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(57) The mmvention provides an evaporator for the evaporation of metal, which has a cross-sectional area 1n the region
from which evaporation of the metal takes place which 1s greater than the corresponding cross-sectional area of a
triangular evaporator of the same width and height and has, 1n the specified region, a smaller minimum circumference
than a rectangular evaporator having the same width and height.
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Elliptical Ceramic Evaporator

Abstract

The invention provides an evaporator for the

evaporation of metal, which has a cross-sectional area 1in the

region from which evaporation of the metal takes place which
is greater than the corresponding cross-sectional area of a

triangular evaporator of the same width and height and has, in
the specified region, a smaller minimum circumference than a

rectangular evaporator having the same width and height.




5

10

15

20

25

30

CA 02274411 1999-06-11

El J..ig tical Ceramic Evaporators

Background of the Invention

1) Field of the Invention

The invention relates to ceramic evaporators.

2) Background Art
The most widely used method of coating flexible

substrates with metals, in particular with aluminum, is high-
vacuum web coating. The substrate to be coated is passed over
a cooled roller and at the same time exposed to aluminum vapor
which deposits as a thin metal layer on the substrate surface.

To produce the constant vapor stream required, ceramic
evaporators known as evaporation boats, are heated to about
1450°C by direct passage of electric current. Aluminum wire is
continuously fed 1in, liquefied on the ceramic surface and
vaporized at a vacuum of about 10™* mbar. In metallization
units, a series of evaporation boats are arranged in such a
way that a uniformly thick aluminum layer is deposited over
the whole width of the substrate. —

The chemical composition ¢f the evaporation boats is
generally 45-55% by weight of T1Bz, 25-55% by weight of BN and
0-20% by weight of AIN. Such compositions are described in
various patents (e.g. US Patent 3,915,900 or the patents cited
1in US Patent 4,089,643,' column 1, lines 10 and 11, and column
2, line 5).

The customary shape of evaporation boats is based on a
rectangular cross section. The widths and lengths of the
evaporatlion boats are selected in accordance with the required
evaporation rate of from about 0.35 to 0.40 g of Al cm™ min™ .
The rectangular cross section has proved useful because it

makes possible a high mechanical stability, even at high
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temperatures, and lnexpenslive manufacture.
Evaporators having a non-rectangular cross section

have also been described. US Patent 4,089,643 describes

evaporateors having a triangular cross section and a cavity.
Significant advantages of the triangular evaporators over an
evaporator having a rectangular cross section are the saving
of material and the reduced electric power for operating such
an evaporation boat. These advantages are offset by the
serious disadvantage of a shorter operating 1life of the

triangular evaporators compared to rectangular evaporators.

Summary of the Invention

It is an object of the 1nvention to provide a ceramic

evaporator for the evaporation of metal which has a lower
energy consumption in operation than a rectangular evaporator
of the same height, length and width without suffering from
the disadvantage of the shorter 1life of a triangular
evaporator of the same height, length and width.

This object is achieved by an evaporator which has a
cross—sectional area in the region from which evaporation of
the metal takes place which 1s greater than the corresponding
cross—-sectional area of a triangular evapcorator of the same

width and height and at the same time has, in the specified

region, a smaller minimum circumference than a rectangular

evaporator having the same width and height.

Description of the Preferred Embodiments

Preferably, the evaporator of the 1nvention has a
minlimum circumference for the given height and width in the
region from which evaporation of the metal takes place

together with a maximum cross-sectional area :in the specified
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reqgion.

Particularly preferably, the evaporator of the
invention has the shape of a divided.ellipse.

The division of the ellipse 1s preferably along its
principal axis. '

One shape of the evaporator of the invention makes
possible an angle between the surface from which evaporation
takes place and the elliptically shaped side wall of 90°. This
makes 1t possible to omit the process step of grinding down
the sharp angle in the region mentioned, as 1s necessary in
the case of a triangular evaporator because of the risk of
injury.

The evaporator of the 1i1nvention requires no special
clamping device in the vapor deposition unit to clamp it in
place laterally, as 1s normally necessary for a triangular
evaporator.

