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In this thesis, tìrin f ilra cleposition'ancl thiclrncss neasür,ernent

techniq.es are clescribecì. Tire transnrission coefficie.t of a

thin metallic firrn locatecl in Lhe cross-sec-bion of a rcctangr.rla.r

r'¡aveguide olrerating in the Tílro nrode. is cletcr¡¡.inecL anal¡,tiea-L r'
and experiinen+"ally. Talren into accorln'o is the size effcct on

the condtictivit'¡ of tÌre tliin fil¡:r. The transr:rission coefficient
Jì1easrìller:lent ab 10 Gj [z rrsed a nicïoir,avr] l:r'irl.qe anri r¡alues,;îêjre

obtaineJ for silver fil;;rs lyith thc tÌriclrrresses;.angin,E fro¡u

100-1000 .'\. 1-ìcsults r¡ere in good agreeirient lvit,Ìi tiiose p'cclicterl
the oret i c al ly.
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. cil,\P'i'iìÌ¿ r

I Nîi.ùûDI,tt'i'I0 ì.I

.irrtìrori¡,li the ¡rli'.rsics cf i,Ìi j n f il¡¡is Ìras a Ìcng Ìris-icr;.-,

it-s theoreiical- basi.s; is s bill f ar f lorl bcing conpletely est¡riilisliecl .

0ft,en tirecreticai and expcrincnLaÌ rcs'-rLts tlisagree. ûne pa¡LicuIar

probleln i;f -in'rt:re s',, is the tre-n.:;lissic¡¡ oÍ al elcc {;ror:l¡..,qnct,ic

va..,e throu.p:r\ tllin meta.rlic f i1¡ls, rr, 1,.'as l(a1:ranl r,;Ìrc in llc4.pilt

f orli'a¡'cì- a f lre olotical f o::t:tu1a. f or' .the trarsuission coef f icienb,

T, (ti,e ra'Lio of Lhc tra,:rs¡rittcrl to tìre inciclcni ryavc anpli-iucic)

taki.ng into acco-.urt the s j.ze ef f er: i,. Latei', in 1g64, ilo::o1ev
I

a-nti $ricli1s1,¿ ¡:crf ot'riictL an expe¡'ir:ren1, to cletcr:lilrê tl:is coef f icienl,

f or sil.¡¡er f il¡n of thicl<nesses of 20-200 j. usinta a nr, cr.o,,.,.a.\,c

freer ncnc¡'ant] i'eportecì"'rha-t, ihe veliies l,,.er"c i,lrrch less tjra.n

'Lheorc'bi.cal. oile;ì ce.lcrr-l-afe,i on tìre basis of tlie forr:llla. girren
.b), iíaplan. i'io explanations \serc offered. In l-'li67 ìiecll a.nci L*,,,p3

perforned a sinrilar experinen't,,.lsing a coa¡;iar linc .t,eclni<;1.¡c

ancì. f o¡-inrì- no, sucilJiscïcij¿uÌcics, j(¿in1an'i Later pc:J.n.beri c,ut

tÌ:cre .,'¡cre nistal.ies in iiuroLcv ailcl Gricrner.rs e>:perii.ie ntr.1

resr-,1ts. In reiIy, iiorolev ancl Gritl:re¡,5 aclnitte d io some of .thesc

¡äislal;es, but i:isistc.d tiia.t, tÌrese rris-balie.s cli.ii nr.ri invaliila-t,e

the re1;oi'ie<ì Cisa.giêci:laÌì.'t be Lr.een lÌre e:,1¡rci'ileni;el ¿,rn,l .,¿h,roret.i caI

curves. ?huS tirr: question is si;ill iinsetiLec'i

This inves i,ig¡-t,ion i.s ar al'uennr- ,. setùIe .,,lle qüestion

as.t9 r'¡lle''-!ier silcii a ã.iscr.epzrnc¡i cì.oes erj.s-{, Ì:5- ,_,oi.fi.lr.itrj.n,j a

sir:rllar e-\:jlcr'i:'reÌr", Tìle exncrincnt:l '1.¡cre ¡rcrf ori.lcd in t,u.o

sta"ges in oi:der i;o cìrecl; t,he ¡esuIi morê -r.igl::ous1.],,. f irsb,



tìrc f illr conrlnctivi'J;.-rl ris exat:ìillcd a.l \-e.rjous thicl;ncsses, d.

scco!lif',', the trli:s:;rission coefficient is irrcrsuterr. a.qainst

fil:r co¡rlir.c.í.¿::rcc Ì)c.i.sr,riaÌ.Lr (f,: ) u.hich cau.tc 4c.fer..lincC
'ex-ne ri;ren1,aJ l;. ¡r'j.i,iiorrt l.:¡ro'¡¡irr¡¡ ilrc tÌricjrness a:-rd srecif j."

conrì',rct,ivi_ i,y of ¿-r. ¡_.iiven f iiil.

L¡-or a gocr.l coliii'.rct:i ;rrJ r:-,cl.l,iil¡r tLre l.r'a;isr,iissir;' coeíîr..cient

is ncg;1igJ.bly si:raIl aL ùi cÌ'ù-,riave f i'ec-¿ucncie s u.,o" .,"1-r",r the

nater:ialth,icliless j-s l:i,.rch Ìes:s r¿han tÌre siiiil rÌepLhi e..T. for
silver', the -Lr'¿rnsurission coef r'icient is l e:;s than -4Lì drr .,,rrien

'ilre f if ¡n 'l,iricÌ,¡re ss is 100 ,1t 
",¡hich is l/10c cf ilic slr;-n ii,eJ: i,ir.

Such a cìra.racte:.isLic is a.tbr.j.hutecl bo j.he Ì¡i¡¡ll reflect,ion

coefficielrt ai, i,jle s¡rrfir.ce rl,r:,.r lo Lhc irl¡:etlaace lris¡,latch,

This ui'opcrüy i.s l,.,icì.ely rrscd in rrlicl.lr,¡¿r..,e ;:rir.rors, f or si:ieidi'g
purpóses, f or sa{.e1ritc 

"orr,l,,,rnica.tion, anil in ¡ricroclectronics.

rn clra;:i,er'.1. 1 ',,irc firr¡r for.r:rin,g teclrrririrrc is:r.iscrrssc,J,

as ¡ve11 as the iactors erÍìfc.ctin¡¡- ilr.-- filur ciiaractei,isr:ics.

The r'¡eighin.J '¡re thoiÌ uscdr 'uo cÌeter;ri¡re f il¡. illi¡:liness is --

describecl ,

In chapter- III a theoretical anal¡,sis.rlct,ennining ilre.

transmissio', reiì.ee bion, an¡l e.hsorpbion c.ref f icicnts is girren

and tlic size effec'¿ oìì t,ire concluci;i,;i+.T of t,hin;;le.la.l-1ic firns
is rliscusscc!..

cï:apter r!¡ co'r'i-;aiirs a crescrì ption of . tiie f our proÌ;c

technic¡ue -,1 s,:rl i,r-r i:ieastrre tÌlil fil-r,r cci,illicilvi{,r,:. Tìre tr¡.ns¡ìíssion
coefficierl rteaqltrclìlei:t iecìrniç1uc i.s dcscriber',r 3rrC i¡cluCerL



is a, :Ì esci,p'iioI of . tì:e f iìr,r i:rs.or.ili,¡ri devi.ce . iìr.eca*.i,i.or:s

t¿lltcn'f,c eilsrlre fl..c.iire;ìc-v- st,rilliliz¿Lt,ion erc or:l-l_i,r,_.iì.

rii cì:a1-'i,er'',¡ iilc e:';¡rcr'ì¡.i¿:.r'i.al r¡:sirii.s eì.c 11 i,.;cilssciì

anC i,itc ci:ììcLrisic;r-= --i.r-cil



Cilr^irI'|il lI

iriiui,,\Ij-'ri I0.'j ûI' i-iii:i Til;-:.rr FiI-li

silvei: f j-.lri, u,¿ls prj.l,r:r;...i 1;r' iisr:d fcr¡: -i:iìis iirvesti.ge,.Li'l:
:

and ¿t vacuìj.ìiì cì.cpr-.s,iti r¡ri .j,ecjr¡i j.¡-;:.rr: Ìïas u,ac,,l 1,c 1lr..e¡.ra,:_e ,1,ìle f itr::s
^ranging jn ihicì,tle.ss f¡'orn l0ii ''L 1..,r 10îc,;, îiie fïll:; rr.:is for.r,rcr.r.

^n ¡ i'r^:!'ì., ^1...---,-.1 .-.: -.uj¡ <r,:rijìirr-.-! ,.' Jû"r-fi,''.ì:rit:¡,t:',1ìt¡il'at.,:r lrsí.:,j.. ¿:,. "lr:1.1.::ìl;e:: f.i].¡_l,i+:¡ri

sour'ce. 'i.Ì;c 
1;rc.lsrìl:rr uscrì iiirs ìí-Ì-'; t.o;,r. ill:.rl ..i..3 ii¡,ilxsi ûio:r

o
r'¡rtc ¡irii¡iï'ol{iiìtzi.e1y 7li ,'i- ¡;c;: sccr;:t¡j,, i'ìre f il_r¡l ljlir:il¡re s;ü r,¡a,;

¡lic¿:.su¡'ci i.r¡'r.¿ rypigirin,g illL-..,i¡Ð{l lL:;iil¿ a r;;i-¡. 1,7 cr.¡,oll,-ì ;¡iui.c_

.Lral"a::ce.

So:':e f¿ciors r'¡Ì:.ich in.ÊL,-lerrc,,- ii.: tiir.r ¡i,rüct¡llr_. a¡ril t,iltl
-Ì,Ìriclirie::s;iloni_-Lor.irig fe.crrniq.ne a-r'c ãiscr:.:;seil j-r:. t,i;is clra:- Í.cr.

