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Abstract

Silica glass is a core material for optical fiber in optical telecommunications, but its
centrosymmetry eliminates the second order nonlinearity. But it is experimentally well known that
the space charge polarization induces the Second Harmonic Generation (SHG) when a strong DC
voltage 1s applied to silica glass for a long period time with metal blocking electrodes.

In this research, a theoretical calculation of the nonlinear optical property caused by the space
charge polarization is performed, and a model of a numerical analysis to predict the small change in
nonlinear optical property as functions of time and space is provided.

Aelbe o)ul BHAE 2L £FY FEk 2A2A 3 $F40 F A AT FHY FaAo

[>R=]
OlME T3 we FER &4, BISNHeE gd B4, Az §o4, /& FHHse] W&
o]

E4ol vjg dol vl wWold H Faxtel 24 F /Y YA 242 AYHx
ok 3y devke vg $548 FEG Lol AaE FHAAY BaH 24 S ¥ W,
MAY BEgol A feng FAANY Bxrs 2e WYH REL AT & dve dHol
aieh,

2y, 19919 ]2 New Mexico @8e] Myers S[1]°) poling® 227t 2ol ujxg sgst
ANE Ao LES ojF ol#d e FAVTE I AY ¥AFEAZE FAAT7] A tge
AT HFg o gkoh2]. o3 vAdY dEgte] ddtd & #AHE e olfFe HEgIg 2L ¢

3 FEu Lo FAYAY MEVIE PR E F e bEAE By dEeldtn & & Uk
3393 02 F9(isotropic)dt L centrosymmetry 7} 10] 23 w4y Fstaart gE(3] A8t Fele
A 22 Hl"*63 FE @do) A ddew Y FEHIA dHFE ZITe A do1Fe o &3¢
2} 8} B Z(space charge polarization)®] ZAlojti4]. AFE TIE AL WA= Na o 22 ¢z
01%01‘4, H, H:O'st & o252 284 Aok olgd dest fad 85 AFH 2L ALHS
(blocking electrode)2 ol&3&te] A7 AL 7tatd 4= o Ayl fa EF FHHsESo] 24
o olgd FNAGETLE RHOZRYH F el vl$ FHE JolAM BAER of FHAM FAH
e AH71Ze u$ A ol T AA solAME 3 vlAE FE Fdo) I Fag 2 HEol

i
£

wagel s 22 MY Bet ASsE hes 2 Ao ¥ fE

P.'!w = &y Z(Z)eff Ea/ Ew (1)

230



F24et3] 20019 = SA g ¥ 3] (2001, 2. 15~16)
7% =3 ¥ Ex (2)

A7A Pyt Fog 2ul AR BZ weoln, P, = % 23 8AY Fe Ag, LY =
32 vl B8 A E,, Ea © 247 QA g 3 A7t A7 A FaAsEZ) o) dtag
Aol %-g olnlgi
2o BHe Myt %31—3 ol &3to] F2YAE A7 A% 712ATFEH 22 wAdyg Fg

258 FES7] A% Poling® @ W 2P £ Uold BAHE FRHARLIE o] B A
stol £4stna stanh Aegh Feo) ol A AFL 0§ AF AYL AN

T2 Wl ME 227 Na' wreo] d3t £wAle 988 51, EF Na «© 2t #
2oy Ag# vhE(recombination)st x| ¥ o, AfZo] %*EEWE %= g

Aol AZMERS W, A ¥ EEE #H Na' & Diftg 34 =3, Driftel o8 Na' 9

71| Concentration Gradient)?} 7|73 whake] utd] W&(-)FolA (+)F Wwdh)oz LA Na 1=
ol szl Ao o) wjHA de)gtst AFH Alole] HEFol B/ E, & (Cathode)ol A= Na'

o] ZA o] %F(Anode)l A= Na' ¢ FHol wAsA @rhFig. 1).

Sirwlationg 38 2o Fig.2 ¢ zZo] mAYe] A/HAUS AF, e Bx7 sad v A
i 29tk E@ 98 St TR ¥ BE e WAL BAIFAL W FIEo|A Ealdel
Fa7 w$ 2A dedtis Aot ABY FIE AIAMPE 027 AT 1 ia_\ o Zax 7
o gitoly dojdre B 4 AT old HA T Mal B3] ofs wAls: wAW FEA4o] &2
Zode 4359 $PEo 72 AvAE A2 448 £ Aok

| Steady-state
N ll — —— ——— T—r=Y T T
100 i~ 9
v I
80 4
0 ¥ L F
" s T ]go% 1
" - g
L R R Na 8
-— Na Nu , Na‘Na s 0} .
. R Na* JNa +Na+Na o
Na Na Na* Na*Na*Na 4
B+ 4P b
| 850%
/' oF -
f;nblnckingelectrodew sulcaglassl [ Only Na’ can move D,OAA;D..Z 01.4 (:6 0.8 gto
I <
IFig . 1 Schematic illustration of the polarization Fig. 2. Potential distribution as a function of
of the Va* jon under the applied voltage. the time at (L'=10, V=20

Fad

{11 I.. A. Myers, N. Mukherjee, and S. R. J. Brueck, "Large second order nonlinearities in poled fused silica.”
Opt Lett., 16, 1732-1734 (1991)

2] 1.G Kazansky, P.St.]. Russell, and H. Takebe, "Glass fiber poling and applications,” J. Lightwave Technol.,
15(3, 1484-1493 (1997)

[3] JF. Nye, Physical Properties of Crystals, Oxford University Press, 241 (1967)

4] 1. 3. Kazansky, A. R. Smith, P. St. J. Russell, G. M. Yang, and G. M. Sessler, "Thermally poled silica
glass: Laser induced pressure pulse probe of charge distribution,” Appl. Phys. Lett., 68, 269-271. (1996)

231



