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VAPOR-ION METHODS OF FILM DEPOSITION 

Summary and Annoted Bibliography 

Robert G. Kurtz 

;\.bstract. Background data are summarized on the vapor-ion 
methods of film deposition for the purpose of developing 
new applications and for determining the emphasis in future 
projects. Briefly de.scribed are the advantages over 
chemi1:al-vapor techniques. Related work experiments of 
early studies are discussed, as well as current trends. In 
addition, an annotated bibliography has been included. 

INTRODUCTION 

A summary is presented on work efforts related to the 
vapor-ion methods of film deposition. Applicati"on of the 
vapor-ion method has potential value in leading to new 
developments for depositing materials, either impossible 
or extremely difficult to do by other known vapor
deposition techniques. Discussed are the advantages over 
chemical-vapor deposition techniques, the emphases given 
in early studies, and current trends. An annotated bibli
ography has been included. 

DISCUSSION 

The vapor-ion method of film deposition may be defined 
as a process in which a volatile compound of the material 
to be deposited is vaporized and the vapor then decomposes 
or reacts with other vapors in an electrical discharge. The 
non volatile reaction products are deposited on a 
conveniently placed substrate. The substrate need not be a 
part of the reaction. Whether or not the substrate is one 
of the electrodes depends on the type of electrical discharge 
employed. 

The method is similar to chemical-vapor deposition in that 
gase~ containing the material to be deposited are used as a 
source of plating material. Specifically, the chemical-vapor 
deposition technique may be defined as a process in which a 
volatile compound of the material to be deposited is vapor
ized. Then the vapor thermally decomposes or reacts with 
other gases, vapors, or liquids at the substrate to yield 
nonvolatile reaction products which deposit on the substrate. 

The vapor-ion method has several advantages over the 
chemical-vapor technique. Since an electrical discharge 

is used in the vapor-ion method to cause decomposition 
and deposition rather than pyrolysis, coating of substrates 
can be done at much lower temperatures. The lower 
temperatures permit a wider choice of substrate-film 
combinations, including nonmetallic and nonconducting 
materials. 

In recent ye;irs, experiments have shown that many types 
of cht:mical reactions are possible in the presence of 
.electrical discharges. Such reactions include dissociation, 
dissociation-recombination, decomposition, and 
polymerization (1). 1 However, this report will be limited 
to chemical reactions brought about by an electrical 
discharge which results specifically in a film being deposited 
upon a substrate. 

Initially, experiments were conducted with electrodes in 
contact with the gas being investigated and this sometimes 
led to reactions between the electrode material and the gas. 
Thus, many investigators began to use inert gases for ex
periments. In more recent work, electrodeless discharges 
have been produced at radio and microwave frequencies. 
These forms of excitation have been found suitable for 
producing chemical reactions which result in the formation 
of stable compounds. 

From the point of view of chemical reaction and film depo
sition, the luminosity may be regarded as incidental to the 
process. It has been noted that chemical reactions can 
be sustained in a radio-frequency field below the 
threshold, and films have been produced with no atten
dant visible glow. In such glow-discharge reactions, 
existing chemical bonds in the gas molecules are broken 
to create simpler molecules and atoms with some ionization. 
Thermally the gas is cold, but the energy derived from the 
radio-frequency field is sufficiently high to produce 
appreciable excitation among the gas molecules. New 
bonds, and therefore, new molecules form in the cold 
gas. When this results in the formation of a compound 
which normally exists in the solid state, a film is 
deposited on a suitably placed substrate. Films formed by 
this technique .are particularly free from pinholes. Such 
a result is significant in deposition processes. 

