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Abstract

The characteristics of optical waveguides and IDT electrodes fabricated for acousto-optic tunable
filters (AOTF) used for optical communications were analyzed. A Ti:LiNbQOs in-diffusion method
was employed for the formation of the optical waveguide with a dimension of width 8um length
30000gm and thickness 1150A. The diffusion was carried at 1050C for 8hours to pattern the optical
waveguide with Ti. The resulted waveguide exhibited a single mode at a 1550nm wavelength range
and its propagation loss was less than 0.5dB/cm. The width of IDT, with 10 SAW periods, was 5000
e S11 reflection characteristics and impedances of the electrodes deposited with Au were analyzed
using a network analyzer; 48.1Q at the center frequency of 193MHz for Au deposition thickness of
1500A and 50.7Q at the center frequency of 192MHz for Au deposition thickness of 1600A.

=2

—

I. A

CATV AMu|~E 9F=2 3 3% ] B-ISDN 7A
S $13 FEA B Aol FFHOE FTTHE A
wFatell el olel’t Apd A=l FgeAlwl o Sev)

-
[s]

Pz,

JZe] 59| oz /1A okE x5

FE

R R A 2P aAREFe shdelrt

* IEER, HTEhMEREEBRHTEAT SaeTEl

(Korea Electronics Technology Institute, KETT)

# E o HEBANe] Ab- 3 FEvisy
RDRSEE-ERY

BZHTI997F7A8H, £ 8 1997410 15H

(946)

AEE Qlck BHEle VIeHoR w92y T2E
Aeigte sy Fy-Eekel 3ARE sleA sl
A1) s 2 Ay slig 4 g
PPl Yool wet = EstE WAE 2
AOTF(acousto-optic tunable filter)'?’ 2} EOTF
) g g
FBG(Fiber Bragg

tunable filter
FPT(Fabry-Perot filter) '’

(electro—optic

’



1997 115 EFIL%EH

Graling) £°% ¥Fsr) o3 AOTF:& ﬂ&z}-ﬂ
AAsL 7hsstel, tuning M7 YT $eEEs)
whE 7] wlFoll o] $-8= 1 gjrk

B EFoE EAL AOTFS =g} IDT
Ae A F BT Psick JEae A7

olli= Ti:LiNbO3 »HTEMH ARgslelom A)apE
1550nm 3 tholld whdrezids nhSshex)E
galalr] glale] =g slolu HudAls &A
slgdcl. SAW IDT A= Aug AHE3Ek

network analyzerg AH83te] HF9] S B.}A}t,—*é
1 Jujeds BAL BAEdck

0. Zzoz % SAW IDT XM=
1, Feats
seske ARkE 93 FRL a2y 13 el
LiNbO; 71 #lol eely ubuhsal Peaa gz

o ElehRRsht $AE olReldek Athe T
AlesbAZ WA LiNbOs 713he 718E A5l

Deconex &} 5% i?’{}z‘f}t::] 450 x4 2&
3} AES 30 B7kela Zolo] Zig ZRSE o4

A o) Aeels 08 283} Askenh 3 o
& o) Folld UeAelE 37 ol &
sho] Zzsigich

J*‘im oé-
2} AA3}kaL dry oven

& ol

1) LN Wafer Cleaning 6) Development

.
e
t

7) Hard Baking

[ —

2) Ti Depositon

8) Ti Etching
Pa
Y
in
9) PR Remover

n
| —— R

4) Soft Baking

5) Exposure

vy
=]
a2 1, $Ea8 AzkEy

Fig. 1. The fabrication process of optical wave-
guide.

¥ somvon 101 T Indiffusion

=

t}g A E E-beam F2AMIE o]83}e] 3x10

Torr AZAFedeA 1150A FA1e] Ti ¥lehe S3s)
ork Tie] 2% LiNbO3 7 A}
43}0] Shipely #ld PRS- 7000 rpm <4 35 &7

FEIA AL}, =x3o] Bt 3 90T dry oven &l

718 spin coater=-

Erg
1)

(947)

£34% D £ 1B 77

2120 ®7F AazEde]a sidck =AM va-
cuum-contact REE Algsle] 9527 sl
il olgsle] 2527 Adsidch dAF 110T
dry oven Zolld] 15 E7F sfemo]Z)L 3lx Ti el
HEo] 7178 HAAZF o] mulze] F-po] el

[e)

