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Introduction 

It is a well known fact tnat a thin film coated on any 

surface may change the properties of that surface completely. 

Mechanical structure, resistance to corrosion or contamination, 

optical constents, electric end magnetic behavior, thermal emis- 

sivity, photoelectric and thermionic emission, etc., of a sur 

fece depend very mucn on tnat film. It is also generally ob- 

served tnat the cnaracteristics of tnin films are radically 

Gifferent from that of the same subdstance in massive form and 

vary with tne tnickness. There is no general agreement on the 

limits of tnickneas of thin filme. Usually, it covers the range 

from a monomolecular layer to a thickness of several microns. 

Tne enormous controlling effect on s surface and the snomsly 

in character of a thin film aroused profound interest emong theo- 

retical and practice! fields in botn chemistry and 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 optical fields; 

coated quartz fibers extensively used in sensitive electric 

instruments such as quadrant electrometers, string galvanometers, 

and electrocardiograpns; electronic tube components costed for 

better thermionic or secondary emission; interferometric filters 

recently developed for band or monochromatic transmission are 

some of the well known examples of their uses. Furthermore, 

the technique of thin film coating is found very essential ana 

widely used in crystallography, metallurgy and electron microscopy



The production of tnin metallic films may be accomplished 

by any of the following methods: 

1. Cnemical and Electro-cnemical Methods: 
&. Electro-deposition 
b. Reduction 
ec. Thermal decomposition 

<. Physical Metnods 
a. Thermal evaporation 
b. Catnodic sputtering! 

Of tne two physical methods, thermal evanoration is the 

better in most cases. It requires simpler appsratus, is more 

fiexible, and consumes lese time for the complete operation. 

It will be tne method considered and adopted in this work. 

Thermal evaporation is the process of neating a metal or 

non-metal in a high vacuum, to near its boiling point, hereupon 

it emits molecular rays in all @irections.2 The distribution of 

the moleculsr rays depends only upon the degree of vacuum. If the 

vacuum is sufficiently low they are emitted linearly, similarly tc 

light rays, and if tne vacuum is not low enougn, tne distribution 

of the metal behaves in eccordance with the laws of diffusion.° 

The degree of vacuum affects the chemical nature and physical 

properties of the thin films, as does, siso, the temperature of 

the source and tne distance from tne source to the substrate. 

Tne degree of vacuum snould be such that tne mean free path of the 

molecules from the source snould be greeter than tne distance fron 

  

liewis, W., Thin Films and Surfaces, London: English Uni- 
versities Pres:, Ltd., p.19. 
  

“Strong, J., Procedures in Experiments! Physics, New York: 
Prentice-Hall, Inc., (1939) p.168. 

SLewls, op. cit., p.2d.



the source to the substrate,* If the tempersture o* the source 

is excessively nigher tran necessary to evaporate the metel, the 

deposits are pulverulent and noneadherent, cue to the vaoor den- 

sity of tne gaseous metal beesming tan great.° This proeres weg 

known ss early ss 1890, at wnicr® tine EAaiscn obtained petents in 

connection witn it, nowever, it was not widely used until after 

tne Cevelopement of tne bare tungsten neater technioue by KR, 

Hitecnl and tne development of nisn Speed vacuum pups. 

Tne tyvoe of appsratus moet frequently mentioned in tne liters. 

ture es naving been uced for eveporetion chambers ns ve been claas 

Dell Jers mounted on flat «lass or metal besee. Tne sublstrete 

was placed eltner above or below tne source if the uctel wa 

eveporated from gnome variety of filanent onil and above tne sore 

if tne iwetel was evapornted from e erucible, Crucidles were used 

wnen tne material did not adhere to =» filsement coll or when the 

materiel was in powder form, It was recommended trst emell sve 

tems be made of gless, since tnere is less danger sf lecks, ene 

larre evystems thet employ lsrge flet surfaces be mede of mete? 

Bince ¢less will] break under tne hich pressure.© Strong” Ca- 

scribes a verticelly mounted steel hell jar tnat was used pt the 

—_ it Gealiforvnia In -titute of Tecnnolory for making mirrors up to 4 

  

4 
Lewle, op. cit., pind, 

Paria., peel. 

