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ABSTRACT

Photonic crystals ~are attractive optical materials on optical
communication. Because of possessing the photonic band gap (PBG), the
photonic crystals can be applied on filter, wave guide, beam splitter, and
resonator. In the past two decades, terahertz photonics and applications
have progressed remarkably. However, tunable components in terahertz
range are relatively underdeveloped.

In this thesis, we investigated the phenomena of a metal photonic
crystal infiltrated with liquid crystal. According to our design, the
photonic crystal has specific PBG and can be utilized as a filter. The
device is filled with nematic liquid crystal (NLC), MDA-00-3461. The
refractive indices of NLC are magnetically switchable attributed to the
NLC molecular orientations. Additionally, the corresponding PBG and

the filtering performances of the device are tunable. According to our



experimental results, the low frequency boundary of PBG at 0.121 THz
can be shifted to the blue by 6.17 GHz, and the high frequency boundary
of PBG at 0.175 THz can be shifted to the blue by 11.04 GHz. As a
tunable THz filter, the peak transmittance at 0.187 THz can be shifted to
the blue by 3.66 GHz, and the insertion loss is 0.851 dB to 7.202 dB.
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T ha o T £k F SRS B A% S MDA-00-3461
FrEERBE AT AL RN T

e

—/‘-‘-FTE]:IF —Ei?; -
#‘4 N L

=y

FERE&EN DT
C EARE ZF R R FEFT RS S 0 fIT B ER
BE-r>Fr iy ABWMitg o TrA e TS gHKRT R
(1 2-2.6) -

LF -3 & I

% & 4= > Mourou % Auston % /= %

i‘l" P A FRERERTERTA
AT R B SR s TR Y

e % A kT gt B LT
v kg Sk ATy 2 £ B 3R [30][31][32][33] ¢ s F2 AT ¢ 7

1L AR
Sz pmH > B¢ & 12 GrischKowsky #rsf 1 2 i & X 4L *

R ER[34] - H
s Auston EF 3 EH{ F R BAZERIET MBI A o it

4o p-i-n = & 48[35] > delta-doped GaAs[36] -

-
ytfim L3 2 [37] 4

IREA A HBR2 L EM L G [38]7 T A A4 AR BT BT B
Wl S ARER ST G o 1Lt 3 VA A 2 YUk 0 7 R il 2

A%
I EEES TSy E R

3 REFRT R &
R o | ghiE A 4 2 0% ek 27 s 2§ B R 5 (synchronized)
Flt * gi4n (phase-lock) £t % 5 4c B pleh G ac i -

5 ps T mxﬁﬂég
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LBAFED AR g P kAL bﬁﬁ/ﬁtf‘d‘?ﬁ“*ﬁﬁ;ﬁ@ (THZ-TDS)°
LR PR LR IR VAR EZ GRE LI B E S

(Delay Stage )z & i ip] & thsk 7> #-0v kjk A PRI T ik Aods gk o

2-3-1 e A 2 2 fRIRE

BELATF R A 4 B TR EER R AE Y MESE - R
Fitgr (LT-GaAs) z kx4 > kX T d Ni/Ge Au & &%
= e AR 3 2558 5 Grischkowsky 215 3% 2 5k 3 i 4 X 37 [34] > 4o () 2-3.1 -
XA A HR R % e VR A 3 K 820.nm Mk RRE Y S 60 fso £ 48
F 5 90 MHz g -3 o > g A i g engh 3 o F 7| 04 [39][40]
fF B HACR 2-32 0 B AL KHZ V5 Ve > i BB > 13 4

AR S TR 0 MR T RTRRR -

WA > 2 RBHEEHER IR 0 F B AT 5

F_&

BB 0 A F R P R o ARk XS - B A

RLH - RO AXATHA 5F 0 7 A fidpe s B Rt E T

“<
N

oo RIUELA LB A LT ) M e F R W R e AR
BRI 0 7 AR S R kAT K 8 SR R BRI 5 o

ARG BE AP F N Ehr [ HEATH D .
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2-3-2 AR E R S H

