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The geometry of 3 planar siab wavegmcie =tructure is

|
|
|
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shown in the #gure above, The basic concept of Smdiﬂﬁ the
&'Qh‘t in the film reaion iz tha total ndernsl re
boundaries. Ffor +his © occur & should ke Srﬁ'a':-:r then

the cridtics! anabs of Lilm-cover and film-subsirate,

FThas, 2% max fg&JG_F.S) where 87 and 84 are 4na .

i‘-‘-ri-’n:;’n angles of th film-cover and film-substrate interfaces |

-!Hsi;eci;fvei'ﬂ, The 4wo cridical ang'les'arﬂ given by

; Pe e ns )
Ofc = 5‘”*(ﬂ;) > g?s- sn | A" )

For dhese anales tw be defines 4 is necessary for n.
- T

to be {’ar%ar than ooth n:z n, te. nAp > max (ng,n)d.

| In most practical wavegwide configurstions ng > nc . Thus,

i - ¥ " o 3 2 I 1 1a o=
| Jor the rest of thi: ssciion ihe Jollewnas orderina of Lhe indicyy
b ]
]
§ . - ~ : 2 i

L 3dumis : Ne>Ng>ne . The ranas or possiaic zig-2a3g

anahs & is shaoawn bealow (shaded aree )
regren af posiieis |8

{0 waveswuding
/ i b b =
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Howsver, Zince the angle of inwdence i greater than tha
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i F.ha:e_ sni==. In orger Tar a P]an? wave TO exiIT E:w':led 1N

the siructure +the beam shown n tha %’13»..?—: should be seff -

i - : ' 1 1 e
onlisrent. 1NIF mMmeans 1 T ne = & TE —snut T
c stent . This that the sum of 3sll the phare—zhiiis

thst the wave undergees should sum up o multiple of 21,

= i ' e 1 = . o | . i
Considering 3 constent X +re sum oF the phame shifir goag !

—

upwards, Hfiequ’-inq} adina CSQWNWEras . ama ?'\‘.‘Eit'ti"iﬁg -‘:_hau.Jd S
- - ]

wp o q_r{-g_%;_r r“u_ﬁllp{_ﬂ_ o¥ 2.
=

) : — __: _l!ﬁ:_'-'{ —_
Aﬂsumm3 3 plane wave of +he Form E:G'-;.,ed "+ Ep,e

- Lx,u)cgik&z

the total phase shift for constant = ir: 2k, h -;
T‘mal pi'w:art-rhsﬂ: dee ® +ha  reflections it 2{1:-;:--2:?{5' i
Thu':.: . the seff. cansu‘:l-enc;ﬂ condition (or +ramsverse résmaﬁcn?!
! condition )’ can be wﬁ{&n' as !

o ' -
Lk h -2o, -2, = 2vw V=0, &1, %2, .

1
|

Simea .k, = K necos® the previouws condifion can be [

[ L

! i

' writien in the Form: !.

2kongh cozo - 29, 29, = 2vw v, 4,2, |

'(whare ¥ s Now restricted o posihive nteqer Sir Firxg Y,
| g ;
|

i
i

thee ar ne solutions for v<o ). The phase <hifs De s Po 90

i - I > _-'-_'I' —_—
. 5 ' +an L{hgﬁn"ﬂ-n;rz/n{ EGIET f2r TE i
E ( - (8) = A
: L2 ?r: tan-! ng 2cin'S-nt ) /n co: fow ™
| an E(n;:m -nZ) “FC“E']
! § r i = "
g tan4 {(n? sin'®-ny"?/npeazs]  for TE
Pe.= PP = B o Y

-
' The absve conditian is a tTranscandental egquaticn with rerpech

to t2 unkrown 2a-330 z2nala B,
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Lerivation (Mgagrauze):

s (€A and (6,0) belong 1o thu tame phaz froni:

Thus < X = Paa = 2vIT (v = 0,222 __ )
C,D jpoints ave just before and J'L;:-} afier re-_f[sc-h‘m resp ecti-

. _ ,
u'(_f.E - q)ﬂ'\‘.‘ — 2.;= + E{'D-FS - = (CD}-

Pea = — Kk (AB)

L: = L’af&_..[.‘ .,.'

¥
AB) = (CB) sing _
) - I
€)= (0C) -PB) = hiand - -hian{0-98) = h+an8 - z “-g
- = ah
Thur am= h| 1and- —i'— 3nd = N0 s -
J J L 1and ] h C Coab )
T Sim'8-cos’S
ot
WAt = oS
Poe = Ppa = VT =D _k(ecn-aAg) + 2O +CPs, = VT
r g I 2
‘k\. "_'l"L_ —_ m.!. dhotimini B j #atpr*ici}r,:&?—rw
09 co:9 cos& " .

