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ABSTRACT

Tha presence of swrface effacts 125 basn deteated by
noting changes in photoconductivity for the sams sampls wader
test in air et normal room temperstars and prasexrs aad in vacoum.
Fozr all samplas, it has fnvariently besm feund that photo-aansiti-
vity is izcreased by chapgisg from am eair to & vacuum surroumd.
In ordar to investigate which of the atmospherie comstituente was
responaible for tha change, the phetoccaductivity raspomss spectrum
of a thin filw of saxorphous lle‘;i;lllIr.d At room tamparature
{297%) in & flow ef dry '2' dxy 0z end uzo. ¥o change im the photo-
conductivity response specifum wes notad in the ambieunt of '2 and

o Hovaver, watar vepour was found to decrsszse ths photoseasitivity

2+
of A'23.3 and shift the photorssponsa spactrum towards the lowver

wavalangth aide. Thasa changes vere fouzd to e raversible Ia nature.
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1. INTRODUCTIOR

For the last two decadas or so thers has been a wide spread

intarest in amorphows semigonductors, partly due to a desirs to
confront fresh problems and partly dus to as incressing awareness
of their potential appliications vhich range fear hayond the eptical
and structural uses of the sidics glasses (1,2)., The photocondue~
tive and electrical proparties of these solids have hesn studiad
extansively. The chalecoganide glasses basad on Se have attractad
particular attemtiom. Photoconductivity ia amorphous chaleogenidan
has proven te ba a valwabls tool im uaderstaading the aature of

loealined statas snd tramsport im thase -n:.:ial-(a-s)'

In spits of the fact thet tha physice of amorphous solids has
devaloped ints sn extensive and ranified field, the natwrs of an
anorpheus ssmiconductor surface 5till remains | ymaxplored. Attampte
made to stwdy the surface statas ia these samicomdmctors sofar have

(9-10}Y,

generslly bsen unsuccassful Te the auwther’'s kmowledge, only

two successful casaw of fleld affect messuremants in chalcogenida

4(10-11)

glasses(based on Te}have bsen reporte ;3 whereas similar

invastigations in the case of realetively siwple smorphous semi-

10
cosductors like Se and "25'3 have been rsported te bHa -nnucccs.f&l ).

I‘lil.-lruir:l.nsj the ﬁhﬁfbéan&uhtf‘rity' tacponaé ‘plctru-i" of amorpheus
Aazs-3 specimang in air at normal room tempersturs and pressure and
thea in vacunm for the sams spacimsn under test, ve noted that not
only did the photocurreat increase, but the maximum {and the loung
vavaleagth sdga) of the photoconductivity rasponse spectrum was also
displaced toward the lowsr photom enargies, keeping the incident

photon flux, spaciman tamparsture, and the slactrie field across the

elagtrodes coastant; thus indicating an imcressa of the photosensi-
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tivity defimed as the photecurrsnt perxr unit imcidsnt photon

flux (i3) and a decresse of the photocomductivity activation
energy ‘ph' defined as the phetom snergy corrsspoading to the
saxinum photorasponse {alss defimed as thg rad adga photonm
snargy &t which tha photoeconductivity has fallsa to half its
maximum vaius (23,24)). The ilneressse is the photocurremt was
aetad to vary from sample te sample. Yor bulk samples, thias
change was relatively small cowparsd with thim films. Under
preasant axperimantal econditions. 1= "sn;cd’np,rozinatcly from
30!.to 351 of its valwe im air. A chancs in I'h ranged froem
0.03 aV te 0,05 a¥, The rise sad decay of tha photocurrant was
alse affscted., 1In vacuum it was comparatively slower. Im vacuum
tha dark resistance of the spacimens was also found te Smcrease.
As svacuation ef the specimen was startad, its resietance incre-
asad grsdwally, reaching a saturation valus im about [2 hours
degassing tims at la‘tOll- Om breakiag the vacuws, the revarses
cccurred. but mow the saturation time limit was found te be comsi-
deradbly large (~ 24 hours). PYor thim films, an imncreass im the

dark resistaneces rangsd, epproximately from 20 te 25X,

Tha chserved phenomenon was anstad for amcorphous 1-2803

as its compounds with 1113-. But in the present paper am a typical

case, these measurssents are praseated for A-zsa thia films only.

