United States Patent

Kerner

(19]

(o 3,919,525
(451 Nov. 11, 1975

[54] VAPORIZER APPARATUS FOR VAPOR
DEPOSITION EQUIPMENT

[75] Inventor: Karl Kerner, Stuttgart, Germany
{73] Assignee: Robert Bosch G.m.b.H., Stuttgart,
Germany

[22] Filed: Jan. 28, 1974
[21] Appl. No.: 437,318
{30] Foreign Application Priority Data

Feb. 24, 1973  Germany.........ooocoveuueennn.. 2309405
[52] US.CL......... 219/271; 118/49.1; 219/275
[SIT Int. CL2 ..o, F22B 1/28
[58] Field of Search...... 219/271, 272, 275; 118/48,

118/49, 49.1, 49.5; 117/107, 107.1
[56] References Cited
UNITED STATES PATENTS

2,339,613 1/1944  Becker et al..........con........ 118/49 X
2.373.823 4/1945  Gold ..ccovevivieiieeeeenn, 118/49 X
3,015,587 1/1962  MacDonald ...........co......... 118/49 X
3,068.337 12/1962  Kuebrich et al. ............... 219/275°'X
3.246.626 4/1966  Betar .....coccovvevverieeeeeeeinens 118/49

3,598,957 8/1971  Yasuda et al..c.ooocerennnnne 219/271
3,637,980 1/1972  Foxetal.....ccceveennnnnn 219/275 X
3.698,946  10/1972 Kaspaul et al. ................. 117/107 X
3.715.234 2/1973  Stott .......... JEOTRRRRRPRON 117/107 X

Primary Examiner—C. L. Albritton
Arntorney, Agent, or Firm—Flynn & Frishauf

[57] ABSTRACT

An elongated vaporizer, which may be a longitudinal
wire, is mounted on a parallel current bus aligned near
the axis of the vapor deposition vacuum vessel. Two
or more such combinations provided in a vapor depo-
sition vessel are arranged to lie in a vertical plane and
collecting pans are mounted on each current bus be-
neath each vaporizer. A glow discharge electrode is
also mounted in this vertical plane. Heating current is
applied to one end of each vaporizer by an insulated
lead. The other end of the vaporizer is connected rig-
idly to the supporting bus which is grounded to the
vessel wall. The vertical arrangement in one plane
makes possible a wide effective angle over which
vapor deposition is effective.

8 Claims, 7 Drawing Figures
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VAPORIZER APPARATUS FOR VAPOR
DEPOSITION EQUIPMENT

This invention relates to vaporizing apparatus for use
in the high vacuum vapor deposition process for depos-
iting vaporizable material in layers covering a relatively
large area.

The vaporizing apparatus, which forms the actual
source of the vapor in vapor deposition equipment,
consists either of a row of smaller vaporizers, usually in
spiral shape or in the form of vaporizing boats, or else
consists of a vaporizer wire running more or less along
the axis of an elongated vacuum vessel. If two or more
different layers are to be vapor deposited, a second and
other additional vapor deposition apparatus can be dis-
posed parallel to the first in the same vessel.

The known vaporizing apparatus for vapor deposi-
tion equipment have a number of disadvantages. The
usable solid angle in which the vaporizer is effective is
relatively small because of unfavorable geometry of the
arrangement and, furthermore, when two or more va-
porizers for different materials are provided in a vessel,
they deposit material on each other.

It is an object of the invention to provide a vaporizing
apparatus for vapor deposition equipment which with
a simple construction arrangement will provide a wide
solid angle of effectiveness of vapor transfer and will be
reliable in operation. It is a further object of the inven-
tion to provide vapor deposition apparatus including a
plurality of vaporizers for different materials in which
vapor deposition on the idle vaporizer or vaporizers is
largely eliminated.

SUBJECT MATTER OF THE PRESENT
INVENTION

Briefly, both the vaporizer elements and the electric
current leads necessary for their current supply are dis-
posed parallel to the axis of the vacuum vessel used for
vapor deposition and they are arranged to lie substan-
tially in the same plane. In a particularly advantageous
arrangement, the plane in which the vaporizing means
and their current leads are located is a vertical plane.
The vertical arrangement has the advantage that with-
out the provision of additional supporting members and
without reduction of the solid angle of vapor transfer
a drip pan for catching loosened vaporizing material
dropping off the vaporizer can also be provided in the
same plane, preferably mounted on a current lead be-
neath the vaporizer.

