- kS LRHRT AR AR L BEE L R

21
E

Research and design of the beam steering

application by one-dimensional photonic crystal

VR e Sl | Wen-Feng Huang
I FRBRIREREE Chen-Shiung Chang

PERRAL LA ES



S mkI LAY A A2 BT R

21

¥

Research and design of the beam steering

application by one-dimensional photonic crystal

B or o2 o R Student: Wen-Feng Huang
R Rk Advisor: Prof. Chen-Shiung Chang
W o= 2 4 + 7
I S | T e

A s

A Thesis
Submitted to Institute of Electro-Optical Engineering College
of Electrical Engineering and Computer Science National Chiao
Tung University in Partial Fulfillment of the Requirements for

the Degree of master in Electro-Optical Engineering

July 2007 Hsinchu, Taiwan, Republic of China

PERRL LA ES



548 (TMM) 12 2§ 925 A pé

—dakF LR i iﬁﬁiﬁ'ﬁpi'fr&;i

fi By R

B

flr —k 3 HWHEN T EEETE A B AR R A
RGN R AT S R 2 FH N2 B 3R Bicfr 4 i fepb kS

KETI A ERBFR L B

>

5o Rl H s B S o dp b o 1R F L A P R

i

AR ek

S
RHPOTIERA LG ERRB AP S
B5y

# (FDTD) & HoRta 323k R i ds » 320 =
ST f RS IR % 0 Bl ROk B R



Research and design of the beam steering application by

one-dimensional photonic crystal .

Student: Wen-Feng Huang Advisor:Prof. Chen-Shiung Chang

Institute of Electro-Optical Engineering College

National Chiao Tung University

Abstract
We design beam-steering structure by using-ene-dimensional photonic crystal. We
study the frequencies which has maximum-transmission and the characteristics of
phase when the periods of the structure are multiple ~ triple and quadruple. Then we
use different structures to steer the main beam angle in big range and tune the length
of layers to steer the main beam in small angle. We design our beam-steering structure
by Transfer Matrix Method (TMM) and Finite Difference Time Domain method

(FDTD), and explain our simulation results by microwave experiment.
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f n+l/2 f n-1/2 f n+1/2 f n-1/2

of (iAX, jAy,kAZ,nAt) — 1im ik iik ~ ik ik (2 241)
O x>0 AX AX o

Pty 2 DT o f W s L AT

f n+l/2 f n-1/2 .I: n+l/2 .I: n-1/2

of (iAX, JAy,kAZ,nAt) — lim ik ik ~ ik ik (2 2 42)
ot A0 At At o

—EEAAFEAA AN BFAAZ R BN o d S mEA (S LA
FAFEE A @ P B LA L R LA o A7 - SFDTD R e [

Lo fieEy

233 FFULABEBAAFS LA N
TR- B RIVGRMBINROEFAE SRR RGOS LR RN

be T A R

Faraday’s Law : 9H _ —iVxE (2.2.433)
ot Hy
: . oD __ =
Ampere’s Law : ey =VxH (2.2.43b)
Gauss’s Law for the E-field : V-D=0 (2.2.43c)
Gauss’s Law for the M-field : V-B=0 (2.2.43d)

He D WE Biae LY s

D(w) = &, -, (v) - E(w) (2.2.44)
¢ o s ol mmaern & G E R 1 - C
51 E o APRBE= |2ED=|—D > #ru B s w3 fgstec i
Hy Hoéy
oD 1 -
— = VxH (2.2.45a)
ot Vot
D(w) = ¢, (»)-E(w) (2.2.45b)
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—=- VxE (2.2.45c¢)

F 2 FDTD i £ & p 3+ 8 > #72 D(w) =¢, (0)-E(0) & 58 & {1 £ @38
SRR TR T REET AT T e (0) T BI/ABE AT - B
2 {8 #-3%(2.245)¢ I FfoeH s AX Y~z = B2 e s E

H. oD, aD
S (2.2.46a)
ot Eoldy 0z oy

o) (2.2.46h)
ot sty OX 0

H. 5. oD
o o) (2.2.46¢)
ot E bty OX 0L

oD 1 oH, oH,
X: (_ +

) (2.2.47a)
ot Eolly oz oy

ob H. o
o (-2, 2 (2.2.47b)
ot Eoldo OX 0z

o, 1 aHX 8Hy

ot \/ Eokly

B N(2241) ~ (2242).4 0 * r = Maxwell’s 2B 3 4238 (2.2.46) ~

) (2.2.47¢)

(2247)7 7 @I LA BHPPE B G B LAEEA S o 1D, R B R

af) 1 aHx aHy

\lgoluo

Bk D, (i,j,k,n) chim® b o @ H§ Figid(2241) ~ (2242)E R - Al

) (2.2.48)
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DZ ik _DZ ik 1 Hy in+1/2,j,k_Hy in—1/2,j,k Hx in,j+1/2,k_HX in,j—1/2,k
At \/50/10 AX Ay

(2.2.49)