4 SLIEHE BlAo @) 2-3.3 o ML £ 820 nm o R fEpE R S 60 fs o £ 47 5
% 90 MHz edz -5 53 ~ THz-TDS 5 su¥ >4 * & % 4t( Beam Splitter )
ﬁé—g*é/j—;%ﬁélﬁfg ’ — i’;gf,l‘lx4;‘$~' 35mMW &8 » 53 EF IR T - 1

F30MW Z-E » 5T IR X R X A2 wie- Bad i BRESF &
BT B ATRAOFR L AT SRR LR B g
Kb R R L A st T T F ¢ endr st & ) B e SV ARG T B o
i R e AR O~ SE DY SIS A N - T F R e e R Ak

vk > HMBIRS B KT XRBDEFEMRS » (B 2-3.1 H vk en
e B SR iRIR ) AR H ORI P F APF s QS FH R R
597 0 Rg RIS ARG e

BRIPF > £ R R R A0S Bt g A2 I K WURR 0 23 x B

AR PR G S B 0 G &R B K] o FE IRV AR A ¢ Bl E R SR

ol
e

R E RS o d ARV ERR KR R e ET A0k
B o SR N B RS e T EN RS LG 0 F Ak
kB RR ALY REFRIES P HF RO

B ED - B By AR LR R UL 0 & S R R T PR ek
FRED P o — BT 5L TEA K BA W~ KPS PR &

BRK B P A PR B Rk kR R AR e s £ =00 B
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R BRI NI t=0F v B DTHERE I HEEEHH
BB R B PE 0 R R eALIE R T ) o gt R B el Bk BB
PR AL T R o JEd SR T e BV AL e A
fag koo

B ok VARG R e 2l 58 7] [34] 0 A Rl 18 1 TR
BP o oK F AR T BT A TR 0 BT iy g R E o Tt AN i At
AR ARERY XBIBFRE > P EF AP ERERSE T AR
SR RUEUE AN A I I | REE o AR L SRk
BEH] o] ¥t RIH. 5% > 875 v Akl SR g ervs o B 2-3.4 & VAR L pF
BFA 0 BP9 S SR A R F i (RH.50%) gk
kF 18 (RH. 3%); Bl'2:35 % “ARAAE R, > BY 2§ & izd M
RIS z\#”’f # = (R.H.50%) bk’#”f kF t (RH.3%)- d B35
FT 0L e PRCKE [ PR Bl B S  D UL R )
W A B2 7 F M A 055 THZ ~0.75 THz ~ 0.99 THz 4 F =% 7 € 7]

7}{%‘31"]/{% ;,\;%é)iﬂf Ki o

2-4 mairpew R4 5
gt g AR e B AR ¥l (o) RBEES (p) B4
Mo bR shadd ¥R e THSLEF O SRR S P
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Fl 0 AP BT AR e RHEI TR e o

AR s - BRRE RTE B Y G S
(Nd-Fe-B) 4%

s R4 Y TERIEESE X % 800 gauss 0 A
¢ pkd 2k HAME ST > R B (threshold field) g % 8

2 O TR Bk ] 0 T R R L fie s o BB R
RGBT RS T L2 IR ek B A RSP REY
BRLA EY BB o LB RS 2 3 R PR

ek G e e 0 LE 241

B > Ao 2-4.2 AR > BH-— BALS B L L X et 0 B

BAB Yy h i Edh A X2 T o el 0 kA ROOT AR GES T v 2 X ih

VARA TR e Z s R AR 5 X BT o TSR

’:‘: 7’:"—}—&\55‘:"]"

3N

R ode AT BTG UKL F ¥ R 37 5 5 (extra-ordinary
refractive index, ne) =% 3| & ¥ k375 % (ordinary refractive index, n, )

2

Gl W & BT etk w0 Ao & B andr st F (effective index, Neg)

