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ABSTRACT

The effect of temperature on the photocurrent ln
CdS fllms has been used as a tool to establlsh that the

current saturatton observed at high fleld 1s due to
I

acoustoeLectrlc effect. The fllms were prepared by vacuum

. evaporatlon and subsequently heat-treated 1n order to com-

, pensate for the natlve astolchlometrlcltles.
The effecb of radlatton has also been studled.

i Results show that the saturatlon current decreases wlth
lncreaslng doses of radlatlon.
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CHAPTER I

T\f ¡-nÞ^T\TrnrnT.\tt¿¡rI¡\vyvvrlvlY

Cadmlum Sulphtde ls one of bhe most lmportant

compcund semtconductors. It has been studled extenstvely
and has been consldered as a speclal materlal for advanclng

. the understandlng of the physlcs and chemlstry of wlde band-

gap so11ds. This materlal exhiblts many tnterestlng electro-
optlcal phenömena on whtch many electronic devlces such as

i fi.eid-effect transistors, image tntenslflers and storage
devlces are based.

In L957 Paramenter predlcted the exlstence cf the

I acousoelectrtc effect tn plrezoelectnlc semiconductors, end in
I f95B frijmer prcposed bhat the negative dlfferentlal conduc-

' Nivlty ln solids at hlgh fle1d can be used for amplifica¡lcn

,, ln Pr?ctl-cal devices. fn L96O NIne repcrted the observaiicn
of longltudlnal and shear ultrascnic waves travelllng
¡especttvely parallel to and normal to bhe hexagcnai axis of

, slngle crystals of CdS, but he falled to consider piezoelectrLc
.'.

:ì]1nteract1onsaSaposS1b]-emechan1smforh1sobservation.

. shortly afterwards, Hutson (1960) measured the eLecEro-

: bhat coupllng betvqeqn phonons and el-ectnons could caL¡se the
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Èrrn^ ^r-uype or acousflc aLtenuation and dispersi_on observed oy

Nine (tg6o). Two fundamentally lmportant phenomena emerged

from bhe study undertaken by Hutson (196r), of Lhe phcto-
sensltlve ultrasontc abtenuation ln cds as a function cf
appLled electrlc fleld. The flrst conflr.med the earller
predtctton of whlte (tg6z) ttrat when the velocity of eLec-

frcns exceeded the veloclty of scund, the slgn of acoustlc
aftenuablon reversed. The second shcwed that there was no

need fon an lnput R. F. stgnal whtch was prevlously thought

bo be necessary bc produce sufficlent accustlc nctse lnput
stgnar for ?mprlfication. The thermar nclse generateci in
the crystar is sufflclent bo bulld the acoustlc flux up Eo a

level requlred tc cause current saburatlon or osclllaticns
ln lt. these researches curmlnated 1n the observaticns of
"high flerd domalns" which formed near an erectrode and

travelled through the sample at a velocity of the order of
ÃIO' cm/sec. (Haydt er aI. L96il.

The lnterest in the study cf thln firms has grown

constderably afber the lntroductton of lntegrated clrcuius.
Butler and sandbank (1967) have dtscussed the posslbltity of
uslng t,he bravelllng domalns for lntegrated clncuits. rt is
possibre to produce a circult uslng only one buLk effect
whlch wourd normally requlre a 'r-arge assembry of actrve anc

passtve components, The domains generated ln a piezcel-eciric
materlal due to acoustoelectric effect travel at the veloc1¡v
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of scund (f X f O5 cm/sec . )-. while those produced due to

other effects such as the Gunn effect travel at about
17

l0r cm/sec. The forrner ls more useful than the latter
because ,bhe latter produces an emþarrasslngly high bit
rabe for use in dlgltal mode systems. Moreover, the do-

maln formabion in plezoelectrlc semiconductors such as CdS

and ZnO can be contrclled by means of vislble llght whlle

for the hlgh velocity domalns lnfna-red llght has to be

used which may limlb iheir appllcablon. There are also

many potentlal applications of piezoelectric effects i-n

serniconductors such as opbical scanning, visual display,
synbhesls of complex electronic funetions by geometric or

electrcnic field proflle shaping, and transducers, etc.
Thln fllms can be depcsited eiLher on ccnductlng

metal subsbnates on cn dlelectrlc substrates. For the former,

the substrate may acb as heab slnk for the thln fi,lm circulbs
operated at lower pcwer levels as ccmpared to bheir bulk

counterparts. Thus thin f1lm acoustoelectric devlces have cer-
talnr advantages over the crystals for mass production, low

production cost and microelectronics.

CdS fllms were chosen for the present tnvestigatlon

because of their unique propertles of piezoelecbricity and

photoconductlvity, and the easiness in obtainlng bhe material-

of high purlty and in fabricating epitaxial layers.

The current saturatton in crystals has been at-
trlbuted to two posslble mechanlsms, namely fleld enhanced
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trapplng and acoustoel-ecbric ef f ecb. rn t,he pre s€rrt, lnveg-

LlgaLlcn, w€ sbuoy this phenomenon aE varlous Lenpecar-ures

and il-lumlnabions ln t he hcpe that the mechanlsms resprnsibie
for current saburablon ln cds flLms can be ldenttfied. The

effects of gamma-ray radlatlon and thermal anneatlng have

also been tnvestlgated.
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C}IAPTEN, 2

iinvrnw o¡' pRpvrous l¡oRK RELATED

TO THE SUBJECT

The potentlar use of cds fllms ln photccells was

reccgnized quibe early in 1940. The flrst kncwn methcd

emproyed by Jacoþ and Hart (L955) ror making photccerls 1s

based on an epltaxlal vapour carrytng process in accordance

with the followlng fonmul-a:

H2S + Cd (vapcur) = CdS + H2

A slmilar prccess has been adopted recenily
for producing eplbaxiar thin flrms of cds. which follcws

H2S + CdC12: CdS + 2HC1

MaJor research effcrts on cds date back from 1916

when Frerich (tg46) worked on the preparaûion and properiies
of high-purlty,slngle crystal CdS f ilns. Lorens (tg6Z) ex- 

,,,¡,.1,,,,
tended bhe work bo produce crystals of sufflclenb perfectlcn 1,,,..,,.

by vapour" synthesis technlque. Insplte of its pobentlal co be ,:',,',',

useful ln lndustry, the thtn flrm preparation cechnique is
stlt1 tn its lnfancy. Ii ls well known that the defect cen¡ers
and secondary phase effects, play a very imporuani role in the ,.,

...,....:.ì.... 
.

conductlon process. The denslty of such defects varies frcrn

sample to sample, and bhis causes the discrepancy of experi-
nenta l results. ,

2.I PREPARATION 0F CdS FILMS 
,1,,, ,,j

There are a number of bechnlques for fabrr_cauing
cds fllms whlch are dlscussed berow arong wlth bheir advan-
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tages and disadvantages. Dresner and shallcross (tg6z)
ana ì-yzed f trms deposlied by vacuum evaporation cn glass

substrates at I70oC under a residual gas pressure cf ap_

proxtmabeLy Lo-5 Torr. The ftlms were found bo be pccrry
orlenbed and nonstoichiometrlc wlth mob1l1t1es of the crder