& Aok #HEAow Ti wukz sE ¢l
dololi PRE AAs7] 98l PR é_FiE]JPﬂ oF
30% ol wE F FEl ZHSSAA e A

slod F)welol mabz sEle] Ti vk 34 skdck
a2 giele] 4% AW sRw BHIMIEE o
S8 EapaARt HEdAd b A]dS skl
AR 1050T oM 8 A7 Fafaleden LiO
out-diffusions JA8l7] 918 F97]= wet O
Abgstale 1y 2= ARl FEstee] apileld). &
A Ti) % 8 m, FAE 1150A 19 wet O
91718 AHgstedvh

=

=

a8 2. AlAbEl FEstR AR (x400)
Fig.2. The photograph of Ti-indiffused
waveguide (x400)

optical

2. SAW IDT A=

SAW (surface acoustic wave) IDT(inter digital
transducer) AZMEAL Tizb LiNbO; 7)ol Wy
gl Fof] stein= FHOoR SR SolslE F
3] AHY F sdsledop drh ¥ 32 SAW
IDT A=A 213 FAHEE He3Fa 9ok

=gtest #4k LiNbO; 718t AF3A8el Auzb
off FARE Folz] H3led ol eEZ NiCr =t
FAANE ARgEle] A Sk
NiCr #ht 9ol DC sputter¥ ©|-€3td Aug 150
0~1600A Z*AZ77, spin coaterg& AR&3led Au
7} Z3E 7)99)e] PRE EEIHF 90T dry oven
oA 2087 AZE wo|zslgrl tgdAlR »F
Ao} A5 U}LELE 0133}04 =343, wAlsle]
H=9El o]#]e] % 4 A7 A53ck

4 E-beam

O



78 AOTF% Fxag 9

1} NiCr, Au Deposition
o AU 51 Development

2) PR Coanng
PR 61 Hard Baking
"

7) Au,NiCr Etching

1) Soft Baking —
-~

) Exposuce

[ 2R R ¥ correia 8 PR Remover

-  —— == == PR

—

A
— NCr
*+—IN

2] 3. SAW IDT A=
Fig.3. The fabrication
electrode

Ar FAE

process  of SAW IDT

i}ﬁ].‘% Au oHEel NiCrel|HEE
Byl Augt NiCrg 54Azhsled

- AARA TR 2FRHEE
= WS
ZFAF=1005 A
:L% 5= W=

A% APRlele)

A= EA e
A}—%ﬁ}on] A9
tl 1% Auglel ¥ PRE
SAW IDT #2& Axtsieicd 18
el Fy=bmm, N(SAWT719] 3
2kl SAW IDT A9 Apale]s,
0.1mm, N=202.% A=%] SAW IDT

(a)

KHZH SAW IDT #
(b) 4% A}

Fig. 4. The photographs — of

trode(W=omm, N=10) with (a)

47 tilt,

(h)

A x#?l SAW IDT A=(W=0.lmm, N=20) (a)
0’ (b) 4% A}
Fig. 5. The photographs
trode(W=0.1mm, N=20) with (a) 0
4 il

= =(W=bmm, N=10) (a) 0

SAW  IDT  elec-
0" and (h)

a7 b,

of SAW IDT elec-
and (h)

FE st

T T M e
o4 W
—t om0 -
| \ | !
& F s bl Lfm o
(a) (b)

a8 6. Ak dse] FA Y Aol

(a) W=bmm, N=10, A=20mm (b) W=0.1mm,
N=20, A=20um

The SAW IDT profile showing thickness
and length

(a) W=bmm, N=10,
N=20, A=20um

Fig. 6.

A=20um (b)) W=0.1mm,

H

18l 62 SAW IDT A=2] T4 2 ZHo)E «
—stepd AMRSle] SAF Axlolch a3 6ellMe] A
= SAWS] FrE rlegiA, A" ARt @ola
Al o Az dARe} A F3EE gl
c}.

=i
Y
H

L
K
]

L Fratz

18] 72 X-cut LiNbO3 ¢l #4Fd] Ti strip
3 shikEe] grsiEy) YAE BE5E FAl BeE
. IRleAe] wi g4AbHe] Ti strip®] H5,

7 AE 7RI

39k

x

™

T2 7. TiLiNbOy #xstz
Fig. 7. TtLiNbO; optical waveguide.

