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TOROID TRANSFORMER ELECTROSTATIC
SHIELD
.Robert H. Russell, Altadena, and Donald Boyko and
- John A. Gilbert, Pasadena, Calif., assignors to Electro-

Optical Systems, Inc., Pasadena, Cahf., a curporatmn
of California

Filed Mar. 1, 1965 Ser. No. 436 123
S Clam_ls (Cl 336-—69) -

- 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 severa‘l 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
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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 wmdmgs of the
toroid are made very close to the core. The core is wound
about, but insulated from, a toroidal conductive steel bob-
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bin. In the absence of a ground reference, capacitance -

between each wmdmg and the core may be considered
as series capacitors and the capacitances between pnma:ry
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 electrlcally The result is
an electrostatic shield between primary and secondary
windings, which are wound about the toroid on either side
of the shleldmg material, and due to the shield and its
connection to the bobbin, remaining couphng 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 pomt 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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with electrostatic shielding between the pri
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2.
| The electrostatlc shield may be utlhzed 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 prlor

art toroid transformers, when the electrostatic shleld is
added. e

The toroid transformers, implemented in accordance
with this invention, are pamculaﬂy useful in direct-cur-
rent-to- dlrect—current converters where electrostatic shield-

ing is ‘essential for mterference—free and low-noise 0pera—-

tion.

Accordingly it is an object of this invention to provide
a novel improved and more reliable tormd transformer
ary and sec-
ondary wmdlngs thereof for low-noise and interference-
free operation in electric circuits.

It 1s another object of this invention to provide in toroid
transformers of small size, an effective electrostatic shield-

ing means which is both reliable and presents no me-

chanical interference between windings.

It 1s 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 1s 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
electncally in contact with said toroid at one point thereon.

It 1s 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 perpendlcularly
to the plane of the bobbin across the bobbin and in con-
tact with the conductive material thereof at the pomt of
incompletion of said turns of msula‘twe COore 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 merely illustrative of the invention and not
Iimited 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 fogether with the drawings and the appended claims.

In the drawmgs

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

respect to the capacitances between them:

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

FIGURE 3 1s 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—5 of FIG-
URE 3.
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Referring now to FIGURES 1 and'2 for an uinderstand=""""""is" welded ‘oi ctierwise Tiiade to elecirically contact bobbin

ing of the capacitive relationships between primary, sec-
ondary and core of transformers generally, and a toroidal
transformer ‘in 'particular, the figurés show a primary
winding 10 in a mechanical schematic forni and a: sccond—
ary winding 11 spaced by some- dielectric means above 4

core -12. Primary winding 10 forms the cqulvalcnt of ‘one

plate of a capacitor C1-'with:core 12, Secondary winditig

11 forms a capacitor C2 with ‘core 12. Between primary
10 and-secondary 11" a third capacitor C3iis. formed, the

latter being the stray: capacltancc between the wmdlrigs
without an added shield in accordance with:this invention.

In (b) of FIGURE 1 the electrical circuit cqulvalcnt
of the capacitive relationships above -described is-showi
and can be seen to:represent a; pair-of capacltors €1’ and
C2 in series; with a capacitor C3 connected across the
series pair as-a: parallcl element therewith. The resulting
capamty Ct bctwccn pnmary and secondary can ba sccn
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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, lge, -Seen 1o corpprlsc thc conductive bobbin 12
whlch may bc of stccl pon whlch 1S’ unnd clrcumfcrcn-
tially a fcrrorlagnct;lc tape 19 ﬁllmg bobbin. 12 to' its

I 1

periphery. Wound- about the. rcaultlng toroid core 25 is
an insulative tape 20 which does not completely cover the
bobbin: 12 but:leaves exposed-an:area-i4 to-which.elec-
trically: conductive c¢ontact can -be 'made -asi:at115. A!’E-
shaped shield -13/17 is inserted. intithe -toroid well at.22

. and a tab 23:thereon is welded at15:to the:exposed:por-

15

tion 16.0f bobbin 12.,A primary winding 10 and a:second-
ary: wmdmg 11:aré :wound: about core 25 respectively on
appcmtc sides -of: shield 13/17.- The material ..of -shield
13/17 is conductive,‘such: as-copper, brass, or-aliminum;

" which -will-prevent: stray: capacltlvc coupling of-.electro=

R
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The schematic representation in FIGURE 2 shows how

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
2C,. Each capacitor, 2C;, 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 1s inserted
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

trostatic coupling between .windings. That is, the inter-
winding capacitance is eliminated. In a typical case the
reduction in the interwinding capacitance achlcvcd was
from 12 pf. to .75 pf. -
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The physmal structure of a transfcrmcr accordlng 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 cmplcy like rcfcrcncc
characters in each figure.

