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and ammo in the calculation of diffusion cu-nut
dcauttnthcvnluoootnudptobouhaanut
the oquubrtuu ulna.

(iv)  «panama
Ehnnunhrofcllruoturtorntnnputais  a untun faction of

and till?!» flu tame:-aura vu-ution
of the conductivity, 0 . is 4010331304 12131311: ‘by
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its  or chant autumn. in tho toqcuturo an
tmmm the man an than tummy matted
ammo  an-can o ms nu
tcunuturu. tho lam!» unttutu hy cannula
phonon plan in doltaut role and no mount:
docrlauo with increasing «war.-nturo as §a”[3?}.
he «Manny. 0 . to

a an + an I}! (1.21)
Ofitrfla tn: nth auuou (1.22) urn

9 . -.+ (1935)
mm; auntie: (1.5), (1.21) an (1.10) urn

luuonplototloge
virus)./2%tDonotnt¢ht11.u£ronthItJ.oyo
otvhtehthanmrgnyotthounloouactox-.onn
tout».-dud.

his as to appzoxuntoly 011311 to the
any my 4ot&uId I: 1:30 optical. nburyuon
jun [55]. in ma tcwoniuu.-on (nun 500!)



1!

the utnnton to new unit [56] at the canonization
or union no «tannin  by the untena­
uwle deviations run: that In an «man causation
D9350! fil 902316103 970

an aunt: of tuna: tutu exponential:
rm: moonuu [5140] an the  or autumn; by
the «pun: nu vumuémx noun or the zatuoo. an
electron and hole aunt: ratios as  usual
to it lllopulcm at uncniuro. Bonner. it in not
an fin nun «wan: Lanna with tnaz.-tutu;
tmuaturo [61] .

1.3. canon» 13  also
no Oloairtul pa-opostiu Of unooaluotoe

are profoundly ufluoneod by data Iuuotunl
and aided incarnation. conversely. an oloau-1on1
flOI.lflrOIII\I on In and to  Ink and
«mans; in Intact otnotun at has tun. In
the nut.» of  «Minion. the nflncnec
at surface suturing. «toot: unoctntoa with an
fin. ittiuion. dtoloeaticu, ate. [62]. an to
be «unicorn.

1.2.1. nouns:
flu on-nu 303.11%: or 5 menu deposited

polyu-ntnlnu  will have «animation: from



O31‘ oofliofllg 00321!!! by 11:11 lattice
uhnflou. taunt llwllliltig ualoenttau an
Impound nu-tau pinata: [£3.64]. name the
unit: nanny on In exp:-«ad an

-3-o-L-+-L-+-L-+-3- (1.30)9 H. *1 "4 "2
that ‘ho uftiou L, I mm d upcuat tho htflm.
13911-1%: not dislocation muttering can the tan pa:
1- to  all caution absurd in tho vulva
otutrontaonnortlotantthroourrll.

nu «ma uunuon ans. 1,. to:
«:3.-to:Itnth.1n!11Iu$au.vuIu

-Q; . -§- .7}; (1.31)
than 1. 20:1-unto in ¢vuugcoon.1mI.on the an it
turns outta-tn Ill in no to link nattortu. no
urine suturing sun can to mum to [G9]9: ' ‘f 1’
wine 1‘ -«I/,_ ,a:nmmamuoumnnm
llutluunun-«path.
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In union to: (1.20). in average canto: nobtluty.
up unfit ftlncaniovllttonno

I, ‘ 2;? (1035)
van; cannon (1.31) and (1.33)..21.. (1.34)'5 ‘I 1+)? .
nu-oduaug the nattcrng coefficient. 5», use}:
1: the probability that I carrier to npoanlm.-11
ronootod. as in the out of nut run [66], 1.0.,
out 1 fraction ¢;»(1 -» 9) 0! carriers :11). to antic:-«I

dttmdvcly. no tun 1/1. in equation (1.31) will
change to (1 an p)/1..

I, ' 3;?’-57¢ (1.39)
at $31113! Vfluol 1|! fills ‘appoint to be

null. man to an indication of localization [£7.68]
otaarrtort. Itthnuntau ptihluotthoorlor
of. or Ian an. inn 1:191» nun; than the curse
nun.-tor 1: not anvil; in extended states.
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1.8.3» Qlnlltfl 8130 321003!

Via the filcheee of the fill 10 0&3!“
wttheaeeenerfieutlneeuueeyetheuthe
effective «means eeveleegth oz oerrtere, ea
eecnietory Iehevieu in no transport P!‘°P03:t:I.ee
[69-T1] ee e tueuau at tuekneee to obeerved. flue
Le because. the n-enevea.-ee component of «eel.-nonentun

to gmmtteed he to the flnlte tneheee or the 211:
end the electron etetee eeeue glee: (tee:-eke energy
veheeiaflethtnnle. thaedleexetueeevillbe
nddnn only 1: fie epeotu between the en) une­
1.e1ezaeretlnatheh.'eeem1uof'IIte enbheet he
to thezuel eeatteenc. me qunueettoa I111 1.-eeult
in the eepereuoa of the return or fie minutiae
leelleettletopettheveleaeehendhyeveluewhzeh
1e the epeezlng _I-tween the en mm. Studtee of
Ben: et el. [12] on enpeeeted yezyoueteinae geneaam
tune en: the weeeaee of use etteete.

1.2.3. Aneeuew ltreate

he emery eu.-tece te eonuenly oeneidex-ed ee
eyhea.-1&1. Eovevec. for an elnpeotdel energy nsfeae.
it Le font that the eenlhouvtty and etreettve nobility
deoreeeee to e. flute nlittna value, even for epecuh:
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reflection. for vm this 11130 [$3.73]. an u-Anna-t
ya-cantor: 13 a uutoonanotu 111:. for in clltpaoidal
any cu-not vary with the aruntsfion or in
nets: to the tin with 1-«poet to erynhlloarnphto
an [14].

11» 2 C ‘it AO‘§17B“»0§

an «maniac dcpuauu at conductivity
at fie 111:0 nun tho activation any value. For
crystalline film an «anal outrun are obtained
that for non-orntnlluo run the plots all not he
cacti: 11:“: can no will donut activation aura.“
I111 be oituaol. 1'!» activation mug, All. has
tho tame:-stirs dopudoaoo or oenduuvity 1.:

(Ln
‘”" "‘ir!7§?:

1.0.. A] an --gauge) (1.35)
In conductivity. 1! , mains to the Into-Orunuood
£31: [68] to

0 In -fc(3)§*- 13 (1.37)
than  ~  tumtsonun. the pinion
Housman of c (I) to that it 1.: than eoatuouvny or
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«atom :1: may I. has equation (1.37): in
«units: any on to written as

«==--+.-iréa-£53; « «-  «-1
(1.38)

ruutuu Iqintioattcnnhnunthtfioanuutvo
cpoauu «us to: the uatiuuu turn.

no first one 1:. than

% . 0; ‘O._lt  ‘U’  > t’.
Q03

41 - -9- can run, -§- 43 (1.39)
his tunes 3 oofluoflvlty  onion. no the
aottvauon unra uuuroa oxpornontally u the
gradient 0: the ocniuttvtw cu-tn soprouau the
uncut any oturzlnuuatlutpoet to the torn.
calm. Baum. it at «man on can have at the
iotNInnltopo:tMhuI.u1nthonue:oryItt1­
nu uutoounetom. the nous-sac: any in «mint.
In out: man. 3 Ion «nan aotauuna cum’
nuntu the nu-1.1.1:: pupuruu or he Intuit)»
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AltlO0OIICIIO.12(I-B,)<.k!.

Ala --§-f¢(l) 3‘-Edith! (1.40)
noovongooooaaot oontozoanooohooyotonto
tho than). may on! tho font function to oonotnnt.

1934  “I3-C GC%Ou0fl

1.3.1. Gourd

no ottoot of high olootuo flouo on tho
olootroulo conduction 1n ooluo no con.-zlod out for

the :12» an [15:16] to oonnootzlon with tho Itoloctrilo
broouotm 1n insulates-o. In honogoooouo uutoouduotoro,

at ma fioldo. seminar (7?) aspects: that an
nobility of oarrioo.-o doorooooo with inoroooing ttoldo.
his doc:-oo.oo in nobility to auto to en zlnorouo in
out-av and opood of tho oar:-iota [78] by the oppliod
noll. no our-1-out to o oomoondnooor to ohno upto
tho and to: vhioh tho oloctrou drift «loony oquolo
tho cont! volodty and ooovo thio incrooooo slowly with
increasing {told [79]. fun not olmto iohtciour to
no to tho conorotioo of ooouotio not by the oarrioro
whim tohoo place when tho drift velocity oxooodo the
and volocity [00]. Hot all tho ooneuctivity ohonaoo
observed in tho ma nous are duo to oranges in
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noitnty. BIC to Anni mutation at thllou-10101
Sittu iv In «return. thus» in onuottvuy
have has observed 1.:  [ca-0!]. 0111»: [I4].
III'[l5] Ill Ilflflv[I‘g§7}o

153930  330.0”
the dutrtpd conduction thaw a un­

audutoz to highly dependant an the potoatul barrier
at flu nu).-uul.ooauctu interact. no pouatul atop
ohncuuuronltotthotnsgotorutlll. no
soul. surface Menu polarised In to the coupe or
an chain: and thin in hr! 080!!! an attractive
term on tho 01001::-on. Ibo potontul any at tho
electron £110 to the 1.330 force 10

—-—I3—— (1.41)¢‘~' . ’ 16: c ¢.x

Ilnroclltlphightroqnloydtoloctttounhltuad
I in the distant of electron fun the clutch
tartan. ‘thin that turn affects. uh; an invariant
M10 111 the actuation noun Its: the «trout in
chatted:-11d.%ct [89].

According to sanctity [CI]. in huge tune
in nutod to I distance. 1,. or the electron not
the oloctrldo an-(nu. nine: in nppliastioa of the
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electric run. in utofitoa at the field with the
then forum at its interface lowers tho potential
Harrier. man 8 potential barrier for mat“:
autumn [90] 1: mum in figure 1.2. no menu 1:
1mm by 43%. (cotton 11;. in -an fl-euro 1.2) an
the potential may of tho N:-2.-101-. undue tho
influoneo of than 21014 with 1-«peat ta flu turd live}.

at tho onotrodo. 1: 1000 than $0 by A433. 1511:
uzrmnoo 1.: the tuna mat. 41¢’. in

A133 I  * 2*{into

‘-0.9; A¢a 3
turn 53 -I to’/«Once )* tn the sanctity factor. no
0100131040 lilltod current density in that hurts:
lava-Ln; cue. obeys the ntalmxdoon-sohotttx hr.

' ‘W (1.43)J In A1'2oxp(­i
1.0.. J-1!'o:p(~‘Po/k!)03p(-fig;-)

(1.44)
2

gnu-ago “$31. Vhafito clash-onunafuo
path in or the onto: at in mum thtohuu than
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Figure 1.2. sohottky effect.



oqnttea holds [91]. «nu um uncut the ctroouvc
uuotthooloctronfartluodouhtaaaottho
OUI‘Ifl‘ I [,3]:

luau. an 1 van. 1* aohtionlhip mu am
nuouu-11.: an); I aohottky effect an imported by
use [93] in no 111:». At 19: mpoum-o non
amnion out In the daunting oonnutzom moons.
no «loot:-ode mama conduction pzoocu chum: from
sahottty to £1011 0:10:10: melanin: £94.95] at the
tcmmtnro or the maple 1: learned. I! tho aunt:
of carrier: to too 10!. it V9.11 control. the $9131
om.-rut and the uncut at ditfuotm any hour: the
aohmtky Iuurrurl (95.9?) at the nu!-nonaoonautor
tats:-taco.

103030 31! 11I$O‘ PIOOOOI

an applied electric £1014 luau the
uulonbto potential banter. man: to the lowering
of tho manna ionic: in tho achotth afloat.
‘ma  at that potuunl okay: rock’: in
[fl.99]. an in «nu the 20910-hostel afloat
[£00,101]. :3 than in flat! 1.). no Poole-rnonkol
lowering of a ooulonbtc bathe, 114:”, I111 be W100
that can to salinity afloat. item.» the potoaunl
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Mauro 1.3. Paolo-I1-onkol offset.



Oomotunulnotrnntthouulonuo and
to - ta/lugs, inch to run than the no so
that run (quite: 1.41)

A¢” ‘
A951,, an a,,r* (1.45)

than an. I ( -‘-é;-)* to in Pools-brutal factor.
flu value of 459" an 2 AP... According to Pa.-onhl
[£00,101]. the custom «nut: 11: mo one to given” i

3"3o¢I33(£$') (1.45)
than I. to an 10! that current acuity. contacting
in sun»: mp. 1: as ‘man... :5. ma non
carom doadty [192] an to this but 11:31:04 conduction
:0 i

I In J. an ( fig) (1.41)
aunt. this reel:-Irouhl caution lppltcl

any In tho and cannon in the auction at the
11011 [10!.104]. In  I.-worn auction, it tho
11014 has lemma. 3 wpothcttcd. a-tutu put to
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mgmuwmntmsl. Ina-unauax[1o6]%u
n nummun to the  ms. eoauua-an;
to fllwnturo domains; at 1:» uncut. scouring
in {Lin at Ann (107). tit tuna-nun
iopnnlnttuntnthocapounteumotbotahoutors
swept: utunetton towns halo-rune: and nohrdaoa-'
Bchottky melanin.

1a3o4o 310013010 Iilitol to H1! ltllltol

It the my 1.0701 In 1 ultooatuttz/unhtor
nu-upozfinathororu. Incl. ncatrfiodnor
aunt: in nu. the onhcnvtty in that Intuit). will
to 101:. and ulna: than coalition it to nouns in
oiurnnaolutrodotohlklaaitol trnmuuontntho
«auction process [:68]. at 10! 101308009 flu coa­
unttoa prune 13111 It olootrolo 11-sue.

At 121% wltlcfla either non auction
of chetronn tron tho «thus to we conduction
can¢%1£thohn::1anttIoluu.1uvo1£svo:y
ma. Iwnfi~ow1tauuaudn3/aotfihomu-asap
taut tontnuon as tour. my an uncut of hen
than 1111 In a and «aroma in the contact 1.-ouotanu.

flu oloouoto uncut pa-noun pcuodmtnn at
tho lo-um: um. and 13 mt can the contact maniac:
Ialliohtghuthunthclnatauttauo. Aotlu non
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tau:-Inn. the outset. nniutamo acetone! at at
I particular applied voltage the contact 1-ntatanu
an in bulk zuintuoo inane equal. ntruttor.
than will In in often tort!» cannot routine:
udthcoonauotionunhohnltutod.

1.4- conduction an unwanted comma suuoencnotor
111:0

I-o‘o1¢ “CHEN.

an tuturu or the my “situation
0! tho donut: or claetronto cut» or
uuleauotom are no chap attach:-0 in the talcum
and conduction balls, and than abrupt tuutnuttoan at
tluIvo.J.onooIIo.fln1:l.nIo.IIdc%t$.onhI\1ll1u1I:I.
flu tutu  mun rum: tho had all that
{aura of the ‘hand nu-nature no the ooauqnonou
otthopactootnhortnuoanalomgrnago aunt: of
the man. In 3 duo:-toga on  uuoouuator.
tloloncnuooadcwtndutroyodnnathowomrungo
calm’--the tntuatofl.o nuance and the valence angle­
to any unduly perm-an [s5.1o9.no1. an «am»:
of an Inna nodal Utfi «unity of thin as be appli­
mtlo to than In uuhntu unoonhoucc [111]
also.



1:44:10  laid:
ntttu.-at anon have boa propoood for

the acuity or auto: of auorplmu uuoonuotou
and according to lulu.-can [111]. the stun homo
locnltnod Ina: tin top and bottoaot in hunt.

(1) cm nodal

According to I 3601 proposal M Cohen,
memno and outlast: [115] (cm nodal). an
localised stain in the had tails are caused to
autumn 8020!! the up in I structural»: 6191:11­
hflou (flan 1.4). no anrpnou of the «mutation
cunhmohuumouudoutrondwthonmun
«woman in the lounul tutu. an ovorhpnlac of
in sun of no oounoflaa and 11:19:00 nu loud:
to the positioning of the run 1010). an: the mac
otthohnd. Ehucronololvupropoudtocxphtn
tho tlootrtcd propuntu of nnlttocuponnt $100­
uddo glans.

(11) Davin-Ilott and

Author nodal pmopoud by Davis and lot‘!

£114,115] znmmm that the can of an localized
state: an arrow an atom only to 1 in math: or
udootzonwltutho tcrlladuppudnlindot



N(E)

tissue 1.4. 010

N(E)

lieu‘: 1.5. Davin-Ion nodal.



«annual 101010 unto In: tho mm or an
nr(fl.mu1.s). ‘ntnnwinndtutuoto
Iotooutnthonnu-ulullnropnttltooduu
cal acceptor kit which 1111 :1: tin has Incl.
A sauna: any or an Hunt: [116] «euro as
tho «undo! scan all at the wanna 1'1.-on
utoaud to 100314301 stun pt-among 1 nouns:
04:0.

I'll show coach aunt that ‘in nuuphmu
nduadutoru the unity of stain «on not
«won:  into an pp. but than Inc
an «ounce peak: [:17]. can run low: in an
n can on to data:-and In an aunt diatulmtton
in fan up status.