:l .l r,¡i:cur.u:rc De.nositic,,r of a Tirin ìril¡rr

!:"p2fgU tl¡_ Sou..,:t,

Th.e evapor¿r¡ion rìcur.se, sl-;.ò,,,,.ü iir i,.ì.¿,;;,i;:,c 3,Ì, c:t:¡isists

of :r. triir¡s Ûen Iil,¿r.trrel¡{;r. a sìrutter, . encl. ,î.1-1 t-i)Ê},t..i:.re, ,iLle f i1er.:e¡.1

is a 0.5 rii';;r Cia;littr:r i-rrrigsten rv;-r'e ar¡C i,ile cìilrr:ìlt srippì.ied

fl'01,i a va;:iac co:r1,rclle.i. l¡'a.nsiolii,.i:i', -i'lrc sj.l,-.,ci ir., l,e eI¡r¿i]Ði.j.tL)d!

is i;sit,¿¡j on bhc i:-l-¡::leir', to f or';;l 
-t,i.,e eïaÌ,.,a'::'¿.ùi,:iir so,.ri,ce.

-'ln',- c,)iìi,ir:,ij.rì¡r,lt, l,ì¡-rsL iirst ì.le,.lriçcn ri.ii fì,ir-.ì t:i.::.:,i-j.:..¡r;r.,jtti;

iìre e1'¿ìprlation prùccss is s garr..eii a sir¿it,ei. is in,_er.¡:c;e.L

bet',;e,--¡r soLiÌ'ce i,rìLì sul).;¿r¡iLe i¡l ci-ilcl tr i:.r-:i:i-cci:-r. t,it¡r il ii,.: l,

pcri;ion orÌ t,j:e eiiapûraLe¡ì. lnat,er.iaÌ r,.ilici; nà;j c..rrla.iii i::pi.z.jties

fro¡lrblle noltc¡, s:i. l-¡c¡ suiface,
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'J-'he rlegrcc oÍ co:ri.¿'.::rin¡-tioll of the sj. 1-,,er. f iIl¡ }ry tire

trrnp:sten fila.;;rclrt ì¡¡is llecn cl.cier¡i: inciì. lr5- jlcavcirsÚ,r.i,,g n

r¿ii1io¿c'Líve i-riic€Ìi'iiic.i,lìori e¡r,rd j.t tì.aes nr_1.,u excee,.f â f¿.1,,- par,1,s

1;ci' r;iilLion r:.r:cLcr ì-¡es L c:on,li{,ion¡. T'her--e ir:rpurities, irû,,;cyer,

lna;' no'L ¿-rÎ j''-'c i, r'irc resisi jr-i L-ir rli lhe ¡i:etàl f iln at, roo¡n

7t,erìlle.i.'atrLì'c s i.':niÎicaniii..

&e = i!i:.:i- -:li¡ - ¡ :.1- i-iii :¡'t

In t,lle cle¡;c.:ilio¡:r of tllilt fi,l-i¡rs

r,ietlior,l , i'b iiì necessai\- Lo nra-inl,¡-rin a

r;iea.n fr:c'e pi-r.l,h oI t]re .:rola!izecJ. a.toins

'iÌ.r.e soul'ce io sr-¡-bstl';r.í:e clisi,a¡ce. The

1:'a'l;ìr o f a s j. I-¡er. ¿1.íoiri is 4õ0 cin iylien

ir'Ítlr pi-:s,l'.rre o [ ,,t-õ 'u6,'-l? -rrt ,,i,i"

atoì'rs l',iaÌ.c ne ,â'1 c:l:'-iri.y-- .Íl rr.¡ collis iols

inc.ie,c*l es a,r¡:ì. Irotrr.',1 f c,r,ul e. urclecr.rÌ¿Lr

Ì1.y.':.ìrc er¡¿r.ìtoi.¡. {, i on

. v;lC:-tì-rììì SiiCh-fl¡at i,ìlC

I 5.i I í:l:'í.):c c c;t:tr,.¡:t'e c] L¿¡

r'¿:il'.c ci;li+ t:rca.il f:.ec

tlie ¡'cs iduai giìs is orJTgL¡:l

prcs.sìrïe. tÌre cvaFor.a.'¿erì

¡,¡itll -flie i'cs :-ditaì ;qils

beiil¡i.

0:r

xßolccules

rrni-L í- i¡,re

t,lir ba-.;is oÍ l:i-nct,ic t,heor¡,- of ;{î-scs ì;ire:iu,,rller t.rf

, \, .si'iìrinr¡ tilti-i; ¡rrea of a s¡-1,',.rsí.,¡:¿i.,t,c sll;.,fe.ce i'

r.trrclel'rrj()ssrtr(J, Ir, aì-rcl aÌ)^soIui;c-Lr¡,:.ijrr.,r:ltil¡.s, ':-,

1S rgl-'r'e ll !)T

(r.r)

r¡hcrc 1; is tsol- ì;zna.:ln t s ci-.ns ian Ì; anrJ ¡;i -i s -Ll.ie :::a.ss o.f a _ras

5qcl.ecr-rrr,'' .lr.oi' o:;¡-g:'n ai lù-" torr alr.L at rcciri tcl::rìeirajùrllc the

v¿:1ì1e of ìì is srrfiicir:ni, to Torl.l a:r:orfola-y.er al-i;hc sril;s-tr.it,e

1

rl ,/,' .;..-.l..¡ \. Ít1\L ".t. ¡ j



sLì-rf ¿ìce i,.'i r,irin a ie,,; secoììds. ,lLt illis r'¿iic oi deposi,¿ion t,he

resirlr.:al g';as Ìai.cr c:gs i-:l.t af Íecr tiii: îil i;i rsl,i'tic"¿riîû scr.io,:si'

sfirce tìie Ì-ij. ltÌi. lt,li ílrer';I.\'i-lctr'¡cclr silver i:iirr;:ls Ís ':ii.at:l-r Ii-.r.r-i¡ci.

s't,lrarl tlio,;c cr.!l gfts ¿¡nil ¡ilr,'er.'''

2 . 2 S '¿r'rrc: Lr',i-'c ,-, i 'j'ì:e Ll,.i:rii c:is e,i I'i ir:t

I¿ Ìl¿is ìritcii slrc¡t-i; i;;. -:rrLi:'Ì ,,'J-.i t riS l.Ìr¡;: I :;lre ,:; r_.i.,ic Lit:;.,c oi

a tllj.n fil,,r rìepi,sii,¡rÌ oüLcr;: sol.id s'lrÌ..,sí1,,:Le:;ii:;v- Ì.re j-rr.bire

f orl:r of ' ei.ilicl a rloi:o1 aSre¡ ÐÌ- an a¡ig1or:'Lcraì,o c:l' :i.{rr¡::r:;. lie

st¿..tes tiraL- if tlie latc:.:t hrrab of ev¡¿pr)"r..al [.-l. lir ,-r;i ir ::rst,.r_]. al,ùt.i

fro:,i-l,l:.c slli-íiace o-î -¡,lLg- s'.,.b,:tr¿lt,c Ís lc.ss iì,¿r.i¡ {;ilai, fio:r ¡}re

i:tet,aL it.;c1í i,ìieir ai; a.g¡iLonrei^irl:ic¡: is fcr.l:¡ccl clr:c Lo its l-crl,cll

. cìteì"El/. If Llic ri:r.cJ.se i.s; tluc ihcn t,ìrc ,;rt:': ,,.s1¡¡t-r1¡, ..í:¡¡.1¡ ì r4(rj,r ¡VLt:r I

f avoi'ei, I¡cr.,''" =ìi-re l' iili,¡ d.eir.r¡i leri on ; ul-j-c¡. s,.il;sl;.i.¿l.l:c, 
i

the i¿'Lterit itca'r. o ! e-,'apo;'ai;ion f -¡'oiri t,lic ¡¿e 'i.;.1 is ai.ipi'oxiuratiely

sc\¡ctt tiiles hir;ii,',r'i-ira;r tlrat fr.o¡¡ 1;lte sii.ì;s.i;1.¡li;.: slLl-ilcc a¡l,l-..

liclice *;.lie f i.i.r;l iilr-:; l:n er¿lgìi,not'i:rtc su:.-jaci.

t

. Thc teriipeLal.;'¡¿ of t,he suÌ>sti'¿rtc is cllscÌ.;-'r'ef ai,err.

lo tìle s"r'tlci:,uie oí-l tire f il;u sirìcr:-it ¡if Ícc ís iire ni;hilit.,. of

the dei;osi'¿etl aior.rs;. .'\ccording io er lrocl.el. pÍ'$!)o-s*liì 'l;i, j,e¡1,r.¿ìr.rj.-

_ 10.rones-. i;iie-sutf;rce +f tl:e sriì:slra'ue, e:,s ,r 
"or,rrer¡'¿ence cf,.---

tÌle 1¡l'i, r.i<:e s Lr',icr..l:-l.e . can ì:e consi al¡ ¡;¡ri ;,--; ¿i sar.ies l;f

poùelf i al Ìli iis c.iii ';'aiìe;'s " Àl a-¿,;iir e¿;r rìri)-\-e f ie eì,y on -fire
ì

'sui"f ace Frct,'-ieiÌ il:rt, ii Ì-i¿rs ¿r' i;i¡lc Li c û-ill:tj.,l-'. ,.¡li;,r-ll i.s grca,ter,

tiran iÌle poic.ni, j ¿rL rìi if trcr'ice i:eLr'¡ei¡'r ;-ire i:iLLs i,,rij -u.ajlc¡.s

on tlie. sr,irf ace. si.¡:r:e t.liis Iiiire iic e¡ìûrg.:., is ;l¡:ch lcr.:li. i_,ì_raii



