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SUMMALRY

The purpose of the present thesis is to give a com-
plete theoretical study on the effects of indeﬁéndent
eleotrie snd magnetic f1=1ﬁs as well a5 effects of both
fields on the two-photon absorptlon coeffié;ent in semi-
conductors. The prouess of the phonon-assisted two-
photon elec*ronic tranéixlons in semlconductors. is also
considered‘ Numerical cpplleatlons on some crystzls are

given.

Expre551ons for the-Two-photon absurption coeff:clent
at the erltlcal points L and ¥, have been derived adqp-
ting a three-b;ﬁ& model and the time—uependent perturba%
tion theory in an electric field, 4% photon energies
Just below the tbrégﬁbld MO, the formula fqr the absorp-
tion coefficient tends to en exponentisal tail of Frenz-
Keldysh type, Abové the thresghold it zives 2n oscillaﬁo:y
structure sround its zero-field value 2nd reduces to the
ususl formule in the sbsence of the elegtric field., Usinog
zng Blectronic Computer IBM 1130 at Air Shams University,

pumerical application has besn made to the case of ani-

m

sotropic ZnS crystals,

From the presept theary of the two-photon absarption
P

in the electric field,!B! , we get the following conclusions:
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1) Deviptions of 2t most 10 % from the zero~-field two—

photon absorption eurveg are 6BSe§ﬁeﬁ in 2n electric field
of 5 x 10 V/em. 2) These deviations take the form of
0501ii;£;035 around the two-photorn zero-field ecurve. The
period of osclllatlons T, is approximetely represented
by ”YY’E" 2% the edge point M, 3) The theary reduces
to known resvlts of frenz-keldysh effect befare tbe absor-
ption edqf Mé, and after the edge to the ususl s?uare-

root enmergy depencence inp zero clectric field,

For the case of the saddle peint M,, the two-photon
ebsorption coefficient oscilletes arowrd its value at
Zero field only st emergies efter the gep, in agreement

with the one-photon absorption process.

4 theory is developed for indirect two-photon trap-
sitiens in solids in = magnetic field, Three band medsls
heve been introduced, where the electronie trznsitions
are defined byt &) interbard-interbasnd indirect troosi-
tions in the cese of the four-bend model; b) interband-
intrabend indirect trensitions in the cese of the thfee-
band model, z2nd; ¢) intrsbznd-intrebsnd indirect trensi-

tions in the ¢sse of the two-bsnd model., The result shows
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that the contributions from these band models agree with

a reeent experimental result in Insb. The four-band and
two=band models give large contributions only at the Llimits

of low snd high magnetic fields, respectively.

The effect of temperature, T, on the process of the
indireet two-photon azbsarption is %c split up each step
of the absorption into two differepnt steps. The first at
low temperstures, corresponding to phonon emission, while
the second at high temperastures corresponding to phonon

absorption.

The effegt of crossed electric 'E| 2nd magnetic | =
fields on the two-photon clectronic interband transitions
in semiconductors is investigeted., The approach we foliow,
is treat the eleectric field zs s small perturbation in the
presence of a magnetic field of differernt strengths, The
geperal behaviour of the two-photon asbsarption coefficient
depends mzinly on the rzties igfll§j « 4 numerical appli-
cation to the ease of Zns shows thet: 1) for |EIK 10°
V/ce and {E!> 100 EG, the msgnetic ficld has the deminant
effeet, We obtain singularities corresponding to each pair

of the lzndzu levels in the valence and conduction bands
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with thé corresponding landau level in an intermediste

beand. The effect of the electric field is to reduce the
value of the energy gop and to destroy the landau selec—
tion rules. (2) &s 3@% / fg? inecresses, the elecetric field
becomes maore effective, For example for ig}: 75 KG 2nd

50 KEG we get; first, the absorption starts st much lower
epergles because of reising up 2nd lowering down the lan-
dau levels in the valence and conduetion bands respeetively.
Second, the separztion between such levels decréases in

such a2 way thet we obtsin the continuum for strong elec-
tric field, 3) Far |E! > 6 x 10° V/cm, this procedure
feils to give any results. The electronie transition be-
comes of an electric type and the present zpproach of the
two-photon absorptien is no longer velld. Instead we should.
use snother treatment tc obtzin the Airy function behaviour

of the electric field effect.

In parallel eleetric 2nd magretic fields, we obtained
en eleectric type two=photon electronic interbsnd frznsi-~
tions 2s for the czse of one-photon abserptien ir parallel

fields,
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INTRODUCTION

Multiphoton absaorption is that process in which at
least two photouns are simultzneously sbsorbed per elemen-—
tary ipteraction of electromegnetic radiation with matter.
The probability of such elementary interactioms cannot
formelly representéd as a product of the probabilities

of ebsorption of individusl photons.

The theary of multiphoton absarption hes been consi-
dered for the first time during the early years of quantum
mechanics, but experimentzl techniques at that time did
not meke it possible to observe many of the predieted
phepomena, The main difficully in the study of multipho-
ton processes is their exceedingly low probzbility compared
with ordinary single photon processes, In order to observe
wultiphoton processes it is necessary to have rsdiation
densities thst are meny order of magnifude larger than

those used faor the observation of single photon processes.