-)of 1-5 cm'/v-sec. As cadmlum and sulphur have different Vê:
pour pressures, the. use of cadmlum sulphlde powder alone as a

source rnaterlal results ln an undesirable vapour pressure

.'rat1o, and hence 'prevents the deposltlon of f lLms of gocd

stoichiometry. Thls dlfficulty can be overcomè etiher by

slmulianeously vaporizing cds and s, or by srmultanecusry
vaporizing cd and s from separate crucibles. The latter
method glves reprodu.clble results. rt 1s an interestlng îac-
bhat sulphur depcslbs on subsbrates at temperatures less than

Sooc whlre cadmium wcurd deposrt cnly at bemperatures greater
than 2oooc. At temeratures betu¡een 5oocand 2o0oc neifher
cadmium nor sulphur alone wculd depcslt frcrn the vapcur unless
the other ls present to combine to form cds on bhe subsiraüe
surface. DeKlerk and Kelly (WA+) deposlted f irrns usi.ng Evùc

separate baffled sources of cadmlurn and sulphur and found
that the deposlted firms'!{ere hlghry orlented and stoichio-
metric. Pizzarello (rg64) also deposlted f 1t-ms by the mechod

of .o-uu"porablon and conf trmed the resurts of Ðel(rerl< ano

Ke1ly. i{udock Og6r) deposited cds firm under residuaL gas

pressures of the or.der of IO-10 Torr and found them to be

stolchlometrlc when the substrate temperature was 45ooc and
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i;he source temperaLure was 4ZOoC. Ultrahigh vacuurn
,. ^-10 \ -( ro rorr) is essential to get films tî considerabiy

Lr.!^l^ *^'^{I;¿ Crrlgn moolrlry (¡o cm"/v*sec). Fosber (1.g66) oepcsit,eci

ccs f ilms using the iechnique cf the co-evapo yat,i.-¡n cf
CdS and 52 on substrates heated at rBOoC tgOoc, ancl

'r,he ftrms produced by bhis method were c-axls orlented
and of hlgh reslstlvlty whlch courd be used ln trans-
ducers wlbhout any furbher treatment.

2.2 DEFECTS TN CdS FILMS

rt is well known that almost al] er-ernents are

scluable to a cer.taln extent ln cds. At ordlnary bempe.ra-

tures, cds reacts with bhe firing environment, and ihe
Gibb's phase diagram shcws a smalr reglon of exlstence of
compound CdS.

These dissolved elements ac? as forelgn point
c'efects in bhe film in addltlon to ihe nablve point defeccs
and other thermodynamlcally unstable defects such as qis-
locations, ioternal surfaces and graln boundaries, etc. Even

ln the absence of foreign defects, ihe properties of cds are
sensitlve to Lhermal hlstory and the partlal pressure of 1;he

firing envircnmenb. when an undoped cds cr.ystar ls exposed
io cd vapour at high bemperatures, excess cd is incorpcraüec
lnto lt intersbitlally (noyn Lg65). These effeci;s can be

considerably r"educed by post-evapcration heat treatmenis
(fnermcdynamlc stabLllzatlon ) . Atbers (ry6f) has classiÍieC
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i;hen in'co cd, s (interstlbial), vs, vcd (uucanc'res) , arte
cdg, scd (subsbltublona).). The finsb of each of ihese paLrs
acts as a dcnor and bhe other as an acceptor. Because of
¿ìrer-r'infruence on the erectrontc ccnducLivity of cds fllms,
bhese defecbs have to be eLimlnated or mlnimtzed by heat-
trea tment

Amongst bhe fonelgn defects the impurltles Hze,
0, c1, rÍ¡, Ag, cu and Au are of p.ar.tlcurar importance. cü,
Ag and Au diffuse extremely rapldly as lntersbitials in cds

bub bhey can also substitute for cd. The presence of ionors
(such as excess cd in cds films) enhances the'solubirity oÍ
cu anci keeps cu in solution at low temperatures. cu and Ag

act as aceeptors elecironlcaIly. They also precipitate
readily bo cause imperfectlons and rattice disorder. rn anc

Ga locate subsültutionarly at cd sltes, bhey diffuse rapidry
and are hlghry soluabre. Bobh act as donors and this is the
reason wþy these mater.lals are used for maklng ohnrlc contacts
on n-type CdS f11ms.

oxygen wourd produce a shlft in the 'oand gap and

energy revel of defects (bloodbury L96T). chemlsorbed oxygen
acts as an accepton (lrroodbuny 196T). cl aci;s as a cc-
activaton wlth cu "ln the heab-treatment of cds films. rt may

substitute fo¡' S and 1s thought bo assoclate r^¡lth Cd vacancies
durlng firrng (woodbury 196T). rt ls weIl knonn thab r.rarer

vapour, even a small amount ln vacuum depositlon chanber, Hêv

produce harmful effects on ftrms. Faeth Oger) has sugges.r;ei



that the Ðrôsenee of (H2O) - ion is responsible for the

repirlsive traps located betr,¡een 0.73ev a.nd O.Blev belol¡

conduction band of CdS.

-r;- -::.:-. j .:i-:....,.- -.:-! r:

-,/
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the

2.3 ÀCOüSTOnL,äCTRIC IÌFFXCT,S

2.3.! EXPERIT'{ENT-AI i'iORK

'lJith a CdS crystal sandruiched betl¡een tr¿o tras-
dueers and a d.e. drift field applied across ilre sanple FLg.Z

I{utsonr}lcFee and lühite (1961) observed substantial amplification
of ultrasonie l¡aves in photoconductlve CdS in the presence of
an input R.F, signal. Based on this phenomenon, l,Jhlte (1962)

predicted that if the applied d,c. field is sufficient, to cause

the charge carriers to drift in the directioir of ultrasonic r,ra.ve

propagation faster than the velocity of sound, these car3iers.
will react r,+ith the sound wave in such a wey that the sound

I'¡ave t+i1l be ampllfied. Anothêr striking observation uras the
anplifi-cation of the ultrasonic wave even in the absence of
an input signat_ (tIhite 1962) .:

Smlth (1962) observed current sa.iuration in CdS crystals
There are several explanations of this phenonrenon. Rose ¡g61 has
proposed that when the drift velocity of electrons exceeds the
velocity of sound a hypersonic lrave is generated, and when the
anplit'rrde of the l,/ave is large the electrons urill be bunched
zroqrr'l*ino .ln¿sÐ\¿ru¿r1Ë rri potefltlal donai-ns. .An increase of the eiectric field,
at i,his point r,¡ould cause the electrons to be pushed against
the walls of the potential wells and would not increase the
effective drift fle1c, thus causing saturation. They, however,
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failed to ðotnci -,þr preseï'rce o1 þvpe1'son^ic l,.¡a.ves or electro-
:..,ìïa.qns11'.c rac'lJ a.tion fron: bunched electrons.

Hutson (tg6Z) proposed that the current satura-
tion shourd be regarded as due to the transfer of energy

from the drlfting electrons to the acoustlc waves when

their velocity exceeds the veroclby of sound. wang (t962)

conflrmed thls hypothesis by an experlment simirar to that
of Hutson, McFee and t¡ihite (tg6r). usÍng the same expeni-
mentar set-up as used by Hutson et ar (r96i), McFee (1963)

observed that ln the absence of an input signal, the ap-

plication oî a dnift voltage in bhe direction of bhe wave

propagation changes the attenuatlon of the ultrasonic wave

ln cds and zno crystals. Thls experiment shows that the

flux bulld-up occurs over many round trlps of the sound wave

in the crystal. rb ls also shown that the drlft current in-
creases abruptly to an initial maximum and then decays to a

steady state value whlch has a strlking simirarlty to the

acoustic flux which bullds up tiL] lb reaches the steady state

shortening the pulse duration returns the r-v curve to its
ohmic behaviour. thls verlfles that before the urtrasonic
flux has bime to butrd up, bhe current forlows bhe ohm's law.

