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Anant ina et a.l( =9) also inve stigated spectral
rasjponse of .photoconductivity in single crystai Inz'f%
46 300K and 775 in the range 0,6-2.4 pm und observed
NeE bive photoconductivit;r not obvserved by others which
Was attributed to a4 suriace eifect. The experiments were
carried oub with two different orienbations with light
incident perpendicular to w large surface area and also
paratlel to it. Inm t_lle first case maximum respollse occuri-
od at A = 1.1 p m with a weal sub~bund gap peak near
1.75 8 m. In the second coniiguration the second peak
was more prominent. This spuggests that this contribu-
tlon was due to defect sbates providing a transitlon neax

O.’? ch

¥inknan and 'l‘emc:(j ) sbudied the lattice vibrations

ol bobh x and A --InzTe3 by far inira-red and Raman
gseatbering techniques and found the spectra o be rela-
tively simple despite the large unit cell in these mate-
rials, Infru-red reilection spectya of disordered struce
tures showed two strong 'Restrahliont bunds each of which
is split in the ordsred structure. The simplicity ol the
inf ra~red specbra suggesced that the structure of the |
phonoh gpectry can be understood if the crystal structure
is zinchlende, The inberprobation of the observed

spe cbra was based on the existence of uninterrupbed

chalns of tebtrahedra along the direction intercomeching



whe two aoxt woarest noighoours in the (110} direction
i the cubic Lattice, showing that the phonons propagite
iy alony thils direction dowinated the specbra and that
i ghe rirst approximotion their Urequencies cowid be
chtuined by o O-fold folding off the Brillouin zone of

tho sluple zincblende structure in the (110) direction.

Flommi et alw " wlgo obsorved an intevesting
trend in the lower T aode of 11'12'f93. This mode approaclh-
od u deop mindwwt ot the edge of the {110) direction.

Sy dlbting tho obsorved spootra, o comparison of the
caloenlated force consbtants with those of IIT-V and TI-vT
compowid s showed that the central forces between nearest
noishbours {«) were alfected only slipghtly by presence
of defocts, vhille the uon~centrul forses { p} were chang-
ed moye slpnificantly, aliecbing mostly the TA branches

to kel e elosbilie cohnstaitbs are senglitive.

amail scatberdng experluents on polycrystalline

e, did not vield any positive wesults since only

2”73
Lines correupouding to iree e were obtuined, probably:
due to noun-stolchiometric suuples. More fruitiul results

are cxpected from siungle crystals.

1.2.2 fallive Yelluride (_GazTGB)

L}uz‘l‘% hao boen studied in fur less detall than

Irl?‘1'93 shough it is isostructural with the latter and.ha_s



sinilar propertiss. It hasg been reported by Halm“m o
huve zincblende structure with lattice parumeter a = 5.89
which clanges to wartzite strueture at 67000. The phase

dlagram of Ga-Te system is shown in Fig.1.2.2.

Thermal & Electrical Pyroperties ;

Woolley and }’amplin( 13)

Tound the thermal conducti-
vity of Gasley to be 1.3 x 1072 watta/en %K very close to
the wvalue for Ingles, They also detormined the energy
gap Trom elecbrical conductbivity expe riments and found it
to be 1.15 ev. Harbeke and Lautz“5}, on the other hand,
obtained the acbivavion energy as 1.56 eV at 0% from an
extrapolation of the .conduc'tivity vs bempsraturs curve,
They observed that near 6'?00{3 the conductivity increased
to much larger values tuan would correspond to inbrinsic

conductivity. The effect wus interpreted as a phase

21
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A

transition to the wurzite structurs., The electrical con~

ductivity of these samples determined as u function of
the 'impurity concentration and temperature also showed
ingrinsic pehaviour in spite of high impurity concentra-
tion . This was attributed to the chemically inert nature
o' unshared eleétron-—pairs surrounding impurity atoms

located ab vagdncies as in the case of Inz'l’e3 R

Gadzhiev ot al( 32) studied the frequency dependence

of @ .c. conductivity which could be described by the

rolation ¢« W' wisre n = 0.8 at 300%. This was attributed -
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to a hopping conduction mechanism between gtates near
tho Fermd level which wus sald to origlinate due to the
derect structure of Ga?'l.‘caB '

“uge ot ult 23]o'iasommd the temperature dependence

ol elecbrical conductivity and thefmo~omi in the solid
and Ligulid stutes. Above BinOU aiid below the melting
point for “"’*‘;3'1'03 ('?SOOU) , ubrinsic conduetivity was
obseyrved, with a band-guap of 1.7 ev. At the welbing
poiat, the d.t.e cbrical conduchivity of Guz’f@:j increas-

od apvroximtely Ly a fuctor of 10 aud continued to
increase in the lLiguid state with Lurther licrouse of
bonperaturs while the bund=-gap Lecame 2.3 ev. 1iNith
iwrther lncrease of temperature upto 95000, the activa-
tion onergy for conduction in the wmelt decreoased and aguin
approached 1.7 oV, It Lfollows Lrom the above ouvservation
thot Guz'rea preserves lts semiconducting properties in

the Liguid statae.

