that for the nonequilibrium hole distribution functions. The cal-
was antireflection coated in the 3+4n range. The experi- culated time evolutions of the distribution functions were
mental differential transmissiom\(T/T)|r—o signals for this  finally convolved with the experimental cross-correlation
case are shown in Figs(d) and Xc) at different probe wave- and the spectrum of the pulse to give the simulated
lengths when the pump pulse wavelength was set&0  (AT/T)|gr-o for comparison with our experimental results.
nm. Taking into account the valence-band structure of GaAsThe results of these calculations are shown in Fids) and
with the nonparabolicity effects accounted for according tol(d). In the case of probing of the heavy-hole distribution
the work of Schol?, the initial energies of the heavy and [Figs. 1a) and Xb)], the calculated and experimental results
light holes are~15 and~55 meV, respectively. lkk-space, are in good general agreement. Both the experimental
these excitation energies correspond to nonequilibrium HHAT/T)|r-, signal taken at different probe wavelengths in
and LH distributions centered &t~4.5x10°cm™ for the  the region of~3.0-3.4um (HH probe and the calculated

A. Time-dependent midinfrared absorption due to the
intervalence band transitions
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4 - time delays correspond, respectively, to the maximum nega-
tive (AT/T)|gr=, value and to the delay time when the qua-
siequilibrium distribution is reached. The calculated result
based on Eq(3) for slightly higher than room temperature

' Q1 (T=330K),’? and a photoexcited carrier density o2

ot /] x 10 cm™2 is shown as the solid line in Fig. 2. We also

[72]
0
[
2
< . assumed a quasiequilibrium distribution for holes, and have
=
=

—— =1500fs (g)