In a current saturabion condition, the entlre
crystal can be regarded as a nesonant cavlty supporting

cohenent standing waves. The oscillabions observed during
the decay of current from lts ohmlc value to fts saturated
va lue can be atbributed to such a coherent acoustic r{ave
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system (iUcnee 1963).

Okada (tg6:) on the other hand, observed conLln-

uous osclllablons by non-unlf ormly 1llumlna t'Lng ihe crys ta¡ .

The f lux bulld-up ls amplifled ltnear.ly in bhe hlgh)-y 11- 
,:,,..,:,

. lumlnated reglon and 1t reduces the drlft current by non-

llnear Loss mechantsm 1n the l-ow conductlvtty reglon. The

bulld-up cf flux ln the hlgh conductlvlby reglon 1s damped ...,:,

out ln the low conductlvlty reglon where the ampl1flcat1cn
'... .-::.of nandom acoustlc flux ls nct enough bo make up fcr the loss :'::':

, io the opposite directlon.
A great deal of experlmental work on ccntinuous

I currenf osclllatlon has been published in the pasb ten years

InIg63Kikuchthasreportedbhatconb1nuouscurrentcsc11-

i lations requlre the tight to be shlned only on one single
r spot on the speclmen';, whlch corresponds to the phoücrespcnse

maximum of the specLmen. Reverslng the polarlty of the bias

- ,. .- i. ,,,osc1llat1ons. the oscillatlon appears slnusoidal ln nature
':

': 8od thelr pertod depends on the dlstance between bhe eleeircdes. ,, '',

stantey (L967) observed sustained current oscilla¡,ions
tn cadmlum sulphlde crystals ln a llmlted range of voLaEeges.

..l the crystal used was found to be non-uniformly conductlve .-,:,j_,:

Yee et at (tg6g) .reported that Lhe'acousuoelecErlc

saturatlon current ln CdSe crystals decreases with decreaslng
temperatures, while Mason (tg68) obser.ved ihat 'È,he sâiurâ¡ion
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To lnterpret bhe phenomenon of acoustoeLect?Lc

lnberaction, 1L is convenlent to use the phencroenol-otlcal

mcdel dêveloped by Rose (1966) a" shown 1n lttg . 1.
Ïn bhese flgures vo nepnesents the dnlft veloclty cf elec-
trons relattve to the statlc tattlce; vs, the veroclty of
sound; Fl, bhe force of lnteractlon of electrons wlth the

*". Lattlce t Fz, the frlctlona.r force bebween electrons and

actlve phonons; and F3, the force representlng phonon-

phonon scattertng. Tc slmprtfy the rnoder, ret us neglecu the

forces F, and Fr. consldering tha'r, electrcns are drif ting
at a consbant velocity v6, the system reduces to a system

in whlch only electrons and phonons move parallel to each

obher aS shown in Fig¿ 3. The pcwer utillzed ln movtng the

electrons at a velocfly VO ls
Pe = FeVa (z.r )

a velocltyand the po!{er utllLzed 1n movlng the phonons at
V" is

Pp = FzVs (ç a\

slnce the erecbrons are not acclerated, the power gtven Eo

bhe electron sbream must be passed on to lncreasing t,he

momentum of phonons and since aLl the po$Ier glven to elec-
trons cannot go lnbo lncreaslng the momentum of phonons, the

dlfference ln power

L2

P, = P.- Pp \é.JJ



t{ : .'
'J ',',' ,

musi be dlssipa bed by the sysl,em.

consider an accustlc r^Jave having assoc i-ated wlLh

it ân electric fletd which changes slnusoidally ln space and

itme as does t,he scund wave. If an acoustlc evave is lnclden t ;, .,

to a mâferlal ln whlch fnee car"rlers dnlft wlth the same

vercctty as the sound wave, bhere wlrl be no exchange cî
energy between bhe elecbnons and phonons (except the t?n loss) ,,.,,,,'

..:. ,

because there ls no relabive motion of electrons and phcncns , 
,,;,: :::l.e- FZ= 0. In thts case, the elecirons bunched 1n the :r;:;:":r'

posiü1vetroughscfthewavewi1]movewiththephaseve1ocL.va!

of the wave. But lf the drift velocity of electrons 1s in-
creased by the applied field above the phase velcclty of the 

l

soundwave,thefreee1ectronswi]1seeana1ternatlnge1ectri-c

i lncrease the dlsslpative power above that necessary to keep

the drlft veloclty of el-ectrons greater than the phase velcclty

ì, 
the sound wave. Thus the applled fl-eId, E, will ccnsLs¡ cf .,.i..

. I 
"'ì 

t''two paris:

E=þ+7
(ç l¿\

' where Þ ls the accusboelectrr.c fierd generaLry dencted byP
Eq- /u is the moblllty cf electrons; and .P * the resLsiiviuy
of the naterlal. Eqn. (2.4) can be wrltten as

t:Þ +Ee \¿.) )
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Lhe current through ihe sample 1n the presence of an

acoustoelectrtc fleld is therefore glven by:

T / lc F \J = 6 tL -Ëc,J (2.6)

r^¡here d ls the conductlvlty of bhe sample. Dlfferentrat,Lon
of Eqn. (2.6) glves:

(2.7)

It can be seen that +- becomes negatlve when è+ >L 'dE cfE
Therefore the minlrnum thíeshcld f1eld for a negative dlf-
ferential conducbivlty w1lI be glven by:

gþ =L e.B)AFut

, Slnce ihe acoustoelectric fleld depends on the magnltude of
the flux at a polnt along the crystal, it shculd be a func-
tlon of the disbance from th'e cathode, the rate of acoustic

, galn and the magnitude of appJ-led fteld. Using the attenua-r,ion i

constant o( derlved by i^lhtte (r96e), whrch ls given by:
: 

9- _ 
---

, Kza)vn I '
d.-- : ll]i- tr, n\+ "J ( 2.e)

where

- r k)o[¿g__ril,, $=Èä,L(C-I)J

. (,ùc= €
e

\./
tuvn î (.r.*r)',
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€ ' ls the permittivity .of the maberlar; D, the diffuslon
constant; K, the Boltzmann consbant; T, the absorute tem-

perature. An impltclt expresslon for the dlstance t,o ,

from the cathode bo whlch electrons must travel under small
slgnar gain condltlons prior to the onset of åcousbicarly
induced negatlve dlfferentlar conductivlty, is given by

Haydl (1961) t

Yn 
exb (2ar,r [o) : tg"'=tl: ) exp (z<¿1.)( aar,,^to)'' exÞ (2<*[") . K=e=o{g r Qxþ lz{¿Lo) (e.rr)

" where 4rm is the rate of acoustlc gain of the favoured band

I of random acoustlc noise and 4t ls the corresponding lat-
. tiee attenuatton ccnstant. The dlstnlbutlon of eléctric
' fierd as a functlon of dlstance, {,, is shown in Flg. 4. r*,

I should be noted, however, that lf the sample length is less '.,,'Í'.',:.';:.ì

' than ¿o , the domain f ormation wlll not occur. ,,,','1.,,:i,,,,'

V,ihat has been discussed so fan applles only to
smal1 signal case, If an acoustlc wave of large amplitucie is

j present, al,I of the carriers are bunched ln the troughs of the ' :,:,.,-,,.1:
::,.:::_.:-:::._

I sound wave. and are locked bo the veloclty of sound. The con-

: diiions given in Eqn. (z.ro) cannot be satisfled. rt is
clear that once a slgnlflcant number of carrlers are lockeC

I

in the potentlal wetI, the rabe of doing work by the carrie¡s 
::,::. ...' .,,',; on such a potentlal well ts (Rose 1968):
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J = l1€V4

where oo, nE are the steady state component

r:::r:::.::r..r:l:ìtl;::;:!:::r::.;i:: .:::::':1.-:1;'i ,t.': :.,.::::.::aa::í::i.a: :; :

1'

ln which small signal approxlmablon has nob been used. The

force neE tends to make the bunched carriers drifb at the

veloclty of sound and the force ne(E-nu) rs transmltted by

the carrlers bo the potential weIl when their veloclty ex-

ceeds the veloclty of sound. Space charge bunchlng in Lt-
self causes a furbhen decnease in locaL reslsblvity and an

lncrease in the local fietd external to the potential we11.

