


TEORIA  ELETROMAGNET(A DEUWE GUIRE

MAX\IJEL{, EQUA‘“ON e silw-'ye:Jﬁ ,93 Mou/«w/vg
b
WAVE EQuANON (x,j',:,!g') @) BomoGercovs MATRAL
(o«»(ﬁmb\e w«e.,m,{f-b-e tern | Qe wmaoteln
Oo'md;{iws)

(9 159TRofIc. MATCR AL
(CL\awa&“'y'lic: do' AACI o(e'&,al o~ oLC;w\.MQ’\'\')

B® 2 imeonond | m(xy) dotrn't cL.oMgg will 2
® " it (rowarer degodorcy o binee)

L’ LineaR MATERIAL

_&: A_? '(2) .
(&)}' ’ a%z @ é”ﬁ&

Vt E + (Kz-/v(x,&__ ‘52)6 = 0 (,;i[; ﬁ,\t CoRE ondl COURR, s Se(!v\.bf%sﬁ vaviehl, te

we impoie {\o&( mtiml‘a .JZ O mtafme_ ((,gubn?:\.om AL ConToRNO DL 501[0—&5240N'>

2
K™= Ko - m* Ko = 2T Wove mumben
‘ A

Doe me 2 domen oxso&/diw:
- Disceae setunons - Guises mobes (el vofiues of p) 84,--,N

© CONTINOUS SOLUTIONS - RADIATIVE MODES  Plane Woves

_aaeﬁ,‘u.ect-yxs‘. MOoDES , ;l/\.a(?e, 08 hQ a&ctm'c ‘Fte&(

—-Eiaevvo‘&% : PROPAGATION)  COMSTANTY & = 2 .M%
\



* MODE PROPERTIES

- Quibes MODES:  confived o fle wam.awiAQ.
orToGovaL  im Spote  time (ds add exchovge gomen)

z M&ij( - fe Cawpm't OMX,‘j AS F»wagwh?v\wv}]

?Aﬁ?og_g‘\&, an é:‘) $2

— RADIATIVE MODES:  howe o tmws,e_ (.0""’\[70’"‘0'\:t o~ XY, remolls  ponen
wher %krwﬁswﬁc}wjt\%ﬂwwfpi‘
b Je on pargetins

— LEAKY MODES* auel proolon wK te scht“'e, h’"/) cbwvse shope

e ANY ProvagamNG FIEWD (AN BE EXxprEssE> AS:

E foy) = [ Z Gm n (x19)

RADIATIVE MODES

( + LEAKY MOQES)



RAY opmics ApPrROXimanoN

° SLAR WAVEGUIDE
Mz A X

My SM,y a_\l

®
M-s ch y

KX ,E\, ,&z
o, Wy @

N\

TE <owmnol - ‘twvngc_J/(ec'(N'c )

E" /E‘, ,EZ
Hx, Hy , Ha

olineg'(iow DS (A,cfbgoiimr\

Ez, Ex, Hy 40 TM SoluTiov

o GENERAL WAVEQUIDE: we hae M & WPW{S

Woue e,qwkiw :

AL
0 x*

[M(X)z Ko - ﬁzl-En(XJ =0

We Con omume e ?\JJ M‘fd"‘&\-t omo( c,,&.,L»te tle oaw\s

, \ Sim, Coxs ; £ — we wont o W
N
X

s b@z(tﬁc {\&(,J Ane h{

=Q UJLo\M

e ts wdhiante
m a! Mﬁ%_
= P | hore e need L> 65"
I S ond Simn
- /FJJ decreaser exwz-{io&a
s

- >
7 2 hevt we expedt tie
HAhe e - &8



I Hypotbess :
Cover \C—KX E
e = [EL g 1= 1)

WeveGuine }(_ >
E
SUBSTRANE / Ll A Ew- cos (kux- ‘%)
X
af
E SUBRATE 2
'3 EC, . é/suasmv"‘

Y%
eJP e

o
b ol pate < ——————————— wmant
mus: ol dnn Tl
c Ko is Do TRA mg‘wo( m-lw—{-eMAM.t c :
usmeawwm,&fnaﬁ&Mo&w _
be fobd 2
AR (PR

oo g, p

\/ TH'C, ’”TE- r we l‘&&- l\,OU
S

K- kimey - p°
- 4‘1"’[5
2

‘Xsa" Mz ;
- Ka e
g P

_ 2
Oc = MZ Ko&-ﬁz



° X=O  \WAVEGUIDE - SUBSIRASE  INTERFALE -

E‘d‘ = Eyu
Hes = Hew
we 3\,\,.4( is_

Kw

L | E.|

6& = E\J'COS(“PS)

—  Esys = -Ewkysin(-¢)

- tan(9)

e ' Xtd WAVEGU INE -ColeR.

Elﬁw = ESC

HZW = HZC

Wwe W

- Ec

Ew Cos (K\u d -‘P))

—  Eex = E,,,kwsw(KvoL—cbs)

w

Qxc_ = tau\ (Kwd"‘bs)

we ?’Cl— W%@\A‘Mg %éh"fv\ :

tZS (K o

—

Ko (4 +¥5)

- chb’s

EIGENVALVE eERuamon

ﬁ/is ‘hidden | beccune ¥ Kw a(e(w' o~

(b we Uuavx-t to dton Ore mumericol W@MD&P
%WM ﬁe }.M@Ai'- Mi, Mz, Mg )\,OL

COTOFF CONDITION:

N |
Cover

when ¥ — @

WoveGine l;(_

?Mrw*

_' 4
SuBsTRAE /

§s=2 -

LW Cofhbta\/\-( Mﬁ?uvv

%(Kwd) -

ofy , M3 5M;ofe,ol



Ore sove plhose tr audler povition

Ku = 2T my - -g%m‘”' ol - CPS— CP° = 2uN CUIOFE PHASE connITION
A

CLwSr\ o W L»t on W\.S\oﬂ—o we bét tle (MT% WULW wllv,\p, tle
X meo fawae\ 6mo(ooL

d [N
)\m% 2 | mg-me

S

(2 Y
>
c
/m
N
x

KoMe \K c

i

"x') BZ K"MN Hw

0522 cyroer
J, IN,"&-A h\g Woue,amo(e AS Sa’WV""‘ZfN\C
L 4 T T T 7\ 4
) McKo M¢ Ko Myko €>
————— — N0 PHysicu stwnow M7 ke P LAER THAr Tas
Rami arive Ys.8c >P@ WAVE UVECTOR OF THE Cofts MATERIAL
MopES

GQUIDED MoDE Cond) TION



‘Redisve i& s =@ tom ﬁ-: Uoms oo X% becores MM Z,owg '(Obwas D

ﬁ & 6’;: JKS

3/ s

Konng

wowve MOB"” & oeawg Xo(inecf(ov\ - fowen e,ﬁiJ[s ‘@-»e wouegw.ole

2
Ks ik””\.s?i”

MKy & % £ Mylo GUIDED RANGE -

we hove o DigRerE Mmumben 05 b (so&iion»s — f*{ %“"&j;%
‘ Moo
N 5mu1il~,wo:le/

- Mgk, < P< M Ko  RADIATIVC:

(5 AS CO\A{RMGM), ety m&e_ ﬁcom be o _saaat\'w/

Qe b’,«o(e o‘fhae rmeode isa wowe (Z 3,\04/1 e ohwcifoﬂ«
OMEGA" Bg(-\ D'AGKAM f N-F Soﬁp.(_ v\,{h'\ ‘%\6&4( M(, Mw' Mg' J&
W .C
APP(D'A’T""’:, ./Mc A
0 Mo MK o MK o B

L
-
-
-
-
3
%
3
Z
7
v
3
P
-
-
g .
0 .
& e
-
-
-
-
P
-
-
-
-
-
-
-
&

EFPFrecTIvE INDEX : Le:l-we&,\ Mg o,‘,.al Mw
wa(ahteol S Oa’ Mg, My o(lfev@l':/‘\‘é o Muode :;L,a,pa

PHAsc vevoCiTy - Np = W
aj e mode & Kom,% ﬂ”‘ﬂ Mb}f
3




,ifIS fle aote 93!/0'\5011'9"’* O(f te ?Lox ”&""‘j fLe o(,\gfm_ce, oif FAorogwtuw

GROVP eLociTy ¢ wloatuy‘f ;Ahéar\/wa:(;m . on od) fe we.ﬁa
/U'a =

c

c\,&] -
éﬁ W=Wwo "’B

MS AS {‘-e ?wwp Jondex
Ofmo’l?nfg uwtk e wvofe ,woJe AS A’mpoxfov:l': A~ Cose 95 mJii/woJe, f\fe Mn As ;p(d'

bolier diffrent medon which trovel of oefsent sprod ord Ous cooter oveLogs af

be Ceiuven

/l%,_ Jw 4 4 C C

—

P o/ yw '§‘» (W meff) e+ w %Mlzﬂ M

Q
=
)

whow derpus wareguide we shoulol
o(aﬂuwsao«a\é}m,ﬂ cone ts be ol the Ouie%
OJ the secomd mode

.\':\2. y // c/ng
2 CY

S // Slab simmetrica

— TE
-- ™

- N=0

B B

BirereiGence - D= MNeffre - Mefm

Shavte or THE MODES -

&

Ey(e

0
1 1 1
05 05
5 —
x x
=0 0
/ i) —
0 ower substrata Cover
0.5

N

i fe seood mode  gos (ko x +4)

