NOTICE

The invention disclosed in this document resulted from
research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Administration,
The invention is owned by NASA and is therefore available for
licensing in accordance with the NASA Patent Licensing Regu-
lation (14 Code of Federal Regulations 1245, 200),

To encourage commercial utilization of NASA-owned inven-
tions, it is NASA policy to grant nonexclusive, royalty-free,
revocable licenses to any company or individual desiring to use
the invention while the patent application is pending in the U, S,
Patent Office and within a specified period, presently two years,
after issuance of the patent to NASA, If commercial use of the
invention does not occur during this period, NASA may grant a
limited exclusive, royalty-free license thereby adding an incen-
tive to further encourage commercial development, Any company
desiring to make, use, or sell this invention is encouraged to
obtain a royalty-free license from NASA,

Address inquiries and all requests for licenses to Assistant
General Counsel for Patent Matters, Code GP-1, National

Aeronautics and Space Administration, Washington DC 20546,

NASA-HQ
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SIGNAL MULTIPLEXER
James E. Webh, Administrator of the National Aero-
nautics and Space Administration, with respect to an in-
vention of Rebert C, Kinsel, Ciacinnati, Ghio
Filed Feb. 9, 1966, Scr. No., 526,664
U.S. Ci. 3338
Int. CL¥101p 5/12

2 Claims

The invention described hercin may be manufactured

and used by or for the Government of the United States
of America or governmental purposes without the pay-
ment of any royalties thereon or therefor.

This invention relates to an impedance transformation
device involving multiple signal ports and more specifical-
ly to a passive circuit for routing a single signal circuit
simultaneously into two or more similar circuits of like
characteristic impedance. The system is reversible so as
to provide mixing or combining functions to yield a single
ouiput and means are provided for frequency selection,
rhase adjustment and impedance transformation to match
input-output requirements.

It is known that in order to obtain maximum transfer
of power from one circuit to another, the impedance of
both cireuits must be matched. If such unmatched sources
and loads are connected directly, much of the available
power will not be transferred to the Joad. A well known
and common method of permitting the transfer of maxi-
mum power is the introduction of a transformer with the
proper turns ratio between the source and the load. How-
ever, in many instances it may be required to couple a
source having a characteristic impedance of greatly vary-
ing magnitude to a plurality of output devices and to pro-
vide to the output devices the same characteristic imped-
ance. Accordingly, a salient feature of the invention is
impedance transformation providing for the same output
impedance as that of the input in multi-channel distribu-
tion. For example, one may wish to couple a pair of radio
receivers to the same antenna so as to permit no appreci-
able degradation in the system performance.

Although the system of the present invention provides
for an impedance transformation wherein the same im-
pedance appears at both the input and the output, the truly
successful circuit, such as that sat forth and illustrated,
has optimized a number of other parameters. For exam-
ple, previous attempts in this field failed to provide, or in
some instances recogrnize, the relationships of other pa-
rameters such as phasing, broad band frequency accept-
ance, power Josses, balancing the power, and signal isola-
tion of the cutputs. To be completely successful, the im-
pedance transformation must lend cognizance to control-
ling the phase, providing a frequency-impedance control
input system, balancing the power transformation into
matched [oads, providing a substantially lossless power
transformation, permitting @ broad band frequency ac-
ceptance and transfer with controlled phase relationship,
supplying high electrical or signal isolation of output ports
where desired, be adaptable to miniaturization techniques,
and, be completely reversible so that the device will oper-
ate as a combiner or signal mixer as well as a signal di-
plexer. The foregoing are all achieved by the present in-
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vention which is incorporated into a completely passwe
transformation network.

‘Accordingly, it is the principal object of the present in-
vention to improve apparatus for effecting the efficient
transfer of energy between systems.

It is a further object of the present invention to provide
a means for effecting impedance transformations between
a source and an output system without sigaifidant signal
attenuation.

It is a further object of the present invention to provxde
a system for effecting single-ended division to dual cir-
cuits of the same characteristic 1mpedance.

M is a further object of the present invention to provide
an impedance transformation device providing for the
same output impedance as that of the mput in multi-
channel distribution.

1t is a further object of the present inverftion to provide
a means for effecting impedance transfor;’nahons coupled
with phase control of the signals.

1t is-a further object of the present invention to provide
a device having substantially lossless power transfer from
input to balanced outputs.

Tt is a further object of the present invention to provide
a device having the ability to optimize a broad band fre-
quency transfer at a center frequency position.

It is a further object of the present invention to provide
an impedance transformation device which is reversible
due to its capability of combining multi-signal circuits into
one channel or providing multi-signal outputs from a single
input.

ft is a still further object of the present invention to
provide an apparatus having a single ended input divided
into a double ended output of equal impedance or a push-
pull output of magnified impedance.

