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ABSTRACT

The adhezion of optically polished surfaces = "optical contact” - was investi=
gated both under room conditions and ultrahigh vacuum with the twofold objective
of datermining tha adhasion mechanism and its characteristics and extanding the
technological applicoticrs. It Is shown that optical contact adhesion accurs recdily
under ultiuhigh vacuum, thus demonstrating that the widely held liquid layer theory
is not complote, Adhesion mechanisms are discussed, and it is concluded that Londen
dispersion forces are responsible for the adhesion under ultrahigh vacuum. For opti-
cal contacts mode under room conditions, surface tension of a liquid layer probably
also contributas. It is shown that optical contact techniques con be used to obtain
extremaly efficient transducer - sample bonds for gigacycle ultrasonic work, Re-
flections as low as 1% of the incident acoustic power were obtained at 3 GC ond

9 GC. Techniques for making such bonds are discussed. It Is pointed out that the
incorporation of evaporated metal films should enhance the properties of optical
contact bonds and eliminate some practical difficulties. The design and develop-
ment of a high vacuum evaporator are descrived.
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1. IMTRCDUSTITN

If two clean optically polished surfozes ero brought tnlo Intimato contact, they will
often cchore o ons cncthor, This phonomenen Is known as Popiical contact,” Tha
ebjoctives of the prosont effert ean ba divided into two maln catogorden (1) basle
studics of the ghancmeonon of cptical cantact, Including exp: imcnis atultrchigh vace
wm, (2) the practical application of optical contacting techniques, erpscioally In

the bonding of transducer-sample assemblies for gigacycle ultrazonic studies.

Section 11 discusses, in brief and gencral terms, commonly cbservad surface adhesion
phu\omcm,» in order to sat the stage for o spacific discussion of optical contart, and

the findings of the present study.

11, ADHESION EETWEEN SOLID SURFACES

1. Menals
It is well known that metal surfaces can sieze or cold-weld if surfoce contamination
and oxide layers are either broken through machanically or removed under vocuum‘-‘.
A metallic bond 15 formed between the pure metals thus brought into contact which
is presumably the same as the bond present in the bulk moterial. In the case of metals,
the area over which bonding occurs can become quite large due fo plastic flow of mi-
croscopic surface asporities. The application of small tongential siresses further en-

2,4
"". The phenomenon of friction is closely related to od-

L
. hancas junction growth
hsslon. According to the theory proposed by Bowden and Tabor, matallic friction is

due fo the shearing of microwelds plus a coniribution from mechanical plowing ccﬂm‘ ’2.
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2. Brittla Solids?

In the case of briitle solids, edlicsizn pliznomana aro not o recdily chiorved, Tl
arsa of intinzto contact botweon such matarlals Is almsct aluzye o rinute fuction of
the geomaziric arca. If this area of inlinate contact is increaczed by the applicaiion

of a normal load, any microwalds which might be formsd would gansraily ba breken
uoon load removal, dus to the relcazs of elastic strcises in the bulk of the somple,
Under extrome compressive forcas, tufficiont to nduce plastic flow, some beittls sube
stances such as rock salt can be mada to adhere (if prepar crystallographic alignment
Is provided) with strengths comparable to bulk tensile sfmnmhs. An exceplicnal

case is that of mica which when clecaved is molecularly smooth over rather larga arecs.
Adhesion betvean rejoined cleaved surfaces is readily cbserved and has received cone
sidercble ahemionz'é'?' . Both ionic and von der Viaols forces conteibuto to the

achesion, but the key factor is obvlcuslf the extreme flatness and consequent large

area of intimate contact upon rejoining.

*The term "brittle solids” Ii intendsd to include ron-metallic inorgantc single crystals

cnd glosces. Specifically excluded from the discuszion are polycrystalline materlals,

mefols, piastics, elostomers, and other organic motericls,
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3. Effect of Bulk Bonding AMochanioms en 272haoton

The above remarks Indicate that lack of sufficicnt surlace ares in Intimate eontact Is
the main rezion for the pavelly of edhesion phonomeona obeerved with Leltile eolids,
Anathzr reason has to do wiih ths fype of bending which charactorlzes the solid, A
pure covalent bond is highly directional ard requires precise nsar noighbor position=-
ing. Preciss near neighbor positioning is also reguired in fonic solids bocause of the
alternating array of positive and negative ions. Thus, If two perfectly plana. and
identical cryztal faces of an ionic or covalent solid are brought Into confact, the
possibility of ionic or covalent bonding across the interface would appear to be ex-
tremely remota since perfact crystallographic coincidence would be almsst impossi =
ble to obtain, The metallic bond is considercbly less sensitive to bond angles and
deviation of the near neighbors from equilibrium positions, and this is an imporfant

factor in the adhesion of mek:lsa.

