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\ .... 1.. .. •• t.. ia .taila.. latet.. .tc.. .a' .tff... 'y tlt • 

• ___ ",.t_. n. .totcll'o .. t~ of 10. ..clt~ •• '1' ••• 1 .... 
... . . 

tltat tla. fi •••• of t'ha t .. o •• cll •• ,t.. co.ataw- to.. •• • ••• 1 
" ~ 

la .... lt ....... ciao ••• clt.y .. y 'd •••••• 1ff ..... t ... tl1.t ••• 

.. Ile tlt. f ...... t ••• ca •• to .1ff ... ~t • f •• c ... r.t., •• y 

...... fi.. .f •• t.. , .. a.l,tt.e.. • •• t tr ••• fa.. .f al •• -

.'1'1. .Ia..... .•• tlt.. ,cod.... a. ala.c .. t. ft.ld .-to' .1 ... . 
c~ feac.'I' to. ••• • ••• 1.,.t.. t~a .1 .. a'l' t.. to ., .. 11.. ,~. 

fl_ (,t.. 2.1). ••••• .1 ••• ~"c'l'.l1c,. t. , ............ . 

"'&1, .. 2.2 • 2.3 .~. Il ••• ' •• , .... t ..... rk Il,. I .... rc ·ec 
....î 

al (1), (13). 

1.2 .... 1. .,tf"". ,,, .... 

C"t oc CG". wb.. • •••• -11.. • ••• t ... ,. i. t ... '1'~ t. • . 

_lt ... _, •• lt •• tll. It t ........ l .. t , ••• f •• a. tac..-

.tf ... 1o ••••• ft.t •• t; Ct) 

•• '.1 ... + •••• • 
(2.1) 

-., DI' 'l~f •• lrit,. coafltci .. t .f ..... As .... , •• ti .. l, J", 

C.' c.' ••• c •• t .. act... 01 ..... Ac "",Net.al,.. 

/. 



" ... 

( 

r 

... It •• ta: 

(2.2) 

c.. ~fac. c •• ceatrati •• of •• 1wer 

la ..... e .0 "teNt.. .Ia. .il .... c ..... c ... &1 •• 

..... 11.. .. .... to •• 1.. tla. .1f' •• 108 .... tt._. ne... .d ••• 

••• 1.t .... ~ ••• c.... eb. 1 •• 0 .. ley c •• c .. ~ .. aei.. ,rof11. a" 

..... & .. 1 ... f .. ace1.. 1 •••• ,l"otl1 •• 'tai •• ' aft.r 10 •• z-

....... Accol".i •• to lur"raft (5) .iDC. .a 10 •• al". pby.l

•• 11y la"I •. r c1I •• A, 10 •• (.114 '1ffu •• 12 ti ••• f •• t.r). t'. 
lattic •• e .. acta ... of tb. ..cb ••••• re.loa 1 •• leo ... '. Tb. 

~> 

.... fac. of tb. Il ••• 1. p1.c8' 1 ••• tat. of c ... r ••• l08. 

. 'Da. to eb. c .......... acet. of .lte .ach ••••• lay.r .a' tlae 

fact ,.ac cla. ,ol.rl •• ~tllt7 of tb. 81.ctI"0.. be. ~... 01-

C.".', th. r.fractl •• 1 •••• of tla. Ile •• wl11 1.cr..... ~t. 

la hlllaly ••• 1r •• l. fo.. • ••• t.... It.-. ,at'.. ata.a •• 81e-

.. c •• r.fl"acc1.. t .... U ........ ..,. for th ....ri_a. of 
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'" . _.11_' _______________ ............. 

110 

l''''t. ft1ae. 1ty .. 1....s..a clt. ~i ... ~ '1Ihal0 ..... cl_. 

_ .,.ta taf ..... ti __ Cla. ~cy co •• _traci_. ... 

la ••• elle "' .... Cl .. ~ Â_ wtC.~ dt ..... t ... t •• 

g-

d*t.d_t 1 •• _eeac ... tt.oa ...... _t. •• _t ........ Cil • 

.ut.ai_ .... ct •• a. foU ... : 

~. 
It. ] (1 .. 3) 

,j" . 

f lU ...... , .... âe _1«___. ... caf._ 
Sace ... 1 ... ~ 

\ 

De ••••• ., ................. __ ..... ,... ua t •••• 

d •••••••••• _ ........ ...... ~t 

• .. . -. 
.. 

u ... ~ ..... sas-_ ........ .. 
..... IÎlI •••• · •• Ie .. , ......... ~ ••• s. •• _ .... ...... 

...... ...,. ...... ~ ,-,s.. (11), 

1 



.. 
( , .. -1 

• 

- ... , 
# 

~~_ _ ~ ... _ .. _, il.'" .. - ... ---.. -----~- -" - - - ~ 
_',"vr7~ ...... --r ..... "'.- "<,,~_~~'tj"<\lt~-~,.,. 

/ 

l . 
1 

• (2 • .5) 

.~ac. e.l. i. Dot tb. c •••••• ~ •• ort to •• 010-

t~o •• 1& e •• lafialta pow.r •• ri •••• c.o. (17) ••••• c •• 

... r ••• c ••• i1 •• r co.c •• cr.tio. 91th r •• pact to,th •• urf.e. 
,l'>,:, 

c .. ~ .. cr.cto. o~.il~.r (CO) •• : 

c !-< ... C) 
o 

i . 

S'Zif J,rf' Q.1 ,.1.'( 1 ).t + ..... 
.. "...r.; • • 

(2.6' 

l' 

..... Il U ........... f_ • YIa ... ,.. ...... re1a'cloas 

(1.7) 

..... ' .. ..al ........ (1.). 

. .... 
. -'~ 

III 



... _-' ........ --~--------~- - -----

c) 

( 

c~ , 

+ b(x/d)2 ] n(x) • n - 6n [(XI d) 
0 • 

(2.8) 

6n • n - nbulk ' 
Il 0 

l ~ .. 

n : surface index 
0 

The variable d Is cal1èd the diffusion length 

.nd 'ia rèlated to D and ti.a; (4) 

d- 2...rr;; ( 2 • 9 ) 

Rewrite (2.8) .. : 
6n(x) • 1 _ 
6-'r , 

(~ 
{ln 

_ b ~x )2 (2.10) 
Dt 

An(x). n(x) -~ 
" 

with the p01ynoaia1 profile written in the fora ofi (2.10) , 

the coefficient. of the x and x2 ter •• in (2.6) are the sa •• 

•• tho •• of (2.10) wh.n: 

D • 

'li 

2b 

" 
2h •• (2.10) i •• val id .olutio~.of th, dlffu~ion equation for 

our particu1ar bouùd.ry condition.. Stewart et al (9) graph 

for c,o.p.r.ti .... purpo •.•• , both the theoratic.l .iIvar cone • . 
• the. 2n4 order p01,noaia1 index profile (Fig_ 2.2). 

, '\ 

. /~ ... 
/' : ."'"""', 

. \ o 
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( 

( 

• 

1.0------------------------~ 

0.8 

0.6 

0.4 eqn. 2.6 

eqn. ) 
0.2 

o 
0.5 1.0 1.5 

x/2(D2t) 
~ 

Figure 2.2 Coapar1son of Equat'1ons 
2.61 2.10 
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( 

, 

~ ... 
du. ~o th. f.c~ tb.~ ~he •• rie. .01utioD i. t rUDca ted .fter 

tbr •• tera. to pro.id •••• coDd order poly.oai.l profil •• 

2.3 DllGc.4 K.le. 

Th.re .r. ..Dy di •• d •• Dt.... 1. the u.. of • pur. 

Â,.03 •• lc for iOD esCh.D •• d ••••• uld. f.bric.~iou. pro.okiD, 

•• cudy of dllac.d •• l~.; (13) 

- 1ar,. ch •••• ia .arl.c. iodas. b. •• c. poor r.p.ac.bi11cy, 

- co .. k •• iaal. aod. cb •• u.l ,al ....... 11 .idch. of • 

f ••• iero •• are •• e •••• ry, co-.11cacl.1 ch. f.bric.Clou 

proc •••• 

ylaldt •• eolloi •• ! cry. cal •• _1ch eC.i. cil. Il ••• a •• 

111er •••• ,*-14. 10 •• , 

- p.r •• ll •• r .1er.e. 1. ~.a.~ ••••••• 1ch e~relal 

ar.cl •••• 1iey. 

l, diluei .. the .. le .1~b ."°3 , cil. abo •• probl_ ar • 

• -.014 ••• a4 tll. .1 coac •• ee.tioe c •• .,. cOllcroll.. .~ cil • 

• urf.ca .ad tllroG.ll0.c tll. fila. 

1. r.pr •••• e •• b, (13) 

• 

/14 



'T' • 

( 

• ~ ... • , ~---J~ 

ii (al ••• ) + At ( •• lt) -

(2.11) 

.. 
An equilibriua con.taut ••• ociat.d vith tha ala •• 

• elt iuterface 1. 4.f1.necl a.: 

-
~AI • 

a,aA (2.12) 

- -a AI a. .r. th. ~h.rao.y.a.~c act1..ttt •• of .odt .. and 

.1.l •• r 1a cil. al.... r •• pectl.a1,.. 

\ 

aA, a. are t .... ~1a.ntO.y ... t,c .cct ... 1cta. of ao.l ... ad 

.1l.ar ta tb ••• lt, r •• p.cc1 •• 17-

Accordl •• t. replal' •• l.tlo& tlle.ry (13). tlle ü-

lue ••• 1l .... r .ttrate .. lt c •••• r.pr .... C ••• 7 e~e fol1~ •• : 

la ~ a. • la ~ .. 1 - If' (1 - Z-.) (2.13) 

Ils 1 
'0\ 

j" 
~ 
~-

r;J 

-f 



.,.. • 

( 

( 

.. • ... 4'W- ". - --...,,1 -

B: aet 
the 

• 3.5 • 

1ateractio. eaeray of a .. : aol. frace10a 
101la 

10 3 ~/aol. for ~.-lIa a.: ..1. frace 101l 

.yac ••• a: ,a. couat.Dt 

T: ab.olut. e •• p. 

ID tb. ,la •• pha •••• ha.e: (32) 

y: CODataDt >1 

i ... i. aol. frace10aa of •• 41 ..... ail •• r 

10 •• ac e •• ,1 ••••• ~f.Q •• 

1 •• r.l.ci •• : 

l '. La (-.'-..) - if (1 - 2 •• ) • T 1. (r) - 1 ..... 
~ 

•• _°3 
.. ··°3 

(2.14) 

(2.15) 

" 116 

If ........ t'ac .11 •• 41 .. 1 ••• ar. r •• 1ac .. ·.ic • 

• 11.er i... .c t'. .1 ...... lc 1aC.~f.4. ta t'. "'11a ••• "'0, 

+ c.... _. tut t. 1. .~ ... rtl..al c. ~... c ..... cr.ci ••• 

.. ca, ~tt. (2.15) •• : 

b<.y .. lf" ~1 - 2,\) • ,.. [ .... HM .. - -.,,] 

-~ (2.16) 

.. 
~ 
\ 

~ 



( 

.. 
( 

.. 

: ( 

6D : aurface iai.s char,e .ith a pure ~1.03 •• lt • . , 

w. aow r.d.f~ •• the iater4iffa.loD co.fflci •• t 

(2.2) for the ca.e of dilated •• lt •• a.call eqaatioD (2.1), 

&.4 co •• ider chat it caa be r.writt •• 1. the follo.i •• fora: 

DAI • • 
l-a(6. '6. )e • .p 

(2.17) 

Co: .o~ .. eo •••• c~.tl.. la ek ................ tr.C •• 

.. .. e1 •• (2.11) .~ •• na , ............ of DU _ 
( 

(I.U) 

_ f ....... Ul. .. s... el th -.1& •• ~. ,. 

111 

(2.1". cb .1'0f1le • .,C. u w ....... al_ "'cil ......... ô. 

~oa .1 da. 'l'.f11 .. '<81' ••• ~ .u ......... ' ... n ..... , ~ 
-------.-- .--......_~ ..... --

... 

~ 
j , 
1 , , 



( 

o 

•• d D •• approacb •• D. aad tb •• olutioD of tba diff.aloD 

.quatioD b.co.a.: 

C • .rfc (x/~ 

a. axp.cte' fro. tb. pr.vl0 •• re •• lt. 

Pot •• alu. lon-exchaDI. ha. b •• D r.port.d by 

(2.19> 

.0 •• r •••• rch.r. (6-8>, aDd tb. phy.lc. of th •• zchaD,. cor-

r •• pOD'. to tb. tb.ory pr ••• at.' la thia è~.pt.r, provi •• d 

th. aub.tr.t. 1. of al •• 1ao.l11cat. lia •• co.poaltioa. It 

i. Dot kao •• lf th. ,uld.. for.a' i. aod.-li.. ,la •• ~y 

'.0, co.fora to th. tbaory pr •••• c.d her.i., a.d thl. topie 

wll1 Dot b ... ra •• d thaor.tle.lly ap.aki' •• , la .pit. of the 

fact tb.~ ail ~, loD-.scha.,.' ,uld.a ••• ell a. A •• O, 

(,ur ••• 4 .1lue.') .sch •• , •••• tde ••• r ..... vich ao •• -l1 .. 

'1 •••. 

/ 
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" _. ______ , __________ ---. '..,IJIIl!'IJllIII"i, ... U_IJT"-II'.1JII' 

cu,t.. III 

TaUI.' OP 1 •• 01lO0IW&018 'L"" VA"19VIUIS 

3.1 X.trot_etio. 

I.bo8O •••• o ••• 1.~ •• td •• h... •••• .a.ly •• ' b, 

are co •• t'.r.d b.for. f.bricattou proc.dur.. for .1a. 
~ 

8. Ktrchoff (1') ,.rforae' ••••• cc ••• ly.t. to 

"t.t •• 01uciou •• f ..... 11' •• q .. cio •• for tb. 10b ... -

•••••••• 1 •• lui... D. Marc ••• (19) u •••• Rl.c •• i •• ll ... r 

~"rozi .. cto ••••• 4 o. the WE •••• tbo.. to c'.r.ct.r~ •• tb. 

TI ..... of tb •• r •••• la'.x el.' ••••• ut... A au .. rie.l 

.. tb ••••• t.bll ••• 4 oa ta •• rt •• t 1 ..... t ••• a4- the tr ••• -

•• r •• t.p •••• e. co.e«pt " E ••• t.r a Cb ... (34) ...... 10' •• 

to ••• 1y.. th ... i4ta. char.ec.rt.cic •• f tba •• ~.~rtc 

.l.~ •• 1... "r. r.ce.Cly. tb. vca ."roat .. tt •• h •••••• 

.. ,lott.' (23). (35) for •• 1 •••••• t ..... oto.tc.ll, •• 1 •• 1, 

•• ~1 •• r.fr.ctt •• t .... ,roftl ••• 

Yi, ••• Cole.biet (20) ••• 4 botb tb. VIa ••• 

( ....... l-Kr ••• r. - Irillio •• ) 
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'~I!i'. 

... 

( 

• 

• 

r 

- ----- ---------------

....•. , •.. 
erat ••. ~y bock .eCkod. t. qutc. '00., .se.pt for .i.or da

.1.t10B ••• r th. eut-off fraqua.cy of a., p.rt'eular ao ••• 

3.2 Pro, •• _Cl0. 10 t.bo!!, ••• o •••• dla 
; 

t •• 1 •• of tha f.ct chat 10.-.scb ....... y.-
•• 1 ••• ooafora to th~ propert' •• of dtff •••• '81 ••• , it 1 • 

•• 1 ••• , tbac tb. r.tractl •• ~ ••• s .il1 ,. aa lahoao •••• o •• 

•••• la.. t.bo.o •••• o •••••••• 1 •• , cil. t~ ••••• r ••• y ....... r 

k, .abtltlt .......... 0. oa po.ltl0., cak •• to •• cla. s-.,r •• -
tl.a (3.). 

& r.y ... , ..... c.ct. .. of .... ... ...... t.. l. tla ... 

•• t. ta ••• SOt.. t. ,t,. J .1 • 

1. tb! •• ".It.ar".' of .c (tb. teea'a, •• 'at). 

tu ... .,. ••• 1 f.l1 •• ,.rt ••• ~. tM tacc -t,k.t tla .... " .... -

---.... &, .. '1' •• Sct ••• t.,.l.rlty 1. tla. fl.14 ...... , •• 10 ••• t 

.Ia. ttU'1l1 •••• t.t. Ill. total ,ha •• cb_ •••• ,.rl •• c •• " 

t" .... .. St tr ••• l. froa tba .ir-aui.. i.t • .,fac. t. tla. 

t ... , .. ,.lat ••• ~ack •• a1a ,. a' ••• ~, (21): 

(3.1) 

""- ; 
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ROIDIE.rous MEDIA nO 

\ 
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1 

-'\-.. 
\ 

, 

J IIMO.IDIOUS 
• _MEDIA .t(x)-

. n~x) COI • 

~ .... - ....... -~-
IDIOIIIIOUS SUISTIATE 

x 

. . 