e TS E200fs

3r < calculatioq .
4

"7 taken into account our probe pulse bandwidth. The calcula-
1r § tion provided only a relative value of the absorption; the
resulting absorption curve was scaled to match the experi-
- - - mental data. The result is in general agreement with the ex-
, () perimental data. The discrepancies are attributed to experi-
. mental error and to the fact that certain band-structure
propertiese.g., warping and nonparabolic effects, pteere
not accounted for in this calculation. Apart from these points,
there is possibly a small contribution due to free carfier
traband absorption, which is discussed below. We also note
=1500fs - that the shape of the theoretical curve is found to be sensitive
¢~ TTTT =200fs to the sample temperature and probe pulse bandwidth varia-
st i tions, which might not have been accounted for properly.
L . . The absolute value of the experimentally measured absorp-
2.5 3.0 3.5 4.0 tion at our typical excitation density of 2x 107 cm ™3 is
probe wavelength [,m] about 10-30 cm! in the wavelength range of3—4 um, in
good agreement with previous linear absorption experiments
FIG. 2. (a) The experimental resonant differential absorption On p-doped GaAs® A characteristic minimum in the absorp-
spectral — (AT/T)|r_o=AaXd,pe of the AR coated bulk GaAs tion dependency versus wavelength is observedaé um.
sample presented for two different delay times. The photoexcited his wavelength corresponds to probing at the zone center
carrier density was estimated to be2x 10" cm™2. The solid line ~ Whereapn.sdfiwp,) andey,.sf wy,) vanish because of selec-
represents the result of calculation using ). (b) The calculated tion rules. For wavelengths longer thart um (~ 0.3 eV),
differential reflection signal due to the corresponding resonant rethe absorption drops sharply because of the absence of reso-
fractive index change based on the experimental data\foob-  nant transitions between the states in the HH/LH bands and
tained from the data shown in the upper part of the figure and the¢hose in the SO band. It is worth noting that the drop in the
Kramers-Kronig relation§Eg. (4)]. absorption for wavelengths longer thanwn in our pure
GaAs samples is significantly deeper than that reported in
results show a dip at early time delays that is associated witRef. 13 onp-doped GaAs.
the hole burning effect. There are, however, also some dif- We believe that the free-carrigintraband absorption
ferences between the experimental and simulated resultgiechanism is too weak to affect our experimental data sig-
First, the experimental result show that the hole burningnificantly. Based on data from the review paper by
structure is noticeably broader compared to the calculateBlakemore'® we estimate that, for the carrier density excited
signal. Second, the peak of the dip in the experimental rein our experiment, the free-carrier absorption coefficient at
sults at 3150 nm is slightly blueshifted compared to the corwavelengths between 3 andm is on the order of 1-2
responding calculated result at 3280 rinot shown. This  cm™L. This absorption level is far less than the induced ab-
slight discrepancy can be attributed to the parabolic bandorption observed in our experiment. Even Afope
approximation used in the calculations. The smaller ampli~4.3um, where the measured absorption has fallen signifi-
tude of the dip and broader hole burning structure for thecantly from its peak level, theXT/T)|gr—o measurements
experimental curves suggest higher scattering rates for thedicate that the absorption coefficient is on the level of
heavy-hole band. The dip in all calculated wavelengths cor7—10 cm%, or approximately an order of magnitude greater
responding to probing of the light-hole band-3600— than the estimated free-carrier absorption.
4000-nm regioh appears deeper than the corresponding ex- Thus the observation of spectral hole burning, a charac-
perimental result. A possible reason for this discrepancy iseristic minimum in the probe wavelength dependence of the
that a parabolic approximation to the light-hole band resultsnduced absorption, and a sharp drop in the absorption be-
in a lower estimated quasiequilibrium light-hole populationyond 4 um confirm that, in pure GaAs, the absorption in the
density, which in turn, would lead to less absorption after themidinfrared up to 4um is due to the two different interval-
initial period showing the dips. We conclude, therefore, thatence band transitions, namely, HH-to-SO and LH-to-SO
a more rigorous model for the holes, accounting for all theband transitions. Because HH transitions dominate in one
above mentioned effects and including all possible scatteringvavelength regiof<3.5 um) and LH transitions dominate
processes using nonparabolic bands, for the light-hole bandin another(>3.6 um), and neither transition is affected di-
in particular, has to be applied in order to explain all therectly by the conduction band population distribution, the
features observed in the experiment. multiwavelength pump-probe technique described here can
The magnitude of £T/T)|g( versus wavelength is pre- provide independent information about the ultrafast evolu-
sented in Fig. @) for delay times of 200 and 1500 fs. These tion of the HH and LH population distributions.




PRB 60 FEMTOSECOND OPTICAL-PULSE-INDUCED.. .. 8893
< 0.0
0 8.0x107 s
= -1.0x10"
A pump=800 nm 4.0x10°3 3
‘ -2.0x10
1 A probe 3280 nm 0.0 -3.0x10°3
5 |} e NS 1,0x10™ 0
& ] : -6.0x10
= 0.0 ~
B | 1060 nm -1.2x10°3
S -2 _ -1.0x10™4 -1.8x1073
) eeiida 0.0
""" 0.0 ~1340 nm 3
-toxto f -1.0x10
3 i 20xt0% |7 -2.0x10°
-, ] N 1 i B 4 WJ,I\—W 3
500 1000 1500 3.0x10 -3.0x10
delay [fs] 0.0 1920 nm 00
-4.0x107 -1.0x10"
. -8.0x10™ -2.0x10°
FIG. 3. MeasuredAR/R (dotted ling and AT/T (dash-dotted YT -3
. -1.2x10 -3.0x10
line) curves for the uncoated GaAs sample at a probe wavelength of
~3.3 um. The dashed curve corresponds-ta a X d,,swhereAa 0'3 ~2430nm [ | T 0.0 3
is determined, making use of the results of Ref. 14, from the mea-  -4.0x10 ~3840 nm ‘1'2"10_3
suredAT/T andAR/R for an uncoated sample. The corresponding ~ -8.0xt0™ { ~ -2.4x10°
measured £T/T)|g-o signal for the AR-coated GaAs sample -1.2x107 . -3.6x10
(solid line) is plotted for comparisohSee Eq.(2)]. 0 5 10 15 0 5 10 15
delay [ps] delay [ps]

