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Surface Stress Measurement Using Optical Waveguide

Effect of Chemically Tempered Glass

Toru KISHII

(R and D Center, Toshiba Corp., Kawasaki-shi 210)

Glasses heat-treated in molten potassium salt have compressive surface layers caused by
ion exchange Na* «» K*. The layers reinforce the glasses mechanically by a factor of up to
ten. Stress in the layer and thickness of the layers critically affect the glass ware strength.

The layers have an optical waveguide effect, caused by refractive index distribution in
the layer. Light propagates in the layers in finite numbers of discrete modes without diver-
gence. The distribution of effective indices of the modes depends on the refractive index
distribution ; photoelastic birefringence and layer thickness can be estimated by observing
effective indices using two linearly polarized lights with vibration directions perpendicular
to each other.

Method for calculating effective indices, for observing the indices and for estimating
surface stress and layer thickness are described. Results obtained by the methods on several
specimens are compared with those obtained by traditional method, showing reasonable rela-

tionship between them, although they were not always coincident.
[Received February 24, 1978]
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Refractive index distribution at surface
layer of a chemically tempered glass
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observed by an interference micro-
scope.  Arrow indicates the glass sur-
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Path of light G,F,G, composed of arcs
and total reflection in the surface layer
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of glass in (a) high index medium and
in (b) air. O : Center of curvature,
R : Radius of curvature.
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Thin section photoelasticity on three

Fig. 3.
samples of  chemcally temporad
glasses.  Thickness of thin sections :
0.22 mm, light source : Na discharge

lamp.
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Fig. 4. Apparatus for observing effective index
distribution of modes in a surface com-
pression laver.
IP : Input prism, OP :OQutput prism,
L : Ohjective lens of a telescope, 1 :
Focal length of L.

5. E— FREROEH
JehsF DI EIZIFKRE SOEFNC R S TRIEXT
AERE, FOEBOATRLEER, EMOBERCBT S
BERAMERHET 2 X o clEh s 0T, HBZEmMRN
LR S TR T 5. LERIL T T A ORFEERO
1B, IR R I A BT 5 3, E oM




BOE G- i o2 A

122 Yogyo-Kyokai-Shi 81 [3] 1979

B A RECELET R LD 55 L, EESS
L TS FHEOIREF AR E S, ﬁﬁ%ﬁ¢ﬁﬁi,
v 7 AU = ANOBREEXEY, 52 5hIEREHTC
TR OIS, LA LIHNEECAETIE 2V,
FREAGE T TREEMO AR EMTE 5.

BT HETE, KEHEREE2oic, W-K-B &
EMEIN ARG EEARB I . TRy =—T A
A FRONXDHERZML Iz, MASHhTnwS.

2R L5, W= T H A FNOFEDEET
BT ié<§&é.k;6#,7m~‘

KA FRIZTEEL 5 %€ — FOENBITER (EZEH0X
W/ T — FOMBIEEE), netr, RO BHEMARIz >N T
T, KO LY REFELWEERDS. Thbb, W-K-B
B2 X B EH0EMER, BTEENRBRETRD R
B, MELAMEREZRTEI—8T5.

Lieho T, WHYEEAAERIEZF - T, £— FDHE
BETRERD D Z LN TED. TIUTEIA AR
BlzonTzxa¥—0RNE2EE, RCEPELHS
AT LHAMZ B L, BEFHEOEGHFEAE LN
5, LWHHEFLRBIITWS.

HHOEER R EI A #E S FEEY &, (Ric H-B kL
FEHLT, ThERERCECHBLLHEE K
HEMER.

51 W-K-B &

BITR n(x) PRS2 0B E L THEALATHSY
=— 7 HA F GEER) NIz, RIESH A 286,
FEIEFT (R WKETT 50X

Aexpl{i(wt-32)}
B, BEOWL 2D L L, FhFhiHET+5 Al
ERMLUCEIHFEELDD. ZIT,

t R, o AEEE, S=2z/2, AU =—THA N
TONDKE,

Thh, Koz FE~OGIEEER o/8 THB.

Y BTEET B RFOERKIE,

mehﬁuoHﬂde=<Aww%>ﬂ NS

N=0, 1, 2,--, k=2zfh. k% : HERTOROEE,
F7m x=xy Tk nlawy) =nes =8k ThH5H.

5.2 H-B &

Y e 7 H A FRZRMESMIC TR S h 5 KK
GFGC. #k-TilDkEE2S (2. 2545,
W-K-B iz ka7 (D) i1, Kok (@ R) 2
BIXESHTLE 9. (1D RO 2y HRBORES F
DESIZHET 5.

[G »noswd1~~-.~ml‘ mr_hm (2)

P ﬁ‘cwﬁﬁjﬂﬁm){%éjﬂéﬂ (x KB &M/, 0,:
RETOLREICES FHOMO AL 507 0), 4

T. KISHII 12

Yo, N=L,2, -, Nnax, Nmax : FEETHE—F
DI

O, T HBFHBERCRIAEEN, W-K-B iz
%@Kuuﬁéﬁéhbwﬁﬁﬁka'%=—ﬂ2&
%< 15),16)‘

KT ANOBERT T A XV EBEITT, hroE— KR
HAr b AFETELRTWAHEAIZIE, (2) RiThEK
D X5 AR EN 2 EREE2 B LR TES
(B 2 @).

& HB-1 H 5 A5 O AEIEIRB T 5 2Pz
AV, BRHEMEE GF.C, #ETRE G IGEL, £
RSN TEICROBE~HIET 20, ASHERER
Az 2 5.

FDOAFBFERZNERR 12D, 5 2AOBENR
HIAXVEBBIT Ch-72V+5E, Z0X)REMT
fEh 72 v, UL L&M HB-1 230 HB-2 [t L
TEL &, ZRIEH 7 ZIMEEOW» A1 b 5358
BT, ¥728— RO bHREEDHELAOIE

Ioiv, LVHEREELBOS 61T, HB-2 13
TRTOARFEORBAEEZVRRLEE T2 & B
5. Thbb (&2 b).

% HB-2  LEO—& G itbn T, BR#NE
% G.F,C, 2tk r, che@—H GH wEif®
ny (G, TOXFTADBHR) OB R 2 ED
EABRY YR &R, i G REBELTrLENRE
MR DR~ M, FFRICR 5.

5.3 K & )

MWEICER) 2R 2B 520z, HB-2 o&kffic k
PG REZT 5. KoREEZEL.

(A) BIRZ B IIEHBAT—ETHS. L
MoT, n JBIR, n: 5 2AKE (x=0) OEHTRE,
ne 1 AT A EROBIRE, x:RKEHOM - ES,
zs L EHBOES, LLT,

re=zax=0 T n=n—ecx
T=xy T n=ng=n,—axs

(B) A F iz X3 BITREMT, EROBIFFR
IZHRT/E &, no—ns €1y, ne—ng < ns MY I
2. Lo T, BHBRT OO M
TG, FoheE R,

n . M,
R= (dn/dv) e
v RO ESRFEICE S R, chs. HIl o=k
e O L35,

(C) @,=z 5Y7L=180 L+5. & [IFNciEEL
HETC =2 5V7 =90 LEL.

IHBDREEZEY, 7VELORLBRLTERT
BHE, & HB-2 13 (& 2 (b)) »b,

J__,n(ﬁ)Rd0—2 R, sin 6 cos 6
G,F,G