&5 Eylx)

; 5 -
Cover substrate
|
5, -1 -1
;5]

ssssssss K ?ﬁf?“{tw vecton aljs Ligge,\,m hove

0 5 -5 0 5 -5 0 5 -f a .
x [wm) X [um] X [um] 5°S en Osowaigw

an Kw 86'(5 lﬁa.a,&\ t\ze MAO-’»(Q AS /@’MC@/{W\&J



A miE
| T £Ses=£WEW

DS:DW ga«tLeTMp—ac(c'&@DAS chu-ag

P&ﬂ' s €x,E Sm{i""& we codd hove
o[;guc;é;\{(mf:x()ﬁ% »ﬁbt’,{ &0&1

Ex, ™™o i's 35 15 /)J:s‘:_oru- W\l-M'.f‘a 6( Lm1
//\ M..ot An- b sSimee {’lc
Moginol ic %(L( As N.Qotel wih Qe Tﬁ'?" drmdopc  As wery J‘jfwf

olive of fe loctc piold Lo
pltlineg be mapetic febls 2

whik ir e TE fie elodnc M is Fanﬂzf ts fe ,c/d'b{scz, e w»:fww’(b AS i~
t],-e, E&o/\kc fivu S As o‘,&,.oﬁ.s W{RMW/)

/,\ M Ew

L

CONTINVITY AT THE INTERFACES :

we covseve fhe monmod fild comporend | in te TE e feld s
mornbol| thort ffle wf\fe JSs comlinown,

i te M te fild s ta«»ﬁav*'% D is nsewed astead ad  Ds=Du
Qov ve s fe Junp' due tr e diffeece in My £y

C\%P INDEeX * Mo, - M = Awa ex: X:I,SS ron
iRNEN i vy %
melf- 2. 200249
SFRY
My = 280- 1gs. -2009332 _ 3 53336 M%'-_- 2,98523%



tde,zoc)(t l\ﬁol"e/‘d\&lﬁ\m we meed M”P’W Gft‘“@ww@@
ianegnoll:
L) bna %DWCU AS Z(W Lus t"‘C OWLL-P e?aoe
j(&clo dx oy

PROPERT IES oF WAWEGUDES :

- : T -] Be XU diodips
wo;eﬁM:-O(-b Pwu\o(e cy\»%me/w‘ew fa

den e M PWL TE oo TM — o,wo/y{-TE, qu—TM
Mo

y : o t\’e OIO t
we olwiam te wonegmide Jepwlw(-g Jective

MW S
=
L> [NDEX (ONTRA ST M

* VATVILE
DALLTY, BIEFRINGEMNLE ,  CoulING EFFICIENGY — pmAX (W
MONOMO f
Fo_sSlBlLu‘y To REALIZES couPeRs

DIMENSIONING OF THE  GUIDES:

My My,
d =  we wrwden wovbgemﬁfk el s,

d N > Mol cowfe-cofeol %\ TE, M
i oz Lo, fhec
Al 2 Tz omg b by fo b Sy

Wtiws to’ achiece :
* MONOMOBALITY - ;XQJ Mw, Mc, Mg we /w-oal/gta J—
Mwﬁomoé’ﬁep&me%wo@wﬁﬁewwm

Do moLTIMOB ALITY
leve BemEl conFivEMENT Wi
we uaw)f t:r oc



« BIRETRINGE OCE
deperels om ==  Malerok Birefimammce B
SEnaan Birfuogree B
v is G by the moferal owal on te imtorfen
b me + My

h~€, ab"& o the h/U.Y A&UIO’V\ AN~ trne oL‘.AMMh'OMAAA-a

[-> we poudd dirervionn e to compersole Do Lle-
(d\ IS wnmp‘eew M&)

PolARLZAMON  DSPCNDdE NT 0SS

e INSERTIOM (0SS

ai' %be/\- WOUQ%'W*OQ ’-'MJ(@/\‘?OCQ. . o(a_‘:@wﬂls o 0{ O/ERAP INTEGRAL ©oF

THe TwWO MOOES

« BEATING LENGTH *

ﬂ“e XmeMwioQ amal h~e, %\/\s‘t 0'1/0(0\ M(e do /W';t e.xcLom-ae, peven
‘Dud' % %@V\e,\,a'te oC P@v\oaf.»c_ %e/@o( Wﬁfsaw o

@ @ 300 - L;-:
AN
&7 =/ S

T'NL Twe moden howe DIPFERENT PHASE (ONSTANT 1w

Bey porcadicolly o ouf o plhose o



BEATING  (ENGTH - Le = X

SMmel

SOLUTION TO  MAfMg MATICAL  PROBLEM :

209, ¥, YO + Konz(x,-j,e)fP = O
z 2 3
dx 09 X

L'OS So&dio«« ann t‘»e go\/ws:
(P(x/'j,Z) = A(x:j,z)' C-J
(> A vories 52“"'@3 drn 2

p2

QUIDE CURVE:-

v

RADYAVE z\ '&KOMS we StWJAJ te cowe o o stﬂoiaw( wweywOQ’_
N;U,\ CI/-MAﬁC in tramsinensol olireclionn

CUTOEF —> E_,P(F) = KoM

EVANE SLewT 1: £ f’° / /

P — == = IW\.-—\A-’

N




Prodmiwsher extomolly —  thew's o pinl whee pF) = Kome
CUTOPE cONDITION

OKJC% tuis paimt we have frowsvese nadiation

"ul”“""d R O*ewfoﬁ comen osen b le guide — fomes imcnzare

FUNDAMENTAL MODE OF A (URWED WAEGUIDE IS A LEAKY ONE

L>Wmi8mﬁom&> WR

Anmde {% l)mf)e nodiunen ;

/V\(x,lj) = /V'o(xf‘ﬂ (i + _Z_Rﬁ) , X r-R

EFFECTIE TEFRACTIVE INDEX:

LOSSES: R
X o e X ‘>opnw$1 »i(’wv(j ol 2%

We (o giﬂ'w\ out W&M nden mode, simee ’0@3 315( innadioted quicken

PROBLEMS  EXPERIENGED  Whan  BENDING  WAvEGUVDE

| R

) f 4’) Mode d;s)(vdim» (mbwwa{ia"" A5 Meo»(/gnlwq),)
D 2) Hislw\ onde mode excitotion

> 3) E%ec{tuf_ A./\'\Je)( P&\{MLC;[-M PQ-_- Z,_\_ﬁ.mpf/ = Fo + %’L
= 9) Relicdive Lomer




RG
]‘%’% ';K b" PL“-’-‘& J‘*ﬁ‘l’ Jinlnoduced L() e Levdl ism,o-}m»ot:(»o,d
@ -a¥ bt
(o Do mmordes (fudarmodol ond lighon onch) wll pasonnate
on-dl Campp Leoiimgs—bmmws)( o(m‘r\w% Ye Lovomr of Me

ZEWD

We con Bluimp 03 "N BENT MODE oy o WWLM{'(W ad’ Oe a@w‘l’ tw: MJ&;%
fl»& btwijlr\f wouegwlo(e (6(;/\»0(-4««%"0? 1-14'81% omo(&)

W5=a1q>¢*a2‘(’a e . &% ]

Lossless Loy

W,



ACCOPPIATORI E DivisoR. | COWRLERS /<pLITTERS

Bosed o covmen Modes mrEDRY

Msen wovequide lose teselie. b tion 4/ fat andlronie ochothe,

N

COUPLED MODES THEORY :
Coupled dwilunes one. ooy ot Joost birmmodol
A Kroins tla.s /M.,oo(& we con despibe Qe aolintion j

ﬂ\é\/@ MmadE M &JJS ir tre stanclune
0 A FIEWs oF THe @ - ¢+

SINGUE GUIDES

obs MODE ch B ‘Ps 1 ¢&
?i — P»L = Bs S:ymnef«»'c mode
Q. - pe Ba a.s:jmme{n-'c mode
‘ps Ff
9. Be

DRAWBACKS OF CouPled Modes Meory: we meed To cfedde Po , B ovd tlew pn b
h\e Si/v\g(e -U’O\r&z’/wio(e AQP’\%&MTO‘(\'M

CPS, (Po. oe EXACT MODES 05 tlo\e .StAMCTUI\e, thqj Pnproa,aTe o«ﬂw&om% oM.o(
uxtle o[z»&fm’( P]A.os,e ueeoati& ps 7(_-'5&



Tl«g:j‘/\e amplitude As (onstaNT | doer met depend om pvwfwa,siiom iagction

CP:L: (PS"’@. B CPZ= (Ps_CPQ e APPROXIMATE MODES -
2 2
t\'t-j'/\e oom»\"r(m\::{iw.g ad’ tLe_ e.KoC‘(— ""’“"""’) ’ b”ea &'Aaorwaf, 5L\AP€, W“‘&’ W?ca’“f'?
Simce @s ‘F‘@a.
TL€3'Ae the  mmoden od fhe oimjée uJoueﬁuioléA B t"\e'j’r\c mst e exocd
solution {0’\ fle " stunctune but wn be ursed o a—é:oool affwxfﬁnm—tfw
¢ Observolion | omn phose o(»'ﬁmae oZm/-S Che 8w~°f¢

@SL"P&'L = TU
L?oiim\a comdilion for which tle fuo modss e)cc,lwomae.
Sigmn
I"fow&,{smﬁdmm:(fﬂ»ezu&o(we
L:T -—>;‘epm~c1ma>om L@epow&\wﬂbcsp&'tou&ﬂe

%5-' ﬁo.— Tws wouegwto(u Ann d«%wf MLONME.

o FORMAL DeRivanow OF EM MOdEL ERQUATION:

+ e Comsiclen e profile imdex of fe whob stuclme Mm(xg) ond the ove
oS tre simj& awio(% My (""]), /Mz(x,nj)

nl(x)‘ AM: = Mz(xtfj) —Maz ().(/j)
I_l
n(x)‘ . 4 A/Vlaz = M’L@;‘j)— Mzz (s‘/j)
e * X
a) " ] - Maz amy
b) g MM, s 0 an’,«.e,\@ excePt where the

P&tW\.‘oa:tLoM AS
Woue @qwo{gom 03 the 5t/wc'tw\e_ AS .



