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Broadband 2 x2 3dB coupler based on ion-exchange in glass

ZHANG Wen, YANG Jian-yi, WANG Ming-hua

(Institute of Microelectronics and Optoelectronics, Department of Information Science and Electronics Engineering, Zhe-

jiang University, Hangzhou 310027, China)

Abstract: In order to meet the demand of fabrication and application of 2 x N optical power splitters, theoretical and
experimental researches were carried out for broadband integrated 2 x 2 3dB couplers. The traditional asymmetric X-
junction was improved by using three-dimension beam propagation method, through simulation and design,2 x 2 3dB
couplers with low loss and wide operating bandwidth were obtained. Considering characteristics of asymmetric X-junction,
the broadband 2 x2 3dB coupler was successfully made by using Ag" -Na* ion-exchange in glass. The measurement of light
spectrum, using two broadband light source with wavelength respectively in 1260nm ~ 1360nm and 1460nm ~ 1600nm,
showed that the insertion loss was less than 4.0dB in the broadband range, wavelength response was relatively flat and
wavelength insensitive, uniformity was less than 0. 5dB. The results prove that, using the improved asymmetric X-junction
combined with ion-exchange technique, broadband 2 x 2 3dB couplers with good performance can be fabricated in glass,
which lays good foundation for further optimization of the device performance and successful development of its valuable
application.

Key words: integrated optics; 3dB coupler; ion-exchange; asymmetric X-junction; broadband; glass; optical power

splitter

Vol.37,No. 5
September,2013

Ell

il

UEAFRE , T8 A5 06 19 245 11 K Ji o ok 76 il 3k

B UH - [H 58 B AABE Ak 4 B B I H (60977043 5
61228501 ) ; |6 5K /\ /N = £ AR W 52 % e it & B¢ B 1 H
(2012AA012203)

YR A 5k 3C(1988-) , 5 AL WF 5 A, B2
FEE RO TR RIS o

s SEHEE R A, E-mail; wangmh@ zju. edu. cn

Wk H 39 :2012-12- 13 s Y3 2 ek H 4 :2013-01- 15

TR G M 2 ( passive optical network , PON ) K HZE i,
AR TS T B3, BN Ay 2 30T A ok d 52 Wil L
&S TG 2F 2 ) T2 (fiber to the home,
FITH) AL ZEH . Jorp Sl 3 BE 4% 2 TGO
W2 E Rz —

B SN A5 1 A s AL~ A DT (plas-
ma-enhanced chemical vapor deposition, PECVD) J&
AW T BEOC R RN FEER, B TZAWA
I NAKAGOME F 1972 & FK T 1 R T AR
B3 bR B 1 S BRI A T AR A1 ST



316 HS5H

B S0 BRIALES TRCHIE I 2 x 2 3dB B4 BRHEAY 583

KU BT RBEARCABA T ENEE, 5
PECVD £ HAL , B 7584506 I S AR A B A
TR ARG , B HARIRAH A WA AR )
BN, 5T 1 6 F DE BE R 4F , 45 501 2 T8 LA Oy T
(LT SRR A , B8 A S HAE 3 A 5 ) B
AR APLH, PR B 3 5 LA AR ) A e Rt
A

Bl LT 28 Ak 1 PR & i AR SR 1 x N Ot
RSy Beas N T e K6 28 R 40, B % ik 1
FEME R AT+ 2 A AR RGN 4 1y E 1A,
2 x NG5 FL s I A R AR 221 . 53—
T, AR BT R0, O B 3R T g B AR K 2
1260nm F 1600nm, H i &4 ik 55 E A7 72 TAF1E
1310nm B, N A7 LAETE 1490nm i B, 1M B 431 ik
%5 b AT TAELE 1550nm B, JEd 512 x N
IR BC AT , T LUK EICH FORE AT IR 55 73 591 A AS []
R A (%% , AN 1 AN [ £ S A 0 1) 52 e
A 28 7 FH, 336 7 B ke B Pl R 1Y) 01 9 2% vh a2+
AEXH,