2L 5F =2 .
Ca A Ao o




g B w2 F W 242 iy PR ] B VB A S

I H_ p Tk do cnEF ¥ RITEF o

25 A SEHERE A 3

)

mitwm F A Ecp T 0 R RT R D kT SR
BT & AR 251 RREAGS v EFF XIS TR F BRI DRHIE
o B LS B (Z )T E o AL REGL 5 TE A (Transverse
electric mode ) » & 2 T Fehifhdr > o T {73 AL DL S e 0 PIFLZ
% TM & (Transverse magnetic mode )
- kS HMoH®2 % (Brillouin zone) £ $ LB v TK A
Bl 2-52> @ B 2-53 2 2% P LARTEBA> M £H LT Sk &
B e Z iR e DR RAT R B R TR E DL e i
(Normal incident) ¥ &3 # 2 A% -M 3% > @ e » 85 T -K
G AR BIITREE B EULI e 2 AR MR AT o
Bis PR REEFHY 0 SIS BREE T EFARLER > -
pFEF ALY 2 A R SRR E D ke YRR kR
SRR KRB A PR AP A T o BB G BT
P dr g RIS LSRR 2 E e (FFT) @ 7 3 5 3
BLow B THE IS UELE]R) o (B ST gL 2 R R ELA RS B8 0 B
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Jf%-ﬁz-’fi rr{;;‘% %;EUK$ Vi %’Q—%;}L %}{ » Ww H ;’f'] ’firr{«tt_z P\—:"H;E}T =2k} é-ﬁ Ey ‘Ejfu

(® 2-5.4) -

BRI 0 LWL SRR aEE o € AR R m AT e
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¥ BHEERLS

SIEEER TV

AipEE R 2-1 &R SERER o Ed A P e A

Fh-RiRHkn s kIpedphicd  FHFER- nEWd A

Bk VAR ML E T Gk T L e dE » iS4 o d B 3-1.1(a)

F o1 Y AR M5 iE e o & Bl iR SR e AR R T

Ec(t)
2 (% 9z i (M2

e
_I f)tAW Ao ‘ TwsFPLc(f d )e tsw € ¢ ENAe_iZ”ﬁdf (3-1)

Eo(f) 3 » 8- e i o dy, frdy, 4 Bl 2R S &Es - F 2%

Nlud
An

SN AR o d R S K BB o R, =n, ik, o0 =ng +ing B 5 B

[ ~ -~

be E"ﬁ;?;e ;}L’I'E’T:fz ° Taw ™ Tys fsw'—’? f\—NA A Vv’J:}F] —‘VV‘:?:f‘ Bl S L AR €L R

Ad

3
I
¥

Rdp SR ge I 'Jﬂf“’fiﬁséﬂifﬁiﬁ-ﬁ%ml E?%ﬁﬁi"ﬁ*%:ﬁ?b?%
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FP.(f.dg) ™ & fik % k& ¥ eh % = F 5478 (Fabry-Perot coefficient) » #

N\ 127 (5 ds x2m)
Y| Tane
b

m=0 (3_3)
Tow M2 R eI e F 6T B
T. :ﬁs_ﬁw
" ﬁS-i_ﬁ\lv o (3—4)

195 B 3-1.1(b)> v AL AT HF HES P RB AR TN T

+oo0 - izd(ﬁWgW3) izzﬁ(%)._ izzzr(ﬁ’*(diwd)) ot
E. () = I—w Eo(f)tw® € Lyl e df

v (3-5)
SRS OEIAER o N, =n,+ik, 5 5 F

B AU RV
Hed,,2d, %D e 7

o

AT e a2 T, 5 2 F SIARE RIS § A5 2 T ke

VA ] ISl < A SH

'

'f- _ ZXHA  F O ZXﬁW
Aoen, TR,

° (3-6)

ETTRS

DA R B RS ST R UL A ik AR B B

El
N

Bt Rt B kAR L or K e T

d, +d; =d',,+ds + Ad
Ad =d, -d',

—

)
7

o

AN R R - AT R s # (3-1) 97‘“%” (3-5) 5+
19
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Zﬂf - ~ -
ELC(t ) P (chyy 1+ 2 )+Asds —hy (dy 3+ 4 )4 (ds +Ad )

