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TWO-PHOTON ABSORPTION IN INVERTED SEMICONDUCTORS AND THEIR
SIZE-QUANTIZED FILMS
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The TPA of light in semiconductors with inverted band structure and their size quantized films is theoretically considered. The gencral
formula for TPA coefficient for the possible geometries in the framework of two-band model are obtained. It was shown that in the film case
the TPA spectrum exhibits the sharp peaks due to the size quantization of carriers cnergies.

Currently, much attention has given to the linear and
nonlinear optical properties of the quantum nanostructures
such as semiconductor quantum wells, wires and dots [1-3].
These properties depends sensitively on the transition matrix
elements between the eigenstates of the carriers, size of na-
nostructure and band gap of bulk semiconductor.

Consequently, a consideration of the optical effects in
such structures demands an account of the real energy spec-
trum and wave functions.

A large number of semiconductor compounds have an in-
verted band structure, where the conduction band () and

heavy hole band (h) are degenerated at the k =0 point. The
typical examples are o-Sn, HgTe, Hg, CdTe (x < 0.15),
Hg, ,Mn Te (x<0.07). Since the bands () and (k) have the
same parity, the dipole transition (h)—(c) is forbidden [4]. In
such mtuntmn rhc ’twa*phl}tﬂn absorption may be effective.
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Two-photon absorption (TPA) in semiconductors with
normal band structure has been considered in [5]. The refer-
ence of the papers that are concerned with TPA right up till
1972 are contained in the rather well detailed paper of Lee
and Fan [6], in which A"BY compounds are considered, In
[7-8] TPA in InSb type narrow gap semiconductors has been
studied.

In present paper TPA connected with (h)—(c) transi-
tions in semiconductors with inverted band structure and
their size-quantized films is investigated. The case of intrin-
sic semiconductor at the temperature T = 0 is considered. In
other words it is supposed that the valence bands are entirely
filled up, but conduction band is empty. The general expres-

sion for the absorption coefficient of photon of energy hv, in
presence of photons of energy hv, has the form [9]:
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Here e is the electron charge, c is the light velocity, n, and
11, are the refraction coefficients corresponding to the fre-

quencies v, and v,; &,, &, are the corresponding polariza-
tions, E;, E,, E, are the energies of initial, intermediate
and final states of electron, a".i,.J, {£), [t), are the wave
functions, respectively,

In fig.1a the band structure of inverted semiconductor and
possible TPA process are shown.
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L. Spectrum and wave functions for arbitrary k in a para-
bolic approximation can be obtained from the expressions
(19) of the work [10] if &,—»c0, i.e. £<<g,, where &is the en-
ergy counted from extremum of bands and &, is the energetic
distance between extrema of (1) and (k) bands:
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Here ¥ is the time-reversal operator and I is the space-inversion operator, k, = k, % ik , kf = k:' . .I:,:: s Uy o g
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where m., m,, m, are the effective masses of the conduc- In the bulk case for the isotropic crystal of cubic symme-

tion electrons, heavy holes and light holes, respectively try there are two different geometries zz and xz. Using the
X, Y, 2 represent the functions transforming like atomic p-  spectrum and the wave functions (2)-(4) we get for TPA co-
functions and S transforms like an atomic S-function. , efficient following expressions:
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Fig.J. Band structure of HgTe near the /point of the Brillouin zone and possible TPA processes: a) bulk crystal case; b) size quantized
film case.
I1. In a size quantized films of the semiconductors with a In the thin semiconductor film when thickness compara-

normal band structure TPA has been investigated in [11].  ble with the de-Broglie wavelength, the wave vector k in
However the author does not take into account the depend-  his direction becomes discrete, ie. k,=mn/d, n=1,2,
ence of matrix element on wave vector k . Taking into  and consequently the energy quantizes also. This lead to the
account this we found correct result with the concrete polari- == 5 :

f degeneracy and the gap &£, appears in zero
zation dependences. arinbion Bk Ycl Y Eap £, BPPC
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gap structure, that is equal to the energetic distance between
the first size subbands of the heavy hole and conduction

bands. In the interval hv,,hvgf.s: <h {v;+v;) the one

photon absorption is forbidden both by symmetry and by
energy. In this case TPA can gives an essential information

about the energy spectrum at the vicinity of k&, =0. There is

four different geometries in the thin film case. That are z =z,
zx, xxand xy. For calculation of TPA cocfficient we have
used the spectrum and wave functions, that are obtained from

the solution of Schredinger equaton at k - p
approximation for the potential well with the infimtily deep
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. (F) and B, (#) are the combination of
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the Bloch amplitudes, o,=(7+) and p=(chl). Note that
Bi nc, (£) =0 for z=¢0:d).

