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Introduction

It 1s a well known fact that a thin film coated on any
surface may change the properties of that surface completely.
Mechanlcal structure, reslstance to corroslon or contamination,
optlcal constents, electric snd magnetic behavior, thermal emis-~
éivity, photoelectric and thermionic emisslon, etc., of a sur-
face depend very much on that film. It 1s also generally ob-
served that the characteristics of thin films are radlcslly
different from that of the same substance in massive form and
vary w»1th tne tnlckness. There 18 no general sgrecment on the
limits of thnickness of thin fillme. Usually, 1t covers the rsnge
from a monomolecular layer to s thickness of several microns.

The enormous cnontrolling effect on s surface and the snomsly
in character of a thin film aroused profound interest smong theon-
retical and practicel flelds 1in both chemistry snd pnysics. A
great deal of research work has been done with thin films and
numerous applications nave been found. First surfaced mirrors,
non reflecting lens and beam splitters, widely applied in photo-
graphy, interferometry, spectroscopy and other opticel flelds;
coated quartz fibers extensively used in sensitive electric
instruments such as quadrant electrometers, string galvanometers,
and electrocardiogrepns; electronic tube components coasted for
better thermlonic or secondary emisslon; interferometric filters
recently developed for band or monochromatic transmission are
some of the well known examples of thelr uses. Furthermore,
the technique of thin film coating 1s found very essentisl and

widely used in crystallography, metallurgy end electron microscopy



The production of thin metsllic films may be accomplished
by sny of the following methods:
1. Cnemlical end Electro-chemical Methodse:
8. Electro-deposition
b. Reduction
c. Thermal decomposition
2. Physical Methods
&. Thermal evaporation
b. Cathodic sputteringl
Of the two physical methods, thermal evanoration 1s the
better in most cases. It requires simpler appesratus, is more
fiexible, and consumes leses time for the complete operstion,
It will be tne method consldered snd adopted iIn this vork.
Thermal evaporation 18 the process of hesting a metal or
non-metsal in a high vacuum, to near its bolling point, whereupon
it emite molecular rays in 211 ﬁirections.é The distribution of
the moleculsr rays dependsonly upon the degree of vescuum. If the
vacuum is sufficlently low they are emitted linearly, similerly tc
1lght rays, and if the vscuum 1s not low enough, the dlstribution
of the metal behaves in eccordance with the lsws of diffusion,®
The degree of vacuum affects the chemical nsture and physical
properties of the thin films, as does, slso, the temperature »f
the source and the dlstance from the source to the substrete,

The degree of vacuum snould be such that the mean free path nf the

moiecules from the source snould be greeter than tne dlstance froo

1Lewis, W., Thin Films and Surfaces, London: English Uni-
versities Pres-, Ltd., p.1l9.

EStrong, J., Procedures in Experimentnl Physics, New York:
Prentice-Ha'l, Inc., (1939) p.l.68.

3Lewls, op. cit., p.20.



the shurce tn the gubstrate. 4 If the tepperature of the goirce
1g excesgsively nigher tnsn necessarvy tn evaporate the metsl, the

deposlts are pulverulent and non-adherent, due tn the vaoor den-

n

sity of the wgrseous metel beerming ton great.” This procrgs weag
known s8 early as 1890, at wnlc» time Edls~n obtalaed petents 1In
connection with 1t, however, 1t was not wldely used until after
the cdevelopsiment of the bare tungeten heater technliour by K,
Hitscnl and the development of nii-h speed vacuium piULpS.

Tne type »f appsratusxmost frequently menti»-ned in the litere.
ture rs naving been ueed or eveporstinn chaaobers haéé been rlras
bell Jers mounted on flat glass »o»r metal brsee. Thne sutstrate
wag pleced eltner above 5r below the source 1f the umetel was
9V9p6rﬁted from gome varlety of filazent ¢2l1l and above trne somre
1f the wetal was evapornted from & ciuclble, Crucidles were uged
wnen tne material dld nnt adnere tn = filrment coll or when the
materlel was in powder form, It wss recommended thst smnoll
tems be made of gless, since there 1s less doanger of leske, =nd
larre eystene thet employ lsrye fleat surfaces be mede Hf metsl,
gince xlsss will break under the high pressurec6 Strﬁngé Geo-
scribeg p verticelly mointed steel bell Jar tnat wese used st the

§ "

Cellfo-nla In:titute of Technyloyy for meking mirrors up tn &

4
Lewle, op. cit., p.2C.

1uid., p.il.

