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turned on. Values in parenthesis are for unrelaxed structures.

GaAs/InAs GaAs/InSb GaAs/GaSb InAs/InSb
AEY = (L) — {Tyo) 0.99 0.68 0.47 1.0
AE=T{® - TP 1.43 (1.22) 1.22 (1.02) 1.77 (1.28) 1.84 (1.39)
R= AE - AE“ 0.44 (0.23) 0.54 (0.34) 1.30 (0.81) 0.84 (0.39)

reduces the direct band gap, thus overwelming the opposite
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as recently been noted al numerous -V alloys

exhibit in vapor phase growth spontaneous long-range or-
dering in the form of monolayer (AC),/(BC), superlat-
tices m the (111) onentatlon (the “CuPt like structure”)

ence between the superlattice states FSE) and ﬁ l). Table I

approximation (LDA), as implemented by the.semirela-
tivistic linearized augmented plane-wave (LAPW)
method." In all cases we have assumed that the superlat-
tice is matched to a substrate whose lattice constant is the

& t‘m:tam_a.anﬂn_tem.nena.nJ.:P_tan oo _and suh,

CuPt ordermg are given in Ref. 12. In all cases, ordering
occurred as a result of homogeneous alloy growth without
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butlon to R. This can be exemplified by the results for
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(T) + (L', The folded zincblende states at this wave

ypatorare cgugled in the—sun~rlattice hy the penturbing

potential §V(r) =§ychem) 4 §psize) that has the symme-

=,

As 0.003 0.014.
in(t)  0.023 0.071

1 n@ 0453

size mismatch. ‘I'’his potential couples the alloy svat#and
leads to a “level repulsion” between them, whereby super-
lattice states are displaced relative to the unperturbed (vir-
tual crystal) states. For example, the T-folding alloy states
(T» and (Llc> couple through 8V, producing the super-
lottice ctatqg

and raicad

0.120 0.001
0.088 0.014
0.000 0.190
0.000 0.010
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mutually repelled (Flg 1). The increase 1n the energy of

the. VBEM will _}")&genoted (Fig. 1) as 8@ — el

i

-l
mum at X is considerably higher in these systems'* than

in@  0.020 0.076
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AEO the (L,;y — (I'y.) energy difference before coupling

A, T
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(LnAs),(lnbb)l n Cubt- llke structure, plotted in the (110) plane. 1he

contour step size is 4>< 103 e/au.® Charges are normalized to 2 e/cell.
n . X

decomposed charge (in units of e) for these states, where In'! and In'4
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ature direct band gaps [Eq. (4)] for the four systems formmg CuPt-like structure, The numbers in parenthesis are cystal field (denoted Agp in Fig. 1)
averaged values. The last row gives the change in the spin-orbit splitting 8A, relative to their respective averaged binary values. To include spin-orbit
interactions, subtract 1/3 8A; from E,(SL). All energies are in eV,

GaAs/InAs (3aSb/InSb GaAs/InSb InAs/InSb
E(binary)* 1.52/0.42 0.81/0.24 . 1.52/0.81 . 0.42/0.24
Eg(SL)b 0.55 (0.58) 0.09 (0.12) . 0.27 {0.36) - —0.28 (—0.203
—0.01 — (.01 0.08 0.08

InAs/InSb: we find that without structural relaxation ergy denominators'! AE® (Table I), consistent with a per-
[where &V (r) = §pichemi(py] band coupling gives turbation theory description. Indeed since the L, level is
R =039 eV, while affer relaxation S¥%)(y) firther in- ot
~ P Aditi T “q LJ_I.). e ’n—tr V—pnu—ﬂa—ﬁ-—‘m*“d_i

the various states, as illusirated in Fig. 2 for (InAs)/ Cur semirelativistic calculatlons predlct that in the
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valence-band maximum T'52 is found to be localized sys-  given composition x one has additional control over the
temancally on the heavv atom semlconductor, while the,, band gap through xa;‘ia’tions of the growth parameters that
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enhances substantially both the wave function localization
and the mixing of s character into the valence-band-edge

'See reviews by R. Triboulet, Semicond. Sci. Technol. 5. 1073 {1990}

states [Fig. 2(d)] that are pure p states in the cubic blnaI'Y and in Materials for Infrared Detectors and Sources, edited by R. F. C.
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Rre cte changes n the spm orbit sphttmg “B. F. Levine, C. G. Bethea, G. Hasnain, V. O. Shen, E. Pelve, and R.

84g = Aol (AC)(BC)y] — 172 Ag(AC) —1/2Ay(BC) are g Abort, Appl. Phys. Lett. 56, 851 (1990).

given in Table II. It shows that in the common-anion sys- 3J. N. Schulman and T. C. McGill, Appl. Phys. Lett. 34, 663 {1979). _

tems 84 S0, while for common-cation systems the nega- 4%014(- I%Igf;l, T. €. McGill, and J. N. Schuilman, Appl. Phys. Leit. 43,

tive Ong ‘(5A0> O) 15 SIzabIe PR 5 Reng an P. Fanurie Apnl Phye ott 40 409 ( 19R6)

dicted SL gap™ E, (SL) by subtractmg the calculated level Si‘em Appl. Phys. Lett. 52, 831 (1988).

D. K. Arch, G. Wicks, T. Tonaue, and J.-L. Staudenmann, J. Appl.
ShlftS ( Flg 1) from the experimental'® (exptl) average of- Phys. 58, 3933 (1985).

&5 - ~ ~ acr T swwr s wApU v R - Rt e rmm—mm oy mmee— s e ace— e neay v s memer

Sci. Technol. BS 710 (1990)
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(iii) above would therefore suggest that these SL’s will ‘GLandolt-Bonszem Numerical Data and Functional Relatzansths in
have a larger band gap than the bu]k constltuent with the Seience and Technology, edited by O-Madelung, M. Schulz, and H.

- LH- binary constituents {Table 11} and 5220.6 ¢V (Ref. 16} js the bowing
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