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SPACE-OSCILLATING PHOTOCURRENT IN CRYSTALS WITHOUT SYMMETRY CENTER

V. I. BELINICHER
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A theory of a new-typeof photocurrentin crystalswithout symmetry centeris suggested.Thephotocurrentis different
from zeroin thecasewhenthelight polarizationdoesnot coincidewith thecrystalopticalaxes.Thecurrentdirectionis
constantfor thewhole crystal,however,themagnitudeof thecurrentoscillatesalongthedirectionof light propagation.

A constantphotocurrentcausedby homogeneous f~(x)= it3in[eeXe0]n
illumination withoutan electric field hasbeenobserv-
edin someexperiments[1—31andis intensivelystud- X (EE~exp(i(n — n )qx) — h.c.). (3)
ied at the presenttime. A consistenttheoryof the ef- e e 0

fectwassuggestedin thepapers[4—6].The micro- From eq.(3) it follows that thephotocurrentoscil-
scopicorigin of thephotocurrentis the asymmetryof lateswhen the coordinatex changesalong thewave
the processesof ionizationandrecombinationof the vectorq with periodl~= (q ~e — fl~1)—i. This type of
electronsandholes thatleadsto the flow of carriers photocurrentcanbemeasuredin thin ifims of a few
in theconductionband.However,the theoryof the micronsthickness,1 ~ 10, or in crystalswith a large
effect [4—6]wasconstructedfor linearlypolarized absorptioncoefficientic. Anothermethodof registra-
light. Let ustakeinto accountellipticity of the light tion of the photocurrentcanbefound on theuseof
with frequencyw, that is thecomplexity of the light electrodesin the form of alattice with period10. The
wave field E(c~.~).We obtaina fundamentallynewcon- spacestructureof the photocurrentfor a transparent
tribution in thephotocurrent: ferroelectriccrystalis representedin fig. I. The cur-

rentis directedalongthe vector [q X c] (c is thecry-

/1(w) = iI31~(w)[EX E*j~,cIE(w)1
2 = 4irI, (1) stalaxis) andit shouldlead[1] to theoptical record-

ing of theholographiclattice with periodL~.
wherec is the light velocity,I is its intensity.The
photogalvanictensorj3~is different from zero in cry-
stalswithoutsymmetrycenter,becausethe current
changessigndueto spacereflections.The photocur-
rent (I) is not space-homogeneous.Indeed,crystals
without symmetrycenterhaveone or two optical
axes.Consequently,theeigenpolarizationsof the light
in thosecrystalsare linearpolarizationsandthelight
wave field is spacemodulated: Polaraxis

E(x) = Eeeeexp(in~qx) + E
0e0exp(in0q x), (2)

whereE~,E0 are theprojectionsof the electric field Beam of light Photocurrent

on the opticalaxesat thepointx = 0, q is thewave
vectorof the light, Iqi = w/c. Substitutingeq.(2) in
eq. (1)we obtaina space-oscillatingcurrent:

Fig. 1. Spacestructureof thephotocurrent.
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Themicroscopicmechanismof theeffect is asso- is the lattice constant.If we neglectthecrystalaniso-
ciatedwith the asymmetryof theprocessof electron tropy then onehasat smallk:
and hole ionization.The processesof recombination
do notcontributeto current(1) becausephotocurrent ~ = ~—k= k212m, D~=fc~+ igk~+ (6)
(1) tendstozeroafteraveragingwith respecttothelight
polarization.For,withoutphononoptical transition wherem is theelectronmass,the constantsf,h~char-
of electrons(holes)in theconductionband,the photo- acterizethecrystal asymmetry.If thecrystalpolar

axis is absentthenf=0. Let us substituteeqs. (5) andcurrent,associatedwith theprocessof ionization,can
be representedin theform [5]: (6) in eq.(4) andobtain anexpressionfor the photo-

galvanictensor

j = efV,,e,~f,~dk =( ec ) (Kk~h)~6nab(S*~a1c~bf+2k~habl) (7)

__________ _____ ~1n 6OithI’, \ mw (3lceI2f2+k~g2)

= (ec/4irIff’~)(ic/w)(IDkE 12 Vkek)/ IDkE 2 , (4)
wheree is the vectorof light polarization,�nab~Sa

wherefk is theelectrondistribution function with re- uniqueantisymmetricaltensor.Let usestimatethe
spectto momentum,ek is the dispersionlaw, I’~is the magnitudeof thephotocurrent.Weestimatef andhabi
frequencyof isotropizationof the electronwith re- in thefollowing manner:f~~g/a,ha~ ~ga,where
spectto momentum,~k is a dipole matrix elementfor ~ is the characteristicparameterof thecrystalasym-
electrontransitionin thebandwith momentumk, the metry,~ 10—1_102. Let uschoosek

0a 10—1,
barmeansaveragingover the constantenergysurface. a 10—8 cm, fl/mwa

2 1, ~‘i 1013s~,the photo-
Formula(4) is valid both for impurity-bandtransitions currentasstciatedwith the polaraxis has the orderof
andfor interbandtransitions.Only the particularex- magnitudeIP ~ ~(eI/Iff’j)ica i07 X icI(a/cmwt).
pressionfor theabsorptioncoefficientic changes.The The photocurrentassociatedwith the third ranktensor
quantityIDkEI2 canbe transformed: habi is less by two ordersaccordingto our estimation.

The space-oscillatingphotocurrentexceedsthe con-
2IDkEI2 = (IDkEI2 + ID;E12)+ [0k XD;] [EX E*] stantphotocurrent,whichwascalculatedin ref. [5],

(5) aparameter(h2/e2ma)(k
0a)

1~ 10.
The photocurrentsobservedin experimentsalso

The symmetrypropertyD~= Dk resultsfrom thein- havetheir magnitudesmallerby this order.However,
varianceundertimeinversion.Consequentlythe first specialconditionsfor observationof the space-oscillat-
termin eq. (5) is an evenfunctionof k anddoesnot ingphotocurrentarenecessary.
contributeto the current.The secondtermin eq.(5)
is an odd function of k andleadsto current(1) ~1. The authorthanksI. F. Kanaev,V. K. Malinovsky
Thereis no necessityto takeinto accountthe Bloch and B. I. Sturmanforhelpful discussions.
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