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(71)   RCA  CORPORATION, a  leakage paths for current through the  50
corporation organized under the laws of the  undercoating. This is
generally undesirable, State of Delaware, United States of  and the
practice in the past has been to America, of 30 Rockefeller Plaza, City and
limit the ratio of tungsten to aluminum 5   State of New York, 10020,
United States of  oxide in the outer coating to some upper America, do
hereby declare the invention,  limit, e.g., in the order of 40%.  55 for
which we pray that a patent may be    A technique has recently been
suggested 



granted to us, and the method by which it is  (as described in co-pending
application No. to be performed, to be particularly  16021/73 '(Serial No.
1,418,196) 'for 10  described in and by the following  fabricating heaters
having outer coatings statement:-                            with a large
percentage, as high as 100%, of  60 This invention relates to a method of
tungsten while avoiding high levels of fabricating "dark" insulated heaters
leakage through the heater. Briefly, the particularly for electron
'discharge tubes.  technique comprises using 'a coating bath 15    In
various types of electron tubes having  for the outer coating which is
rheologically indirectly heated cathodes, it is the practice  stable, i.e.
which has a low settling rate of  65 to use "dark" heaters to heat the
cathode to  the particles therein. This results in a high electron emitting
temperatures. Such  viscosity bath whereby penetration of the heaters
comprise a core wire of a refractory  bath into the undercoating is
reduced. 20 metal, such as tungsten, a first wire    In addition, to
further prevent such covering layer of an insulating material,
penetration, it has, in the past, been  70 such as aluminum oxide, and an
outer  thought necessary . to  render the "dark" coating, i.e. one having a
relatively undercoating as impervious to the 



high thermal emissivity, such as a  overcoating bath as possible by means
of 'a 25  particulate mixture of tungsten and  high temperature sintering
process prior to aluminum oxide. A purpose of the first performing the-
overcoating process.  75 coating is to provide insulation between the
Disadvantages of the sintering process, heater wire and the cathode, and a
purpose  however, are that expensive apparatus is of the outer coating is
to increase the  generally required, the process tends to be 30  thermal
emissivity of the heater, thereby  time consuming and expensive, and, owing
lowering the temperature at which the  to the high temperatures involved,
various  80 heater need operate to heat the cathode to  fixtures, such as
clips in which the heaters its operating temperature. The greater the  are
mounted have a short life requiring proportion of tungsten in the outer
coating   coating,  frequent maintenance and replacement. 35  the darker
the heater. Also, to prevent oxidation of the heater While the use of
insulated heaters having  wire, the sintering is done in a protective  85
an outer coating consisting entirely of  atmosphere, which adds further
cost and tungsten has been suggested in the past complexity to the process.
(see, for example, U.S. Patent 3,195,004    One method  generally known for



40  issued to Hassetton July 13, 1965), the use  applying various coatings
to heater of such heaters has generally not been  structures is known as
"dip" coating. This  90 practical. One reason for this is that in the
method involves dipping the heater to be past, as the percentage of
tungsten in the  coated into and'out of a bath containing an outer coating
wasincreased, the amount of  organic solvent and a suspension of the 45
current leakage between the heater and the particles to be coated on the
heater, the cathode increased. The cause of such  particles adhering to the
heater as the  95 leakage is that particles of'tungsten from   emerging
heater breaks through the surface the outer coating  penetrate into  the
of the bath. If the heater structure is in the aluminum oxide undercoating
and provide  form of a continuous wire or the like which    2    1,431,571
2 is drawn through the bath, the process is  invention, a  heater wire of
usual known as a "drag coating" process. The configuration is first coated
by 



thickness of the coating is a function of the conventional means with a
layer of specific gravity and viscosity of the bath    alumininum oxide
having a thickness in the 5    As previously .noted, a problem in the
order of 5 mils.The coating operation can  70 past using dark  heaters
having large  comprise the known dipping, spraying, or percentages of
tungsten in the outer coating  cataphoretic processes.In such operations,
is that the tubes using the heaters generally  as known, an organic liquid
vehicle for the have unacceptably high levels of heater to  aluminum  oxide
is used which tends to 10  cathode leakage. This occurs because of  remain
with the aluminum oxide coating on   75 penetration of particles of
tungsten from   the heater wire. Also, the aluminum oxide the outer coating
into the aluminum oxide  layer is relatively soft and porous. undercoating.
While it is not possible to give a We have discovered that probably the
quantitive definition of whhat is meant by 15  principal cause of
penetration of the  "soft" and "porous", the difference in  80 tungsten
particles into the undercoating is  softness and porosity of an aluminum
oxide the use of outer coating processes in which layer before and after a
high temperature the viscosity of the coating bath is allowed, firing
operation is well known to persons. 