B

sìii.)$ i.,ì'íì1;c is; I¡tcl"tlls,_'ll ilr;r
t

ej-:',_')¡, ''i'Ìteil' :;l$,:i1,j i;'¡ is in::i'easr.rd

ecollìcS i,,ìoi'e a¿.qglOi.ilcïi-tic. Cl'r thc=

ül¿Li.n bainrd a,i. a. \¡ei.i" Icrr -Lcl:rpcra-L.L1re,

e f illrt :; i;ï'it;'-:ii;.re b'ecir.rise Llie a Lci:rs

r encÌ'g.\,¡ vc¡J' cll"ii.cìtl;'. This r:iicilorjteÌla

tl :usr.n.;¡ 'i;ì:e clcc t:.on i:ricì.oscopc
Ilììls t)_r'cìtÌìì.c.1 l,;; 1.¡ f :r.s l; 

"a,.-.,=ci,:Lt,ion
oren tìreri¡ fiLr;r'¿hicilness reilchecl 100 .\

', \

, I.f 'Ll,i: ic:,iirt-¡al,lÌ'1, o i t,Ìrç

c <-'¡ iì e:'rs e rj. ¿-:ì', oris i¡a i ri i;i_ tie.i j c . e ¡r

, a¡til 1.l,ie si¡'uc¡,ul.c oI L¡ie fil.r¡i .'_l

othcl lranii, .it tiic sLiì:s t.r;r'uc is

ltar:;,- rlefec'i,s ¿."ic,i':'ozen in,¡,.o,¿il

hit I;lte subsiì'¿ì t e and losc tÌrei

iras heen stiitiir,'ri ìl;' f,¡¡-,'instein

'an.l ìri; fourd tj.aL -i.hr silr.ci'f.i

' nethod. Ìïûi.c ¿tf l:',csi, contínrrous ,,.¡l

It is ive L l li¡:o',,'r tÌrat .[]le

fiir:r is irigirei'.¡,han tha.t of f;ìre

of l,llc:i:cali f¡,ee i3. lit o-i i,iie co:ì

of this cfilcci is ¡j-,'cjr i¡ cþapi

valile fo::' t,ì:e ¡'es.:.;+¿j.vit1= of a .,,

il¡eor.eiical- r.;,1ue . ilris ,ìiscrepi:r

grarrr¡.lor oil'uctui'e of tlie filrn.
'b,v e:rrrlc)-fin.'t a fas', e'!.:.rrora'r,ion

' rlaiìli.ai:iing a 1oi,: ¡csiiì.ual g:rs p

resis ti-*ici' of .[ilrs i¡ru:retl.ia{,eìy

that rec¡uirecl f cr. e¡"ra-I-\oïa-Júion, _f Ì'ee rlo,i,iot oÍ'. ::lie alo¡:l

oùurs on tJle srlr'i','rce.. ¿r'L a t.cirperat,.rle f a¡' l;¡-, lciz .{,lia*. lccílc.l

tr: c\r¿.rporAile tile ¡rl,.l:Í f r"d::i tire srt'af ,,"". -,\s a r-esrrl -i:, tlìe arLorr

o-[ a irigÌl iiie]iiiig ¡-roi-r-i rl,;'uai- lr¿rs a rorï nobiliL]- r,¡lierr_,as ilia,¿

of a ]or,¡ ¡li,-iJ- rir¡ .nci,lr, nc ta.!. n,-," a Ìrii:;LcÌ, !jroj.) j. l i i;-,,.

3=à:lf¡11ï.i 'l ;,r ig s j. s L ivi L):

.res i.st,i'i'i-t;r' oi-e lìti-i, :ne+.a1

brLIl.l f ol:r .:ì.ric io illc lini i,a,Lion

dilctiiiT: eLec,tro¡r,,L disci.rs-"ion

er -IIi. tienêi'a.liy, tÌic erpe,:.ir:iental
,ìlìrÌr 1Ì-l;; rs lligils¡. i.ltall i.r,s

ncy cll:"1 !;e c.¿ir-.il:uieil l.c -Lhe

Tiris gi'.lliu1 rriÌ;y cai-r be tiinir,iizeiL

ieciinj,ci..re, i-- i/=cc, alF-r

-ãi'ossiirc, .f -x L0 " -lorr. ?iie

alltc:' Ccpcsiticr riiff¡:rs



' ò*hsta¡r1!i.al1r- f ¡'o¡r tÌ:e i;l:eorctical ',-alur, r1, is nocc!,i¡iairì,.

to-all..or'¡ a tii:ic 1a-i;,sc ai'roo,,, rùc::r;lcl-atrrrc for rìc;;osi,iell. ato:r:s

to arrang-ír tjrt;, rst,. 1¡.'es j ni,ri a ì.ìroi)er. ci'ì'stll slLrr,_clu¡.,-,. îÌrc

, ;'òsisdi1,i1,;, 1,.¡i.; ì:ìc¡j.srir.crì 20 l:lj.nlr-|.'es a,lr,,r:, ¿apo"ition'Ì-j, t,lic

-f 
olrr proìrc-..J¿ociliri-cl'.c -ilcscribcri in cÌlapt.e ï' Ir,¡, ijnrìe:' t¡e se

conrlil;icl:,r, Llte ¡'tgit.t-;rirccì r.a1i.lcs oI I'c::¡_sl.¡,1.11-). or,,. c1it.i.1,t closc
'ì

io t.i;.e tircr:i'r b i:-:¿ì1. r,¡.l.r.iLìs, as is si:i¡,,;:1 itr .;' j-¡1i,.i..:r .!.3 '¡.ari f _i. l;il

thiclinesses âì.',e-'-g l0l] ri. l,1r: Lilco:'ct.ie iL1 ss¡r.rs i s co,:11-.utecl ii.oin

sr¡ r.Lalì-ons ptcscnreil il cìra.pi..er lV,f o¡. t,ìlc cà.so of rìifiüsive

scal'¿cliiil.1 al. Ll,e.roili:r ìlorilrriai'ie.; usiirJ: iì,ìrcrìir fi',.,c pir.L1l ,

t

¡\ . , o Î 570 ,i. 'i'lie i'esul-Ls alc ilì rcason¡.b1c Íì--..i'e criren i. r,¡i'f il"ô'
1)

.th,:se gi...en ì:v lùe;'nclrìs anrì Sl.i.lrvcll'-'as iS *qho',r'tr in Fi.qLLi-e

^ .)

9.," l)c;;el;:i;11¿ i-¡l'11 ,'; i f'i.]ln Tìiicklicss

litc i cl, i r¡r". i:ct,lio'Ì

Filir tì¡icl,.ners.f , l.l , nay ì¡s elip.ress,,:i iìr ¿e2:ìË oi-1ass,

¿.iìi, clet-rosii,eiL ir 1¡i-l'eii :,Ì.1'c.:a, S, tilts:

a

r,¡ltere p is 'i"ire ',si;ecif ic g;'irviíi. o.l ilre rrÌi;e rj r. l. bc be e-\,¿tÌ)cr.aie¡ì,

rt is, ìro:ir:,,'ei',. dif f icult, io cl¿f inc a t, jriciine s:; f or. -,,c;-1- ,r,.¡-.in

- f i'l :-ns ci:e t,o riie grenul¿l;: stnc'i...'i¡c l'-i *, jle in j. i,iai gr-or:,ii:S

s-t,age. rrr ol'der lo cet,c:'liri:re Llie -ríìììqe of f iL;:: Lhicl;nl.ss

. lvitj-ch can he rel ic,-l i.ipon.to yieLiì. cfrii'e.ji r.csr¡l'Ls .ir.Ìr erper.iiic;it.
l1

ha-s bcert 1:e¡'fLri':,lcrl lrl.' Cl lejl¡1 ancì Cri;c:,t'r,u-si.rr¡ a ra:;i,-ì l;;
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evaJ)o¡'ateil (¡s

inst¿rì 1cr.ìr iirs i.de ¿!_

r:ìûasr,.r'Lni: Lhc ;.i¡l.s s ,

rrliicii is,Lcsci-i'¡+rl

o,
_rvscc ) "i

t Ìi.^

*cposit,e

I¡ t,l-Le'it' ex¡;crj.l,rc¡rt fi Lnr

ruith a üoisio¡: b¿iliì.licc,

lvet' filr:ì

li'i th a.

i c:t a l,ri. r:a suÌ:s t,i.a-i;e .

f irs I clei;ci.rrri¡red

of û.õ .x I A-C ¿ur/",r,2,

l.atcr chccìre,ì.:iilr

''.I-'ite'i;ivo incJ.e¡enl1ent

r n aÍrïe e::r::n.t r,¡i th iri

\r¿i c ì1uil1

a Tola.tisl;.;r r:r.-rll;ipir-: i_:ealil irri,<:rfct'Dilictìtet.

lietìrofi s crf cì.e,¿li.iir.i ni;_u¡

a fc'ri r:ercen.t, for..{.lrr:

Llliclincss r,;e¡.e

TLe fi-ir,r i;lriclr::css

fil¡;i

J J i ';I È.iri.ciiiless to

Ct'.,rg e^1

o.