As a result, there is an increase ln 9F resultlng ln further
OE

carrier bunching. A collecbive feedback process, terminated

elther by well collapse or by exhaustlon of local carrier
supply, is set in action.

Eqn. (2.11) is based on the assumption of a singte
coher"ent sound wave. In practice, however, a large number of

frequencies exist, whlch form a noisy sound f l-ux. In the .case
of scund waves with frequencies wr1 the elecbron densiiy whlch

* = ri€ (s-Ea) v5 Q.Lz)
r'¡here €, is thè energy density of the sound. Trave and.

is mcdulated by each wave can be expressed as:

- ic¿ptYI- Ylo+ànte - *Cr
t

and the correspondlng dnift veloclty is:
s- -- -jr.¡¿tYd=\A+Z-vCe - -FCz
t

and the current denslty is:

(z.i:)

(2.14)

(2.r5)

and varylng
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component of electron densttv, respectlvely; ct and c" are

arbitrary consbanbs. substlbution of Eqns (z.t3) and (z.r4)
tnto Eqn . (2.L5) glve s :

J = Jo +I (u¿) +J'(o) +J'(r^ra) 
G.ú)

Prohofsky (tg66) has shown that the plezoelectric non-tinear
lnteractlon, represented by the third term in Eqn. (2.t6) in
the form of mlxlng currents at var.lous frequencies, is quite

strong in the usual crystals.
The approxlmate field-lndependent mean-llfe-time,

tm, of a potentiar domaln (cr werr, as referred to ln the
previous dlscusslon) should be expecterl to be equal tc the

sum of the mean lncubation tlme, ti; the mean collapse time

t.oi and the mean-Ilfe-tlme ln a saturated condltlon, tsc.

tm = ti + tss {r tco (2.r7)

By analyzlng Eqn. (2.LT) two dlfferent non-rlnear effects
due tc electrons drlfting thrcugh a hcmogeneous and infinite
piezoerectrlc semiconductor become apparent. They are: (a)

current saturatlon caused by the lnternal generabion cf acousto-

electrlc current as a dlrect result of acoustlc flux growth,

J = €yroVo+ (en" 
[r, 

ei-{t+ 
",r"4 

nr eit"* )

" (ã evg h¿ ei'ot ¿i ) + (; enr,v, qi (-nt")--*)
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in ihis case ti) t". and (b) negatlve dlfferential_ conduc-

rlvlty caused by large carrler trapping ln which Et1 8"".

z.Ti TIIE EFFECT OF TRAPS

Traps play a very lmportant role ln acoustoelec_

trlc cur¡'ent saturatlon ln cds. The conditlon for acous-

ioelecÇrlc current ls:

Ë Na :Vs (2.18)

ln whlch the moblllty p4 can be lnterpreted as an

effective drlft mobility which is equal to toFt*, r,¡here fo ls
called the "trapplng facbor" taklng into account the division
of acoustlcaLly prcduced space charge between the conouc-r,ion

band and the roound states in the forbidden gap. Although the
space charge bunchlng due to the presence of an accustic wave

can be neutrallzed by both bcund and fr.ee charge, the resulbing
conducfivity modulatlon whlch enabl_es the d.c, f lerd to feec
energy lnto the scund r{ave (wrrite 1962) can be effecied cnly
by free charge. Therefor.e, ln tþe presence of traps, the ap-
plled fleld has to be increased to br.ing the free carrj_er con-

centratlon to equat that for the trap-fnee case., before the
acoustoelectnic effecb can be obsenved

rn the presence cf braps, the trap controlleo drift
mobl}lty /¡¿ and ha}l mobl1lty Åls are related as:

l^
/U4= FIH "n*ht

la rn\\1. L> )
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where n, ls bhe denslty of fnee carrlers and ot, the denslt¡7

of trapped carrLers. The acoustlcally produced space chacge

rnay be expecbed to divide in the same way between free and

trapped sbates. Therefore:

lr, nt
¡.1

=
t + ttlT+

where ls the ttme during whtch the:electrcn ls free to

move in the conductlon band and T¡ is bhe,.time the electrcn

slngle brap leveI only

expressed as (Moore L964)

f a a¡ \l//tl
\ 

b 
' 

É¿ 
¡'

-l^^ '^a*^.i #r'
, ur¡ç Ugt¡ù ¿ 9y

âr.rÞìâcrì7 nf

The carrler

(c cc\
\b.ÉÉ¡l

Tç

{o : H9-
Atr

Y'\ev

he Ë,Na I t
-o-- - \n+nt) ee¡ua

¡o

(z.zo)

carrlers; N"

; and Er, ihe

ctLon band.

spends in a trap

Assumlng that bhere ls a

as shown ln Flg. þ, then fo can be

+. -- [r*(sr\ *=t/ntl-tL"'NC/ Y J

whe.re Nb is the density of brapped

of carriers ln the conductlon band

the trapplng leve1 below the condu

velocity and current are glven by:

Vs - AaEc =.{"^¡¡-rEc

and

(c ar\
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The saturaLion current is therefore:

(c alt\

rf the relaxablon time t ls assumed to be almost equar Lo

¿; rthere Q is bhe frequency of the sound hrave (rnis rneans

that the bound space charge produced by the aeoustlc wave

equliibrates wibh the conducticn band carrlers in a tLme

comparable to bhe perlod of the sound wave ), there ls a

phase differ"ence developed between the moblle and bound

portlons of the acoustically produced space charge and then

fo becomes a comprex quanblby f. puttlng the total charge

Nas:
F\+ h¡

f can be expressed as:

(z.es)

I : Jsot = [!5 = (n+ rnt) e.vt
To

{= h
I Y\.ìr. h¡

YI

N
(2.26)

I c o.r\
\s.6¡ /

(2.28)

or

r-{

ln whlch thq charge set free per second.

= the charge trapped per seccnd

: râte of change of brapped charge

,{ r,n.r

=ä dt
Assumlng that bhe total char.ge vantes sinusoidarly

ii,r+
irl : Ns gl*'

=h*
N

_nr
T-{.

It

=rf

ãrt

Yl

tgI

(2.29)
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ihen from Eqn. (e.e8) r can be written tn the fcrm:

t=

22

c^+J-{Fàr)g l/ t ¿lÁó

Eqn. (a.3o)

or

where

and

T' tT*
L 

- 

--

.'^^^-- _ Tç+Ttoecomes: '

+:, {o _ì_ j c.rt
I _r. j c^¡C

J bf-¡--
l- {.q.

