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Heasonsbly honiogensous, polyerystalline, astype
Iaib-Calh gemiconducting aliloys have beon produced by the directicnsl
irevsing technigue, This material has been used %0 measure the Hall
coeliicient and the condactivity as & function of the temperature and
composition.. Valuss of the extrapoiated thermai eacrgy gap and
of the mobility tomparature sxponsat Bave been obtalned for specimeny
covering the composition range between TO and 94 mol % GaSh,

Tho accurrence of two ensrgy gaps for Cald has been
erplained by moans of a three carrier analysis of the elecirical
regults taken irom the literature., The vesult of this analyeis has
Leen used with some othor known experimental snd theoretical resuite
i order to explain the variation of the onergy £3p of the InShoCabh
alloys as a function of composition,

The Ma-maﬁni‘e alioy syetem wee investigated: the
lienit of solid solution was Jduterinined by A-zay tochaicues, the
Huld coeificlent and the optical eRSLrZY LAP were mezsured 38 &
‘unction of composition. The height of the second lowest conduction
pond absve the valence band for Inds and the maszimum elactron
concentration reguired to flil the {000) minimum up to the lowset
lovel of the Q1)) minlume were obtained.
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Chepter |

introductisn

lede Eand structure of nlloy semiconductozs,

Semiconductos alioys are crysteiiine solids whose atomic
structsre is characterized by a substoutisl degroe of daeordar. The
Jigorder results from the cosentially random ayvrangement of the
aolute atome among the available ordercd lalttice asites,

in o periect crystal, the electronic energy Revels isll into
well-deiined bands. The extension of the band theosry to disordered
crystale has been carried out by means of the perturbation theory (1).
The potential acting on &5 cisciron moving through a disordered alloy
is decomposed as {ollowas

vnﬂay‘ %) » partoﬁ (ﬂ mauporimc‘ ol

wheore Vmﬂ odie(ﬂ ia the average of the alloy poteatisl over all posaible
random configurations of atoms in the alloy and meamn dodic {z) the

doviation of ¥ m@y{ﬂ ivorm ita average, ¥ Kf@. The “viztual

parisdic
srystel” is defined by the periodic componant V@W iodic
adopted as the unperturbed system of the porturbation theory., The
disorder potential V aon-perio ﬁic‘ 2) is vegarded as the perturbing
potongial. In these cases where alloying ie physically possible, the
diffevent stome are suiiiciently similar that V pea-poriodic has a
relatively small value and heuce normal perturbation theory can be
sppiied. Then, the snergy band structure of the alloy is detormined

by solvieg the Uchebdinger wove eguation

{che and jis
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1t hae been shown that the exact form of the cneryy serieces within

s Drillovin goene, and in particular the magaitudo of the energy
viscontinuilics acrose its boundarzies, dopend on the stomie concemras
tion and degree of disorder within ¢hs siloy. wa the other hand, the
iorm and sige of 8 sone depend oo the cryatal structase alone. Ths
disorder hay only a minor effect an the energy lovel Hetzibrition near
tae swiddio of an unpeocturbed band wheress, near the top or bottam i
can have an fmportant effect. The net effect is that band edges ave
smeared out into the jorbidden bands. This smearing out is always
finmite in oxtent, particularly in the case menmtioned abuve, 99 that the
forbiddes bands need sot disappesr altogether. In order to uaderstand
the propesties of the alloys it has been proposed that a baad plcture
similar o that of the compounds themselves ts reteined by the alloys,
this being the band structere corvesponding to the viztual cryetal. Thus
the ailoy properties may be Jdescribed by the same paramaters as the
comapounds, This virtual crystal model of an allcy has been satisiacterily
applied to asveral alloy eystems, A detaited kmaywladge of the band
structurs of the soparats comnanents ig & prevequisite 2o the successiul
oxplovation of the intermmoediate alloyae, sithough in some caser data

for the alioys bas helped to clarily the band structure of the soparate

3.2 FTropestics of Endb-Uadh somiconducting alicya.

Oo lar, sinong the lmiled mamber @f 131~V semiconducting
akisye which have been investipated, it was found that they are miscible
$n o8 proportions and have the same ptructars as the constituent
cormpounds, namely the sinc-bleade structurs {£) 1o mogt of ﬁww
alloy systerng, the rate of difiusion is very elow and golid, homogeneous,



single phase specimens suitable for physical measurements, sush ag
Hall eifoct and optical abrorption, Bave usuzily been prodaced by the
drectionsl freosing tochnigue, Indb-{alb slioys have exiensively
been prepared by this method {(3) and a great doal of work has baun
carzied out to determine thalr elactrical and opticsl propertica. It

is intended to outline i thie section the work done on this alloy system
prior 2o the present work degexibed in this theais.

The varistion of isttice pazamaster as & function of compo-
aitios in the InTh-GaSh system was reporied by Woolley of al (4).
They annesled compresssd powier specimoens at a Tcanperature very
cioss to the sclidue curve for cight weeks. The proper temperature
wag found by trial aud error since the solidus curve was ot known,
The progreas towards equilibrium wae feliowed by taking :zfi;ray powder
phategraphs. A single phase solid solution wes {ound to cecuy at all
compositions. A graph of the varietion of the Inttice parsainster agalnet
composition i shown in Flg. 1. It is soen that the lattice paramotor
varies almost lineariy with composition, thereiors Vogard's law ia
probably oboyed within the lmit of oxperimental eryor,

The complete phage diagrar of the Inib-Galb alloy eystem
was reported by Woolley and Smith (3) and it is sbown in Fig. 2. The
inzen of the Mcmﬂéiﬁs curvo was obtained by normal cocling~curve
sechaigques and the form of the polidus curvd by heating-curve techuigues
and by an xeray method., The esrne workers alao showed that the tie
lines in the Mguidus-solidus region le in the GaSh-Ludb plan of the
In=-{a-5b tarnary syeten. This indicates that the siloy sysiem ls
vaeude-binary..  Pisally, tho Indb-Calh alloys have the same atruecture
nely the sinc-bloade gtruciuze.

22 the congtituent CunpIUDUD, DA
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Fig. | Variation of lattice parameter do as a function
of composition in the GaSb-InSb system.
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Fig. 2 Equilibrium diagram of GaSb-InSb system.
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A gréas deal of work Bos boen carviod oud £ dotermine the
cinctzical and optical propastios of the Lalb-Talh alloy system,
wptical abasrption measuromentis have beep repoerted by Woollsy, Svang
ead Gillet? (3} snd by Woolley and Evans {&), and vreflectivity messuw
retnents by Woolley aud Blasey (7). The fuandamaental optical caecpy
gap was found o change graduslly bus aon-linearly (rem 1a8h ¢to Ualh
and also it was fouad 89 vary Mocarly with tomperatare. A shelch of
the Ga28b and ia3b bend structered i skown respeatively i Figs. 2 and
4., The reilectivity poaks sorresaponding to the ;ais-)}?fil transition and
to the /\3?"/\l transition showed & linear variation with composition which
is consistent with a virtaal crystal model. It should be asted, that
the fundamental optical emsrgy gep coarresponds to vertical electyonie
¢transitions from the top of the valence band 0 the bottom of the
cunduction band in the (00U} diraciicon while the xg-%:i trangition
cox rasponds 1o vertical slectzonic tranaitions in the Qo divections
and the /\3 ~--"’Al transition to vertical slectronic transitions to pointe
2t approximately <1/6, 346, 156> in kespace. This can sasily be
seen irom a aRetch of the (abb band structure shown in Fig, 3. The
fact that the oplical ecxorgy gap doss not vary linsarly with composgition
indicaten that the (00} comduction band minimuns is sensitive 2o
perturbations dae $o crystal potential variatione and henco may show
dewvizeions {rom the vivtual crysial predictions {8). The sther reglons
22 the condaction and velonce band2 are mach leas sensitive 0
posturdatisns.

R

The clectrical propestics of the Inlb-GalSh alloy system
have besn ropasted by Wonliey and Cillett {(3). The thermal onergy
can values Sor the alloyve were detormined from mespurenents of the
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Fig. 3 Band structure of GaSb (after Ehrenreich).

(100) 21T o™

) k=(Q00

Fig. 4 Band- structure of InSb (ofter Herman),
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He2ll coefilcient a8 & iunction of tamporatars (“?Q«-i}ﬁé?@é«;h in g
cormposiiion sange 20-300 mal b (ol the spoolisens were potype in

the ioapurity veglom, aad &o the tempersture was reised sach shewad

& transition irom pr~type 1o n~type behavisur wacre Iatringic eifscie

ware observed, Thud, twoscarsier ioviauize Bad e be weed i the
snniysis of the Mall cifoet moasuremants. The sumbesr of clecivonse

o and the number ol Boles p wore dotermmined Jrore these igrinuiag.

it can bo shown that the product np is given by the Jollewlay eguation {10

3/e ~EgiaT
:;%» ° Atma m?} e

where & ie & canatans, m the gifoctive eleciron mass, mp the
sifective hole mass, k the Doltmmana’s constant, T tha absolute
tompeorature and g the thormel snergy gap. Now sseuming that
Ky = E‘é + ST in the temperature zange cansidered, and thad m and
mﬁ arc independent of T, the above equation can be writtsn ae