B. Mid-IR resonant refractive index change

FIG. 4. MeasuredAR/R (solid line) and AT/T (dashed ling
_ o . signals for the uncoated pm-thick GaAs epilayer sample at dif-
coefficient due to the, resonant transitions in the Valen(,:(?erent probe wavelengths following photoexcitation by the pump
_band, the correspondlng_ changes _of the resonant refrac:_tl\ﬁ-;ﬂse (pum~800 M) The near-surface carrier density was esti-
index (An,gd can be estimated using the Kramers-Kronig mated to be~2x 1047 cm™3.
relation

With the knowledge of the dispersion of the absorption

mentally measuredXT/T)|g—o signal for the coated sample
(solid line) can be seen in Fig. 3.

Apart from the contribution to the differential reflectivity
signal due taA n,.sthere is the contribution originating from
the refractive index change due to the Drude contribution of
free carriers excited in the sample. Within this motféfthe
change in the real part of the dielectric function due to the
free carriers in the high-frequency limit is given by

c
Anedw)=—P

41

fmAa(w )dzw , @

®'°—w

wherec is the speed of light, an& denotes the principal
value of the integral. The calculated R/R),.s based on
such calculatedn,esusing Eqs(1) and(4) is shown in Fig.
2(b). The corresponding magnitude of th&R/R) s Signal

is approximately an order of magnitude smaller thap that of Are? Nc(t) N, (t)
the measuredT/T)|r—, signal. Therefore, the contribution Ag=-— 2 > e > | (5
to the differential reflectivity signadlue to the induced reso- prol¢ ¢ v v

nant refractive index changis not expected to noticeably )
affect the corresponding differential transmission signal fowhere the sums are over all conducti@y and valence \()

the uncoated samplevhich we denote ad T/T below). bands,N,, are the carrier densities in each band, amd,
are the respective effective masses.

We have made differential absorption and reflectivity
measurements at several different probe wavelengths. The
results are shown in Fig. 4 on a picosecond time scale. These

The experimental data for the uncoated sample presentedeasurements and the related discussion given below pro-
as an example in Fig. 3 show, however, that the differentialide a global view of the ultrafast absorption and refractive
absorption signal is strongly influenced by the correspondingndex properties of pure GaAs in the midinfrared.
changes in the reflectivity. The latter is of the same order of The measured ultrafast responses in the upper left corner
magnitude as, and has a strong effect on, the temporal profilef the figure correspond to pump and probe wavelengths
of AT/T (dash-dotted curve in Fig,)3thus making it notice- centered at-800 nm. TheAT/T curve for this combination
ably different from the correspondingA{T/T)|r-o (solid  of wavelengths is for a sample structure consisting of 0.27
curve in Fig. 3 for the AR-coated sample. Properly account- um of GaAs epilayer between two §:Ga, »5As layers. A
ing for the influence of reflectivity on the differential absorp- 5-um-thick GaAs epilayer sample grown on a GaAs sub-
tion signali* we can deduce the transmission signal due tcstrate has been chosen for the correspondiRgR measure-
bulk absorption(i.e., —AaXd,,) shown as the dashed line ment in order to avoid etalon effects. Apart from the magni-
in Fig. 3. Good agreement between this curve and the expertude of the signals, they, in general, exhibit similar temporal

