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Germanium coated molybdenum substrate.
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DESCRIPTION OF FIGURE 7

Function 4nd Specifications of Piece

Object S _

Number Name of Piece of Equipment of Fquipment

(7-1) Molybdenum substrate . . To hold gefmaniumufilm

(7-2) ° Germanium film - One of the-eh&_products of'this study.

(7-3) Set screw socket - To accept_set:screw
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~transmissivity of the inside mirrdr with no-germanium coating, [CK

[N §

NOMENCIATURE
thé increase-in transmissivity of the inside mirror due to a

germanlum coatlng one cm thick, [em” 1. °K—l]Q

'an emplrlcally determined constant, [torr]

‘the transm1351v1ty of the bell jar, [°K~ ]j@,_

the transmissivity of the germanium coated mirrow [°K‘l]
1

en empirical1y‘determined constant, [°K ]

.ithe distance between the germahium sampleiand the substrate, [em]-
._thé’current of germanium atams impinging_oh the substrate surface,

[atoms/cm™-sec].

a constant, [cm gKl/g/tbrr—sec]

the molecular weight of germanium, [ grams/gram molel

‘the molecular weight of molecular oxygen, [grams/gram mole]

Avagadre's number, [molecules/gram mole]

the_vapor pressure of germanium,[torr]

‘the partial pressure of oxygen, [torr]

the radius of the germanium sample, [ cm]

the radius-of the substrate disk, [cm]

R : K o
- the.evaporation rate of germanium per cm of germanium sample

surface, [atoms/cmg-sec]

2
the average vaporlzatlon rate per cm determlned from the measured
thlckness of" the dep051tlon film, [atoms/cm -sec]

time, [sec |

~the durination (or.total time) of a run; [sec]
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1the perlod of tlme that a coated substrate (target) must least
'aln the molecular beam machine under run condltlons, [sec]

"the gemmanlum temperature at time t, [° K]__
\vtheaambient'temperature of oxygen insidebthe bell jar, [°k]
rttheiapparent germanium temperature measurednoutside'the bell'jar
h:(see Fig. 16), [°K] ‘

*ithe apparent germanlum temperature measured between the bell Jjar

;"anq the inside mirror (see Fig. 16), _K];“- o
iithe.apparent germanium temperature neasured between the inside

'.-mlrror and the germanlum sample (see Flg 16L [°k]

the effective germanlum temperature of the run,[ °K]

the true germanlum temperature (see Fig. 16L [ K]

the theoretical vaporization rate of gemmanium per cm determined

from literature data, [grams/cmg-sec]»'

. . - .
the average germanlum vaporlzatlon rate per cm determined from _

the measurement of the thlckness of the depos1tlon film, [grams/cm —sec]
vythe removal of germanium per cm2 due to reactlon with oxygen, |
:[grams/cmE-sec] | |

_the average vaporization rate of germanium'per cm” determined from .
;the weight loss of the coated substrate durlng a vaporlzatlon run,
'[grams/cmg-sec] |

.:the welght loss of the coated substrate during a vaporization run,

[grams]

-+ the probability that an oxygen atom, striking a germanium surface,

w1ll react w1th a germanlum atom

:_,the em1ss1v1ty of a germanlum surface at the wave length measured-

by the optical pyrometer (655OA)

o
.



- Ge
I . w(t)

u_'J

tthe germanlum film thlckness calculated from the Davydov

C=viie

tthe'dehSity of germanium, [grams/cmB]

the thickness of the germanium film on tﬁe.ihsidevmirror,[cm]

‘the;maxiﬁpm thickness of the germanium fllmeon the inside mirror, -
‘[cm] : | v

:the theoretlcal substrate film thickness based on llterature data »
.'[cm] | |
ithe~measured'thickness of the germanium film depositedron the‘sur—
 face of a substrate during a dep051t10n run, [cm] |

| the germanlum film thlckness calculated from the welght loss of
}:the germanium sample) [cm]

ﬂthe‘germanium film thickness calculated.frqn'the Freeman—Seafc&é'
1‘data,[cm] | B

Vtherniniﬁum substrate film thickness which ls acceptable fcr'at .

operational target,[cm]

7 data, [cm]
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THE PREPARATION AND CHARACTORIZATION OF ELECTRON
BEAM, VAPOR DEPOSITED, GERMANIUM FILMS

Charles Sterling Portwood IIT

Inorganic Materials Research Division, Lawrence Radiation Laboratory
and Department of Nuclear Engineering, University of California
Berkeley, California

ABSTRACT

The origin of this study lies in the desire of other experimenters

to investigate the chemistry of a liquid (germanium)-vapor (iodine)

system using a molecular beam machine. The purpose of the study discussed

here was to determine the feasibility of using a liquid germanium film,

plated on the surface of a graphite or molybdenum substrate, as a target

in the molecular beam machine. It was concluded that neither graphite

nor molybdenum is a suitable substrate material.



I. INTRODUCTION

The origin of this study lies in the desire of other experimeters
to investigate the chemistry of a liquid-gas system. using a molecular
beam machine.l It was descided that the liquid would be germanium and
the vapor would be iodine. Figure 1 shows a top view of the three
fundamental elements of the molecular beam machine as it is now arranged.
Each element exists in its own, separate vacuum chamber.

The element numbered 1 in Fig. 1 is a knudsen cell from which the
reactant gas effuses. The horizontal molecular beam of reactant gas
(l-h)* passes through and orifice and strikes the vertically held target
(1-2) which is electron bombardment heated. The material of which the
target is made is the second reaction component. In the past this second
reaction camponent has always been a solid.

Some of the gas molecules in the molecular beam react with the
target material. The reaction products leave the surface and a faction
pass through another orifice and into the quadrupole mass spectrometer
(1-3). The mass spectrometer mass analyzes the reaction products and,
fran this, it is possible to determine the chemical composition and quan-
tities of various reaction products.

The problem with studying a liquid-gas reaction in such a system
is that the liquid must be held vertically to interact with the horizontal
molecular beam. One solution to the problem is, of course, to change the

attitude of the molecular beam from the horozontal, as shown in Fig. 2.

7
When a numbered object, say number AS in a figure, say Figure B,

is referred to it will be denoted by "(B-A)". (B-A) is called the object
number. In the present case object 4 of Figure 1 is denoted by (1-4).
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Then, the vapor beam (2-1) could have a vertical component and be directed
downward onto a horizontal puddle (2-2) of liquid germanium.

