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BACKGROUND OF THE INVENTION
This invention relates to a
blanced-to-unbalanced trensformef employed in information
5 : wiring' system for interconneoting balanced signals and
unbalanced signals. | |
DESCRIPTION OF RELATED ART
For communication between computers or their
terminal equipments: a wiring by means of coaxial cables
10 and the like has been'employed. In some occasion, it is
desired to replace _such niring with unshielded twisted
pair cables (UTP),  in .wnich event the
balanced-toeunbalanced transformer (also known as "balun")
has Dbeen -employed for mutual signal interconnection
15 between the unbalanced signal' on the coaxial cable
(unbalanced cable} and the balanced signal on the twisted
pair lines (balanced cable). This balanced-to-Unba;anced
transformer is effective to restrain a common mode signal
'voltage which causes any unnecessary electromagnetic
20 radiation of electromagnetic waves. Here, e transmission
band has been expanded accompanying an accelerated speed
of digital signel transmission because of development in
the computer commnnication in recent years, and it has
been demanded to ensure a balenced state over a wide band,
25 wnereby a manufacture of the balanced-to-unbalanced .
transformer has been made complicated and more effective
measure for noise has been demanded. Further, when pulse

signals containing a DC component are transmitted through
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been. enployeqhwsmknkgg Q@glon, it is desired to replace

Wi th unshlelde cabl es -(UTP), in Hee o
event t he balanced transforner (al so known as "bal un")
has been enplo sijgnal interconnection between the unbal anced

signal on the coaX|aI cable (unbalanced cabl e) and the bal anced signal on
the twi sted the balanced cable, in general, there has been employed a

balanced-to-unbalanced transformer using a choke type
transformer showing an excellent characteristic in common
mode signal rejection rﬁtio. |

5 ~According to aﬁy knownléystem, however, a common
mode ground impedance charcteristic is apt to be caused £o
vary by an installing state or 'an. influence of the
foregoing transformer on the balanced line after the
installation of the transmission equipment, depending on

10 the conditions under which the system is used. Due to
this, there has Been a problem that"the unnecessary’
electromagnetic radiation inductive interference or the
like is caused to occﬁr due to a change ih such situation

as the ground impedance, ground conditions or the like,

15 which change occurring upon  connection of the
balanced-to-unbalanced transformer to practical
equipments.

SUMMARY CF THE INVENTION

Acéordingly, it is a primary object of the
20 ~ present invention to 'prdvide a balanced-to-unbalanced
transformer reduced in  the amoﬁnt ‘of the unnecessary

electfbmagnetic radiation.
'In accordance with the present invention, the
above object can be realized by means of a
25 balanced-to-unbalanced transformer for transforming a
balanced signal transmitted on a balanced cable and an
unbalanced signal transmitted on an unbalanced cable,

characterized in that an impedance element is inserted
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an electrical center point of the impedance elements is
connected to at least one of a signal circuit ground and a
frame ground on the side of the unbalanced cable.

In the present invention, it is possible to
reduce the common mode impedaﬁce by grounding the center
point of the impedance element between the signal lines on
the balanced side to the circuit ground or frame ground.

In the ‘present invention, further, it is
possible ﬁo prevent a DC component signal frbm.leaking to
the ground by grounding the cenfer point of the impedance
element through such capacitive elgmeng as a capacitor so
that capacitive element cut the DC component to the ground
when the DC component signal is transmitted. |

In the present invention, further, the impedance
element is ﬁade to shéw a high impedance with respect to a
characteristic impedance of the balanced cable side signal
lines, so that any influence on ﬁhe change in the
characteristic impedénce of the balanced side signal lines
can be minimized by the addition of the impedance element.

Still in the present invention{ it is made
possible, by an addition of an impedance matching circuit
to the signal iines on the unbalanced cable side, to
attain a  matching of the impedance of the
balanced—to—unbalanceq transformer as seen from the
balanced cable side with the characteristic impedance of
the balanced cable side, a3 well as a matching of the

impedance of an unbalanced side input of the transformer
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with the impedance of the equipment connectéd, and to have
a role as an attenuation circuit of the transformer filled-
for reducing a return loss due to the equipments
connected. |