These and other object of the present invention are ac-
complished by the present invention which may accept a
single input of one impedance and provide a substantially
lossless ouiput to a pair of output terminals each of which
has the same impedance as the inpul. Further, the appa-
ratus is completely reversible so thal a pair of input signals
may be combined or mixed and delivered to an output
terminal or port, the impedance at the inputs and the out-
put being substantially of the same magnitude.

In the preferred embodiment which is described and
illustrated, three electrical loops are provided which in-
clude three elecirical signal ports. In one embodiment, one
of the signal ports is used as an input while the two remain-
ing ports are outputs. In its other embodiment, two of
the ports are input terminals while the third port serves
as an output terminal, The three electrical loops are so
defined that two of the loops have certain common cir-
cuit elements. More specifically, a first loop in circuit with
one output port includes an input network, the primaries of
a pair of transformers, and the secondary of the first trans-
former. The second electrical loop includes the input net-
work, the primary of the first transformer, a phase cor-
rection element, and the second of the signal ports. The
third loop includes the secondary of the other of the trans-
formers as well as a tank circuit and the third signal
port. The tank circuit is also coupled to the secondary
of the first transformer. Adjustable circuit elements are
provided so as to yield a double tuned system wherein
the adjustable elements may be tuned for the proper fre-
quency and at the same time automatically effect the actual
impedance adjustments of the input and output ports,

The invention both as to its organization and method
of operation together with further objects and advantages
thereof will best be understood by reference to the fol-
lowing specification taken in conjunction with the accom-
panying drawings in which:

FIGURE 1 is a block diagram of the invention and illus-
trating the form of the invention wherein a single input
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forms a pair of outputs, the input and the -outputs being
of substantially equal impedance;

FIGURE 2 is a block diagram of another form of the
invention and Hlustrating a pair of inputs being com-
bined to form a single output, the inputs and the output
being of substantially equal impedance; and

FIGURE 3 is a schematic diagram of the invention il-
lustrated in the blocks of the FIGURES 1 and 2.

The present invention which is herein described and
iltustrated comprises a novel circnitry means for routing
a single signal circuit simultancously into two or more
similar circuits of like characteristic impedance. Further,
the circuit is reversible in that a pair of signals may be
combined and/or mixed so as to yield a single output
signal. Again the output impedance is that of the input.
Means are provided for frequency selection, phase ad-
justment, and impedance transformation to match inpui-
output requirements. The device is entirely passive and
many and very complex ramifications are expected to
evolve which employ the principles of the present in-
vention. Many appiications of the invention are known
such as in the fields of communications, receiving equip-
ment, data processing and data transfer. Countless other
applications will be evident to those skilled in the art.

The FIGURE 1 illustrates in block form the circuit
having an input 12 and a pair of outputs 14 and 16, a
block 106 being further described in the FIGURE 3. In
the embodiment, a single signal is being routed to a
pair of outputs, the device providing for an impedance
transformation which is the same for the input as the
output,

In the FIGURE 2, the input terminal 12 has been
transformed into an output terminal 12 while the output
terminals 14 and 16 are now input terminals 14 and 16.
The circuitry of the block 18 will be discused in detail
with subsequent reference to the FIGURE 3. In the FIG-
URE 2, it will be noted that when the signal mixer or
combiner configuration is utilized, the input impedance is
also substantially equsl to the output impedance.

The circnit of the block 10 in the FIGURES 1 and 2,
is illustrated in schematic form in the FIGURE 3. The
circuit and the noled parameters represent the preferred

embodiment, The circuitry set forth operates in the VHF"

range at relatively low signal powers and may be adapted
to essentially any frequency tolerating lumped param-
eters in the form illustrated. This concept is adaptable to
networks involving a large number of channels emanat-
ing from one or more signal sources and vice versa, Al-
though a prime function of the circuit is impedance trans-
formation providing for the same output impedance as
that of the input in multi-channel distribution, many
further important features are evident such as the es-
sentially lossless power transfer from input to balanced
outputs and the ability of the circuit to optimize a broad
band frequency transfer at a cenfer frequency posi-
tion. The outputs of the circuit are phased such that they
may be in-push-pull relationship whenever desirable.

For the purposes of explanation, a single circuit sig-
nal entry at the input terminal 12 of the port Py will be
assumed which is transformed to two similar outgoing
circuits of the same impedance at the terminals 14 and
16 of the ports P, and Pj, respectively. The incoming
signal is applied to a variable capacitor C; and inductor
1, which forms a resonating network. The capacitor C;
is coupled in series to a primary winding 18 of a trans-
former T4, a primary winding 20 of the transformer Tp,
a secondary winding 22 of the transformer T; and then
to ground. The opposite end of the inductor L, is also
coupled to ground, as shown, as well as the annular con-
ductors about the ports Py, Py and Ps.