6Yarwood, J., High Vacuir Tecnnlgue, New York: Wiley & Sons,
Inc.,(194€) p.v8.

7

Strony, op. cit., p.l170.



in dismeter. A norlzont-! zyetem ~»f metal wee sugpeceted by
Tal&nsky.a Yarwiod® sugrreted thnet tne cnexber could bs made
from metel and llsted copper, brese, gun-mstal, drswn and cret
steel, =nd alumlnum as the ones most cowmon’y ueed snd supgested

tin-pleting, peintins with shellac, or even onsting witn "at

waXx
s8 useful tecnniqu.s for ¢lorsling pores of metr?,

ne trilichnesgs of s thin fllm sffects greatly its chnr-

[$7]
sy
-
¢
~
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[

1t le, therefore, extremely lmoortent - pro o ustion

]

cg well ox reseerch work, to meke tnin films »f desired tnickness
However tneve 1g verv 1ittle thet nes bheen published >n thickness
control, Only twn references to any metind H>f thickness control

N - ) - .
were found, Tol&nskylj end Yﬁrwnﬁu*l mentl-~ned tnet fllms of

A
G

b

ed trickness ¢nild be wrde by ugse nf e phintorelectric zell

3
r

Jo3H

—+

no cetalle were plven by either T them., It 1s, thoreforve,
ne oblect »f the present Investiyation to conestruct an evan-
orstion sppsretug by mesne »f wnich thin fiims of preadetermined
tnicknegs csn be pradiced,

s

The wmetnond of thicriess cintrnl emnlaoyed in trls resesrch

conalsted 5f shinine & 1iysnt, pleced inslde tne chrnher, on a

13

proto-multislier tudbe, slaced adlecent to a window in sne end
of the cnember, snd letting the evaporsting metel belng dernsited

2n & f£lass plate between the lignt nd the tude ceuse = decrense

[
“THlensk WAl tlonle-eam Interferometry, Oxford: Clarendn

: {! {5"
Press, (1248) p. 6.

9Yerwios, op, cit., p.29.

10TA1r18ky, op. cit.

P S-S St g |

r.27.

11anw00ﬁ, op. c¢it., p.A37.
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in the photo-electric current suficient %o open a ssnsitive
relsy and tnereby sctuste a grnutter umechenism,

Aluminum wae cnysen from tie evenorating wsterisl begrsusge
1% adneres we'l to wlec-, 18 re~dlly svellsble, is erstly eovep-

osreted from tungsten cnlills, snd nss nigh reflecting pover st

%

prectical’y ell wavelen, tns., Aluwinum slrrors are pusrticulsrily
gulted for roflecting ultrs=viclet lignt. |

A survey of the literstire revesled tnat s large amsunt of
reserren nad been done in finding sultsdle filsments Tr-m whilzh

£

metel ¢711d be evaporatsd and in finding sulteable xetnls tn
svaporete since siccess depends >Sn "the thermel stebility end
verdr ores-ure 2° trne usterisl an? tne precticaliity o»f bringiag

. _‘1?
material to the evaporation tewperature in a vecuur",>" It growe

ed In some cases a complete reversal of earller nuinion as to thr
sultnblilty of using s-me sarticular filaments wlth the commonly
eveporsted metelas, Strsnglﬁ mentinsned A1 ffioulty in svoporsiing
aluminum from tin, sten, beceuse of reaction between tuni=ten snd
&luL.inur snd the feilure of aluminum to adnere »r wet the ftincsten

The seme tning was nyted Ty Countrynrnl% a few vesrs

evey, in an article wnicn described thne results 57 evsporstiny €

q

metals Trom @ different fllsmenta, Caldrelll® reported thet slu-
minum adnered well to tungsten, evaporstlon tosk place readlly

end the resction between alumlinum and tunssten tonk place slowly

lzstrong, 2p. ¢it., p.lé8.

