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ABSTRACT

Cleaning mirrors for coating is a very exactingqess and for larger mirrors it can be physicallgndeding. The final
step of cleaning and drying the substrate is pa#eity problematic. Non-contact drying methodspall/ with
compressed air or nitrogen, can be laborious andnteoduce contaminants if the compressed gas issedufficiently
pure(just a thought, recontamination is also a gl These methods also tend to increase thie staarge on the
substrate surface, attracting lint. Contact meshiedd to add lint or fibers to the cleaned surfaée an alternative, we
are experimenting with using tliérst Contact polymer cleaning solution as the final step inrorircoating preparation.
The advantage of this method is that the polymetieg, which will adhere to much of the remainingrface
contaminants, may be left on the substrate urgil pefore it is placed into the coating chambenimizing the time
available for re-contamination. The results of expperiments on small substrates are presented.
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1. INTRODUCTION

One large challenge in obtaining a good thin filoating is getting the substrate sufficiently cléarallow adhesion of
the film with a minimum of pinhole defects. Thedar the substrate, the more challenging gettiegwhole surface
sufficiently clean becomes. Since the cleaning@dore often takes place at a location physicapasated from the
vacuum chamber in which the substrate will be ahatiee substrate also needs to be kept clean ubituist in the
coating chamber. Typically this means handlinghbgvy lifting equipment for large optics such dedeope primary
mirrors.

While most steps involved in the cleaning introduisis of contaminating the surface that is beitggaied, the final
step, drying, provides the highest risk for re-amminating the recently cleaned surface especialth vegards to
depositing dust on the surface which will causéhpies in the coating if not removed. Hydrocarbontaminants can
also be deposited on the substrate if the gastisuféiciently pure. During the history of coatitige Canada-France-
Hawaii Telescope (CFHT) primary mirror, severalfgliént approaches have been used for reducing nifwaira of
residual dust on the substrate before coating.s& have all worked to some extent, but all haveesdrawbacks.

One of the original methods used was to dry théasarusing Kimwipe paper towels then brushing tiséble lint off
using an anti-static brush. This method was exttgrtime-consuming and only removed the dust thad wisible and
that was noticed on a 3.6 m diameter surface.

A second method was to dry the surface using Kirewiglien remove the dust with a £&dow cleaning. This method
quickly removes most of the large dust particl@se main problem is that drying with the towelsdgmo produce static
which often causes the dust, especially the smdllst, to adhere to the substrate with a greateefthan can be
exerted by the CoOsnow. CQ snow has also introduced hydrocarbon contaminatioen the liquid is not sufficiently
pure.

Our recent method has been to air dry the subsisit®y compressed, ultra-pure nitrogen passed ghran anti-static
device to reduce static charge buildup on the sarfadA CQ snow cleaning is performed as the substrate iseglinto
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the vacuum chamber. This method works well ovestrobthe surface, but has some drawbacks. Thé sedsus one
is that the nitrogen drying is the most physicadimanding step of an already demanding cleaningeproe.

Another drawback is that the surface that has meady been dried needs to be kept wet withoutimgethe dried part
of the mirror. This requires the use of Kimwipeskeep the water within the wet area around thérakhole in the
mirror. These Kimwipes leave dusty patches tham theed to be cleaned off, typically with alcohol.

These drawbacks could be eliminated or alleviati#ld thie use of an air-knife. One main objectioritte use of an air-
knife is that using compressed nitrogen in a cadispace poses a health hazard to the operat@es.ofitompressed
air would be possible if sufficiently pure. Anothebjection to this is the time required to designplement, and test
such a device, especially in use on the primaryanirThis time is in short supply at CFHT. Fiyallhis does not solve
the issue of the time between drying and havingrhreor in the vacuum chamber for the mirror tolgatmore dust.

For this reason, the use Birst Contact as a final step in the substrate cleaning proeessput forth. First Contact
consists of an ethanol/acetone-based polymer ealutiat can be sprayed or painted on an opticdheeir it is
manufactured by Photonic Cleaning Technologies, £LOpon exposure to the air, the solution driefoten an elastic

film which traps any solid particles or soluble taiminants on the surface which are then removepelgjing the film.

