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Figure 4.7: Results for GaAs for varying prepulse power. For a range of prepulse
powers, the FWM emission as a function of pulse delay was collected at two energies
probed in this thesis work. The TI-FWM contour as a function of prepulse power is
depicted in (a) for the exciton, and (b) for the continuum. The peak value versus
pulse delay corresponds to the data in (a) and (b) and is plotted in (c) and (d)
respectively.
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Figure 4.8: Results for LT-GaAs for varying prepulse power. For a range of prepulse
powers, FWM emission as a function of pulse delay was collected at two energies
probed in this thesis work. The TI-FWM contour as a function of prepulse power
is depicted in (a) for the exciton, and (b) for the continuum. The peak value as
a function of prepulse power for both of these contours are plotted in c) and d)
respectively.
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The prepulse delay dependence of the four-wave mixing response in GaAs is shown

in Fig. 4.9(a) and (c) for the exciton (1.515 eV) and in Fig. 4.9(b) and (d) for the

continuum (1.533 eV). As in the case of the power-dependent experiments described

above, for each data point in Fig. 4.9(c) and (d), the signal amplitude was averaged

over a 2 fs interval centred at the delay corresponding to the peak of the signal. The

grey bars in Fig. 4.9 indicate the region of temporal overlap between ~E1 and ~EPP .

The cross correlation between these pulses is also shown as the solid black curve.

The signal at the exciton in GaAs is most strongly diminished within the region of

pulse overlap. When the prepulse arrives before ~E1 (i.e., for negative prepulse delay),

the exciton signal strength is independent of prepulse delay. For positive prepulse

delay (i.e., when the prepulse arrives after ~E1), the signal increases with increasing

prepulse delay, saturating at 600 fs. When the prepulse is incident 600 fs after ~E1, it

has no impact on the four-wave mixing signal, as discussed in the preceding section.

In contrast to the exciton response in Fig. 4.9(c), the continuum four-wave mixing

signal is only weakly dependent on prepulse delay, reflecting the small influence of the

prepulse on the continuum signal in Fig. 4.5(a). Within the signal to noise ratio, the

small decrease in the continuum signal associated with the prepulse appears to occur

abruptly at zero prepulse delay, and with relatively constant signal strength within

the positive and negative regions away from zero delay.

The dependence of the four-wave mixing response in LT-GaAs on prepulse delay

differs significantly from that in GaAs, as shown in Fig. 4.10. The prepulse delay

dependence at the exciton is shown in Fig. 4.10(a) and Fig. 4.10(c). As in the case

of GaAs, the exciton is most strongly suppressed in the region of zero prepulse delay;

however, the exciton is unaffected by the prepulse for delays outside the region of

pulse overlap. This is in contrast to the situation in GaAs, where the exciton four-

wave mixing signal was reduced for the full range of negative prepulse delays. For the

continuum response, shown in Fig. 4.10(b) and Fig. 4.10(d), the four-wave mixing

signal is enhanced by the prepulse, as discussed in the preceding section. From Fig.

4.10(d), we see that it is enhanced only in the region of pulse overlap. Within the

signal to noise ratio, the continuum response is not affected significantly for positive

or negative prepulse delays, in contrast to the situation in GaAs in Fig. 4.9(d), where

the slight decrease in the continuum response persists for the full range of negative
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prepulse delays investigated.

Figure 4.9: Results for GaAs for varying prepulse delay with respect to mutual zero
delay. For a range of prepulse delays, FWM emission as a function of pulse delay was
collected at the two energies probed in this thesis work. The TI-FWM contour as a
function of prepulse delay is plotted in (a) for the exciton, and (b) for the continuum.
The peak value as a function of prepulse delay for both of these contours are plotted
in (c) and (d) respectively. The solid black line is the autocorrelation of ~E1 and ~E2,
and the gray shaded area is the region of pulse overlap. The solid red and dashed
blue lines represent fits to two models of the FWM response considered in this thesis
work.
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Figure 4.10: Results for LT-GaAs for varying prepulse delay with respect to mutual
zero delay. For a range of prepulse delays, FWM emission as a function of pulse delay
was collected at the two energies probed in this thesis work. The TI-FWM contour as
a function of prepulse delay is plotted in (a) for the exciton, and (b) for the continuum.
The peak value as a function of prepulse delay for both of these contours are plotted
in (c) and (d) respectively. The solid black line is the autocorrelation of �E1 and �E2,
and the gray shaded area is the region of pulse overlap.
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4.3 Discussion

