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We analize the stability of the nonlinear nonequilibrium 
thermodynamic steady state of a double component plasma 
generated by continuous laser light illumination in 
direct-gap polar semiconductors. It is shown that in the 
extremely degenerate regime there occurs a transition to a 
non-metallic nonequilibrium dissipative structure. In the 
intermediate degenerate regime there is a coexistence of 
the non-metallic nonequilibrium phase with a metallic one. 
Above a certain temperature, for each concentration. the 
carrier system 1s almost purely metallic. The 
non-conducting phase is produced as a result of collective 
plus nonlinear dissipative effects in the 
far-from-equilibrium system. 

Formation in semiconductors of a 
uniform steady-state double-component 
plasma of electrons and holes Ccarriersl 
in the lattice background is possible 
through continuous laser illumination. 
The laser intensity should be high 
enough to produce a concentration of 
photoinjected carriers such that the 
system is on the metallic &ide "_$ Mott 
transition Ctypically 10 cm and 
higher>. 

in its excitation 
of two branches acoustic 

plasmons."' Further, recall that 
open in sufficiently 
far-from-equilibrium conditions. 

by nonlinear kinetic 
laws, may become unstable 

of order on 
' The system are 

considering to this class 
it requires stability analysis. 

test 
of nonhomogeneous structure. 

We resort to normal 
of the eigenvalue of 

the linearized of motion 
resulting after the imposition of 
small deviation on the steady 

we are looking for a new 
stationary solution must 

of null eigenvalue of the 
linearized 

of evolution for 
the variables that describe the 
macroscopic state of the system are 
obtain from the nonlinear quantum 
transport theory that is derived from 
the nonequilik;ium statistical operator 
method CNSObD , and Zubarev's approach 
is used. '"Csee also Ref. 71 

Consider an intrinsic polar 
semiconductor illuminated by continuous 
laser light. After a transient time 
there follows a uniform steady stat-2 
characterized by a quasitemperature 
and a concentration n of 

pc7, 
carriers. 

add to 
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VCW=4ne2/c*VQ2. with ho the background 

static dielectric constant and V the 
volume of the system; Ee is the energy 

gap ; 

nC& =ECn* +nhl c31 

k $2 iz 

is. in units of the electron charge, the 

Q-wavenumber component of the carrier 

charge density; ~*(h'*f*(h'_f*(h',r*(h' 

iz c+;; i i: 

beingFermi-Dirac distribution functions. 

since, as noted, the carriers are in 

internal equilibrium. Further, 

coefficients B contain dissipative 

effects associated to laser light 
absorption, radiative recombination, and 
carrier-phonon interaction. The latter 
produces relaxation effects much smaller 

B 
. c h) 
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where A and A are coefficients 
L R 

depending on the matrix elements of the 
interaction of the carriers with the 
laser and recombination radiation 

fields. and x = 
=k 

h2k2/2m , with 
-i * -i -1 

m m +m 
h' 

Coulomb interaction has 

bien t:eated in the Random Phase 
Approximation CRPM. 

Putting both equations C2> equal 
to zero. the case of null eigenvalue, we 

solve them and adding both quantities 
0 , h) 

n and summing over I;. we find the 
i-z 

secular equation 

nCd, cC& = 0 . C53 
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and Im EC& = 0. Here EC& is the static 

and wave-vector dependent dielectric 

function of the system, obtained in RPA 
and including relaxation effects 

contained in coefficients B that couple 
electrons and holes. This expression 
goes over Lindhart dielectric function 
for a system of two tYPs7 of free 
carriers when putting B = 0. 

Eq. C5> tells us that one solution 
is nC& = 0, i.e. the one corresponding 
to the homogeneous state. A solution 
nC@ Z 0, i.e. corresponding to 

formation of spatial ordering, follows 
for EC& = 0. Lengthy but 

straightforward calculations shows that 
in the classical limit and small Q. 

where Q iS 
DH 

Debye-Huckel screening 

wavenumber. Q2 
DH 

= 8ne2n/Wm E , and thus 

Eq. C81 has no zero. On ihz extremely 
degenerate regime Cvery low temperatures 
and high concentration> and small Q we 
find 
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Hence, E and Q are finite 

positive number: and conlequently there 
is no zero of EC& in this limit and so 
is the casa in any intermediate regime. 
Consequently the photoexcited intrinsic 
semiconductor shows a uniform electronic 
steady state etablo agninet any 
nonuniform spatial fluctuation. 