C. Refractive index change due to the Drude contribution
of free carriers
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' T ' ‘ ' ' ' densities for the corresponding bands after photoexcitation
Of =__ T have been estimated using Boltzmann rate equations for the
I ] distribution functions of the carrief€.We attribute the small
Ar 3 § differences between the experimental data and calculated
[ curve shown in Fig. 5 to the corresponding contribution to
x -27 EE T AR/R due to the resonant refractive index chafgee Fig.
% " ] 2(b)]. Thus we conclude that, in the midinfrared, the differ-
N =37 i ential reflectivity signal is almost entirely due to the nonreso-
- 17 3 nant refractive index changes associated with the Drude con-
-4r Nexc~2_6x1 0 'cm y tribution of free carriers.
i ‘ L . . ] D. Time evolution of the differential reflectivity signal
1.0 15 20 25 3.0 35 40 The nonresonant contribution WR/R is related to the

change in the index of refraction at the entrance facet,
An(z=0,), due to the Drude contribution of free carriers.
Its time dependence is determined by that of the free-carrier
density,N(z=0), at the interface which is, in turn, deter-
mined by the bulk and surface diffusion processes. Assuming

. . harge neutrality and neglecting the slower bulk radiative
shape suggesting that, for this probe wavelength, both th(rz.:f‘ecombination effect, these diffusion effects are well de-

absorption and refractive index changes are of the same ori-_". ;
: " . cribed by the equation

gin, namely, a resonant transition between optically couple&

states in the valence and conduction bands. For this case, the

free-carrier contribution estimated with the help of Es).is

more than an order of magnitude smaller than the observed

AR/R signal, and, therefore, has a barely noticeable effect on

the signal when comparing the details of the time evolutiorgubject to the boundary condition

of the AT/T andAR/R signals at short time delays. Also, for

the interband transition, many-body effects have been re- 5

ported to contribute to the observed differences in time be- 7 _

havior of the absorption and refractive indexes chariges. D 22Nz Dlz=0=SNOD), 0

The remaining traces in Fig. 4 show the measured results

at longer probe wavelengths, where there is no appreciablghereD is the ambipolar diffusion constars,is the surface
contribution from the valence-to-conductioN-(C) band velocity, andg(z,t) is the generating function for the pump-
transitions. For example, in the case ®fne~1060nM  photon excited carriers. It can be shdthat Egs.(6) and
(1.17 eV}, the correspondingd R/R signal becomes negative (7) lead to the following integral equation for the carrier

and its magnitude is of the same order as that expected fefensity at the surfacéy(0t), assuming no transverse varia-
the free carrier contribution. We believe that the variation intjgn:

the correspondind T/T signal(dashed curveis mainly due

to the influence of the reflectivity changes and is, therefore, R

an inverted replica of the reflectivity signal. However, reso- N(O,t)=f J 9(20,t0)G(01t|2g, to) dtedz,
nant intervalence band transitions and, to a much lesser ex- -~Jo

tent, contributions due to near-reson&fiC transitions are .

probably also important, since certain differences are ob- _SJ' N(0o)G(0t
served in the time dependence of the two signAR/R and —o

AT/T) at longer time delays. At wavelengths somewhat

longer than\ ,gpe~1.34um, the onset of the induced inter- where

valence band absorption is clearly seen. We note that the
induced intervalence band absorption for the wavelength
range of 1.33—1.58m has been observed earlier in picosec- 1 B (z2—29)*
ond time-domain experiment8,although absorption stron- Zm ex 4AD(t—tp)
ger (by approximately a factor of)3than that seen in our

study was reported. The{AR/R) signal increases continu- (z+20)?
ously with the probe wavelength, and the change in the +ex _4D(t—t0)
AT/T signal is dominated by the effect due to the change in

AR/R as can be seen for probe wavelengths longer thal ihe Green’s function satisfying the equation
~3.6 um. As for the magnitudépeak valug of the AR/R
signal (see Fig. 5 good agreement is found between the ; ;
experimental and theoretical curves based on(kg.where _

the effective mass parameters for the GaAs bands have bedhaz2 C(Zt20.to) = 53 G(2:t20,t0) = — 8(z=20) A(t—to),
taken from the review paper by Blakemdtand the carrier (10

FIG. 5. The magnitude of th&R/R signal vs wavelength for an
uncoated Sam-thick GaAs epilayer. The photoexcited carrier den-
sity was ~2x 107 cm™3. The solid line represents the calculated
curve using the Drude modgEq. (5)].