However, the molecular beam machine is already constructed in the
horizontal molecular beam configuration of Fig. 1. Therefore, the use of
a non-horizontal beam arrangement would require either alteration of the
existing machine or construction of a new machine. Rather than under-
taking either of these extensive steps initially, it was decided that an
effort should be made to find a simpler solution. The proposal was
made that the horizontal beam configuration be retained, but the target
consist of a liquid germanium film adhering to the surface of a solid

substrate.



II. PURPOSE

The purpose of this study was to determine the feasiblity of using
a liquid germanium film, plated on the surface of a graphite or molybdenum
substrate, as a target in the molecular beam machine. This purpose can
be accomplished in four steps.

The first step, the target production step, is to perfect a method
for producing germanium films on both graphite and molybdenum substrates.
The second step, the vaporization rate step, is to determine the vaporiza-
tion rate and hence the lifetime of liquid germanium films. This step
gives us the data fram which we can estimate the film thickness necessary
for a reaction run of reasonable duration, say two hours. The next step,
the integrity check step, is to determine the surface integrity of the
liquid germanium film. This indicates whether or not a liguid film of
the required thickness can be held vertically on the substrate surface
without flowing off. The last step, the contamination check step, is to
determine the extent to which the substrate material would contaminate
the liquid germanium film through chemical reaction or dissolution. If
a significant amount of the substrate material were to contaminate the
germanium film, the apparent reaction characteristics of the germanium-

iodine system would be affected.
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III. BACKGROUND

In this section we will discuss past works which are relevant to
this experiment. In doing so we will group these works according to
their contributions to the various steps in accomplishing the purpose.

There are three papers which contain information relevant to the
target production step. Airco Temescal,.a division of Air Reduction Co.,
Inc., makes electron beam heaters for, among other purposes, vapor deposi-
ting films. They have published an elementary booklet2 which discusses

5

electron beam vaporization. Schiller and Wenzel” have described various
techniques for viewing vacuum processes. Among other things, they dis-
aiss the subject of viewing ports for use in high rate, vapor deposition
studies. Smithh has written a useful paper entitled, "Conditions and
Considerations in High-Rate Thick-Film Vacuum Deposition Processes".
In it he discusses (1) factors that control the maximum permissible
deposition rate, (2) techniques for vacuum depositing thick films, and
(3) conditions for obtaining improved adhesion. Experimental evaporation
rmte data for various materials are also given.

Three major experimental studies which either give directly or imply
vaporization rate vs. temperature information for germanium have been

>

reported. Searcy” and Freeman and Searcy6 report vapor pressure of liquid

germanium vs. temperature data, which can be converted by Eq. 10 to vapori-

T

zation rate vs. temperature information. Davydov in his book, Germanium,
reports vaporization rate vs. temperature data, but the experimenter who
obtained the data is not named. Unfortunately, these three studies are

in very poor agreement. The predicted vaporization rates differ from

each other by as much as two orders of magnitude. .



A paper by Taylor8 gives some insights into the various factors
which affect the surface integrity of liquid metal films.

An x-ray diffraction unit and an electron micr cprobe were used to
determine the extent to which the germanium film was contaminated by
substrate material. X-ray diffraction is a well known technique; there-
fore, no discussion of it is deemed necessary.

The electron microprobe is designed to determine the elemental
composition (the relative amounts of various elements) of a piece of
material. Electrons are directed at a point on the surface. When elec-
trons strike the various atams, characteristic x-rays are produced.

Each element produces a different spectrum of characteristic x-rays and
can, therefore, be identified by it. If the experimenter desires to
determine the elemental composition as a function of position (as is the
case in this study), the point at which the electrons strike the surface
can be moved in two micron steps. Heinrich9 has edited a book on elec-

tron microprobe analysis.
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IV. APPARATUS

In this section the apparatus will be described by the use of photo-
graphs and descriptions of these photographs. Numbers on a photograph are
associated with various pieces of equipment. The left hand column of the
associated description contains some or all of these numbers. The center
column gives the name of the associated piece of equipment and the right
hand column indicates the functions, and specifications where applicable,
of this piece of equipment.

Figure 3 is a picture of the overall experimental layout. The
electron beam heater, Fig. L4 (see also (3-10, 8-1, 9-7, 10-1)), is the
heart of the experimental apparatus. The tungston filament (4-3) is heated
by an alternating electric current and is floated at a high negative
valtage (3-5). The extraction plate (4-4), which is at ground potential,
draws electrons from the area of the filament and imparts to them an
energy, in electron volts, eqﬁal to the negative voltage of the filament.
The electron beam is then bent by the electromagnet"(4—5) so thaf the
electrons strike the germanium sample (4-6). There the electrons impart
their energy to the germanium, causing heating and evaporation. The
electron beam heater was constructed by Mr. Harry Braun of the Nuclear
Engineering Department, University of California, Berkeley, Califomrnia.

The substrate preheater is pictured in Fig. 5. This preheater is
nothing more than a customized hot plate.

Figure 6 is a close-up picture of the germanium sample (4-6) in
its double crucible, ceramic insulator. And Fig. 7 is a close-up of a

germanium coated molybdenum substrate.
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DESCRIPTION OF FIGURE 3

Objects Function and Specifications of
Number Name of Piece of Equipment Piece of Equipment
(3-1) Experimental stand To support various pieces of the

experimental apparatus inside the
vacuum chamber (3-2).

(3-2) Bell jar To be lowered over the experimen-
tal stand (5—1) and maintain a
vacuum within. (The area inside
the bell Jjar, when 1t is in place,
is referred to as the vacuum chamber).

(3-3) Vacuum equipment (includes To maintain a vacuum (down to about
forepump and 500 litre/ 107° mm) in the vacuum chamber (3-2).
second oil diffusion pump)

(3-4) Vacuum feedthrough ring To supply electricity, water, and
mechanical motion to the vacuum
system while maintaining the integ-
rity of the vacuum.

(3+5) Electron beam power supply To deliver O to 4O smps at O to
3.8 KV to the filament (L4-3) of the
electron beam heater (L-1).

(3-6) Constant current source To deliver O to 1.5 amps to the
electromagnet (4-5) of the electron
beam heater.

(5—7) Variable transformer To deliver O to 120 s.c. volts to
the substrate preheater (Bal) e

(3-8) Pyrometer To read temperatures (800 to
3000°C) inside vaccum system.
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Fig. 4. Electron beam heater, configurated for deposition run.
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DESCRIPTION OF FIGURE 4

Object Function and Specif ications of Piece

Number Name of Piece of Equipment of Equ ipment

(4-1) Electron beam heater In this configuration, to heat germ-
anium to high temperatures (up to
2000°C) by electron bombardment.

(See (10-1) for alternative confi-
guration. The differences between
Figs. 4 and 10 are in the poles
(4-5) and the sample (L4-6).)