111, OPTICAL CONTACT*

1. Characteristics

A careful observation of the optical contacting process reveals several interesting
features. As the clean polished flals are brought close together first order inter=~
ference fringes are observed, indicating the presence of an air wedge. These first

o
order colors go over to a uniform gray appearance ot a separation of about 1000 A,

*For a description of optical contacting tachniques see section 1V, 1. end 2.
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If the separation is decreased furthaor, a suddan seizure of tho surfaces cccurs and

the appearance Is a uniform black, indicating a reduction in tho optical reflactivity

of the Intarface of savaral erdurs of magnituds. According to Lord Rayleigh's maszure-
ments, the optical reflectivity of an optical-contact bend s betwoen 2 x 104 and

2 x 10'5, if the incident light intensity is taken as unity8. On this basis, he calcu~
lated that the average separation of surfaces in optical contact is between 10 and 30 R.
This figure is clearly too small, since the mean height of surface irregularities is at

-] 0
least 100 A. The actual separation probably ranges from 0 to 200 A,

The tensile strength of an opt?zal contact bond is surprisingly lurge. Lord Rayleigh
moasured strengths up to 46 Kg/cm2 Ref. 8). Several tests were made during the
course of the present studies using the apparatus shown in Figure 1. Spacial cors

must be taken to eliminate vibration and fo insure that the pull is normal to the plane
of the interface. Bond strength was approximately 14 I(g/e:m2 for Z-cut quartz samples.
It was cbrerved that breakage of an optical contact bond always occurs as a slow
progressive stripping initicted at some imperfection at the border of the contact

arca. The area of non~contact would slowly grow larger over the course of several
minutes (no mo-e weight baing addad) until only about 2/3 of the original area was

still in contact. At this point, sudden breakage would occur. Thus, the ectual

tensile strength is probably many times greatar thon what is measured.

One possible means of measuring more accurately the adhesive strength of optical
confact is fo use a well-polished convex lens of lorge radius and an optical flat,

The central black spot of the Newton rings formed when the lens is placed on top




of tha flat is an area of optical contsct, If thia lens is eat into a recling motion,

ons could probably relate thi damping of this cccillation to the ediicivo strongth.
This type of experiment would eliminate tha prebiom of a perfoctly normal pull,

and would not be as sensitive to the presonce of dust as is a straight tansile test.

This experimant could ba done under o variety of environm - .al conditions, including

high vacuum,

When an optical contact bond is made under normal room conditions, there are
generally o few dust particles trapped batween the surfaces, These dust particles

are eosily detected if the interfoce is viewed at a glancing angle. They appear

as white specs against the black background. What one is actually seeing is the

area around the dust particle which is not in contact and hence hos a much higher
optical reflectivity. Occasionally, a trapped dust particle is large enough for

some of the first order interference colors to appeor, but this is usually not the case,
at least with the flats used in’ these studies (up fo | inch diameter). Such lorge dust
particles usually prevented contoct altogether. Appendix 1 describes some work on the

local stress induced in pyrex flats by trapped dust particles.

2. Liquid Layer Theory

Most authors ctiribute the adhesive force of optical contact entirely to surface
tension of an extremely thin film of liquid (vsually condensed water) at the inter= .

face. Water from the atmosphzre collects around hygroscopic irpurities on



surfaces. It hos been roparted that ths cguivalont of about 20 moleculor loyers
Is preeant ot a relative humidily of £02505F 9, The attracticn of two flat

parallel plates with a thin film of liquid batweoan them is given by the equaticn:

_2TA
i M

where T is the surface tensicn of the liquid, d is the separation of the plates, and
A is the area in contact!0, For a water film moox thick, the adtaosive force per
unit area is 15 Kg/cmz. McFarlane and Tabor studied the adhasion of glass beads
to flat glass plates for various liquid layers, and found a direct variation of
adhesion with surface tension 11, They reported no adhasicn in air at a relative

humidity below about 50%.

One of the consequences of the surface tension theory is that the force of
adhesion between plates should disappear if the junction is surrounded by the same
liquid as produces the odhesion. This effact has been obsarved in this laboratory
in several experiments using water, However, this is not considered conclusive

proof that surface tension of u liquid film is the sole mechanism of adhesion.