The benefits to using First Contact are that it bareasily tested on smaller substrates but thétsesan be applied to

the primary mirror, it protects the mirror from flner dust contamination until just before placihg tmirror in the
chamber, and it is easy to apply. The drawbackssivfgFirst Contact are the expense and the static charge generated
when the polymer sheet is removed from the sulestthbugh Photonic Cleaning is working on the fatt®blem. The
former issue, expense, may be offset by reducimgomeleaning time, improving chances for a sucités®ating, and
possibly improved mirror lifetime due to fewer paié defects.

At CFHT, a series of experiments on small mirroas been run to test if usirigrst Contact as a cleaning step in
coating mirrors produces results at least as g@odua standard method (described below). This ipafledescribe
each experiment, then give the results of the éxmets, and finally give some conclusions and @esiuture tests.

2. EXPERIMENTAL SETUP
2.1 Experiment 1

The first experiment was an attempt to see at wipioimt in the normal coating proce&srst Contact could be
introduced and still produce good results. To predor this experiment, thirty 50 mm square glalases (microscope
slide quality) were coated using the normal CFHatow procedure. Twenty of the samples were stdxeto four
different storage conditions for a period of ab®uteeks. The other ten were stored in a closethiowr as references.

Before the samples were contaminated and storey wkre allowed to age for a week in a closed doetdo allow the
aluminum oxide layer to form. At the end of thisek, photographs were taken of each sample whdk laminated
with a uniform source to show pinholes in the cogdi Reflectivity measurements were also takenguai TMA
reflectometer which is capable of measuring reflece and BRDF scattering at a wavelength of 670 rfier the
measurements were done, five samples (1 — 5) wentaminated with house water, five more (6 — 10yewe
contaminated with glycol, and a final five (11 9 1ere contaminated with hydraulic fluid (all commoontaminants
for our mirror). All fifteen were dusted with ctusd cinder from outside the CFHT dome while sti#tw These
samples were then left exposed in the CFHT domé feeeks. Five more (15 — 20) were stored in aedacontainer
with no contaminants applied. The final 10 weresed in this experiment.

At the end of the 6 weeks, the samples were stiippleaned and re-coated. The stripping and aigapiocedure was
as follows: rinse with house water; rinse withogliam lauryl sulfate based soap (Orvus) mixed wig¢hionized (DI)

water; rinse with house water; drag wipe surfacth wotton soaked in an Orvus/DI water solutionserwith house
water; then with DI water; apply Green Riféo the mirror by putting Kimwipes on the surfacelgouring the Green
River onto the Kimwipe; leave this in place umtibst of the aluminum is gone; rinse with house waterub the

surface with cotton soaked in Green River. Thiscpss was followed for all twenty samples. At thaint, the

processing diverged for the samples.

! Photonic Cleaning Technologies, P.O. Box 435 t@ldte, WI, USA, 53818
2«Green River” is a solution of HCl and Cug@opper sulfate) in the following proportions: 2§ of 37% HCI to 22.7 g of CuSO
diluted in 1 liter of de-ionized water.



Four of the samples, one from each contaminantpgreadFirst Contact, applied at this point. The rest of the samples
were now rinsed with house water and DI water.thig stage, four more samples were coated Riitht Contact. The
remaining twelve samples underwent two scrubs usottpn and a slurry of DI water and calcium cadten(CaCeg)
powder with a rinse of house water between thebscru=our more samples were coated Wittst Contact after the
second scrub but before rinsing. The final eigltmhgles were rinsed and dried carefully using Kimesip Four of the
final eight were then coated wikirst Contact and the last four were coated, as is. Table Insanzes this process and
indicates which samples were used at each step.

At this point, it is worthwhile noting that, in attempt to make th&irst Contact easier to remove, a Kimwipe was
placed on each sample while ffiest Contact was wet. This actually made it more difficultreamove the=irst Contact

and left behind a lot of “fluff”. This was removeding a second coating Birst Contact before coating. It is important
to note that this mistake was due to CFHT inexpegewith using-irst Contact and not due to any suggestions made by
Photonic Cleaning Technologies. The consequentct#ssomistake and what was learned from it arewulised in the
results section of this paper.

