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1

This invention relates to a method for con-
trolling the deposition of a thin metallic layer
on an object, and a device for effecting such
control and deposition.

From electrical technology it is known to de-
termine the quality or effectiveness of a coil by
its Q-value, defined as the relation between the
reactance and resistance of the coil:

Q=w L/R

where w=27 f; L is the series inductance and R
is the series resistance. If the coil is an integral
part of an oscillator circuit, it is possible to bring
about eddy currents by moving a foreign metal
body near to the coil. These eddy currents in
turn cause a change in the Q-value of the ccil.
The present invention is based on the fact that
such a change in the Q-value of a coil can be uti-
lized for controlling the deposition of a thin me-
tallic layer on the surface of an cbject. This is
done by placing a measuring ceil, which is part
of a thermionic valve oscillator circuit, near the
surface of an object and utilizing the change in
the Q-value of the measuring coil caused by
deposition of the layer to discontinue application
of the layer, as soon as g Q-value, corresponding
to a layer of predetermined thickness or extent
has been reached. For this control the change
in the frequency of the oscillator current or its
amplitude can be utilized, i. e. one of the param-
eters « or R in the above expression. With
the former method great sensitivity can be at-
tained provided that a master oscillator fre-
quency control is used. The other method of-
fers the advantage of being practically inde-
pendent of the presence of insulating objects,
and therefore very great precision can be ob-
tained without special precautions being neces-
sary. Although the invention will be mainly de-
seribed in connection with the utilizing of ampli-
tude changes for controlling the deposition of
the metallic layer, the frequency change method
may be utilized for the same purpose.

A device for the deposition of a metallic layer,
according to the invention, consists of means for
applying the layer to the object and of a member
for moving the object towards and away from a
position in which the layer is deposited and a
measuring coil arranged in the vicinity of the po-
sition for deposition of the layer. The measur-
ing coil forms part of a thermionic valve oscil-
lator circuit, which is designed to regulate, by
the change of the Q-value of the measuring coil
during deposition of the layer, the means which
applies the layer, in such a manner that the sur-
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face of the object is covered with a metallic layer
of predetermined thickness or extent.

The device can be used to advantage for auto-
matic mirror-plating in lamp and reflector bulbs.

Such a mirror-plating machine may consist
of a table which is rotatable in steps with evenly
distributed positions for attaching the lamp
bulbs and each position containing a vaporizing
or atomizing device or other means for deposit-
ing g reflecting metallic layer on the bulbs. The
measuring coil is so arranged that it does not
follow the table in its rotation, forming part of
a thermionic valve oscillator circuit designed to
bring about, by change in the Q-value of the coil
during the depositing of the layer, termination
of the deposition of the layer. The measuring
coil may be designed in such g way that it is
lifted from the table during rotation of the table
and, when the movement of the table is stopped,
is moved to a suitable position near the envelope,
the mirror-plating of which is to be controlled.
For deposition of the layer, volatilization of a
metal by a hot cathode may be utilized, the feed-
er lines of which in the position of applieation
are connectable to a suitable source of supply.
The positions for the envelopes around the table
may be equipped with evacuating devices to pre-
vent oxidation during deposition of the metallic
layer.

The device referred to for applying the me-
tallic layer may be so constructed that the turn-
ing mechanism for the support, on which the
objects to be treated are positioned, not only
takes care of the forward movement of the ob-
Jects in a step by step manner and effects the
beginning of the deposition of the layer; but the
measuring coil confrols the termination of the
deposition. The resting time of the object in
the freating position is long enough for the
deposition of the layer to be fully completed, be-
fore the next movement takes place. It is also
possible to construct the thermionic oscillator
so that it also confrols the movement of the
objects by means of the impulse generated in the
measuring coil as soon as the desired layer has
been obtained.