With lncreusing tomperature, the theymo-emf retain-
ed the same sipn ap clectrical conduction, but rapidly
decreased and changed its sign near the melbing point
to indicute hole conductlon. Gut'.l.er( 33} Lfound the \ra'lt,icr
oi tirucelectric power in molben Gu,Toy to Dbe ( LO-60F 0™°
v/,



Upbical Froperoies

. 3 o '
(:01‘-}10110\’&1.() v} Studied phoboconductivity of GaZTQB
and deduced a band-gap of 1.08 to 1.11 eV. Harbeke and

Luutﬂus) oxamined the optical ubsorption of single
crystal L}az'l‘% and obtained a band gap OjJ:' 1,22 ey atb
room temperature. The difference between the band-gup
ghergy determined by Harbeke and L.:-J.ut'z( 2 Lrom electri-
col conduchivity and photoconductivity studies was attri-
buted Lothe temperabure dependence ol the band-gap. ‘The
suwe workers in thely later worlc( 12) ol optical absorp-
Pilon of L%uz’l'ta-j Lfound it to be an indir.ect band-gap semi-
conductor with tempe rature coefficient of band-gap

{ =l - 7010 x m'"LP ev /%,

{ 27)

Gulizzewlbi eb wl whose work has been referved

to ourlier, culculatad the fundamental interband transition
onorgic s, estingbed Lrom the Phlllips - Van Vechten di-
gloobric theory 'by appropriately .avemging the properties

of TTT-Y und TT-yT amalogs, baking cabion discrder into
account , According to their calculation Ga2T93 is al_so

4 dire et bund-gap semiconductor with epin-orbit epliti-
ings at the Lo pap, bhe energy at the band-gup being

oqual 6 1.k ev. This conbradicts the observation of

Laphore et ule} wio found Ga2T®3 to have an _iilclir'ect £80 .

B dideman and Tu.uc( 30) abudiaed the i_nfm-red rai’_lec-—

tien spectrs of Ingley, Gagleg and Gagdeg. 4 comparison -
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Gl Gl qﬂcttnﬁwwuiaiueﬁasﬁﬁhuﬁtybeﬁmm1mm
speebra ol dlilerent metorisls of the A?BB grouwp, The
wWost striking observation about the spoctra was their

slupliciby in spibte of a ruther complicated structurs.

1.2.3  Apvlicabiong

The larpe stolchiometric vacuncy concentration
yosudts in the igz-~type Lubtice being loésely packed
in couparison with othor crystuls of similar structure.
wxperimoits done by Duibiriev et altjﬁ), for example,

phowed that rapid quonching of InzTe after annealing

3

dot B uot reoult in a change in electrical conductivity,

charie currler mobllity aud conecentration,

woshikin ob a1(36] pointed out that the presence
of these vaecancles lead to a aspeclal typelof defact in
theue cpystuks diffevent Lrow conventiomal ¥ renkel and
sehottky defects. this thivd type of point defect appears
48 Voeancy-interstitial (v-1i) pair located Iin an instability
s0ne, which oxists near a vacaney in sﬁch a crystak. The
distinguishing feature of such an Winstabilitby wuone’ is
Phat o duberstibiol atom (1) may recombine without
sebivation suerpy with its own vacancy, The acbivation
ongrgy ok difiusion is then equal to the energy of forma-~
tion of w vacuncey and this thereiore does not‘océur in
the oxpresuion Lor the diffusion coeificient. foshikin eb

uﬂtbg} esbimabod that in those cases the activavion energy
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ol seii-dilfuslon and of difiwsion of any impurity should
ve u cohstunt value., This was vorified by Blkiksrmun b
2189 o observed identical activation conorgies for
diffusion of ki, Te aud ¢d iu In?Taj, as was expecbed by
hosnlkin ot ulijs). Tho coctfiicienbs of seli-difiusion
oo U B - e e = " - "‘3 _""1 30 o S
of fu and Te wowre the suwe (D = L.3 x 1077 ¢ av /il
cmd/scc) and ddentical with the activation enerpy Fov