1 Numerals in parentheses refer to bibliography listed at end of text. 
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Pinholes: 

In any film-forming process, the number of pinholes per . 
unit area ,should be as low as possible. This is especially 
true of films produced for corrosion protection and in the 
electronic field where films are used as capacitor dielectrics. 
Films formed by glow-discharge methods are particularly 
free from holes. Possibly a mechanism functions whereby 
an incipient pinhole is removed by an increase in electron 
activity at that particular point. Certainly, when glow 
discharges are used t.o clean up vacuum-system components, 
microscopic particles of dust on a surface can sometimes 
be seen to disappear. Thus, the mechanisms described 
should continue to operate throughout the film-growth 
process (2). 

Another favorable aspect of the glow-discharge method is 
that at the relatively high pressures used, material will 
arrive at the substrate surface from all directions. This 
contrasts to the evaporation of metals in high vacuum where 
particles of dust, which fall on the surface of the growing 
film, cast shadows and give rise to tiny areas where 
deposition is absent or.restricted (2, 3, 4). 

The conditions which control the production of stable com
pounds and the formation of films of these compounds are 
numerous and depend on what reactants and products 
exist in the system, as well as what process is utilized. 

Stoichiometric reactions seldom occur in electrical dis
charges. Usually, a much higher percentage of the 
component used as a sweep gas is advisable. In the case of 
decomposition of halides, this would be hydrogen gas or 
sometimes water vapor. Gas-flow rates, system pressure, 
substrate temperature, and reactant gas temperatures, 
all have an effect on the overall process. Since each 
combination would have somewhat different electrical 
properties from any other combination, the field 
strength of the glow-discharge must necessarily vary with 
each combination of reactants and products. 

Early investigations in the field concerned the production 
of coatings on filaments (5), and polymer coatings for 
cutting edges (6). More recently, emphasis has been in the 
production of coatings of silicon-nitrogen compounds 
(3, 4, 7, 8, 9), boron, and boron-nitrogen compounds 
(I 0, I I, I 2, I 3). Investigations have also been done on the 
deposition of metallic films and semiconductor films 
(2, 4, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22). Such 
studies included the characterization of the discharges. 
Generally, the spark and corona discharges took place 
at or near atmospheric pressure and produced an extremely 
luminous and hot gaseous state (3). A glow discharge 
occurs at low pressure, usually below one torr, and is 
characterized by a lower temperature and luminosity 

2 

than the corona discharge. An increase in the electric 
field across the gas results in a change from glow dis
charge to corona discharge at the lower pressures. 

The corona discharge is a low current phenomenon, 
intermediate between a glow discharge and an arc. 
discharge. Using a corona discharge to catalyze or cause 
a chemical reaction is actually the utilization of a suppressed 
spark. The discharge goes through the phenomenon of 
spark buildup without generating a spark. Direct current 
cannot always be used when insulating or dielectric 
films are produced because the buildup of charge on the 
insulated electrode quenches the discharge. An 
alternating rnrrent, high-voltage system is necessary 
so that Llie l'l:!Vt;!rse cycl~ will neutralize this r.hArgr. :md 
remitiate the discharge (20). 

When the deposited film is conductive in nature, a pure 
direct-current discharge can be maintained with the 
reaction occurring at the cathode. Normally, a sweep gas 
must be supplied to provide a source for the decomposed 
component to recombine with, thus forming a stable 
compound that can be exhausted from the system. 

Supplies and Equipment: 

From the considerations made thus far, it may be possible 
to predict whether or not a reaction will proceed in an 
electrical discharge. However the completeness of the 
reaction, the formation of products, and the efficiency 
of use of the reactants have not been placed in a rigorous 
formula. Actually, all of th,ese characteristics are somewhat 
~u11lrullable by varying power inputs or gas-flow rates. 

Where highly reactive gases are involved, the materials of 
construction of the reaction chamber and of the gas manifold 
for ho th inlet and exhaust gases are important. Th is is 
particularly true when a reaction of gases and manifold 
could cause a restriction in the manifold. 

