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Preface

1 am indebted to AMorris Braunstein of Hughes Research laboratories for
many of the "black magie tricks' and generous discussions on this paper., The
methods described ac » due to the efforts of M, Braunstein's group at llughes
Research Laboratories and Dre, J, W, Davisson of NRi.,
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Polishing /Aethods for KClI

The following is a description of the salient features of the polishing methads
used by AFCRIL. for KC1, and is offered as a guide for polishing KCl where optical
flathess and parallelism are nat critical, Extensions of these techniques can be
suitably applied *o the problem of a finished window,

Historically, the halide polishing problem began with the need for optical
materials for early inf. ared spectrescopic instruments such as prisms and optical
flats, lHere the early problems of polishing were not critical, as surface absorp-
tion could not be easily detcoted in the carly relatively impure materials, With
todays purer materials (such as RAP grown KCI1) showing hulk absorption near
intrinsic values (3 -J1 X ll)'4 cm'l), surface absorption is more easily detected
and in many cases becomes the limiting factor in absorption coefficient measure -
ments,. [n particular, with the intended application of halide materials as laser
windows, the surface absorption has become a critical factor in the overall success
of window development,

At this point in time (fall, 1973) many schemes have been tried to achieve
super polich of not only KC1 bhut other soft materials as well, There seems to he
a black magic still associated with optical polishing in general and with soft mater-
ials in particular, It appears that many false starts have occurred, awl worse,
many unproven rumors have been initiated regarding what treatments can or cannot
be used to preduce low absorption surfaces on KC1 (and other soft window mater-

ials),
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To dispel some of theae thoughts, the following remark is offered; a gentle
treatment {8 desirable with th2se materials, Certain handling techniques can
indeed produce damage at unreasonable depths in theae materiala which can he
best described as bulk damage. However, a certain amount of rough handling can
be tolerated, Thus it appears that cleaving KCl van produce a certain amouat of
damage which exceeds say, a few rnicrons in depth, but this can be poliahed off in
normal polishirg procedures,

There are presently two popular technigques for halide window polishifag, The
first is the method used by 1, Davigson of NRRl, which is a chemical polishing
method.  Thig, however, does not provide for the necessily of producing opticaily
flat and parallel windows, Basically the method produces the moat damage free
sovface, as no conventional mechanical polighing {8 used, 'T'o produce & window
pelish, only water polishing and chenmieal etehing are used, Thus, the technique
is in the strictest sense at present undeveloped for optical windows,

The second technique 1o polishing KC1 is due to Hughes Rescarch labora-
tories, This method I8 more vefined and approximates conventional polishing
techniques, thus allowing fabrication of optically flat and parallel windows, Ry
combining both metheds we have the best of two worlds,

The tollowing then is a description of the combined methods of Davisson and

Braunstein,

1. ROUGH CUTTING

Several possibilities exist for rough cuiting a window blank: 7o mention a
few, diamond saw, string saw, cleaving (if appropriate) or even & hacksaw hlade,
Hughes has been using the string saw method with a high degrec of success, and
this i8 the recommended method, A diamond saw has heen used at AFFCR1,, but
due to vibration probleme, this method is not recommended except whea necessary,
When this method is used, it is recommended that approximately 0.5 mm of mater=
ial be removed from the cut (or cleaved) surface by water polishing,

After rough cutting, a rough polisih may be placed on the sample using a
minimum treatment on 600 prit SiC, A long polishing tinie is again not recommen-
ded, This step is done gently to flatten the starting surfaces,

For completencss a few words on water polishing are appropriate, Tle idea
behind water polishing is controlled erosion of the material being polished, Water
polishing is normally performed on a kitten ear wheel (essentially a fine velvat)
using deionized water, Ior fast polishing, the wheel is turned at n fast speed and a
constant drip of water is necessary, The water drip should be caly enough to allow
fresh water to freely dampen the wheel, Too much water will cause a wedge to
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form or at Leat a very wavy surface, The final stages of water polishing are done 2
on a stationury wheel which is only modarately damp, Thae final step should be a
quick rinse with absolute ethanol or drying off of the sample to vtop etching by
any remaining water,

2. MECHANICAL POLISHING

: Mechanical polishing of KCl is the most difficult step in the process of pro-
i ducing an acceptable sanmiple surface. In the following only guidelines can be set
up; experience is the bost teacher, Several variations of the method descrihed
have heen attemipted, but the following has been the most successtul,

The polishing wheel used at AFCRIL i3 cast iron with a diameter between five
and =ix times that of the sample to he polighed, A pad of kitten ear is used as a )
cushion hetween the polishing cloth and the wheel, For optical polishing requiring
precision flatness and parallelism, the pad {8 not used and a lapped whezl |a re- :
quired, (Hughes uses wheels to A /10 flatness,)

. The polishing cloth uged is cutton flannel, At first it would seem that a

[ ‘ smooth finish would preclude the use of flannel because of the nap, However, once
the wheel is used a little, the nap will lie down und does not hinder the final flat-
ness to any great extent, Ordinary white cotton flannel costing under a dollar a