18striny, J., Poys. Rev., 43, 468 (1900).

l4countrymen, 4. A., Jour. of Applled Phveles, £, 432 (1937),

Caldwell, . C., Jour. of Applied Prysics, 12, 779 (1941).
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witn 1ittle effect »n evaporation. Otr nglf later noted tnat
tne snlublility of tungsten in sluminum was ebiut &% by vslumn
and since 1ts spsctrum could be observed during eveporstion,
the tiungsten mleht be bollling awsy but chemlcal anslyvsie of
neRtsl filme gave no poglitive indicetinn of the presence of
tungeten, a concentration of 0.03% by welgnt being detected,
Olsen, Smith, and Crittendenl? found that sluminum would be
successfully evaporated provided tne welgnt of the sluminum ad14gd
not exceed 35% of tne welght of the tungsten coil. Strongl8
surgested tnat the dlssolved tungsten appesrs to be almost come

pletely precipltated back onto the coll ss the evaporstion pro-

ceede. It was 1llustrated by 8trong thet the sluminum doeg n»ot
evaporate directly from the fused metal but from the tungsten
wire. He made a "self-pnotograva" of the molecular rays of
aluminun pessing througn e plinnole and depositing on & glass
substrate. Thne "gelf-tvhnotc,,reph" showed the ocutline 2% the wnnle
coil snd consequently the sluminum must nave come from sll p
on the filsment. An improved technique used later by 3trong
conslsted nf three or four small dlamefter tunigsten wires twisted
together ~nd then tne filament shaped into a helicel coll., The
molten metal flowed intn the spece between the wires and com-

pletely covered the tungsten wire giving whet he called a "=inimun

6Strong, J., Procedures in Experimentel Physics, New York:
Prentice-Yall, Inc., (1979) p.173.

17518en, L. 0., Smith, C. 8., and COrittenden, C. R., Jour. of
Applied Thyelcs, 14, 425 (1945). —

194

183tr0ng, op. cit., p.173.
loc. cit.

trong,




'ratlo' of neat radistion to molecular radiation of sluminum”,
Confronted with *he problem of the fillsments burning out, =d-
wards20 experimented witn varinus types of filaments including
strelgnt wires, two parallel wires, trougie of graphlte, eotc,
Success in using tubes of aluminum wrapped around tungaten coil
which nad been 1nsulated witn aluminum oxide wes noted by DeVore., <
All of the publicatims seemed to use a felrly standsrd evap-
oratinon tecnnique with some minor veristions. The procedure
followed was to pﬁmp the system down to about 0.1 mm, of mer-

cury and prefuse the coil, thst 1s, neat tne filament snd melt

the material to be evaporated. At thls pressure none of the
contamincted metal would resch the substrate. After walting

for a period of 15 minutes, s diffusion pump was ¢ut on and at

a sufficliently low pressure the fllament heated until evacoration
beran to take place and then a shutter mechanlism ncened and the
evaporeted metal was allowed to reacrn the substrnte.

The pumping speed of the rumps chosen should be such thst the
deelred vacuum will be malntained at 211 tilaes during the evap-
nretion process., By Gaede's definltion »f punmplng speedgg, i1t 18
the speed as measgured at a glven precsure, ~nd equals the v-olume
of gas pumped from a vescel nt that pressure. To determine the
pumping speed desired, the formula

V- P

S=——In
te-ti - P
wnere V 18 volume of contalner, q &na %2 are orescures =t times

20Egwnrde, E. W., Rev. Scl. Instruments, 4, 449 (19323).

2lpeVore, ¥. B., Rev. Sci. Instruments, 9, 202 (1938),

’

22Ys rwood, op. cit., p.55.



t, and t, .

In order to obtain a uniform film, Strong®d suggested the
use of seversl tungsten fllauents sultably arranged, rather
than one movable source. The c>ndensation on a plane surface
1s proportional to the inverse square of the distance from the
source, and to the c¢oslne of tne angle between the normal to
the surface and line connecting the point to the source<4,

To obtaln a satisfactory deposlt cleanliness and a low vacuum
is essentlal, therefore, the substrate snould be cleaned wi*h
great care. The cleaning of the substrate was found t» fnllow
a generalized nattern. It was flret scrubbed with an ink erassr
to free surfaces and edges from rouge and onther conteminationa,
The erasser 1s sultable for thils becsise of the abrasive action
1t nae due to the pumice Hr ground glass in 1t. The wirror 1s
next wasned with soap and water or Aerosol®d and water. Aero-
sol 1z preferred to soap since 1t can be washed off the face of
the mirror witiaout leaving eny resil:ue. Thne substrate was rinsed

with distilled water and dried with a clean cotton towel. Finelly

© thne glass 18 exposed to a glow discharge during evacustinn,

Z
2”Strong, op. cit., p.177.

24
Tolansky, op. cit., p.28.
25The compound Aerosnl OT 1s manufactured by the Selden
Division >f the American Cynamld and Chemical Corporation,
Bridgeville, Pa.