One of the first and most important objectives of the presznt work was to deter=
mine if covalent, ionic or van der Waals forces contribute to optical contact
adhesion. To do this, optical contacting experimants were carried out at ultrahigh
vacuum where water films could be readily eliminated or at least reduced to single
monolayer coverage, in which case the liquid layer theory would clearly not

apply. These experiments are described in the next section,

4_________)
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3. C el Centact et Wiahich Vacuum

0. Voeeum Sysiem
Tho vasuum gyotem s chown echomatically In Figure 2, The 8 litor per sceond
Varlan fen pump (Modal No. 911=-55C0) Is connacted on the low vacuum side
through a stolnless stasl, teflon sected valve to a Vac=Sorb pump (Verian
Model No. 941-5510). On tho high vacuum side, o bakesble valve (Verian
Mods! No. 9515027) permits isolotion of the pump. The test chamber and |
liter por second fon pump (Varlan Model No. 913-0008) are connected via o
glas scal-off tube to a larger Pyrex chamber, The system was mounted on a
specially constructed banch with transite top. The bakeable valve and test
chamber were located above bench level, the laige ion pump and Vac=Sorb
pump were located below. Bokeout of the system was accomplished by a 450°C
oven which could be lowered onto the bench top. Temperature was confrolled to
within o few degrees by a Fenwall thermoswitch, Severa! different test chamber
designs were exporimented with, The final configuration is shown in Figure 3,
ond photographs ars given in Figure 4. In all of the ultrahigh vacuum experimants
performed, 1/4 inch diameter Z~cut quartz rods and 1/2 inch diameter Z-cut

quartz flats were used as samples.

b. Experimental Procedure
Before placing the sample rod and flat in the test chamber, the two were

optically contacted togethar. If microscopic inspaction revealed the presence
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of trazped dust porticles, the centzct was siaply brelon end remado In trial

end errer {uilion until @ good guality, dust-fice eontost vos ehialned. This
procudure Insurcd that no dust collectad en the optically poliched surfaces
during test chiamber assambly and aftachment to the main vacuum system, After
system assombly ond pump=down to the 1074 torr range, tha cptical contact was
broken by mcans of the manipulator red, and the two surfaccs were held apart
during o 12 hour 450°C bakeout. After the system returncd to room temgarature,
the one liter per second fon pump was started and the tubulation from the tost
chamber to tha main vacuum system sealed off. The pressure in the test chamber

rapidly fell balow 8 x 1079 torr*,

The manipulator red was then used to bring the end face of tha rod into centuct
with the flat, The interference colors could be viewed through the rear end of
the Pyrex test chamber, and thus the progress to optical contuct could be checked

in much the same manner as when one makes contacts under normal rcom conditions.

*Pressure was determined by monitoring the fon pump current, and using a
conversion chart supplied by the manufacturer, 8 x 10~ torr is approximately
the lower limit using this method. The actual pressure was prebably consider =

ably lower,
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{a o it e tiont, optlesl eontest oould bo extalbilichad ever enly oot lolf
of tho V/4 Iach Gionsior eroa owlng to o unt portlels thot hod bocoma wialgod boe
pwaen o erlons, Moverilicles, edliczlen wos evidents Dut waos el ecsponstbls

for tisoo move £0lurs?. As e resely, tho dust shiold wes edlded to thio (os? chonbar
(o0 Figurs 3. Ths coppor ploces of tha shisld weors pslichied and motcd to provide
an inilmate fit. In o subsaguent experimont, optical contuct was mada ovor the com=
plate arcc. The effoct was quite stetking, o suddon seizuro occurring a3 soon as a
cerfaln critical scparation was reached, Contact was brokin and remads several
times with no difficulty. It was not possibla to accurately measure the adhesive
strangth under vacuum, sincs a precise ncrmal pull is required, but it was at least

a few lta/cmz. Whon removed from tha vacuum system, a force of 14 kg/c:m2 was
required to breal the bond, which is the sams os for contacts made In air. Since
optical contuct bonds are geod vacuum seals'a, it is unlikely that water could

have penetrated the interface and formed on adhesive film.

*We were rather surprised to find that dust collected on the surfoces even after high
vacuum was established. We performed some experiments at ultrahigh vacuum to
study the mobility of dust particles using the rod and flat, so to speak, as o “dust
detector.” It was found that a gentle tapping of the test chamber wall caused dust
particles to chonge their positions and brought additional dust onto the surfaces.
These simplae experiments are of some significance since they show that dust parti-
cles are quite mobile and con be dislodged by minor shock and vibration, This
should have a beoring on thin film evaperetion work, whera dust particies cause

pinholes, and In areas as far afield as the question of dust mobility on the moon.
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¢. Aralysis of Rosults and Crltiguo of Liguld Loyor Thoory

In enothor ey orlaicnt, the sams procedure o3 dosariiod clova was fallowed exeopt
that o longor tis was ollowed for pumpdown bafure tho Liling cycle was initicted.
Tna pressure hed fallen fo a steady valua of 6 x 10.8ww. Vihen the optical contact
between the rod and flat was brokan, it was noted that a sma!l burst of gas was re-
leased causing tha pressure to rise sharply from 6 x IO.aterr to 15 x 10-8 torr and
then return to 6 x 10 Btorr. It can be assumed that any watar loysr present would
immadiately evaporate when the surfaces were expssed o the vacuum“. On this
assumption, a simple calculation shows that the gas burst was equivalent o only
1/100 of a monolayer coverage. The gas releass was prebcbly dus largely to ths
flexing of tha bollows which occur when tha manipulator rod is pulled bock to

breck the contact.