VY Y i) - o

d 22

a-p(f\,oxbwoiiw &y\ weau.-m_pfin% Mtiw:

I\I/ ("I‘J,?) ~ A(?) (Rl (""J) é3|5:2- + B @) ch@' 1) é) P22

11

Ao Os JIPE 4 B, @ )PP

su]ostatui;,v\a N e olstorinn :

<> omi Ay b ktam B G 92 il dA 2ik Y, dB I - o
o2 dz

we obto,{m fLe CouPlen e®UATIONS Lﬂ pNOJec'f.‘Mg ouen \E_,\K:

* HOW THC AMPLINDE OF 7Hk ORIGINAL MODES EUOLUES 1 TME WHEN Coupuen

dA_ i, AG) - j ki Be) &

How the compllose Jude b} the Plast miodd
di ploe_puupl 603 o

Clwwxﬁa oloma the sthwctune
”_l_B = ‘} Kz2 B(zl - }ku A(Z) ﬁ-JA(sa (‘3 A’t O(QF{,\_Js o Als own wf,’two(e thwujk
de l — sowme  coeMiions

ond o i, amplitude oj’ the othen mode
CovpLinG COEFTI CleNT

Koz, K2y




[FIELD CcouLPUNG CoeET ICIENT:

g = K B O kg e [ e
b e

'lwlz.o'{lw 75 {"'\e .-_,tM«c'lu-—( ‘{-3 {Le oL Quicle Amz
Fe g
o&r—-c 9
& ?,
—/\ f’&\{w\loo.{iw o"f e maode o Cle
< e

Ka2

we covwden fle w&diw o a wowe owd agunile e stss’fom o& eqwttb’ws oA

5) defwe ol = AR ¢
b) = B Sike®

2) da . -)(Bi+Kis)ak) - ] Ka bte)

o“.o - - ](‘52 4 Kzz)E(z) — ) KZd ‘9'-(2)

Kiz omd Hza nepresent fle W&MS betweon the tis woveguides,
theyire idombicol fon symmeticod stunctmes od tond € 0 imcreosiacy the
distore  betwesn tle two
Evoct soluation of tre fieldd equation is:
. Ag, eF? L B, gi?
SOLUTION  OF couPleED ERQUATONS:

we sugpose.  thol tus meades (woven) exist:
i@ IEY: .
oas e'"®, aa g7 prepegekiong im Do uchive (uihout  chomging



we sabstifule im tre systom 2 equalions:

o . 'j((;' +ki) afz) - jke be) as(p-p1) -Ke-Qa = @
2

do

d

o b ' _ ™ ~ky, Qs + Qo (B-P) =
23 = =) ({;a il ng> la(—e) - Kz A(2)

we 861— onn e,iae,u\uo[ua nblom, o solulion exists onby /;d’ det 42
(B-B) -k

— Es,m = %z % I’q5 ?2 - Ki2'Ke,
s (o

wealo-tomtlww&myg PJM{:M two,w»oo(as;c t/\,\a%m{lﬂcﬁojﬁe
Mwu?fool /Wuoa(?/)

L) EIGENVECTORS ane te FlElD cavFiGuRATION :

-] z —150. 2
a(%) = Qs 6)(55 + Qa 6)6
be): Bs-Br a,. &P, Po-Ba o, gk
Krz Kz\

ore  The am([ﬁ'tvw‘e o(f tle %@gds Jon the tus wOueau:(o(eA

’th M sedtuw GAQ t/wc'fm wen f'Ae '@U.s A ‘b% e,
M &Wé@ oszL"an 7J Qs, am%a ?‘ il

it
4

- m L b2
We eprens (he dmnpnt f«g&( o= 4¢' Le
rLs e sun oj’("«e tus aoden
use h—-(. $+?AM 'to' %wo : b@’: o~

ﬁ'\ﬁ Mp&‘twi{ oifa. 3%— Po\M'('

Q=0



we o find o TRANSFER FuncTion imsteod ozfsofma the prablom eveny time

2k Ij_? 04, ]'O'l o I4,
E 02 OZ IZ

s To, o] coomple cmplitile |af [l
Od., OZ (‘,'yw[)»&)( ww-pe,tlm(& a,}(. oAl:thCt

COUPLING MATRIX *

Te |s FCos Sz - )Rsim §2 =) S sim §=
Al ) Ssin §2 s §z +)Rsim §2
12 = éE b(%: ﬁ) —ﬁz
28
S: K K = MK'Z KZl 5= QE,"FKZ
5 V ¢

ssless  case - def (Te) = 4 | peeslic belowan ofor\»-a 2

SYNCHRONOUS COUPLER:  eauef wowes uloles
?’=¢ZI (6'2(52=§°—_>A%W eqwf

AP= 0 |
TC'SESMCL =! cos l’f% =) Sun KZ
- ) Sim k2 Cos Kz
ASS(AM-e, JV‘A(V‘-{- [4.] |
o : Oy
Ii=1 <

2] <4,
Los kKt - Simkz | |2 \ %a»e&
n 5 1,=25% =%
—|Sim K2 oS Kz
J Q:ﬁ [



Power is exdmrv\ﬁe/l befweorr tle twe wm}eamo(e/; ) s te belovioun o(f e
(excL@nAﬂe conn L)e Oom.sio(e/\@ol- an ooupo@J meode f"@owt) a.ﬁamxmw’tiavx
Fon JQAQ 53),\5,/‘.?\.0/!/@% Coup&. fke Cuns mode, one im qwo(ﬂ'ofw\e i Tle

INTENSITY IN UPPER AnD LowER WAL GUIBES :

|0“(Zl,z = |4 | KE gin(§3) when 0@l=4 be)= @
(g?.
@I = K cn?(S2)
§2
T1='l§4\ 0 404 — Phon
fen
1,=25 5% — » P
Q:H%

—_ asnmclawwus , NO ToAL TmrskR oF Powge

CouPLING  (ENGTH - L@Mﬁtla gor\ wikch| we Love |medeimaua 'tmow\sd)(/\ O(f powen

ZLC&:TT _ LC: = i

Linl
28 (55—(50.
beoiw.a fu,\ﬁu - ?&V:aal ‘ﬂ e Pounen e,xchMae,




MOoX powen e,xoL_on.Vac E

« DIRECTIONAL COUPLER

o PoweR (coulLiING

K = Pcp.oss

PBN'L 2 Emoss

K= sim®(kL)

[blaae L[4

COEFFICIENT :

2

&1

I, . L R o,
—
| g \ @)
oL . R \ L
/ \"\
/ Kk o< exp(—~yd)

Field coupling coefficient
T 1 =R
Ly = /(axp(—’y(d(z) —dg))dz = E\" e
0 o P
TP+ PR’

Transition region

Coupling coefficient

S?'&H(""a wlio 95 Qe MF&A

L> %wﬂﬁ- ﬁds e o Se{' (- AV M I 000-?&'»8 %”‘t

kL =

Fowtn m&mw\ oue~ tle %'W”OL”’

/A s-o SynQwono \
0.8 -
/A pB=x \
o ! W\ !
5‘" 0.6 \/
5 X - (X
o’ /X, /& g f)
o 0.4 [\ »
0= \ A B=4 K/"‘J
o< - S SN AT
0 1 2 3
dz
.{m(/\wh'm.z

G i3 op=0 we get tL tromsfon of power ofter fonght Lo = T

Te =

tos (kL)

-) Sim (kL)

<t

hoe periodicly incroosen

1
oof "\ apets / \
08 /
07 \ \ / %
e° os / \\ / % L=n/2d
CL.O 05 X e A{i 2x  AP=x l)\/Aﬁ_O Lg=m/2k
E-— 0.4 / e
0.3 / / 7
0.2 ¢
ad AB=dx- \ v \/ . \
. "\ ’ ‘// R ’ >\ ~ \'< %
; &5 N o o &
() 0.5 1 15 2
L/Lc0

NB  mpoms  FASTER bul LESS EFFICENT coup(,-ma

2w

-3 5im (kL)

cos (kC)



we B,o,'t (:-?/s.'acLlC— foren excLoMaz °
PrR) = A COSz(KE)
P o) = Bo sim® (k2) (Amplitude o{fﬁ»& Yield)

L op. symchomors couplor we gef o A= Ty inclipouclent o
%moa (£or\ OSWCIIU\:OMM /\de' be Mco«ewﬂoied)

