
L&-76 G724- -/
LA-UR-76-1593

STRENGTHIN LASER DAM4GETITLE: THEROLEOF ELECTRICFIELD
OF DIELECTRICMULTILAYERS

AUTHOR(S): JosephH. Apfel,
BrianE. Newnam,

JohnS. Matteuccl,
and DennisH. Gill

OpticalMaterialsfor HighSUBMITTED TO: Symposiumon
PowerLasers,Boulder,Colorado,
July 13-15,1976.

i

BY acceptance of this article for publication, the
publisher recognizes the(lovernment’s (license) rights
in an.vccrpyright andthe Government and its authorized
rrprewnta(ives have unresirlcted right to reproduce in
whole or in part said article under any copyright
secured b} the publisher.

The I,os Ahsmos Scientific Laboratory requests that thv
publisher identify lhis article as work pcrformcdundcr
theauopices of the USftftDA.

. MOTICt

I
‘i

I?l,, ,ep,, w,, ,,erwrd m, ,, ,’,,,””, Of W>, k
,,

W.WN h tk UIIIM St*l* [Awefm.t!l N.!IIIw

,

ItheU., td StIIti not t~ Unltti SI. IrI tnc,gy
L<

R,-ar, h ●nd [*rrl,,pment Admmul”,,,, n, m>, any ,,1
.1)
‘!‘,

the. ?mpkwfc!, not my of !hw <!!. s,.,:,,,,,
,uLw)III,, ,1,),,, (,, !h,,, ,Iw Io,,c,, ink,, ,.,
W,””ly, t,p, ”” ‘>, hllfhd, ,,, ,“unw, ,“, I@
hnhW> U, tew,nul,til yf<,, the... uy,, c,mptm(ence,c.,
,,, “-l”l ”?. ,,1 ,,” mr(,,ltu,,,,n, ,pp,,,, u,o, !”l., , !,,

P1,,WS$ dml,, *d. 411 Wvr. mt$ th.1 IIS .* .,mld m%!
mrrl,,e p“v, w Owllcd r, fi,,

Iamos10
scientific laboratory

of the U~iversity of California
LOS ALAMOS, NEW MEXICO 87544

\
An Affirmative A<tion/Equul Opportunity Employer

(lNr{’EJ)!+’~A’f’~s
EtNfW(;Y RflSEIAfWH ANI)

l) EWfJI,OPMHNT ADMINISTRATION
CONTRAC” ‘~’-

.* . .. .A-

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



THE ROLE Or ELECTRIC FIELD STP&XGTH IN LASER

DAMAGE OF DIELEC’I’RICMULTILAYE?.S

Joseph H. ;.pfeland John S. Matteucci
OPTICAL CO:\TIl:GLABOIUTORY, INC.

Santa Rosa, California 95402

Brian’E. Newnam and Dennis H. Gill
University of California

LOS ALXJOS SCIENTIFIC LABORATORY
Los Alaiios,New Mexico 87545.. ... .. ,.

., ,.. . .
The”intensity of the local electric field within a ‘

multilayer illuminated by a laser beam is determined
by the vector addition of forward and reverse flowing
waves as a result of interference. The profile of
the electric field intensity will therefore depend upon
the multiiayer design and can have a peak value which
is more or less than the peak field of the incident
beam. ~lehavs examined four multila:{erdesi?ns~ each
composed of approximately equal numbers of hlqh and low
index film arranged so that the electric field profiles
are signii~.cantl.ydifferent. Lar.er damage thre::klol’~s
for these coatings were com?ared with calculated electric
fielcistrength prcfiles.

For electron-gun evaporated titania/silica coatings
damaged by 30 picosecond pulses of 1.064LJxnradiatiorithe.
damage threchold is dictated by electric field intensity
in the titania layers. .

Key words: laser damage,,dielectric films, electric
fields, optical coatings, standing-waves



INTRODUCTION

Precision determination of laser danage thresholds
is possible, yet among workers there is still uncertainty
regarding the dar.age mechanisms. Several workrs have
reported experiments which support ~he expected rel-ation-
ship between damage and local electric field strength [1-3j1.