The samples were now coated using a 30 second plele@aning stage instead of the normal 10 minwganthg. The
procedure shown, taken all the way through to tiyend stage, is the same as is used on the CFHifapyi mirror. The
main difference is that drying is normally done twitompressed air instead of Kimwipes. Plasma ulgais also
available in the larger vacuum chamber used to t@aprimary mirror. A coating of about 600 Angstrs thickness
was achieved on the samples.

Table 1: Processing applied to the 20 samplegperénent 1. Numbers refer to the glass plate gsampmbers. FC
indicatesFirst Contact was applied.

FC after FC after Two FC after CaCQ@ CaCQ Rinse,
. FC on L CaCQq ) O T
Contaminant . Rinsing Off Rinse, Kimwipe Kimwipe Dry,
Green River . Scrubs, no
Green River ; Dry No FC
Rinse
House Water + Cinder 1 2 3 4 5
Dust
Glycol + Cinder Dust 6 7 8 9 10
Hydraulic Fluid +
Cinder Dust 1 12 13 14 15
No Contaminar 16 17 18 19 20

After allowing the aluminum oxide layer to form,rfeix weeks in this case, the samples were bacgkiflated and
photographed, tape tests were performed over ttie esurface, and the reflectance and roughnetiseo$amples were
measured using the TMA reflectometer.

2.2 Experiment 2

This experiment was done to validate the resultthefprevious experiment and to ensure that thenmacleaning, as
short as it was during experiment 1, did not hidea issue with the cleaning. Plasma cleaning ofiéin allow a less
than perfect cleaning to result in an acceptabédicg.

For this experiment, twenty-four of the previoumpées were stripped, cleaned, and re-coated usingttndard CFHT
coating procedure. They were allowed to age fordays and were then split into four groups: sixpglas (1 — 6) had
no contamination placed on them, six (7 — 12) hawchgp oil placed on them, six (13 — 18) had machihg@laced on
them, and six (19 — 24) had vacuum grease placeldeon. Shortly after contamination, the samplesvpeocessed.

All twenty-four samples were washed and rinsed gi€dmvus soap and were then stripped of aluminumgu&reen
River. The samples were cleaned using one ofdlf@fing three procedures:

* One CaC@scrub followed by rinsing with house water thenviiter. Dried with dry nitrogen.
 Two CaCQ scrubs followed by rinsing with house water thdm@Rter. Dried with dry nitrogen.

 Two CaCQ scrubs followed by rinsing with house water thdmRter. Dried with Kimwipes.



In this case, the Kimwipe drying was done until sagface was completely dry, as was formerly doitk the primary
mirror, instead of only mostly dry, as was doneEkperiment 1. Finally, one of each pair of sampléth the same
contaminant and the same cleaning procedure waed®ath First Contact to allow a one-to-one comparison of the
methods. Table 2 shows how all the samples wereepsed.

The mirrors were then coated in two batches, 11irs6, then 17 — 24. A thickness of about 600 Army®s was
achieved. No plasma cleaning was done.

After several weeks, the samples were measuregtfiectivity and BRDF scatter at a single waveléngheasured for
reflectivity versus wavelength in the CFHT spechojpmeter, back illuminated photographs were talerd full
sample tape tests were performed.

Single CaC@scrub then Two CaCQ scrubs then Two CaCQ scrubs then
Contaminant rinse and air dry rinse and air dry rinse and Kimwipe dry
FC No FC FC No FC FC No FC
None 1 2 3 4 5 6
Pump OiIl 7 8 9 10 11 12
Machine Qll 13 14 15 16 17 18
Vacuum Grease 19 20 21 22 23 24

Table 2: Processing applied to the 24 samplexpeiment 2.
2.3 Experiment 3

The goal of this experiment was to determine whatl lof contaminants, on a cleaned surface, we cpeatFirst
Contact to remove and still provide a successful coatifi@r this experiment, sixteen samples were strippkned
with two CaCQ scrubs, rinsed with house water, then DI wated, dred with dry nitrogen. The samples were then
immediately contaminated with a visible level oé thubstances shown in Table 3. All the sample® wern coated
with First Contact except the last two which were used for controls.

