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Ellipsometric measurements were performed to study the E, and E, + 6., transitions on a set 
of GaAs/GaP strained-layer superlattices. The experimental results show the existence of 
small quantum confinement effects. 

In the recent years the interest in strained-layer systems 
has grown considerably. This increase is due to the possibil
ity of using this system as, for example, buffer layers for 
growing GaAs on Si' or as new materials for heterostructure 
devices. 2 One particular case of interest is the GaAs/GaP 
superlattiees. This system is similar to GaAsl AlAs (both 
AlAs and GaP are indirect gap materials). The principal 
difference between both systems is the strain present in the 
former case because of the lattice mismatch between GaAs 
and GaP. If the total thickness of the constituent materials is 
below a certain critical value, the strain is accommodated by 
elastic deformations. Such deformation modifies the band 
structure of the superlattice materials and therefore the opti
cal properties of the superlattice. In this letter we present for 
the first time an ellipsometric study of a set of strained-layer 
GaAs/GaP superlattices grown by atomic layer molecular 
beam epitaxy (ALMBE).3 The results of the above-band
gap transitions are compared with those of the band gap 
obtained by photoreflectance. In other systems, such as the 
lattice-matched GaAsl AIAs4 or strained systems,S it has 
been shown that these transitions far above the band gap 
show less quantum confinement than near-band-gap transi
tions. These results are also present in our superlattices. 

A set of strained-layer superlattices GaAsoGaPm with 
m = 2, 3,4 mono layers was grown on 001 GaAs substrates 
by ALMBE. The period was confirmed by x-ray diffraction 
measurements. These samples were optically characterized 
by spectroscopic ellipsometry at room temperature. From 
these measurements we determine the pseudodielectric 
function for each sample. The spectra were taken in the ener
gy range of 1.5-3.5 eV. Thc pseudodielcctric function was 
obtained assuming a two-phase mode16 (ambient superlat
tice) and neglecting the presence of an overluyer of oxide. 
The effect of the substrate is negligible in the energy range 
that we are interested in, because the absorption coefficient 
of the superlattice is large and, then, the two-phase model is 
quite reasonable. The pseudodielectric function obtained 
can be interpreted as an average dielectric function of the 
superlattice. 

In Fig. 1 we show the imaginary part of the pseudodie
lectric function (E;) for the three samples studied here. In 
thc low-energy region wc observe an oscillation behavior of 
E, due to interference effects (the superlatticcs are transpar
ent in this region). The spectra of the GaAs6GaP2 and 
GaAs6GaPl superlattices show a peak and a shoulder at 
higher energies that we associate to the E, and E, + .l! tran
sitions, respectively. For the superlattice GaAsoGaP 4' both 
transitions are included in a broad peak. In order to resolve 

and obtain the energies for both transitions, we calculate 
numerically the second derivative of the spectra from our 
ellipsometric data as a function of the photon energy. An 
appropriate level of smoothing was allowed to remove the 
noise originated in the differentiation process without dis
torting the line shape spectra. We fit these spectra with theo
retical expressions for the dielectric constant. 7 The best fits 
were obtained assuming a two-dimensional critical point for 
both transitions. In Fig. 2 we show the spectra for the second 
derivative of the imaginary part ofthe pseudodielectric func
tion together with the theoretical :fits for the three samples 
studied in this work. The values of the energies obtained 
from the fits are displayed in Table I. 

The energies of the transitions E[ and E, + fl., are 
slightly shifted towards higher energies with respect to those 
of GaAs bulk material. Moreover, from Raman measure
ments;; it has been observed that the GaP layers are expand
ed in all the samples and for the longest one (GaAsoGaP4 ) 

the GaAs layers are compressed. Therefore, this energy shift 
of the transitions can be associated to two different effects: 
quantum confinement and presence of the strain. We will 
discuss below quantitatively these effects. 
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FIG.!. Imaginary part of the pseudodielectric function (c;) at room tem
perature for the samples; (a) GaAs"GaP" (b) GaAs"GaP,. (e) 
GaAs"Gal' ,. 
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FIG. 2. Second derivative of the imaginary part of the pseudodielectric 
function (dashed line) and theoretical fit (full line) for the samples: (a) 
GaAs"GaP2> (b) GaAs"GaP3> (c) GaAs"GaP4 , 