1. 4:3: Ooflililvtif

flu «luau-soul. continuum in an Iluphou
uulooamctlr in clonal: nut“ to tho ulna Cut:-to
hues at that «nasty at autos. than continuum
peanut. psololtnung at auto;-out tupouturo
anon. on In umunu Icing. the bananas: soda.
1% vary in tuponiuu conduction can occur In the
thonnuy udnu twinning Ifltlfll cut» at as
man love)... M ua tqontuu ounce can-sou
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an canton into in zmnm men or was ‘hut.
rllnuoaxrtcrntnlooanloluutoutuhpaztu
ooahotiou by hopptlc [11I.1.19]. carriers are
omen nun the aunt: one mm the amnion
cut» at vory nu tomontlru and actuation
court in cxtonld man than the mount: also [:20].

an chug: «atom in can nu-phou
ooatoollnotara II: can: 1 col! trapped nut
(Q11--pols:-on) in to tho polarisation of flu
nu-unsung «mun htuoo u ougutol it Ill:
(1211. has at :1 [122] have 039104.304 the unpara­
hn uyuluuo of eouluctlvtty by the can pohron
hoppsag.

ltpcrlunul ruins obtain! for various
totnhoda.-1.1  uuauhoteu 111:: 1110
contain: [123]. tutu: [no]. and 1»: you unt­
gaauator run nan u,u, (124) an «mu um:
taut: nuns uh An-in-on [125] tarot nu tho
uuuottnty proposal nil: the but such.



cumin H0
Ofllflflf E31011 II ‘ifll Hill

I010}:-uutooudusoi-on contain 030 00:;
Inc:-uni in tho unoonllotoc £00100 tnlmeloa.
In 0100121001 pl-09021100 of tho 00doou!0ot0:
030  by in 00:31:00 011001: 0: inn 0:»!
oemsuou. 1&0 dI.!'£0z0m0 in than 010ctre0t0u0 potonu

$101 that 40001090 002000 $150 at 0:10:20 htwun 0

nouoonaotu and 0 001:0: phn 00 nporunt 0010 in
conduction. 113000 00:0 uttoz.-0m: typu of Iota!»
otfloouhotor unucu G0p0nd1ng upon flu pot0nfl.0J.
d1.tt0r0m0 at tho 1110:1000.

2.1. emu 00000000

In 0&0 smut 0% ‘mo I0t01-ullooahotot
1100:1000 I00‘! M10: 0 Ilnlnn 0-001000000 to in

cu’:-0m 1100 in both 0100011000 000: 0 0100 tuporaturo

00010. 211000 00000000 000 00 mmauxu 0000000021000

by that: 0:001:10 cannot r0010t0u0. 3. [:26]. 2310
contact manna. that :0 @1100 1'0: &0 10:30:
oontutsa-00. moulabounllouorooupanblotothn
000100 0-00t0t0n00 0: tin  I0t0u01 04300000



to the aontut. for an auto contact. me use-in
nuotnu an to was an the spreading zuutuao.
3.. (1211 men 1: am t;

n. - -5%.---" :9» <2-n
when 2 1.: tin attentive «aunt main and a in the
tmohou or the 11.13.

101' ‘ » ty­k.~“’ E- (2.2)
I" V W (203)

In  uuuntatu 511- the value 3.’.
sucks: up cuutotux,-an... Aooerdugto
has 0t :1 [I20]. flu than of tho total contact.
poupiery and van: th1&ou play mums 2010 13
controlling the cannot autumn»

2.1.1. reunite: of in contact
an non of the unoonimto:-5, flu reunion

or the contact in by the  at tho mm on the
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urine of the untooahotor [129] . 111 which 3 than
funulloytnfornoatnthonoltntorlu he
taco. Rooryatolltuucn iron the I011: unite us 3
not old» contact at in oatooilluotoc-conductor
interface. and: contacts on snorted on posts
Mi-I8 Ac-In-no 9.27.130] and 413-6: (131,132) and on

p-II! um been (153).

Another cane oontnct ntaJ.J.$.ut1oa lilhllll

in the sintu-19¢ pa.-noun (1.u..to11¢-auto
diffusion) [134]. In chats hhsvtou unit: 1:20: 0.
oonuutton or the «ping cotton and int anaumuon
of the  that into the Imooadtotor. A change
1: the «walnut banana proton! in unconitotou to
am-.111: nmung mm  up tntortnoo wnmi
slttmac «mm «unit 1310: none uotanoon. tanning
In 1 oouaaonuotoa-conductor tutu.-tau which to not
ah.-apt an as none
2.1.2. Inn at the contact

As the uterine: um». .10! ruutuoo to
in «Iran! tin. tin and contact on tnacot outfl­
etut «art»: to the uMoo&otu. than an
nits:-ant type: or taunting «mung.



(1) Ion «locum:-nu out

An olcotron in; eating non--dugout:-st:

sonnet is thorn in 115130 2.110). Injcouan tutu
pmm :2.-on a‘ man; to an an at in meat».
on: the 3*» n on 3*-utnnuo suction. mu contact
is not ottntivo at low tinoutu-cl Ila:-0 outta:
trace out tutu plus.

(it) Dagomntc can

an dttroruu botuua this cannot and
the non-«gaunt: on to that the 11"’ region 1.:
doguoruu in this one (nan.-0 2.143)). Bun
auto: rrunaat cannot take place in this 30519::
and this «that can be and at law toapu.-Mara.

(111) ‘tunneling outset

it 10! voltagol thin contact (flan-0 2.110))
acts as 1 blocking contact. 1'!» potential barrio: is
to this that the nppnoataon of 3 null voltnal pronoun
the tumoltng at olootron from tho natal to the uni­
ecunotsor. Durand «nu voltage tho sonnet can u an
tnjoettu «nut.
(Sat) night um:-not l'CIll'I'0$8 contact

Arum.-votxotcluuuauahuntolat
tho tutu.-non, by manna up  vuh an



A\\\“.

(C) ((1)
figure 1.)... Iohmtto any but contact: for

clout:-on tnjoetiono (3) loalogononto
contact. (b) Dogonu-ate contact,
(0) tunnelling contact. (4) light
[turned roux.-vol: contact.
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ictcucbccncfliatcttnqfiy :2 Icchthct
lav > 1‘. (riwu 24(4)). I: this prcccu c 2.-nu-vain:
cat can can also he prcccccd in the valued had
an clcctricd contact in chic can
can it provided by I trcnopurout contacting fill.

2.2. schcttky and Ba:-dun lam-in:

nctalpuliccncuctcr interface which ctrcro
In rccicecncc to cumrcnt new in one direction and
high resistance in the cppccitc direction is cwnly
«no: 3 Bohottky barrio: and has wide use in into­
aatcd circuit technology u not switch or for protect­
ing circuit shunts ta.-cu mg voltage tnuicata.
no pomnua us.-rte: ct barrier height. 45,. batman
the ram 10701 in the and and thc majority carrier
‘hand can of the umacndncfict. at that interface in
Int ilpcflcnt in c 0tfl contact. mo):
3 bun-in hum; Q’, button a null and c p-typo
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depletion layer at the tnterteoe Se dependent on the '
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3e’e3e ‘$981 GOBQGGV

Iftheretenoreeeevuiretohexgeetthe
contact. the content 1e called neutral. content. than
neeue. the conduction head 1e an right upte the
tnterteee end no but henna; 1e preeeat.
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Figure 3.1. Schematic energy band diagram of metal­
aeniconductor contact. (a) ohmic for
electron injection, including electron
trapping states; (b) ohmic for hole
injection, including hole trapping states.
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3.2. such auto Ono cutter sex. our:-nu
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to span «inn. no an-at entity. J. 1: Cut out
my to vnttu no3 ' FY (:01)
when I’ 1: the «am iajactod an amp cama­
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Ihornatothotoinllnjootodn-uohnrunadfu
thotnnutttuotntruolutronbotvuniho
electrodes. In anumuu tho nrz-out County. the
cont;-thtton at «mun: on-rut an In noglnotod
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a .1 mm‘ (3.4)
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100:. V I “V/C)
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‘I: " *3 *
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1.0.. I... .  (3.10)
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man I; an I. up [(3, cl.)/if] (3.11)
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trap one [160] no
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Atacahtomonutnrothozouuthoeulyonocuchlovol
to: an «art». than in sand the Montnnat
Janis’. In Intro! Ina up materials the dammit
lnolntoaltobothouuapom-iicauvhuoutn
van: land 9; mu:-his om localised um. utmn
tn pp ‘Bond: to be dodnsnt tnutonl.

no oonoultrauoao of the dominant lush
and their locations in any tuotlm: with the
concentration of electrons oontnthtod by noun
coma dotu.-dun the xoocuon of the nut way.
A somatic any love). cups: for Q and contain­
1n¢eod.unto1oet:os:n¢ho1onutu1obo3.1odby

sin ant sq aoupoouuzq to mu 1: times 3.4.

3o‘a3¢ 3DbO1"§I *0 301.4113 $‘fi

Dot! 0&0 and 801. «area on 15:23:11:
counted and in arrcuponnna actuation «Oran
gin the intonation rounding the looanud levels
tnfichalcnpof tlamtu-u1[1-84]. nun).
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fFigure‘3.4. Schemtio energy level diagram for a
ao1id.containing dominant electrohr
and hole states.



activation aura far  commotion in auto
ooadmtnn is Ivan: tutu):-ottu 1: one or the
turn munuo van. ma... run an hall on (numb.
tntrtlnto) . sou my «pin (Intuit:-oxtrtnotc) or
lull’ in tap depth (mama - htfily Cont).
Macs.-nu to nouns an autumn: [1051 the yum.»
at population of tin Conant Inch can into two
ddutiou tonal no ext:-13:10 and nun-uh-tunic.

the 13:17:30 on be nation at for on
It-‘Inn lntorhl. no extrinsic coalition corresponds
to canon tinge to the aunt that tho location at the
had. any «points on the noon dour aoucnttnuon
(ln- I‘). m the not-extrinsic outs on together
tocollcanaacs-Iztulo. thtlstmrlltorutncludo
uuuou (both tampon-O bond: Mutant). halt
tuuzluu (ac taupe;-t tun Mums!) and «unwanted
(uiahu tampon Man contain).

1: the omen dean: concoct:-sun 1: until
tn manna run: the concentration at damn
mottodtronthododnuthnlolwoztothnaounnnt
dawn 10101. than tho Rafi corn in 1001304 in
not 3 any as to auto flu ooncntnuon or oloouvwn
:3 mo «Hunt clout:-an Ind. aqua). to the oouuuation



6!

otlnlutnfiuaonunnthololuol. Ehiltlnllod
the ‘non-extrinsic‘ uiufion. no cztriuu counties
crud: than tho oluuon (M10) couoomrntton ennui.­
hntod by %uoou «Ion (acceptors) axon“ ‘N100 flu
¢ olutaa (hole) ooaooatratiam In in:
euu fie read any to determined ‘by the: tune to
which at oontxaiutol than-on (halo) onoontrsuon
11110 the ammo chat:-on (M10) level.

an activation may for sun-extrinsic
cualotten 1: half fin aura separation Mirna tho
«mum 10701: plan the dopfl of the dontnsat 1:").
til: 3102115: carat». while the utlvntton any
tax oxtzinto continua 10 just $0 depth at the
taunt level to: 33105:: unto: alone. an
aouvuuon any acquired to popnhto the «lanai
luck in man the aura ups:-anon when an
aodannt luck if the condition: no an-extrinsic
and are 1! tin «caution an cxtranuc.

‘nu total. aottutmn «mean for ohuo
uascI.conuat1¢nvh1ohurotuJJ.y%uul1nn
and 9.. oanboowutolutolloarl.
For tho cxtrtnotc and

n In I I. ugh-I./1!)
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1¢Cop I. ‘ .' ) " up I-(I,-1,)/H3 (3.23)

Gfl

9, - E out-(I,-1,)/1!] (3.24)
In this out. no aunties norfiu for can and
sex. nomination no uutaonl. [106] an «in. to the
Mutant trap dcpfi.

191- m non-«tunic ani
a .. n¢(:=) ..,...un°.n_) 4» m_. 2‘);/rs

(3.25)

and

an " 2 up I-(I,-I.)/H] (3.26)
no activation outrun to: nine at sex ooauetiun
no different. Inna. tho utinuon any for
801. caucus: 1: out for both the nu: bounce flu
manna apnea cheat «auxin non-extricate emanation
#0 «undo conduction.

no show nnlnto provides the Return­
aohlltlin than-u [109.1I‘7]. Wltfuut (or aamaen)
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activation mm.-gen tow ammo and sex. counties 1.:
both necessary and «mum condition to: onto
emanation to bone:-o:t:1ua.o (or at:-13010)".

the doutant Incl approach 9.: an uufnl
in accounting far toupontuu mun chances in
activation 0102310: for clean-on conduction [137 1.
A dcorouo in slope at an aotintaon may plot
as the  1.391-nun tulle: an tho mum
condition in non-extrinsic. SM: nodal have Inn
sppnot to oupoutol also or one [me]. roauoono
[us] 010. to «cu-an the zooauen or tenant
any luck in an anus.



0853338 10%

BIELECERIG PROPERTIES 0? $3 11138

the dielectric i-eepcnee ct eolide province
infu-entice ebcet the erienteticnel enactment of
dipclee um the treneleticnel eianetneat of mobile
che:-gee [1901 present in the dielectric eediu on
epplicetica or en electric field. Ehecceticelly
the dielectric content of I ngteriel ehculi be
pt-eeerved can to ten etcnie layers [2191] use hence
no wiohneee dependence in expected. lceeverc, in
min mm the dielectric ccnetent in round to tell
tepid]: with decreasing thickneee [192] eepecielly
for very low thiclneecee. thin m-cperty ie depcuaent
on the depceiticc technique end deposition conditions
ct‘ thin film.

4.1. Dielectric Xoceeee

item the electric pclerieeticn in in dielectric
ieccnee unable to tcllcv the varying electric field.
dielectric lceeee occur (1931. in: Ietel - thin :11:
dielectric - eetel ante: en be umeidered ee e
pe:-ellel plate eeyeeitcr eheee cepecitcnce in given
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C 3 """'2“’
than c 1: no «nun puuttauty. :9 1: the
poruttuvtty of an uses. 1. an the electrode
an an d to than electrode copu-Anon which 1: the
tuahauu or the nu. than the dielectric loss 1:

than B 10 flu {tutu pa-11101 zcutlstanoc of tin
Iyutuvhich uunynrgonad .0 102: tun the
tnqnonay. Dielectric ion in 1 tan property and
can not (open! on fun thickness union tho detect
structure of the :11: take part in the relaxation
proaou. Deviations ma ctctouentry In mat:
the ualaetz-to louu uhtbntng strong «panama
on «position condition. In tho chain of alkali
hue. £1113 [1!4.193] in admin: loan Inc;
found to doornu noun: nu sgng tun aflor
uputttcn. florcnt. d.u111out11 ion: loans
have In: reported in nun eryud opatuiol
tun: [196].

4.1.1. 12011033: Dopcflcnu
molootuo 1-citation puts an churn!

in ‘than Inn: at vary in troqnoaoaon. an: 0.01 ns.
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Hanna, at sumo: troqucutu has path but Inca
ohurvoa Inch an an to nlcutua or put: of
pout throats [191] and mud D1 Itruounl vttzatmnn.
An temperature to 1.-and the auntie: put: on
churns to nova hurls higher 2:-oquonatu [I96].
Dzlolcotrie Into:-$.31: pennant “mums units“
of nubile charge carrier: to not show any lau put:
$0 tho lawn! uttumhlo frqnonolu [199-201] .
Amorous to min [802] tho concentration of dipoles
13¢:-cant oxponnttnlly nth tcmorutvu-0 an the
2.-olsnuon doercuu nth temperature :31 also «pond:
on £1-«meaty:

44192 5 Oolu-G010
no iiolutrio data much u poxdativity

and ion a I function at ta.-oqnmy and tcuponturo
can In 6109131011 in tho tours or graph: for in an).
ant insnnu-y parts of tho pozuauvtty. A udotraular
graph can be obtumd by plotting the tngtnu.-3 pan
or pozllltttuty 3 " at a particular frequent: saint
thnrulpartc’ ntthoalufroquonay. count!
0010 [203] In the fin‘! to introduce thin nothod to
«plain the roluattoul Schwinn 91' urtnin (1­
olootriu in scum-«nod with than Dobro thou. Haunt.
tn: Ooh-cola (nan: of nut Ionic do not fin the



-mm ad.a11-«la: area axpaotaa at Dana araapoaaoa
and the ant  rancaaaatauon tow a hoaasaaaou
Iadiaiathatraqualcydapandamaoftharaalanfl
tlngnary aonponaata of tha ualaotrto para1tt1v1ty
(190.2041­

‘ a 2 a 31010 @3210 YOIII‘-ICt1.3

zarca mafia: at atalacu-to polarisation
Iaaaatna an paaaibla in polyaryatalltu or anorphoua
thin rilaa. any can generally In alaaatttaa in-to taro
aoupuca [£05]. one due to tha pt-aaanca of intarfaou
am an othas a waractariatia at tb thin £5.13
tats:-:I.a1 ttult.

4.2.1. Iatartaca Phaumala

Ina oouaantrattoa at vs:-tuna man-pd apaaaoa
pa:-aaant naa: the into:-taco: at this 1'11: atzuotu:-an
eomriiua to in aadtnoatzlon of ualuttie proportion
Evan in tha aaaanoa at any an-rant than can to apaoa
elm.-ca regions and bunt-in-potaauala at the ant at-fauna
at tun tau [zoo-nos]. no  ammo an to
aatauuaal by  aha atraotiva polartaaturn
aux:-auto xnuaod ii a $11 an anal apyltad aoraaa
Bavavar. no to attract: alaa  to la
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aonuoua mu @nut« the prauun he to the
baud heading «on at one nppnoi full [209] .

in approach: to the problem of detox-lining
the ottoottvo ac polarisation aura-unto arising tron
tatortuo Offsets no team in the ntmmu. one
approach [£10,211] neglect: the customs of regions
or largo had bad1n¢( > k!) at an tutu.-luau. A
modification or thin approach trout: its hand as being
flat than ignoring conplotoly the had hating. !'h:I.0
approach my be characterised by 0131:; tht the
cttuouvo yohrtnuen can from the nation 01’ mobile
ehugu luck and teeth under tho cotton or the to
11014. In 1 second approach. any nofltlntttn in
oonuntxanon or abuse carriers which tun phone
in he region of band homing lull than 1! as
ughotod either conplotoly [212.21S] or 91311111:
[:14]. Banner, it tho tuners»: at tho clout:-ode:
416 not tout: the concentration cutout to than.
than than would to an interface stunt.