The importance of the frequency output of the power 
supplies is not too well defined. Some reactions involving 
the dissociation of Croup I, II, and III halides have only 
been done by investigators using a 2450 megahertz (MHz) 
magnetron generator (19); while other reactions such 
as the production of boron (also in Group III) from boron 
~alides were carried out at frequencies varying from 
60 Hz to 3 MHz (I 0, 20). Most of the work involving 
the production of organic polymer films has been done 
using a conventional 13.56 MHz radio-frequency 
generator. 



Some of the more common names of electrical discharge 
devices are given in Table I. In general, each type of 
electrical discharge device contains the three elements 

· shown in Figure 1 (23). These elements are a power source, 
a coupling mechanism, and a plasma environment. To 
review Figure 1, the electrical discharge device appears 
simple until one realizes the large numher of combinations 
of power sources, coupling mechanisms, and plasma 
environments. The complexity is also increased by the 
variety of device geometrics and modes of operation 
possible with the sy~tem. 

The element most meaningful in catagorizing a scheme for 
electrical discharge is the coupling mechanism. The mode 
of coupling is resistive when the electrodes are in din:d 
contact with the ionized gas or plasma environment. 
Inductive and capacitive couplings on the other hand do 
not have electrodes in direct contact with the gaseous 
plasma region and are frequently referred to as electrodeless 
discharges (23). 
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The plasma environment (23) can be radically changed by 
altering a few externally controlled variables as shown in 

. Figure 2. Since each device listed in Table I can be 
initiated by resistive coupling to a direct current (DC) 
power supply, the transitions from one type of discharge to 
another can be made by varying only the current, pressure, 
and possibly the electrode spacing. Other transitions from 
the low intensity arc are possible. 

SUMMARY 

In reviewing the literature sources, methods were found 
for depositing films of single elements, compounds, alloys', 
and polymers. The reactions for film production which 
have been reported are given in Tables II, III, IV, and V. 

Some of the typical schematics used by previous investi
gators (references fo parentheses) are shown also in 
Figures 3 (28), 4 (7), 5 (20), 6 (24), 7 (12), and 8 (12). 

TABLE I. Names of Elec.tric~l Discharge Devices.; Flinn (23). 

I. Induction Plasma 
2. Plasma Jet (or torch) 
3. Silent· 
4. Ozonizer 
s. Electrodeless 
6. El<'Cll'onic Torch 
7. Penning 
8. Townsend 

FIGURE 1. Elements of an Electri
cal Discharge Device. Flinn (23). 

POWER 
SOURCE 

direct current 
alternating current 
radio frequency 
microwave 

COUPLING 
MECHANISM 

resistive 
capacitive 
inductive 

PLASMA 
NVIRONMEN 

current level 
pr.essure 

gas flow, 
temperature, etc. 

boundaries 
solid or liquid pho3c3 
electrical fields 
magnetic fields' 

9. Spark 
10. Glow 
11. Arc 
12. Ring 
13. Corona 
14. Semi-Corona 
IS. Microwave 
16. Radio Frequency 

FIGURE 2. Two Routes of Transi
tion from Glow to Arc. Flinn (23). 

1 
GLOW DISCHARGE 

LOW INTENSITY 

(high pressure) .. AR.C DISCHARGE 

I 
(high pressure) 

INCREASING I PRESSURE 

GLOW DISCHARGE ARC DISCHARGE 
(low discharge) (low pressure) 

INCREASING CURREN'f .. 
3 
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TABLE II. Single Element Films. 

Film Deposited 

1. Al 
2. Al 
3. Al 
4. B 
s. B 
6. B 
7. Ba 
8. Be 
9. Be 

10. c 
11. Ca 

. 12. Ce 
13. Cr 
14. Cs 
iS. H 
16. Hf 

17. I( 

18. La 
19. Li 

. 20. Mg 

21. Mo 
22. Na 
2:1. Nb 
24. Ni 
25. Si 
26. Si 
'2'/. Sr 
28. Ti 
29. Ti 
30. v 
31. w 
32. w 
33. Zr 

34. 7.r 

4 

Bibliography 

Reactant Gases Reference 

TABLE III. Compound Films. 
All 3 + H 2 · 13 
AIC1 3 + H 2 13, 19 Films Deposited Reactant Gases 
Al(N0 3 )g + Air 22 
BC1 3 +·H2 10, 13 1. Al 2 0 3 A.l(C, H 1 0)3 + 0 2 , N2 , Ar, or He 
BBr 3 +He, Ar, or H 2 20 2·. BN BBr 3 + NH 3 +·H 2 
B2 H 6 , or BC1 3 +Ar, or H 2 s 3. BN BC1 3 +N2 +H2 · 