3
It may hovavar, be mentiomed hers that the magmitude ef the change
was found teo dacreass with fneresase of rlzs- concantrations. Te
tha asuther's kaewladgs, me such imformation is availabise in the

literaturs at least for A-zs- and its compounds with 11230. For

3
crystalline semnicoaductors, hovevar, such measurements heve bsam

nade quite oftenm (12-20). Utsumi sud Wada (21) hava simply stated

_3-

as wall

that water vapour affectad the starage Phancmena in A328|3 thin
filus adversely. Kastnar and Fritssche have reported that
watary vapour decreases tha purface counductance of amorphous Ga
but by & very small amount, approximately 12%; wheraas Iz and

0, 8te¢, had ne such effeet (22).

3
Ia oxder te imvestigata tha naturs of tha phenomanon, the

photoconductivity reasponas spactrum of & thin film (~ ] pan) af

anorphous "2"3 was messvrad fm the Atmospiara of tha following

aabients:

1) 83z &t normal Yoom tsmapearaturs amd pressura

$1) vasusm of the erdar of 13%torr

114) dry aitrogen

iv) dxy Onygen
) watar vapour© earriad by aitrogen

2. RXPERIMNENTAL

2.1 Syathesis of Glasses and Speasinen Eraparstion

These glassas were aynthesised by the conventiomal
nathod of heating the constituente (sll of 99,9992 puriry)
in svasuated and senled off ailica glass anpulss to high
tanparatares gbove the melting tamparature of tha highane
mneltiag cemstituent, followed by quemching im water, Buring
haating, the ampules wars shaken for several timas te emsure
a therough aixing of tha sonstituents. The glasses thus
Prepared wers ecmplately amorphous. The amorphous stzte of
the glasses was chackad by examining their X-ray diffrac-
tion patterss. Thim films were prapared on freshly clsavad
uiea (mussovits) subatrates by the thermsl evaporatioa tech~
aiqee 1n vaewss (2 x 10%torr). The substrate resperatare

deration svayerstion was maintsimed at 273 K,
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e



1.2 Phececonductivity Mensuremants

Tha phoetoaonductivicy respeass spectrum wassuremsnts
were nadas using evapwrsted gold alectrods in tha coplanar
geometry with an - interplariar spacing of 1.0 # 1% wm. Alse
thess saassramemte were made &% room tampsrature (297K)
and at 300 V/ew value of the slaetrig fisld scress the
electiredes. Dry hattarias ware used for the d.c. veltage
supply., 7To aveid any spseda-charge affects, the specimens
ware illuminatsd ynifoxrsly. The photorxesponse spaetryrs
‘-!tn corrsctad for ths lamp output spsctrom and were vagerd-
ad at low photem flux (lo‘l'hctnnllnlzute.). The spscimens
bafore baing swbjected to the photsecnductivity meassurewents
were kept im tha dark im the sxparimantal chamber for = -
evarnight peried of adbout 20 houra. Aimerphouws Atzlc, and
its compaunds with rlzlc vere feund to show the parsissanse
of phetoeoadwativity which tandad to enhamea in vacwus,
Therafera, te aveid say errox ia the measursmants, the
photoewrrent was slloved te decreasse to ics sinimem valwa
{~1% of its maximum valus) nftir sagh veadiag and after
tha illwpinstion aof li- spadinan vas gqaszead, Alee during
1llumnination, the phetosurxant was sllewad te reash its

naxinum (saturatiem) valua before haiag recerdad.

In erder %o emsure tha absence of water vapour in
alikregen and oxygen, these gasses hafora thair admittenae
iato the experinsatesl chambar, wars mada te pass threwgh
& ¢oll havimg 6 turns {(sach turs of about 15 em digmeter)
snd kapt immarsed ix & liquid aiy bath. Tha pressure iaside

tha azsperimentsl shamber was maintained at stwcapherie

laval (760 tex¥) by allewing the gas te entar the chambar
at one und and leshva at the othar, tlirough a marrew owifice
in the chsuber base plata, mada specially for the purpcss.
Tor water V2pour gitrogen was used a3 the carrier. Tha
aseunt of watar vepour ¢arriad by nitrogem c¢could de varied
by varyiag the length of its path im the water dath which
was constructed owt of Buchmer flasks and nitrogea gas wvas
bubhlad into it. These msasurements vare made vptpabout 70%

hunidity level.