43212: $12 PIIDGI1

an polnnlnuon cttoctn duo to the hulk of
the tutorial inoludo dipole and dipole--11:: polari­
sctaon which result Vhll upon: noioeulu me tau



no oopoblo or output; oovuol oloooly opoooo
position in tho Avon rouon. Author polouootion
uoolnnoo to that mom tron ’a.opu-roeuono. an
yolozuotioa eonood no to tho dtotortzlon of tho
oyootol configuration of  ‘Mun! oloctrono
to  no talk offoat.

no polarisation con to loco to vu.-1. and
antennae: on tho dtolootrte proportion our to
oitosnol by Yo:-yin; tho flon (oath: by oppltcotiono
or on no man [215] an by oppuutioa or o min
(23.61) ea In thoaally ottualottu tho team-an
poloxtootioa [£17.23]. no otutoo on to point­
oottoa phoaoauo, eon wovuo vow uotul into:-Iotaon
on tho otnotuto out oloououio proporttoo art than
runs.

‘ o  o
no porlttflvtty of o dioloctaio to 1:l.fl).o

dopoldout on otnoturo or loos. It 1: on tau-1no1o
proporty of tho oouotttnont tono. In tho obooaoo of
tho oloctrodo otztooto or intoztootol ottooto tho
porlntlvity hon ton oolpononto.

c an t( on o. on o‘) (4.!)
naoxo on to tho oztziado contribution. o. to tho



aontrlhttan at doatrouo polnununtyg 1. to
the onttthtzlan of some polnrtubtnty ennui iy
vthration of the 139101 and ta to tho coatnhuoa
or the actuation of ‘I30 10:.

445.1. ktrtlltu fltlttflfify

flu oxirtnuo par.-ntttxvsty. cu. in that
put of tho porltflivny which can not sun from
in accountant tom and 01001::-out of that Inhunoo.
this poId.%t'1vtty in rural: aotorllatd to bottom:
thla ant pcsoont ubooluto and 10 anally tnnfflctont
to saved an oxtrtuto $303“.

49303. :I‘§I‘5.ll3O ’O§t“111“J’

(1) noetrouc oontrihaua

Ila oloatrento ton c. doninntn in tho can
of Intent with 100: mfin of routtvoly noadotoruhlo
tonal. such phommu an ohua.-no an
polylul AM  xv udaondnoto:-I [no]. In pomp Iv
onion“ the puufltvtty 1: and to increase with the
stone maker.

(3.1) lnelcu Ionic contrnnnon

Both tbs Iona team at not 3. Bppolr only
at and beyond tho launch. to: iono compounds mu

«nun B11600 c‘ Aoltutu. this nlu at c‘ to
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toad to In unruly 1moport1onnJ. to the  at
the 13133304 330013119: frequency.

(111) Botnuuoa 10:10 oomrnu-:19:

In «neon. mm flu 9:110 19: 1: 112:0 and
7:17 dotorlthlo. the pow.tt1v1t1u 130 40:13:10! by
the «rumble 10310 ooat:1la1:1on 1‘. no coat:-nutiw
or 3‘ 130:.-nun nth ntom.o main. to: than :11
amorphous l1o1oo11~1u H7135 pc:d.tt1v1ty gr.-oats: than

tun. ca 13 found to deuiaato.

4.4. roan:-ntu.-0 cnrttuut or oapsonanoo um
ro:u1tt1v1t:

no tupoucuo ooot11e1¢at of antenna
1‘ 1: donned by the quum

1. - Q 2% (4.4)
the tcnpctnturi oootttohnt or poruttivlty. 1’,
1011301 by tho oqumn

1, - {F {g (4.5)
10 related to 7. iv1. ' 7’ 4' I
what: I 1: the 1130:: upgnuon oottfiount or the
‘£03-C0‘§210:
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4.4.1. Iattxinsio Dunstan:

It the Lou put new the root tomonaturo
to oxoogttmnlly ‘MOM. than its aatuhtlon to tn:

1’ in extrinsic [219] and in ii! to tlhfllflmlitlws.
2110!.

1, U 5‘ ‘$3 ‘ (407)
than 1* 1: as constant «pendant an the rclnnuaa
tau. 1*. or the tnhuocmtty [:20].

I - gt-at-fa-) (4.3)
that *3. 10 1 connnnt and '5 in «paint on tho
aottnfieu may of tin 4199310.

no utrtade bohvuu: ta olnruetwtud
N bin an (inn 6 > 0.1%).

4. 4.2. Iamnio Dohuvtou

111 the that intrinsic oomuhtionl or
pfisnvtty chance with tnnorntu-0. flu 01.nu1uu­
Haunt equation 1.-ulna tho tau-tutu porntuvtty c
to the polaxtnunty Q. of I mnemonic veins ?' [:98].

tom  .. ...h.. (4.9)
g 4. 3 31.7
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In the intrinsic behaviour, 10:: is null and the
ulna:-amo onttioiat of apuitnnu in iapcndut
on tho pctnitisivity ulna. In: the vuuu cut,
3 In 1, 1‘ 10 um. I! the joxllittivity nu ibofltua
1.5 use 2.5. the cloofifio tun doninntu [:21].
than ataxia: an gnaw.-:11: plutioo with negative
value to: yo. rem unto:-1:10 having ponit-civic:
lnwun 2.5 Ind 10. ionic and olootronic pohriubili--»
tin  oinblo. Uith inc:-suing nzuu or c.
1° villi. you from nogativo value: through are to
positive ulna. In the can or c z 10. the ionic
intonation per.-dttiviw ioninatu. simo 2 is
13:50. as 9 c, and the «lac or 7. [222] is givon an

to ':.-’.. a Mutant -» u (4.10)
Expat-inntal. result: on high permittivity shun
[223] am pociisivo man: or tupaniuro ooéruouat
01 capacitance.



OIL?!“ IIYB

“@138 0! ‘El 1’!!! 3332531510]

flan 001“ £11.30 no 2:090:04 by various
Iothodo [:20-229] «points on tho typo at no :11:
1-oquuod. who uothodo. honor. in gown)... con 00
010001110! um was (at) tho ohouool nothodo out
(3) $110 punters}. 3013040. flu ohonul nothoio
dopou on 0 amino 0501001 200011103 31.01110; tho
roquzodtnlwhorooophyotaoluothododoponl «tho
ovopou.-stun or tho oaoauu of tho natural from 0
ooueo.

L. mldoolllothodo

no abound. Iofiolo B070 broadly boon
oluufloi am too. ohouon vapour Iopootttesn and
olootro dopouuom

5.21.. annual upon Bopootuon

In the ohllul vapour lopoottion (011))
tho oulotroto 10 0190001 to no or 0070201 1090:1006
outta. or mason pun. 0000 or 011 or ma
ooatotn tho ooutuoouto 0: tho tutorial to to
lopoutod. 1. clonal 30001103 10 than iuthtod.
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9:-otuufi: not: or on tho Iniotuto nrtuo. running
in the emanation of the Contact unto:-1:1 on the
min;-an an a  reaction product. the
analog). rotation on to activated luv  nun
inch to alumna both:-uni. «tunic action at the
minute urine. or appnoauan at an RF acid.
hut, ton: or 11;» auntie: [£39,231]. no warning
pzouuro for nut on pronoun 13 3 in has :36
043510 crystal £113: of semiconducting oonpouu
[33fi.2S3] have but oiutud kg cm: netted.

501010 .
Pnolqutu to the process in 711105 a «pout

of I. stable‘:-«tho of In omens! to 3101:1011 by tho
thorn). uoonpeution

33-9-A4-I

Iptuxul  01' saloon and autumn have ‘bun
pnyarodhwthopyaolrniootnuanotuiluuad

501.939
Polynor £113:-both 01-unto an inorganic-—

ouaboptopsaodtrouthonononrnpoutyshnunoot
shot:-on nu. alt:-u1oJ.ot1:nM.at1.oa or slow



Calcium. no polynortution procun result: in
1000 or hxdaogon or annexation in trading tho
carbon chain in u hrlnurbon. Replacing coat or
IIJ. or the cation nun: in trauma pains:-1 by
N.. 2. I. D. in etc. can produce tnormu polrlou
Inch are unable at nhttnlq ugh taupe:-uturu.

5.2. noctxodopoutuoa

5.2.1. lhotrolytto Deposition

Under the tnflumuo of an applied slut:-to
£1011, tho uulno tom 1:: an oloouolyto up-ate
touzdn tho oathodo and got dcpoaltul. the aupoouaoa
ntoiuproporttomltothottnoudfioou-uni
dawn: and an to Lnnuoaou by the scouts: of as
cathodo, tho tomoninu.-u and the caution of tin
olactrolno. no nmomo of the depot“ Japan
uuiuvoly on tho rate of «position and tho aun­
Mcxhttoo of thn oloetxolytu [236] and my vary not
an oriented single crystal. to htahly uurdoznl.

5.2.2. noctrolou Dcpolttion

Iota). run my be «penned by the chanted
reduction at Q mun. coupons! 1: nolnuu. without
no application at an  potential [:37]. mo



T9

Influx! 10 called olootrolou doputtia or ollnlltcd.
solution plane‘. as tutu of dopouttcn «put!
on the pi! at tho nohtia ma tho tupuntu-0
[13B.239].  the fun not an molutcd
sauna. According to 801110111350: [:40] dirfuoat
growth utter» an shaved in nu). fun prepared
by olootrolou aopouuoa rather than in noun:
«position boaauu the substrates have to be analytic
with respect to tho Ipoozlflo natal dopontod nu tho
ants). deposition occur: with the abstract tunnel
in n Ionian. An tnyortut property of oloetrolou
doputtton in its shanty to «putt until:
oohcuvoly [£41].

50203: Ifluilltlfl

mediation is u toohntqu that depends on
up 33000360 or a substrate on which 3 1'11: can In
grain from in substrate itself. For $131: Iuhtratou
dopoadont north. 3 nltnblo mutate. coalitions ru­
th can-out wuhutoal nativity for the sauna to ocean,
nuthoalommctnfinoflwingtnnucuquirol.
mediation to an uncut! tan or um.-ml growth
[:42]. ‘rho and. to in wound in undo the won
an a rush of uhouolno so an nopuu ion In
situated to in surface. Growth of an Inn: 1:113.



etop  the potential eeeeee the :11: 1e an longer
hue enema to drive theee native tone throufi the
an (2431. For obuuaaq e coherent an the pm at
the electrolyte 1e tlwteni. he fine}. thtcneee
I111 depend on the uni. voltage applied to the
note. temu-etnre at the teen and the the the mete:
1e tnneureed in the electrolyte.

5059 We uithflll

5.3.1. inept:-llodgett reehatqne

ltonoleyew tune or fatty eeue nee peeperea
by the Ioeeaeu-nloegett technique. A well defined
Iona!-eve: ementea euteea.-I an the eurteee of e eeluuon
out he obtelnea on 1 due eulbeteeee 1.-deed out at the

eoluuon I244]. ‘lie Orientetion am be altered depend­
ing en the direction of the 61991-ac. me netted 1e
need to prepare enter: oriented ex.-auto tune or
known and controllable thtoheeeee.

5.3.2. cheeaoea. anew he-that

cos.-ate 1-fits like ttuleea.-ee. eelee
or thlneetenide an Internet nth out eolntiene or
been netele and pueultetee een ‘be towed when heated
at e euttehle pn nine. me method ie need to



ympnro photooondueting film of certain II--VI
mounds [245].

.’o ,I’I1II1r.b*hQd.

the he iwutant phyniul nethodu oi’ thin
viii: ip:-cparation u.-0 oputtoring ma tharnsl evaporation.

,¢‘o 3FI$§Cf$lG

Bjoetion of the urine: atom iron I mine:
It pouiilo it tho altrfnco in honbnrdtd with energetic
pa:-uclu. thin pa.-coon in man u sputtering. A
111: can be found on C what:-no by tho «Mon­
lction 0! than ejects! nous. Alloy film can be
wasted by this ufiod without the fractionation or
the aonponnntn. than an various types of spawning
«paling upon tho tuned and to eject the atom.

3.4.1. 619! Discharge 8puttoria.g

In this uthod an electric: field applied
We olcotreln in 8 gas at 10': proitm.-cl
novilu tbs source of ion rorquitcmnc. an
intern intlnolciu this sputtering toéhniquo an
who puuuxo of the nyntan, the entrant can volenn
upcaicneo and tha cathode arcs.



54.2. nu syutarug
A null «man an in games 1:» the 2113

run respect to tho node to that it 1: nbaoctul to
tho ion-ho%dIont throughout its growth. fill
cftoettvoly clean off thu ndootbnl mm: [246] and
a loan ountaunntoa £1.13 in «Mason.

5¢4o3¢ Eriodo Sflflfififlflflfi

Blaotrou an indoctod into tn duchm.-so
by none menu to accounts 1:!» ottootivamu at the
slot discus.-so union. ma Allen to produce
oputtorod fun at low: pt-outta at tho order or
10"’ m.-:.

5-4.4. Ion nu: aputtyrlna

A specific ion neuron in and mum at
ulna It uuharfl lfltu and this cabin ten 53:00
£113: sputtered £1-ontnrgotn tn 3 uciduul pressure
no law an 1o"5t9rr.

59495: H I 3fiI$fI31IC

By applying on B!‘ field boivun thy cathode
and undo it to pouzhlo to sputum uracil: £1.-on
tuulatun [:47]. ‘Ha mm». behind this technique
1: that time vary an utquonay in and. the nogativo
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ehesge eeeenletel on the insulating target will not
be euttioient during the half mole in flioh the
target in peeitive to prevent peeitive ions homere­
ing the terget «rim the nu: cycle in which the
target ie aemtive.

5.4.6. neeotive sputtering

Depoeition oen be oeteineo of e oomletely
reacted aeteriel euoh ee en oxide or Mtride. it the
residue}. see in e dieeherge eyetee is taken eo that e
large promotion of the residue). gee ie e reeotive
epeoiee relative to the 1'11: being aeyoeited. fhie
oen effectively he need in glow dieoherse enter or
triode sputtering eyetene.

5 .5 e 3VI)0@If10I

re: the preparation or thin eolid tune the
evaporation teehniquee ere commonly need. rhie ie
effected in At noon: nets ehioh love:-e the evaporation
tupeeetuee ooneiderebiy eo that e hue mine: or
ueteriele on be enpereted with leee oonteninetion.
awe the vapour aeee eet frm the eouroe in etxeifit
line in  eel). defined pattern ot the fine one
be depeeitu on enbetx-etee by Iain; proper nuke in
between the eebetrete and the ecu-oe. ktee or



unpontton can in oououctim can vary nu nu
tun nun (annuals upu the inn and uuporatuo
or an Inna and an actual uud.

5.5.1. nvapontton may

Infinity at in mm: ad uouotnoo no
dnpantu iron the liquid man than can an
annotated from the and auto. tho Iuzx main
of Ioloonlu no evaporating fun a nu.-fut arm 1.
mm a an at. according to manna [:48]. to

£5, - can an 1: :)""r, (3.1)

that p. 1: tbs oqninbtiu pa.-cunts. In: ten nape»
ratlu 231:: at tho upon: atom. I... has 1 010::
ms.-tact orunt u-oaaunouunla chub: thouaflx
Ixpeuuoa (249.30).

3. In 5.83 x 10"’ y«e(l/W1’ Q on‘! 000"‘

(5.2)

than 2 to flu tenants.-0, I 1: the aoloauha taut
or an upon: spoons  p, 1- mm u an that 10''’
ton. In tau at the annual» caucus; on of tho.
source. the evaporation rate 1:

I 4- 3.513 at 19" p.(1/In)‘ nolunlu u"2 000')‘
(5.3)
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up an or doyonutoa at can upon an the mama
“pads on an noun gnaw. politics or the aura
relative to the minute ml the evacuation oacrttotnnt.
Leading to IIIIIOII «ciao luv, the auto or dopouuan
varies as an 6 /:3. for the uni out at the loyoution
1':oIse1ou:nnfuI1.7cI1tt1n5po1at source touphno
minute. when 1- 1: the mm ucuaoo at the mutant:
troathoaoircond 9 tlthonnglototruathotaunl
water and the man: to tho «Mint. an-cotton.

5.5.2. inpuattoa llarthodo

(1) nnuttn Hutu;
filo tutu.-1:3. 1! hosted filth I rtltlttfoly

baud alumni or host. nu at refractory Ittlli
«oh no tungsten. nniyidonul or mun. hob vapour
neuron or various scant:-1», types and sun an
oral: in no [224.251.2§2]. Indian neuron (point
vapour um-oat) an 1:10.011 nun due to 110 max:
dtroottonnl property. It the vapour pa.-«inure of I
unto:-1:1 to to evaporated to too um. than at 1111
mbuno before the 30131:; onus. In nth Gun 1% 1n
difficult to control  rate at rupee.-ution.

(11) than-tmatum llothol

natal cvspox-anon or allow: a cmpoudo



until: result in tho pl-caution at noutotchtanctato
thin fill! an to (1) tho rate of evaporation of the
cannon: nu ma to their different in upon:
pmuuu.-on. (11) the punt)» turn). decomposition
of an pa:-cat tutorial at (111) the «strictest
toadtaotu of tho consonant; to stint with the
support Into:-1:1. In than preparation or the comma
ndoaadaetoz fun, the ctftoront otagu of cauda­
ntioa. manly ndunptton. ma.-has duration and
malution are neatly dependant on the «petition
tutu, uhtrnto  and interracial can-3100
[25s.294].

11' an 3110: or two oonponontc A an I in
dupe:-atoa, the ratio of the evaporation rate: or
A and 3 any is attuned fun 1.33312’: oxpz.-onion
(oqunuon 5.2).