,. However,in multi.layercoatings, the variations of material
thresholds due to processing by different or common manu-
facturers may be masking the field skrength dependence. In
these studies four multilayer designs with widely differ~nt
electric field enhanccnsnt factors were prepared simultaneously
in one coating opsrationo The results of laser damage
threshold experiments are then compared with calculated field
strengths, . . . . .

DESCRIPTION OF THE EXPERI14ENTS

. . Figure 1 describes the multilayer designs which are
composed oi eight or nine layers of titanium dioxide and
silicon diGxide de?osited onto fused silica substrates.
Desiqn A is a simple quarter wave stack of nine layers
beginning and ending with high index (TiOZ) films. In
Design B the centermost layer of the quarter wave stack wds
omitted resulting in an eight layer design with a central ,
half wave opticnlly thick,low index (SiOz) layer. In
DesicjnsC an~?D the fourth or sixth layer was omitted in
similar fashion.

The spectral plot of figure 1 shows that the peak trans-
mittance of Designs B, C, and D is not PreciseI}’ccntcred at
1.064vm. From the scan it can be inferred that the optical
thlclmesses of the individual layers vary )y~less than one
percent ar.dthat both coating materials have an extinction
coefficient (imaginary part of the complex refractive index)
of less than 0.001.

For laser radiation incident on the coated surface of
the substrate the gour designs are specified as A, B, C, and
D (see fig. 1). For laser radiation incid?nt from the reverse

direction, i.e. ir,cidentupon the mult~layer from the substrate
sidet the designs are specified A’, B“? C’1 and D’a When the
laser beam which is incident on the substrate at 8 passes
~ntoothe fu=cJ silica it is refracted to an incident angle of

For the reverse (primed) exposures t~e incidence
tigleeonto the multilayers is therefore 5.51 .

Figuce 2 and figure 3 show the computed profl es of the&time averaged s uare of electric field strength (E ) for each
hof the designs 4 . In figure 3,where radiation is incident

upon the multilayer from the reverse ox substrate side
(primed), the incident field intensity has been adjusted tO
represent the c.,rcbccw.intensity used for the other case~
(ul~prjm~d). T!IUS t!:::i.)r~fi.1~~:rf’p~~scni-.t.l~Qfield in ~~;~
various designs with c.lualbeam cncrcjydcnsikics incident on
the samples. In these figures the high and low index layer~

1. Figuresinbracketsindicaw the literaturereferen=sat thecnd
Of thisp~por. .
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9 arc distingui.shet!?by thic}..aess.Since the optical thickn!’::~
of 8311layer:;iz (:qual,the high index layers have Smaller
physical thicknesses.

The coatings were prepared in s multiple s~lnci~ecmting
machine quipped with exfx’rnallyactuated masks whic?tpc=,it
the omission o: any ona or mare layers from suhstratml

mounted in each G~Jlk14? rack, Thus,all four de:;ignswere,.
prepared in a single run and - have minimum diffezenccs
attributable to process variation.

The four 38mmc?irzneterby 7m thick fused silica sub-
strates were cleaned ~~ qcntle scsubbing in a hot solution
of detergent in deionized water, rinsed with deicni%ed water
and then iwnsrseciinto the vapor of an alcohol dryer. Elcctzon
beam heated evaportioa sources with coppsr rotary hearths %:e:e

F
used or deposition. Tb.etitanie~.dioxide film wexe depesitcd
at 80@nin. and the silicon dioxide at 1<15~/min.onto subscratns
held at 225°C. . ,.

The ccr:plctcdcoatings were exsosed to 30ps pulses of
1.064Em radi::tion as c?cscribedprcv~eusly [13. Each sample
was tested with rwlia:ion p’alari:cdin tba a plane and incident
on the ceak{k side c)ftiin i~~~~tl ~~.~, and frOm th EC?W21W

direction,at an angle of %5.