Two-photon abscrptior is = nonlinear optieal pheno—
nenon in which twe photons are simultareously sbsorbed in
an electronic transition, The two photons are chosen such
a8 the electronlc system could not absorb one photon zlone

to mske a transition., The conservation of energy demands
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that the sum of the energies of the two photons be egual

to the energy of the electronic transition.

The natrix elements of a two-photon tremnsitien, un-
like single photon absorption, is not zere only fer ini-
tial and final states with the same wave-fupncticn symmetry,
Lcecordingly, single photon tramsitions are forbidden in
this case; &nd vice-versa. Twe-photon spectroscepy,
therefore, is capable for giving infaormation about 2
solid not essily available from one-photon speetroscopy.
For example, in electronic systems possessing inversion
symmetry, direect exasminstion of states having the same

parity ss the ground stzte is permitted.

By the recent developments of optical lasers with
thelr out-put rediation, the properties of the two-photon
absorption =2t bapd edgzes of sclids have been extensively

investigeted,

The general theory of the two-photon eleetrenie¢ tran-~
sitien was garly studied by Géppertouayer(l). Braunsteina)
developed 2 theory to calculate the absorption coefficient

negr band sdges in semiconducters, BRraunstein's model
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depends upon the excitation of zn electron from an inital

velence band, v, to a finsl conducticn band, ¢, through
an intermediste stste,? , by the simultaneous absorption
of two photons Eu\ and huﬁ. Basov and co—wcrkers(z) pro=
posed snother model for compounds ir which the valence
band, v, consists of three subbands denoted by vl’va’VE’
Electronic interband transitions from the Vi valence
bends (1 = 1,2,3) to the condugtion band, ¢, are possi-
ble but with different probabilities depending on the
wave-vectors 4_1 and 4_2 of the inpcident besms., The
total probability of ferming an electrone-hole pair by

the two-photon excitstion comsists of three terms each

of which deseribes the probability of formation of an
electron irn the conduction bard znd z hole in one of the
three valence bends, Gold gf g;.,(4) developed 2 theory

of two-photon trensitions between z given psir of impurity

levels of the same parity,

Ino a2 number of semicondueting crystals, the maximum
of the valenece band and the minimum of the conduetion
band asre located in different points in the Briilouin
zone (BZ), Phonon-aszsisted two-photon transitions may

become important and directed towards lowest energy zaps
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of the band struecture., Kovarskii gg,gl..(5) developed a

theary of the phonon-assisted two-photon transitioms in
the cese of ZnS crystcls, The process has been descri-
bed as a third-order process zccompesnied by the scat ter-
ing of &1 electron to the conduction band and leaving a
bhole in the valence bend. Their results mere in good
agreement with observations obtzined by other authorscs).
Singolani et g;.,(7) observed the two-pheoton conduotiviity
in ZnS crystalse Photocurrent characteristics have been
explained by a2 two-stage absorption process in which the
first photon reaches 2n excited state with 2 resonzbly
lopg lifetime znd the secord photon completes the trapsi-
tion. By ths simultaneous sbsorption of twe laser beams,
they predicted the creation of =zn slegtroenehole pair as
previously observed by Yée(a) and'Panizza(g).

(10} seveleped a theory of the twow

Bagsarni a2nd Hassen
photon absarption nesr the criticzl points M, end ¥, .
for the point ¥;, they poted z trensition pesk similer
to thet obtained in the cezse of one-photon transitions
but it is charper due to additionzl energy terms in the
predicted formalism, Phonon-.2ssisted twowphoton transi-

tiens heve been investigated in the cases of Ge snd Gap
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for the bspd-to-bapd (11 zand exciton (12) transitions,

Polarizstion dependence of the process of the two=
photon traasitions have been investigated by meny au-
tharse (13). Experimentel observations hsve been obtained

by Braunmstein g¢i g_],.,(m) irp the case of C48 erystals,

Hopfield gglg;.,(IB) in the cases of XI znd CsI, and -
Frohlich et gl.,(ls) in the cese of anmthracene pewder,

& shift of the absorption edge towards lower ener—
gles in the presence of 2n electrie rfield |B!, was dis-
covered theoreticzslly by Franz(17) end Keldysh(la) and
cbserved by meny othersclg). Tharmalingam(ec) used sta-
tionary wave-funetions to compute interband matrix elements
neéar the threshold M, in epn elegtric field. The zero-
field limiting czse of the absorption coefficient hses
been examined and expomentisl tzils due to Freng-Ke 1dysh
mechenism are dsduced before the absarption edge,
Gallaway(al) showed that above thresholds, cpticzl fune-
tions undergo oscillations with s period Additional
oscillations, orders of asznitude smailer, eare predicted
witk g period 7 due to Stark effect, Aspnes(aa) investi-
geted the Prenz~Keldysh effect around 31l types of van
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