:3 .35; Q)’ .5...»
when G’: we the atone tr-nation at the ooupountn.
Generally this relation 1: not obey“ human or that
In-any tntuuotun between that oen%u of the
n11oy [:25].

In Officiant Iofllnd of wanting thin £11.30
at anon and consult with controlled oonponttiou
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figure 5.1. no ootrco fllrorltlmlo
3 - source-Iubctrato distance.
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ie to eveperete eeeh eenpenent free e eeperete eouree
vita reaction and homogeneity it ebeut at the
euhetrete at elevated teepereture. (rig-are 5.1) .
mo nethoa in «nu Gunther technique [255] or
three teupenture Iethei end ie need for prevention
or eenioondnoting eoupeunl 1mm (21,256-259].

According to Gunther. 3.0311163} condemna­

uau flu eziete for every eubetrete teapot-azure at
which spontaneous moleetion occurs. After nucleation,
we condemnation flu: quickly 1.-eeohee in lean: value.

we dependence or eondeneetion flu. I‘. on the
entetnte tenpenture for he incident eenponente
A and 3 having content incident tluxee ie shown

in fist:-'0 5.2. To value era the critical veluee
for the condeneetiom oonponente. M; e constant
eubetsnte temperature. the and eueetioa ding for
tva incident eoupoaente A end 3 can he ehaen u in

figure 5.}. with e euitebie enters.-ate tone:-eta:-e
an adequate incident x-etee at hath ocean
noiohienetrie oeepoul lens: on be wepuel Iv
thie uethoi.

(iii) nah Evaporation

A tepid evaporation at the elley or the
eenpmu ie need to ninieiee the dieeeeietion at



N+;=const. I=A;' 8

NA’

753 EA 7;(AB) 7;(Aa)
"Temperature T

Figure 5.2. condensation nun no 3 function of
temperature with we inoidonfi coupo­
nonu A and B. '



% A BA A + (A8) + (AB)

21‘ (AB) 8 + (As)B//
T=const. ////

N+B N+cB ~

Pins.-0 5.3. Condensation dingy.-an of two incident
components A and B.



the «mount olonutu. 21:13 my he obtained by
continuously dropping flu 30160204! particle: at tho
oulpanla an to a.Ven1 hoi tattoo no that IIIUGII
£1001-on nnporauoat con! [£60, 261] o no portend
Ilterinl 11 fed into tho hoatod boat ulingtittcrut
types of %aat0ru1 tuners such so nuohnuenl.
clootrmgamsioany turning. rotating eta. an
actual ha been and to prepare uuoonduotug tun
tune of certain 111-? (256,262) and Va?! [263]
oolpomndl. Rocontly. Dunn: use anon [£64,265]
dnelopod I III nub onporntton toohn1.quo using 0.
'9-who typo sauce which puns.“ the pupuntton or
own! uaioondnotor £11.33 with nah structural
and obtain). honogonotty.

(9.1) Luca: lupeuttoa

An xntcnu ban of nut can be and to
but and vapou-tu the tutorials. ‘tho nu: «urea
out to photo. outside the noun: inn: and {warned
on to ‘the substance to to uuporntoa. the evaporation
taken place at the nu.-fact only. duo the 1800!
pcactution depth is C311.

(V) neutron Iouiudmni Ioutlu

Vupouranuau of utorulo 1: and By
using olootroa o 1. sun: of ucctrou



en eeeelereted by epplyxu e peeanuve potential
and tooneeed en to the neterte). to be eveporeted.
no eleotz.-one loee their  in the ante.-.111
reptdly. rho range of eleote.-one 1.: determined by
their euera one the etude lumber or the neiaeriel.
‘flue Inrteoe or one Ietealel ieeonee e Iolten drop
and eveperetee.

(V1) 8 r mum

at or inductee beefing eon be provided
totheneterlelbrnitebleerrucelentotfir
0041!. fine with the eontenaaeuon of the 1113
by the euppom intend to e ante: emsento

(711) me nveporetson

Very 111$ temperatures can be generated

to evepezete refractory uterine by netting on
ere between two elect:-odeo. flue method u out
for on.-hon evaporation for electron uoroeeope
epeeuene.

(V111) neeotlw Evaporation

one» at amen. et netele ere 91-eye:-ed
by enpereung the uetele to relatively high oxygen
one nsuogoa preeenree [:66]. one method or



90

aeeettve eveyoretion psofinoee than at low deposition
retee and 1e etteottve in pr.-ope:-13¢ oxide £1130 nun;
lee teneretue eon-oee.

5.5.3. lloleuln lee: Ipateu

the aunt development in the evaporation
ptooen is the nolemlu been epthxy [267-269] need
rot the epitaxial @111 of tune on angle oayetel
mbetratoe by 01010.: evnporettng we constituent
elenente of the 111: Iron Indie: etlneaon cone on
to mubetretee held at eyproprtote teunereturee
needed for ohedoel :-eeotion, epitaxy end reoveporen
tion of ozone ooaetitnente. lmdeen etmeion oelle
ere deep ozuoiblee in flrleoee vital: oooled eh:-once.
Bpltenel £11.30 ot ooayonnd eeuooaauotore are
prep:-ed by the nethod.
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tho guvih er fiho cvnporunt stoma ¢n.u
Illotruto to tutti: ooasiunoun fillstfirlll than
n.IIibu: Of pnooooaon [270] can on thy nnnloutian
In! tho tbalntton ot‘1ulnnd Itzuaturo. tho 0010­
000 of tlltndo Ind ethanol tunlntion and finnlly
tiallatoa. of in: ocattnnauo £111» the «annual»
14¢; at 3 vapour it occur it tho partial prouauro
at the: £11: Iutuinl an the an plan in equal to
ou'1n:3or than.1to”vnpour pressure as that teaporuu
iuro [:71]. lb» 1a1t1a1 ofiusoa or oanaoaautton
starts Ilth tbs u£oapt1oa.of vapour stout an.fho
ldbotrato Iurtaeo.

6.1. rilnxluolutian

Ina prunes: of thy eoumanat1on.o2 lC70!I1
uduoriod ates oa.tho Idbotnto surface to fans:
I311 clnntcru 1: oa11nI.unn1ost1un. aha Lnns:n1n­
nun: oaaamuuu nodal (212.27!) -Isa-no that
fit ndourbd utulzlovt 070: th uurfhoo during
flint: 1110 tines to !b:I.pa1:n which an tu:I.not
no colunnction ontxlu {II oih¢:'ataIIo It tho



l.lp5.n5:I.n.g when can not uuu.-bod, tbs: so-cnpouto
Into the vapour: pun. ion» oondonuttoa in tho an
ruult or as oqntnbuu bonus the «unison and
deco:-ptiaa pzooonu [I'M]. Accord!-Ia to but
(375) bat:-ocuuu nucleation around: by the
tonuttcn or an amorphous all: followed by the
anionic: or ozntullttou runs the «orphans
£113.

6.1.1. theories of luoloouon

no effects of mucus: depletion by capture
by  cluster: in the prlmlyal basin of the
meloubion theory [:76]. no nucleation tutorial
uuggzoat that 1! 3 alutot has reached 3 critical
an. it 1111 not annotate into honours but 1113.1
52¢!‘ to ten stable condensates. Recover. the two
principal add: or uolutiou--the apuluity
nut: and the statistic nodal-41:10: in than Inmmoh
to walnuts no cure: or toznuon or the custom.

(1) Onpillultty mm

the classical dropln nodal. for mnogonaroua

nucleation from an upon: phage [£77,278] has bun
attended M tho mansion of tun tun clusters 4
by man and round me].



Anew.-ling to 11:10 floaty. cluster: can be
fluid ty ooluoxou 0! union on the minute
amino at tho npouutuntien is sufficiently up
lnthcnpouphnu. Uuhthutncuuoznra.-«
may thtli oluuuu will develop until a an-1:10:11
use in 20:01:04. the para column above this
use with n doauuo in not earn. no nun
It the critical nucleus 2’ in gun by

2* - - 353,: (6.1)
Ibo:-0 0" 10 the tntortaeul tron can-sy an A0‘
13 flu Gun 12:00 «org «:1 tforomo. no fan
tangy cowxroaponuu to tn: mum nu, sounding
to media [300] to .

Au” . 391 -E-2,-— ¢C9) (6.2)

than me) apron»: the relative values or the
upooaflo tntorfutal 603510! batman the «nitrate.
the ants}. and tho npmr. no ottoottvo maca­
utuzutxon varies rapidly with tho chance of ab­
Ituto tuupuatn:-0 ma the aucloatian can dopondo
an the tnpzlnang nut.

that approach in and tho uptllortty
uodol. alum tho an aura of nucleation to unwound



directly in ten: or colours chaos in specific
13102230131 main cox.-auponltu to than tornueu
of a hnimphortoul up on the nut:-ate.

(11) Atwmtto Idol.

flu onplllnuty node}. has applied bulk
tartan: rue margin in oluucu at very $.11
nun, which according to Salton and media [281-285}
to not correct. Walton at :1 [284] and the fluo­
outton mam. Q‘. 01’ I. nlutor containing 1. noun
tntotnuorbodnonouoantolodltythu uuaom
formation at a cluster. an rats of {caution er

mum menu in ‘K1* an
(to 1)S‘"d.-o­1* I 33.1 I. (-§::- “Pl: :2

(6.5)

that It in tho uptngount tau. 3‘ to the jug
distance of tho Maurice amour, 1 so the mmllchlo

clatter periphery for tlplncucnt, I‘ in the scan“:
or uncut Inception one. 1/, 13 the straw tnquonoy
at the adsorbed manna: for duos.-yuan, 1' in the
main: or senator: is 5 «finally um aggregate.
Q“. to tho nouvatian than for desorption, Q‘



1: that nauvnuen cuxu to: flatmates tad of in
1a: dtuoointzlon more of 3 ax.-ttxml annex.

According to this nodal. at low Iubotrnto
temperatures or very 31¢ nporuutnrnttou. the
ethical melons In: to I 313310 nan which run
a pot: with onothur ta torn 1 sum cluster. A110.
the nuolntion rate depends on than npineuoat
into.

6.1.2. Gonpu.-ilan‘ of Inhalation Ehool.-its

‘rho  oauaoptn up on man Watt
the npillulty than and we statute theory an
tuna. arc Manual. rho attic:-once button that
models in that at “auntie nodal nun only duo:-o-to
trrcngouontn of stain. Ito:-can fin espalluity nodal
employs staple idealised gaantrtul aspen for the
cluster [23]. the angina-H7 nodal predicts a
continuous 73113110: rat: with npcrutux-atton. 11:13.0
the statistic nodal. ynuou at uonunnoun chanson
11' the can of tho critical cluster to call.

In tho out or epitaxial moith. the tempera­
turo should he Itcniflcuflx kl-an the tuning point
and tho ups:-utlumtian lhnld to utftotcntly law
to supp:-on Itlorintod mold. and nth!!! crystal­
louaphto detects and to 3110 a low nucleation
nutty £286] .



6.2. stogoo oi Grown

Ehri oao dtttornt otogno of arovflh of
tho £11: oflo: tho molouttan on tho oahotroto
ourtoae. fho proooo or growth contains fiho
oopturo and dooo: of olnotoro [281] Ih1¢h.dipIIII
on;tho1: Ioo and thorlodyulto proportioo.

rho inngonont or town: not: on tho
oulotruo ourtoco to tonovod D7 no oouaonuuon
to men «:11 means. anbooquontly, thooo man:
you tn:-oo amonotoaolly. hovovor, no growth
plllllll to tho ouhotroto outtooo will to grotto:
thou that normal to 1%. this 1o two to tho outoco
diffuoton of tho olnotoo all! its tn$:oot1oa.o1th
too oimlo otolo oo propoool by lolporn [:88].
men rooult in tho reunion of tolondoa

to tho oioo of tho iolondo inaroooo. duo
to oooloooouoo or ononor onoo. luau iolondo
‘U111 to for-nod.  tno prouooo. o coaouoroblo
ta-motor at moo tokoo plooo bonus tho tolonao by
urtuuon and thou: donut: doorooooo aonotau-oily.

no main of tho tolondo ohoncoo thou
ohopo on tho toloado booouo olouotol an
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301: to tau 1 enumele umn etuctue in which
depeett ante:-tel. te eepented iv lm, 3::-eauler.
ten-er clmmmle.

Eu-that. eeoonder: ualeeuone eeeur in
the channels men £13311: new efl teach the
udee of the channel. The enpty ohnnele 1111 the
be fillet! and a eontlmne £11: with can holes
unite. fie eeecndery nucleation not tekee phase
at them: helee and then nuclei are! and coalesce
nth the £11: to teen e holee free ooauunone fun.

6.3. restore affecting the Brett 0! run

he grevfi and structure of the evaporated
£11: are strongly dependent on factor! not en the
minute of the enbetrete, entetz-ate tenpez-aw:-e,
oenteniaetson etc.

An an-eeee in the neat»; tome eehreu
the eebetrate and the evepereat non tncreeeee the
1'11: edheeioa efi deozeeeee the nobility of edetole
on the eubetrete eurtaee. It eleo mcreeeee the
density of mole: toilette: which etteate the outle­
ueuee preoeee am the etmatue end use of ielende.



the utility of oolleued eteae en the
enbetnte ale:-euee with the nbetzete tenpetetne
Inch effects the  etueture er the £11:
fend.

oontenlunon due to tun:-1%: in the
veosmu eyeteu effect the an to e gate: extuh
La tape:-tent etfeot or the eontanantion an the
eeloee of edequete edherenne or the deposited £113.
contamination inc:-eeeee the number of initial nuclei.
vhieh eeueee tm M ooeleeoe eerily is 111: north.
influencing the euentntlon at e eentimoue £11;
[an].

Adeeleetrtetieldinmepleneetthe
enhets.-ate mrfeoe can induce eeeleeaeaoe at In

early state of 1'11: new. chopre at that [290]
shoved that an electric field an effect the re­
orientation and rec:-yetnllteetion of the male: in
G8! fllle. which 11 Mm effecte the 1'11: etmouzeo

6.4. Bu-mime of
Avery thianetel 21131111 here: euuetene

ttthvotde vnohnhe these tuneleeedeaeeitheathn
bulk material. However, 1: the one of Ion-uetellie
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wry can uoattmou £5.13: (thinnest ~ 10 3)
an to product»! by annotation [I91]. Eh Iunotm-0
of ‘ac £111. either can-photo. polyuyotnlltno or
final: carnal, donut: an the aunt of tho mhtrato.
Inhtrato tonpcuturo. angle of incidence at the
vapour atom etc. For 39.15310 crystal fill: it in
tlportunt to not the orionution relationship 111%
Inspect to the Iuhotrate. A1» partials I13: and
purtootaan of at-ntalntu no important in the study
or the umeturo of fun.

causally two uthodo-urination ul
tango formation--are not for tho ouuotnro duca­

flnntton as than £11.33. In both sun oluuoap or
I-an men puntnto the Volta» or $110 £11: an
Incl in Male. nmrflu. high scattering probability
of 01001:.-am nah than an inc:-tut tool for the
tuvutigution of thin flint. An uvox.-taut advuugu
at neuron 1: %ho uzlstonu of electron lulu to
«entrust an that than X-any luau at not
possible. Lu-go I:-on topography um I-my: and
scanning duet:-on floleuopy are we tape:-taut micro­
scope toohniqun and to stay an an-uetuo of em
fins.
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Ilififlfllfi DITAIL8

mo ohoptot dooouboo an actual no
oxponuniol not up on tho pt.-oooduroo mood for tho
plrountioa cud oborooborlootion of onions: 1:81­
mmao till: for tho pa-ooont invoouaation.

7.1: 700119! costing 333%

on runs for tho pcoooni oudly how boon

mono:-od 1: ‘o voouun coating unto oopoblo of prono­
1a¢ovoonunbot;torfiu10"5 can. no oootueunit
oonuoto at a noun ohlbor which rooto on o. oono:
tattoo on a cabinet autumn: tho pupil; onion.
rbooohooouoloyontottbouuo toooohoontn
ammo 7.1.

7.1.1. raping wotou

no pinyin osotou ooaoioto of o ton: otoso
tncttaooflns 011 «tuna pap bookol by o in
oioao rotor: pup. A onto: ooolol barrio D ioolotoo
tho urmuou  than or out outbox. no common
pm to I on man. now oooloa. trocuomttng pup
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with I nvootttot ‘Darth pumping spud 01.’ 0 litres
pcruoouundhnogotnaotl can-co 0:506:11.
89.114303 no 104 011 1: and an the pupusg nun.
the two that rotary pup has at a pumping out
or no lttru m nmtqfiltch 1: ma to not tho
diffusion pulp.

fin ranting and the backing value 1* at
G in tho {into 7.1 in turn eonnocto the vacant
an we diffusion yup to tho roar: pup.
Keeping the urn» valve 8 clued. the roughing
vain, alien to «count: the work anchor 1n1t:l.I.11.y
with the tour: puny.

All the tntox.-oonncoung vcema nun an
copper who having one inch amwm  the distance
botrun tho components such as vain and pulp: an
I:optunhortupou1b1otoonnron1:l.mpup1n¢
spud. ‘Rh  11:0 1: oonaoctod to the rotary
pm with a scam‘!!! tubing no no to Induce the
tuna: at urination: iron the rainy may to the
other part: or that 31:10:. All the couplings are
undo or donuntnhlo corn unis which cowrou
ncopzou 0-11350.
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Figure 7.1. Schematic diagram of the vacuum coating
unit. A ~ Vacuum chamber, B — Base plate,
0 - Collar, D - Baffle, E ~ Baffle valve,
F - Roughing valve, G - Backing valve,
DP - Diffusion pump, RP - Rotary pump,
J,K - Air admittance valves, PIP2 - rirani
gauge heads, P3 - Penning gauge head.
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an  eustteane valve J. connected than
thezetu.-yuan, elleveteuueurtntatherotaxy
puny while matching on. Anthem at: eantttenoe
verve 1 1e fitted on the hue plate te «at 31: unto
the rat cheater.