LEERFNET

~ n+l/2 ~ n-1/2

D, =D, +

ik ik
At | Hy in+l/2,j,k_Hy in—1/2,j,k Hx in,j+1/2,k_HX in,j—1/2,k (2.2.502)
Ay

AX

\ éothy
FEd b ek 2 B A PT 00T 1] Yee

4 s s = .
R A R EE I

n+l/2 n-1/2

Az RY o TR FDTD

) =D +
X ij.k X ij.k
H.ln o[ oo a.|n 2.2.50b
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\/goyo Ay Az
- n+l/2 ~ n-1/2
=D
y ijk y i,jk
a.ln THL ol H.|n 2.2.50c
At Hx i,j,k+1/2_HX i,jk-1/2 H: i+l/2,j,k_HZ i-1/2,j.k ( )
+ . —
\/go:uo Az AX
—_ n+l —_— n
H X =H X
i,j+/2k+1/2 i,j+1/2k+1/2
X |n+1r2 X |n+1/2 X | n+1s2 X |n+1/2 2.251a
N At Dy i,j+l/2,k+l_Dy i,j+1/2,k Dz i,j+1,k+1/2_Dz i,jk+1/2 ( )
\€oto Az Ay
—_— n+l —_— n
H y = H X
i+1/2,j k+1/2 i+1/2,j k+1/2
X a2 X | net/2 X | ns1/2 X | n+t/2 2.2.51b
At Dz i+1,j,k+1/2_Dz i,j.k+1/2 Dx i+1/2,j,k+1/2_Dx i+1/2,] .k ( )
Az

AX

+ .
\ éoth
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n

i+1/2,j+1/2 k i+1/2,j+1/2 k

n+1/2 [~) n+1/2 [~) n+1/2 D

At Dx i+1/2,j+1,k ~ Mx|i+1/2,j.k y [i+L,j+1/2k My
+ J—

NENTA ' Ay AX

M2 LFDTD 2 Az B3 B P cho o

n+1/2 (2.2.51c)

i,j+1/2.k

2-3.4 REixe
B L %A N sd FDTD 24516 8 4 0 4238 5 (2.2.50) »
(2251) > v R AP TREFFR O B 4 R H TES AT B P DRI e
RAHE R B R AT A TETFSEALE 2 T EE AXAY,AZ
2B s N - TR B R R AR T R R ) B 4o AR R
A U i ¢ o de T B AL R SN 0 5 A o TR L
1% WAL g S e B SR ERR Y B R R AR
FREAE T REAAYA LBl G S S (ko AP RY —

Helmholtz = fz;% kP @

PR R

0 (2.2.52)
LA PE B BEREFAM R AR £ L EAXT vl lie VLB VER
&~

#(x,1t) = exp(i B, x) exp(at)
=exp(i S, pAX) exp(anAt) (2.2.53)

= exp(if3, pAX)S"

Ho E=exp(aAt) o 4ok B 4 B AE T & 0% E|E <1 e § £ #(2.253):0 &

» Helmholtz = #&;¢ :
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ﬁ{exp[iﬂx(p +1)AX] "~ 2exp(i 3, pPAX)E" + exp[i8, (P ~DAX] £

_ (Z‘t‘;z {exp(i 8, pAX)E™ — 2exp(i B, pAX)E" +exp(iB, PAX)E™ | =0 (2.2.54)
#-exp(i B, pAx)S" # )
L{exp(iﬂ AX) — 2 +exp(—(i5,AX))} - ) (E-2+&1=0 (2.2.55)
(AX)Z X X (At)z
by s — ) M sE e
El %(At‘)’ggﬁﬂz L d (2258)58 % - T e
{exp(i 8,AX) — 2+ exp(—(i B,AX))} = 2(cos(B,Ax) —1) = —4sin’ (B, %) (2.2.56)
2 (At)® 4 ., . AX
_ A S0 =) |E=0 2.2.57
= (&7 -25+)) ” [ (Ax)zsm (B, 2)}4‘ ( )
= E2-2AE+1=0 (2.2.58)
TARA AP G
GO .2[ gj i )5
A= o () sin®| S, 5 + (2.2.59)
1L E R G
E=A+VA+L, & =A-VA +1 (2.2.60)
F] % §|Sl » 0<sin?@ o #Frd AT L 1R PaE R enRE a5
__AAy 1 g 2[ ﬂj 1<1 2.2.61
A= ” (AX)Zsm B, 5 +1< (2.2.61)

T LR et A R R

¥ Ax1- d 4(2.2.60), $aF1<|s,

s By ,)24}5 %% iﬁ;

B -I<ALIEE  EqrE, T IER 2

& = A+ AVA? —1=A+iV1-A’ (2.2.62a)
& = A— AVA? —1=A-iV1-A’ (2.2.62b)

BHET UER |G| =|E|=A+A-A) =1 st g 1< ASL > TR T
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_2(At)2 1 of o AX
” (Ax)zs (ﬁx J+131 (2.2.63)

TG ¢ R LR ALK K R SR SR B

2
_1£_2(At) 1 ( AX
4
kj

o (M) sin®| g, — |+1 (2.2.64)

2
sinz(ﬂxgjzlf.ﬁ P LER o5 R fﬁ;‘lzﬁ%—l ' 73]
2 &ty (AX)
2
SECUN (2.2.65)
&ty (AX)
1218 (At)? S%(ﬁ)1 DB AN T L E Y N TR PR R R
X
At #9850
N Loy
At < /g =T () A R YL 2.2.66
NG (A y c, ((AX)Z) u((Ax)z) ( )

B AR B R EE AL BRBIO A =S w4
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R kR AT EA o o/ Y ki o 21D 1R

3D ezE o ol NE oudatE

L1001 1 L yu

g S S N (2.2.67)
v (Ax)” (Ay)” (A7)

2-3.5 sz B

Y4 Yee %#eteit * FDTD f347 5 ¢ TRHA G RL2F & % sfod
Boipe s Fi - MAFE A E T RN - BRMN PRE L E
v GHRR R A R A e P E AT A G - B

e R FDTD & e feghemy B & @ % % Flahghie - @ h 52 3 7l
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