CdediiPusion (D = 2.6 = 10"1e™ 10 ov /iy en?/soc)

The most direct aud wseiul application of sueh
rinsbability Zonos™ Lu i the fact that defects cansod Ly
radiation aa healed dn these crystals without wy acti-
vabion suergy. Whoe prducipal bype of radiation-inducod
o1 the rud Ly- inclucéd defect lw wun wstuble puler which is
pxpectod Go annlbllate dn cryestals with large insvabllity
songw, This leads to anomulovnsly high radiation sbtubility.
en tho mleroscople lovel, the lustabillity ol rudiutilon
deiects dun theue stractures could ve abtribubed to a
vanishingly swall otleryy burricr witleh mugt oo ovoercowe
by an abow ¢jected fwom Lts luttice positlon in ovder %o
vecobing ith a vocuney. Galt chinetolkil et L-Ll{ ) esbi-
mubed thut extramely heavy lu, Go wund Le atons vemuln very
close to the ncw vacuncy iormod wiwn Gl abouws were cjcct-
od iu o collislon with wi dincideut particle d.e, within
w distance oi the ordor i o few f?. Botdmabos also showed
that chanieling and focussing of ubomlce collisions, whicih
conld recuid dn o large seoparation botween the vacuney and

the intorstitial atom wore slpgnificantly suppressed in



crysbals having a high stoichiometric vacancy concen-

Lrabion.

posikin ot ulio] demonstrated experimentally
that irradiotion of doses of 1018'\{ -quunta/ cmz (% =
1 nery, 1019 ciee/on® (B = 100 por), 1010 sast
Tission noubrons/ cm?' caviled out al neur voon tempeiras-
sure did not rewsult in o chuange of olectrical and
opbileald parmactors ol EnzTGB und GaéTej. The cuvricy
wobLLLLY, concenbrubion wnd nlerohurdincss ol the

gpecimens wiso renained unpltored.

Pha expoprimental rewults in Yabie 1.,2,3 show
that roon bemporature phyeical propevtiosg of In2T03

and GuéﬁoB wore not alyectod by specelmen quenching.
Furthew, lyradiatlon vy Larpe doses of hipgh enorgy
particlos Jdid not resullt in stuble rudiation defect
formution whoreas the physical purametors of Ge, nTe
and gdbe erystuls chuuaged o o apprecilably, The motew-
rials conld thus sorve as w bapis Tor fast electron
deteetors, v ~radiantion detectors and lor high senpitl-

vity cnerpy~relouase sonsovs.
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switehrlig phenomena have akpo veen obsepved in thin
fitms of I112'1‘03 which may lead to possible applicabions.
amorphous Lilms prepared by flash evaporation with a de po-
sibilon yate of 2 - 2,5 mn/s on unheuted molybdenum or glass-
carvon substrates exiiibitod both threshold and memory switch-
ing olfects dn the sume gampie, Bualevicius et al(7) examin-
ed T~y charvactoristics ol 2«5 pm thick films. The switching
bdno was leos tlan 2 nanosec and delay time aboub R20-504 sec
11 bhe applied voltuge was just above threshold voltage V.
The delay tlae decrcascd with the increuse of appiied volt-
ages o Lypleal dopondence of Ty ® () taken at different

Lonpo ratwee s was shown to be nonlinear,

Al luereage in the number or dwation of the pulses led
o wewory offocts aind In this slftuation a.short palse of
plthor polavity couid return the device from the on to the
ofi-stute, vurvent iu the of¥-stute was one-hundreth of
that Ju tie on-stube for the wewory swibeh. palevicius eb

ALy
;_11( 0

ia thodr Later work obsorved thut if pulses of only
oo poluiity are uged, the device could endure only a fow
gyeLes 04 switching, wd thut changing the polarity increuds—
ad bhie stability. For applied volbage V >V, oscillations

pecurreid, the highest frequency achieved being several MH%.
vabrodsili ot ullag)considered impact lonailzabion Yo .

pe tle probable roason Lor vhreshold swibching, since any

prikse vaich wap less than 10 ns in duration was too short



!ﬂ

for a the rmul process to develop. Kolomiots et al( K0)

on the other hand, explained the above process as tunnek-
ing vrealkdown due to presence of high daternal field which
nay occur at considerably lower external fieids in dig-
ordered semiconductors compured with Yener breakdown in
crystbals,