4.3.1 Observation of the Exciton in LT-GaAs

The discrete response observed in LT-GaAs in the experiments described in the pre-

ceding section has been identified as the fundamental exciton because this feature

appears at the exciton energy in GaAs. The observation of the exciton is surprising

because the linear absorption spectrum shows no evidence of an exciton, even at low

temperature. There have been a variety of speculations as to why the exciton is ab-

sent in linear spectroscopy [14]. For example, the large density of defects in LT-GaAs

is expected to modify the description of elementary excitations since carriers in the

material will exhibit a varying degree of localization due to binding to defects and

defect complexes. Bound excitons would exhibit varying transition energies as a re-

sult of the differing environments for excitons in different positions in the material,

resulting in a smearing out of the exciton resonance. There are built-in electric fields

inside the material associated with defects that would shift the transition energy by a

varying extent. The lifetime of free electrons in LT-GaAs has been shown to be very

short (∼1 ps), attributed to fast trapping to the AsGa impurity band [14]. This short

lifetime would broaden the exciton resonance. There is also a strong linear absorption

associated with transitions between the AsGa impurity band and the conduction band.

Such transitions have an energetic onset near the middle of the band gap and increase

in density with increasing photon energy due to the increasing density of states in the

conduction band. Carriers within the AsGa mid-gap impurity band may contribute

to screening of the attractive Coulomb interaction responsible for formation of the

exciton. The effectiveness of these trapped electrons for screening (in particular in

comparison to the influence of delocalized electrons and holes in band states) is not

known. Nevertheless, only an explanation based on screening can account for the

complete lack of any feature in the absorption tied to the exciton, suggesting that the

electron-hole Coulomb interaction may be neglected in models of the optical response

of LT-GaAs. This thesis work illustrates that these Coulomb effects cannot, in fact,

be neglected since the exciton is visible in the nonlinear optical response. This find-

ing has important implications for the description of ultrafast optical switches and

detectors fabricated from LT-GaAs, since for such devices, absorption is well-within
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the nonlinear regime. This result is also of value in the interpretation of past ultrafast

pump probe measurements of carrier recovery and recombination times in this system

[1, 14].

4.3.2 Excitation-Induced Dephasing Dominates Exciton Signal in

LT-GaAs

The characteristic feature of the exciton response in both GaAs and LT-GaAs is that

it is pulse-width limited versus the delay between ~E1 and ~E2 despite being spectrally

narrow in energy. These observations cannot be accounted for using a simple descrip-

tion based on free polarization decay since, in that case, the rate of decay versus pulse

delay and the spectral linewidth are inversely related, both being determined by the

dephasing rate. As described in Sec. 1.5.2, the emergence of an understanding of the

optical response at the exciton for conditions in which both excitons and continuum

transitions are simultaneously excited took a number of experiments over a span of

several years, together with a variety of theoretical models describing many-body ef-

fects to varying degrees of complexity. The correct description ultimately emerged

[54] in terms of excitation-induced dephasing, by which the dephasing rate of the

exciton is linearly dependent on the total density of excited electron-hole pairs. Such

a feature is pulse width limited versus delay due to destructive interference between

contributions to the signal arising from scattering with carriers in the continuum

with different energies. Due to this interference, an EID signal is only significant for

transition energies at which there exists a rapid change in the optical joint density of

states, such as at an exciton. EID therefore does not contribute for energies within the

interband continuum above the band gap. As a result, the response of the continuum

is characteristic of a simple photon-echo since it represents a two-level system with

a continuous range of transition energies. As shown by Yajima and Taira et al.[33],

for such a photon-echo response, the four-wave mixing signal peaks at positive time