Hign Vaocuim Tecnnigue, New York: Wiley & Sons, 
meee 

OYerwood, J., 
Inc. ,(1946) p.28. 
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Strom’, op. cit., p.1l7?c.



in diameter. A norizont*! ayeten of metal was sugpested by 

nsky.8 Yarwroa9 Bugereated thet tne cnamber could be made 

from metel and listed capper, brese, gun-metal, drewn and eret 

” 

steel, end aluminum as the ones most coumon > y uged and surgerted 

v al wax tin-pleting, peintins with snellac, or even ousting witn 

&8 useful teenntqu:s for closing pores of metr?, 

Since tne trichnese of a thin film sffecte greatly its char 

it te, therefore, extremely imnortent ¢7 pro c:tion 

ce well ex reseerer work, to meke triin films of desired tnickness 

However tynere is verv little that nes been oublisned on thickness o 

control. Only two references to any tetrod of thickness control 

were fouand, Tolenskyt? end Yerwood+! mentirned thet filze of 

geeitpred tretonness enild be mede by use of e pnotoelectric sell 

but no cetalle were given by either of trem, It ts, therefore, 

tne object of tne present investiration to construct an evep- 

orstion appsretus by meene of wrich. thin fiims of opresetermined 

tnicknees cen be prod iced, 

he metnoad of tnicaness cintrol employed in this research 

Gonsaisted if shinins « lignt, pleced inside tne crrnber, on a 

phote-multislier tude, olaced adjacent to a window in sine end 

of the chamber, and letting tne eviporeting metal being derosited 

on e please plete between the Ligent iad the tuve ceuse * decrerse 

  

S | - 3 3 
“Tolensky, S., »altivcle--vam Interferometry, Oxforé: Clarendo 

Preas, (1348) p.6. 

Ov, ny - . > 
Yar Ou, Ok» clt., p. 29, 

LOpalprsky, Ov. clt., per?. 

lly: rwooa, op. cit., p. 37. 
 



in the photo-electric current sufv7icsient to. open a sensitive 

relsy anc thereby sotuate a srutter wecnenisa, 

Aluminum wae enosen from tre evenorating material bearuge 

Lf adneres well to plac-, 18 resdily evelleble, is ersily ovewm 

Qreted from tungsten colle, ans nos nigh reflecting power at 

prectical’ y ell wavelen tne. Aluminum nirrerse are particulerily 

sulted Por reflectine ultraeviciet lignt. | 

A survey of tne litersture revereled tnat a large amount of 

reserreon nad been done in finding guitrole filaments from wish 

mete lL esuld be evaporeted anc in findin, suitable xsetals to 

evaporete since success depends mu “the tnermel stability end 

Vepor orescure of tre uisterie¢cl an? tne precticality of bringing 

maatertel tr the evaporation temperature in a viowum",® It ghowe 

ed in some cases a complete reversal of earlier opinion as to tre 

suitability of using some varticular filaments with the commonly 

eveporeted metela., Strongld mentioned difficulty in evrporating 

Aluminum from tun, ster, because of reaction between tunosten ena 

&Sluninum and the feilure of aluminum to adnere 9r wet the tunceten 

Tre seme toning was noted Sy Gountrymnenl® qa few vears Letter. Howe 

in an article wniecn degeribed tne results of evaporeting 7Cé 

metals from G different flilementa, Caidrellt® reported thet slu- 

minum adnered well to tunmsten, evaporation tock place readlly b ’ i 

end the reaction between aluminum and tunssten took place slowly 

  

lestrone, op. cit., p.168. 
  

l4cqountrymen, &k. A., Jour. of Applied Phyatos, &, 432 (1907). 

yolied Prysics, 1f, 779 (1941). 
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witn little effect on evaporation. Str ngié Later noted tnat 

