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THIN FILM'C'OILS AND METHOD AND 
APPARATUS FOR MAKING THE sAME 

BACKGROUND OF THE INVENTION 
Thisi-nvention relates to inductance coils and more 

vparticularly to thin ?lm coils and to a method and appa 
ratus for making them. 

In the present state of micro circuit technology, inter 
connections between chips are made by welding, sol 
dering, or mechanical fastening of metal wires or rib 
bons. It is generally recognized that such forms of con 
nections represent signi?cant sources of circuit fail 
ures. The present invention contemplates minimizing 
such problems and providing other advantages by the 
use of thin ?lm inductance coils. For example, such 
coils afford the introduction of inductor components 
into micro-circuitry. Still further, by appropriate com 
bination of coils the‘provision of strong and dependable 
interconnections, transformers and switches are made 
available. 
Thin film coils have been made experimentally here 

tofore by directing vapors of metal and insulating mate 
rial through separate apertures onto a rotating sub 
strate to form a continuous coil of a desired number of 
turns. This procedure imposes certain signi?cant struc 
tural limitations on the coils produced thereby. For ex 
ample, only one coil may be produced at one time. 
Moreover, the coils must of necessity be circular in 
shape and therefore the inside area de?ned by the coil 
constitutes a significant waste of valuable substrate sur 
face. Still further, the procedure limits the deposition 
of insular material to but a single ?lm, with consequent 
high incidence of coil failure due to electrical shorting 
between turns. In addition the procedure does not ac 
commodate the making of multiple coils and coupling 
cores and therefore cannot be employed for the fabri~ 
cation of transformers. 

SUMMARY OF THE INVENTION 

In‘its basic concept the present invention provides for 
the production of coils in which each of a plurality of 
turns of superimposed layers of conductor metaland 
insulating material is formed in successive intercon 
nected segments. I ' 

It is by virtue of the foregoing basic concept that the 
principle objective of this invention is achieved; 
namely, to overcome the above enumerated disadvan 
tages associated with micro-circuit technology and with 
prior thin film coils. 
Another important object of this invention is to pro 

vide a method and apparatus by which coils may be 
formed with a plurality of concentric coils of any de 
sired shape, size and number of turns. 

Still another important object of this invention is to 
provide a method and apparatus by which coils may be 
provided with multiple layers of insulating material be 
tween conductor metal turns to insure proper insula 
tion. 
A further object of this invention is to provide a 

method and apparatus by which multiple coils may be 
formed simultaneously on a single substrate to form 
transformers of various types and con?gurations. 

‘ A still further important object of this invention is to 
provide a simpli?ed method and apparatus by which to 
produce coils and transformers of high quality at mini 
mum cost. 
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The foregoing and other objectsandadvantages of 
I this invention will appear from the foregoing detailed 
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description taken in connection with the accompanying 
drawings of preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary, foreshortened vertical eleva 
tion, partly in section, showing in some what schematic 
form apparatus embodying the features of this inven 
tion. 
FIG. 2 is a sectional view taken along the lines 2-—2 _. 

in FIG. 1. . 

FIGS. 3~7 are plan views of various apertured'masks 
for use in fabricating an inductance coil. 
FIGS. 8-14 are plan views illustrating the sequential 

steps in fabricating an inductance coil by use of the 
masks illustrated in FIGS. 3-7. 
FIG. 15 is a plan view showing a plurality of concen 

tric coils mounted on a single substrate. 
FIG. 16 is a vertical section illustrating a transformer 

constructed from two inductance coils of FIG. 14. 
FIGS. 17-23 are plan views of various apertured 

masks for use in fabricating a multiple secondary trans 
former. . 

FIGS. 24-31 are plan views illustrating the sequential 
steps in fabricating a multiple secondary transformer 
by use of the masks illustrated in FIGS. 17-23. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 2 of the drawings, the appa 
ratus includes a housing adapted to be evacuated. In 
the embodiment illustrated this housing comprises a 
base 10 and a bell jar 12, preferably transparent, sup 
ported removably thereon. A seal 14 is interposed be 
tween the base and bell jar to provide a vacuum tight 
seal, as will be understood. A conduit 16 extends 
through the base for connection to a vacuum pump 
(not shown) for evacuating the housing. 
A supporting framework, including sub-base l8 and 