The longitudinal wire type ‘of vaporizer element is
preferred for the above-described apparatus because in
this case the effective solid angle, including all the di-
rections in which direct vapor transfer takes place, is
the largest. In both cases in which a glow discharge is
used for cleaning the vessel, the glow discharge elec-
trode can advantageously be aligned in the same plane,
preferably a vertical plane, in which the vaporizer and
its current lead, or two or more of each, lie.

If the vapor deposition equipment requires two or
more separate vaporizers, it is desirable in many cases
to provide a baffle by which at least one of the vaporiz-
ers can be covered or screened off. In a particularly
useful arrangement, the baffle is mounted so that it can
be swung so as to cover selectively either one of two va-
porizers. ' '
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The invention is further described by way of example
with reference to the accompanying drawings, in
which:

FIG. 1 is a diagrammatic perspective view of a cylin-
drical vessel with spiral type vaporizing apparatus, as
known in the prior art;

FIG. 2 is a diagrammatic perspective view of a cylin-
drical vessel with a wire type vaporizing apparatus
aligned near the vessel axis, as known in the prior art;

FIG. 3 is a diagrammatic perspective view of a cylin-
drical vessl provided with two parallel wire type vapor-
izers, as known in the prior art;

FIG. 4 is a diagrammatic cross-section of vaporizer
apparatus in a vacuum vessel corresponding to FIG. 3;

FIG. 5 is a diagrammatic cross-section of vaporizing
apparatus according to the invention in a cylindrical
vacuum vessel;

FIG. 6 is a longitudinal view, mostly in section, of a
vaporizer apparatus in accordance with the invention,
and

FIG. 7 is a diagrammatic cross-section showing the
principle of construction of a longitudinal wire multiple
vaporizer according to the invention provided with piv-
oted baffles.

FIGS. 1 to 3 shown known forms of vaporizer appara-
tus in vapor deposition equipment, in a diagrammtic
fashion, FIG. 1 showing a vaporizing apparatus com-
posed of a number of spiral shaped vaporizers, FIG. 2
a longitudinal wire vaporizer aligned near the axis of
the vacuum vessel and FIG. 3 two parallel longitudinal
wire vaporizers. The arrangement of FIG. 3 is used if
two or more different layers are to be vapor deposited.

It is generally desired to deposit layers of even depth
over large areas with metals and/or dielectric materials
by means of industrial vapor deposition equipment of
this kind. The vaporizing apparatus in this equipment,
as indicated in FIGS. 1 to 3, generally utilize a horizon-
tally disposed cylindrical vacuum vessel evacuated to
about 107* to 107 torr. The vaporizer apparatus of
such vapor deposition equipment is generally located in
the neighborhood of the cylinder axis. The articles to
be coated by vapor deposition can, for example, be
mounted on a drum (not shown) by which they can be
moved circumferentially along the inner wall of the
vacuum vessel. Better results are obtained by means
(not shown) providing a planetary movement of the ar-
ticles to be coated, in which case there is, in addition
to the circular movement along the vacuum vessel wall,
a rotation of the articles being coated on their own
axes.

FIG. 4 shows a known form of vaporizing apparatus
with two longitudinal vaporizer wires 10 and 11 lying
in a horizontal plane passing close to the axis of the
vacuum vessel. Beneath the vaporizer wires 10 and 11
is a drip pan 12, below which are three current supply
busses 13, 14 and 15. Still further below is a glow dis-
charge electrode 16. The glow discharge electrode con-
sists of the electrode proper 17 and a shield structure
18 that is electrically and mechanically connected to
the grounded current supply bus 15 on which the drip
pan 12 is also supported. The current bus 13 delivers

" the current for the vaporizer wire 10, while the current

bus 14 provides the current for the vaporizer wire 11.