(k-2) Filament terminals To act as electric power terminals
for the filament (4-3).

(4-3) Filament To supply electrons at a high nega-
tive potential (up to -3.8KV ) for
the electron bombardment process.

(4-4) Electron extraction plate To extract electrons from the area
of the filament (4-3) and accelerate,
them through a ground potential.

(4-5) Pole of electromagnet To bend and focus the electron beam

(consists of (4-10, L4-11, so that the beam impinges on ger-
and 4-12). manium sample (4-6).

(4-6) Germanium sample (6-1) To, upon heating, vaporize and fom
germanium film on the substrate (5-2).

(4T Copper block To hold germanium sample (4-6) and
to conduct electrons and heat away
from germanium sample.

(4-8) Water connection To convey cooling water (8-8) through
copper block (L4-7).

(4-9) Electromagnet current To conduct electricity to the coils

wire of the electromagnet. (The other
end of the coil is grounded).

(4-10) Magnetic field trans- To guide the lines of magnetic force

mission element from the electric coil, which runs
through the copper block (4-7) to
the collecting and bending element
(4-11) and focusing element (L4-12).
(k-11) Collecting and bending To capture electrons as they are
elements accelerate through the hole in the
extracting plate (4-4) and bend their
path upon the germanium sample.
(4-12) Focusing element To focus the electron beam upon the

germanium sample.
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XBB6910-654T7A
Fig. 5. ©Substrate preheater
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DESCRIPTION OF FIGURE 5

Name of Piece of Equipment

Function and Specifications of Piece
of Equipment

(5-1)

(5-2)
(5-3)

(5-4)

(5-5)

Substrate preheater

Substrate

Substrate set screw

Thermocouple hole

Preheater power wires

To preheat substrate and maintain a
certain minimum temperature

To hold the germanium film

To hold the substrate in place. (Some-
times a wrinkley molybdenum foil was
placed on the side of the substrate
opposite the set screw to hold the
substrate in place during thermal
distortion. ) -

To hold the substrate thermocouple
(9-6)

To conduct electric power to the
preheater.

4
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Fig. 6. Germanium sample in thermal insolators
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DESCRIPTION OF FIGURE 6

ObJect. Name 'of Plece of Equipment Functl?n and Specifications of Piece
Number of Equipment
(6-1) Germanium sample (4-6) To be vaporized by the electron beam
heater and form a germanium film.
(Supplied from Electronic Space
Products Inc. Los Angeles Ca.
90035) (Purity: 99.999% germanium).
(The germanium was procured in the
form of a polycrystalline ingot.)
(6-2) Inside crucible (barely To form the first stage of thermal
visible due to germanium - insolation of the germanium sample.
coating) Made of alumina.
(6-3) Outside crucible To further lower the thermal energy

escaping from the germanium samples.
Made of boron nitride.



XBB6910-6358

Fig. 7. Germanium coated molybdenum substrate.
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DESCRIPTION OF FIGURE T

Object Function and Specifications of Piece
Number Name of Piece of Equipment of Equipment

(7-1) Molybdenum substrate To hold germanium film

{7-2) Germanium film One of the end products of this study.
(7-3) Set screw socket To accept set screw
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Figures 8 and 9 are both pictures of the experimental stand (3=1]).
The equipment is arranged for a deposition experiment in Fig. 8 and for
a vaporization experiment in Fig. 9. During "deposition runs" germanium
is vapor deposited on a preheated substrate (5-2) (see Section II).
"Vaporization runs" are designed to heat the germanium coated substrate
and determined both the wvaporization rate and the surface integrity of
the germanium film (see Section II).

Figure 10 shows the electrons beam heater arranged for a vaporization
run. Note that the configuration of the magnetic poles (10-2) in Fig. 10
differs from their configuration in Fig. 4, which depicts the deposition
arrangement. The focusing elements (4-12) are removed for vaporization
r uns because there is no room for these elements during vaporization
runs (see Fig. 9) and also because such a high degree of focusing is not
necessary.

Figure 11 is a wide angle picture of the experimental shield (13-1)
which encloses most of the experimental stand (3-1) during a run. (See
Fig. 13 for an undistorted view of the experimental shield.) The purpose of
the experimental shield is to prevent stray electrons and germanium

molecules from striking the bell jar.
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XBB6910-6544A

Fig. 8. Experimental stand, arranged for deposition run.
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DESCRIPTION OF FIGURE 8

Object Function and Specifications of Piece
Number Name of Piece of Equipment of Equipment
(8-1) Electron beam heater (4-1) To vaporize germanium which plates
out on the preheated substrate (5-2)
above.
(8-2) Substrate preheater(5-1) To preheat substrate.
(8-3) Deposition shutter (12-1) To precisely control the deposition
time.
(8-4) Inside mirror (largely In this configuration the inside
obscured in this view) mirror is used for viewing the ger-
(12-.2) manium sample (4-6) during a run,

when the experimental stand is
covered by the experimental shield
Cil=l,- 18=1),

(8-5) Electron shield To prevent stray electrons from
the electron beam heater from
striking the bell jar (3-2).

(8-6) Electric feedthrough To convey electricity to the sub-
strate preheater (5-1) and the
eléctromagnet (L4-5) of the electron
beam heater. To transmit the
temperature reading from the sub-
strate thermocouple (9-6) to the
substrate temperature guage (8-10).

(8-7) Mechanical feedthrough To transmit mechanical motion into
the vacuum system to move the de-
position shutter (8-3) or the vapori-
zation shutter (9-5).

(8-8) Water feedthrough To transport cooling water to and
from the electron beam heater.

(8-9) High voltage feedthrough To transport the necessary electrical
energy (3-5) to the electron beam
heater.

(8-10) Substrate temperature gauge To indicate the temperature of the

substrate (5-2).
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i1on run.

t

, arranged for vaporiza

Experimental stand

g. 9.
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DESCRIPTION OF FIGURE 9

Object Function and Specifications of Piece

Number Name of Piece of Equipment of Equipment

(9-1) Germanium coated. substrate In this configuration, to be heated

(5-2). by electron bombardment to determine

the vaporization rate of germanium
and to test the surface intergity of
the germanium film.

(9-2) Substrate holder To hold substrate during vaporization
run. ‘

(9-3) Inside mirror (back view) In this configuration, to view the
integrity of the germanium film.

(9-4) Outside mirror To view the back of the substrate.

(9-5) Vaporization shutter To prevent electrons and germenium
vapor from striking the bell jar when
exper imenter is not viewing the
germanium film.