spaced vertical posts 20, is mounted on the base within 
the housing. The upper inturned ends of the posts 
mount a substrate heater unit 22 and underlying sub 
strate support 24 for a substrate 26. The substrate is se 
cured removably to the support by spaced clamps 28, 
although other conventional means such as set screws, 
spring clips, or other suitable form of retainer may be 
employed. 
The heater unit is provided for heating the substrate 

support and hence the substrate mounted thereon. In 
the embodiment illustrated the heater unit includes an 
electric heater 30 connected to a suitable source of 
electric potential by means of electrical conductors 32 
which extend through suitably sealed openings in the 
base 10. 
Means is provided in the housing for supplying va 

pors of electrically conductive metal and electrical in 
sulation material selectively for deposition on a sub 
strate. In the embodiment illustrated such means com 
prise a pair of spaced crucibles 34 and 36 supported 
above the subbase. Each crucible is provided with 
means for heating to vaporization the metal or insulat 
ing material contained therein. Any of a variety of heat 
ing means may be employed, such as an electron beam, 
a laser beam, an electric are, or an induction heater. 
Sputtering also may be employed as the technique for 
vaporizing the materials. The source illustrated merely 



for ‘this explanation-‘is an electric heater element 38 
contained within each crucible and connected through 
a pair of supporting bus bars 40 to a suitable source of 
electric potential, by electrical conductors which ex 
tend through suitably sealed openings in the base. 

Electrically conductive metal to be deposited on a 
substrate may be selected from a wide variety of metals 
such as gold, nickel, aluminum, chromium, silver, tan 
talum and others. The form of the metal selected is de 
pendent in part upon the type of heating employed to 
vaporize it. In the illustrated embodiment the heater 
element is a wire of tungsten or other suitable metal 
heated by high current, and the vaporizable metal is 
provided in a form capable of being wrapped around 
the wire in crucible 34. 
The electrical insulating material to be vaporized and 

deposited on the substrate may be aluminum oxide, sili 
con dioxide, tantalum pentoxide and various other ox 
ides well known in the art for their dielectric proper 
ties. In the embodiment illustrated the material is 
placed in the crucible 36 for heating by the resistance 
wire heater. 
The substrate 26 preferably is made of the same di 

electric material as the electrical insulating material in 
order to minimize differences in thermal expansion. 
However, it will be recognized that the substrate may 
be made of other suitable materials. 

It will be understood that vapors of the materials in 
the crucibles progress through the evacuated space of 
the housing along optical paths between the crucibles 
and substrate. Accordingly, means is provided for in 
tercepting said optical paths selectively to prevent the 
passage of one or both of the vapors from the asso 
ciated crucibles to the substrate. In the embodiment il 
lustrated such means is provided by a shield plate 42 
which is supported in horizontal position above the cru 
cibles by means of an operating rod 44. This rod ex 
tends downward through a suitably sealed opening in 
the base. The lower end of the rod projecting down 
ward from the base provides a handle by which the rod 
may be rotated on its vertical axis. By this means the 
shield plate may be swung on said vertical axis to inter 
cept or expose the optical path between the substrate 
and each of the crucibles. ' 

In accordance with the present invention an induc 
tance coil is fabricated by depositing on a substrate, in 
superimposed layers, alternate ?lms of electrically con 
ductive metal and electrical insulating material in suc 
cessive segments of each ofa plurality of coil turns. Ac 
cordingly, means is provided for directing the vapor 
ized materials onto the substrate in predetermined pat 
terns to produce said successive segments. In the em 
bodiment illustrated this means is provided by a plural 
ity of apertured masks which are described more fully 
hereinafter. Each mask is mounted, preferably remov 
ably, on a mask holder for movement between a re 
tracted position away from the substrate and an opera 
tive position interposed between the substrate and the 
crucibles. 1 