7.1.2. ‘G33
the new $31»: counts at e 12 not

glee: N11 3:: roettng on e etetaleee steel ban plate.
A neoprene I» cuket «tented to the hell 1:: provide:
we umxun eeel nth the hue plate.

the hue plate bee provision: to ettuh
electrical feel tnliflailo Ella! lull eta. fleet
teedtlteaaheueeeeaeo-rancetopraviceveouun
001113; run the hue plate. ton: were of Mu
fold tnmlghl art and in that #0“! thick
eleotmloulq tnnhtel by ‘action taunge. no
tetlon  nu voltage teeatlmelfli nrevtdee
the eleotrzlctl apply for tea Nnhrtleni oletntlg
in the team: eyetu. A source entice which can be
opened externally in flttet up the Inn plate
thzauhelrtlun eeel. Eherenutngceuaeheeleuathe
Pu-uumgeheecerehothetteoheltotheheeeplnte
11% denmatuhle charters.
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An 10!: reluctant cleaning nut in tlttod
undo the chalet m G tripod and u that IIII plus.
we «mun: or 1:» menu anmlar rang: of lush
purity alwantnn. A stainless steel baffle plan in
tuna within the canon new the hue plan. In
or bout: :2. connected to tho hifi current
tuc through: using thick ooppu stain.

the intimate hold» 1: top‘! new tho
neuron to that the Joann-anion.-no assume an ho
Idjuliilo for anal cnpont1onu 0. neuron-substrate
dtltmu auto: this 15 MI hvo bun nut and for
the cuvaporatton In the man ovaponuon at eh:
uuooaduotot: 12 no no taro: as an aura nut:-no
distance. no saint:-no honor I» undo nun; a
nun chapel sluntatun plate, in central portion
of which 1: sun honour to place that gun 013.40:
one 1:1 31.60. Ulla the gonaponttoa is carried out.
3 small to 911006 in when in we untou­

7.1.3. Ilnmnu-moat at Vumm

!ho1nnneuu3.n%Ic:ug¢1to1O"3 tar:
inuunnduningthoruutauucoutmhol tothn
chain. no man noun :1 swam with 1 running
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mu «put at annulus «ma um» 10''‘ ton.
flu anunm rum: ututaoa an tan unto: his run
better than I. 1 19" tom.

713019
(1) Bvuporaat tutor.-.1313

nah nut: mt».-13.1: but beam and for
wopnring am 1113:. In the propu-mica at ntimw
triuulymdo run by tho tin.-u tcupontnu noflsod.
um-our (99.999%) -an nmmr (99.9s%) hm inn
and for the ooonpontiu. In in ma cnponuon
IMIM umnow ta-inland: Irvine unit 99.999z
(loch Iaborutoriu. halal) In but ‘and. Elite:-out
II1383-In Qlunnlu ($9.999 Z): 011"! (99-999%).
mam (99.99 7.). in (99.99 7.). bu-mu (99.999'/.)
-as sauna!!! (9s.mz) um Imauaoa in an amm­
ntiea of olootrién chunofex.-totion and 3301-8528’
Mutants.

(11) luporut Bun-as

the evaporation cameo in the lappoert to
the cnponat utoana. npplyanq the heat of npeurtutton.
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‘um noun uhould uuuu tho mien). at In!!!»
olutlq ma touyoratun to  tho upon
goqntrod in thy conloniutifllc 3000101.
it mm avoid ouatammuon or the deposit: from
its an npmnuttaa at dtnnotnuen. Ham. a
noun Int In of aquatic vapour prou% an
diuuu-61¢: prewar: at the operating taupe:-start
nndnhmldlnavnthblontthodouru shape. In
new or an that aqua.-clout: rotuotu-y aux: at
normal: not on %uu: tuna.

Guild tunuta flaunt {actuated tuna
0.5 an dtnotcz «summon wire as an to: the
nape:-ation of nudmu. A13. other natal:--uufi.
ulna. Indian. in an ninth--aruo evaporated
tron nolyldonun into. at Ioliidonun boat: was
ado tuna nolytaumitotln or _1outh_ 6 on, hcnglth
1.1 an and menus: 0.1 an. to hoop the niacin
for annotation 3  dilplc ‘II! Inc at
the cuts: at out ran. by paths.

to:  mlphm:-. 200101101: haul
emczlblo no and. A null umublo or Ian!
nboutzouvuenvnfracernngzlno inland



mu upon one In an poltuhod. A tutti shaped
tutu can an vovnl nu; tungsten run an in
nun to support III but in ‘I’-ahnpol flan
(figure 7.2). so: flu nap».-«son at 101: unit»;
pout unto:-1:10 nah  honing unholy are
«parked to be «women: [an].

(111) autumn:

Horoscope glue uuau of the 7.5 an 1
2.5 an 3 0.12 an Inn been and no aubntutou for
preparing the min run. 91:33 undo: are vidoly
and u mist:-nun since tin: can In olcanod
thor%¢1¥ and have got and electrical insulation.

(3.?) miotrato cunning

elocnliaua at the nh1:nto% surface has
got 3 var: autumn tanner» on the adhesion cud
north or fun. Gontunnnto an tho mint:-ate
include thumb fro: the umtaeturtng
pracouoa, airhocno dust. 113%. 011 pnruelu.
flue: prints no. lull»: ot cleaning proudnru
have been ctoouuod 1n the lttoa.-stare (226.29!-395].
the bonds between flu contuflnnat auction and that



Figure 7.2. Résisfiively heated glass crucible.
G ~ Glass crucible; T — Basket shaped
tungsten coil.
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tetra: tut contains? nolonlo and uubuwnto
Inn to is tuned 1: tbs cleaning pmcoqg, this
«student byautedntudnuiugrugomnu
by bonus; or agitating tun lactate to route
the %m.unto by applying the sufficient than
to rain» tho Inna»

no tenants pmoodux-0 no and for
alumni»; tho 31»: maintain. ms nu: nude:
nn Iomblnd  um! vlthfllooottonlna
cum tune). salutson. than «:0 ton alumna
in unfilled nu: followed Ivy ioopropyl uloohal
and «atoms. this canton cleaning prawn
manna 39.1 out: or the uoau-mun in the sub­
ut:-sto. rm.-thu, tho uiotutol In-U sfitntod
ultrasonically in distilled vain for nut 15
Ilmtn  an ultrasonic clamor. Lxtor this
pa-won the Iubotratu Wu 1011 stand nth
distilled nu: III! dried in a slut turn: 0!
not an. Inndtntoly and: thin tho: «so rouovud
to thovoakohnlbuwhuo  Iuhjtotoi to
ion ‘Bonita.-clout for about 10 mm» in In new
~ :.o"’um:. Ionian reaming the last uaou



of input.-ttlu. tho ton both:-aunt cloning Imuttu
in gun nurses for an annual melanin: dung
tho  «wanton [:96].

1.2.2.  hue:-stub mm
the «sunny trxnlpudo run an

hy the ounpontton 0: million an sulphur iron

upcnto noun» no that the compound 3328, no tonal
1: the vapour phat Ill. dcpolttotl ea tho ubntruto
kept at a partisan: towupcaturo . max vu
cupontod iron I nnlyluloml Nut and ib cnpoutim
tmonturo mi 6833. no sulphur invention In
out ran an 1-0121011101: mm glass
ow.-motile Imus unpcmtsmo III  at 3631:.
In 11:: an or £113 pa.-ops:-oi to: omlmottvtty
uanrnnnto tho minim”: use hurt at diffs:-out
tcupontuu rnnflnc than 30!! to 4231. to: an
own: studio:  «haunts tc%wa-0. 1". no
top‘! at 349 3; II. no uiltrntu nu-0 haul
alias a minivan hater. ‘flu nhstmto
hunts: mu tabuutu vtfi hunting ttlnnau mm or
untlyvoualniohcouvtuanltenuhootvhsch
no petunia in human in nu: plain. as hector



Plano 1.35 (a) layout of the «evaporation
not up 1:: the vent cluster.



tuna 1.3. (5) top new of tho uonpontton
COIIl0IIo



Th

Figure 7.4. Schematic diagram of three temperature
method. A — Bell Jar; B — Base plate;
T1, T2 - Two sources; S — Substrate;
SH - Substrate heater; P - Shutter;
R — Shield; Th - Thermocouple.



no but that 0.5 in 1 a new no minimum.
at abducts taupontuo not assumed snag a
tlmnoonplo tap! on the minute
lllrfaoh

A not shoot In and an I than between
tho two sources. no shutter tn muttonod just
bozo: the substrates tn monitor the deposition.
Nth tn: Intunh run than nllovnd to npu-1:0
nnawlcathonvnuounvapouttortuooonponad
tnxflolg tho tin: In tamed ad fie vapours
Inusnoivodto tnlllnutoecnthncmounlonthc
«tomato Infant. A hint of that Inert tube:
with the oodnpomtton at up in new in agar: 7.3.
A «Manna «spa or in peanuts» at run hr
the the tony»-stunt mutant in an 1.3 fl.gu.-07.4.

7.2.3. nun Buponuon

cannula  111:: out to am­
pnud by the then dnpontiou utmost the «composition
of tin ooanttmout shunts. Luna at :1. [297] and
has run for the nut «uponnoa at nun»
uinlpudo mu.



In tho patent study povduma unison
czinlphmu in queue to £0.11 on to 1: mm
uolybdcm but (tupantum > 850!) ulna an
unsung nmw. tuna. no
poflfll then quickly cup»-and without my flue-~
ctnuon that tho tupomturo at the but can nay
Ma.

no oloofimnagotically vlbuuac mural
tuner. otuuu to tut and by  all
{:96} . fabricated for an flush cnpontton
oonunta at as 1114 and red. «run: In an electro­
Ilaih A an and pinto which on M Inlautol Iv
«run on a punt 1: ntttgotod t1 the oloctunnnot
inane: the current now through the 0011. Inton­
uttuut  at current in-can the can min the
M14 and plate umm at an dune! frequency. A
pipouuhapcdusrrowglnututolutotooulncclnu
and to the and nu). plate urn: to amp that
povdurod utc!.':|.n.1. 11:10 tuba VII ado by Gavin; it
not 9. think «I104 caning gnu tube and the
polishing the 04300. 1 oehlmtie 41% at in not up
to than in run: 1.5. m that tutu as ancient
tnaaalmnxueonruanuuutuuothanuu
again.



Figure 7.5. Schematic diagram of flash evaporator.
E - Electromagnet; M - Mild etee1,p1ate;
G - Pipe shaped glass tube; P - Pivot;
S — Screw.



fie point to to noun; or the alootmaumt
in £04! from an utauo nlttvtbnter working at a
frequency 2 0/ 1. m nnlttvtbnhr  unmet“
uI1aan'ItIwo1.:cu1.t¢ond.I11a5ormI65S5IIndth¢
cmput In  with a pen: ‘examiner to ad
the vintage of tho clout:-onnanoi.

Lntiuony trtmlphuo powder was taken in
the pipe Ihnpod also: who ma ‘I'll vibrated on to
the molybdenum huh“. Banal trials um.-0 man to
canto tut tho pout: £011 continual: mm the
ink auto tho habit.  tho ubntrotol in
position. the unit was cuuutcd to a pi.-ouuro 10»
than :.o"'5 Item no -ozyuuu hut» In men
and the  pwu: nu vihautol an it using the
Ilrturtnl. radar. Only Intuit after the cnporatlon
%d. an chute: in stand to 81.3.0‘! the £11:
to «putt on the substrate. the mutants teapot»
iurtunnutntnutnt 345$!!!“-alltlluprspaud
i: the that wuparation tochaaquo.

7.2.4. natonluuon of that run at conductivity

no typo at oouuauvtty at the tun was
utmaut by the not-pun toolmtqu [899). In this
method on pro!» or 3 ale:-«clutter 1: hosted and
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beta: prebee ere touched en the eagle and the note:
detleetion is ebeervod. It the not-gazelle voltage 1e
positive nth aseepeot to the cold-91-eee. the eeuple
ale a-type eat it can let-pr.-ebe voltage 1: nemtrre.
the maple to p-type. Au e teuperetune gradient exists
in the lily.-lo, the owners new the hot probe V111
hive htger velooattee then that near the cold probe
end a current note. he urecuon of the new
aepende on the type or the carriers 13 the ample.

In the present cues, thick film of antimony
ti.-1 enlphtde prepared et eubetrete tenperafimre

2. II 345 2 2! venue need to deteniae the emduouvtty
type. the eewle en touched tithe the hot poeittve
probe of e 6e Il.o:-evoltneteu eleu with the cold
negative probe. Ihe Ieter deflection me towards the
negative etde indicating the eelteelduator to be pwtype.
In the can at both oeevepoz.-need all 1'Jl.eeh'e-reporeted

the teat ebeved that tn files were at p-type.

‘I. 3. - rehraeauen
7.3.1. rear neetetenee leeeureeente

no wen. cleaned glue eeeetratee were placed
on the eubetmte holder with proper nuke. the men
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not of trail: olunl an upon: an
cartoon nuns eulcacthauou «mu wins
8336, £113: of no and an an Inc to fan on the
sun «gamma. tnothor gun minute. partially
cover“ with a not use also ploocd very often to tho
other mint:-nu in cult: to details the 1'11:
thiotnouc Antimony and sulphur on-0 co evaporated on
to thou substrates. uuuow triulphmo sun or this
pattern minus“ hoping the Iulututos at temperatures.

2..  tron 903! to 423! um and for toonttvity
oluuurouun.

em olootrodo  of utthn domain: or
onuuony nu crap»-and not than 8535 111:: at both
oad¢ooutogotnn¢£tooi1n1uI¢thot'3onun1­
conductor film the tmoknou or the electrode run
rate of tin orllot 01 two L {EM 1'11:-olootnooo structure
1: than to nail‘! 7.6“).

7.3.2. I 3 ll siruotoro

‘rho m-out-voting: mum:-aunts and the
unison.-to aunt.-cunts of tho utnon: tn-sulphide
1.1130 but Bun out-10¢ out using the unlnunoonduotoru
(mt) oondvtoh stnotuna. to: :11 um! otruoturos,
cannon: 1'11: was and u the but olootrodo.
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METAL
ELECTRODE FILMSb2S3 FILM

(a)

.0. d b '0

(b)

Figure 7.6. (a) Film-electrode structure used for the
resistance measurements.

(b) Fi1m—electrode structure with pressure
contacts and heating arrangement.
01 ~ Copper block, 02 - Thin copper foil? ,
S - Glass substrate, M - Mica sheet,
H - Heater w1ndings,°L - Contact leads,
Th - Thermocouple.
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mu clan glue substrates are nountod
side by 0140 on the auintrato holdar in the vacuum
chatter Ilth nuts or exactly the that um. rhou
nuke exposed 8 rectangular surface of also 6 an in
length and 0.2 an in trunk on «on glass substrate
at the centre. for evaporation. Arte: wanting
the ohaubcr. nntiuny was evaporated 11:0: in molybdenum

boat. out than mbntratu no that than thloknou of
an um-on an an or tin can or 3000 3. Anthony
mun1pnao :11: ‘III than evaporated our non at those
mint:-nu‘. tuna; the Inlotrntu at 345 :l'. 2!, no that

tho mas, an wmm about 3/4» at the use olootrwo
£11: 1: loath. In this. separate nuke Iuwlng 3
4.5 an 1 6.4 on slot at in «min was not. Fun:
to tho cnpoutlon of the semiconductor 111:. the
mbotratu with mtlmany as ‘base oloou-ado vars annealed
IN ‘M5 £ 2! far about 15 minus. 1 clan glue
mist:-ate purttclly covered tub I us! was also kept
old: by side with tho minutes to ran this for the
thlolcnouo uuauz.-aunt. The thlohnu of tha untinoay
trloulphldo nln propnrod in the only varied fro:
900 3 to 9000 1.

such sh-31:28, anon won and tar vrwaung

ntmetunoo Anthony. aluminium. Munch,



figure 7.7. Photograph 0! the Km! utrnotun nod
for uunrauntn.
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Figure 7.8. Schematic diagram of the MSM structure.
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nun. silver and an acre and as top 01001204“.
Dung  dupe:-nttoa tour that flmotutii van
umuu an s 013310 pnpdova using Ink 111% tou­
Iloto of 0.2 on width and 0.5 u spurt. A
of tho m 01:-nova:-0 an! to: the mum.-taunts 1:
mm in mm 7.7. A oohcnauo cups: to than
in twin 7.8. no tuonnn at the 070211’ £3.11:
were at thy crux of 1000  in :11 the sun. the
ctfoottvo area or non ma ct:-nature III 4 x 1040:?

7.4. 1113 flalobou Innuuui
7.4.1.

no tuna.-aunt of inches: 0: thin run to
of want iupaaruaoo for unsung their propurttu.
llothoda at nun:-tag thickness can in divided into
two. an-out anon:-alum and indirect sauna.-aunt [$00].
In tho indirect method the use at deposition in
oonuollod and I. 19.1: o! Guise-I thickness can '00

producodl. In than direct Iluuronuat toohniqm 3
«mt unit! or that tMakan%n or the £11: 1:
obtatnld arts: «position.

llonatorlng tho thieholo at a :11: using
O quarts anal thtouou senior in an intact
method. mm are dtttuaont £1:-out Iouuount
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toohnaquao nnnh.au still». Khan: tluorouounno. Inltlo
has 13150:-toroutry etc. In the 0111:: sound. that
Iovolnai of I stylus attached to 0. love: cat I.
along an Iuhitratc-£11: nor in upntiofl and rounded.
tho intercity at Quandary I-nan. obtain“ at“:
dixoetinc I. but at I-can into 1. fun. 1: not to
«situate in insulates in tho I-ray tluaruunoo
method.

?¢‘o2s ‘lfhfld Of
1'11: tuohuuu was measured using the

mum. boa tmartcmnthry at tenant! [$01,302].
A bout of lint 1-enacted law nun botrun the we
Inrtucu will but in intensity largo enough to affect
total inn-foreman. no hotbed of rtlggan fringes
of oqunl thtonnu has bun  to aunts than thick­
nuu or the £113: thxouamt this :l.nvont1cat1on.