delay and decays at a rate determined by the dephasing time of carriers in the con-

tinuum. These predictions account well for the optical response of the continuum

transitions observed in this thesis in both GaAs and LT-GaAs. The observation of a

pulse width-limited response at the exciton in LT-GaAs indicates that, as in GaAs,

the nonlinear response at the exciton is mediated by EID.
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As discussed in Sec 1.5.1, the EID contribution to the four-wave mixing signal at

the exciton is a very sensitive function of the relative orientation of the polarization

states of the excitation beams. The polarization-dependent experiments carried out

in this thesis work have therefore allowed the effects of EID on the nonlinear optical

response of the exciton in LT-GaAs to be further investigated. The strong EID-

related signal contribution at the exciton in experiments with in the ŶŶ polarization

configuration are predicted to vanish when cross linearly-polarized excitation (the

ŶX̂ geometry) is used [40], in agreement with past experiments in GaAs [41, 45] as

well as the experiments on GaAs in this thesis work. The exciton response is not

reduced to zero for cross-linear polarization in GaAs, as seen in Fig. 4.3(c). Since the

residual exciton response retains the pulse-width limited character, it is still consistent

with an EID response. This residual signal may be due to imperfections in the

polarization states of the laser beams due to the limited accuracy of retardation in

the wave plate used in these experiments. (Using a Wallaston prism, the estimated

X̂ : Ŷ polarization ratio for ~E2 is 15:1.) In LT-GaAs, the exciton is also reduced

in the cross linear polarization configuration, as seen in Fig. 4.4. This is consistent

with the identification of EID as the source of the four-wave mixing signal at the

exciton in LT-GaAs. As discussed in the preceding section, the exciton in LT-GaAs

is diminished more strongly for cross linear polarization than in GaAs. This is likely

due to the smaller size of the EID signal in LT-GaAs tied to a shorter dephasing time,

as discussed in the next section.

4.3.3 Dephasing Dynamics in LT-GaAs

The exciton peak is smaller in magnitude relative to the continuum response in LT-

GaAs than in GaAs. In a time-integrated four-wave mixing experiment, the total am-

plitude of the signal provides one measure of the dephasing time within the material

under study because the longer the dephasing time the longer in time the four-wave

mixing signal persists. As a result, a larger dephasing time corresponds to a larger

total (time-averaged) power in the four-wave mixing signal beam. The lower exciton

response in LT-GaAs compared to GaAs can therefore be traced back to a shorter

dephasing time. This is consistent with the broader width of the exciton peak versus

photon energy in LT-GaAs than in GaAs. The continuum peak also decays faster



76

versus time delay in LT-GaAs than in GaAs. The dephasing process in the continuum

states was studied by Yildirim et al. in LT-GaAs and LT-GaMnAs [17] and has been

attributed to carrier-carrier scattering. In particular, the rate of scattering is larger

in LT-GaAs than in GaAs because the total optically-excited carrier density is larger

for a given average power for LT-GaAs due to the large strength of absorption below

the band gap. Possible origins of the larger dephasing rate for excitons in LT-GaAs

are described below. The smaller overall signal in LT-GaAs compared to GaAs is due

in part to the higher rate of dephasing in LT-GaAs. Additionally, inhomogeneities in

the thin film caused by defects represents a source of scattering of the incident light

for LT-GaAs, and the presence of defects redistributes the optical joint density states,

increasing the density of transitions tied to defects at the expense of the interband

transitions. Both of these effects contribute to a reduced four-wave mixing signal in

LT-GaAs compared to GaAs.