DIMENSIONING:  jmpase K ond Jox quicks (1 ond 56) ond b L

-xd
i deperds own OQJCstwce,c{Y fw,z,wo(e/s = eX

NG = 2"-‘{%—1 , L= T [K
2K

i bee quides one Lose toae’rw,, K is big — zwji dimemsionn bul senschls

L @)

T» - > 1>

" o)
2 R 2y
[
Figura 2.6: Accoppiatore direzionale. L> b\,on/\y\t(o'v\ ZOWNe) Meoars tL\o:t CGW\F/&/\,E

L.o.f)(-e/m; A O- £or\~j&\ Zone

—

Le= 4 [mR
¢y

(-7 we consnde, L t2L0t ts co,w((,vso‘fe ;’m e thomsitions

e - 2% coupuci K=0,5

A bpre — kl. mgy - (2N44)



Tc: _4_- i "j
iz -] 1

M DpFe we o st %‘{ 2B Lo AR 2K
(af;,witus-e A%:ZV\

KL = Tel=| 70 ['l 1]~> w'\'?vd' aEchals N An~

1
2\6 \Ti 4 -1 Qwoo(/‘&tw/
we aej( existonce to conplily but we ne0d AA%WJ’ B ow tre Buwo(?/)

AL
Aﬁ:@ Te . ﬁ; [i -J] —\__f 2
Iz - |4 nd/z

A@:ZK Te :15_ 1 i \ / %2
iz |4 -4 (T I\ v

|'J’°Jd" behove o) @ powen D?A'Hh, te Xv\s-tm Keeps e Fl-.psa fonn that mmcat
be comsiolrgd  whew compaterst t’»«a otuen epmends

h‘c two‘ %{ms Lwe, JA%MKCM AN~ W%lnf,fa to- CL.o/\ASQA 95 K -

A\
_ /of\ AP: 2K we howe a-w”-&\ szafe, NLJQ,

/1
__-—J<__ DB=2 is mone semzble ts emons
N/ ,




e WDM (UPLER"

K is ?,\_g?o\,t.wo'q (...r /\ : K= Ko- /\(

K uows uilh 24,0\.\/\/‘—0 N but A{S o be closen b Mpunove Tl deperolece

/\i,)‘; —>)\2
"L"" hove o covpler with beglh L, //_\—eh

> ENTER GUIRE 4 wirr TWo Sanals AT A, A

PL. (L,Xz) = CoSZ(KzL) = COSZ(K«: )\zl—) =4

Prooss (L//\1) = oimz(l(. L\ - e (Ko)u-L) =4

Ko }\ZL = T\’Ni (LON\

ol - (NZJ_«iz-) (u.ass)

A.t WK s wﬁ) 5:» N INTEGER, — we cow&( JoASe N — Qofba wafon:o(&
We Com poumd N ornd aft"""“"/"wj(t co«»w@wS sowe  Lome,

CoLPLER. (1M GRATING:

we (o~ alotouv\ MAOX Dousen Cou-p‘e,/wg M O~ OLSténnchmmm CP‘.LP‘@\

L
> Bu £ P2
RNWWE
| b@)| o = _tg&f Fanmus

Pn, 7
PMS'S LL\ | we W@ t]'( Z\A,.Otb\ U’lﬂb\ h—e, Powey\ Wctuel
deceone
NI e et

T4 2z 2,



- Y-BRANCH

we con wse comphed mode b“‘"‘& — twor modes oy e cntaol %No(e + pocden ”X LIXW-L’ONS
(wbw,\ fe guitnd? Swzfe A5 mromerodal L be second mode s /wJ;of;w_)

L> We use a taf.&\ %\( {L& b;d)ww{:w ta— Mo e ,it L»:-,w\oolﬁﬁ
transition 'Aa((@l,\s ot max 2°3°

Qifa.?,

: -0_1 ,T L&)q) bE COS¢
NN AR AT R H RS

XO'\ Osamwwe,tm(c ‘m.omotse/; Pone~ dinsian 4s M,ot @o,woe ona‘the LWLL.M

OuT pPuT Flewds ARE 1N QuNBRATUQE,THequ AMPLITDE DEPENNDNS o THE LELATIVE
PHASE oF Me 1TwoO [NPUTS

MM| — MULTIMODE INTERFERENCE COVPER

L
M ,'uw?w't 3«.»:‘% w’tw/v-a o ,,wl.t\mu s[ab 3(,,;,_,(2_ =TT




STAR CoUuPLER

N impd ond M o(A:t?\A.T edds

Mzwie,\ hm}(' muwge ann @ Zonme w@a Z\MJ&J mxd.wﬁla

~| 1 M \ taper
; d < — A
(T
La ;S;;;;;
~ N 1

b)
ge,omv\ 5?0 Size -
d s s
w(’e)z Wo |/4_4_ _;_:1 ,
Zr —_— )SOL (pa —
a\a FPR O\
2e - TUS mef ’ R R /
N

YN bre C@m,t\.oa ?or\:t t\ﬁm's &LZE_ Mgb_oiuw — FPR F,% ?"ﬁ?@t&w%nv\

M L'OS e LMt tLA:t O(sz S ow jmfw‘t-oui\'lw't oLs-taMCL
L) \)J(%) = M oo

N

T

0

i
N |

We con  Compden Oee Lnnit f"\ W@ whew t\ﬂe«w"',mfl' &w@l becover 4

R. M me o

2\




'T%S L i - e)(PPS
(M
CFPS= Q’T_-Me%~d.p,s
PN

des € R(i—?-s-of), a = «R

tbov“s u~ction is o{?pn,om'/moi?ol, ! towovis fe e)i!/mﬂj fbf\.tr e Uion A
aﬂwfi\mj(e{[, w,/m!l }Ofe PLD)Q As (?::\éd_ 8 i

Méwo&«a M o be (/.LON'OOS) rl.OMae,

¢+ M AND (oSSES:

L

M is be %w/w,n a.tCaw/v-t\'A»ﬁ J Lomen
L) S/w-.oozg I\ZJ&“,‘{EO""S uuLW 'h{ «?\&QJ eloen /lm'l evicoumten wa».e?,\xdo/v

- 2D — die o jmpedesce mismatch on  nocliative Lossen

7\

// Alltiorio | allomicotiod chwen f,w. e loren of e outpnt “wolls
T

%4’\/ 9£ h‘e O"‘-[Pl-;t fe Mrm% CL.OI\% , we cOb-oZo’ 5&T MJQJFWS



Y4
<D\/ MSu,déL) tue O»UCtpvl't AS ta\w\ao( t 3,cJ( @ swodlhs "exit”

A
& il
\ )




OPTIcac HLtERS

Tn,oms% Qua-clion depords on Frzavency

L Pomboral %e‘fg,, / Demuw ,{& brey com (fvefa, seponale wule w«a@ chorunels o] o

WDM Sjsfe/w
A‘__ . )\I
Ne— AcAm A DA B

L [Mux DE-mux| -
}\M" _')\M

chavmel bomd.
0
B Bord (defimed ot -4 on -3 .B)

10}
g Iz,’ Imsm'(iw Loss
@ -20f
g -30f Xo.i ot -o&—Borw\ Peae_c'tidh
- 40

&
o

- -50 0
Frequenza [GHZz]

Porbord Slien qwofft‘a dhoroderistics:  4) Flad im-bod nespomse
2) lows im-bowd Lossen
) los  Growp deloy clistortion
1) Bloviadion . imsonstive tros fon finclionn
5) Twwna bl
6) High out-of-bawd negection



TYPES OF EILTERS

La
N . - T
FiR . Hff]- %o e & T e')(m'fT) —» N=4 :2 ﬂ—J
mfl, Lt DL
s NP- |
b= frfp-mepo)
M- AL -2n/p

SPECTRAL CRARACISRISTICS

R Mgl ( g, éa(zwm)'i

A®  ditermine, tre m{%&m — Jepewls o FREQUENCY Avd PATH

AL @@, - 2 (meffuN-La - mefy,()Le)

[> 2T a.Jf &‘e/ﬂmon aom on /\,.M

A‘P(ffm)z 2T m = ;;T\_r.ale% —» A= A_%L

D@\ivo-iiw of TR



FsR - gcf_r meff, - £ -OL -Zr. meff,. £1 - AL

M 1] = Mmeff, - BMZﬂ F;P\ - {O'EM.FSQ*'M‘/{E&:E-
& FR = ¢ 1IN
AL - + fo bm AL-m
(el +1 ) i
GPOUP DELA Y : tm MQCWOM‘] t:r ‘h'f. biavoe tr P tLe_ f\ﬁu
’t/a = =r é&) = )‘2 ! 8 (JO,
dw ANS d W
DISPERSION:  mobinean (esporn-Se  Arn d’wq-w\c«:\
b- 3y
dw
MACH ZenNIxk :
Si/v\umo:olﬁe tmmsd)&\ gwo{fon'\
TRAN SFER. FUNCTION OF MZ:
PHasc
oo FAX . eer T
. b4 a TCZ /\/L’_\
AL 1 04

.bl_\/ N

L2
Tci b'z TL az Tcz

q R
Tc L ws(KLc) -)Sm (K-Lc) 'TL L eJ 1 i O A'-PL
—) Sim Q(-Lc) cos (k- Le)

02




D = z,;_r Aleff = Pily - felo

2.1B CoufLER S : Tl = Tee = Td = _4___ [i —)]
3

_j 4
+ A9
Twe = -1 e @ sm(B) (@)
cos (%) -5 (BF) (mﬁlut,ud lessen , 38 o lons)

