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This invention relates to toroid transformers and more
particularly to a novel interwinding shield for eliminat-
ing the electrostatic coupling between primary and sec-
ondary windings of small toroid transformers.

Recent developments in materials in the prior art have
made it possible to provide electrostatic shielding for
small torroid transformers. Under the usual conditions
of use of such transformers any shielding between wind-
ings would increase the interwinding and winding-to-core
capacitances because of the small dimensions involved.

In the prior art a transformer as small as 34’ in di-
ameter could be shielded only with great difficulty. The
most recent technique above referred to consisted of the
steps of painting a conductive coating on the toroid core
to provide the shielding surfaces, following this with a
layer of insulative material for several alternate layers of
the shield and insulation upon the core. To achieve effec-
tive shielding by this prior art technique many layers of
conductive paint and insulative material had to be used
as above described. The result was accomplished at a sub-
stantial cost in time and materials and with less than a
desirable degree of reliability. The increase in rate of
failure was as high as five times as great as for an un-
shielded toroid transformer.

The present invention contemplates a novel means
whereby the electrostatic shielding between the windings
of a small toroid transformer may be achieved without
any of the attendant difficulties which were. characteristic
of the only other known prior art method. No conductive
paint and insulative materials in alternate layers intervene
between the winding and core. The new technique accord-
ing to this invention can be implemented with little me-
chanical difficulty in inserting the shield.

According to the present invention the windings of the
toroid are made very close to the core. The core is wound
about, but insulated from, a toroidal conductive steel bob-

5

10

15

20

25

30

40

45

bin. In the absence of a ground reference, capacitance -

between each winding and the core may be considered
as series capacitors and the capacitances between primary
and secondary windings in parallel with the series capaci-
tances. Shielding material is added across the toroid, per-
pendicularly to the plane of the toroid, and is connected
to the conductive toroid bobbin electrically. The result is
an electrostatic shield between primary and secondary
windings, which are wound about the toroid on either side
of the shielding material, and due to the shield and its
connection to the bobbin, remaining coupling capacitance
between the primary and secondary windings is reduced to
a minimum.

Electrostatic isolation achieved with the present inven-
tion is the result of using the conductive bobbin as a direct
interwinding shield with the electrostatic shield insert con-
nected electrically at a single point to the toroid bobbin.
The effect of inserting the shield is to provide a ground
reference return path between the windings which inhibits
the effects of potential changes on the primary electro-
statically inducing potential changes in the secondary.
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ing means which is both reliable and

2

The electrostatic shield may be utilized as a low im-
pedance dissipation path for noise currents.

Fabrication of toroid transformers according to the
present invention is simplified as compared to the prior
art transformers because windings can now be made con-
tinuously and without the danger of injury to layers in the
process of applying insulative paints or coatings to the
windings. Windings are accessible and not obscured by
subsequently applied layers as in the prior art, There is
no mechanical interference between windings, as in prior
art toroid transformers, when the electrostatic' shield is
added. .

The toroid transformers, implemented in accordance
with this invention, are particularly useful in direct-cur-
rent-to-direct-current converters where electrostatic shield-
ing is ‘essential for interference-free and low-noise opera-
tion. :

Accordingly it is an object of this invention to provide
a novel improved and more reliable toroid transformer
with electrostatic shielding between the primary and sec-
ondary windings thereof for low-noise and interference-
free operation in electric circuits.

It is another object of this invention to provide in toroid
transformers of small size, an effective electrostatic shield-
presents no me-
chanical interference between windings. )

It is further an object of this invention to provide a
novel electrostatic shield for a toroid transformer where-
in the shield is across the toroid and electrically connected
to one point therein, the primary and secondary windings
of the transformer being respectively wound on either
side of the shield insert about the toroid.

It is still another object of this invention to provide
in a toroid transformer a conductive toroid with an elec-
trostatic shield inserted across the toroid, the shield being
electrically in contact with said toroid at one point thereon.

It is a still further object of this invention to provide
in a toroid transformer an effective electrostatic shield
between primary and secondary windings including a thin
toroid bobbin of conductive material with a wrapped
ferro-magnetic core upon which is wound insulative tape
completing less than a full circumferential turn of the
bobbin, and an electrostatic shield inserted perpendicularly
to the plane of the bobbin across the bobbin and in con-
tact with the conductive material thereof at the point of
incompletion of said turns of insulative core wrapping ma-
terial. '

These and other objects of this invention will be-
come more clear from the specification which follows in
which a preferred embodiment of the invention is dis-
closed. The embodiment shown and described should be
taken as being mierely illustrative of the invention and not
limited to the embodiment described since those skilled in
the arts appertaining hereto will be ‘able to devise other
embodiments in the light of the teachings herein when
taken together with the drawings and the appended claims.

