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A mixer including
a first mixer port (12), a
second mixer port (14), a
third mixer port (16). A
first hybrid device (20) is
responsive to the first mixer
port and has first and second
ports. A second hybrid
device (40) is responsive
to the second mixer port
(14). The third mixer

port (16) is responsive to
the second hybrid device
and a switching device.
The switching device (30)
includes a first port (31)
responsive to the first port
of the first hybrid (20), a
second port responsive to
the second port of the first
hybrid (20), third (34) and
fourth ports (36) coupled to
the second hybrid (40), and
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a switching element. The switching element includes a first field effect transistor (60) responsive to the first port (31) and coupled to the
third port (34) and a second field effect transistor responsive to the second port (32) and coupled to the fourth port (36).




AL
AM
AT
AU
AZ
BA
BB

BF

BJ
BR
BY
CA
CF
CG
CH
CI
CcM
CN
Cu

DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Céte d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES

FI

FR
GA
GB
GE
GH
GN

KR
KZ
LC
L1

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

freland

Israel

Iceland

Ttaly

Japan

Kenya

Kyrgyzstan
Democratic People's
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
™D
TG
TJ
™
TR
TT
UA
uG
us
vz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 97/41644 PCT/US97/03370

10

15

20

25

30

35

METHOD AND APPARATUS FOR MIXING SIGNALS
Field of the Invention

The present invention relates generally to mixing signals, and
more particularly to an improved method and apparatus for mixing
signals.

Background of the Invention

Apparatus for mixing signals are known in the electrical art. One
use of such a mixing apparatus, referred to as a mixer, is to combine a
modulated or modulating signal with a local oscillator signal to produce
a further modulated signal at another frequency so that the further
modulated signal may be broadcast or detected. In a typical wireless
communication receiver application, a modulated radio frequency (RF)
signal is combined in a mixer with a local oscillator (LO) signal to
produce an intermediate frequency (IF) signal which may be then further
amplified and detected to recover information that was modulated onto
the RF signal. In a transmitter, the process is reversed so that the LO
signal is mixed with the IF signal to produce an RF signal that is amplified
and transmitted.

Although conventional mixers may be used to mix such signals,
the mixing process performed by such conventional mixers has
nonlinearities that typically produce undesirable spurious signals, such
as unwanted third order intermodulation products of the input signals. It
would therefore be desirable to provide an improved mixer with improved
linearity that could reduce such spurious signals. In addition, it would be
desirable if the improved mixer could be implemented using integrated
circuits to provide an economical device. Accordingly, there exists a
need for an improved mixer that reduces spurious signals and may be
economically produced using integrated circuit technology.
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Summary of the Invention

In order to address this need, the present invention provides an
apparatus and method for mixing signals. According to a first aspect of
the present invention, the apparatus includes a first mixer port, a second
mixer port, a third mixer port, a first hybrid device responsive to the first
mixer port and having a first and a second input/output port, a second
hybrid device responsive to the second mixer port, and a switching
device. The third mixer port is responsive to the second hybrid device.
The switching device includes a first port responsive to the first
input/output port of the first hybrid device, a second port responsive to the
second port of the first hybrid device, a third port in communication with
the second hybrid device, a fourth port in communication with the second
hybrid device, and a switching element responsive to the first, second,
third, and fourth ports. The switching element includes a first field effect
transistor and a second field effect transistor. The first field effect
transistor is responsive to the first port and is coupled to the third port,
and the second field effect transistor is responsive to the second port and
is coupled to the fourth port.

According to a further aspect of the present invention, the
apparatus is a signal mixing apparatus. The signal mixing apparatus
includes a first mixer port, a second mixer port, a third mixer port, a first
mixing device, and a second mixing device. The first mixing device
includes a first hybrid device, a second hybrid device, and a switching
device. The first hybrid device is responsive to the first mixer port and
has a first and a second input/output port. The second hybrid device is
responsive to the second mixer port, and the third mixer port is
responsive to the second hybrid device. The switching device includes a
first port responsive to the first input/output port of the first hybrid device, a
second port responsive to the second input/output port of the first hybrid
device, a third port in communication with the second hybrid device, a
fourth port in communication with the second hybrid device, and a
switching element responsive to the first, second, third, and fourth ports.
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The second mixing device includes a first hybrid device, a second
hybrid device, and a switching device. The first hybrid device is
responsive to the first mixer port and has a first and a second input/output
port. The second hybrid device is responsive to the second mixer port,
and the third mixer port is responsive to the second hybrid device. The
switching device includes a first port responsive to the first input/output
port of the first hybrid device, a second port responsive to the second
input/output port of the first hybrid device, a third port in communication
with the second hybrid device, a fourth port in communication with the
second hybrid device, and a switching element responsive to the first,
second, third, and fourth ports.