tne solubility of tunjsten in slumtnum wes ebsut 2% by volunmn 

and since its spectrum could be observed during evaporstion, 

the tunesten mignt be bSolling away but chamical analysis of 

nentsl films gave no positive indication of tne presence of 

tungsten, a concentration of 0.93% by wetgnt being detected, 

Olsen, Smith, and Crittenden!? found tnat aluminum would be 

successfully evaporated provided tne weignt of tne sluminum aid 

not exceed 35% of tne weight of tne tungsten coil. Strong @ 

Sujfsestecd trat the dissolved tungsten appears to be aimost com 

pletely precipitated back onto the coil as tne evaporation oro- 

ceeds. It was illustrated by Strong that the aluminum does not 

evaporate directly from tne fused metal but from the tungsten 

wire. He made a “self—phnotograon" of the molecular rays of 

aluminum pessing througn eae pinnole and depositing on es glass 

substrate. The “self-vhoto;trapn" showed the outline of the poole 

coil and consequently the aluminum must nave come from 411 po 

on the filament. An improved technique used later by Strong 

consisted of three or four small diameter tunesten wires teristed 

torethner end then tne filament shseped into a nelical coil. The 

molten metal flowed into tne spece between the wires and com 

4 

pletely covered the tun-sten wire giving whet ne called a “ninimun 

  

6. - 
Strong, J., Procedures in Experimental Physica, New York: 

Prentice-Hall, Inc., (1lO7S) p.173. 

1? ov Ben, L. O., Smith, C. 3., and Crittenden, ©. R., Jour. of 
Applied Fnysics, 16, 425 (1945). 
  

18strong, op. cit., p.l?s. 

19, loc trong, - cit. 
 



'rstio! of neat radistion to molecular radiation of eluminum", 

Confronted with the problem of the filaments burning out, id- 

wards£O experimented with various types of filaments including 

streight wires, two parallel wires, trougne of graphite, etc. 

Success in using tubes of aluminum wrapved around tungaten coil 

whicn hed been insulated with aluminum oxide wes noted by DeVore. * 

All of the publications seemed to use A fairly standard evap- 

oration tecnniaque with some minor veriasations. The procedure 

followed was to pump the system down to about 0.1 mm. of mer- 

cury and prefuse the coil, tnet is, neat tne filament end melt 

the material to Se evaporated. At tris pressure none of tne 

contamincted metal would reech tne substrate. After waiting 

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

ea sufficiently low pressure the filament heated until svacoration 

beyan to take place and tnen a shutter tmecnanism osened and the 

evaporated metal was allowed to reacr. tne subdstrote. 

The pumping speed of the pumps ohosen should be such tnat tne 

desired vacuum will be maintained at all ti:sses during the evap- 

oretion process. By Gaede's definition of pumping speed’ ©, it ia 

the speed as measured at a piven pressure, end equals tne volume 

of gas pumped from a vescel at tnat pressure. To cetermine the 

pumping speed desired, the formula 

. M- P - —“_ In —! 
° to- ty " Pe 

wnere Vis volume of container, p and P, are pressures st times 

  

Cor awarde, HE, W., Rev. Sci. Instruments, 4, 449 (1938). 

“lpeVore, H. B., Rev. Sci. Inatruments, 9, 202 (1938). 
, 
    

C2 Ys rwood, op. cit., p.55.



t; and ty. 

In order to obtain a uniform film, Strong“5 sugzested the 

use of several tungsten fila..ents suitably arranged, rather 

tnan one movable source. Tne condensation on a plane surface 

1a proportional to tne inverse square of the distance from the 

source, and to tne cosine of tne angle between the normal to 

tne surface and line connecting the point to tne source®’4, 

To obtain a satisfactory deposit cleanliness and a low vacuum 

is essential, tnerefore, tne substrate snould be cleaned with 

wreat care. Tne cleaning of the substrate was found t% follow 

a generalized oattern, It was firet serudbed witn an ink eraser 

to free surfaces and edges from rouge and otner contaminationa. 

Tne eraser is suitable for tnia because of tne abrasive action 

it nas due to the pumice or ground ¢lass in it. The airror is 

next washed with soap and water or Aerosol”5 and water. Aero- 

sol is preferred to soap since it can be washed off tne face of 

the mirror witnout leaving eny resi.ue. Tne substrate was rinsed 

with distilled water and dried witn a clean cotton towel. Finally 

‘ the glass is exposed to a glow discharge diring evacuation. 

  

"Z 

ee strong, op. cit., p.177. 

24 
Tolansky, op. cit., p.28. 

  

othe compound Aerosol OT is manufactured by tne Selden 
Division of the American Cynamid and Chemical Corporation, 
Bridgeville, Pa.



