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This invention relates to pulse transformers and more
particularly to hermetically sealed impregnated pulse
transformers of exceptional life and reliability of electri-
cal characteristics.

In electronic equipments utilizing pulses of electrical
energy, e. g. radar and computers, pulse transformers
have suffered from lack of continuing reliability of elec-
trical characteristics and mediocre operational life. Fur-
ther required of the pulse transformer is extremely fast
repetition rates, ability to transmit extremely short pulses
with substantially no distortion and relatively high pulse
permeabilities. A portion of these characteristics have
been met by the utilization of a non-metallic ferromag-
netic material as the core member which cores have been
of the configurations commonly known as the “E” and
“Pot” types. These latter devices still primarily suffer
from unreliability of electrical characteristics and medio-
crity of lifetime.

It is an object of this invention to overcome the fore-
going and related disadvantages. It is a further object
to produce a hermetically seaied pulse transformer of
much increased operational life, thus avoiding the service
difficulties associated with the complex electronic gear.
A further object of this invention is to produce a hermeti-
cally sealed pulse transformer having operational relia-
bility and characterized by a high pulse permeability.

The objects herein have been achieved in accordance
with this invention by the preparation of a pulse trans-
former comprising an insulated toroid of non-metallic
ferromagnetic material, a plurality of insulated conduc-
tors wound about said toroid, hermetically sealed con-
tainer means enclosing said toroid, terminal means for
said conductors exterior of said container means and a
hydrophobic slightly magnetostrictive dielectric impreg-
nant confined within said container means. More par-
ticularly, the objects of this invention have been achieved
by the production of a pulse transformer comprising an
insulated toroid of non-metallic ferromagnetic material,
a plurality of insulated conductors wound about said
toroid, said toroid insulation having a dielectric constant
of at least 1%% times that of said conductor insulation,
container means hermetically sealing toroid and associ-
ated windings, terminal means for said conductors ex-
terior of said container means, and a wax having a melt-
ing point of from 90° C. to 125° C. substantially filling
the volume defined by said container means. A preferred
embodiment of this invention is a pulse transformer com-
prising a lacquered toroid of a ferrite having a pulse
permeability of from 400 to 500 for .1 microsecond pulse,
a plurality of enamel insulated conductors wound about
said toroid, supporting means of a low dielectric constant
thermoset resin maintaining said toroid in a fixed position,
a cellulose lined metallic can having glass secured termi-
nals hermetically sealing said toroid, said conductors
terminated by said glass secured terminals, and a wax hav-
ing a melting point of from 90° C. to 125° C. substan-
tially filling said volume defined by said can.
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This invention is featured by a distribution of the elec-
trical flux within a pulse transformer so as to position
the non-metallic ferromagnetic material in a region of
low voltage stress which thus avoids initiation of con-
duction within the toroid which in turn works up to
substantial conduction and breakdown of the device. A
further feature of this invention is the impregnation of
the pulse transformer with an insulating substance which
is hydrophobic, slight to non-magnetostrictive and of a
low dielectric constant. It has been discovered that the
incorporation of a number of features, including the fore-
going, into pulse transformers, as they are presently
known, yields a device which is extremely reliable over
a much extended operational life and whose character-
istics appear to be much more than the cumulative effect
of the features.

One of our initial discoveries was that for reliability
of operation over extended periods it was necessary to
confine substantially all the magnetic flux to the regions
adjacent to the windings. Introductions of an air gap
such as were inherent with the presently used “E” and
“Pot™ type cores so distorted and extended the flux away
from the windings that the output was unreliable in that
variations in temperature, shock, vibration and other ex-
ternal forces were transmitted to the inductive assembly.
The toroid avoided the above difficulties as substantially
all the magnetic flux was confined within the core. For
electrical characteristics the core material was chosen to
be the non-metallic ferromagnetics commonly known as
the ferrites. The use of the ferrite in toroid configuration
facilitated a further discovery that the non-metaliic ferro-
magnetics suffer from the defect that when substantial
potentials are imposed upon it conduction is initiated and
continued stress of that magnitude avalanches said con-
duction until the unit undergoes breakdown and further
that the susceptibility to breakdown of the device is inti-
mately woven into the penetration of moisture into the
component. Our structure has thus been produced so
that the stress of imposed potential is primarily concen-
trated on dielectric materials other than the non-metallic
ferromagnetic material which has much extended the
operational life over present transformers. Any ad-
vantage obtained through such a system can well be
masked by the presence of moisture within the device
which has been avoided by the expedient of hermetically
sealing the structure in a fully impregnated container,
the impregnant of which is hydrophobic. Of substantial
influence upon the reliability of the electrical character-
istics of the device is the above mentioned impregnant,
for it was further discovered that the aforesaid impreg-
nant must have a negligible magnetostrictive coefficient
so as to avoid imposing undue stresses and strain upon
the ferromagnetic core member. Surprising as it was,
we found that indeed there are suitable impregnants which
are hydrophobic, of high resistance, low dielectric con-
stant, temperature stabile and slight to non-magnetostric-
tive, of which wax is preferred.