This evidence, togsther with the experimants where optical contact was made under
vitrohigh vacuum, have demonstrated that the liquid layer theory is not complets.
There exist forces between highly polishad surfaces which of themselves are suf-
ficient to produce adhesive strength of a few kg/cmz. It appecrs most likely that
for optical contact bonds made undar room conditions, two mechanisms are present-
surfu-e tension of a water film enhancing an independent attractive mechanism. In
support of this, some experiments ware performed with thin disks contacted on one
edge to large flats, It was observed that if the surrounding atmosphere was saturcted
with water vopor, the contact area would increase, thus indicating that surface

tension of condensed water tends to pull the disk into closar contact with the flat.
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2 8 walilcty ot o ehoonvad elazslon endor elinchigh vacvum roauticd fom o ngne
entlorn dhnthotion of elostiestaile macale chonoos, mmhmw exd V,U::;S'm Liove
ghown ot essh ooz enn ba ellelngizd by coonniing the swsfoecs to o glow dlge
chargs fir sovera! sooonds. Tha len puap convonioatly provided this cenditlon both
o? the start of punying end during the early phaza of bakeout, Alzo, thore would be

a certaln amount of fcnic bockstrcaming from the pump even at low pressure.

In accertanco with tho discussion of section U1, it would not appsar reascnable to
ottribute the echasion to ionic or covalent bonding. The ductility of quartz is negli-
gible, so thot the area of intimate contact was prebebly only @ minute fraction of the
total interface. This, coupled with the necessity of precise near neighbor separation
and orientation, would tond to rule out such forces., However, one cannot make an
abtolute siutement on this mottar. As mentioned chove, under high compre:sive lcads
properly criented rocksait crystals will adhere (compressive loads had no apparent
effect on adhesion in the present axperiments). Studies of the frictional properties
of diamonds have shown that the coefficient of friction increases from 0.05 ot 760

-10

forr t0 0.9 ot 10 " torr with the frictional resistance ottributed to the shearing of

lﬂ‘cm.'d’i‘éo

The adhesion was most likely due to van der Waals forces or, more specifically,
London dispersion forces, These forces, which produce a universal attraction be-
tween atoms and molecules, produce, as well, an attractive ferce bstween solid
bodies. This effect has been directly observed by saveral investigators at sepora=

tions ranging from 1000 to 10,000 2 using optically polished surfoces.'s'w'w




Tholr results agreed, within exporimental error, bath with ths micissespls theary of
Ceslmir end P&!darw which azumes additivity of ths Lendon forces botwzon Indie
vidual molocules, and tho mzara recont macrezsopie thosry of LTS 20. Lieeseding
to the proponants of the latsr theory, thare is no justification for extonding the addi=-
tivity of London forces to the czto of solid bodies. Tha Lifshitz approach makes no
assumptions about the nature of the interaction batwsen individual atoms, but in-
stead atiributes the interaction batween macrescopic bodios to the fluctuating electro-
magnetic field which is always present in the interior of an abzorbing medium and ex-
tends bayond its boundaries. In any event, both theories predict that for separations
less than about 200 R, the attractive force per unit arca batween flat parallel surfaces
should be proportional to tho inverse third power of disiance. This has been confirmad
by some recent work of Eai!@ym on the atiraction between molecularly smooth mico
sheats, although there is soms doubt thot fonic attraction was entirely eliminated.
Attractive forces of 1100 kg/cm2 at 10-8 separation and 1.5 ltg/cm2 at 100 X were
reported. Unfortunately, it is not possible to make a sensible calculation of the
atiraction fo be expected between surfaces in optical contact because the distance be-

tween them varies ovar such a wide range due to surface roughness (opproximately mX).

Nevertheless, since the separction distance over a large percentage of the interface

o 4
was probably less than 100 A, van der Waals forces could easily account for an ad-
2
hesive strength of 14 kg/cm . If smoother surfaces can be produced, o considercbly

enhanced adhesion should result,
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In order ¢ nolio good eptics! eontuct bonds, the surfacas must bo freo of greaso erd
other cantzminants, end largo dust particles must ba excluded, It is not necesaary fo
use o duzifrze reom, but this would certainly be helpful end reduce the number of
trys that ore normally required to cbicin o reasonably good bond. For clearning the
flots, we have generally found it sufficient to wipe them first with acetone-tonked
lens tissue and than with lens tissue soaked in purified petroleum ether. A chromic
acid soluticn con be used to remove grease. We have occasionally used a cellulose
acefute taps avcilchle fr;:m Ernest F. Fullam, Inc., Schenectady, New York for
removing dust just prior fo contacting. This tape is normally used in election micros-
copy surface replicating work. Surfaces cre cleaned first in the manner described
cbove, then taps, softened in acetone, is evenly applied. The tape is removed
when dry and the two surfaces con often be contacted without any apparent dust.
However, pieces of the fape cre sometimes left sticking to the surface so thot this

method was not used when very high quality contacts were required.

