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Abstract — The new mechanism of terahertz radiation generation (alification) which is based on the use of
quantum transitions between two-exciton and biexc@in states is investigated. It is shown, that the Bancement
coefficient of terahertz radiation depends on the pmp intensity.

Generation of terahertz radiation in the dimendiona
confined structures has attracted a great deatteftaon
recently. Terahertz radiation was observed in tentum
transitions in the asymmetric coupled-quantum-well
structures, in superlattices, in a single quantustl as a
result of quantum beats between excitons with leytd
heavy holes. Recently Kavokin et al and Slavchawh a
Kavokin proposed new mechanism of THz lasing based
on the pumping of the excited exciton 2p state in
semiconductor quantum wells and the stimulatedcapti
transition between excited 2p and ground 1s exciton
states. The cavity was pumped optically at hathefself-
frequency of the 2p-exciton. Another group of
investigators proposed the emission of THz radiatiae
to the transitions between upper and lower polarito
branches in semiconductor microcavity.

We propose a new mechanism of generation (or
amplification) of terahertz radiation in bulk or
dimensional-confined semiconductor structures whgh
based on the quantum transitions between excitah an
biexciton states. Let the incident pulse of resoraser
radiation on the semiconductor with the frequengy
equal to the frequency of 1s-exciton staig excites the
excitons from the ground state of the crystal. \Wgpese
the exciton state as the macroscopically occupidok
two-exciton state 2ex with the frequencywg? is
macroscopically occupied too. These two-excitortesta
were used for the explanation of the results of-fwave
mixing experiments, for the prediction of the pbsiy
of Bose-Einstein condensation using the collective
process of two-exciton two-photon absorption ohtigt
seems that the same states can play an importininro
the process of terahertz radiation generation. Ke t
biexciton state with the self-frequen€¥=2w, — Q, is
situated below to the two-exciton state with théf-se
frequency 2, on the valueQ,, then the population
inversion appears between two-exciton and biexciton
states. That is why if we inject a weak pulse ofzTH
radiation with the frequencw, equal toQ,, the such
radiation will be amplified because of the induced
downthrow of the inversion.

The conservation laws of the energy and momentum of
the process of two-exciton — biexciton transitioveg

2Eex(kl) = Ebiex(q)+ha‘2’ (1)
2k, =q+Kk,» )
were ki=Kpnor, 4 andk, are the wave vectors of the exciton

(photon that excites it), the biexciton and the Tidantum of
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radiation respectively. Then for the quantum of ifdz
radiation we obtain

ha, =1, + 17K, (2%, +q)/4m,,- 3)

Fork, = 0 we obtainw, = Qq = |,/ #, which means that
the quantum of the THz radiation is equal to thedhbig
energy of biexciton.

Let two plane electromagnetic waves with
amplitudes E1 and E2 and frequencies and w;
propagate in the crystal. In this case the Hamidtorof
interaction of the electromagnetic waves with tkeitens
and biexcitons has the form

H= —hg(a+ E+ aEl‘)—h,u(a+ a'bE; + b*aalg), (4)
wereg is the constant of exciton-photon interaction and

is the constant of the optical two-exciton — biéxgi
transition, a and b are the amplitudes of excitol a
biexciton polarization of medium.

Using (4) we can obtain the Heisenberg equations fo
the amplitudes of excitons and biexcitons. Alsoolwain
the expressions for the density of excitons and
susceptibilities of the medium in the ranges ofjfrencies
wo and 2vg — Qn correspondingly. We can see that
absorptive components of susceptibilitigg’ >0 and

the

X <0. It evidences about the amplification of the THz

radiation at the expense of the first pulse witlke th
frequencyw; . The THz susceptibilityy, depends on the

exciton density and is proportionalnd We obtained the
bistable behavior of the exciton density on the pum
intensityl; and on the exciton detunirdg, which appears
in the case, whefiexceeds the critical valug.

In the case of exact resonance we have obtained the
expressions for the dielectric functions of the med

. ),
E = Ep 1+|¢2 :
y:+ 2ﬂ2n|E2|
i 4mp’n®
4
and the equation for the exciton density

nly? +207n1,) = %021,
where I; and |, are the intensities of the both fields.
Further in the slowly varying envelope approximatise
obtain the approximative integral of motion, whiliks
the intensities of both waves

(%)

€y =&p~



Clr ) At the very great distances the intensity of thiaves

J, = Jex *(Jlo _‘]l) saturates and takes the maximal valug_, while the
and the expression for the spatial distribution tio¢ intensity. of pump_ing wave decreases _exponentially.
Introducing the gain coefficieng of the this wave by

intensity of the enhanced wave. . :
We can see that the greater value of the parameterormula J3,(x) = Jpexdgx). we obtain

B =cl? /2, the greater the maximal possible value of 9(x) = (B/x)1-exp(~2a,0x)). At x=0 the gain
the intensity J, /J, =exdB). Taking the coefficientg(x) has the maximal valug(0) = 28a,-

appr(.)X|mat|ve SOIU.“O” 1 _.J.loexd ayx). where So we showed that the population inversion between
ay, is the absorption coefficient on the frequency of 4, exciton and biexciton states appears under the
pump pulse, we obtain pumping of the exciton state, in the transitionwesn
J, :Jzoexdﬂ(l_e_zawx))- which the generation of terahertz radiation is fies
The intensity of the terahertz radiation expondigtia

We can see that normalized Intensity/J,, at first increases with the increase of the pump intensity.

rapidly increases with the increase of the cootdina
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