E&r@u&t‘zmma c(q>e/|~<1$ o AP ) loaLOV\N’\ Lo loesef Clmom.an'/wa D A DL

Phan = ITil" = cos® (B cos? (2 L) + s (4%)
Pewoss = \Tz-‘z 4 Cosz(é_ﬂ) Sim® (ZK-Lc)
ra

COUP&MJ cefficionts, lomen mmore il imprible fr Pon & owie & 4
L) direclional  coupless oo sasporvbhe gy\ e spedad nesponse

?BN., Pcmrs
A

=
Fk
R

CO‘MPK\ AQP&/\JS ow )\ a‘&jﬂo:‘e Y
FoR SywcH MZ, NO (OSSES ouoy %:?w be | comtrof oulage/vﬁb\i" 3+

.2 P
P‘?or\ = Sun AZ )

P coss = cos? (&_‘Pg)

2




e DIMENSIONING A MZT:

Meyd. 4,46

Nz = Ait loo GHy = 4,54

we um»'t (s cgw.)aime EL%» 'toae'ﬂre«\ , Mo & tecL:eoS.& e M%; 4,496 . A/..ag 4,54
ve meed am wmmbolarced Mz o jaffe/u

~2J8 -2

]
v

2 -
As aA o -Af -  Al= —A_-Agz 0,3D|24-103M~ — Az= 1590 302¢.iun
c

4) dojectives - P (M= @

?BAQ = ..Simz(éz.q)) A/\ frag
Fonoss = Cos’ (A;) \ 3%

)‘4_ >“L

i&mmw?&%b%g’hﬂa«
NP, g;_r,,.,.%.at (+ 2mT)

2) FsR= € = 2.(h-A)= za\- 2004t

MS-DL
D Glaukste AL = o 333,39
FSQ-Ma

4) Vwé’.a WHORE 1S THE TRANSFER FUNCTION -

p? = NT - 4 . meff. DL —> N= Mfﬂ AL = 33560
Z Z M X



WE MEED 1o nounh Mo THe  NEXT | NTE QR

5 we pounad te Nz 836 ol polude e e AL
OL'= N-A1 _ 9333 593 A
meff
FsR'= ¢ _ 434 325 (He
MS-AL'

AF&—_ 65 MHZ- o Z(QD(,H} - OCCeptOL&

G) CHeECK For )\z] .

ﬁ - 4 2T . /M;f. AL = 2T . 4,46 293%,69816° - Z,933.13
2 Z A -9
Y73 2 1550, 3012410

Powss ()\z) = Cosz (A/;P) L [sih? ,Z% -/v\Z}'J~AL')= -26 JdB l/

Pl (o) = siw® (M) . —004

4

e MZ b odded WCMMQ nbolonce
L

> INDULED AMed)

m we CLO""SQ twr&w’(w\e to ta whok cLu(

AM‘% L) %Le %ﬁ&tfbe vao(ew W oz
[_ M&H = M%o t S |1 AT, D-BCM‘(—], bt%/\,...
)o} A

2T MmyJf. DL = 2TTN
L

CHANGE 1N TRANSFER. FuncTion



Aoz Meff- DL — Ao = meff-DL . m-AL

N N N
AN _ dmelf S Sn= B8 . mey
}\ M% AL d)o

élmﬂ' o bre W&d’& (,fumc{mM means o SL»d)t o e %ufiue inndex
AM‘M (-) SIMSt fpym occeptola'@ ;an eour SR

Yo A
EX: TSR = Zo0 (K2 o = Zoo THz
dm = PR M‘ﬂ} . loTH: 35 - 35.10°
41FSR Xo B 7/09,'0'2

PECISION (N THE FABRICAMON  Am::

we  odate gM\iFS& ool decidle fwwﬁw.
(‘>wc, awﬁm fle >wa1' ond | ndeofbDile ﬂm,?mo:s

b Age - or @1 ). 28s

NFSR 2 e

Bt's 504 we moe by o ER O cin? g,gr) T ~lodB  NoT AcerTasE
=4 2 |lo

v decide fon wz(_l-_z;l: \ _ -25dR

2 SFsR

we SET r\-(—ZSo!B) o{' be Poross ond e coledte oaﬂwoaa

-7S= 9003 = bim'z(x/ X = Sth(\‘O,OO?:G) = 6 056
X=1 2T - 5 T .:'T- = S'S
7~ ‘Sy X
Smpse.
San o Smlese
we o ton1e 6P 2 g

zS, 55



wesza( T c::rviﬁyZ AL Laa_vo@.ne, SAL = 2T
SM/,SM
FSR.

° TO INCREASE TMc ORDER OF T™E TicteR WE (P (OMERINE MULTIPE Mz, :

MACH- 2eneR. IN - cASCAAA

we hoe o pradiet OK e SLM.GZ_ f,\m,gff,. é’wa{iws
We wmeeose SJactivita ond aeduce TSR \’3 oo(.:‘,'“,a Wc}
(”Po/wlcawl hope s ast X&i

LINEAR

FSR=200 GHz AL=1498.85 um

Sum of all the harmonics

aool {a slocfive —ﬁ-,@fe/ts b singl deowncl
bt g o0 on chonencell
Trovsfor fimclion is nallen R
Bonduidbs doseones of evtuy step — Pl = sim [ éi)

z

Mof suu»twl?ee gm MUCTIPLEX IWG ¢

4
‘A"Cuie_t\«:SSCL%% )"L_ﬂ_/— 3 )Ill

N ———— A ,
)\l Az /\3 X4

2 = =
rs '\_fb‘/@
Ad 1+



1)Crzoss

2) B

)\| )\z )} X4

hols amanch| s e Mw"(e'?—> weJeﬁgw AL {L«’t\e f\'/\&-l'étoaLwci Nel

MACH 2eNDER. IN SERIES

'tLe. _;ew,v.,l boaz. hos 1'-':5_1_4 — amle~ 20
2

low LOSSES IN PASSBAND 3
o 1 AQ1 Ap2 Ag3 Agy
4
ML e plose sliftos e idonlicl. " k1 K2 kg K
A',.,\r/\.e,ovinla tlﬂa étoaa. we n~ L’-eﬂey\ a.fpme& '6«@ Jojec'((b.e_ (fw'(‘w
L p
-10f A’ ‘I

-20

Trasimissione [dB]

-30}

-40
Q

-15

Trasmissione [dB]
Y
(%2

-35

45

%

0
Frequenza/FSR %

50

Y Famclion OK the .simsfe 6ta.8€/>

N Resporse oft& Ien (rden N=7)

Bowd = 20%
e

Boco[ t& A@o&%@ o fm -'J(o‘: loo«»a[po/u H"e/\, S&&dﬂd% AS w{' aws* but

' adaast fn tolenoncen

ADD -DIOP  MULN AEXER (o be reolised bos oy



Plasens - ARRAY (Demutnpuiexer)

ACf&MLM(S o CP vt com chese fle (oim‘t whe~t A b wrlibhdiony orive s ?Lom ond

?{w ﬂe MAOXIAMMUMA

A'g VE %:.T meff- L —>CL.0~X\'MB A we dbloim Otﬂmf ¢

6% honoun wow[ovj Its accumwz&le, of ol;%fmf f’oim‘rs °(f s dee
G

W PATIALY DEMULTIAISX THE CHANNEL WHEN wWE Al N AR Flevd



ARRAY WAVEGUIDE Grammugs — AWG

w\afwvwe/wt o~ FIR fxﬁh

Cowposed ag'. 2 STAR Coupers t+ ARRAY OF GuUIS

3
NxM + MxnN

&r(ma au.,a@_ Lp;o.m gf{hcop ?o‘hn L\—-D& La DL fuow te P‘a@c(%f

TRANSRR FuNCrion OF Te AWG

output /}\&U of qorenic el 9 m‘(e,.,i,.,‘a f“"“" o, poting }WW ‘s
[-3 -siZMp %(-&ss tLe oo couple/\ - al«‘v(o(es fomren orv-t:r M c&nt/‘-op aao—o(e/n
eocl c@\dn«of ZwJe, oal‘:ls e J»ijm‘t ?Lose ,L:.a‘rf

A('O-e Secaw:( S.C. hw. sif.,o/s one. Mww(

¢ omriden w(o N A ?uvsc(.z

oS
N

T .M@)f. (L., + S-AL)

A

OLPS = R(i—?S'dz)

mAaL
S

M-1)AL
P “2AL —
/ AL




» TOTA( OUTPUT = Sum OF ALL CONTRIBUTES

e

%]

u

9
n

=o

M- IS-ACP
Bl 1 Dl Bakpl=[4 [2 [ &1 7]
P 9 3

AfPh: ?;;'M&” - [AL —-R(?+q)o(z]

[INTENSITY TRANSFER TFuNCTON:

T‘Fﬂ = ,Efallz = 1 sim’ (M Aizpj)
M®  sim® (A_‘z""j)

A b‘% ?(“’k t&\/m we  Comyiden m‘l‘,‘j.b«/x‘tid\»& X/\;yw tie o‘MO3 ovd stm w‘f‘@\s.
Nuweraton osuillates much fostf’/\.

