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ABSTRACT

In this study, we have been theoretically investigated the transmission properties of one
dimensional, metallo-dielectric photonic band gap (MD-PBG) structure that consist of a stack in
between alternating layers of silicon dioxide and silver material, such that the complex refractive
index alternates between a high and low value. In this project, the transfer matrix method (TMM)
has been used as the numerical tool. First we found the reflectance and transmittance properties
are depend on the silver and silicon dioxide thickness, incident angle, number of periodic and
type of substrate. Then by adding the defect say a stack of silicon dioxide, which is larger than the
others that used in this periodic structure, the periodical property of the MD-PBG structure has
been damaged, which results the photon localization observed in the perturb piece due to the
multiple scattering and interference of light. In addition, a sharp transmission peak of light at near
center of the band gap has been observed. The result shows that the defect state of MD-PBG

structure may be used as the cavity of semiconductor laser for improving its coherence.
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Fanumsnszaearvesauin I wesaduuasmunuainy z melulassadraviiail
[ 1 - 1 = = ad

ansatou Ieglugluunveswasmvesmuihniinsuns lufieesiisanazuunisa

F ¥
amolusulasianns nuaazsu Al

£ A £ B "t (n=1)A <z <nA-d,
Bz}l N @222)
Ce ¥ D, nA-d, <z <nA
o o o ' - 1w
Tavesnilseneunnmeinauamuuuatny z moludnatasdasyiaiinumny
2 1/2
@ o
k. -[[—n.) —ké.] =—n, cos,
C C
(2.23)

@ o ' a & o o
e 6, uaz 6, Aeyuvesisitumamoludnandozyiia Faannsadounnuduiufves
»
ueunagavesmuy IMihnludnaradazdu 1A lugduuumindduansluiadons
azMounnzmsdaiuvemuinusesdems lasidnnin Fusnanuduiuiveound

gaeuwlWih 4, B,, C, unz D, Fagauaasnnuduiuilugiuming1didu

[A"-‘] =D'D,P, [C""] (2.24)
n-1 D

n-1

uaz
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[C"" } =D;'DP [A"] (2.25)
D n-1 Bn

A a a o 4 ' - a o

ilom3ing D, uag D, Avam3Indnatas Falimaweauns (2.8) luvaziuming P, fio
= 4 L s 1 _ 4 - A

[NTNFNTUNT (Propagation matrix) dmFudInarsudazyiiadudummIndnuaans

- A o s A, P W
wasumavesndiuuasludnarniv e j=1,2 Tagiinuniu
ik, d
g ¥ 0
P =[ } (2.26)

¥
unusndiwmesieqaslumning D, Dy, P uaz P, duiuaunis (2.24) uazauns

(2.25) Sadinmlagudlu

Coa (2.27)
7 .

a S22
A
Y
Il
N —
w
£
i
Saitua
e el
N|
j:
4
ARG 7
——
+
by
:-_N—/\-____/

o

I}

N~

4, (2.28)
B, '

D _ )
"~ e'thdl 1

n-1

1 - 4 o 1 ~ - o
unummmm’f |: ] asluaunis (2.27) man1m1uﬁuwmzmmumﬂ°§ I:;" l] ULy

n=1 n-1

- 4 a & W i v & o
ning [;"] Futhueundgavesau i lududnasiiiassyiiinmgedun n-1 uag

n

Suit n i

o e ]a]

»
. m”] Qnisundt “amIndcrolon” (Transfer matrix) dmivgiulad

m, my
d a a a a o ' o & W
mansn 1 A Qﬂn’l‘fﬂﬂﬂﬂlunTﬂ‘]fﬂ'lﬂlﬂullﬂnzﬂ?”ﬂ‘"n'lﬂ”

& - d
FIUUNTNY [
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.3"'

1 k, ).
= iy 1y z
m, =e cosk,.d, + l[ smkhd]
[ 2 k. k. ) 2

mu=e"”"‘d’ .1.,' _’fz_z._ﬁz_ sink,.d,
2 (k. K
" (2.30)

m,, =" i By K sink,.d,
2 klz klz

M = g Mrth I:cos k., d,- % i {& + &) sink,.d, ]

k].' kZz

" 4. 4 4 ——y
dwmsunsdinaduannsznuiiuaduInan lsduuy s uazdinsunsdainau Inanlsdfuuu p

AuFnvoAUNs nYo1w Toudia iy

2 nlkzz nzz 2
m,=e lkudl[ ("zku A nlzk2z }smezdz]
nk, mk, A5
\ g
= gtk mky _kz.'. ink, d
TS [ N ¢ e L J
= ‘&L;d; d nzklz mkl 2 d
my, =¢e l:mSkzz 275 {"szz-*-nzk]z sink,.d,

Y " 4 ° ' & a d - " e
udiiie Tnssadeunugesitamaudslisnaunvvesgiu ladidnasnoidy » udraums

o o o = c’! o ar 3 o _ - -
urmanNuduwusveseuwagaau ihmoTusun n—1 fudun » Salisuldowilu

e ea]

a ' & o a
winemg: nsaiaumsaumingaioTeudwaamnuduiusveweoundgamuuindhlu
o P - s o o W > o o 'u
ﬂ']ﬂﬂ'\ﬂﬂi‘lﬁﬁiﬁuﬁﬂlﬂq'ﬁﬁuﬂ n—1 NUAINANYUN n ﬂ\‘lllﬂﬁ\'l'hlﬁllﬂ'\ﬁ ‘Nﬂﬂﬁ'lﬂﬁﬂﬂ
- da o o = o da
swseadnaunsumingos lounaannuduiusveaeunagamu Iiih ludanarenil

- o LRE - | & o at - “ o
ATIFINIINAIFUN 7—1 uazsun » 18a2075msnadwndei
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2.4.3 mnsazieunazawnudmiviassafaeuyesnamauas

L 1 ‘ 1] J o o
msazRounaznisadsiiuyssnauivan lfinelulnssaduninissaisveda

p ¥ 4 A o o Yy
uuuilumuFeimsasanuuvesnauutinan Iihnelu Tnssadeiindendtstumadenuu

o o ¢ - d Aa e 1 o dﬂ’q
voefadidndru Insandnvesndaiiiquautianimidunruudu Tunsdidifesen
o o - : o - d - J
Tnssahauiiumuiiiswounueiniy N muiigndeuseudioiudinarsladidaning

= = o " @ @ A
fassyiinmiiy #, Tdanvas Taseadiedegilin 2.7

n2 nz '

dz dz
Ao An
Bo

91 2.7 Tassahranmnilumuiigneenuuu iligauanid@tunszsnazioumunysn
J - -
diodmualiueundgavosaun ihannsznunazuorm@yavesmn iihazdoude 4,
A L} 1 " L) H =
une B, Tavaduwimaniwihwigndaiuninlnssadreil ifiueumdgaaun iy 4,