Other objects and advantages of the present

invention shall be. made clear as the description of the

invention advances in the followings as detailed with
reference to preferred embodiments shown in accompanying
drawings.
BRIEF EXPLANATION OF THE DRAWINGS
FIGURE 1 is a schematic circuit diagram of the’
palanced—to-unbalancéd _transfbrmer. “in an embodiment
according to the preSent invention;

FIG. ‘2 is a schematic circuit diagram of the

transformer in another embodiment according to the present

invention;

FIG. 3 is an explanatory yiew for the operation
of the respective embodiments shown in FIGS. 1 and 2;

FIGS. 4a and 4b are explanatory views for the
feature in the embodiments of FIGS. 1 and 2;

FIGS. 5 to 8 are schematic circuit diagrams of
the transformer in further embodiments according to the
present invention; and

FIG. 9 is an explanatory view for the operation
of the respective embodiments shown in FIGS. 5 to 8.

While the invention shall now be described with
reference to the embodiments shown in the accompanyiny

drawings, it should be appreciated that the invention 1s
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_equivalent arrangements possible within the scope of
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appended claims.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now in the followings to an embodiment
on the basis of FIG. 1, the drawing is a schematic_circuit
diagram showing the balanced-to-unbalanced transformer in
the embodiment, in which a choke type transformer Tl is
connected at one terminal of a primary side winding and
one terminal of a seqondary side 'winding, through a
gonnector CN1l, to such unbalanced cable CAl as a coaxial.
cable, and at tﬁe other terminals of‘ both windings,
through a connector CN2, to such balanced cable CA2 as
twisted pair lines or.the like. Here, two resistors Rl
are connected across the terminals of the transformer .Tl
on the balanced cable side, while a center poiqt of these

two resistors Rl is connected through a capacitor Cl to a

frame ground (grounding) FG. While in the present

20
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embodiment the ¢enter point is connected through 'the
cépacitor Cl to the frame ground (grounding) FG, it may be
alternately connected to a ground SG of a signal circuit
(a ground of unbalanced circuit). Further, while in the
present embodiment the grounding is made through the
capacitor Cl/ it is also possible to ground the center
point of the two reSistors_ Rl directly or through any
other impedance element. |

Since in the present embodiment the center point



f oregoi ng transformer on The balanced Iine after the inst&FFaror—of %
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is used. Due to this, probl em t hat t he llunnec
el ectromagnetic radlatlon | fefence or the Iike is caused to
occur due to a change in s s-ﬂhe ground i npedance, ground

conditions or the like, which change occurring upon connecti on of
the of the two resistors Rl connected to the balanced cable

side "of the balanced-to-unbalanced transformer is
grounded, it is made possible to provide to. the
transformer a common mode ground impedance stabilized to

5 be low without relying on any external conditions, as
shown in FIG. 3,.any noise is made to readily flow to the
"ground, and the noise' on the balanced cable side is
reduced. In the event where the grounding is made through

the capacitor C1, further, a transmission of DC component

10 signals is made possible because of no leakage current to
ground. )

Here, the gfound 'impedance ‘of common mode is

determingd' by a parallel _resistancé (R1/2)- of the two
resistors ﬁl connected to the balanced cable side and an

15 impedance of the capacitor Cl_ éonnected to the center
point of the resistors. Now, provided that unshielded
twisted pair lines of a characteristic impedancé Zo=100n-

are used as the balanced cable CA2 and the resistance
value of the resistprs Rl is set to be an impedance higher

20 than the characteristic impedance Z0 to be, for example,
4702 to be three to five times as high as the
characteristic impedance ZO' with the center point of the
resistors Rl grounded directly, a balanced series
impedance will be about 90.38a2 as shown in FIG. 4a, and

25 tﬁe common mode impedance will be about'2359 as shown in
FIG. 4b. In this mannef, the impedance with réspect to

the common mode can be reduced without giving no

remarkable influence on the balanced series impedance.
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Even in the case where the center point of the resistors

Rl is grounded through the capacitor Cl, the impedance of

the capacitor Cl. at a frequency of. noise can be kept
sufficiently small, there is no.substantial'increase in
the impedance of _tﬁe common mode with respect to the
frequency of noise by the capacitor Cl.