In the embodiment illustrated, mask holders are dis 
posed about the substrate at 90° intervals. In order to 
accommodate up to eight different masks, the mask 
holders are arranged in cooperating pairs, as best illus 
trated in FIG. 1. Thus, both mask holders 46 and 48 of 
a pair are mounted for pivotal movement on a common 
pivot shaft 50 supported by bearing tabs 52 extending 
laterally from the substrate support 24. A projecting 
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4 
arm 54 on each holder is connected pivotally through 
a link 56 to the upper end of an operatingrod 58. The 
rod extends downward slidably through a guide open 
ing in alateral bracket 60 on a vertical post 20, thence 
through an aligned guide opening in the sub-base l8, 
and thence through a suitably sealed opening in the 
base 10. The lower end of the rod provides a handle by 
which it may be moved vertically to effect movement 
of the associated mask holder between the aforemen 
tioned retracted and operative positions of the sup 
ported mask. 
The arrangement of cooperating pairs of mask hold 

ers allows the mask carried by the inner holder 46 to 
be moved between retracted and operative positions 
independently of the mask carried by the associated 
outer holder 48. Movement of the mask carried by the 
outer holder to its operative position results in simulta 
neous movement of the associated inner mask to opera 
tive position interposed between the outer mask and 
the substrate 26. The cooperation between the inner 
and outer masks of an associated pair of holders is ex 
plained more fully hereinafter. 

It will be understood that if the number of masks re 
quired for the fabrication of a particular type of coil or 
transformer are fewer than eight, each unused mask 
holder has a sufficiently large opening 62 so as not to 
interfere with the proper function of the mask carried 
by the associated holder. Alternatively, the number of 
mask holders may be reduced correspondingly, as will 
be understood. 
The method of this invention and the operation of the 

apparatus described hereinbefore as best explained by 
the following descriptions of the fabrication of induc 
tance coils and transformers. 
Considering first the fabrication of a single induc 

tance coil, reference is made to FIGS. 3-14. 
The substrate 26 ?rst is provided with a pair of 

spaced electrically conductive terminals 64 and 66 
(FIG. 8). These may be formed by vapor deposition, by 
printed circuit technique, or by any other suitable 
means. One of the terminals, for example terminal 64, 
extends farther inward from the margin of the substrate 
than the other terminal 66, as illustrated. 
The substrate is mounted in the substrate support 24, 

the bell jar 12 is mounted in place on the base 10 and 
the housing then is evacuated to at least 1 X 10“4 torr. 
The substrate then is heated by heater 30 to its appro 
priate deposition temperature. 
The first deposition on the substrate is a film of elec 

trically conductive metal to form the ?rst segment of 
the ?rst turn of the coil, Accordingly, the mask 68 illus 
trated in FIG. 3 is moved to operative position adjacent 
the substrate. With the shield 42 positioned across both 
crucibles, the heater 38 for the crucible 34 containing 
the vaporizable metal is adjusted to the desired conduc 
tor metal deposition rate, the metal in the crucible is 
outgassed and the shield then is moved out of the opti 
cal path between the crucible 34 and the substrate 26. 

‘ The metal vapors pass through the opening 70 in the 
mask 68 and are deposited on the substrate to form the 
segment 72 illustrated in FIG. 9. It is to be noted that 
this segment is in electrical contact with the longer ter 
minal 64. 
When the desired thickness of the conductor seg 

ment is attained, for example about 1000 Angstroms, 
the shield 42 is moved back to cover both crucibles, the 
mask 68 is retracted and the mask 74 illustrated in FIG. 



5 
4 is moved to operative position. The insulating mate 
rial in the crucible 36 is outgassed, the heater 38 asso 
ciated therewith is adjusted to proper operating tem 
perature to provide the desired-deposition rate, and the 
shield then moved out of the optical path between the 
crucible 36 and the substrate 26. The vapors ofinsula 
tion material pass through the aperture 76 in the mask 
74 and deposit on the substrate to form the insulation 
segment 78 illustrated in FIG. 10. It is to be noted that 
this segment of insulating material covers all but one 
end portion 72' of the underlying conductor segment 
72. 
Although the ?lm of insulating material may be pro 

vided as a single layer of predetermined thickness, the 
preferred procedure is‘ as follows: The deposition is 
stopped when about one half of the total desired ?lm 
thickness is deposited, and the pressure of the vacuum 
system is increased to about I00 milli-_torr by such 
means as'a variable leak valve. Gasses such as argon 
and nitrogen may be used to back?ll the vacuum cham 
ber. The leak valve then is turned off and the pressure 
is allowed to return to its original operating level, after 
which the second half of the insulator film is deposited. 
After the insulator film has been deposited, for exam 