, <
uaz Tl aunIdfhannsznuaninniedmenaesnsaadanie B, =0 duilszdnsns

azNouves Inssadrainnsosnamannafinny

(2] @)
4 By=0

- J 1] L] = L] o 1 J ]
uazdulszanimsdsiilarunsagnidiousylugddasiaauvesau Iwihndekuesnin

v
nnms ladidansndugaietuaun Infhannsenuiiauiiy

A
( 4, By=0
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- i o J o J
vinaumswmIngone Teudsaums 2.32) Fsdmiu Inssadrawudiunulugii 2.7 aums

amInduansnnuduiusvewsundgamuin ihannsznuuazusundgaauininih

N
[Ao}=|:mn "’12] [AN] (2.35)
B, my my By

A o o { - L
diomdai N veaumsnaaie Teuluaums (2.35) Taundy

|imn ”’12]~=[iMn MIZ] (2.36)
my, - My M, M,

daru 1Al

or : o & N . (] ' {
aaTudusz@nsnisasiou (Reflection coefficient) VYoe 1RSI 19UOV¥DIIIIMEIN]

i o J 1 L
dnoumuidiu N swiigouassdsauns (2.33) deunush B, =0 Saiinuiiu

e (2.36)

4
i sumimsagnen (Reflectance) ¥oa Inssadartiatimwisom idvinnisendidsaeen

duysaivesdusz@ninrsazdouluaunis (2.36) Haniu

2

R=|r[ = (2.37)

My
M,

o - ﬁ( L] 1] L] \ d
dmsuduszAnsn1seadIu (Transmission coefficient) Y94 IATIA3 1910 U¥DIININM A INY
o Ll L & o A " L
Fumuidy N muiignuaasseaunis (2.33) Weunusm B, =0 Saliauilu

t= (2.38)

1
MII

t 4
AMIVAINITAINIY (Transmittance) voelansafrasiiatiannsom ldnansonidiaesm

duysalvesdulszAnsmsdeimluauns 2.38) lauily
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T=|f = A; (2.39)
11

J‘; A 1 L] 1 1] "I = =)
Tunsaindanadouiiegson Inssafuuanvesin lidlueimmimua Tasinsanlduson
4 A - - 1w - -
fndunmsannsznudoy 6, imassyiinmoiiy », uazgmsesveslnssadraiiassyil
Womidu #, udammsderin luaums 2.39) Salaowilu

2

1

Mll

_ n,coso,

2.40
n, cos 6, .

2.5 aoIUzUANIBIUBdIATIT I maUYeI N aMaLa

o @ " -I & & =
dmiunaninlntndvis Inssadwouyesanisuaesailulnssadudunann
o 1 g~ - | - o aa an A a A
msdasseudumuvesninsilasanninlu 1 44, 2 48, nay 3 T4 Wellnduuaan
= i d 9 - AN o P A -
asznud Inssaama i inamsgsriud miusdunasun nusInduaziuenny
A 4 i a o [ ' ' ™ A
snndauiignaziousenliuiefifony “wenvesiremanas denuiie Inseafranumiiu
z - L] o o : J
aunamunuugridudeunns sainuTassadedeanalugli 2.8 vaviSonlassadrand
JoUNNT DI “AnIUSUANTBIY0 1ATIAT A UFOII19NIN” (Defect state of Photonic
oA a i o &
Band Gap structure) TavdeunwinsnigninmdnntulnssadresedmilmiduTnssdmeuds

4 4\ € o E e
anunaenlaudasiuaudmeuves Insazgniraegmoludeunnies 2, 12]

Q@ O

ey ®

® O ©

71 2.8 dnvazvesdounnissnmulnssadrauousosinuasyiia 1 34, 2 TAuas 3 1A 28]

»
=3 o LY 4 o
msaudeunnseslinuInssadrauuiluauiuidenSsumesudunisieaisnse

& . o af .. . a ' 4
Tadlas Idnu Tnsawdnea1snedniwiqnd (Intrinsic Semiconductor) TasmsiAudounwioi
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fisnladdnningenidenali Taseadialnifidatudion 18iuezaoug1d (Donor atoms)
vosmsnednh Ao IfiAannumuinives Inuaanudgenelunouyesiedaaaly
W20 0 udidedeunniesealnssairafanimidulasidnninesnlifaiy
Jounwiosiiiisn lndidnnsndnimIeiusu ladidnnniida ladidnmindninasldewa
MWnserhalmifinaduiion 18fuezaoufy (Acceptor atoms) veamsfsdaideridifa

1 1o L ) o J
AU IiuYes Inuannuddmelunousesindwaasluglin 2.9 (v)

Donor Defect Mode

Mode Density

Frequency
(n)

Mode Density

Frequency

(v)

1 29 (M) Amumuunivves Tnuanwdgamelunouyeshmaussdufaonmsii
Sounniesiifian ladidnmingeniiluTassadrauousesimauns [2)

(¥) AU nivyes Tnuannuddimeluiousesiemaumsdauianinmsiy
Jounwiesiitiar lasidnn3ndiniluTnssadranousesiemanns [2]

u‘ - a J " [ = 1 ]
Tnuavesnduuasnifiavunisluuouyesnanuasgniiond “Inuadeunnies”

a4 a 4

& a a . a a
(Defect mode) ¥4 TvuAFHATIAATUIINAAUNA (Standing wave) M3DInuaNAanIIAMOU
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moludounniesveslnssadredalszngadauilu Tnsadmeu (Resonant cavity) Taonduiieil
Aiannn Tnuanduuasiignazton linmeluTnssdmeuiianumun 4, Sikaassfudann
WiAansunsnaeanuissunmoiuauiimie Inuadounnioanoluuausesiiema
weta wazSunilsngmsalivh 1diAa Tnuadounniesdr “Photon localization” Aouiiovng
voadounnieamdeassvilinmuesfounnisudvunlas ) Tnuaith Idifanduiianely
Sounwsnsdosfinnuennauniennudidounlaaly #ufuTnuadeunnsesitinaduss
SdumisiidonlWidesudumidy Taodemasssiinmuessdounmisuiuiuniovnn
uau’:’aunm‘amnm'[uunﬁﬁmmunﬂﬁur'i:"uH?ﬂmmﬁqwztﬁnmsﬁmau'lé’xi‘lu'[ﬂun
Sounniesiioglutmanuigs lumeassduduiomassyiinmuesdounniosanamie
vnavosdounwisaiuiy Tnmiitanusnausimismnidesziiansdmen 18t

1 A 1 L d o
Tnuadounnsoanaglutunnum
1 1 J aa
2.5.1 aguzunwIssvedlnssiauauresnamanaauuy 1 344

: J [
dmiuanitei Wanvaulsdnulnssafranouvesnmmasn 1y lnseade
aad o @ o @ & ad a dde ad - - - o
WUy 1 IadufanInnistat osdve vy ladlaaninniiar ladiannInnieassviivinm
' o ' - = J ' ' aas o
uanaany lasdeunmiesimavunielulassad e uryeshamanmanuy 1 Salanyue
o l‘ J 1 ﬂ’ =3 dl : =3 a Jq 1 - = L]
uanadagIli 2.10 Fsdounwiesiiomidannmaunuiivu ladidaninnla ladmaningenth
N - a - 4 A o
wiednvulasidanInouves Inssaduuuidluniy uensnidsansous oIy
[ ' ¥ oo o - .’o - a o4
unnsosvedlnssadrsianyesamuaauy 1 samannnsnsulagidnninduilu
1 1 1 A L] A o :
dounningnilsznudiolnssednnousesiemanaanii$noumuidy N vanedde

uazun

Defect layer

n2 na no n2 n2
d: d: do d: d:

N periods structure N periods structure

31 2.10 aowmzunwsesvesInssad oo MmUY 1 IR
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nnzﬂ'ﬁ 210 Tassahawuidumumedmdronazvriiuiledslumsdmuai
Tnuannudlaszidanssmeunisludennnies TaoTnuaih I8 Tnseadranuuiiuny
wiopwisnauilunszenazReuuuunusn (Bragg reflector) Imsazfougagaszinanis
smoumeludounnsomie Inssdmeunnzidasuiiu Inuadounmisamelunouyesin

Mane
2.5.2 sxilsuisumindanleuvealassadaniimufusudeunnies

o - v & 4 ” A e I A a
Tumsesnuuy Inssaduniimaduiudounnioniu AsddgRedudounnissiay
n'- - 1 - o P 3 3 a d = n‘: c’: &
alulnneafhanuiiunniudesiimasssiiinmiuandienndu ladidnninduladuniis
P 4 o \ ) A & ' >
Fulszaoviuiiulassaaovrosiemauad iodmualfsudounniosliassviiinm
= L J @ -
{u n, uazlinnumuiiu 4, tiiesiimsmanuduiuivesoundgavesauniiian
4
nsznuuazdaru Inssad el fafindldmatinnssnadisrzidonitumindais Tou
wuideauiu Inssadrausudunn (12 Tavaunsuaasanuduiuivesuounagaves

awIdihennsgnunazdaiugnuaasdsauns

[‘;:]=M1{”MDM;‘ [;] (2.41)

1
‘ J L ) : L
dio M, AeumindmoTeuvesInnsedanuresiiymanasddovessudounnios
»
M, AominadheTouvoaInsserduuauyesiumeuasdmanessudounnies
) - d : v
M, Avum3ndao Touvosrudounnses
- a d & - ] 1 o
TavmnFnvoauning M, uas M, FuthuunmingawTeuveslnsaadruauvesitamauaei
e
FansligaueniannuiiunueguazlismaumvvesTnseadraviiu ¥y dnfuaninveaam
a o ' d'd - ar A = 4 A a
Indao Toumaiitalimaeandesiuaunis (2.30) eannfinsaninduuasannsgnull

o ' [ a d : 1 - " e
msTwm‘lwuu'u suad 'lHTlJIUﬂiﬂ‘Hﬂ‘]UTﬂN'IIBQ'Im‘fI'B'IJﬂﬂ‘if]iuﬂ'llﬂ'lﬂll

i (klzz +kp, )e“’m‘fo (klzz —kj, )e-&mdn i

k k
MD ] klz Dz klz Dz (2-42)

_( k. =k J koo _( ki, +kp, J o~ koido
L klszz k]szz i
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A ' a a a o3
mﬂll'lfl‘l.lﬂm'u‘lﬁfﬂ‘lltlim'ﬂiﬂ‘fML, MR tag MD lli")ﬁmuﬂ'ﬁﬂnﬂﬂwmllmiﬂ'l'mﬂ'lu

a d a da o ~ & ' - A
m‘l'liﬂ‘mﬂmuﬂiﬂ@mﬂ'[ﬂuﬂENTﬂﬂt'f‘hﬂﬂumimuvuﬁﬂﬂﬂﬂimﬂiﬂ Do

D'—-[D“ DIZ] (2 43)
DZI DZZ

ddy ' a a A a a & u
Tuii hilduaasivesmndnvosuming D fiosnnmsuaasauFnvosuming D uil
a A o a a 4 e
FEmsfneuddudeuninmsguumindtssuming ¥alunsdnuil1d14Tsunsy
aouNIADS lumMIvIomimesn uazaNuduusveeundgavesmu Inthannszny

wazau Idhd s avou 1y

[A,-]z[Dn Du][A,] -
Bi D21 Dzz B:

a = U - - a
winuma 4, B, Aousuwagaany thannsznunfinisuns lufievesiisauazuundsauay

A, B, Aousnwdgamuin Iihdshnitinisums luimes ifauazuunidia

2.5.3 mmsazieunazAmmadwnudmiuiassaiamimufAuyudeunnies

E
o

L\ 1 L L Ll J- a
AmsaeNounasnsdaninvesIassadraunnsesdianmaudaniings idudu
" - A o )
dounminsdauaasluzii 2.8 diomau I iannsznuninmed e nilelisuiiuguinie
o : L) o | A‘. J ] - "
B, = 0AnfumdulszaniasasieoudsmniofimualdvinaudnamingaisTou'ld

1 - v @ w - v W & 3 S S
wuiReatuiu luiaden 2.4.3 sniuduilseansnmsazfouvesTnseadreviaivadiauily

D,
ro==2L 2.45
il 1 248)

o & ' <
uazgmmsazfeuvesInssaframldnndidinesvesmduyseivesdulsz@ntmssaziou

- oo
UAUNINY

(2.46)
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s (2.47)

(2.48)

& aa £ A = ' Aﬂ.’ A o
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%l A"- S Voo o v N ﬁ 1 -
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n

2

1
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= 2.49
? nycosé, @49

& 4 ' Lo 4 a &
aumsganoiidummisiigni llldduadinisdesdinvesIassadeninsiaudu

Jounwsesdrnlisunsunounianes

2.6 Tnssadauouvesnanuasuuala- las@nnin
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#rwdu Tanznsuddu s T, nesf, nesuns, wivezqilition Wudu [4-6,8-9,16 - 21]
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2
i P - @2.51)

m
dr* dt

A - ' ad o oo - ad -
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vosdianasey, wag E = E,e™ foeunIndh uaznamasvesauns (2.51) iy

E,
X =t @.52)
m(aJ - m)y)
Tae'la Ina Tuudvesdianaseunisluezasuiinuiiny
ez
D= —eX = —'—2.—-E (2.53)
m(@® —iy®)

MNAUMS3 (2.53) annsaniswansemsolunis Inm lssvesezasulansnie o 1Aty

eZ

= = —— (2.54)
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n=1 (2.55)
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15 nm
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Ag Thickness = 25 nm

Transmission
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30 degree

Incident angle
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Incident angle = 60 degree
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Number of Periodic = 10
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Number of Periodic = 20

Transmission

Wavelength (nm)
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Quartz substrate
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Silicon substrate
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Reflection Spectrum of MD pair layers
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% Tsunsunouiunes s umuaumnsasiuYes Inssadaunuyesinamaueas

L' VA
0

clear;

addpath c:\MATLABG6p5\toolbox\haus2;