A division circuit between the primary windings 13
and 20 of the transformers T; and T, respectively, feeds
directly through an inductor L; to the terminal 16 of
the port P,. The transformer primaries 18 and 26 are of
similar characteristics in that they represent a parallel
signal divider circuit in series with the inductor L {0 the
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output port P;. The inductor L, serves primarily as
the phase correction parameter means. The value of the
inductor Ly is somewhat critical as determined by the
impedance ‘match of the input-to-output requirements. in
the particular embodiment which is illustraied and de-
scribed, a 50 ohm input is divided into two 50 ohm out-
put circuits.

The secondary winding 22 of the transformer T, and
a secondary winding 24 of the transformer T, similarly
form a circuit divider through an R-C network 26 to
the ground side of both the ports Py and P;. The network
26 includes a fixed resistor R and a variable capacitor
Cs. It will be noted that the resistor R and the capacitor
Cq are directly in the secondary loop of the transformer
Ty. The R-C circuit 26 serves to regulate the voltage
delivered by the secondary winding 24 of the transformer
T, to the terminal 14 of the port Py as well as 1o serve
in low tuning the secondary winding 22 of the trans-
former T;. The transformers T; and T, may comprise
similar bifilar windings on powdered iron toroidal cores.
In the particular illustrative embodiment, six and one-
half turns of paired 3/36 wire on a 3¢ inch diameter core
was employed.

It will be observed that the circuit of the FIGURE 3
may be viewed as including three electrical loops al-
though the loops may be open at certain points and may
not necessarily indicate the presence or direction of cur-
rent flow: the first loop is observed to include, from the
terminal 12 of the port P,, the capacitor C;, the pri-
mary winding 18 of the transformer T;, the primary
winding 20 of the transformer T, the sccondary wind-
ing 22 of the transformer T, the ground terminal, and
the inductor L,; the second loop is observed to include
a portion of the first loop and more specifically, in-
cludes the capacitor C;, the primary winding 18 of the
transformer Ty, the inductor L, the terminal 16 of the
port Py, the ground terminal and the inductor L;; and,
the third loop includes the R-C circuit 26, the secondary
winding 24 of the transformer Ty, and the terminal 14
of the port P Lastly, a conductor 28 connects the scc-
ondary winding 22 of the transformer T, fo the secondary
winding 24 of the transformer Ty

The circuit of the FIGURE 3 includes a pair of ca-
pacitors C; and C, for providing fine tuning adjustments.
One of the capacitors (C;) serves for broad tuning of
the circnit frequency. For example, assume that the sys-
tem is adjustable to a center frequency of 150 mega-
cycles and capable of passing a band -+ or —15 mega-
cycles of that center frequency. The capacitor C; serves
to optimize the admission band such that it would be
peaked at the 150 megacycle point and fall gradually to
approximately —3 decibels at approximately 45 mega-
cycles either side of the peaked frequency. The capacitor
C, simultaneously tunes the first and second Ioop as
hereinbefore described. The two tuning capacitors C; and
C,, due to the transformer action of the circuit, are
inductively coupled such that they form in effect a dou-
ble tuned transformer system. In addition and simuliane-
ously thereto, the capacitors C; and C, automatically
effect the actual impedance adjustments of the input and
output ports.

The present circuit is capable of phase adjustment to
provide true push-pull output conditions. This is accom-
plished through the inclusion of the inductor Lo, The in-
ductor Ly would be made variable as required. The cir-
cuit may be utilized to provide a push-pull output 4 times
the impedance of the input in circuitry shown in the
FIGURE 3.

Thus, there has been described and illustrated a com-
pletely passive transformation network whose salient
feature is impedance transformation providing for the
same output impedance as that of the input in multi-
channel distribution. Further salient and important fea-
tures of the invention include: a single-ended input
divided into a double-ended output of equal impedance
or a push-pull output of magnified impedance; phase con-
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trolled impedance transformations; a combined fre-
quency-impedance controlled input system; balanced
power transformation into matched loads; is essentially
a lossless power transformation; a broad band frequency
acceptance and transfer with controlled ‘phase relation-
ships; high electrical or signal isolation of output ports
when desired; adaptability to miniaturization technigues;
a completely reversible operation; will serve as a com-
" biner or signal mixer; and, may be employed as a signal
diplexer.