According to a further aspect of the present invention, a method of
mixing signals is provided. The method includes the steps of: dividing a
local oscillator signal received at a first port of a switching device into a
first and a second local oscillator signal, the first local oscillator signal out
of phase with respect to the second local oscillator signal; applying the
first local oscillator signal across a first resistor to produce a first voltage;
applying the second local oscillator signal across a second resistor to
produce a second voltage, the first and second voltages comprising
balanced voitages; applying a radio frequency signal to a second port of
the switching device, the radio frequency signal having an amplitude less
than an amplitude of the local oscillator signali; dividing the radio
frequency signal into a first and a second radio frequency signal;
producing a third voltage based on the first radio frequency signal;
producing a fourth voltage based on the second radio frequency signal;
generating a first and a second intermediate frequency signal based on
the first, second, third, and fourth voltages via switching action within the
switching device, the first intermediate frequency signal having
substantially the same phase and amplitude as the second intermediate
frequency signal; and adding the first intermediate frequency signal to
the second intermediate frequency signal to produce a resulting
intermediate frequency signal.
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The invention itself, together with its attendant advantages, will
best be understood by reference to the following detailed description,
taken in conjunction with the accompanying drawings.
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Brief Description of the Drawings

FIG. 1 is a circuit diagram of a particular embodiment of an
apparatus for mixing signals;

FIG. 2 is an expanded circuit schematic of the switching device of
FIG. 1.

FIG. 3 is a circuit diagram of another embodiment of an apparatus
for mixing signals.

Detailed Description of the Preferred Embodiment(s)

Referring to FIG. 1, an apparatus 10 for mixing signals is
disclosed. The apparatus 10 has a first mixer port 12, a second mixer
port 14, and a third mixer port 16. The apparatus 10 includes a first
hybrid device 20, a second hybrid device 40, and a switching device 30.
The first hybrid device 20 has a first Input/output port 22, a second
input/output port 24, a third input/output port 26, and a fourth input/output
port 28. Similarly, the second hybrid device 40 has a first input/output
port 42, a second input/output port 46, a third input/output port 48, and a
fourth input/output port 44. The switching device 30 has a first port 31, a
second port 32, a third port 34, a fourth port 36, and a fifth port 38. The
apparatus 10 further includes resistors R1, R3, and R4. Exemplary
values for the resistors are R1 = 50 ohms, and R3 = R4 = 120 ohms.
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The first input/output port 22 of the first hybrid device 20 is coupled
to the first mixer port 12. The second input/output port 24 is coupled to a
first terminal of resistor R1. The third input/output port 26 is coupled to
the first port 31 of the switching device 30 and to a first terminal of resistor
R4, and the fourth input/output port 28 is coupled to the second port of the
switching device 30 and to a first terminal of resistor R3. A second
terminal of resitors R3 and R4 are grounded. The third port 34 of the
switching device 30 is coupled to the second hybrid device 40 via the
second input/output port 46. The fourth port 36 of the switching device 30
is coupled to the second hybrid device 40 via the first input/output port
42. The fifth port 38 of the switching device 30 is grounded.

The third input/output port 48 of the second hybrid device 40 is
coupled to the third mixer port 16 . The fourth input/output port 44 is
coupled to the second mixer port 14.

