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A new mechanismis suggestedto obtainoptical bistability (OB) in bulky semiconductorsnearthe two-photonbiexciton
resonance.

Two factorsessentialfor OB arenonlinearityand ton with frequencyWk andthebiexcitonwith energy
optical feedback.Sincelarge opticalnonlinearities Q2k; Ak = w~/4~Wk stemsfrom theA2-typetermof
havebeenobservedin agroupof materialsin thevi- thelight—matterinteractionHainiltoniandescribing
cinity of the two-photonbiexcitonresonance,many thecouplingof thephotonwith thevalenceelectron;
works (1—81 havebeendevotedto the problemof co~is the plasmafrequency;~ the backgrounddi-
OB in thatspectralregion. electricconstant;g,,, the effective two-photon—biex-

In refs. [1—4]the feedbackwas provided by a citon coupling constantand V the volume of the
crystalplateletresonatorof widthD ~ 1 p.m. There- sample.Usingtheequation-of-motionmethodwecan
flectivity of the crystal surfacesdeterminesthe pos- find [8] the steadystate equationfor the photon
sibility of OB which woulddisappearatall if D—+oo densityn = <c ~ / V:

(asin bulky materials).The authorsof refs. [5,6] ~ ~ 2w’2+12
haveshownthatthelocal field effect (LFE) cangen- n= ~ 2 2’

cratea feedbackin bulky samples.However, a de- [yf’—A(Q—2w)+2ng ] + [A1+y(Q—2w)J
tailed recalculationof ref. [7] excludesthe occur- (2)
renceofOB duetotheLFE.Then,thequestionarises In (2)1’ (y-‘) andaare thebiexciton(photon)
howOB mayhappenin bulky semiconductorsmak- dephasetime and the photondepopulationone. It
ing useof thefusionof two photonsinto abiexciton. canbeproved[8] thatn will beathree-valuedfunc-

This Letter proposesamechanismof OB taking tion ofthe light intensityI, i.e. OB will appear,if the
into accountthe intracrystalphotonenergyrenor- following conditionshold:
malizationcausedby the interactionof the photon A ~ 3
with the crystal valenceelectron.Thetotal Hamil- > (
tonianof acoherentphoton—biexcitonsystemunder and
the actionof an externalclassicalfield with ampli- r

1-) 2w<Q—1(y+A.,/3)/(A—y,,J3). (4)
tudesEJ~-andfrequencyw~Wk nearthetwo-pho-
ton biexcitonresonancecanbe written in the form From (3) it is clear that if A = 0, i.e. the photon—

H= (Wk +Ak)Ck~Ck +Q
2kb~b2k valence-electroninteraction is neglected,OB will

neveroccur.In mostcasesthismteractioncausesonly
1 ,,~ + + + ~ a shift in the photonenergyspectrumandgives no

—~‘gk~v2kckck1-ck Ck U2kJ .

..j V qualitativeeffects. But here it becomesa possible

“V “
2E( —) —~ + ~ reasonto generateOB in bulky samples.Becauseallcv, k e Ck u.c. ~l, . . . .opticalcharactensticsof a highly excitedsemicon-whereC~,andb2karebosonicoperatorsfor the pho- ductoraredependenton n [8], theyall will behave
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& bistablywhen(3) and(4) aremet.Forexample,we
plot in fig. 1 the intensitydependenceof thenonlin-
earabsorptioncoefficient a for CuC1 with �~,,,=

Q=6.3725eV, A=2.76 meV, 1=0.2 meV, y=0.1
meY,a’ =1 meV andg2~1021 eV2 cm3.

In conclusion,we note that OB due to the mech-
• ... anismsuggestedin this Letteroccursin theregionof

— ..... verylow light intensitywith a thresholdintensityof

about13W/cm2.
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