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BPM Analysis and Preparation of Low Loss Ti:LiNbO; Optical Waveguide
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Abstract

We investigated the preparation and guided-mode properties of Ti:LiNbOs waveguides which were
fabricated by Ti in-diffusion. The diffusion method to reduce the Li out-diffuion was proposed. The
optical guided-mode and propagation loss based on butt-coupling pigtailed with PMF-input were
measured. How to improve the polishing grade of waveguide endfaces is newly proposed in this

paper. To show the mode propagations, the BPM simulations of channel waveguide are described.
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Fig. 1. Structure of Diffusion Furnace
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Fig. 2. Suppression method of Li out diffusion
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Table 1. Fabrication samples of LiNbQOs; optical
waveguide.
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Table 2. Optical waveguide dimensions of
Y-branch
P1 P2 P3 P4
dol, L 6.6¢cm 6.6cm | B.6cm | 6.6¢m
TALN 05"/ | 05/ |05 /|05 /
BiolHZol | 3350pum | 3440um | 3440um | 3350um
Hdlarm 2 0l}50200um | 502004m |502004m | 502004m
z'gdarm Z Ol 4550um | 4460um | 4450um | 4550um
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Fig. 5. Waveguide modes of sample P2
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Fig. 7. Calculated index-change profile

(a) 7pm channel waveguide (b) 8um

channe! waveguide

© b v o w o o

& b N

Modal fietd (W=T7,rm)

BT S

2 5 [ s 12

Modal field (W=8um}

Contours of modal field (W=8um)

(b)
ad 8 FAA 2 contour E(P2, TM mode)
(a) 7um AL =}Z (h) 8m ALEHZ
Fig. 8. Optical modal field and contour
(@) 7um NEEHZ (b) §m ALd=TE

{a)

403

Fig.

Al A g gl e

A Volll, No.5, May 1998.

(b)

(d)

(P2, step idex A})

BPM simulation

oA A7) =2 BPM Al E#olA

. Mach-Zehnder interferometric waveguide

{a) waveguide index, 2.203
(b) waveguide index, 2.205
(¢) waveguide index, 2.207
(d) waveguide index, 2.210



3" 5% 8AIZF FAE Adeola 19 62 74
b OEAAT AMdelt F AMY Aol HE 7*12}
ZAe AHe s 2AGAE, FREA]) @

5 RN

2718 &4 2% 219 69 =R §J}U =

FAAAA B 232 FRE A7 FE
oF Hol FAFge de FL& o= ?}‘&Q‘Riﬁ}
a8y TE 2 T™M 229 A8 #Hd 2o A
O 62 BE AHojrt HlEH AN, F REE F
Alo o}-838}= AOTF(acousto optic tunable filter)
SolME EE8 &9 1, FHEv|Y e
Ag 2= 1I/TMIRE o &3t Fokollgt 7hed
oz #»IEHAT. IdE ¥ 58 F 2E
U3 AE2 EadEHE o3 YEwn 18 5,
o
5

Jlm

2=

AEegol oty s

AHEE TM Rz xtrs TE

#r

n(x, z) ne + Adn- Ax) - g(2) ()
A7 nee 71He #HElX, dn, {(x) B
= oed Zol Foja

g(z)

dn 2

An(zr, w) ’a,zv;r' p

—ert (4)

4 7]A, dn/dce Ti concenturation®] W$h 24 &
A, dxe #abdol, dze #4208 Yehyy,

A4&4 TILINDO; FEo2 A -

404

de,z = 2VDx,z-t )]
°lX Dxzv x 9 23T Z g FAAS 1= 4tk
R =
EREE net mgste Fo THL FHE

Zb 8 2208 209 99 #a
7l Bohye 1y 83 o]l oF 3~35um ot & A
3t A & #ASe E23HE& 2205~2.207 Aol
#e HAE gde miayg”

nlade HgYE EaE2E Fgsin &34
wajobidell ) ekzhel Al Ressz)
Hoz JEEHYE=G o
BPM(beam
method) A&l E & HAEAt
THeE AdEEds FEE 3
sn = HEE 2203, 2205 2207 ¥ 2‘210_95;1 \3
g Ao "‘)lOF"?C' Y9
2203¢0 MEEfRe BH2 Y 45 é}%Oi ot
2o ggeld FaA FRol ;
9(a)), 22005 ZAMAZL A

LAY 9(b)). 2.207<] /6'—1‘ a

FA e} EA3t

r°1' i
U oo %

(coupling)el &3
A g 3] 8} 7] propagation
A E ol

RES)

’4?)] Fastd ey mtadc 3447 %%’%C’ﬂ*’i
oz WAlEE WALRZofof o] oFzhe]
EMol &gt ol vERR (1Y 9(c). 4
g0l 2210 A% F HyY wigile] REHZey
2 @A AlgtE oy 4] gHE/FE A 7]
#HoB WAsle FEHE WY & FHeEE &5
B8 A A AFEleE W dE4s JeEde A
o2 et I¥ Hd) weby a2 Fh&8
2206-2207H =2 FASE Federt b #HA
o] BHFE e Aoz FAYAT. o Aye
I 73 89 Bkl FAlol oF 3um ot#fel E A
&e A3 A GAG.

a2y 10& A P2ol AEUL #FelA 632.8m
& YAAMAES o SAokEE YvERd Zolt o7
H AAME duFeMde HEHEZE Yelddoh
a9 11& oAEe REaAviE FHAS7 A
ZHe mee ¥ 9 3 Reojr



KA

o

{a) TM/TM (ks224-5)

-

i)y TETE (ks225-2)

(d) TE/TM (ks226-3)

a2 10, 632.8nm HeNe laser YAFHE (p2)
(a) TM/TM (b) TM/TE
(c) TE/TE (d) TE/TM
Fig. 10. Mode patterns(P2, 0.6328um)
(a) TM/TM (b) TM/TE
(¢) TE/TE (4 TE/TM

~ ﬁ:T .

. - N

et N b P
N 4

i - p ;
G B VRN

(a) (b)
g 1L F Y 3 EeP)
(@ 2= (b) YEE

Fig. 11. Vertical and Horizontal mode size
(a) vertical (b) horizontal

E 3 2= g dged
Table 3. Mode size and Propagation loss
P1 p2 P3 P4
Fiber-to-
) 0.72dB/| 0.9 |0.68d8/| 1.62dB/
waveguide
cm dB/em cm cm
output
Mode size [12.8/10|13.6/10{ 14.1/ 12.5/
(Wx/Wy) Qum | 5um | 10.8am | 105um
Propagation | 05 {0.45dB/| 04 |(0.41dB/
Loss dB/fem cm dB/cm cm
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