(9-6) Substrate thermocouple To measure the substrate temperature

during deposition runs. No function
during vaporization runs.
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Fig. 10. Electron beam heater, configurated for vaporization run.
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DESCRIPTION OF FIGURE 10

Name of Piece of Equipment

Function and Specifications of Piece
of Equipment

(10-2)

Electron beam heater

Electromagnet pole, in
vaporization run configu-
ration

In this configuration, to heat a
germanium coated substrate which

hangs between the poles during a
vaporization run (See Fig. 9 for a
more complete vaporization configura-
tion). (See Fig. 4 for deposition
configuration of electron beam heater).

To collect electrons and bend them
upon the coated substrate. (The focus-
ing elements (4-12) are omitted for
vaporization runs).
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XBB6910-653TA

Fig. 11. Experimental shield (bottom, wide angle view).
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DESCRIPTION OF FIGURE 11

Object Function and Specifications of Piece

Number Name of Piece of Equipment  of Equipment

L1 Experimental Shield To shield bell jar from germanium
(13-1) vapor and electrons.

(11-2) Viewing port No. 2 To view, by reflection from inside

mirror (8-4), the germanium sample
during deposition run.

(11-3) Viewing port No. 3 To view, by reflection from inside
mirror (9-3), the integrity of the
germnium film during vaporization
runs.

(11-1%) Viewing port No. L To view, by reflection from outside
mirror (9-4), the back of the sub-
strate during a vaporization run.
Closed during deposition runs.

(11-5) Viewing port No. 5 To view the germanium film during
a vaporization run. Closed during
deposition runs.
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V. PROCEDURE

As noted in Section IV, two types of experiments were conducted in
this study, deposition and vaporization. Also, in checking for contamina-
tion in the germanium film x-ray diffraction and electron microprobe
analytical techniques were utilized. The procedure for deposition,
vaporization, x-ray diffraction, and electron microprobe runs will be
presented in that order.

A. Procedure for Deposition Runs

Deposition runs were necessary to produce germanium coated substra tes.
Vaporization rate data is a by-product of deposition runs.

The first step in a deposition run was to chemically clean the moly-
bdenum substrate in a 50% HC1 solution at 180°F for 1.5 minutes. Graphite
substrates were not cleaned. Then, the substrate and the germanium
sample (plus crucibles) were weighed. The equipment on the experimental
stand (3-1) was arranged as shown in Figs. 8 and 12, except that the de-
position shutter (8-3) was positioned between the germanium sample (L4-6)
and the substrate (5-2)y not as shown in Fig. 12. The glass part of the
inside mirror (8-4) was replaced. Port holes No. 4 and 5 of the experi-
mental shield (11-1) were then closed off and the shigld lowered over the
experimental stand, as picture in Fig. 13.

The start up procedure was then begun. The bell jar (3-2) was
lowered to the feedthrough ring (3-4) and the system evacuated to about

107

torr. The electron beam heater cooling water, the substrate
preheater, and the electromagnet current were then turned on. At this

point the electron beam heater was turned on and the electromagnet



Fig. 12.

Experimental stand, arranged
run (close up).

XBB6910-6546A

for a deposition

Shnd A

e R



-30-

’ ° ®
‘9 0 0 s 00 0 0
ks ® °
| pe .
| s re——
<7
| P

o

XBB6910-6541A

Fig. 13. Experimental system, ready for deposition run.
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current adjusted to guide the beam into the germanium sample. When
the germanium sample and the substrate reached the desired temperatures
the deposition shutter (12-1) was moved to the position shown in Fig. 12
to allow vaporizing germanium to plate the surface of the preheated
substrate.

During the run the germanium sample could be viewed with the aid
of the inside mirror through viewing port No. 2 (11-2) and the pyrometer
was positioned, as in Fig. 135, to determine the temperature of the
germanium sample.

When it was felt that the film was thick emnough, the deposition shutter
was closed and the system shut down. When shut down was completed, the
coated substrate and the germanium sample plus crucibles were removed

and weighed.

B. Procedure for Vaporization Runs

In vaporization runs, a coated substrate was heated to about 1000°C.
The vaporization rate of germanium was measured and the surface inte-
grity of the liquid germanium film was noted.

The first step in a vaporization run was to weigh the coated sub-
strate. Figure 9 shows the experimental stand arranged for a vapori-
zation run. Once the equipment was arranged in this manner and the glass
part of the inside mirror replaced, viewing ports L (11-4) and 5 (11-5)
of the experimental shield were opened and the shield lowered over the
experimental stand. The bell jar was lowered and the vacuum chamber
evacuated.

Then the cooling water, the electromagnet, and the electron beam

heater were turned on. The electromagretic current was adjusted until
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the electrons deflected by the magnetic field struck the back of the
coated substrate.

By use of the pyrometer, positioned as shom in Fig. 3, the apparent
film temperature was recorded through viewing port 5. The temperature
of the black body hole on the back of the substrate was measured through
viewing port 4, with the aid of the outside mirror (9-4). The observed
black body temperature in combination with the apparent temperature
of the liquid germanium film, was used to determine the emmissivity of
liquid germanium.

To check the surface integrity of the film, the germanium surface
was viewed through viewing port 3, with the aid of the inside mirror.

Following shut down the coated substrate was removed fran the system
and weighed to determine the weight loss.

C. Procedures for X-ray Diffraction and

Electron Microprobe Techniques

To determine the degree of contamination of the germanium,X-ray
diffraction and the electron microprobe techniques were employed.

Both of these processes were carried out at the University of California,
Lawrence Radiation Laboratory in Berkeley.

In the x-ray diffraction measurements, x-rays were directed upon
the surface of the germanium film. By measuring the angle and intensity
at which the x-rays were diffracted, the chemical compounds in the
film were identified.

After x-ray diffraction the coated substrate was prepared for the
electron microprobe. First,the substrate was cut in half, from front

to back, with a spark cutter. One half was mounted in a bakelite holder,



as shown in Fig. lh, and then polished. The holder was placed into the
electron microprobe and the elementary composition (amount of various

elements) determined as a function of position along lines A, B, C, and

9

D of Fig. 14. See Section III or Heinrich” for a discussion of the

operation of the electron microprobe.
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Fig. 14. Cross section of coated substrate, mounted for
electron microprobe.
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DESCRIPTION OF FIGURE 14

Objeét," Name of Piece of Equipment Functlon and Specifications of Plece o

‘Number _ ‘ . v of Equlpment
 (14-1) ©° Bakelite mount . To hold the spark cut plece of coated
‘ - substrate for electron mlcroprobe
- analysis =
(14-2) - Substrate cross-section

- - (spark cut in half from
" front to back). (The front
~ of the substrate is facing up
.and the back facing down).