Eref(t) tWt LC(f d )e C

(“wdw +gdg —Tiy Ay —T (ds +Ad ))

_tWS SWFPLC(f d )e ¢

d+ngdg— AdS AAd
LT PP (F g Je ¢ )
-2

= EVSFSW FPLC( f 1ds )eT

(s 1 )ds +(x —rca )Ad ]

24
o e'T[( s—Na)ds +(my -y )Ad ] ( 3-8 )

— ’TLCei(quC)
Lc’f‘—"(ﬁLc/” B AR é] N7 % 52 4p IR E o K (3‘8) b é_?fﬁit-l

m P UERfrARKRET T BT B Y AT AT

N c2m |2;zf("5:3 2m)
a1 s ow Z= R i%[(”s —np)ds +(ny —ny )Ad]
e

ei(¢|_c)_e
nsd —2af
F2mg i2f ( scsxzm) 3 (s —rn )ds +(x —xn )Ad ]
e -l B s
(3-9)
*q% (3-9) 5> /?faamﬁfalﬁ'k"]-ﬁ ® Ng =N +ixg > ¥ f g g e 375 F ng

#3847 I 5 e T

N | M 2m B
N = ———| (4.c)—arg| T, Z{ 7 )} +nA—M
24 95 = ds
C
Kg = 1 g In Tic — +7<A+( _dKA)Ad
— o4 N | oDl s
C 1%/\/stswzz{rsw ¢ :I
= (3-10)
312 845 A 44
- SRS IR 0 T @ e g I I B Bk



B ZF auEdTs o, =1 F_(3-10) v D2 B340 E 2B
JoArden, ~ kg o B EE B ARG X F Ay = Ng + ixg BB A ol
IR ?*%ié%%'r} TR B AN E RN s kg o AT K R
T2 BN kg B o o FptE ) ik E e Ve s kg ik
T- BHEE o

- B - A Emd ~ (3-10) 5 ﬁ%g.§§45~<@ns~xs’
BB~ kg A » (310) R- =g vk 0 RS EE 20 K

FF LRI B A ST - A TS S o % RN 2 [ g

FBERRRRSOBRFIARE S RSB B RS R - o)
BB Re g § bR B ® d 4R o5t D A = Ankd Frig

AR ER A BRSE ST RETE S L S

P = (ns - nA)kd (3'11>
4 (3-11) Av @
ns :¢LC +1:(¢LC)XC+1 (3_12>
kd 27fd

(3-12) N % — B bk 28 2o 4o 8 n,

l_}d]:i‘ ﬂ_‘@(ﬂ“g _@/]Q pE g r‘]pﬁ'ﬁtng BB‘:};VIIW "A}i'r Ké{_ ":"Li‘"l‘j"?l J‘/( %EEIJ
TR TR
Tic =g (3'13>
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d (3-13) ;4 ¥ 7

InyTc ~ cxInyT,

= -14
kd 27fd (3-14)

Kg =—

(3-14) %5 - B4R S T i 45 8 kg

I ¥ A dp e TS F IR/ A4 S KGR TR

3-2 pri} UL A2 (FDTD) 4 &

prig 3 "L & 2 (finite difference time domain, FDTD ) .4 Kane S.
YEE »* 1966 & 3 1 [42] A F#cim > E e &8 st f S e A X
AiE o Rt 2 BB AR B K W2 R R
B A T B A T R

PAT REE P EHAE? S8R 2 BNy T id

(Faraday’s Law ) £2 % 2 = = ( Ampere’s Law ) 73753% :
_ 0B
VxE=- ) -

X P (3-15a)

vxA=L 3, (3-15b)
ot

B=yuH > (3-15¢)

D=¢E » (3-15d)