Construction of Apparatus 

For convenience we snall consider the apparatus to be 

divided into three major components, the chamber assembly, 

tne control system, and tne pumping system. 

Chamber Assembly 

The chamber assembly (Flate 1) included the evaporation 

chamber, evaporation plate, control plate, and wire cage. 

In the construction of the evaporation chamber, a section 

of 10" steel pipe was used. The outside of tne ends were bevel- 

ed approximately 1/4" and two steel rings, 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= 

blasted inside and out to remove the rust and then was placed in 

a latRKe and tne rings and ends faced off togetner. 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 wae 

drilled tnrough the lug and tne wall of the chamber and tapped 

with a 1/2" pipe tap. A brass nipple (Fig.1) was screwed into 

tre lug until it seated against the machined surface of the lug. 

An effort was made to use a gasket between the lug and tne nipple 

but no success was acnieved with either rubber or lead because of 

tne small surface area involved. Tne Joint between the lug and 

tne nipple was then sealed satisfactorily with Apiezon wax "Ww", 

The inside of the chamber was given a coat of Apiezon wax
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Fig.| Brass Nipple 

"WwW" and the outside was given tnree coats of glyptal,? The 

Apiezon wag was applied by neating tne outside of tne chamber 

witn an oxygen and gas burner until the inelde was not enough 

to melt tne wax, and the wex in stick form wes rubbed agsinst 

the wells until a layer was Cceposited on them, This was done 

to prevent rusting, ts stop possible leaks, and to ¢ive a sur 

face with a low vapor pres:ure* and one that did not absorb 

gases.” Tne glyptal was applied also to prevent rusting ans 

to stop any possible leaks. It was recommended in applying 

gZlyptal that different colors be used alternately to insure 

complete coverage of the surface to wnicn it was being: applied, 4 

Tne end surfaces of tne chamber were nand ground with cearborundum 

  

lstrong, J., Procedures in Experimental Physics, New York: 
Prentice-Hall, Inc., (1939) p.176. 

“ibid., p. 587. 

“ibid., p.126. 

‘sbid., p.1S4,
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end water, using a circular disk of plate glass as a grinding 

surface. A ring of synthetic rubber 1/16" thick wae used as a 

gasket between eacn end of tne chamber and the end plates, 

Celvacene, a silicone «rease, was applied to each side of the 

gasket to insure a vacuum seal. It was found necessery to ree 

new tne grepse occasionally es the continued pressure seemed to 

cause the greese to nearden and the neat from the evanoration 

fllaments, to ceuse the grease to Dccome powdery. 

The right nand end plate, tne evaporation plate, was cone 

atructed of 1/4" brass. It was gecured to the end of the chamber 

by elgnt 32/8" by 1" studea equally spaced about a circle 5 7/3" 

in radius on tne end face of tne chamber. The weignt of the 

plate was supported by two 1/8" guide pins placed at tne two 

intersections of the vertical center line and the circle upon 

wnich tne studs were pleced. This plate contained the four 

filament electrodes wnich were constructed from a brass rod and 

fixed on a norizontal line througn the center of the plate, ine 

sulated and a grounded post on eacn side of tne center so that 

two filaments could be opereted simultaneously or separately. 

The two grounded posts consisted of a rod 3" long and 5/8" in 

diameter, eilver soldered to the plate 2 5/5" apart. The in- 

gsulated posts were 4" long witn one end turned down to 1/4" for 

a distance of 1" and threaded. The posts were insuleted from 

tne plate with mica and bolted to tne plate by means of the 

threaded end. They were placed 8 5/8" spart leaving a distance 

of 3" between each pair of filament post for the filament wires. 

To fasten the filament to the post and insure a good electrical



Le 

contact, the end of the filsment posts (Fig. 2) were made in 

the form of a clamp. The top surface of the filament post was 

milled 3/16" for a distance of 1" from tne end of the post. 
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Fig.2 Filament Electrode 

One-eighth inch below tne milled surface and parellel to it a 

slot wre sawed into wnich the ends of the filament wires were 

pleced and neld firm by pressure from a knurled nut. The clamp- 

ing action was aided by filing a notcn on the top of tne clamp 

where tne milled surface met the shank of the filament post. 

Tne shutter assembly consisted of a shutter, bress rod, 

"OW ring vacuum gasket and housing, and a trigger mechanism. 