(14-3) - ‘Germanium film cross-section
IR (after germanium droplet was
formed during vaporization

run)
(1h-k)  *;Carbon film .. ' Was spread over surfaces of bakelite
P : : and part of substrate cross-szction
to conduct electrons away from the
coated substrate during electron
B mlcroprobe analys1s
(14-5)  Photomicrograph area This area is plctured in the photo-
: E ' mlcrograph Flg 18. -
(lHqA B,_'Probe lines Lines along which electron micro-

,D) S ‘ probe measurements were taken.
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VI. DATA ANALYSIS
In this section the various mathematicaleormulas necessary:for

analyzing the data are'derived All symbols used in the body of this

- paper are defined and their un1ts given-in the Nomenclature.

Before d1scuss1ng the methods of data analys1s, it will be helpful
to 1nvest1gate the orlgins of the data employed.- Figure l5'g1ves a dia=~-
’gramtlc representation of these origins. The left hand margins of the
table gives the ultimate source of the data, the llterature or th1s
experlment The bottom margin gives the types of runs 1n Wthh the experl- :
mental;data was taken, deposition or vaporlzatlon runs,

Ar.e'ba_s’l, a,van'dj of the ‘.table represent the data obtained from
the Searoy paper,5 the.Freeman,and Searcy,paper,6 and llavydovfr7 Area
h.containsfthe data’based on the.amount of germanium;deposited on the
'.'substrate during a depos1tion‘run. Area 5 holds the data based on the
amount of germanlum evaporated or lost from the germanium sample (6- l)v
_dur1ng-a_depos1tion run. Area 6 represents the'data based on the amount
vof'germanium vaporized or lost-from the coatedisubstrate (9-1)»during |

a vaporization run.

AL }Theoretical Calculation of the Germanium Film Thickness
- Produced During a Deposition Run

.Thishderivation, although simple in conoept;.requires many‘oorrections'
to the ekperimental data. First, the apparent (observed) temperatures.-
must»beaoorrected for the transmissivity of the bell jar, the mirror, the
germanium’coating on the mirror, and the emissivity of liquid.germanium;
Second, a formula for the effective temperature of the germanium puddle,

T., is derived. Third, a formula for predicting the film thickness,
e’ T T - e
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| @ Searcy

Literature ‘@ Freeman and Searcy

® vowdor

@ Deposition

Experiment ® deorizotion

@ Evaporation

‘Vaporization
' Run

XBL 702-312

Deposition
Run

. Fig_.. ,15’,;."'A"‘diagra'ma't'ic- 'répre_sent'ation of the. origins of the .data -~
. used in this study. ' ' C SR
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T, fféﬁ?the effeétive femperature is develOpéé;' 

:-Ihﬁéalculating T it is assumed that aliié;fﬂanium-atdns incident
upoﬁithéféoatéa éubstrateksurface stick to tﬁe $@fface and that no germanium
atoms azé evapofatga from the film‘once theyvhaiétcondensed.

1. Determination of the True Temperature of -the Germanium Sample

¥jfigure 16 gives a'diagramatic»represéntaéiéﬁ of the réLationship
.gbetWégn;ﬁﬁe apparént-témpgrature{TA, and the’#rué température; Tops fbf
a.dépééition run; e '
| _ :ffﬁéiﬁyréx 5ell jar-gaﬁses én appéreﬁt témpératﬁre dééiine.given‘
10 . _ v o . o g

‘where AB7isvthé3transmissivity of the glass. .

" In-a similar manner the correction for the mirror is

L o . » |
T S TBM'.' ,AM;,;Y B B
The:tpéﬁSmissi&ity,of the mirror:is time dependént because of the  progressive

coating of the mirror surface with germanium.

Finally, the true temperature of the gérmanium surfaée, TT’ is given
by - T 1 log,, € )
Ty Tp o 9988 U o

when e is the:wemissivity of the germaniﬁm surface at the wave 1ength of

' : 9 v , .
optical pyrometer (6550A). Adding Egs. (1)-(3) yields

L 1 . : 4.logio-e -l:v o \
TT(t) = WT - AB-AM(t) + W— | ()

. The transmissivity of the bell jar was determined by meESuring
the temperature of a hot.filément with and without the bell jar inter-

posed. This proceduneyielded AB = 2-1><lo-5 OK_l; The emissivity of
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Fig. 16. . A representation of the observation of germanium sample
S temperature for a deposition run. - :
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tliqﬁiq~éérmaﬁiﬁm waé esfimated By simulténeou%imgaéurement of the rear.
'black bqa¥}ho1é tempefature and the épparent.fféﬁtggermanium film teﬁpefa_
~ ture auriﬁé_a vaporization run. From the daté éﬁé Eqg. (5),.the emissivity
'wés fqﬁnd;to be O.T; o
..The.ﬁirror:transmiSSivity, AM(t), is derifea as follows. The
correétién due to the clean mirror is denotédlbj 5;'.To this.isvadded é
term préﬁértional to the_thickness‘of the germaﬁium'film on the.mirror.
B a(8) = ay(®) +v ()
.vwhere'¢(t) is the thickness of the géfmanium:dn¥thé mierr{  ' o
'{Tq.detefminé Y(t), we assume that the bﬁild;Up_réte”of‘germanium:is:
»consﬁaﬁt in tiﬁe and that, dhce the'fiim thiéknéss reééhes its makimumi_:_
v@lue, i£_maiﬁtains that value. The 1atter aééﬁﬁbtion is‘due to the fact
_thatﬁthg géfmanium splinters and begins to fiake‘éff.the.surfaCe of thé
mirrorvat a certain maximum thickness, w*. Sqmé splinﬁérs spring fram
the‘éuffaée immediatély, whereupon plating bégihé again, while others:_
reméin én:the surface fér a time'befofe fallihg éﬁay. | |
Thé*fate at.which the mirror is coated_géﬂiﬁe related to the rate’
of germaﬁium deposition on the substrate, which is a measurable quantity.
If T, i measured f£ilm thickﬁess ori the substrate after a .depbsitiqh'_

rﬁn'of7duration tns the £ilm thickness on the mirror'can be'determined

by séaling'the rate of film growth by the square of the ratio of gérmaniﬁm4v'

to-substrate distance (1.37 inches) and the gennanium-to—mirror distance

T R
<.tD > < lé57> £, for Y <y . (6)
R | )

(6 inches). This yields:

it

¥ (t)
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‘in Eq,'(6)?.the’rate of growth of the germaniUm'film on the substrate
has bééﬁ'éssumed‘to be equal to TD/fﬁ at all tiﬁeg_dufing the run.