The first and second hybrid devices 20, 40 are each preferably a
four port 180 degree hybrid device, such as the hybrid disclosed in U.S.
Pat. No. 4,992,761, which is incorporated by reference herein. The mixer
ports 12, 14, and 16 are standard mixer ports. In a particular
embodiment, the first mixer port 12 is a LO signal port, the second mixer
port 14 is a RF signal port, and the third mixer port 16 is an IF signal port,
In an exemplary downconverter application, the first mixer port 12
receives a local oscillator signal, the second mixer port 14 receives an
RF signal, and the third mixer port 16 outputs a resulting IF signal.
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During operation, an LO signal is applied to the LO signal port 12.
The LO signal should have an amplitude (A) large enough such that the
switching device 30 is substantially fully switched or saturated. The
hybrid 20 divides the LO signal at the first input/output port 22 into two
substantially equal amplitude signals of A/2 which are about 180
degrees out of phase with each other. The first of these signals is
available at port 28 at a phase @. The second signal is available at port
26 at a phase of @+180 degrees. The LO signal is not available at port
24, and is thus isolated from the resistor R1. The LO signals thus
generated are applied across the resistors R3 and R4, developing
respective voltages that are 180 degrees out of phase with each other
(A/2 at phase © and A/2 at phase ©@+180 degrees). Furthermore, the
resistors R3 and R4 are preferably of equal value, and selected to
provide impedance matching to the LO hybrid 20. The LO voltages thus
developed are applied to the switching device 30, at ports 32 and 31.
The applied voltages are said to be balanced, or equally above and
below a reference ground tied to port 38.

An RF signal is applied to the RF signal port 14. The RF signal
should have an amplitude (B) substantially smaller than the LO signal
amplitude A to significantly reduce compression and the associated
generation of distortion products. The hybrid 40 divides the RF signal at
port 44 into two substantially equal amplitude signals of B/2 which are
about 180 degrees out of phase with each other. The first of these
signals is available at port 46 at a phase @. The second signal is
available at port 42 at a phase of @+180 degrees. Since the RF signal is
not available at 48, the RF signal is substantially isolated from the IF port
16. The RF signals thus generated are applied to the switching device
30 at ports 34 and 36 respectively, developing respective voltages that
are about 180 degrees out of phase with each other (B/2 at phase @ and
B/2 at phase ©+180 degrees). RF matching at RF port 44 is
accomplished by proper selection of the switching device size. The RF
voltages thus developed are applied to the switching device 30, at ports
34 and 36. The applied voltages are said to be balanced, or equally
above and below a reference ground tied to port 38.
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The switching device 30 accepts the balanced LO signals across
ports 32 and 31. The switching device 30 is voitage controlled. Thus, the
inputs 32 and 31 into the switching device 30 are high impedance inputs.
The switching device 30 switches the RF input impedance into the
switching device 30 at ports 34 and 36 between a high impedance and a
low impedance at the rate of the LO frequency. Furthermore, the
balanced LO signals serve to switch the switching device 30 such that
when port 34 is a high impedance, port 36 is a low impedance, and when
port 34 is a low impedance, port 36 is a high impedance. This switching
action generates a resultant signal that is the frequency difference
between the LO and RF signals, termed the IF signal. Two separate IF
signals are generated. The first IF is generated in the switching device
30 and is available at port 34. It has a relative phase of QLO+ORF=0IF.
The second IF signal is generated in the switching device 30 and is
available at port 36. It has a relative phase of
DLO+180+QRF +180=CLO+ORF +360=0LO+BRF=0 IF, preferably the
same as the first IF at port 34. Thus, both IF signals generated in the
switching device 30 are available at respective ports 34 and 36 have
substantially the same phase and amplitude.

The IF signals available from the switching device 30 at ports 34
and 36 are applied to the hybrid 40, at ports 46 and 42 respectively. The
hybrid 40 adds these IF signals and outputs the resultant IF signal at port
48, where it is made available to IF port 16. The two IF signals are not
available at port 44, and are thus substantially isolated from the RF input
14.
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Referring to FIG. 2, the switching device 30 is illustrated. The
switching device 30 includes a first field effect transistor 60 and a second
field effect transistor 62. The first field effect transistor 60 has a first
terminal 76 coupled to the third port 34 and has a second terminal 78
coupled to the fifth port 38. The second field effect transistor 62 has a first
terminal 80 coupled to the fifth port 38 and has a second terminal 82
coupled to the fourth port 36. The switching device 30 further includes a
first capacitor 64, a first resistor 68, a second capacitor 66, and a second
resistor 70. The first capacitor 64 is coupled to the first port 31, and the
second capacitor 66 is coupled to the second port 32. The first capacitor
64 and the first resistor 68 are each coupled to a gate input 72 of the first
field effect transistor 60.