2, Contacting Teclmiquesz2

Once surfaces have besn cleaned, they must immediately be brought into contact,
otherwise dust will recollect. The seizure of the surfaces, which signals the onset
of optical contact, is achieved by making the two surfaces parallel and pressing
with a normal force of a few pounds psr square inch. We have found that this pro-
cess must be carried out manually while observing the interference fringe pattern to

assure parcllelism, Since work must be done by hond and eye, results improve




significicntly with exparicnca, a3 tn many othor eroos of tho ¢ flosd b,
7

If red epaclmons cre to ba b@wfjw’d it is boot to Fircd contus? thom to ewdlivry flats,
This pormits ono fo Inspoct G bond eorelully undor @ micrcsoopa for frecdom fiem
dust and othor Irregularitics. If a whita light scurce is aligned so that tha micros~
cope views the roflaction from the intarface, tha area in eptical contact will eppzar
black bocause of the almost nzgligible reflectivity . Arcas of noncontoct cauced by
dust particles will show up cloarly as white spacks agahist this background. Optical
contact is mads batween tha rod-end faces by simply snopping thom off the auxiliary
flats and pressing them quickly togethar, If a dick is to bo cortacted to a red, only
the latter uses an auxiliary flat, In Bcfh cases, it is important to carefully rechock

the contact area of the assembly undar a microscepa.

We have succeeded in moking optical contact bonds batween various combinaticns of
the following materials: Pyrex glass, fuzed quariz, single crystal quartz, N30, KCH,
Al203,Ge, and YIG - the latter 5 in the form of single crystals. And we have mada
optical contacts between quartz and evaporated layers of gold and permaloy. It would
appear that any two surfaces can be optically contacted if they can be made suf-
ficiently flat and smooth. This observation supports our contention that the bonding

is due to van der Waals forces (in the absence of the ultrahigh vacuum expseriment,

it could also support the liquid layer theory).

3. Temparature Cycling Experiments

Experiments were conducted to determine if optical contact bonds retained their strength

ot low tempercturs. These experiments have a significance as a critique of the liguid
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layer thissy, Lut thalr maln puepioo wos to datarming which eptically contactod tans=
ducer-sznplo conlinations eould Lo wiod In low tompenature gigaeycle ultrasenics re-

search,

We have found (st eptteal eontact bonds bohweon rods of dicsimilar material broak
when coslsd to liguld=nitregen tomzoratures, and this limits, to soms extont, the
practical epplications of the optical-contact technique. We atiribute this break-
oge fo differential thermal expansion since breakoge does not occur if the two rods
are of the samo material and crystal orientation. A bonded pair of X-cut quartz rods
ond a bonded pair of AC-cut quartz rods were cooled to 1.5°K where ultrasonic ex-
periments were parformed on them (see section IV, 4. below) and then cycled back
fo room tempcrature. There was no apparent change in the bond as a result. Also,
we have found that thin disks bondad to rods or large flats can be cycled to cryogenic
temparatures even if the larger piece is of a different material. Apparently, the thin

disks con deform and still retoin their adhesion.

4, Gigacycle Ultrasonic Experiments

Several optically contacted transducer-sample combinations were supplied to Dr. Poul
Carr of Air Force Cambridgs Research Labs who performed experiments on them to de-
termine the reflectivity of the bonds for acoustic waves of 3 and 9 gigacyclas (A= 19,500
:ond 6,500 Z respectively) . The apparatus and technique employed are described

23
elsewhere . The combinations supplied included:




(1) X quartz rod bondad to X quartz red

(@ X quartz disk bended to Z quartz o

(3) X quortz dick bondzd to ruby red

(4) AC quartz rod bondzd to AC quartz rod
The two rods of the first combination were of different lengths so thot echozs from
the bond and from tho far end face could be easily distinguished, The optic or Z
axes of the rods were alignsd to within a fow degrees. For lengitudinal waves of
- 3GC and 9 GC, it was found that less than 19 of the incident acoustic power was
reflected by the optical contact bond. This is a significant improvement over
standard adhesive bonds which normally transmit only about 1% of the incidant power.
It is worth noting that a small dust particle was trepped betwezn the rods producing
an area of non~-confact over about 15 of the cross sectional crea. The observed ro-

flectivity could have boen due almost entirely to this,

The second combination also demonstrated excellent acoustic hans;nission proparties,
although it was not possfble to measure directly the bond reflectivity. Or: res-
onance, thess disks gave conversion efficiencies of the same order of magnitude as
with surface excitation of an X-cut quartz rod in the same oovity23. If it is assumed

that the bond thizkness is negligible compured to the acoustic wavelength, the re-

flectivity is given by:
Z -2
1 2

L+ 4 (2)




whers Z, the choizcioilstic aonustic fnpodanca, 15 the preduct of thio mass danslty
cnd tha relovant cooustie v-@%m%%y. For eanbinotlon (), ths reflcctivity weu!ld be
0.033 for longltudingl waves, Abouta duzen cchoss were ebtainzd with combl-
nation (3) and considorable ringing was chiorved. From equation (2), the bend re-
flactivity should be 0.49, which would not accaunt entirely for tho poor results.,
The quality of the contact was poor; cbout one third of the interface area was not

in contact and it is believed that there was a rather thick water layer present,

With combination (4) using transverse waves of 3GC and 9GC, the reflection
from the op’ical contact bond was about an order of magnitude larger than for
longitudinal waves in combination (1), or about 10%. The AC rods were aligned
by matching up scribe ISr;es which were cut in the sides of the rods by the manu-
facturer. However, by using o polarizing microscope, it was found that the rods
were actually misaligned by approximately l7°. Letting E represent the amplitude
of the elastic displacement vector, the amplitude of the wave transmitted through
the bond, E’, is related to the amplitude of the incident wave by:

E, =€ cos 17°= 0.9 E, .
Acoustic power, P, is proportional to Ez.
Thus,

P, = (0.96)2 P‘ = (0.92) Pi .
Assuming loss is negligible,

P' =0.08 Pi' a reflectivity of 8%.
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Thus, the large reflection could hava been due primarily to this misalignmeont rother

than the bend iizclf,

Another pair of optically ccntacted X-cut rods, similar to conbination (1) wers vezd

in a reentrant cavity with rounded posts so that both longitudinal and transverse waves
could be generated. It was found that the reflectivity for transverse waves was higher
than for longitudinal waves by about a factor of 10, but it is not cerfain that there

was perfect crystalographic alignment of the two X-cut rods. The polarizing micro-
scope was usad to align the Z axes to within lo. However, with this technique, it

is not possible to distinguish between the +Z and -Z directions. The transverse woves
are polarized at <|-30o and -60° with respect to the Z axis. Hence, if the +Z axis of
one rod was lined up with the -Z axis of the other, o high reflection would be expected
at the interface. Thus, the question of whether an optical contact bond actually re-

flects transverse waves to a greater extent than longitudinal waves is still open.

5. Extension of the Technical Applications of Optical Contact

With respect to low temperature gigacycle ultrasonic work, there are two major
problems which must be overcome before optical contact can be considered a generol
solution to the bond attenuation problem. The first is the breakage of the bond when
large specimens of dissimilar materials, joined by optical contact, are cooled to low
temperatures. The sacond is the reflection due to acoustic impedance mismatch ot a
bond between dissimilar moterials (see eq. 2). Fortunately, it may be possible to solve
both problems together by evaporating metal layers onto the surfaces, and contacting
them while still under ultrahigh vacuum, This approach may, in addition, result in

stronger adhesion since metallic bonding should contribute.
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It should be poaitbla to choosr o motal er elloy whase éa:z%%@%ﬁf%?fﬁ tronzition polnt
lies a few dograss ebove halium temparaturo, A film of this matel batwaoon rods of
dissimtler maltorlals should wlve tho thora! brechoge problom, I this film is eloo
chesen 1o a3 to ba of appranimately Intormcdiate aeoustic impedanco, ond o quarter

- wavelength thick, the refloction frem the bond can be eliminated.

Section V, balow, describas the development of an ultrahigh vacuum evaparator de-
signed to accomplish the cbove. It can alto be used for other general evaporation
work, and for dapositing double layers of suitably chosen quarter wave films to im-
prove the coupling l;etwean electromagnetic sources and acoustic waves in ac -
cordance with the recent paper by Hoydl et al.24

V. DEVELOPMENT OF ULTRAHIGH VACUUM EVAPCRATOR

1. Design Considarations

" Considerable effort was expended toward finding the optimum design for a laboratory
installation which would be suitable for performing optical contact bonding under
vitrahigh vacuum after the depasition of suitable thin films. First, a survey of exist-
ing evaporators was made to determine whether commercially available units would
hove sufficient flexibility for the work intended. It was concluded that none of the
units examined fitted the requirements exactly. Consequently, construction of such

o system, using commerciolly available and tested parts, was undertaken.