1'0 pa-oduu tau», 1. m.ton, opaque and
31¢ zcflcottuty outing no nude ova: the
prepared 23: tuohuo nuns.-cunt. ‘rho mmu
lntorforonltw ‘III {and  placing a uillilvorod
«tonnes put: on top at tho stop at 3 can angle
to the «tomato arts» to that the «floating surface



(a) )lII/»:I‘7);'l.. I I/.1;/1,

D——>¢

L;

(B)
Figure 7.9 (a) Interferometer arrangement for Fizeau

(b)

fringed of equal thickness. 8 - Source,
Pt- Filter, L.- Lens, P~- Pinhole,
G — Semieilvered glass plate, I — Inter­
ferometer, H - Image plane.
fringes produced by interferometer,
D - Fringe spacing, 1 - Fringe displacement.
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hood each other; no tntcrfcromtor nu illunlnatcl
with . aoaoonuuuo nun. actuary nun ( 2 - 5460 I).
no fringe anon as ‘dual in n mica.-enopo. this
intortorolotor arrangannt to morn in tigux-0 7.9(u).
Figure 7.90:) clmra in 11-13;: pattern. It A 1:
tin vnnlongth of the namehronuuc lint. the distance
bctvnn we mound.“ dark tango: cor:-Iupaulu to 2/2.
mu £11: thioknou, d. in gztvu In

1 II -------‘---------I -5- (7.1)

than 2 1: the £1-1:30 dtaphouont. to: highly reflective
curt-no-on, tho width at tho fringe can be than 1/40th
or the triage upuration tn the Hun‘: aothod.

7.5. noctrial lnuuuut:

L11 tho bigot:-ion). uuurononta nu cars.-10¢

out in as new: 3011 undo or co:-nan; gun. with
pnav-Mia: tor hating the :11: at keeping the :11:
at any desired stnoophuo. no tuiontar 1:190 0011
but got food throng arnngcnntn :1: tin appetite 0160:
for taking clout:-10:1 connections. chroul-alumni
ihiaooovaplo loan and thick copper turn an 21:91
thou fad thrown: and than nouns union.



A11 tho Iouammntn vac carried at at 8 pressure
~ 1o'3tuz-unkoop1uthtoo11$.no,dukoav1ron­

neat to name any um: anauu bracts.

7.5.1. conductivity Itmmronontu

P1-cunts cannot: using copper bleak: nu
gun to the cloetrodo-uM.oonaotor £11: ooahimti on
than in fun” ?.6(u). A 1:10: at sun: oonnuotznc
paint III and «totally at the contact nurture of thc
onouodo £11.: and copper block. to can that contact
rcoutnmo max. A hunting slant road at ntohr.-on
up: In and to but the fun. A  tho.-ao­
couyln no plan-dd on the «hunt: out-not side by 5150
with the 1'11: to mount: the tuporaturo. this entire
as.-rangount (figure 7.6(b)) no but tutu the mum
«I1 and flu oxtcrnu. connections were gnu. rho
vholo an up including the vacuum can In tort an 1
«appear but which was pcucotly urthod to
am: pwopa shielding.

mooollvucnauntoduangnrotarypup.
who nlootrxul ruistanoo at ‘mo 111: III Isuzu.-04 I1
3 B71’. union my oh: Iota: at three toot voltages.
1.07. 507 and NOW. ‘rho initial Nun.-atuo of the
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qua Ill round cc to 303-503 V  the
thaw.-Iooouplo 1011:3500. the £11: Inna cu then
heated slowly. At each 5 dog:-u 1I%¢ITI.1 or the
tuponturo the resistance in unused after attain­
ing 1 Itudy temperature. 1111: rootntuaec nenuroncnta
are continued apt: 3 tupozntun or 375! and than
the Iiltlfl was cooled and the nuutnnoo at each
tonpouturo in again manta. tho ave:-use nine
of rosittmc or both hating and cooling «you no
taken.» For  the £113». prepared at substrate
toupomtux.-on ranging from 503 ta 42312. nnlotamo
!.IIs%nto as described above are carried out.

‘L5-2. Ourout-Voltage nuuurautt

8-ahnpod upper alum-can or 0.4 as width
at 0.3 on thick run and to and external‘ olootzicul
outset: to tho ma lttnoturco flute copper alootrodol
can ttghtomd to the button nu top natal layers of
the structure with thin  an in  and 5
thin 1:10: of silver conducting paint an and at tho
interfaces (tignu-o 7.10). than no kept undo the
vacuum can and cxtorud. connection: «:0 mac. A

hoat:lu donut  of slotted: I110 III and to
but thc :11: when and I chroma).-clean). tho:-nooonplo



‘~‘co.‘

Figure 7.10. Set up of the MSM system for the
current-voltage measurement.
01,02 - U-shaped copper electrodes,
CF - Thin copper foil, 3 - Base metal
electrode film, T - Top metal electrode
film, 3 - Semiconductor Film,
0 — Glass substrate.
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III ploood on tho mums. ourfooo to noon:-o tho
tape:-aturo. no tum coll on than tort tn o.
duh onviz-onont and ovooutod.

Lh1@1nput1nyodoa¢o(>1ano¢chn)
digttol veltuotor on nod to noonro tho voltage
onooo the opooinona In ordo: to noun.-o. tho mu-tout.
on otondoxd 1.000 ohm roototonco was hop‘! in cotton in

tho circuit ml tho voltogo dovolopod on:-ooo 11: no
Iounrod using a DO IlGl;‘¢VO1‘§$$II',o= for tho

at-SE28,-at/Ia oyotuo. tho oorroat-voltogo ohu.~nctor1-­
otiao vozo Iouuroi ot dxftoront tosporotuz-oo tongue
from 303! to $53!.

After oloou-1&3. uoourouanto, the macro
at tho ottocttvo won at on tho onion you oxnunod
undo: 1-otlootod nan with a. cor).-zotoo Iotolluzgtool

Iioreocopo. In tho can of at-81:28,-A1 onto: oortoin
rootnroo ltko dioconttnuittoo oozo oboorvod on tho

on-taco and tho nlorophotogopho voro that taken.

7.5.5. Dtolootuo Ilounaononto

For tho uoloatrio uoonrouonto of tho Sb-sbzar
at noun, ‘mo olootruol eomoottou you-o ado 31:11::
to that in tho cu-rout-voltogo nouuouoato. no



TM 7120

A.F.
OSCILLATOR

LCR
BRIDGE

Figure 7.11. Connection diagram for adapting
external oscillator with the
LCR Bridge.
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ouputtamo and the ”d$.o1o¢u.-to lou nu unwed
um; I ha-cons. at 2700 mm Bridge hoping the
Inn: in a vacuum ~ 10"2tou. no uranium: at
different £1-oqunmiu nngim icon 100 9/: to
20 k 3/: an unused using an oxtoznnl. audio
tuqucnc: source in conjunction with as Human:
isolating 1::-nnntornu 1'1! 7120. no eomfistton
dingruu of tho not up is an in ngun 7.11.
dialect:-lo 19:: an mum.-ca st I ma frequency
or 1 k 0/: available from tho into:-nnl emulator
of that ‘bridge.

EM eapuoltunoo of tho BM syntax: was
natural at different taupe:-aimru ranging from
303 to 353 also. new aeam:-cunts um carried
out for £111» or varying thiauuln. from the
onpcettanoo value nun:-ed. ltnotrtm the affects.”
area and thicknuo of the 211:. the dielectric
conatarrt was oalculstod.

7.6. run run Translator

Imp‘ attempts to auto £1014 afloat trunk
tstoz-3 and space chutgo 11:1“! triofiu ulna natal­
uueantnetor thin 111: 1:70: ooahzlutionu romltot
in rum-touting inoulaud auto tun 1'11: trnnltntmh
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fluoeeeefll reunite have teen reported In the literature
mum eedooalnoto: Ieteziele 111» ca (3091. cam [:04].
PW?‘ 90 (30510: 733 (39510 3111093 U07]: 95530 [309]
etc. for the prepenuoa of thin tun trenetetsere (221).
Le nah. en etteapt we sue to III  trteulphue
thin 11).: for the fabrication of e than 111: trenetetor,
since the mete:-1e1 1e 1: low head up ed.eonauot¢r.

there ere we typee et tnwletet ate thin
£13.: hrenetetere [$09]. the ceplnaea-else“.-Me type
end the eteggereé-electrode type. In the «pleas­
eleotrode etruotuze. the can-oe. the Inn at the pee
of the H1‘ ere evaporated on the use Cute 0: the led­
conductor. while in the eteggered-electrode type the
eeu:-oe end the drain are can one eide end the gate on
‘me other side. the etnotu-e and in the meeent
luveettsation tee a etaggerea electrode type.

7.6.1. atametnre Fabrication

the thin 1'11: ta-euetetor etauetu-ee are
fabricated on oleen ghee eubetntee. Alfie!“ than
£11: etaipe henna e thtolneee or about 1500  were
need me cete eieotrodee. Antimony rule which nehe
chute content with nuns: 1::-1 eulphtde were need ee
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source and drain clout:-odu. Aluminium 9:14: 13:02
prom:-04 by ruotivo oxidation our the nmuu £11:
and I polynor 111: of pan toladtno were and an
insulator unto. Honour, the sloniniun oxide 13:01­
vs: found to In instructive. probably In due to $130
porosity at tho 2113.

A clout glass substrate was kept on the
uuhtrnto holder with proper out in tho vacuum onion
am the uluuniun no ovuporatcd from a. tungsten
ulanont. ‘rho nuhat:-ate: with slonniun 111:: or
0.1 on width us than takcn out to: tho tnoulator
£11: dopoottion.

The Insulator £11: or poly-p-tolwdono of
thickness about moo I no «spouse: own? the ummu
£113, hw the glow anchors! phlln polynlriutton of
the mono»: para toludono, in a glow discharge sputter­
ing unit.

no mutants Itch an no at: Snnlator
:11: at.-motor: was an put tnttdo the vacant «hubs:
and antimony ta.-1:-nlphiao an no «operated by the
conaporatioo method. taping tho minute at 1.
toapcutox.-I 345 1. 2!. Proper Ink: were out not



tuna 7.12. lsoroanph shaving the sou-so-Int:
npnuuon of the nhuouod m.
Iopnntion - 15 In.
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yigure 7.1}. Schematic diagram of the structure
of Thin Film Transistor. S — Source,
D - Drain, G — Gate, 80 ~ Semiconductor,
GI - Gate insulator.
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that 81:28, tune or 0.4 on 2 0.4 on were turned our
the A1-Initiator structure.

to deposit the source and the drain electrodes.
utnoet are was taken an preparing the mute. the
eeparotioa between the eomroe and the drug have to be
null and quiet aurora. Antimony wee evaporated on:

the A1-aneuletox-35255 etrnotnre ueug e carefully
prep:-ea eutehle net to for: a union up truth
of 15 Ill. Figure 7.12 shove the ecu-oe-drun separation.
A l&OII.'§1¢ diagram of the etruoture or the on
prepared to ehoen in figure 7.13.

3.6.2. 3VI1UIti0fi 03 ‘$30 9?,

the electrical contact: to the eon:-oe,
end ante were amen ueiag ll-eheped ooppe: contacts and

sun: conducting paint. flue drain current use Insured
by wrung the eon:-oe-dress voltngee to: new gate
voltage end for fixed gate voltages. file drain current
use eleo summed to: both poleuty to the cute.

rhethtnrtllueuietozombeooaverteatoe
that: 21.1: field effect uode by ehorung the gate am the
man. flue 1'?! tahfloeted ee described above we etudied
an 1 field effect diode nee. by elm.-tug the gate and
the drain end securing the elnraotertettoe.



RESUME LIB DI8OUBfl0I

the present tnvestdsetton Istnly consists or
tour putts--the temez.-stare dependmos or elsemosl
conductivity of ooeveporsted sntdnony trisulphtde fills
prepared at different substrate temps:-stares, s study

of different metal -» B5233 eontsots by snslysdng the
current-voltsge emu-eetertstdes. spsee ohsrge liudted
conduction sad the snslysis of ddeleotrze properties
or settle” trdeulphdds false. for evaluating the
dosdasat levels by sotdvetion energy snslysds end to:
d1e1eotr1o studies both ooeveporated end nun evapo­

reted satnony tusulphue run were used end the
units coups:-ed.

Antimony tunlphtds is found in ensnse sud
bleak onions and it ohnnges its usage oolou to
that then it do erystelnsed [no]. aunt: sud
Isnn [311] reported thst st zoos tmersteze the
semis is having s leentsh-neck colour. ‘the entdlony
trtselphlde runs purspszed by both the eoevsporstion
end then evspoastion methods were of erovnisb-usok
colour with s reddish-M:-on ts-see.
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8.1. Oounouvtty shun
0.1.1. Buchanan on Suhotrnto roaporsturo

no olocuianl conluctlvuy of the £113
studio! as found to Increase with the increase or

tcmoeuturoa Honvot. this tmz-out in the ooagtuefituty
Ilth tupontnrl urn team! to ho dopondmt on the

ouhtrato tanyomtno, 1.. at vhieh the 111:: were
prenatal. rho rate of 130:-can ‘tn eonduottvity
was small up to about 3302 and further tho increase
was fund to In large: in an cans. for £113: pro­
parod at Q. In 3051. large: there“: in conductivity
was oburvod in tin temperature runs!’ 350 to 3731!.’

F11u having higher I. value shmml Ion auto 01'
in conductivity. But for all £111: pro­
parod at nhtmto touponturo. 333 < !'.< 3683,
the chance in conductivity with «manta:-0 was
uzutown. For 1, > Sim. t-In rate 01' increase in
aonlnotivtty was found to be decreasing to 1'. tnoronuo.
rzlgnro 8.1 shows tho log oouhothity warms teat­
tolpomturo when for £13.33 proposed at
ditto:-out nut:-ate tuna-ntu.-u.

230311.: sottvntod oloctxtml conductivity.
6 . 1!

a - a up» fl- (3.1)



6" (.r1"cm") ———-- ­

nan.-0 0.1. oouiuttvuy nun tuna unpuntun
for mu pupa-on at different about»
uupu-uunu curve 1 - 1'. I 3031. our»
2-I.-3161. our.-103-2.-33$, cu.-vb
4-I.-323:1. curves-t.-3591. cull!
‘ 0 T. C “no
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there AI 11: the motivation eaerg. Free the elope
at the log conductivity Verne 1/! plate, the veluee
or tunnel eeuveeaon mug. A I. were calculated
tee £1130 prepared. at different eubetrete telperetureeo
Sheen An values for afferent eulleta.-ate temperatures
are tabulated in table 8.1. It can he observed that
films prepared et different substrate tmseraturee
arts: in then thereel activation energ. However,
at 338! 4 E. < 36$, the eeuvauou energ uvee
e content velue at 4B - 0.75 ‘eh flue ie in anew
neat rush the A! value 0.77 e? obtained in: menu
et :1 [312] for antimony trimlpmde. A geph of the
activation «erg A 3 Venue mletrate temperature.

1', In plettea (figure 8.2) which showed e pleteeu
region at the meet:-ate teupeuture 330 to $70!.

the enter! eotivatten enera. AB an 0.75 ev.
on be attributed to the etotoihienetz-1e unitezuty of
ihe tune prepared at theee eubeunte tmpereturee.
Aeooxuug to deflerk ma lane: [21], the ooumauon
or exoeee eelphr on the euhetrate 1e yoeeible 11' :1:
1e placed at meet:-ate teepemture lees than 3231.

As each. the  pupa-on at 2. < 323! II: have
exceee eulphr content. at higher eubeteate «homere­

turee, '1. 7 3731. the 1-eevepentton of eulphur tron



1131:! 8.1

Activation entry 1311100 for film
props:-at at an taunt aunt:-nu
tmponm.-co.

M“ ;......;.f F’ W L" 7; §;ii5§:::””:"eupoamo may2. Al1 at
303 1.02316 0.39323 0.1‘333 0.75345 0.75358 0.75353 0.75393 0.67433 0.53



ACTIVATION EHBRGI (ev)

1.2 V

0.8 ..

0.4 ­

o_Lu -1 ; 4_J_ J V '303 343 383 423
T8 (K)

Figure 8.2. Activation energy , AB, versus substrate
temperature , T S .
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‘an animate result: In the mnltoiohicuotru 111:3.
knot. the raga at minute tapcntnrc at which the
plateau in oburvu 1: figure 8.‘! can I» considered as

the 2. nine ran.» the reunion or uoacnomtzto 111:1.

8.1.2. Optima mint:-ate ronperaturo

no tenoraturo 1!. of the automate data;
aopnution to one of the nut mrltiaal pa:-cactus
determining the structure and properties or thin tuna.

According u Vtnoctt. Barlow nu Roberto
[$3.314] (horoattor «:10! m). than exists an
optimum substrate tonporatun, 1'“. at which than can
stotehianotrio £11: is tuned in tho mum of coupons:

untooannutoa.-0. not trust this 1“ to rent“ to the
iouixm point 2‘ or the tutorial by 9“/2‘ - 0.33.
noun:-. at has been am by um [$1.3]. that tho

ratio run. on M from 0.44 to 0.32. when 1' in
th inning punts a correction appltcd conducting
thc boning; along at or the eonpoundo gins tho

ffltifl 1°./Q‘ .0 30 on)’:

from in ounce worn on ouapound un­
oomuaturn men as 22320 [315] and can [:15]. Viacott

It :1 olnntud 1'"/1'. vnlun of 0.42 an 0.40
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reepeottvelq. not the reuse of eubetnte tapes.-eturoe
for which efiotohioleta.-to nine new been olrteanet

(330! to aim). the optima nbetrate touperetnre.