3. RESULYS

Results of thase iavestigatiens ars showa im Tig.l to 3,
Fig.l shews the photocendnativity gpectra of the film under test,
is air (ehdrve 8), veduwwn (gurve .b) and in the atmesphaze of
aitregen (esurve ¢). Tig.? shovs tha photocondustivity spastrum
of the same film iz the utmosphers of oxygen (eurve a), vaeuum
(eurve §) and is water vspour (eurve &)}. Thase photerssyomse
apesatys veares ragordead after kaaspimg the film in the atmeapkere

of these gases for about 48 hours.

The photocenductivity response spastrwn maximusm in aiy was
found te scaur at 1.80 + 0.01 aV. On avaswating the aystam
te lﬁ't.rr aad degassing it for about 20 heurs, ths phetosendus-
tivity specirum maximum has shifted tevard lovar vavelesgth side
(rig.2, swrve b) asd nowv occurs st about 1.753 oV, suggasting »
shift {u the photesonductivity activation smargy by abeut 0.05 oV,
Alse iu vaeuum ths phetoewrrant was imcreased by, approximately
35X, As is ebvious fyem Figa.l and 2, no shange in the phetoeon~

ductivity vespense spactrum maximus was noted in &ry lz ﬁang-ez
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avex wpto 43 hours. Tha only change absarvad is the decreass
in ths phoetesdrrant im beth tha casas by sbeut 10X, This
desraase im tha photoaurrant may ba regardad ;- dua te & decreasze
is the specimen temperatura ( & 2). This echangs im tamparatura
does net shift the photeraspense spactrum byt tan dacresse tha
rhotocurrent considearadly (23). The shange in the tharmal ax-
ehange froa the specimam im a nitrogen or oxygen stmosphare =may

alse contridute tewardstha deeresase ia the photeswrreat.

Cuyve ¢ of ¥ig.2 shows tha photoconductivity reaponss apes-
trun maasured in the atmesphara of water vopcur garried by aftre-
gon, after about 23 hours kesping thae film in this atwosphere.

This curve shows that photocondustivity xasponsa specirvm has
shifgad tovard higher energy aside compared with that iz vasuusm
{acurva a). The photocenduetivity maximwm now ccewrs at 1.80 a¥V,
suggenting that the wagar ¥“2pour has imcrsased the phetec¢ondunetivity
activation enargy by shomt 0.045 oV compaved with its value im
vagwum, Curve e of Fig.2 alse shows that tha phetegurrast hase,
appreximateily fallem te ¢ valuse ecomparsdla with that in atirx, This
establishae that watar varcur is mainly rvesponsihla fer the observed

phanomanenm.

Tig.3 shows the reaults obtaingd te Jdatsrmine asture of the
reagticoa of water vapour with the speeimen. Aftar vecerding the
curve ¢ of it;.z. the systen was avacuated te lﬁ‘torr and dega-
saed for abour 20 hours and umdsr the same sxparivestal gendi-
tions as abeve, the photoaonduetivity rasponse apactrem eof the
speagines was mensured. The phetorespomss spectryum was shifted
again toward the lower smamnrgy side by, approxzimately 0.043 eV,

the sams ameunt as befors, This is shown im curve a,

i e lat ek MEA M twee oimbde ol e ok kA con

After this, tha film under test was axpossd to air at
mersal Teem temperstura and prassure, for aboul 50 hours and
thes its phetocenduativity spectrum was messured. Curva b was
obtained, vhieh shovs a maximum at abost 1.80 oV, The photo-
surrant wvas alse desrassed as praviously. Curve ¢ was cbtaimed
on evacuating the systsm agaim, As is obvious, the pheteresponss
spectrum is sgain displasad and the photogurrant inareassd., This
confirms that the rsactien of watar V2pour with at lsast vitreus

A-aso, i ravarsible im natcye,

4. DISCUSSION

Thass favestigatioms cortainly prove that the obasrvad

changes im tha spactral diatributien of phetoconductivity of
anerphona "28.3 are sausad by water vopour im the siv. The

reversibls nature of tha shanges sugzests that thase ars causaed 3
due te sdsorption of watar melecules onto tha sarfacs of the

spesimen. Onm eavaguation of tha aystem, thess adsorbed watar

melasules disappear gradually n-dlehanln rasiscance ¢of tha spaci-

men ascerxrdimgly.

The obesrvad decTasss in tha photosensitivity and shifg ef
the photocenduativity responss spectrem toward lorof wavalangth
side ia vacwum, may he explainad in terms of b-and-bending of tha
senicenductor yader the influsnce of a localiged charged layer

at the proper surface 4we mainly to surface states.