‘g ¢

2 5 1.% 2 o o
Wuy i 7 1R zhos e ) o TTRET T e %0k

Hence the slops of the greph Iagw npl’l‘s againet £/7 gives E@ the
anergy gap oxtrapolated to sbsolute sere. When thess zraphs werve
wiotted for alloye covering the whole compsaition razge, it was seen
ehat, for slioys contaiming iess than 65 mol % Uslh, o lurye paxt of
seeh zroph wae linear in the intrinsic vegion, giving one unigue vaiue
3¢ the enesrgy gep 35:‘3@. Howeavey, ior alioys cantaining more than

a5 el G Gadh the graphe showed two distinet Unear parts in the
imtrimsde ragion. Thus for thoso ailoye two valsee of the gnsTgy gep

o
E/]



wore oblained, 2 low temporature and o high temperature vailue, a3
well as 2 tsansition ¢ermporature "'."zi“@‘ Tho varisztions «f the extrapolated
thormal eanrgy aep %;@ and transiticn Camporature Ta: with compositicon
iz chowsn ja Fig, 5. Also shown in Fig. I is the variation of ¢the extra-
polated apicel anergy gop se & function of compositicn. It is scen from
theae results thet for comypositions between O and 65 mnol % Gadd the
alloye bobave in the zormal way, The foxbidden energy gep of Ialb e
progressively changed with the addition of GaSh and the values eblsined
froun electrics) aod aptical mensurerments are in good agreemaent, I8
thue appears that the band form of InSd with the conduction band
mininsum at (800} in kvapace i# retainsd by the alleye ia this compesiiion
zange. However, the roguite obtained for alloys in the composition
rasge 65100 mol % Gafh seern ancmalous. It in seen from Fig. 3

that the loweat conduction band minimum of Cafb cccurs a8 k = 400,
Biacs the low tomperature elostrical ensrgy gap i in agrsemasnt with
the aptical energy gap for Gadh and since ths valuce of the optical
energy gop shew a monotonic variation from In8h to Gasb, it may be
soncluded thet the opticel abgorgtion data ahow the variation of the
energy gap at k = 080, it therefore appears that the elocirical data
show ether conduction Sand minims which move below the conduation
hand minimmum at k = 000 sver the compesition rasge 65-100 mol 5
ia%h. The low temperature olectrical energy gap may thea be
cegribated i 28 indlrect transition aok ohscrved in ¢he optical absorption
meagussments. Finally, the clectrical data alao show thae there ave
probably sther conduction band mdnima, thelr eifext is only observed

ot high femperaiure. Thus it aay bo so0 thet the elegivical
rnoastvercoate <o not follow the sorniel varistion as o dunction of
tomperature and comaposition as 8o the opticel resuits.
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Fig. 5 Groph showing the varigtion with composition of :
(a) Room temperature optical energy gap,

(b)-{c) Extrapolated absolute zero of temperature
electrical energy gap Egq» :

O - Absolute zero of femperature optical energy gap, |
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O - Blazey's resuit for GaSb,
] -~ Present elecirical resulis.



To ensurs (het the anomalovs eloctrinal resnits wers not
Cur &8 8 ptrgetucal effoct auch 20 a phage change, Vaslley angd
Lokt {9} tosd Neray powder phittographs of Ga%h 98 Samparabures
ehove and below the transition tampereiure. The photozrenhy showed
that the pinc-blende structure waog reteined at high temaperatare and
the enly asticeable change wes the ususl shenze in Bragp sngle of the

iines due to thertanl expaneion,

Yozrious exporimental results suggest that ordering may
o6t in the alloy aystem aver the ramge 65-93 mal §H Gasb, In such
& caso, the low temperature slectrical onos gy gap would corrvaspond
to the sydored atructure azd the bigh temperature slectvical energy
gep ta the deovderved structure, The {ollowing poinis have buen
HuoRes, By Woolisy and Gillett {(9), as supporting this:

&) The form of e Tc ve. compo ition curve between TO
zad 94 mol % GalSh 4a typical of the varistion of ordering temparaturs
with cornposition.

t) The form of the low temperature .zi‘,& curve in this
composition renge o aimilar ¢to that obearved ia systems wherse
erdoring occurs (31},

¢) U ehe graph of lattice parameter with camposition for
this alloy aystera {(3) o invostigated a8 accurately as it ie possibis
with the proseat alloys, 1% i3 isund to show small devistions from the
YVoepued Mae, but to ietersect (sl Hne 3t an approximate compuosition
sk V5 emed b Gabh,. & hes boen phown {32) that su B on {otersection
o sehsate the poszibliity of erderiog in the wioinily of thay

SRRt O,

vl
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&} The forms of thy solides of thoe alloy aystonm {13}
indicates that the solid solution ie nut ideal in tho camposition ranye

consideved,

aePay methods failed ts show uny deiinite origine of
erdering (%), although thie covld be partly dus to the velastvsly low
intemeily of the supsrlattice ilnes. Jnce the thormal conductividy of
a3 srdered eryetel i lerger thes thet of & Jsorderad R, an altorastive
suethed of cbeorving the pressacs of erdsring in thess alloys was to
measure thelr thermal condustivity sad this bas bees carried oug by
¥ oslley and Briggs (4). Althsugh the axperimental curve of the
thermal conductivity ageinst compogition did not agres very well with
tho theoratical curve of Abeles {15), the form of tho exparimentai cuorve
was not that sssociated with the occurencs af ardering. Thue, it appeasrs
probable that lung range ovdesing dees nok eucur in thess ailloys.

1.3. Directional iveesing techaigues,

Fhysical mesourements such as Hall effoct and conductivity
requize homogencous singie phase aiioys in the solid form. Because
@i the very slow diffusion rates in the IndbeCabh aliove a epecial
technicque 1o required for their production {(2). The directicasd Svecsing
tochnigque fo the most usciul one in s case. iIn this methad, aa
ingot ie placed in an seymmetricelly wound furnace, 90 that &
tomperature gredieat s maistsined along the teagth of the fngoe,

Sy a coatrolled roduction of the teperature of the furnace B irsoging
suriace e then ewopt along the inast, The variation in composition
aloag the directicaally irosen gt deponds upon the {aitisl gross
composition of the inget and upon the phage diagram of the nsh-CaSh
alioy system. The fivet materisl o freene out is zich in Cash leaving
e melt correspondingly richer in InSh, A the temporature io
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reduced the {reesiag suriace moves alang the inget produciag alloys of
pragressively smaller concentention of CaSh to alrmos pure faSh, In
order to produce homogenecous einglo phase ailoys by the dirocticnsd
irecping technigque it is nocensary to have the freesing surface moving
steadily at a sultebie rade along the ingot aed aiso a good comtrol gver
tho Semperaturs of the fzraace. Alloy inhomogzenelty will resalt 4 the
cute of movemens of the {reening surizce due ¢o the Rowering down of
the tasmpersiure and €0 {ductuations in temperaturs control is greater
than the maximum rate which would still allow eguilibriom comditions
to be obtained.

1.4, Properties of 131~V erosu-oubstitutional alloyg.

it sas been shown (16) that new semiconducting compoands
cans be derived from kaown ones By & procoss of craas-subatitution,
samely replacing one element by pailve fvom othsy greaps of the periodic
tabie while kesping the veience-slectromntom ratio constant. Thus the
111-V compounds such os Gads, InSh, ec, » 2ve derived, by this process,
Sroma the growp LV ciements, and the torasey commpsunds zzaaam%@. Gﬁiﬁa&a&,
etCo; Izuin Inho {17). In practice, seversd devived termary compounds
are unstable and go are 8ot formed (28). However it ia porsible in
these cases to carry out the process to & limited axient, fov iastance,
in the casoe of InSb to regiuce mi?y some of the In stoms by combinations
36y B8Ry, Ld and Sn &&aé‘i ihe regulting matorials can be cansidered ae
alioye between InsSh and the derived témmy compound ﬂsz. B
can be shown (19), irom thormodynamic considerations, thet Indhe
widinfh, alloys are non-stoichiometric; some solution of Sn in the Sbh
lattice szum and leaves excess '2d on the In lattice. Roth the Sn and
ths restlting eucess 4 mey be oxpected to act as accoptore giviag
petype matovial of high carvier concentration. Sienilarly Eﬁﬁhnm&&wﬁ”a
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alioys would be expected to give 2-fyne material of high carriey
concetdration,

The cross-eubstitutional alloys of In%b produced by seplacing
in by combinations of {Cd, 823 or {Zn, 523 sas by replacing Sb by
combinations of (8n, Ts), (S0, S2) o2 (Ge, Tae) have buan etudied Ky
¥oolley snd Williama (20). Id4mits of solid saluwdion bave been
determingd by Ae-ray and plotomicrograph ¢echoigues. The Hall
ceotileient and opticel eneray gap, ot room tempersture, have boen
measured {or alloys within She Mmit of suild soluticn. It was chacrved
thet ae the térnary cempound was added in oraall quaniitios, inthe cane
o m-type alloy eystams, the dogencrate number of carsisrs n iacreased
sbarply to & maximuns veioe of %ww carviers cm“x. and either
remained conatant st ¢hat value or decressed slowly {or lavces coacene
trations of ternsry compound. A similsr babavisur wes obgesvad in
the varistion of the optical energy gap with comcpasition. Tho optical
saergy gap hue zeached & maximmen value of 0. 47 ov, Farraet kas shown
{21), irem tharmadynamic coasiderations, thas the masdmum value of
® répresents the lmit of solubility of Te {or %o} ia 108k, However
Woolley and Willlame have suggestod thet the maxinmm vaivo of n is
deteznined by the band structure of [adb. Many msre Teo {or Se)
atome than these giving this masimam value sct a2 donors in the alloys,
but the extya electrons ants? ranch broader conductise band snfnima,
few. the <10 minime, and are not chaceved by Hall sffsct
messurements because ol a much larger effective mass than elecirons

- 5o the (400) mislmum, The sharp increase of the aptical enezgy gap

2% low terasry compound cancentzations in due to the Bussteln effect
and becsuse of a much bigher density of states inthe (1D minima
a asticeable furthor increase in the optical snesrgy SRp 40es NI CCcur,
in the ceee of p-type aliloys, the structere of the valemce band of Ingd
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$o such that ao similar cifect con cccur,. Thoe aighly d@gﬁmw"“'@ Bele
concentrations produced by nonstolohiometry wore observad to
‘rome one alloy system to ansther and this ia defermined 3 by the
aynamic consideratisns simmilar £ thoge & glven t @y Parvoit £21},

‘@

J &

Yoolley and Williawms (20) have coacludsd frum these yeeuite
that in InSh at rovm temperssture, the <G1D minimes of the conduckion
bang ave Us 47 ov abave the valence band radxdmum, 2 sm g:m‘& 8o U050
saiaimom of the conduction baas will accept about %w eleesem

m"> beiore it is uo fllled thet electrons maialy go imto the <i1
minima,. The similarity of the vesulte for Xaz'fe and in 803 alioys
with in3d supporte these views {22).

