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Applying the impedance-matching for 1-D photonic crystal to
increase the extraction efficiency of LED

Student: Hsin-Wen Chang Advisor: Prof.Chen-Shiung Chang

Institute of Electro-Optical Engineering College
National Chiao Tung University

Abstract
First, We discussed the variation of the effective refractive index for normal incidence

and oblique incidence, and demonstrated the shift of transmission frequency for the
tunable filter by the concept of impedance-matching. By the characteristic photonic band
gap and the effective refractive index of photonic crystal, we also designed an
omni-directional reflector (ODR) in LED for lighting applications, which has high
reflection for broadband and wide incidence angle. With ODR, the loss in the substrate
could be reduced so that the extraction efficiency could be improved. In addition, we
used the edge filter and the concept of impedance-matching to design a high transmission
structure for broadband and wide incidence angle. Therefore, light can extract from active
layer through the high transmission structure to the air, so the extraction efficiency can be
increased. To consider the finite size of LED, we theoretically calculated the extraction

efficiency could increase to 74% with the high transmission structure.
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#am@ﬁﬂ’ﬁW%%gmﬁﬁﬁbéfbsmﬁﬁ’@ﬁﬁamﬁﬁﬂ

l"‘L

APETURL o R IR TR TR R RS AR Rty AT R o T
PUo SRR R KRR A R 2 A B KR R R AL
RAENPF AL BTG TR E K A TR RO THFT AT AL w

TEERE e FERL S
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E(x)=Re ™+ Le™* = A(X)+ B(X)

(2.1.20)

tk, e BXFEA @ RELLZ AL A 2 ¥ AX)R 4w L T2 kb

Fig o @ B R A k2 R

F_*

e

P E T 2 B

He DEET LA T =

-

At AP K

A = A(07),
B, =B(0"),
A, = A(0"),
B, = B(0"), (2.1.21)
A, = A7),
B, =B(d"),
A = AWd"),
B, =B(d"),

HO A Xx=02ERhe 0" EX=0+ERe cFIL>d 2d Au*E x=d

HRHE LSRG R APRE R R 2 RHEGEN R KA 0 BR

A = D) P Az, , (2.1.22a)
B, B,
A e’ 0
=R & = . & , (2.1.22b)
B, B, 0 e )\ B,
AZ -1 A3
=D, D, s (2.1.22¢)
B, B,
1 1
for s wave,
n,cos@d, -n,cosd,
= (2.1.23)
(cosé’a cos @, j
for p wave,
na _nO!

a=123m6,% & 4Tk Y ko B8 x pheiid % & o

f PR AR B S Rk Rl B s Y 9 = k,,d
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! M M !
(A’j:DllDszDleB A :( ! ‘2] A (2.1.24)
Bl B3' le Mzz B3'
bt REK HE TS RS Y
M
F{EJ ==, (2.1.25)
A B/=0 Mll
t= (i) __1 (2.1.26)
Al BS’:() I\/Ill
BOESEE FEF AL
M 2
R=|—2L , (2.1.27)
Mll
2
_n cost93|| 2t cos93| 1 | (2.128)
n cos 6, n, cos @, ‘MH‘ ’
HP 920,52t thty 2 ~6b4 2 Ntk o
2425g§@a?$ﬁ1%¢§:%
BTAAPRT BRI B IR E - M TSR 2.2 B LEE 2> 540
9 8t S AT S A 1§ dodTor
n,, X < X,
n, X, < X < X,
n,, X, < X< Xy,
n(x)=y . : (2.1.29)

Ny Xy S X< Xy

X, < X

e n, i~ %ﬁj’g%m#ﬁa&j’} ‘N, N, .oy NN & f«%—t%}’i’}/f—:‘ > X 3 Q):l%]ﬁ’%: |+1}é]
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e
HG f’?l n 5 n‘N—l NN n s
"40 "_11 "_13 ‘_1N—1 "_1N "_Js
* @& @
Bo B1 Bz BN—I BN BsT Y
X, X X, Ay Xy A !
W22 ks &w i FhLT AW
A2 B AN S
1 =X =X
» =X =X
: (2.1.30)
dN =Xy =Xy
mRHFEX) AT T ILE
Abe_ikOx(X—Xo) + BOeIkOX(X_XO)’ X< XO ;
—_ —ikX(X—X|) ikx(x_xl) .
E(xX)=1Ae™ +Be™ s X <X<X ; (2.131)
A,e_iksx(X_XN) + leeikSX(X_XN) , XN < X
H€He
5 1/2
_ 0 ;e _n @ _
Ky —[[nl C) p } =n, - cosg, I1=1,2, .., N (2.1.32)

05T G kit r R AFL bR > AZ B R x=xRa 2T HRE

e PR &P AT EnE R 0 T OUE S B
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A1+1