to become too low. In such case,as skilled in these arts. In general,the
soft 20   described in the above-cited  can be scraped off the heater wire
in a 85 application, the highly fluid bath, including  paste-like whereas
the sintered layer tungsten   particles conveyed  therewith is quite
brittle  and crumbles upon being penetrates into the undercoating.
scraped or bent. Although it has been though desirable    Thereafter, in
accordance with usual 25   that, the undercoating  be rendered techniques,
the coated heater is insed in a 90 relatively hard and impervious, prior to
the suitable liquid such as methanol or acetone, overcoating process, by a
high temperature  to remove loosely adhered  particles. firing operation
for minimizing penetration  Then,in accordance with the present of the
overcoating bath into the invention 30   undercoating, we have discovered
that such  temperature as high as possible for rapidly  95. a high
temperature process is not  drying  the heater without causing necesary,
and that penetration can be   significant oxidation of the heater wire.The
reduced  even if the undercoating is in a   temperature use, and the time
required to non-sintered, relatively soft and porous thoroughly  dry the
heater are functions of 



35   condition during the overcoating process.        the configuration of
the heater and the size 100 What is necessary, we discovered, is that  and
mass the  heater. In general, the undercoating  be substantially  however
to avoid oxidation of the heater completely dry and free of all liquids
used  wire  and thus avoid the need to use a both in the undercoating
process and in the  protective atmosphere during the drying 40   usual
rinsing step performed thereafter   operation temperature below [err] are
105 That is, we discovered that the prevention  preferred. of penetration
of the overcoating bath into  Although  the drying operation is the
undercoating is not so much a function performed at a temperature well
below that of the hardness and imperviousness of the used in the prior art
sinterging process 45   undercoating  as previously thought, but (generally
above [err]),some degree primarily  a function of the degree of  hardening
of the insulation coating occurs. removal of the liquids from  the    This
is desirable for furthrt reducing the undercoating. While not known for
sure, it  possibility of bath penetration. appears that the presence of
such liquids in   Various means for performing the dry 50  the undercoating
tends to dilute and reduce process can be used. For example heaters 115 



the viscosity of the overcoating  bath which  can be placed in a
conventional air oven contacts the undercoating,thus promoting   and
heated. Alternatively,a jet of hot dry The prior art process of sintering
the  still, a source of radiations, such as infrared 55   undercoating
prior to the overcoating  radiations from a conventional source, can 120
process also results in a complete drying be  onto the heaters. The latter
removal of the solvent. The advantage  heating means is preferred since it
is simple of our discovery, that sintering of the  and noiseless and the
radiations   can be undercoating is not necessary, in that a accurately
focused onto the desired 60   much lower temperature drying operation
portions of the heaters,thereby avoiding 125 can be used, thereby allowing
the use of  heating of fixtures used to carry the heaters. simple
apparatus, no reducing atmosphere,         In one embodiment of the
invention, in and a processing rate higher than was     which is air dried
a  heater having an heretofore possible.
undercoating of aluminum oxide of 5 mils 65     In  a specific  embodiment
of the  thickness and weight of 5 milligrams, on a 130   



3                                     1,431,571
3 base wire of tungsten of 54 mm length and    Also, the darkening outer
coating can  55 3.5 mils diameter, an infrared source is used  comprise
various refractory, high thermal to heat the heater coating to a
temperature  emissivity materials such as carbon, of about [err] for a time
of 12 seconds.  titanium  chromium, and molybdenum. 5     After thorough
drying, the coated  Again, avoidance of penetration of these heaters are
provided with the outer coating  materials into the underlying coating is
60 of tungsten. Preferably, to further reduce  generally to be desired.
penetration of the tungsten into the undercoating, a coating bath is used
in    WHAT WE CLAIM IS:- 10  accordance with the process described in    1.
A method of fabricating a dark heater the  above-described  co-pending
comprising the steps of: application.  For example, with a coating
coating a refractory wire with a relatively  65 bath comprising (by weight)
40% tungsten  soft and porous first layer of insulating and 60% liquid
vehicle, the tungsten having  material with retained liquid therein, 



15   a particle size of 0.5 to 10 microns, with the    heating the coated
wire in air at a average particle size being about 2 microns,  temperature
below that at which oxidation the vehicle comprising  1.68%  of 1000  of
the wire occurs and for a time sufficient 70 second nitrocellulose, wet 30%
by weight  to  remove  said  liquid  substantially by alcohol, and 98.5% of
butyl acetate, the  completely, 20   bath is ball milled for about 6 hours.
This   coating the coated wire, while said first provides a rheologically
stable bath suitable  layer is still relatively soft and porous, with for
coating the tungsten particles onto the  a second layer consisting mainly
of "dark"  75 * heater without bath penetration into the  refractory
particles, and undercoating.                             firing the heater
to sinter said coatings. 25     Other overcoating techniques, such as    2.
A  method according to claim  I spraying or cataphoretic processes, can be
wherein the wire is tungsten, the first layer used.
insulating material is aluminum oxide, the  80 After the overcoating
process, the heater  second layer contains tungsten particles, is again
rinsed, in a suitable organic solvent,  and the first heating step is
performed at a 30  to remove loosely adherent particles, and  temperature
below [err] 