8. 5. Theoreticel background,

R is intended to outltse ta this secon the thesry used 80
snalyes the electricrl and aptical resulte of the vwik dascribed in the
following chapters of thic thosis. Monsurements of Hall coefficient &
&< conductivity o and their temperature dependence are important

gince & yields values of the charge carrier concentsration and distinguishas

botween conduction by holes and siectrons, and the product of B amxl 6~
vields values of carsier mobility., Also, from an analysis of the -
variation of R with tawperature a value of the thermal energy gep can
85 otained,

Yhen o magnetic fleld (s applied to o somiconductor carcying
& curremd, in o direction at right angles to the curvent, au ©.m, .
s produced accuea the semicinductor in o drection perpendiculsy to
ths cerzent and ¢o the manetic xi@ﬂm ng @4 2 5o 38 called the (Hald
valtage ang the Hall coeflicieny m(cm i«:wﬁ) is givewn by {30%

"t ?ﬁ) Wiy
¢
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whove Tiom) ie the thickeess of o racizngaias 987ip whose thickasas
and width are small conspaved with its Sength, WEEQMVQ the Hall valtane,
B{gaaes) the magnetlc induction field and #sns) the current, Tho
carrier concontoation Nﬁaﬁm@b is given by

o b o Eozgmio’®
er £

wieve ejcanl) is the cloctronls charge. This cqwatios hold ouactly
when the relaxation tinue io not & functios of the velocity, Generzally a
sumarical Jactor » which varies between about ) and 2 aceording ¢o the
type of scattsring which preduminates, aud slss with thr dogree of
degeneracy in a band, must be inzladed in the above equation., The
electrical conductivity o{ohmecn)”} of the semiconducior is glven by

a“‘;grugém

VA

where oem) and Mmzs are respactively the leagth and sxoss-gsectioms) area
of the etrip, i{amp) the current and V{volts) the potential along k. The
52218 aobility M eem?‘f%it, gec) is defined by means of the eguation

M e o5
Fince the band structure of InSh and Gash are similer in so far
o they have the extroma of the valence and conduction bands at the
came piecs in the Brillonin sene, nomely a8 & = ¥, o siople scmwmie
comductor moded will be used to caloulate the thermal encvyy gap.
From Fermi-Divee statistics and clectrical conduciion theory, the
batad suraber of clectrong per wall volurme in he conduction baad of &

sitnple asa-dozenerate somicondsctor i civen by the egustion {13)
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whera m, 9 the eflective electron maes, k the Bollzmann's conatant,
3 the Planch%y coastan?, T the absoclute temperatyre and ¥, the

Tevid level, Similarly, the hole concentration in the velenes band is
given by the equation

‘D pm seam DT\ 31&
&£y , e 5 — -
2 «fi ¥ B %és 2T
B 2 = e F g
o B
s

where e in ¢the effective hola mass and E g the forbidden ensrgy zap.

i the semiconductor io iniringic then all the eloctrons in the conduction
band originated irom the valence band and tharciore m = p. The
product ap is then givea by the equation

34z .2 e”EE}IkT

asa @ A(m@m ) T

h

All the InSb-GaSb alloy specimens javestigated in this theois were n-
type and.according to the data of Woolley and Gillett {9),had a mobility
ratio of electrons to holes much greater than unity. Hence it is
reasonable to wee & one carries model in the analyein of the Hall effect
results. Let us assuine af first that the sxtrinsic carvier concentra-
ticn ie negligible and that measurements of the Hall coefiictent & load
to the namber of intrineic carriere. Thersiore

«3§48 =372 Enfs
o ﬁla@mﬁimﬁmﬁ} 3!‘? 3/ @ giék?

and assuming that £ = si:@ + @ T in the temperature range cinsiderad

4

and that m o and m, are indopendent of T, the above eguation can be

writton ne

342 e o da .'ii‘;@ e
T A3 5 -« & B e $
in B « 344 in qmemhg e FYm

fm RT

K :‘ 3 L . 5 * 3
3z azaingt 4T will be & etraight Mne o the

B

vicnce a graph of dn T
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indrimmic region and the elope of the line gives the extrapelated thermal
ensr gy gap valse E’;@.

& gorrection must be applied to the sbove couation to allow
ior the efiect of an extrinsic eloctzron dsnsity L in the conduction band.
This correction can be mads in the following way. At any tsmperaturs
T tho maﬁm%a af earrieis in tho conduction band is given by n o @, * mz’g
where B, o tho number of intrinsic carriore sueiled into the c%wc&%ﬁm
band already containing B, extrinsic carriors. Assuming thut there is
nO acceplor impurity pressnt, the munber of holes in the valence hand
is egual to a:. Thersiore

e H
ap » & = (a@#a:)u& @ a@nwa@i

and hence 2
2 £ Re
By * "R

&

where 1?. is the Hall cosiiicient at liquid nitrogen temmperature, I ehe
Hall c@wsicim at the tempevature T and : g the ea;@ intringic Hail
coefiicient, Multiplying the sbove equaticn by '2" and taking tho
dogarithm yielde

3z 342

e 3 1 3 L o : .
in M,%T 2 BT ¥ —ﬁnﬁ"@/h@ 2

Thua, thy latter curves of Bﬁmww ageinet i'r may be corrected by

adding %Rm% § R o% to the ordinate at any temperature. In the above
snsiyeie it ww awamn@ﬁ that there wae no exdrinsic holes in the

valence band. Eecause of the elicct of the mability ratio these would

mat be sbgerved in conduction proecesses hut they would aifect ¢the

cgalitbrium conceatration ol electzons and holes given by the product ap.
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& it i» agoumed that only one type of impurity is pregcnt in 5 scmmi~
cunductor and the agbove correction ie applied o allow for the pyesence
of mmm*ﬁw carsiers, then the cnergy gep obltained fram o pist of

s apﬁ‘ ve 1/’T would be slightly bigher an the valve

- that would be shteized by allowing for two types of impurities. But

the energy gep obtained by sepglecting impurity sesriers altogothes
waonld be alighily lower than either of thoss, Thus by corresting (o ne-
type impurities {which cae can measurs) aud by msking ae correction
whatevez, one cen obtain & rasge of ensrgy gep values which wiuld
embrace the corroct ame. 15 abould be soted heve that, wihen the sutrinsic
carvier cmcas&uﬂ@ i aogligthle namely, in the intrinsic case, the
graph of laﬁ‘i‘wz vs l? ghives Es. even ma the meﬁmey ratio b is nad

& o
large compared with unity hecmwe ﬁs . b¥- iﬁ@gbﬂ} snd the Ea Biébﬂ%

term is a constant which does mot adfecs the slope of the lnRTw " va Ri?
graph. However whee we arw irying to allow for the effect of extrinsic
carriors, the analysie ie valid oniy it D51 bacause of the correction
torm. This scts as a limit ¢o the accuracy of the corvection terzn, Tho
work of Woolley sad Gillett {(9) justifies tho sosumpticn that b3 |

simee thelr rosuits show 8ha b>20 up 2o JU mol ¥ Gatd and b (alils to
approxrimately 10 at 95 mol % Galb.

z

The Kmﬁmmam& opical eBergy gep of & semicenductor e

the emorgy required to excile an siovtron from the top of the velenee
bangd to the bottom of the conduction baad, If the irequeney ¥ of the

incident radiction on & semiconductor i such that BV E, the mmajor
pazt of the ebeorption will be due o aﬁwwmﬁa &xm&%&m fvom the
valones band to the conduction band, W sam& the {reguency of the
incldoat radistion is lnsuificicntly high to couse band-to-band trensiticns
do @s BV “R;"‘?"pf absorption is genorally e to axcitation of dattioe

&
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vibraticas and o ¢ransitions between states in B gingle baad, Tho
fatter process is uswally callad fros-carrior abaorptian,

The aptical esergy sap coan e detorminad from optical
teangmission messurements, Woolley et al {22) have devised s uasial
method to obtain the aptical eRargy gap, from the variziicn of the
transmitied radlation tntensity s o funciion of the wavelength, Jor
epocimens of dificrent thickness, 2 was asgumed thot the iocidens
~adiation iatenaity la ia relatsd 2o the transmitted radiation intznaity I
by the sguation

1= 5 Ce
where k ie the absorptica coeificiant, ¢ the thichnese of the spscimon
and $ a constant assumed independent of the wavelength in the range
concerned. This gives
1 4 k.~
loa&gjg - log IO]B = "%33;—5—' t
whors the subscript B indicaters values ag the wavelength )‘s;’ corresponde
ing to the ensrgy gep Fé:g, and the subseript B tho backgrownd values, An

a:bitrary cholce of definition of )\& wag made by gm@ﬁsg kﬁ;wkﬁ ® 390 cm“ﬁ.

Thiz choice gave values of Eg ior InAS gad cther semiconducting compounds
close to the accepted values. Thereiors, the epticai energy gap can

be determined by meous of the above cgustion and o pragh of &@gﬂi@ik}
spainpt wavelsngth,

Pa e Almnd of the pregent work,

L o now the electrical and spiical praperties «f the Indbe
Gkl alloy oyetemn have heen investigated wslng p-type alloye only. I
wad intended te prupare soma polverystaiiine a-typs InSh-Gailh sembe
concacting aliors and 8o measers the Hull coviticioat ami alectrionl

1
1




cunduciivity in ovdor to Sy to cxplain the snumalons resulis described
im section i.& of this chopter. ‘The preparation of the nSh-Caldh
a&@y@ requires & long period of tme, Faring thas time $he m‘,% ey AL
nie alloy systenm was investigated in order to detorming the heagm
of the second lowost condustion band minims sbove ths valence bemd
@l Infe. This syedern bns been iaventigsted because it was & past of
& pregraramme of restarch, un the cross-substitational alloys, caersiod
out by E. W. Willisme under the direction of D, Woolley, Al the
work cesciibed in thie thesis is part of a prograsune of research into
the properiics of alloy semiconductors carried out 2t the Depariment
of Fhyeice of the Updveraity oi Uttawa wuader the direction of Lz, J. C.
Weollaey.
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Yreparation of actype n5b-ath Semiconducting Alloys

§

e 3o Prepavatios of ¢he 111V semiconduciing compounds £n3b and Galb,

The inSb used to prepare the alloys was obteined from the
Congolidates kiining and Smeiting Company of Camads Limited, It
was supplied in thoe fovm of palycevetailine ingota, doped with Te, ang
was n-type with 2. 4x35°® cazriers em™® and o reoistivity of 0,004 |
chme.cm at room tempsrature.