Contaminant Sample #
None 1,2
Finger Qil 3,4
Machine Qil 5,6
CO, Clean 7,8
Kimwipes 9,10
House water 11,12
Pump Oil 13,14
None; No FC 15, 16

Table 3: Contamination added to samples in Expartr8 prior to application dfirst Contact.

All sixteen samples were coated in a single set wit plasma cleaning done prior to evaporationterAgeveral weeks,
the samples were measured for reflectance andescatta single wavelength, measured for reflegtiviersus

wavelength in the CFHT spectrophotometer, backnihated photographs were taken, and a tape testiaras across
the full sample.

3. EXPERIMENTAL RESULTS
3.1 Noteson Testsand M easurements

The photograph setup for the back illuminated insagiethe samples was, unfortunately, not consistgat the three
sets of samples photographed (initial aluminizatimfore any tests, results from Experiment 1, agslits from
Experiments 2 and 3 which were performed at theeséime). The masking of the back illumination, e
orientation, and even the camera changed from sktupetup. In addition, the last set was tranggbtb our
headquarters before the photographs were takers@me sustained scratches in transit. For thesmmeaa pinhole
area counter was not possible as originally intdndestead, the images were ranked by eye asrbeuof pinholes



with a rank of 1 indicating numerous pinholes, &i¢ating a moderate nhumber of pinholes, and a ddriindicating
few pinholes. Some very subjective non-integekiregn was also applied. Figure 1 shows examplesnafjes with
rankings of 1, 2, and 3.

While this system is somewhat subjective, it isyvepable of differentiating between samples witgmgnpinholes and
those with few pinholes. To keep the ranking soh@veonsistent, three images were used as referéorca 1, 2, or 3
ranking and these images were referred to frequentiing ranking of the other images.

In addition, the reflectance measurements fronTté reflectometer were done at different temperasuand different
pressures for the different experiments. The c&dlmeter is sensitive to these things, so thesectahce measurements
are only good for relative comparisons within augroand are not valid in an absolute sense. Theghrass
measurements should be more valid in an absolagese

Figure 1: Image showing three examples of imag#spinholes. The rankings of these images is &n@ 3 from left to
right. Edge smudges are thought to be from glavgamination and affect all samples at some level.

In Experiment 1, the roughness measurements wemne dfier the tape tests were performed, so thdtsesftithe
roughness measurements are somewhat suspect. éfpwayconclusions drawn in this paper do not oelyhese data.
For Experiments 2 and 3, the tape tests were peefdafter the roughness measurements were taken.

Finally, it should be noted that the removal of fest Contact film from the edges of these substrates provdikta bit
challenging. The substrates were cut from 4 mrckteibmmercial grade plate glass and had sharp ioam edges
that were minimally ground. The sharp edges teridestparate thEirst Contact on the surface from théirst Contact
on the edge so that it did not all come off togeth€he front surface layer came off easily, b thin edges made
detaching the residuaFirst Contact more difficult, so the substrates that usédst Contact typically needed to be
handled more. It is felt that on a large substwite beveled corners and fine ground edges, tlusldvbe less of an
issue.

3.2 Experiment 1 Results

The errors that happened while performing this @rpent mean that these results will not be examimetho much
depth. However, the results were sufficient taxdsame basic conclusions, at least qualitatively.

The main issue with the results from this experitveas that the pinhole counts were worse for tmepdes wherd-irst
Contact was used. This, in itself, is not enough to ifdeatke the results, of course. However, the resilExperiment
2, which was done more carefully, contradict tlasult. The hypothesis for the increase in pinhagbat the second
coat ofFirst Contact removed the bulk of the “fluff’, but did not hatlee capacity to completely remove the “fluff” thus
increasing the pinhole count.

The results of this experiment are tabulated inl@db This table has the same entries as Tabjedpethe results are
given in place of the sample number. Three resultsgiven in each cell: the pinhole number ragkihe result of the

% TheFirst Contact film was detached by applying Photonic Cleaninghf®logies’ adhesive strips to the film and pulling



tape test (normally either good or bad), and treraye roughness measurement over 5 locations.refleetance is not
reported since all samples were the same to wéthi@w tenths of a percent.

