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We report the phototransmission measurement of strained-layer InxGa 1 _ x As/GaAs single 
quantum well structures at room temperature. The spectra obtained show distinct features of 
excitons in the single quantum wells. Fitting of the phototransmission spectrum indicates that 
the excitonic transition energy modulation is the main mechanism. The phototransmission can 
be used as a supplement to photorefiectance due to its sensitivity and convenience. 

Optical properties of quantum wells and superlattices 
have been extensively investigated with various techniques. 
Photoreflectance l

-4 CPR) has been used to study the real 
part of dielectric function and other properties of quantum 
wells. We report in this communication the phototransmis­
sion CPT) measurements (e.g., photomodulated absorption 
spectroscopy5) on two strained-layer InGaAs/GaAs single 
quantum well (SQW) samples at room temperature. The 
data are fitted by using the modulation of a dielectric func­
tion due to excitonic transitions4 rather than the third-deriv­
ative functional form (TDFF).5 

The samples were grown by molecular-beam epitaxy 
(MBE) ina Varian MBE-360system. A (DOl) oriented sub­
strate of semi-insulating GaAs was used on which a 500-A 
GaAs buffer layer had been grown. An In~Gal_.,As quan­
tum well layer was then grown to a thickness of 50 A and was 
covered with a GaAs cap layer of 500 A. The samples were 
not intentionally doped. The In contents of the well of the 
samples are 0.1 and 0.2, respectively. The details of the 
growth and the calibration procedures were described in 
Ref. 6. 

It is very difficult to measure the excitonic absorption of 
the single quantum well structures with such a small well 
thickness by ordinary absorption spectroscopy because the 
product of the absorption coefficient (a) and the thickness 
of the quantum well (w) is smaller than 0.01 at the peak of 
the exciton resonance. To overcome this difficulty, we used 
the modulated pump technique and detected the change of 
the transmittance of the probe beam after passing through 
the sample under modulated pumping. The modulation 
transmission spectra obtained from this sensitive method 
clearly show the quantum well nature. 

The experimental setup is shown in Fig. 1. A 2-m W He­
Ne laser beam chopped at 200 Hz was used as the pump 
beam which was completely absorbed by the sample because 
its photon energy (1.96 eV) is much larger than that of the 
absorption edge of GaAs at room temperature. A 150-W 
tungsten-halogen lamp together with a monochromator was 
used to produce a monochromatic probe beam which nor­
mally incidented on the same spot of the pump beam on the 
sample. The GaAs substrate is transparent for the probe 

beam at photon energies of interest (below the GaAs energy 
gap). A silicon photocell was located just behind the sample, 
therefore the samples were not specially treated. The modu­
lated signal detected by the photocell was analyzed by a lock­
in analyzer whose output was proportional to the modulated 
change of the transmitted intensity (Ill). The dc level of the 
detected signal was also recorded as the transmitted intensi­
ty (/). Thus, 111 II (i.e., IlT In was obtained. 

The phototransmission mechanism is similar to that of 
the photorefiectance. The applied field reduces the builtin 
electric field inside the sample7 and thus modifies the dielec­
tric function (€) in the SQW layer, so the transmittance is 
modulated. 

In the PT experiment, the intensity of the transmitted 
probe beam is 1 = 10 exp( - aw), where 10 is the incident 
intensity, w is the layer thickness, a = czwl (llc), where r; is 

scan control 

WBr lamp 

chopper 

1+01 

lock-in analyzer 61 chart recorder 

FIG.!. The experimental setup for pliototransmission. 
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the refractive index, lU is the light frequency, and c is the light 
velocity in vacuum. 

With the change of the electric field inside the sample 
(!;"F), T alters to T + 1:::. T. One gets: 

6.T IT= (wwl1Jc)6.€2' (1) 

€2 is related to excitonic transition energy (En,m ), the oscil­
lation strength V:',m ), and linewidth (r n,m ) of the excitons, 
where nand m denote the nth conduction-band level and 
mth valance band level of a exciton. At room temperature, € 

exhibits a Gaussian absorption profile8 and t2 takes the fol­
lowing form: 

E2 = (l!2'l7- lIz )kn,m ( - /n,mlr",m )exp( - x~,m) 
(2) 

where x",rn = (E - En,mI2r",m)' E is the photon energy 
(E = fuu). 

