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Abstract

Silica glass is a core material for optical fiber in optical telecommunications, but its centrosymmetry elimi-

nates 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 is applied to silica glass for a long period of time with
metal blocking electrodes.

In this report, the results of a theoretical calculation of the nonlinear optical property caused by the space charge po-
larization, and a model of a numerical analysis to predict the small change in nonlinear optical property as functions of
time and space are provided. Assuming that amorphous silica is a solid state electrolyte and sodium ion is the only mo-
bile charge carrier, ‘Finite Difference Method’ was employed for modeling of numerical analysis. The distributions of
the concentration of sodium ion and electric field as functions of a normalized length of the specimen and a normalized

applied voltage were simulated.
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Table 1. Glass type, selected composition (ppm by weight), and fictive temperature(’C) of samples used in the experi-
ment. Type I glass is produced by electric fusion of quartz powder, typell glass by flame fusion of quartz powder; typell
glass by hydrogen-oxygen flame hydrolysis of SiCl,, typelV by plasma fusion of SiCl, Furukawa glass by the AVD meth-
od. Fictive temperatures shown in the table are for as-received samples and measured from the peak position of the 2260

cm™' fundamental structural bands in the FTIR'®

Glass Glass type Na K Li Cl Al OH T
Infrasil I 1 ~0.8 1 - <50 <8 1102
TO8 I 1 ~0.8 1 - <50 ~180 1147
Suprasil2 m 0.04 <0.01 <0.05 - 0.1 1200 991
Suprasil W2 v 0.04 <0.01 <0.05 ~240 0.1 5 1052
Furukawa - 0.04 0.001 - ~1000 <0.04 ~0.1 1184

Fig. 1. Schematic illustration of the polarization of the Na* ion
under the applied voltage.
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Fig. 2. Schematic illustration of the adaptation of the Backward
Difference Method.
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Fig. 4. Flow chart of the calculation procedure employed.

HE 107} 107502 AdH3gc).

29 Q7R u]EPES TAAe R FyET P
AarE B8t A)7ke] t7 o o] ¥ Y )R] EEE
Airete FA4E 29 4¢ debd Qich 9714 ne 004
1 (A=)l 319 547 288 ) 7129 [ALE et
ok FAAEHE F45e dl oA, &3AA gL
4v F2 "7y gt E & T8, AARA J (0) =
JT (D) =0& BFA718, £34 &9 ABYE Fol2 A
At A|7Hg Fo)7] $18te] Predictor-Corrector ¥ 3
2 Z7)E W37 e S AHEslgoh ™ Predictor-
Corrector W 4t" F2} 27|29 3k B & E 0]
2t 3 7hAdsta WhE A4 §5te] BN E Stolrle wie
2 CLE 9o ¥R E' ;& AASA =}, o] i 7
® CLE 7} 4t F9) CLE' 7 ®o}, AT A Ay
A7t F 27 AFH XY FL& GG0A = w3
£o] =3, A7l f-89) 7l B2 5 Wigo] 3}
L Ao Z ¢, AR Z7)(grid size) & WHAIFIE
He Hesdnh. &, AFH TR ¢ AR 1078
& F3tz At f8l9 by BEL 10758 F8ky A
AL A7k EA B 2700 AT BTl Aut wAEE F
A = W3} FAE Asidn). A4zl = 30022
2R3}

3. #nt & ¥

M ZA" Az =719 ALY A 2718 o) 43k A
27t &2 Wel Net o] 55 (C7) e} A7|AH(E") & A3t
Fr2A AAdstdch(2Y 5, 6). Na* 9 THEY9Y 54
FYL A7tel) et MM 2 Frsided, Hegh(L,
Vel gt 5= X9 oF ol thEA vebygd). (L,V7)
7 (10, 1 Ak (1,1) d A9 27]ele 529 X

20 ———e———————————
L'=10, V'=20

15 | 1
-— = tnl.001

- = - t=001
- o t'wd.08

10 | e .2
| (Steady State)

C'({x",t)

C'(x',t)

12} _,./.
Fand .—"" .-
H 10— ——= = S e T L =
[ s " e p
—— - -,

O 08p-— At
" - ={'=0.05
— .6

06 [ (Steady State) -_‘

o‘ A L i 1 i L A 1 "

0.0 0.2 0.4 0.6 08 1.0
xl
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Table 2. Description of the model and dimensionless equation.
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