The shutter was a two quadrant sector disk of 1/8" aluminun, 

9 1/2" in diameter. It was fastened rigidly to the shaft by 

means of @ collar and set screw. The shaft was a standard 1/4" 

bress rod 5" long fitted through the “O" ring vacuum gasket end 

housing. This housing was the type recommended by Linear Ine.,° 

(Fig. 3). It consisted of a oylinder of brass 1" in diameter and 

  

SFor description of tnis snd other vacuum gaskets, see 
brochure from Linear Incorporated, Philadelpnia, Pa.
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2" long. A nole was drilled through the longitudal center of 

the housing and reamed witn a 1/4" standard reamer. This hole 

counterbored with a 23/64 drill for a distance of 11/16". A 

bushing of 18/52" length, 23/64" outside diameter and 1/4" ine 

side diameter was made end pressed into counterbored portion of 

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

  

      

Ultttttt 

LLM 
  

    

  
Fig. 3 "“O" Ring & Housing 

recess in the housing for the "0" ring gasket. A1/4" hole was 

drilled in the center of tne plate and the housing was tnen sil- 

ver soldered to the plate, being aligned with the hole in the 

plate by a 1/4" rod inserted through housing and hole in plate 

before soldering. A 1/4" "oO" ring vacuum gasket was placed in 

tne nousing and the shaft inserted through it. 

The trigger wecnanism consisted of a spring loaded arm 4 1/2"
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long fastened t> the snaft by means of a set screw and acted 

es @ lever arm to rotate tne shaft, tne spring pulling the 

shutter closed. The shutter was neld in tne open position by 

locking tne lever arm witn a sliding bar which wes connected 

to the core of a solenoid. When tne solenoid was energized, 

it drew the ber from under the lever arm and thus allowed the 

spring to close tne shutter. 

Tne left nand end plate, tne control plate, whicn contained 

a window and tne Jacks for bringing current to the control light, 

was constructed of 1/4" steel. The control plate wes originally 

constructed of 1/2" glass but it 

broke as a result of tne atmospheric 

pressure. Above the center of the 
  

    
      

          

  

      

          the control light. The inside of 

== plate on the vertical center line, 

Ur a nole 3" in diameter was cut, ite 

“s location such tnat its center was on 

rT the same norizontal line as that of 

Lt 

| the plate, where it made contact with 

Fig.4 Control Plate Jack the rubber gasket, snd the sree on 

the outside of the plate adjacent to the window were hand ground 

in tne same manner as the ends of the chamber. The hole in the 

plate was covered with a circular disk of glass 1/2" thick and 

4 1/2" in diameter, wnich was sealed to the plate with Apiezon 

wax "W". Two jaeks (Fic. 4) were constructed and bolted on the 

plate on a norizontal line below the window and symmetric with 

the vertical center line. Botn jacks were insulated from the
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plate witn 1/32" mica and joints sealed with Apiezon wax "Ww" 

on both sides of the plate. The vlate was given tnree coats 

of glyptal on the outside and greased on tne inside with Cele 

vacene t% prevent rusting. 

The removeble wire cage was built up from 1/4" steel rode, 

Two of these rods were bent into a circle of 8 1/7" outside 

diameter and ends welded torether. These two end pieces vere 

connected toretner by six 1/4" steel rods, 23" lone, 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 noodk bolts, and wing nuts making it possible to 

vary its oosition along tne length of tne cage. A 6-8 volt auto- 

mobile head light bulb was mounted in e sheet iron nousing, which 

was festened to the adove strip at its center. One electric:l 

lead was soldered to tne nousing and the other to the contact ine 

Side the socket and insulated from tne nousing. Tnese two leads 

were brougnt forward along tne base of tne cage end connected to 

the two jacks in tne left hand plate. Across tne two bottom 

rods, two strips of 1/4" bakelite, 1" by 6", were connected to 

the caves. Tnese strips acted as supports for the cage and ine 

Ssulated it from tne cnamber, 

The substrate holder consisted of an adjustable circular 

plate (Fle. 6) with a clamp loceted in the center. The clamp 

was an adjustable vlate of 1/8" aluminum, 2" in diameter, and 

secured to the holder by a bolt end winced nut. A rectangular 

section was cut out of the nolder and covered with a clate of 

1/8" class. Tnis was used as tne control window, since it and
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Fig. 5 Wire Cage 
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Fig. 6 Substrate Holder
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tne subetrete received metel evaporsted from tne filament 

under tne same ernditions. The control window and tne teat. 

substrate were clamped to the nolder by tne same clamp. 

