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[571] . ABSTRACT

A coaxial cable transformer which includes a shielded
conductor for reducing primary to secondary winding
capacitive .coupling which results from the mutual
capacitance therebetween. Included between and con-
centric with inner and outer coaxial conductors,
operating as primary and secondary windings, is a
selectively grounded shield conductor. This shield
conductor is grounded such that there is no instan-
taneous potential difference between corresponding
points on the shield and secondary winding. To reduce
indirect primary to secondary capacitive coupling
which results from capacitive current between the pri-
mary and shield conductors, additional capacitance is
included in the transformer circuit.

§ Claims, 10 Drawing Figures




PNENTEDRB2OBB 3,717,808
SHEET 10F 3 |

&-1 f b _ :

) C . ¢ -

) &9 " S INVENTOR
2\1: ¢ ‘FIC 3 onan avowe omu
o_—_‘ M . ) .

. ?c‘f‘h‘ d "kgrhk
ATTORNEYS



'PATENTEDFEB201373 3,717,808

SHEET 2 0F 3

PRIOR ART

14

LOAD] , 14

LOAD




PATENTED FED20173 < . 3.717.808

SHEET 30F 3
{20‘
: po
/ 1 2) b 6
FIG. To 9 =
' S e =0 d
7 i ‘
bo—




3,717,808

1
SHIELDED COAXIAL CABLE TRANSFORMER

BACKGROUND OF THE INVENTION

An important requirement of a high-frequency trans-
former is the generation of an output signal which cor-

responds as precisely as possible to the input signal, '

save for amplitude distinctions resulting from the pri-
mary to secondary turns ratio. As a result of stray
capacitance and inductance in transformer circuits,
output signals often appear distorted. In pulse transfor-
mers this distortion appears primarily as a distorted
transient response. Transient distortion is seen as a
slow rise time along with a ringing or oscillatory
transient portion of the output pulse.

In prior transformers with non-concentric windings,
the primary cause of transient distortion was stray in-
ductance, stray capacitance being negligible. Develop-
ment of coaxial cable transformers such as those
described in U.S. Pat. No. 3,005,965 and U.S. Pat. No.
3,197,723 resulting from the realization that stray in-
ductance could be appreciably reduced by forming the
primary and secondary windings from concentric con-
" ductors wound on a suitable core.

Although coaxial cable transformers did indeed
reduce stray inductance, the close proximity between
the primary and secondary windings gave rise to an ap-
preciable stray capacitance caused by the mutual
capacitance between these windings. It is the object of
this invention to reduce this capacitive coupling
between the primary and secondary windings.

SUMMARY OF THE INVENTION

In accordance with the teaching of this invention
transient distortion in coaxial cable transformers is sub-
stantially eliminated by reducing the capacitive current
which results from the mutual capacitance. Reduction
of capacitive current reduces the transient distortion.
To reduce capacitive current in the secondary circuit a
third conductor is located between first and second
concentric conductors, functioning as primary and
secondary windings. This third or shield conductor is
selectively connected to a reference potential so that
corresponding points on the shield and secondary con-
ductors have the same instantaneous high-frequency
potential with respect to the reference potential. As a
result, no capacitive current, which results from an in-
stantaneous potential difference between adjacent
windings, flows through the mutual capacitance
between the shield conductor and the secondary.

The shield conductor may give rise to an indirect
capacitive coupling between the primary and seconda-
ry windings. This coupling results from the instantane-
ous potential difference between the primary and the
shield conductor which causes capacitive current to
flow in the shield conductor. This capacitive current
can give rise to an induced capacitive current in the
secondary. . To eliminate . this indirect capacitive
coupling, the invention provides for the addition of a
capacitor between the primary and the shield conduc-
tors, when needed, to assure that the resultant potential
induced in the secondary in response to the shield con-
ductor’s capacitive current is substantially zero.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents an equivalent circuit for a high-
frequency transformer,
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FIG. 2 represents the transient portions of input and
output pluses from a coaxial cable transformer without
the improvements of the present invention;

FIG. 3a and 3b illustrate a transformer constructed
according to the teaching of this invention,

FIG. 4 illustrates a prior art current transformer cou-
pled to a circuit in which it operates,

FIG. 5 illustrates the circuit of FIG. 4 modified to in-
clude the teachings of this invention,

FIG. 6 illustrates the circuit of FIG. § further
modified to include a capacitor between the primary
and shield conductor,

FIGS. 7a and 7b illustrate a transformer constructed
according to the teachings of this invention and includ-
ing a shielding box surrounding substantially all of the
transformer, and .