The usable solid angle, more particularly the usable
cross-sectional angle, the angle @ for the wire 10 and
the angle b for the wire 11, is relatively small and
amounts to only a little over 180°. In the lower portion
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of the vacuum vessel 19 there is produced practically
no vapor deposition and the obtainable layer thickness
is limited both for this reason and on account of the
limited capacity of the vaporizer wires for vapor depo-
sition on the articles, particularly in the case of articles
of considerable areas. Furthermore, in this type of ar-
rangement the two vaporizers 10 and 11 deposit mate-
rial on each other, which can be prevented only by a
supplementary baffle which would still further reduce
the usuable cross-sectional angle of effective vapor de-
position. ' '
- In'FIG. § the vacuum vessel is again designated 19.
Inside the vessel in this case are a first vaporizer wire
20, a first current lead or bus 21, a second vaporizer
wire 22, a second current lead or bus 23 and a glow dis-
‘charge electrode 24, all arranged vertically one below
the other. The current busses 21 and 23 are grounded.
The bus 23 is connected to a shield 25 for the glow dis-
~ charge electrode 24. In order to simplify the diagram,
the representation of drip pans has been omitted, but
it will be understood that these could rest on the upper
surfaces of the busses 21 and 23, respectively.

By arranging the two wire type vaporizing devices
and the current supply busses in one plane, there is ob-
tained, as is clearly to be recognized from FIG. 5, a sub-
stantial increase of the usable cross-sectional angle de-
fining all the directions in which direct vapor transport
for deposition is possible. This angle for both of the two
vapor deposition apparatuses shown in FIG. 5 can
amount to nearly 360° In FIG. 5, this angle for the va-
porizer wire 20 is designated « and the angle for the
second vaporizer wire 22 is composed of two sectors
each designated 8/2. These angles shown in cross-
section of course define solid angles between two radial
planes meeting on the axis of the vaporizer wire.

FIG. 6 shows a longitudinal section of the vaporizing
apparatus of the vapor deposition equipment. An end
wall 26 of the vessel 19 is shown, but otherwise the
structure of the vessel 19 has been omitted for simplic-
ity. Openings 27 and 28 are provided in the end wall 26
to provide an insulated feed-through and support for
the leads 29 and 30 through which the electric supply
voltage is furnished to the vaporizers. Flexible current
leads 31 and 32 are connected to the leads 29 and 30,
respectively, and are connected at their other ends with
clamping terminals 33 and 34, respectively, which are
mounted with springs tending to stretch the vaporizer
wires 20 and 22 that are clamped in the clamping ter-
minals 33 and 34. The other ends of the vaporizer wires
21 and 22 are respectively held in fixed clamping termi-
nals 35 and 36 that are grounded to the vacuum vessel
structure through the grounded current busses 21 and
23 to which the post 37 on which they are. mounted is
fastened. The current supply leads 21 and 23 are rigid
members also serving for mechanical. support of the
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post 37 and the vaporizer wires and they are at ground .

potential, like the end wall 26 of the vacuum vessel on
which they are mounted. In order that FIG. 6 might be
more readily intelligible, the drip pans 38 and 39 shown
in FIG. § have not been drawn in. As shown in FIG. 5,
the arrangement in FIG. 6 of the vaporizer wires 20 and
22 and the current supply busses 21 and 23 in a vertical

plane resulis in an increased useful angle through

which vapor deposition takes place, as well as a form
of construction in which the drip pans are readily pro-
vided, since- they may be simply carried on top of the
current supply busses 21 and 23.
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From FIG. 7 it will be seen how either one of the two
vaporizing means of FIG. 5 and FIG. 6 can be selec-
tively covered or screened off by a baffle means 40.
This baffle means is composed of two halves 41 and 42,
each having an L-shaped cross-section, mounted on
axes passing through the points 43 and 44, so as to se-
lectively cover one of the two vaporizing devices 20, 21
and 22, 23. In FIG. 6 the baffle means 40 was left out
so that the structure inside could be better shown.

