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82 LONG WAVELENGTH SEMICONDUCTOR LASERS

not invoke the k-selection rule for transitions involving band-tail states and,
at the same time, shounld extrapolate to that obeying the k-selection rule
for above-band-edge transitions involving parabolic band states. The model
for such a matrix element has been considered by Stern.14-16 Before discussing
his model in the next section, we consider the simpler case where the
k-selection rule holds and obtain the absorption coefficient and the spontane-
ous emission rate.

The k-Selection Rule  When the k-selection rule is obeyed, |M{? = 0 unless
ke = ky. If we consider a volume ¥V of the semiconductor, the matrix element
[M 2 is given by

@m)
v

M2 = |M, |2 ke — ky ). (3.2.32)

The & function accounts for the momentum conservation between the conduc-
tion-band and valence-band states, The quantity /M, | is an average matrix
element for the Bloch states. Using the Kane model,” |M, 2 in Bulk semicon-

ductors is given by 717 6\%\,\
W

w
o MoBy(Ey +4)
M = o E, +28/3) ~ &moks (3.2.33)
where my is the free-electron mass, E, is the band gap, and A is the spin-
orbit splitting. For GaAs, using E;, = 1.424 eV, A = 0.33 eV, m, = 0.067
my, we get £ = 1.3,

We are now in a position to calculate the spontaneous-emission rate and
the absorption coefficient for a bulk semiconductor. Equations (3.2.22) and
(3.2.32) can be used to obtain the total spontaneous-emission rate per unit
volume. Summing over all states in the band, we obta -

Amjiq?E Q) A v v,:
s .m o= 2 —_
reelE) = enies Mo P @) end) v (3.2.34)

XZfr [ (B (By) d¥% d%ky S(ke — K, )S(E; — Ef —E)

where fo and f, are the Fermi factors for electrons and holes. The factor 2
arises from the two spin states. In Eq. (3.2.34), T stands for the sum over
the three valence bands (see Fig. 3.1). For definiteness, we first consider
transitions involving electrons and heavy holes. The integrals in Eq. (3.2.34)
can be evaluated with the following result:

oA

A

-

m\?%ﬁ%@?ﬁ.
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tmpﬁm_?_“w@%|:$am__a.m.wg
o) =22 () B~ B B )

where

E. =" (E—E,)
me

E, =— (E — Ey)
Mhh

Metinn
g —_
me + Mun

and mpy is the effective mass of the heavy hole. Equations G..N.umv give
the spontaneous-emission rate at the photon energy E. To @UEE the 8:“
spontaneous-emission rate, a final integration should be carried out over a

possible energies. Thus the to . ission rate peruni :
due to electron-heavy-hole transitions is given by
R= — re(EYdE = A|M, |21 (3.2.36
Eg ™

where

I= % " (E ~ BV (BN (B dE
Eg

and A represents the remaining constants in Eq. {(3.2.35). A similar macma.o
holds for the electron-light-hole transitions if we replace mnn by the effectir

light-hole mass my. . . o .
The absorption coefficient a(E) can be obtained in a similar way usin

Eq. (3.2.19) and (3.2.32) and integrating over the available states in the cor
duction and valence bands. The resulting expression is

e§ EL\ZW
B = end MY Qﬁﬁﬂ%v T\v

X Jooof (1= fi —f) d%ked ko 8(ke — ko) 8(E; —E; —E)  (3.2.3

— LHME (I g gy - R E) - AEI] (23
n2egmic