0/
70

L] " ‘ q. o
%ﬁmummmmunﬂauuamauumn'lﬁumimmm

0/
0

v=[3009000 1];

o/
/0

o 4 A " . W a
% muaminsimegsutudmsunsdmae

0/
A

v
d1=171.23; %ANUNUIVOINY SiO,

»
d2=10; %ANUNUIVDITY Ag
m=5; s%inunvedlnsiadi

A - - - -
£i0 = 0; saupnnsznuvBInauLEisuAuduNA (5iRuw)
p 2o

n00 =[1. 1. I. 1. 1.]; %ATIFHHNINVBITLWIUNARUUTIANATENY (91NA)

lambda = v(1):.5:v(2);
1d0 = [180 500 600 800 6100];

0/
Fo' ]

ol 1 - o - .’,' = d =
simuamassyinsiFeuvesty ladidnnin, Tang uazgusesvesInssads

o/
/0

nl0 = [1.46 1.46 1.46 1.46 1.46]; %193 9U03AT ¥ NIMITIdoUYes SO,

k10 = [0.0 0.0 0.0 0.0 0.0]; %A IUIUANNYBIATSHTVNIVITIdOUVD SO,
120 = [0.06 0.06 0.06 0.06 0.06]; %aIU3WBIATIFTINInIMITadoures Ag

k20 = [3.75 3.75 3.75 3.75 3.75); %AIUTUANTNYBIATIFHTNIMITITOUYDY Ag

n30 =[1.0 1.0 1.0 1.0 1.0]; %ATIFUHNINYBIFIUTOI @usnnusiainfu) ;

0/
70

ar @ o ' 1 J 1
%NINFUMIAUIUATTFUNNMVBIAINANUABSFHATNIANUEIINAUAI

0/
/0




n0 = interp1(1d0, n00, lambda);
nl = interp1(1d0, n10, lambda);
k1 = interp1(1d0, k10, lambda);
n2 = interp1(1d0, n20, lambda);
k2 = interp1(1d0, k20, lambda);
n3 = interp1(1d0, n30, lambda);

0/
/0

o o o ' ] A o -
%HanFuMIRImmMIasRouuazmsdaiuvenau Inar lsduuy p uazuvy s TaoiSon

%A1en Ilsunsuges

L1 VA
/0

[Tp,Rp,Ts,Rs] = f 2mlyr(n0, nl, k1, n2, k2, n3, d1, d2, m, fi0, lambda);

0/
/o

o [ ¥ A o
%anFuminasansanlnaiumadarnuvesnauIwar lsduuy p uazuny s

0/
/0

figure(1);
hold on;
plot(lambda, Ts, 'b-', lambda, Tp, 'r-');

title('Silicon substrate');
ylabel('Transmission);
xlabel("Wavelength (nm)');
legend('TE wave', TM wave');
grid on;

axis(v);

0/
/0

o L) J o o ] 1 ]
s%ilandusesdagnBunen Ilsunsumandmiumsdnnammsasiouuazmsdaiy

function [Tp, Rp, Ts, Rs]=f 2mlyr(n0, nl, k1, n2, k2, n3, d1, d2, m, fi0, lambda)
for n = 1:length (lambda)

fil = asin(sin(fi0)*n0(n)/(n1(n) + i*k1(n)));

phil(n) = fil;

fi2 = asin(sin(fi0)*n0(n)/(n2(n) + i*k2(n)));

phi2(n) = fi2;
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fi3 = asin(sin(fi0)*n0(n)/n3(n));
phi3(n) = fi3;
[rO1p, t01p, 1015, t01s] = f_rtamp(nO(n), 0, n1(n), k1(n), fi0, fil);
[r12p, t12p, r12s, t12s] = f rtamp(nl(n), k1(n), n2(n), k2(n), fil, fi2);
[r21p, 21p, r21s, t21s] = f_rtamp(n2(n), k2(n), n1(n), k1(n), fi2, fil);
[r23p, t23p, r23s, 123s] = f_rtamp(n2(n), k2(n), n3(n), 0, fi2, fi3);
delta01 = 0;
deltal2 = 2*pi*(n1(n) - i*k1(n))*d1*cos(fil)/lambda(n);
delta21 = 2*pi*(n2(n) - i*k2(n))*d2*cos(fi2)/lambda(n);
delta23 = 2*pi*(n2(n) - i*k2(n))*d2*cos(fi2)/lambda(n);
COlp=[1r01p; rO1p 1];
C12p = [exp(i*deltal2) r12p*exp(i*deltal2); r12p*exp(-i*deltal 2) exp(-i*deltal2)];
C21p = [exp(i*delta21) r21p*exp(i*delta21); r21p*exp(-i*delta21) exp(-i*delta21)];
C23p = [exp(i*delta23) r23p*exp(i*delta23); r23p*exp(-i*delta23) exp(-i*delta23)];
Ap = C01p*Cl2p;
tp = t01p*t12p;
forj=1m-1
Ap = Ap*C21p*C12p;
tp = tp*t21p*t12p;
end
Ap = Ap*C23p;
tp = tp*23p;
Rp(n) = abs(Ap(2,1)/Ap(1,1))*2;
Tp(n) = n3(n)*cos(fi3)/n0(n)/cos(fi0)*abs(tp/Ap(1,1))"2;
C01s=[1101s; r01s 1];
C12s = [exp(i*deltal2) r12s*exp(i*deltal2); r12s*exp(-i*deltal2) exp(-i*deltal2)];
C21s = [exp(i*delta21) r21s*exp(i*delta21); r21s*exp(-i*delta21) exp(-i*delta21)];
C23s = [exp(i*delta23) r23s*exp(i*delta23); r23s*exp(-i*delta23) exp(-i*delta23)];
As =C01s*Cl12s;
ts = t01s*tl2s;
forj=1m-1

As=As*C21s*C12s;
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ts = ts*t21s*t12s;
end
As = As*C23s; seminduTouvealnsanraianun
ts = ts*23s;
Rs(n) = abs(As(2,1)/As(1,1))"2;
Ts(n) = n3(n)*cos(fi3)/n0(n)/cos(fi0)*abs(ts/As(1,1))"2;
end

o/
/0

o 1 o -] =Y A“ L
%ilandugesdmsumsmulramdulszdninisaziounazmsdsriuuuumssvadimiy

%111 119 fan imsazieunasmsaaru

L1 A

70

function [rp, tp, 1S, ts] = £ _rtamp(n1, k1, n2, k2, fil, fi2)

nl =nl - i*kl;

n2 =n2 - i*k2;

p = (n1*cos(fi2) - n2*cos(fil))/(nl*cos(fi2) + n2*cos(fil));
rs = (n1*cos(fil) - n2*cos(fi2))/(n1*cos(fil) + n2*cos(fi2));
tp = 2*n1*cos(fi1)/(n1*cos(fi2) + n2*cos(fil));

ts = 2*n1*cos(fil)/(nl*cos(fil) + n2*cos(fi2));
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mregalisunsud MM IgwINYeITMIHZUANIBvelns I e Uy I amauas

upunniala-laddan3ndeszdouisaminaowlou

0/
/o

% l1sunsunouninaes dmsus I IsmnsderuvesTo Uz uANI 8avee Inssadauny

%YDIININAS

[+ VA
Al

clear;

addpath c:\MATLAB6p5\toolbox\haus2;