FIG. 5 is a schematic circuit diagram showing
the balanced-to-unbalanced transformer in another
embodiment of the piesent'inventionf in which a resistor

circuit comprising resistors R2 to R4 is connected to the

unbalanced cable side terminals of the transformer Tl ih'

the circuit shown in FIG. 1. These resistors R2 to R4
take a match of the . impedance of the
balanced-~to-unbalanced transformer as seen from the

balanced cable side with the characteristic impedance of

the balanced cable as well as a match of the impedance of

the unbalanced cable = side input of the

balanced-to-unbalanced transformer with the impedance of

the equipments connected, and play a role of an

. attenuation circuit for reducing any return loss due to

the equipments connected. While in the present embodiment
the resistors Rl are connected through the capacitor Cl to
the frame ground (grdunding) FG, it is of course possible
to connect them to the ground of the signal circuit (the
ground of unbalanced circuit) SG.

FIGS. 6 to 8 are schematic circuit diagrams
showing the balanced-to-unbalanced transformer in further

embodiments of the present invention, in which multi-pair

|c radi ation. I n accordance with the
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unbal anced cabl e, char actera\ ﬂ“ﬂ“‘HmI” i rrpedance elenent is inserted

cébles are used as the balanced cable CA2 and idle lines
are grounded. That is, in these embodiments, four pairs
of cable lines are employed as the balanced cable CA2, one
pair of cable lines connected to terminals 1 and 2 of the
5 connector CN2 are used as the éignal lines, while two
pairs_of cable lines éonnected to terminals 3 to 6 are
connected to the frame ground (grounding) FG or to the
grouhd of the signal circuit (the ground of unbalanced
circuit) SG. Further, while in these embodiments the two
10 pairs of the cable lines cénnected.to the termiﬁals 3 to 6
are shown to be grounded, they may be either one pair or
three pairs of the cable lines.
In these embodimenﬁs, it is poésible to.further
lower the common mode impedance than in the case of the
15 foregoing embodiments, as shown.in FIG. 9, and there can,
be shown aﬁ effect of increasing the noise reduction
effect.
Since, in thel foregoing arrangements, in
particular, in the balanced-to-unbalanced transformer for
20 transforming the balanced signal transmitted on the
balanced cable and the unbalahced signal transmitted on
the unbalanced cable, the 1mpedance element connected
across the signal lines on the balanced cable side and the
center point of the impedance element are grounded to the
25 circuit ground and frame ground, it has been found that
the amount of unnecessary radiation of electromagnetic
waves can be effectively reduced.

In the present invention, further, a variety of
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Si derhts@h&hﬂas@e hceground or the presefit i
furt h SI bl e to ;ﬁﬂj’lﬂ onent si gnal S=F ok t
the_g |ng t he ce st he inpedance el enment through

such ve e enent as a capacitor so that capacitive el enent cut the

DC conponent to the ground when the DC conponent signal is transmtted.

What is claimed is:

I. A balanced-to-unbalanced transformer for
.transforming a balanced signal transmitted on a balanced
cable and an unbalanced signal transmitted oh an
‘unbalanced cable, .characterized in that an impedance
element is inserted across signal lines on the side of the
balanced cable,.and an electrical center point of said
impedance element is cohnected to at least one cf-a frame
ground and a signal circuit ground on the side of the
unbalanced cable.

2. The transformer according to claim 1, wherein the-
electrical center point of the impedance -eiement is
connected through- a capacitive elcment to the signal
circuit ground on the side of the unbalanced cable.

3. The transformer according to claim 1, wherein the
electrical center point of -the impedance element is
connected through a capacitive element to the frame ground
on the side of the unbalanced cable.

4. The transformer according to claim 2, wherein the
impedance element is set to have a high impedance with
respect to a characteristic impedance of the'sicnal lines
on the side of the balanced cable.

5. The trahsformer according to claim 3, wherein the

impedance element is set to have a high impedance with

- respect to a characteristic impedance of the signal lines

"on the side of the balanced cable.
6. The transformer according to claim.2, wherein an

impedance correction circuit for an impedance matching is

_11_



1h the pr esent invention—“furrher“”themfnpedance el ement is m&dgs#@E$hﬂu5BEEN

cPﬂresp ristic inpedance o the REP IACEDI!
b li nes, mui Hml nfluence on the
fhe |nped ced side signal |ines can be

m nimzed by the addition of the | npedance elenent. Still in the present
i nventi on, I.s made EOSSIb|e % an addltloq of an inpedance nmat_chi ng
circuit addltlonal y connecte to 51gnal ines on the side of the
unbalanced cable.
7. The transformer according to claim 3, wherein an'

impedance correction circuit for an impedancé matching is
additionally connected to éignal lines on the side of the
unbalanced cable.