(l-to)..rT

G-zo)

(2.:t)

b:
{' -ç' u¡ZTz

+3 + c¡z TZ

*o ( *o+ ,¡=<=)
By neglectlng,:carrlen dlffusion due bo space charge bunching,
bhe currênb denslty ln a plezoelectrlcal semiconductor can be

expressed as:

I
+ Er (x)J 

G.Sz)

vrhere Et is the altennatlng component of the electrj_c f ield;
Eo, the steady state component of the electrlc field; and îs,
the density of carrlers ln the space charge. The sceady

state cornponent in Eqn. (2.32) fs glven by:

T¿... -. tlro h (x) u tx) + g.tta .å o" (+ hs Ef ) \é.JJ/
fhe second term r.s the acoustoe rectnr.c currenu,

Jc = llra . È n" (-[ vrs Ef )

gl-¡¿ fn c* ) + t trs (x)] . fe" c*¡

:

T+ ( t+i.^¡T+)

(2.34)
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Slnce f .ts a complex quantlby, it can be expressed as:

t =- tn -i {r Q .zs)
Thus Eqn. (2.34) ¡.comes:

rq - gFra . å o. L+" ns E¡*- jt¡ n, =,*]

= *'gFa {*' ç. (hsEf) -å q,f-^o {, rm (nt'ef)

(2.26)
At the threshold fleld for saturatlon, the flrst term on

the rlghb-hand slde of Eqn. (2.s6) can be expressed as:

I ^,. I
Z ïHd'îe.Re (vr.'eil) : å 9ì..r.r te ' R" (- tt=#)

slnce J¡ = -Xvs ì{1s unden thls conditlon, the pcr,rer

absorbed or dellvened by the carrters ts equal to the rate
at whtch acoustlc dnergy decreaseg (or lncreases). Therefore,

! o. (l,El) :' 2'( + = *L ( 2 .38)

where u ls the acoustlc energy densltv, and f,ttre acoustlc
flux. Introduclng bhese 1n Eqn. (2.34) Ja is glven by:

Jq = - tRit ).t*.+ - å q.F,o{1 rrn (n.el) (2.se)
Fron Eqn. (A.Si) fO anO ft can be expressed as:

{n-b{o/Cr**1

tr - - av\,f(r+az)

- -{R ( ä ) -å R. ( ¡,si) Q.sr)

t- .-: ::-. t:

(2.40)
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0f course, lf f is a real quanbttV, Eqn. (Z.Sg) ¡"comes:

Tq: -f" (H I (:<).Þ (2.11)

Thls equablon ls
Substltutlng the

(Mctr'ee, t966), we

knor','n as I^Ielnreich's relation (tucl'ee ,tg66) .

results fon n" and E1 1n Eqn (Z.Ut)

=-Aa #
I.lhere Y'= t+(b{"¡t¿ Eac/vr) , Sr 1s a consbanr.
The attenuation constant o( in the presence of trapplng
be come s

geE

x sl tf ir,.u,r

*ol

1^

. Q')c- €z I-\6 zce 
L

This can compare w

"flLt*lo{s"),-
Y'+ c r)+Tll +

D;
\lJl

(u/.
@ 

"/,*,

rL
;
\{.t'- o

(z ,lral

lth Eqn . (Z.g) fo¡" the trap-free case.

2.5 THE EFFECT OF NON_HOMOGENEI.TY

AIl sampl_es prepared

electr"lc lnteracttons are, co

geneous. Hcwever, ln here we

as follows:

(A) HOMOGENEOUS SAMPLES:

for the study of acousto-

a certaln extent, non-homc-

dlscuss two posslble cases

The attenuatlon consbant "(, of an acoustlc
wave ln a plezoelectrlc material can also be wrlçben es
(Wtrrte ry62, see a Iso Eqn . 2. tg )

qr/ra45:ç
I -L t^)CL | ¿¡z- tt*ffi. ( ir" ,ffio¡

( 2,44)
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The maxlmum gain occurg when

. e)e GJ

-ì -- -¿l'- q
tr;- 4)v,a = (ar¡"

-v t-
Z u)c

,ì : f,:'i:l ;ì:ri j r]::::ra::i:;i i::r:,':; :ì.t:::

¿o

(2 .45)

(2.46)

(c )tz\

,-:_:tt;::.:--.:.
':.:.. i.:.:: i:

oJc
(J.)

[,. u)z I
L'* õ¡õDJ

>V=t!p

Subsbttublng

4-f=
Where d,* is
substltut lng

c(vn

or

Eqn.

\,<2-

Ê'[^ ^vtlc

Eqn.

( -. -o)Y=
. I u.,c \Y¿o \ c.,.¡O./

(2.+s) in Eqn. (2.44) r,re se7
@c I x,^t
t , LD¿,rTõ

value of at

(2.46) inro

1lt^- t

z YtÐ +L{rrq

E.
(ÅJ

aK-

fon maxt¡um galn condlilon
the above Eqn.glves

K2-
+

I
2 ( 9.'¿ \Y¿ (@. -o)%\ qJD , 

--.

^z
1,cez

Therefore 4*ox ls directry proportlonar to -q-. Thlsj¿'lL
implles that lf the conducttvlty ls row, lt wlrl take a Ìonger
f in^ l: ^ + \ ¿ \ ã^--ur¿¡¡ç \r-e. "i7 !".) for dcmaln to bul}ci up and a convective'
'ì'rrrn^1.'{na *^.'uuncr¡r-ng may not take place, bhus htndenlng the occurrence

of acoustoelectrlc lnstabll-lty. on the other hand, if Èhe

conductlvlty Ls hlgh, there aay be oscirratton in the crystaL.

= -É (-.-o)t'- : ez \ri 6 
.+ v" ace DEæ,

,u u'11, -,, ac -l- ( 2 .48 )
( P xr)tuz vs it¡'/z

"<*=# ï
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(s) NON-¡{oMOGENEOu.s sAiqpLEå:

suppose thab a sampì.e of row gain 1s composed of
two homogeneous ponttons I and z Eo form an inhcmogeneous sarnpre
FÍ6.6,;. the carrier concenbration ln portlon L belng greaier
than Lhat ln pontlon z. lrfhen a voltage v ls apprled to such
a sample, the fle1d ln portl0n I w111 exceed that ln portl0n
2. Ab a critlcar fteLd when there ts an acoustlc gaLn 1n

portlon I and an acoustLc attenuatton ln pontlon z, bhere w1lr
be a growbh of acoustlc ç.lâves Ln the hlgh fteld reglon and. an

electronlc damping of acoustlc h¡aves in the low field rec,lon- vo4v r¿ .

Thus, ir¡ portion I, the acoustoelectnlc fieid is opposlte to
the drtft current and tn portlon zr lt ls tn the direction cf
the drlft currenË. By assumlng bhat arr the acousilc energy
bulld-up in portion I is taken away by the electrontc sys-r,em

1n portlon 2, the current tkrrough the sample can be wrr.tten as

lJhere Ïa, is the acoustoerectntc current in pontlon r and Jo:.
is the acousboelectr-lc current ln pcrtlon z, n1 and nz are ¡he
densltles of carniers ln portion I and porblon z, respectively.
From Vletnretch rs r"eLatlon (.Bqn. 2.4I )

ro. = - fR ( H).2,..9 = -to tqå") #

J - kl,Î,Fr a E¡ (x) - 5o.r

1 = hz$ Àl¿ Ez(x) - Ta:-

By substituting Eqn. (z.St) tnto Eqns. (A,49) and
lntegratlng over each part of the sample, we obta

(p lrc I\- ' '¿ l

(2.¡o)

(c qr \\É. JL J

f a rn \\<.?uJ ano

Jn
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CHAPÎER 3

FABRÏCATION OF CdS FTLMS AND

EXPERTMENTAL TECHNIQUES

There are at least four very lmportant factors
fon whlch care must be taken 1n the deposltlon of thln
f 1lms:

( t ) Residual gas pressure.