He J s fr’glﬁ;ﬂw}:pﬂiﬁ&f‘»" ¥ e $ic o

EOE Y T R R EET SRS E=(E.EE)
22
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B=(B,.B,.B,) B (3-15a) ;¢ &2 (3-15b) X P e B A R 5 A E 2 5 258 ¢

yr=z

_oB, _oE, O& (3-16a)
ot oy oz

oB

_ 8v:55x_aEz : (3-16b)
t 0z OX

oB, ©0E, OE, (3-160)
ot oy  ox

oD, :6H2_8Hy_JX , (3-160)
ot oy oz

By _H, _H, ;| (3-160)
ot 0z OX y

aDZ :8Hy _aHX _JZ ° (3_16f)
ot OX oy

hABcE B w0 R (3-16) N2 fieA AN R A L e )50 ehiT i
N T R R s B o AR R g
P g BT M AN GER I B SR T U o AT Y 2
HE BRIEE S (L K)=(A JALKAZ) 5 H2 TR - B § Lo T
EISTE -l = RN
F(iAx, jAy, kAz,nAt)=F"(i, j,k) e (3-17)
BEFAZRREE s Yee Hr 5 - BRFLAsEd B2HFL 97
Bl ip 5 - BEELES d 284 F 7R %(E 3-2.1)-%(3-16a)

S8 (3-16d) fI% ¢ & £ Ak Yee St i @ (E

BIY2(i, j+1/2,k +1/2)— B2 (i, j +1/2,k +1/2)
At
_ Ep(i, j+12,k+1)-E] (i, j+1/2,k) , (318)
Az
EM(i, j+Lk+1/2)—E", j,k +1/2)
Ay
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D" (i+1/2, j,k)-D!i+1/2, j,k)

At
CHM2(41/2, j+12,K) - HI2 (4172, j—1/2,K)
Ay ’ (3'19)
) H;,Hl/z(i +1/2, J:k +]_/2)— H;H/Z(i +1/2, J,k —1/2)
Az

+IM2(1+1/2, j,k)

H s 4o (3-16b) 54 ~(3-16c) ;% ~(3-16e) ;422 (3-16f) 3%~ #

e bz Bk oo 42tET

Bren ™ - 30 AE B A B R 2

BN

g d TEOTHE RN D BT RABOYF AL

a4
T3
bt
i
=
=

BF R T MBS ARG R - ehp e LA

2 RS R o G O o B edru s WD BRI E
TI=0 @ R AERT > FRRER S 5 TERE TM R -

2

i TE L enfR™ > Ep=0 ~ H, =H, =0 ] (3-16) s* ¥ f§ i* &
-
oH, OE, OE,
e T gy (3-202)
£ OEx _H. (3-20b)
ot oy
oE
PG ICLs P (3-20¢)
ot OX

= Mmoo

T (3-20) 5 fc e Yee T (F 2-3.2(a))

AL AN AT @ T
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HI2(i+1/2, j+1/2)=H] V2 (1+1/2,j+1/2)

—%E[E i+1,j+1/2)—E(i, j+1/2)] ) (3-21a)
ﬂA—y[E;(i+1/2, j+1)-ENi+1/2,j)]
Er(i+1/2,j)=ENi+1/2,])
S LA a1y, j41/2) - HPMR(i 412, j-1/2)]) (3-21b)
gAy
Eyti, j+1/2)=E}(i, j+1/2)
—iﬂ[H;”’z(Hl/z j+1/2)-HM2(i-1/2, j+1/2)] 0 (3-21¢)

& AX

Bois 2 710 TM L eniim H, =0~ B, =E, =0+ (3-16) % #-ff 1+ &

oH
gaEz _ Ty _aHx , (3-22a)

o ox oy

oH oE

ARRE Z 3'22b

s % ( )

cH 7 =

Icich -22

H ot OX (3-22¢)

o b - (3-22) 7 Ao 4 Yee S e (] 2-3.2(0)0) # it & £ 43538 » 7 5]

E;(i, 1) = EXMid)

1 At
4 Hn+1/2 +1 2 Hml/2 -1 2 ’ -
EAX[ 12,7)~ (-1/2 ) (3-232)
1 At
Hn+1/2 1/2 Hn+1/2 1/2
gAy[ ( I ) ( a )]
Hn+l/2( J+1/2) H“l’z( J+1/2)
- | , (3-23b)
== 1
,uAy[ "(i, j+1)—Ei, J)]
H)™2(i+1/2, j)=H] (i +1/2, j)
o (3-23¢)

