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fhe phenonenon of frozen-j.n conductivity (fC) consists in a very long persistenee of

alrnost the entire initial photocontluctivity of obJects coolecl to low temperatures (liquid

nitrogen and heliun) after the photoexcitation is turned off. The FC is usually destrcryetl

when the temperature is increased. This phenoenon, vhich is potentially of interest from

the point of viev of developing "optical" memory devices, was observed in'single crystals [1]

and in polycrystall lne fi los [Z] ana tablets [3] of CclS, in the CdS-SiO* f.tf. syste-ms [l+],

in polycrystall ine layers of AgI and ZnO [5], "nd (at rocm tenperatures) in thin layers of

organic ayes [51. The mechanisn of the FC, in one forrn or another, ls connected with the

presence of a barrier to the photocarier reconbination [1-L]. If this is so, then the FC

state should be strongly influenced by a strong electric field which' by J-owering the "re-

cobination ba^rrier," say as a resul-t of the Schottky effect or by carrier heating [?],

should cause extinciion of tbe FC. It foltows therefore that the current-volta4ge eharacter-

istics of FC and of photocond.uctivity of the corresponding obJects shoultl reveal sublinear

sections ancl regions of negative resistance, owing to the increased reconbination rate in a

strong eleetric field. The purpose of the present investigation vas to verif! erperimentallv

these assr.mptions.

The investigations vere nade on single-crystat CdS films a^nd on the CdS-SiO-- filn systen
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Fig. 1. Current-voltage characterist ics
of the CdS-SiO- in the FC state (curve

OAB) and in th6 photoconductivi ty state.

Fig. 2. Tine variation of the FC quenching in the
se'nple vhose current-voltage characteristic is
shown in Fig. 1: tg - t irne of turning off the pho-
toexcitation (sarnple voltage lJ = 25 V), t, - t irne
at which voltage is raisecl to U = l+00 v, 't, - t ime
at which voltage is lowered to U = 25 V.

- 
to trlz t

[ l+] at l iquid-nitrogen temperatures. We measured the current-voltage characterist ics along

CdS filns providect with indiuro contacts sputtered with a gap of 2 rnm. 'Ihe exposed CclS area

betveen the electrodes was coated with an Si0x f i fun 0.15 u thi.ck by evaporation in vacuum.

l'i-gures l and 2 show the experinental data, vhich demonstrate clearly the effect of FC

extirtct ion by nreans of art electr ic f ie1d. Tbe current-voltage characterist ics corresponcting

to the l 'C state actual reveal regions of negative resistance (Fig. 1, curve AB). Application

of a voltage n,)+00 V causes the cond.uctivity of the sarnple to d.rop abruptly to alrnost its

dark valuel current-voltage characterist ics simil-ar to eurve OB (I ' j .g. 1) are observed. in

this state and can be consistently reproduced. The section 0AB can be repeatedly observed

by returning the sanple to the l'C state by photoexcitation at the experi.mental temperature

(- lBOoC). The effect of ! 'C extinct ion by the etectr ic f ield. can be seen more clearly in

Fig. 2, from vhich i t  fol lows that appl icat ion of E = 2 x tO3 V/cn (average f ield) deg:eases
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Fig.  3.  Osci l la t ions of  current  in  s ingle-
crystal CdS fih at clifferent values of the
voltage (U) ana photoexcitation intensity (f):
1  -  U r  =  3?O V ,  T r  =  -  l 8OoC;  2  -  l J z=  !00  V '
Tz = - lBOoC; 3 -  Us -  370 V,  Tg = - l8ooci
l *  -  U , ,  =  J J o  V '  T q  =  - 1 3 0 o C ;  I l  =  1 2 . 1 3  =
fq. The courrent-voltage characteristie of
the obJect in the FC state and under photo-
excitation is similar to that shovn in Fig. 1.

the FC by approxinrately f ive orders of r iagnitude. I t  is interesting to note that t i re current-

voltage characterist ic of t l re stat ionary photocond.uctivi ty of the sarne objects (excitect by

a 150-W incandescent la.rop through a water f i l ter 3 cm thick) also reveals a negative-

resistance region (nig. 1, curve OCD). In this stater lov-frequency cr:rrent osci l lat ions

are produced. in the cds-Siox system (as vel l  as inttpurettCd.S f i lns), with ampli tud.e tI% of

the stat i .onary photocurrent) i  the pararneters of these osci l lat ions are functions of the in-

tensity of the photoexcitat ion, the voltage, and the temperatr:re (f ig. :) .  the osci l- Iat ion

currents and the negative-resistance sections observed. on the current-voltage characterist ics

apparently have a cornnon na,ture.
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