CHAWNEL EPARATON AND FSR:

when A‘P”q_ﬁ-&

=z
LT

= & s (@M™) 4y, hae Couner ToSFR FROM RorT fTO'g
M2 sim? (@)

we 8@{' mt?w‘t oM.Qn N P""‘t 9
(s heos  for Mgy = Mo 8L &AL = M%R(ma)g
! )
)\o + (P+q) AN
(Pa=2)
&f eaclh wweﬂemﬁl;ut we 3@f o- OL‘%Wv\i_ t\,oms(f(,\ Zrumtil'w



zen

10’ T
of
~
"
=
10 .
® 3
s
8
&
[

P m—
\ F.S.R.
y 1550
Afnm]
sterimento frs

T S 7 R e e Mo M =. Dot AN )\'z-z Ao+ 2AN

Figura 3.13: Fanzione di fra a due porte di am AW

’ F&Mo(a.o\ib (Fne,c Sfeo'tn—og 120/«»3&) o(ap-&nJS o AL

FSR: C

. C\nSYtOQu M,Jeo{tw E

A'Mow,oycM_a M we imceore fle M"oc{ Lotenod peoies
(ke,JAAci/'A-a O»e,m MPLthQ — PRoBlem : tuomwss«'w Fe,ou.gej's SMMQ/\

TRANSMISSION (oBE:
5§~ FR
M
b/v:s pQScr Mmeonns J('koi' we ameed te ot twrewiwe, Om, AN ..

M Times BegmER THAN A& M2

AWG DIMENSIONING :

+ Kmown  dote : fﬂp{we@a “Nch  muwbe- o cluonnmeds

- meY
- Ao

- Aé’ chommel s?ow‘aa
. mey;yw'ma d

We c,oewﬂnie R which determminen BL |, G ve cloose M hosed o~ XTak
o e dimervion e | ston Mf‘e(/\g ct\poh'zwa R, d



e EXAmPLE

Ne - 8 Si0, M 4.45

4&\ ): }\o—.: ISO mmn o(

H = S um

A Ag= 400 GHz )
bcw.‘iaw.o(‘l'b ,,j ‘.’Le 5i5,\,¢P: B:ZXGH% (DQPSI(, Mcbi{/s)
1) clodite FSR =L 8: 400Gt = 200GHe (6,4 pume)

oo (g
ML TN
) L1 D[ [l T 12

0
(50 mm

FSR:= ¢ —  doloim AL = 250
2) Positionn a(f tw%}b ﬁm{.-m,-- Ao = meff DL _ [$50 para

md odege, tror it doert pon g ho > Qo234
mews DLz ZSO,IBO/W

mows chmJ @ is Cormecu/a {—J\AONSM €, O WTPU‘T
FSP= 733 56¢ GHe (40 MHz oliffonce, megligibh)

3) cololale hour sremcy woveguides i the ARRAY , M

SER  _ 2% 55 we ool o moi~ lhe ol 3B berdduvollin = 28
S gping biphen we Medincy e bommolmislth

B
7/\“ d"‘(ﬁ“"{f e ;ﬂen we have fossen



usirng fn wovepurden e st o Zmﬁ(y\ Plten, 80091 when  costadinnsy
%ﬁ'&; t:r oVOlO( cL:s a\{iw Owwl f}m%

?ea[MW‘B Co menth | B mualine Mewa@am bt olss Lolowol oven  Anmtody
severn comtributions 95 cnosstoluc %.ow fre otien chamnels

o 1 A 7 N

6

(350 mmn
4) D&*ﬁ%a’t’mm‘?&y\, AN: A/\=M8Rﬁ(_z_= Masﬁ%
y K ‘
/,\i
T i 3 is lowee the nesponse is good bul we hove awsre

<

M.(oha)
}(/\St o/humft:am ‘ 32 gd' = iS/AM/\

wiele wher too hose taaaf"v\ U‘CZ@J.O(&\D’\C waéd

M.(aha): 15(20456): SéO/MM - R- Mg a* -
Q. BN

R= M- 15:(516%)" _ 4e. .

Q- A 224 .08-103

M- AL = ZS?M,.- 8= n




The {'\mj&' js celoted tr o pdovofion
Ldation~ T4, ;S(ec{

A(_ M‘IJTE = AL""“‘”TM

':'2'\;“. TE; éLM —_ ¥ é_L-M =A?T€
3 t}j:e z %"‘M

T™M: Bl v & e - AP
> ‘”TM 2 %ae

tr e bolauced frn omy hinelpiong tnnce

Pote enens of tie ,{Mpmf resdt i~ L«»‘SL% Maﬂ tens (o

Plose maise. oot grss



RING RESONATORS

”R ,f\e‘fm ,{t’s a r\a.so/v-o/{f" i L:ue & r“b”‘j'%vot

-FlLeER b
=)tz
DROP N ATD L
@ e
(N 4 -1ty THeouGw
L) Va

Arn SW&«D[ the  tuwe  diectionol conplens ore oL%Wh
Vi -)ta

-J ta ra

t\au;g\«, ,XW{:M o PR ADD' 1S @

OPTICAL FILTER -

EEH(—\VlouR'. "ff {Le ,{m(m ‘S;Z"J‘S MWQH AS omcofhe m'mﬁ's M;m.ami
J)f\&qu&»o{m 5:5\,.1 aoe/, to‘ IDQOP‘ Pol\.t B oﬁi/w:;e At"aoz,. 'ts /THRO()QH\

(_) we (o~  Mse h,e /ADB‘ Fon-‘l. | ws&\:i- LOCK c bia,og si- MM
terueney



TRANSFER TUNCTOON :

olotOA/\»eJ bn c;,s“,a(A,\,ﬁ {’Le ,,..a'tMcM oJ h{ Lzeoc‘ug

on aonﬂy‘\o(e,\ fl»@ jmpu,t "DU:th\.t pricovs a.t Cacl P,qjt

e THROUGH RORT :

Lv
He = Vi - )t4 ¥ e)(g - V2 - (—)t4 + V4ﬂ)alf-€—d9't°"""5“l 193 &A'taw"g

——

;_/ m oM'thf:e NNX
88 v
F _J pr -iBtr
= rﬂ," sz ti (i‘l’ YLYZXe .|-.,,> =
- - ¥V eJ@ ‘ L V_Ve.).(;u.
4— -Ta.Vz K e)F’Ly Y\'.'Yz 1__ V.?. C—)@Lr
§=41
don g fk%a aolt_be |bote | olf
i Do s
= 'M.@’{
< ADD PORT
Ha— 7]
DRoP PoRT
-jpY
Hid- 4- He = -tit, 1Y e
1 - b’l’.b"z e’FL'

ReEsoNANCE  CoNDITION

Arn tketk\.ou.ak FV\.J( we,ln,oue_q_Fo[e,mb«_’to\.o—

- Pl
) CJ?: = d_ —> Ht =0 ) HD=4-

PL* = 2T-N



-,impu\t si?.,J A3 5@.,.'} ta ﬂ\e, J,\,o(;pbd' &/C(v\eea o/vnl flkuﬁl\ AS /{59“30!
DMZ:) .AJ Ve = b’Vz

imsention Domtn ine tl“'““a'n e fous whily fle daap oven o awmplifres
(Uﬁb»‘l' As stuek im B 'Coop)

FsR:
T""’""SJ&’/‘ aouw:j.'w is  Periodicol oJ persad

FSR = c

HE <4
Hd >@

V)

FsR N\

3./B BANDWIDTH:

AM (CoSe °J A'o(@w't-'c:? comp&,\g : '('.i = K , Mo &v]om




ExTINCTION RATI0:

Blic of  Hol wwmarce ER= (k-2)

H ol. M{.EMM K ¢

Bondiidbn is o cht:w Q«X FR . Tt o be dmﬂ'ﬁeal od;gmfwa mp&w-a

Co%o:wl(s

L> o(eoww\_a te Ooe#ocey’(s: ER mNcpcases
B pecreases

PHASE TRauSFER Fun(TioN - Goup DElay TRANSFER., FUNCTION:
Pusse respon. sz - oF
( por- ) 0 ) N W

A

T

wWe (o e b'v; ij’/\'r JJ»A t= moke o XAy LINE
(:Lz Je@a) volune O(BP&AJs o howr Aoarny rourel
t"'{fs one MADO(Z IS h"(’, /";""6‘.

T-F

G Fiverse

lese nyfovise 4s Aml' LW\



: ammedsole ideo. of tue sdlcf;uit
%Nm ) '(f a /.> RTT Timg
i guen e quag by i =TT
o Ayl o L e

bﬁ& jmj(mﬁts impde  the /u‘muf is F fimen fpnéw. thom e impnl powren
L> Cobs-@el ﬂw,i te ()uolw@ws/ ao(vo’mtoge/\ i~ Coge o(f monLieanitic,

& FACTOR .

&: wo'emﬁ‘éb‘t“ah’\w{m = i’;
?OWO\ Loss La b"Q,COMtla B

INSERTION (oSS

- ol
Ll & F-edk

eHow well ds e hoe o condeed B twr&w{m CFL‘j&'@" @DU ’ Mé«.,ac,tioe_ ,:Mo(ex)eﬁ

e ?,\.ouale ACP-’— 21 'h-e J(u't_s{@. Xw\cf}oﬂf\ alfv:j){'g lo-J 4 FSRU
! [ - | b s
> we occepl @ 5|~\2rf ¢ B (%, 14_;?, Jepe\,o(ma: o ALguanem {)

Pose wl Lo abeolhd by B9 cc o
F

AP~ AL} A/M.ﬁ L
X



EXr WdM  SYsTem
Hlhowreds = 100
Chonnel Sfecing  Bf < 100 GHz
bitole 40 Gt  — D;XJ’g bonduidtl, is 20 GHa

e wa»f( A TILTE TO SEWECT ONE CHANNEL .