'" 

ff •• 3~1 ........ tatt ••• f " .... cu,.. ta 
1,..,."4 If ....... v. ""ta. 
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.. 

.y .pplyin~ tbe W1B .pprosi •• tiou. aolution. to 

th •• av. aquatioD for the alab guide, 

a
2
!t _ (82 _ U21:02)!, • 0 

as2 
\ 

(3.2) 

k~ • .~Poco' 8: axial prop.aat~on CODstant 

.ay b. obt.in.d. The Wl •• pprox~ •• tion is acated iD tbe 

followia. equat~on: 

(3.3) 

• • 0,1.2 .•• 

22 22' 2 22 2 
Dote tlaac ko • (a) - to 'hl (a) co.' e • ko • Dl (x) - 8 

" 

(3.4) 

(3.S> 

Yla. t.ra~.. ,oia. St • Gccor. at t'. i~~-••••• ' 
1 

...... W7 • ... 'II •••••• c ......... & , ............ -7 t'. P .. __ l 

, • ...t., 
-1 1.10 • It.. ., (J"I-> 

h .. .,1 ..... 'f • 1, ••• for 'ni _ ... Y •• :(0). la tu c ... 

• , • '.wj, ....... ~.n ••• c ••• ,._ c .... , .. ,.'a,., tlt .. .... 

...... 2.1~ , ..... rod_t.l~ -/2 for N'll .. lawiaa'lo... ft. 

, , 

122 



, 
_

______________ ._ •• __ I~i .... ,t._-'.t_.le~~\'~~,W ....... n ________________ , __ ~ ......... _---~ ___ .. __ ·,_ 

c' 

ph ••• ehan~e at tha luide-auh.tTate interface 1. alway. 

2+12 • fI/2. 

Note that aquacion (3.3) ie valid provided the 

refractive index profile i. slowly varyinl and thi. condition 

ia applicable to lon-exebansed vaveguides. By analysina vave 

propagation in layered homogeneous media (21), we ean present 

the guide4 vave solution. for inho.ogeneous slab vaveguid ••• , 
Ve .tart by manipulating Maxwella equationa in a charge-free 

tnho.o.eneoua medium. 

(3.7) 

E, a function of position. 

If ~raonie ti.e dependence, ej~t i •••• u.ed, 

aad if •• coe.ider the follovial .quation8, (3.7) caa be redu

ce. to th •• tand.rd fora; 

A • -.+ - a!/at 

(a • v x !) 
, 

..... 11. .,.atio.. are •• cl.Ile. pro.i~ 

• • .'«3!/ac)/k2) 

••• 
V2! + k2~ -(2/k) (r.!)(~) ~. 

(3.1) 

(,3.9) 

. (3.10) 

. (3.11) 

•• _ claae tlt .......... t k 1 •• I .. cct .. of •• ,c .. or tll. x 
... ct ... , ••• IF .... tbat c •• · ..... ra ezt .. t •• sacll t'aC ! 
:1.. la ........ t .f .,. - If !. t. ., .~Z'.ct.. (ft ,elaru •• ), 
..... 'tt.o. 3.11 r...... to 

. ~ll,.r + kIt. • 0 (I .. U) 
• _ J 

If A 1.& n ,.l.rt ........... t .. (3.11) ....... . 

• 2. + (Jt2. + k-1.. _ Zk.- 2 /1t2 ) • _ • 

...... • A./1t 

.. 
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, 
--_.-----_.~"-- -

(-) Lat t(a) • (k2 +·t- Ik - 2k t2 /k2)' ~e th •• ffectlv ........ b.r. 

(~ • d/da, ". 32/3a 2). la,10,ln& th la notatioA, th. pro~la. 

of propa •• tioa in lAhoao •• n.oua ... ~. 1. r.duc.d to th. aolu

tlon of the fol1&.~Da •• T •• quatio.; 

v2 • + k%(X). • 0 (3.14) 

If th •• ff.cti •••••• au.b.r tex) 1 ....... d to 

ba .10.1, varyl_., k' 'k" ca. ba ••• lact.d .ad •• olutioD 

to (3.14) 1 •• apr •••• d a.: 

• (a, a). X(x) -j8. • 
• tth 'X(a) to ba d.t.rai •• d fro.: 

~ + 2 2 ~ (k (a) - • ) X • 0 
h 

(3.15) 

, (3.16) 

A.cco~.~ •• to .'l'aklao_UIda (21), lf ....... ~ •• r. ,1 ...... .. 

pro,asatta. ..~1 '0 ... 1.7e.... ..4t.. or4.c .f .... i .. .. 

a.tl .. ~ •• 1 ... c. a •• lac1.s; 

t(a) • 1/.JÇ:'G) 

JI 

.... u.Z' .r Ua a. cil. ...... ...... .f a·,.... cc."l1iaa a. 
, ........ ~'lt.r.Q .. tac a to _ eclaec •• t.c a ...... 

o 
... le .. e •• lancllee •• cen ta (J.17) .-.a. lN .......... ...-

......... ia cla. ".i..'ft a .......... li .ur........ If. 

la c .... to •• IT'''' .... 1 .... ~Y ft ••••• (3.17) ... _ 

• . ~ -i ,1....... j j " ...... ] -
1 - 11 ( ..... , c. 0 + C • • fa. , 1 2 a • 

...... • ,.' - ,a, ..... 11:... ............ (3.'" 

124 



( 

·.e .... k .nd cOle al'. Ilovly .aryin. functionl of po.ition, 

th.y .re t.t ••• 1 CODlt.nt •• The .IIDetic fieldl for thi. 

c •• e are: 

(3.19) 

lt i. nov cl •• r froa .qu.tion (3.18) that th. 

VU .pproxi .. t:lon beco.e. inval:ld .t a turninl point. By 

.ubltitutina e • 900 in equ.tion (3.18), the solution for Ky 

beco.e. infinite. Hence th. VK.B approxia. t ion fall. ap.rt 

in tb. n.ilbborhood of a turnina poiat. Vi •• study of total 

refl.etion of .ave, in lay.red :lnhoaoaeneous aedi., it q •• 

b •• n .hova by Brekhov,kikh (21) that ehe ph •• e chânae in the 

n.ilhborhood of a turDial point i • .. /2. 

3.3- A VU •• thod for incl.s erofile. 

To coapr.b.acl tbe I"idance char.ct.ri.tic. of .. 
iOB-exch •• ,ed •••• 'uid... :lt i. iapore.nt to b. able to cI.fiD. 

th.ir r.f~.ct:l.". lad.s profU... Ion-.sehan.ed ".v'luid •• 

al' •••••• ti.11y diff ••• d s.ide. confor.inl to Picki.n cliffu-

.ioa 1 ••••• 0 ••• xp.ct •• ooth. iahoaoS •. neoua refr.cti •• 

Dita ••••• :I..,l'leh (22) ".". uae. tla. VI. a,p1'O

aiaatioa to .er!.,.,. .bpl. • ... t~o •• cut pr.4ict .a:b •• ha,e 
, 

of t~. r.fr.et~"a 1 ••• x'profl1. Iroa ..... 1' ••• ffectt" ..... 

. /25 
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indic •• of • planar optical gu1de. The1r technique 1nvolve. , 

the .olution of th~ inverted Sturm-Liouville eigenvalue pro-
-~~ , 

, 'r 

bl... S1ucs the •• ount of input data i. finite, (i.e. a 

finit •• et of mode indic •• ) the refractive index profila, 

n(z), z being the depth coordinate, i. astimated in terme of 

str.iaht line segments. The WKB approximation transpose& 

the solution of the Sturm-Liouville system; 

(r(z)p1) + (q(z) + ~p(z» F - 0 (3.20) 

(z - a) 

Il F + I2F' - 0 (z - b) 

solution: j (k x - ~t) 
B - F(z). x 

y 

to th •• olution of th. equation 

z 
2 n 2)1 4_ - 1 f- (Il (s) - cl • • (3.21) 

0 • 8 . - 1,2,3' ••• H 

D(a.) - n , z • 0, no • n(O) • 0 

A. pr.vj.oualy •• ntion.cl .. -.ince (3.21) •• ploy. ' 

the W~I a,pr~xj..atloll, nez) mu.t d.cr •••• aonotomica11y and 

ba .lovly varyj.nl. Equation (3.21) alao a.au ••• that th. 

ph •••• hift .xperieuced by a r.y at ~he .urfac. h •• an ".varà.e 

valu. of ~/2 and a v.lue of w/4 .i • _, the turnj.nl point. 
a 

ta or.er to der1v. (!.21), ~oa.~d.r the .~ of 
.11 pha ••• hift. inc_rr •• by .a l~èlcl.at v.Ye, ia tr.~.11in8 

• 

/26 
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from the a1.r-gu1.de interface to the turn1ng point and back 

again as in Fig. 3.1. As stated above. the phase sh1ft at 

the turning point 18 +12 • -tr/4 and the phue shift at the 

air-guide interface is governed by the Frasnel formula. and 

vas calculatad as '10 - -w/2. 

One of the conditions for guidance requ1.r •• that 

the total transverse phaa •• bift of a l1.ght ray be a mult1.pl. 

of 211'. If the pbase _hift experiencad by the ray _ban traval-

linl f rom tb. air-guide inte r face t 0 the luide-eub.c rat. inter-

face 18 calculatad and added to th. +12 and .10 pha ••• hift •• 

the su •• u. t total to 2 •• , • intagar. 

The total tranavar.e pha.e ahilt can ba calculatecl 

by dividinl tba inboao .. naou. ra,ion inco .averal thin boao.e-

Daou. layera anel addins tha pha.a .b1lt illcurrael at aach layer. 

pr •••• el ae 

al1 che pha.e .hifta illcurracl at every layer w •• ric a: 

where s. 1e tbe curninS poillC deft.ael by n( 1.) - Beff • 

aenca tba pha.e ral.cioll_hip becoa.a: 

(3.22) 

/27 

, 

1 
! 

i :. 
j 

l 



c 

( 

21t 
o 

o 

by 211'; 

" 

(3.23) 

(3.24) 

-
z to Ào whera Z - ano, and dlvldlng both sides 

dz - 811 + ! + 1/8 

vhere 8· 0,1,2 ... 

(3.25) 

Since • starts fra. 1 in equacion (J.21). ve subtract 211 fra. 

tbe RBS of (3.25) and bence (J.21) ha. been derived. 

Giveft tbe _ff.ct~v. aode indic.. D. ve calcu• 
la te cbe value. of &. (beDce .pprox~.atiDa ne;) ) by re.riciD' 

(3.21) a. a au. of iDt_aral. 

f~ 
\-1 

- 4. - 1 
8 (3.26) 

The oriliD of tbe profil.-d.~.r.iDlal alaorltha 

li •• iD tb. ~ approzlaatioa. r.qu~rl.1 •• ootb •• 10w1y .ary

IDI fad.z prof 11.. • Thl. ca. b. la~.rpr.~.d 1»y ..... 1111 D <il 

a •• pl.c •• l •• Il •• er ftlDCtl0.: 

/28 
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ï) 

wher. &k-l ~ • < &k and n (a) + n. 1. raplacad by 

+ D • 

Af~ar .ub.t1tu~loD aDd .1apllflcatloD C.aa Appandlz C) an 

(3.27) 

(3.28) 

.zpr ••• lon for i cao b. derived. r.pra.en~ln, the Doraal1.ed • 
deptb for a ,1.en refr~c~1ve iDdez value. 

3n - D a-l) -1 (D - n )-t [ .. - 1 
8-1 

• 3/2 ( a ! t & 2 
.-1 • 1 • 3 k-l 

2n t - -Dk + ~-l + . - &k-l [(D
k

_
l 

- ) l/2 ( .) • k ... -2 n
k

_
l -~ 

(D -k a.> 3/2]] + • a-l (3.29) 

_b.r. a - 2.3,4, •..• 

Iqua~ioD (l.2') _tll .i •• ~b ••• xt •• 1 •• of s.- a~ ••• Ch. 

pr •• lo". poi.~ ••• Ch •• ff.etl •• i.d.s •• 1... fo .~.rC th. 

(3.30) 

Iy .aill' (3.29) ••• (3.30) •• d a a.t of .ff.etl •• 1 •• ex •• 1 •••• 

o.. eall WTlta a •• 1aorlcka to .ppro&~t. th. r.fraeti.. 1llcl.s 

profil.. Sillea tha al.oritba i. '.a •• oa t~. VKa a"roziaatioa, 
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( 

.e .xp.ct 1 •••• ccur.cy ln tha Lndex profile ua.r tha .urf.ca 

_bera infor .. tlou 00 th. 10.ar ordar aod •• i. r.quir.d. Thi. 

requir.. th.t tha .urface indas n .u.t b •• pprosi •• t.cl •• 
o 

clo •• ly •• po •• ibl.. Thi. c.u b. a.ti.at.cl by plottina th • 

• as of tb. ~. int •• r.l 

k 
o 

(3.31) - ... + 'Ir 14 + .10 

o 

".r.u. tb ••• t of •••• ri.eot.lly •••• ur.d eff.cti ••• oele 

iadic.. a. p.r St ••• rt .t Al (9). Tbe lndes •• lue .il1 b • 

•• ti .. tecl •• the poLnt wher. thL. cur •• inter •• ct. tb. s .zi •• 

(S •• Pl.. 3.3.) 

Vith thl. atarti.. ..1.. of a • th •• 110r~Ch. o 

c •• proce •••• 4 • coa,l.t ••• t of d.~. ,oiata (i • a(a » cao a a 

b. obt.~.... Ara ••• ith th •••. el.t. poiata ••• ia~ai •• e~oa 

proc.dur. c ... b. folio ••• aO th.t th. 1d •• l ".lue of n .i. o 

kaown. Th. det.r.i •• tio .. of n i. d.p ... d •• t oa .inl.l.~a. th. 
o 

.ua of cb •• r ••• of th. tri.n.l •• d •• crib.cl by th. foll0.1al 

for .11 

k - 0, 1 ••••• -2. Th •• for •• ch •• c of dae. poi.ca (Da' i.> 
•••• r.t •• by a li".o .t.re~a. ".lu. of .. , ihl. calc.l.eion 

° 
of cri.asul.r ar ••• ia p.~foraed. Th ... the .urlac. i.cl.s .0 

1. tncr .... t ••• lllbcl, ••• ch. ,roc ••• 1. r •••• t.4. T •• a.c 

of ~t. polat. yialdt •• t ..... 1l.:t ... of Cri •••• l.r ar ••• 

i ••••••• tb. b •• t .pprozLaatioa to tb. refractl". 1 .... ,rofile. 

130 



( 

.. 

( 

10 Minute Sllb Trial (I) 

x: .asured .ode indices 

.... _ no. 1.59' 

Ftl. 3.3 S.rfaca 1.4u I.alàatt ••• , tta. 
va ........ ,.,. ....... ~ .... 

(10 .ta •• 141 ·C) 

.... .1." 
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Tb. rout1a. 18 •• ry •••• 1t1 •• to th. 1.1t1al •• -

tl .. t. for a. If tb ••• t1.at. 1. aot clo •• to tb. actual 
o 

.alu •• tk. routl •• wl11 0.c111at •• ,1.1.10' ,oor r ••• lt.. It 

ca. b •• ot •• that th. uac.rtat.ty 1.. 1. wo.t crlc1cal for 
° 

tb. flr.c .od. a.d 1 ••• cr.a.1 •• 1, 1.porta.t tb.r.afc.r. th1. 

correlat ••• ith the fact chat th. WKI •• tho4 1., •• ak •• t ~or 
. 

tb. d.t.rai.atio. of tur.l •• ,01.c. corr •• po.dl •• co astr ... 

orcl.r .ocl ••• 

••• th.r ,01at .0rC~ ••• cl •• 1.. 1. tha faot chat 

1 ...... ro •• -.ff •• 1.... 11 c~ ....... 1 •••• 10' co •• l •• r •• 

o.ly •• "ort. 2 or , ...... th. aoo •• aoy .t ch •••• ulti .. 

3.4 !II "Cil" (Ir .,.",.", ''''If 

~. .ala a ,hy.teal .... r ..... ~ .f a.. ~ ... .. 
• 1 •• okara.tert.c1ce of 1 •• - .. 0 ............ 1.... • .... t .,1 •• 
ch. 4t.peral.. • ... cto~. 