) The cléan mirror absorption coeffiéient, b5'was deﬁérmined in
‘thesémé'mahnef as was the énalagéus bell'jar“tef@u A value b %O.Exlo-u°cfl
was fQﬁnd. Anothef experiment on a mirror which had'a known.film thiék-
ness pefmitted a value a = 0.14 (ém -'OC)_l tobbe estimated.

Using the measured'values of the constants ahd Eqs. (5) and (6),

- Eq. (4) becomes

) . : T B T . -1

. ~ 1 ‘ -5 =3 D ,
TT(t) = |71 - 3.bx107 - 7.3%10 '_( T ) t- -
R | YR @

2. Derviation of the Effective Temperaturg,'Te, for Deposition Runs
| Dﬁring a déposition:run the temperature of.the germanium sample
varied;wifh timé. The'fange of.ﬁhis ﬁariatioh,was of ten 200 to BOOaC.
.Theveffectiﬁevtemp?rature, Te;.for a depésifion run is'avcopstant
’ tempéraﬁﬁre which can be used in deposition caidulations in place of.
 integrating'over'tempefafure as a function éflﬁiﬁé. Ihvordef to deriVe
an expressiqn for.the éffectivevtemperature of.é deposition run,vit is first
neceséary to find an expression relating the_théoritical film thickneés,
., T,Vand,'the temperature ofvthe gerﬁanium sé@f%e‘as avfunction_of thne;'
T(t);, . v _ : v v
The rate growth of the film on the substrate 1s related to the

current of atoms impinging on the surface, I(t), by:

L A ‘ )
at Poe Nav x 3
where Mdé is the molecular weight of germanium,. NAV is Avogadro's

the density of germanium.

numper?»gnd pGe
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in PriceJJ'it is shown that_the-impingment rate per square cm of
substrate'surface ig related to the evaporatiqnfrate per square cm of N
soureé,Surface R(t) by
I(t) = R(t) | 55 Sl )
2, .2 o
: : r + A . :
where r is the.radius of the vaporizing germaniumlsurface and h is the -
distance between the germanium sample and the:substrate;
'Assuming_unit condensationvcoefficient ‘the germaniumzﬁaporization
rate 1nto ‘vacuum 1s related to the equlllbrlum vapor pressure by:
” 3. 5><1o p° [(T(t) . AN
R(t) = S 0 (10)

Vi, T(t)

Ge

Whenathe'vapor pressure (in torr) is givenvby: '
| o - Bfr ' - -
- 5

.The vapor pressure measurements of Searcy <or-Freeman»and Searcy

7

-'or the va.cuum vaporlzatlon measurements reprlnted by Davydov can be
utlllzed to determlne the constants A at B s |

. The temperature in the denomlnator of Eq._(lO) has but a sllght
‘effect on the vaporization rate, and T(t) in th1s term will be approx1-

mated by the effectrve temperature of the run,rTe. Substltutlng Egs.

(9) - (ll) into (8) and integrating ylelds

. L K, ftR BT 4 ey
Ve 0 -
e
with the M, = 72.6,0,, = 532, r = 0.87 cm and h = 3.5 cm. The ”
constant K is
o - S |
3.5¢10°" WM, I 2 : 3
X - . Ge . | = s5.4x107 (13)

Pge NAv o+ 10
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Theféffective temperature'Te is defined as the constant temperature
 which'giVés the same film thickness as Eq. (lé);.therefore,

B
T o= - ' '
) {tr -B/T(t) :
e .. 1n [(1/tRz/”OR el=/ ) at]

(14)

fb, is used to obtain T(t) from the pyro-
_ meter'reading by Eq. (7).  The theoreiticdl film thickness is then

‘The deposited film thickness,

. ‘e-B/re t

\/_T o R.»:f |

e .

T = (13)

Alternatively, an average germanium'vaporization rate Can.bé computed,
from the deposition film thickness by using timé-average values in Eqs.iu
(8) and (9):

'»_v’ _ R Mo - p el D | * (16)
. Ge 2 ot ‘ : )

r

B. Vaporization Experimehfs
'Eheifémperaturevof the liquid £ilm of germaniu@ during the vapori-
'zatioﬁ.£¢3ts is'relaﬁed to the pyrometer tempéfature by an equation Qf'_v
 €he_f5rm of Eq. (4). However, since no mirror’is.present,’thevterm AM(t)
" in this relation is omitted. The effective temperature averaged over h
' the durafion of the run was determined by Eq.. (1k). |
The ekperimental average ﬁaporization rate, &V; for a vapofizatioﬁ; 7

run was calculated from the weight loss of the coated substrate.

. AW .
v, = —a (17)
v mr 2Xt _ ’ :
s R

where AW is the wéight‘loss df the germanium film during the Vaporization

run and r is the radius. of the substrate disk (0.8 cm).
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The theoretical vaporization rate for vaporization runs, v, is

giventby Eq. (11) and the time-average of Eq.”(lo)' ‘ o J
| 3.5%10°° A e B/Te Ji%f' : ,
- ‘ , YlGe
N, NEE L

. Av e

C. Calculation of the Minimum Perﬁissible

Thickness for a Cermanium Film'

One of the - spec1f1catlons of thle study- is that the germanlum-
coatea target must last for a 51gnf1cant perlod of t1me in the nnlecular |
-beam_apparatus described 1n'Sectlon T. If the gErmanlum>f11m.completely
'teVaﬁorates, in a short time at run temperatureeb(ebout idOO°C), the
__tefget'woﬁldAnot be suitable. Here, a eignificeﬂt period of time% té;
is talteh '_'ﬁo'be" two hours . |

lIfithe ateragetvaporization rate is ¥, tﬁe ﬁiniﬁum permissible
fiim-thickness is . |

T = ————-ﬁ——- " o _ (19)

»D.' Determinat ion ef Germanium Removal Rate -

'Due to Oxidation for Both.Deposition and Vaporization Rate'

Slnce germenium forms an oxide (GeO), volatlle at the temperatures

1nvest1gated here, part of the observed average experlmental vaporlzatlonl o

rate may be due to removal of germanium by ox1d&t10n. ‘For both types
of runs, the removal rate of germanium due to oxidation may'beudetennihed

from_Eq;i(lB) as follows:

" .
- 3.5x10° P, VM |
v, = 2. - 2 Ge - (20)




, s

o : P N S .
. _._(OLO_ = 3.5X10 ~ for germanium at 120

where Q 5°K) is the probability.