AL AR

4 (00 )\

v

P
N

[0 THe =0 0% Gite

Filtlen:  F-10000 Ghe _ 333
20 GH2
OWPLAZS (p%‘u‘&i K : F- mi4-k —s %,o'w busg 5&1- fe @j’?
= wider to bl fle 1‘,\
B AL bed "9 e
& ma SMALL K = [{IGH FINESSE
L> .sﬁou.\' Neyfor~Se 't'.uwsc,
Poo Ty

we occepl AJ: 2Glz — B - 155

]

M we {p\»occept o. ATéO/ioC

ACP= ?-A”%'Ly: 2 . ch-AT_
A



RING  PHASE SHIFTER:

?l»osc Mt&\ is om  ALLPASS FILTER

jplr

T(w): - Ye ‘
A - D/Y'é)va

Phose ift is  NoMLINEAR m {@m?

Transmission Phase

1
-
-
1
—

Trasmissione [d8)
o
Fasedit
b

o

25 025 0 025 05 b5 025 0 025 05
Frequency/FSR Frequency/FSR

%m owgg&.gh 41 — ):e,avwx bto‘ss o }0’(’- ewwa di/\e.bm% owcl %@fs oﬂG‘AwaIeJ

RACK SCAMMERING IN RING TESONATORS -

In —  a=2dB/cm l‘. Where is the light ? xgﬁ&,',\_{f LSS&, 2{% LJ 'ﬁ,\e'

R, +— Ring with Finesse =40

Waveguide attenuation 2.0 dB/cm 'BOUG HVESS OF THe WAVEGUIDS
(roundtrip losses=0.025dB)

Finesse * roundtrip loss = 1 dB

-
o

-
E:-zo » }\\Otd" 5P("tt""8 AS CoUL.&e,J ]9I5 ﬂe
1546 1547 1548 1549 1550 1551 1350 15305 11 15015 bt 8gf oowp‘eg,J 6086(]'9» A o
Wavelength [nm]

candomn W
L> sovetime, adh 3?'{’»“08 Asndt
present



SRAIGHS WAVEGUIDE:
boacswﬂv AS @ %NﬂL”W\ w]AiTt Moise n~ -0 a’ &

RING WITH LARGE (ouPLING COEFFILIENTS -
we see  Lsses yhee e nesono~ce one
L become bigun for Lower nesomorce
fts become Borgon Eron. fre tromsmdlled powen fon nesoneond froquermeces
o o refloclion

PENDING RADIOS AND  FSR

IAY

FsR = ¢ ~ 29. AMJLS B’\M}

Ramtian
\ mg -2k

&
—3 :O R ‘A~ N 1 _1'5
Ge-S:02 S =TS > b

D on
,}m bigle. A we com deceste fle  dimeryion o@f& iy

>

Qﬁom o~ »‘L‘a,.., M ~lo © , Zou ESR ond IMSL Riine x M
S:ﬁ:,m- PL«;{M‘(; Q/w:m ~ /U.AM

(OUPLED  CAVITIES

We CO""-’L""?‘ t\‘ﬁ t\o'\sﬁ&, (‘fw\o{t'r- t- L""'fr a %Jf fWMSSn‘m ond L"Jl’\

regection-

L)We Coscode OU?O'QM in Bre O(AD\O



DincceT BaNDPASS PARAUE L Rpad DSTO P
OOOO 1 sevien | OO0 O ”Pomﬂel“

g A
THOUGA

> >

M2+ RING — oeégws to bL_o(*e fe TE on we uo/v»f

O O N
Voo o\ m
“RIuG Lorves ME IR
: ¢ (a9 - 2 |
TF,W% Cos (,2_) ACPM% 71\.1-»0# AL

&

canr (.lavame, he PHASE MONLINTARL Y o/u.ol Q«nfe
ANy ESPONSE

TONABLE RoypwWInTH BIUER:

O O Clw»ge_ MM£ w/vo‘a O-e. tw' M’n-as we CLa\jc
2R Ve fr o

/\/-\_ 0,9_ W\ Xw.fi(w O‘buol ;t'; lpon,..o(»v«o(h\

[’> A't world be o(.i%;we\- r ch—Je R i~ o MA«J (K)

We 3,;( . TUNABE ESONSS

Tuvake RN ZW 1.\\3 Qe wleeﬂom‘e. w.s:l t\\e 3\,.0«" ,imiex
Aa -
M



L) (MPEDENCE mATCHING  PloBlm
MA.O.{_CI'\ SM{L..A.S o‘ew o Mpf/{ l,;tk MS —) %cﬁws
(olvomoo'(w;{\'c /\!‘“?&J%Q glef&\,\o(g o M% %\ n‘& WMZW(O(Q
Ma (fm bre cantion
Span Jpeoth flenponce
(’3 we ﬁhﬂ.(/ol tr CLoﬂjc tLé'— I'( o(f@ool« Cawf’ofv\-&'\f

N \

IN THRoUGH

] The single node characteristics |

O
O
O
OO Q©
;
:

e Lo o [0 o
o Lo Lo o (o ko G
[0 ko o [® ko ke ; ‘\
(o [ [e [ [® O- -‘
SINGLE CHANMNEL ADD-DNop IS ] i)
1 1 T 1 'T IN jTro”Qh é | j
Drop g 5
IN Through
W« 1 THRoUGR - :

v

freq/FSR
FSQ M A)\ {' ) Through q
T . Lo j qu ‘o A. Melloni and M. Martinelli, “Synthesis of direct-coupled
8 Drop rc:mc DIy artinclli, “Synthesis of dircct-couplec

r WD), s, IEEE Journal
5-303, (2002).




Q eoa,/\N"a]moja\»'eq,othMWQ WCLO/vse_aeMwad\/‘i—

ALl DloP: FSR= AN

NAAAN, o~ put tQ.NMBAU\PN“ﬂEQWMNGR A g0 T ﬁmaak

RING -RAsSD DEMUX/MUX'-

AW

LI DTN R
)\4. %2 >\3 )‘4 )\S )\6..‘

n Ay Ay K A AL A 15 W | di-aut|adlellond e

CONFI( URA BLE

1114,

whik i o~ AWG A5 }y&i

CROSS  CONNECT -

FSR = OA DEMUX —sAWG = FSR = N -AA

AoD color - based

l

114@ s Loy 144 OOOQ
2 272 \_3[;&_@_3 2 272 OOOO
22 PO s L OHOHOHD
44 4 G/CB{V 4 4 4 OQOO
AN I
Sl B P

T



98]

Problem .

W XTixw , we aLo'k't Uow bee I\WMV‘:t gcqmon fneo\:we‘a

K OX (L (\m»a deferminor mode's tmxfu (—fwc{fw
[-> 5MU K means lMgla 60&0{;‘/{% I«,WJ( SM/U. BAVDW IDT KW

(ISI) and cross-talk

Trade off between intersymbol interference

ISl us  croselolic CMJM%’

Low intersymbol interference

High cross-talk
] \/ ;
itk ol \ -
83 ' \ |
7]
2 -2Q 1
&
5 2 / \-/ - [=
© [rem———
= -30 ‘ -l
P\
-35 .l N\
'4@1 05 0.5 1 s e, S

0
freq/FSR ‘

MA X

—_—

Q foct~ oI SE

?
(S}

L

~2dR Bondarid -

Single ring resonator transfer function

/

\/}\/\\/\\/\\/

-200 -100

[dB]

g

0 100 200 300
Frequency [GHz]

High infersymbol interference
Low cross-talk

400
Fa N
—70 A\ 3000 /1
% 1E & /|
5 6o ISR\ 2000 |
5 JE 2 \
o \ o 1000 / 1
R \ - - ‘
o \ 4 ‘ =
3 a0 \ 1000 \
o / \ & | /
S 20 / \ a 200 7 4
[1)] S el [ \ /
s ) \
-10

= o 5 [ 5
Frequency [GHz] Frequency [GHz)

&woﬂ M‘ib*—> L:n-a tvw_ rexporse  1S|

Modse d;.stom{ o

Input Spectrum Input Sequence

\ )

Helmine

071600 1800 2000 2200 2400 2600 2800 3000 3200
Time [ps]

101
-50 -40 -30 -20 -10 ©
Frequency [GHz]

10 20 30 40 50

Filtered Spectrum

Output Sequence

Intensity

16— i
0
L 0»50 -40 -30 -20 -1 10 20 30 40 50

0 0 1600 1800 2000 2200 2400 2600 2800 3000 3200
Frequency [GHz]

Time [ps]

smolll time  nesporse , e fonds dow'l lae



f(m—-e, tof mse
olisf&\?{w CorvAln olbﬁo%s) e Qw-&wjtS o{ bAe_ ?Jx/)

Ls (U Cousss DEFoRmATION @ 37 ORDER DisfeRsian, osawet\lc gjfe(j

Input eye diagram Oufput eye diagram

ISE<0 TS0 IsIT<0

0 0 1 0 1 0 1 1
l | |
l Thit 1 I Thit I
Single Ring Filter Impact (B) LEWCIML BRVDWIOT  ivcreorn ISI ond  Cle
—>———  NRZ, 10 6bit/s 4. cLoger
O SNR=25dB
7 ol eoch line s a tronglion belweor flfey
FSR=100 GHz
L ALso due  GROUP Dafy Ay PAASE MESPONSE
! -
k=0.12, B=4 GHz k=0.2,B=7.1GHz  k=0.3, B=11.4 GHz
Q=136 Q=25.1 Q=26.8

EFFECT_of DE-Tummt  §f

e ds Aesen ond e
a1 S Lows %u@»«a lowporend  As

sMtevuotedl

5f=0 GHz , Q=251  8f=356Hz,Q=22.2 of=7.1 6Hz , Q=10.2

L wo 151, smallles 24e

We ameed o ADAPTIE FILTERNG ConTloUsd Ry FEERRACK Flom THE SCe IVER



Lmtw?rwm&e 's é%e o't'

(OADED M2

00O i ot trowfh. Parekion-
{ amu AN

oD

BUT GRoup DELAY QESPSE  Has REAKS!