S

1 1

[n, cosf -n, cosf
cos cos 6,
[ n, -,

eiklxdl O
O efiklxdl

nv)
Il

4 74(2.1.33) Em v (@

Mll MIZ

Aol it |
(BOJ_DO |::||;[DIPIDI }DS[B,J[MZI M22

S

F_L

B AT U E R SR T A B G

15

J for s wave ,

= I:)lDlem ,1=12,..,N
B| BI+1

24 A=A By, =B @ DELLPAUELT B S

j for p wave ,

I

&!
B,

|

(2.1.33)

(2.1.34)

(2.1.35)

(2.1.36)

(2.1.37)

(2.1.38)

(2.1.39)



_ N cos, |t|2 _Ngcosd | 1 |2

T =
n, cos 6, n, cos 6, MH‘

’ (2.1.40)

#¢ 6,2 6, 5T o A tudot2 » -4 2 MG d o

4=

2_2 A&

o

TEEE

N

9-2.1 & +4%4
& X2 Fred

b2 RxiF2 o AT EnTaftegaTa 2 2 RE S EFRIERT LA
i H

FOoRTHFBRARELELBEFRREZ o d BI23FVFE z AR Ra¥E] T k2 )

v

FEdT 8 A

22y =D o 2.2.1)
(A
AR AFR 12 o BB - FiRda 7 0 REREN AT AT

n s FRIG-Z 2w B - FRAA S 0 Ahz SR E o RIERY E o

X
'
E}"
ﬁ?ﬂ?‘ ;
-+ -
H?‘
ﬁi -Ef
H. ——-bﬁm' l}——-& Anf
1 H—f
TR 5 2
g ?
& Ay 5 2 b r
z=0

W 2-3 BH AL FL2ED » ot
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Ted B23% 703 Tadd AT LE s T2 g AF2 AF25-
AW G2 HF o NPT ENEAE TP 2 BT FE RS S NG

E,(2) = E, (e +Te?)

H ly(Z) = i(e‘jﬁlz _ Feiﬁll) (2.2.2)

1
HeTAF il Bame® od QN)HE W EAAF 1 ¢ 276 ipke z R4
I RN, o QL I

E, (2) . eVt 4 relh
Hly(z) 1 e'jﬂlz _ Fe]ﬁlz

Z,.(2)= (2.2.3)

=, - )/, + )R> Q23N (HP g, A AF 2R » T BXK &

oz z=-lfe ¥

Z.(H)=n n,cos Bl + jn, sin S|

- - . SAE ] ~2 A Ed 2.2.4
neos Al + gl e BRI ERER G20
Fm=mP o FRTHEC S o AN T Rz=0kitF AR F DR G 0 FiLG F i

Ao & e A Heh B Fes /‘%‘rmd\%ﬂm Fup & o

5 R AR s g i
YA RI2AZ 5K AT R R S G 20 2 R A2 =02
Z=d R @}t S F st %  THEZBAD BN AzE 27w BFESFIER

Tl QLAFAPTH Az=0/k Lk DFES v g2 T B
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H ,,ﬁng
fi £ :
H &> (L >y
H;
g 1 g 2 g 3
&, 1 & 1ty &3t
& > Z
z=0 z=d

n,cos B,d + jn,sin g.d
Z,(0)=13,= : 2 (2.2.5)
1, cos B,d + jn, sin B,d

FAPE N/ AEANT L ks ﬁ&'%ﬁE/@EZ:O@ﬁﬂ i SR ER
~ RUA TSR FU22.5) kA T ot et B AT 1PN e r bk 2 F oSt fpE

- - R BRER AR R R - Fafead Y =0/ E ok ik

— Ero L Zz(o)'nl
E, Z,(00+mn

(2.2.6)

EN %fiﬂ‘?Fﬂiiﬁﬂiiiﬁfmj/Zwo,/& N S A S LR RS

£ &
2o RN T K ScioAp H R oo B L B HER 4 10 B d BT
% nzszﬁ @ A1 pifodt it o2 BY e g B %N 5 n:% o 1A (22.5)58 5 p

R LR R SR TR
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o
un 770 n,
N o n, Mo

n,

®cos f,d, +j ®sin £,d,

(2.2.7)
cos f,d, + j ®sin §,d,

i

FE“%% ’ _117}%’3’51_? 5

n, cos #,d, + jn, sin 3.d
Neff =N, 2 IBZ 2 J 2 - ﬁz z (2.2.8)
n, cos f,d, + jn, sin S,d,