8. The transformer according to claim 2, wherein
multi-pair cable lines are employed as the balanced cable,
and idle ones of the cable lines are connected to at least
one of the frame ground and sighal circuit ground'on.the
unbalanced cable side. ' . -

9. The transformer according to claim 3, whereip
ﬁulti-pair cable-lines are employed;as the balanéed cable;
and idle ones of thelcablellines are connected to at least
one of the frame ground and signal circuit ground on the

unbalanced cable side.

-_12—



' to the si gnal lines an the-___unbal anced cable side, to attain | guys SREEPLRY B‘E-I-EN::

of. -the |npedance ' the bal anced-to-unbal anced trangf or "TERgpRACED
.seen fr ofhisSh hledable side with the characteristic i =
the bal anc as well as a matching of the |rrpedance of an
unbal anced th’e t r ansf or mer
ABSTRACT
) A balanced-to-unbalanced transformer for

‘interconnecting a balanced signal transmitted on a
balanced'cable CA2 and an unbalanced signal transmitted on
an unbglénced cable CAl is reduced in common-mode
impedanée.by grounding a center point of two or more of
'impedance elements between signal lines on balanced cable

side to a signal circuit ground SG or a frame ground FG.
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Referring now i n"the folT'owings to an enbodi nent on the bas|fs ——
the drawing is a ’ﬁa?s%g? ;s egi ecH‘i:ell;1 di agram showi ng t he ‘Sﬂﬂé flgi(éTEAg?ES!{.BEEN
bal anced-t o- unbal a ' r in the enbodi nent, in whi: fi
transformer T1 is EﬂﬂﬁH E 'Wﬂﬁ‘nee termnal of a primary side w nding and
one termnal of a w ndi ng, through a connector CN1, to such

unbal anced cable CAl as a coaxial cable, and at the other termnals of both
wi ndi ngs, ' :
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Ethrough a connector CN2, to such bal anced cable CA2 as tw gtred= g“jh
or the like. Her e, tmn resrstors— R~ are connected across fﬁéﬂﬁﬁﬁﬁﬁi % 5?
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the transforner TI %he bal ance abl e side, while a centler po

these two resistorsngs through a capacitor C tTo a Trane
ground (groundi ng) in the present enbodi nent the center
point is connected t C|tor to the frame ground (groundi ng)
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élternately connected—to a-ground-SG of a signal circuit (a{grCg] : i
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BALANCED-TO-UNBALANCED TﬁANSEORMERH:-
BACKGROUND OF THE INVENTION
This invention relates to a
blanced;to-unbalanced tfansformer employed in information
wiring system for interconnecting balanced signals and
unbalanced signals.
DESCRIPTION OF RELATED ART
For communication between computers or their
terminal equipments, a wiring by means of coaxial cables
and the like has been employed.' In some oécasion, it is
desired to replace such wiring with unshielded twisted
pair cables (UTP), in which event the
balanced-to-unbalanced transformer (also known as "balun")
has been employed for mutual signal interconnection
between the wunbalanced signal on the coaxial cable
(unbalanced éable) and the balanced signal on the twisted
pair lines (balanced cable); This balanced-to-unbalanced
transformer is effective to restrain a common mode signal
voltage which causes any unnecessary electromagnetic
radiation of electromagnetic waves. Hére, a transmission
band has been expanded accompanying an accelerated speed

of digitai signal transmission because of development in

the computer communication in recent years, and it has.

been demanded to ensure a.balancéd state over a wide band,
whereby a manufacture of the balanced-to-unbalanced
transférmer has been madé complicated and more effeétive
measure for noise has been demanded. Further, when pulse

signals containing a DC component are transmitted through
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I s made through the capacitor O, further, a transm ssion of DC conponent
signals i s made possi bl e because of no | eakage current to ground.
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the balanced cable, in general, there has been employed a
balanced-to—unbalanced' transformer wusing a choke type
transformer showing an excellent characteristic in common
mode signal rejection ratio.