A

The GaSb was made {n 30 gram ingots from 99, $99% purity
Ga and Sh. The stoichiometric amouats of the elemens wors walghed
out, evacuated in & quaris tube down to & pressure less than w"s man,
of mercury and soaled oif by means of an oxy-acetyiens tovrch, The
quarts tube was suspeaded by measns of a Kanthsl wire in a melting
furnece, for 30 minutes, &t & temperature of approximately 1000°C
which is ebove the melting polint of the constituont claments and of the
cnpound i8self, The tubs was occasionally shaken during the meiting
to ensure complete mining, Finally, the mixture was quenched in air.
The GaSh prepared is thie way was found, fram Fall coelilcient 4
measurement, i, e. sesuming that o o &Imi‘\"‘. to be p-type with sx1a?
carrviers cm'g at the centee of the ingot, Usnlass purposely deped,
Cadb is always petype. This p~type behaviour (@ probably éue to sn
oxceas of Ga which is incorporated into sthe latiice siving rige to pe
type carriers although, it may equaily bo due to acceptor impurity
with 5 eegregation coeificiant ecunl to 1 {23},

A vacuum syetomn was buils for ssaling off gquarts tubos, 8

consiote cesemtially of o 2V oil difiusion pump, a backing purns, 2
voculmn gauge and inlets whers the tubos to be cvacuated and seakad

i are connocted,



dode Descrivticn of the directional freosing furnace and control of
the furnace temperature,

The beating clomen? of the directionsd freesing furnaco was
mmade of aumber 37 BandSKanthal wire suitably wound on a “2ulifte”
refzactory tube of 2" in diameater and 22% loeng. Tho corvact wiadiag
for a limear temperature gradient of 6% par cm, cxtending over some
&% e, wep fcund by ¢vial and error. The winding was covorsd with
2 3" layer of high temperature refractozy cement. The tubs was
mounted in a fire~proof box, the end of the box were made of 1 squars
o0t asbestos boards and the etd=s of & 1/32" thick siuminum shee,
The casing was filled with "Vermiculito" es a heat insulator, A
Pe/Pti3%Rd thermocouple was used to control the farnace temperature.
The hat function of the thermocouple was comontsd betwees two turns
of the winding at the hot end of the farnace and the coid junction =as
placed in running water. The temnperature proiile aleng the directional
{ressing {urnace io shown in Fig. 6, also shown Is the number of turne
of wire per fnch and the poeition of the ingot in the furnace,

Two directional (recsing furnaces have been bullt. The
tomperature of one of them wae coatrolled by o two positions or enfoif
Holvin and Hughes temperature controller sceurate to + 1°C. The
contrel of the tempersture of the other furance was achieved by a

HATIOus current Ether temperature contraller accurato to : o 3@&
It i3 = controller which proporticns ths electrical power iato the
{urasce ¢o maintain contrel thereby reducing overshoot and underghost
cacowmmtered with the onfeif controller. Fioolly, the temperatuse of
the §mma was lowered &t & rate of 4°C per day by meane of &
Tmecauns® part geer sysiem connectod to the control knsh of the
temperature controiler.
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2.3, Preparation of dizvectionally Svomen ingots,

£ 40 gram arnount of 50 mol % InSh-50 mol P GaSh doped
with 0.6 milligram of Te was sealed in an evacuated guaris tube,
sacited at about 990°C and allowed to cool to form a solid lagot along
tho length of tha 13 cm=. losg quasss tubo. Tho tubo and it8 conten
wers then placed in an asymmmetrically wound furnace desczibed in the
previens section. The exact position of the inget in the furnace is
shown in Fig. 5. Tho cold ead of the furnace was set slightly above
the melting point of GaSh, The gear aystem wap then switched on
and the furnace temperature slowly reduced ot a rate of 4°C per day
until the high temperature end of the ingot was at 500°C which is
beiow the meiting point of InSb, the whole process taking two months,
The ingat was then removed fram the furaace for anaivsis. An faget
cf 30 mol % IaSh-70 mol % GeSb doped with about 1. 5 milligram of
To was alwo proeparsd is she sams way.

The ingot was taken out of the quarts tube and stuck, with
Yzlyptal coment™, cana mztangﬁ!ae Parborite" elab. In ozder to
cbtain specimens for electrical measurements and also material to
Geray, slices of approximately 3 mm thicknezs were cut from several
places along the ingoet with & carborundum wheel cutter. This cutter
was made in the workshop of the physics department, It conviats of
a 3 dlazncter carborundum wheel ¢, 250" thick driven by an electric
motor at 4500 r.p.m. , 8 turn-table moving in three directions and
3 pump bringing & mixture of soluble oil and water ¢o the cutting
wiacel. The mimture was used as a jubricant, Tho slicss wess then
stuck on smaller “arborite” blocks snd twe specimens in the form of
rectangular strip of dimonsions 7Txixl mun. were cut with the



carborundim wheel cultes. The mutorial wos taken off the biocks

oy diszolving the glue with sostona, The specimens weso chearved

to be iree fzoma defosts and bad & good mechanical gtrength although
they wers someowhat Hrittle., Somall piccos from sach slices were
powderad and ALorayed with a 21,483 cm Deblie Schavess somdss
cemora usiag Col« radistion in order ¢o obiain the composition and
homogeneity of cach specimen, The lettics parameter was Jetermined
irom the X-ray photographs with & vesnler traveiling eateroscops and
the compesition, from a graph showing the variation of the latties
parameter against the compositica. Such o graph i3 shows in Fig. 1.
The variation 9f composistion with distance alang both dizectionally
irosen ingote io shows in Fig, 7. Mm Rezyay pictures showed sharp
linos with the Cu K, Re, doublet resolved in high Bragg angle lines.
This was an lndicaticn & homogensous alioye. EHowsver, the X-ray
pictures of the alloys frem ingot A in the composition range T5+30 mol
% GaSh showed traces of & sscond phage, and the alloye from ingat B
in the compogition range 50-60 mol % Cash gave blurred lines indicating
that they had some degres of inhomogeneity. In imget £, siagle phage
specimens in the composition range 75-6C mod b Gabh would prodabiy
hove been obtained by using @ better contral over the temporatusre and
¢ elower movsment of the ireening sorface, In ingot B, the blarring
2f ths Unes in ths composition range 5080 mol 5 GaSh is due to the
sopid dscrease in compesition along the inget in thet region. Homoge-
sevus alleys in this cempasiticn renge can be oitained Dy wsing
didevent initial composition, ¥or electrical measuremeants, ia the
zomgositicn range 70 « 87 moal % Gabb and 87 « 94 mol b GaSb specimens
were taken fram 0s08 A and B reepectively. The reasons for dhis
selection will be stated dn the nest chapter.
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Fig. 7 Variation of composition as a function of position

2 4 6 8 10
Distance along ingot (cm.)

along a directionally frozen ingof. Ingot A, mean
composition SO mol % GaSb 50 mol % InSb,
ingot B, mean composition 70 mol % GaSb 30
mo! % InSb.
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Chapter 3
Livetrical Mensurements on n-type Inib-Cadd Semiconducting Alloys

3.1, Mrmm

Sepauremnis of Kall confficiens ond comdngtivity 2o o
fanction of fsmperalurs wers mads on alleys in tha aanposition zange
TE~9% ol % Gadb booause, it wos soen fo section .4 of chapter §
tuad, =i enemelous bohaviowy sscurs In that campasition TeNRY,

3.2, Lescription of m apparatus

in order to measure the iall coefficiont and condactivity at
Bigh temporature & suitable high tempersture vacusm furnace and
gpecimen holder werve bulit. A dagram to scale of the spocinren
holder built by the workshop of the physico dapartmoent is shown in
Fig. 8. IR was made of non-megnetic stainiess steel and the specimen
was vesting on o small ela b of pyrophilite itued 1o one ead aof the
hodder. The current was pesses through the spocimes by two stec)
fFrossure Contucts, one coulact wae Jized sod the otler apring icaded
By 2 oull compression spring which was 2itusied at the oiher ead of
the holder. The Hali and potential probes of pletisuun wire wese epark
wolded to the specizen 3 the sppruprisie positiong, The tempevaiure
woo measwred by & PufFt 135 B4 thermocouple silustad VREY SagRe 1O
thy specimen, The thesmocoupie leuds, and the Sopper feads
tunnected 80 the pressurs contacts wid to the iall sad potonsial praobag
wore brought eut of the asider throngh insulatin i aduindng veds,

The specimen hoider fittod into a high teoperaturs s?wsmw
which wae placed between the flat pole pleces of o5 electromagngt,

&
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The furnace wae made by winding sumbsr 17 BandsS Chromel & wirs
on & "iuliite” rafractery tube, covering the wiading with vefractory
cement and surrounding the heating elomant with 3 water jacket as
showa im Fig. 9. The specimen Rolder fitted oa to an Qeoring vacuam
scal ot one end of the faraace aed the furnace was Gvacsated by msans
of & emall vacuum system which was connectod ot the ABor ond as
ehown da Fig. 9. A pressuve legs than 5. 5 mos of mEDeury was
sbtsined and this wes sufficient to prevent spscimen oxidation st 7057,
Tho temperature of the furnace was contralled by means of an onfoif
;ﬁ{eim.aué Hughes temperature controiler accurate to - 3“@:.

in ovder to facilitate the measuramoents of the varicus
voltages involved in the determisation of the Hall cowifizient, conductivity
and temperateors, a awitch board was wired ag shown in Fig. 146,
All veitago messurements were made with & Rubicon potentiscneteyr
which was accuraie te & 1 /AV. The current through the specimen wae
determined by messuring the voltages acroes a standard 16 ohms
rosistor in series with the samnie, Dus to ths sou-siighsnent of the
121 probes, a voltage was daveloped aerces them when the magaetic
ifeld otrength was sers. This apparent Hall voltage was backed off
by a balancing circuit a9 showa in Fig. 10. Vhen a magnetic fisld was
appiied, the voltape measured across the Hall probes wae then & trae
#nll voitsge, The electromagaet was calibrated by meane of o
saowsen-Lush rotatlng coll gausemeter, '

3.3, Euperimental procedurs.