~ 2k hcosd + 2pn = CPp =

Qlkanpco:s -
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CosB9 cosH
Papce = —Eﬂh:ofs%fﬂgﬂ:, + 2@t 2 = E2PTp

Ponts A and C belormna to +he zame wavefionT of

the plaine wave that (3 directed downwards,
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So = Ao E = Salx,z)
Sikong (—xcos8+zsinB)
% £
S, = A, 2 3, (%,Z)
-3 kang (X019 + Z25i00)
+?$
o _ R R ¥
51("-—1}.2} = P-Fc SD {!=h,E} = & ¢ Su(X':hJE'}
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A i B il2¢, * 20 - 2kenchoo:s ]

For consiskncy Az = A, R e
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The =ig-2eg anale O (s characleriziic of the Type of efectra-

i - "y i = 2 Poow = 8 H b —_— I
Maarant =<ieds which is owides in =ha '-gllm r‘tamn. I ne -?1&1::’ *.Lha"r
% | =

| Corcesponds to the O bthat it a oluTon 3 € 4 seff-cm:i;i-bnc%

condifern consSittr 3 mode, The angla 3 Ci.l.pendr an VvV and v |
v also characteristic of +ha mede. For thiy rearon +ha saluhan{
that comespond s TE polerization e danoted by TE, E
and the salubions +hat correspond 4o THM polarization =re dem:'f'@:‘&

bzl THM,. Ffor each mode the effectve index N, and +he

propagahen conciant B, can be defined a3 Follow:
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Nv= ﬁraiﬂgf gﬂd ﬁv-— LE'FI-FSIH%\,.: L'-qu
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From M™axwells equstions:

(time - narmonic farm)

ﬁlg = —E'Lu}*.._,ﬁ
TxH = _fwsg
7D =¢~ T-E-c
V-8 =g~ V-A=9

vx{ﬁﬂ:::) = -Jm?.lafﬁlﬁ} =P

7 (if‘g) - V%€ = - {Wha ':wa E) =

J,

= VE = - wipee B

-—

{;}15 + ml}-lg.e“ Er E — @ ‘ - =7 _" i
) : ; © =g ,;; E- = L(a ﬂi‘- E - g
o > '
i( = —— :LHJV]-E;'E-; ﬂ=€r -~ | ek - -
vc Si'mi I'-arl“j-' VH ~kin H=6&

‘ i i 3 ; i
Due 4o ithe 2-D symmetny 70 dependlNL OF Y-ToSMmineT

\T €xpecies ~

cou
Azicrre SOWwilons of ire form
= = -iBz ; o _
E= Ex)e - wrgrs B 15 the propagstion
constant.
— A A
Assuming Efn) = Egf X+ EH{MQ* Ez{x} 2 and uzing

the wave eausziion we get:
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Y =1 - 2 .
eIPFF L L E(x)e T =0 =

e
2 s z _ = T 2] 2 = s
355:- +(Kin*- %) Ex =0 ~ h;.—Ji«xEx @
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Kx
: e 3] =
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Thnas Ex(x) = A'_xE i ax® e = ernllar’i-ﬂ
-'fﬂf Y, EE —
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™
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Similar sguadians  can alssc be written {or the rnagne{rc
fields, Hau‘l.everj it i3 Cormmen 10r (CoTropic wnaterials |
to diztinguizh  two different 1iypes of modes (accepiabla
solutions of Mawwell’s Equa"t-anﬂ,

a. TE rmodes ( Tranzverze Eleciric field)

e, TH modas { Tranoverse Maane-h'c field )
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BEy =-wp, Hx
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{ Ex + £== = 1w nH
P Sw J7r Ty
Ak,
_— = =W H:
3 J Fe N2
= = =
From VxH = +jueE =
~1D Hy - = 9 = ""qul - ——x = T
g te R i s, G JF"y R MY
EHH — J'L\H? EE‘
Ix
Note +4hat only (E, JH,, Hz} and
( Hy, Ex, B2) 2re coupled each other.
This can also be zhowm |f e write 1he aoove
equahon:‘: in  the Sorm
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‘CDupiEd:
TE modes: -E‘j; Hx, Hz
TM  rnodes - . Hy, Ex, B2

For +his isotropic reqion problem the TE ¥ T™ mc';c{ras
3¢ uncoupied. Thiz iz not Jme s the cCase of anisotro-
r:nxr; rcaions (n Lo ch r.'a.:e whd ﬁﬁ_}iii are Coupled and fhe
rroedLs ave reither TE pror T . Tna the 'Ql:}'i‘{'?i- Caze the modes

are HEﬁ i:rtc[.
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Zigzag ray paths and field distributions for a film waveguide that propagates five waveguide
modes. The m=4 mode has a zigzag angle close to the critical angle. P.K. Tu:n Rev. Mod.
Phys. 49 , 361 (1977).



TE, MODE IN SYMMETRIC SLAB WAVEGUIDE

H.A. Haus, Waves and Fields in Optoelectronics.

Englewood Cliffs: Prentice-Hall, 1984.
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w—f diagram showing the locations of various modes in a slab waveguide.

_(}__ Type of Mode L% K5 Ne
0 — kn, radiation real real real
kne — kng substrate  im3g. real real
kng — kng quided imdg. rezl imag.
kng = oo evanescent  imag. imag. imag.



Electric field distributions for warious wvalues of the propagation constant
(for a given angular frequency). H. F. Taylor and A. Yariv, Proc.
IEEE 62, 1044 (1974).
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