)
salasyv ot a.l( el reported mowory switehing gifect in
Ga?'i‘ej singie crystals. The switching effect in GaTe

crystals was lnvesbigated by aliev el :.-a.l( l"”in a wide

3

venpe rature rango (77-300 Oi‘{) in static und pulsed elec-
tric flelds to cdetermine the mechanism of this process
and ibs tewmporal characteristics. It was found that
ccoling lncresxsed the threshold switching voltage and-
lowered the threshold current. The critlcal switching

tiue wus T = b ns and delay tiwe ¥4 = Les. It was

AN

pointed out thab sw:i.trjhing elfect wus illifiated by an
electronic wechanism, involving carrier injection from

the metal contucts in Gaz’]_‘e3 and electric lield ionization
off lecul levels, whereas the swilching effect itsell was
tharmal. '

A different type of plhenomenon was observed by Izla_tésu-

(42)

hita ot al i whtich a high currvent density Lilament forme-
et on the surfuce of quenchead Inz'i‘aB was found to cmit red

luninescence. ‘Uhe filuwsent temperature was established



to be 600-6500U, close to the melting point of InzTeB.
Un cooling it was found that the colour of the peri-~
meter of the filament had changed but tlwt of the centre
remalned unchunged, It seems peobable tt the red
Luwinascence occurred nob due Lo an clectronic obulb due
Lo o theimxl drocess wnlch vesulbed in the fowmation of
a new compound of In-Te with much lower resistivity and

activablon encypy and having a different colour.

1.3  3cope of the The sig

The above inbroductory survey of the above two
compound s Inz‘fe3 and Ga2T93 shiows some inteyesting at
the ssme time soms contradictory results which reguire;:

clarificablon.

it s evident that for a proper uwnderstunding
of'the fundamental characteristics of a semicondncting.
material, the following'basic characteristics should be
Known :

{1) The nature of chemlcal bonding ;

(2) Phe mugnitude und nature of the band—gapims
(between the valence and the conduction'band);

(3} The type and nabure of charge carriers and
thieir concencrablion at any given tempsrature;

(&) The effect of the scattering'on'the mobility

of the charge carviers ;
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(5) The xole of defects in determining caryier

trapping, recombination and scattering.

These diff erent parameters con be determined by study-
ing propertics to which the charge carriers contribute

and may be categorized as

(1) Static properties such as dielectric constunt,
optical, mapgnetlc, thermal properties and

apo e ific heat,

{2} Transport propovties whlch include electrical.,
galvanonugnetic, thermoelectric and thermal
properties such ag the electrical conductivi-
ty, uagnetoresistance, Hall éi‘i‘ecb, Seabeck

anndd Peltler elfects, thermml conductivity.

ihe transgport propertiss have been Ifound to be the
most direct tools in determining the' carrisr purameters.
[lowever, some static meusurements are needed for acquir-
ing dinsipght intbo the nuture of bonding é.m‘d bund~strocLure

i1 o sollid.,

L bhe present the sis, wo wish to carry out a _study
of electrical counductlvity, Hall eifect (in the case of
thin f£ilms), themoclectric power, dielectbric properties,
optical absorplaion, photooonductivity and Schotbky
barriers. The diffevent aspects covered under the tl;(-;sia

cun broadly be ¢lusgifiod undsr six majoy headings.
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wadentilal theories for the lnvestigations ave given

in the gespociive chapbers,

After the introductioun to the materials in
Chapter 1, the vardous experimontal methods and tech-
atuue 8 adopbed for the present investigntion 7a1*e de 5=
eribed dn Ghapter 2, The thoory rvequired for the
windorstanding ol transport propertles and the nature

off defects in gsemiconducbors is also discussad here.

Clhaoptey 3 deads with the study of thin films of
Ilin:,_'l'cj aund {-}u.z'i‘os prepared by electron and thsrmnd
evaporablon. Dilferont substrates were used to study-
Lhe variabion ol bluin 2ilw propertles with type of
gubobratos and substrats 'bempemtureé(300-!;.5001{) .
Uovier conconbratlon, mebility and activation cnorgy
ol the thin Qilas wore moaswred. Whe resulbs obtuyin-
ed on the variation ox Lilwm properviss with substrate
tempo ratuee weve explained witbh the help of theory
ol yo-ovavorablon proposed vy vincebt, Barlow and
nobex‘tst ”mwix;‘wh proedicts an opbimum substigbe bempe ra-

i

il
PUPE o = 0,3,

b

the study ol single crysbal properties are COVOIr=-
od in chapter 4, olngle crystals were grown.by Bridgman
mebhod, The single erystalline nabure of the materiul