Say the measurements of the Hall efiect ase condactivity,
Specimens in the form of rectangular blocke of dlmensions Txix) mm
ware stched in CP4 in order to clean the surinces, Etchane CPd
consiet ot 4% parts concentrated nitric ackd, &7 parts glacisi m%i&:

TV W
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actd, 27 parts 48% Rypdrefinaric acid and } part bremize, The
production of the spacimens Rag been descrided in section I, 3 of
chaplar 8, A opecimsn was thenm placed to the Hall helder batwasn
the o current procsuro coatacts and the platinnm prades wore
epark weldod to the ¢pecimen ie tds appropriate position ¢to mepsuse
the tall veltage and notendial drop aloag the samsle. To aveld endge
¢ifoct poobloms, o dimensiens of the saznple amai and were guch
Sias tho lomgtho-ta-widih sostio was groster than 4, with the poteniisl
pm&mmmdsamsmmmnnmmwmm
& the sample, A curvomt of approcimately €0 mae. was pasned
mmmmmudmwmnmam
maguetic {leld, mmum«maacnmmm«msmn
that the simple fermals for the Hall eifoct remsained valid, in tho
derivation of the eqnaiion A » flu. second order torms, tavelvisng the
product & 1 un U, wore tgoored. T may be dons i LB < } and ithis
condition was satiafied, for 3 given spacimer, by choveing as sppropriate
valne of B. In order 2o szt the sxizingic carsies cencentration, a iHaid
eliest mensorement was carried oat af liguid altrogen temperatare,
by lewering the spocimon beider in & dewar of liquid nitrogem, placed
belveen the pslon pleces of an olectromagnet. The specimen holdar
wae aiterwards allowsd te dry and placed in the high cemperatuse
furnace whizh wae tvacuated 0 2 pressvre lese than U, 5 zoum of mercary.
Hall sifect and condustivity measurements wore carried out at £0%c
teraperature intovvais, in the imdrinsic region, frum 300 to a
tomnperature ciese to the Mﬁm point of the allop. The temperatuze
waz kepd steady within 3 % furing cach meagsurement, Sour iKall
woilages weze measnred at sach tempes
o current and magnetic fleld &m&m, the aversge of fhese feur
vaiteges do indupendent of all affocts sther thes second order oneeg.
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The dstance botwean the potentiad probes of the spacimen was
rmeesured with & vornier travelling microgcope and its thickness
and width with 2 micvometeor. The measursments weoe carsigd out
en gome 10 specimens in the composition range Y2-9¢ mol 5 Gasd
and they were analysed as indicated in secticn 1.5 of chagger 1,
The vosults will now bo comsidered in the next saation,

e e Resuits,

It must be recalled that it was secs in section 1.5 of
chapter } thas:

372

l@gR%Tsm s JogRT™'" 4 § fogit ol g E

vhere éiﬁ is the tzue indrineic Hall ceefficiont, R the muagurad Hall
coefiicient and 3 legaalneaﬁ the eorrection factor aliowing for the
effect of am extrinsic electron dunsity in the conduction band. The
effect of the corrsction factor can be gaen from the grapho of 80331"1‘” 2
and of !og,&‘i‘slz againgt xl‘i’ for typical alloye; these graphs ars shows
fa Fig. 31, I8 s 2lso seen that ano graph {b) is lincay over the antive
ntrineic regliom and thet the othor {a} breaks into two Mncar parls in
the intriesic region. Thw points which lie cuseide the straight lings

af jower temperatures are e £o the following factore: (1) as the
temperature was decreasing the exdrinsic behaviour started to ba
chserved pnd (1) the corraction factsr for the sifect @f an exdrinsic
clectron donsity in the conduction band has the Sendency to pull the
fointe outside the etoaipht line, The varistions oF the sxirapoiated
ehaniute gers of tommpevature electricsl snergy san with composition
22 ohown in PVigs580 1aThe clectrical aad opticsl resulis of Waslley at

23 for the p-type slloye are alao sheown in Flg. % 18 in seen that for
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(a) 88 mol % GaSb-12 mol % InSbh.
(b) 72 » 29 28 1 v e
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Fig. Il Loglo R5T3/2 and log, RT3/2 vs 10%/T for typical
alloy specimens.
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Couipoaliions belwess Y2 and 82 mol % Calh the Prussnt vesulis agves
with the ouos ol Vooliey and Cilistt, & low fewmeratsse oledelioal
CHONEYF (BD wad nob ustalned ivowm the preseat rassay TERienis booruss
sho estrinsic cavrier cunceunirafion was tuo gk i, e, tus inteinsis
banaviony wae ebserved near or sheve the is FEHEIV v e csperatore T a°
A grayh ol the variution of the sadvingde casvine cbocdal cAativn with
canposdion end positica alosy degss A ds shown i g, 12, me
abaerved thas the satrinsic casvier canceatzation fus: eisay wd o
Liadb concemtration decreauss. 5 58 wleo econ ivoi Dig. 5 that fox
cunpsitions between 87 and 94 mol % CeBb the fow wnd igh tempeas
rature olectrical erergy gape do not agres with tha wsctrical resulds
of Waslley and Cillett but the presest dow semporsture electricnl
TRIFSY GAp3 scem ta 2gree with the optical rexulls & Veclley sad
tvans, Cne mest remember that shove 9 @ sartain amount of insccuracy
in the pregent low tempersture valuos becansw oF the (actors digensssd
akeve and of the approximetions dlecussed in saction 1. 5 of chapeer §,
A low tempoarsture elactrical ensrgy usp wes u obtained [ar
camgositions betwoon 89 and 94 mol % Cash far the conson §isted
praviously., The transition eam@awmw T Wtained fram the pregont
resulta is approsimately 430°C which is eifiw;"mt By 507 trom the
vialue obtoined by Woslley and Cilistt for pAype alloye. I waw gzen
i gection 1. ¢ of chapter § thet this traneition wes ast due to o
strpetursd transformation then 12 is not surprisloy ther the game
“rangition temperature wae not obt alned and i fuct 1L wil) Yo soen tn
W ment gaction of thin chapter that this traspition ia Hus 1o & band
8. For compositiens betwaeen 89 and 94 mod > Tiadh the Hall
oiient and conductivity messurements were piade 9a spechmons taken
wrors inpst B end specimens of lewes cunposition wees not used
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Fig. 13  Variation of mobility temperature exponent x
with composition.
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Fig. 12 Variation of exirinsic carrier conceniration Ne
with position clong ingot A (mean composition |
50 mol % GoSb - 50 mol % InSh).
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sranusse (he laege cuteinsle carslar Gadsentealion nashed the
ludrdusic belaviaur, Tar the otber saxgpsaitions the vneslmens ware
tavan (ravm incol A,

Tar Hall mobility Mg VoS gltained rom tho yrwm:% of

the $Hall ceafficient and camduciivity. raphs of the varisticn of
Baogy O Moy Rpainst logT dor typical alicye are shown in Fig, ¢, I8 in

cen thet thsse graphe ars liness o bign temperatura and that the Hall
&wmuty $BCTSR0Q8 s the h&ab concentration docronses. Applying the
reiation Myg 3 conotant = T e thess rosults a high temperature value
o w wap obtained for each of the alioys. A graph of the variation of
the mobility temparsture expensnt u with comzasition io shown in Fig.
L3, and it is caon that x dasrenses ag the Ga%d concentration Sacreanes,
Tha regaltz will now he dscuszed ie the nost saction,

3.5, Uigcussiom of the rosulls.

Before any attempt to axplain the electrical propertios of

ths alloys, the properties of GaSh itself muet be suxpisined, Tho
cigctrical properties of potype Gah have been meosurad by Waclley

anC Gillett (9) and by Blazey (24). A lowand s Bigh temaperature
wlectricel energy sap was obtained o in the cave of the $5-160 mol %
GaSh alloys. A gruph of log op/T" va. /T ie shown in g, 15, Blasey
has carvied out an analysis of the electrical results ueing Segar's
condection band moedel of £aSh (258, The iniringic region was
voasidered as beisg aplit ints two parts. In the low temperature ssction,
the conduction ie carrisd out by the holes io the valence band and
cinotrons in the conduction band minimum a2t k= ul ondy. AL higher
tornperature, the elzctrons excited into tha conduction band mintma
2 the Q1D Mrections, as well as the other twt types of cavsiers,
sontribute appreciably to the esnductios processcs. Blosgy has

A



(a) 80 mol % CGsSb
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Fig. I3 Variation of log np/T3 Vs IO3/T for GaSb (after Blazey)
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arsived at ¢the lollowing couation

Alfis £ ‘a‘-:;i o dG=i zam@@b@ Fijediiepe
sHen s‘iﬁ:}a kY

(ba"i) + 4Ren ﬂi =%y Nb ¥8) - x@ﬁe ﬁ %
&n@{b @1} B

wheve i i o conslant, AL the eassgy suporation oF (he 50 Conduetiug
tand mini;w, ) the mebility ratio of tho wlectrans fo the 3D
winims and holes {n the valence baund, b@&&mmuw ratio of She
cloctrong and holes at & » 800, & the Ball voeificient, ¢ the slectsauiv
chnrge, ¢ the hole density dus o impurities and L e indzioaic
twmbers of carriers in the conduction Lund minisnem ot k » 949,
magﬁy‘u anaiywis is given in the Appendlix at the and of this thesls,
#vom the emessurcd values 2 the Hadl oaeidicient the value of Co D7eT
wags calenlated e o tmcﬂm o tesnpwratere. The slope of e graph of
ing Ce AE/RT againet l'r gave the envrgy ssparstion AX = 9, 52V 9i
the two conduction band miaisna at 0 KK, The value guuted by Sagar {155
igr AL ap d.9deV at rosmn tomperature. Thorefore the temporatuss
copiiicient i ~1. ﬁma?’%%?!@éﬁ,, This i9 i poar agroament with tha
value of -3230 ¥/ given by Sagar {25), Al2o move vecent

warkers (26) have given m&me that the separstion of the band mﬁm
doureases ab a rate of L0 @V! % 28 the temperature is decronsed,
""’%’bm datter value would predict an eneryy separation of abuut 4, Uley
wk G m @ ipctor of ten smaller than the rosuit of the gbove anveivais,
Hinzey hos carriod cut s trentmens of Calb up to that polat,

in the prosent besis, two corroctions heve Leon applisd to

Siogey's trontment of Calb and the anslyais hes heoen applicd to tho
condackion band misiros du the 451D drections instead of the Q1D



ciractisn; thin has fimally yi elided succosainl cosulte, Tho Sorm al
S8 clectrical sresults for Gath oo been axplaine @ this hay boen
uged with sema 9thar exparimental gng eimwwﬂwé rosults in ovdey
to wuplain the varistion of tie rlectrisal tRergy gan of the nSh-Gash
adloys we o functics of o pomposition,