Since the EID-mediated signal at the exciton is pulse width limited versus the time

delay between ~E1 and ~E2, the delay dependence carries no useful information about

the dephasing time of the exciton, as discussed above. Instead, the dephasing rate of

the exciton may be determined from the measured linewidth of the four-wave mixing

peak. The EID signal has a spectral line shape described by a squared Lorentzian

[54]. In order to extract T2, the four-wave mixing spectrum for co-polarized excita-

tion at the exciton zero delay was fit to a squared Lorentzian for both GaAs and

LT-GaAs, while for the purpose of extracting T2 for the exciton, the continuum re-

sponse was modeled by a Gaussian peak with a full-width half-maximum equal to the

pulse bandwidth (74 meV) multiplied by a Heaviside step function at 1.519 eV and

1.510 eV to reflect the band gap in GaAs and LT-GaAs respectively. The lower band

gap energy in LT-GaAs in comparison to GaAs can be explained by the four-wave

mixing response from bandtail states. These fits are shown in Fig. 4.11 and yielded

dephasing times of 250 fs and 135 fs for GaAs and LT-GaAs, respectively. The shorter

T2 time obtained in LT-GaAs could be attributed to additional dephasing brought on

by two different scattering mechanisms: (i) carrier-carrier scattering, reflecting the

larger total electron-hole pair density excited in LT-GaAs for the same average power;

and (ii) scattering of the exciton with As-related defects. In experiments by Yildirim

et al., carrier-carrier scattering was found to strongly dominate the dephasing process
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Figure 4.11: (a) TI-FWM signal slice at zero delay for GaAs. (b) TI-FWM signal
slice at zero delay for LT-GaAs. The red line is a fit using a Gaussian and a squared
Lorentzian.

for continuum transitions; however, the exciton dephasing process could still be in-

fluenced by defects since exciton-carrier and exciton-exciton scattering processes are

much weaker than carrier-carrier scattering [17]. In order to determine which of these

two processes dominates dephasing at the exciton, one could carry out SR-FWM ex-

periments in GaAs and LT-GaAs for conditions of equal excited carrier density. In

this case, a greater rate of dephasing for LT-GaAs would signal the dominant influ-

ence of defects. Such an experiment is not feasible, however, because the signal to

noise ratio in LT-GaAs does not permit a low enough carrier density to be used in

experiments on LT-GaAs and higher average powers have been found in experiments

on GaAs to lead to significant sample heating (observed via a shift in the exciton

transition energy from the known value). Alternatively, one may perform measure-

ments of the spectral linewidth of the exciton signal as a function of prepulse power.

In such a case, a linear dependence of T2 with power would indicate the dominant

role of exciton-carrier scattering. Such experiments would be a useful extension to

the present work.
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4.3.4 Prepulse Power Dependence

In order to understand the dependence of the four-wave mixing results in both GaAs

and LT-GaAs on the power in the prepulse beam, we must take into account the

influence of an excess distribution of electron-hole pairs on the four-wave mixing

signal. There are two primary physical effects to consider: (i) the extra carriers

modify the total dephasing rate; and (ii) these carriers may contribute to screening

of the Coulomb interaction within the system. Neglecting the prepulse carriers for

the moment, and considering only the exciton response for the conditions of our

experiment, the time-integrated signal (found by integrating the norm square of Eqn.

2.32 over time after multiplying by µx, as carried out in [57]) is given by:

STI(τ) ∝ (1/4)(ΓN (−2))2(ε2
2µ

2
x)/~2

(γ0 + ΓN (0))3
(4.1)

which is a function of pulse delay via a factor δ(τ) in N (−2). The denominator contains

the total dephasing rate to the power 3, indicating that a larger carrier density will

decrease the signal at the exciton. The signal also contains the EID coefficient (Γ), in

both the numerator and denominator. It is also proportional to the dipole moment

of the exciton to the 4th power(N (−2) contains µ4
k as well.) Prepulse injected carrier

will reduce γ0 in the above formula, reducing the total signal via a reduction in the

dephasing time. Screening will also reduce (in principle) Γ and/or µx, since each of

these parameters is tied to the Coulomb interaction (µx is the dipole moment of the

exciton). Evidence for screening of the EID coefficient has been seen in InP [57] and