M it

vard is sulficient,

The polishing agent is lLinde B, 0,054 A1203 in absolute ethanol (the geod
* stuff), ‘T'he solution is dilute as not very much Al,0,1s required for mcst polish- 3
ing. As an added step in filtering liinde B, one can separate large particles hy
making a moderate solution of liinde B in ethanol and allowing it to scttle for a
few minutes, The smaller particles will remain in solution while the lavger
heavier particles will precipitate to the bottom of the contairer, \Uae can then
siphor off the supernatant and use this as the polishing solution,

The netual polishing procedure is easgy to describe hut does require patience

TR

o
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i in developing the knark of polishing such a solt material, 'The time involved in
" polishing o typical sample depends entirely on the smoothness of the starting

surface, but a minimum of abovt 15 min per side is rensonable,

The polishing technique is conventional using the above wheel and solution, At
AFCRL only surface quality is considered at this time 8o that the samples are
treated mucn like metallurgical samples and polished by hand, The extension to
precision optic al polishing is left to the reader,

The whee' is turned at approximately 50 to 60 rpm and initially kept damp but
not wet, The polishing solution is used on the wheel only once or twice during
polishing, absolute ethanol being used after that to keep the wheel damp, When
the sample has a reasonable finigsh, as judged hy [latness and scratch free

.
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appearance, the wheel is allowed to become near'y dry, As the 'wvheel dries out,

it will he not{ced that the sample finish will becnme nlmost glass-like in appearance,
Before this ataye is reached the sumples will cloud up 'vhen renoved from the
wheel, If this huppens the wheel in merely too damp to finish, and a resjidue ia left
as tha gampie dries, During polishing, the presaure applied to the mample should
not he too great, A noticegivle drayg from thy wheel should b felt, however, too
yreat a pressure will cause excesaive damage, a texturing which {8 undesirable »nd
finally imbedding of A1203 pelt-“{ng compound,

The degree of polirh attainable {s almost a question of practice, A few com=
me 1its on the phiiosophy of this technique may be ugeful, The use of cotton as a
polishing cloth {8 very important, Cotton is vary soft and does not tend to scratch
the KC1 in any sigrificant way, Th2 purposea of uaing amall amounta of AI,OS
during polishing {s only somewhat obvious, One of the features of using this dilute
aolutinn with a cotton cloth is that the A1203 will eventually become pressed into
the polishing cloth yielding a much sme’(er exposed cutting edge, This means the
scratches can be much smaller than , 054 at the end of the polishing procedure, It
is alsw possible that continued use of the same pol.shing niaterial will eventualily
wear these particles downt a smaller size much like the super polish technique
of how! feeding, 'T'hat this particular phenomenon ‘akes place is no‘ clear since
KNC1 {8 50 soft,

At AI'CR1, the sariples are polished on both sides at one time, This is dene
by continually turning the gample o;~r during the mechanical polishing, Alan, the
sample is rotated about its axis during polishing, giving a net-like polish mark
structure, [t is not clear that rotation {8 necessary, but during hand polishing it
prevents a wedge formation on one edge of the sample,

As a final comm. .} on this step several thirgs should be noted: Iirst, the
sample ig not washed after the final nolian, There should he no significant ALO

273 1
or the surface, with only & small amount of bu‘ldup G any) on the edges, Second, '
the determination of polish quality at any Stage is not discussed here, 2s this ig a ]
matter of what in available, Nomarski (phase interference) microscopy is excel- 3

lent, SEM work is also pood = byt the final judgement ig apain left up to the facility.
During the pclishing procedure, a small He - Ne laser can be used ta estiinate the
rough polish by nbserving the degree of light scattering,

3 HEAT TREATMENT

IFollowing the final mechanical polishing of K('l, & heat treatment has heen 1
shown to stabilize the sample surface, Th: nature of the heat treatment is trivial 3
but extremelv effective, A few words on its “raison d'etre’. 1

1
1
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B uring {nitial testing o npticalty polished KC1 at Hughea Regearch labora-
; . tories, it waa found that samplea were foyuing rapidly betwecn polishing ana N
» calorimetric measurements, Severul methods of moisture proofing were attempted ;
, : including rapid potting in carboline plastic, 1 wans found that even with this method
f of passivation a certain ainount of ething wrnl, preseat on removal of the sumple

frorn the carboline, The heat lumip process which follows was originally tried to
keep the sample surface drey hefore notting, The result of this treatment seems to
pasaivace the suetace oven without the carboline prateetive conting, Ty uning this
heat treatmenc as a lest atep, total abaorption caefficients of KUY samplea (RADP
Zrown) are corstatently rttaabie in the mic 10 .4(‘H\‘l ranpe (without chemical
palishing)s in additinn, the aamplex thus treated are {n facc more resistant to
mofsture piud fogping than those which ave untreated, A5 o final comment, it ‘
seems that the heating process has some annesling effect whose xinetic hehavior

v

is not well understand at this time,

e treatment may Le performed {a ene of two wayvs, ceither using a sinal! aven
or a heat lamp, At AFCRIL o heat lanp is yesd, but Hughes caparts (bat the oven
niethod is convenient for more than one ~sample and {g 2quully effective, The