In the drawings:

FIGURE 1 is a representation of the relationship be-
tween the windings of a4 transformer and the core with

Tespect to the capacitances between them;

FIGURE 2 shows the relationship of capacitances when
this invention is employed;

FIGURE 3 is a perspective drawing of a toroid trans-
former in accordance with the preseat invention;

FIGURE 4 is a cross-section through 4—4 of FIGURE
3; and

FIGURE 5 is a cross-section through 5—35 of FIG-
URE 3.



Refeiring now to FIGURES 1-aid 2 for ani iinderstind=""~i§" welded or-otherwise made to eectri¢ally contatt bobBin’

ing of the capacitive relationships between primary, sec-
ondary and core of transformers generally, and 2 toroidal
transformer ‘in ‘particular, the figurés show a primary
winding 10 in"a-mechanical 'schematic forni and a- second-
ary winding 11 spaced by some- dielectric means above a
core 12. Primary winding 10 forms the equivalent of one
plate of a capacitor C1-‘with:core 12: Secondary winditig
11 forms a capacitor C2 with ‘core 12. Befween primarg
10 and-secondary. 11 a third capacitor C3iis formed, Ahe
latter being-the stray: capac1tance between the ‘windirgs
without an added shield in-accordance with this invention.
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In (b) of FIGURE 1 the electrical circiiit equivalent ..

of the ‘capacitive: felationships above: -described’ is ‘showi
and can be seen to‘represent a-pair-of capacitors €1’ and
C2 in serles, -with a:capacitor C3 connected actoss the
series pair as'a parallel element therewith. ‘The resulting
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capacity Cy between pnmary and secondary can be seen <

to be

Co1xce

Ci= 01+02+C3

,""20

The schematic representation in FIGURE 2 shows how o

a shield according: to this invention interposed between
primary winding 10 and- secondary winding 11 changes
the capacitance configuration. Now the interwinding ca-
pacitance can be represented by two capacitances, each
2C5. Each capacitor, 2Cs, is between a winding and shield
13. Shield 13 is in the form of a T-shaped plate which is
more fully described hereinbelow, and which is inserfed
in the core of a toroid transformer as further described
below for the purpose of .intersecting.the:direct stray
coupling capacitances between primary and secondary.
When shield plate 13 is connected to a low impedance
ground return or zero reference path any electrostatic field
from either primary or secondary winding generates. a
charge movement only in said shield plate. and not across
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to the other winding, thereby eliminating first order elec- -

trostatic coupling between .windings. That is, the inter-
winding capacitance is eliminated. In a typical case the
reduction in the interwinding capacitance achleved was
from 12 pf. to .75 pf.

The physrcal structure of a transformer accordrng to
this invention is shown in FIGURE 3 in a.perspective
view. Sections taken through 4—4 of FIGURE.3 and
5—5 of FIGURE 3 are shown in FIGURES 4 and 5:re-
spectively. In referring to FIGURES 3-5 the reference
characters used correspond with those in the other figures
and are consistent in that like items employ like reference
characters in each figure. :

In FIGURES 3-5 a bobbin 12 can be seen to have a
spool-like shape. Bobbin 12 is of a conductive material-and
preferably of a conductive origin such as. steel-or copper

and the like. A flat thin tape or ribbon of insulative - .
55

material 21 coats or covers the entire inside of bobbin 12
including the inner surfaces of the bobbin flanges. Then
about the bobbin 12 a ferromagnetic ribbon 19 is wound
circumferentially until bobbin 12 is filled. Thus ribbon or
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tape 19 forms a core with shielding provided by the spool-

like structure of bobbin 12. An outer insulative ring of
material 18 (which may be cardboard or some other: cov-
ering for the ferromagnetic ribbon or tape 19) is wound,
circumferentially., Finally a thin insulative tape 20 is
wound around the resulting toroid ring save for the area
shown by arrows 14 which leaves the conductive surface
of bobbin 12 exposed as at 16.

The bobbin 12, ferromagnetic tape 19 wound thereon
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protective covering 18 and insulative wrap around tape
20 form = toroidal transformer core 25. On an axis 90°

removed in one direction from the gap 14 a primary wind-
ing 10 is p]aced on core 25; and opposrte a secondary
winding 11 is wound. -
A T-shaped electrostatic metalllc shleld 13 is mserted
_in-the central aperture 22 of ‘core 25, as indicated at ¥7.
Shield 13 has a bent over tab 23 on an end thereof which
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12 as shown at 15, in the gap area 14-16 as previously
described. '