FIG. 8 illustrates a transformer embodiment built ac-
cording to this invention and providing a 1:2 turns
ratio. '

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

FIG. 1 represents an equivalent circuit for a high-
frequency transformer valid for concentric and non-
concentric winding transformers. This equivalent cir-
cuit will be used to explain the operation of the inven-
tion.

.The primary of the transformer of FIG. 1 is coupled
at points a, b to source E; containing an internal re-
sistance Rg. Source E; drives the primary winding to in-
duce a potential across the secondary to drive the load
R,. The primary inductance of the circuit given by L,
The stray inductance on the primary side is given by L,
and is represented by two inductors in series with the
inductance Ly. The stray inductance produced on the
secondary side of the transformer is given by L, and is
represented in the equivalent circuit by two inductors
in series with the winding capacitance C,. Capacitance
C, represents the capacitance between adjacent turns
of the secondary winding, while capacitance Cg
represents the capacitance between adjacent turns of
the primary. Since each secondary turn in a coaxial
cable transformer is shielded by the outer braid, the
value of C, is negligible. The mutual stray capacitance,
hereinafter referred to simply as the mutual
capacitance, between the primary and secondary
windings is distributed along the length of the windings.
This distributed capacitance is represented in FIG. 1 by .
a pair of lumped capacitive elements Cs. In practice
Cs>>C.

For ease in discussing the theory behind the inven-
tion a capacitance C's is defined as the equivalent stray
capacitance as viewed from the primary side of the
transformer where C's = kCs + C,, C,, representing all
the stray capacitance excluding the mutual
capacitance. Since the value of C, for coaxial cable
transformers is negligible compared to the value of kCy
the equivalent stray capacitance is essentially equal to
the equivalent mutual capacitance and therefore C's =
kCs. The value of the constant of proportionality, k, de-
pends on the circuit in which the transformer is used
and is primarily dependent upon the transformer turns
ratio and the transformer-load interconnection. For ex-
ample, if points b and d in FIG. 1 were grounded or
more generally connected to the same high frequency
reference potential, the equivalent mutual capacitance
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would be considerably lower than if points b and ¢ were
coupled to the same high frequency reference poten-
tial. Such variations are reflected in the value of k. At
this point it is noted that the term ground will be used
herein to denote any suitable common high frequency
reference potential.

It has been determined that as C'g increases so does
the transient distortion.

A better appreciation of the transient distortion may
" be had by referring to FIG. 2. Waveform a represents
the transient portion of an essentially ideal pulse. It is
not ideal since it shows a finite rise time. The transient
portion of the corresponding output pulse is illustrated
by waveform B. The transformer producing this pulse
does not contain the elements of this invention. The
10%/90% rise time for the ideal pulse is represented by
time ¢,;. The rise time for the output pulse is given by
t,.. The difference between ¢,, and t,, is the rise time
distortion caused by the stray capacitance and in-
ductance. Ringing distortion, shown as the oscillatory
portion of waveform 8 also results from the stray in-
ductance and capacitance.

In transformers with primary and secondary windings
not formed from concentric conductors, the relatively
large distance between the windings results in a negligi-
ble stray capacitance. Therefore, the transient distor-
tion is primarily a function of the stray inductance. This

"can be seen from the following equation. With stray

capacitance neglected the 10%/90% rise time ¢, is ex-
pressed as:

t,-? 2.2 (LSRG + R'L)

where: Lg= L, + n* L,; n* L, representing the secon-
dary stray inductance viewed from the primary
side of the transformer and R’y
equivalent load resistance.
Thus, when stray capacitance can be neglected
transient distortion can be reduced by decreasing the
value of L. A popular method of reducing L has been
to-form the primary and secondary windings from a
pair of concentric conductors. However, such a trans-
former configuration causes an appreciable increase in
the equivalent capacitance C’s which counters the ad-
. vantages realized with lowering Lg. Therefore, it
" becomes - necessary’ to reduce - the effect of - this
equivalent capacitance C's without effecting the value
of Ls. This is done by controlling the capacitive current
. flowing in the secondary which resuits from C's.

