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Contamination of CO, laser optics

Intfrodudtion There has been mudch work showing that lenses and mirrors spedfied for GO2 Icsers ae
aopdde of working at power levels far in exasss of those found in atypiad industrid Icser. In fod a
safety fador of ten o twenty times is common. The condtions leadng o the fdlure of on opficin
industrid lcsers are invaricdy externd, resulting from the operating environment, sady beyond the
contrd of the optics monufacturer.,

There ae of course sevard loser damage mechanisms, maore than 500 popers on the sulged have
been presented af the Laser Damaoge Conference held in Colorado.

Athough inter-related, two fadars are common, 1) medhaniod domaoge introduced by high velodty
debis, or improper mounting, ond 2) high aosorption. One other fadtor, not considered here, is
chemicd degradation of the optic caused by UV radation in the loser cavity, ond highly reactive
chemicd spedes generared in the dscharge.

Of the maony fdiled optics we have examined, dI have one feature, high dosorption. This may have
been caused by medchonicd damage, o resulted in mechanicd domaoge; either way dosorption is @
aitiad feature in the performaonace and longevity of on optic

Experimentd Equipment We have adooted our adarimeter,(normdly used in qudity contrd), to
mecsure the aosorption of amirror ddliberately contfominated with various materids foundin a
typiad Icser autting environment,
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The rate of heating of the mirror is mecsured by a predsion thermocouple attadhed to the mirror.
Knowing the heat copodty ond mass of the mirror dlows the rafe of heating to e converted to the
amount of the beam dosorbed. Tradtiondly dosorption is expressed os a percentoge, but units of
parts per thousond aon give abetter ideaof sade, 0.1% = 1 port per thousand, 0.5% = 5 ports per
thousond, efc
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Backgound Research Some time wes spent searching computerised databases of infrared
aosorption specira Millions of chemiads have had their dosorption in the infrared acatdogued, ond it
is possible to seardh for dosorbing spedes af aspedfic wavelength, in this aose 10.6 miaons. Sady
the wavelength region aound 10.6 miaons is one where mony chemiads wedkly aosorlo ond no one
spedes could be sadto e auniquely strong adosorloer. One condusion wes that structures
containing silicon ond oxygen bonds could well be strong aosorboers of GO2 Ioser beams. A feature of
these datdocses is the materid testedis aaxrefully proasssed to ensureit’s physiad state, (powder,
saution, liquid), hos no influence on the dosortion, aluxury not found in the industrid environment.

Test Condtions A gad coated copper mirrar wes used ¢s the test optic The rationde being that the
gdd coating is very domaoge resistant, is chemicdly inert, ondis ecsily deoned ofter testing.

Avaiety of contfaminonts thought to lbe common in on industrid autting environment were gopdlied 1o
the mirrar face. |1t wes hard to e sdentificin the godication of the contaminonts: liquics were
typiadly wiped aaoss the face, sdick "dusted” on the mirrar face. The actud amount of contaminont
ooplied wes affempted to be roughly equd eadh time. The amount of contamination aodlied wos
substontidly grearer than would ocaur during redistic use. Just one mirror wos used, it being
deoned oftfer each test, ond chedked to see it’s dosorption had returned to the low level mecsured
when new.

I nterpreting Asorption Results The level of inaecsed dosorpotion needed to render on opticnon
functioning is surprisingy low.

For alens o output window aosorbing 2 parts per thousond (0.2% ) when new, on inaecse fojust 4
o 5 parts per thousand aon severdy reduce autting performonce.

For acopper mirror aosorbing 10 parts per thousand (1% ) when new, an inaecse to 30 or 40 parts
per thousand could cause proddens.

Each contominated mirror wes irradiated with the 150 Watt beamn for around aminute, surprisingly
the heating rate, and therefare dosorption wos very constont during irrodiation. 11 wes expeded to
see some variation os the contamination evaporated o burnt off, or perhgos s dosorpotion varied
with femperature.

o MIRROR TEMP AFTER
CONTAMINATION DESCRIPTION % ABSORPTION 60 SECONDS Deg C
BRAND NEW GOLD M RROR 1% 21
LITHIUM GREASE 16% 44
EP 80 GEAR AL 7% 31
DOW HEAT SINK GOVPOUND 41% 80
WASHING UP LIQUID 37% 72
ZINCSELENIDE DUST 2% 22
FUMES FROM BURNT PVC 1% 21
FUMES FROM BURNT RUBBER 8% 32
SALIVA 1% 21
JEWELLERS ROUGE (IRON SULPHATE) 30% 63
FINE ABRASIVE (ALUM NIUM OXIDE) 43% 80
FINE ASH 23% 53
SILIGONE ADHESIVE SEALENT 31% 66
"WINDOLENE” 21% 52
GOPPER WIRE WOUND ACRCSS FACE 2% 22
MRROR AFTER T3 TESTS AND 13 LEANINGS 1% 21
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Disaussion of the results The large variation in the indvidud dosorption vdues mecsured is not
surprising. We have seen mony examples of heavily contaminated optics working well, and what
aopear deon opfics that are strongly dosarbing. For example the mirror held in the smoke from
burning PVCwaes bady fogged but mecsured near zero inaecse in dosorption. Conversely we know
output windows mounted with silicone sedent will destruct if just afew fledks of sedent are on the

optic

The physiad state of the contaminont seems not to e a fadtor. ZnSe, known to be alow dosorber cs
abulk materid, is dso alow dosorber when afindy ground powder. The mirrors fogged by smoke
from burning PVC ond rubloer were aconsidercdly dfferent in dosorption, despite similar appearance to
the eye. |1 gopears the dosorption is determined by the dhemiad nature of the confaminont rather
thon its physiad stafe eg dust, liquid, thin film.

Thereis suppart for the prediction that silicon/oxygen compounds are strong dosorbers, heatsink
compound, silicone sedent, ond ash eing rich in materids like this. Dust sampdes cdllected from the
ar os part of pdlution studies contains typiadly 25% by weight of these silicon/oxygen materids.

Findly to repliaote the effect of embbedded metd, the mirror had a grid of copper wire wound aaross
the face. Asorption wos low, aopper baing highly reflective. This is consistent with mirrors we have
seen covered in metd spatter that continue to work.

Gondusions The results are aconsistent with doservations we have mode on used optics over mony
yeas. |1 seams that the aosorption of apaticular materid is related to its chemiad strudure, there
is No evidence to presume liquics are worse thon say partiaulates or condensed smokes. The
gopeaxonae to the eye is Nno guide s to the level of dosorption of the opfic

Materids containing silicon ond oxygen were predded o be strong aosorbers, and there wos some
evidence for that. Heatsink compound ond silicone rubloer are used in mounting ogtics, these
materids need great aare in keeping residues away from optics.

UJeming materids oaoosiondly used, such s rouge, fine duminium oxide, ond detergents ae
strongly adosarbing. There is redly no need for these materids to e used. Using orgonicsavents ond
the tfedhniques expldnedin aprevious AlLU artide dlowed the heavily contaminated test mirror to e
deoned 13 fimes with no loss of performaonce.

We are haopy to investigate other materids that lcser users may consider a proldem, spedfic brands
of lubriconts for example, o other materids that find common use and that we are unaware of,

Eventudly we would like to araw up alist of materids known 1o e strong aosorbers so that in time,
they could be repdaced by equdly fundiond produds that are less dosorbing.
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