'" c~~.t'.r~ ........... ,..._, ...... CM 

ny __ l, .. ca. pta .......... ta ••• tar1 ... '1 ••• f eh 'u-
•• rd .... 1.C1... n ... 1. ... _ ...... 1 u.. ... ,. ... e&l1 

. . 
t ..... trIIj,cll ............... ..u •• f 1 ... (a '-..... ) ••• 

·aU ..... 
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( 

a,pr.siaat. tll.or.tlcal dl.par.loa curr •• 1. to •• co.,.~ ••• 

thaoratlcal cur... for laboao, •• aou ••• 41. for both A,_O, 
rl ••• a.03 ,ara •• t.r •• r. , ••• rat •• yi. coaput.r al,orltha •• 

Co •• ~ •• r tb. 1.boao, ••• ou ••• y.,ui ••••• 1y.l.: 

tb. ..rl •• tl0. of tb. VII espr ••• ioa for tb • 

• 1.p.r.loa .quactoD for labo.o, ••• ou. proc •••••• fol10 •• : 

( ••• _oct.r IIUrD' (25». tb. tot.l ph ••• cb ••••• Sf.r~aa

c •• lt7 tll. .a.. a. it' cr ••• l. froa th. alr-.a~'. lacarfac. 

to tlla tura' •• ,otac ••• b.ck •• a'. t.: 

" /33 

(s. Il) 

... f.r to ria_ 3.1 for clle ,.~ ... t.~ '.fiatct... •• etat •• ta . 

S.ctl •• 3.2 of Cil'. cllapter. C .. pkae. ak .... la t~ 'r •••• c. 

of • carat .. ,otac t. -/2 a.. th •• ka •• è'-••• at cb. alr- . 

• ul'. tat.rfac. 1. 2.10 or la 

2 ta.-1 
[(lt + .)/(1 - .>] . 

... ,.. 011 th. ..... "if~ , .. ~ •• a .... 

cro-.1a ....... l.t. , ... 10', ..... , ..... ~ .u-
,.raj.ea ..... tl •• la ..... lt ... f..... ... ..... (I.J2) ua •• 

• ......tet ..... I . 

• 

.-



( J 

" 

(3.33) 

2V 1 (3.34) 

-- -- --- Blae. -••••• 1 "ttll 1 ... 0lI0 •••••••••• '., ••••• t: 

r.a.raa1la. V.~ ... & la t.ra. of tll. ,.r ... t:.r, a : • 

'. 

... Italk , .... , a ........ 1 .... . 

, . · ., ......... , ...... 
fta 'SUl ..... 1 .......... &.a ..... ift • 

......... la _...a ......... , .......... '.U_s 

(3. ") 

CI.l7) 

. ' 

(, .• ) 
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rb. abo.a r.1.tio. ca. b. 801 ••• au •• rically aa • 

• oft •• r •••• ~ •• t •••••• ploJtu. tb. ~.L routt •• DeADal. b ••• d 

oa aa tt.ratt •• Iho".r. lat •• ratloa routi.. (r.f.r to Âpp •• dts 

1). Th. r.qutr.d taput to th. pro.ra. lDClu ••• a 'uDetl0. d •• -

ertbta, tb. cllffu.to. proftl. a(s) aad th. approprlat ... , Itr, 

•••• ur... Tb. r •• trletl0. OD a(s) 1. that lt au.t .ary 

bat •••• 0 aael I.a. tt a.at b ••• 10.17 •• ryta.,-aoaotoDteal1y 

•• cr.a.tDI fUDctioa. A1.0. D(Z) au.t ba r.pr ••• at.cl 1 ••• 

a •• l)tlc.l •• pr ••• loa. If tht. 1 •• ot po •• lbla, .a. a(s) c •• 

• ely ba .spr ••••• oa • polec b) pot.t b.,t. (a. 1. cha c... of 

tha VII I •• erac •• rafractl.e lad.s profila b, Bel'rich , 

Whtt.) , tb. DlIL lat •• rat~o. ro.tlae c •• aot •• ••••• I •• e •••• 

a. lat •• racloD al.ortt" ••••••• 11a •••• '. rul. ~a. b .... 

pl., •• to •• 1 •••••• tlo. (3.3.) • 

... lcal1,. tll. .al.. .f .. t. I .. ~_àc.. ... tll. 

c'~"''''''taa hftt •• ,01at at t ••• 1"" ... " CMe a 

(3.3') 

...... ,.. ....1.... .1 .,' .... .......... ' ....... 1 U .&1 •• 1a ••• 

..,. dt". _c ....... t .............. _-. .~ep_ .. 1 ••• fer Y • . 

n •••• , •• t .......... c.e " .. _n' .. Cl ...... fe .. 'J 1........... .1 .... t... .. .. r.t .. '" .. ''''1''' ... tll .......... 

...... 11y I.~.t" can •• 1 ... ca ... i.a ,~ •• :I.'l. ~ "'AI 
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•••• tl ••• (3.35) - (3.37). th.' -.ff valu.~ for a partlcular 

al.b ,uide .re aor •• ll.ed 10 they can b. locat.d ln tb. b-V 

plaae, the pr.do.lnant para.eter b.1DI n. .atber than relyla, • 
on aa approsi.at •• alu. for n • a. I.n.rat.d by th. prof 111 •• 

1 

al,orltb., a .or. refln.d valu. 1. D.c •••• ry. Startin, .ith 

tb. value of n fro. th. r.fractl.a indax profil. (by Baldr±ch 
1 

1 Whlt.' ••• thod) .nd •• ploying (3.38) along witb .ny t.o •• a-

•• r.d .ffactiv •• ode indica., a .ore exact value of dn 
1 

(An • n - a ) .nd hanc. n can ba dater.ia.d. 
lIb • ' 

tha di.par.lon curv •• calcul.ted for aa i.ho.o-

, ••• 0 •• profil. (G •••• i.a) for tha tvo ,., •• atry •••• ur •• : 

3.5 Dl.,.~,l •• S.~Y" bl tb •• t., 
."rO_taatl •••• cbo' 

Th. It.p or .t.ire ••• · .,prost .. tio. e •• b. eo •• i-
• 

•• r.' ••• brute force •• tho' .1Yi •••• aet r ••• lt., o,p ••• ' 

craz of tb ••• tho' IDyolY,' .pproal .. tiD, .D.lak ......... . 

... t.aby •••• r.l boae ••••••• lay.r., tb •• r.aCar th ...... r of 

l'7'~.' th. b.tt.r tb •• "r •• i .. tl... Slae ... , Ar. 1.t~ •• t •• 

t. eharaee.ria •• , •• ~trle •• Y ••• l •••• e .. fora~ .. e. tb • 

• tt •• ct ••• f 1 •• - ......... ,.1 .......... t •• ,roftl. _111 

t 
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( ,rovide a .uitable exa.ple for the quantiaAtion procedure. 

Con.id.r th. refraetive index profile in Fil. 3.6, .ubdlvlded 

for aualy.ia. 

If ••••• u.e an infinite .lab luld •• uch that 

4/dy - 0 th.u .e cau cou.i4er TI .od •• 

TI .od •• (B • ! - B - 0) x a y 

A •• u •• the uaual travellinl .ave ter.: 
j (œt-8e) • • Fro. 

Kazwell' •• qGaCio •• 9 JI: 1 - -u iJB/3t o 

9 z B - (3.40) 

and tbe fact tbat a/a, • o ••• der1 •• the o.e di •• 11a10nal reduced 

........ t10. for t ••• , co ...... t. 

k • 2./1 • 

(3.41) 

(3.42) 
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"s 

, 

( 

"s 

( 

n(x) 

Fi 9 3.6 

/ n{x)" 

1'5 

6aussian Profile Subdiv1ded 
for Analys1s. 

x, transverse depth, dl gui de depth at ne' .. ~ "s - "b 
i-x/d, n$<: surfac.index'"b: bulkindex, "'-

guide . substr-ate 

i 

Fig. 3.7 S1ngl. St.p Approximation. 

............. 
j 

/ 
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( 

The 8ubscript 1 designates which layer the quan-

tlty ln question repreaents. Chaos€! KI if the fields are os-

cillatary in the regian or select ~i if the normalized pro-

pagatian constant B predicts decay1ng fields for that region 

For 81mpliclty. cODsider the case of a sinile 

layer, the stairc88e approximation proceedl- as follava. 

(1) deflne the narmalized transverse depth boundaries 

(quanti:tatlon procedure) see Fig 3.7, the sin8le 

step approximation. 

(II) deflne aIl possible field solution. for tbe various 
11 

regions 

lt < x 
o 

lt (lt 
o 

x :> 

H 

E 

E 

z 

Y 

Y 
- A e o 

y x 
o B • 

2 

..,. x 
a 

ft 
z 

-jy -y x 
2 2 • -- A

2
e 

wU 
o 

(3.43) 

(3.44 ) 

/ t.. 1 

. " -



(III) Ilat.c:b f1..1d qu.atlt1. •• at tbe bouad.ri •• 

x - x o 

- x : l 

A 
o 

Tb1.. yi.ld. 3 equ.t1.o •• 10 3 uak.o .... 

(3.46 ) 

(l.41) 

(IV) roraal.t. ... tr~z .... ~1.o •• - 1..~ro.uce tb. Doraa11. ••• 

tr ••••• r ••••• ~h .u •• ~1t1... (i - KI.) 

or 

d'Y" o 

rs - 0 

-.k 1 
o 

(3.48) 

(3.49) 
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tha aa.trht dl.peraioD aqu.tlo11 la thua: 

d.t r - 0 (l.SO) 

Tba nuab.r of bo.oaaneoua atapa e.p10ya4 to .ocla1 tb. illboao-

•• naoua .tructura -111 dictat. tb. a.triz .1,a aud b.Dce coa-

plazlty: 

Ilatrill ord.r • (211 + 1). 1 - , of ac.p. 

a.f.r to App.u4iz D for d.Cai1.d f10. cbarta. 

A. tb. a~.r of .e.,. Lucr...... eb •• cc.racy of 

tha r.aa1c. a,ro"... The r •• 1I1u for ai •• 1 •• c •• , doabl. 

at., aDd fi •• atep a"rolli .. cLoua ar. ,rapb •• COlether iD 

Pi,. 3.8 ta de.oa.craca Ch. afor .... cio •• d aff.ct. To .. zL-

als. accaracy. Jet .. iDt.iD a r.a.o.abla .. tris aLs. for /a~.-
rlca1 couaieleracio •• , a fi.a-.c., ,rofila .a. cho •••• ( 

1.. .tao.. 1. PLI. 3.9. ... a co .. ar>i ••• bet:we.. elae WU a •• 

• cep _cko.. 1. pre •• ate. 1. Pi.I. 3.10. A co.partao. La .cca-

racy ••• ezacaeio. Ci... fOr ella na a.d • cap •• clao". La pre-

••• teel balo. t. Ta.l. 3.1 

( 

r 
1 , 
; , 

~ 

1 
i 



1 
1 

<-

M_thod Vallle of V Coapllt:ina 
for TE TEl TE

2 TE] Tta_ 
0 

Step 1. 75 5.28 8.50 11.8 1.31 .ec. 

W~B 2. 20 5.55 8.75 11.82 0.01 aec. 

The Y fta. for botb tbe ftep ..a VU _tbada .... obtalaed 

br Mtt.u.. b· 0.1. Refer to Flg. 3.10. 

\ 
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Quant1zat1on. (5 step Ipprox1.at1onJ 

Fi gur. 3.' 
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of th. "'l't14:.l lura.c. va. _a1.llt.1a.d ,,1th • "J" type tb.r-

IIGC01lpl •• ' 

4.2 •••• tt.C. 11'.,.,.t1.oa 

Ta .ch1.". lood ,~.l1t1 .,."u14 •• vith th. low •• t 

po •• 1bl. la •• l1lur ••• th. I~aa •• ub.tr.t •• au.t b. i .. acula-

t.ly cl.a •• d. Sod.-l1n. Il •••• ab.tr.t •••• 1lulactur.d by th. 

rl.h.r Sci.llt1ric Corp. v.r ••• ploy.d. Th. cl.aa1nl proc ••• 

b"aD w1th ••• hiDI th •• ub.tr.t. ,,1th .o.p 'Dd city •• t.r vith 

cottOD .. ab.. rollo"iD, th1., th •• ub.tr.t •••• 1 ... r •• d 111 

a1.tl'ic .cid for 20 ~laut... Aft.r 1'111.111' .1th ac.toD., tb. ,. 

.... tr.c •••• i ... r ••• 1a tricblol'o.tb,.l ••••• bich .a. brou,bt 

to ie. ~oil1a. ,oiat for 20 ata.t... Th •• ch ••• b.Crat •• a. 

rt •••• wit' .t.ctll •• , •• 1081 •• 4 •• c.r ••• fia.ll,. 1t ••• 

... tc&11y cl.a ••• 1a DI •• t.r for ft". at •• t... Thi. coa,l.-

c •• tb. cl.a.ial 'roc •••• 

4.3 Il. M'" '''J1"cH. 

Il'' .. i •• f .. rt •• ct .... a r.lact •• 17 .t.p1., 
_ il .. s.a. 4.2, ûe cl ......... ~.e.. ... cl1 .. ,.. to cla. 10a. 

Ia.ru .. tal 1:'0. ... e.... cla. l"" ... ...lCi.... ia tll. .1:'.
.... c .. f1n'aae.. ..elr 'C .... r. "l" cil •••• iei •••• , ... 

""'1" cla. ... .... c. ... ~ la ... '.cta '7 c.c.c~ .f 
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th. rod, the ta.perature had to be .uiflelantly stable. Once 

a raa.oDable level of stability vas achieved, tbe rod vaa 

rotated and the substrate vas la.ersed in the bath, coamen-

ciog the exchange proc.ss. lt should be noted that the 8ub-

strate vas preheated vhile vaiting for temperature stabllity 

to be achieved. The AgN0
3 

8lab vaveguides vere produced ln 

an unatirred, undl1uted bath of molten silver nitrate at a 

temperature of 24S
n

C ± 4° (on average) for exchange times 

rangiog from 10 minutes up ta 160 minutes. A fev of the 

trials were repeated to try to verify repeatability. but 

tbis was unfortunately not the case. The waveguides suppo-

sedly formed under identical experimental conditions did not 

exhibit the sa.a oumber of model, nor the same M-line sepa-

ration. 

Ooce the axchaoge va. completa, the substrate 

va. reaoved froe the turoace and .as alloved to cool in tha 

air for a fev .inutes. Follov101 the cooliog dovn, the aub-

strate va. cleaned in diatil1ed .ater to re.ove reaidual 

AIROl adhsring to the .urfacs of the .l~de. 

4.4 •••• ur ••• nt ,roc.dur •• 

To cbaract.ri.s tb. par ••• t.ra of tbe •••• ,uïd •• 

li,bt ••• cou,l... Yi. prie.. iato tb •• cruct.r •••• th. 
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angu1ar di.place.ent of the resulting H-lines vas measured. 

The angles at vhich theee M-1ines appeared vere then manlpu-

1ated into the aynchronou8 coupling angle of the laser 

!taelf. 

Consider now, the ana1ysls of coupling light 

lnto waveguides via prisms. 

In bath the prism and grating coupler a light 

beam ia fed into a film, via the broad surface of the sub-

strate. We limit this discussion to the prism coupler. 

The pria. and guide are coupled over many vave-

length. of the incident light, and energy transfer takes 

place continuouely. If the coupling atrength of the laser 

bea. and ite intenaity is uniforllly diatributed over the 

coupllog leugth. along vith the corree t p in pre saure on the 

pria •• an effieiency of about 80% can be achieved-r38). 

To excite aIl po •• ible .ode. in the vaveguide, ~3 pris. > 

"1 fila. Total refl,ectlon of the l.ncident bea. oecurs at the 

A •• re.ult. the field in ~he pris. h • atand-

ln't ••• a th.t baco.aa a dacay1.nl. a.eneacent aoda balov the 
, 

bea'--' .. f--!.~~~. ln tbe air •• p. 



Decomposing AJ into its components (Fig.4.4) we 

see the boundary conditions require that the horizontal com-

ponents at tbe pris.-gap interface be equal. The evanescent 

-jkn xsin8 field tberefore varies as e J J in the direction of 

propagation. For good optical coupling, tha air gap should 

be approxiaately 1/8 to 1/4 of the vacu~m optical wavelength. 

Tbe evanescent field in turn excites a light wave in the 

guide upon penetration.of it, an effect known as optical 

tunneling. 

If tbe borizontal component of eitb~r Al or BI 

i. equal to ltr'l3xsin8 tbe correspond inl hor1"zontal componen t 

of tbe vaVe vector in tbe pris. li,bt •• ve, the incident 

.ilna1 1 ••• id to b. exclu8ively couplad to thi. vaveguide 

.ode. Onder thl. 8itu.tion, tb. laser lilht is io a .yo-

cbrODOUS directlon. 

Any va •• suide mode can be coupled via a proper 

.el.ction of th. incident light; i.e. the vav •• in the prism 

.nd fl1. h •• e th ••••• horizontal •••• motion vlth the •••• 

~ 
As .hown in Il,.4.5, the tvo evane.c.nt t.i18 of 

th. fle14. ia th. pria •• nd guld. o.erl.p in the air gap coua-

tltutla, the coupl1ns effect. In.ray la contlauoualy trana-

& 
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Fig. 4.3 Ray Optics Fig. 4.4 Ref~"enc~ Angl~5 

y 

L 
)( 

8, A. 
1 

a ; r gap 

substrate nO 

F 1 g. 4. 5 Cou p 1 1 n 9 ", ch. n 1 511 

n _ den t 

i gh t • 

! 
p 

T ;-

E 
Y 

x 
o 

Fig_ '.6 



, 

• ffl'rl!d froll thl! pr111111 to the guide aloog the coupllng length 

( 31'! 1 

If the film 18 beQt such that the gap 18 narrow 

a t li o and v1dl!r at the reetaollular '!Cod of the prlslII. 

