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strain €) anﬁ H egree of ordering 7.
The energy for the conduction (¢) band minimum is
given by

AV(e)
Q=Er(070)+ac T

+B(n). (4

FICIC, L \U,U) IS LC CULUUCLIVILI-UALIU CUOLEY UL W dtiai-
free random alloy at composition x, a_ is the deformation
potential of the conduction band, and B, is the ordering-
induced conduction-band energy shift. Since only relative
energy difference between two bands are generally mea-
sured, it is convenient to define the center of the three top of
valence-band energies as our zero of energy and denote by
a=a,—a, and B=B_—B, as the deformation energies of
the average band gap Eg=Ec—%(E1+E2+E3). For
{001) strain the relative volume change is given
by AV(€)/V=2[(C1;—C13)/C1;1]€ The ordering induced
average band-gap change is given by B(#%)=[AE,(1,0)

+1A9,1(1,0)]1 % , where AE £(1,0) is the band-gap reduc-
tion of the stram-free and fully order alloy relative to the

assuming the usual quadiatic bowing ToIm
P(x)=xP(GaP)+ (1—x)P(InP)— bpx(1—x), (6)

where bp is the bowing parameters for property P. For the
spm—orblt sphttlng we use the bowmg bsso=-0.02 eV,

S x e X7 XY

and deformation potentials. These input values for
Ga,In, _,P are given in Table L. For the second category of
quantities, we use our previously calculated band structure
values” Af};(1,0)=0.20 eV and AE,(1,0)=—0.32 eV.

Using these input data we solve Egs. (3) and (5), obtain-
ing (a) the band-gap reduction AE,[7,€(x)] and (b) the
valence-band splitting AE [ n,e(x)]=E [ 1,€(x)]
—E,[ 7,€(x)]. Figure 1 depicts these quantities as a function
of the film composition x, while Fig. 2 shows them as a
function of the degree 7 of long range order. The following
are the important features:

lOrdered Gan,_,P/GaAs (001)1

C11—Cia
E.(7,€)=E,(0, 0)+—~AS°+2 R g L
Cll
+|AE(1,0)+3 A (1,007 (5)

The needed input data for evaluating Egs. (3) and (5) are
(i) the concentration dependent properties: E (x), €(x),
ASO(x), C ;j(x), a(x), and b(x) of the random alloy (7=0)
and (ii) the ordering dependent properties: AY);(1,0) and
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calculate band-edge energy levels of Ga,In,_ P as function of strain and
ordering,.

Properties GaP InP
ay (A) 5.4512 5.8687
Esg (eV) 2.78 1.35
A (V) 0.08 0.11 .

Ci1 (Gpa) 141 102
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FIG. 1. (a) The band-gap reduction AE (7,€)=E [ n,e(x)]—E[0,0] asa
ggtion of comnosition x_af p=0 and_n=0.5. The daghed barizovial line .
SET——

b (eV) -1.8 —1.6
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valence-band splitting AE;, of the strained alloy with ordering as function
of composition x at =0 and %»=0.5.
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tary, so the combined effect is larger than the individual one.
(d) It is useful to plot the measured AE, vs AE, (Fig. 3).

There are three domains in this nlane: If the measured data

calculated x =x, line, epitaxial strain is the logical cause as

n=1{ <ea Fio

(il_EL([é Strajn_with. no,nrierine (rstva*

itd fy - ] \
oo data fall below the line (as is the case for the high |AE ¢l

i

samples of Fig. 3), we have an effect that produce a lowering

£y 1:, v
at x=x,, reflecting the change of the VBM from light hole
when x<xq to heavy hole when x>x,. (c) The slope « for
the light-hole gap E, vs x is much smaller than the slope 8
for the heavy-hole gap. These features have been observed in
strained random allovs of GaInP9 and GaInAs 2

T BE, VS X (OF £, VS X) CUIVES NAve a cusp

tion.

In summary, we have shown that measurements of AE,
and AE,, of Ga/ln,_ P films mismatched with the
GaAs(001) can be used to observe new fingerprints of order-
ing. This includes the “rounding of the cusp” of AE;, vs x,
flattening of the AE 12 VS X curve, and the shlfts in the AE

data of Alonso et al.* We find that the 7 which fits the theo-

retical AE, also fits the theoretical AE;, of the same
samples. This then gives a “self-consistent” way of deducing
7 from optical measurements.” (b) For the valence-band
splitting, chemical ordering is analogous to compressive
strain in that both yield a light-hole state at the top of the
valence band.'>!® This ordering-induced reduction of the
in-plan effective mass at the valence-band top (relative to the
random alloy) would lead to larger exciton radii.

1ii existence of chemical orderipg

ith _epitaxial g A .
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(x+#xq) is predicted to remove the cusp in the AE, vs x and
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"
" predicted to reduce the dependence of AE, on x, as illus-
trated by the flattening of the %=0.5 curve near x=x, in Fig.
1(b). (c) (001) strain increases the valence-band splitting pro-
duced by pure ordering, and vise versa [Figs. l(b) and 2(b)].
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