Although the experiment was not fully controlledi® conclusions can be drawn from it. First, Hpettest only failed
on one sample. This sample was processed with €aC@@bs, but no rinsing and it was noted that 1esibaCQ
remained after th€irst Contact was removed from these samples. It is knownFivat Contact will only lift a certain
guantity of contaminant before saturating, so fhilsire is not unexpected.

The samples on whichirst Contact was applied after rinsing, while having more pieisothan hoped for, average
pinhole ranking of 1.8 = 0.6 excluding the failedating, are in line with the pinhole rankings of @ the substrates
when initially coated (rankings not given here)heTaverage ranking over all the samples after nit&li coating,
cleaned in the standard way with Rigst Contact, and prior to contamination, was 1.5 + 0.6 witmsomuch better and
some much worse. During the processing abovea egire was given to the four samples with-irat Contact applied.
So, even with a flawed applicationeifrst Contact, the coatings were still useable in most cases.

EC on Green FC after FC after Two | FC after CaC@ | CaCQ Rinse,
Contaminant River Rinsing Off CaCQ Scrubs, | Rinse, Kimwipe| Kimwipe Dry,
Green River no Rinse Dry No FC
House Water + | g 5404, 16.2| 1.9, Good, 243 2.8, Good, 12.6 , @ddd, 19.3| 3.2, Good, 10.
Cinder Dust
G'ycoé):sf'”der 1.0, Good, 16.1| 2.0, Good, 160 1.4, Good, 2P.3 , @ddd, 15.4| 3.2, Good, 15.
Hydraulic Fluid +\ 4 5,04 185| 2.0, Good, 199 1.5, Good, 28.1 , Gdod, 18.2| 3.1, Good, 19.
Cinder Dust
No Contaminant 1.0, Good, 26.2 2.0, Good, 13.5 BRa8l, 38.5 2.8, Good, 20.2 3.2, Good, 13.1

Table 4: Tabulated results for Experiment 1. Dateach cell are pinhole ranking (1 — bad, 3 —-djptape test results, and
roughness at 670 nm in Angstroms.

A final conclusion one can draw is thairst Contact should not be used without a thorough rinsinghef substrate,
though thorough drying is not necessarily mandatory

3.3 Experiment 2 Results

This experiment gave very clear results and inddlhat usindrirst Contact after a rinse and dry provides very good
results, typically much better than without usifigst Contact. In this case, all of the samples were processdle
same way at the same time. For every combinatfosudace contaminant and cleaning procedure thene two
samples, one witlrirst Contact and one without to allow for an easy comparisdrable 5 gives the results for this
experiment laid out like Table 2 except now thdscebntain the pinhole ranking (1 — bad, 3 — godidg, tape test
results, and the surface roughness averaged overesisurements in Angstroms.

Single CaC@scrub then rinse| Two CaCQ scrubs then rinse| Two CaCQ scrubs then rinse
Contaminant and air dry and air dry and Kimwipe dry

FC No FC FC No FC FC No FC

None 2.5, Good, 0.7, Good, 2.0, Good, 1.0, Good, 3.0, Good, 0.7, Good,
12.5 21.0 11.6 12.0 11.8 15.9

. 2.8, Good, 2.0, Good, 2.7, Good, 1.0, Good,
Pump OiIl 114 0.9, Poor, 22.5 14.2 1.1, Poor, 12.0 13.2 126

. . 2.9, Good, 1.0, Good, 2.5, Good, 3.0, Good, 0.9, Good,
Machine Qi 10.6 12.1 12.1 1.1,Good, 9.7 144 23.2

1.1, Good, 2.2, Good, 0.8, Good,
Vacuum Grease 3.0, Good, 9|2 121 13.2 120 2.9, Good, 8.3 1.0, Good, 9.9

Table5: Tabulated results for Experiment 2. Dataach cell are pinhole ranking (1 — bad, 3 — gp@ge test results, and
roughness at 670 nm in Angstroms.

The results in the table indicate several thing#st, the samples treated wiltirst Contact consistently have fewer
pinholes than those without. The only samples \#s than good tape tests are the ones wHieseContact wasn't
used. The two that did not pass the tape testhmdtbeen exposed to pump oil. It is possiblettiiatoil does not come



off well at the time the coating is stripped andidies not clean off well using CagOFinally, the roughness may be
better in samples usirfgrst Contact than those without, but this is not consisterdlircombinations. More will be said
on this later.