ple to a total thickness of about 1000 Angstroms, the 
shield 42 is returned over the crucible 36 and the mask 
74 is retracted. The pair of masks 80 and 82 illustrated 
in FIGS. 5 and 6 then are moved to operative position, 
with the mask 80 interposed between the mask 82 and 
the substrate 26. This is achieved by mounting masks 
80 and 82 on holders 46 and 48, respectively, of a pair. 
The shield now is moved to expose the conductive 
metal in the crucible 34, whereupon metal vapors are 
caused to pass first through the aperture 84 in mask 82 
and then through the aperture 86 in mask 80. The va 
pors deposit on the substrate to form the second seg 
ment 88 of the ?rst turn of the inductance coil, as illus 
trated in FIG. II. It is to be noted that one end of this 
second segment overlaps the exposed end portion 72’ 
of the first segment, and therefore is in electrical 
contact therewith, and that the opposite end of the sec 
ond segment overlaps a portion of the underlying ?rst 
segment 78 oftinsulating material. It is to be noted fur 
ther that the use of the mask 82 illustrated in FIG. 6 in 
combination with the mask 80 illustrated in FIG. 5 has 
caused the lower portion 86’ of the aperture 86 of the 
mask 80 to be covered. Thus, conductive metal vapors 
have not been allowed to deposit on the substrate in 
contact with the shorter terminal 66. 

In the embodiment illustrated, each coil turn is made 
of two segments. It will be apparent that each turn may 
be made of more than two segments, by provision of 
appropriate numbers of masks provided with appropri» 
ately shaped apertures. ~ 
When the desired thickness of conductor metal has 

been deposited to complete the second segment 88 of 
the ?rst turn, the shield 42 is returned to cover the cru 
cible 34, the masks 80 and 82 are retracted and the 
mask 90 illustrated in FIG. 7 is moved to operative po 
sition. The shield then is moved to expose the crucible 
36, thereby allowing the passage of insulation material 
vapors through the aperture 92 in mask 90, for deposit 
ing the second segment 94 of insulating material, as il 
lustrated in FIG. 12. This ?lm of insulating material 
overlaps the ?rst segment 78 of insulating material and 
all but one end portion 88' of the second segment 88 
of conductive metal, as illustrated. 
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The foregoing deposition steps are repeated sequen 

tially until all but the last of the desired number of coil 
turns and insulator ?lms have been deposited in super 
imposed layers. When the ?rst segment of the last turn 
of conductive metal and insulating material have been 
deposited, in the manner illustrated in FIG. 10, the sec 
ond segment 98 of the last turn of conductive metal is 
deposited by using only the mask 80 illustrated in FIG. 
5, i.e. without combination with the mask 82 illustrated 
in FIG. 6. The deposition of the conductive metal seg 
ment 98 resulting therefrom is illustrated in FIG. 13. It 
can be seen that this last segment of conductive metal 
includes the extension 98' which makes electrical 
contact with the shorter terminal 66. Thereafter, the 
final insulating segments are deposited by sequential 
use of the masks 74 and 90 illustrated in FIGS. 4 and 
7 to complete the coil, as shown in FIG. 14. 

It should be .noted here that the foregoing method 
and apparatus are capable of producing inductance 
coils of any desired shape, size and number of turns. Al 

' though the coil con?guration illustrated in FIGS. 3—l4 
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is rectangular, it may be circular, triangular, square, or 
any other shape desired. The size of the coil may be less 
than 1%; inch in its longest dimension, while a few thou 
sandths of an inch total thickness accommodates sev' 
eral thousand coil turns. 
Another advantage attending the case of apertured 

masks for the deposition of coil segments, resides in the 
ability to provide masks for producing simultaneously 
a plurality of concentric coils on a single substrate. 
Such a multiple coil arrangement is illustrated in FIG. 
15, wherein there is shown three concentric coils sup 
ported on a single substrate. 
Although’ the coils are illustrated as being intercon 

nected to form a single coil of the sum of all three coil 
turns, it will be understood that the coils may be sepa— 
rated, each with its own pair of terminals, to provide a 
plurality of separate coils on a single substrate. These 
separate coils may be produced simultaneously by 
masks provided with multiple apertures. 
Coils produced in the manner described hereinbefore 