GaAs [41]. In those experiments, the carrier densities were ∼ 5× 1016 cm−3 in Allan

et al. [57] and ∼ 5 × 1015 cm−3 in Wang et al. [41]. Using the power transmitted

through the samples, the injected carrier densities in our experiments are 5 × 1015

cm−3 (2 × 1016 cm−3) in HT-GaAs (LT-GaAs) due to ~E1 and ~E2, and a similar

density of additional carriers due to the prepulse. These densities are comparable to

those used in these earlier experiments, and so some degree of screening of the EID

coefficient is expected. Screening of the dipole moment of the exciton should occur

when the intercarrier separation is comparable to the exciton Bohr radius [57], which

is 9.5 nm in GaAs [47]. For our extracted densities, the intercarrier separation is

59 nm (35 nm) in HT-GaAs (LT-GaAs). Since these values exceed the exciton Bohr

radius by a considerable amount, it is likely that screening of the EID coefficient is
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more important than screening of the exciton dipole moment for the conditions of

our experiment. In any event, it is clear that both screening of the EID coefficient

and the increase in dephasing rate caused by the prepulse carriers should decrease the

optical response at the exciton in both HT-GaAs and LT-GaAs in agreement with

the results in Fig. 4.5 and Fig. 4.6. Fits to the signal at the exciton using Eqn. 4.1 for

both GaAs and LT-GaAs were carried out neglecting the influence of screening of the

EID coefficient. These fits appear as the solid curves in Fig. 4.7(c) and Fig. 4.7(c).

The good agreement suggests that the dephasing time dependence on prepulse power

may dominate over that tied to screening, however a nonzero influence of screening

cannot be ruled out given the available information. The nonzero residual exciton in

HT-GaAs in Fig. 4.5 compared to 4.6 is likely due to the larger dephasing time in HT-

GaAs, as discussed in Sec. 4.3.3. This also accounts for the monotonic decay in the

magnitude of the exciton response in both HT-GaAs and LT-GaAs with increasing

prepulse power. The small shift to positive delay of the four-wave mixing response

of the exciton energy in LT-GaAs with increasing prepulse power (Fig. 4.8) is due

to the larger importance of the continuum response in LT-GaAs in comparison to

the exciton: As the exciton response is diminished, the continuum signal begins to

dominate, which peaks at positive time delay. This also explains why a fit to Eqn. 4.1

was only possible for powers below 40 mW since the exciton contribution to the total

signal becomes negligible above 40 mW.

The influence of the prepulse on the magnitude of the continuum response differs

qualitatively in LT-GaAs and HT-GaAs. As discussed in the preceding section, the

continuum response in HT-GaAs is reduced in the presence of the prepulse, although

by a small amount (∼ 10%) whereas in LT-GaAs it is enhanced. The decrease in

HT-GaAs could be explained by screening of the Sommerfeld enhancement of the

band edge, but the opposite trend in LT-GaAs is more difficult to account for. In

experiments at the exciton tied to the spin-orbit split-off valence band, screening was

also found to enhance the continuum response for energies above the exciton [36]. This

was explained in terms of destructive interference of the EID emission at the exciton

with the continuum photon-echo, an explanation that was supported by corresponding

theoretical calculations. A similar interference effect may be occurring in LT-GaAs,
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causing the continuum signal to recover once the exciton signal is removed. In HT-

GaAs, the larger dephasing time prevents the exciton from being fully eliminated

through screening. In this case, the reduction in destructive interference competes

with screening of the Sommerfeld effect, with the latter process (weakly) dominating

in HT-GaAs.

4.3.5 Prepulse Delay Dependence

In order to understand the dependence of the four-wave mixing signal on the time de-

lay of the prepulse, one also must take into account the effects of the prepulse-injected

carrier distribution on the EID coefficient (due to screening) and the total dephasing

rate. In order to model these two processes, Eqn. 4.1 was modified such that, at the

time of arrival of the prepulse, both the dephasing rate and the magnitude of the EID

coefficient are abruptly reduced. In the model, the relative importance of these two

processes can be independently controlled. The resulting modified polarization was

used to evaluate the time-integrated signal strength as a function of prepulse delay.