Firet, ot us conslder the twoe Torseitiens, Tho relntios

e 3@ v E’g saed by Blagey was ihat ghven by Sagny {05),

wely & - s@bi AL prosent the poeepded velue in b siEh I the
mwm:gm af, R fhe fotyingls W’ﬂ of car ﬂun Ix the caad
Dand miniowmn ot k o Qi m&m has mg}amﬂ, L .73 mriwtc;
sumber o electrons In the coaduction bas { mdnlma s the Q1D
diypetlons, Thia has baeo taken ey heecunt in the tollvwing way,
The sumber of holes (o given by

B o R‘Q: Dl‘ i*.

and the product o oF e given {roen the Kraph of 1oy & ,zZA} F . i%"

The product " P GBR b wrlties xa

BB a iR vE g ) o«
T "R

o

N A - o -

where @ L TR Ve “f S“T 5 vy ¥, Thus B, 18 given by
n = ”’Z#{s & " '3’ ’ﬁ-il ?1 x‘g
o L NOripme AR et |

42 “Y}

The Mall cesificlont & for the tires Yper o cavsiwes Jo ydven Gy

f‘" %
v fEa™o0% o, 2 & -
"";;‘g"'v@ a8 * ﬁ&f& '&Vg )Y Eﬁa
B "

4] % Y &
frib s8> a B, ey pj
Vhe wmeaning of the Bymisis in the above formulas is the same as



ofore. Now o value of ¥ Sor various tempesatures con be ghontned
by prephical solutlon, Thus wiiting

g = Fa 3 b f 3, P & @ &a o g ;'i., 7 -
e .«a{%g%—s D EENCRET zw} 84008 - & (b)Y - p_

Fns s draw a graph of F{Y) against ¥ and find the value of ¥ whare
£{YY 15 asro. 'E‘kﬁs; has boen done for various tunmporatnres and o
svaph of 0z ¥ ve m* Las been piottsd as shown in Flg. 16, The

rapuliy of Dlewey's calcelations are algo shown ia thie Figave, ¢ is

#oen that Althongh Blasey's egvation wos incorracs and algo the vetic

9x b fhs weed was wreng and hence the values of ¥ sre difforent feom

{he prﬁsaw smes, the slopes of the two curves ars still practicelly

the same, apparsstly by colncidence, Hence the valve &f AE from

the present caleulasions v 2tild 0. 52,

Sucoadly, the corvected anolyrie wAll now Ya upplied in the
igllowing way. I3 is kmows that the <410 mimima are il very
wloge (0. LlaV} to the (300) miaimum at sbsalute gero (26). The valaw
90 AL = 5, 328V suggeste thet the new bond 18 In fact the LD and
dot the 31D minime, Also the energy sepavation of the (060) and

Q4 mintoa decreases with incrensing temperature ag & rate of

sxia ey P K. Thaen in the high temperature rogion the elecizans excited

isto e onnduction band mintma in the <1od> diroctions wili contribute
drpreciably to the conduction. The calculations degeribad in tho
Jteviuar paragraph hovelorn carsled out for vatios of b iis froes 3
2 end i has boen Sound that the enevgy separation of t%w two
Minlms was guite insonsitive to the valus of the ratio of - ih An
svarage velue of AD o 0, 55 « » 850V was abtained, ¢£@$aﬁ“@wg irom
the pregsent calculntions ﬁw mwgy separation of the {uuu) andg <@ud
sosndims 38 O, 55 L, 05¢V ot K. Since the temperatere coofiicient is
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w2xba"%ev s By AZ 82 rocm termperaturs is 0.4%eY. 2 has besn
estimated {rem proseure sxporiments £27) that AZX gt roum tamperature
18 spproximately 0.4eV. The sprecment betweosn these two valuss
i@r O caa be consldered ns exeslisat i view of the pusumptiong
mpde in obtaining ©.49eV from the thyes carries asalysis and in
View of the méazmm of the quoted O, 2oV estivaated from Ppregsure
srperimests. Fisslly, ooe con say thes the low temporature olactrical
snergy gap {9.82¢V a8 {3@% carreuponds to electronic transitions foam
the valense band 1o the c%&m mm in the {000} drection
and the slm of the log np/T v8, ?T Bvaph ot Mgh tessperature

¢l 460V as 09 K} {s maialy detorsained by olactrona ix the conductiocs
whnima in the 100 &Grvections. By adding the value of the dirset basd
sap 3% UTK (0. BieV} with the valus of the unergy wepacutlon of the {09a}
and QD minims st COKIO, 556V) ome chtains the height of thy Q00>
minims abuve the valones bamd st 0VK(1, 360V). Of coursw ono cawnet
espact gaed ngreamnmt with the slope of the Jag ml?s gvaph at Righ
texmperature (1. 460v) Decruss this vaiue was obtained froen & tws
carrier aaslydis of the Hall effect moveurements, New, it should be
soticed that the slope of the fal "“3“ ve iI‘I' graph st high temporatusy
igr the 6S~100 mad B Calh alloyr bas ne direct physical meaning sad
it vanmat bo called & high temperatars eloctrical oBOTEY Bup. A avee
carrier analyein {as it was dose for Gash) should be carriad out sa
all ¢ the alloye whick show asemalowe high temperatire bohavicar,
However as yeot ingulficisat duta 1o svallable on the slloys o allow
sech an andlysis 2o e ceyried o,

Srom the sbove rosults one sang 1hat the Wigh temperature
Tiope far the 63-100 mol % Gadh slloye can be attributed to elostranic
transitions from the valence Band ¢o the cenduction band miniee in
%o Q0D dizections. Thes, the esperimental resulte jor the baud




&5

tructore ol the 1adh-Gash alley gysten can be explain by tho fellowiag
snadsl, Peor compositions betwesn § and 65 mol < CGadl the addition of
Cath to laSh progressively chinges the value of the energy zap witheut
ceusing any change in the geasral Sraun of the basd structure. The
band form of the InSh and Cafh with the conduction band miatwam at
{590) fo kRespace {8 rotalined by tho alioys in this cmmpesition range.
Tae sams tlay applies for compositions between &5 agd 3100 anal B
LGuBh ¥ cae conelders the opiical easrgyr cas which represess low
Scvaperatars csondittens. For the cmmpasitien rangs 65-106 mal %
Sabb the so-callad Yhigh temmperature electricel snergy gap” is consged
by % band chargo at Righ temeszaturas. The ducrsaee of this so-called
"aigh temporature slectricel enovgy gap” with lofb coscentration is
e ©o the decreast tn the cofiest of the Qo0 conduction band rajuims -
as the inBb cencentvetion of the alieys lncrenses. |

It was soen in section 3.4 that the Hall mability decrrases
29 the GaSb cencomration incresses. Thio bebaviowr is &ue 1o scaltering
by the randomn arvangement of atoms oo the lattice gites. Two athey
fectors intivence the value of the mobility Jor the alloye, {1) the
increass in eficctive mass a3 the Cash contert of the alioys ie
jacroaged, {11) the intorband sceatoving which can bo expeated to
acour with Gadb and alloys close to thie componition, From the
rolation Mz contant 7%, the temporature mobillty exponont = was
Jotorminod at high tempersiare and b was geea in the previcws section
that the high vaives o x ducroases 28 the Gadd concentration decrendes
{in the ravnge stedied). A% Wigh tumporaturs lattice ecattering should
predominate but the goalteoring protesens are camplicated by the efiscts
diacugsed previously, snd fhie s chous what can e saltd about thage
Bigks valuas of x &b this stage. Thege Ngh valusa of < wers aleo obinined
by VWoolley and Giliotd (¥) in thelir inveatigation of the p-type alioys.




whaptey 4
The Infde e Eﬁzi"g&?@’; wrasn-Substituiional Allay Systonm,

oo mﬁ“@“ﬁmws

it was aeon in section 3. £ of chapter 1 that InAyp and
a M%M:s ave dezived, by the procews of crosu-subetitusion, fvoem Go

&m ude respectively. In practise an&‘re 1o ungtable aad so it te

amt lormed. However, i is passible to veplece oaly some of the As
atoms by sombination of 38 and Te sad the resulting matesials can

b conatdared aa alloye betweon JaAs and tho derived toynary conpound
in,SaTe. It can be vhown (19), fvoem thesmodynarnic considezatiens,
'ah;& Infig = Razﬁn‘z‘a alioys arc asa-gteichiometric; some solution of

0 ia the Ia iattice ecours and leaves arncass To on the As lattice.

Both the Sn and the resulting oxcess Te act aa donors and give R-type
material of high carrior concamtration. It was also seen in gection 3.4
that by excossive doping of {nSh and InAs the helght ¢f the sscond
lnwest copduction Band minimum above the valence band may be
cotermingd. The Infe - mgﬁa?f‘a slloy system was investigated by
dotormminjag (he range of selld sulution in InAs and by measuring the
=l esefiicient and optical energy zep, 28 a function of composition,
28 reon temperaturze. in the next soctlons of thin chapter, these
{nvostizations will be described and the results dlzcussed by moeans

20 the maded proposed by Wounlley {20},

Goie Feoporasion of the inde - &as m‘?ﬁ alioya.

The prepavation of the Inds - m?;%m‘*@ allove will be briefly
cutiined bacaure the same fechiigus wes vasd 8o prepare the fnShGash




) ?
Vi,

wsil::s;a buz, the Inds « In sm“ atloys did avk underyo the dveotional

s w @333%&0

Thn Iaflg uzag to propate the alioys was obsained irem: the
Cmeclidated Mining and Smolting Corporation of Canads Limited. I
was dupplicd in the {orrs of & polyeryatalling ingat and was Botype

3 3
with J.2%i07 " esrriers cms © and o resichl iwvily @ 2. 012 sheneom,

el ey ex ) Er\& e qéﬁ&% 258,

The k‘aaﬁa‘i'e Waa mads o 8 5 gram ingot ivons 99. 999%
purity ln, Ss and Te., The steickiometric qRantitics of the clemems
wors melted together in & scales, evacuazed aqusrte tubo and guenched
in aly,

3imilarly, the fnfg - in 3aTe slloys were proparad with
the spprooriate guantitics of the constitnent CompIunds.