Oddly, one scrub and air dry and two scrubs andvdpa dry produced better pinhole results, in confiom with First
Contact, than two scrubs and air drying. At this poing have no good hypothesis to explain this result.

Given that there is a sample with and withBirst Contact for each combination, it is reasonable to lookhattwelve
samples withrirst Contact as a set and the twelve without as a secondifs#tis is done, then an average and standard
deviation over the sets can be done for the pinfaikings and the surface roughness. The resultese calculations
are: withFirst Contact: Pinhole ranking = 2.6 + 0.4, Roughness = 11.9.4 Angstroms; withouFirst Contact:
Pinhole ranking = 0.9 £+ 0.1, Roughness = 15.1 £+ An@gstroms. The improvement in pinhole rankinghwhtrst
Contact is clear. There is also an apparent improvementoughness of about 3 Angstroms on average. More
significant is the size of the error bars which besed on the standard deviation over all the measnts for each
mirror (six measurements on each mirror) in eaabugr In addition to giving better roughness meamants, the
samples usingirst Contact gave more consistent roughness results than sampteprepared usirfgrst Contact.

For this data set, the samples were also scannid) Wke absolute reflectance attachment to our Stimm
spectrophotometer. Again, all the curves wereayen depending on whetHheirst Contact had been used. The curves
are shown in Figure 2. The standard deviatiorhefdurves over the wavelength range plotted is 8.033% for the
curve withFirst Contact and is 0.16 + 0.03% for the curve withdtitst Contact. Surprisingly, there is a small increase,
on average, in the reflectivity when usifigst Contact.

Comparison of Average Reflectivity With and Without First Contact
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Figure 2: A comparison of average reflectivitytlod samples with and without usiRg st Contact. The data stops at 1600
nm since the scans become unreliable with thistsg@wtometer configuration beyond this range.

A plot of the difference between the two curvegure 3, shows this gain in reflectivity even moistidctly. The dip at
around 830 nm is likely caused by a known calibratssue with the Shimadzu in this configuratiomm=tund 832 nm.



If the difference is averaged over the plotted viewvgth range, the reflectivity increase when ugtimgt Contact is 0.12
+ 0.03%, including the dip at around 800 nm. Wtiile difference between the two curves lies withmerror bars for
the curves, taken to be the standard deviatiohettrves over the wavelength range, the factttgatlifference is near
the edge of the error bars indicates that some &fvecrease is real.

Note that, in Figure 2, each curve is an average twelve separate samples. The samples wereedeard coated at
the same time and scanned alternating between tihé-iwst Contact and then one without since they were scanned by
sample number. In fact, all measurements on tbasgles were done in sample number order at the sara without
reference to which procedure was performed on thehmere is little chance that this increase inewflity or
improvement in the pinhole count or roughness is guinstrument drift or some other systematic edusy unequal
treatment of the samples.

0.2
2 o1 =0
=
o
2
©
@
£
©
o
c
2 0.05 T
2
a
0 t t t t } t t t t } t t t t } t t t t } t t t t } t t t t }
300 500 700 900 1100 1300 1500
-0.05

Wavelength (nm)

Figure 3: Difference in reflectivity curve with @nvithout using-irst Contact as a final cleaning step.
3.4 Experiment 3 Results

Experiment 3 was done in an attempt to see how kiedt Contact could contend with substrate contamination after
cleaning. The results, which are compiled in Tahlshow thaFirst Contact is able to remove many common sources
of contamination without further cleaning of théstrate. The only coating failure was due to fipg@t contamination
which First Contact seems to be unable to lift off sufficiently toaall a good coating, at least with only one applarati

It is interesting to note that the pinhole rankamyl roughness measurements for most of the samEeNsistent with
the measurements in Experiment 2 using two Gag&fubs and air drying, which is how these samplka® all cleaned.
Contaminating with Kimwipes, house water, and pumilp however, show improvements in pinhole rankamgd in
roughness. There is no good explanation for wiegehcontaminants allow for better coating afteraneah by First
Contact.