According to any known-system, ﬁéwever, a common
mode ground impedanée charcteristic is apt to be caused to
vary by an installing state or an influence of the
foregoing transformer on the balanced 1line after the
installation of the transmission equipment; depending on
the conditions under which the system is used. Due to
this, there has been a problem that the unnecessary
electromagnetic radiation inductive interference or the
like is caused to occur due to a change in such situation
as the ground impedance, ground conditions or the like,
which change occurring upon connection of the
balanced-to-unbalanced transformer to practical
equipments.

SUMMARY OF THE INVENTION

Accordingly, it 1is a primary object of the
present invention to provide a balanced-to-unbalanced
trahsformer reduced in the amount of the unnecessary
electromagnetic radiatioﬁ.

In accordance with the present invention, the
above object can be realized by means .of a
balanced-to-unbalanced trénsformer_ for transforming a
balanced signal transmitted on a balanced cable and an
unbalanced signal transmitted on an unbalanced cable,

characterized in that an impedancé element is inserted

froasm——"



Fére, t he ground i npedance of common node is determ ned Hy al L
resistance (RI/2) of the two resistors R connected to the H?%gﬁ@é%ﬁ@inggET

si-zde and an i npedance of the capacitor C - connected to thg ﬁﬁgtgszgﬁiﬁgﬁﬁn

t he resistors. Now, provided that unshielded tw sted pai Nes af "5

characteristic inpedance [err] are used as the bal anced cable CA2 and the
resi stance value of the resistors R ‘is §et to be an i npedance hi gher
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across signal lines on the side of the balanced cable, and
an electrical center point of the impedance elements is
connected to at least one of a signal circuit ground and a
frame ground on the side of the unbalanced cable.

In the present invention, it is possible to
reduce the common mode impedance by grounding the center
point of the impedance element between the signal lines on
the balanced side to the circuit ground or frame ground.

In the present invention, further, it is
possible to prevent a DC component signal from leaking to
the ground by grounding the center'point of the impedance
element through such capacitive element as a capacitor so
that capacitive element cut the DC component to the ground
when the DC component signal is transmitted.

In the present invention, further, the impedance
element is made to show a high impedance with respect to a
characteristic impedance of the balanced cable side signal
lines, so. that any influence on the <change in the
characteristic impedance of the balanced side signal lines
can be minimized by the addition of the impedance element.

Still in the present invention, it 1is made
possible, by an.addition of an impedance matching circuit
to the signal 1lines on the unbalanced cable side, to
attain a matching of the impedance of the
balanced-to-unbalanced transformer as seen ffom the
balanced cable side with the characteristic impedance of
the balanced cable side, as well as a matching of the

impedance of an unbalanced side input of the transformer
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bal anced series inpedance will be about [err] as shown i nEG—4a;
common node i npedance will be about 235[err] as shown in FIG 4b. 1In this
manner, the inpedance with respect to the common node can be reduced

wi t hout giving no - -

with the impedance of the equipment connected, and to have
a role as an attenuation circuit of the transformer filled
for reducing a return 1loss due to the equipments
connected.

Oother objects and advantages of the present
invention shall be made clear as the description of the
invention advances in the followings as detailed with
reference to preferred embodiments shown in accompanyiné
drawings.

BRIEF EXPLANATION OF THE DRAWINGS

FIGURE 1 is a schematic circuit diagram of the
balanced-to-unbalanced transformer  in an embodiment
according to the present invention; |

FIG. 2 1is a schematic circuit diagram of the
transformer in another embodiment according to the present
invention;

FIG. 3 is an explahatory view for the operation
of the respective embodiments shown in FIGS. 1 and 2;

FIGS. 4a and 4b are explanatory views for the
feature in the embodiments of FIGS. 1 and 2;

FIGS. 5 to 8 are schematic circuit diagrams of
the transforme;'in further embodiments according to the
present invention; and

FIG. 9 is an explanatory view for the operation
of the respective embodiments shown in FIGS. 5 to 8.