,tn 
"o 

-',,,.'t- rieil ìly

r'ì I ri Ì'rJ 11iì_ 1 A_Ì). c c

in l,lre scclicri.

in I¡i¡5u.rc 2.I, iirhcn t, Irc fiLnr is deìrcsitc:il. otr liic, s'b.sl¡..ate
soììe ojj i,ìre fiinr is de.¡losite.d on ihr: qualt:z cì¡,siâ1 sui"i¡.cc
tllrall-giì 'l,iie ¿¡tcl-L=-rre. Tìre l'â-;i.c o-[ t,ire i;rass .Jepos,i ier]. a;r _iÌle

r;uari.z crys'r;*r to iìrai; on r;;rc sr-iÌ:s-r:r,ai;e is .r cor.s i¿r,:r liijrr:e
l,lte geo:ne ür:.y of tlle s*bstr:rt,e, riutrrtz cr.5.sl,aI *r,,1 t1.," .l:ea¡i

so,rrce ai'e fi-red

J'hc :,i¿rss, À ììr, d.c¡rositeal on r. given ._rr:oo, ,.r-, of ilrc
oua::iz ct--¡st,aL is rlbt_aincrl ì;;- irroniëorirg tire cìta-r1r¡,¡ i.n i ís
rcsoiraili f:'eq;-,.r-,nc¡, af, dri.i-ing tìre cle¡,q-.itio,r pr_._,ìccss. îlle
relatio¡: brtr:,een ,r¡r a.ä.t- of is gj-ve:r by- lìiilll'lr"o¡.1,j *r . ïc j j ur:,:

Àhi = f;Àf ,

',t-her'c c is

(:.r)
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^ { I l-î!-.\ç - -l / :'.i':,:i-
o'

t is '¿i:c tiii.ci¡i''r-sr rtI.

of Lìir: ile'.ics:.i¡:,i : ;ilt,ci,

lì;c lìrctr6i'l;-ç

of

- ---^ 1

I]ìLìSS OI'CT'

¡iropLrr¿icn¡r. l i,o ilic ci:a.n¡,;e

l:i'.'y's l,a.i, Jrì'r)',-.i ,Ì.c:1. t ì:n.l

() ¿ììilì c ¿t. ._

irt ca,Ìiii¡

l.lic oscilLaior

L,

I; is

ciue to cai¡1e i;c;:¡ìi¡rg

cri'il,-.f i;if O\.i'l.coìrìe :L

o

Tn ot',Ìe:: tc a.vi.rirl t,ire .i;e ,;t ;:arir t,r;l.c ei.[e ci i.I,.¡c ^ùo t.ht_

ecciu;¡rrIa i-icn cf l:ca i- -îr.or:r t.ìrc ei¡Aì)c:,1.i;it,n {.r,, ¡,",, , ùlle .i.i'

cl-;-s'r,a)- cui,, l'ir.icj-ì pi-)S¡iCS.:eS ¡;.,c.l-ai!j--..cì;:, 1o¡¡ l*=1:CL-e,ti-ii.e

cctlIficion'r,, l.rirì a jlelrc sì:j-e]rì. a,s sÌror.;i¡ ir: lr'i,t-,1r,<,-,:.1 ùrc

r-i:r¡:ì-r;';-brl . Ïilc cl;ì)clll,ic¡ti,-L ¡c¡¡i1 Ls --;llrl.-:.;:il .r ille 1,.,r¡,r;^,,,,...
! r 9!' !rç.:v.?

ili J'i llr;c i.c¡ i l;t¡ i .-.,.i;.rci.a l-,,,1-c e j'fl;,c.i :r I ìí:Ciì :i is l-:ss i-ì:air

'r,lre cliiri.r Lr:, .x t-,.,,.r.i-,i:rì., ir.¡:rl

i6 i:n i f,-r¡ Î,rìrl clt';..c.iir,' i ;..i.

cÌcpL'site rj- r:rr í::, c.r',i's L¿i.l is

i n i-cso¡n¡-ii f¡'rl¡r',,'-cllci- oI

rirf ir, iiir;lcli less Lirtrn Li¡e

a, flery irertz .

'iìie

of â

Síags

Ii i gti'e

c l-::l:t i:t I

I
o

I

f c r- rlr: ¡r i i, o ì. i Ìr q rì,=s c¡:: ar r.. l, 
",., 

r, 'l.,.,-,

CoLpii;'s o.¡ci llafor. r'r.::rl ¿::t ¡"í'l*a:"

tite osc-t1ler.i,or''frol'r L.,e l_o:i,--l- ns

i.ì',c lr-<r:a, I pi'ac'iicc is f,o. us.,: e ìì¿Ìii'

c(r;r:1"" l. 1..1e Ci'.,. st.¿rl i..,11

¡l orr i,s . cle c Íì i,lte lia c'.iì-ì.ììi

o1-rr-rg¿t'" nc i'ûss i,iir: s L:r I i:la-.'

i:;¡ìditic:l

n;.n ì''ì .'-

L a'r, o

Ti-re1e

cìl c Ì""

Ln
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t,3

ci I'cui l; r,¡¿t.s ìtrri f i, insir.c. a 2.5 cììì {iia.::;e.i,cr ìry 3 c¡i lli¡llt alri¡r i,lirr,.r

co¡rì::rinc¡- ¿riicì. i'i<iil:li-crii ulitlor tlre clvstn.L hoi rr.ei-. ,:.'Ìre si.r.cc

betr:cc,ir cl <lcirtlrt. c cer:lr;onerr'1,s ir;r,ri.con'¿ai:'ìcï \.iilrì .iitlctì iritÌr

cl)o-\i.v resiil 'ru ¡-,¡i¡.,."rr i, ¡l9l.,siblc rIcg,,=ut.-,,,

Sincri o:'r1..- i,-rio.. {.i.r:uj.nills ¿-ll'c avir j..l î.1;.i c j-.o cclì¡crci, t,ìre

oscÍLlai,or rini+- -t,o t,ire Ðo¡rr(lr sllrilll'¿t¡rcL fi'cr:ilcjì(:\, cci¡l,..Le¡.,

the iì.1¡. or-"¿uiLL j.s srii;rlii:r'rloscrÌ r¡ti {¿l'rc;,r.L; . ì;,o11,elr si,ip¡1.¡i J.ile

by, conrbinii'.íi a lo-.¡ .li¿:.:;s f ilt,cr' ¿'.nrÌ isol-ai-.ion ..l,rirÌìsf ûr.l;rer, eíj

is shrr';¡r in F.i.riirrc 1.3. -'\Ìi. lioì.r,:.rì'uhe e::llt,-Le¡: í¡_, Ilor,¡er cilc,-ij_t

sel:vcs a-s a iiii-[Íe i:' s'i,zr.ge, t,iic s l,r.ay cAi)íìci j:atrcc he i,,r;ee¡ elrri.ì,ter.

a.nd hase c¿ìì.isc s.liqirt courlilg ìrc.i.rrcc¡r l.o¿Lrì ¿riìd ,rscj ila.tor.

Tn older tt) eliliina.'i.e a t)ossiltlc uiis¡;raLci: ab l;ile eLqrc brctrj c

coìtìr:-c¡ !i:-irrri;, i..,;e'{;ct..,:ii:r¡ri is ¡;ri¡i,ched lr1, lrìrii:1,{ in il¿lt,eIlcl

, ân a lcl. j iio¡l¿'"1 5C i¡ll':i ca.;'l;on re-'r j.-s Lcr'. 'j:ir<: clla.rircùerrs uic i'i¡rccÌllr-lcc

- of 'uìle c+a.-'lial L j.ilc coììr-,e cl,:'.ng 1,iic isol.:ii-.io¡ Ll.l.lsll i¡r,e¡ ei-l¿.

' coi¡iiiei' is,5i) clu:;s

.\n orrtpu'[' oJ: a)û0 ,rv (r.nìs. ) rvitir 
ìar, 

¡,J .2 illiz cr,-yst,a1 'râs

ol;'uaine'.1 acrÐss 1.jre õ0 olr::r +.e:.-r;rini.bic;r..\ lll voj.fs D.c. siip¡r1y

Ì':'a:ì i¡l;etl l'¡i'"ll the.lÙ.i¡. ortt;;r.it r:toit-;..Loi'cli b.ø a. Iicvlett Ì)¡rcì.i¿.:¡.,r1

5?4.iL el.cctro¡ric- couni-.cr; 'Ihc ilerlr-rc,icl' ,ì;'.i i;. 1-ì.;¡.¡ i-.rr i-ì1¡, crl,c-,i.i I

iiscìf is áirpi'n,-:i,:rir.r',rìl)' C, I ite¡'i;z pe r' 1i; s.ri:.:Ì-:iìS :ri'i,e¡. a 30

:.:i:r:r L.e il'eì'l;iiLr),

Ía I i h .r â'i: i r-' n o -i i,' ¡ :¡t. ;''tz C i'-r':; +' 
",1. lii ¿ t'¡ ìl¿ I a,lc r:

Aì Lirtrlrgh ¿i ti,co¡'ci,ical c¡-ìiÌ,.:':l'¿iii:r ( ü;Le r-cla-, j-¡nsirip

?)ei.',rjeen *,11c f,re riüc::c;. shif t rrf il;c..-r::.ei.i..,t c¡..,-st,¿il ai:cì .i;Ìre rtass



lrl

deprs j-'¿c'1 oir s'.Lbst:'iL'¿e) is f easii;le, t,Ì¡.ei.c â.1.(_. j;e\¡cì-ír.] rjiíjí'icLilr,i.c.s

in-.rcìl'c:i- .i.il .gr:,.,ir il ciLLi.l.,:'ati.oir.

, (l) ìJer:c;,:;liri ¿uiorr of t,jie e-ract iìi-cíì íìrlrì- loe¿r.Lioii ofI . --:. *-^.-: " ..- rr!_ rvL(rvf,sLj uJ-

t,i:e f:-.'l-,;r cl-cllosi r-c,rÌ on i,ìlc ritrztt'[;2. c¡.-;s.laf si.L¡'f ¿-,cc.

(::) Tiic,-'+-l¡ii,:',,iisìri il ìrc.ilr,ce¡r .t,ìle riìass iritlr,¡.si {.ctt_ o¡,

'i;ìrc ri í;r';.i.r: i:i'ïs l,i¿l a;iil i.il¡i-'L lr¡: i,ì:c _s1,.i;s t;-- i.,-,

,!n ex1;e i'ir:ien l,:1 L 1.<.:cì:nir;rlc r,v¿ls i;lieleÍc.r'c lise ,j ío ¿e Lc,.,,r i,,,u

t,,.Ì ccits';e.ir.í;, c, ¿ii:rlc:'riin¡t: tr-. t,,ig.iol, 1ol,;i.Ì11,- rìtì¡-ìrtC.rl .Lï.C

l'l'l I .rinr .,.¡\Õ+r,.+^ +;.,, .......r.- -^. \.../ -r -t¡-ì.ca s.-¡ilst,l'a-';e, tiiil :ì:i1.f¿-.i19 ¿ìrc¿r o_i i,,iìtcji 1s
t" 

,. -,'- I '5 r ll cÌ'iì , is ',tcigìrerl iisiiir; ¿l r:¡icl:ij.r:¿il r:r¡.croi-;a1¿r-nco

-n(ticcr,i'rr:-t of -.1 x lC,-" grr).