Fig. 1 shows an axial cross-section of the preferred
form of the device of our invention as taken on line
11 of Fig. 2. Fig. 2 shows a radial section of the de-
vice of our invention including the impregnant in a
modified form.

Reference should now be made to Fig. 1 which por-
trays a cross-section of the preferred device of our in-
vention. The basic element of the pulse transformer is
the non-metallic ferromagnetic toroid 2 about which are
wound a plurality of windings, in this case the input con-
ductor 4 and the output conductor 6. These leads are
connected to their respective terminal posts 8 and 10.
The posts are connected to an insulator supporting mem-
ber 12 which has a raised central portion 14 onto which
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the toroid itself 2 is positioned. The member 12 is of

rectangular shape and of thickness of about one thirty-

second of an inch. The center was drilled so that cen-
tral portion 14 could be inserted so as to provide means
for positioning the toroid 2. The supporting' member 12
and the central portion 14 are preferably of a' molded
thermoset resin of relatively low dielectric constant. - The
input and output terminal posts 8 and -10; respectively,
are in turn electrically connected to the exterior terminals
16 and 18. The entire assembly is positioned in a-metallic
container 2§ which is hermetically sealed after impregna-
ticn by bringing the respective ‘leads of the ‘assembly- out-
wardly by means of the terminals 16 and I8 throughthe
Kovar glass insulated cover 19. The container 20 is thus
a cylinder with each end sealed by ‘the “glass insulator
cover in a manner well-known in'the capacitor art. The
interior surface of the can has disposed "incontact’ with
it a layer of kraft paper 22 which providés a positioning
means for the supporting base 12 so as to-avoid: physical
contact of the enclosed assembly and the ¢an 20. “Our
entire assembly is thus seen'to be substantially completely
imgpregnated with a hydrophobic material; not shown -in
Fig. 1, and contained in a hermetically “sealed stricture
in such a fashicn that the potential gradient’is miniinized
in the region adjacent to the core member.

As indicated in the foregoing,” the ferromagnétic ma-
terial having satisfactory electrical properties for—use as
a core material for a pulse transformier, is the montimetallic
type, commonly known as ferrites. The preferred-fer-
rites include the manganese zinc ‘and ‘nickel typé having
a Curie point in ‘excess of 130° C. and an initial perme-
abitity of from 500 to 1200. ‘Other important electrical
characteristics include a pulse permeability ‘of ‘at -least
480 for a .1 microsecond pulse and a frequency Tesponse
up to 10 megacycles. Commonly available ferrites’ suit-
able for such use are Ferroxcube 3C sold by Ferroxcube
Corporation ‘of America, Ferramic H sold by’ General
Ceramics, and Ceramag SN sold by -Stackpole, “all-of
which are manganese zinc ferrite. The electrical charac-
teristics set forth rather than the chemic¢al matérial of the
core material establishes ‘a criteria for judging the “appli-
cability of the ferromagnetic ‘material to this ‘invention.
It is, however, one of the features of our invention that
a suitable core material be utilized in a certain configura-
tion, namely ‘as a toroid or form presenting a substantiaily
closed path for induced magnetic: flux.

It 'was not realized by us-until our discovéry that-the
insulation of “the’ ferromagnetic ‘core could “indeed exert
a substantial iriflence upon the operational Tlife available
with the use of such material. © Realizing finally’ that-the
imposition of a substantial® potential -across the férro-
magnetic material “initiated -conducticn -and -accelerated
the breakdown of “the core, it thus became necessaiy to
protect the cere from excessive amotnts of “imposed. po-
tential which  we have<“accomplished by ‘insulating to a
substantial thickness the exterior-of the core with ‘a’ di-
electric of high breakdown' voltage and resistance and
further by imposing a plurality of diclectrics between the
two points-of potential ‘of the assembly” so as to-impose
upon “the - ferromagnetic' core a “small segment “of “the
overall potential developed-in ‘the comporent. = This was
accomplished by the expedient of lacquering the core-with
a material of higher “diglectric constant -than the ‘im-
pregnant and the insulation on'the ‘primary-conductors
and which lacquerin our preferred embodiment ‘has 2
dielectric constant in excess of 4. The preferred-lacquer
thus includes the copolymer -of vinyl-chleride -and “viayl
acetate and ‘must- be- of ‘a-thickness within fhe range.of
from .2 mil to 0.5mil. : This-high-dilectric-constant in-
sulation coated:- en: the ferromagnstic. material 6 di-
electric constant:10 soidividedithe field that enly-a small