" Capacitive current. in the secondary is controlled by

providing a third or shield conductor grounded so that

each point on the shield conductor has the same instan-
" taneous -high-frequency - potential with -respect to

ground as the corresponding point on the secondary-

conductor. Under this condition, there is no instantane-
ous voltage difference between corresponding points
on the shield conductor and the secondary winding,
thereby preventing a capacitive current between the
primary and secondary windings.

FIG. 3a illustrates the basic configuration of a trans-

former designed in accordance with the teachings of

this invention, while FIG. 3b illustrates the FIG. 3a con-
figuration in schematic form. The three conductor
coaxial cable is wound around a core 1. The outer con-
ductor 2- which may ‘be used as-the primary winding

cylindrically encloses and is isolated from the shield.
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conductor 6 by suitable insulating material 8. Similarly,
inner conductor 4 is isolated from the shield conductor
6 by insulating material 10. When outer conductor 2
acts as a primary winding, conductor 4 acts as the
secondary. The shield conductor is provided with a ter-
minal o for coupling the shield to ground at one point
only. The position of terminal g on conductor 6 is de-
pendent upon the circuitry coupled across terminals c,
d. In every case, however, terminal g is positioned so
that corresponding points on the shield and secondary
conductors have the same instantaneous high-frequen-
cy potential with respect to ground. Therefore, there is
no instantaneous potential difference between the
shield and the secondary winding and thus no capaci-
tive current flow.

The rules for selectively grounding the shield con-
ductor may better be explained with reference to a cir-
cuit which includes a coaxial transformer. FIG. 4 shows
a coaxial cable transformer connected as a current
transformer. The primary of this transformer is con-
nected to source 12 at terminal a and to load 14 at ter-
minal b. Terminal ¢ of the secondary is connected to
ground through a load resistor R; while terminal d is
connected to ground through load resistor R,. This

transformer is not constructed in accordance with the .

teaching of this invention.

Capacitance C,, and C,y represent. mutual

‘capacitance between primary winding 2 and secondary

winding 4. At this point it is noted that common numer-
icals designate equivalent elements in the different
figures. If resistance R, and R, are equal, then in the
absence of capacitive current, the voltages across re-
sistances R, and R, are equal in magnitude, but.of op- .-
posite instantaneous polarity with respect to ground. If
capacitive current, ‘i, flows through  the mutual
capacitances C,, and C,y, the voltages across the re-
sistances have additional components, iR, and i.R,
which -have the same -instantaneous polarlty with
reference to ground causing |v,, | #1 Vg -

The generatlon of this capacitive. current. ﬂow
between the primary and secondary windings can be
explained as follows. In operation, source 12 produces
a high-frequency, high potential signal to feed load 14
which may for example be an antenna. As connected in
FIG. 4 only a small potential is seen.across terminals a,
b. For example, with source 12 generating a 1,000 volt
peak voltage it is conceivable to have only a 1 volt drop
across the primary winding. With R, and R, of equal
magnitude.the 1 volt difference between terminals c, d
(assuming a 1:1 turns ratio) appears as a 0.5 volt drop
across each of the resistors. Thus, by way of explana-
tion only and with no intent to so limit the invention,
terminal ¢ may be at +0.5 voits with respect. to ground
in' which case terminal d would be at —0.5 volts with
respect to ground. However, terminals a and b are both'.
at approximately 1,000 volts with respect to ground
giving rise to a potential difference between terminals a..
and ¢ and b and d. Of course corresponding potential
differences appear between other corresponding points
on the primary and secondary windings. This potential
difference causes the flow of capacitive current
through the mutual capacitance, illustrated as C,, and
Cyq, causing transient distortion. Thus in our illustirative
example, as can be seen from FIG. 4, the voltage drop
across-resistor R, due to the capacitive current i, isina
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direction that causes it to increase the absolute poten-
tial of Ve, such that | V| % | 0.5+ icR, | while

b. a third conductor located concentric with and

between said first and second conductors, and

c. coupling means coupling said third conductor to a

reference potential whereby the instantenous
potential at corresponding points on the second
and third conductors are equal so that capacitive
current flow in said second conductor resulting
from the mutual stray capacitance between said
first and second .conductors is substantially
reduced.