BaC1 2 + He, or H 2 19 4. B2 0 3 B(C 2 H 5 )g + 0 2 
BeC12 + He or H 2 19 5. CdS Cd+ H 2 S 
Be(N0 3 ). • 3H2 0 +Air 22 6. Geo, Ge(C 2 H, 0)., + O, 
CH 4 or C 2 H 6 D, 21 7. . SiC SiH 4 + C2 H 4 
CaCl2 + 1-ie or H 2 19 8. SiC Si{C 2 H 5 ). Cl 2 +Ar 
CeF, or. CeC1 3 + H 2 19 9. Si 3 N 4 SiC1 4 + NH 3 + ll2 
Na2 Cr04 • 4H2 O +Air 22 10. Si 3 N 4 SiH 4 + NH 3 
C.sl +He, or H2 19 11 °Si02 SiH 4 + N 2 0 
lCs H, ),Fe·+ H. 1 ?, 21 12. Si02 Si(C 2 H 5 0)4 + 0 2 , N 2 , Ar, or He 
Hfl 4 + H 2 , or Ar 12, 21 13. Sn02 Sn(C2 H, ) 4 + O, 
KI+ He, or H2 19 14. Ti02 TiC1 4 + C02 
LaF., or LaC1 3 + H 2 19 15. Ti02 Ti{C 4 H~ 0)4 + 0 2 , N2 , Ar, or He 
LiF, LiBr, LiC11 or I</ 16. Ti02 T1Cl 4 + N 2 0 +He 

Lil + He, or H 2 17. ZnS Zn+ H 2 S 
MgC12 + He, or H 2 19 
(NH 3 ) 6 Mo · 4H 2 0 + Air 22 
Na! + He, or H2 19 

. NbC1 5 + H 2 21 
(C 5 H 5 ). NI + H 2 12,21 
SiC1 4 + H 2 13, 21 
SiH 4 ?, 

SrCl2 + He, or H 2 19 

K 2 Ti(C 2 0 4 >.. · :lH2 0 +Air 22 
TABLE IV. Alloys. TiC1 4 + H 2 13 

VUSU 4 • 2H 2 0 +Air 22 Film Deposited Reactant Gases 
wc1. 14 
WP 6 ·I· H 2 18 1. Pt'rmalloy (Fe-Ni) (C 5 H 5 ) 2 Fe+ (C 5 H 5 ), Ni 1 II, 
Zrl 4 + H 2 12 
7r0Cl2 • ::JH2 0 +Air 22 

TABLE V. Polymers. 

Film Deposited 

1. Polymers (not 

ictentified) 

2. Polymers (not 
identified) 

3. Polyacetylene 

4. Polyac.rylates, 

perfluorocarbons, 

silicones, and 
polystyrene 

Reactant Gases Reference 

Monomers of ethylene ancl 6 

clihr.-:imor.Efh1oro m~thane 

Ferrocene, vinyl fcrrocene, styrene 25 
methyl methucrylutc, 
naphthalene, or anthracine 

Acetylene + oxygen 26 

Not identified 27 

Bibliography 

Reference 
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24 
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23 
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4 
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2,6 

" 16,24 

24 
2 

16 
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Reference 
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FIGURE 3. Schematic of Flow Discharge Apparatus and Gas Monitoring System. Hollahan (28). 