While the invention shall now be described with
reference to the embodiments shown in the accompanying

drawings, it should be appreciated that the invention 1s
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not to limit the invention only to these embodiments shown
but to include all alterations, modification and
equiv;lent arrangements possible within the scope of
appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now in the followings to an embodiment
on the basis of FIG. 1, the drawing is a schematic circuit
diagram showing the balanced-to-unbalanced transformer in
the embodiment, in which a choke type transformer Tl is
connected at one terminal of a primary side winding and
one terminal‘ of a secondary side winding, through a
connector CN1l, to such unbalanced cable CAl as a coaxial
cable, and at the other terminals of both windings,
through a connector CN2, to such balanced cable CA2 as
twisted pair lines or the like. Here, two resistors Rl
are connected across the.términal; of the fransformep T1
on the balanced cable side, while a center point of these
two resistors Rl is connected through a caéacitor Cl to a
frame ground (grounding) FG. While in the present
embodiment the center point is connected through the
capacitor Cl to the frame ground (grounding) FG, it may be
alternately connected to a ground SG of a signal circuit
(a ground of unbalanced circuit). Further, while in the
present embodiment the grounding is made through the
capacitor Cl, it is also possible to ground the center
point of the two resistors Rl directly or through any
other impedance element.

Since in the present embodiment the center point
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schematic circuit di agram show ng the bal anced-t o- unbal am

t ransf or ner in anot her enbodi mrent of the present inventlon, in mhlch a
resistor circuit conprising resistors R2 to R4 is connected to the
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of the two resistors Rl connected to the balanced cable
side of the balanced-to-unbalanced transformer is
grounded, it is made possible to provide to the
tfansformer a common mode ground impedance stabilized to
be low without relying on any external conditions, as
shown in FIG. 3 with two perpendicular arrows, any noise
is made to readily flow to the ground as shown by a curved

.arrow_under a block circuiﬁ in FIG. 3, and the noise on
the balanced cable side is reduced. In the event where
the grounding is made through the capacitor Cl, further, a
transmission of DC component signals is made possible
because of no leakage current to ground.

Here, | the ground. impedance of common mode is
determined by a paraliel resistance. (R1/2) of the two
resistors Rl connected to the balanced cable side and an
impedance of the capacitor Cl- connected to the center
point of ‘the resistors. Now, provided that unshielded
twiéted pair lines of a characteristic impedance ZO=1009
are used as the balancéd cable CA2 and the resistance
value of the resistors Rl is set to be an impedance higher
than the characteristic impedance ZO to be, for example,
470Q@ to be three to five times as high as the
characteristic impedance ZO' with the center point of the
resistors Rl grounded directly, a balanced series
impedance will be aboug 90.382 as shown in FIG. 4a, and
the common mode impedance will be about 2352 as shown in
FIG. 4b. In this manner, the impedance with respect to

the common mode can be reduced without giving no
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in FIG 1. These resistors R2 to R4 take a mat ch of t he

inpedance of t he bal anced-to-unbal anced transforner{| mse. 2dnSEP188H
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t he bal anced cable side with the characteristic inpedance € balanced

cable as well as a match of the inpedance of the unbal anced cabl e
si de I nput of t he bal anced-to-unbal anced transfornmer with the
i npedance of -7 -

remarkable influence on the balanced series impedance.
Even in the case where the center point of the resistors
Rl is grounded through the capacitor Cl, the impedance of
the capacitor Cl at a frequency of noise can be kept
sufficiently small, there is no substantial increase in
the impedance of the common mode with respect to the
frequency of noise by the capacitor Cl.

FIG. 5 is a schematic circuit diagram showing
the balanced-to-unbalanced transformer in another
embodiment of the present invention, in which a resistor
circuit comprising'resistors R2 to R4 is connected to the
unbalanced cable side terminals of the transformer Tl in
the circuit shown in FIG. 1. These resistors R2 to R4
take a match of the impedance of the
balanced-to-unbalanced £ransformer as seen from the
balanced cable side with the.characteristic impedance of
the balanced cable as well as a match of the impedahce of
the unbalaﬁced cable side input  of the
balanced-to-unbalanced transformer with thé impedance of
the equipments connected, and play a role of an
attenuation circuit for reducing any return loss due to
the equipments connected. While in the present embodiment
the resistors Rl are connected through the capacitor Cl to
the frame ground (grcunding) FG, it is of course possible
to connect them to the ground of the signal circuit (the
ground of unbalanced circuit) SG.