(::) The cliairgc of cr'1's i,a;.1 f rcrltie;lc¡r is ¡Leasurcd r,¡ìiile \

tile f ili:i is cìe.i;osi-t;crl on ri¡c sli:s lli-rte.
,..-\(3) TÌie i;re.ss, 

^itì. deposi+uecì. on'i,ile srri;sLl'a{,e is cloLc:.luiltcrÌ

b*¡. i:'e''i'c:ir,lring anii sr¡ì;siractÌ, 1:; it frr-,i:i iì¡e :¡..i1:ic

bt,e.i:rcrì irr (t ) .

i'he cr-.'ls'',ârrt., c, i.s. :.;ir.c;l ii';

c = ¿.,,/(f ,ir ;t 3 x .rf )

'lhe iì\.rri'.i-^e vrr.ìiie oll c f or 'ulre arralger:ieìr l, sÌrorr,¡r iir rig:¡:.c -l ,1

is r;i,..cn h;.-

Ii¡c le.siil i;s oi¡ta.in¡,tiì loi Liie co:.'s tan.L, c. a.;..c. gi...,cn buio-.,,

onà tì,o grapìr is ,presenLeri in Fiqrrle 2.,3,
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^ìT 
.1 1 r'¡ì ll:) T r l-w.¡t-,ai. i LiL _L-LI

::lICiÌ;.i;ii-i.-,';i P]i0Pìl,ii,'i'I jis 0li TiíIrl ii., i'.ii i,lC I¡i_1,.,.í

aÌ:soi¡ll;ir;lr cccffj cicri.s ci a'i,ìlilr lile.cA-Ì.

ciCr,Ss sr- c i,ir,i:irÌ. ;;.1.r.'

l-n f.ile i:i- ^ )ilc'iÎ l"s
t \!

:

Thc conir.r:ct i-;i l--¡ cf

to l'e1¡r'i,c Llli al)r'.-i:

3. I i','awr:s itla. Cclrìlrc l.i;r¡:; iiediu;;r

Fo¡'a rcr:tlr.nguìal

as shor'¡n in It l¡¡iile i-i. .[, the

-r, i' a ¡l s ¡,'c ì.'S l:r ì,y'¿rr-i e i ;tt i:, e rì :t.it r; e,

',.(.) r;il e r..: u"¡;11,5uì_at'. ì?A-,¡Cl.iìli iìe

a-n,:rì,y !-i cal l¡r il.etei--:rlin r:cl us i.ng;

:--r lr l,llc

o l)o Ìe'i. i np;

i ¡'r;ri,rìs:rco

i-Ìodc,

¡"À

¿ì. i'e

(¡.r)

inetliod.

a. t,Ìiin ¡iic'¿a-flic filu is ccnsicìci'ed. in or¡l.er

cocflicien'us tc t.l:.c f'i.-l ;n iÌticiit:e,-.s

gir.cn 1.r';- PJ-ollGe:,r and []olIin

zyu,'
li¡

AS

in a lce:-;icss

{,¡ I -ì .i,,' .

,-

\tJ.¿./

t'hère a. is

pe ì'r.lc ab i I i i;' ,

tire.-waveguide and Ê,.,,.1.ì, anil :rj are ¡e,:'niiÍivi t¡'
anrl e"l¡¡n1ai' re,s pe c'i, i,r-e I;v .

Fi.q, 3.1 Il-ec ian,gular i,¡ave guLde úi-,rÌi metallic f iL¡l
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I'or a

expì'..,ssc¡1 ill

l"Ìre cur'l oí i.irc iirû.¡i¡ìetj.c ficirì

ancl f i,s iìi'.: s;r,:c.i i.ic corlriilctir'.ii;. t,i cc;rrÌ.:rc iirr.;¡ Lteil.ir¡¡u"
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Z' In, in e- couiuc iii,.-+, ;:ierìir.i;:i in i,li.,-- ri)i.: La.iLi¡.¡iì.ir:. .,1-2r,c gLridc

opeì';'¿iin3 in r,lle ï;i,n rrraJ.' be ob t,aii-.crì. i:) sììr',$-Li.'i:irii.:rl: {..., ill

pia-cc of € in (¡.f) a.ntt (3.t)"

(n.z)

(,2 "+)

nrì,-- ^i itLl¡

t_il tcr -
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is val-i.¡ì a'i; riicror.;¿.tve f recruelrcies 
-.

be nr)r',¡
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¡¡.¡' j r- | ,r '¡ 4

ylr lC-

7t'' lo -

t- . \l_t + l,
---î:;--*
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---::;-

\i.:)J

(¡.s)



LL\

ìr'heÏe. is the skiu cìe¡ri,Ìr rì.efj.necl li-r'

I

î r) fll.-.i,, l?-;-t,, :t",....-.-..j .-:-..òt! ilriii irr,ri:i il'¡¿ììsti'r-l:ìjsj-()lì. iì.r:íìcciion, o"ri +-L.lf,¡.lf-*:"..grì.È-{;i-:S:-q::,'1,,.:-:

j.dcrltil.-r-rir.,l i-i..e i';:'¿',¡-rs¡:rit-Lr:rl , r.-.ct0 l cctr:4, arril iil<;.iC.e¡rt

elccl;r.:,:i 1i.r:1il u,;.';Ì,,.1 1--,c'li,s Ìrl- i,:,t1. irr-l¡ìit,irr?l i,í si-ri:sci-i.¡;.ls b, 1..,

anrì i t,ì'.c.;l 
.t.ilc 

f c.,! .r c,l.j-l3 e i;ir¿r.i.i ;rlr:j Ìli: 1ii at- cl,or,;,:;cc:i; j on .,\:it

of Ii 1n:'e lì.1ì.

ìJ. = Z- ^1r''- -r lU r'

rr _ ry Ìïlt - - L- ,.1r lii ì"

il, : z.Ii,'Li'¡

.irìü ro 'chc rirrilt, oj, ,iiir.'1
f7 ./.' ¡")r-i .*2/,i

:':!

(a. ira.)

(r.rrr)

(E.rrc)

I

l^. )

I
L*

rl.
"10

\ rlj

Ilciirirt,icrr (¡rti) u,,sL si:i,isfJ/ t.lle

^; 1ì t -¿ar- iL. :

zL = zJo

fô1 Ioiui:-in i-,oirirclã¡'',, conåii,ions

Fig" 3.2 Thin nretallic fiJ.in eciui,r'a,lcii-i circriil.

u-
.L

i r.'

I
t")=0, (::. tza)



ì(ì

¿ìnd.

lr"o¡.i (e"i:.) ¿rn,-i i;1 ,f :f) ilie tr¿,¿-ns¡,iis:;j_c,n

ref 1cc1;ion coc,if icj.cnl, TL, at, ,LÅ' can be

T--
l! '/

I
(.2\.-l l;

rl
"i,^-)i .LIJ

, ZL, .r 7,,

Tire i.rir¡,-,,lrr.rrcc' Z . ai.. -.ì.Ä,I

the l n erl ini¡re r'l ünc.. Zl0

Thus

(:.rzr,)

<:r-.e f-f Í c i e:r i; ,'i' , A;lll.

ex1)z'esscd_ as loILo;r's

(:.ra)

t,
(rr.

.- . ,.. /^Utli)s r,-r ¿il¿riig i:j " 1ãj

a- .r1J=
l.' '

r :l;)

E i'¿.L'1

l5

Ð-it, - (lt. r+)

tJ-
I

,/., _!.'1tt/'' ,; cosli ï-ttûcl - siriÌri',.,d
¿-, l ---*-- _-----T--_^

" costrí'r*ct + (ZrO/Z,rn) sinh['].0c1

\
nay,be oirt,ai¡:erÌ Ì:y t¡.ausÍolr:rì_rr¡¡

at BII' tìrro'-i¡;Ìi tlie ¡rle-{,tr.L f iLll6.

i:rLc (:. f ;f ) anct. (S. f+) cle obt:ri:¡s

(r. i;;)

(a.rc)

(o r-\
I \ t'' r t /

D_

Thc f oLloi;inìT ¿rxFr'oxi::reiion caìr bc ¡:radc f :.onr (;. ic) an,i {r. ri) .

si.ce Zrri iu ¡¡r*crtl larger tria.' z'ro f or a gooir coi:rìrrc L.lr., l¡e have
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ì,ÍiìeI.ij

'incr c¿ìl ì.rniitj. ít

f or If l¡1-:5',1'l-'i. ¡'

ihus

í,t

j'r:j:\

coS i) = 
".

(: i- j) i<,^cosucosÌrír,,.,i.
(; . rrrr)

sinhil +r j)(ttro"ost r- dfr-)

;.'.;r,,J. (l,i*)

t Ì, r'ì tr-' .:\-_. ,, ç ,

r-' î i\

1r)

rl rt,r

I,) .in"

(s.::t)

:l'ire allsolrl j.i¡ìì crìí: i.[i.cien'r, ]\, Lìre t'i'.'iic oi ¿'.]-;sol'i¡s,.Ì e ìtei-,r'j.c

fielrì a.lpliL,u<ie to incirlenL tieltì ar,ilrlil.ti¡ls, i:ì41¡ be aJ¡.i;a.incc',
t,

in'uerìlìs cf iìi and- T rising tÌr-e pr:inci¡;1c cf êiìài'¡.1.\¡ cûllsei'Ya:ion.

ilence

I

I r- il iZ- r;ù, IU-

i-- L -t-
.t - I l :l- in-

,l .r - -L ¡ cï

(ll.rr)

.',.r
. rl!