was verilfied using Lave back-reflection techalgue. The



impuallby conbent was anulykod by spoct 1‘0,'_.:;;17‘::;1311:],0 and
stolchiiomoury by cacctron micvoprobo anulyses. Hicro-
hardness ol both Lypes of ceystals were measured and
wore found to ve sbrongly dependent on wuniealing. The
abseluto value wg depoudent on bhe covalehcey and hence

was hiphoyr for Ga,lo., bhun for 1119'1'03.
o4 e

3
The variation of conduetivity and thermoclectric
power wilth vonperature vere also utudled. irrom the Lormer
the dntringic activation encerpy lorn Ztnzfi‘GB was found bo
bo U85 oV while Zor G;12'1'03 Bhe lmpurdty acbivation ciwrvyy
ving Louild o ve Cule OV . Uhernoclectitlic poOwer mousnes
melnb s showed b ab BOOOL the Yemdi Lovels were Locabed
000 ev below thae couduction baid Lo Inz'EQB and U.h2Z oy
potow Clie conductilion wand ior l.i:—'.LE'.L‘u:!3 » The scabtering
mecluibdem dobe rnining the doevbocki ceooiiiclent could now
be atiribubed to conventional lattice or Llumpurity sci~
toerlig,  Prouounced elilects of unnealing wewve ifound
whicll vore reluted to the introduction of increasing
disordoy wnd caririer concentration. The radiabion huyd-
uecss ol 1121‘12“(;3 .,L'..» reported in the Literature has also
beon vorliiied using Guoo. 1.3 Mov) pgamme vadiation,
$he wpectral resvonue ol IJE'LOhOOOlldﬁc'tivitj[ in.
Lnak <y 10 bho wavelo ngth Tal;e O.. O=1 ok o1 viag invf) Slhd-

gatod und was foond to show a wwxsimum at 1.10 ev, Yhe



majority currier life-vime was established from photo-
cotduetivity studies and wus found to be 5.0 x 10"lP

- .
¥ sec for clectrons

dor nwwlow du Inz'L'\..'-‘3 and 2,0 x 10
in L;-;LRTOB . The influence of annc wling bemperature on
photoconductivity vas studied and wis correlsted with she
Latblee orderlng through seray diffraction studies., The
pand ups and the depoudoence of pand-gap on.zmneuling
boeuporasure weee Yound Lrom opticul absorption expe ri-
et . he dlract nabuwre ol the bund gaps (EE; = 1,01 oV
oy 211112'1‘03 aud ]:;{: = 1,08 oV for L}az’feB) wag: thus demons—

L,

Thacharter 5 0 reportes dielschtric wewsurenents
ol the sampies. The gtabice diclectric constants were
neasured Ly Wl two tervminad me;—;xésurenlerrb of cupucibance
aud vere Pound o Lo 12.3 and 10,95 respactively for
Ing'l‘cB and G“ZTGB' The plasmon Irequency was experimen-
tully dound ont with the help of B30A and was used bo
datemuine hipgh drequency dielectric constunt. Theovebi-
cal cudeunlatlons based on Phillipst theory( bk} of dielectric
model were curried ot to deternmine high i‘requahcy di-
clocbeic constunt und“:gompm"ed with the value determined
Lrom plaswon ene pgy weasurosent . The rhilllps io_nicities
of T LY ancd u.J.?T 3 veve thus found to be 0.503 and O, iﬂS
and the pmdmtvd high froquency diclectric conswni.s 9 055
and 6,00 wud conpured wlth eipe rimental Ly determlned

volwe o 10.5h und 10,50 reapectively. .



slbbough vildely gtudied, the prouertics ol metal-semicon-
ductor rave not yoiy becn sabisfactorily explained. fhese
;
Ky werrder studics on p—IHETOB are presenced in chapter 5.
The varrier hoighto were moasured for al, aAf, An and Bi
olemonts. WThe §-v characterivtices huve Laou represeuted
piRavtileally and the dealliby factor deterwined, 'The
rosulis ave fouud to Lo in accordunce with the surfuce

asbate thoory Torr o solid thut fg wore covalont thun ionice,

Toothe flind chapter, rowuibs of difforent invesnti-
sablons wes weed o consiruet an overall pleiure ol thoe
aubies ol vonding, band-structuwes, transport ad defect
propoxticy du InﬁfoB aind uaéfu3. Marther work that nay
e carvicd out bo clucidate those prdporties ure ulso

sadleated o the concluslon,

eorics are brievly revicwed belore the results of schobl-

d6