Constructlon of Apparatus

For convenlience we snell conelder the apparatus to be
divided 1nto three malor compnnents, the chamber assembly,

the control system, and the pumplng syetem.

Chamber Assembly

The chamber asseably (Flate 1) included the evaporation
chamber, evaporation plate, control plate, and wire cage.

In the construction »f the evaporation chamber, a section
of 10" steel plpe was used. The outside of the ends were bevel-
ed approximately 1/4" and two steel ringse, 1" square in cross
section, were sweated on and a bead of fluxless weld laid around
the chamber between the bevel and the ring. The chamber was sand-
blssted inside and out to remove the rust and then was plsaced in
a lathe and tne rings and ends faced off together. A cylindrical
steel lug, 2" long and 2" in diameter was welded on the outside
of the chamber at the midpoint from the ends, and a hole wase
drilled through the lug and the wall of the chamber and tapped
with a 1/2" pipe tap. A brass nipple (Fig.l) was screwed into
the lug until it seated against the macnined surface of the lug.
An effort was made to use a gasket between the lug and the nipple
but no success was acnleved with elther rubber or lead because of
tne small surface area involved., The Jointkbetween the lug and
the nipple wss then sealed satisfactorily with Aplezon wax "w',

Tne inslde of the chamber was glven a coat of Aplezon wax
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- ——— - ] —— ‘-.r-_-—-._..__—--_l.__-
1[— ------ u-————-———4-—--—-»-J-—--]

Fig. | Brass Nipple
"W" and the outslde was given tnree coats of glyptal,l The
Aplezon wax wae appllied by neating the outside of the cnamber
wlth sn oxygen znd gas burner until the inslde was not enosugh
to melt the wax, and the wax in stick form wss rubbed sgesinst
the walls until a layer was deposited on them, This was done
t» prevent rusting, t stop possible leaks, and to give a sur-
face with a low vapor preszure2 and one that d4id not absorb
g’,ases.(5 The glyptal was applled also to prevent rusting and
to stop any poesibtle leaks., It was recommended in applyling
glyptal that different colors be used alternately to 1nsure
complete coverage of the surface to wnicn 1t was belng apmlied,4

The end surfaces of the chamber were hand ground with cerborundun

1Strong, J., Procedures in Experimental Physica, New York:
Prentice-Hall, Inc., (1939) p.176.

"
©ibid., p.557,

®iv1d,, p.126.

“1v1d., p.134,
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end water, uslng a circular disk of plate glass as a grinding
surface. A ring of synthetic rubber 1/16" thick was used as a
gasket between each end of the chamber and the end plates,
Celvacene, a sllicone gresse, was applled tn esch side of the
gasket tn insure a vacuum seal. It wss found necessery to re-
new tne greese occasionally ss the continued pressure secmed to
cause tne gresse to narden snd the neat from the evaporation
fllaments, to csuse the grease to bcceome powdery,

The right hsnd end plate, the evaporation plate, was con-
structed of 1/4" brass. It was secured to the end of the chamber
by elgnt 3/8" by 1" studs equally spaced about a clrcle 5 7/3"
in radius on the end face of tne chamber. The welght of the
plate was supported by two 1/8" gulde pine placed at the two
intersectione of the vertical center line and the circle upon
wnich tne studs were pleced. Tnis plate contalned the four
filament electrndes wnich were constructed from s brass rod and
fixed on a norizontal line through the center of the plate, in-
gulated and a grounded post on each slde of the center so that
two fillaements could be opereted simultanenusly or senarately.
The two grounded posts consisted of a rod 3" long snd 5/3" in
dlameter, ailver'soldered to the plate 2 5/8" apart. The in-
sulasted posts were 4" long with one end turned down to 1/4" for
a distance of 1" and threaded. The pocts were insuleted from
the plate with mica snd bolted tn the plste by means of the
threaded end. They wepre plsced 8 5/8" spart leaving a distance
of 3" between each palr of filament post for the fllament wires.

To fasten the fllament to the pocet and insure a grod electricel
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contact, the end of the filsment posts (Fig. 2) were made in
the form of s clamp. The top surface of the filament post wes

milled 3/16" for a distance of 1" from tne end »f the post,

&

e
"o—

!

TR

:|E

o

Fig.2 Filament Electrode

One-eighth inch below the milled surface and parslilel to it a
6lot wre sawed into wnlch the ends of the filament wireg were
pleced and neld firm by presgsure from a knurled nut. The clamp-
ing action was slded by fillng a notch on the top of the clamp
where the mllled surface met the shank of the fllament post.