!-¡ ,-;-7- , r;-7;; -:=
''i "lLi'v/ - ' V -/ 'L;' -

. (r oo\
\..J . ¿* l

/^tììi fr \.i. Ì,1 i, 6'11 ,. ¿1i'¡';r.r¿; ¿ri

L '., î.! l.)
L 1' lJ ì 1r\ i!/ :

iL,

i'-' a.r 'ì



2.L

Fror;r (:"zo), (e,zr), and. (.l"zs) ',,.e seo i.ìr;r-t tire tr.a;r:;;:rj,ssio^,

rcf le"tiorr, ¿rr:.d abscr¡riir:¡r coef f i cients ai.e a filnct,i o* cÍ ..1.ìrc

uet¿Ll con'-ìrrr:'b j-vi i.;,., 1:or' â. ì;r.rlli rnetr-L r s is illrlc¡re 
'clcl¡t of the

geojììc br'.\. ¡r:riì t,ìrc s,ize oî r:raí;e r.ial. i'cr a t'l:i¡, f iJ-r,r, iìc,,,r.ùr.el.,

l' qio'"= ilre follor-i;rg
apF loli i¡.lat;. o r,s; :

c(¿) - _;{1 * r',,,i-:,i1), lor-l >Â / .r .-,.¡ ^ \,

\ 1' . j': r:. /¡

,/o ozr-'.
\dÐí.1riir

"t'hc¡'c 
iì- j s {:irc nean f ree pa'uÌr of a cl.ec l,rr-rr¡ iu i.lie b*lÌi r,li,-ter:ial'O u¡/lull

ancl Ào l'-s lì:c s¡r,lc if ir: cr)ì:r(ìììr-:ij.vit,;,' of -i;ilc ,l:l.al ii: e. .i'.iinir;cr..,
t, lìrc:: Ia-r'êt

li'lte roi;ct' tr'¿rrrsl:ti b {,cii, l.ef Lcc j;c,:t alrrl irì¡s¡:.\--r in -¿.ìiin

sil.r-':e¡: r.tni.i- ¡.;oliì íi i.ìi:is i¡ sì'.oil.;l i,n, rL.sì-ncct.i r.i_,ì_¡., j.ii,:::i.c.i (::"r)

aiifi (ij,,l L jiaxr: eu:'\.'îs aÌ'(-ì cìri,¡-inr:..1 f I'r):l i:1 .-ìiì') , (:,-;l iì,.c,,r.i

(S.:¡) ',"rsing tire f ollo-,.ring values of i,- and., i.,.o ' o-

Silr'er 6. Ì33 x iûr :-.7 i)

ò;\, in -1

ioirì
a.. _. ¡

=.,r{ -'. tL'
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U i ¿it_.1 t,,.i,i

Afi;iloi¡.1}i tlrc transr;tissictl cc.efficicrrù, T, calr roe ¡:rcas-.rrerl
I

clirec t, 1;,' aga.ils'r f ii lr t,lii,ci.lnes,; , rì, tlie ex¡:e.i.i;;icilts rue.ie

perforìiìed i¡: iii,o s'ici¡s i.n crllei'i,o chcci: t,ìlc ¡csnLts lno"o

' r'igci'crrs1;', Firsi,, 1i-Li'i colirii:.r:Livil,y is c;r¿,.:.li.;-lc,J foi,vai,j_o¡s

f ill¡i f l:icìlrlcsses, ¿ucl seconrlì.y, t.lrr,' tra.rrs;;iission co.--f f iciani

is l;ie as.r:reil \¡.e i.stis ii,s concLuct,¿ncc i)er , s.lÌ.iÍÌ.1"c,

the f qul pl''iì'e tccl:nir¡l.ic lr, ;:leo.sLti'e Uìrc f j. Ir: co;itt.L:.c iil.i i1.

arrd riiic;-trr¡a,r'e b¡'irìile for t,r¿r-us¡::issic:i coefficiel'L lieasrrcc::ic¡i,*

are r:lescriberL il =uliis chaptcr.

4. L 'ilirin Íi1r;r Conrì;ic'¿i.¡ii;y ile¿¿srirc:;ient

Generel. l;- t,llc con¡]uctivit¡. o¡ a t,ìi j ir r¡c.Ì,a_llic f il-rir is

cleteri:rinciì ìl¡' rneasü:'ing crrrre¡rl, ai:d l'o1i,,,.,9,;s :rcl-css a sir-ir.l

o-1 tlie f :iir''i. lsi.iice 'uiie i'e.sistir.i lrv' of the co:iriuc bir:rr.; f iLi:l is

small the ccllac t i'csist,auco be i'.,¡een the. e,tcc i.r-oilc e.¡rri ì,he

filnr nay ca.ìrse c. c(ìrìsi,.icra.irLe ei.roï. Tc criirii_r¿¡fc :,.'._is cL.Ì,oi^,

tl.re Ieil ts f ori.r pr,.,he resis'livit;i rrrea.srrr-ing de..'ice .!,Jir-!ì use:l .
1-Í

i'ìris Iech:-r.iq'.r.c ha-s bccn ana.lysed b3= vat',ies'' to nces-Lrr.e liie.

concl,,ic'b:ivi i;¡- of ilulk scrliecndrictor o'ernìanir¡n a;'lit is i;:oC¿i:-ccl

heie to CcaL sith a ihin ¡netall-ic fiìr:r,

f'onl ProÌre Tecl:b-,',o:;.e

In the fdur lrol..c .i.e-cltniq'rre fcl_ir colti.il¿íi1., g.ii.i¿ìif). .s¡ier-:ciC

proT:e:: a.r'e ¡,'1aceil orr ile. se.;:lple si.r¡'iace as; is s jicr;n i¡ í¡i,,lr:r.e -i,1.



o<

l.lrLi

1fith

I nne l'

¿l ll

t.i:ror:gii -1,Ìre or-i1;eÌ' p.rr-ìì,,<t l.;i: i: is tn,-:i-Lsui.ccL

a:ld i,ire pr-rr;eirtÍ.a] dif Icìrensù bc í.il'r.:e li ilie

is ir:easiii'cr-L r¡i Lir ¿r ¡to i,c;rl,ir.rr-.cLc¡.

l!

it |:\...r t,---í
il :.,i I
t-i

f--
¡iIt

___ *".___rljlij,---------t-i
t:rìi ¡ i

i

Itì
I

I

l.ig. ,l'" ]-!lour' ¡:ioìre

ïhc ,-rrc.': i c,':

di f f elcncc Ì.lctl.'trir

in thc ori'{,e:: pr,:bes ca.r,i be'r,r'cai;erL as

sinie lirc'LÌ:.i.;--iiircss of the siir.cil,r..n i

spacrng i,.elr';ccrr Lìrc elcctircrles.

¿trr¿.rl'ge l,ie n i

c f -t, i-ie c, rc t i- c a l- ì;- t1,: ì; i, .i''.i i l,l -i. n.1'L rrìe i:l: i c ll

Lirr in:tc¡ ¡roì:,:s *i:e ic-iþc ctlì,;.c;i-1, i'

I,i¡r1

ì.o';i lg

1,':'oi,'1el:ra t,'¡o ri i.;iie¡rs i 
'-r 
l;;ì

I:et l,l:e'r-'o'r,ci:l,ia1 diffeleircc jrctrrcc'¡r -i),ïobes i; l¡r¡i c elrie

ts -rhe crir¡cnL 1i-ne solrlce c¿l.l'i'i-i:lg criÌ'i'cì-,¿ 1..ì)c r,,-.,L¡;pJ;ri:rg

Gaussts i,lle,,,i'cil il c¡'l-iillìi-ic¿rI cirr-¡:'rl. j-ri¡ i,,; .:;:..r cì;.;l:.i;r¡

v = (.¡f 2i: ti ìi:(r,,'b),

lilicre q is 'Lirc cltar¡_;c cÌerisi f-v- per- Lr;t. i: l-.;i:_:,;i:

per,,rì.i;ivi t.;. of tirc sìeciilre::. i)ilircllsi*¡ls Ì; air..Ì

cf i,ile prìcÌ;es Ìl ¿:iC û re:.pe r:i i--,:ef ), ii.o::l ¡,'r.obc

f;r l )
' \"4/'

;,¡llit i: ! r rtì¿\

c.1Ìre tlie rìis*aiice

.ì. Tìrc clrar,qr:



26

rlens i t5' q c e.!l l) c s ìr.ilr i':.-.ì 'r", o ìl e

rt = (::<rtca) r (.i.r)

r ',,¡ltcre ri ¿,.;lrl li ¿r.Le t'zr-;pee'i..iyçfrr t,i:e conciüci.,r'it.i- c.::d iìt.c {,}li cic-

¡ress of iiie fj. l¡:i. suÌ;si;i.il'¿ing (:lr.-) iri,¡ (+,;) ou(: ir¡¡,r-r¡1,1s 2.1:,

(¿,. .: )

11 .:a,i'.:-on i,1 ,,.}: i,s; rle¡j-i-eil Ì;as<:rì ori '¿ì¡e. es:;1.,,:;lìr.j;-j_on íira1,

tiie :ii;'l i;:.:j.cr,rls i f iirl i,eì5-. Cr:i:siiic¡ i..ìl+ {).r'!:::c r:,j- t.lrc .ii'lt':

lrÍì-,'irì.q -...-c l:oi;nrì.¡it'j.r:-; ¡-rrti.aJ.LeJ- tr-l 'r,iric: rrroi;il. r.:Lì'i'¿'ti¡ ailcl. ili.[j_nj. ieì.;r,

c¡:teiriic.ii i.i: t,li: r;.1.r:r' rlircctiol ar is sii,:,-..-:. i:: i'i..:-rlri: ,1 . -l .'