=2 e+, §)-ENG )]
u
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Jx) +(ay) +(a2) >cat= | “at - (3-24)
Eu
Flut o 5 ML 0 G B R B ) e o AP SRR R chr B
RS FEF R U L BT R i BB RS A3

PR E > FIR A R am R R - BT Y E o

3-3 HEBHA Tk
EAF Y Rt S0 Rsoft Design Group, Inc. = @ #1 B
MR EE > LE FUIWAVE - - 3 REFE24ffek3 ~

RO 3 A 1T o FUllWAVE: @ * e & pF 33

Ny
~=$e
Pt
i
™~
e
PN
W
Fi
&

g R ;ﬁllé}’}%""‘f#ﬁ‘iﬁ'ﬂﬁ"ﬁ.’ I AL Bhek T S TR 4R

% (ring resonators ) & g e

3-3-1 & BH#drstFit ¥

R At 2w o R A B AT s S ] Rt R ehA 0 AR
o4 E RS B ag 4L > @ * Drude dispersion model 12
¥ M. A Ordal % 4 [43]#71% F| e gdic » & 7 cfrz- 5 A1 4% ik B2 T 44 e
ITEFI o

— BB M e B e b oomT oy F Aige (5 en

,_;Li_q}; LEL LR Cm'léf EHAE 5 H =0 @ 4F AP ¥ /1 T ¥ #ic(complex
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relative dielectric constant ) £2 45 37 5+ % chff 7% 5

g, =& +ig, =n"=(n+ik) - (3-25)
B ] R A TS (DEAPTH) T T B Drude
model s4p ¥+ 4 T ¥ #c[44] ¢

2
[0

f=1- (3-26)

2 -
o +ioo,

H a)‘a)p—%f?a)fﬁ”_%f et omte # b A N

\4

RET 20 ¥ 8§ A 4o T !

g =1 (3-27)

2
T w0,

= ; 3-28
P ooy R

T AP o o P ATplasma frequency - @ w, * % damping frequency -

1 (4nNe?)
w,(C ‘1)=—[ j (3-29)
2c{ m=*
1 1
o, (m™) = ’ (3-30)
2aCT
H o
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T
1-¢

w = 2% 3-31
( ( )

N—"

#ee Fren (e,8) BFITMFTHER > > FTEIo > R, Td T

a)p2 = (s, —&)(@* +®°) ° (3-32)
& M. A. Ordal % % =¥ 7+ [43] > T%Jﬁjﬁ‘\? ¢ OE TR S A

180-50000 cm™ e (&1, )+ 1% 3% (trial and error) j& B 47 & B

ﬁ\"ﬂ

BFL o Ro,  BHNEFRERTHEEL T > FP FII4H4 4
o, =352cm™ & @ =39400cm ™"

M it tho B o iE AN (3-27) N2 (3-28) 0 FLER A R
A AR A T ¥ BB R B 4o Bl 3-8 15T ko % (3-25) 50 -

U S~ ke, ~Te, i TR S

n:\/51+w/512+522 (3-33)

2

2 2
K:\/—El-l-ﬂé'l +&, , (3_34)

2

W18 Tl he, 1 g, 5 0 (3-33) 22 (3-34) N IFR > @RI 3-3.20 Bt

hoA e ik @ % 2 0.3THz (10cm™) ™ n =463 thds s i@ st

Jo
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3-3-2 ##Ry ¥ Sk

B A TR Y ST B M e W F R -
MO G UL L G RGTE U E R BRTR R o B PR Tk AL
Intel Core2 Due E7400 2.8GHz ~ =848 5 4G ~ 7% % 2L 5 Windows XP
32bit -