The measuring coil is connected to one of the
grid and anode circuits of the thermionic oscil-
lator, which are tunable. In the circuit contain-
ing the measuring coil there is also included a
relay, through which the oscillator controls the
layer depositing member and, if desired, the
driving member for moving the object treated.
The thermionic oscillator may also be made ad-
Jjustable for varying the thickness or extent of
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the layer, in which case the grid and anode cir-
cuit respectively, connected to the relay, is
equipped with a current measuring instrument
for controlling the adjustment of the oscillator
for the desired thickness or extent of the layer.

The invention is illustrated by way of example
in the accompanying drawing in which: Fig. 1
shows an automatic mirror-plating machine in
the layer depositing position and Fig. 2 shows the
circuit arrangement for an instrument for meas-
uring the metal layer with a relay arrangemeént
connected to it.

On a revolving table | of the tybe used in elec-
tric lamp bulb manufacturée there is arranged
a ring 2, on which a number of evenly distributed
positions for attaching the lamp envelopes § are
arranged around its upper patt. The table is
revolved step by step in a known manner. Every
position is fitted with an exhausting tube {86,
which is clamped in a ribber packing, arranged
in a clamping sleeve 3, which can be tightened.
On the projecting end of the pump tube is at-
tached a rubber sleeve 4, on which the lamp
envelope § is slipped. In the rubber sleeve there
are also inserted two electrodes {5, to which &
coiled filament § is attached. On the outside of
the ring there are two contacts {8 and 2§, which
in the layer applying position come into contact
with. & pair of sliding contacts 19 and 2i, at-
tached to support 22.
6, which is connhecfed by wires §7 fo the confacts
18 and 20, is hung a loop {2 of suitable mirror
forming metal, such as aluminium, which will
evaporate when the filament 6 is heated.

Thé measuring coil consists of a winding {3,
attached to a sleeve {4, which is supported by a
supporting arm {0 in such a way that the sleeve
with the measuring coil can be lowered over the
lamp bulb 5 when the latter is moved to layer
depositing position. Supporting arm {0 is
pivoted about a shaft in a fixed bearing bracket
9, so that a two-armed lever is formed, the free
ehd of which, by means of a roller 7, rests against
a cam disc §. This cam dise is so shaped, and
is rotated by suitable transfer of motion from
table | in such 4 way, that the measuriiig coil
fs ' not lowered over the lamp bulb § until the
Iatter has arrived in position for being plated
and is lifted from the same directly before the
table is moved forward to the next step. Sleeve
i4 is also shown in lifted position by a dotted
contour 1. '

It is evident that the form and construction
of the measuring coil may be varied. For in-
stance it may be moved from the side towdrds
the wall of the lamp envelope and is in that case
made as a coil wound on a flat support of, for
ihstance, rectangular shape, the coil together
with its support being bent to such shape that a
suitable adaption to the wall of the lamp envelope
can be-obtained.

The measuring coil {3 is eonnected o terminal
points 24 of the thermionic valve oscillator 28.
Part of this is a peritode valve 32, connected as
g triode, into the grid circuit of which measti-
ing coil 13 is connected. The oscillator is pro-
vided with tunable grid and anode circuits. The
degree of regeneration and thus also the oscilla-
tion amplitude and the grid c¢urrent are regulated
by the variable condenser 28. A resistance 33
provides automatic bias to the thermionic valve
32 50 that the valve is not overloaded when coil
13 is taken away and the oscillations cease. The
grid current, which can be varied, controls a low
tension. relay 34, which in turn controls a high

On the coiled filament 3
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rent to the mirror-plating device. The sliding
contacts 18 and 21 of the latter are connected
t0 one side of transformer 23, the other side of
which is connected to terminal points 25, which
are part of the heavy duty relay circuit. The
voltage across terminal points 25 is controlled
by gas discharge lamp 38, the series impedance
of which is indicated by 39.