Early design centerod around the use of Vac-sorb pumps coupled with a large fon pump.
This basic approach was followed in the fina! model.
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bis peincipal fontures Tnsluds Intorchiongoable (Glos end stalnlos stesl) ball favs,
molticle cecoss ports B tho waiking arca, edogunls room Inslda tho gyetom fur Ine
stallcilon of Beguns or etidlor epzatal sourees, endd proviclen for fntvsfuclon oo b

tha sidus of tha chanlor of manlpulaton to eld In fhio making of eontucts under uliiae

high vocuum cendltions.

As tho work progrosssd, it bocamo evidant that it would be necezzary to conzider the
use of materials kaving relatively high vapor prozcures, Celeulations showed tliat tle
ute of an fon pump as tha principal mathod of achicving the vacuum desived would Lo
impractical, because of tha nocessity for disposing of large amounts of forelgn vopan
produced in the process of evaperation. Furthermore, it wes concluded thar a soms-
what larger system than had basn originally contonplcted would ba required fo allow
adequate spucing botwezn evaporstion source and sulsticto, This cenzidaration led fo
the final adoption of a systam employing a large diffusicn pump with a refrigsrated
baffle, backed by a second diffusion pump Inserted cheed of the fore pump. A dis-
gram of the structure of the main chamber of the system Is shown In Figure 5. Attached
to the main chamber are a standard six-inch Heraeus oil diffution pump backed by o two-
inch oil diffusion pump and a standard roughing pump. The main chamber is equipped
with an ionization gauge ar.d is also provided with two viewing ports, several side
tubes for the Introduction of manipulators, an E-gun port, and other appurtenancas
necessary for satisfactory operation. The electrica! control of the unit Is centared In

[

a control chassis (see Figure 9.
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tho choxber, vp to and Including the ulirehigh voouum rengo (elow 10 torr) if

propar procay tiens be kakan,

High cusrant fecd-throughs ero provided in coce it is dasired to v resistance hoat-
Ing of tha matarials to be placed vpon the subsirate, which may be desirable with low
melting point materlals, Those some high current foed-throughs con be used for the
introduction of relatively low-ficquancy rf power in case induction heating is de~

sirad. Diroct provision has boon made for inclusion of a Varian E-gun type of apparatus,

in the ute of any of the above mathads, relatively good vacuum conditions are de-
sirod, but in mos? cases the ulirahigh vacuum minge need not be reached. In the high
vacuum renga, the chomber should be operated with a neoprene gasket (without re~
frigeration) and the baffle nead not be employed for the averags applicotion. To at-
fain ultrahigh vacuum, the gasket should be refrigsrated, and liguid nitrogen placed in
the baffle,

In case sputtering is the desired method of deposition, a positive ion source can be
placed in one of the feed-throughs to the chﬁnbof (this has not been Implemented ¢
yet) and the conventional technique applied. Here, high pumping speed Is vital, and
the baffle will probobly bs useful fo increase the effective pumping speed.
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In cooo glow=dicsharg oo gputiorlng tsweed, e Bigh volii o feedethocuph 1o proe

vidsd fo cllow tha pooor supsly to bo connested, Sinos o eptimum provcurs rors

Is aposcataataly 10 7, rx clibomto procautions connnining lects mond (o by 000
and ths vopor pump rocd not even bo wiad, Simdtlor concidorctions epply to vopore

phasa raaction dspasition.

2. Mechanical Dasign

The main vacvum chambaer was constructsd frem stainlcss sicsl, dus to its dosivabla
outgassing performanco cnd relotively low cest. Tho charber is 18" in dicmstor,

and weighs apzroximatcly 1000 Ibs, it is providsd with Ligh curront eleeivical food-
through (20 amp roting), multiple connsction gencral purpcse fasd-througis, and fon-
constanfan feed-throughs for the Introduction of thormocouplss, wo viewing ports

2" diemeter), and a standzrd lenization gavga.

The pumping system includss a thermocouple gaugs for monitoring the fore preizure of
the systam, which is interlocked with the oil diffusion pump to provent their bsing
turned on undar adverse cc«n::.’lﬁons. A pneumatically cpciated bellows type valve

is included for isolating tha systam from the fore pump. Water cooling is providad
for the oil diffusion pump, and a quench coll is alt s Included to allow vapld shut
down of the main pump. The main bell jar, which weighs saveral hundred pounds,

Is provided with alr-operated lifts o allow easy accaess to the chamber ftsalf, A
photograph of the mechanical arrangemen: of the comploted system Is shown es

Figure 7.
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3. Eizetical Dioton
- 2wl