Likewise, the additional process step of specially
machining the ends of the evaporator which is necessary for
triangular evaporators as an alternative to a special clamping

device and 1s described, for example, in DE 197 08 589 C1,

becomes unnecessary.

Thus, the production of an evaporator according to the
invention requires no increased machining effort or amount of
material as 1s the case for triangular evaporators described

in the above patent.

The evaporator of the invention suffers from none of
the disadvantages mentioned since it can, for example, be
produced 1n a simple way from a customary rectangular

evaporator by means of a grinding process.

Preferably, the length over which the shape according
to the invention 1is produced corresponds to the clamping

spacing of the evaporator in the vapor deposition unit.

This makes 1t possible for the evaporator of the
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invention to again have, very simply, a rectangular cross

section 1n the region where 1t 1is clamped and thus toc be

employed without  problems in tape coating units for

conventiocnal standard rectanqular evaporators.
However, 1t 1s likewise possible to grind the entire

length of the evaporator to the shape according to the

invention. Such evaporators can be used, for example, in vapor

deposition units with end-face clamping of the evaporation

boats.

Furthermore, the machining o©of a cavity into the

evaporator can be omitted in the case of the evaporators of

the invention. Of course, it is also possible to machine a

cavity into the‘evaporator as 1s known 1in the prior art.

Brief Descrietion of the Drawing:s

Fi1g. 1 shows a comparison of the cross sections of two

evaporators of the prior art (rectanqular evaporator (1),

triangular evaporator (2)), and an evaporator according to the

invention (elliptical evaporator (3)). None of the evaporators

has a cavity.
Fig. 2 schematically shows an example of an evaporator

(4) according to the invention with cavity (5), which 1is

sultable for clamping by the end faces.
F'1g. 3 schematically shows an example of an evaporator

(6) according to the invention with cavity (7), which 1is

sultable for lateral clamping. To show the elliptical shape

more clearly, the evaporator is also shown in section in Fig.

3.
The following examples illustrate the invention.

Example 1: Production of an evaporator according to the

invention
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An evaporator according to the invention having an
elliptical <cross section was ground from a rectangular
evaporator (10 x 30 x 120 mm) commercially available from
Elektroschmelzwerk Kempten GmbH, Munich (ESK) under the name

5 DiMet TypS by means of an elliptically shaped grinding wheel.

Example 2: Comparison of a rectanqular evaporator and an
elliptical evaporator

An evaporator as described 1in Example 1 and an
10 evaporator as was used 1n Example 1 for producing the
evaporator according to the inventi on were compared as

follows.
The evaporators were clamped by the end faces into a

test evaporation unit. Before heating, 2 g of Al wire were
15 laid on the middle of the surface of the evaporation boat from

which metal evaporation is to take place. A vacuum of < 1 x
107" mbar was applied. In this high vacuum, the evaporation
boats were slowly heated until the aluminum melted. The

electric powér (product of current and voltage) required at

20 this point 1n time was determined.
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Result:

Rectangular cross section: 5.6 volt/610 ampere = 3.42 KW
5 Elliptical cross section: 5.8 volt/525 ampere = 3.05 KW

The result demonstrates that the evaporator naving an

elliptical cross section requires about 11 % less enerqgy for

wetting with aluminum.
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I Claim:

1. An evaporator for the evaporation of metal which has a
cross—-sectional area in the region from which evaporation of
5 the metal takes place which 1s greater than the corresponding
cross-sectional area of a triangqular evaporator of the same
width and height and has, in the specified region, a smaller

minimum circumference than a rectangular evaporator having the

same width and height.

10 2. An evaporator as claimed in <c¢laim 1 which has a
minimum circumference and maximum cross—sectional area for the
given height and width in the region from which evaporation of
the metal takes place.

- 3. An évaporator as claimed 1in c¢laim 1 whose cross

15 section in the region from which evaporation of the metal
takes place has the shape of a halved ellipse.

4. An evaporator as claimed in <claim 3 whose cross

section has the shape of an ellipse which has been halved

along its principal axis.

Ridout & Maybee
Suite 2400
One Quaen Street East
Toranto, Canada M5C 281
Patent Agents of the Applicant
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