DVZN(z,t)—%N(z,t)z—g(z,t) (6)

Oto)dty, €)]

G(Z,t|ZO,t0):

] C)
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FIG. 6. The measurelR/R signal taken at a probe wavelength ~ FIG. 7. Differential reflectivity data demonstrating the influence
of ~3.35 um (solid line). The dashed curve represents the calcu-Of the surface recombination effect for samples of different surface
lated result based on Eq4), (5), and(6)—(11). The best fit corre- quality: solid line, 0.27aum-thick epilayer sandwiched between

sponds to the surface recombination velocity constant-gt5  Alo7sG&2sAs layers; dashed line, pm thick GaAs epilayer
X 10° cm/s. grown on a GaAs substrate; dotted line, GaAs substrate material

mechanically polished using aluminum oxide pow&B-um par-
ticle diametey.
with the boundary condition
surface reflectivity could be used as a technique to probe the
surface quality of a semiconductor sample.

J
EG(Z,tlZO,to)EO:O:O. (11)
0 IV. CONCLUSIONS

In conclusion, we have measured the time-dependent
Equation (8) can be solved by numerical iteration. We changes in the absorption and refractive index in bulk GaAs
assume that the time dependencegéf,,t,) follows the in the midinfrared range due to photoexcited carriers using a
temporal profile of the pump pulse, and its spatial depentwo-wavelength pump-probe technique in the transmission
dence is of the form exp{az,), where a is the intensity ~and reflection modes. The changes in the midinfrared absorp-
attenuation constant of the pump photon in the medium. Astion are caused by band-filling effects in the valence band
suming a temperature-independent ambipolar diffusion conand are sensitive to the associated carrier dynamics. Because
stant ofD =17 cnt/s (Ref. 2) and a~1.36x 10* cm ™ (for HH transitions dominate in one wavelength regien3.5
\~800 nm)?? the value of the surface-velocity paramegr wm) and LH transitions dominate in anothger3.6 um), and
that leads to the best fit between the calculated results arteither transition is affected directly by the conduction-band
the experimental data beyondl ps is approximately 7.5 Population distribution, the multiwavelength pump-probe
x 10° cm/s, which is consistent with results reported in thetechnique described here can provide independent informa-
|iterature_23 An examp|e of the calculated R/R based on tion about the ultrafast evolution of the HH and LH popula-
such a numerical solution is shown in Fig. 6 along with thetion distributions. Our simultaneous transmission and reflec-
corresponding experimental results for an uncoatgars- tion measurements illustrate, however, that for this technique
thick GaAs epilayer. We attribute the observed discrepancyP Yield accurate absorption measurements, the changes in
in the subpicosecond range to carrier-carrier and carriefidinfrared reflectivity must be reducetby using AR-
phonon scattering processes of hot carriers initially excite@¢oated samplesor accounted for properly. The refractive
by the pump pulse. The effect of high-carrier temperature ofdex changes in the optical spectral range of }+m are
the diffusion process in Ge has been reported previddsly. due to the Drude contribution of free carriers photoexcited in
To confirm that the surface recombination effect plays ahe sample, and their time evolution is governed primarily by
significant role in the decay of our differential reflectivity the processes of carrier diffusion and surface recombination.
signal, we have carried out measurements on GaAs sampld§€ latter process proceeds on a time scale of a few picosec-
with different surface preparations and qualities. The result§nds depending on the surface quality of the samples.
are shown in Fig. 7. For a bulk sample with a relatively
rough'mechanlc.ally polishe@luminum oxide powder with ACKNOWLEDGMENTS
a particle size diameter of0.3 um) surface, a faster decay
constant on the order of a few picoseconds with a corre- The authors thank F. Vakefor many helpful discussions
sponding surface velocity parameter ok 50° cm/s is seen. and for the computer code used to calculate the results
On the other hand, for a high-quality 0.2am GaAs epilayer shown in Fig. 1, and J. Prineas, H. Gibbs, and A. Schremer
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