E'ohaoeed oupllnll DeeUrs 

The œeasur1ng set-up requlre4 for launchlng the 

'vi a v e g u l d e !lO des • COOSlsts of a rotat 100al stage vith 4 degrees 

~:,f freedoœ. a prislII and substrate holder. a screen. leos and 

a He-Ne laser light source The eOllplete set-up 18 shown 1n 

the ache •• tic of Fig 4 

As cao be seeo fro. Yig 4.7 wheo the la8er bealll 

1 li 1 ne 1 den t 1 0 a Il v a c h r 0 a 0 u 8 d 1 r e c t 100. (1 e. the ph a_ e m. t c h-

1 age 0 a dit 100 l Il III et) g u 1 de d 1110 des are 9 u cee I!J 8 fuI Ive li: C 1 t e d 

aad the folloving relat100 eX1I!Jt8 ( 24) 

e - (4 . 1) 

- l 
(n 8io(s10 (si09/0)":1) 

P P 

o 
p 

priam iodex (] . pri •• a011. 

synchronOUB an8le 



Liser 

pol.riz.'" le"s 

pressure (J 
/p01nts\ 

1'"0 ta t1 onal 
stag-

Figure 4.7 M •• sur ••• nt Coft~19ur.t10n 
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a.fore .tte.ptina ta •••• ur. th •• YDcbronous 

.nll.e, bath th. pri •••• nd tbe guide .ere thorouahly 

cl.an.d in atbanol. If th. int.rf.ce betv •• n th. pria. and 

lui~ va. cODea.iDat.d, tb.ra would hava b ••••• arkad r.duc-

tio. iD tbe couplinl .ffiei.ncy. Aft.r cla •• iDI, the pri ••• 

and tbe guide •• re •• cured on tbe rotational atal •. 

At tbia point 1n th. proe.dure, tbe •• curin, 

pine b.d ta be adju.c.d ao cbat th. abarpe.t po •• ible •• t 

of M-line. could be vi ••• d. Ta I.t the ab.rp •• t K-lin •• , 

the inpuc and output •• curinl pin ••• re adjuetad .0 that a 

lilhe and ••• n pr ••• ura on tha pri ••• a. att.in.d. ODC. 

th. adju.t •• Dt .a. co~l.t., th ••• car1DI plo. eou~d aot b. 

toucbad, al •••••• ur ••• at .rror •• oul. r •• alt. 

Th. a •• e .tap ln tb. proc.dura ••• ta •• t ••• ro 

r.ter.ac. palot. Thl •••• o~ •••• ry becau •••• dl. not r •• d ! 
th •• yacbronou. a •• 1. ot tb. la •• r dir.ctly fro. tb. rot.-

tloo.1 .t •••. Th •• yochrooou •• n.le ••• calcul.ted by .ub-

tr.ceia. eb. a •• le r •• d tro. tb. rot.t10a.l .t •••• fr~ th. 

&.ro r.t.r.ac •••• 1 •. Ta .at ta ••• ro r.l.reoc ••• ,1 •• tb • 

• t •••••• rot.ted a.t11 t~. iaput f.c. of tb. laput pri •• 

••• p.rp.o.icul.r ta tb. lacid •• t l •• er lilbt. A .cr •• n ••• 

po.ltioo.d directly babin. tb. rot.tio .. l .t •••• i. Il ••• itb 

To ~c.t •••• ro refer •• ce pol.t. 

l 
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8 pattern of Newton's rings must be found By fine adJust-

ment of the anj!.ular rotatlO:1 n: th .. stao;:t', hese rlnj!.s would 

Tht' zpr r e f f' r ,'1 " r <' 1 n t '0/ a.. ~'r t' ( Ise 1 v 

, r, il r a l l Cl '-; (-' l \ ,().,...,.. t-' " P () ne 

~ .~. t r tl e i t' r r f:' t .... r t" n 

<'uld then be measure~ :he <;[8"''' ... as rotateè :n il 

rom the zt>r' referenre ,nJi(lt 

j nt 1 the pattern .. ab :n vlew aga1n anc thlE' adjustŒent "'as 

':nt'l'\ tuned unt11 the Ilnt> at the tar r!(o(ht o! the pattern 

"'as as hrlght as possible 11ght .. as courled 

t , IrSt mode 

1 ve rer!or~l~~ the adjustment 

" .r'. il;r'e<1'.~>: :n !~E' .attern, .• "_ d·.f·ragln~ 

,1 J"" • C' r t' il,:' t r ! a l ~ (l m p let e ci ,> measureœents or 

'r a e r 

f1r5t. the IIvnc:-:ronou8 anli:les of the laser cor-

1 



T •• poodlol to eacb .ode vere calculated by aubtractiol the 

•••• ured aOlles fro. tbe zero reference aogle. Tbeo tbe 

effective refractive index for .acb .ode vas calculated by 

tbe uae of (4.1). Theae calculations Ar. shovn on tbe next 

page for four different elab vav.guidee. 

4.5 Experi.ental Re.ulte 

Table 4.1 A&80) Slab Wave,uld. D.ta 

AlI •••• ur ••• nt. vere perfor.ad vith TArD pru.. 

(n • 2.019) 
p 

riaure 4.8 

(4.1 .) 10 .10u~e triale. 24SoC 

IIOD! 

1 

2 

Sa.pl. I ) 

4 

5 

1 

S •• pl. II 2 

] 

... 

A.CL! or 
IICIBa.CI 

13.319 

11.S50 

10.033 

8.540 

6.150 

11.5111 

9.0'51 

7.4731 

(0) leff 

1. 581 

1.562 

1.54' 

1.529 

1.501 

1.5618 

1.5350 

1.5167 

\ 

'-

J 
* 



Di.crepaocie. io tba abov. data cao ba att •• ted 

to tbe fact that .cabl11ty of ta.perature va. dlfficult to 

achie ••• 10 the firat trial rubber atopper ••• re Dot •• pl01.d 

bance ta.peratur. variation va •• ore .ztr.... A09tber cootrl

butiol factor i. d.pletloo of .11ver ioo. 10 tbe •• lt; 

Sa.ple l va. p.rfor.ad vith a fr •• b •• lt, vhile Sa.ple Il took 

place .0 •• 6 trlala l.ter. 

• 
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o (4.1 b) 40 aiout. trial., 245 C 

MODI •• CLI Of 
I.eIBI.Ca (~) 

1 14.603 

2 13.182 

S.spla 1 3 12.058 

4 10.90l 

5 9.850 

6 1.749 

1 13.e9'7 

2 12.6514 

3 11.5504 

, ... 1. II 4 10.6358 

5 9.6333 

6 8.6792 

7 7.7153 

b ~ 

8.fl 

1.595 

1.580 

1.568 
J 

1.555 

1.543 

1.531 

1. "'4 

1.5741 

1.'622 

1. '522 

1. '411 

1.n04 

1.51'4 

<, .. 

.. la •• l.c.. a"arac.. ••• ,oor cbeCWGcoa,1. p.rforaasc. la t~. 

l'... t .... r.c.r. rasa.) c.. cak. cil. 1t1 ... fot' Cil. .i.c .... -

,au,.. • 

L 



( 
o (4.1.0) 90 at •• t. criai. 245 C 

.... AIIGi.I OF 
mcm..:. (0) 

1 . 14.71' 
2 1'.633 
3 12.66' 
4 11.663 , 10.'24 , '.lSl 
7 '.1" 
1 1.3'9 

- ..... 
__ .CI ~ 

1 1'.117 
1 U.I4' 
J 14.'51 
4 U.411 
5 11."7 
a 11.'" 
7 1 .... 

• 9.5" 
~ 

- , 1.1.5 . , 

1. '''lp 
. 

.À_ 

I.ff 

1.'" 
1.5.' 
1.'74 

1.'" 

1.'" 
1.',. 

1.'" 
1.'27 

'~J • 

.. 

1.611 

1.'" 
1.S'1 
1.S11 
1.564 " 

1.S57 
1.M7 

t.S" 
1.JSI 
1.H4 

. 



Pboeolrapb. of tb •• -li •• output. fro. tb • 

• IB0 3 .1ab .a.ple. Ar. iDClud.d 10 Pi,. 4.9 (a)-(c). Tb. 

H-li.e. are ordered • - 0,1,2 ••. froa lefe to rilbt. The 

piceure of Pil. 4.10 .bo •• a. iOD-excba.l.d Ala0 3 alab lui4e . 

• ote tb. yellowto, of th. a&CbaDled are.: tbi. 1 •• 0 uDde-

.irable affect, cau.iD, aurface laperfactio •• 4ue to aD e&-

4.6 •• fr,ct~y. 1.tez Profile. of A,.O, Ilab. 

All retr.ctiya iode& profile. pre.aated iD tbl, 

cb.peer are b.... o. ,. al.orlth. oatli.ad by •• ldricb , 

b •• ba •• pr •••• t.d i. Cbape.r l, ,.ctlo! 3, _blle t~' .oft

•• ra aad flowc~rc 1 •• r •••• c •• 1 •• " ••• lz C . 

•• •• ,lala •• i. Cka,c.r 1. a lood ."roalaatloa 

cale,latlo.. r. ••• rfac. i •••• ca. b ••• tl .. t •• by 'l,tti •• 

t~e rl.kc ha.. .14. of tbe ... iat •• ral 

t o 

y.r ••• t~e •• t of eff.eCl.e .... l •• lc ••• 

• 

(4.2) 

164 , 
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(a) 10 .1n. Z35 Oc (I) 

Figure 4.9 

S.lec:t.. a,.o 3 ~. 

"-ltn. 'llotoi 

*'-W' 

(c) ,0 .fn. 245 Oc 

- -.- ----,-
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Tb •• urf.c. ind •• vill be e.ti •• ted •• the inter.ection 

bet •• en tb. curve and the .-.z1 •. Tbe appro.1 •• tion i. 

outl1ned for variou. AgNO) tri.ls in Fig. 4.11 a-do 

Folloving th •• e fiiur •• ar. tbe actual refrac-

tiv. ind •• profil •• for tbe AgNO) guide.. Tbe ba.t frea-

band curve i. dravn for tb. givan .at of data point. in aach 

c.... R.fer ta Fi8. 4.12 .-b. 

lt v •• notad in Cbapter 3 •• action 3. that tb. 

initial •• lection of tba surf.ce refractive inde. i. critic.l 

in dat.raininl tbe accur.cy of th. r.fractiva ind •• profile. 

Since tb ••• lurfaca inda. value •• ra u •• d ta nora.liae tbe 

•••• ur.d eff.ctive .od. indice., • n.c •••• ry proe.dura for 

corr.l.ting tb.oratical and axp.ri.ental di.persion curv •• 
.... 

of inbo.ogeneoua v.v.guide., • coap.riaon of re.ult. yieldad 

by bath .echod. ara pre.ented in Table 4.2. 

'l'rial ( RB IlIe.lra1 a.fractive Indes , 

P~of11. 

10 a1l1. 245°C (1) 1.'96 1.597 

40 a1D. 24SoC (1) 1.602 1.600 

90 a1D. 245°C 1.601 1.603 

160 aln. 24SoC 1.620 1.622 

Table 4.2 Comparilon of .urface r.fractive ind.x value. 

for AgNO) triala. 

/67 

i 

1 
j 

i 



( 
II/KB ) 

sn 

4rr 

2rr 

1 5 

Surface Index Approxlmatlon 

10 Mlnute Slab Tnal (1) 

1.52 1.54 1.56 

( d ) 

Measured mode lndices plotted 0ll. 
un, Il ers a 1 cu r Il e 5 0 f m ft ~ ~1 • f" • 

"0 :::: surface index 

\ 
\ 

\ 

n ~ 

o l .596 

\ 
.~I 

1.58 1.8 

WKO j 8~----------------------------------------~ 

1 

1 

3TT~ 
l .602 

1.52 1.58 

40 Minute Slab Trial (1) 

Fig u re 4. 11 
( b ) 
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7he agrpeaeet ~etveen both :ethode appe.r to ~e Quite good. 

v1th • a.xi.u. deV!ltioD of J 002 io the .. 0 and 1&0 .1oute. 

'ri.: 

T •• per.t~re Vari.tioD and 011uted AINO] Melt. 

All preYiou. A180) .lab tri.l ••• re t.bric.t.d 

In thi •• ect10e, the .ffectl of vari.tion of t •• -

per.tur. ar. io~ •• tilat.d. 

AccordiDI to diffullon tb.ory (31), ~ •• xp.ct 

tb.t •• tb. t •• p.ratur. of tb ••• lt 1ner •••••• th • •••• 

luid. d.ptb .cbi.ved .t • lov.r t •• p.r.tura i •• tt.inabl. 

in 1 ••• ti ••. Thi. i •• vid.nt by ex •• iniol tb. aquatioo. 

for diffu.ion deptbj 

d zlDt. t - diffu.ioD ti •• (4.3) 

o - Do exp (-Ea/KT) Ea - activation energy (4.4) 

It 18 obvious from equatioD (4.4) that as tbe te.perature 

locreas e8 t sa do es the coef f icient 0 f d if fus i vi ty and h8'tlce 

the diffusion depth d. 

1 



Oua a1.bt eb1ak tb.t to apa.d up tb. f.brlcation 

proc •••• oa. D •• d. oDly ta Iocr •••• tb ••• lt t .. p.raeare. 

Tbt. f •• eeto •• u, Guttl a cart.tu potDt. If tb. t~.r.t.re 

1 •• t •••••• r .s~r .. e. a bro .. i.h y.llow dt.color.ttoD of 

eb ••• b.cr.c. b.eo ••••• id.Dt. Tb. dt.eolorattoe .or •••• 

• ith 1.er ••• ta. t .... r.c.r •••• d 1. da. to tb. pr •••• e. of 

tr •• • ~l •• r .t tb ••• b.tr.t ••• rf.e •• co.tribut1 •• to •••• -ptd. 1..... ('i.. • .10) • 

cb •• ft.ett •• a04. indtc •• for •• ri ••• '_.ra.l eo.ditio •• , 

ct •• bet •• beld eo •• ta.c .t 10 .t •• "c ••• 

T.bl. 4.3 T .... r.c.r. Y.ri.tioD 

(1) 2l'oC tri.l 

ItOD! 
•• GLE OF 

IMeIDERC! (0) 

1 14.9056 

2 13.5670 

3 12.0417 

4 10.6014 

Il.ff 

1.5979 

1.5030 

1.5675 

1.5518 

.. 
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Ta~l. 4.3 (co.t'd) 

(II) 
o 160 C trlal 

: 
MOD! U«;LI 0' 

IBCt'DOCI (0) B.ff 

1 l'.271l 1.6017 

2 14.17'6 1.~'O3 

l 13.2222 1."02 
4 11.41'1 1.'716 , 11.700' 1.'63' 
6 10.9371 1."" 
7 10.25" 1."'0 
1 9\ '32' 1.'399 
9 1.'3'4 1.'333 

10 1.3176 1.'163 

11 1.4'" 1.'163 



( 

Il''a 1.!::!:C:' (0) 
·.ff 

1 "'5.1351 1.601' 

2 15.0'79 1. 5'93 

3 14.3111 1."1' 
4 13.7'04 1.5.5. , 13.336' 1.'114 

6 12.113. 1.57'1 

7 12.3092 1."04 

• 11.''10 1.563' , Il.420' 1.'60. 

10 11.04'3 1.'5" 
11 10.6041 1.5'1' 

i 

12 10.0523 04 1.5'51 

1.3 '.11" 1.5421 

14 '.2060 1.53'3 
1., 1.1.2. 

, 
1.5315 

16 1.5157 1.5215 
" 

17 1.14'5 1.5244 

11 1.1037 1.5204 

19 7.525' 1 • .5113 

lad.z profila. of AsB03 asch.ns •• vay.suld •• Ar. pr ••• at •• 
~ 

. 

la Pli. 4.13. It Ir .vld.at thaC •• th ••• 1C c •• p.r.cura 

lacr •••••• th.f •• rfaca ~ad.z lncr ••••• and th.r. ~. a corr •• -

poadlns ~acr.a •• la che suld ••• pth. ~ha •• r •• u1c ••• ra 

1 i 5 
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AI.ol Profil.s 
(.XC ang. t1 .. : 10 -1 n • ) 

.f' Sy.bol 
' .. 

• 
• ... 

, Fi,ure 4. 13. 
h f 

Exehang. Te.p. 