The shutter assembly consis*ted of s shutter, breass rod,
"O" ring vecuum gasket and housing, and a trigger mechanlem,
The shutter was a two quedrant sector dlsk of 1/8" aluminuam,
$ 1/2" in dlameter. It wss fastened rigidly to the shaft by
means of a collar and set screw. Tne shaft wss a standard 1/4"
bress rod 5" long fitted through the "O" ring vacuum gasket =nd
5

housing. This housing wag the type recommended by Llnesr Inc.,

(Fig. 3). 1t consisted of a oylinder of brascs 1" in diameter and

SFor description of tnis snd other vacuum gaekets, see
brochure from Linear Incorporated, Philedelpnla, Pa.
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2" long. A hole was drilled through the longitudal center of
the housing and reamed witn a 1/4" standard reamer. Thils hole
counterbored with a 23/64 drill for a distance of 11/16". A
buehing of 18/32" length, 23/64" outslde dlameter snd 1/4" in-
side dlameter was made 2nd pressed into counterbored portion of

hole until flush with end of nousing, thus leaving the desired

s WA
W

Fig.3 "0O"Ring & Housing
recess in the housing for the "O" ring gasket. A 1/4" hole was
drilled in the center of the plate and the housing was then sil-
ver soldered to the plate, belng aligned with the hole in the
plate by a 1/4" rod inserted through housing and hole in plate
before soldering. A 1/4" "O" ring vacuum gasket was placed in
the nousing and the shaft inserted through it.

The trigger wecnanlsm consisted of a spring loaded arm 4 1/2"
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long fastened t> the snaft by means nf & set screw and acted
e8 & lever arm to rotate thne shaft, the spring pulling the
snutter closed. The shutter was held in the open poslition by
locking the lever arm witn a slidlng bar which wes connected
to the core of a solennld. When the solenold was energized,
1t drew the bar from under the lever arm snd thus allowed the
spring to close the shutter,

Tne left nand end plate, the control plate, whicn contalined
a window and tne Jacks for bringing current to the control lignht,
was constructed of 1/4" steel. The control plate wss originally

constructed of 1/2" glass but it

broke as a result of the atmospheric

pressure. Above the center of the

Sm—
i - plate on the verticsl center line,

a nole 3" in dlemeter was cut, ite

N location such thst 1ts center was on

i

: ] the same norizontal llne as that of
I

L the control light. The inside of

the plate, where 1t made contact with
Fig. 4 Control Plate Jack the rubber gasket, snd the sres on
the outside »f the plate adlacent to the window were hend ground
in the same manner as the ends of the cnamber. Ine hole in the
plate was covered with & circular disk of glaass 1/2" thick and

4 1/2" i1n dismeter, walcn was sealed to the plate with Aplezon
wax "W", Two Jacks (Fig. 4) were constructed snd bolted on the
plate on a norizontal line below the window and symmetrld with

the vertical center line. Both Jaecks were insulated from the
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plate witn 1/32" mica and Joints sealed with Aplezon wax "W"
on both sides of the plate. The plate was glven three coats
of glyptal on the outslde and grersed on the inside with Cel-
vacene t» prevent rusting.

The removeble wire cage was built up from 1/4" steel rods.
Two of these rods were bent into a circle of 8 1/°" outside
dlameter and ends welded toxgether. These two end pleces vere
connected togetner by six 1/4" eteel rods, 23" 1lony, symmetri-
cally pleced sround the circies and welded. Across the two top

rods a strin of 1/4" bakelite, 1" by 5", was fastened flat by

means of two nonk bolts, and wing nuts making 1t possible to
vary 1ts position along the lengtn of the cage. A 6-8 volt ruto-
moblle head light bulb was wounted in e sheet iron housing, which
~was festened to tine above strip at 1ts center. One electricsl
iead was 8nldared to tne nousing and the other tsn the cintect in-
slde the socket and insulated from the houslng. Three two leads
were brougnt forward along tne base of tne cage end connected to
the two Jacks in the left hand plate. Across tne two bottom
rods, two strips of 1/4" bakelite, 1" by 6", were connected to
the cages. These strips acted as supports for the caye and in-
sulated 1t from trhe chamber,

The substrate nolder consisted nf an ad)istable circular
plate (Fig. 6) with a clamp loceted in the ceater. The clamp
wae an adjustable plate »f 1/8" aluminum, 2" in cdiemeter, and
secured to the holder by a bolt snd winged nut. A rectengular
gsection was cut out of the nolder and covered with a rlate of

1/8% glass. Tnis was used as tae control window, since 1t and
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Side View

Housing

Cage Supports
Substrate Holder
Substrate Glamp
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End View
Fig. 5 Wire Cage

o o

Fig. 6 Substrate Holder
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the substrate received metel evaporsted from the filament
under tne same cnnditions. The cnontrol window and the test.

gubstrate were clamped t» the nolder by tne same clemp.