FHAE TiLiINbO; Fxatze] F
45 Hx ooy ndd 4 oot

nw(x,z) = n, + dn- RAx) - g2) (1

(948)



197% 118 EFT1%eHw

nee 7)Ee] FAEelR, dn, f(x) ¥ gz 72t
chesh ko] Foixic),

Inz, w) = fé VZ'ET (—EE) )
) = exp{~(i)z} 3
g = {ert(FHHL ) —ert( 22 pert( ) (4)

o374, dn/des= Ti concenturationel] g FHE
Halek dxe #4ze], dzE #MEdelE uEhyd,
dx ¥ dzi= tHA]

de,z = 2VDx,z-t (5)
olnd Dxzi= x H zWRoge] AR, 3= 4
7 7zl A1)~ (5)E o188l b-v FARSA
S e ddree] HAXE LR 9l

FesaE & Qum, Hol 30000um, —r”ﬂ 1150A ¢

Ti =32 Hel8 1050T %ollA 8A]7kgte] &
AEAS Eale] AzbEl Fralzel EAL B

5
o} 1550me] l#HFalol tidle] FPralRe] galw e
ZAEAE Flsl] flsiM 3PS near field
pattern< SR} EIlRe] FHalg)
field pattern & &33s}7] 2% ZyPUY set AL
4l tunable laser source ¢} He-Ne #o]*7}
2x1 AEE T3] FEotRe FA A F

Al skl &Y

Ui] near

thol| &= power meter % IR

screen & A#Este] 9 BuE ARG 5 A 3
Ark 3 8& CCD IR 7hljzke o83te] &3t

Ti:LiNbO3 #=m22] near field patterneitt
Roll4] Hi AF 7ro] 1550nm AN = whelm
=5 vy 633nm FAel4s HElR =g e
Wl 23 9% 1550nm  dRAFlell4]  Hgel] wE
Ti:LINbO3 #x3128] near-field pattern 34712
wWehE matE Pkl #E3F Aelvl &
TETM rE gob A2 dad s dalsisict e
B2 AOTF Azt A3t #=sg 545 A

hyi=2!

o Slek o] xabRe] FmEALL 05dB/CmE v
ehdel 79 102 TiZANA 760A, AEEE 105

0T, #FHZE 8A)7ke s AI=lelk shxst2e] near
field patterno@4] #Aztz71o] wA] ¢to} TE R=

9 AHIET TM RoE Aoz AaEz) oo}
AOTF Az mdtz e Hgsir] o &

=
Bl

(949)

£33 %8 DI B 11 % 79

HojFry

a8 8. $xaE near field pattern
(a) 1550nm (b) 633nm

. The near field pattern of optical waveguide.
(a) 1550nm (b) 633nm

(a) (bh)

a2 9. AOTFA b H&sr Bwal® (4) TERD
(b) TMEZL=
Fig.9. The (@) TE and (h) TM modes of the

optical waveguide suitable for an AOTF

(a)

(b)

T2 10, AOTFAAbel X 3bs}a] oo Fwegli(a) TE
EE (b)) TMEE

Fig.10. The (a) TE and (b) TM modes of the
optical waveguide unsuitable for an AOTF

2. SAW DT A=
SAW IDT9 914 d&-&

5} 7ro] ek,
Ao
A 6
N
A7 A SAWS] ) A #e) Fas



30

(no-ne)= LINbO3®] BZHE,
T4 veE SAWE] $JAk: ojugc}, o) FA
s 4,=1550nmellA] LiNbOz9 EHZFHES no-
ne=0.073 o2& A, = 21.2m 4& 4& & Sk
SAWY AT voe X-cut LiNbOs e 7|t
o tisix] 3600~3800% °lE= fo= 170~179MHz
o7 &€&% 4 gl

foi= SAWS] FAF

=
=

SAW IDT9] dewir A gzAAe oheaizte]
E]E}lﬁ]
Gy = %szoCSNZF (8)
G A Fapre] Fol oigh AYRA~E e}
o], o] 7L ol 83l B2 AT ARl A
FzAe o]FE AAXE T 4+ vk =3 Ke
effective electromechanical 23y, Ci= AFe
&+ 7)ol i3k AALEE N F7)9 & Agola F

+ filling factor® 7Fe)71e, WAL o3 Ak

K = 2F |4 | 9)

Cs =(ey ~ )W (10)