Control System 

The control system included a power sunply, a photo-~ 

multiplier tube, a control lignt circuit, a solenoid, and an 

evaporation filament circuit. 

Tne Girect current power supvly wes a 1000 volt full-wave 

rectifier® employing two 2Xf/a79 high voltage dizjes. The sut 

put of tne rectifier was smoothne@ with a one stage condenser 

input filter and then vlaced across ten 22090 onm resistors 

connected in series. The resistors acted as a voltage divider 

witn 190 volts across each resistor. Eacn of these 190 volt 

steps were placed across a dynode of a 9Gl1-A pnoto-multiplier 

tube (Fig. 7). The tube received light from tne control lamp 

located inside tne evaporation cnamber. Tne electrical energy 

for this lignt was obtained ?rom a 110 to 7 volt step-down 

transformer. A Variac was placed in the prinery of the trans- 

former Zor controlling tne voltage. Thus, it was possidle to 

‘control tne intensity of the control light by varying tne po- 

tentinl across the primary of the transformer. Therefore, the 

intensity of tne light was recorded in terms of voltare. Witn 

this light sowrce neld at constant intensity, tne light reaching 

  

SRawio Corporation of America, RCA Victor Division, RCA 
Tube Handbook, HEeG. Pnototube section, 9¢1-A. Typicel Circuits, 
Dec. 1, 19435.



18 

nN 

  

  

      
  

  

2X2/879 | 

a IOH 2 
3 

Buf 4 

_____ 5 
Gy 

6 
| But a 7 

g 

12x 2/879 9     

  

  
  

Fig. 7 Phototube Power Supply 

tne phototube was controlled by the thickness of tne thin 

netellic film deposited on the control window, since tne 

window wags between tne phototube end the lisnt enurce, The 

variation of the intensity of tne light reacning the pnoto- 

tube resulted in a variation of the photo~electric current, 

The photo-electric current neld s reiay closed, snd wnen the 

current dropped to a certain value the relay opened. This 

Le | - | 

Phototube | Solenoid 

1 | NOv | 

  
  

    
Way 
aL 

Fig.8 Relay Circuit
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actueted a 6 volt direct current relay whicn, in turn, closed 

an alternating current relay (Fig. 8). The alternating current 

relay was connected in the primary side of tne 110 to 220 volt 

step-up trnasformer supplying the solenoid and thereby served 

as a switon for the solenoid. 

  as A 

a | Evaporation 
| ac Coil   

O 

= 

Fig.9 Evaporation Filament Circuit 

Tne evaporation filaments were supplied with electrical 

energy from an esuto-transformer (Fig. 9) with 110 volts a-plied 

across the transformer's ten coils and the output teken from 

the firet coil. This gave a potential of 10 volts and a current 

of approximately S5 amperes across the filaments. 

Pumping System 

Tne pumping system included the mechanical pump, the oil 

diffusion pump, the pressure gauge, and the glass and rubber 

connections. 

The mechanical pump was a Megavac, manufactured by the 

Central Scientific Company, Chicago, Illinois. It was rated to
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pump down a "suitable" system to a pressure of O.1 micron of 

mercury, however, it pumped this system to about 5 microns and 

occasionally to 9s low a pressure as 2 microns. The mechanical 

pump was used as a backing pump for an oil diffusion pump, which 

was connected in series with it. The diffusion pump was a type 

6FVC made by Distillation Products Incorporated. A110 volt 

source was connected directly to the coils of the pump end the 

resistance of the coils wae found to be sich that the heat wae 

just sufficient to vaporize the oil. With botn pumps on, the 

system was pumped down to a pressure of 0.2 microns of mercury, 

wnich was sufficient for evaporating aluminum. 

The pressure of the system was messured witn a McLeod gauge. 