Basle conlvol of the unit Is doslgned fo provant contamingtion of tha ol tn tho pumps
end off or endechiotla eficels In cous of € powor faltlure e ooy calustiophile follures

tnveiviog luos of voouum,. The contvs! gzlom rogulres (uoush tho wo of intarlock=
Ing relzys) a propor sequencs of furn=on and tum=off for the systom. For exampls, the
power o the moin diffuslon punp Is Intarlocked both by the supply of an adequate flow
of walar cad by the presence of o sufluble fore vacuum, Likowise, ths quench colil

In tha main diffusion pump Is connactad in such a way that in case of power fallure,
wafer Is automatically intreduced into the coll to effact rapid cooling and thereby
minimize damage. Also, a bi-metallic element thermostat is provided to assure proper
cooling wator fempercture end to automatically tum off the diffusion pump power In

case of inadaquate cooling.

Pressure is measured by the thermocouple gauge and by the ionization gauge, using a
standard commercial ionization gauge control unit. The thermocouple gauge is con-
nected 30 as to monitor the fore pressure and to prevent operation of the diffusion
pumo without an adequate fore vacuum; the circuit employed for this purpose is
Mn in Figure 8.

The power supply for the E-gun source employed is a standard Varian unit, and is
completely dascribad in the Instruction book for this unit. Ths only spacial Lrovision
made in the control circultry is the provision of an interlock to prevent the E-gun
from being activated unless tho fore pressure is adequate and the diffusion pumps are
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4, Performance

The system is designed to operate satisfactorily from the moderate vacuum range to
the range somewhat beyond \0-8 torr without refrigeration equipment being provided
for the O-ring seal, and to pressures of 10- 0 torr in case such refrigeration is pro-
vided. Although a refrigerating coil has been incorporated in the system, it has not
been felt desirable fo extend the range to the ultrahigh vacuum region until experi -
mental requirements demand it. A standard commercially available manipulator has
been included in the system, but this will have to be replaced later by an improved
design if ultrahigh vacuum performance is required. The system is designed to permit
boke-out (using fibreglass blankets and standard strip heaters) when ultrahigh vacuum

operaticn is desired.

Qther than routine leak-checking with a helium leak detector and the repair of leaks
o revealed, no particular operating problems have been encountered and the per-

¢

formance of the system is good.
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APPENDIX |

Study of Tropped Dust Particles

Small dust particles (on the order of 1000 oAdiomohr or smaller) ara often
trapped between surfaces in optical contact, and these produce local areas of non-
contact which are readily observed because of the enhanced local optical re-
flectivity. These dust particles also set up large local stresses which, in the case
of pyrex flats, con be readily detected with a polarizing microscope. It Is well
known that glass becomes birefringent when stressed. The phase difference be-
tween the ordinary and extraordinary wave being given by

a = 3L (n,-n)d
where n,, is the index of refraction for polarization parallel to the lines of stress
and n, for polarization perpendicular to the stress lines (n2 ny)i dis the thick=-

ness of the birefringent medium. The equation can also be written as:

A=3T cTd N

where C is the relative stress optical coefficient and varies between 1 x 10 and
-13

10x 10  cm / dyre for common optical glasses. T is the stress.

Because of the circular symmetry, one sees a four lobed star pattern, the nodes be-
ing ot multiples of 90° with respect to the direction of the analyser. We were able

to determine tho t the phase difference was less than TI. If it is assumed that the de-
formation is spherically symmetric, leading to an effective d on the order of 10-2cm. ,
we obtain 10‘0 dynes/c:m2 for the stress. This matter was not pursued further, and

the exact significance of the results is not clear. Nevertheless, it should be re-

cognized that small dust particles can be used as a quasi microscopic probe for investi-

~=ting adhesion forces between surfaces.
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FIGURE 4
PHOTOGRAPHS OF TEST CHAMBER AND VACUUM SYSTEM,
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13 ADSTIACT: Eater a0 abetract giving s brief and factual
hcumm izdicative of the report, even
Ih:r srpory elsawhere la the body of the tech.
mﬂ I! .&damul space is required, & continsation

luu;iyda!mbh M&declmﬁedm
m be waclapsiliod. Esch parsgroph of the abssract aball
-ab - Mcukn of the miliiary secwity clsasification
the iaferantion in the paragraph, reprosested es (TS) (SA
(C& o (UA
Thete is no linitation ea the of the adetract. How-
ever, the snggusted longth is frem 159 to 228 words.

l‘. KEY IDRDS: loc; words are lochlcnlly ma!wg!r.l terme
atactetize @ n,m y be usod aa
inakl entries for enuhglug th.c‘.lmm. Key m. nuat be

jon, may be
by - Mirdlon e! techaleal

contaxt, The sseignment of links, relee, and weighta is