RESULTS

Table I and figure 4 include the measured laser damage
threshold rane;cs. %e top end o: tkc+tln-csholc?renqc was
defined as the maxir:;~~pulse energy daasity fa? \;hichncich”~r
visible dmrqc nor s~ark radiaticn ei a minima value was
detected. lhe lower end was de~incd GS the minirmi pulse
energy dmsity for which danage xas detected either by the
IJS method or by the occurrence of a s~ark with at least tha
prescribed radiant energy. An average of 68 laser shots were
made for each ranqe determination: the number for each is ~hewn
in figure 4. -
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Thc p~i:k fielclsin the iow ir~dex(SiO?) layers
numberecl 4 and 6 of Sample B arc ..’ery Ilighwhen d:umage
occurs. According to the comy&ation, tl~epeak time+averaqe
square of field in the 10.Ji.nde.xIaycr$:is 2.3 ti::?esthe
peak in the high index laycrs,tharefore, the central low
index layers of Sa:~plc5 are experiencing an RMS field of
12Mv/cm at the threshold of damage.

In their daxacje studies of sputtered single Ti02
layers, Gill, !!cwna:n,!!artman,anclColeman [5] found a
threshcld range of 8-11.3 Joules/cRt2 fcr 30ps pulses. The
~%~sfield within the fi~n, conp~te~ from an elect~ic field
profile, was 6.9 to 8.3Wl/cn. S:~it!!,Bechtel,anci
Bloembargen [6] fmincl an It<S breakdom field strength of
11.7$N/cm fcx fuse~ silic~ window material.

CONCLUSIONS

We have investigated the laser damage threshold for
sevetal multilayer designs produced under identical
conditions. ‘j’h~rnsults iriciiratethat the peak Kulsc cnerqy
density at threshold produces an F&15electric field about
8MV/cn in the high index titanium dioxide layers of each
design. This ccxparcs with the field in the most danage
resistant film previously resorted. The field in the 10YI
index silicon ciioxic?nlayers varjes between 8 and 12 MV/cn
and is felt X1OLto ir~~:uceiailurc.

There is an indication that the first high index layer
coated on the fused silica substrate may have a lo~ercd
threshold. This COUIC,be due to coating process variation
or to substrate induced c?efects.
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FIG. 1..

FIG. 2.

FIG. 3.

FIG. 4.

FIG. 5.

FIG. 6.

FIG. 7..

FIG. 8.

Schematic description and s~ectral tranzmittancc
plots of the fcur multilayer designs.

Elcckric field profiles for the four designs for
s plane radiation incident at 8° from the air side.
The abscissa is physical thickness measured normal
to the layers and the ordinate is the computed value
of the tine a’~crage of the square of the electric
field. Each profile is shown for an optical half
wave distance in the incident madium and for a
short distance inte thn suk%stvate wheze there is me
standing ~:ave. The field intensity of the incid=nt
beam is indicated by the arrow on each plot. The
dottecl lines cannect the location of omitted layers
with Sample A.

Similar to figure 2 ex~ept the radiation is incident
on each design at 5.51 from the substrate side.
‘I’heincident field intensity has been adjusted for
first surface reflection and for substrate refractive
index so that profiles can be compared with ficjuxe2
for cc~uallaser pulse energy density.

Experimental laser damage thresholds for the four
multilayer designs. Data fro.nTable I for the s=nylcs
irrndiatcq irm substrate side (primed) have been
corrected for fj.rstSUrf~ZICe ~~f~CCti~n lCJ~~ befOY(’
inclucisionin this plot. The nwbcr of laser sho.z
is gj*~cnfor each test.

Graphjcal description oi the models used for
prediction of damage threshold= attributable to hicjh
index layers. !~cdel1.uses the peak value, XodC:l2
used the peak volme integral represented by
indicated shding, and Xodel 3 uses the total volume
integral of Ez.

Model 1. Best fit of experimental results to
prediction if threshold is p~portional to the
reciprocal of the peak . in the multi-
layers. The numbers are the standard deviations of
tl.eplotted lines relative to the mean values of
the threshold ranges.

Model 2. Best fit of experimental results to
prediction if threshold is proportional to the
reciprocal of the naxi.mumintegrated time averag~d

.squarc of electric ficid over one layer. The numbers
are thf.=tandarcldeviations of the plotted lines
relative co the mean values of the threshold ranges.



kJG. 10. Mode1 1‘. Best fit of experimental rc?sults tO
prediction if threshold is prmortional to the
reciprocal of the peak ~ in the rmlti-
1ayers. Only $xnplcs B, C, and D were !Jzed in
establishing the best fit, othcriiise this is similar
to MOdcl 1.
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