In FIGURES 3-5 a bobbin 12 can bc seen tc havc 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

45

50

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

60

wound around the resulting toroid ring save forthe area

shown by arrows 14 which leaves the conductlvc surfacc
of bobbin 12 exposed as at 186. |

The bobbin 12, ferromagnetic tape 19 wound thcrcon
protective covering 18 and insulative wrap around tape
20 form a toroidal transformer core 25. On an axis 90°
removed in one direction from the gap 14 a primary wind-
ing 10 is placcd on core 25; and 0pp051tc a sccondary
winding 11 is wound. =~ - ~

A T-shapcd clcctrostatlc metallic shlcld 13 is 1nsertcd
_in the central aperture 22 of ‘core 25, as indicated at 17.
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Shield 13 has a bent over tab 23 on an end thereof which 7 5

static: chargestacross-“fromy primary- 10 to.secondary 11.
Since: the pertinent ‘magnetic: couplinig is through the-core
25, the shield 13/ 17 dccs 'not affcct any but the stray
couplmg TR |
The shield. 13/ 17 bcmg posﬂmncd bctwccn -pri ary 10
and secondary 11, and clcctrlcally tied to the conductive
bobbin 12,-is grounded in use’ as indicated at 14 in FIG-
URE: 2, so-that shield 13717 is, in fact, at ground return
reference and provides a low 1mpcdancc path for any elec-
trostatic charge generated by primary winding ‘10 or sec-
ondary 11 preventing the transfer of electrostatic noise or
interference pulses -between pnmary 10 and sccondqry 11.
- “What 15 claimed 1is: ST SRR -
1. Ina toroid transformcr thc combmatwn of
. a torodial: bobbin of conductive material;
a. ferromagnetic tape wrapped clrcumfcrcntlally abcut
--and insulated frcm sald bobbm of conductwc mate-
I'lEll ‘ : AT i s RS ¥ e u 1_f

| .-'-.'msulatmn an.atcnal wra cd upon sald bobbm lcavmg
to the other winding, thereby eliminating first order elec- .~ pped up

-only a:small'space of said conductive: material of sa1d
bobbin exposed; SN
-an‘electrostatic shield platc inserted across the: dlamctcr
- of 'said bobbin; making electrical and mechanical
.+ contact withsaid conductive material of said toroidal
bobbin only at said ‘exposed small space, said shield
being in a:plane perpendicular tothe plane of+the
++: circumference of said bobbin; said bobbin, said ferro-
. anagnetic ‘tdpe; ‘and. said* insulating: material -forming
RO ) msulatcd tcrmdal corc WIth sald shlcld 1nscrtcd
o f"thﬁI'ElIl, A R M . S ey
g primary. wmdmg wound on. sald core on* one: 51dc of
sald shield: and ‘a secondary winding wound on said
-core: off thc other:- SIdc of saxd shlcld cppcsnc sald
sprimary winding,s s -
whcrcby, the mtcrwmdmg capacﬂanccs bctwccn sald
:pnmary -winding and:said: secondary wmdmg are.a
minimum: -and: said: shield- thereby. provides a maxi:
< -mum-interwinding electrostatic shielding against &lec-
- -trostatically:induced: pctcnﬁals between.said-windings
to reduce interference: and noise:that may: be: cthcr-
- wise. generated-in‘the ‘use of said :transformeri:: = -
2 An-improved toroid. transformer, comprisingt . <
~g:conductive-toroidal bobbinhaving.a central. apcrturc

a fcrrcmagnctlc tapc msulatwcly wrappcd upcn sald
-+ bobbiny: LT Y L T LT SN
1nsu1at10n matcr1al wrappcd abaut sald bcbbm, with
-« saidsferfomagretic tape thereon; léaving only a. small
space of sald conductwc matcr1a1 cf Sald bcbbm
anpﬂsed . Tetene e .:-1...;‘ ke PR Sk