311 

280 

MI 
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t 

•• ,eet •••• p.r eqaation. 4.3. 4.4. 

rabl. 4.3 cl.arly abo •• aa 1acr .... la tb. 

Da.ber of ao ••••• tbe t •• ,eratur. t. lacr ••••• (ti •• b.tal 

co •• caat) • 

To ia •• ati,at. th •• ff.eta of dilutl0. oa aa 

AI-03 •• lt, tour dlff.r.nt AI-Wa a.lt pr.,arationa •• r. coa-

1141er •• vith a 22 Ira. ba •• of .a.03 la cry.cal fora. Valu •• 

of th. a.l t .01. ratio M./M A •• r. It.,t ".10. 0.1 a1.nc •• 1.la1-

ftcaDt r.duct10na of tb •• urf.c. lnd.x ar. ob •• rv.. in thi. 

rel1.on. 

1h. varioua •• lt. v.r. pr.par.d fo1lo.1.DI .i.pl. 

ch •• 1.c.1 r.l.tlon. alonl vith th. atoaic •• ilht. of th • 

• l ••• nt. lavolv.d. 

169.87 A.W. (s •• AppeDd1x P) 

Wa.0 3 : 85 A ••• 

/77 
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( 

table 4.4. ".lt pr.,.ration (22 ar •• ba •• ) 
.e10 3 

Trl.1 Il.lt-.ol. r.tio (raB/m.) Ir ••• •• _0 3 

1 0.001 0.0439 

2 0~01 0.439 

) 0.05 2.12 

4 0.1 4.39 

Siac. tb ••• ltin. point of ,ur •••• 0] t •• boat 
r 

307°C. al1 trtela •••• parfor •• d .t T • 31'oC for ]0 ainut •• 

of tb. cr~.tal •••• n ia tb •••• t 

dilue. c •••• 

Dpon .xtitinl th •• od ••• ie tbe S.-I. la •• r. it 

va. 1 ••• 4iete1y •• id.nt tbet tb ••• lu14e. for •• d by 4iluted 

aalt ••• r. aucb 1 ••• l ••• y. Th. t.a1~1.r br11bt str.et ••• n 
1 
i 

10 conaactioa vith tb. pura AllO, .u1d ••• a. aucb reducad 1D 

iDten.ity end .or. v.ll-dafined,indic.tinl 10. 10 •• or lood 

luldanca. The r •• ultinl H-1ine pattern. of the •• guida. ver. 

al.o bet~er definad .ith stronl cantral •• zi •• but 1itt1e 

.' I11he iDt.n.ity ln bat.een ehe individuel H-Ilne •• (Plg.4.14) 

/78 
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,., line structure for a slab guide 

exchange ti •• : 30 .1n. 
exthange te",p.: 315 C 

.-

--------- -
Fi gura 4. 14 

j 4 



It la evident chat lowering the silver concentra-

tion reduces the surface index. Previous analysis of the re-

sultlna refractlv. lndex profile by computer program yields 

th.t tbe profil. can be modelled by a Zad order polynomial 

and that it approachs the erfc distribution as dilution io-

cr ••••• (13), Se. Fil_ 4.15 

Data for .1,03-=-!a~3 Dilue. Kelt Sy.t •• 

Table 4.5 

Tri.l (1) T - 315°C, t - 30 m1n. 
for all triale 

KOD! ARGLI OF N. lt 
IIC IDERCE (0) 

1 8.8796 1.5326 

2 8.4292 1.5275 

3 8.0894 1.5237 

4 7.8366 1.5208 

.. 

1 

1 
1 

/80 



1 B l 

Trial (2) m lm • a 01 
Il A 

MODE ANGLE OF N 
aff 

INCIDENCE ( 0 ) 

l 13.6958 1.5852 

2 13.3729 1. 5818 

3 13.1173 1. S 791 

" 12.1173 1. 5769 

5 12 . 5891 1. 5734 

6 12.4382 1. 5718 

7 12.2396 1. 5697 

8 12.0437 1. 5675 

9 Il.8687 1.5657 

10 Il.66B 1.5634 

Il 11.4930 1.5616 

12 11.2139 1.5585 

13 11.0472 1.5567 

14 10.8465 1.5545 

15 10 .6616 1.5525 

16 10.4930 1. 5506 

17 10 • 3000 1.5485 " 

18 10.1194 1.5465 

19 9.9673 1.5448 

20 9 . 7625 1.5425 

21 9 .6041 1.5407 

22 9 .4458 1.5390 

23 9 . 2555 1.5368 

24 9.0875 1. 5350 

25 8.-.9 125 1. 5330 

26 8.7541 1.5312 

27 8.6137 1.5296 

28 8.5423 1. 5288 



-
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DATA (cont 1 d) 

Trial (3) lIIe/~ - 0.05 

!«lDE 

l 15.1333 1.6003 

2 14.5556 1. 594) 

3 14.0681 1.5891 

4 13.7347 1.3836 

5 13.3549 1.5816 

6 13.0674 1. 5785 

7 12.6833 1. 5744 

8 12.4236 1.5716 

9 12.1056 1.5682 

10 11. 8250 1.5652 

11 il.5285 1.5620 

12 11. 2833 1. 559 3 

13 il.02S7 1. 5565 

14 10.7097 1.5530 

15 10.4215 1.5498 

16 10.1757 1. 5471 

17 9.9285 1.5444 

18 9.6563 1.5413 

19 9.3840 1.5283 

20 9.1~ 1.5356 

21 8.~083 1.5329 

22 8.6806 1.5304 

23 8.4722 1.5280 .,. 

t 24 8.2806 1.5258 

l l 
~ l 

1 
.~ 

1_ ...... b 

,. 
-~- -



, 
183 

Trial (4) a.,I-.. 0.1 , 

! '" 
lIJDE "'.01" , 

Beff IICIDDCI (0) 

, 
1 16.0903 1.6101 
2 lS.3000 1.6041 

3 1.5.0777 1.5"' 
4 ~ 14.7Ol)O 1.9,. 

5 14.3771 1.St24 

6 14.0610 1._1 c 

7 13.7112 1.5861 

8 13 ..... 1.Sl30 

9 ~ U.1t44 1.'799 
10 12.9_ 

~ 
1.5772 

U U.6IU 1.5744 

U 12.40» 1.,n4 
( , 13 12.1'101 1."" 

14 U.9271 1,.,., 
15 u.,ru 1."'36 
16 U.379l 1.SM3 

17 U.2069 1.5'" 
11 10.9410 1.5555, 

-' 
19 10.6903 l.S511 
20 10.4736- 1..55CM 
21 10.2361 1..5471 
22 ~.99l6 1.5451 
23 9.7UO 1.5U3 
24 9.'201 \. "\ - 1.5311 

"- ~/ ) 25 9.2757 1..5:171 
26 9.M54 1.5349 

-
27 8.1416 1.5322 -

21 8.OH 1 • .5299 . 
29 8.4514 . 1.15271 

1 . 
30 1.2103 , 1.5260 

~ 

n 8.17" 1.J2" 

• . 7." 1.SW , , 
, ~ . ' ~ - . 



D11 ut.ct AgI03 Profi 1.s ------

(t1 .. : 30 .1n •• t .... : 315 oC.) 
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" 

----- ---
S1.bol -b/ .a~ 

~ 

0 0.1 i 

• a.aa 1 
• 0.01 

1 . 
1 

+ Q.OO1 1 
1 

1 

1--

1--
,. 

• 
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Pia. 4.14 :lDcluda •• pbotolraph of tha M-lina output of aD AIRO] SUid • 
. ( 

fO'rMd 1D • dilut.d .. lt m.,,/~ • 0.1. Nota th. tari' oUilbar of .,4 •• 

aD4 th. t.p~ved .harpna.. of .ach 1ina cOIII)ar.d to th. prev10ua pboto~ 

for th. pur. AaN03 a:cbanaed • ...,1... The )l..11.l1a. are orcleJ:.d 

If - 0.1.2... trOll" 1eft to ript. 

4.7.3 ~ract~!!,"!J}dex profU~.of varioua wavep!4" 

1 fO-mM bl cW.utef .al~. 

lt: 11 ev1cleat tbat: the aœ'fac. to_. "na ..... .alt 

d1.lutiOll 1Der ...... ( •• a rta. 4.15) 10 the llUfaca lades Yal.ae caa .. 

b,. RCOII6-orcler polJDO&1,ala ad for ...,. cIllate -.la. et. pnfUa 

approach.. ~ de diacrib1lt1oa. cl:l.at:ri1»1JtioD. (13). 

, 
'flle 'Nfncti .. :lad. pntu. of "S'" f~ ta 

/ 
ftriou 4Uuted AllO] -.lu .... ~tftacM Ina ......... _ 

Id'H... _tat ... ,. DI .tç. 1.1aUri.aIa (U) ~ Il &1 •• 

flle •• euz ... an pr ....... ~ l'ii. 4.15. 

'4.' 'Z* .,. 'bs r- c '1 ,+ _ 7 ? \ . 

la dda ....... _ l', Sil" ~ ."eI_a.., _ 
... ..__ __ ...... u.a .a •• FI." __ ••· .. c ...... s. __ •. 

•• l.m. 

'. 

,--

\ 
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" 

+ ID tM. aituati01l. the ucbaqa .peciea i. the ~ iora •. 

+ 
wbo •• rat. of ataraticm 1. 8lower tha1l tut of the" 1011. ID .,lta 

of the faet tut the Mlttna point of DIO) 1. coui4erably h1aber Cha 

AaI103 ' 1t take. a laraer diffuelon periocl to achi .. the __ au~cIe 

depth .. iD the eue of AaNO 3. Ivan iD the ca.e of th ... et cltluta 

""3-R"'3 IIYet_, .1ql.lIOcie auicle. ver. "fabrlcaUei in aimat .. at 

ttllllHR'ature. bel"" th • .alt1q poiDt of D0
3

• Th. &quinl.': p14e 

fâricatecl 111. a 11103 -.lt tab. the battu p.rt of aD hour. 

The fact tut th. e1iffuaiOll U .. 1& l~lJ iDenued 

t .... to relu the t...,.r.tun aubUiey nquir_t.. !bu 1& • 

claalrabl •• ffact for --rac:turlaa proc..... Sec:oDdl.,. the nfnc

ti .... f.atIa cha .. !Mac" ., the ~+ ........ ie eotaalderabl,. re_c", 
+ - '\, 

cmllf4lft41 to - AlI ae1t ..... TJptcall,.. - ..,.et ... face i1Ida of 

+ 
tM on. of 1.526 .. 0"0.'. co 1 .... n ..... la cM Ac CMa • 

.. ~ .....u ...... 'Mn ...u~lt ••• t.t c.ouiat_t wS.cIl die 

~."e" V .1 la tIIII rafncti'N ....... 

!Ida ". 7 J .L" n ..... ..eta .. & of .. _ •• 111.11 

'.. e '1'" f. dia .aIr ••• ~ utI1iIC .... u.. ., CI.a.I ••• & •••• 
oJ \ 

• ta. ~ti_., 0'''1.-. _ .....,.., .... ~ ........ t ft.eWa 

.... d .1 ...... tilla ...... _t~I __ t=-. _. olle d Il ....... ~S- ... 11 ... 

~ 
.1II1I11I1 ... tt.. ss' ....... t •• .., accnottft m cId.a CftMI of ..... ttCllD. 
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, 
•• ta .,' _1141",,014*(111111 !IIi ,q-

lfIae ... MetiaD wt11 a..plq the' ~ daca !nia CI'W. 

ta • pan,", .tC. ....cne. , ...... t. • ."...caa .. f.dcae_ 
) 

• ......._ .... t_c1ca1 Co dMNIe "'1'1'" ta the ,~ _&ioD 

• 
('0 Iff.ct_ r-. Mm ..... . 

AU .. " '1' .... ,.cf"". ac ",.oc., "'cla u.ttla ........ 

da fna t1de ..,.tac 'ftI1_ ... Wl'Ut.e4 .,. ..ufltla cta.caôa",1e 

.... t .... (IC.Wtl1C1: ± o. ,OC). All •••• "I" •••• C ........... . 

, 
.leh fl1ee .1 •• ~ ,~1 •• ~G • .9~'. .,. 1.7". 

(.~) 

Ntle 4.6 . .. 

W 1 ... _DIt .... 
... 

, . . -- --..u . .. 1." 
" ~(o, 

• 1 7.1099 1.5205 
" . 

1 7.4319 1.5162 -
-

, , 

.. 

.. .' " 

117 



, 
1 • 

• (1) ........ t. 
\ - , ., 

c;- I .... - -.., , .... 
lad4tIn (0) 

,-. - , 1 

,.' 
1 15.39'722, 

"",/ 
1.SUA_ 

. , 

2 15.0lI05. t.SUM9 
- • .. , 14.10'" 1.SHnIUI -

1 

-" 

(S) ....... '1 '1 
- ..... ., l.u ..... .... t_"t_. <-> 

\ . l ' 

Cl 1 u . .,." 1. 
-

"\ Z U • ..a5 1.,auas 
0 , 15 •• _ 1 .... ~ 

-• U.O'" 1.J1G"J . -

(.) 18 __ •• ob ••• 

.... ,a-" ... t.· ....... ~ t .. 

-1 15.701'''' 1.Sl4UtI 
2 . U.JI25'"'U 1.JIIIl27 , 15.' ..... 33, 1.5Z1.11611 

l 

4 U.ZU"U 
.., 

1 ....... ' , 15 .. ~na,,, 1.'~D1 -, U.OII,.. 1.Sa.5I." 



" 

.. 

. 
" , 

'\ 

.' 
, 

.... ,.. ..... .....,~~-~--- ~ .. "' ...... _ .... ~--_ .. _ ...... ~~ .. _--, .. _ ..... _...-~..,.""' ....... 
, ' 
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al, 24""'''''''_ ."\ 

~"""'~ 
, . 

' .... -.al. qf 1 leff 
lMI"'. (~) 

, 
" 

Q 

1 15.740277' 1.524531 

2 U.5119445 1.5231Z" . -

S 15.45 1 • .5219574' . 
, 

4 J 15.3211666 . --- '---1;5~3 , 15.2055563 1.5197113 

6 15.UM733 1.51118507 

7 15.0'333 1 • .5112319 

/ 
i 

..... u. ....... !ft ~ .." .. t ... an ~nII-.t" Sa ~.4.1' 

(al - (41). 'DIe ft ... 'DI fOl,aisau... ........... ~ !ft tII ••• 

_1 •• c ....... tG eba1l' AIII03~. ~ ....... ~ u 
J 

_III ..... • 0.1.2 ••• 

CI) ....... Ret ••• / 

.. ' .... 's" ... r.t •••• ~ 
11ft'_ 

1 15 ..... 1.SII&7R 
1 D.nIJJJ 1.,..,. 
s 1.5 • ..,1 •• 1.SlUlm 

• 15 ...... 1.,...,.. 
J lJ.~ 1.SlH72tS 

• - U.D •••• , 1.,.7.,." -, 15.'" 1.SItMUf1 

• , 
1I.U. 1. ...... 
-



'- /90 . ----------- _. ---, ----_._.~--- -_ .. _------., 
-, 

( 

·1 
1 

1 

-
(a) 18 hours .400 Oc (b) 24 hours • 400 Oc 

, 
f 

l 
---Tef • IÏ ....... --.- 4ZS C 

: (d) •. .... r. . 410 'c 
-...---.. ...... -.........- -............-..~ 

---------------~ { -~- ---~-

1 lel.ceu lit Ut-.,. _ .... U· •• tf .. , ...... ~ 



'. 

, 
~ 

_____ ,.... .... __ .. _~-: .. :... ~~~~..-. __ ~~':'.....---.. ___ ; ..... _ .. __ ... _ .. ~_ • M.''''''~~;P' ~~~~~ 

o 

. ' 

\ 

SiDe. th. fOllPUc.r proar-. 1Ib1ch a_n.c .. Cha.. refru~ 

Ci.. lad_ pl'OfU... :la ••• iCi... Co elle leff "f'aluu .... cl .. the iDput 

) cIaCa, preciM _1IU1." __ t. u. reqUÙ'ed. 'lbe H-U .••• ttuctur.. of 
" ' 

111)3 pd.cla. are ECh 4auar than tho •• of tair AeJ03 C01IIltarpart •• 

ftia ruu1t.' iD c:I:I.fficult aqular _nnMIIt, ad bac. the &CCUftC1 

of tha "'3 profU •• pr ••• tecl iD '18.4.18 la 'l.iahCl,. ractucad wbea 

" CI S9ft811 to that of the AIlf03 profU... .... the diffuaiOll or axe ...... 

dM 1act'_.,.. tha p.:I.cIa ,d.,tb &ct' ...... , but the IIU1."fac:e tUa zoe-

"'D' relacift1,. COMcat. 

Aa 1a ~ 4.5, • iCO ... d_ ..... _ t!- -s.. ~ dia 

~ nfacd. ... iIIda _W •• t» tilt BI iat .. n1 •• c ......... dia 

Nf .... d. ... w.. pnff.1a ta 1_1 •••• 1IeloIr: 

Ifnal - l'ataIa:al Wacù ... x.t. 
htfu. 