E oven imethod i8 easiest to desceribe=the sample {8 alwavs placed in a smell drey aven
i . get at 50 to 80" for n further pevind of not less than 15 min, If the smple is ot

| to he subjrcted to further processing for some time, it may he leit there for several
days. If potting {8 desired, the sample i merelv dipped while still warm (but not
Liot) into the zelf curing plastic, By wrapping & string around the sample bhefore

f dipping, the sample may he ungesied much tike n package of cigareattes, ‘The

sample inay be stored for Reveral months in this protective coating without severe

depreaation, 3
The heat lanip method if equally stmple,  The sample is placed under a small

250 W rellentor tvpe heat Iamp, At AFCRI, this areangement is set up on a ring

stand, and the samnle [s @ot on a wateh glass to prevent rolling around during the

treatment, The lamp is set about 3 to 4 ang fr m the sample, The sample is

ture -d a numboer of times at first to prevent uneven heating, When the rreatiment i

Ml

done (after something more *han 15 min) it may be potted in the same fashion as
degeribed above, Please note that dipping a hot sample into a cold liguid will
fracture the crvstal,

4 CHEMICGAL POLISHING

ot Lapat Bl e s,

The chemical polishing method descrihed here is merely a refinement of that
developed by Jahn Davigson at the Naval Research Lahoratories, As describey
hefore, chemical polishing alone is not a develoned technique for producing

11
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optically flat surfaces, ‘Thus, {t is used in conjunction with mechanical polishing
10 achieve thia end,

While chemical polishing tues produce a surface smoothness which appear:s
quite good, neither the rms flatnens is known, nor has the polishing time been
optimirer, The principle feature of this polighing method ia the damage «free and

relatively pasaive surface it produces, Observe that one does pay for this, however,

dince this surface {s 30 {nective that [{im adhesion beeonien a sertous problem,

The chemical polishing technique {s hent described in a atep wise manner,
The materiala needed are:

(1} Reayent grade 11,

(2) Absoluts ethanol,

(3) A glass squeeze hottle,

(4) Freon 11 liquid,

{3) l‘our glass or yglazed beakers, and

(6) kither platinum or nickel wire,
AN work should he done under a hood, ‘Tue solutions are set up in a line beginning
with the HCY, then two beakers of ethanol followed by a beaker of fresh freon 11,

The nickel wire (or 1) ia used to hold the samnle by merely wrapping it
around the aample like a piece of string, The sample is polished by placing it in
the HIC1 for from 29 sec to 1-1/2 min, The «ample {3 pently agitated during tnis
time to keep a constant flow of HC'1 on the surfaces, This prevents arange peeling
tu some extent, After this acid dip the sample is quickly rinsed in the first ethanol
solution and {8 sprayed with ethanol on remival from this rinse, The sample ia
then agair juickly sloshed {n the third beaker (ethenol) and finally the I'reon. On
~emesral, the sample should dry spotless and clear,

that the ethanol rinses should he short but complets, The reason for this

is that ethanal will etch the qurface if allowerd to rernain there, [n addition, the
final (reon rinse should be changed every sample, Spotting occurs if this is not
donsa,

Finally, the saimple may he most eaaiiy released if the wire is cut (assuming
nickel is used). The sample 1ray he potted or coated at this point,

3. CONJLUSION

A praciical description of polishing KC1 has heen described, The techniques
have heen nroven in at least two separate laborutories as producing ge-d quality
optical firishes with low surface absorption,
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The methods described are presented as guidelines for those laboratories
involved in halide technology and reflect only the present state of the art, Actual
hands -on technique is required as pclishing is still an art more than a science and
requires practice, patience and skill (and sometimes a little black magic),

6. OUTLINE OF PROCEDURE

a. Rough Cutting

String saw recommended, Flat surfaces are desirable before mechanical
polish, Can use 600 SiC (or finer) if needed,

b. Mechanical Polish

Small wheel with cotton flannel cloth,

Al,03 in absolute ethanol (Linde B - 0,051) dilute solution.
Wheel turned ~ 50-60 rpm.

Add A1203 only oncc or twice then ethanol to keep wheel damp.

Final polist on nearly dry wheel - don't rinse,
[USE ONLY GLKSS'C%WIZAINERS FOR POLISHING SOLUTIONS
AND ETHANOL. ]

c. Heat Treatment

(Recommended for all samples whether chemically polished or not.)
Heat lamp or oven for at least 15 minutes at 50 to 60°C.

d. Chemical Polish'ng
(1) Glass beakers under hood

(a) Reagent (concentrated) HCl,

(b) Absolute ethanol,

(c) Absolnte ethanol,

(d) Frecn 11 (liquid) fresh for each sample,

Use Ni or Pt wire t» hold sample,
Note: Be sure sample is cool before starting.

(1) Dip in beaker 1 for from 30 seconds to 1-1/2 minutes,

Polycrystalline samples 30 seconds or less to prevent grain
boundary etching; single crystal as above,.

(2) Quick but thorough rinse beaker 2 followed by spray ethanol,
(3) Second quick ethanol rinse beaker 3,
(4) Thorough rinse in freon (beaker 4).
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