ilÌre i;ot.e n-i,i ¿rl,¡ ''. 1 ii ¡:.nil t jrar.c 1;o l:e ;l',ir,ij.f iEtì cìile I;o llre

el cr::.¡'it:¿lf iì:iii,:r.'s ct'^^ .i'rì r,;' i,ìic ti:,ri i¡ci.,,.,i'?.;i.:.i¡-;. .,iì t,Ì:oli,;i:

tlro:re'iriia¡::es i;rus'l; decí.:.jr el:pùi-lcr. l,ialJ,,l' a.:ccrilj.,i:i tr: i.j:e

i'ef lec i,;.;t,;'. r;ttei'f i-cie:ri ai the bol:.rrij.-.Ì-)'- crìc (l¿r,i.l ÌÌÌíì11:e .u,lc

a.soulrrlt'1, ' r-rit, r,¡itì:i-. lti. loss of geitei.ali. f;,, 'tì:¿ü {-Ìr.: :,t¡.,gr-,:--t.r-tcì.c

of b:rc i-l;te¡¡r:s ei'e t ile si.: rr-i as acti;al J. i:,¡. :ìrlit L'Ci---J sil:c.: tì:c-'

fill'r ilirs a higir cn.iicLuctivi'L-r-.

i
rlir - I.É. f ¡: 

--i' 
,+- ?s ----ì'--S--;+-s-;,í- s ->{.- s --ì-, <-- 2;i -->"./---tI

I

D. lòì

.'-,- ',,|

f '-/ ,/ 
iI i'' i 1t,, i

iciio'il'.1
t---L---'"-i

ls -"----:-;

. FiS. +,2 f¡rase dlLc tc Èire f¡'.Ìr: i..ounr',.:.,r,y.



(t -/

The po t cníial at E anEì C c¿r..ir Ìrc c-rJ;rc:;sccÌ i¡i .i,¿r.:iis cf ¿rlr i1íi.¡ritc

sui:r of irrri ivi rìu¿'"1 :-iii'-,'¡r: linc saì-.i'ccs as *:ilc',:.;l in i'ii:rl rc ,i.2.

The f!¡laL lor¡l Íol i'ìic clii.iircLji.jt,;r is oi;t,¡rir:e.l ì.ry'sr:lr-.;-í.ii.lr.iing

effcr:ti.v,-'vilries c;l i;i ar,cì c' Íor b and c in (,u,:), 'i'lrc.r.ar"c

gir.c n b¡i

(.i. r')

rriterc i:. is ail iit'lc;tcl'li¡-u:iÌ:a¡'¿rncl s is tìrc clir;'bairce ltci,l,¡cclt-thc

elcci;i:r,tì.es ¿r.riÈ l¡oi:;-lt'l:::r-, Tì.ic. *is-¿a.lcc ';eù¡r'ei-'¡ cleci;ïrr:Ìi¡s is

dr:rrcLer'l ¿.:i i:ì, IIsi ll,: (,i.¡), a;rrì (+.+) an.-i (.i"ö) t.ire ¿r¡ir.ilr-1¡-{1 j,-¡i t'v

ll'L-5.i..:^!lrt¿l

(+ . s')

'Ihe concluc.lrlit,;; of tìre tìliil fiÌr;l*q lï¿ìs nÌce,.¡r.,t.ecì using

the fo'.rr lloi:e tecÌ:iti¡irie a:i,:i r\e r.o.lues coìì:ÐíÌi'Lìiì t,n tj:e

ihcc¡'e ti.ca-j valr-ics ;r..1 cal-culà.t,r:,:l f i.o:r íf ,:,i i.e.,',. shDu,i:l in



2n

ii'iílirlr: .'l ..3. TIre icr;uj_.Ls . ol_, bá.i:re¿1 are !i-,,,err j.¡r 'be.i 
o..r,,

illriel.:ricss
i n ,î t3c 2?.9 280 340 õ3tì ij4c 10ct

The crlri'elì{,s used xcl'c sricirll::'l.L tire':: i.'crc n{.},r, Lco hj..¡ìt.l

to plorluce ¿ir:. ¡1.Ì)prilc iable hcating ?lf .íliìc i a,n¡ì no-L tcc 1or..- lc

aÍf r:ci; t,lir .scls:. i,i-.'i+;;. of rl,lte l¡o Lerrtic,:rii:.Lcr..
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4.2 Transr:rissicir Coci ili. c i.cllli', l,ícasrri'ei:rent

insidc ari X-bili:,.i '.r'a-,'cgriicìe is genei-aIl;' dc i.,ci:,

a subs t.i lii'iio;: ol a l,iict'û\r¿ìv¿ bli rigc ;ne.'Lltod,

rne {;lio,d, c u L-ou.t. tif is I;ei;L cor-rsLarir, ¿li

The tr¿rnsl;r-isrsilri: cceffíc'iont. of ¿rn uuliloll.ir ob,jec,c

riiir:tì ì;y ei'blLc::

tÌ'Le sti-.s'i i {,ut,i. cn

c,j-¡. t. e c.'¿ o r i.,'i'¿,'r

In

the

1; i,a.ir cL .,r'i. 'b ir o ut

caliìrraLed

ryi ti: tìie

cÌ;.jec't, j lr bÌre cir.crLi.l, aCjust,iirg a

i.n sé,:ics

bri. llgc ne i;ìirrrì

The

used e:<plairtr:rì Ì.ry ¿!- J-

ref elence petli, ',,rhic!.r is coiuposcrì of a sì,and;r'ii ¿i.l,ieiiii¿:rlor,

f

I

T¡

!l

e

.ì_

Ia::',1 pìt as c s h j. f i r: i.', p,t'r-rvi èe s' an' aå.j iis'1, irb i e eI ii '¿ìre Ì'iì.i'i€e frou

il-1{.liì cììi. i'o',,¿e¡. is snli b l,.et.r,¡ccn l,ite rci'cl'ei'ce pa.l}r a..:ù t,,re

signal ,:¿rtìt co¡:ii,ai.ir i.ng tire rtnit¡rclrn ob jec L, liic re f e rci-rce ìlaLlt

i.s aC,jlrsleù foi't;ic sni;1o naíjl'ritudc a:; the si;;ria1 n¿;. l,':l ì;¡-u i,,(ìû

de¡;rees out, of ¡:Ìrasc rzri;ìr i f . Thc sururirrg cf -i,he tr,¡'-r sigrr¡ls

resirJ.is' in a. ¡rui I r:caiÌ.ing al l;ìre clctec l,or, ì:lir:n il:c 1nÌ;..rc1,n

ob.iect is reuovcd fro:li t,lic si.3-rraI pa'{,ìr, tìic a-'¿Lcnuai;or':'.n.bÌie

referc.irce lìa-{;Ìì nr'-s,r't be erijusted as¿:jn t,r give:: lirl, l rea'-Ìilg

at tlre detec Lcr

Il bc. {,ir nc¿:stlì.el:lenL ¡;rci,.hoils, tìie a.t'ic:r.la.uion d.ue to tÌ-.c

iii'riiiìo',in cì:ject i.s giver. 'oy i;hc d-if f e¡'cnc¿. ì:et';,,cer: iire ini.ui¿rl-

(before irsertion of t,lie film) arid iinal (afLer fil::i inser.iic,n)

settings oÍ'tÌ¡e at,'Lc:irì.r¿ioÌ'. ilÌre clescriplion r-.f tire:l:ic¡or,¡avc

j-rriri.ije is cc:-rfaineil. in t,iie folloring scclic¡-r.
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The X-banil ',,¡¿l-.'cruitJ,c itriclgc s¡,s Le;;rs i-s sìror,.1 in í:,ígrire 4../,

r\ re il cx lilys l,r,cn (.t*tS) serves as the -sigl¿r_ì- soLlt.cc -,yi¿,h a

phasc lcckilri; f l'c¡f iie ¡rc.., syrrciilonizer to r:r¿,.j.rrt;rin a. co's {,a't
f recrrcnc.'''. Thc isola i;ioi-r propcr',,y ire.bu,ec¡r li-.nl¿i¡c a_1:Ìs of tÌre

por.rier'.;plitbil'rg ¡;:a.r.:ic'ì'is r'.i.i1izc{ to,1i.,i,Ì,, tiie l:lic.t,o,,,rave

poìrer coiliin¡:: fio;¡r |ie Ìi-plalc T.jrrnction,i.¡rt,r; r,ile sj_,:'a1 a.i_.rr_

ref crence rraJ,]ls rrj i.lioui, coi.lpl:r,a11- 't.ircrir, ?hc si111ar patìr consis,cs

of a p'ccisiorr 
'o l,ai-'r, ar'l, bcl*raLor', a f c.r i-te isol*tcr, ¿r f ir'

'i.se¡'l,ic. 
ccvicc,ai-lcl fcr.i.i-r,e i.soLatoi.. The rcfe¡..cuce ¡rai,lr

cotlc j sts of a lcvcl- set atte¡iuA;or, a j)rccisiorr r.c1,rri. a.ttenu'.tor.,

a l:.i'ccisi an t.o l¿¡1,- ¡-rhasc shif ter., anrl f err,íte isolabor.. . The

trvn ;;a l;l:.s ¿)r'e co¡--.c'cl,ecr a.r, illc Ìl-plarrc j*n.ction of a detccting
r:ragic :i'. If si,iilirl ¿li:cì. r.ef crence pat,ils havcl tìlc sar;te jriagtr_i.Lurîe

ìriri o¡r'::osi.te pha-se, tirc.srujr o_t ,ilreir _no1.er is ilj.ssi.¡tai;r:.Ì in
l,ire riatciierl road of t,rre rì-pì.anc f .jrinr:t i-olr of ilrc d.-Li¡cri^q
riialiç f , : lr-; 1* Lrre orrbpirt, of tiie ii-.¡;lirnc î ir'rctic:r u,ilÌ hc

zero. ïn rrrcie.¡' to r'.1r,'tect the null aecurai;e1y a s:;.¡rer,_ire l,ciotl;,*e
detect i irlÌ sr-siellt -i.s ci:rulo'.'ecÌ. The cìctcctor- consis.;s o í' a srrnr:l¡i.,rn j,zecl.