The surface of a fimite selid podsevses surface snaryy statas
caused dus te abrupt termiastion of the lattice er as iz covalent
solide, dus to the wnantisfied dangling bonde. The surfacs states

may alse erigimats dusa to the presesce of contasinations lika



gasay (02, HH,. 03 etc.) or liquids lika HIO, hevipg an alscerxic
dipele mewment ({7,20 ). Im the prassnce of theas statan, the
surfsce scquirss 2 potantial diffarencs vith raspeet te the bulk,
and hence gives rise to a space-chargs laysr near the surfacs,
Duk to this space-charge layer the amargy bauds vhich sra heri-
sontsl throughout the bulk may bend upwards or downwarda as tha

surface is approachad.

The surface of a samicondueter cas be bant in three diffarent
ways vis, accwnulation, depi-%i a and imversion lavyars. Iz the
caga of an aceumulation layar the bsdy ¢f the semiceaductor s
depletad of the majority earriars which are taker to the surfacae
(13, 18, ?T). The minority carriars ars negligible beth im the
bulk and in the apsace-change region. Hence, vhan aa acevmnlaticn
layer 1is forusd the surfsee recembiaation decrassss. The aceumspla~
tion layers are, therefors, sharacterized by high conductanca,

wvhich is dus to the large mumber of majerity carriers.

Tha formation of sz deplatica lavar on s semiconductsr cérres—
ponds to the situation im which the majority garriars (holas in
the present cazsa) are deplated frewm 3 region xear the surfare, but
a3 yet the mimericty carriare’ concentratien does mot excasd thet sf
the majoerxity eaxviaxe (IV. 28, 27}, Thos em the formatiom of s
daplatien layer, thae asigm of the curreunt carriers does not change
asd the surrant is contisved being eerried by tha majority
carriers. Therafore, with the fermstfon ¢ s dapletiom ragiom,
tha surfasa racombinstien is anbsnced, snd ths surfsee conduatance
desraase (27 - 3D) dus %e the reduged numbsr of sajority carrisrs

available forxr comductisn. A dapletion region fimally goss evar te

5

sz inversionm region if the bands are coatinued bendimg in the
sase diraction. EHers the graatast coatribution teo the apaca-
chargs aoxes from the carrisrs of tha opposite sign te those
of the bulk {(i.e. from elsstroms in & P-typo semigonducter
{9, 274 39)). Thus wa would have an n-typs regiom on & P-GYPC
seniconductor aand vige vavss, The point wheare the minerity
carrier density cquals the majority carriar bulk deasity, re-
presants the limiz of tha deplation ragioa. On further bandimg
tha bands in the same diraction, the minerity carriere (alec-
troas ou 4 p~type semicondugtor) astart accumwliating om the surfeca.
Therafora, the sigs eof the current earriad changss from that of the
holas (msjority esrriers) to that of the olectrone
- {mivority carriers). The iaversion layar as

well like acecwmulation llylfl,lt. characterisad by hWigh eccnductance
with the 4ifference that in an imversiom layer, it is Jdus to tha
large aumber of slestrons for o o iLyne semiconductor,

The basd-banding and hence the expected thicknese of the

spaea-charge regien inte the senfcondvctor can be calceculated fron

che knowladge of tha Dabye acreaning length L givan by (27)

i
L .(«Eeokr}

P‘z
vhers £ 1e the dielectrica tonstamt n! the semiconductor, £, the
permittivity of the frae apaces, h is the Bolts»an's centant, P
tha hole coneentration, @ the alsceronie charge, and T the tam-—
parature. Tha space~charge regicn decays sxponsntially with L
{2%) which in turn varies as *fk. Thie suggeasts that with ineve-
aning the bulk carrier denaity, the spaca-charga region temds teo

bacoms thianar.
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The Debye sereening lsmgth for amorphous AszsajtFﬂialanvnicn'B,

€£~9%.5, (3, at room temperature (297X} is, apprezimately & = 10-7cn.
This in considerably lass than the thickness of the film {nrleoﬁ‘ea)
used in the presant investigaticma. Th1iz shows thet the hand-dandiag
{and hancs the dapth of the space-chirpse 4gion) 1o not large, it
aextends taly upto a ssall distance inte tha bulk from the surface
of tha film.