= A2 stripd gapel MR 3RS Sl 112
2 gor, LiNbOse| Zgel disixz  [4v/vi
=0.023 oJck 283 e, LiNbOs] 7% 49¢0 &
Zojzlel B A ANE)L (TS o3l A
J4=5mZ Bl em 2(8)~(10)& o83t Ruw
=50 W& Ao AT W=5mm,
SAW F7]9] E/4 N=10o% AAA=stdck A=}
il S otobur] glelM Lrpudgle] ==
Hrlsle] AT Elag H7IRlekl] A A5
FAg s} H717e] SMA e AfelE wire
ponding3le] #HAZr) 3RS o] &3t
AatEl A=) S ¥IEAF Smith chart®

3
=

Lo E
le—l'] #_]_/Ké

o~ 5AS fhasleich

a7 11 WES7RTHe] £)=5mm, N(SAWF
719l FA)=10, T(d=e] FA)=1500A 2 A=t
el AFEAor FAFu 193MHzeA 48102
S wEsiglen, 2§ 122 W=bmm, N=10, T=
1600A 2 AlRkgl mRe] AFEHer FAFIHT
192MHzell4] 50.7 Q& wHEstsick

23 1134 128 vl BR Sy dREA 2 sl

W A FuldlMe 1y 118 28 127F %

AOTFE Fxui=z 9 IDT A4 2

(950)

FE St

o]

=

O 1.

s

o} 4 9jrh. 1 9] FAlel &JslA
SAW IDT A= stripd E4A8=F Cr (=NC)7}t

e

ke wol wiskaly| wizelch & Criz Tel nl#dt
t} o]z <lale] MY Junlay Hsksle] T=1600
AclA wlad F2 54L& Sk
"o am BT (503 M=
8.0 dB ~22 . 603
713
.
177.0 M
MARKER B —2a.731 o
=<}
Poirg 67 N .
159.0 M=
[-34.9516 B
MARKER 4
2.0 M
-17.930 B
% S
1"\
N/
START 0.150000000 GHz
sTop 0.250000000 GHz
(a) Sn HRAEA
»S z MARKER 1
& Rt - e
49,113 0 -0.6836 O L4570
. - - MARGER 2
177.@ Mz
3 - ! 53,672
153.0 MHz - a.a547
poirt - s s
.7 193.0 MHz
: 48,113 a
- -2.683 0
@ ‘ \ MERKER 4
/ = 0.0 Mz
P 63,766 Q
e . -35.6823
START 0.150000000 GHz
STOP 0.250000000 GHz
(b) oxis 54
a2l 11, Fube 7pied e AS55A (W=5mm,

N=10, T=15004)

(@) Sy A (b) R B4

The electrode characteristic at varieous
frequencies(W=5>mm, N=10, T=1500A)

(a) Sy retum loss (b) Impedance charac-
teristic

Fig.11.

olefdt ofeisfe] FEe] 5 Z3ste] A=
Aol whE FAFuee) qlujnls WEkE odolugirt
aAs= a8 133} 18 140 Yehd glem, oA
gy}t 500 o AAR ST SAE
ot ztol7b Qlol AFe] FAE 7PHAIA ®sich A
FEAe] 7hE-e SAWS] ¢ E pEA)7] o

o
L3
A



19974 117 EFISEH

Foll FAFASE WHAAS 97 whzolsk 113
3 o314 EgAE 9, 43 T oF 16004
o4 HAe) quEs 4TS VERS B Qes,
olufe] FAIFP7} 192MHz, 9144457} 3840m/s <
& % gk

ik .o 1ot
4573 B
—a 578
C3
]
4
[ N/
[ V]
START  .150000020 GHz
sTop 0l23508C000 GHe
(a)
3 1@ uite © MAPKER 1
B, EP
o MER 2
; e o2
Wln%,saﬂm Mz T s E.6ime 0
' ,.3‘.
G
START  0.150000000 GHz
sTop 0256000000 GHz
(b)
3 12, sk she] o AFEA (W-5mm,
N=10, T=16004A)

(a) Sy BFAFEA (b) YRl BA
Fig. 12. The electrode characteristic at varieous
frequencies(W=5mm, N=10, T=1600A)
) Syi1 return loss (b) Impedance charac-

teristic

e
—_ 1961 \\
g -
"
£
5]

Tt
SAW IDT thickness (A)

a8 13, AFFA) BE TR0 Wt

Fig. 13. The center frequency of AOTF vs SAW
IDT thickness.