0.
2. 72 v ,

that an oxygen atom; striking a germanium surface, will react with a
germanium atom; Py

: 2
. systemj "M, .1is the

is ’_che partial pressure vof '6x.ygen in the vdcuum
e molecular weight of germanium; and T, is the ambient

‘temperature‘ of the oxygén.
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VII. RESULTS AND DISCUSSION .
The results of this study and conclusions:drawn'from these results
will be discussed in four parts, one for each stepiin accomplishing the

: purpose;” _ : ‘
' A. Results of the Production Step

The 1ntentlon of the productlon step was to perfect a method for
produc1ng germanlum fllHE on both graphlte and molybdenum substrates

As prescrlbed two hlgh meltlng point substrates, graphlte and moly-f
bdenum,“were used. -Four depos1t10n runs were made using pyrolytic graphlte
-with the basal planes exposed. In each case no spec1a1 surface preprara-.

tlon was performed, but each substrate was preheated to 210 C or more.

In three of the runs the germanium fllm was formed ‘but did not adhere '

well to the ‘graphite and fell off of the substrate durlng or 1mmed1ately

follow1ng the depos1tlon run. In the fourth run-a fllm 025 cm in thick-

‘ness, adhered to a graphite substrate whlch had been preheated to 230 C.
B When the coated substrate was removed from the vacuum sy stem 1t was
_cracked and‘its adherence_to the graphite surface'appeared to be rather
temuous. .

' These_runs placed in doubt the usefulnessfofvgraphiteFas.a substrate
materiai; FBut its performance during avvaporiaatdon run, which will be .
diScussed later, sealed its fate. o | -

' Molybdenum substrates were used in about 15 deposition runs. The
substrate surface Was'chemically cleaned (see Section VA) before all
runs and-substrates uere preheadted to between'QIQ and 3&0°C.s-Uniike the
graphite:substrates,'the molybdenum substrates held thergermanium

films'rather well, One film reached a thickness of .035 cm.
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forlpreheat temperatures used in this exneriment; 210-3&0°C->a
trend'was bbserved for fhe molybdenum subsfrates.‘ The hlgher the pre—“
heat temperature the ‘better the adhesion of the éermanlum film to the
‘molybdenum surface.

Frcm these observations,-it Was'concluded'that nolybdenum was a
feasiblezsubstrate mterial froam the standpoln£ Qf target producticn.“

':Table 1 is a summary of the depcsition runSQ It tabulates.the

measured thlckness of the germanlum film, ™ the film thlckness cal-
culated from the welght loss of the germanium sample (6 l) TE, the .v“.
film thlckness calculated from Freeman- Searcy6 data, Tps and the film
ﬁlicknesslcalculated from Davydov7 data, TRf. The deviations of the three
predicted'film thicknesses from the.measured thicknesses are large. lne
from the measured germanium filn.thickness, |

&viation of TE

between_a‘factcr of 1.02 and 1.8. TF is by far the most deviant; it v

_ranges between a factor of 10 and 1000 less than T_. The deviations of -

Tp, Tanges .

D
TR from T, ranges between a factor of 1.0 and 10.

' Various explanations ofuthe large and'consistent deviacion ofvTF
from'TD were considered. ' One explanation uas_tnat ambient oxygen reacted
nith‘thelhot germanium forming GeO. The GeO then vaporized and a fraction ‘
wa.s denosited on tne substrate. But X-ray dlffraction sﬁudies Snowed 3
that ncvoxide of germanlum'was present in the film.

It ‘was then hypothesed fhat.the axide might have dissociated into
oxygen gas and elementary germanium upon strlklng the substrate. But
it was. shown by use of Eq. (20), that if 1ndeed this ox1datlon and

subsequent reduction process had occurred, 1ts contribution to the

experimental'thickness would be negligibly small. A typical value of v
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might be 8.26x10~

-kg-

v, 2
g/cm” -sec, while a typical value of 4 might be

h.B?XiOi?,g/Cme-sec. )

Anéfhef pOSsible explanatioﬁ was thén cOnéidefed, Tt might be
possibie that.the temperature[of»thé germanium_séhple Qas consistantly
undefééﬁimatedvby as much as hOQC, due to maladjuStment of the measuring'
appaiatus. But claculations showed that an errof‘in temperature measureQ
ment;of ébout 150°C'Would be necessary to cauSé ah error in T of évén

one order of magnitude. Therefore, the discfepancy between the predicted

.and éxperimental germanium film thicknesses remains unexplained.‘

B.  Results bf-the-Vaporization Rate Step

Tﬁé;purpbée of tﬁéjvaporization fate‘stéprwas to détermine vaboriza-
tion rafé vs; temperaturé informétién for gefmanium; fhis informﬁtion
was theh to be used to calcuiaté the minimumVACéeptéble substrate thickness.
Figure'l7 shows plots of vaporization rate of gefmanium VS. temperatufe

5

fraom four sourcés. Three sources are from the literature; Searcy,

. _ o _ 6 . : C -
Freeman and Searcy, and Davydov7 (Searcy plus Freeman and Searcy data
are converted fram partial pressure to vaporization rate data). The

"‘fourth source. is this study; deposition, evaporation, and vaporization

dataf(sée_Fig. 15) were plotted.

:ALthough the variance'of‘the data'ﬁitﬂin'éach'litératufe study
is small, the variance bétweéﬁ»the studies ié Very large. The Fréeman
andVSééycy6‘study feports vaporization rates almost two orders_ofwmagni—'
tué§7IOWer-than the bavydov7 data. There ié ﬁo.known explanation for
this lérge discrepancy; .

Likewise, the variation in the experiméntal data is also very large.

But, it should be noted that obtaining vaporization rate data is not the:

boa
Fed

",;
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. :Fig. 17. _Vapofization rate vs. temperature for germanium.
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major purpose of this experiment. Vaporization rate data are only a
by-prodgct_and the techniques used here té obtainvthese data are far
frbmﬂoptimal.

va:caléulate the minimum permissab1e=gefmanium film thickness, fﬁ,

we employ Eq. (19). If we set tsvequal to two;hours, set Te equal to

lOOOQC, and calculated T using each of the‘four sets of data given in

_Fig.\l?; we. obtain the results given in Table 2.