0/
/0

° ' - A P °
%ﬂ'“‘"-Jﬂ']")qﬂ7‘“JU.nﬂﬁu‘a%ﬂﬂullﬂqn1§1uﬂ15ﬂ1u el

0/
70

v=[3009000 1];

(174
/0

%imuamasidgiswiiudiniumsfos

o/
70

d1 =171.23; %ATMIMUINBITY SiO,

d2 = 10; %AMIMUITBIIU Ag

d3 = 450; %AMUNUIVBITOUNNI B4 (Si0,)

m=>5; %smunnvesInssadremaddounzsndeunnies
fi0 = 0; sauANAIENYBIRRLIA B RN (3iRou)
n00=[1.1.1. 1. 1.} %ATIFUNNINYDITZTUIVANNIZNY (8IMF)

lambda = v(1):.5:v(2);
1d0 = [180 500 600 800 6100];

o/
/0

»
° ' W a a ad =
%fmuamassyiinmiddouvesiuladidnnin, Tans uazgusesveslnssai

o/
70

n10 = [1.46 1.46 1.46 1.46 1.46]; %0 U VDA TN DIMITIFOUVN SIO,

k10 = [0.0 0.0 0.0 0.0 0.0]; %AIUIUANINYDIATTFUVNIMITIFOUVDA SiO,
n20 = [0.05 0.05 0.05 0.05 0.05]; %30T THIITNIITedouYDs Ag

k20 = [2.87 2.87 2.87 2.87 2.87]; %AIUIUANINYDIATIVHYINIMIFIdOUYDY Ag
n30 = [1.46 1.46 1.46 1.46 1.46]; %aIUT BRI NImFadouvesdounnies

k30 = [0.0 0.0 0.0 0.0 0.0]; %AIUIUANINYDIATTFIN NIMITIFOUYDY
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%UoUNNI DY

Ed
nd0=[1.1. 1. 1. L.]; %MATI¥inmMYeguIee (TusmaueTaviniu)

[ 7A
/0

o o o ' = { d L
%ﬁqnwmiﬁm"mzmnsﬁnﬂm1|oan'mmmmwuﬂﬁmmm*mnumaq

LI VA
70

n0 = interp1(1d0, n00, lambda);
nl = interp1(1d0, n10, lambda);
k1 = interp1(1d0, k10, lambda);
n2 = interp1(1d0, n20, lambda);
k2 = interp1(1d0, k20, lambda);
n3 = interp1(1d0, n30, lambda);
k3 = interp1(1d0, k30, lambda);
n4 = interp1(1d0, n40, lambda);

0/
/0

ar ' ! )
%ilanFunsAnamnsasRewasmsdeuesnau Inan sy p uaguvy s

for n = 1:length(lambda)

fil = asin(sin(fi0)*n0(n)/(nl(n) + i*k1(n)));
phil(n) = fil;

fi2 = asin(sin(fi0)*n0(n)/(n2(n) + i*k2(n)));
phi2(n) = fi2;

fi3 = asin(sin(fi0)*n0(n)/(n3(n) + i*k3(n)));
phi3(n) = fi3;

fi4 = asin(sin(fi0)*n0(n)/n4(n));

phi4(n) = fi4;

o/
rd

L 4 L] 1
wanFumssnudulszaninmsagiouuaznmsaarnunumsviua

0/
/0

[f01p, t01p, 101, t01s] = £ rtamp(nO(n), 0, n1(n), k1(n), fi0, fil);

[r12p, t12p, r12s, t12s] = f_rtamp(nl(n), k1(n), n2(n), k2(n), fil, fi2);
(r21p, 221p, 21s, 215] = f_rtamp(n2(n), k2(n), n1(n), k1(n), fi2, fil);
[r23p, 123p, 123s, 123s] = f_rtamp(n2(n), k2(n), n3(n), k3(n), fi2, fi3);



[r32p, t32p, r32s, t32s] = {_rtamp(n3(n), k3(n), n2(n), k2(n), fi3, fi2);
[r14p, t14p, rlds, t14s] = f_rtamp(nl(n), k1(n), nd(n), 0, fil, fi4);
delta01=0;

deltal2=2*pi*(n1(n) - i*k1(n))*d1*cos(fil)/lambda(n);
delta21=2*pi*(n2(n) - i*k2(n))*d2*cos(fi2)/lambda(n);
delta23=2*pi*(n2(n) - i*k2(n))*d2*cos(fi2)/lambda(n);
delta32=2*pi*(n3(n) - i*k3(n))*d3*cos(fi3)/lambda(n);
deltal4=2*pi*(n1(n) - i*k1(n))*d1*cos(fil)/lambda(n);

0/
i

89

o o o " . . " - M 4
%HanFuUMIMUINAIMIAFINTRITI UL UNNI BIYD IRTad Wnsdinau Tnan lssuuy p

0/
/0

COlp=[1r0lp; rOlp 1];
C12p = [exp(i*deltal2) r12p*exp(i*deltal2); r12p*exp(-i*deltal2) exp(-i*deltal2)];
C21p = [exp(i*delta21) r21p*expli*delta21); 12 1p*exp(-i*delta21) exp(-i*delta21)];
C23p = [expli*delta23) r23p*exp(i*delta23); r23p*exp(-i*delta23) exp(-i*delta23)];
C32p = [exp(i*delta32) r32p*exp(i*delta3?2); r32p*exp(-i*delta32) exp(-i*delta32)];
Cl4p = [exp(i*deltal4) rl4p*exp(i*deltald); ridp*exp(-i*deltald) exp(-i*deltal4));
Ap =C01p*C12p;
tp = t01p*t12p;
forj=1m-1
Ap = Ap*C21p*Cl2p;
tp = tp*t21p*t12p;
end
Ap = Ap*C23p*C32p*C21p;
tp = tp*123p*32p*21p;
forj=1m-1
Ap = Ap*C12p*C21p;
tp = tp*t12p*t21p;
end
Ap = Ap*Cl4p; wam3ndioTouvesInssadraiavun
tp = tp*tldp;
Rp(n) = abs(Ap(2,1)/Ap(1,1))"2; wnsazRouvesTnseadiatanun
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Tp(n) = n4(n)'cos(ﬁ4)/no(n)/cos(ﬁ0)*abs(tpmp(1,1))Az;%fhm'sn'mhuvm'[mm%’nﬁ':mm

%

o o 1 [ L) ' - A o
%HanFumMsMuIUMMId qmmmmmuwﬂmawm'[mm‘i'unmﬂnu'['nm'lwuu'u K}

0/
/0

CO1s=[1r01s; r01s 1];