Although suggestions as to possible uses of the circuit
have previousy been set forih, the utility of the inven-
tion will expund as the art progresses. There appears to
be no limitation to the application of the present in-
vention in multiplexing and other operations.

Thus, the present invention may be embodied in other
specific forms without departing from the spirit and the

cssential characteristics of the invention. The present em- -

bodiment is, therefore, to be considered in all respects
as illustrative and the scope of the invention being in-
dicated by the appended claims rather than the fore-
going description, and all changes which come within
the meaning and range of the equivalency of the claims
are, therefore, intended to be embraced therein.

What is claimed is:

1. Apparatus for coupling a variety of signal sources
to loads, said apparatus comprising at least first, second
and third signal ports, each of said ports having two ter-
minals, one terminal of each port being at a common
reference potential, said apparatus {further comprising:

a first loop, said first loop being series connected and
comprising a first inductor connected to said com-
mon reference potential on one side, the other side
of said inductor being connected to one side of a
capacitor at a first tic point, one side of the primary
of a first transformer being connected to the other
side of said capacitor, one side of the primary of a
second transformer being connected to the other side
of the primary of said first transformer, one side
of the secondary of said first transformer being con-
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nected to the other side of the primary of said sec-
ond transformer, the other side of the secondary of
said first transfortner being connected to said ¢om-
mon reference potential and, the other terminal of
said first signal port being connected to said capaci-
tor at said first tie point;

a second series loop including said first inductor, said
capacitor, and the primary of said first transformer,
and further comprising a second inductor being con-
nected on one side to the said other side of the pri-
mary of said first transformer, the non-common ter-
minal of said third signal port being connected to
the other side of said second inductor;

a third loop including the secondary of said second
transformer, one side of said secondary of said sec-
ond transformer being connected to the non-com-
mon terminal of said sccond port, the other side of
said secondary of said sccond transformer being con-
nected to an R-C circuit, the other side of said
R-C circuit being connecicd to said common refer-
ence potential.

2. The apparatus as defined in claim 1 wherein said

“1pacitor and said first inductor form a variable tuning
resonance circuit.
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SIGNAL MULTIPLEXER

This invention relates to a passive circuit for routing a
single signal from one circuit simultaneously into two or more
similar circuits, wherein the same impedance appears at both the
input and the output. The system is reversible so as to provide
mixing or combining functions to yield a single output.

The circuit of the present invention provides for an impedance
transformation, wherein the same impedance appears at both the input
and output terminals, and further provides for frequency selection
and phase adjustment so as to match input-output requirements. As
shown in FIGURE 3,the circuit can be viewed as including three elec-
trical loops, wherein the circuit has portions thereof common to
two of the loops. The first loop includes terminal 12, variable
capacitor Cy, primary winding 18 of transformer Tj, primary winding
20 of transformer T,, secondary winding 22 of transformer T,, and
inductor Lj. The second loop includes certain of the elements of
the first loop such as: inductor L3, terminal 12, capacitor Cj,
and primary winding 18, as well as the following additional elements:
inductor L, and terminal 16. The third loop includes tank circuit
26 (compri%ing resistor R and variable capacitor Cp) as well as se-
condary winding 24 of transformer Ty, and terminal 14. Finally, the
secondary windings 22 and 24 are coupled together by the conductor
28, With the circuit formed in this manner and used as a multiplex
arrangement, terminal 12 serves as an input while terminals 14 and
16 serve as outputs. On the other hand when the circuit is employ-
ed as part of a signal combining configuration, terminals 14 and 16
are inputs and terminal 12 serves as an output terminal. Inductor
L, functions primarily as a phase correction parameter means, and
tank circuit 26 serves to regulate the voltage delivered by secondary
winding 24 of transformer T, to terminal 14 of port P, as well as to
assist in tuning secondary %inding 22 of transformer %l‘ Capacitors
C1 and Cy provide for fine freqguency tuning adjustments,and inductor
L, cooperates with capacitor cl to form a resonant circuit.

The circuit of the present invention has many salient features
including that of impedance transformation in that it is capable
of having the same output impedance as that of the input in a multi-
channel distribution. Further features include: a single-ended input
divided into a double-ended output of equal impedance or a push-pull
output of magnified impedance; phase controlled impedance transforma-
tion; a combined frequency-impedance controlled input system; balanced
power transformation into matched loads; substantially lossless power
transformation; a broad band frequency acceptance and transfer with
controlled phase relationships; high electrical or signal isolation
of output ports when desired; adaptability to miniaturization techni-
ques; and a completely reversible operation which will fuanction as a
combiner or signal mixer as well as a signal diplexer.

Inventor: Robert C. Kinsel
Employer: AVCO Corporation
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