4e 3. Detevmmination of the rance of oclid solation in ths indAg-In &T«
alley systam,

Ailoys contadning i, 2, 5, 14, 20 and 49 mol 5 in . Sa¥le wore
made ss cutlined in ehe provious gection. Those air quagcm@ alloye
were gawmwd and L-rayed with e 11.483 crn Debijer Scherrer
powdsr camera using Cullc radiation. The Repgy phmanoh showed
that all the alloys bad a sinceblande structure. The alloys containing
b and & mol & mzan“iw wore single phase and all the others showed
faint tvaces of 2 gecond phzase. The k-ray lines were reasonably
shozp in all the photographs and the lattice parametor was determined
for each alloy, The powdered specimens were compressed and
annceled in vaseum for 4 weoks at 409°C, The SPECLMOBY WO
“~=rayed again and the results were the same as thoss prigr to the



i
&

apnsaling. A graph of the veriatien of the attics paramedor 35 &
iunction of composition is shown in Fig. 17, From thie gravh it can
be gesn thas the syuilibrium range of solid solution at 400°C 1s 3 mal
7 Egza:%a’i' €.

Gad, FEFlectrical mongurementa,

i was seon that alloys containing emall amounts of torasry
comnpourd eve the imposiant oacs {or slectricnl and optical measurcments.
Alioye containing U. 8, 9.2, 0.3, 0.5 and | and 2 mal ?ulag%i’e were
prepared a&s ontlined ia section 4. & and snnesled in vacuam for 10 days
at 406 to ensure complete equilibriam. Zpactingas ior Hail effect
messerements were cut {rom these 4 grem ingots and etched tn Wolsky
to clean the surfaces. Eichant Wolsky consists of i part concentrated
nitric acid, 7 parts concentrated hydrochioric acid and 8 pazts glacial

acatic acid.

The Hail cosliicieat; at room Semperature, was detexrmined
by the sutiie technique aa the one need for tha (aSk-Ciadd alloys. Tho
values of the Hall coeiilaient showed that all alloys were n-~typs, and
aasumning that ﬁM =?fis:a».@ £or thene matoriala, Bighly dogenarssty valuse
3f n wure obtaimed. A& graph of the variation of jog o egeinst compositica
iz shown In Fig. 17. It is genn that n riscs sharply and becomes congtany
at an apgprouimaete value of €. «@.gmi K carziere cm‘a. i bas beea foung
by Yoolley and Williame (40} that the slectricwl vosults for the crosp-
substitutional alloys of Inlb were independent of tompersture. Heance
the room temperature rosults can be ¢teken an characteristic of these

Hiphly degenerats meterisie.
; L

4o 20 <iptical meunsurements.

S P 8. #reperation of spocimens for indra-red transmizssion

measurernsnis.
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i2 order to meassure tha optical emergy gap a8 & function of
composition thin slices, about § mm thickness, were cut from the @m
ingote which were vaed to obtain Hall oifect gpeclinens. The siices
were then ground aad polished ia the iollowing way. A alice was atuck,
with “glyptal cement™, on & emall flae cizrcular bags disc which was
screwed iato a steel rod. The rod was fitted info a bosving which was
heid {ixed over a polishing whoel 2o Shag while the wheol was rotating
fhe spacimen was spinming. Two rotating whaels wore woed to caryy cut
the poalishing, cae wae covered with a 8a{t emery paper and the other
with » Dushler micro-cloth, Firse, the siice was graund on the emery
paper wotil it was approxtmately 300 miczons thickness. The raugh
suriace remaining afer the grianding was removed by polisking the
spacimen on the micros-clsth which was continsally covered with a thin
iayer of » mixture of waer and § microa sluming powder. The epaci~
Wan was takean off the dac by dissalvieg the glue with acetcae and it
waR turned over. The athor side was polished until the siice was
appreximately 120 microns thickness. Slices of this thicknsss were
suitadie {or infra~zod transmission meagarements,

4. 3o 4y Method of measurements,

A schematic diagram of the optical apparatus usod with a
single bosim, double pass, Ferkineimer infra-zed spectremeter ip
shown i Fig. 16. Tho ecurce of radiation was a HNearst filament
4RS a Nacl prism provided the aecessary digpersion. The redsetion
“omdng {rem the source was chopped at 13 cycles per second, detocted
by a thermocouple, amplified, and recorded by a Brown recording
poitcatiometer. The spectrometer was calibrated by means of didymium
z1ang {0, 54=2. 42 M), polysterene (2, 45-7. 47 M} and ﬂiﬁv&a in the atmosphere
{2,225 Mi. The calibration curve s ehown in Fig. 19,

# osmple under inveetigation was mounted over o sist in D
brogs dise. Tha diee f#88ed into o silciag mechaniom 0 that tho

=
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Perkin - Elmer

Spectrometer

T'
(m-—7 L specimen
_— “*———————_——@
X _ Nearst

Filament

Fig.18 Schematic diagram of optical apparatus.
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apecimen could sasily be inserted into the vadiation hogrn, 29 phown

in Fig, 18. Tho inteasity i@ o7 ke {ncident radintios, with the specimen
it o6 the beem, and the indensity 1 of the tranemitted radiation, with
the specimen in the boam, wore reasd dizectly {rom the polenticmetss

w8 a function 2f the drum reading or wavalength, Tho iafra-ved
sewrplivn spactrum of & dypiond apecimen i shows {0 Flg. 25

4. 5, 3. Zegulte.

The insfra~red sheorption cusrve shows in Flge 3¢ i9 sem to
«xibis typical semiconductor features: an pague razion to the ahorieat
wivelangths which resulte fvom interband abzorption, a relatively
sharp shesrption edge, and » partisily traneparest region heyomd the
edge in which irun<cazrisy absorption iz predominant, The geadoni
deoranss in teansmisaton observel o the long wavelength side rosnits
from the wensl inereass in (ree-earrier shaorption with incraseing
wavelenpth,

The opticsl energy gup wis determined foom the infye- ped
shaosprion surves by the methd deesribed in soction 1, 5 of chapter §,
& graph of the variatios of the opiical neryy pup agsinst camposition
12 shown in Fig. 17, It iz seen that the sbaerption sdge shifty to
shortey wavelengths with increasing iuz&x?a somuenteation, raaches
2 mmadeoam of 0,92 gv a8 1 mol % InSnTe and raniaing ~onstant st that
vaige for largor mgﬁn‘i’@ content,

Bair, igcuBsion of the rogalis,

It was sesn that the large density of elacirons in the
Infa-In.3nTe adloys was due to the non-sioichiometery of the alisys.

. . AW ,
L suggested by Woslley (209, the maximum value of ¢, 4xio"" carviers
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speclown could eanlly be ingerted into the radiation beam, sy ghown

ia Fig. 18, The lorecalty E@ of the lacident radiation, with the gpesimnen
wof of the beam, and the intemsily I of the tranamitted radiation, with
fhe specimen in the baam, were zegd directly ireen the potentiomaeter
astion of the drum reading or wavelesgth, The Infra-red

88 x fg

argucption apecirem of & typicel specinen (¢ shown in L A S

£, 3. 3. Jesults.

The intra-red sbgarption curve ghown in Fig, 20 18 seen to
axhibit typlcal semiconductar fentures: an apague ceglon t3 tha shartung
¥avelengths which rosults from Interbasd abgorption, & relatively
$hary absorption edye, and a partislly transparosm region Yeyoad the
¢ige in which fras-carrier absorption is predominant. The graduai
decresge in transmission ohaerved on tha Tong WAV, snath pida cagulty
{751 the weual increxse in (reo-carrier abgorpiion with {acreasing

wavelangth,

The optical eaeryy 4ap wus determined Iroum tha infta~rec
ahsarption curves by the methad deacribed in dection 1.5 of chapter 1.
A graph of the variation ol the optical engrgy gup against campoajtion
8 gheren la Fig, 17, [t {9 gsewn that the abserption adge shifts to
ghrriec wavalongths with iac reasing L’m-zﬁfnfﬁ?.ﬂ: concauntratien, reaches
s meximurn o 0,090 ov at | mol % loSaTe and rameing copatent at thal

vaive for larger n SaTe contewt.

HaGy  Liscwesion of the resulta,

It was sgan thet the larye deaslity 2f alectiony in the

ImfAg~in, SaTe xiloyes was due to the oon-ateichiomutey of ths alloys,
<y ) o ) ) Ex}
9 gagseated by Woolley (1), the ransdmwm value 5 4, 42l car vigry
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am@s is detormined by the Band structure of iy, ony mnere Te
ztoms than those giving this maximum value act a5 donors In ehe alloys,
et fhe extes aloctroms endor other much brosder concuction band
minima and are 3ot observed by Hall aifect monswrements Becavee of

& such larger effective mass than eloctyong in the {G08) minicuem, The
ingt Igcresde of the opticel energy gap at low m‘i@s&m concentrations

+e due to the Burstoin eifact, Ths abaorption edge shifts to ghorter
wavelengthe with incressing alecivon concentration ss obussved in

IaSh {23) and InAs (29, These shitts are attributed to the low Jdaneity
92 stales in the condmction bande af theae compounds, Whan the frae
electron concentration ts suificieat to /11 an spgraciable fravtion of

the lowyr states in the comduction band, pbotoss of Bipher RBRTIY ATS
zequired to promote elactroms {ram the valencs band ta figher wnassupied
statas. Therefore the shift & abrorption adge may be takesn as wvidence
ior & kow electrom effective mass. (For InAs, o 2403 m). There te
B0 {urtheor increase in the aptical energy gap beywd ik znaSnTa hecaune
@l the mach higher density of atates in the other minima, preswmadly
the Q1D minkoaa. Thug, the ohserved maximuwm value «f Mé.@ﬁi@w
careigey cmd) fe the density of electrone required to 11} the {£00)
dnimumn up 02 the lowast lavel of the <Y1 mintmae 3nd tha observed
rgxjaum value of the optical esargy yap (2.9 av) cives the height of
the <3iy> miskma abave the valence band masdmium. The iafgein, Ko Se
and Wm«'lnéce Te alloys esystems were investigated by e, E. %W,
Wikltnme {39} end the results wars fdentical o those of the infce