2z fn, "
4

F’_*

He Ny 27 AF 1o AR 245 383 3ndrits > p,=

'l

LB G AF2Y il ke

2-2.2 o 543 5 R A ?,%’f?_igﬁﬁ;#ﬁ-%;}:

d batdrhes Fo TR AN A - 3k A TRER 4o 250 AP
FAE N AP RS RIF A1 Badrs A -5 K A TR R 0i -
$g el - G FGekd B FRBMFRINENE G P APT R G
hFIenE -2 AFRERL Ny > SR FIPF TG 208N, s B4
Fofd Bt asy Ao @ e srg 2l HETEME - iR > A0

- ?J‘J%’%‘d Fostdk kr g b /%1 /‘;‘rm:{ »edT bt 5

n —N
N, + N
v
o 1-r
N“(a“_o)_m(1+rj (2.2.10)
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NGtk Sua

R4k

W25 &% » 3 5K 4 F R octtst 57 4 W

2-2.3 WAL > I 5K AT RIS B okATH T

b &R e g R e A D S A TR R T S Ak G

PAPRHIEA N AR e g O HE O ITH I NG AR SRR

g oo 10T A L iR TE &2 TM i3k T ol

Mj 23 #g ?i 2z e
H, E,
Y e
. 2. I 2
8 & .
A Ewx A
204 b0,
H, .
r#—d; -J ’_:l-dg -J

Na(8,) Neg( 85, )

(a)TE (b)T™

Bl 2-6 Ao > 643 5 & 4 854765 7 4
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TE: ncosé

n— 2211
™ : —" @210

cos@

B — Pcost (2.2.12)
By~ Sk iR ? b o Bt it X TR R TEA M ERB D 405 (2.2.11) -
(2.2.12) > ot = SN AR A (22.8)0 IFB R > TE BAg LA e~ SpEg TS
K A en® vndt it

n, cos @, cos( S, cos(6,)d, )+ jn, cos b, sin (S, cos(6,)d,)

TE:N,(8,)=n 0
o (Gn) =, cos 2><n2 cos 8, cos( 3, cos(6,)d, )+ jn, cosd, sin( S, cos(6,)d,)

(2.2.13)
n .
n, cosd, cos( /3, cos(6,)d, )+ 292 sin( 3, cos(6,)d, )
T™ : N, (6,) = :
cos 6, —2—cos (3, cos(6,)d, )+ j sin( 3, cos(6,)d, )
cos 6, cos b,
(2.2.14)

H¥P G ~ 0,74 snell’slaw 47 -

e NPT d F AR R S TR F > TikiBIES B E(Q22.10)58 (i3 o

TE:N,, (6,)=n cosd, (I_—rj (2.2.15)
I+r
n, I-r
™ : N - 2.2.16
o (6n) = cos 6, (1+r) ( )

diﬁ%ﬂﬂWQFﬁﬁ®iﬁ%%£§ﬁ%ﬁ%ﬂﬂéﬁﬁﬁ?ﬁ“ﬁﬁ—ﬁﬁﬁ%*
Kot R R ARG S

SR @ﬁg* fE P PRS- T A 2 R TR 'FprmJ"]‘#
EAGH T ARG DHERBETE A 2ITRHF BTSSR B TR s

LEFIAE M o FREFTEAFE L2 ITHIZ FE IR T L p

~m)
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match)Z%#E7F ANk F LB E

G- FAPHB T EBHIRT BTSN 2 0 0 ol 1% % acdt i

Wk 2 SPD 5K AR o RF AR o A PRE )T BT R

<

HERET AN LT AR o bR R16]a e 4 A T B §F Aok
- A M e T EEF ST AL LARER SO E
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YT g 2P FHE
(Omnidirectional reflector ODR)¥#?
3 FEBENITEEKRY

Fo AR ST PR R T AN RS R AR A
1% S R T R L kR kS R (LED) R 3R i R SR
Bl AP RAE T R bR K32 ¢ eha o F S (Omnidirectional reflector
ODR) * o ODR e & o4 5 #-LED & T % 4 chk 5 2K b b7 § 46 - = 2

SR NI EF Y A LED e ko o AL 1T - kS fagen

o

5§ 20T bt SRR BT P ELT e RPN T AR PP F AL

4-1 2 p F 5+4L(0DR)

4-1.1 2p & 58.(0DR) 4 &5

20 AV RKRERENGF HE > APT A R NS FRRE WA
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AEE A ERNFF S R BT AL 4] A DBREHET ARG - ks
so ¥ 0 & i %+ #3F (photonic gap) » % » ST gt KT BR P R-ER 2 F
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TiO, /SiO, & & » 4 LED % % * ol & f,=659.3THz (¥ it £ 5 455mm)Hie ™ -
TiO, /SIO, 4784 3 & B & Npyg =2.52 ~ Ny =1.48 < W 4.1 5 f1* 7 FELiz TMM &

M & LED % sk & owolg 5 f =659.3THz » 12~ & & & 0~90 & » 843 ¢ DBR 4™
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