Control System

The control system included s power sunply, a rhoto-
multiplier tube, a control 1light circult, a solenold, and an
evaporation filament circult.

Trne direct current pnwer supply wss a 1000 volt full-wave
rectifier® emvloying two 2X°/379 nigh vhltage dindes. The out-
put of tne rectiflier was smoothest with s one stape condenser-
input filter and then placed ascross ten 22000 onm resistore
connected.in serles. The resilstors acted as a voltage divider
witn 100 voltse across each resistor. Each of these 100 volt
steps were placed across a dynode of g 931-A pnoto-multiplier
tube (Fig. 7). The tube received light from tne control lamp
located inelde the evaporstion cnamber. Thne electrical energy
for thnis lignt was obtalned from s 110 to 7 volt step~down
transformer. A Varlac was plsced in the primery of the trans-
former for controlling thne voltage. Thus, 1t was possible to
control tne intensity of the contrnl light by varying tne por
tentlal acr5ss the primary of the transformer. Therefore, the
intenglty of the light was recorded in terms of voltege. With

this light sowrce neld at conetant intensity, the light reaching

SRamio Corporation of America, RGA Victor Division, RCA
Tube Handbook, HB-3G. Pnototube section, 98l-A. Typlcel Circuits,
Dec. 1, 1943.
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Fig. 7 Phototube Power Supply

tnhe pnotntube was controlled by the thickness of the thin
metsllic film deposlited on the control window, since thne
window was between thne phototube 2nd the 1lifht eource. The
verliation of the intensity of the light reaching the pnoto-
tube resulted in a varistion of the photo-electric current.
?pe pnoto-electric current neld a relay closed, snd wnen the

current dropped to s certaln value the relasy opened. This

L B

3

Fig.8 Relay GCircuit
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actusted a 6 volt direct current relsy which, 1in turn, closed
an slternating current relay (Fig. 8). The alternating current
relay was connected in the primary side of the 110 to 220 volt
step-up trnasformer supplying the solenolid and thereby gerved

a8 a switch for the solenolid.

Ne A

O T : To
1HOwv. Evaporation
ac —1 Coil

l

0

=

Fig.9 Evaporation Filament GCircuit

The evaporatlion filaments were supplied with electrical
energy from sn suto-transformer (Fig. 9) with 110 volts a=plied
acroes the transformer's ten coils and the output tasken from
the first coil. This gave a potential of 10 volts and a current

of approximately 35 amperes across the fillaments,

Pumping System

The pumping system included the mechanlical pump, the oil
diffusion pump, the pressure gauge, and the glass and rubber
connectlons.

The mechanical pump was a Megavac, manufactured by the

Central Sclentiflic Compeny, Chicago, Illinols. It wae rated to
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pump down a "sultable" system to a pressure of 0.1 micron of
mefcury, however, 1t pumped thise system to about 3 microns and
occasionally to ss low a pressure as 2 microns. The mechanical
punp wes used as a backing pump for an oil diffusion pump, which
was connected in seriesg witn it. The diffusion pump was a type
6FVC made by Distillation Producte Incorporated. A 110 volt
source was connected directly to the colls of the pump end the
resistance of the colls was found to be such tnat the heat was
Just sufficient to vaporize the oil. With both pumps on, the
system was pumped down to a pressure of 0.2 microns of mercury,
wnich was sufficlient for evaporsting aluminum,

The pressure of the system was messured with a Mcleod gauge.
It was connected to the system with 2 glees tee, with one branch
of the tee connected to the tubing between the system and the
pumpe, one branch connected to the MclLeod gauge, and the third
carrying a stopcock for admitting alr to the system. Glass tubing
wag used to connect the MclLeod gauge to the system after two fu-
tile attempts to use rubber tubing nad been made. All glass to
gless Jointse, except those to the diffusion pump, were made by
inserting the ends of the glass tubing into 8 snort plece of
rubber tubing. The glass tubing was first coated with heavy
Celvacene, and after the Jéint wag made, the excess Celvacene
was cleaned off with slcohol. The Joint was then sealed with
Aplezon wax "W" and glven severgl costs of glyptal. Seven-eighths
inch rubber tubing was used between the pumpe to make the connec-
tions more flexible and eliminate the danger of damage to the

glass system by movement of the mechanlcal pump.
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Evaporation Tecnnlque