RARTFET 1 x N SCIHF G ECA 2R Y 70 X2
PRI Y, X 2 A R Y 23 &5 BAT P A
PRI LA i o 1) B 3 28 ST PR AR O AR, L
AR AT 7 7l 2 T 57 N 1 /L P 3 )
2 x NG R Bt e K FH—1> 2 x 2 3dB # &5 4%
G E 1 x N AN IR e a2 . 1Y 73X
SERERTIT LY 1 x N T3 Bl 8%, it e iz it
i TS BUAR L A 2 B, T LA 2 x 2 3dB i
BT 5 S B RN 2 x N G F 43 e A 1
TN CHE,

T DY 11 A L 1 U0 E [ #E ( direction-
al coupler, DC) #1 2 x 2 Z# T ( multimode inter-
ference, MMI) #5 #% , AEAIE B /EN 2 x N B3
SYBCas e —g%, B 2 x2 3dB A A%, B EATHR
A BRI PAMCATE , B DB A T AR 58 K%,
NS R[4 ] e i — R T 4a 5 14 E ik (silicon
on insulator, SOI)F RA) 2 x2 MMI & #sa1%it,
SEE BRI S SRR AR 4, (H TARAT 98 R
1490nm | 1590nm, H. SOI £ A B il T HAE At h
ForRC A A At B A2 77 IR JLARR B A 2R
Fi 2R FH — i g & AN BRI 1 8 B 2% (wavelength-
insensitive coupler, WINC) fUZ5#/E ly 2 x2 3dB i
Frd T S P R PR A BB A A A R TR
G LA MRS S5 A KT L, XA WINC 2544 B A

B AR AR IR AR LA SRR e o
H1T2E [ R A LA AR SR AR RS 254, o T 25 25K
PRAS R G T2 A5 10 i 2 P BRI 85 1
JEAS , HAE LR HI2E 8L T B 1SS HoR g A7 R AL i
EEVRa

VR AL RSOy BB A9 6 A b, XL S8 i Ak X
PR X ZEAH T 2t o R R B B 2 Ag” -
Na™ B 7 SCHEOR G131 2 x2 3dB fEA 4%, 1% 3dB
A S A CURA R AR DR IERE, T HA B H T
PR 5

1 EigHiigit i

720 20 80 4EAR, H A< KB A 2 i IZUTSU
S AR T —FhAEXTFR X 45 (WL 1a) , IE0H IS
TE T U BRI AR S L SR A A — 24 sk
J Y2 R AR T 26 R T8 ] 25 A4 W 2 o
TS T TG I A58 1) 38 L 4 /L, HUSSEL 2 A1)
PR HIZBIA 1a P gdE X FR X 24558 5230 2 x 2
3dB A E . 2 X2 3dB A AR AT gX AP AEXTFR X
ZERR IR, 251 — MR R A3 S, 55— X
S S, R A R R B e A
AB >> 0.430y (1)
K, A8 =By —Bs.B= (B, +Bs) /2,8, HAEXT T
SUMEEFEWE S By TBAS B IR H8 0 Fm 4y
SIS YRR A T B R,y = B - (hon.)?,
ko IR n, ERTIEITEIR . A (1) AT LA Lk
REFRI B PR (656 5 50z AB, AR BT ] i
800, ZVT% 2 x2 3dB A BRI P G S5
AB T, BRIV 22 S A, DS 25/ 11 0 B KC , 3ok
AT AR T2 S0 SURMERE . (L 0 Sk i 88
PERBEIH 1 FLE R A8 T2 e Bl ety
—E HMERE , T LA B B R TE T4 % B L S s

a _bthrough

input & output

Cross

a4 output

b
input = through

output

Cross
= output

Fig.1 Schematic configuration
a—traditional asymmetric X-junction b—improved asymmetric X-junc-

tion
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Fig.2 Calculated wavelength response of insertion loss for the output
ports by 3-D-BPM method
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Fig.4 Ton-exchange process

a—etching method ~ b—lift-off method
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Fig.5 Microscopic image of optical waveguide of two output ports
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Fig. 6 Wavelength response of the 2 x2 3dB coupler
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