EIGS. 6 to 8 are schematic circuit diagrams

showing the balanced-to-unbalanced transformer in further



the equi pnments connected, and play a role of an

circuit for reducing any return |oss due to the equi pnent

in the present enbodinment the resistors Rl are connected t

capacitor C to the frane ground (grounding) FG it is of

to connect themto the ground of the signal circuit (the ground of

unbal anced circuit) SG FIGS. 6 to 8 are schematic circuit diagrans
- 8 -

(B AEERRENT SHEET
ot SLb

embodiments of the present invention, in which multi-pair
cables are used as the balanced cable CA2 and idle lines
are grounded. That is, in these embodiments, four pairs
of cable lines are employed as the balanced cable CA2, one
pair of cable lines connected to terminals 1 and 2 of the
connector CN2 are used as the signal 1lines, while two
pairs of cable lines connected to terminals 3 to 6 are
connected to the frame ground (grounding) FG or to the
ground of the signal circuit (the ground of unbalanced
circuit) SG. Further, while in these embodiments'the two
pairs of the cable lines connected to the terminals 3 to 6
are shown to be grounded, they may be either one pair or
three pairs of the cable lines.

In these embodiments, it is possible to further
lower the common mode impedance than in the case of the
foregoing embodiments, as shown with two perpendicular
arrows and a curved arrow under a block circuit in FIG. 9,
and there can be shown an effect of increasing the noise
reduction effect.

Since, in the foregoing arrangements, in
particular, in the balanced-to-unbalanced transformer for
transforming the balanced signal transmitted on the
balanced cable and the unbalanced signal transmitted on
the unbalanced cable, the impedance element connected
across the signal lines on the balanced cable side and the
center point of the impedance element are grounded to the
circuit ground and frame ground, it has been found that

the amount of unnecessary radiation of electromagnetic
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enbodi nents, four pairs
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waves can be effectively reduced.
In the present invention, further, a variety of
design modification are possible within a technical scope

of the appended claims.
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What 1is claimed is:

1. A balanced-to-unbalanced transformer for
transforming a balanced signal transmitted on a balanced
cable and an unbalanced signal transmitted on an
unbalanced cable, characterized in that an impedance
element is inserted across signal lines on the side of the
balanced cable, and an electrical center point of said
impedance element is connected to at least one of a frame
ground and a signal circuit ground on the side of the
unbalanced cable.

2. The transformer according to claim 1, wherein the
electrical center point of the impedance element is
connected through a capacitive element to the signal
circuit.ground on the side of the unbalanced cable.

3. The transformer according to claim 1, wherein the
electrical center point of the impedance element is
connected through a capacitive element to the frame ground
on the side of the unbalanced cable.

4. The traﬁsformer according to claim 2, wherein the
impedance element is set to have a high impedance with
respect to a characteristic impedance of the signal lines
on the side of the balanced cable.

5. The transformer according to claim 3, wherein the
impedance element is set to.have a high impedance with
réspect to a characteristic impedance of the signal lines
on the side of the balanced cable.

6. The transformer according to claim 2, wherein an

impedance correction circuit for an impedance matching is
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additionally connected to signal lines on the side of the
unbalanced cable.

7. The transformer according to claim 3, wherein an
impedance correction circuit for an impedance matching is
additionally connected to signal lines on the side of the
unbalanced cable.

8. The transformer according to claiﬁ 2, wherein
multi-pair cable lines are employed as the balanced cable,
and idle ones of the cabie lines are connected to ét least
one of the frame ground and signal circuit ground on the
unbalanced cable side.

9. The transformer according to claim 3, wherein
multi-pair cable lines are employed as the balanced cable,
and idle-ones of the cable lines are connected to at least
one of the frame ground and signal circuit ground on the

unbalanced cable side.
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input of the fourth resistor being connected to the first
second input of the fifth resistor being connected to the
a-capaci tor connected between the center point and t he
wher eby nmut ual signal interconnection nay be achi eved
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BALANCED-TO-UNBALANCED TRANSFORMER

ABSTRACT
A balanced-to-unbalanced transformer for
interconnecting a balanced signal transmitted on a
balanced cable CA2 and an unbalanced signal transmitted on
an unbalanced cable CAl is reduced in common-mode
impedance by grounding a center point of two or more bf
impedance elements between signal lines on balanced cable

side to a signal circuit ground SG or a frame ground FG.
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1. A balanced-to-unbalanced transformer
comprising:

an unbalanced coaxial cable connector including
a signal line, a signal grdund, and a frame ground;

a balanced twisted cable having first and second
lines twisted at least in a pair;

a transformer having a primary winding with
first and second inputs, the first input being coupled
to the signal line and the second input being coupled
to the first 1line, and a secondary winding having
third and fourth inputs, the third input being coupled
to the sighal ground and the fourth input being coupled
to the second line; and

first and second impedance elements coupled
in series acroés the first and second lines and including
a center point connectin§ the first impedance to
the second impedance element, the center point being
coupled to the frame ground, whereby mutual signal
interconnection may .be achieved between a balanced
signal £ransmitted on the balanced twisted cable
and an unbalanced signal transmitted on the unbalanced
coaxial cable.