(2) Subsbrate temperature.

(3) Evaporation rate.
(4) Cleanliness of the substrate and the purity

of the materlal.

ïn the present invesblgation, the reslduaÌ gas

pressure at bhe tlme of evaporation was malntained bebween

4 X 10-6 1O-5 Torr., wlth the substrate temperature cf 
::::..:.:.:, 2OOoC:! 3oC. ft was found that CdS dlssoclated lnto ibs ::: :..:':

constltuent elements at lts evaporatton temperature ,:

ZCdS + 2Cd+S2
If CdS fllm 1s fabrlcated by evaporation ln vecuum ln an ideal
system ln whlch there ls a finlte dlstance between the source

i

]andthesubstrate,afl.ImwouIdcontatnnotjustccS,buu
also cd and s. To mintmize the content of cd and s, the

evaporation rate ls a very lmportant factor which depenos upcn

I the source temperature, the resldual gas pressure and the type
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of source. A slower evaporation rate or lower sourc e uvetrt-

perature would reduce the posslbility of dissociablon cf CdS,

so that the source ternperature used was 5OOoC (1lne Lernperature

for di.sscclation of cds at a pressure of 10-6 torr ls
TSOoC (Delilerk and Ke1ly 196fl ,. The ftlms so produced were

then heat-treated to mlnlmize any non-homogenlties ln lt.
The reactlon of cds wlth other actlve elements

presenf .tn the system. dur'lng evaporatlon was avolded by

cleanlng the system propenly and flushlng lt wlth Argon gas

before pumping the system. The substrate horder, the cyllnder
bhrough which the cds vapour passed through before depcslttng
on the substrate and the source materlal were degassed îcr ZO

minutes at about 3oocc unden vacuum. A reslduar gas pressur€
a

of 4 x 1o-o borr was then malnta.Lned before evaporatLon of
nrì C

The substrates were creaned using the followtng
l

procedure:
::,' ( r ) cleanlng rn concentrated Hcr f or ! rnln. :,.:,

/^ \\¿) Utfrasonlc cleaning in Alconox for J mln : 
,

(S) Washing wlth hoi chromlc actd.
The substrate was rlnsed wlth delonlzed water between each

, stage. The cl-ean substrates were stored in an lsopropy] :.,:¡y 

:,'l alcohol vapour bath :

3̂.1 FABRTCATTON TECTINISUE

The substrates were baked at 3oooc for at reas¡ on€

hour ln vacuum befone deposltioh and then creaned by ion
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bombardmenb for Lo mlnutes. A baff led sourc e vtag ¡.¡ged íor
evâporabion 1n order to avoid any forelgn parilcleg tc be

thermally ejected to reach the substra?e. Deposltion wag

carrled on for 45 mlnu'¡,es on sapphire substrates v¡hich 1,rere

l¡^-È ^l- a l-^--^-^r...^^ ^a nnaOa J- aC)^Kepr; au a Eernperature of 2oooc! 3oc. A conbinuous evapcra-

tion for 4l minutes ylerded a flrm cf thickness of 1 mlcron.
when the system coored down to 30oc, LE was exposed to aE-

mosphene. The evenly deposited f1Ìms evere taken out'and

stored ln a dessicator fon heat-treatment

The fllms deposited.by the above techntque showed

low mobl-Iity ( r-30 "*2¡u sec . ) , 
u" compared to Zoo-zJo "*2¡, tu"

in burk crystars and low photoconducbivlty (i.". low photo-

current to dark current ratlo).Ln order to compensate for the

asbolchlomebriclty and to recrysbalrlze the structure, Tìie

flln:s were heat-breated using the method of Böer eu. a1. ( L965)

ad 6zooc in the presence of cds powder, cu, Hcl vapour and oz,
each of whlch having a maJor role to play In lmprovlng bhe

moblllty and photoelectric propertles of the ftlm.

3.2 PoST-EVAPORATION HEAT-TREATMENT 0F CdS FILMS

various methods (Berger, r96l and Dnesner, i963 erc.)
have been used to improve and to contror the properties cf
evaporated cds flÌms. For obtaining c-axis orlented firms oÍ
high mobllity, the films have been doped wlth a range cf dopancs.

some experlmenters (oeKlerk Lg6]:, Fosten 1966, etc. ) have tried
to add a desired amount of dopant to the cds powder used for
evaporatlon or to coat the deposlted fllms wlbh a dopant fil,m
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(such as In on CdS) and bhen bo allow sufflclen? t'irne fçr the

dopant bo dlffuse into the CdS f1lm. But none of these methocle

have been adequatery standandlzed and bhen rernaln as an arE

wlth bhe experimenters.

GiLles and Van Cakenberghe (tg6S) usecì Ag and Cu as

dopants and found that the presence of oxygen ln the firing
envlronrnent lncreased the crystaLlLzatlon rate and size cf the

crystalllne portlons J bo 4 tlmes. Dresner and shallcross
(tg6S) treated the f lIms wlth cu, Ag, rn and Gâ, and conflrrned

that the presence of oxygen acclerated the crystall Lzat,Lon. rn
an attempt bo remove the sul-phur vacancles, they annealeo the 

q

fllms In sulphur vapour wlth a fal'r arnount cf success.

Some post-evapora!1on heat-treatmenbs seem Eo ccn-

tribute signlflcantly to crystarline growth and reducing the

latttce sbrains. Berge.r et.al. (1963) have reported that heat-
treatments in vacuum or 1n different gas atmospheres as Argon,

Nitrogen and Oxygen resul!ed ln crysballine growth.

3.2.1 METHop 0F HE¡.T-TREATMENI

was found

ava1lable

Bohrrs method for post-evaporatlon heab-treatment

to be the most promlsing one for the facllicles
ln our laboratony. Thls mebhod uJas deslgned to:
( t ) reduce the natlve astolchlometrlcitv { n i.hp

(e) compensate for the sulphur vacancles wli,h Cu

fl1m.

and CI.

(3) lncrease the rate of recrystalllzatton in
the presence of oxygen

:.t.|.:::a
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(4) release the lattlce sbralns by ürermal â,ytîcà),1,a,g.