FIGURE 4. Glow Discharge Apparatus. Swann (7). 
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DE-OXO 

CELL 

TRANSFORMER 
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(BBr3) 

110 VObTS 
60 MERTZ 

TRl\P 
VARIAC (drrlce) 

\acetone 

MANOSTAT 

PUMP 

FIGURE 5. Schematic of System Utilized for Plating in a Corona Discharge. Wales (20). 

FIGURE 6. Schematic of Microwave Discharge. Apparatus. Secrist (24). 
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0 0 

LEGEND 

1. MICROWAVE GENERATOR. 

2. FORVVAHU ANO HEFLECTED POWER METER. 

3. LECTURE BOTTLE. 

4. CONSTANTTEMPERATUREBATH. 

5. TUNABLE RESONANT CAVITY. 

6. REACTION CHAMBER. 

CClCJ 
a 
a 
aco 
COD 
ODD 

7. THERMOCOUPLE PRESSURE GAUGE. 

8. MECHANICAL VACUUM PUMP. 

9. THERMOCOUPLE TUBE. 

10. MERCURY MANOMETER. 

11. CARRIER OR REACTANT GAS. 

FIGURE 7. System for Microwave Discharge Degradation of Toxic 
Gas Analogs and Deposition of Nitride Thin Films. Sibert ( 12). 
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SAMPLE 
SUBSTRATE 

SAMPLE SUPPORT 
AND 

ELECTRICAL CONTACT 

CONTAINERS FOR 
REACTIVE METAL 

COMPOUNDS 

.FIGURE 8. Glow-Discharge Plating Celf for Nonfilamentary Substrates. Sibert (12). 
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A method of depositing silicon, silicon nitride, silicon 
oxide; titanium oxide, molybdenum, and nickel 
is described. The technique utilizes an electrodeless· 
radio-frequency discharge of the appropriate 
gaseous materials to form solid films on appropriately 
placed substrates. Pinhole free, adherent depositions 
are claimed. 

The report discusses many industrial processes 5. Dow Corning Corporation, Midland, Michigan. "A 
method of Coating Metallic Filaments." British 
Patent No. 1,141,551. January 1969. 

involving plasma chemistry. Both high temperature and 
low temperature reactions are reviewed. (Russian 
translation.) 

A table is included also of chemical reactions, 
conditions, and results obtained in plasma 
chemistry. 

2. H.F. Sterling and M. Parnell. "Glow Discharge 
Formation of Inorganic Films for Capacitors." 
Electrical Communication, 43:63-69. 1968. 

3. 

4. 

Silicon nitride is deposited on Mylar sheet. Starting 
gases are silane and ammonia. Dielectric properties, 
capacitance measurements, and dissipation factors are 
correlated to film thickness and conditions under 
which the films were formed. 

H.F. Sterling, J .H. Alexander, and R.J. Joyce. "The 
Deposition of Insulating Coatings in a Radio 
Frequency Glow Discharge." Special Ceramics, 
1967. Proceedings of Symposium of British Ceramic 
Research Association. 1968. Pages 139-151. 

Vapor-phase deposition of silicon and boron nitrides 
and of silicon and titanium dioxides by radio
frequency glow discharge is described. Substrate 
temperatures used were in the range of 25 to 1000 °C. 
All of the films pro·duced are amorphous and pinhole 
free and strongly adherent to a variety of substrates. 

H.F. Sterling, J.H. Alexander, and R.J. Joyce. "The 
Deposition of Adher.e1'lt Coatings of Insulators in a 
Radio Frequency Glow Discharge." Vide, 21 :80-94. 
1966. 

6. 

A process and equipment are described which provide 
for depositing silicon carbide or boron on 
filamentary substrates. The process utilizes a 
direct current glow discharge. The cathode is a 
cylindrical piece of copper through which the 
filamentary material (anode) is passed. 

H.R. Watson. "Polymer Coatings on Cutting Edges." 
British Patent No. I ,106,071. March I 968. 