The resulting toroid transformer configuration can
thereby, be.seen to comp he conductive bobbin 12
which, m PON-W 1' vgund circumferen-
tlally a férromagnetic tape . 19 filling, bobbin, 12 to its
periphery. Wound.. about the resultrng toroid core 25 is
an insulative tape 20 which does not completely cover the
bobbin: 1% but:leaves exposed-an:atea~k4 tomwhich.eléc-
trically: conductive contact. can ‘bemade as-at-15. -A!'T-
shaped: shield 13717 is inserted. inithe :toroid well at.22
and a tab 23:thereon is welded at15to the:exposed:por-
tion: 16.0f babbin 12.;A primary winding 10 and a-second-
ary: winding: 11:aré: .wound about core 25:-respectively on
opposrte sides -of: shield 13/17. The material . of -shietd
13/17 is conductive,such: as-copper, brass, or-aliminum;
which: -will- prevent stray capacrtrve coupling of electro-
static:chargestacross-fromy primary: 10 to.secondary 11.
Since: the pertinent ‘magnetic: conpling is through the-core
25, the shield 13/17 does hot..affect any-but: the stl:ay
couplmg

. The shield 13/ 17 bemg posrtloned between prlmary 10
and secondary 11; and electncally tied to the conductive
bobbin 12,-is grounded in use’ as-indicated at 14 in FIG-
URE 2, so that shield 13/17is, in fact, at-ground return
reference and provides a low 1mpedance path for any elec-
trostatic charge generated by primary winding ‘10 or sec-
ondary 11:preventing the transfer of electrostatic noise or
mterference pulses-between pnmary 10 and second'lry 11

“What is claimed is: :

1. In.a'toroid transformer the comb1nat1on of

..a torddial- bobbin of conductive material; :

a.ferromagnetic tape wrapped c1rcumferent1a11y about

--and 1nsu1ated from sa1d bobbm ‘of conductlve mate-
rlal d B et

-insulation material wrapped upon sald bobbm, Jeaving

" only a'small space of said conductive:material of sald

bobbin exposed;
- an‘electrostatic shield plate inserted across the: dlameter
< of saidbobbin; making electrical and mechanical
contact with'said conductive material of said toroidal
bobbin only at said ‘exposed small space; said shield
being in a:plane ‘perpendicular to'the plane of:the
circumference of said bobbin; said bobbin, said ferro-
magnetictape, -and.said*insulating: material forming
an: msulated torordal core with: sa1d shreld 1nserted

D therem, "
a3 primary-winding Wound on sa1d core on-one srde of

said shield; and ‘a secondary winding wound on said

.+ -COTe: Off, the other:side :of sald shleld opp051te sald
-.».-primary winding, S

: whereby, .the interwinding: capacrtances between sald

: prrmary -winding and: said: secondary wmdmg are.a

mininmum -and: said: shield thereby. provides a maxi:

" -mum-interwinding eléctrostatic shielding against elec-

- trostatically:induced potentials:between said:windings

to reduce interference-and noise:that may:be:other-
<2 wise generatedrin/the use of said ‘transformeri: -

- 2:-An -improved toroid. trdnsformer, comprisingt *.: “-;

-4 :céonductivé-toroidal bobbinhaving a central aperture

a ferromagnetlc tape lnsulatWely wrapped upon saxd

» bobbing: 6% S T Sl
1nsu1at10n mater1a1 wrapped about sald bobbln, w1th
-+ saids fertomagnetic tape theteon; léaving only a small

space of sa1d conductlve mater1a1 of Sald bobbm
~iexposed;= Teatu e i :

< an electrostatrc shreld plate mselted* in: sard central aper-

ture agross: the -diameter: of /said: bobbin, and~adapted
to:make:electiical contact with: said ‘conductive: bobbii
Lyt ’at *sard exposed small rspace, sald shIeld sBeidg

o
FQ)f‘-»SHId bdbbm sald bobbm sard ferromagnetrc tape,
<and saidiinsulation. matérial forming?an insulated
toroidal core with said shield inserted #herein;”
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... primary winding wound on saxd core on one side
© " of said shield; and

a secondary winding wound on sald cote on the other
side of said shield;

whereby the. mterwmdmg capac1tances between said
primary winding and said secondary wmdmg are min-

~~-imized and said -shield -provides maximum electro-

- static shielding against electrostatically induceéd po-
tentidls between said- windings to reduce interference

- and noise that may be otherwise generated:in the use
of said transformer.

3. In a toroid transformer, the combination of:’

a toroidal bobbin of conductive material;

a ferromagnetic tape wrapped c1rcumferent1ally about
and insulated from said bobbin of conductive mate-
rial,

insulation material wrapped upon said ferromagnetic
tape and said conductive bobbin leaving only a
small space of said conductive bobbin exposed;

an electrostatic shield plate inserted across and per-
pendicular to the diameter of said bobbin, in conduc-
tive contact therewith;

said bobbin, said ferromagnetic tape, and said insula-
tion material forming an insulated toroidal core with
said shield inserted therein;

a primary coil wound on said core on one side of said
shield; and a secondary coil wound on said core on
the other side of said shield opposite said primary
coil;

whereby, the interwinding capacitances between said
primary winding and said secondary winding are
minimized and said shield provides shielding against
electrostatically induced potentials between said
windings to reduce interference and noise that may
be otherwise generated in the use of said transformer.