Similarly, the second capacitor 66 and the second resistor 70 are
each coupled to a gate input 74 of the second field effect transistor 62.
The first and second resistors 68, 70 are each coupled to the fifth port 38.
In the particular example shown in FIG. 2, the first and second resistors
68, 70 are each 5000 ohm resistors, and the first and second capacitors
64, 66 are each 10 picotarad capacitors. The first and second field effect
transistors 60, 62 are preferably Metal Semiconductor Field Effect
Transistors (MESFETS). Preferably the apparatus 10 including the
switching device 30 may be implemented in a Monolithic Microwave
Integrated Circuit (MMIC).
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The pair of balanced LO signals generated in hybrid 20 are
applied to the switching device 30 across ports 31 and 32, relative to port
38 which is at ground potential. The first LO of amplitude A/2 at phase @
is applied to the first switching device 30 at port 31. The second LO ot
amplitude A/2 at phase @+180 degrees is applied to the second
switching device 30 at port 32. The capacitors 64 and 66 serve to pass
the respective LO voltage signals to the respective MESFETs 60 and 62,
at gates 72 and 74. The resistors 68 and 70 provide a means for
draining excess charge off of the respective gates 72 and 74. The
capacitors 64 and 66 also serve to block this charge from the LO hybrid
20 and thus combat unequal discharge paths which could result in
unbalancing of the switching action.

The MESFETs 60 and 62 are switched by applying LO signals at
the rate of the LO frequency. This switching action has the effect of
alternately forming a high impedance and a low impedance in the
MESFET 60 channel between the MESFET drain 76 and source 78, at
the rate of the LO frequency. Similarly, the MESFET 62 is switched
forming a high impedance and a low impedance in MESFET 62 between
the MESFET drain 82 and source 80, at the rate of the LO frequency.
The LO signals applied out of phase with each other at ports 31 and 32
act to switch the MESFETs 60 and 62 out of phase with each other. Thus
the impedance at switching device 30 at port 34 is switching from a high
impedance to a low impedance at the rate of the applied LO frequency.
Similarly, the impedance at the switching device 30 at port 36 is
switching from a high impedance to a low impedance at the rate of the
applied LO frequency. The LO signals applied out of phase with each
other at ports 31 and 32 cause the impedance at port 34 to be high when
the impedance at port 36 is low, and the impedance at port 34 to be low
when the impedance at port 36 is high.
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The pair of balanced RF signals generated in hybrid 40 are
applied to the switching device 30 across ports 34 and 36, relative to port
38 which is at ground potential. The first RF signal of amplitude B/2 at
phase @ is applied to the first switching device 30 at port 34. The second
RF signal of amplitude B/2 at phase ©+180 degrees is applied to the
second switching device 30 at port 32.

The switching action generates a resultant signal that is the
ditference in frequency between the LO and RF signals, termed the IF
signal. Two separate IF signals are generated. The first IF is generated
in the MESFET 60 and is available at port 34. It has a relative phase of
DLO+DRF=QIF. The second IF is generated in MESFET 62 and is
available at port 36. It has a relative phase of
@LO+180+DRF+180=0LO+ORF +360=0LO+ORF=0IF, substantially
similar to the first IF at port 34. Thus both IF signals generated in the
switching device 30 and available at ports 34 and 36 have substantially
the same and preferably virtually identical phase and amplitude.
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Referring to FIG. 3, an embodiment of a double star mixer 100 is
illustrated. The mixer 100 includes a first mixer 10, labeled mixer, a
second mixer 10, labeled mixer 2, a first hybrid 102, and a second hybrid
120. The mixer 100 has a first mixer input/output port 112, a second
mixer input/output port 114, and a third mixer input/output port 116. The
first hybrid 102 has four input/output ports 104, 106, 108, 110. The first
hybrid 102 is coupled to the first mixer 10 via input/output port 104 and is
coupled to the second mixer 10 via input/output port 108. The first hybrid
device 102 is coupled to the first mixer port 112 via input/output port 110.
The first hybrid 102 is further coupled to a resistor R2, preferably having a
resistance of about 50 ohms and connected to ground, via input/output
port 106. Each of the first and second mixers 10 are coupled to the other
mixer 10 and coupled to the second mixer port 114 via mixer ports 16.
The second hybrid 120 also has four input/output ports 122, 124, 126,
128. The second hybrid 120 is coupled to the first mixer 10 via port 124,
to the second mixer 10 via port 122, to the third mixer port 116 via port
128, and to a resistor R1 via port 126. Preferably, resistor R1 has a
resistance of about 50 ohms and is grounded.

