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High-Precision Damage-Resistant Multiple-Pass Ultraviolet Reflectc+ueter

I.. John Jolin and S. R. Foltyn

University of California, Lcs Alamos National Laboratory, Loe Alamos, HM 87545

A multiple-pass cell was reported by John White in 1942 [11. SinCe then, it has been
adapted for use as a high-precision reflectoineter. The multiple-pass reflectctneter has
been studied and reported by Arnon and Baumei$ter [2].

Here, a reflectometer which is similar la described. It utilizea a uv laaer operating
at A = 351 nm as the source and the White-cell mirrors are high-reflection dielectric
coatings designed for that wavelength. Becauae of the low-loss reflectors used in the
cell, a high number of traversals, reflections, oan be achieved; R ~ 239. The use of
dielectric mirrors also improves the damage resistance of the ●pparatus which 18 important
when a uv laaer beam is used.

The results of reflectance meaaurementa performed on several ultraviolet high reflec-
tors are also reported. These include conventional dielectric ooatinge aa well aa a
hybrid coating consisting of A1203, Hf02, ●nd S102 layera.

K?y words: dielectric coatings; high reflectance; multiple_paas FefleCtCXDetW’; Uhite
cell .

1. Introduction

The Los Alamoa optical damage laboratory haa observed and defined aoveral typea of laeer-
lnduced damage to optical matarials [4]. In the caee of high rafloction, multi-lay.r, dielectric
ooating:~, clamage may be defined aa any change in the coating layera or ●t tho aubatrate interface
which obuaea ● measurable ohange In rofl.ectance ●t ita design wavelength. Since moat dielectric
high reflectors have reflectsnces ●pproaching unity, ●nd ● change cauaed by lam’ irradiation Oan be
minute, ● precise method for meamuring high reflectance iauat be utilized. A muitiple-paas refler
tometer based on the White cell waa selected becauae of its demohatrated preoision ●nd high ●ecu-
racy. It utillzea a laser ●a the acurcn for reasons deaaribed later.

2. Refleotometer

2.1. The roflectometer configuration la similar to that deeoribed by Edwards and Baumeiater [32
with the ●xceptlona of dimannions, nubar of traveraala, ●nd light source. Figure 1 ahowu the opti-
cal layout for the rsflectometer deaoribed here. Although figure 1 ahowa both ● folded Nnd an un-
fclded cuvity ●bout M2, the refleotomctor diacuaaed hers ia only uasd in tne folded configuration.
The oell mirrors are fIt3, H5, M20 end )44 ●nd have ● radius ef curvature of 50 om, with the axception
of HZ which !a flat, All four of these mirrors sre dleleotrios designed for 351 nm whioh is tho
laser wavelength. They were ●ll coated in a eingle run and ●ll have the same reflectance, II’ prac-
tice, M3 and )45 ●re positioned directly ●bove @nd in oloce proximity to 114 (f~ga. 2 and 3). Thla
allowa for near ncrmal angle of lnoidenoe on M2 which la the looation of the mirror under teat, and
●lternately, the calihation mirror. ?46 la positioned so that it intercepts the output laaer energy
and dire~te it toward Lhe OuLput detootor, Ml is the injection mirror ●nd hae ● radius of curvat,r@
of 25 a whicq mode mat.ohaa L% collimated laser beam to the cell modes.

The lacer used for this apparatus 10 a LMzon\oa ●xclmer laaer, Model 861, Opereting at 35 Hz,
with ● 10-n@ pulse duration. As la typioai with exoimer laaer~, the output decreaees ell~htiy with
lnoreaainu age o? the etatic fill gas eo ● saall portion of the beam la dlvelgtod to detector B ●a ●

raferenoe. The detectors are Laaer Prooiaion, Model RjP 734 and Model hjP 735 for A and B, respec-
tlv~ly, TIIQdeteoto” outputs are compared by a radiometer, aieo La@er Precielon, Model R.j 7200,

2.2. Oeneral Conaideratlons

As dieoueaed in much detail by Arnon ●nd Baueister, ●nd Edwarda ●nd Batnneiater, the multipaas
refleotomoter rtliga on the ●bility to vsry the nwnber of refleotlons On en unknown ●nd to ●ohleve a
high nuber of reflectional. To this ●nd, hi@-reflection dieleotrlo coatinga ●re utilized in this
oell to not only minimize loesea but ●lso to withetand the higher ●nergy of the laser.



There are several advantages to using a laser as the source. These include an increased
signal-ttrnolse ratio, an increased nunbar of traversals within the reflectomater, and relatively
eaay mode matching of the source to zhe cell. The higher energy of the laser also allows for meas-
urements to be performed under room light conditions.

2.3. Reflectance Measurements

The key to operation of the reflectometer is to keep track of the number of reflections, or
tra~>rsals, within the cell at any given time, Each traversal consists of eight reflections--one on
each of mirrors ti3 and U5, two an WI, and four on K2. This 1.s tr”je for all traversals except the
last since the energy will escape one bounce on MUand proceed to the output detector via M6. Thus,
the last traversal will have only seven reflections. This reflectometer routinely utilizes up to 30
traversal (239 reflections), so keeping track of them can seem a formidable task. In reality,
however, all that is necessary is to align for one traversel and from then on keep track of each
additional traversal. Successive traversa! can be achieved by horizontal ad.jue.t.ment of P13, md
counted as they swing into position on the output detector.