Instead of vaporizers in’ longitudinal wire form, it is
of course possible to utilize vaporizers otherwise con-
structed, but, generally, other types of arrangements
will involve complication in construction: and increase
of expense. It is nevertheless readily conceivable that
the vaporizing apparatus instead of having one or two
longitudinal vaporizer wires,.could have one or two
rows of spiral vaporizers or vaporizing boats for vapor-
izing the material to be vaporized. In a vertical arrange-
ment, both vaporizing boats and spiral vaporizer ele-
ments, as well as a longitudinal wire, are well suited for -
use as the upper vaporizer, but for the lower vaporizer
only a row of spirals or a longitudinal wire come into
question, and the alternative of a row of vaporizing
boats practically drops:out of consideration, since it
does not vaporize well downwards and in the lower po-
sition would also be subject to some blocking out by the
upper vaporizer apparatus. Although the longitudinal
wire form is preferred in a general way, the use of spiral
elements or vaporizing boats can be advantageous in
particular cases for vapor depositing layers of certain
materials. _ .

The term “solid angle” has been used to indicate an-
gular spread of divergence in space in accordance with
the usage in solid geometry. “Space angle,” “diver-
gence angle” or “angle of diffusion” are equivalent
terms. In the case of diffusion from a line source, the
cross-sectional or sectoral angle determines the spread
of rectilinear vapor diffusion paths, and hence the ex-
tent of direct vapor diffusion from vaporizer to exposed
substrates. '

Although the invention has been described with ref-
erence to particular illustrated embodiments, it will be
understood that variations and modifications are possi-
ble within the inventive concept.

I claim: -

1. In an elongated vapor deposition high vacuum ves-
sel, a vaporizer apparatus comprising at least two elon-
gated vaporizing means capable of being heated by the
passage of electric current therethrough (20, 22) and
an elongated current return lead for each of said vapor-
izing means (21, 23), said vaporizing means and said
current return leads being disposed parallel to the di-
rection in which said vessel is elongagted and lying sub-
stantially in one plane. .

2. Vaporizing apparatus as defined in.claim 1 in
which said vaporizing means (20, 22) and said current
return leads (21, 23) lie substantially in a vertical plane
and in which, further, elongated drip pan means (38,
39) are longitudinally disposed beneath each vaporiz-
ing means for substantially the full length thereof be-
tween the vaporizing means and its current return lead.

. 3. Vaporizing apparatus as defined in claim 1, in

which said vaporizing means are constituted in the
form of straight longitudinal wires (20, 22).

4. Vaporizing apparatus as defined in claim 2 in
which there are two sets of a vaporizing means and a
current lead disposed one above the other, each of said
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current leads (21, 23) of one of said sets being disposed
beneath the vaporizing means of the set.

5. Vaporizing apparatus as defined in claim 4, in
which one drip pan means (38, 39) is affixed on top of
each of said current leads (21, 23) beneath one of said
vaporizing means (20, 22).

6. Vaporizing apparatus as defined in claim 1, in
which an elongated planar glow discharge electrode
(24) is provided disposed edgewise beneath the lower-
most of said current return leads substantially in the
same plane as said vaporizing means (20, 22) and said
current return leads (21, 23), in which further at least
said lowermost of said current return leads has an end
at ground potential and in which a substantially
grounded electrode (25) spaced from and covering one
side of said glow discharge electrode is disposed ex-
tending downward from said lowermost current return
lead. .

7. Vaporizing apparatus as defined in claim 4, in
which baffle means (40) for screening off said vaporiz-
ing means are mounted in such a way as to be capable

5

20

25

30

35

40

45

50

55

60

65

6

of being swung into either of two positions, in one of
which said baffle means screen off one of said vaporiz-
ing means and in the other of said positions said baffle
means screen off the other of said vaporizing means.
8. Vaporizing apparatus as defined in claim 1, which
said current leads (21, 23) mechanically hold in place
said vaporizing means (20, 22), in which further said
vaporizing means are in the form of longitudinal
stretched wires (20, 22), in which, further, grounded
clamping terminals (35, 36) are electrically connected

“to said respective current return leads (21, 23) for

holding one end of each vaporizing means and in
which, further, spring tensioned clamping terminals
(33, 34) are provided for the other ends of said vapor-
izing means and are insulatedly supported by said cur-
rent return leads (21, 23) so as to exert tension on said
vaporizing means, said spring tensioned clamping ter-
minals being connected by flexible conductors (31, 32)

to a supply voltage source.
* k k ok %