By regulating the starting current through low
tension relay 34 by adjustment of condenser 29
the operator can control the thickness of layer
at which the relay 34 is to open. Measurement
of this current through relay 34 is effected by
pushing in a push-button switch 35 which brings
into the circuit a current measuring instru-
ment 36. The measuring instrument 36 can be
ealibrated with comparatively good precision di-
rect in thickness of layer.

Prior to deposition of a layer the grid and
anode circuits are tuned to oscillate satisfactorily
(if this has not already been done) and the
oscillator adjusted to the desired thickness of
layer by adjustment of the condenser 29. Relay
34 is thus closed, and the current passes to the
filament through the contacts 18, 20 and 18§, 2i
respectively. As the layer thickness increases,
the Q-value of coil {3 decreases, during which
time the grid current drops until relay 34 opens
and the layer forming process ceases. A man-
ually operated switch 40 is inserted into the con-
nection to the mains by means of which the cur-
rent can be interrupted if no envelope has been
inserted into the turret station arriving into the
depositing position.

Suifable oscillator frequency, which is ad-
justed by means of variable inductance 30 and
condensers 31, and 28 in the anode and grid cir-
cuits respectively of the oscillator, is dependent
upon the thickness of layer and the material used
for the layer, which is to be controlied. For very
thin layers and non-magnetic material a com-
paratively high frequency is required, and for
thicker layers and magnetic materials a lower
frequency is required.

The oscillator and the layer depositing device
are fed from the local supply, t¢ which they are
connected by means of terminal points 27 through
transformer 42 and switch 44. For indicating
connection when the switch is closed a glow dis=
charge lamp 43 and a series impedance 45 are
used. The transformer feeds a rectifier 41, pro-
viding the thermionic valve oscillator 32 with
suitable anode voltage, and is also provided with
a heater current winding for generating cathode
current in valves 32 and 41.

What I claim is:

1. A device for the deposition of a thin me=
tallic layer on the surface of an object, compris-
ing means for appiying the layer to the object,
a movable member for moving the object to and
from the position in which the layer is deposited,
a measuring coil arranged in the vicinity of the
position for deposition of the layer, a thermionic
valve oscillator having tunable oscillatory grid
and anode circuits, said measuring coil being
connected in one said circuit, adjustable control
means for said grid and anode circuits, electri=
cal relay means controlled by a variation of the
grid current, said means for applying the layer
being controlled by said relay means, said ad-
justable control means for said circuits being
adapted for tuning of said circuits and thereby
regulating, through said relay means, the de-
position process for automatically stopping it

tension relay 37, which controls the heating cur- 76 when the Q-value of the measuring coil is
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ichanged by the deposited layer correspondingly
to the adjustment of said control means.

2. A device for depositing mirroring surfaces
on lamp and reflector envelopes by means of
vaporizing of metal, comprising a step-by-step
rotatable table, evenly distributed positions pro-
vided thereon for attaching the envelopes and
each of them containing vaporizing means for
depositing a mirroring layer on the envelopes, a
measuring coil in a fixed position relative to the
table, a thermionic valve oscillator having tun-
able oscillatory grid and anode circuits, said
measuring coil being connected in said grid cir-
cuit, adjustable control means for said grid and
anode circuits, electrical relay means controlled
by a variation of the grid current, said vaporiz-
ing means being controlled by said relay means,
said adjustable control means for said circuits
being adapted for tuning of said circuits and
thereby regulating, through said relay means,
the deposition process for automatically stop-
ping it when the Q-value of the measuring coil
is changed by the deposited layer correspond-
ingly to the adjustment of said control means.
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3. A device according to claim 2, in which the
measuring coil is arranged on a vertically mov-
able lever, said lever and said table being oper-
atively connected for movement of said lever by
rotation of said table including cam means for
lifting the coil from the table during the rotat-
ing of the table and lowering the coil to a suit-
able position close to the envelope, on which a
layer is to be deposited when said table is stopped.

FREDRIK FALCK.
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