FIG. § illustrates the circuit of FIG. 4 modified to in-
clude a transformer constructed in accordance with the
teachings of this invention. This transformer includes a
selectively grounded shield conductor 6 surrounding
inner conductor 4 which is functioning as a secondary
winding. Mutual capacitance exists between the prima-
ry winding 2 and the shield conductor 6 as well as
between the shield conductor.6 and conductor 4, as il-
lustrated by capacitances C,,, Cy, and C,,, Cyq respec-
tively.

-To eliminate direct capacitive coupling between the
shield conductor 6 and winding 4 there must be no in-
stantaneous voltage difference between the windings.
This is accomplished in accordance with the teachings
of this invention by selectively locating terminal g on
winding 6 and coupling that terminal to ground. With
resistors R, and R, assumed equal and with the winding
resistance of conductor 4 distributed uniformly over its
length, the midpoint between terminals ¢ and d is at
ground potential. Therefore, the terminal g is located at
the mid-point of conductor 6 and then connected to
ground. Since points e and f are at the same instantane-
ous potential with respect to ground as points ¢ and d
respectively, corresponding points on the shield and
secondary conductors have the same instantaneous
potential. If resistors R, and R, are unequal then a point
other then the midpoint of conductor 4 is at ground
potential. In general, the ground point on conductor 4
for the configuration shown is determined by the ratio
of R;:R,. Therefore the location of termmal g is such
that n,,:n, = Ry:R,, where n., and ng represent the
number of turns between points e, g and g, f respective-
ly.

Introduction of the shield conductor 4 results in a
possible indirect capacitive coupling between the pri-

mary and secondary windings. This indirect coupling.

occurs because of the potential dlfference between the
primary and shield conductors. As a result, capacitive
current flows through the mutual capacitance
represented in FIG. § by capacitives C,, and C,. This
capacitive current in winding 6 induces a voltage which
by transformer action appears in secondary winding 4
giving rise to capacitive current in the secondary cir-
cuit, ‘

A technique for eliminating this indirect capacitive
coupling will now be explained. For the circuit of FIG.
5, terminal g was positioned at the midpoint of conduc-
tor 6. Therefore, the voltage across capacitors C,, and
Cys is' V,,, the source voltage, causing the capacitive
currents i¢, and ic; to be of the same magnitude but of
opposite direction and thus their effect is suppressed.
That is, the potential induced in condu_ctor 4 as aresult
of i¢, and i¢, are equal in magnitude but opposite in
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polarity. When R, does not equal R,, the positioning of

the terminal g on conductor 6 is changed to assure that

the instantaneous potential difference at corresponding
points on the shield and secondary conductors is zero.
As previously explained, this requirement is met by
positioning terminal g such that the ratio n:n, =
R;:R; In such a case, the capacitive current induced

potential in winding 4 does not cancel and a
capacitance caused current flows i in the secondary cir-
cuit.

FIG. 6 represents.an embodiment of the invention in-
corporating means for compensating for this capacitive
current. The potential across conductor 4 due to
capacitive currents i, and ic, is given by the expression

Vediap™ Meg ot — Ngrice where n., and n,, represent the

6 respectwely Therefore, if egeg™>ngy, Vea,,, can be
reduced by increasing ic;. Since igg = CyrdVyr /dt, ice can
be increased by increasing C,. In practice this is
achieved by increasing the capacitance in the vicinity
of the turns n,.

_.The added capacitance is illustrated in FIG. 6 by
capacitor Cp,. Since conductor 6 protects against
direct coupling between the primary and secondary
windings, an increase in the capacitance between the
primary and shield conductors has no effect upon the
secondary circuit.