It was connected to the system with e gless tee, witn one branch 

of tne tee connected to the tubing between the system and the 

pumpe, one branch connected to the McLeod gauge, and the third 

carrying a stopcock for admitting air to the system. Glass tubing 

was used to connect the McLeod gauge to the system after two fu- 

tile attempts to use rubber tubing nad been made. All ¢lass to 

Glass joints, except those to the diffusion pump, were made by 

inserting tne ends of the glass tubing into a snort piece of 

rubber tubing. Tne glass tubing was first coated with heavy 

Celvacene, and after the joint was made, tne excess Celvacene 

was cleaned off with alcohol. The joint was then sealed with 

Apiezon wax "W" and given several coats of glyptal. Seven-eighths 

inch rubber tubing was used between the pumps to make the connec- 

tions more flexible and eliminate the danger of damage to the 

glass system by movement of the mechanical pump.
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    Fig. 14 7 

View of evaporation plate snowing filament coils and snutter. 

    
Fig. 15 os 

View of wire cage, substrate holder, and lamp housing.
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Evaporation Tecnnique 

The filaments were made of 1 mm. tungsten wire wound into 

helical coils 21/2" long with three loops to the inch. Clips 

of #18 aluminum wire 1/2" long were bent into a U and fastened 

to the turns of the coil. The filaments were inserted into the 

filament posts from the control plate end. 

Tne test window and sample slides, standard 1" by 3" biology 

slides, were cleaned with alcohol, wasned in a solution of Aero- 

sol, rinsed in tap water, and finally in distilled water. The 

slides were dried witn a soft cotton towel leaving as little 

lint on the surfaces as possible. The test window and ssmple 

slides were clamped to substrate holder and the wire cage re- 

turned to the chamber. The control plate was then clamped to the 

end of tne chamber with eight Declamps. 
™~ 

* 

‘The Megavac pump was started and allowed to pump the system 

sO 10 Microns or below before the diffusion pump was ‘turned on. 

Soitet'imes the Megavac pumped the system down to 20 or 30 microns 

and geemed to be unable to pump it lower. The best procedure 

found was to tnen cut the pump off and let the system stand for 

an hour or two, after which time the Megavac was started again 

and the system: pumped to 10 microns or less. athen the system 

reached 5 microns or less, the coils were heated and the metal 

fused. The pressure usually rose to about 9 or 10 microns during 

tnis pnase and the evaporated process was stopped until the pres- 

sure was brougnt back to tne desired value. The electrical lead 

from the ground side of the line was connected to tne filament
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posts that were soldered to the evaporation plate and the 

chamber itself grounded, so tnat it was sefe to touch the 

chamber while the filament coils were being heated. With 

the coils in readiness to be evanorated, the power supply 

for tne 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 lignt was then turned on and 

the Variac adjusted until the desired voltmeter reading end 

hence desired control lignt intensity reacnec, The trigger 

mechanism of the snutter was cocked and the filament current 

applied to the coils. Wnen the desired film was deposited, 

tne solenoid was energized and the shutter closed. The power 

to the fllaments, tne control light, tne solenoid, the power 

supply, and tne diffusion pump heater coils were then cut off 

by manually operated switches. When the diffusion pump had 

cooled sufficiently, the Megavac was cut off, air let into the 

system, and the sample slides bearing the films were removed 

from tne chamber.
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Calibration 

Tne apparatus was calibrated by setting tne intensity 

of the control lignt at a predetermined level and depositing 

tne metal on e glesse substrate until tne electronic curcuit 

closed tne anutter sand stopped tne evaporated metal from 

atrizing tne substrate. The distance from the source to the 

substrate was 12" throughout tne calibration. Tne mirror thug 

produced wes removed from the evaporation cnamber and its 

transmission for wnite light wes determined bv a spectrophoto- 

IReter,. A calibration curve of volts vs transmission was 

plotted for the apparatus. The four points for this curve 

were obtained by setting the intensity of the control lamp 

such that it nad 74, 78, 86, and SO volts, respectively, in 

tne primery of tne control light transformer. The tranamission 

of the four mirrors produced was determined by placing one, 

first in the upper part of tne split beam of the spectrophoto- 

meter and obtaining a reading and then in tne lower portion of 

tnis split beam and obtaining a reading end continuing tnis 

procedure until three sets of reading were produced for each 

mirror. The six readings obtained for each mirror were averaged 

and recorded as the transmission of the mirror (Table 1). 