RS REY SHENE R FR SR R 0 d FlAl s A 2
2ok Gk LM LY Bl 642 pmo £ehX s L 143 pmo #
BAITHFE72F n=1> 73 RHBIRER S » 2 f DN eDE o kR Y o
ToaXx~z%e o EREZE um> d B8B83 v z3w 3 10
Rehgtqr s > & - X 5 8 Bétr o A dreat R = 4d 3-3-1
FATEIIN=463 K r oF W F Y B IO e~ P E_A3N(X, 2)
= (321, -4300) /i+z b= B F 3 B4 AL 0 (=3 (321,5000) 2 ¥ i P
Bz o AL 5 @ Bl PR 3t (5000, 278) i E b5 L-X
o b e o Y (<4400, 278 ) B P BaT Y AR o 2B 2t
N RN T4 < -] 5 10000 umx 10000 um-*» 2] #2285 10 umx 10 pm>
PERF 7 2] 5 0.016 ps ) > (3-24) 8973t B 0 ko enfg 7 2 R (0.047
ps)

» el g rk bek (Pulse) ikt > H#cE 4 750 5
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2
g(t):exp{—(l—tdj }sin[%ﬂ(tﬁctz} ’ (3-35)
T
WY % 2 A=500 pum # ¢ o £ 5E A 0.6 THZ %1iT 5 ¢ 5 "% tepb 8 » i
FJ f /ﬁ» %Efi /ﬁk'mpz"b];w & Fm-i[:ﬁ- '§5 %%{m%}i ’ L__-\E'I]} Kﬁ'{
RS 167 (S B o BE = 5 GoT [um], Co 5 kiE ) t, 5 *%
AR e R R OER > F) 2 BEREERES ) TR Y MR RE

t, =667 (H % coT) s ¢ 7 &L MAE (chirp coefficient) » 45 4F & ug ¥ p*

\.

B d e niE s s 00 f b B SRECEo R Sk en 4L B UL (IR
3-3.4) g i 5L (B 3-35)s P g Ak < B F 3 06THz =+ »

PR 3 THz 2+ Aitekit o 5 BRI R A R > 2 FER

HHEArE SRR e FTHRADT R -
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Yr® REREFELN

4-1 BB BETREYERREE

fip- FHC M AR AVHR BT I 4TSI A 4518

A FEERDEREFIZE e 2% S MDA-00-3461 forv Ak LT et

4-1-1 PP A v R RPELE ¥ &

AP o RERIIAFBERDEERIY > FFERIERAS Y
1.034 mm (5% 22 ) &2 3175 mm (b)) Lo adim A
1mme# 3mm- A8 Tk HIRTeITHIE R OFE > % 3mmar
FRBE FAF AT ZR KK SMOAFERELRY 1 mme
PEPIY e FIPAPRIE R AR DT BRI AVAR T gk
e

B AL kAP AT R DB E R R R 0 o] 4-1.1 0 ]
PRRMEIG R ERESOT RN § s g F R
1mmERPF &Ry ERFIZENEZE R 3mmERE DT BRI 7 1Y
P Behg LR RARE Rl L R BTV S G 0 X P AR RS T

o ipd BETFIZEARRE > EERS > FUt B AR ARtk T
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Ffes o A RAT AR LT Thl o 3 X B R G DT H
IH e T § L o

g g kR ol mm B 7 m gl gk @ 44 (Reference)
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Fused Silica Windows
Size:dp=25.4mm,T=3mm
Material: UV grade fused silica
Diameter Tolerance: +0.0, -0.1 mm % =T}
Thickness Tolerance: £ 0.2 mm

Clear Aperture: = 80%

Parallelism: 1 arc minute
Surface Quality: 60-40 scratch and dig
Wavefront Distortion: A/4 per 25 mm

Protective Bevel
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Cell1 Cell 2 Cell 3 Cell4
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* Rubbing process

Homogeneous
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- Coated with surfactant
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Femtosecond
pulse

L

G=5pum .
Bias voltage
L=20 um

W=10 pm
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THz field (a.u.)
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THz wave

THz wave
Polarization
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M field (H)

‘b v “ v Wave propagation
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(a) cell with two substrates
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Normal incident TE mode - Aperture: 1mm
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Normal incident TE mode - Aperture: 9mm
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Nolrmal incident TE mode - simulation result
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Side incident TM mode - experiment result
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