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Fig.2 Refractive index profiles of Cst ion ex-
changed waveguides at 495°C for different time
M. A and @ are experiemental points; solid lines are

the curves of theoretic calculations
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Fig.4 Refractive index profiles of C* ion ex-
changed waveguides for 30k at 495, 505 and 520°C
B, A and @ arc experimental points; solid lines are

the cruves of theoretic calculation
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Fig.3 Refractive index profiles of electrical
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Fig.5 Refractive index profiles of after anneal-

ing at different temperature and time

R 1 ARABRNEFERNEHCRAR/ wt%
Table 1 The chemical cpmpositions (wt%) of photomask glass before and after
ion excharge by X-ray EDS

Si0, Na,O Al O3 CaO MgO Cs20
a 73.1 13.5 1.8 8.9 2.7 0.0
b 731 2.1 1.8 8.9 2.8 11.6
c 73.1 2.8 1.8 8.9 2.7 10.7
d 73.1 8.4 1.8 8.9 2.7 5.1

LW E, TE495°C T AH 30h Z/FHBIGCH T 6 EFHIK N 0.48+0.12dB /cm.

3.2 XiEBHEFRES T
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Fig.7T Schematic drawing of the ion-exchange pro-
cess inside the exchange layer
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fER e, MREM ST M Fick B8 (FR (5) MTXRBEBIBHT HRY RPHdH
JFHZNEE, ZED TER Nernst RIHHEAIATS:

d=+Dt : (18)
R d IRHERTHIRE. FR (18) HE D M PHEN 2.883x107*um?/s. TR
(14) HH, EXEBEBFED, Cst WHTBRYH 1.041x107%um? /5.

2 RESHANTFEASERNPHEN T

Table 2 The transport properties of some univalent cation in soda—lime—silica glass

Mat Agt Rb* Cst
D/pm?*.s™! 0.220 0.182 5.518 x1075* 3.860x107%*
p/pm?.8. V-1 3.321 2.753 7.779%10"4* 5.833x107%*
2v-1 0.094 1.000 1.000
AV /A3 0.160 2.404 3.570
a/GPa 1.875 28.18 41.85

* from reference 20, 21] at the temperature range 480~520°C

¥3 Cst ECH-NatMFABMHAESPHTMEY

Table 3 The different parameters of Cs* ion in Cs*—Na% ion exchange waveguides

T/K t x 10%s D x 10° /um?®.s~! D x 10*t /pm?.s™! V x 10°/pm?®-s~!
778 1.008 1.239 4.321 4.264
768 1.620 0.983 2.557 3.265
768 1.080 1.021 2.826 3.917
768 0.720 1.120 2.949 3.675

* Obtained by equation (18)
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3 0.85Ano, ALK Ano BRI IF S R B, FH LB F7E 570°C TiBK 5h, MBMARN SN
0.07700. JLEF, Cst MITHRART ZEEH, FRrHRMRBETRE—EUL.
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B BAMRMN Fick B4, FERETHARMIE. LROTHRSARFRIRT Bt
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The Refractive Index-Profiles Analysis of Cst—Na* Ion Exchange Glass

Waveguides

LIANG Zhenhua  JIN Zhengwu WANG Shu  JIANG Youmei
(Department of Inorganic Materials, East China University of Science and Technology
Shanghai 200037 China)

Abstract

The Cst-Nat jon exchange glass waveguides were made by both thermal diffusion and electrical field

assistant diffusion methods. After theinvestigation of the temperature dependence of the waveguides, it was

found that these waveguides exhibit very high thermal stability below the glass transition temperature. The

ion exchange mechanism of Cs*-Na* ion exchange was found to be non-Fick Diffusion. The stress gradient

caused by the huge dimeunsion differcnce for Cs* and Na% ions, as the clectroneutrality field gradient

produced due to the large difference in diffusion coefficients between Cs* and Nat jons predominate the

diffusion process in jon exchange. The refractive index profiles and concentration profiles obtained by SEM

and X-ray cnergy dispersive analysis can be well explained by the proposed ion-exchange mechanism.

Key words ion exchange waveguides, Cst-Na*t ion exchange, refractive index-profile, ion exchange
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