C12s = [exp(i*deltal2) r12s*exp(i*deltal2); r12s*exp(-i*deltal2) exp(-i*deltal2)];
C21s = [exp(i*delta21) r21s*exp(i*delta21); r21s*exp(-i*delta21) exp(-i*delta21)];
C23s = [exp(i*delta23) r23s*exp(i*delta23); r23s*exp(-i*delta23) exp(-i*delta23)];
C32s = [exp(i*delta32) r32s*exp(i*delta32); r32s*exp(-i*delta32) exp(-i*delta32)];
C14s = [exp(i*deltal4) rl4s*exp(i*deltal4); rl4s*exp(-i*deltal4) exp(-i*deltal4)];

As =C01s*Cl12s;
ts = t01s*t12s;
forj=1:m-1
As = As*C21s5*Cl12s;
ts = ts*t21s*t12s;
end
As = As*C23s*C32s*C21s;
ts = ts*123s5*t32s*t21s;
forj=1m-1
As = As*C12s*C2ls;
ts = ts*t12s*t21s;
end
As = As*Cl4s;

ts = ts*t14s;

Rs(n) = abs(As(2,1)/As(1,1))"2;

o
seun3naoiTeuvealnseaiianavun

v
%AIMIazNouved lnssadrananua

¥
Ts(n) = nd(n)*cos(fi4)/n0(n)/cos(fi0)*abs(ts/As(1,1))*2; %AMIaarIuved Inseadanavua

end

0/
iy

o o a [ ’ - o
%ianvuminasanimalnasunmsdwinuvesnnu Twar lsduuy p uazuvy s
P

L VA
0

figure(1);
hold on;
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plot(lambda, Tp, 'r-', lambda, Ts, 'k-');
title('The defect state of MD-PBG structure');
ylabel(' Transmission');

xlabel("Wavelength (nm)");

grid on;

axis(v);

0/
0
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/0

function [rp, tp, rs, ts] = f rtamp(ni, ki, n2, k2, fil, fi2)

nl =nl - i*kl;

n2 =n2 - i*k2;

p = (n1*cos(fi2) - n2*cos(fil))/(n1*cos(fi2) + n2*cos(fil));
rs = (n1*cos(fil) - n2*cos(fi2))/(n1*cos(fil) + n2*cos(fi2));
tp = 2*n1*cos(fil)/(n1*cos(fi2) + n2*cos(fil));

ts = 2*n1*cos(fil)/(n1*cos(fil) + n2*cos(fi2));
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Metallo-Dielectric Photonic Band Gap Structure Simulation Using
Transfer Matrix Method and Bloch Functions

S. Wicharnl, P Bumnnsin‘", W. Yindeesuk’, C. E. Sunny),
A M. Samugan", J. W. Haus"

! Applied Physics Department, Faculty of Science,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand
“Electro-Optic Program. Umiversity of Dayton, Ohio, USA

Abstract

Transfer matrix method (TMM) has been used to caleulate electromagnetic scattenng in multi-layered
thin films or one dimensional photomc crystal (1-D PCs). Our 1-D PCs are periodic metallo-dielectric
structure, which 1s composed of slver (Ag)and sihicon dioxide ($10,). The thickness of Ag and $10,
are 69.52 and 100 nm respectively. The simulations predict clearly band gap strucrure when the
numbers of layer get larger. The percentage of transmission spectra depend on the substrate used. The
changmg of the angles cause the shifting of the band gap centred wavelength. In addition, the Bloch
functions have been used to compute its band structures m both TE and TM modes.

Kevyword: transfer marnx method, photonic band gap. metallo-dielectric, photonic crystal

1 INTRODUCTION

Photonue Band Gap (PBG) struchure or one
dimensional photonic crystal 1s the penodic
structure of rwo alternatng dielectric materials
with refractive mndex coatrast m one dimension as
shown m Figl. The thickness of two dielectric
materials 1s a fraction of the size of the reference
wavelength, usually one quarter of reference
wavelength. As 2 consequence of this
arrangement of the dieleetnic layers. interference
effects cause some wavelengths to be transmitted,
while a range of wavelengths centrs about
reference wavelength, often called “band gap”
wavelengths, are complerely reflectad. So that
light can be trapped and attracted mside this
penodic structure.

Fig.1 One dimensional Photonic Band Gap
structure

Typically, the materials used m the fabnication
of PBG structures are dielectric or semiconductor
substances. due to ther low absorption
characteristics. The choice of matenals 15 most
often control by a specific need. material
properties or by available fabricanon techmques.

However, that the matenals used should not
absotb light to any significant extent. For this
reason, metallic  substances are  almost
exclusively used to enhance the reflective
properies of dielecmc or  semiconductor
materials by desagning and mcorporating within a
particular device thin metallic film. such as silver,
nickel. copper, alummmm or gold [1]. This
penodic structure was called “Metalle Dielectrie—
Phoromie Band Gap (MD- PBG)” structure.

The MD ~ PBG structure, recently, has been
used in a lot of applications. such as window
layer and back contact laver i a thin film solar
cell for broaden wavelength absorption, and the
back reflection for enhance optical path length [2]
[3]. respectively. Moreover, the photome crystal
Bragg structure has been used for single mode
lasing  with satisfies both transverse and
longitudinal Bragg conditions [4].

2 THEORIES

2.1 Transfer Manix Method for MD —
PBG

The MD-PBG structures were designed using
the Transfer Matnx Method (TMM) [5] because
the TMM 15 a more effective and non-complex
method. We will first analyze one — dimension as
shown in Fig.1. This 15 a stack of an alternating
layer of high and low refractive index matenal.
Each layer of the stack 1is characterized by
refractive index n, and thickness d,. where n
indicates the n® layer. First, we will consider
electromagnenc wave mcident on the PBG

* Comresponding author. Tel: =66 02 326 4339-54; Fax: =66 02 326 4354; E-mail: kbpratha@kuaitl ac.th
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perpendicular to the layer's surface plane, along
the z axis. In each layer there will be two wave
propagatng m the forward and backward

direction with complex amplitude 4 and B, . As
a wave propagates across a laver, the phase is

changed as shown m Fig.2.
A.-la-:t,z A e-n,: A.."-mu
B S ST e
sk, : P
5,_119 Ve B " B ™
=g z=d

.-l

Fig.2 Field amplitudes at the mterface between
layer n—1.nandn-1

The electric field and 1ts derivatives  are
continuous at the mterface between layer n~1.
and n so that,

A 4B o™ = 4 41" 4 B gt (1)
ik A, € Sk B, e =ik A g =ik Bt (2)

The mcident field amplitudes are related to the
field amplitudes at laver N by mulnplication of a
senies of matrices where each matnx contains the
thickness d; and the mndex n, of each layer in the

film.
]S T4 3
ARy "

Since the left traveling wave in the last laver iz
typically zero, if we assume the incident field to
have amplitude of 1, we can write

[ 1} YN l-["’ﬂ “"HJH 4)
0T (g, g flo

The reflection and transpussion coefficient of a
general multilayer film with a total of N layer can
be written as below.
r= My (%)
n

r=M, MMy (6)

Juu

2.2 Bloch funcrions

To study the propaganon of electromagnetic
waves i one dimensional PBG, let us consider a
penodic structure (Fig.1) of alternating lavers of
nwvo matenials with different refractive index

contrast oy and ny respectively, a and b are the
thickness of two layers respectively and L=a +b.

