(=% Korean Journal of Optics and Photonics, Volume 20, Number 5, October 2009 DOI: 10.3807/KJOP.2009.20.5.266

=1 =4 = = _ = aT
HHH - Y - OIRUL - MFS - 015Z - MM - O|UF - oW
shietan PRENFOE, WY BAIE A7AE
5341

B ROl £O 2@umy ofuel e 5hy ARE AL SFY AY7] TR AP 2910 MASIT A
29121 AT Gural fiol wrek Fejn o] FABol WH: At AW ool BAGCL Aol W7k QrbEA gro.
W(OFF), QAHE We Wit wvbm e i Holeh. o] UR4E olOR 3917} /b HON), 4 wotRE YAE
e wioj% Estzo] Fage] vobd de mutEe Aaich WAk 23] 2905 g dvel 34w gJe mrzel
SHol% WHE ol gt AU Aol 1610 um, ondt off Aeh] 2l 22k 28, -30 dBE A=k w3,
B Bold AT Lal GRAS Fi) AAstuglch AFe] Fwol F/kskn AT Bvpze] FANAW] FATSEE &
slEe AgEs 4o Frhshdch Ao A 4o s Enan ofare £ tie] £ mahEzle] LEAfol Fof
A wet dofl whet Wk ofu), o LAl Z Mol B4 £o] EAstdrh. ) LEAol: HFe| Ho Y4,
Aol LE7h Be48 F7HITh 59, A9040] et Ludjols Ay Lwxje] xAoR A5t AFe] LS BE 4
oleh. Hth Lmxfe] 2L AWk 291X FYLRE a7 Weto] F Aoz sk

Design of Thermo-optic Switch with Low Power Consumption by Electrode Optimization

Chul Hyun Choi, Chang Kyeng Kong, Min Woo Lee, Jun-Ho Sung, Seung Gol Lee,
Se-Geun Park, El-Hang Lee, and Beom-Hoan OT

Optics and Photonics Elite Research Academy (OPERA), School of Information and Communication Engineering, INHA University,
253 YongHyun-Dong, Nam-Gu, Incheon 402-751, Korea

TE—mail: obh@inha.ac.kr

(Received June 1, 2009; Revised manuscript September 21, 2009; Accepted September 21, 2009)

We designed a thermo-optic switch based on a directional coupler with not only a high extinction ratio but also significantly
low power consumption. The switch operates by using the thermo-optic effect of the polymer which the refractive index changes
by heating the electrode. If the electrode is not powered (OFF), the input light will be coupled completely to the other waveguide.
When the electrode is powered at a certain level (ON), input light launched into the input waveguide will remain in that
waveguide due to the lower index adjusted in the other waveguide. The switch based on the directional coupler was designed
using the generalized extinction ratio curve and the lateral shift of the input waveguide. The coupling length is 1,610 um and
the extinction ratios are -28 and -30 dB for ON and OFF states, respectively. The electrode structures were optimized by thermal
analysis. The transported heat into the waveguide is increased, as the electrode width (w) is increased and the center distance
between the electrode and the waveguide (d) is decreased. Also, because the heat generated in the electrode affects the other
waveguide, the temperature difference between two waveguides is varied as the given w and d. There are specific conditions
which have the maximum of the temperature difference. That of the temperature difference is increased as the width and the
temperature of the electrode are increased. Especially, when the switch is designed using the condition with the maximum of
the temperature difference for switching, the temperature of the electrode can be decreased. We expect this condition will be the
novel method for the reduction of the power consumption in a thermo-optic switch.
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FIG. 1. Schematics of the directional coupler switch. (a) top view and (b) cross-sectional view.
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FIG. 2. Operating principle of the directional coupler switch. (a) In the off state, optical energy is coupled to the other waveguide. (b) In the
on state, because the refractive index is decreased, optical energy is no longer coupled to the other waveguide.
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FIG. 3. Characteristics of the directional coupler switch. (a) extinction ratio as a function of the difference of the refractive index. Optical energy
distribution in the directional coupler (b) An=0 (case (1)), (c) An=0.001 (case (2)), and (d) An=0.0056 (case (3)).

TABLE 1. Extinction ratios and temperature differences for switching
in off and on state of the switch

Extinction ratio (dB) Temperature (C)
off state -30 0
on state -28 10
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