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Manufacturing and Analysis of Low-loss Ion-exchanged Glass-based Waveguide

HAO Yin-Lei, ZHENG Wei-Wei, JIANG Shu-Hang, GU Jin-Hur, SUN Yi-Ling, YANG Jian-Yi,
LI Xi-Hua, ZHOU Qiang, JIANG Xiao-Qing, WANG Ming-Hua
( Department of Information Science and Electroni¢ Engineering;. Zhejiang University, Hangzhou 310027, China)

Abstract; Silicate glass of system Si0,-B,0,-Al,0;-R* 0-R,0 (R’ =Ca, Mg; R =Na, K) was designed
and melted for ion-exchanged- integrated optical waveguide chip, on consideration of the suitability of ion-
exchange and ion-diffusion process-on this glass substrate, buried channel waveguide was manufactured by
Ag®/Na" ion-exchange in mixed melted salts; and subsequently field-assisted ion-diffusion process. Obser-
vation of optical microscope and electron-microprobe show that Ag” diffusion zone is driven to approximately
10pm under the glass substrate surface. The Ag"* diffusion zone possesses higher refractive index than glass
substrate ;- and thus ‘acts as the waveguide core. This waveguide core is typically in dimension of 8 um x
8um, matching well with that of single-mode-fiber core, which ensures a low coupling loss. Propagation loss
and coupling loss with single-mode-fiber is measured to be 0. 1dB/cm and 0.2 —0. 3dB/facet respectively,
at the wavelength of 1. 55um. The propagation loss is very close to glass material inhere loss at the same
wavelength , a typical characteristics of buried waveguide. It shows that the waveguide manufacturing process
is promising for implementation of low-loss integrated optical devices.
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Fig.1  Flowchart of glass-based surface waveguide prepared by

ion-exchange
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Fig.2  Configuration of field-assisted ion diffusion
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Fig.3 Electric field in the glass substrate-and current density in

the substrate during the field-assisted ion diffusion process
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Fig.4 Cross-section optical image of buried channel waveguide
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Fig.5 Output-optical field pattern of buried channel waveguide
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Fig.6  Cross section SEM images of buried waveguide

(a) BSE image; (b) Silver element concentration map; (c¢) Calcium element concentration map

3 i

KRGS & Tl M i B & 79 1l L 2,
FEL TV 1Y) B 7 38 45 3 55 14 B (Si0,-B,05-A1,0,-
R’0-R,0(R’ =Ca, Mg; R =Na, K){£F) H 515 T
AL T S A TR L LT
BURMORAL , T4 B T B 385 3 T 0 S A0 00 5 1 A 1) #5546
FE, JEI SR RS 506LFINERIC D, 60 S
T S5CET RS IFERE 2 0.2 ~0. 3dB. XA S
e T A gtk — A4k, w7 LA & fE g Ot
SRR A

S 3k

[1] Izawa T, Nakagome H. Appl. “Phys. Lett. , 1972, 21(12) ; 584-

(2]
(3]

[4]

[5]
Le]

(7]

[8]

(9]

[10]

(11]

586.

Ramaswamy R T. J.\ Lightwave Tech. , 1988, 6(6) . 984-1002.
West B R, Madasamy P, Peyghambarian N, et al. J. Non-cryst.
Solids ;. 2004, 347(1/2/3) . 18-26.

Jose G, Sorbello G, Taccheo S, et al. J. Non-cryst. Solids, 2003,
322(1/2/3) ;. 256-261.

FEHE R, X, EEOE, 2004, 31(6) : 665-668.

PRI, LR, A IE:, 5. St E2E4l, 2003, 23(7): 815-
818.

A EM K IR B, AR, 2003, 23(12) : 1418-
1423.

PReEE, A e, #IgLF, 55 (CHEN Bao-Yu, er al). JCHL #
2£4]2 (Journal of Inorganic Materials) , 2004, 19(1) ; 4347.
B3R E (HAO Yin-Lei) . JCHLE K3 (Journal of Inorganic Mate-
rials) , 2003, 18(2) : 295-300.

K, Pedh K, MIRAL, S StdT - WMok, 2006, 17(9)
1052-1056,1057.

B, A K, Tk, 58 REF T %52k, 2002, 18
(4):68.