, 
{ .... ..,°C 1.515 1.5MO . -, ""'C 1.S25Z 1.S2IO 

"'°c 
l 11_. 1." 1. SIM 

.... t .. oC 1." 1.5118 
, 

~ 4.7 C 5 1 .... el 1 ........... .s-
t ........... , ..... . 

CJ 

• 



l.èf 

,,,, 

• 
, .. 
.If 

. ., 

Su~.c. rnd,x ApproxiMation 
-(mtlt t.m~. for .11 trials: 400 C) 

. , 

1-----_--..:.. ____ ---.,...-________ . __ ... ____ _ 

• 

L-__________________ ~ __ ~~----~------------------. ~: 

-.. r .. ... 
~""" 4.17 

(. 
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\ j/ 

, , 

_\ 

• 
.... 

, 
, , 

. 
KN03 P ro'11.s as a Funct1o,,- of. Exchange Time-

, -(,xchang. temp: 400 C) 

.. \, 

.. 
• 

Sy.bol » 

+ 

• 
" 

.. 

• 
'pt..,.. 4.11 ----_ ..... _- ...... 

Exçha";, t1 •• (bourS) 

4 
8 

18' 
lit 

-

-r 



) 

, 1 

, ; 

') 
., 

# 

\ 

-

o.ea .... a _ C8a 1IOca dIaC die cI1oIJa .. 1K7 i1l tM 

........ ~ .. i8 • Jl.l~ .... t O.~ .oe. a1.o ClaC 

tI.- llUdace re&act1". iDIIa -..la l' ' .. relaClft17 COMtat. .... 

18 pncticeJl1 ~ 1_ ....... 
,-

... , "5 -SM pst fs Ven !IRI'ngp q.!,="",J, 

4.'.1. ,"VU ... W- ""P!!'" - '1ft" 4.1 

, t 
AU _he ...... perf0aire4 ~ • ~t.t.. dM oE 

1 ..... at: wn.ou. .. tpOtat ..tt.... ..... •••• t ......... CIl • 

... 1 ....... fliaC'~ pd.ta: Il;. 1.715 

~ CI - .'.9 .. 

~ 

.a ; . , - " .. 1,,- cd . ' 

0 

>.Iad .... ('1) eH 

, . 
1 U.aJ,5- 1.SZSO 

-' . 
J' 

t 15: ..... \ 1.5212 
1\. . .-

r ~ r_ 
. ... 

) 15 .. _1 , 1.Sll? 
,:ot~ . 

.. 

. ty 

( ~-
'~ " 

/94 
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195 

..,.. ~. of -lad"_ ~) Reff 
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refraet.1v. iadex profiles vith tbe .... quaDt1.t1 obta1.D.ed frua St_n'. 

azpr •• aiOIl : 

d 
414 

- 1.19 x 10 t exp (-1.02 ][ 10 Itt) (4.5) 
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Metbod Co 
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Th- p14e 4eptba .... obta1Mcl trca F14II. ".12 •• b. 
lIbeft the CU"". a:rc.a the - .... V I.t~ - 1.'17 

(b) Pl'ofU.: 

hl) 

(p) 

rtaur. 4.27 o.,_r .. two s.t. of eff.ctl" .o4e ilMU.c .. 

for tb. followiDa .xpert.eDtal cODditloas: 
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proflla ancI uaina experlaeatal -.,cl. 1a41c •• D for a trial at lOOoe fOl' • 
36 aine (.e. St_rt et .1 (9». 

iD tb. otb.y:. 
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&11 .. 1al th •• bort dl •••• loa of 5.3(a) to a"roach lafl.1t7_ 

,t .. l1y. th. ,ro,alatloa co •• t •• e of thia •• co ••• 1.b 1. tak •• 
• 

te la. tlae •• f tla. ori,l •• 1 ch ••• a1 .ui ••• 

".kar' •• d 1 ..... (2') •••••••• th •• '0 •••• "0' 
"" 

,. • .. ly.. •••• dl.p .... l0. i •••••• d.. ch •••• l ,.1 ••••••• -
at •• (&1--2) 1.r ••••• <.1-.3' .1-a .) •• ~ll •• i. Ch. ce •• 

• f .~ff •••• ch.a •• l •• 1d... Ualal .0 .... 11 •••• u.l .... a.l di.

,.ratoa chart., th.y .,pll.' ch •• ff.ctt •• ia" ••• tbod a.' 

th.lr'r ••• lt. h •• clo •• r •• r •••••• to Goall" (3) clrcular 

kara •• lc calc.latl0.. th.. tho.. .f "rc.tl11 ..... th. cat-
, 

off r •• l0.. !Ia •• ff.ctl •• 1.4.a .. tho' for ch •••• l .u, ••• 
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'V t.c.... (, .13) 

... t ..... a1 ... ac. co .. l., .... 1. 1t. cil. \.l' ..... C1 •• c: ... c_c. 

of c, •• ~t.laa1 ...... 1 ..... . 

orllMa t ... ..,. ... h. ___ ••• Ity ........ hne (25) 

~ .. CM ej.t_tIeta ., 2-1 a' ........... 1 ....... 1ad. .. t.. tH 

d ..... el 1 ........ " ....... ~ I.e 8ft ......... ~ • 

.... dII.at .... _ •••• al_ ........ (5.LI) ..... .... 

.... .,. ••• ..."u.t < ........ ' i.e _111. 'If cu.e i.e ... C .. 

..... .... _ .... ...., ........... *, ... pu. ...... , (401 

(5.14) 
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1. k •• pt. ••• t.ch lo •• lalt a ......... .y (40). th. 

ao ... lt. •••• t..p.rat.oD r.l.tl0. for T.K ..... la • ., ... Crlc 

.1... aut. •• le •• f0110.': 

(1_.)1/2 • ". + 2 t.ll-l~b/E!l-') 
" lac ••• r 

C .... 't.r 3 c ....... 10,.4 to cla.racc.rl •• propa •• tlol1 t.1I 

(.5 .17) 

e ...... l •• 1..... Aceor.t •• to aoct'.r •• cl Bur •• (2.5), 4t.ff ••• 4 

cllla ... 1 ......... t. ••• co.fora Co cil •• t.CuaC'ioll wll.r. Ch. lacl •• 

4t.ff.r •• c. 'ecw... cite ella ••• l ••• clae çla •• lq· t.. ._11. 

na... ,Ile aozwall ••• 41 ••• r.loa C.rY •• for 'fI ..... C •• ,. 

.... for 'ocla Cil. ~ .... I:~ ..... ; rie. a. ..,ropri.&t. c..... s.a tla. a •. ,..CQ ........ •• 

.; 
i te .... 1. al.. • ... CH e.... CM .. i .... -c.i.. carY •• 

ea. .. ..10"" .... ,Ia ....... e c. _ftla1j,... ..i.. wl",1a 

., - 2; .. /~ ~~ 2 __ • 2; •• 1. (27) ... wt,. ~ .... c, to cla. ao~:" 
lu •• i1d'. ''''Ia y • lj·J.l i_ •• 2) ... 1. r.f ..... c.· (2'5). 

JI. ...... t:. pU I ... cla&r f.aal.IlC lace ,ro, ... ,loa 

la ..... al. ...... , .... CM ".';~.t •• ke'fl'rN. f ... 1I6tll .. 1.-

r .......... • 1 c •• el_tne 'i.l41 al.' •• 1ott." la Wj. •• '.5 fGI' 

n. c_n.. ue ..... .. .... e.elUl·. ,1.&-. 
,..-.do ........... -..... ,..-....~ •• el .... '.-n ......... of • 
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ho.one •• nou. core (n
l 

• 1.525 (KN0 3 ) ) laller.ad in a ho.oge

n.ou •• urround. as shown in F18 • .5.2. 

A coapari.on of dispersion curv •• , g.nerat.d by 

both Marcetili' 8 analys18 aad the effectiva ind.x aachod i. 

lacluded in Pil. 5.6(.) and 5.6(b). Sinee Marcacili a.aua •• 

• ho.ol.neoua luida for hi. analy.ls, the curv •• pl~~.d 

froa tha etfactiv. ind.z •• thod e.ploy tba bomo •• n.ou. di.-

p.r.ion .quations for dapth ••••• 11 a. vidtb. Tbi. i •• 

n.c •••• ry cond~tion for co.par~.ou purpo •••• 

In Pi,. S.6(a) •• ' 8Od •• Ar. co.par.d. u.ias pq 

* aquation. 5.9. S.lO for "rcatil~'. a._l,.1., aad .quatio. 

5.13 al •• 11 ae tb. _.y ... cr1c fora of 5.1l: 

- V" + 

V 1nce •• r 

+ tan-l ~b+a 
1-b (5.13(b» 

for tba .ff.ct!.". la4.s •• Cbod. 

i. ~llu.tr.t.d iD r1,. 5.6(.) •• p1oy1a •• , .. c~o •• 5.5 ••• 5.6 

for Kare uili'. 

-tcb tb. propar 

.athod. 

aaal,ai., aa. a,uatio.e 5.13(a) aa. 5.13(b) , 
a.,...tr1"~ •• 1Ir. for Cha-.ffecti". i ••• s 

1 
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5.3 T~a •• Ya~ •• 'i.14 Di.tributio •• 

Tha fiald a.pr ••• io •• for eha ••• l lui •••• 4.~.lop •• 

b, .arcaCili(2). will b ••• plo,.d to plot variou. tr ••••• r •• 

fi.l. di.tributioD.. Tb. fiai ••• pr ••• ioD for tb •• lactric 

fi.l. polari ••• iD th. ,-dir.ctio •• iD tb. ebaDD.l ia •• 

follo.a: 

k 2 
y 

1I1coa(k • + CI) co. (k y + 8) 
lE Y 

CID. 2wc/). 

Oalal tbe foll0.i.1 i..ltial co~"i.tiOD •• 

j ( .. t-k .) • • 
(5.11) 

(1) Kl - 1 • Y - 0 (c •• tar of cba ••• l aui •• ) •• - 8 • 0 

(11) ..,pr ••• ti •••• d.p ...... e • 

•• r •• rit. tbi. fl.1d •• pr ••• loD a.: 

.' - L 2 2 ... 2 
• ·f-" o 1 co. (lt a) 

a 
(fi..1. 1. c~a ••• l) ('.1') 

O.i.., tbe •••• ialtt.al eoa.i.tlo •••••• rit. tlt. fl.l •• apr •• -

-J1t a a a (5.20) 
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~T" coaac •• C ., •• ..r ••• f181 ... tek at t~. cor.

•• '.craC. ~o •••• r1 a • ./2. la k •• pl .. wlt~ tb. coati.sit, of 

Ch. .1.ct~lc fl.14. 

uaia ..... tio •• (S.9) ••• (S.10) •••• ~.4seia. th •• 

k. - (k 2 _ k 2 _ k 2)1/2. 
111" 

(S.11) 

",1.,.f.aa ~,. c .. .t •• 'l''' (5.11) ••• tIa. f.UWiaa 

., •••• 1 ....... c ....... lee (S.t) ... (J.1D). 

" • Il' (1 + ., + ~)-1 a _ ft 

" • Il , .. 1 

(hI2) 

Ca: ...... ) 

(5.13) 

2 2 1/1 
~. Al .,.4.' • 1/1(~ --Z.J.4.') •• • ...... 1 w&tc •• 
• • ...... 1 ... , •• 

.. ... ... .., ........ C',.U) ... (J •• ' ... ~ -

'M a' _'sel" 'if ........ , .. Il ........... let_al ... 

1 

.... 
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_"t 

Th ••• ploc • • r. ~ae1u4.' ia Pi,. S.7.a.b aa' 

5 ••••• b.c. 'i.ar •• 5.7(a) .a' (h) d.p~et tb. l' fS.ld for a 

._i ••• i'ch of 10 .iero.. for tb. 1.t ••• 2.4 1at.r.1 .04 •• 

r •••• cti •• 1'. rh., asi. eoiaci' •• vicb th. c •• t.r of tb. 

ella •• e1 • 

•• ~ •• v1dcb of 20 .1eroa. for th. lat. 3rd aD' 4th lateral 

80 ••• r •••• eti •• 1'. 

Th. fol10.S.. f~.l' par ... t.... v.r. ..,lo,e' for 

aIl plot.: 

a.,.ct ratlo: .1.tla/ •• ,tla" 2, Dl - 1.522" .S,4,5 - 1.512, 

8 2 - 1.0, l • 0.6321 u-

lap.r .... c.l C'-••• l Oet ••• 

C"_el .. 1' ......... la ... 18"rle8t •• la •• 103 .. le 

"Jca • ..,1°71 ••• 1~ ........ ,act.r." '1 .~t~er tlae I1ft-

.ff er atc.~ t •• 1a.14... • ... k C ••• 18Cla. of 5, 10, 20 ... 

30 IdcR''' c ..... l .... _ •• 1. ,It. pllotol1tla •• ra.lalc ,&'oce •• to 

ec'" ,Ile .Ifecta .1 ...... 1 ..... ., .. 1 .... ' .~.CH •• 

s .... ,SI'" .... ' .... 
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.tae. th. chaaa.l ,Did •• cauDot tol.rate auy forei&A particl •• 

whlch wou!. b. decTi.eatal to vav. ,uidauc.. Th. proc.dur •• 

08tli •• d in Chapter 4 war. appliad to chauuel luid. fabri-

catioa. lt i. raeo ... adad t~.t tha eutir. fabrication 

proca •• ba coa,l.c.d iD th ••••• day to .u.caio Cl •• Dliu ••• 

and •••• of ... t pr.par.tion • 

...... 1 ••• ~. ,.tc.ra.~ •• ~k ••• rfaca .f th. • ••• cr.c. el Char 

1t7 .eclUa& cil. _cal •• ~f,.c. ... ul.. • .. claoa ••• crib.. •• th. 

lifc __ ff teclual._. luc. Cil. ~.. .ac...... ,roc... la ,riaa-

tU, • .Uf .. le. ~~_. C •• &1 .... __ et ri11 ,~ ..... ae 

..... ~ la elle ._t.... ...... . .... ef-q ........ e1uuaa.l ...... -

....... ~ lacll _c ..... f .,.u.. ..... i ..... ee .... i ... f .... e_ 

.... tac 1.,.~ •• tcll "1,1., .8-13'03 .. ate~ .. ,"t.r •• ~c • 
••• tti.. .. .. Ut ",lt_ eue CM .2'ea ....... c. _ 1Il.t ... .t.o1 •• 

1-. u ......... .......,..,..... 

, 

S.S.l """Ia. _. 
ftd.a _ elle _ ............... && • ~ al ... -

......................... AI. .............. 10... ... .... 

....... 1 .. _ ............... 1 ................... el ~I _ • 

.... 
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tban cb ••• '.cr.ce v •• placa. OD tha v.cuu. chuck of the 

.pinaer. Tha .p1a valocity ••• a4juatad to 3000 IPH vith 

quiet r •• , acea1eratioa. V.cuua v.a app1ied to tha cbuck aad 

tba reqaire. a.o.et of finely-filterad re.i.t v ••• pp1iad. 

dapendaet oe lub.trate .i.a aDd .hapa. 

Tha .p1n aotor •••• w~tehad ou vith tha ti.iul 

.acbaai ••• et to 30 •• eoud.. Aftar tb •• pia proc •••• th. pho

tor •• i.t .a. ,rab.t.d 1. ae oya. ..t at 800 e for approxia.tely 

20 aiaute.. O.e. b&ked. th •• ub.trata ••• all0 •• d to cool for 

a f •• aiea.ta •• 

5.5 • 2 !!tU!!! 

ta or'.. to e.,... tke '~otor •• i.t fila o. tbe 

•••• Crat ••• rfac •• a prec1.t4a ... t el1 .. er •• ith •• ell-eol11-

_c .. " .ource ••• ••••• U.ia.. ... k .. 4. fr.a chr... or a 

,koco ... 1.1.a layer. tha UY 11,ht ••• r •• trietad to .pecific 

.r ... of tlla •••• tr.c •• urfaca. If a. atch1_. proc ••• t. to 

~ .... loye ••• "rit ... t ta r •• ~r.4 la; cl.ar cha ••• la aur-

..... MZ'7. t. fora c ...... l. i. clle r.ai..t layer. th. _at 

... all.... oa cil. • ... tr.C. .a. p...... t. tbe a.batrat • 

.. tb. __ all ... r. n ..... cr ............. to cil. n 
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( 

source (which had bean preheated for at 1east 10 minutes) f~ 

the desired exposure time depending on the masking method. 