4. In a toroid transformer, the combination of:

a toroidal bobbin of conductive material;

a ferromagnetic tape wrapped circumferentially about
and insulated from said bobbin of conductive mate-
rial;

insulating material surrounding said ferromagnetic tape
and said conductive bobbin leaving only a small
space of said conductive bobbin exposed, said tape
and said bobbin comprising an insulated toroidal
transformer core;

an electrostatic shield plate inserted across the diameter
of said core in electrical contact with the conductive
material of said bobbin;

a primary winding on said core on one side of said
shield plate; and

a secondary winding on said core on the other side of
said shield plate,

whereby the interwinding capacity is minimized and
electrostatic coupling between said primary winding
and said secondary winding eliminated thereby to
shield said windings from electrostatically induced
charges from one of said windings to the other, and
reduce interference or noise voltages that may other-
wise be developed in said windings in the use of said
transformer.

5. In a toroid transformer the combination of:

a toroidal core comprising a bobbin of conductive ma-
terial having a ferromagnetic tape wrapped circum-
ferentially about and insulated from said bobbin of
conductive material;

insulating material surrounding said ferromagnetic tape
and said conductive bobbin having only a small space
of said conductive bobbin exposed;

an electrostatic shield inserted perpendicularly to the
plane of said core across the diameter of said core
making electrical and mechanical contact at said
exposed small space with said conductive materlal
of said bobbin;

a primary winding on said toroidal core over said ferro-
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" magnetlc tape wrapping on one side of. sald shicld;

and,.’

. a secondary’ wmdmg wound on sald toroidal core over

" said ferromagnetic tape wrapping on the other side
of said shield diametrally opposite said prlmary
.winding,

whereby the mterwmdmg capacltances between said
primary winding and said secondary winding, are re-
duced, and said electrostatic shield provides a maxi-
mum interwinding  electrostatic shielding to reduce

interference and noise that may otherw1se be gener-

ated. by said transformer in use thereof.
6 A toroid transformer. comprising .the combination

of:

of:

a toroidal core formed by a bobbin of conductive ma-
terial wrapped circumferentially with a ferromag-
netic tape;

insulating material surrounding said ferromagnetlc tape
and said conductive bobbin leaving only a small
space of said conductive bobbin exposed;

an electrostatic shield inserted perpendicularly to the
plane of said core across the diameter of said core
in electrical contact with said conductive material
at said exposed small space;

a primary winding on said toroidal core on one side of
said shield; and,

a secondary winding on said toroidal core on the other
side of said shield diametrally opposite said primary
winding, )

whereby the interwinding capacitances between said
winding is reduced by said electrostatic shield to
thereby provide a maximum interwinding electro-
static shielding for reducing interference and noise
that may otherwise be generated by said transformer
in use thereof.

7. A toroid transformer comprising the combination

a toroidal ring of conductive material wrapped circum-
ferentially about with a ferromagnetxc tape, said tape
insulated from said conductive ring;

insulating material surrounding said ferromagnetic
tape and conductive ring leaving only a small space
exposed;

an electrostatic shield inserted across the diameter of
said ring in electrical contact with said conductive
material at said exposed small space;

said shield being in a plane perpendicular to the plane

of said ring;

~a primary winding wound on said tormdal ring over

said ferromagnetic tape on one side of said shield;

a secondary winding wound on said toroidal ring over
said ferromagnetic tape on the other side of said
shield diametrally opposite said primary winding;
and

whereby the interwinding capacitances between said
primary winding and said secondary winding is mini-
mal and said shield thereby provides a maximum in-
terwinding electrostatic shielding to reduce interfer-
ence and noise that may otherwise be generated by
said transformer in use thereof.

8. In a toroid transformer the combination of:

a toroidal ring of conductive material;

a ferromagnetic tape wrapped circumferentially about
said conductive toroidal ring; insulation material
wrapped upon said ferromagnetic tape and said con-
ductive ring leaving only a small space of said con-
ductive material of said toroidal ring exposed;

an electrostatic shield inserted across the diameter of

.said ring making electrical and mechanical contact
at said exposed small space with said conductive ma-
terial of said toroidal ring; said shield being in a
plane perpendicular to the plane of said ring;

a primary winding insulatively wound on said toroidal
ring over said ferromagnetic tape wrapping on one
side of said shield; and,
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‘a secondary ‘winding wound insulatively on said toroidal-- -~ ‘that-may-otherwise be generated by said transformer
ring over said ferromagnetic tape wrapping on the in use thereof.
other side of said shield dlametrally opposite said
primary -winding; - - References Cited
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