may be utilized as inductor components in micro 
circuitry. On the other hand, two or more such coils 
may be combined to provide a transformer. One such 
form of transformer is illustrated in FIG. 16. Therein is 
shown two such coils 100 and 102 arranged in spaced 
apart relation with their respective substrates 104 and 
106 secured to a support 108 of dielectric material. Un 
derlying this support is ferro-magnetic plate 110. 
Aligned openings are provided through the substrates, 
support and plate in registry with the central openings 
de?ned by the coils. A bar 112 of ferro magnetic mate 
rial supports a pair of spaced legs 114 of similar mate 
rial which extend removably through the aligned open 
ings and make physical contact with the underlying 
plate 110. The plate, bar and legs thus form a ferro 
magnetic core which couples the coils together. One _ 
coil is usable as a primary winding of a transformer and 
the other as a secondary. Since the assembly of bar 1 12 
and legs 114 is removable, the transformer may serve 
the function of a switch. It will be apparent to those 
skilled in the art that if the plate 110, bar 112 and legs 
114 are formed as a ?xed, continuous ferro-magnetic 
loop coupling the coils 100 and 102 together, the re 
sulting transformer may serve as an electrical intercon 
nection between the substrate 104 and 106. 
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FIGS. 17-31 illustrate the masks and method steps by 
which to fabricate ‘a transformer having a permanent 
core which couples to a primary winding a step-down 
secondary winding and another secondary winding hav 
ing the same number of turns as the primary. In fabri 
cating this transformer, the substrate 120 ?rst is pro 
vided (FIG. 24) with a pair of electrically conductive 
terminals 122 and 124 for the primary winding, a pair 
of terminals 126 and 128 for the step-down secondary 
winding and a pair of terminals 130 and 132 for the 
equal turns secondary winding. The substrate also is 
provided with magnetic core segments 134 and 136 for 
coupling the primary winding to the secondary wind 
ings. The intermediate portion of each of these core 
segments is overlaid with a film 138 of electrical insu 
lating material such that the opposite end portions of 
the core segment are exposed. The substrate 120 then 
is mounted in the substrate support. 
The first deposition on the substrate is provided by 

moving the pair of masks 140 and 142 illustrated in 
FIGS. 17 and 18 into operative position across the sub 
strate, with mask 142 interposed between mask 140 
and the substrate. It is to be ,noted that the aperture 144 
of mask 142 does not interfere with, or modify, the ap 
ertures 146, 148 and 150 of mask 140. However, it is 
interposed between mask 142 and the substrate be 
cause it is used by itself in a later deposition step. Va 
pors of electrically conductive metal then are directed 
through the apertures of mask 140, in the manner pre 
viously described. This results in the deposition of the 
first electrically conductive metal segments 152, 154 
and 156 of the ?rst turns of all three windings, as illus 
trated in broken lines in FIG. 25. The masks 140 and 
142 then are retracted. 

It is to be noted that these first segments of electri 
cally conductive metal are deposited in electrical 
contact with one of the associated pair of terminals, for 
example terminals 122, 126 and 130, respectively, 
whereby to provide electrical connection at one end of 
each coil. It is to be noted further, by comparison of 
FIGS. 24 and 25, that these first segments are spaced 
from the exposed ends of the core segments 134 and 
136 by depositing a portion of the segments on the in 
termediate layer 138 of insulating material and the re 
mainder on the substrate 120. 
The second deposition is provided by moving the 

mask 158 illustrated in FIG. 20 to operative position 
and directing vapors of insulating material through its 
apertures 160, 162 and 164 onto the substrate. This re 
sults in the deposition of the ?rst segments 166, 168 
and 170 of insulating material over the respective ?rst 
segments 152, 154 and 156 of conductor metal, as illus 
trated in FIG. 25. It is to be noted that each of these in 
sulator segments covers all but one end portion of the 
associated underlying segment of conductor metal. The 
mask 158 then is retracted. v 