1”. he been taken. eoooz.-ding to V33 ‘Oheory, ee
345! each that run. - 0.43. there 1. an 823! [$1.313]

1e file Ieltina 901.3% or 8328 . um E.‘ velue he been
used throughout the entire study to: preparing antimony
‘$31  film.

the eeneporutiouo technique hoe eeverel
edvantegee [319] for preparing compound eeatoonduotor

tune. the etoiohtouetry on be edjueted by varying
the inuvtéuel enporetioon rates, low eubetrete
temperature can be to1ea.-ated for polifirtetelnne
mm. inokaeee out be controlled and the 1'11:
growth all! he eteflea enl etopped cueptly. Recently,
ooeveporeuon nothoa he been med by rleieoh and

Abeaunn [320] to pcepere etoiohiouetrio A328 nine
end by Beet et :1 [321] for preparing ugh quality
Base tine.

8.2. Metal-sentoondnotot contents

one or the major nethode or enelyeie of
we Ietel-eeuoooalnotox contact: to by nearing the
on-rem-vvoltege ohereotezletaoe of the eyetene.
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Aocordincrto anlfih [13]. 1OI'I0!k thn“£°ai-.“1. nan
«enamored to an ohmic contact: to nntamhctora.
flavour. hat: of reaction at that hurt“: in also
salami in dot».-data; the contacts [322] .

flu work function 01' 81:28, 10 roportod to
be 4.7 - 4.9 or [$23,324]. an can-om-voltage chara­

cteristic: of at-ante,-men thin film otz-noun-on using
contact attain having work functions has tun that of
antimony triunlphido--lat1.I0l! ( 4* - 4.1 or). nun
( ¢ - 3.3 av), tin ( ¢- 4.2 av). umuuc ¢>- 4.1 av),
mm ( ¢ - 4.5 av) and month ( Cb - 4.: av)-m.-o
cnnlyud to invntigato the behaviour or those metal
contacts. Since untilona £11: In In! an the but
electrode, the behaviour or the but o1¢otrodo--ud­
conductor interface running the sun, and any aittoroneo
in the ohnraotorinina oburnd can he attttbutod to

the orfoot of the  into:-taoo at tho top
clout:-ado. Dopamine upon the top olootxodo uni,

the current-voltagc ohorsetoziation or the 313-8528’­
Iota). Iuuetuu moved Irma varutieu.

503410 llufifl’ UOI‘§I.0‘§

fin current-woltngu ahnractdr1st.1oa of

sh-saga,-at at:-uoturu shoved an obno anon ut lav



-3 __10 it
110"‘ --L I

//

if1095 r -k
*//

E. K I as V2., _6 _ /
E310

~+4,!1o''7 ­/
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-'1'

/’-3

10 IEZ3 l;“§  Q ‘:“1 A 1;?
VOLTAGE (Volta)

Figure 8.3. Current-voltage characteristics of0
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£1011: £61101“! by 0 square in rage: at Ma 11:1“
0: in near! 8.3. AIM: the square luv region a
nhurp 1.39:.-out tn no current In obnorvod. lo
ohngo in the characteristics was abut.-V04 by
running the polarity or that than-ecu. no ammo
of the chnrnetotutian 1-amino the use for the entire

1-any of thioknoun of no 8328.’ £113: studied. At
the auto 1311 region the ohu-aotu-into: chord
an I at G", «patina on tmeknou. The thickness
doponaonoo of mt:-2.-out at tho aqua.-o 1:1: region to:
uffcront voltage: is shown 1: figure 8.4.

no I °< V’/a3 dopandonco indioatu that a
space charge 11:11:04 conduction in protestant in
than 111: system. ‘nu mu charge injection into
the untaondunto: and: an chute contact [160]
bottom the ulootrodc natal am that uuooudnotor.

mnoo the  to aadvichod between two antimony
£1135. both tho an-mas, tatorfsao ad 88283-Sb
tutataoo an to In commerce. Hanna. unto the
lawn: of the chsuetortattea toxins the out
independent of the polarity of thy top electrode.
‘both thou tutu.-faou can In counter“ at or the
out am».-o. none: aatsnony can be canatdtrod an
inking an ohmic contact to annoy tulnlpudo.



CURRENT (Amp

105 r­

o

4

1o'‘4 ­

1o‘5 L

-6 4 - J10 I103 mt, O
THICKNESS (A)

Figure 8.4. Current versus thickness for_Sb-Sb2S3—Sb
systems. A - at 400 mV; 0 -- at 500 mV;
K - at 600 mV.
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8.3.2.  cfllfilflfi

In tho eaoo of 1311:: fun to top olootz-Odo.
tho mmo mm o bohovtour smm to an oftho
sh-85383-sh otmoturoo. Figaro 8.5 to tho cunni­
voltogo ohonctortotioo at tho ab-85283-In otmchzoo
at uftuont teapot-otnroo. flu aha:-octorlotioo ohuo
an ohm loo region tollomod by n oquoro luv tone:
at high tioldo. In this one use no variation in
tho ohonctoriouco no oburvoé by chafing the
polarity of tho indium olootrodoo. Figure 8.6 shows
tho thiohnooo dopouonoo of tho cum.-out at tho oquaro
lav region of tho choractortottoo indicating a 4"’
dopomdouoo.

rho obutvod ohoraotottotico oxplolno o
opaoo charge unitod ooudueuoa in this 111.: oyotu
one. no 801. oontuotion noodo otlout ono ohmic

contact to tho omuanotw. ab-sbzag contact to
ohmic no uoonoood oorlioro Binoo no otreet for

ronrong tho pohritoy no obotrvod 1n tho chora­
ctortotieo, for bout urocttono of cu-not an in
tho oyotou. opooo ohnrgo tnaootion tohoo plooo. mu
nude both aoataeto to to elude. Bonoo India: can to

ooaouorod no nouns ohuo outset to 81133,. rm: to
13 quot ooatlrnity with mm»; on Douro [S24].



1o‘5

1o”6

CURRENT (A)

1o"7

L I-2 -11° 1° vomum (volts)
Figure 8.5. Current-voltage characteristics qf the

Sb—Sb2S3-In structure at different
temperatures. 0, at 303K, )(,at_ 323K,
A,a_t 3481.
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trnxcmass (3)

Figure 8.6. Current versus thickness characteristics
of Sb-813283-In systems. 0 at 509 mV,
X at 700 mV.



vmorotndxunto trcotoduuungvuyaolohnto
contact with union: trtmlphtao. noo nun). one:
some: um indiun olootrodn [525-5271 mm 1: to
be making good onto contact with loot ntortalo.

ammo:-. tho dopooitlon or’ man cm: 8328, an got a
prodoumnt effect in asking the oontaot. Indian my

perhaps «trans to 8535, so that tho In-83233 Junction
to a attthood bun-10: fornng on ohnto ooatoot.

502:1: T13 Ufifltfifit

L0 in the can of antimony and indium as

top olootrodu. snooze’ structure with tin on top
olootrodu also moved on out In 1.-ogon followed by
3 square luv region (figure 6.?) for both polarity to
tho tin electrode. the ohnrootoriltioo down on

1IV_01'lO ooh dopondoaoo on thloknou at the square
lav 1-ouon no uluntutu to flaunt 8.8.

this I 0‘ V2/43 aopondonoo of tho 1'11: autos
for both polarity to the tin olootrodo indicates both
interfaces to to of stale: nature. As such. since

ab-81:28, oontoot to onto. tit: 68!! also he considered
to nine ohno contact to antimony t1‘13tI1’ph1dO. The
tin utalltatioa my be strong onoua to ask: a
difflud N31210: at the intorhoo doc to the highs:
nnotio onorg of tho tin atom.



CURREHT (1)
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Figure 8.7. Current-voltage characteristics of 8b—8b2S3-Sn
structure.



cunaaxr (1)

o )(
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Figure 8.8. Current versus thickness characteristics
of Sb-31:28’-Sn systems. 0 at 500 mv,
X at 700 IN.
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8.2.4. nnnuun Contact

‘rho aura.-out-volugo ohorootcrtatico of

sh-shes,-A1 otmoturu voro found to to strongly
dopoadont on tho polarity of tho olootrodo for tho
oatue tango or thtotaooooo of tho 1'11: united. A
him: current 1:: tho proton woo otoorvod when tho
oluunitm oloctrodo was ugatiuly Maud oouporod
to o politivoly uuod aluniniuu olootrodo. rlguro
8.9 Charo tho 1-‘? ohonotol.-lotion of Inch 1: onion.
A smm characteristics have boon 1:-oportoa by
E3213 0% :1 [328] 1113.10 using aluniniun olootrodoo

to sustain: film.

Analysing the two 131: ortaooo, it on to

soon mat tho  contact to ohuo and homo it
offers 101: rontounoo to om-rout not in both tho
directions. This moans that tho variation in tho
cmractoriatieo oboorvod while ahlngng the polarity

to he to the 121-8328, intorfooo. Honour, with tho
alumnus oloetrodo negatively nosed. tho lozco
current tndtontoo that tho  ‘W1­
aulphxdo junction otters o none: 1.-oozatonoo to tho
mmront not than than tho olnuniun olootrodo 1o
yoottavoly Maud. such on at ocfooo ouch often
lo! roototnnoo to am direction of entrant not



comm (u)

1 .o A-_—-_ 4  6
VOLTAGE (volt 8)

Figure 8.9. Current-voltage characteristics of the
Sb-Sb2S3-A1 structure. 0 A1 negative;
X , A1 positive.
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and Ida roototonoo at tho current 1191 in oppootto
dtroouoa to «.1104 o sohottky harder no an-oody

dtoenoood in ammo: too. Eonoo A3.-8523, into:-taco
can ho ttootod oo o sehottky nu-21.2. A ointlot

sahottty contact at tho 0205-Au tutu.-toao lino been
1-oportod to tho can or n-nae,-an than 1'11:
otruoturoo by 33121 out Ghouoovow [S29].

(1) Paolo-rrankol conduction

no warrant-voltage characteristics or the
otmoturoo roplottod as log I vorono Vi’ for different
£112 ‘lhtemooooo no man in £15-are 8.10. no
mturo of the oharaoctottotaoo onggooto oithor
aohetth or Poole-Prenkol typo commotion 1n tho
fill Crotch [$9.94]. In both tho ooooo. the current
to £10.14 doponlont

I an to ¢xp(g*) (8.2)
than-o B to olthor tho 5-ohottk: tutu (98) or no
Paolo-Proakol tutor (fin) dopondiag upon tho
concoction. no voluo or 5 no calculate! nous
tho tomb

3

O flfla C, G:-:7 (80,)o

whore o to tho olootronto «largo, c to tho ponxittivity

‘rt



10"’ r

‘1o‘5 J
1

10 2
7* (vo11:a)%

Figure 8.10. Log I versus Vi’ graph or the Sb-Sb2S3-A1 film
structure. 0 , film thickness 2450 X; K f1.‘.m
thickness 1310 1; A film thickness 1650 3;
ah , £11: thickness 2275 A.



137

of fro: apnea all 3 1: tin nu £1-oqncnoy dtolcotz.-10
constant. Also from the llopl or the log 1 «mac V‘
graph (figure 8.10), an value of 3 up aotorainod.
rho oxportntntnlly data:-lint and thuorou call:
atlountol when of i are tabulated in tune 8.2.
O@rtag ‘£13000 3 nines M in suggutod ‘that the
bulk--lluttod oonduotton is predominant in the £11:
vital. Ball: 11.14»: conduction using aluminium
contact: he been rcportoa by Gogol and Burns [330]

in case 111:: and E:-nun and amaze: [331] 1:: am,
11183.

(11) Surface tutu”

After applying In-co £10140 (greater than
9 3 105 7? ou''''1) tho top names of the oftocuvo

arcs of at-3333,-L1 ‘cu.-nature no round to be 1%.
Pin” 6.11 10 an option). ates.-opnph of not 1
dungod £11: unto: Vina undo: reflected 11;ht.
It has tun oburvoa that 0300 this dung: is initiated
at the Instant. it spread: rapidly and canto tho entire
lurfnao of tho otfoctivo man. the lungs canon the
«nut in the union to £3.11 can and tho.ou:ront­
voltage aha:-no-tor$.ot1au of 0. auto: mm tho viran
auto to the «aged mm in than in figure 8.12.
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Elfin! 8.2

9 values for afferent £111! thtohnuus

% 933'” ‘apt’ 1°.‘ : 3 10"‘ “thou.-5 1° 4I 2 i 933‘ * V v,* §0? Y"*cIn av  ' '3"
1550 1.62
1810 1.84
2275 1.99
2450 1.71

1-79 1.98



'Va"v-V1-A_ ,
V‘

3

§

4

11 .3

313330 8.11. Option). $630039’! 02 the j
can of the at-B528,-A1 structure
Right - dnngod I20!» (fillin­
oauon aoox ).
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Figure 3.12. Current—vo1tage characterggtica of the
Sb-Sb2S3-A1 system from,vi§gin state to
damaged atato.
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Loco:-dug to luau at :1 [313] antimony
txiuulphuo cannot uthltul a. 11014 a.-aim.‘ than
(7.5 - 9.5) I 105 V «'71 run to in sunset with
tho nu-cunt oboe:-vat: on. no oburwd dump 31¢:
also have been Quilted lo: the Jcmlo inning at tho
Inulnunooaduotox: Junction.

3:35 5 I 31170! UUIRG3

rtguo 8.13 as tho current-voltage aun­

anxieties of tho sh-81:28,--Ag rt:-nature. lo
dotocuhlo current was around unto 0.1 volt
pountul can then we out-at us fauna to increase
sharply Mu: about 0.1 to 0.5 volt. tuupoottvn of
the 9011:“: of tho 01.03123.-odes. loan of the count
oburrod rub sun: to top 0100132060 in unstable
o: an-tuna a non greater than to’ v «'1 ma
nyboduotothspoorutuitntyotthoulvor
claotrodo. Illtolull and 9% [334] have also
upartod that 11110: slut:-can to unison: us.­
nlphtdo no high): unnauo.

0.2.6. lunch cause-B

In flu can of iinmfih 1'11: to tap ollotrodo,
an ohms I-anon followed by 0. aqua:-I lav melon an



cunnnnr (k)

10"‘

1o‘5

10”‘

1o‘7

1

1

VOLTAGE (Volta)

Figure 8.130 Current-voltage
the Sb—Sb2S3—Ag

10

characteristics of
structure.

9 Ag negative; 3% Ag positive.



140

observed to: both penalty to the latent}: electrode:

However with e positive polarity voltage eppJ.1ed% to
the btemfi electrode, 0 negative reeieteaee region
In observed after the equue In region ee about In
figure 8.14. In the equate he xenon the «neat
anon «*3 aepondenee on tnomeee (am: 3.15).
After the negative reetetmae region. again the
eheuoterzletiee followed e I «C  1%-elation. the I-7
ohernctex-tattoo use found to be irreversible Inner
the negative reeletenoe region;

the I at 3/4’ aoponaumo obeerred for
both pelu.-tttee to the Hearth eleotaode lutcetee
me e 801 emanation in predednnt 1n the 11).:
units. the irreversible negnfitve teeiaunoe behaviou­
te a «nut mm.-ollea phenomenon [332]. mu current
controlled neptive reeteteue (com) on be explained
by Rupert’: double tnjeouon hotel [$160,165]. the
holee on be injected fro: the Iltenth anode and will
tern e ensue charge in the eeltooaauotom eunuch;

the field Canada the enttaony cathode which in turn
enhance in charge carrier haeetion from the union
electrode causing a double injection. Renee death
can be {towed es en onto ameettnx collect in eminent
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Figure 8.14. current-voltage characteristics of the
‘Sb-Sb283—B1 structure showing the negative
resistance behaviour.
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mmpuao. sauna at :1 [3123 um um.» roporiod.
ninth u an inaoetug emtact to 81:28,. the corn
ehuaatuiatiou due to double tnaoction have bun

rnpoztd by M21: and ma [335] for 3120, also
and. om-n and mum [334] an tho mo of s1-am
£11: anion.

'02:.“ Roux-XI

All the contacts studied nth natal: having
tori: function less than that at antimony tzdmlphido
did not show nun: behaviour. no behaviour or the
uni. contacts to munch: trimlpudo an mnuruod
an an. 8.3. nun thoua. tooordiag to sum. [15]
and ntchon undnomro [$24]. in work nnouon
natal: nit ohmic contacts with oodoontuoton. 1% to
oturvod that not :11 lot um function nah nub

ohlto Contact wen 91:29,.

8.3. act. conduction and noun» Laval mun:

lath tho ooovapox.-and an that «spouts!
unison: triuulpudo film anibitod apnea charge
nu-cu eonnluetion while aunduohod Intvua antimony
Iloctzodu. flu  oharaotcrutton
nhavtu this ml. conduction annual for 111:: or
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Bloom:-ode Hort auction are of contactnous.  9 av
Autumn: 4.). onto
nuuniu 4.8 Behottky

hu.-rte:

mantis 4.3 OM10 injecting
$790Inuun 3.0 ohmic31$ ‘:1 Oillfi
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fiirfenenfi filcueeeee lIl.'I_IlOC to detmtle the be)
«nuance end trap aura lenle tn the union. no
dominant electron and hole lerele in the ueutollltletm:
were detendnnd tram the tenperetue Iepeulenee of
1-? characteristics.