rbcal oscilÌ¿iior', :: Ìrt'lll¡lccr.i rraveguirÌi rlixer, a¡tl -a Ji', LII:Z

reccivei". i!1 bhou-3it l,ire cletecting rla¡:ic T is iìcs-i.:,;:rcri i,;o tr¡cviilc
isol e''¿ltir: ilc i,r,¡cc:r : i-pla;;c

coìrp1in,Ì (Ilr.,*t db). This

tìrere is,

¡rroCrrces

iioiier.t r, a

a standing

s ì-,i ¡iii-r,

..vave betrvee¡r

tl,-e urli¡t+i¡i:

statit'litig r1:aïc l:)a)' c¿ìitse a,,1,r,ong

a ¡'cs¡:.1. b, tÌre

. I:l oi-dcr-

i^c Ír-. :.'¿. ¡:c e ìr.3'L:ts ,
to ¡-r1'oi.-i.¡1g flrrtìter iscl¡.r-ion ì;etr,¡ceir



ÐÐ

Ícrrj. í;c isr¡la'¿cls, cc';r:rcc'Lecl ¿r'u tire cììd (i Í' r.c{e,r,slr(,ìe i}:*ì à si.1:raì

.pa-iÌ:.s, Arc ct:ip)-ri'-r,er-Ì.. ,ini',i-,he;: .i,.sr, I ¿-iÍ- r,r is ¿iìsc, r.r.sc,iì ii" r.,.,rt,,_,ri ílie

Il-lr1¿1.¡'rc li".i::i-i'l-j:.: iìr-,Lor,.r¡1.:-,::r ¡¡ij-'¡g¡'1.;;;rgi,Í;r'. i:li;cr.Í'ci'()rìíjt í,i¡;¡,r

't,lie l-or:¿ri çL'-t i.l ì ¿' ¡r:;'

lcir,ci'l,lls Lii::or,r¡'..¡1 i;jic'tr:,o

¡j C r.ì C l'iì , r.; l' .

¿r.niì. :. s .l t iÌ

Il-io trr-:ç,,- iì-¿,ij=L¡ jr j:r r.:J :.':

ìiigit i'i'íliiì:'liii.::'s1¿, liiij.ir- oi-i.1ì€,sr);l-rjr: i;1.-.-sr.:'o;:
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The resril,ts of f .t_til at.te¡.iua.-i,ion r.el.sì_r.s fi1¡ir'ttricìiness

arc p;i...en in lÌj.Ji::'c õ"I. I'he curve sho.ivs iìial. tìie niea.sured

l'¿rl-iies cf atf eiir¡¡-i, i-o¡r tì:f f er _f ¡:oiil lÌre tlieo::etical r.alues b),

a.{; iüc.st, I db. .i i r'¿s o-bsorvecÌ LÌra't tire -iiricÌccr f i. li,rs (great,e r
. c,

than õt)c -L) all- li:rvc a siigiitty ìiiglier aLt,erir-¡.Lj_on-ûÌrair Lhei:

prc'r.iicietl tìreoi'ei,jca.1ì;r, iïe ina-¡, atLribi,.,ie.l,ili:s to.biie i:,ir:ûl,1oecl,

cotì¡Lact cÍ tìrc Í j Il,r rli't,ji t,ìlc ',1'e..,,cqiiide l,¡a-l-1"

'I',tre L'ans;liif-.ta.'ce for';-iiu1a a.s give:i b;- lirpla;r, eq*ai;icn

03 G;ir. 'i'lre exr;cl.'i,;re nlal
resrili,s of tÌiis tilcsis verifv the folr:r'.:l-a a.i il.,e,rL".'u,,rn-ro frcque¡rcj,

of 10 i.i iiz. iì'ccl; a:::ì. L{lr,tf, perf oi'i,lcrl ¿rn o-,;,".i,,'",,1Î i.l ùl:r, îi,c.q:¡¡¡1.¡s,.

re.ní{e 5û iJlz to I GIIz usin,E filru thic}ines;:es o-.î l,ic0 i o,.¿ ai;ûO i.
Tlieir .esr¡1.-i-,s;,,¡ere i* goo,J agrecnlcnt .*.i-;h t.iieor-.¡"

.,.!n atterLpt r;a.s rn¿'cle to ¡rrccluce a'fi1lr of -les:s t.han l0c i.

Iicrvcvcr, the resuLts il.e¡re not coilsis lan-¡, ¿lnd ¿iiis ilay pûssiìric

be clue to the gra.i:ir1-ar f iln s-b..cturc. rt is ,jiíf icult, Lo o'btain.

c-x;lcrirneni:aI at,icnìrabion valires for. filr,:-r in sucll a ihicìincss

range. Ä.n ai',t.elÌuation Ì,'e rsLis co¡rcli.icrrancc per s¡:i.uaïc c.ur.r¡e Ì..¡as

fonncl ìroivcver to ag;:ec ri'ith ilre theore-bic¿l one a:j is shc,_,;n in
I¡iqurc 4.I.

TÌie f orlr. probe techniciiie of ire¡:.sLrring co:..rì-rrc'.-i-,-i i;r,r ir.¡.s

cor:rpared uit,ìr tire coi.:ventional net,hod (det,er',.:ineri 'b;- neasrir.i¡g
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C1li'xe Iì{., iìlì.íì 119 j. L¿r¡,,.,.:

-r'¡i.tirin 5 pc r.celr.L .lc l"

inclica.-Le LÌ'¡tt it iu
'I

Ìli'Ol-rC i,îC:iìi.itju;-r .i'1 ì.

ccr.lilr,lc1;ivi i'.- tti Lii ì¡-,

¡t;.'() ì:es; c?.ìt llc :::íì.,.ìr:j S,

.i'r ¡-1-*¿rr:.'r'._r_ijU:jrjL

-uo a ì;iiin -i i lt,;"

ati,cnrialo:: i:i

as 1û rie î:r.ecs

í o a.it

C O i,lï i::C t .

ti: i, r: 1.'; f i l:,,

iIe.':cc, pìia.sc

a.ccr,j_l:acli.

J.ro;.: acl'oss i-he iì Ì-r,is) a_i:c! ,ciie;r- ¿ìÍir€.e

:vc11 pre¡arctì. fill.l. li.Ic,,le¡.:-.:r.c:.loiìLs

'i;rrch'licaii.,' ie¡rs j lrle lo ü.se ¿ì f oul-

silla 1f ,

ì; Ì: r: ;:Ìr i i; c

tilc.!.,;c¿ri

ilcirr!i be'Lr;ecn

,ì,,

='Yi.)'í:j f oi't:iC i' ìiat,

ccù í:.íì titliia.i¡.i.g1l

:r¿ì.tir¡5 tÌie

roìtl.d no Í;

-L:lc ì-ìl'lcIì! .,_,-,¡: rot,ai

piiei;e -ìr j i i: r_-¡L' as r;ii-,cir

l. i--L Ì¡

5iïiì. libe

':.r.Ð ro ,Lij

i or ILi¡_'t

'in a.l.so iuacìe 'Lrt ãcLei':::ina .i,?ie lelllccii,or:

ece:{'fi,cierli ie'i,ci' Ì¡;t ileasul'i::g -i;11,J srcandi.,-:g 1r;!r,.c r3 tic,

lt-:lcrl',';í.,s ca.paÌllic oi ¡.tr:¿t.Í;,¡.r.ì.rr:: .iì:c Sii-ir,

;'o¡lili,;l: 'io .ir .li-i., i l.irir:iì:,...:s:; oí aÌ:cr:1. I:l.ii :i.

,ì-ess t, ller, iL-tl î. .if :.r¡.s :r,:i: ,roslibi.e l,o

yelai¡: t ire rc j'l ec r',-irjl crjcf ricic,:-u i.c *r,ìie iiLnr u,iicli¡e,;:_ì o-;,.ìlìg

to '¿Ìte rìranui¡¿;.' s i;r'ric'.'¡ie of i.ìlc f il,.:s. ,.1-r'.',-,-'-;.;..,., :;]:c i,a ilcc; t_ i o;r-

cocllf i cieirÌ; rlc'¡-'s,_ls cc,¡rl::.c i,âíì:)o l,¡ri. ,r:iLi.rì-.: i:ôi;l iÌ l;o clelryr_.n,-i:cij,
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o,rd at',o experinrenial

thc o ry.

rcsul-ts agrcerl reasona-bIy rueIl r,¡ith 1,hc

The trans¡rrissiou coefficient measure¡neni cf a thin ¡nc-Lall.ic

fiLnr accurately cleter¡nines the co¡rductance llel scluarc of a given

thin conducting nrateriaL. Tliis Ì:leasurenìent co,ì l.,o ,uoCo o.trer a

irid.e frequency xange and cl-i¡ninates the neecl for positioning

eLectrodes.

ilxpcrinrents rvere also perf ormed using go1"d f iIins. Tire

golcl fil¡irs rqere prepared using the sarne evapora'l,ion techirique

as r,Ìrat for silvcr, l¡Irt the contluctance per scluare lras.;ueasurecL

by thc strip nethod and thc thicl<ness detcr¡nined by a cl.re6ical

rrci.{hi.ng ncthocl . The results are Êunrnarisecl in I¡igurc 5.2

and as can ìre seeìt'the diffcrence betrvccn the thco::etical

and. expcrinie¡rtaI curves is considei'abIe. This is ver¡, prohaÌiIc

duc to '¿hc cxistence of discontinuit.ies in tllc s'bruc btrrc of

' 
' 

' ithorsr8, Tlie stript,he ¡¡olri f ilnr as ha,d hosn rop0r.berl by rnany ai

¡lethocl of ncasuring tire concluctance, rvhich actually rn'easures

the concluctance of the tvhole strip ratirer tilalr the 1oca1 conclrrctancc

in a srnall region, also limits the accuracy of results,
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