Suppose an electromagnetic wave propagate
along z axis and incident on the interface of a one
dimensional PBG with incident angleg. We
assume that the wave vector has components only
in x and z directions. Then following the Bloch
functions [5]. the dispersion relation for this PBG
of both TE and TM modes 15 given by

\
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g e 1{k k) ;
} =7 [cos{l:,a ,cm‘k’b’_il_{f"? im(k,n)m(k:b)]

/

M

' o -%cos'- | cos{ka)cos( t.h--}—:-‘:—::-«—;‘:—:'-mq Jr,a}ungi:b)]
(8)

Where g =204 18 the wave vector in i

¢
layer
L 15 the peniodic length
3 SIMULATION RESULTS AND
DICUSSION

3.1 Transmittanice of MD =PBG snuicture

The numencal results. for finding the
transmuttance of one dimensional photomc band
gap structures that compose of Ag and $10,
layers was calculated by wansfer matrix method
(TMM). In-this order, let thickness of Ag and
S10; thin films are 2 = 69.52 om and b = 100.00
am  gespectively and we used the dara of
refractive mdex from [6]. Other parameters such
as the number of layers, mncident angle of
electromagnetic wave and tvpes of substrate wall
be effected to the transmittance as show in the
figures and described below.

Fig.2 the effect of incident angle to the
transmuttance when incident angle 1s 0 and 45
degree.



oy
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Fig.3 the effect of number of layer to the
transmittance when number of layer i1s 10, 30 and
60 layers.

W — oe subainte RS
I I{‘Ulll'u1 AT i N

:

Fig.4 the effect of type of substrate to the
transmitrance when choosing air and glass
substrate.

Fig.2 show  the  transmittance  of
electromagnenc wave in order the mcident angle
18 0 and 45 degree compared with z — axus. For
this periodic structure, lét the numbes of layers 1s
40 and substrate 15 aiwr. The calculanon results
show that m case of mncident angle equal 43
degree, the band gap have been shified to blue
region (Blue shift). So that if incident angle have
been increased, the band gap will be more shifted
to blue region. Moreover graphs m Fig.1 show
the bandwidth of band gap 1s equal to periodic
length or total thickness of Ag and $i10; thin
films.

Fig.3 shows the effect of number of layers to
transmuttance. For this penodic structure, let
mcident angle 15 0 degrees compare with z — axus
and substrate of structure 1s air. The calculation
results show the transnurtance of 10 layers, 20
lavers and 40 layers structures. The band gap
transmuttance of 10 layers structure was not equal
to zero (In ideal MD-PBG structure have the
band gap transmurtance 1s equal to zero) while the
band gap of 20 and 40 layers structures have
closed to zero transmittance. Thus the number of
layer will be affected to band gap transmitrance.
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Finally, Fig.4 shows the effect from types of
substrate to transmuttance. In this study waill
compare the transnuftance from penodic structure
that uses air substrate and glass shde substrate. In
this case, let number of layer 15 40 and incident
angle 15 0 degree. The calculation results showing
glass shde substrate will decrease transmuttance
and approximately remain 80% while air
substrate structure has 100% transmission.

3.2 BAND STRUCTURES OF MD-PBG

In this case, we computed the band structure in
MD-PBG structure for both TE and TM modes
using Bloch functions or equation (7) and (8).
respectively. The results show band structure and
dispersion relation between normalized frequency
versus mcident angle of electromagnetic wave
and band gap or forbidden band at any frequency
as shown n Fig. 4 and Fig.5.

Farbitien Vit - TE made

Fig.5 the dispersion relation of normalized
frequencies vs. mcidence angles and band gaps in
MD-PBG structure of TE mode.

e

| /
=y

0 W Y W H N & N «a W
rofetce mgle el

Fig.6 the dispersion relation of normalized
frequencies vs. incidence angles and band gaps in
MD-PBG structure of TM mode.

From dispersion relation in Fig.5 and Fig.6 at 0
degree incident angle have two clearly narrow
band gaps and when increasing an incident angle,
the position of centred band gap will be change
from the ininal position to other positions mto



hagher frequency (or shorter wavelength) that
corresponding to the simulation results in
previous part for both TE and TM modes. This
caleulation results show us to know for choosing
the incidence angle at any frequencies.

4 CONCLUSION

Fnallv, from the computational results with
TMM., we can conclude the factors that have been
affected to the transmittance of this MD-PBG
structure are mcident angle of electromagnetic
wave, number of lavers and tvpe of substrate.
Moreover, we can use the Bloch functions to
compute the band structure of MD-PBG structure
for both TE and TM modes as well.
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The defect state of metallo-dielectric photonic band gap structure and its

applications in optoelectronic devices

S. Wicham"*, P. Buranasiri', J. W. Haus’
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In this study. we have been numerically investigated the defect state of one
dimensional. metallo-dielectric photonic band gap (MD-PBG) structure that
consist of a stack in between alternating layers of a silicon oxide and silver
material. such thart the complex refractive index alternates between a high and
low value. In this project, the transfer mauix method (TMM) has been used as
the numerical tool. By adding the defect say a stack of silicon oxide, which is
larger than the others that used in this periodic structure. the periodical
property of the MD-PBG structure has been damaged. which results the
photon localization observed in the perturh piece due to the multiple scattering
and interference of light, In addition, a sharp transmission peak of light at near
center of the band gap has b2en observed. The result shows that the defect
state of MD-PBG structure may be used as the cavity of semiconductor laser
for improving its coherence.

Kevwords: transfer matrix method, metallo-dielectric photonic band zap.

defect state. semiconductor laser.

1. INTRODUCTION

Photonic Band Gap (PBG) stmictures are the
periodic structures thai compose of two different
dielectric layers. These structures are used to
control and manipulate the light propagation.
They have two basic characteristics such as the
band gap like the forbidden band in solid erystals.
The phenomenon that some fraquencies of light
cannot propagate through a periodic strueture is
called photonic band gap. The photon localization
presents the possibility to make some
discontinuous electromagnetic wave appear in the
band gap and this phenomenon is called “defect
state™ of PBG structure, As we known, if a defect
layer is added into perfect PBG structure, defect
state will be observed. Following are some
methods, which people have been used for
making the defect state in PBG structures. by
changing the thickness of a layer, removing some
layers from the structure. or inserting another
layer into the structure [1]. The defect state of
PBG structure has been applied in many aspects.
such as narrow band pass filters, optical switches,
optical wavelength division multiplexers and
semiconductor laser structures.