S.S.3 ~!!!!~E!!~~ 

Tva deve10per solutions vere e~p1oyed: a 1:1 ratio 

of dev.loper and deionized (DI) water and a pure solution of 

developer. Tbe ezposed substrate was 1mmediately immer.ed in 

the foraer solution for approximately 30 seconds. Any re.ain-

inl pbotor •• ist in areas expected ta be free of re.ist wa. 

car.tully exaain.d. lt was then radeve10ped in pure dev.loper 

for a fe •• ecoud •• cleaned with DI v_Cer and re-checked for 

fine.e •• of pactern using • micro.cope. Tb. photore.i.t layer 
~ 

va. re4eveloped for .hort periode 1. pure dev.lop.r~ 
1 

de.ired pattern accuracy va •• chieved. 

The aluainua fila cau be applied ta the .ub.t~ate 

eicher by ion-Iun depo.ition or evaporation. The latter tech-

8ique ..... ,l07ed for the ioa-ezchan •• d chann.l luide.. Â 

. ç 
y.~uu. puapinl atation vith facilitie. for tunlsten coll haat-

1nl •• a u.ad for th. av.poratiou proc.... A tUDlaten coil 

••• placed baC ••• n the tvo heater terainala and t.o •• all hooka 

of Al v1re, (half-inch) precla.ned in .ethanol. vara huna on 

. 
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th. c011. Tbe b.ll jar va. poa1tioned over th. apparatua con-

tain inl th e c l •• n.d al •••• ub st ra c •• and • rouah vac liU. vaa 

aen.rated w1tb1n. with th •• 1d of the •• chanical puat>. Ouce 

-2 
• pr.a.ure of about 10 torr va. attained, the vacuu •• ource 

va •• -itchad over to che fore11~ c1rcuit, to .tart f1ne pu.p-

108 vith the di.ffu.10c puap uct11 a pre.eur. of tb. order of 

-6 
10 torr va. achiev.d. Wieh tbe .hutter 10 place (protecc-

ina cha lub.trate). the tuns.ten coll •••• lowly ba.tad, 

keep ins tha ba. t. r curr.nt 10 •• 81.nc. the •• 1 t 1.111 po 1.nt 0 f AIu

o 
a1nua i. only 660 C. Tb. b •• t.r curr.Dt .a •• 10"11 1.acr •••• d 

until cb. Al book. be.aa to •• lt. ch.n th •• butt.r ........ op.a.d 

and ch. currect ..... 1.ntaia.cI unt 1.1 tb. cle.ir.cI tb1.cltn ••• w •• 

achi.v.cl. The .hutter ••• th •• elo •• d a.cI tb. h.at.r curr •• t 

!, ."ttcb.cl off. -b1.1. th. ftla •••• 11o".cl tO os1.cli •• for a f •• 

ao ••• c •• b.fore .tao.plt.rie pr •••• r. _a. ra.tor.ct to tlla tt.ll 

jar. 

of pi. hol •• a •• o~la.r •• f.ct •• b •• pp1i.-4 to clt ...... cr.c. 

fir.t • A 1.,..1' o~ pllocor •• i.t ... c ba •• 1.. co.c •• o.. tb •• 1.-

• ia .. ChaD ••• alo ••• for 6-7 •• co.... Afcar •••• lo .... c. cil • 

• 1uaia- fila 11 prot.ec •• fr .. tlte .tcb_~ aac •• t s.. Cb. 

cllaaaal ar... .Il1.ch 11 fr •• fro. ra.i.t. 
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An etchant vas prepared using the folloving ratio 

8 (DI water) 2 (nitric acid) 

The lubltrate vas ta.ersed ln the etchant and the etching pro-

cess vas obaerved. The etching tl.e depended on the thlcknees 

of the Al film and !ts age. 1 n vie v 0 f t h 1 s, C 0 Q.t 1 nu. 1 110 n 1 -

i 
toring of the substrate vith the aid of a microscope vas i.pe-

rat ive to avo id undercut t ing. The cross-sectional geo.etry of 

a subetr.te prepared via etching 18 .s lllustrated ln Flg. 5.9. 

5.5.6 The Lift-off Proces. --------------------

In the cale of lift-off, the photolitholraphy pre-

ceed. the Al fila depositiou. As before, a layer of photo-

resl.t ••• epincoated on the aubstrate, aod vas expased for 

10-12 aecoade, a 1001er espo.ure ln thi. ca.e, sinee there va. 

nO reflective l.yer of eluaiuua. Once developed, the eluainua 

fila could then be ev.porated op,to the substrate. After evapo-

ration, the sub.trate vaa la.ersed in • bath of cold acetone 

for 10-15 ainute •. The ecetone vould at tac k tbe photore.iat 

und_yu.ath the fil_ and caus. tb. alu.inua OD top of lt to 

"11ft-off". 
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(a) Three layer Structure 

(b) After Exposure a Develop •• nt 

(c) If ter Etch1 ng 
\ 

Figure S.9 Sta,ls of Alu.1nul!I ".sking (Etch1ng) 

Figur. 5.1.0 Stagu af Al~ "asting (liftaff) 

JH f.1 t 16 r ... \ .... ' .... ~.:: \ \ \ \ S \ ::n-.ilIJI,,...\~, .... S .... , 1 

(a) Ift,r Alu.1ftu. Deposition 

1\ , \ \ \ \ \ " \ , 

(b) A~ter Liftoff 
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, . 6 IOJL-bch ..... 

Oac. th. d •• ir.d •• y.,uid. p.ee.ru ••• acr1b.d 

i. th. a1uaiaua fil_, (.1.0 eer.ed .i.dow-op.aial 1. • .. 1-

couduceor t.ra1uolo,y) th •• uh.tr.c •• a. r ••• y tO b. ezcb •• -

,.d. S.yar.l .ab.crae ••• er. prep.re. for cach ••• e 1 •• ,.03 

•• d ~03 •• lt baeh. u.cI.r coad1t10 •• for .1 •• le-a04. (1. 

cI.ptla) lu1c1 •• c •• 

",.ri ••• Cal Co.4iSi ••• 

- UO, beh •••• 

~ .. p.r.Cur.' 400·C 

'''c.~ •• ", ••• 1. for 

~~, 55 .~ •• c •• 

••• ~ ...... sci~.~1o'l 1."0'· 

- D11ac •• "0, - ••• 03 &ach .... ( .. 'a. · 0.001) 

T...,.~.c.r.: 31'oC 'f.1ae: Z aia.c .•• 

,,.c.r •• o.. • •• 1. for 
•• ,~~ ..... aciC.tioat 7.5125· 

A1~.r c .... c~ .... ,.r •••••• c~ ..... c~.C .... r. 

~ ..... ~ fr.. 1.. f.r..c. ... -.c. .11.... c. • •• 1 ~ •. 
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r.ct.ri.tic. of tbe ion-.zcb.nled cbannel luid •• , tb~ alu.inua 

••• k ou the .urface of th •• ub.tr.t •• u.t be r •• ov.d. Tbi. i. 

iap.r.tive, .inee • thin •• t.l l.yer OD top of • di.laetric 

.av'luid. 1 ••••• ntl.lly a cl.ddinl layer, vblcb p.rturbe th. 

fi.ld. 

A drop of photor •• i.t at tb. input 'Dd output loc.-

tlon. of .aeb eh.nn.l ••• u ••• to pre.erv •••• 11 .arkinl' of 

th. cb.nn.l loe.tiou •• ft.r tb. r •• t of th •••• k v •• eteh •• 

••• y. Th.i. Ir •• tly f.eille.t •• th. coupliul proc.dur •• inc. 

tha eb.nual b.e ••• iny1.1bla to th. n.kad ey •• fter tb •••• k 

•• , acchad eo.plat.ly fro. the .ub.tr.ta .urf.ce. 

5.1 Esp.ri.e.tal Satu, ••••••• ur .... t. 

Tha .cbe •• for •••• ari.1 cha .odal prop.l.cio. COD-

+ + .C.nt. for th. AI .ud ~ 10 •• aeb ••••• ch.a~.l ••••• 814 •• ••• 

•••• nti.lly the ••••••• hat .a. de.criba4 for .l.b •••• Iui •• 

•••• ur •••• t io Chapt.r 2. Th. o.ly .ddition.l .qulp ••• t u ••• 
/ 

•••• lonio •• tar for tb. a~it.tio. of th. l.t.ral .04 ••. 

•• ca. .a Yertfi.. ia tba pbotolre,b. o. tba foll0.-

i.1 ,..... th •• -li ... tructure for ch •••• l lu14 •• i. .tla111-
.. 

c •• tly .or. coapl •• tb •• for _1 •••• t.... Corr •• ,o.dt .. t~ 

.. ck __ li.e 1. ..,Ch, tkare 1. a .r ..... -11.. r.'r .... tl ••. 

J -

. ' 

1142 

1 .-
1 

1 
'" 



che 1.t.~.1 ...... wtth • a .... ~ of •• rk a •• ~rilbt .pot ••• -

.ollo.~ ••• areatlli'. (2) .~ •• elac.r •• th. p para

_t.r r.pl' •••• t. cll ...... r of •• .,tll .04... I. l'.f.~ •• ~. to 

Pil. 5.12 tlae & •• la fi 4.'.l'ai ••• whiell • -.04. 1 •• xcl~ wlail. 

tb •••• 1. • • ••• ra1 •••• blcb .. .... 1. .zc1e, ••• , 

rk. '~.i... of th. c~a ••• l ,.i.. ( •••.•••. t oa 

cb ••• 1C tiIM a.t t .. ,.r.c.I'.) 41ct.C. tla ••••• 1.1' .pacu. of 

ch. tr ..... r ••• -11.... 'It ••• ~.l.ci •• ly .t.pl. to .. etc • 

•• ptll ..... 1.a clLa cll .... l. o.c. c~. '1'1 ... ___ ra ,rop.rl, 

... ici..... ..c ... 1caci •• of .... r.C. tr ..... r ••• -li ...... 

... rl, ~ ••• t'l.. ...1.... ~.' ••• ~C7 4.c.cc,r fol' c1a. oac

,_, .,.ce .... it 411Ii_-'t c. ra •• l •• wllie' lac.r.l .... ia 

... ,l' •• , ... Cil.,".' i.e •••• for a ,1 ••• a •• l_ of t. It 

... •• U ..... r.l la.eral ..... ..r. ..i.. ...et.... n.a.1ta: •• -

... 1, fer o ••• , •• 1.lio ••• 1 •• f toi , •• 'ta •. ~.13't 5.14. 

la Dr"r Co •• ciace û ....... c .f lacacal ..-• 

... t ••• f •• ,.~ ........ ~t.l ........ r ..... ct •• S.24 ... 

.. ..,loy •• , 

tg J 2' 1 
, - '-~·"f - .. (S'. 14) 

.. 

/14:' 
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CHAPTER VI 

CONCLUSION AND DISCUSSION 

This thesis has generated a complete character-

• 
ization of slab waveguides formed by ion exchange in AgNO) 

and KNO) molten salts. Although AgNO) slab guides have been 

previously characterized by other researchers, it is the 

author's understanding that KN0 3 slab guides have not yet been 

fully characterized to this extent. The theoretical analY8is 

involved the generation of dispersion curves based on a 

Gaullian index profile, (found to be the closest approximation 

to lN0 3 refr.ctive index profiles within the author's efforts), 

e.p10ying both the WKB and staircase approximation. Numerous 

r.fractiv. ind.x profilas for varioui KNO) slab guides vere 

.1.0 con.tructed fro. the exp.ri •• nt.lly •••• ur.d .od.1 index 

valu ••• 

Tbe fabrication proc.dur.. for AgNO l and 'R03 .lab 

._id •• ha •• been outlin.d. and th. u •• of a v.rtical furnace. 

with a. additional th.r.ocoupl. to .ouitor th ••• lt te.p.ratur. 

r ••• lt. in a rep.atabla •• nufacturinl proc.... How.ver, due 

to li.i~.tion. in the •••• ur •••• t procedur., it i. difficult 

to dateraina e.actly bow r.p •• t.bla tbe .xperi •• ntal trial. 
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bl, to 4.c.rala. tha ,0.ltlo. of _as1a1dl lat •• alt, of • ,.r-

ticular .-lla •• rach.r than r.ly1DI on th. a.k •• aya. 

lt w •• ob •• x~a4 chat by 4ilacl.1 tha •• _°3 •• lt 

.ith 'a.03~ th •• arfac. i.des of th. r •• altl ••••••• ai4. could 

be r.duca4 ••••• 11 a. th •••••• ald. 4.pth. lt ha •• 1.0 ba •• 
"\ 

r.port.' (13) that .1ab ,u14 •• fora.' Iroa dl1ut.d A,.03 ta.4 

to b •• or •• t.bl. thaD th.lr pur. couDc.rp.rt •• 

DO 3 io. ASCIa..... ,_:i.... ybich u'Ya h ••• cbarac

t.rla.d lD Sact:io. 4.10 of cbl. cb •• l •• ara 1 ••• co.tl, co 

prodaca. aad b.ae. woald a".ar CO b. b.tt.r c •• 414at •• for aa 

o,tical ... le .... afacturl •• 'roc.... ..ca ••• th ••• lt c .. ,.r-

.tar. r ••• lr.« for ~03 .. ~a ••• 1 ... cb hi.b.r tba. thae of 

.,10, acla..... • •• cla ... ella.,. till. for •• 1a,l. 804 ••• i •• 

i. EI03 1. 10 ••• r th •• tkac for cb ..... ~1 •• 1 ••• 103 • th • 

.... fact.r1 •• col.rase •• for ElO, .. ch ••••• r. co •• 14.r •• ly 

r.l .... d. "" .. c .... r •• to ."0, aacll •••• r .... lr_ac.. ni. 
f.ctox c •••• .-ploy •• to tk. ' •• l .. er'. a.'Y •• t.,.; th •• ff.ct-

1.,. ~dr.ctl.,.. t..d_ of cil ..... t~.t. e .. lte •• 1.ctl ... 1y •• -

j1UtC'tHl. nt1l. ..... to ... t ~ ra.-:tr_t. of a ••• clflc •• -

Ylce. .. co.1. ~. tll. c ••• ~ •• tlj .. tta. tlle rafr.cel ... ~ ... 

.. 
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li.ht lui.inl .tructur •• in tbe fora of dielectric channel 

•••• Iuid ••. Tb.oretical calculation. vere perfor.ed to de-

teraine tba propalation ch.racteri.tic. of thi. channel struc-

tur. ba.ed on "arcatili' •• naly.i. (2) and the effective index 

.ethod (24). Sinca both of the.e aethod. a •• uae a bo.ogeneou. 

luidinl region, .oae i.prove.ent. could be realized by taking 

into account the inhoaogeneoui nature of ion exchanged guides. 

(Mora exact calculation. are theoretically .peaking,~08.ible 

by inerna .... tbe effect. of lateral or transver.e diffusion, 

a ••• 11 ,a. inhoao,eniety in deptb). Royever, it is diffieult 

. ~ b . to e.tlaata bov auch aore accuracy can e obtalned. For exper-

i •• ntal prupo •••• the effective index aetbod yields rea.onably 

lood re.ult. for verification of •••• ur.d d.ta. 

In regard to tb. ezper i.antal tri.l. in general. 

the calibration trial. could bave led to .ore preci.e re.ult. 

if al •••• ub.trate. of .ell knovn co.po.ition and refractive 

index .ere e.ployed. rather th.n u.ing co •• on microscop. 

Ilid •• <.oda-lia. lIa •• ). lteverthe le... the cal ibrat ion 

re.ulta produced fro. the .lab triala .ere of .ufficient 

baD.fit iD the .anufaeture of .iDale aod. channel guide. 

Tbe photolitbo,rapbic taboratory ••• v •• t1y i.-

pro" •• \~ a r •• u 1 t of the iD.t..II.tioe of • D •• pllotora. i.t 
'---._~ 



( 

( 

apinner, maBk aligner and a dust-free, temperature controlled 

environment. TheBe factors enabled a resolution ln the mlcron 

range; an order of magnitude smaller than was possible with 

the previous equipment. New techniques, such as immersing 

the photoresist coated substrate in chlorobenzene before devel

opment enabled weIl defined edges in the photoresist windows, 

resulting in a more sharply patterned alumlnum mask following 

the etching process. 

Concerning the measurements of the maxima of the 

"-line patterns for channel guides, a major problem prevented 

us from recording data; experimental measurements of the late

raI "-lines vere inhibited due to the absence of the photo

detector set-up, sa theoretical reBults cou1d not be checked 

vith measured modal indic ... 

As a further project, the properties of the ther

ao 0 p t 1 c e f f e c tin g las seo u 1 d b est u die d , ( 4 1) t 0 gai n i n sig h t 

into ita relationship with KNO] ion exchanged guides. By 

aupplyinl an external voltale to small heaters positioned 

over tbe channels and separation region of the device, the 

ra.u1tlRI 10cal1zad 1ncre.se ln temperature changes the 

rafractive inde~ and tharaby a1ters the coup1ing character

i.t1ca. Tbe use of a de a11na1 e~.b1es tbe device ta operate 

a. a a.1tch .b1la an ac 811na1 resu1ta ln a low-frequency 

aodulaf'or. 