So, 

6.E2 = [(a€2IaEn,m )/(iJE",mlaF) 

+ (aEzla/",m) (iJ/~,,,,1aF) 

+ (iJ€zlar",m)(ar",m laF)]6.F. 

Setting 

Un,m = aE",mlaF, VII,m = ar ",mlaF, 

and 

Wn,m = a/n,m I aF, 

one obtains 

1:::.T IT = Akn.mE Ir n,m ( U""J",mx",m/r n,m 

- V",m In,,., (1 - 2x~,m ) r n,m + Wn,m] 

(3) 

X exp ( - x~,m ), ( 4 ) 

where A = w!1F 1(21r1l2fi1Jc) is a constant. 
According to the above equations, the PT line shapes 

depend upon the terms contain Un.m, Vn,m' and Wn,m' the 
magnitudes of which reflect the relative contributions of the 
modulation of the energy gap. linewidth, and the oscillation 
strength of the excitonic transition. Using Eq. (4), we calcu-
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FIG. 2, The dependence of ilIon photon energy of the Ina] Ga"qAs/GaAs 
SQWsample. 
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lated the!;,. TIT spectrum and fit the experimental PT spec­
trum by taking Ur/,m' VII.,.,' and W",m as fitting parameters. 
Since €2 takes a simple form as compared to €l' the fitting of 
PT data is easier than that of PR data. 

Shown in Figs. 2 and 3 are the experimental PT spectra 
of 50-A. thick strained-layer Ino.1 Gao.9 As/GaAs and 
1no.2 Gao.s As/GaAs SQWs at room temperature. 

The PT spectra clearly demonstrate the features of the 
excitons in the well at room temperature, while no evidence 
of the exciton structure of the single wen was found from the 
ordinary absorption spectra at room temperature and at 77 
K. 

In Fig. 2, there are two features. The first one is com­
posed of a peak and a valley around 1.43 e V and the second 
around 1.38 eV. In Fig. 3, there are three features. The first 
one is also around 1.43 eV, but the rest shift to lower energy 
side, This is because the strain reduces the energy gap of the 
InxGa1_xAs strain layer.9 

For the GaAs bulk sample, only the feature around 1.43 
e V remained in the spectrum, Therefore, the feature around 
1.43 e V refers to the transition in the GaAs layer and the rest 
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FIG. 3. The dependence of oJ Oil photon energy ofthe In" 2 Ga,," As/GaAs 
SQWsample. 
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FIG. 4. The fit of the phototransmission spectrum for the In,)] GaO" As/ 
GaAs SQW sample. 

refer to the excitonic transitions in the InGaAs wells. 
Shown in Fig. 4 is a least-squares fit of the PT spectrum 

of the strained-layer 1110 .2 GaO.8 As/GaAs SQW at room tem­
perature. 

Since in this research we are mainly concerned with the 
optical properties of the SQWs and!J..T /Tis large due to low 
transmittance near the absorption edge of GaAs, the fit was 
performed for the spectrum in the lower photon energy re-

5390 J. Appl. Phys., Vol. 68, No.1 0, 15 November 1990 

gion. This procedure yielded good agreement with the ob­
served line shape. Since U".m is much large than V".m and 
Wn.m , the excitonic transition energy modulation is the main 
mechanism of the PT spectra. Shanabrook et al. 2 have drawn 
the same conclusion from the PR experiments. Therefore, 
PR and PT reflect the changes of the real and imaginary 
parts of the dielectric constant with the electric field, respec­
tively, From the fit, the excitonic transition energies were 
also obtained, E = 1.265 eV and E = 1.368 eV. 

In addition, there was no obvious change of the PT sig­
nal with the change of the pump power from 2 to 0.3 mW. 

In summary, we have reported the phototransmission 
measurements of two SQW samples which clearly show the 
exciton structures of the SQWs. The mechanism for PTwas 
discussed and the data were fitted very well. The high signal­
to-noise ratio and relative convenience have showed that this 
technique can be used to study single quantum wen and oth­
er microstructures. 
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