The third deposition is provided by moving the masks 
172 and 174 illustrated in FIGS. 21 and 22 into opera 
tive position, with mask 174 interposed between mask 
172 and the substrate 120. The aperture 176 of mask 
172 serves to expose all of the apertures 178, 180 and 
182 of mask 174 except the projecting portions 178’, 
180’ and 182' thereof. Vapors of conductive metal 
then are directed through the mask apertures onto the 
substrate to provide the deposition of the second seg 
ments 184, 186 and 188 of the first turns of conductive 
metal forthe coils, as illustrated in FIG. 26. It is to be 
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8 
noted, by comparison of FIGS. 25 and 26, that one end 
of each of these second segments overlaps the exposed 
end portion of the associated ?rst segment of conduc 
tive metal and that the opposite end portion of the sec 
ond segment overlaps the corresponding end portion of 
the ?rst segment of insulating material. 
The fourth deposition is provided by moving the 

mask 190 illustrated in FIG. 23 into operative position 
and directing vapors of insulating material through its 
apertures 192, 194 and 196 onto the substrate. This 
provides the second segments 198, 200 and 202 of in 
sulating material for the ?rst turn of each coil, as illus 
trated in FIG. 26. These insulating segments cover all 
but one end portion of the underlying second segments 
of’conductor metal, as illustrated. Thus, the ?rst com 
plete turn o'f'each coil is completed. 
The foregoing four depositions are repeated sequen 

tially until there has been deposited on the substrate 
the desired number of coil turns for the step-down sec 
ondary winding 204 (FIG. 29). 
The ?fth deposition is provided by moving the masks 

140 and 142 illustrated in FIGS. 17 and 18 into opera 
tive position and directing therethrough vapors of elec 
trically conductive metal. This provides the deposition 
of the ?rst segments 206 and 208 (FIG. 27) of conduc 
tive metal for the next subsequent turn of the primary 
winding 210 and equal turns secondary winding 212, 
respectively (FIG. 29). It also provides a deposition of 
a corresponding segment 214 of conductive metal 
overlaying the step-down secondary winding 204, but 
this does not constitute an additional winding, as will 
become apparent. 
The sixth deposition is provided by moving the masks 

216 and 158 illustrated in FIGS. 19 and 20 into opera 
tive position with the mask 158 interposed between 
mask 216 and the substrate. Vapors of insulating mate 
rial then are directed through the masks to provide the 
deposition of segments 218 and 220 illustrated in FIG. 
27. It is to be noted that these insulating film segments 
cover only the respective conductive metal segments 
206 and 208 associated with the primary winding and 
equal turns secondary winding. This is evident from 
FIGS. 19 and 20 wherein the apertures 222 and 224 are 
shown to register only with apertures 160 and 164 of 
mask 158 and no aperture is provided in mask 216 for 
registry with aperture 162 of mask 158. Accordingly, 
mask 216 has prevented deposition of insulating mate 
rial over the segment 214 of conductive metal depos 
ited over the step-down secondary winding. 
The seventh deposition is provided by moving the 

masks 172 and 174 illustrated in FIGS. 21 and 22 into 
operative position and directing vapors of conductive 
metal therethrough. The depositions thus provided are 
the same as those illustrated in FIG. 26. 
The eighth deposition is provided by moving the 

mask 190 illustrated in FIG. 23 into operative position 
and directing vapors of insulating material there 
through. These depositions of insulating ?lms also are 
the same as those illustrated in FIG. 26. 
The foregoing ?fth, sixth, seventh and eighth deposi 

tions are repeated sequentially until there has been de 
posited all but the last one of the desired number of 
turns for the primary winding 210 and the equal turns 
secondary winding 212. The ?rst segment of conduc 
tive metal and insulating material for the last turn then 
are provided by repeating the ?fth and sixth deposi 
tions. 



9 
The ninth deposition is provided by moving the mask 

174 illustrated in FIG. 22 into operative position while 
retaining the associated mask 172 illustrated in FIG. 21 
in retracted position. Vapors of conductive metal then 
are directed through the mask apertures to provide de 
position of the conductive metal segments 226, 228 
and 230 illustrated in FIG. 28. It is to be noted that 
each of these segments includes an extension which 
makes electrical contacttwith the associated second 
terminal 124, 128 and 132, respectively, of each pair. 
Each pair of terminals thus provides electrical connec 
tion to the opposite ends of the associated coil. 
The tenth and eleventh depositions are provided by 

moving the masks 158 and 190 illustrated in FIGS. 20 
and 23 sequentially into operative position and direct 
ing vapors of insulating material therethrough. These 
depositions provide an insulating ?lm 232 covering the 
completed windings, as illustrated in FIG. 29. 
The twelfth deposition is provided by moving the 

mask 172 illustrated in FIG. 21 into operative position 
while retaining the mask 174 illustrated in FIG. 22 in 
retracted position. Vapors of magnetic metal then are 
directed through the mask to provide the deposition 
234 illustrated in FIG. 30. This deposition completes 
the transformer, as shown in FIG. 31. It is to be noted 
that this deposition constitutes a second segment of the 
transformer core and it makes electrical contact with 
the exposed opposite ends of the underlying ?rst seg 
ments 134 and 136 of the core to provide continuous 
loops of metal which couple together the primary wind 
ing 210 and each of the secondary windings 204 and 
212. 