"'----- -
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( It 1. hoped that the previou. sUii •• ~10n. for 

po •• 1ble laprove.ent. in the fabr1cat 10n and lIea.ur •• ent 

tecbnique., a. vell •• the con.ielerat1on. tor futur. worl!. 

vl11 lenar.te eontinu1nl .tudie. 1n th_ uee of tbe 10n

e..xeb.n.e t.chniqu. for dev1ce r •••• rch Ind .pplic.tion. 1n 

1ntear.red op~1c.l circuits 

, l 5 : 



APP!lIDIX A 

•• [3 il 

_b.r. Y. 

- ~ .. ule 
~J[ 

• unit aJ' •• in a Il .... n tl •• 

_ D: dittualoll 
kT . -
q 1.1 • D 

o 

q: char,. 

lJ: .obl11ty 

C: co.ce.cracio. of dlttu ••• c 

Il: a.pl1e •• 1.ctri.c fl.1d 

1 ac c l ... ati.o ••• er" e 

D dl t fu.1Y'1 cr co.eca. C 
o 

(A. 1 ) 

.esc, coaalder ch. tr.a.port equatioo -hleh 1. 

tb. 1.er •••• 10 de.alt, of •• terlal p.r ue1.t .re. per uait t:1. ••• 

• q1l.1 ... al.Dt to , -, 
iD out 

- '(s) - 'Cs + As) 

ë: ..... ra •• cODceotr.tioe lD .1 ... ot. 

•• lUE" 0 th.. (l) ë 1" C ( II ) 

(2 ) 
l(a} - r(a + 4&) 
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Tberatore - - (A.3) 

(l-d tran.port equation) 

O.ina equa t ion. (A. 1 ) and (A. 2 ) w. cI.ri".: 

oC 
D 

a2 e Il ac (A. 4) - ~ u -H all 
'1 

... 1 a c t t b a e f f a ct. 0 f t b e a 1 a C tri c fia 1 d. an d vr i t « t b e 0 Ile 

di.enaional diffuaioD .quation •• : 

ac - -at (A. 5) 

.ben D i. cODc •• cratioe •••••••• t. we re.rita (A-5) a. 

folIo •• : 

ac 
Tt-

De f i.a t ha el. c , rie a 1 f 1 U& a.: 

--aia. VK. 
1 1 

wb.r •• : alac'ric •• ' •• tia1 

C: CODc •• tra,ioe 

a: alectroeh .. ieal .ala.ce 

u: electroch .. ical .... i1it' 

.. 

(A. 6) 

Il 5 3 



f 
DefiD. tbe ~ber.al flus a.: (r. ) 

l ~b 
• - D. VC. 

1 l 

aDd ~b. De ~ f lux a.: ,. • (r.) + (P.) 
1 1 tb 1 el 

-, 
- - Di (ne i + 1 e • -v.) .. i i IT 

"bere P: rarad.y·. COD.~aDt 

Partiele diffa.ioD ••• u ••• th. follo.iD.: 

(electroDeutrality) 

(.0 .lectrie curr.D~) 

(A. 8) 

Ve c •• e1i.t •• te ~Il •• lectric pot •• tial iD (A.8) I»y uai •• 

(A.t) 

• aëA Co.~i.e ( •. 10) .itll 'iek', 2
8 

1 •• (~ - -"F.) 

r ••• ri •• A.,6 

.. 

/t 
},' 

/; <A.I0) 

[)j) ••• 

<A. 11 ) 
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ÂPPI.DIS B 

COKPUTIa sorTW4!1 GlalaATI» rOR TBI VA.tOUS DlSPI&SI0. 

CUI'I CALCULÂTIO.S 

ror tb. bo.o,.u.ou. or .t.p illd •• , tb. follo,,-

111' .qu.tiou ••• pro~ .... d: 

( •• 1) 

.Dd .010tio. for • ••• 0~tal •• 4 by •• ryl.. tb. -.4. ou.ber 

•• 10 a. ~.c.r loop ••• 1.cr .... tl •• b 1. a. la •• r loop. 

A. la,_e to tb. proar.a. tb. ..c .... ry 4at. 

1.cl ••••• tb ...... r of ..... to b •• 01 •••• tb •• t.p .1 •• 

for laer_ •• ct., b. a.ct tb •••• ~.cry .... ur. for a 110.0-

••••••• • ••••• 1.. • ••• 11 •• cb. r.dl.. of coa •• r ••• c. for 

tba ro.t ••• rcb portioa of tb. al •• rltka • 

•• cb ....... ".'.1 •••• 1 •• ot corr.l.t •• tc~ t'. cb •• reclca1 • 

•••• d. ~. f.llo.t ..... lye1. 1. ,,. ••• c •• for t.tor~.l ,.~-



po •••• a ••• 11 •• aa .sa.pl. of bo. CO ohcal0 •• 10.1. fll. 

lad ••• Df' froa aD lDhoao •• o.ou •••••• uld •. 

1 ••• atlal1,. • qU.Cl0D 1.1 1 • r.arraol·d 10 

cb. foll0.iDI a.oD.r. lD th. qu •• t of a root wlthl0 tb. r.-

qulr.d radioa of cOD •• rl·ac. : 

-1 ~W!ff 2 .2 ) + -1, 2 2 2 2 caD - l)/(D - taDCW.ff Db )/(Df I.ff ) f .ft 

+ •• -

d: .u14. thlck •••• 

• o ca.2) 

k: 'r ••• pac. ,rop ••• cto. 
co .. e.et 

b .al •• 1. acor •• (.1..c. lt co.eat •• lefor.aacl0 •• e .f> ••• 
tb ........ b.r 1. 1.cr .... c... T' •••• tr ••• al •• for ch • 

• fll. 1 •• 1.... • fi .. c"rt oocltal •• tb. a.fc.ar. la coa

eat. ••• 1. '1 •• ~. 1.2 (toI • 10-') 

To .1oe 1 ... _._.... or .t'.... t..H ........ t'-
as... c.,.... •• t cil. ..c.... ..ell." ., "eur ~. ...l.p.... cita 

1156 

J 



VII ."roz~ •• tl0 ••••• ,plled. Tb •• qa.tio. to be pro.r .... d 

la thl. c ••• 1.: 

CI 

y I C 

o 
[.<a> - .] 1/1 da. <a + 1/4>" + e •• -~" + a> /1-10 

(1.3) 

.(CI): 41ffu.loa ,rof11. 

b: aoraall •••• al •• la4 •• 

y: .oraall ••• fr ••••• cy 

.: 80 •• 1 •••• 

CI : c.ra1D, polDt 
t 

T •• loatc of th. pro.r •• proc •••••• 10110 •• : 

.01 •• for .c by •• 1a. tb. f.ct t~c a(-c) • b. for •• cb tacr.

... c of •• ..sc .01 •• cla. VU lac •• ral • .,r ••• l0 •••• f:l •• lly 

.01 •• for. la .... clo. <1.3). Ali CIaaC 1. r.,.l1" •• oa ~,.C 

1. a faacct •• ' •• crl.t •• cla •• 1ff .. l •• ,rofll •• tlt ...... r of 

..... co •••• 1 ••• for ... clt. 1.cr .... C .al •• fOI" b. • flo • 

.... cl... (J.40, J.41) ... C ... 1 ••• c.' •• clt ... l •• r •• l .1.-
p.raf.oa cMaoC. .. -cu ... la oÎle".r 3 •• _ra relia •• 

• al ... f a. ( .. t ........ 1a a al ca _ClIo.) ••• ea1c1l1.'" co yUl. 

• c .... rl... ..~... cla. tla .. r.~lc.l ... .sp.rt.eatat '1.-

•• r ..... carY ••• 

IU7 



( 
th. 1.SL routi •• Dcual r.li •• OD tho.b.rs 

iacasracio. tach.iqu •• to .01 •• th. WCI iDcesral. tho.bars 

lacasracl0. i. b •••• o. tha u •• ot tbe trapoao14al rul. co.-

b~ •••• ~ch 11chard.oD .scrapolacio.. the crape.oldal rule 

e.ci .. ca. of cha iDc •• ral ar •• aDot~. a.: ~~ 

'x -2 
ff(.) + f(b) + Z ~ t(a + JAS)] 
[ J-l 

• 

a.b: laC.rYal of lDc.sraCi08. 

1. 2k - l - 1 

accor4taa ta: 

k-l 'Z - (b-a) 1 2 

(1.4) 

'f tir. • (1.5) 

1 ... &10. 1.4 a •• 1.5 ca. "a co", •• , ••• th. r •• ~t. ,lac •• 

ta t.,.ur fona a. ta 1' .. 1. 1.1. 

• 
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6raded Index Dispersion 
Curv. Flow C"art Figu,.. 8.3 
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1. DKaIVAtIO. or TBI .OaMALIZ&D DB!!! IQUAtIOB rOI 

ta& 'lorXLI.G &OU1X •• 

lu ord.r to dari". aquatioo (3.29). aspand equatloo (3.26) 

.& folio •• : 

J - - l t ( l D (1) -u. f -1 0 ( a) + U. r ) cla 

80. \l •• .apre •• ioD (3.28) to clari". 

-It 
+ Za. JI Il 

J [( .. (a) -

D
k

_
l + Ok 

E D ) • cli 
t-l • 2 -a

t
_

1 

aael by .. ployiDI (3.27) .a r •• ort aquation (C.2) loto 

Il 
t 

. t-l 

/16~ 

(C. 1) 

(C.2) 

(C.3) 

1 



Let 

and con. ider 

Q , 

• 

a + b 

- b dl 

dz 

(; - ï) - x 
k 

- dx 

--lIb dx 

U.1nl the .bove chanle in variable., equat10n (C.)) can be 

vTitten a.: 

- lIb f ~ dx -

-2 [a + b(i -- 3b k 

L .3/2 + 2 . - lb 3b 

-2 
3b x 

3/2 

- J 3/2 
&k) 

~ 

[a + b(ik-

I
k 

-
zk-l 

zk_l) ] 
3/2 

Nov aub.titute for a and b ln equat10n (C.4): 
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Nov substitute for a and b in equation (C.4): 

M 
r 

k-l 

2 
x 3 

4. - 1 
8 

3/2 

th 
By .illplify1ftl and br~1 (C.5) into the ID-l and _ tera. VII wr1te 

M-1 ( +n +'>-1 1
/2 r ~ k-l ~ • 

k-l 2 

~1 - - 8 

learTaqe th. above expr ••• t.ou to .et the final expr ••• 1on for & ; ., . 
[]

-1/2 ~ _ 3 30. -Il ... 1 -1/2 M-l +2n 1/2 
z. - ï 2 " (n ... 1-11.) )(. .!!:.! _ 1 t (~~l .) 

a 3 k-1 2 

[ 
3/2 3/2]11 

("k-l-.> - ("k -n.> ~ + 

• - 2. 3. 4. • .• K 

n +lmL -1/2 -1/2 
vith &1 - 9/16 ( 0 ~ J.) • (no~) 

2 
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(C.5 ) 

(C .6) 

(C.7) 

(C.8) 
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APPENO:X 

:J 1 S PEi S : 0 Nec R q~ S fi l :- HE 5:- E F A PP R 0 X : ~A :- : =' r. ~ f ;- HO:: 

As ?utll.oad 1::: :::hap~er rhe .!:ep apprOIl.I •• -

lt loto .1 •• ny ho.olenaoui !.&y.r. n.c •••• rv te achl.av. tha 

d.l1.red accuracy Tb e .a t b 0 d 1. ab ••• d 0 D l den t l f Y l Il 1 t b a f 1. l d • 

- -quantltl •• lO •• ch layer uld •• tchl..n& the l and Il fleld. at tba 

boundarl.' .0 a. to cO.f)ly .l.th tbe condltlon of contlnulty of 

the talll.nt lal f laidi 

ln ord.r to bave tbe proble. Itatad l.n ••• nner 

COll •• nlent for co.putar •• nl.pulatioo, the .atrix for. of the 

dilpar.ion equatioo i. adopced: 

rx • 0 (O. I) 

coefficient •• t r ix J[ : f iald amplitude vec to r 

The dl.sparsion equatioo in ma trix fora i. exp r •••• d a. f 0 llow. : 

det r • 0 (0.2) j 

The size of tbe coefficient matrix is directIy proportional to 

tbe number of layera ioitially asaulDad. Because the number of 



Jrder of the •• (Tl:!. :t 15 llllportant [0 chooa. the nu.ber of 

.aver. tbat vil: accuratei" lIIode. th. profile. vet iI. •• p tbe 

nu.ber of operatlon •• analeahl .. 

five IItep •• ppear ta vield rea.onable 

.ccu<rac, whlle allovlng .a.e of co.putatlon 

Tbe proara. c.n be brolr..n into tbr •••• in a.c-

t lon. The flr.t •• ct10n cleflne. the n.c •••• ry tran.v.r •• pro-

gratlon con.tanta, cI.pendent on tb. v.lue of A cho.en. Thie 

calculation i. don. in tbe .aiD prolr ••. Tb. co. f fic i • u e 

.atris i. loaci.d •• l •• eut by el •• ent in a .ubroutine .ntiel.d 

.atris. Tb. rooe- ••• rchinl portion of the prolra •• tor •• botb 

tbe .atris .ubroutiDe and a d.ter.inant findinl routine. Tb. 

ta.1it f lov i. tbeu: 

(1) d.fine tran.v.r.e propa,ation conltant:. 

(2) foraulate coef f icient .atris 

(3) find determinant of tb. matris 

(4) repeat (2) & (3) unt!l a root i8 locaced 

-
(5) change Band 8 tart a t 8 tep (1) 

Refer to "lowchart 0.1 for detailed 10gic. 
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top. r for. a de t • 1 l • d. f 1. ve a t: e p q ua D t 11 a t 10 na. out l l. D e d l 0 

C:hapter 3 Th. r •• ultlDa lofor.atlon on Qor.al1.zed ,uide 

1l1dlC •• and tranaver •• bouodary loc.t lons 1. u •• d a. lnput 

data ta tb. prolra. 

'! 

i 
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APPENDIX E 

Explaoation of the "Ne.,ton RiolS" Ioterference Pattern 

for location of a zero reference point 

We ua. the Nevton RiolS in our 1a.er .ea.urement 

apparatus to locate the zero referenee point of the prism in 

a precise manner. Firat eonsider the classie experiment vith 

the lens and mirror; 

Incident light passes through the 

1 
lens. strikes the mirror and upon 

ref1ection. it interferes either 

.. constructively a destructively with 

the incident light. dependlng on the phase shlft incurred. 

Because the lens possesses a certain curvature. the path 1ength 

of the reflected light varies and hence a ring pattern of 

dark and light fringes resulta. 

We use this same interference phenomenon to pre-

eiaely 8lign one face of the priam such that it ia perpend1cular 

to the incident laser light. Consider the following di8gram: 

1170 



r 
1 

1 ••• 1' J 

~Sl ..... va •• IIT !PPA&ATUS 

--"',---:<C.<..- r.> 
L-

pri •• 

t:WO oatu of 11aht: (1)7 (Ul 

/' 

ID tbi •• ituat1.ou, .1.Dca tha .ayalau,tb of tba 

aaae la.ar i ••• al1, tha pri •• (now ac t l.nl •• tha .1.1'1'01' la 

tba .i.pla ezpar1..aut) can be .ituatad ~ar fro. ch. laaa wbl1a 

pra •• rviDI cha de.lrad lnterfer.nce pateern. Wben th. pria. 

1. al11nad perpaudieular to tha incidant la.er lilhe, va ob-

.arYed tbe riDI 1nt.rfer.nca pattern on tb. acraaD aDd are 

a •• ured ot au a~&ct zero rater.Dce poiut. The photolraph 

balow 111u.erata. tha re.ult1nl r~nl patt.rD; 
--;r---- -----
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APP •• DIX P 

DILUT. KILT PIEP ... TIO. <A.-'. STS~H) 

9.rioul cHluted Aa •• elt. vere prep.red to io-

ve.tiaate tbe effect of AI+ coaceDtratioD on vave,uide ••• de 

by ion-escbaale. A. iD Stevart 'Laybourn (13), four .elt-

aode ratio. vere con.idered, .ad tbe aelt preparation proce.ded 

•• follo •• : 

capacity of boat: 22 ,r •••••• 03 

a
A 

aole fraction of ,odiu. 

aB aol. fraction of .i1ver 

To prepare a .e1 t -aole ra tio of aB 'aA - 0.001. 

fir.t calculat. tb. Duaber of ao1e. of .odiua. a.auaial a 

22 ,raa ba ••• 

1 aol ••• a.03 - 22<,> ~ (!!l!) - 0.259 
1", araa 

laol •• of .aR0
3 

-A -
toto 1 of mol •• of 811 co.poa.at. 

.... 
th.refor. 

1 aol •• of AII03 
-B'aA • , aol •• of .a103 

• 
0.001 • 1 aole. ASJ03 

0.259 

require ••• iaht of .A.I03 ia ar ••• : 0.044 1 
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