A process and apparatus are described for depositing 
a polymer film on razor blades, surgical scalpel blades, 
culinary knives, and garden tools. A radio-frequency 
glow discharge through the monomer .in the gas phase 
causes deposition of the polymer coating. 

7. · R.C.G. Swann, R.R. Mehta, and T.P. Cauge. "The 
Preparation and Properties of Thin-Film Silicon 
Nitrogen Compounds Produced by a Radio-Frequency 
Glow Discharge Reaction." Journal of Electrochemical 
Society, 114:713-717. July 1967. 

8. 

Silicon nitride was deposited by a radio-frequency 
glow discharge reaction of silane and ammonia. 
Silane-ammonia concentrations were varied 
between 3 and 50 percent. Change of gas 
concentration was correlated to a change in physical 
and electrical properties of the deposited films. 

H.F. Sterling, J .H. Alexander, and S.Y. Hughes. "A 
Method of Depositing Silicon Nitride." Dritish 
Patent No. I, I 06,510. March 1968. 
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9. 

A process is given for depositing a film of silcon 
nitride on a substrate. Reactant gases are silicon 
tetrachloride, hydrogen, and ammonia. The process 
utilizes a radio-frequency induced plasma tci decompose 
the gases and cause recombination on the radio
frequency heated substrate. 

W.B. Robbins and E.L. Kern. "Growth of 
Thin Film Semi-conductors by using an Electron 
Beam." U.S. Patent No. 3,419, 487. December 

1968. 

A method 1s given for depositing films of cadmium 
sulfide by means of an electrical discharge in an 
atmosphere of hydrogen sulfide. The cadmium, 
already deposited in pure metal form on the substrate, 
reacts with the hydrogen sulfide to form a uniform 
film of cadmium sulfide. 

10. A.E. Hultquist and M.E. Sibert. Glow Discharge 
Deposition of Boron. Advances in Chemistry 
Series No. 80. American Chemical Society, 
Washingtion,D.C.1969. Pages 182-197. 

11. 

Describes apparatus, technique, and experimental 
results for a process to deposit boron from boron· 
halides using a radio-frequency induced glow 
discharge. 

This report along With others by authors at Materials 
Sciences Laboratory, Lockheed, Palo Alto Research 
Laboratory in California are generally confined to 
deposits on filamentary substrates. 

M.E. Sibert, R.D. Wales, and A.E. Hultquist. Forma
tion of Boron Filaments by Electrical Discharge 

12. M.E. Sibert, R.D. Wales, and H.E. Garbutt. Advanced 
Material Deposition Studies. Technical Summary 
Report for Fiscal Year 1968. Lockheed Materials 
Sciences Laboratory, Palo Alto, California. December 
1968. 12 pages. 

A summary of work done on glow-discharge plating 
rea.c:tions. A variety of coatings for refrnctory 
filamentary materials is proposed. Other potential 
applications concerning the use of difficult-to-plate 
materials are discussed. 

13. ME. Siben, R.D. Wale5 and H.E. G:ubutt. AdPancarJ 
Materials Depo1;itiun Studies. Technical Summary 
Report for Fiscal Year.1969. Lockhe~d Materials 
Sciences L:ilmrnt.ory, Palo Alto, California. December 
1968. 16 pages. 

This summary reports on extensions of wo1k done the 
previous year. Microwave-induced plasmas are also 
discussed, particularly as they pertain to detoxifica
tion of gases. Also of particular interest are the 
attempts at deposition of the alloys, permalloy and 
nichrome. 

14. H. S. Spacil. "Metallic Articles Made by Forming a 
Metallic Coating on a Metallic Member.'' British 
PatentNo.1,011,295. Nov.ember 1965. 

Patent describes a process for depositing a metal 
such as tungsten from tungsten hexachloride by 
thermal decomposition of volatilized tungsten 
hexachloride in the presence of a glow discharge. 
Comparison is made of deposition rates with and 
without the glow discharge. 

