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ABSTRACT

Silica glass films to utlize optical waveguides was fabricated by Aerosol Flame Deposilion(ATD) method. As the amount of B,0O,
increased in the sol solution of (92-x)8i0,-xB,05-8P,05, the thermophoretic deposition rate onto Si substrate was markedly lowered
due to Vapouzmg out of B;Oz and P, 05 during the vaporization and reaction of the aerosol in the flame. GeQ, was added Lo 628i0,-
30B(3;-8P~05 in order to contro] easily the refractive index of glass films. As the amount of GeQ), increased from 2 to 12 wit%. its

refractive index increased from 14633 up o 1.4716,
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Fig. 1. Deposition rate change versus B0, concentration,
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ealing temperature.

@8] B70sE Ao Az

fele FAEL Yy 4gAe) 2o gaiglzgie)
weel ezl jt_ﬂq' BEIZ A Z Al base= F W core

Al
, -7 (splitter) A
& #ife] 72810,20B,0,-8P,0; FAE base® AT
G 1275°Co A w3 &, oJ7)el coreZE FAsleT 1250
Colld 48] HEE AT CoreZE 22Hek & over clad

Tt 1100°Col A == dxjg] 24 S AR o
Zhgoll A base®l core Bf=Re] FAEFo] WE = 9t} ulg
A AHEHE B FHES B R wif Saskch Fig.
4= (92-%)810,-3B,0,-8P,05 (x=30, 70) 23& G423} &
7] Zola FHAF] A|FE Ae|Lm alajolla) 244078 A
A g frEapte] FdE Eslelth Helem Bk
=4 Eo] 53] AFFEht 900°C o] dellA] Aldae g
=dE2| Wt Ae] 3lEs 4 4 9tk o)A base
| core, 217FR core $1° over cladE 900°C o4kl A]
AT A5 FREY sl Y F 22S vl
Al I5hA core®) over clad®] #2]3 225 900°C o
Zdelofel Ftt 48, Fig 5914 B 4 gl Hlgh 7o) A
EAE e A diete] FAx -'—}‘]C'ﬂ e, gz 2x
7f EordgE BlEe] A7) Sriaa) %’K]D] =AEo| yk
opzlvh, Zeitt 900°C o] dellAl U2l Hg- A7 wat
A g5g o ok

e 2dge Gz dAl gloja s =
B3} Bases) o] =831 care AP0 2EHES] Wale
£ A%Ul Sl o] gle]l AR wRl Y = (single mode)
27g 1] gl aE FZ7)e Folel dt) Low
A% (=038 Atz T2 R (splitter)®} 22 4
FHEt2 A Fe| AL high A% (=079% AL FE
o] & AWG(arrayed-waveguide grating) #)Zre] AMS-F T}
A A FEas 3] Feld 59A7e Y =Ad
A B,O; B30l 20 mol%s} 70 mol%d 7] A%} 0.7
A5 2ol o E d¥e] 248 FEI7) A Fot

= 75]-1:!—] ]:] tg;qd —:].2-70 ,ﬂzhjl- =

T
Al

2
72

m[m °

e

e wh of

ﬁ )
o

2

e

A 37 A L E2000)



80 olgg - ABE -
10
as consohidated film} -u x
| = /./
gl
—
=)
S &
- —a—228i0,-70B.0.-8P. O,
o I +62$1O -30B, O SP O
_§ 7t Apnealing Time . ”4h
2
=
— 6B
I (as consolidated film)
L ] a >
5k .(t___._,fn/
1 1 1 L 1 L 1

a I i " ] " M "
500 600 700 800 900 1000 1100 1200
Annealing Temperature ("C)

Fig. 5. Thickness change ol glass thin f{ilm versus annealing
temperature,

1.472

1470

T

1.468

1.466

1.464

Refractive Index

10

1 1

6 8
GeO, (Wi%)

Fig. 6. Refractive index of 62510,-30B,0;-8P,0s+xwt% GeO,
(x=2, 4, 6, 8, 10, 12) glass thin [ilms.

1462
12

FH Aog #ukdc)
Borophosphosilicate®] f-2]2F

= @A 58571 -rlﬁﬂf\ﬂ:— =2E 3

—E) B A AL AL

28 w20 FHE V=

o] 7N AWGTHA
Z7go] go|stejo} gt}
npe} o] gEEo] 7R
x=70 Ao 01 A%?]— 0.7
il #EE 2ES tﬂ golslA 317] 415tk
borophosphosilicate?|] GeO,5 #7151k Fig, 6—— 62Si0,
30B,0,-8P,0stxwi% GeO, (x=2~12) frelatete] 2E 8ol
) Ge0,®) A7VEe] 2 wineld 12 wi® S1E we)
ZASL 1463394 147160E F5kn 2280
1458921 72810,-20B,0:-8P,05 2418] 52192 baseZ AF
237, 625i10,-30B,05-8P,0:0 2 wi% GeOys: 107 wi%h