It will be apparent from the foregoing that various 
other transformer con?gurations may be fabricated, as 
desired. For example, additional secondary windings 
may be included by appropriate provision at different 
masks. Step-up secondary coils may be provided by 
providing masks to shield the other windings from addi 
tional depositions. By omitting the core segments and 
providing removable cores, in the manner illustrated in 
FIG. 16, such multiple secondary transformers also 
may be employed as switches. 
The foregoing and many other variations may be 

made within a wide range of coil shapes and sizes, as 
will be understood. As an illustration, the double sec 
ondary transformer illustrated in FIG. 31 may be fabri 
cated on a substrate that is one-half inch square. 
Smaller or larger substrates may be employed, as will 
be apparent. 

It will be further apparent to those skilled in the art 
that various other changes may be made in the size, 
shape, number and arrangement of parts of the compo~ 
nents of the coils, transformers and apparatus, as well 
as the number, type and arrangement of method steps 
described hereinbefore, without departing from the 
spirit of this invention. 
Having now described my invention and the manner 

in which it may be used, I claim: 
I. The method of making an inductance coil, com 

prising depositing on a planar surface of a substrate in 
superimposed layers alternate ?lms of electrically con 
ductive metal and electrical insulating material, to form 
a plurality of superimposed coil turns of said metal sep 
arated by interposed films of said insulating material, 
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10 
each metal coil turn being formed by depositing succes 
sive segments of said metal, with the leading end por 
tion of each segment being overlapped by the trailing 
end portion of the next succeeding segment and the 
leading end portion of the last segment of each turn 
overlapping the insula-tin g material covering the trailing 
end portion of the ?rst segment of the underlying coil 
turn. . 

2. The method of claim 1 wherein the plurality of 
coils are supported on the substrate in spaced, concen 
tric relation. 

3. The method of claim 1 wherein the films of metal 
and insulating material are deposited from vapors 
thereof. 

4. The method of claim 1 including 
a. providing the substrate with a pair of spaced termi~ 

nals, 
b. depositing the ?rst coil segment of metal in electri 

cal contact with one of said terminals, and 
c. depositing the last coil segment of metal in electri 

cal contact with the other of said terminals. 
5. The method of claim 1 including 

. depositing on a substrate a ?lm of electrically con 
ductive metal in the form of a segment of a turn of 
a coil, 

b. depositing over all but one end portion of said seg 
ment of metal a ?lm of electrical insulating mate 
rial; _ 

c. depositing on the substrate a ?lm of electrically 
conductive metal in the form of a second segment 
of said turn of a coil, with one end of the second 
segment of metal in contact with the exposed end 
of the ?rst segment of metal and the opposite end 
of the second segment of metal overlapping the 
film of insulating material covering the first seg 
ment of metal, 

d. depositing over all but one end portion of the sec 
ond segment of metal a film of electrical insulating 
material, and . 

e. repeating said deposition steps sequentially to form 
a predetermined number of coil turns. 

6. The method of claim 1 for making a transformer 
having a primary coil and at least one secondary coil, 
the method including 

a. the initial step of depositing on the substrate for 
each secondary coil a ?lm of magnetic metal in the 
form of a segment of a core for coupling the pri 
mary coil and each secondary coil, , 

b. depositing over an intermediate portion of said 
metal core segment a film of electrical insulating 
material, ‘ 

c. depositing said successive segments of coil turns 
for the primary coil and each secondary coil about 
and spaced from the exposed end portions of the 
associated metal core segment, and 

d. after forming the primary and secondary coils, de 
positing over the last ?lm of insulating material a 
?lm of magnetic metal in the form of a second seg 
ment of said core in electrical contact with the first 
segment of the core. 

7. The method of claim 6 wherein the ?lms of metal 
and insulating material are deposited from vapors 
thereof. 
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