Processes. Report No. TR-66-93. Air Force Materials 15. F. Grasenick. "Apparatus for the Deposition and 
Decomposition of Films by Electrical Gas Discharge." 
Austrian Patent No. 258,664. December 1967. 

IO 

Laboratory, Palo Alto, California. April 1966. 96 pages. 

Technical report describes work done by Lockheed 
Missiles and Space Company, a Division of Lockheed 

Aircraft Corporation, Palo Alto, California, on an Air 
Force contract. The report describ.es the development 
of at least two methods of formation of boron 
filaments by electrical disdiarge. 

Apparatus is described for the deposition and 

decomposition of films on substrates arranged on a • 
holder or carrier which may either be heated or 
cooled. Mechanism allows for one or more gases to be 
decomposed by glow discharge, Penning discharge, 



or high frequency discharge. No specific examples 
of gases used or films deposited. 

16. Jean Pompei and P. Belin. "A Process for the 
Deposition of Thin Layers.on a Given Substrate by 
Means of a Luminescent Electrical Discharge and an 
Apparatus for the Application of this Process." 
French Patent No. 1,493,110. July 1967. 

A means of depositing thin metal films on a substrate 
by using an electrical discharge is described. Source 
of the metal is in the form of organo-metallic 
compounds such as the alcoholates. An auxiliary 
gas such as argon is also required. Films deposited 
are titanium, aluminum, silicon, or tin. 

I 7. Jean Pompei. "Deposition of Thin Layers by 
Decomposition of Metallic Alcoholates in the Plasma 
of a Luminescent Discharge'." Vide, 2 I :437-441. I 966. 

Thin films of dielectric materials have been formed 
.by the decomposition and recombination of metallic 
alcholates in the plasma of a radio-frequency glow 
discharge. The process is likened to reactive sputtering. 

I 8. D.M. Mattox. Sandia Laboratories, Albuquerque, 
New Mexico. CVD Tungsten in a Gas Discharge. 
Paper presented at the Conference on Chemical Vapor 
Deposition, Gatlinburg, Tennessee. September 12-14, 
1967. . 

A method of deposition of tungsten similar to 
chemical-vapor deposition (CVD) is described. In 
this case, the CVD process was carried out in the 
presence of electrical discharge. 

/ 

19. F .K. McTaggert. The Dissociation of Metal Halides in 
Electrical Discharge. Advances in Chemistry Series 
No. 80. American Chemical Society, Washington, 
D.C. 1969.· Pages 176-181. 
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The paper describes the dissociation of the halides of 
the Group I, II, III, and rare-earth metals. The 
halides are volatilized from small boats contained 
within the reaction tube. Samples were placed 
within the central plasma region. A 400-watt, 
radio-frequency generator operating at a frequency of 
30 megahertz was utilized. Dissociation of the 
chlorides of lithium, beryllium, and aluminum 
was readily achieved. 

20. R.D. Wales. Plating in a Corona Discharge. Advances 
in Chemistry Series No .80. American Chemical 
Society, Washington, D.C. 1969. Pages 198-213. 

This report describes apparatus and procedure for 
depositing boron from boron halides on filamentary 
substrates, using a corona discharge mechanism. A 
continuous coating system is also described. 

21. M.E. Sibert. "Electrical Discharge Vapor Plating." 
Materials Engineering, 85. July I 968. 

A brief description of the potential of the electrical 
discharge vapor plating. Primarily aimed at depositing 
insulating materials on filamentary substrates. 

22. Acme Steel Company, Chicago, Illinois. "Method 
and Apparatus for Radio-Frequency Discharge 
Initiated Chemical Reactions." British Patent No. 
I ,007 ,5 23. October 1965. 

Patent describes a process and apparatus for elec
trical treatment of chemicals. Included with this 
scheme is a rneans of electrically tr~at.ing a mixture 
of aluminum nitrate solution and air, resulting in an 
aluminum film. 