2. The transformer according to claim 1 including
a capacitor connected between the frame ground and
the center point to couple the center point to the
frame ground. |

3. The transformer according to claim 1 wherein
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| npedance of between three and f|ve -tlmes the characterlstlc

| npedance,

t he
the balanced tw15ted cable has a characteristic impedance

and wherein the first and second impedance elements
each have an impedance larger than the characteristic
impedance. ‘.

4. The transfermer according to claim 3 wherein
the impedance elements each have an impedance that
is between about three and five times the characteristic
impedance.

5. _ The transformer eccording to claim 1 wherein
the balanced twisted cable includes third and fourth
lines, the third and fourth lines being idle _and
connected to the signal ground.

6. The transformer according to claim 1 wherein
the balanced tﬁisted cable dncludes third and fourth
lines, the third and fourth 1lines being idle and
connected to the frame ground.

7. A balanced-to?unbalanced transformer
comprising: |

an unbalanced coaxial cale connector including
a signal line, a signal ground, and a frame ground;

a balanced twisted <cable including first and
second 1lines twisted at 1least in a pair and third
and fourth lines and having a characteristic impedance,
the third and fourth 1lines being idle and connected
to the frame ground;

first, second and third resistors, each having
first and second inputs, the first input of the first

resistor being connected to the signal 1line, the
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to the first inputs of the second and third resistors,f

the second input of the second reSistor'being'connected
to the sighal ground; .

a choke transformer having a primary winhding
with first and secoﬁd inputs, the first input of
the primary winding being coupled to the second input

of the third resistor and the second input of the

primary winding being connected to the first 1line,

and a secondary winding having third and fourth inputsk
the third ihput of the secondary winding being connecteé
ﬁo the signal ground and the fourth input of the
secondary wihding being connected to the second line,
the third input having the same polarity as the first
input; |

fourth and fifth resistors, each having first
and second inputs and .an impedance of between three
and five times the characteristic impedance, the
first inputs of the fourth and fifth resistors being
connected together at a ‘center point, the second
input of the fourth resistor being connected to the
first line and the second input of the fifth resistor
being connected to the second line; and

a capacitor cohnected between the center point
and the fraﬁe ground, whereby mutual sign;l

interconnection may be achieved between a balanced

signal transmitted on the balanced twisted cable

and an unbalanced signal transmitted on the unbalanced
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What is claimed is: _ PF I3 Yecelyecl on 27/,,/%{.

1. A balanced-to-unbalanced transformer comprising:

an unbalanced coaxial cable connector including

a signal line, a signal ground, and a frame ground;

a balanced twisted cable including first and

second lines twisted at 1least in a pair and third
and fourth lines and having a characteristic impedance,
“the third and fourth 1lines being idle and connected

to the frame ground;

first, second and third resistors, each having

first and second inputs, the first input of the first
resistor being connected to the signal 1line, the
second input of the first resistor being connected
to the first inputs of the second and third resistors,
the second input of the second resistor being connected

to the signal ground;

a choke transformer having a primary winding

with first and second inputs, the first input of
the primary winding being coupled to the second input
of the third resistor and the second input of the
primary winding being connected to the’ first line,
and a secondary windiné_having third and fourth inputs,
the third input of the secondary winding being connected
to the signal ground and the fourth input of the
secondéry winding being connected to the second line,
the third input having the same polarity as the first

input;

_fourth and fifth resistors, each having first
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and second - inputs and an impedance of between three
and five times the characteristic impedance, the
first inputs of the fourth and fifth resistors being
connected together at a center ©point, the second
input of the fourth resistor being connected to the
first line and the second input of the fifth resistor
being connected to the second line; and

a capacitor connected between the center point
and the frame ground, whereby mutual signal
interconnection may be achieved between a balanced
signal transmitted on the balanced twisted cable
and an unbalanced signal transmitted on the unbalanced

coaxial cable.