In this work. we have been explored the defect
state of a PBG structure composed of dielectric

‘ *Corresponding author. Tel: +66865534132
E-mail: soluzioni3@homail.com

layers (silica: S10,) and merallic layers (silver:
Ag). This kind of PBG suuctures is called
*Metallo Dielectric-Photonic Band Gap (MD-
PBG) structuwes. Due to the reflectance of
metallic is larger than that of dielectric [2], the
band gap width of MD-PBG structures are larger
than the band gap of ordinary PBG structures.
The defect state of MD-PBG structhures is
generated by mserting a large silica layer into this
structure and then has been investigated. From
the result. we have observed the narrow
transmission wavelength i the band gap and is
called “defect mode”. Due to the properties and
the mechanism of the defect state of MD-PBG
structure, the structure can be used to improve the
coherence properties of the distributed Bragg
reflector (DBR) semiconductor laser,

2. THEORIES

2.1 MD-PBG structure with defect layer

The structure under consideration is a one
dimensional MD-PBG structure with a defect
layer. as shown in Fig.l, where H stands for
layers with high refractive index or silica layers
and the thickness dy =170 DM, and L stands for
layers with low refractive index or silver layers
and the thickness 4, =10 nm. The complex
refractive indices from ref [3] have been used.
The two layers H and L stand for one unit cell
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and have a period equal to 7. The middle layer
has the same refractive index as the A layer and
its thickness is d, =2d, =340 nm. So that, the

structure can be written as (HL)' H*(LH)" with
middle layer being a defect layer in the MD-PBG
structure as shown in Fig.1.

5 Poriods HL Defect 3 Periods LH
T
FIGURE 1. Schemaric diagram of MD-PBG suucture

with defect layer. In this figwre, we just draw ouly 3
periods of HL and LH instead of 5 periods.

2.2 Transfer matrix method

In this work, the transfer matrix method
(TMM) [4]. [5] has been used to calculate the
transmission spectrum of structure in Fig.1. Here,
the light wave normal incident on the left hand
side of the MD-PBG suucture. The incident
fields and transmitted fields as

sl o

i z

where 4; and B, are the forward and backward
propagation incident fields, A, and B, are the
forward and backward propagation transmitted
fields and M. Mz and Mp are 2x2 matrices
and called transfer matrices for light propagating
through two 5 periods structure and defect layer
respectively and they given by

oty T~ |
v | cosk,d, +—i| —3+—1Jsink1dll
\ 2k ky '

k; k
eﬁ‘r.‘:. k _l_.j_Li_H m ked,
costH+2 P sinkgdy
{
ML, ﬁ-*—ﬂ)smk,,d,,
2 6 &,
My =
e—""" li[h—k—a smkﬂdy
2 \ky K
ity d; Ak ky
et | coskydy ——i —L+-ljmt,dﬂ J
l \ku kL g |
(3)
(k2 ]‘,ﬂa‘n [h“’g] —~thpdp
l:l kkp \ kkp
.UD=_, o) P x
2 = kf—kg \'eﬁndn [k‘! +kﬁ- e"'*"’
b kky K j
4)

with & =—(2-n cos@, is the wave vector in j
i ¢ ! i
layer where j=H, L and D.

Then. the three matrices produet (Mg, Mz and
Mp) can be written as a matrix. Now the transfer
matrix equation in Eq. (1) can be written as

4 ! M, M,|4
B! . M!l M!: Br:|

In the case that there is no light incident on the
right hand side of the structure in Fig. 1 or B, =0
and the environment around this structure is air.
From Eq. (5) the transmission coefficient (t) of
the structure in Fig. 1 is given by

(5

1=— 6
M,, o

Finally, the transmittance of the MD-PBG
structure with defect layer in Fig. 1 is given by

2 1
T=lff =— M
If‘ |M“|]

Note: We can find the M, value by the computer
code with MATLAB® programming.
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3. SIMULATION RESULTS AND e e, 0 llo )
DISCUSSIONS i i |
LT _ rrseereds e s
o RO, L . L SN i
The TMM technique has been used to make Bl | l ol
computer codes for reflection and transmission " P k
spectrums calculation. The computer program. = VOREE T
was written by Prof. J. W. Haus from University s : g sompe X i‘
of Dayton [7]. First, as shown in Fig.2, we obtain 01 S SR N o
the reflectance of the MD-PBG structure on the i :o . _\_%———H

left (red line) and the right (blue line) of defect Wanelengt (om

layer and the transmittance of overall sumemire in
Fig.1 as shown in Fig.3 with Eq. (7) when the
incident medium and substrate are air and Fig.4
showed that the defect mode, which made from
photon localization. have very namwow bandwidth
about 20 nm.

Reflection Spectrum of cavity minors
1 -......E.......E ..... ....: ..... -t : .. WTN—'
08 & & P st o B IS
t ) =T i i :
[ St woddil
07}~ i ioan
; 1
g T E :

FIGURE 2. The reflectance of the right and the left
side MD-PBG structure of middle or defeet layer,

Defoct mode of MD-PDG

— TF wa=

FIGURE 3. Transmission spectrum with defect mode
side photonic band gap.

FIGURE 4. Defect mode from photon localization in
MD-PBG structure with defect layer.

Tueie o mode of MO-PE

] R Tre R ——— Detect thickress = 340 e

R e [ 3 ; ——— Defect thick-ess = 830 arn
Gafe ‘I errfyps soeeeedes i e Delect thickress = 1020 rm

FIGURE 5. Defect mode variation when the defeet
layer thickness is increased.

The simulation result in Fig.3 and 4 occwrs
because the optical thickness of one periodic
is A / 2. Then the mode with wavelengths close to
4y (for this study itvalue is about 519 nm) inside

the defect layer will be subjected to a strong
Bragg reflection (maximum reflection) on both
side defect and the photon localization is found
from mwmltiple  scattering and constructive
interference of this mode.

Finally, the thickness of defect layers were
changed to dp} = 2dg. dD) - 4('-'3 and dp_e L 6dg.
The defect mode is shifted from initial position
(from left to right as shown in Fig.4) and shifted
toward the long wavelength or low frequency.

From above results. the defect state of MD-
PBG structure may be used as the structure of
DBR semiconductor laser. In DBR laser. by using
corrugated structure or grating instead of the
cavity facets form by cleaving for the optical
feedback. spectral emission of higher modal
purity can be generated. In MD-PBG structure
with defect layer. parts of the structure on the left
and right - of the defect: layer. with highly
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reflectance (about 0.95) are used as DBR
reflector and defect layer is used as laser cavity.
Due to the highest reflectance. the wavelength of
the laser output is about 519 nm. In addition. by
changing the defect layer thickness. this structure
can be used to e the laser output wavelength as
well.

4. CONCLUSION

From the computational results, since the
generation of defect mode from photon
localization from this structure is similar to the
laser output generating from DBR laser structure,
the defect state of MD-PBG structure may be
used as a DBR semiconductor laser structure,
Two periodic MD-PBG structure on the left and
right of defect layer. which have highly
reflectance. operate as two DBR reflectors in
DBR laser stucture, In addition, the output
wavelength of MD-PBG structure can be changed
by increasing or decreasing defect layer
thickness.
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