6.5.1. 2:.-up Beauty eat any
he current-voltage oheueteriefiee flu

at-ates,-ah eyetue or dtttereat timeknueee in shot:
in figure 8.16. The oheraetoriettae IIBI In eh:
lo! region at 10! fields tollmml by e Iqilxe let
region. After the nature luv region‘: 0100) {airline
in the «urgent in obeernd. M the equate In teuoa
both the oocuporated. end the then evepenetet 111:0
show an inverse who depudenoe on thxoheee an in
figure 8.11’. indicating that the current tie! in
the £11: auto 1: epeoe ehnrce 11:11“ ee iteuunel
earlier. In each I use we knee ebeewed man the
chin 1.9.! mi the equere lav region in the eIllI.I‘t­
veltece ehereetertetiee can be considered en the excee­

ever voltege. 1,. en! the voltage at Into]! the lien
tnoreeee 1: current ounce oen be treated ee the tap

filled nut voltage, 1,3”. mm 6.4 Ghee the
values of Y‘ and 1',” to: different thtelleeeu at Iefl
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Figure 8.17. Current versus thickness characteristics
of Sb2S3 films in the square law region.0 A, flash evaporated.
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‘ 2 vi volts ':FL vu1$a%

2100 1.3 an 10"‘ 9.: 10"‘
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5400 2.5 x 16"’ 3.25

1730 5.4 a mo‘? 5.5 1: mo"
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Oncvapomuud cal than cvnpcwatd £1130. tho nap

t111ol11ntvo1ta¢oV£nnhaIonsqnuc1avcopnl­
me on menu; u can 1: am. 0.15. an: vm
amuse $9 avnluato the acuity of the traps,
I, [157]

2OI C71211. --5-}- (3.4)
According to huge:-t and last [160]. the trap unit:
can be calculated with tho ya-action: values of 1””
nun the totals

101110‘ ' .5
I. - —§.1.m -5 (ms)

c 1: the dtolocuto union. no war «nut:
mu oazountoa. um c - 14.5 [535] for run of
Qtftoront tncnouu 1: I. In 1.44-4.22 3 101‘ on”,
to: umpoutu an 3, - 2.05-3.40 :: 10” «*5 tu­
fluh cnpcratu an qutcu.(!ub1u 8.9). has asp
duality value: no in amount with that oirtctncd
by into [336] for notcmoutuo antimony tuonlphuc
£11.11.

811590 tho nu}: ration nation of tho
characteristics to curtail: pounded by as square 1.“
nation. it on in cancers! that tho train 1:: in
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Figure 8.18. Thickness dependence of the trap filled
limit voltage Vnmfor the Sbzsjfilms.

O , coevaporated; A ,f1aeh evaporated.
Slope = 1.96.
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It. 8 can It values for 4111::-out £11: tuuhuuu
An... ;..;‘_’._.__e ‘ré-._ _._;. _._ riifl '

.4;.rur--w~mm '= 9 san §u°‘§"’ at 1 «'3 I 10"“ O ‘n,

own” 2725 1.44 2.1 0.75at“ 3070 1.69 5.35 0.734550 2.22 5a29 09725400 1o77 5-93 0.73

1730 314-‘ 2:34 0475
,,.P,m,_.“ use 2.15 1.72 am2300 2:03 2921 04:7‘334-0 2.04 1.79 0.75



147

iotv«u*murom.1cvI1udthotopu¢ooftbo
valouu nu (pawn). this oquu.-0 In
and in uhllmr trap square hr amazon. awn the
tnfcmmtion about an trap depth in tho 2113 QUIC­

EIII trap depth. It, ha bun oclnlstod using the
solution

I‘ I H 13 9!:'— (6.5)t
II!!! IV 1: the ctfcettvo donut: of mm: in the
valence had (I, an 2.5 I 1o3’cn""). t the Banana
constant, 2 the tcaponturc. 5 r_v. 2 the «guano:

factor of tho traps and 9 to the reduction taotgr.
the reduction rum 9 up aotonnnu to: run at
dttroront thtohuuu nun; the rustic:

9 an 1.: as to" p. 4%’/at (3.7)

when 1’ 1: tin onus cu: voltage from out In
to aqua.-01:1:-ouonnl p.1nthotho:uu1J.y
caurntod tau ca:-rut concentration. Lacuna; tho

rum onorg to be can at [$12]. the am at yo
no olnntud u 4.1 2 105 03:3 no values or
contained no tnhnlatot in has 8.5. no tn)
depth 3‘ «Junta for 11130 of afferent filament.
nus equation (0.6) 110104 mm: of B‘ I 0.72 to



0.75 :7 for ooonpoz.-nod an I‘ an 0.73 to 0.75 IV
in than oupomtoa fun (table 6.5). the outage
vain or tr.-up depth. 3‘. in take: an 0.14 or than
the valence hull edge. this trap tontno shallow

can the  vikth or the may gap. 1‘. in
1.55 av for 9:13, [3371 men an acute: than mm
the trap depth.

503030 Dfldfifl‘ 190701 fllllylifl

rho tupoutu-0 dopudonoo of ohdo an
SOL oonduation no and to analyse the motivation
entry at loeanud lush in the an system. In
1:30 unrest-voltage luau.-mums of tho ab-3523,-at
£1.13 nation at dlrfucwt tamper.-stunts, In order to
px.-wont the dung! or the £111: Intuit. the field:
was not applud beyond tho agents In region.

unto 8.19 and 8.20 are the I-1 chara­
otortatxao at tho coo-nporatod and the then evaporated
antimony truulpmdo tun: z-upaouvoiy omduaohozll
henna antimony clout:-od on at attroront tupcraturu.
Both child an 301. mm;-mt: are thorully activated.
their can-npoaaing activation angle: can in dates­
Itnod fro: the tnporum.-0 dcpundmcc or the chan­
otu.-utico. ngugo 8.21 than the log 1: versus 1/!
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Figure 8.19. Current-voltage characteristics of the
coevaporated Sb283 film system at differ­
ent temperatures. 0 , 3011!; x , 315K;

A ,32ex; D . 343K. Film thickness
5400 X9
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3161510:-the manna
ucnponsoa an that unnamed) for ~ohI1c soda
and 30130 radon. in uouvattaa aura 010.58 CV in
at chili region and 0.52 W tn the sex. region nu
obtain“ for *ouvnpu-atod Intona while tut flash
cnpoz.-and cutout tun: are 0.61 0? and 0.52 of
rupo-ativolrc For all afloat (both oocvuporstod
and than anpocntod) no 801: actuation earn an
0.52 07. an good ntmlcht 11:» regions attained.
gun a «must activation may indicate that 3
roletivcly took tonpcraturo dopuaont oontrthtton
114009 from the product of phonon limited mobility
and the ottoctavo density of then an nggutod by
rune am Roberto ms]. Aoaordtaa to Robert: ma
souunu [1B9.J-D7]. onutnoo of different activation
cuzgun to: can at am. umétzan 1: both .
“occur:  Intflotut condition for ohm: eo&e1:1on
to to an-utntulc. 1150. front the aunt: of the
uhu-actcrictton It on to’ observed‘ that tho oaouonr

‘voltogc. 1‘. an on: in to squirt  radon in
taupe:-aux-o «peanut. (near: 0.22). an nauvauoa
any at the arena» voltage. 0.0? 01 in unit
Oqml in ‘tho dtffcroneu 1n the activation entrain
for abuse and sex. region. which confirm that the

run an %t:1u1o in auto.
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Figure 8.21. Log I versus 1/T plot for Sb2S3 films at
v = 4 x 1o’2v (ohmic region) and v = 4 x 1o‘1v
(SCI: region). 0-» coevaporatedffi3LI"thi0lme88
54001), x:. flash evaporated (film thickness
21751).
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no non-extrinsic stun out explain in
doflnunt clean-on and hole Inns in a. tutorial.

In the an of p-typo  ulna. the acuity of the
oollduotslon ourrior 9' and tho ratio of iron to total
on-1.-zloz.-3 9 9 at

’v " ‘v  "Ir - -(-51.3‘) + * ("'35)K!

(8.8)
and

99- g: up-»  (8.9)
inure the u1'£1au V. n and g rotor to flu uluoo
hat. dollum dootroa llnl. and dollaunt hole
Ion). uopoouvolg. In turn of the deviant unit.
the  citation for 1 3:-typo ntorlal 1.0
as follow. It the noon nooopto: concentration in
3 p-typo usturial 1! Iltll in oolpu.-icon 11¢ tho
concentration or olootzonn «cited from the aonflnnt

hole 1o*u1,~ 8‘. to ‘tho dwanmt oloou-on 10701. I‘,
than tho 1'01.-It worn‘ in looatod hotvun tho We
fiflmnnt hvolotnuohanyutonhthooonooau
‘oration or holes at 3‘ equal. to the concentration or
olootrou at 3..
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Figure 8.23. Schematic energy level diagram for
P-type 8122 83 .
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393030 llilffl ‘Oi  fl!
no ncttvauan «turn value: 0.52 01

dcdnntoa tn: the son :u¢1on.o1 log»! VIII! 1/!
canvas correspond: to the dollnnns hole ldvul. lit:

Inns ‘that there exists 3 hold 10703. I‘, at I
dtntnnoo 0.52 0? tram in; top of tha'vI10uac lull

man that 36!, an 0.52 on ma aunt in in
:31.-«amt run that of man: at :1. [:30]. no
roportad I loonllsa level £0:-p-typo I!!!’ clinic}:
at 0.54 of above tho  ‘halo In «ya at the
cup 10101 3‘ us 0.74 07 attach ammo:
Lon). which can In the deans“ iihlhtl low). I‘.
ma dominant alcatron level is in Iufllflt Ilfi
the activation may A B an 0.fl 07 ninth! tan
in: tcupcruturu dopondonao-ot'oonlInt1v1irb ‘flung

fihoso tjo lcvcla II and 3‘ an II!l7‘IIII Clllllltflr
the pine 85:8, 10 pmpoud II 13 £106! 04,- his
cars: lnvcl odhull tntaatoc the guests o!’n.taIp
at 0.74 ow faiths chute sanction 1: its III at

p-typo sn,a,. It ny'bc ponuihlo to oupn1I.€lD
axtntcoo of uidoly separated snap lactic 1I»IIv'
qyItcn.hw tho danlnuat 10111 nanlyuuo

8.4. moloouto audio:
uo uslcotrta than an «and out
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:02 Inofih nonpca.-not sad that evaporated cannon:
tnulphuo nix. no «pounce or onpconuao on
arugula: at tnpoutu-0 for 111:: propuod by both
than lubed: Inc found to In of 31:11.33: nun.-I.

0.4.1. rroquaoy nonndonoa

15% low: Mlporatwo (303!) the mpsottnnu

of the ab-$535,-83 structure mu found to have little
«pounce on 2:-uquanoy. At tho loam: frequency, th­
ocpncatmoo In high» and as frequency tmrouod a

durum in upnaitanoo {nu obu:-fwd. As the
taps:-aturo at tho natal tuguudg the change in
capacitance with frequency can tmreaud. nguro
0.24 at 8.25 in we «menace versus noqucuy
curves at distant tuporuwu-on row both oaoupa-and
and nut cnpomtod 1'12.» respectively.

liming tho capacitance. 0. the uiaknou.
‘Q lfl  .:f.0§!.'. ‘£3 ‘ Q‘:  'tn9“r’Qg
uolootuo constant was calculated mu flu

‘ ' % (509)
no uoluuza constant cu calculated in 111:: on
interest t%turu Ind troquoutu. run:-on 8.26
an 0.1‘! no its ummu constant mus inoquonq



cnrscxmzncx (103 pr)

U‘ _

102 103 104
FREQUENCY (Hz)

Figure 8.24. Frequency dependence of capacitance
for coevaporated 8b2S3 films, at
different temperatures. 0- 3031!,
*--:318K. A - 333:. In - 348K. rumthickness 1180 2. '
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Fiaure 8.25. Frequency dependence of capacitance for
flash evaporated film, at different
temperatures. 0- 302K, x-. 31lK6 J-321K,
Cl-333K. Film thickness 2175 A.
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curve-e at dttrex-eat teuperetm.-ee tam £11: etmetm.-ee
than in  8.24 ea 8.25.

the dieleotrta eenetent eelouletea tor tun
et afferent thtekaeeeee tree found to be elnoet eene
guns ea evenge value 14.5 tee ceeveper.-need end 15.5
for neeh evepereted runs. the values of dielectric
eeneteat for nine at different tuoheeeee te telmleted
‘.3 9331. °e‘e

he lteleetrte content at enuneny us.­
ulpnae eryetele perpendicular end pea.-e11e1 to the
ere reported to be widely uttezent 1:: the
veluee [S39]. M: neteeeve treqnenatee the dielectric

«constant at  1e fun! to be veryiu from 150 to
to 200 [$0.340]. ureter. the dielectric eoeeteet Se
reported to be 15 in en other an-eatione except the
perellel to fie o-cue. For enueony txtnlphue tune
Pete]. ma decree [3351 owned neon the eerie value or
dteleotrte constant (14.53. In the preeem unnu­
amen. the dielectric eeeetent veering teen 14.: to
14.0 eeeeieed re: eeevepe:-etea tune (am. 8.6) Le in
seed eenftnlty with the earner repeated refine.
A eltghtly Mae: value at the deleetrte eeneunt,
erased 15.9. 1e ebteteel for net  tune.
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Figure 8.26. Frequency dependence of dielectric
consfiant for coevaporated film at
different temperatures. 0 - 303K‘,
X-2 318K9 55‘ 33339 u"348K.
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Figure 8.27. Frequency dependence of dielectric constant
for flash evaporated film at different
temperatures. 0- 302K, x— 3131, 4- 3213,
3 '- 3333­
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uuusyboduotourtationutlouhrootuo
full props:-at by both the sown» lawns. not not
variation in 3 with such“: has but alumna 1:
«ch «:0. At mam frequencies the «nausea or
the anion 1-ensue than mu:-tut.

8.4.2. 9%tu¢ Dopuamoo

no tape:-nut dopoadcaoo of «gunshot
It dxflorcm troquonau an than tn 13.31:!!! 8.28
and 8.29 for couvapontod and am onpornud 111:0
xupoottnly. In both cans. am not vauction in
thc capacitance at obnrna upto 0. tcuporahrc
mm 3151. For Mwu: tnpontuo the 18620300 in
upacuwec was that up“ at 3. k e/0 troquoaey.
an tmyontnro oocrtsciunt or cnpaoatauuc (206) no
ulaulntd from that alpha using equation (#4).
we we value for ooonporatoa £11: Catcknua 1180 2)
133 mu °c"1 an to: am ruporatod run (mon­
uu 2175 X) to 614 ppm °e‘:”‘ rho when an oupu:-able
with the results for other dialect:-to fun like

an, [:42].
no mutation of tn 6 with umcruturo at

Ike/urzoquoaoydunocdovuqpoak. moles:
tangent no roam to turn» nth unpouv.-no
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Figu§e18}28. Temperature dependence of capacitance
at different frequencies for coevaporated
film. 0- 1 EH2, AK; 5 X112, AT-- 10 KHz.
Film thickness 1180 A.
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Figure 8.29. Temperature dependence of capacitance
-at different frequencies for flash
evaporated film. 0- 1 KHz, X-56 KHz,
A "' 20 KHz, ‘Film thickness 2175 go
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(fun: 0.30). the tuponturo upnlcoo of in 6
shown: no Ion peak uncle tut  ta
relaxation «toot in tho tutu.

rho shout ttoqnoauy uuloponant man of
the onpaeittnoo and the 101: loan me-horn obuz.-wt
nuggut that the antimony mmmae tuna can an
my dielectric constant 1: as tunable natural to
be and for thin :11: capacitors. flavour, in
paring capacitors nth 8525, 1'11: structures. that
nature or the «that undo by the metal to tho «:1­
eonduoto: to tape:-taut, since the dttfudon at the
natal enema: can ammo adverse affect on tho
pox-formant of the Intent.

8.5. thin P11: It-anatntor

‘mo Iouru-drain cnrnetoriatien of tho
thin 21).: transistor nulls P017!!!‘ 1311: to tho
innlator for interest gnu volltagu is shown in
figure 8.31. no observed characteristics 1: mum.­
to that drntn family or a 11011 offset tenuous».
In the can of the ohms:-nu drain turn: the @120
11016 was not applied no no to get 3 punk off.
that III‘: are and on tho £1016 «toot diode: by
charting the gate and the 41331: all the ehnnotol.-anti”
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Finure 8.31. Drain characteristics of the
Thin Film Transistor at different
gate potentials. CD-V = 0.5 V,
X- V8 {II 0 V, .-Vg = -0.5 V.
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at not a non afloat mm at dxtrazat can Volta!
tn mon$n1’un1-08.32. ‘non mu.-nu Ihovntcpofluoo
if the «mat on an voltagc. sails: to ‘shut
by vane [:43].

no Into:-an-an upurgtion 1: I «I! 1330210”
tutor aotcnlntng tin pt:-forum» of 1 11!. this
noun: has bun mind by 5 nitahlo not «path of
promising 3 133110123 15 pl Vida oolhstlon chumol bctloon tho

nouns and the drain. novnor. duo lbw (min totals:-in
in tho ommondhutor Ian: Internet the conducting
channel that us: can an ant oanpttm to the than not
put): at tho carrier: [:44]. use. an Marco and in
62:11: would who in rutlttn contacts to the unto
aoMno1.=or.[345]. B1300 utility nkcn ohlu contact to

3523,. antnpou 11.13: are and for source and drain
electron» and tuna otroouu .

has than uvornl mm an ant nun;
racttnlq oddtut nmuu oxide fun as auto
insulator. none was found ngcoutul. rho factor:
Luohnathoporuatyotthtezaulottlnoaltholtnno
canon: of mutating the tuahnu my In the» mucus
tfi W.  0: $3.‘. .”‘CXc $130; ‘M1.
nu; tho polyur puro-toluene u the taunt».
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Figure 8.32. Diode characteristics of the TPT
(gate tied to the dréin) for different
gate potential. O-V8 = 0.3 V",
3% ‘lg = 0 'V‘,o«-Vg = -0.5 V.
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tho cont:-0111:; of the innlator 1:101: thiolnlu III
taunt! is In uportant for the efficient 60110!
ptrtfialooc P013301: tuna have been imports! in
xaym to: case: [346] um p-typo to [347]
ti.-canisters.

tho portozlsmn of tho 9! device: 11111
In dautmtoe by slow tx-uppang ante: winch «and
does: of the Marco M dz-sin ennui [$48]. In the
can or coapouad unteonduotu five the paternal
Inertia: at the pain bouadnuu attract the: chun­
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