FIG. 7a illustrates another transformer arrangement
which incorporates the teachings of this invention. This
embodiment further protects against the introduction
of capacitance induced current in the secondary circuit
by enclosing the transformer in a shielding box.

FIG. 7b is a schematic drawing of the FIG. 7a trans-
former configuration. The split primary configuration
illustrated in FIG. 7b is conventional. In such trans-
former configurations equal and opposite pulse trains
are applied to the primary side of the transformer to
produce output pulses having twice the amplitude as
the input pulses. However, in accordance with the
teachings of this invention. the transformer which in-
cludes shield conductor 6 is surrounded by a shielding
box 20. Terminals a and b, which receive input signals
are connected to primary conductor 2 through the
shielding box 20 by means of coaxial connectors shown
diagrammatically at 7. Terminals h and i are connected
directly to the shielding box 20 by any suitable means.
For example, these terminals may be soldered to the
box 20. Openings are made in the box to permit
passage of conductors 4 and 6. With this configuration
terminals @ and b are capacitively shielded from ter-

‘minals ¢ and d, thus further reducing secondary circuit

capacitance induced current.

FIG. 8 illustrates the applicability of this mventnon to
a coaxial transformer buiit with a primary to secondary
turns ratio other than 1:1. Again, shield conductor 6 is
selectively grounded at one point only so that there is
no instantaneous potential difference between cor-
responding points on conductors 6 and 4. In other
respects the configuration of this coaxial cable trans-

‘former is conventional.

Although the invention has been described with
respect to the preferred embodiment thereof, it is to be
understood by those skilled in the art that various
modifications can be made in construction and ar-
rangement within the scope of the invention as defined
in the appendant claims.
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What is claimed:

1. In a transformer circuit including a source and
load impedance, a coaxial cable transformer compris-
ing:

i. first and second concentric conductors, said first
conductor cylindrically enclosing said second con-
ductor, said first and second conductors function-
ing as primary and secondary windings, the voltage
drop across resistor R, due to the capacitive cur-
rent i, is in a direction that causes it to decrease
the absolute potential of V4, such that Vaol =
~0.5 + ichl . Thus, | Ve l | l This voltage
imbalance gives rise to transient distortion of the
output.

2. The transformer circuit of claim 1 further includ-
ing applied capacitance between said first and third
conductors to substantially eliminate the resultant
-capacitive current in said third conductor caused by
the mutual stray capacitance between said first and
third conductors.

3. The transformer circuit of claim 1 further com-
prising shielding means surrounding said transformer
circuit and electrically connected to one end of said

15

20

first conductor and said reference source, and connec-

tor means for permitting electrical connections through
said shielding means to said circuit.

4. The transformer circuit of claim 3 further com-
prising a fourth conductor surrounding said third con-
ductor, one end of said fourth conductor being electri-
cally connected to said shielding means and means for
connecting the other ends of said first and fourth con-
ductor to said connector means. .

5. In a transformer circuit including a source and
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load impedance, a coaxial cable transformer compris-

ing:

a. first and second concentric conductors said first
conductor surrounding said second conductor,
said first and second conductors functioning as pri-
mary and secondary windings,

. a third conductor located concentric with and
between said first and second conductors,

. coupling means coupling said third conductor to a
reference potential to cause the instantaneous
potential at corresponding points on the second
and third conductors to be equal so that capacitive
current flow in said second conductor resulting
from the mutual stray capacitance between said
first and second conductors is substantially
reduced, and

. wherein the primary winding of said coaxial cable
transformer is serially connected between said
source and load, further including a second load
impedance coupled between one end of the secon-
dary winding of the transformer and said reference
potential and a third load impedance coupled
between the other end of said secondary winding
and said reference potential, said coupling means
being connected to said third conductor at a point
along the length of said conductor such that the
ratio of the number of turns of said third conduc-
tor between said one end and said coupling means

" to the number of turns of said third conductor
between said other end and said coupling means
equals the ratio of the values of said second load
impedance to the said third load impedance.
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