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Fabrications and Property comparisons of LiINbO3; Mach-Zehnder
Interferometric Optical Modulator with CPW(coplanar waveguide) Electrode
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Abstract

In this study, we describe the properties of an electro-optical modulator with CPW/(coplanar
waveguide) electrode fabricated on LiNbOs; optical waveguide, that is applicable to optical
communications. These optical modulators have features that use a buffer layer to reduce velocity
mismatch between microwaves and optical wave as well as employ CPW to improve impedance and
propagation mode mismatch between the electrode and the external circuits. And an annealed proton
exchange technique for obtaining low-loss optical waveguides and good reproducibility was employed.
Taking into consideration the mentioned background, to achieve the lower driving voltage of optical
modulator, we have re-disigned the longer interaction length. And their device properties are
discussed also. As a result, fabricated optical modulators of good 10Gbps operation and low
voltage(5.6V of the halfwave lengfth voltage) at an 15um wavelength are achived with good
reproducibility.
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1. Cross-sectional view of CPW electrode.
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Fug. 2. Conformal mapping of CPW electrode.
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Fig. 3. Refractive index(a) and characteristic
impedance(b), t/S=0.
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Fig. 4. Refractive index(a) and characteristic
impedance(b), t/S=05.
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Fig. 6. Electrode bending(a) and RF input(b).
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Table 1. Test results of Optical Intensity Modulator.

| Kimsi02 KIMS5104
R P ARG W L M BN
SR S Y R R -

lnseﬁidn .

Loss (81| 31132 (2634|5852 ]42]52

g;‘ggc}?g] 32 32| 23|28 |27120 |20 30 a8 1. BW27(32001B)9 Eye Diagram.

vre [V] [ 63[63]71]65]585/59]|54]58 Fig. 11. Eye Diagram of optical modulator.

V. (V]

0C piasivl| 56 | 55 | 55|53 47 |47 |51 |50

~8.|~8. 4.3 B

$21 [GHzlf ~9| ~9 s |5 |67 ~71~7

St idBl 12 14|15 1811716115115 £ AFNE LiNbO; 2RE71E A2sn 54
(e, 2550x x & AHe nHol&d S HaEh & 243 9on, FEAYE HEEr] A% AFE

WYt

E 2 EA89 Az FHzy) Ax2ERS g3t AFdo]
Table 2. Summary of test results. 2m A AN YREY EXANPA B

F 43QA%, FEAYL 56V, fiber-to-fiber A Y&

929



LiNbO3 Mach-Zehnder ZHd718 047, Y%, &d4, ¥AZ, o 2, 344

A& 51 dB, £%FvE= 287dBE e o, A7)
Bzl g% -3 dB optical response
O 7t 3= gl

Zo] 25mQl F¥zE7) BoE el 32my Fw
Z7] FEHYGe] 2y Aoyt Eojd HE AR
AL FUsiAY. "y AdEd ARE 4D
T Hasojer & RAog Algdd,

Azg FgHzre A% 4423, 10 Gb/sv B
AFA 2o A3t AHEE 5 3USS HUAsA
=3

=

T

&
L

o

f

#Aate 2

2 ATE AAFEFWIEATLY FRFNE
BYREALAY dBo2 FYHASE A=Y
U,

& #

a g

1. &d4 9], “B-ISDN F3E47NLAA7, 25
w1 FFH7IFAFTAL AT E AR
EFWIeATL, 199612

2. AARFEZFYIISA TR, "FEFEENLKETI
-RD-96091, pp. 42-56,1996.8

3. Seino Minoru, Mekada Naoyyuki, Namiki
Takefumi, Kubota Yoshinori, Nakazawa
Tadao, Yamane Takashi, Kurahashi Teruo,
Nakahimima Hirochika, "Broad-band
Ti:LiNbOs Mach-Zehbder modulator for high
-bit-rate fiber transmission”, OQE89-35, pp.
61-64, 1989.

4. ARFEFH7I€ATE HE9TA, FIdsn
AEA9, By AZ|FE FUz Y WY
g AFFxe #BIF I, KETI-RD-94017,
1994.

5 &d4 9, ‘IR 2IIANL, HARXFFHVI
€974, KETI-RD-97081, 1997.

630

10.

11.

12.

13.

Kai Chang, "Handbook of microwave and
optical components”, vol. 4, pp.173-180, 1991.
J. L. Jackel, C. E. Rice, and J. J. Veselka,
"Proton exchange for high-index waveguides
in LiNb0;,” Appl. Phys. Lett, Vol4l, No.7,
pp.607-608, 1982.
Haeyang Chung, Willilam S. C. Chang,and
Gary E. tts, "Microwave properties of travel
ing-wave electrode in LiNb0O; electrooptic
modulator,” J.Light. Technol., Vol.11, No.8, pp.
1274-1278, 1993.
Janet L.Jackel, Pinhas Perlmutter and John
Johnson, "High speed low-voltage modulation
with a nonsymmetric Mach-Zehnder interfero
-meter”, J. of Lightwave Technology, Vol.7,
No.6, pp.937-940, 1989
S.K.Korotky, "Optimization of travelingwave I
ntegrated-optic modulators”, ECOC'89, SF-2,
pp.102-105, 1989.
M.Rangaraj, T.Hosoi and MKondo, "A
wideband Ti:LiNbOs; optical modulator with
conventional coplanar waveguide type
electrode”, IEEE Photonics Technology
Letters, Vol.4, No.9, pp.1020-1022, 1992.
Kenji Kawano, Toshinori Nozawa, Mitsuaki
Yanagibashi and Hiromichi Jumanji, “Broad
band and low driving power LiNbO; external
opticalmodulators”, NTT REVIEW, Voll,
No.4, pp.103-112, 1989.
Haeyang Chung and William S.C.Chang,
"Modeling and optimization of travelingwave
LiNbOs interferometric modulator electrode”,
J.Light.Technol,, volll, no8, pp.1274-1278,
1993.