ortion of the tétalipotential-is placed. across -or adjacent
to the ferromagnetic:material. . - As:indicated above, the
primary. and-secondary- conductors are.insulated-with-an
cuter low dielectric constant-layer. This dielectric layer
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serves both the function of avoiding the shorting of the
adjacent turns on the core and absorbing in combination
with the impregnant the major amount of the electrical
stress imposed upon the dielectric materials positioned
within the field of electrical stress. The conductors are
coated with an enamel having a dielectric constant of
from 2%5 to 3 as contrasted with the lacquer imposed
upon the surface of the ferrcmagnetic teroid having a
dielectric constant-in excess of 4. - As representative lac-
quers. any- of -the various cellulose esters might be used,
for example, cellulose acetate, cellulose nitrate, celtilose
butyrate, -etc.

As indicated in the foregoing portion of the specifica-
tion, the -impréegnant cooperates with the other features
to yield a pulse transformer of much improved character-
istics over those presently known. The impregnant serves
both as a barrier to moisture penetration which penetra-
ticn has been found to be extremely detrimental to the
breakdown resistance of the component, has a low di-
electric- constant, a high-resistance and excellent ability
to withstand electrical stress, -and- has slight to no mag-
netosirictive characteristics. Magnetostriction by the im-
pregnant has-been found to ‘degrade the eutput of the
pulse transformer and cauise unreliability as the magneto-
striction “of ‘the impregnant so stressss the core that its
clectrical-cliaracteristics-are ‘altered. - Wax meets these re-
quirements-and’if ‘of a meéling peint-of from 90° C. to
125° C.-iscour preferred impreganant. "The low tempera-
turs limit' is-imposed -by ‘the -¢perating: temperature for
it must-be:in the- sclid- phase-and ‘upper limit imposed
50 as- to-avoid shrinkage after impregnation “which can
result in- substantial undesired voids. Although wax
forms ~an- dntegral ‘ part ‘6f -Gur preferred: structure, as
shown in‘Fig. 2 it might well -and is for -certain applica-
tions filied with a-ferromagnetic particular material 23
which serves to confine further any stray flux-tc a region
close tg¢-the foroid-2-proper.

As many-apparently widely ‘different embodiments of
this invention-may -be made without departing from:the
spirit and- scope-hereof; it-is to ‘be understoed that the
invention is not limited to the specific-embodiments here-
of except as defined in'the -appended claims.

What is claimed is:

1. A pulse transformer comprising -an insulated toroid
of non-metallic-ferromagnetic material, a-plurality of in-
sulated conductors wound .about said toroid, hermetically
sealed -container ‘means -enclésing said ‘tercid; said ‘con-
ductors having ‘terminals sealed through the wall por-
ious of the container means, and a high-resistance hydro-
phobic dislectric- impregnant-no more than slightly mag-
netostrictive confined- within said -container-means, sdid
impregnant having a dielectric constant-lower-than said
toroid insulation‘and- a melting point -at least as high as
90° C.

2. A pulse transformer comprising an insulated toroid
of non-metallic- ferromagnetic material, a-plurality- of in-
suiated conductors wound -about said- toroid, said toroid
insulation -having a dielectric constant of at least 114
times that of-said conductor insulation,-terminals for said
conducters, container ‘means hérmetically -sealing said
teroid -and associated windings but leaving the ends of
the terminals: projecting  outside said -container means,
and 2 high resistance-wax having a melting point of from
90° C. to 125° C. -and a-‘dielectric constant lower than
said-toroid ‘insulation substantially filling the velume de-
fined by sdid confainer means.

3.° A ‘pulse transformer comprising a lacquered toroid
of a ferrite havisig a pulse permeability of from 400 to 500
for .1 microsecond pulse, a plurality of enamel insulated
coaductors ‘wound -about said torcid, supporting means
of a low dielectric constant- therfnoset resin’ maintaining
said toroid in a fixed positicn, a -celiulose: lined metallic
can having -glass secured terminals. hiermetically sezling
said toroid, said conductors terminated by said glass se-
cured terminals, and a wax having a melting point of
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from 90° C. to 125° C. substantially filling said volume
defined by said can.

4. A pulse transformer comprising a toroid of non-
metallic ferromagnetic material, a dielectric coating hav-
ing a dielectric constant of at least 4 around the toroid,
conductor windings interlinked with the toroid, a low di-
electric constant, high resistance hydrophobic, dielectric
solid no more than slightly magnetostrictive impregnated
in and encased around the assembly, said solid having a
melting point of at least 90° C. and a lower dielectric con-
stant than said toroid coating, and a metallic container
hermetically sealed around the encased assembly.

5. The combination of claim 4 in which the dielectric
solid is filled with ferromagnetic particles.
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