Using (7) one may calculate the matrix elements in (1).
As seen from fig.1b and (7), the presence of the size levels
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well [12]. We assume that the surfaces of the layer a
represented by high potential walls at the planes z=0 and
z=Na=d, where N(N>>1) 15 the number of crystal layers in

the films. We also assume that
;F(H, zZ = EI') = plr,z = d) = {. Then the
spectrum and wave functions may be written in the form:
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esses: (1) Angp=0 (dnyp=4n;.=0 or n.=n,=n,, processes 1

and 2);(ii) An_,=25+1,where s=0,#1,42, .(4dn;,=2s+1,
Angy=0 or Any,=0, An;;=2s+1, processes 3 and 4); (ii1)
An =25 (Any=2s+1, An;=2s7+1, processes 5), where
dﬂya'u:ﬂur —.ﬂ“ 5 ; )

The final expressions for TPA coefficient has the form

leads to the possibility of appearance of three types proc- | (vi=vz=V).
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@(x} is the step function, &, are the energies of the first a5
size subbands,
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The curves in Fig.2 show the dependences of TPA aj'r' o2
coefficient on parameter a=hv/g, in the case of zz and xx
polarizations for o=180 A, £=0,28 eV, m;=m=0,029m,, 0.4
my=0,4m, (HgTe). The estimations show, that in the bulk case
when m=0,117 eV for HgTe in =zz geometry
Kz = 0,357 em/MW. It is seen that the curves for K. in the u
zz and xx are qualitatively different, TPA starts from the N
threshould, which corresponds to the energy distance hy ;53

between the first subbands of the conduction and heavy hole

Fig.2. The ratio of the two-photon absorption coefficients

bands [thj - The arrows indicate the transitions with the (Kz¢11=) in a size quantized films of semiconductors

selection rules An_,=-2 (arrows 2, 6, 12), An., =4 (arrows 3, with ilwcru:;! band sl.ru::l:'urc to lhlﬂl in bulk (Kz0:x) is
=y = shown as a function of the normalized photon energy
%, 13), dng, =6 (arrows 5, 9), Ancy =1 (arrows 4, 11) and a=hv/g; The parameters used in the calculation are
An_, =2 (arrows 10). characteristic of HgTe.
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INVERS YARIMKECIRICILORD® V& ONLARIN OLCUYD GORD KVANTLANMIS NAZIK
TOBIQOLAORIND®D IKIFOTONLU UDULMA

Invers yarimkegiricilorde ve onlann élgiiye gore kvantlanmig nazik tebagelorinda ikifotonlu udulma hadisesine baxilmisdir. ki
zonalh Keyn modeli daxilinde ikifotonlu udulma amsal igiin i5ifin miimkiin olan biitiin polyarizasivalanm nezers alan formul
alinmigdir. Gésterilmisdir ki, nazik tebege halinda ikifotonlu udulma spektri zorrociklorin enerjisinin élgiliye gore kvantlanmasinm
naticesi olan sart piklere malikdir.
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ABYX@OTOHHOE ITOIIONEHHE B MTHBEPCHBIX ITOJYITPOBOJHUKAX W UX
PASMEPHO-KBAHTOBAHHBIX IIEHKAX

Paccmorpedo fByXgoTOHHOS NOrNOLIEHHE CBETA B HHBEPCHBIX NMONMYNPOBOAHKHKAX M MX PAIMEPHO-KBAHTOBAHHEIX niaexkax. B
paMkax aAByx3oHHON monenn Keitna nonydena obwas dopmyna wis koadduumenTa JABYX(POTOHHOTO MOTAOLIEHHSA, YYHTHIBAIOIAR
BCCROIMOMHBIE TCOMETPHM JkcnepmenTa. [lokasano, uro B cnyyae naekn cnextp JPIT cogepmuT peskme nHw, 00YCIOBICHHEIE
Pa3MEPHBIM KBAHTOBAHHEM IHEPIHi HOCHTENEIH.
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