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» M » . - ABmCT
Within the bonding-antibonding orbital approach of Jha and Bloembergen, it is shown

that the bilinear optical susceptibility

¥ for II-VI and I~V semiconductors satisfies a

very simple relation in terms of other measurable physical quantities.

INTRODUCTION

EVERAL  phenomenoclogical and  empirical

models? " have been proposed to describe the

contributions of bound electrons to the bilinear
optical susceptibility x,.® defined by

P,= £ XGVE; + 2 X,WEE, 4+ ...
j Jok
(1)

where P is the optical polarization induced in the

st

medium by an electric field £ and xi;m 1s the

linear susceptibility.  Although the dispersive part
of x{® may be calculated by using a detailed
knowledge of the band structure for the material
in a limited range of energy, €.g., using the proce-
dure of Jha and Wynne?, the non-dispersive part,
of x{(2 s difficult to obtain theoretically in such an
approach, A simple approximation scheme, using
tetrahedral bonding orbitals for the ground state
of TII-V semiconductors, has been considered by
JTha and Rloembergen? to obtain x{2) in these
materials. Flytzanis and Ducuing® did a more
detailed calculation along these lines, using a sophisti-
cated variational procedure. Phillips and Van
Vechten* and Kleinman® have based their calcula-
tions on the diclectric theory developed earlier by
Phillips. On similar lines, Tang and Flytzanis®
have developed the so-called charge-transfer model.
Apparently the most successful approach at present
seems to be that of LevineS, which is based on a
semiclassical phenomenological bond-charge model.

In a two-band model involving bonding and
antibonding orbital states, we show here that

within the Jha-Bloembergen appmach_, x12) can be
exactly related to x(1land the effective charge on

the adjacent sites in II-VI or III-V compounds,
apart from certain overlap terms. 1hus, any honest
calculation neglecting the overlap mwust lead to the
results described in this paper,
Exacr Resurts IN Two-BAND MODEL
For definiteness, let us consider semiconductors
involving two types of atoms A and B, with 2

.
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zincblende structure. The unperturbed valence and
conduction band wave-functions ,* and ¢ for the

bond in the direction ¢t —=a/4 {1, 1, 1 are

= (14 N3 228,,)72 (M4 + 42 (2)

b= (1 2 = 228,71 (~ ¢4 + M) (3)

Mt

where ¢4 and ¢, are normalized sp3 hybridized

orbitals centered on atoms A and B, 5, is the
overlap between these two orbitals and N s a
parameter which is directly related to the effective
charge at each site. Within a two-band model,
oné hag2

Xea'"' = (2¢* n[Eg) | (T, [* (4)
XHEEE} = — (3e? n{Egz)l{x)rclﬂ U-’r)cc — {x>uu)
(5)
where n s the valence electron density and Eg is
the energy gap between the valence and conduction
band states. With our wave-functions, the dipole
matrix elements are
(e = {{1 - A%)° — X Sap*)™'?
X {A (BB — Xaa) - (A* — 1) ras)

(6)
{(Thpo = {1 + A% + 2X84p)~ "
X (A xas + xee + 2Axas) {7)
(X)ee = (1 + At — 22‘5&53*1
x (A*xe + xaa — 2ATras) (8)

¥ 1s the matrix element of x between the

where x
sp? orbitals centercd at sites I and J. Egs. (4-8)

immediately lead t0 our main result

X 2o =€ xtll[ - +f}?] " s
il T R (174 a2)? 74X S)p!
" {((1 £ AB)E - 4A28apt)"

R 1 1 4 A%
X (1 \ 1){3:}” * ( t\ )'

rag 235as (vaa -+ Iaﬁ)}] (9)

Nole that if one neglects overlaps 8, and 2, . and
uses the f-sum rule

(2mE, /i) 1 4x)e {* — 1 (10)
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TABLE 1
Xeya (@) Xeys'®
Crystal x n (10% ¢cm™) A (1u7% esu) (167 € esu)
(Theor.) (expt.)
ZaS 0-33 2-02 0 41 0-25 0-15 4 u-04 [9]
ZnTe 0- 50 1-42 0-46 0-57 0-44 + 016 [9)
CdTe 0-49 118 046 0-63 0-80 + 0-30 [9)
GaAs 0-79 1-78 0- 66 06-53 1-80 £ 0-6 [9];
0-90 4+ 0-3 [10]
InAs 0-90 1-44 0- 66 0-73 2:00 + 0-6 [9]
GaP 0- 65 1-97 0- 65 0- 31 0-50 + 0-1 [9]
one obtains a very important expression for y{2 ACKNOWLEDGEMENT

Xrgs™ = (3/4/8) (m[e? i n®)'"
X (X'B)74 (1 — A%)/A (11)

relating y, .12 to known physical quantities. Similar
relations may be obtained for other materials with
different structures.

Using known values of x{1) and the values of
A determined from experimental results on phonon
frequencies and the Szigeti formula with the local
field correction factor (these are also in close
agreement with Coulson, Redei and Stocker?), we
give values of x{® for II-VI and IlI-V compounds,
in Table I. A companson of our theoretical values
with known experimental results shows that there
is an excellent agreement for II-VI compounds.
However, except for GaP, the agreement 1s poor
for III-V compounds. We would like to stress
again that our conclusion 1s independent of the
explicit forms of the orbital wave-functions, and
any calculation which mneglects overlaps and con-
siders only two bands must lead to these results.
Since the role played by overlap integrals, if any,
must be similar in both II-VI and III-V compounds,
for explaining the discrepancy in the microscopic
calculations for III-V compounds, it is perhaps neces-
sary either to modify the effective values of A in order
to avoid oyerestimating the local field correction
factors, or to consider more than two bands.

The authors wish to express their deep gratitude
to Prof. Sudhanshu S. Jha who suggested this
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1. Robinson, F. N. H., Bell. Svst. Tech. J., 1967,
46, 913 ; Phys. Lett., 1968, 26 A, 435.

2. Jha, S. S. and Bloembergen, N., Phys. Rev..
1968, 171, 891 ; J. Quantum Electron, 1968,
QE-4, 670.

3. Flytzanis, Chr. and Ducuing, J., Phvs. Rev.,
1969, 178, 1218 ; Tang, C. L. and Flytzanis,
Chr., Ibid.. 1971, 4 B, 2520 ; Tang, C. L.,

IEEE J. Quantum Electron, 1973, QE-9,
7535.

4. Philhps, J. C. and Van Vechten, J. A., Phys.
Rev., 1969, 183, 709,

Kleinman, D. A., Ibid., 1970, 2 B, 3139.

6. Levine, B. F,, Ibid., 1973, 6 B, 2600 ; J. Chem.
Phys., 1973, 59, 1463 and references cited
therein.

7. Jha, S. S. and Wynne, 1. J., Pliys. Rev., 1972,
5 B, 4867.

8. Coulsont, C,, Reder, L. and Stocker. D., Proc.
Roy. Soc. (London), 1962, 270 A, 357.

9. Bechmann, R, and Kurtz, §. K., in Landolt
Bornstemn : Numerical Data and Functional
Relationships, Group III: Crystal and
Solid State Physics, Edited by Hellwege,
K. H. (Springer, Berlin, 1970), Vol. 1.

10. Wynne, J. J. and Bloembergen, N., Phys. Rev.,
1969, 188, 1211.

et



