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Damageinopticalmaterialshasbecomeaserious

problemforhighpowerlasersystems.Themalstress

deg･radationandfailureisoneofthemostprobable

causesincwinfra-redtransparentmaterials.Wehave

observedtemporalandspatialdependenceofthe

stressfieldsubjecttoCO2laserbeam,byusingstress-

birefringence effect.Stress･birefringence arises

becausethevalueoftherefractiveindexchange

variesaccordingtothedirectionwhenauniaxial

stressisappliedtotheisotropictransparentmate-

rials.1~3)Ifweanalyzeafringedistributioncausedby

abirefringence,Wecanobtainastressdistributionin

asampleandalsopredictastressfailurelimitation.

ExperimentalsetupisshowninFig.1.Wecan

makeacircularpolarizedlightbydiffusiveplate(D),

linearpolarizer(P)andquarter-waveplate(Ql).

Anisotropicphaseshiftisaddedwhileaprobelaser

lightofHe-Nelaserbeam passesthesample(S),

whichabsorbsaCO2laserenergy.Thephasedelayis

observedbyaquarter-waveplate(Q2)andcross

polarizedanalyser(A).Spatialdistributionofthe

bimefri喝entfringesafter60secondsirradiationof

CO2laserisshowninFigs.2and3.Thesamplesare

Lx-LU-L2-10mmcubes,whichhavetwopairsof

opticallypolishedsurfaces.Figure2isthebirefrin･

gentfringesofBaF2Whereaxiallysymmetricstress

fieldisobservedalongtheopticalaxisofCO2laser

beam,andconcentricstressfieldnearthefrontand

therearsurfaces.WealsoobseⅣedamorecompli-

catedstressfieldinKRS-5sample(Fig.3).Although

thesampleinitiauyhasaresidualinnerstressbecause

thesampleisnotmadecompletelyuniform,wecan

obtainthestressconcen･trationnearthesamplesur･

facesattheCO2laserirradiationfromthedivergence

offringesfromsurface.

Afterweobtainthemperaturedistributioninthe

samplebysolvingthepartialdifferentialequationof

thelleatCOnduction,wecancalculatetheinternal

stresses.The stressdistribution resultsin the

anisotropicchangeinreflactiveindeces.Theralation

betweenbirefringentfringemovement(x)andphase

delayofthetwodirectionofthepolarizedlight(♂)is

writtenasfollows;

x-sin2(8) (1)

Thephasedelayisproportionaltotheabsorption

coefficient(β)andtheinsidentlaserpower(P).The

Fig.1.ExperimentalSetup.
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Fig.4. Spatial and temporal birefringent phase shift of
BaF, crystal (experiment). Curve A: t=0 sec., B:
t=5 sec., C: t=20 sec. and D : t=60sec..

where P is the incident laser power, au is the spot size,

d is the absorption coefficient, p is the density, c is

the specific heat, and 4 is the heat transfer coeffi-

cient.s) We can obtain the relation at the center of the

sample as follows;
DN

d:  -4 .57x  l0 'x j laEQtra  t ) .  (4 )
P C

Figure 4 shows the spatial and temporal distribu.

tion of the phase shift. At the power of 160 W/cm,

BAFz is fractured. The critical stress is estimated as

3.41  x  105 Pa.

The stress birefringence result from not only ther.
mal stress caused by the optical absorption of the

sample but also residual internal stress and holding

external stress. So the measurement of the stress

birefringence will be the direct method to estirnate

the damage threshold of the transparent optical
materiais for high power laser.

(Manuscript received, March 13, 1985)
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Fig. 2. Birefringent fringes of BaFz during the irradiation

of CO, laser beam.

Fig.3. Birefringent fringes of KRS-5 during the irradia-
tion of CO, laser beam.

analysis of a stress field in three dimentionai sample

is too complex. We use a simple model of axially

symmetrical adiabatic heat load in plane strain

approximation.') The expression of the phase delay

along the y-axis at the center of the sample is;

^ 4raE , , fL"( 1 fLt -6:ffQn-at)J, 177J, Tu du

l r a )- i  I  
' ra du- T ldu, (2)

! ' J o  )  
- '

where a is the thermal expantion coefficent, .E is the

Young's modulus, ,i is the wavelength of the probe

laser beam (633 nm), and ql and 41 is the piezo-optic

coefficients of the two poralized light. The tempera-

ture distribution (7) is:
P P  1 (  9 c , t 2  / I - . \ )

T - '  P '  l u f -  u r + ! * + 2 w 2 l n ( 3  ) l'  p c  4 l *  "  h n  
- ' -  " ' \  w  / )

o < a < w ,

T=#イ{ラ豊丁十hけ》 ω< y≦ ιy ,
( 3 )
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