(951)

$£34% DF ® 11 % 81

Impedance

v T T T
1400 1600 1800 2000

SAW IDT thickness (A;

O 14, ASFA e FAFgee Jauis
w3}
Fig. 14. The impedance at the centerfrequency of

AOTF vs SAW IDT thickness.

V. Z 8

Sgel= WDM A7 daligeld, &
CATV Ajvjx=e] ojapd Xl glojMes P43l
ZAblny =92y dee A5, FE Y 4
ste] AAE A3 3lem  AOTF(acousto-optic
tunable filter)& ©]213d EE 718 sEgc)l 2
AFE= AQTFE A=bslr] 913 ez I SAW
IDT A4 HH2AE 2ty 545 431
t} Ptz Azl TILINDO; WHE-EahA]
43lgdon] F mAbe] 1550nm £ 30nmtielr] lw
= 271¢ Eshe BesiRe] Hxzde gbde
Ti %«—8- 8um, FAE 1150Aelx, #4REEE 105

A&

A

o
=

o
—

A

, EARAZE A =
SAW IDT+ A7) 28 5000um, SAWF
715 20pm, SAWF7]2] AFE 10782 3ll& o <
Al AE o)Fgirh AFAARFE- network an-
alyzer® AHE3ted A5e] Sy HMALEA 2 IRl
1%

Z A8 A3 Au FAP) 1500A o2 F3E 3R
o A Falr 193MHzoA 48102, 1600A 22

2E] FRO APy 192MHzeA 50.702 & 9
shsdct

X e |
FI T

ok

[1] K. W. Cheung, D. A. Smith, J. E. Baran,
and B. L. Heffner,
operation of

“Multiple channel
integrated  acousto-optic
tunable filter”, Electron. Lett., vol. 25, no.
6, pp. 375-376, Mar. 1989.



82 AOTF4 #=s2 2 IDT A4 2 FomE S
[21 J. Frangen, H. Herrmann, R. Ricken, H. filter for wavelength selective optical
Seibert, W. Sohler, and E.Strake, “In- communication systems”, ECOE '93 pro-
tegrated optical acoustically  tunable ceeding, vol. 2, pp. 433-436, 1993.
wavelenth filter”, Electron. Lett., vol. 25, [5] C. M. Kim and R. V. Ramaswamy,
no. 23, pp. 1583-1584, Nov. 1989. “Modeling of graded-index channel wave-
[3] W. Warzansky, F. Heismann, and R.C. guides using nonuniform finite difference
Alferness, “Polarization-independent electro method,” JLightwave Technol. vol. 7, pp.
-optically tunable narrow-band wave- 1581-1589, Oct. 1989.
length filter”, Appl. Phys. Lett. vol. 53, no. [6] G. S. Kino, "Acoustic waves: devices,
1, pp. 13-15, Jul. 1988. imaging and analog signal processing”,
(4] Y. Suemura and Naoya Henmi, “A newly Prentice-Hall, Inc., 1987.
developed adaptive wavelength tunable
& K A 7K

F M &F&R)
19661 59 7oA. 19934 29 wx|fshw #A}z-stkat
Aakeke] 5 19973 A Ax-EERledT s ¥
FAt 1% ALATY. FAEeks

Optics, Passive Optical Device, Optical PKG

Integrated

& B KGR
196641 1 1094, 19969
uhaEks] 215 19974 #A
2AT 19 AR

Passive Optical Device

29 At eha Ar]Estd
AARR-ES el T Y
FIAFok=  Integrated

wl
=

Optics

F X RIEER)

1949+ 1049 14941 19884 Texas A&M oistw. A
7|28t wkaleke] HE 19733 ~ 1982y FAIAE
(F) Fokd A 5 1989 ~ 19913 Al
() HhEAld A T 19919 ~ 1997 &A) AA}
FEEWIsdTa FEATFEYA ek
Integrated Optics, Passive Optical Device, Optical
PKG

(952)

% A BHOEER)

19643 59 9944, 19974 29 A-eAg sk A=l
gt} ubatale] 8 199749 HA) AR s
A FEAT 1Y AT FEokE Integrated

= S S |

Optics, Passive Optical Device, FDM/FEM % %]
ks

Mk BOEgR)

19594 114 2541, 1992 24 al
shelista -g-Eelga) uhatekg] A
= 19979 @A) AAprEEs]ed
T4 FEAT 19 el 73
Aldok= Optical

Passive Optical Device

ul

Connector %