The filaments were made of 1 mm. tungsten ﬁire wound into
helical coils 2 1/2" long with three loops to the inch. Clips
of # 18 sluminum wire 1/2" long were bent into a U and fastened
to the turns of the coll. The fllamenta were inserted into the
fllameht poats from the control plste end.

‘The test window end sample slides, standard 1" by 3" biology
glides, were cleaned with alcohol, washed’iﬁ a solution of Aero-
8ol, rinsed 1n_tap water, snd finally in dlstilled water. The
glides were dried witn a soft cotton towel leaving as little
lint on the surfaces as possible. The test window and ssmple
s8lides were clamped to substrste holder and the wire cage re-
turned to thé chamber. The control g}ate“w%s then clamped to the
end of the chamber with eight D-clamps. ~

>

4:‘

~ "The Megavac pump wae started and alibwed to pump the system
36 io microns or below before the diffusion pump was“turned on.
Sometimes the Megavac pumped the system down to 20 or 30 microns
and .eeemed to be unable to pump 1t lower. The bpat'ﬁrocedure
found was to then cut the pump off and let t%; iystem stand for
an ﬁour or two, after which time the MegaYac wa{ etarted again
snd the system:' pumped to 10 microns or 1é;s. -Wien the systen
reached 5 microns or less, the cnils were heated and the metal
fused. The pr;ssure usually rose to about 9 or 10 microns during
thls pnase and the evaporated process was stopped until the pree-

sure was brougnt back to the desired vslue. The electrical lead

from the ground side of the line wass connected to the filament
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posts that were snldered to the evaporatinn plate and the
chamber itself grounded, so that 1t was safe %o touch the
chamber while the filament coils were being heated. With

the colls 1n readiness to be evaporated, the power supply

for the phototube was cut on and the Variac to the rectifier
transformer set at 84 volts which gave the proper voltage
across tne dynodes. The control light was then turned on and
the Variac adjusted until the degired voltmeter reading end
hence desired control lignt intensity reacned. The trigger
mechanism of the shutter was cocked and the fllament current
applied to the colls, When the desired fllm was deposlted,
the solenold wae energlzed end the shutter closed. The power
to the fllaments, the control light, the solennid, the power
supply, and the diffusisn pump heater colls were then cut off
by manuslly operasted swltches. When the diffusion pump hsd
cooled sufficlently, the Megavac was cut off, alr let into the
gystem, and the sample slides bearing the fllma were removed

from tne chamber,
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Calibration

Tne apparatus was calibrated by setting the intensity
of the control lignt at a predetermined level =snd depositing
the metal on & glsss substrate until the electronic curcuit
closed the shutter snd stopped the evaporsted metal from
strizing tne substrate. The dlstance from the source to the
substrate was 12" throughout tne calibration. Tne mirror thus
produced wes rem~ved from the evaporation cnamber and its
transmiseion for wnite light was determined bv a spectrophoto-
meter., A calibration curve of volts vs transmission was
plotted for the apparatus., The four points for this curve
were obtained by setting the intenslty of the contrnl lamp
such that it naed 74, 78, 86, and 80 volts, respectively, in
the primery of the control light transformer. The transmission
of the four wmirrors produced was determined by placing one,
first in the upper part of the split beam of the spectrophoto-
meter and obtaining s reading sand then in tre lower portion of
this split beam and obtaining a reading snd continuing tnis
procedure until three sets of reading were produced for each
mirror. The six readings obtained’for each mirror were averaged
and reccrded as the transmiesion »f the mirror (Table 1).

The calibration curve was checked for.accuracv by taking
from the curve the voltage necessary in the control light trane-
former to produce a mirror witn 50 per cent transmission amd a
test run wass made. The transmiesion of the mirror produced was
determined by the procedure outlined above and found to be 49,88

per cent, Thls was considered as evlidence of the satisfactory
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accuracy of the calibration.