The set-up used for heab-treatment ls shown ln FLg.1 Li grams

of CdS powder mlxed with 2.O grams of copper powder (gg.ggg%

pure) were kept in a quartz boat and I fllms of CdS deposlted ¡n 
,,,,tt,,

sapphire substrabe rrene placed one next to the obher along 1ts
length. All the grass tublngs used ln the set-up were thor-
oughly creaned with chnomlc acld and acebone befcre heat- 

:

treatment. The furnace temperature was maintained at 63oc¡rooc
whtch was constantly checked using a Cromel A1umel thermocouple . ,'

The boat was placed in the middle of the qvarlz tube. After
closing the end of the tube with a ceramlc cork, lt was placed

ln the furnace and immedfately connected to the nltrogen sup-
ply. A f low rate of about 3600 c.c./rnLn. was malntained for 

labout ro minutes when the Hcr and oxygen supplles for r

25oY 50 c.c./mln. and ro c.c./mLn. respectivery were connected.
The heat-treatment evas carrled out for about 40 mlnutes. Then

the oxygen and HCl supplles were turned off and the quartz rube 
,,r,,:,,,,,,,

ç{as aLlowed to cool down to l5ooc under a nitrogen atmosphere. :

. : ì . .:',.1

Further coollng to room temperature was done outside the ' ,l ,

furnace in nitrogen atmosphere. The heab-treated f1Ìms were

lnspected, and those wlth slgns cf peeling off, and ciscoLoura_
tlon were dlscarded. Good samples were stored in a chamber ¡t.,,r,,...,.

under a vacuum of ro-3 torr. The thickness of the fllm used

for bhe present lnvestigation was found to be 1.2 nicron. Ti:e

thlckness was estlmated by weighlng the subsirate wlth a mtcrc-
balance before and aften the deposltlon of CdS and by measuring :,::.
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ihe area of the depostt. The thlckness of the fLLm was then

confirmed uslng an inberferrometer. To use this method, a

Iayer of a metar (such as sirver) was deposlted on one of the

four sides of the film so as to form a step u¡ith the subetrate
Fig.9 . The lnterfenrometer measures the height of this sËep

whlch ls equal to the thickness of the flIm. These two methods

glve closely agreeable results on fllm thickness measurement.

3.2.I EFFECTS OF HEAT-TREATMENT

The heat-treatrnent lncreased the sLze of the

crystarlltes and the photo-conductlvlty of the fl1ms. Tne

c-axl-s of the film is perpendlcurar to the substrate whose

c-axis is alsc perpendicular to lts surface. published Ilter-
ature on the structure and onientlatlon of CdS fihns reveals
thab thä fllms are polycrystarllne, predomlnantry hexagonal tn
phase and are c-axis oriented. The post-evaporatlon heat-
treatments show tllts of up to 2!o.in the c-axts of the

crystarllbes (tr'oster, 1966) whtch ts thought to be thetr mlnt-
mum energy conftguration. since the post-evaporation heai_
treatment lncreases the mcbillty of carriers consldera'oIy, the
+-it1- {n +t^^utr r, !t¡ u(¡e s-ax1s does not affect the acoustoelectric inier-
actlons 1n the film very much. X-ray diffracbion studles show

that the crystallites are orLenbed in cne direction Fig. g.

since the fllms may contain a con'slderabre amount of cublc
phase whlch cannot be detected by x-ray or electron diffrac¡ion
technlques, therefor"e tt ts dlfflcutt to define the orienta¡ion
of f1lms.
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rt can be concruded bhat the heat -treatrnenc does

anneaL oub certaln structural defects which geb stab LLLzed

in uhe firm.due to the rapid dlffuston of irnpurltles in-
corporated during firing. A considerable number of 

.,,astiochiometrlcÍt1es can be expected in the nelghbourhood cf
these sbructural defects. The thermodynamlcally unstablLízeö,

flIm can be viewed upon as a complex mesh structure of 
,,,,.,resistors and junctlons that can short clrcult, cpen clrcu1t .

or forbld conductlon ln cerüaln directlons.of the f1lm, whlch , ,,,''' ::
may give rlse to a low caruler mcblltty. Heat-treatments

loosen (anneal out) these structural dlsorders (tfrermodynamic 
\

stabillzatlon).

3.2.2 OHTUTC CONTACTS

37

The successfully heat-treated films were mounteo 1n

the sample holder. High purlty Indium metal was then deposLted

on the film aE a temperature of loooc ln a nitrogen atmosphere

at a pressure of 4 x 10-6 torr . go% of the contacts naqe ¡h1s

lvay were found to be ohmlc. However, post-evaporatlon heai-
treatment ln alr. atr Tooc for ro minutes lmprcved furbher the

ohmlc behavlour, and sometlmes courd make the other ro%
;

which are not qulte ohmlc before, ohmlc.
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CHAPTER 4

EXPERÏMENTAL RESULTS AND DISCUSSION

The unavoidable ]evel of native and foreign defects
play a domlnent nole in the conductlon process 1n a cds fllm
at hlgh fierds. The htgh resistlvlty cds acts as a dlerec-
brlc between two nelghbourlng lmpurlties and the electrcns
traver from. one lmpurlty slte to the obher causlng a break-

down which shows up ln the form of scratches gn the film at
htgh fields Fig.ro. As a precaubion agalnst sunface break-

down, the wldth of the fllrn uJas reduced to zmm. The break-

dot^Jn t,tas attributed to the surface lmpuritles and cccur¡'ed in
riany of the good heat-treated films.'Afber reduclng the wldti.t

and shinlng I1ght of hlgh lntenslty on the film, the break-
down voltage increased conslderably.

The sample was mounted in a holder speciallV
designed for low temperature experlments, as shown ln Fig.12.
the sample þras parbiarly shaded by a 50% transmlsston Kodak

wratten fllter to rnake the carrier concentration non-unifoz.mly
distrlbuted (or non-unlformry resistlve) . To avold heat:.ng

the sampler r€ctangular pulses of 50lUScc.6ìtp¿tion (tire Cesign

of the pulse generator is glven ln Appendix) were used to
measure the V-f char"acteristlcs. The clncult used is shown ln
Fig. 11. unden very stnong tlruminatlon, the pholocurreni is
aboui thnee ordens cf magnttude hLgher ihan the dark curreni
as shor¡¡n in Ftg. 18.
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fn one good sample the current saturatlon occurs at a fleld of
about 5.a kY/cm. The saturatlon currenb increases wlth in-
creaslng i1lumlnation, but bhe thneshold fleld for current
saburation decreases with increasing il1umlnatlon as shown in
Fig. 15.

ïn order bo study the effect of gamma-ray radiatlon
on bhe acoustoelectrlc current saLuratlon ln cds ftrms, a

sample was lnradtated wtth gamma-raysfor ro mln. and tbs v_r
characterisblcs were measured. The above procedure was

nepeated t111 bhere was no current saturation observed. rn_
creaslng the voltage to make sure t]hat there hras no satura-
tlon at higher flelds caused surface breakdown. Fig. rr
shows a plot of phobocurrent at ftve radiation doses. rt
could be seen bhat:

(i) The photocurrenb decreases wlth increasing the tlme
for whlch the sampre was irradiated wlth gamma-rays.