The result of a fit to this model for the signal in GaAs is shown in Fig. 4.9(c) by the

blue dashed curve (labeled Model 1). For this fit, the dephasing times were taken

such that γ0 = 1/200fs and γ = 1/189fs and the EID coefficient is reduced by a factor

of 0.4 with the presence of the prepulse. A corresponding fit was also made to these

data using the noninteracting model in Eqn. 2.15 in which only the dephasing time

was modified by the prepulse (solid red curve in Fig. 4.9(c), with γ0 = 1/270fs, la-

beled Model 2). Both models provide reasonable qualitative agreement, although the

influence of the prepulse on the EID coefficient leads to a qualitative dependence on

prepulse delay. In particular, the signal is constant for negative prepulse delays, but

leads to an increase in the signal for positive prepulse delays. This interdependence

makes it impossible to assess the relative importance of sceening and the density-

dependence of the dephasing rate. Interestingly, the noninteracting model provides

the best overall agreement. The deviation in the model including EID was traced

back to the linear t dependence, which leads to an underestimate of the signal for

small positive prepulse delays. This discrepancy may be tied to the simplicity of the

EID model in Eqn. 4.1, which treats exciton-carrier scattering phenomenologically

[55] and possibly the need to treat the buildup of screening dynamically [64].
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In LT-GaAs, the carrier lifetime is extremely short as observed in pump probe

experiments by several groups [1, 14, 65, 66, 67, 68]. This short carrier lifetime must

be taken into account when considering the influence of the prepulse on the four-

wave mixing response for different values of the prepulse delay. The observation of

the maximum influence of the prepulse when the prepulse coincides with pulses ~E1

and ~E2 is expected because in this case all of the carriers injected by the prepulse are

contributing to screening as well as to a reduction of the exciton dephasing time. How-

ever, for nonzero prepulse delay (either positive or negative) the carriers are rapidly

trapped by defects, preventing these carriers from having a significant influence on

the magnitude of the exciton response. This is consistent with the results in Fig.

4.10(b), which shows a reduced exciton signal only near zero prepulse delay. Rapid

trapping of carriers also restricts the influence of the prepulse on the continuum re-

sponse to delays in the vicinity of zero prepulse delay, consistent with the results in

Fig. 4.10(d). The electron trapping time has been observed in the range of 100 -

250 fs in LT-GaAs [1, 14, 65, 66, 67, 68] and has been found to be highly sensitive

to the growth conditions, as these conditions affect the density and type of trap sites

[1, 14, 65, 66, 67, 68]. These four-wave mixing results, which indicate a recovery of

screening in < 100 fs, suggests an even faster carrier trapping time. A useful exten-

sion to the present work would be to carry out differential transmission experiments

on our LT-GaAs sample, as such experiments would provide an independent measure-

ment of the electron trapping time. This would help to solidify the interpretation of

the prepulse delay dependence of the four-wave mixing signal in LT-GaAs presented

here.
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Conclusion

5.1 Overview

In this thesis work, the coherent dynamics of the fundamental exciton in low-temperature

grown GaAs has been investigated using spectrally-resolved two-pulse four-wave mix-

ing techniques. Four-wave mixing is a powerful experimental technique because it is

sensitive to Coulomb-mediated many-body interactions that can modify the nonlin-

ear optical response. It has been shown through a series of tailored experiments that

excitation induced dephasing (EID) is the dominant contribution to the nonlinear ex-

citon response in LT-GaAs. This conclusion was made possible through comparison

to results in GaAs conducted using the same experiments and excitation conditions.

The experiments in this thesis are in qualitative agreement with the two level model

from Allan et al. [57] incorporating EID in the context of short pulse excitation above

the band gap. The conclusions reached are presented in this chapter.