To compare these results with the energy values of the 
band-gap transitions we have made photoreilectance experi
ments. Such a technique allows us a better determination of 
the band-gap energy. From the ellipsometric data the energy 
of such a transition could be obtained from the dumping of 
the oscillations in the pseudodielectric function of the sys
tem, but such a value will give a larger error than the value 
obtained by photorefiectance. We have used the three-point 
method for obtaining the energy of the transition in the pho
torefiectance spectra.9 As an example we present in Fig. 3 
two photorefiectance spectra corresponding to the shortest 
and longest period samples. In Table I we present the ener
gies of the band-gap transitions. As it is observed, the differ
ence between the Eo transition of the superJatiice and the Eo 
transition of GaAs bulk is higher than the same difference 
for the E, transitions. This confirms the smaller confinement 
effects in the higher interband transitions than in the funda
mental energy gap. 

We have also displayed in Table I the energy values of 
the E, and E, + t;, related transitions of alloys with compo
sition equivalent to that of our superlattices. 10 The values for 

TABLE 1. Experimental values for Eo, E" and E, +~, transitions. x is the 
mean composition of GaP for an equivalent alloy. The values for the E, and 
E, +~, transitions for equivalent alloys were taken from literature." 

E, E,+~, 

Eo E, E, +~, (eV) (eV) 

GaAs/Gal' x (eV) (eV) (eV) (alloy) (alloy) 

6/2 0.25 1.58 2,95 3.165 3.09 3.30 
6/3 0.33 1.67 2,96 3.185 3. \3 3.34 
6/4 (J.40 1.72 3.()3 3.25 3.17 3,38 

"Reference 10, 
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FIG. 3. Photordlcctance spectra for the samples: (al GaAs"GaP,> (b) 
GaAs"GaP". 

the superlattices are slower than the same values for the al
loys. This effect has also been observed in lattice-matched 
systems and shows the presence of super lattice effects. 

Finally, let us compare these results with those of the 
GaAsl AlAs system. In a sample similar to the longest one 
(GaAs6GaP4), the E j transition is located in GaAs7AIAss 
at4 3.15 eV. This energy is higher than that of the GaAs/GaP 
sample (3.05 eV), which indicates that the confinement ef
fects are smaller in GaAs/GaP. This small quantum con~ 
finement is certainly due to a reduction of the effective bar
rier height because of the strain. (The strain reduces the 
energy difference between the E I-related transitions of GaAs 
and GaP.) Moreover, in this particular sample 
(GaAs6GaP4 ) the GaAs layers are under compression 
(e = 0.7%), then the energy position of the EI-related tran~ 
sitions is affected by two contributions, one due to the strain 
in the GaAs layers and the other due to the confinement. The 
contribution due to the strain can be easily calculated: the 
modification of the energy position of the E\-related transi
tions in bulk material due to a biaxial strain (e) in the plane 
001 is equal to II 

EI =E 1 +/l/2+DE" -1 [kli + DE 601 ]El2, (1) 
A ,-It ' ~ 2 ] 1/" EI +':'\1 = EI + t../2 + DE" + ~ LU,l + uE OOl -, 

(2) 

where {jEI! = - ci (2 - 2CI2/C, I)e is the hydrostatic com
ponent of the stress-induced shift and oEoOl = 2b(1 + 2Cn l 
ell)e is the shear component of the stress-induced shift. 
With the values of the deformation potentials and elastic 
constants of Ref. 12 we obtain a value of 45 meV for 
e = 0.7%. Then the contribution of the confinement is 95 
meV. The confinement can be estimated with a simple mod
el. In such a model the energies of the bulk EI-related transi
tions are first modified according to Eqs. (1) and (2). The 
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confinement is calculated by means of a one-dimensional 
Kronig-Penney model, where the L-point states ofthe GaAs 
wells are supposed to be confined by the corresponding L 
states of the GaP barriers. Assuming a valence-band offset 13 

0[0.4 eV we obtain the following values: 70, 90, 109 meV for 
the GaAs"GaPm (m = 2,3,4) samples, respectively, where
as the experimental values are 60,70,95 meV. Even with this 
model the agreement is reasonable. 

We have obtained by spectroscopic ellipsometry the en
ergies of the E\ and E\ + a\ transitions of a set of GaAsl 
GaP superlattices. The results show that the confinement 
effects are very small. 
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