However, we are in conditions to 

Put into evidence another kind of 
transition between homogeneous steady 
states. According to Eq. ClOb3 Q is 

dependent on the nonequilibrium sta:e of 
the system and in the extremely 
degenerate regime, when f* becomes a 
delta function centered on the Fermi 
momentum, Q is null. Therefore, the 

0 
static dielectric function, for Q going 
to zero. is finite Cequal to ~~3 and the 

carrier system is no longer metallic, 
the metallic property characterized by 
an infinite dielectric constant at 
Q = 0. 

on leaving the extremely 
degenerate regime, Q0 becomes nonnull. 

In Fig. 1 we show the Q-dependent 
dielectric function of Eq. cf3 Cful), 
line> for carrier quasitemperatures T 
of 2K and 1OK. For comparison we have 
drawn <dashed line3 Lindhart dielectric 
function for the double free carrier 
system, i.e. B = 0 in Eq. C8>. We have 
used parameters16chara_ceteristic of GaAs 
and n = 10 cm . obtained by 
illumination with laser light of photon 
energy hfJ, = 2.4 eV and power intensity 

II. 
lr 4 Watt/cm*. 

For Q = 0 the Coulomb potential 

is not scre>ned and then electrons and 
holes interact through the bare Coulomb 
interaction. The resulting nonmetallic 
carrier system should resemble a 
nonequilibrium phase with electrons and 
holes bounded in nonconducting 
polarizable state. The ascrrening length 
becomes finite in the degenerate regime 
and tends to the Debye-Huckel value in 
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Fig. 1: The dielectric function of Eq. 
C83 Cfull lines> and Lindhart's 
dielectric function for the two 
component free carrier system Cdashed 
lines]. 

the classical limit [Cf. Eq. C8>3, when 
the carriers would then be in a near 
complete metallic state. Inspection of 
the curves in Fig. 1 tells us that in 
fact with increasing carrier 
quasi-temperature ECQD tends to coincide 
with Lindhart's ELCCD. This suggests 

that between the nonmetallic state at 
the extremely degenerate regime and the 
classical regime the carrier system is 
in a nonequilibrium thermodynamic phase 
with coexistence of carriers in both 
metallic and nonmetallic states. Using a 
simple model of two independent fluids 

for both states, we can obtain an 
estimative of the fraction of carriers 
in the condensate Cthe polarizable state 
of botlnded *electrons and holes]; 
A = n/n Cn being the density of 
carriers in the condensate> given by 

AC(3.n) = lim 
ktCa,--ECQl 

Cl11 

Q+O 
C‘CCL3 

We show this value Cobtained for 
Q = 1 cm? as a function of the carrier 
quasitemperature, for n = lOid cm-', in 
Fig. 2. The resulting f"P"O fan bo 
approximated by 

expC-T*/TOCn)l. 
the expression 

A 1! where we find 

T z 3.8 K. Thus, for values of T* of 
c 
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the order and larger than this T the 
c 

system is in an almost completely 
metallic state. 

In the isotropic model we used the 
polarizable Cnonmetallic) structure 
seems to correspond to two 
interpenetrated infinite wavelength 
Wigner-like lattices clamped together. 
It is conjecturable that introducing, 
say. a tight binding approximation for 
the hole states the condensed 
dissipative structure would resemble a 
fluid of Frenkel excitons. In summary, 
at a given carrier quasitemperature with 
increasing laser power. and thus 
increasing concentration of 
photoinjected carriers, as known 
excitons are formed at low 
concentration, followed by their 
ionization on approaching the point of 
occurrence of Mott transition. Next, 
according to our results. the carriers 
fluid partially condense in a 
polarizable nonconducting state and 
partially remains in an itinerant 
conducting state. Except in the highly 
degenerate regime the carriers are in 
large proportion forming the metallic 
fluid. [Cf. Fig. 21 
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Fig. 2: Fraction of carriers in the 
nonmetallic polarizable state as a 
function of carrier quasitemperature. 
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