In, foTe «lloys system., Thiz indicstzs that the shserved maxinnum
vf:;;:émw 3¢ and g sre indepondent o the 20urce 21 clectrong provided
o band strusturs is nei alfected by the aodition of the doner atoms.,




Appendin

I ie intandad tu repiedure the main paste & the thrue
variier apalysie of Gadb carricd sud by Biamey {24}, &5 indlosied
the third chipter o this thewie, the aasigaiy has Laga CArIacng snd
wikemded o vrder @ explain the low and iyl tompaersture slectrical
FRATgyY pap ko GaBlb,

Mepgurement o the Hall efiect as a function of temperature
tar GaSt showad that st low temperature It was p-type with fli‘:ew
extrimaic carriers per cc. As the temnperiture was raised Istringic
babaviour became dominamt. [t will e asiumed that sluctrons wers
betny excited principally into the conductica band mdutmur ot k = 000
at these lowsr tempuratures. According to Jagar‘s conduction band
madel of GaSb {43} slactrone will aleo be excited to the heavy mase
conduction band minima in the 4D diroctions as the temiperature is
incroased further. Thus the Intrinsic rezion may be considured as
being split into two pacts. Cne of thege, the low termnerabsre section,
le wheo the conduction ie carriud out principally by the holos in the
valesee band and sloctrone ia the conduction band minioum at k = Gus
ondy. At higher temperature the clectrons excited Ino the cosduction
saad minima {u the <I1)> directions, as well as the obhor two types
@ carriocs, will comfribute sppreciably to the conduction procegsen.,

The {atringlc sumber of carriars, B i the comduction

band mintmum at k « S0 i given by the equation:

T S /e “ o : @:_\
%QF ® &@fﬁ, { mﬁm;ﬁ & E"‘;T ¢ ﬁB

whare mji s the slactron eifective mzas at k » 490, m, the hale



ifnciive mans at B e 000, I m@ direct bhend zop 2 d e @@ h
temporature eogefiicient of m@ ddrect band gap, end p the sumber o
hales in the valence band, ‘Thie cguation assunmes the cxislence of
parabolis bands and sphesizal energy svriaces in k-space. Tho
latrineic carvior concentration, B0 in the conduction band minima
i the RID> dizections 4s given by the oqustion:

m,,n 27 H 34 "*" g;ﬁ. ;eﬁﬂz -
6,5 = ﬂa( ) {e m@% S oo §a}

wiery m; 19 tha electrom slfective mass in the Q31D dsirections, 2532
the jadivest baad sap ak iﬁéﬁ, sud 8 ¥ the temperature coelficient of
the indirect band gap., Dividing equation {1} 2ad {2) give the rakio of

the nabes of varriore i the twe conduction band miaime

N
j;w E I« 3
LY

AEIRT (3

whers QK i the enurgy asparation of the twe conduction Dand minima
asft G & comminad iavolving $he savsler sffvetive masses and the
tomperature suciiicient 8! the band gaps, oIk parameters are
sgauaned o be lamperature independent.

in the low temperature intrinsie repion where there are
iy twe comboibuting carriors to the Hall effect, the HMall coeliicient
te piven by
5 B .
8 o "i@ pA] »
uC.: 35 wm %“5:&
v f‘%?

wREre %& Kﬁv éhe mobility m@w af the electronsg amd holos at &k = 900,

oy p«&y@» semdconductor with 2, axtziasic sarriers per Q.
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From eguationsg {4) and 15) ¢he eleciron comcontration ety = G0U i
given by
-

S o ¥y 9 o3 & ;%
B, - 8 Yo B4 l%‘?es R P bJ

a o o o WRE AN P

o

g

P g z L B
el + 15 &2 S By b L it s

i it e assumed Shat at low temberatuve the iatrinsic comyibution io
SR &umgr Ao o st

e

é?éam s P ()

then 48 may be shewn that

i {9

where amx & the masimurn value sttaited by the Hall coefficiont
above the Hall inversisn temporature, Thuo from the values o ths
Hali coefilcient us 2 function of temperature the mebillty ratio of the
eioctzanse io the conductien band minimem st k = 25¢ ¢o the holes in
the valonce band wmay bo svalusted, From equation {5) and {6) tho
wamber of holes in the valence band and the number o iateinslc
clectrons in the conduction band 2 k » 000 may be calculated. Thoese
values were substitutes in the following equasion: '

) ﬂi @ 7t g1
B . o & Byse b oo - - pirtows v
iy ps gt = tog, fmm S c ETEmaRR T TURTRR i

1%

Thoe gradient of the graph of &s‘w o2 &gsi‘i’fg agningt %"2“ pives the enorgy
£1R7 uw., Thn velus obtained from the low temperature intrinsic region
was in gaod agreoment with values obtained by sthor suporiimonts for
the dizect band gap ot k » U39 in Gaib,
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Above the transition temperatuye, “3‘53“ #of meuy arve ¢
edectrans in the conduction band minimun e kb = Lo contribuling
o ¢he conduction processes, but also those in the mintms in the 43 ¥)
drections stord contridating acticesbly, a0 the Hall cosfficient

BHReoines) 2 ;
Bb ¢ b < p
N gR4

He =

' &
m@&a_ + aﬁsg % 5

whevs ?‘b.a ts the mobility ratio of the slsctirone Inthe Q1D minims
gt the 'nous {n the valence band, The pumiber of Aoles is now given dy:
po» “@ :ax - ?&’ (‘nt

thaveiare
B gh "1! A Y ‘b 91’ p
{12)

3’? " .
{9 {» m)m}{b “tap_ ”!1‘
Hubatibeting for Ce T £ the result in
i AsdeT . ﬁi’t%wk)“ﬁa%gﬂﬁgﬁﬁé'ﬂ}»d,z:.eg)@
o dies (b, )

& o - " - .%
{ibx zp +4ien atbg ba“%* 1) 4Rep b, ] (1%
aXen @Qba +39

i will be agoumed that @yl‘?g hehaves in the enme way of tomporatures
above *2? 4% it doeo below this Cosnperature. Thus since it is assumed
thant Mww % mzt:@, valucs of a@ above "3." cam be chizi=ed by
mmﬁ.mim of the i@&,gﬁ w@ﬁ“}?’ apaingt ’3"“’*’ gragh ¢ temuperature aliove
- The relution used bere botween % angd b was given by dagar {153,
Therelore, ivom the memuwﬁi valuep of the Hall

ond ig b méc@&,
s , o e ABERT . . .
zaeiiicient the value of O mnny be calewiated ag o fusction of
4

i

A
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Eemperalurs. Ths gradieal of s graph of log © @A@f&? againel 5 T
gives the cnargy coparaties AL of the two conduction band sainima.

Fromm the measvremmesio of tha W cosdiicionts a0 & funetios
o tamperatare, graph ai Sog ap /T against 10°/T and log C o 25T
sgainges msi’if’ wore draws and sre chown &a Fig, 15 and Fig. 16
respociively.

The graph of fog ap/T" agatast 16777 hoo o Elecomtinaity
which hreshs & fote twe perte of differest siopes. The low Csmpervature
region gives an exsegy gap 0.2 oV which is i agresnicat vith ths
valnes etainod by othor werkere. Tho kigh tompersturs sogden gives
& valas of 1,40 oV which is onueh lawger than 20 volue of 1.08 oV
shtalnod by Gillsas (%), The offecs of (he prosent result would be to
romneve the decsntinnons varistisn of the high tamporstere saergy
2P ia the vegion of 95 mel % Calh shown in Fig. 3,

Tho grapis of log @ > EF o oainme 10%/T to linsar enly a2
pote gradicst of this graph gives the msgy
separetion sndaciion bind mindma 28 9. 52 oV 22 0°K, The
Wwwmmﬂu 3. 08 oV a2 voom tempersture. The
tumperstuss coefiiciont 4 ibia Hbant sapsradian wenid therefers vosd
to be «1. 5210”7 o¥W/"K to make the twe volues scupatible
5 poor sgrasrases with ks velve ef ‘Qﬂ@a@ CX 1 @K gheen
fact mere retend workers, Cosdann snd Piller (16) Rave gm
mmmmmdmmmw decrenses as the tomperaturs
re59sd, o8 & vate of 39 w%% Thin lattar value would :
ahout .25 eV a2 ﬁ £, B factoy :
ihen ¢the repait of the sbove ansiyels.
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Discussion of errors.

The InSb=GaSbhb semiconducting alloys.

It must be remember that certain errors have been discussed
previously. One type of errors was due tg the formulae used

to determine the electrical energy gaps. This has been dis—

cussed In section 1.5 of chapter I and in sectionm 3.4 of L
chapter 3. The‘precautions taken to eliminate or reduce~the“
experimental errors were stated in the proper sections, The
purpese of this section is 1o give a value of the error, in
the energy gaps, due to the scattering of the experimental
points on the graphs of InRFEvs. 1/T. The scattering in the - -
value of each slope is approximately 5%, this the exprimental

error in the energy gaps. This error is greater than that

found by using the standard formulae for calculating errors.

The InAs-IqéSnTe semiconducting alloeys.

In the case mfthbswallpysrthe scattering from a smooth curve ﬁa
of the electrongéoncéntrations and optical energy gaps as a

function of composition (Pig.l7) is greater than the experi-

mental error.. It must be pointed out that this does not 1NVa~

lidate the conclusions of section 4.6 of chapter 4. Also it

was stated in that section that the final results agree well

with those of Williams(30) who has investigated the~InAs—quGeS€

and InAs-InéGeTe-systems, The scattering is believed to be

due to the following factors: (1) a non-complete diffusion of
impurities (small concentration of In,SnTe), the ingots were

kept in the liquid state for'approximately 30 minutes, and (2}

some of the impurities may have vaporized and, om cooling,,

condensed on the walls, or diffused into the quartz. A few
measurements were reapeated on the-same‘spgcimens and the

results were reproducible withim a feerer/centsy
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