C. Results of the Integrity Check

':'fhe'integrity'check was designed to de£efminé the-éurface ihtégrify' :
‘of the Liquid germanium £ilm. o | |
1Thé:only graphite sﬁbstrate which retaihed its germanium film was
‘subjeéﬁed to a vaporization ruh. The.substrate was electron bombardment
heaﬁedién’thé back surface to about 1100°C, but the £ilm remained relatively

c00l, about T50°C. Obviously, the thermal conduetivity from the back of

“the substraté'tévthe'film was low; First,-thérelwas a significant’tenpera—

v

ture ~ gradient between the back and the front of the substrate, which

decreased with time. This gradient was due’tb-the low thermal conductivity

'berpendicular to the basal plane of pyrolyticigraﬁlité. Secord, the =

~ temperature difference between the front of”ﬁhe’substrate‘and the fihh

was_ekééssive, up to BOO°C; .This differenﬁia].ﬁas due to the_poorj
ph&éicdl contact betweén the'germaniﬁm and fhe graphite;

Af%erAIB minutes of ﬁhe vaporization run”the'germéﬁium film fell
from_fhe graphite'suﬁstrate. Upon later inspection of thetfilm, it
was.nofed-that a small area on the edge had melted and formed into a

small.ball. Assuming that this melt occurred before the film fell froam
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TABLE 2

Source of data 1 Tm(cm) X 105
Searcy ..082
Freeman-Sea rcy f,Ol5'
Davydov "_‘-2_.0
Ex.periniental . 27 -

A
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the substrate, this indicates that germanium does not wet graphite. If
germanium did wet graphite, one would expect that melted germanium
would spread out on the graphite surface rather than ball up. Wetting
is a necessary condition for the integrity of the liquid germanium
film., At this point we can safely conclude that, under the conditions
tested, graphite is not a suitable substrate material.

Two 1000°C, vaporization runs were made using molybdenum substrates.
The first run utilized a coated substrate with a germanium film thick-
ness of .035 cm. When the film became liquid it immediately began to
slump to the bottom of the substrate. Cbviously, a liquid germanium
film of this thickness could not support itself.

Both Figs. 1k and 18 show cross-sections of this substrate, cut
vertically through the center, from front to back. The part of the
cross-section shown in Fig. 18 is (14-5) in Fig. 14. Note that in Fig.
18 the part of the film to the left of the droplet is relatively constant
in thickness. This thickness averages about .0035 cm. It was felt,
therefore, that this was the maximum liquid gemmanium film thickness
that could support itself. Note that this thickness is greater than
any of the Tm's listed in Table 2.

Another vaporization run was carried out using a coated molybdenum
substrate with a film thickness of .0015 cm. No slipage of the liquid
film was observed during this run. It was concluded, therefore, that
the surface integrity and life expectancy of the molybdenum-germanium
target were satisfactory. The molybdenum-germmanium target configura-

tion had only one additiomal requirement to meet.
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Fig. 18. Photomicrograph of cross-section (14-5) of coated substrate.
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D. Results of Contamination Check

:Thé*cdnfamination check was to determine thé'extént to which the
gérmdniﬁm'filmbmight-be poisoned by'impurifies;“\Ambient oxygén might
haVeireaCted with the germanium ét éome poiﬁf'iﬁ‘the déposifion process
ahd;béenjincorporated into the film; Of; thé-éﬁbstrate maférial.might
v}ave:diffused (through chemical reaction or dissolution) into the
gefﬁahium films. - | ;. '

As was stated earlier (iﬁ Section VIIFA);“éermanium films were
subjected_to X-ray diffrdctioh and no oxideé éf_gefmaniumvﬁere foﬁnd; 
Thereforé, it ﬁas cénéludedvthat génnanium oki&e:Contémination was
not 2 problem. |

"‘After deposition the film of a coated'moindenum substrate was -
'analyzed by.x-ray diffraction and no imburitieé were found. But latef
a'coatedxmolybdenum sﬁbstrate was ahalyzed.éfﬁér'a vaporization run at
1000°C. Théuresulté of this x-ray-diffractidn;study showed thai a substan-
“vtiaiIQuantity of MoGe, (B-phase) was presert in the germanium film. This
indipétés that a drift of molybdenum,into‘the éermanium fiim oécurs at
teﬁperatqres cbmparable to those attéined dﬁ?iﬁg moleculdr beam machine
runs.. | R

-The electroﬁ microprobe was»employed_to investigate'é'éross-séqtion‘i
‘.of’the §ame £arget.. Figure 19.shows_the‘reéulﬁS'of that investigatioﬁ
| albhg*line A of Fig; 1k, A subsfahtial quahtity of molybdenum'has diffuéed‘-
’inté thé germaniumj Therefére, molybdenum is alsp unacceptable,as‘av: |

substrate material.
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VITI. CONCLUSIONS

 fTﬁé purpése of this study was to detemine the feasibility of

using a liquid germanium film, plated on a grapﬁite or molybderum
’_substréte, as a target in the molecular beam ma?hine. This purpose

_ Waé a¢cdmp1ished, It was concluded that neither graphite nor moly-

bdenum is a suitable substrate material and5'ﬁherefore, the proposed -

targets are infeasible.
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IX. RECOMENDATIONS FOR FUTURE CONSIbERATIéNs |
"'EVen tﬂough the first cbncertéa attemp£=t§_devélop a target to
studynéigas-liquid reactidn.in the moieculafibéaﬁ,machine was not
'succeééfﬁl, there remain many other pOséibléiépﬁfoaches{ | |
ihé‘most cbvious approach would be to fésﬁ §ther materials for
use'ééISubstrates. For example, various ceramics might be suitable
fOr.tHié application. | | |

 ‘Instead of a solid substrate, it might be desirable to employ a

pofoué éubstfate.' The voids in such a‘substrate could be filled with.

germgnium; Duriﬁg'a’reaction run the.targéf;Wouid be:heated;. As the
germanium left the surface of the subsﬁrate;;liquid germanium held within
the géreS‘could creep to the surface to méintai@ the film.

' i£ might‘bé possible to use a_gérménium;fod aS»arﬁargef.x-See Fig.
20,g Thé rod could be heated by electroﬁ bombgjahent, by a laser beam,
by an electric current, or by inductién.’ If'thé back of the rod were
connéctéd to a heat sirk a thermal gradienﬁ woﬁid be set up as depictéd
by‘thé:graph" in_Fig. 20.. If the shape ofntﬁé fod were chosen correctly
and fhe:heating controlled properly, it-shquld»be possible to maintain
E thin‘liquid fi1lm on the front‘surface'of_the;germanium,rod.' |

V:V;Aﬁother possibility-is that the moieculafvbeam machihe>could ﬁé

altéfeq.or thét a new molecular beam machineigould be built to éccomodaté
hofizéhtal targets; This would necéséitatebraiSing ﬁheimoleculér

beam from the horizontal, but might be the‘sinplist.alternativeJ

[ &
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fringe privately owned rights; or

-B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, apparatus, method, or
process disclosed in this report.

'As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Comm1ss10n or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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