Tne calibration curve was checked for accuracy by taking 

from the curve the voltage necessary in the control light trans- 

former to produce a mirror witn 50 per cent transmission and a 

test run was made. Tne transmission of tne mirror produced was 

determined by the procedure outlined above and found to be 49.68 

per cent. This was considered as evidence of the satisfactory
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accuracy of the calibration. 

Tne fact tnat the mirrors transmitted different amounts 

of lignt is illustrated in figure 16. The four calibration 

Mirrors and the test mirror were placed in contact with a 

metal shield in which six, 1/2" noles had been drilled. The 

mirrors were so placed that each covered a hole, leaving one 

uncovered. Light from a-source, placed above the shield and 

in such a position that tne intensity was the same at each oven 

ing, wes allowed to pass tnrough tne films and affect a shies of 
fe 

photographic paper placed under the snield. = 

   
not covered by mirror. 

nm
 

covered by mirror of 55.63% transmission. 

  

3. Opening covered by mirror of 49.68% transmission. 

4. Opening covered by mirror of 43.64% transmission. 

5. Opening covered by mirror of 21.17% transmission. 

6. Opening covered by airvor of 7.2% transmission. 

Fig. 16
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CALIBRATION MIRRORS 

74 V 7 

PER CENT PER CENT 
TRANSMISSION] T SK ISSION 

¥ 

45.9 
42.7 

4 

Chart 1 

TEST MIRROR 

P CENT 
TRANSMISSION 

  

Data for Test Mirror 
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Discussirn 

While the writers sre not dissatisfied witn tne results 

of the researc’, tney believe tnat tnere are several cnanges 

tnat could be effected on the apparatus and the eveporation 

tecnnique to improve its operation. These changes were not 

carried out on account of the time and expense involved. 

Altnougn tne pumping time was not excessively long, it 

could be improved by increasing the diameter of the pumping 

channel.+ This would not only increase tne pumping speed but, 

also, would ensble the pump to maintain the nigh vacuum neces- 

sary during the evaporation process. It would also aid in 

maintaining this nigh vecuum by plecing the pumping channel 

nearer to the filaments so that tne region of lowest pressure 

would be the active portion of the chamber. 

Studs and guide pins snould be placed in the control plate 

end-of the evaporation cnamber and winged nuts used to secure 

the plate to the cnamber. This would aid in nandling of the 

plate as well as in insuring the correct vosition of the plate 

upon reassembling. Also, since the plate and tne rubber gasket 

adhered so strongly to tne end of the chamber wnen tne 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 arrangement should be changed so that tne fila- 

  

lysrwood states that pumping speed is directly proportional 
to the cube of the diemeter. High Vacuum Tecnnique, p.54.
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ments are more completely screened with the shutter in the 

closed position. This would insure e more complete stopage 

of tne molecular rays from the evaporator to the substrate 

not oniy during the prefusing operation but elso when the 

deposition wes stopped by tne shutter. A small window should 

be placed in the evaporation plate so that the prefusing oper- 

etion could be observed with the shutter closed. | 

When the apparatus wes used it wes necessary to wait until 

the o11 diffusion pump cooled before air could be admitted to 

the system. Since this involved an unnecessery delsy in the 

procedure, it would be advisable to place a stopcock in the 

system between the pump and tne air inlet to tne evaporation 

chamber so that the pumps could be kept under a vacuum while 

air was admitted to the rest of the system. 

The McLeod gauge does not give an indication of pressure 

of water vspor or other vapors in the system, nor can insten- 

taneous readings be mede, consequently, tne writers fevor the 

inclusion of a gauge sucn as a Pirani gauge to avoid both these 

dissdventaces. 

A standard lamp should be substituted for the control light 

to give a more denendable source of illumination. A collimating 

lens snould be placed in front of the light so that the rays are 

parellel, and the phototubes placed in a light tignt box with 

baffles so that it receives only the parallel light from the 

control light. Corresponding values of intensity of the control 

light and the voltage to the primary of its transformer should De 

recorded as conetants of the instrument so that it can be cnecked
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for veriation of calibration. 

A form snould be made for winding the coils to insure 

that all coils are of equal length and nave same number of 

1.°0ps per inch.
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