GeO7t H7VE 2] FERE coe ALET A o]

C]

Al &

E Alel2] A% 2t 033 07524 628i0.-30B.04-8P,
O +x W% GeO, He/vheke. splitterall A AWG Zafol 73]
Z g4 22 e ¢ 5 vk

24258

THE - Ay - BEE)
4. 4 2

AFDHe] 2j8] #2= 3=o}=% borophosphosilicate -
Japele] el EAlS malElST)

[. Si0,-B,05-P,0,A1] lxi quA ko) 57}%1011 k)b 2k
A BZoMe] AEhkeE B0, P02 Fdel 25
FEgo| g8 ‘;%0}/}3131'4 Fhefo| 2ooﬂfﬂ 70 mol%= Z

Vel mEl 2 lEL 14589904 146833? Z1519)

2. feEtere] FAES WaElAF] 7] 28] GeO S H7T
Skath Ge.2] A7 zoﬂfﬂ 12 wt%ﬁ 27Vl whek
FAHEL 14633004 147160 2 ZrlsbAr)

5. ZAkel 2

B o= AREMNATY HEr] z‘f‘d?ﬁ(ﬂ}/ﬂﬂd :99-162)

o Ageog FaEglon, oo A=)

REFERENCES

. M. I. Weber. “Science and Technology of Laser (lass.” J.

Non-Cryst. Solids, 123, 208-222 (1990}

P. G. Clem and D. A. Payne, “Heteroepilaxy and Waveguide

Formation for Soltion Deposited LiNbO, Thin Layers,”

Mat. Res. Soc. Symp. Proc, 392, (1995).

. T. Kawaguchi, H. Adachi. K. Setcune, O. Yamazaki and K,
Wasa, “PLZT Tlun Film Wavegwdes.” Appl. Opr.. 23, 2187
(1984).

. B J Stadler, K. Vaccaro, A. Davis, E. A. Martin and G. O.

Ramseyer. “Characterization of Magneto-Optical Rare Farth-

Doped InGaAsP Thin Films on InP” Mat. Res. Soc. Symp.

Froc, 392, (1995).

T. A Tumolillo, Jr and P. R. Ashley. Appl. Phys. Leit, 62,

3068 {1993).

M. Kawachi. “Silica Waveguide on Silicon and Their Appli-

cation Lo Integrated Optic Componenis,” Optical and Quantum

FElectronics, 22. 391-416 (1990)

T. Valette and J. P. Jadot. “Si-based Integrated Optics Tech-

nologies.” Sofid State Tecli., 69-75 (1989}

N. A. Sanford. K. J. Malone and D. R. Larson, “Integrated-

Optic Laser Fabricated by Field-Assisted lon Exchange in

Neodymium-Doped Soda-Lime-Silicate Glass,” Opr. Lert..

15, 366-368 (1990).

. P. W. Leech and M. C. Ridgway, “Waveguides Fabricated in
Fused Silica by Germanjum lon Tmplantation at Varying
Doses,” Mai. Res. Soc. Symp. Proc, 392, (1995).

. J. A. Gates, A. J Bruce, J. Shmulovich, Y. H. Wong. G.

Nykelak, M. R. X. Barros and R. Ghosh, “Fabrication of

Er-Doped Glass Films as used in Planar Optical Wave-

guides,” Meat. Res. Soc. Symp. Proc, 392, {1995).

R. R. A. Syms and A. S. Holmes, “Reflow and Burial of

Channel Waveguides Formed in Sol-Gel Glass on Si Sub-

strates.” IEEE Photonics Tech.. Lett.. 3(9). 1077-1079 (1993).

T.E. Morse, A Kilian and L. Reinharl, **Aercsol Techniques

]

11.



Aerosol Flame Deposition< ©-4¢ =928 Borophosphosilicate F=E12}e] Alajdl] gk A 81

for Glass Formation,” J. Non-Cryst. Selids, 129, 93-100
(1991).
13. M. B. Volf, “Chemical Approach to Glass,” Glass Science
and Technology, 7, 183-192, Elsevier, Amsterdam, (1984),
14, R. L. Pescin and R. I. Raco. "“Ultrasonic Atomization ol
Liguids,” J. Acoust. Soc. Am, 35(9), 1378-1381 (1963).
15. H. J. Lee and S. S. Lee, “Measurement of The Effective
Indices of InGaAsP Waveguides by Silicon Prism Coupler,”

LAl

J. Kor Phys. Soc, 22(4), 487-491 (1980).

16. S. H. Wemple. D. A Pinnow, T. C. Ruch. R. E. Jaeger and
L. G. Van Unitert, “Binary 310,-B.0; Glass System : Ref-
ractive Index Behavior and Enerzy Gap Considerations,”
I Appl. Phys.. 440123, (1973).

17. R. Arago. “Influence of boron-oxygen bonding on glass
properties,” J. Non-Cryst. Solids, 222, 25-32 {1997).

A 37 A 1 E2000)