The patent also claims similar methods for plating 
beryllium. zirconium, vanadium, titanium, 
molybdenum. and chromium. 
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23. J.E. Flinn and W.M. Goldberger. A Viewpoint on 
Electrical Discharge Devices and Their Application as 
Chemical Reactors. Advances in Chemistry Series 
No. 80. American Chemical Society. Washington, D.C. 
1969. Pages 441-451. 

This report attempts to show the interrelationship 
between various types of sources of electrical 
power, the coupling mechanism to a plasma environ
ment, and the plasma environment. Also, factors 
of importance in selecting and evaluating devices for 
process use are discussed. 

24. D.R. Secrist and J .D. MacKenzie. Vapor Phase 
Formation uf Noncrystalline Films by a Microwave 
Discharge Technique. Advances in Chemistry Series 
No. 80. American Chemical Society. Washington, 
D.C. 1969. Pages 242-249. 

The.microwave-discharge method was utilized to 
prepare thin films at low temperatures and pressures. 
The major part of the investigation concerned the 
decomposition of metal-organic compounds. 

Amorphous oxide films of silicon, germanium, 
boron, tin; and titanium were readily formed 
when an owgen plflsm::i was maintained. The 
cffecb of lemperat~re, pressure, flow rate, and 
hygroscopic nature of the substrate on deposition are 
examincu. 

25. 13.G. OarlJajal, lII and B.G. Slay, Jr. "Production of 
Thin Organic Polymer Films by Screened Glow 
Discharge.'' U.S. Patent No. 3,318,790. May 1967. 
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A thin polymer filn1 of uniform thickness is 
deposited on a variety of substrates by screened-glow· 
discharge. The substrate is placed in the reaction 
zone, an organic polymer precursor introduced and a 
glow discharge established between a pair of 
electrodes, at least one being perforated and 
interposed between the substrate and the 9ther 
electrode to form an organic polymer which passes 
through the perforated electrode and is deposited 
on the substrate. 

26. C.D. Fisher. "Electrical Discharge Coating with Acety 
lene Oxygen Polymers." U.S. Patent No. 3,457,156. 
July 1969. 

High-molecular weight protective coatings are 
applied to metal substrates by initiating an 
electrical discharge between the substrate and 
another electrode in an atmosphere of acetylene. 

The initial acetylene pressure decreases as the discharge 
is continued until the desired thickness is obtained. 
The initial coating is then oxidized in oxygen 'to 
red.uce the odor and form a uniform gold-colored 
film that has good solvent and corrosion resistance. 

27. J.H. Coleman. "Polymeric Coatings by Glow 
Discharge." British Patent Nos. 1,012,745 and 
1,012,746. December 1965. 

An apparatus is described for continuous coating 
· of conductive or nonconductive substrates with 

polymer films. A high voltage alternating current 
power supply is utilized to sustain the glow 
discharge. Typical substrates are 0.002-inch 
:iluminum foil, vulyelhylene, and polyprophylene. 

Polyrne1ic cuartngs are t.ypkally made from such 
starting materials as toluene vapor, acrylic acid, 
monomer vapor, gaseous styn:ne, tetra·fluorethykne, 
and benzene. 

28. J.R. Hollahan and R.P. McKeever.. Radio Frequency 
Electrodeless Synthesis nf Polymers. Rcactinn of 
CO, N 2 , and H2 . Advances in Chemistry Series 
No. 80. American Chemical Society. Washington, 
D.C. 1969. Pages 272-279. 

Em ploying radio-frequency (RF) electrodeless 
excitation at 13.56 microhertz products, undoubtedly 

· polymeric in nnture, were synthesized from the simple 
inorganic gas reactants, CO, H2 , and N2 . Synthesis 
carried out at 300 watts, radio-frequency power, and from 
0.3 lo 2 .5 torr system pressures indicate controllable 
percent nitrogen into the polymer by regulation of 
the nitrogen flow rate, when other gas flow rates are 
constnnt. 