Az these thin fiims were depoziced on wmice [moecovite, xoom

10‘50hn ez{JL))lubzarntnﬁ,

tamparaturs resiativity grsaser —~
therefore, beecauns of rhe wudh mmzlilsr frea carvier domsizy of
nica compaxed with that of amsrphous Aﬂzsa;, the sgaml-conductaov-~

dubgtrarte interface % noz axpecsted to affecr tha stearved »hanomanon.

Since in tha prosence of wager wanoyc 0o ivereass 4m the ecndue-
tivity wex noted, the obsarved phomomsnen does usz gemu to be duvi
fo the formatiom of en accawwlaiies leyer. Tha magnituda o5f the
affact 1» small gnd no chapge 1 ths direction eof the swrvent {(das
to sigm of the carriers) wes uoted, at lesst upto 70% bewidiiy lawel.
Thareafora, the pogaibiliity of the formation of aa Ilavavzion laver,
ia slso exciuvded. The stperved phenowmansm way, tharafora, be ax-
pletned in terms of tha furmation of 2 depletion layer By tha watav
vapor as a result of whieh the majority carrimr (hole) dapeity maar
the aurfacs 1s decyzased amd the cnsbar of recombinstien cyntres
(n-lt the alrfleq)io incressed. Water molecules om tha surface
crazts slectroscatic field dus to their lerge dipele mowsuts vhieh
cn an appropriate dapth from the surface changes thas electrisal
propartiea of the fast recombination csntres. As & raesult of this,
tha surface recombination imersasss and hezce the lifetimea cof the
carrier desrsasss {33). Thus iz the prasszca of water vupour the

nunbar of gharge ecarriers (holes, im the present case) coatributiag

=-11-

to the photocurrent, daerezaaes,

Also in the prassnca of s space-charge reglea, tha -ibiltty
of tha csvriers due to seatteving by tha surfacs, is desreaased (27-30)
The mebility of all the carriers wvhich move clese to the surfacs
decreacas wore tham that of those which move sway frew it {2:).
Tils raduetiosn im mobility dur 20 the pressacs 2f B spaca-charge
layer besowmes increasiagly pigaificant with the thiekneas of ths
specinen docressing (27). Dacraase in modiliry due to scarzer-
ing (physical) of carriers in the casg of smorphous matarials
(ths low mebility solids whare tha carrisx maan frae¢ patt: sra
szall) s not exzpacted to be vary =signifizan:. However, 9 zay
axpect deflection away from the spasa-tharga layer, 2% tha wajority
carriers (holes). Im tha ecplanar sarrangemsnt of elsctrodas curreat
flows parallel to the suxfaes. The intaernal slasztriec fiald (Jdue
Lo spaze-charga) tramsverse z%tha surface, may kaap the halas avay

from the surface.

In wvaguum in ths abssnce of wager-i i~ ths gurface Tacombhi-

raiion dacreasas due to the dacrease ia tha nunmber of recembinstien
zxutzen and herce the incresase of the rcurrisr 11fetime, (3W).
Therefcre, the number apd the woblliey of the charge carriare
contributing te the photoeurrant, iacrasses. This reswlis {u an

ing¢rasse In the photosernpitivity of the sewmiconductor.

The observed imereasas in the yhotoseasltivixy in vscuum is
avidently confizcted vwith tha inersase in the effadtive value of tha
product 7t gsemparsd with its valuwa in the ambient of water-vupour.
Eare § iz the gquantum efficiancy and is a wavelangth dapandant

pacanatar at least fer Auzsns(aﬁ). w fs the carriar mobility amd

12
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7 the rseouwbinarion carrier l1ifatina. Thess quantitias oesur
in tha sxprassion for photoconductivity (23). Ths quantum
afficisncy 4 may be written as ¢ = 'I{l +T/e) T, ts the tomt-
sation time(3.). Tha predust qu 4cas not seam te vary im the
sams way for all photon anergies. Ths effsct will ba most
prominent where tha slope of tha lu ¢ versus photom anargy plo
is the grastest 1.e. at low photon energies. This manifasts
ftwelf by displacing the photocoaductivity rssponse spactrum

towards the lover wavelangth aide.

fh- résulta alsc show that oxygan and nitrogaw gases do mot
affeet tha bahavicur #f tha surface of smorphous A-28|3. This i
probably due to the shysical adsorpticoan wvhera me charge tramsfer
iike chemisorpticn takas plice smd impurity stouns/sclaeculas ara
held on the swrfses by tha waak forces like polarization or Vas

der Waals {3¢) of thass gsser on the surface of the semiconduator.
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