(rr) The threshold field for current saturation increases
with increaslng the tlme cf lrradiatton

The irradiator used for the above study was a cobalt
6O iruadiator r¡rith a dose rate of 1.6x 106 rads,/hr. neesrlred
i¡ith ferrous sulphate on May 6th r 966. The dose rate at .bhe

time of the experiment rn¡as O.7O2B rads/hr. ( calculated by

uslng the table provided. r,¡ith the abqve equipú:ent'). The

radiatlon dose for eachltlmin. r,¡ould then be equal to 0.lo2Exro1g.
6o
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4.2 DrscussroN
+J

Curnent safuratlon and oscillation in bulk piezo-

electric semiconductors have been discussed at length by

many investlgators. However, 11ttle has been reported on

the same phenomenon ln flIms.
Flg. l4 shows that the photocurnent decreases with

increasing temperabure. 0n bhe assumptlon that the carrler
concenbrablon remalns consbant, the carrler mobirity can be

calcu'lated using bhe method Buggested by Hamaguchi et, a1,

(1964) 
"

¡'t4 E1¡r :-Vs
(4.r )

where Etr, is the threshord field for currenb saturation and

16 is the velocity of sound (4.4 X IO5 em/sec.). Knowing

the threshold fleId for curr.ent saturation at JOOoK and I53cK

and assumtng that the velocity cf sound does not change with
:Ftemperatures, the carrien mobilities were calcuLated to be

8o "rz/r-sec at JOooK and t0o "^z/u-sec at 153or- The 1ory

rnnlrì'lì*rr r'n ril¡ns explains wh.y the threshold fielo for the¡¡¡v v+a+ eûy 4À¡ ¡ 44u1s v^-yrqIr¡J

onset of current saturation in films is mu_ch higher than

that 1n crystals.
The photocurrent beyond the onset point silll in-

creases very slowly sÍth inerease,of applie<i field; but ryhen

the field is further increased, there is another onset point

at t,¡hich the current suddenly changes verlr abruptl¡¡ as shol..rn

A generar simple'fornn¡Ia for the veloclty of sound in a

rnaterlar with ¡nodulus of elasticity Erand. d.ensity /o is given
by; vs= lP't)
Since the ratiopooes not ehange very much with chanoa in.

fO 
rr4 vr¡ vrrq'r¡€;v M

temperatrüres the above assuroptlon is fairly accurate.
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ln F'ig. 15. Thls may lndlcate that the field corresponding

to the second onset point approaches the breakdov¡n strength
^r¡ ÈL^ 4{'l*\.rI t/¡¿g I III¡¡

There are two posslble mechanlsms whlch rnay glve

rlse bo current saturatlon in cds fllms, and they arei (a)

fierd enhanced trapplng, and (b) acoustlc wave interactlon
wlth free carrters. These two rnechanlsms have been dlstln-
gulshed ln the llght of the experimental facts as folrows:

(i) The saturation photocurrent decay tlme was

neasured to be of the order. of 2-3fsec. The decay tlme of
ihe pulse applled to the sample ls of the order of z¡tsec and

fhe decay tlme of the current pulse.. observed below the thresh-
ord is of the orden of 2¡sec. .Above the threshold for cur-
rent saturailon there was no significant change in the decay

time of bhe.current purse. Thls lnvalidates mechanism (")
slnce the carrier de-trapping tlme would be of the order of
0.5 ynsec (Mason tg68, Moore 1964) .

(rr) For mechanism (a) the higher the applled fletd,
the mcre would be the carrlers trapped; and this trapping
process.would be enhanced ab row temperatures,and then the
photocurrent wourd be expected bo decrease with decreasing
t'emperatune. But this ccntradicbs bhe resulbs glven in FLs. r.4.

(irr) The threshold flerd for ihe onsei of phobc-

current saturatlon lncreases linearLy wlth increaslng tern-

peratures as shown in tr'ig. 16, lndlcatlng bhat the carrte¡,
drift veloclby ls larger bhan the velocity of acoustrc surface
waves, the latter ls, ln fact, the requlred condlblon for
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mechantsm (b).

(fu) It was also observed that the threshcld fielo
for the onset of current saturatlon decreases wlth lncreas'tng

lrrumlnablon inbenslty; and that the Lower the temperature,

the more pronounced 1s the satur"atlon. Thls phenomencln can

be explatned by mechanlsm (b) as follows:
The condtbton fon the ampliflcatlon of acoustlc waves ls
glven ln Eqn. (4.i)

fia E+n - Vs

Slnce ( see Eqn. 2.4)

Àla = {oA*,
fo can be expressed as

to= ht +n (4.2)

with lncreasing irrumlnatlon thg number of free carrlers
increases. Therefore, fo lncreases with lncreasing 11lun1-
nation. the ha1I mobiltty ÀtHls glven by:

Nu == Rs d {4 <l

where d ls tne

i1Iumlnat1on.

should decrease

(Þ1.

Fig. r,/ shows that the phctocurrent decreases and

bhe threshord fLerd increases wlth an lncrease ln che doses

of gamma-ray radlatlon ln cds f1lms. Thls could be at-
trlbuted to the Lncrease ln the numbe¡. of traps due to radi-

h

conductivlty whlch lncr.eases with increasi_ng

From Eqn. (4.f) tne threshcld field Ec thus

wlth Lncreasing tllumlnatlon for mechanlsn
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ation. rt increases the trapptng factor fo (see Eqn. 1.2)
and hence decreases the mobllity A¿ . It ccuLd be seen

f rom Eqn. (2.4) tirat wlth decrease ln the moblrLty , LE

wouLd requlre hlgher f1eld for the onset of acoustoele ctrl,c
current saturatlon and slnce:

lf - he^¡aÉ, (4.4)
where n ls the denslty of electrons i e: the charge of an

erectron; E, the applled fleld; and r 1s the photocurrent,
therefore the photocurrent wouLd decnease w.tth decreaslng
vnn''Ìr{ I { Èt'.¡¡vy¡4rvJ
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CHAPTER 5

CONCLUSTON

irrhen the veloclby of electrons exceeds the velo cLt:!
of sound, the coupllng between phonons and electrons results
1n saturatlon or osclllatton in búIk piezoelectrlc semlcon-

ductors. The lnhomoge,ì'ttu ln enystals tends to enhance the
acoustoelectrlc effect and thls advantage has been uged for
bhe present study of this effect. The carrler mcbitity
observed' ln films is consldenably lowen than that in crystals
and thls ls attribubed bo the presence of nabive anq foreign
defects. Post-evapcratlon heat-treatment lncreases the
nnhil.i{-¡r {* l¡{l-^ ^.-rr¡ruerrJ-uy ln r'1lms and recnysballlzes the structure. on the
basis of the analysis of ihe experimental results at varlous
temperatures and illumlnations, the current saturation ln CdS

f1lms 1s atbributed to acoustoerectnlc effect.
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APPENDÏX

DESÏGN OF PULSE GENERATOR

A pulse generator was destgned'and bul1t fon the

present investigatlon of v-r characterlstlcs of cds f1rms.

.,,;,....,,,,, There were constralnts on the pulse wldth and the shape of

:::.::j;:::: the pulse whlch could be satlsfied only by uslng the clrcult
':.:::'::r shown ln F1g. 40.. The pulse wldth had to be more .than 5p sec

and varlable, the purse rise time and farr tlmes had to be

wibhin a few microseconds and the top of the pulse was to be

fairly smooth.

I The design had two hydrogen ihyratrons in parallel
i

' wlth the maxlmum plate ratings of p.0 kV and 12! ampers. The
:

capacitor CI ls flrst charged to the supply voltage through

the r"esistance R..,, then thynatron I is f ired by the trigger
: ::,,:,;: pu1se 1 and tfre Juppfy voltage appears across the load
: :.r:-:t.:l,i

,:,: : reststor R¡. Af ter a desired amount of delay, whlch could be

".'''1 conbrolled by the brlgger generabor, thyratron 2 fired and

put a shont clrcult across the Load resistor. Thus, bV a

simple on-off sequence of the thyratr.ons, r€ctangular puLses
'.: .:.'í: -:i,.:;,:',,t of a desired wldth (f rom 5 |r sec bo l5O J,^ sec ) could be generated.

By uslng a damping reslstor Ro bhe top of the purse was made

fa1rly smooth. The rlse and decay tlmes of the puLse !{ere

found to be of the order of a-3 /\r sec. The $rave shapes of
output pulses are shown Ln Flg.AL -4.&B_
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