The two samples whef@irst Contact was not used were somewhat better than what wasvad in Experiment 2 for
any samples withouFirst Contact. These samples were prepared and coated on the day as the samples in
Experiment 2.

Contaminant Sample 1 Sample 2
None 1.5, Good, 10.8 2.0, Good, 9.8
Finger Qil 1.5, Bad, 39.5 2.0, Bad, 12.8
Machine QOil 2.0, Good, 15.6 1.9, Good, 12.6
CO, Clean 2.0, Good, 13.8 2.2, Good, 16.b
Kimwipes 2.8, Good, 15.2 2.2, Good, 11.6
House water 2.9, Good, 9.0 3.0, Good, 8.8
Pump Oill 2.7, Good, 11.0 3.0, Good, 8.4
None; No F( 1.3, Good, 13. 2.0, Good9.E

Table6: Tabulated results for Experiment 3. Dataach cell are pinhole ranking (1 — bad, 3 — §p@ge test results, and
roughness at 670 nm in Angstroms.
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Figure 4: Reflectivity of samples contaminatea ivariety of ways prior to final cleaning wiktirst Contact. The finger
oil samples are presented with a thicker line tpleasize the difference of these from the rest.



These samples were also scanned with the Shimamnirgphotometer prior to the tape tests. Alltod scans are
shown in Figure 4. The grouping of curves is samtb the grouping found in Experiment 2 with theeption of the
two curves with finger oil contamination. Both these show significant reflectivity degradationghe blue, but only
the first sample shows degradation in the red. |&%el of contamination was worse in sample 1 viitlger oil.

Figure 5 shows the back illuminated photographthefsamples contaminated with finger oil. The dcemhed is clear
although by eye, these samples did not show st of problems. One result to take away frois éxperiment is
that, in the words of one of the authors of thipgra“Fingerprints are evil”, at least where cogtis concerned. This
indicates that if a surface is contaminated witlgdirprints, a thorough re-cleaning is necessaagiieve good results.

Figure 5: Back illuminated image of samples comated with finger oils. The area contaminatedhsious.

Another significant result is thdirst Contact allowed a good coating to take place even whers#imples had been
contaminated with substances that would normalipmetely inhibit adhesion of the aluminum, suchnaechine oil.
Recall that these samples were not plasma cleantk@ coating which also helps to remove many odntaminants.

In this experiment, no silicon-based oils, suchddfision pump oil, were used as contaminants. tiis is another
common source of contamination, it would be vetgiiesting to see First Contact were able to remove it as well.

4. CONCLUSIONSAND FUTURE WORK

These experiments have shown clearly that usérsf Contact as a final step in cleaning prior to coating woakswell
as standard cleaning procedures. In fact, therewpats indicated that a typical coating uskigst Contact as a final
cleaning step is much more likely to give bettesuits in terms of pinhole count than only using skendard cleaning
procedure. Even when used poorly, as in Experirienise ofFirst Contact still allows for an acceptable coating to
happen, and when used properly, can give excelentlits. In addition, many common contaminants thay creep
back onto the surface of a mirror after cleaninggsior to coating are removed with the usé-oft Contact.

Excellent results can be obtained using the stanplarcedure if great care is taken, as in ExperirhieriThe succeeding
experiments, however, show that good to excellesults can be obtained more regularlyFifst Contact is used.
There was no sign that the surface roughness wasased with-irst Contact, in fact the surface roughness seemed to
improve. Finally, there were indications that igts, though probably not significant, increaseefiectivity is possible
when usingirst Contact.

The issues found with removing tRérst Contact from the edges of the substrate will be investidah the near future.
We feel confident that this is mainly due to thenidfactor of our substrates and would be a noreigsuactual mirror
substrates. This work will be done in consultaticith Photonic Cleaning Technologies to make sheg¢ errors, like
those in Experiment 1, are not repeated.

It is hoped that the next step will be to Eest Contact in preparing our /8 secondary prior to coatifighis would help
prove the concept on a larger mirror, about 1.5iamdter. The mirror also has centering fiducialscribed in the
glass. This would show hokirst Contact works on a substrate with surface defects.