an. clcctrcstatxc ‘Shlﬁﬂd platc 1nscltedf 1 sald ccntral aper-

- tureagross: the diameter: of /said: bobbin, and-adapted
=to:maké:electrical ‘contavt with: said ‘conductive-bobbin
ﬁ}nly: cat rsaids -exposetsmall :space, ssaid ‘shield=being
3 in-aplane: perpendicilas to- the:circuimferential pland
a@f* sait bebbin, -said:Bobbin, :said ferromagncttc tape,
Jand: saidi: msulatmn matcrlal forming* an insulated
toroidal core with said shield inserted therein:
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. primary winding, wound on. sald core on one side

"~ of said shield; and -

a secondary winding weund on said core on the other
side of said shield; L

whereby the mterwmdmg eapac1tanees between said
primary wmdmg and said secondary w1nd1ng are min-

~ ++1mized and said ‘shield provides maximum electro-

-« static shielding against electrostatically induced 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 mrcumferentlally 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;

sald 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 sald 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 eclectrostatic shield plate inserted across the diameter
of said core 1n 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 sald 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 material
of said bobbin; ~

a primary winding on said toroidal core over said ferro-

3,406,364
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_ magnetlc tape wrapping on one 31de of sald shleld
and,

. a secondary wmdmg weund on sald tormdal core over

* said ferromagnetic tape wrapping on the other side

5 . of said shield dlametrally 0pp051te sald prlmary

- winding, |
Whereby the mterwmdmg capaeltances between said
~primary winding and said secondary winding, are re-
 duced, and said electrostatic shield provides a maxi-

10 .. Mmum interwinding electrostatic shielding to reduce

L mterference and noise that may ethermse be gener-
“ated. by said transformer in use thereof.

6 A toroid. transformer comprlsmg the combmatxeu

of:

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

insulating material surrounding said ferromagnetic tape
and said conductive bobbin leaving only a small

20 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;

o5 & 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, |

30  Wwhereby 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

35 in use thereof.

f‘?. A toroid transformer comprising the combination

of: -'

a toroidal ring of conductive material wrapped circum-

ferentially about with a ferremagnene tape, said tape

40 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
45 said ring In electrical contact with said conductive

material at said exposed small space;
said shield being in a plane perpendlcular to the plane
of said ring;
~a primary winding wound on said tormdal ring over
50 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
55 whereby the 1nterw1nd1ng 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
60 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
sald conductive toroidal ring; insulation material
85 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
"0 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
75 side of said shield; and,



.'h- ‘_-'h 1

C i . "
Tl ringe -

. . - L}
. C . '1".1- . '|‘ ,."'_ . rﬂ. I_d-._ - |._ T e r '
7 L -, - L N o, o=
' -

a secondary winding wound: 1nsulat1ve]y on said toroidal -

ring over said ferromagnetic tape wrapping on the
other side of said shield dlametrally opposne sald
primary .winding; -

-whereby the capacitances represented by sald pmnary

-:wmdmg to :said. toroidal ring, said. secondary -wind-

ing to.said toroidal ring, said primary winding to said

' . electrostatic: shield and. said secondary winding .to

. said electrostatic shield. result in_a -minimal .inter-
- winding: capamtance -and..said shield. thereby . pro-
.. vides..a maximum interwinding electtrostatic -shield-
ing against electrostatically induced potentials - _be-

-:,;_,._';tween said- wmdlng to reduce mterference and noise

I . ' B
- L -- ' B
- . . .- . P . : . - - i
oh - = -"' LT - r Loy r ' 7
i '_ . - - .I' . ] r\:‘ . h L. - _._- . LI "' II..,_l

10

. - I*..... - ‘..' 0 - X
. . "
) £, S -
gt - "- - (£} ."-'.,.q'_'. . - "'\.—-" l ’rr"' - .--. "E--'.. . 1-"
T -- A . ] = , " T r
7 R g T . wleoTe om0
' LI i r ¥ .|r [ -y -
7 : ' : - filye . i
v r . - * . - . !
2 vl + o e LT

2 n
- L
¥ e
M |
» v
- _i.-
L L
. e
] - ll.q-
. Ha

that may otherwise be generated by said transformer

in use thereof.
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