Tne fact that the mirrors transmitted different amounts
of 1lignt is illustrasted in figure 16. The four calibration
mirrors and the test mirror were placed in contect with a
metal shield in which six, 1/2" holes had been drilled. The
mirrors were so placed that each covered a hole, leaving one
uncovered. Llght from a-source, placed above the shield snd
;n such a position that the intensity wes the same at eacn onen-
ing, was allowed to pass thnrough the films snd sffect =a sheét of

i

photographic paper placed under the shield. ar

not covered by mirror.

N

covered by mirror of 55.63% transmission.
3. Opening covered by mirror of 49,.68% transmiésion.
4. Opening covered by mirror of 43.64% transmission.
5. Opening covered by mirror of 21.17% transmission.
6. Opening covered by mifror of 7.2% transmission,

Fig. 16
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. CALIBRATION MIRRORS
74 volts 78 volts 88 volts 90 volts
PER CENT PER CENT PER CENT PEZR CENT
TEANSLISSION] TRANSMISSION TRANSI'IS3ION TRANSMISSICN
UPPERILOWE UPPER | LOWZR | UPPER | LOWER | UPPER | LOWER
55,5155.8 42:.0145,0 21.0 20,9 7,0 7,5
55,0156,0 42.0144.2 21.0 21.0 6.8 7.0
56,0]58.5 43.0144.8 21.8 |1 21,3 7.1 |1 7.8
56.5155,76 42.7144.6 21.27121.Q7 6.971 7,43
Ay 55,63 43,64 21.17 7.2
Chart 1
TEST MIRROR
75,9 volts
PER CENT
TRANSMIS3ION |
UDPPER | LOWER |
50, 50
40.01 60
48 50 _
'I?“Z@f%%_?if—_'
IAV__ 49,68

Data for Test Mirror
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Piscussinn

Wnlle the writers are not dissatisfied with the results
of the reaea}cr, tney believe trnat tnere are several changes
tnat could be effected on the apprarstus and the evaprratinn
tectinique to lmprove 1ts operation. These cnanges were not
carried out on account 0of the time and expense involved.

Altnhough the pumping time was not excessively long, 1%
could be improved by incressing the dlameter of the pumping
chennel.l This would not only 1increase the pumpling speed but,
also, would ensble the pump to maintaln the nigh vacuum neces-
gary durlng the evaporation process. It would also ald in
maintaining this nigh vecuum by plscing the pumping chennel
nearer to the fllaments 8o that the region of lowest rressure
would be the active portion of the chamber.

Studs end gulde pins should be placed in the control plate
end-of the evaporation chamber and winged nuts used to secure
the plate to the cnamber. This would 2id in nandling of the
plate as well as in insuring the correct vosition of the plate
upon reassembling. Also, since the plate and the rubber gasket
adnered so strongly to the end of the chamber wnen the system
had been pumped down, some device, such as a slot into which a
lever could be inserted for prying the plate loose from the end
of the chamber, should be added.

The shutter arrsngement snould be changed so that the fila-

lysrwood states that pumping speed is directly proportional
to the cube of the dlsmeter. High Vacuum Tecnnique, p.54.
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ments are more completely screened with the shutter in the
closed position. This would insure & more complete stopage
of the moleculsr rays from the evaporator to the substrate

not only during the prefusing operstion but slso when the
deposlition wes stopped by the shutter. A small window should
be placed in the evaporation plate so that the prefusing oper-
cetion could be observed with the shutter closed. |

When the apparatus was used 1t wss necessary to wait until
the o1l diffusion pump cooled before air could be sdmitted to
the system. Since this involved sn unnecessery delsy in the
procedure, 1t would be sdvisable to plsce a stopcock in the
eystem between the pump and the alr inlet to the evaporation
chamber 8o that the pumps could be kept under a vacuum while
glr was admitted to» the rest of the system.

The McLeod gauge doeg not give an indication of pressure
of water vspor or other vapors in the system, nor can instsn-
taneous readings be mede, consequently, the writers fzvor the
incluslon of a gesuge such as a Piranl gauge to avold both these
dissdvantages.

A standard lamp should be substituted for the control light
to give & more dependable source of 1llumination. A colllmating
lens snould be placed in front of the light so that the rays sre
parsllel, and the phototubes placed in a lignht tight box with
baffles s0 that it receives only the parallel 1light from the
control 1light. Corresponding vslues of intensity of the control
lignt snd the voltasge to the primary ofilts trsnsformer should be

recorded as conetants of the instrument so that 1t can be checked
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for verlation of calibration.
A form snould be made for winding the coils to insure
that all coils are of equsl length and nsve same number of

l120pe per inch.
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