To perform a reflectance measurement on an unknown, the reflectance uf the cell mirrors must
fjrat be determined. To accraplish this a cell mirror is used in position M2. The output is
recorded for each aet of traversals from 1 to 30. The nuaber of traversal is converted to number
of’ reflections, (N), and the negative log of the ratio of B to A is plotted vs N. Using a linear-
rogresslon fit, a ~traight line la fit to the data, The average reflectance of all of the ❑irrors
w~,thin the cell is reldted to the S1OPSJ of this line. Sinca all Peflectances are equal, the equa-
t:.on for the cell mirror reflectance is:

-1R-log ❑ , (1)

where: m la the slope.

Now that the cell mirror R has bean determined, U2 oan be replaced by an unknown and measure-
men;a are performed in the same manner as for the cell, Ncu, however, there will he a change in
slops caused by the different R value of the unknown.

Sinoe the laser energy sntera ●nd exlta from M2, there 1s alwaya one more raflectlon on M2 tilan
●ll three call mirrors Combinad. This oan be seen in a amplified layout for one traveraal,
figure 4, A and B ●ra detectors. R. representa the three cell mirrors, ●nd Ru represents the
unknown (M2).

If tha extra bounce on Lhe unknown mirror in tha raflectometer is ignorerJ there la, of course,
m! qual n’mcer of reflections on the cell mirrors ●s on the unknown. If the total number of re-
f]%CtlOnn wjtnin the cell la N then the reflectlona on M2 . the reflections on the cell ❑irrors -
N/2. The following equation can tm genarated;

log RI
‘log %-N( ~ k+~)+lcgk ,

*A
(:)

where, OA- energy at detector A

$B = energy ●t detector B ,

‘inand
‘-~ “

It oan be seen that, this 1s ●n equation to a straight line with



log UC log Ru
—.

2+2 (3)

as the slope, (m). Minor manipulation of eq (3) and insertion into eq (1) yleljs the equation for
the unknown reflectance value.

Ru-lOE;’ 2m
c

where: Ru - the reflectance of the unknown
and: Rc 1S the reflectance of the cell mirrors.

To disregard the extra reflection on
number of bounces is in N in eq (2) and not

3. Results and Conclusions

Fiuure 5 shows data Dlots and fits for

the test sample
in the slope.

(4)

causes no significant error alnce the

several reflectors tested. Notice that reflectors with
higher fi’a than the cell l_K.self can be meaSW9d. The ❑easured R for a nmbar of reflectors availa-
ble for test 1S shown in table 1. (The coating materials are hated for reference only and not in-
tended to indicate general ranking of these Materials. ) Repeated meaauremente and multiple users
yielded a precision for thle reflectoimeter of ~0.0007.

Table 1. Ueaaured Reflectance Df Various Mirrors—

R COATINGMATERIALS - -SUBSKVTE

0.9~76A0.L)O07

0.9948

0.9948

0.9938

0.9938

0.9934

0.9933

0.9924

0.9906

0.9906

0.9902

Ta205/Si02
HFo2/slo2
l!Fo2/sio2

A12031s102

HFo2/sio2

Zr021SKr2

A1203/Qi02

10(HF02/S102)

UNAVAILABLE

UNAVAILABLE

A1203/SK)2

7(Al#3/slo2)

F.S.

DYNIJOO

S*C. Si

Pc. S1

Mtil 000

S.c. Si

Pc. S1

DYN1OOO
--
--

S*C. Si

0.9898 (ZiO~/S10~)(A1203/slO~ ) S.c. Si

0.9875 UNAVAILABLE --

0.9863 A12)3/S102 F.S.

o.90u4 UNAVAILABLE .-

0,8859 A12031Si02 S.c. SI

0.8498 A1201/2 i02 S.c Si

0.8095 ALUMINUM MIRROR WITH 14gF2 OiC. (NRC HIRROR)

The alignment neooeoary to ●ohleva th~ rrunber of rofleotiona reported here waa r~latlvely ●aay.
With oare, more traveraala oould Ix obtalned~ howcvar, lt 1s emsy ●noufib now that ●n inexperienced
operator oan Ioarn to operate it within ❑lnutem and obtain results within the roporttia preclalon,

The reflectomoter w1:l probably prove morntUa8ful in ● fan8e from about 0,9990 down to 0.8000.
From flgwe 5 it oan h seen that for a refleotor of 0.8491~ tho attonua’.ion waa ao hith that only 23
refleotlona wero poaalble, The lacer ●nerty oould have been lnoreaaeti but mirror damace would have
been poaaiblc, The oell ❑lrrora hmve damage threaholde EIUohbelow Sttita o? the art ●o this oould he
improv~d h’,.th better ooatinga.
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F!gure 1, HeTl*ctom~ter optical lmyout, Hero, 15 reflection (2 tr~versala), la illuetratad, This
retlect~meter utilizes only the foldod oavity ●a represented by Mu, M2, M3, ●nd I’$i M2 is ttlt!
position of the Unknohn,
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FlgurQ 2, M , H (top), and tlu (bottom) sre shown. ThO Se~PaLiOn of the lrradlatod ●reas in th@
v.rtioa; di?ec~lon limltathean~l, of incld.ncc ●t whioh or,e o.n t..t. H.rQ, It is 7
ciecrtee,
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Figure 4, Simplified achematlc for ● reflectometer. R represents the cell mirrors; Ru represents
the unknown reflector, fn cm assume values of 3,7, 1,. ,.for the reflectomecor descrlbd.
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Figure 5. Data plot for several reflectors and the Cell, itself, are shown, The refleCtance~ are:
M3 M 0,8484, M2 = 0,9863, Ml - 0,9976, and the cell mirror - 0,9906.