JeA afa:) irside oL peoks 1o ovoid TM
forse chromofic  olisgegon |

W o(@QaJ AS a&v\e,t,oﬁ mbﬂh‘)&eﬂl dA~ oosLaD(&C( 5\1/\-35, J&Stv\tw conn 520w~e,
Leay ))L&

L) we (o eﬂwaﬂ,%c, ,{f avA MaKke IT BAT

TUONABLE Dewny Uwne:

fowlﬁ&t‘“‘ ALSE h«e Ne Sowor~ce OJ o- C,u\wt o~ M»»a

L ren dn~ GROWP DRLAY G = 41V | ra 3
41-rv
|00 00 0O o X=hee )

Mmcztleswojheéak‘t,mm j



TECHNOWOGIES

CLEMBOM . ok~ 45 comtralled J:r\ Po’Lt;GQM y P-lifozL Is06, TuTc 04
drmsile promae > oulside premune.

FiooRk fos bt oudpd oin MW, oin is llen necychd

ENVIROUMENTAL PARAMETERS :
T= 138°~ 24° C 24~ 02° C = CHanEs D T coanie BE YEALD OF K

INSTRUMENTS

L\ wvwlo(‘i{ Y 40

MATERIAL *

.Slﬂ;m \I\)O(fe/\s ore /MOW&J wsed ¢ Sl
Qbundont g,mﬂa cheop

MANIFACTURING :

‘(w 5te‘>s > FRoNT- END wod’e,\ ,?al)mwj(a/\, Pn.olpl/x.a,
BAck -em : Ass%b{a, pockoaimz) h«e o(alo,, f«wﬁ test
o{wce/; one. mode a(& PlanaR aveRs stowred on toe oé fle others
3
| <] |

TRANSFER oF PAmERN —  ETCHING °

/ég, 'PUS - Qea'st
~ muatenad

l \ abstuote,

Ly LIFT-0FF " | M‘('O\-'oﬂ




BOLLDING Blotus:

* LYTHOURAPHY — put some le'(dv;«'s'l' ond  waile fe Jem?,\ Mﬂfﬁ a W Z‘SLI

o DoPING

= DEPOoSITION
« ETcH ING — (\.e/w-ovuvg ,wwj?/vlo'e Conn Le MDA Cla.ywvtbo-es o~ 6042/)

PACkaang,:

(‘»ﬂlax fe e , .S&'h«.fv w»iOCfs ond Omweo{:oMS + &AoaaSuAe,

MICRO TABRICATION

Ztls fbon% 1o &V\{&‘ Some ,w»u/lt o@&\p fuu~S

& o(ewofe/y\z‘,\ des ine onden ts reol:so e doice — PDK
deﬁz(wu wn see fe aules ol OLZS«Z/'»

G . :
a@uma&.a {'echonzﬁm one mat olischosed
inside fhe I fhene's o Lt aj ovoidobls ]owﬁima blocics
(M'-’"Eys, Mw-tw, .-~)

MATERIALS

Si + dpp(n-a malned —> St Ge
SiON

\BNELE,CTQJC, TRANSPARENT IN [SSOpn
sioC



ACT IVE MASERIAL TP 3-S maledd;

Sedmomeire  matenk = fie efpoctive imeler doos tmat drangy

SiLicoN 4s T ;tpf\-'(in-& WJY —> AMORPHOUS R POLY (RISTALLINE
L e a\,jc’(aﬂ s bt e o frroce }w o “seed" emsdal
mollen silio olloche to tre seed
5 e e ot,),(m,[a i aut| ik waz[)ms
WAFERS GET (oVEREDd N OxIDE SO0z  LAYER N e DiCHrem

X 30 o~ ol"aw-e*%
ty ocom siliow we neeol b etcdh iv void

GRoW —> CRYSTAL , DEROS/T — AMoRPHIUS

DEPOSITION TECKNIQUES

CUD = Clermmicol vofor Jefoy{tim y neaclionms oi swfoce, p\,oc{uce, Je,fv;\taw

PUD - PL:],‘-LJ Va_fu\ Befbs«'ttw — p«.oal”‘& aio'ws tr 80— o te Sw‘;o:_e,

[M-JW bounched o mctol P’V“L""‘"a Aorns
e wM&w&mj o fix bose i the wetdl

Db—&\ 5 Luiwuo( :;fimmb\a fso(,:abf\'ud{m

Flosm is msed to l:x‘eok bonnds  dr Mko:t&\;@ﬁ& - c,\.eoj-e lonws
L) No PLASMA: Ko.,J o‘&?o?\'{w m‘ke s 509°C ) Mu.Lﬁ' w0fe~ S'Jffa«w
L PLAsMA-gnnanced (Vb2 Dten bigh deposilion. rale, 300°C | smoll botile,



Deposition techniques: Physical vapor deposition
1| 1]

Evaporation Vacuurn charmper

Substrate holder

A source material, contained in a crucible, is heated in a vacuum chamber

How is heated up? With a Tungsten filament or with an electron beam
properly directed. s
There will be a flux of vapor that goes from the heated crucible to the
va e
substrate, NO PLASMA. e
Since the source material is usually not perfectly uniform (usually in small argal matsral 1
pieces or dust), and the flux is very directive, there is a very bad uniformity in |

the deposition. Ta pumping system

Few pros and cons:

* Almost every material can be evaporated
* Easy procedure

* Very bad step coverage

« Difficult compound deposition (due to different evaporation rates) Bad step coverage God step toversigs

Sputtering

In sputter deposition a plasma (usually Ar* based) is used to dislodge atoms from a source target material, these
atoms will then deposit on the substrate

Example with chromium Cathode ( - )

jowic oot betwog,

The Cr atoms that migrates to the substrate
surface can:

» Stay absorbed: deposited
« Migrate on the surface: step coverage
* Be re-emitted

Secondary electrgns g.e:neratlon: Anode (+)
plasma self-sustainability
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Lithography: optical lithography

NO-{W\ on o&au Process overview

AA.QtW/wic Ioeil’\ — 1. Wafer cleaning I |

2. Resist spin coating ?mﬂfslﬂ'

3. Pre-exposure bake

MC UM We §— 4. Exposure

WANT /fon'T wa™ THE WAVEGUIDE

5. Development I

(’> ﬂESIST CAN RS %SH’(ME 6. Auxiliary post-exposure bake
OR  NEGAM VE | l

BESIST —  4) HIGH PAmcRNY FIDCUTY

'&) Good (leacTiviry TV /NCIDENT POWER

3) PESISTANME 1O SULLESSIVE STEPS

4. Exposure
Here comes the light.

The concept is simple: we use light to induce a change in the chemical compound of the photoresistin
arder to make the exposed part more (positive) or less (negative) soluble in the developer with respect to
the non-exposed part.

}:-:-:‘ B O
[ I N

Negative Positive

Fo.’dewm AS fwms ( Ln o  QuARTZ PLp'tv-Mk ) 8J‘s ,:uunwmfeo(

on DIECT WRITING, mo need {}« o mask  bul (‘”3‘" ond b precise

1:1 Exposure Systems

Pattern being
repeated
onto wafer

Wafer
(with photoresist)
* lxmask required » 1x mask required * High resolution
* Risk of damages + Resolution limits * Lens collects only Example ot orejection exposure with a

{few pm) part of the pattern stepper machine



WRITING * Lo [ o] bdanl
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UV Lithography Down to 50 nm 200 WPH Low Low (needs mask) Depending on
(depending on exp. mask
system)
Direct-writing LED 500 - 1000 nm < 10 WPH Low Very high Limited by stage
E-Beam 20 nm < 10 WPH High High Few mm
Lithography
Extreme UV Down to 5 nm 100 WPH Very very High Limited by stage
high and source power
Nanoimprinting 10 nm 50 WPH Low Low (needs mold) Depending on

mask

L) Fu.slnlha downr o Fkn;«'cef dmcdime s Love a.meﬁoiiue, MON

ETcCHING

The resist is only an accessory tool, once patterned you use it to act on a layer that is below the resist
* Can be wet (chemical) or dry (chemical+physical)

Etching parameters:

* Etchrate
Amount of material removed per unit time

» Selectivity
Ratio of the etches of different materials
Mask and materials underneath the film to be patterned must be preserved

* Anisotropy
Vertical etch rate/horizontal etch rate
Sometimes, like for waveguide realization, this parameter plays a key role

* Uniformity
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