5.2 Summary: Conclusions of this Thesis Work

Spectrally-resolved (time-integrated) four-wave mixing has revealed that the exci-

ton dynamics in LT-GaAs are heavily influenced by Coulomb-mediated many-body

effects. In particular, the rapid decay of the SR-FWM signal versus delay on a

timescale set by the width of the pulse autocorrelation is indicative of a many body

effect referred to as excitation-induced dephasing, which leads to a broadband cou-

pling between the exciton and unbound electron-hole pairs excited in the interband

continuum. The resulting EID signal at the exciton, often called the continuum con-

tribution, is shown to dominate the optical response at the exciton in LT-GaAs under

the conditions of the experiments reported in this thesis work. (In particular in which

the laser pulse is tuned above the band gap, resulting in the excitation of primarily

continuum states.) For linearly co-polarized excitation, the fast decay of the exciton

82
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FWM signal as a function of interpulse delay is a signature of such a continuum con-

tribution. Contributions to the total population grating in the interband continuum

stemming from a distribution of continuum transitions with different energies interfere

constructively at zero interpulse delay, which leads to the observed large spectrally

and temporally narrow signal at zero delay. The results presented here also permitted

the extraction of the dephasing time of the exciton in LT-GaAs of T2 = 135 fs from

the spectral width of the exciton response. This T2 time is shorter than the value of

250 fs in GaAs.

The identification of the exciton FWM signal as caused by EID is consistent with

the experiments investigating the dependence of the signal on the polarization states

of the two excitation pulses. In particular, for cross-polarized excitation, the signal

at the exciton is completely suppressed in LT-GaAs. The dramatic drop in signal can

be explained by the formation of a grating in the total carrier density only for linearly

co-polarized pulses. In contrast, for linearly cross-polarized pulses, no such grating is

formed since the grating associated with oppositely spin-polarized carriers is π out of

phase, leading to no signal associated with EID. The lack of free-polarization decay

in LT-GaAs that is observed in GaAs under the same conditions indicates that EID

is much more influential in dictating the exciton response in LT-GaAs than in GaAs.

This thesis work was motivated by the lack of understanding of the coherent

dynamics of the fundamental exciton in LT-GaAs and the recent FWM observation of

a large nonlinear signal at the exciton resonance [16]. Incorporation of excess arsenic

during low-temperature growth alters the electronic and optical properties of GaAs,

such that linear optical techniques have been unsuccessful to resolve the spectral

signature of the fundamental exciton. This has been attributed to the large presence

of defects incorporated during low-temperature growth, which lead to strong defect-

related contributions in the linear absorption that mask the exciton response. This

thesis work establishes the importance of the exciton in understanding the nonlinear

optical response of LT-GaAs. These findings will be important to the development

and optimization of optoelectronic devices using LT-GaAs since such devices exploit

the ultrafast nonlinear response.

A series of prepulse experiments were performed to investigate the influence of

excess optically-excited carriers on the four-wave mixing response. The experimental
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results have uncovered the sensitivity of the exciton FWM signal to the presence of

these additional carriers through both screening and an increased dephasing rate.

The strength of the TI-FWM signal is reduced by an increase in the dephasing rate

as well as by screening of the exciton-carrier scattering rate. Due to these effects, the

exciton FWM signal in LT-GaAs was diminished in the presence of excess carriers,

being reduced to zero (within the signal to noise ratio) for a preinjected carrier density

of 2.5× 1016 cm−3. This elimination of the exciton FWM signal due to the prepulse

was found to persist only for a narrow range of prepulse delays around zero delay.

This was explained in terms of a rapid (< 100 fs) electron trapping time in LT-GaAs,

in agreement with previous studies of trapping dynamics in LT-GaAs. In contrast to

the situation in GaAs, in which the density dependence of the overall reduction in the

dephasing rate was found to govern the prepulse delay dependence. In LT-GaAs, the

relative importance of screening and a reduction in the total dephasing rate cannot

be assessed due to the short electron trapping time in this material.

5.3 Future Work

Useful extensions to this thesis work include measurements of the exciton linewidth as

a function of prepulse power, and measurements of the electron trapping time in the

samples studied in this work. The former measurements will permit the identification

of the relative importance of exciton-carrier scattering and scattering with defects in

determining the total exciton dephasing rate in LT-GaAs. The latter experiments

would support the interpretation of the prepulse delay dependence at the exciton

four-wave mixing response. These experiments may also be extended to other defect-

laden semiconductors,including GaMnAs or other diluted magnetic semiconductors,

such as LT-InP or LT-InGaAs.
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