the heater is fired at an elevated    3. A method according to claim 1 or 2
temperature, in the order of [err] to  wherein the second coating step is
85 complete the heater by sintering the  performed by passing the coated
wire into coatings on the wire.                 and out of a bath
containing the refractory 35     While the invention has been described
particles in a liquid vehicle. using specific materials, the invention has
4. A  method according to claim  3 utility in the fabrication of heaters
using  wherein  said  bath  is substantially  90 other materials. For
example, the heater  rheologically stable. wire can be any refractory wire,
such as    5. A method of fabricating a dark heater 40   molybdenum,
normally used in heaters.    by application to a heater wire of insulating
The undercoating can be various known  and darkening layers with
intervening insulating refractory materials normally  relatively low
temperature (non-oxidizing)  95 used in heaters, such as zirconium oxide,
heating step, substantially as hereinbefore beryllium oxide, and the
mixture of chrome  described. 45   oxide and titanium oxide. These
materials,   6. An electron tube having a cathode and others known to
workers skilled in heater fabricated  according to  any 



these arts, tend to be relatively soft and  preceding claim.
100 porous when initially applied, and are normally later fired at high
temperatures.         T. I. M. SMITH, 50   Thus, the above-described
problems of the      Chartered Patent Agent, prior art processes exist with
the use of such     50, Curzon Street, materials, and advantages are
obtained           London, W1Y 8EU. using the inventive process described
Agent for the Applicant. herein. Printed for Her Majesty's Stationery
Office, by the Courier Press, Leamington Spa 1976. Published by The Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may
be obtained.    [err] 3                                      1,431,571
3 



base wire of tungsten of 54 mm length and    Also, the darkening outer
coating can  55 3.5 mils diameter, an infrared source is used  comprise
various refractory, high thermal to heat the heater coating to a
temperature  emissivity materials such as carbon, of about [err] for a time
of 12 seconds.  titanium  chromium, and molybdenum. 5     After thorough
drying, the coated  Again, avoidance of penetration of these heaters are
provided with the outer coating  materials into the underlying coating is
60 of tungsten. Preferably, to further reduce  generally to be desired.
penetration of the tungsten into the undercoating, a coating bath is used
in    WHAT WE CLAIM IS.- 10  accordance with the process described in    1.
A method of fabricating a dark heater the  above-described  co-pending
comprising the steps of: application. For example, with a coating
coating a refractory wire with a relatively  65 bath comprising (by weight)
40% tungsten  soft and porous first layer of insulating and 60% liquid
vehicle, the tungsten having  material with retained liquid therein, 15   a
particle size of 0.5 to 10 microns, with the    heating the coated wire in
air at a average particle size being about 2 microns,  temperature below
that at which oxidation 



the vehicle comprising  1.68%  of 1000  of the wire occurs and for a time
sufficient 70 second nitrocellulose, wet 30% by weight  to  remove  said
liquid  substantially by alcohol, and 98.5% of butyl acetate, the
completely, 20   bath is ball milled for about 6 hours. This   coating the
coated wire, while said first provides a rheoloeically stable bath suitable
layer is still relatively soft and porous, with for coating the tungsten
particles onto the  a second layer consisting mainly of "dark"  75 heater
without bath penetration into the  refractory particles, and undercoating.
firing the heater to sinter said coatings. 25     Other overcoating
techniques, such as    2. A  method according to claim  I spraying or
cataphoretic processes, can be  wherein the wire is tungsten, the first
layer used.                                   insulating material is
aluminum oxide, the  80 After the overcoating process, the heater  second
layer contains tungsten particles, is again rinsed, in a suitable organic
solvent  and the first heating step is performed at a 30  to remove loosely
adherent particles, and  temperature below [err]. the heater is fired at an
elevated    3. A method according to claim 1 or 2 temperature, in the order
of [err] to  wherein  the second  coating step is  85 



complete the heater by sintering the  performed by passing the coated wire
into coatings on the wire.                    and out of a bath containing
the refractory 35     While the invention has been described  particles in
a liquid vehicle. using specific materials, the invention has    4. A
method according to claim  3 utility in the fabrication of heaters using
wherein  said  bath  is substantially  90 other materials. For example, the
heater  rheologically stable. wire can be any refractory wire, such as
5. A method of fabricating a dark heater 40   molybdenum, normally used in
heaters.    by application to a heater wire of insulating The undercoating
can be various known  and darkening layers with intervening insulating
refractory materials normally  relatively low temperature (non-oxidizing)
95 used in heaters, such as zirconium oxide, heating step, substantially as
hereinbefore beryllium oxide, and the mixture of chrome  described. 45
oxide and titanium oxide. These materials,   6. An electron tube having a
cathode and others known to workers skilled in  heater fabricated
according  to  any these arts, tend to be relatively soft and  preceding
claim.                     100 porous when initially applied, and are 



normally later fired at high temperatures.          T. I. M. SMITH, 50
Thus, the above-described problems of the        Chartered Patent Agent,
prior art processes exist with the use of such     50, Curzon Street,
materials, and advantages are obtained             London, W1Y 8EU. using
the inventive process described           Agent for the Applicant. herein.
Printed for Her Majesty's Stationery Office, by the Courier Press,
Leamington Spa, 1976. Published by The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