The first and second mixers 10 are preferably each configured as
described for the mixer 10 of FIG. 1 and FIG. 2. However, itis
contemplated that other suitable mixers may be used. The first and
second hybrids 102, 120 are preferably 180 degree four port hybrids,
such as the hybrid device described in U.S. Pat. No. 4,992,761, although
any other suitable hybrid device known to those of ordinary skill may be
used. Further, the values of resistors R1 and R2 may be changed as
necessary for the specific mixer application that the apparatus 100 is to
be used in.
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During operation of the mixer 100, the LO signal is applied to the
LO signal port 112. The LO signal should be large enough in amplitude
such that the switching device 30 is fully switched or saturated. The
hybrid 102 divides the LO signal with amplitude C at 110 into two
substantially equal amplitude signals of C/2 which are approximately 180
degrees out of phase with each other. The first of these signals is
available at port 104 at a phase @. The second signal is available at port
108 at a phase of @+180 degrees. The LO signal is not available at 106,
and is thus substantially isolated from the resistor R2. The LO signals
thus generated are applied to mixer1 and mixer? at port 12. Thus each
of these mixers are switched at the rate of the LO frequency, but 180
degrees out of phase with each other (C/2 at phase @ and C/2 at phase
©+180 degrees). The applied LO signals are balanced.

The RF signal is applied to the RF signal port 116. The RF signal
should be substantially smaller in amplitude than the LO signal to
substantially prevent compression and the associated generation of
distortion products. The hybrid 120 divides the RF signal with amplitude
D at port 128 into two equal amplitude signals of D/2 which are about
180 degrees out of phase with each other. The first of these signals is
available at port 124 at a phase @. The second signal is available at port
122 at a phase of @+180 degrees. The RF Signal is substantially
isolated from the resistor R1. The pair of balanced RF signals generated
in hybrid 120 are applied to mixer1 and mixer2. The applied voltages
are balanced (i.e. equally above and below a reference ground).

The mixer 100 operates such that mixer1 generates an IF signal at
port 16 with a relative phase of OLO+ORF=0IF. Mixer2 generates an IF
signal at port 16 with a relative phase of
©OLO+180+0RF+1 80=0OLO+ORF+360=0LO+BRF=0IF , Which is
preferably virtually identical to the |F signal of mixer. Thus, both of these
IF signals can be added directly at IF output 114.

The above described preferred embodiment provides many benefits. For
example, IF baluns and/or hybrids are physically large and very difficuit
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to realize monolithically. In the topologies described herein, the phasing
of the IF signals reduces or substantially eliminates the need for IF
baluns or IF Hybrids. Thus, an entire mixer, either mixer 10 or mixer 100,
is integratable on die without off-die components. in addition, the mixer
topologies allow the injection of current directly into the IF port to provide
transfer characteristic distortion in the MESFET switching devices,
resulting in significantly improved mixer linearity.

It should be understood that for purposes of this application, one
component is responsive to or in communication with another component
regardless of whether the two components are directly coupled or
indirectly coupled, such as via intermediate components, including
switches that operatively couple the components for only a segment of
time, as long as a signal path can be found that directly or indirectly
establishes a relationship between the components. For example, the
switching device 30 is responsive 10 the first mixer port 12, as defined
herein, even though intermediate components, such as the first hybrid
20, are disposed between the switching device 30 and the first mixer port
12.

While certain aspects of the invention have been described in
conjunction with specific embodiments thereof, it is evident that many
alterations, modifications, and variations will be apparent to those skilled
in the art in light of the foregoing description. For example, while mixer
10 of FIG. 1 has been described in terms of specific electronic circuitry
relationships, one skilled in the ant will appreciate that the mixer may be
embodied in a variety of ways, such as appropriately configured
hardwired circuit elements, or ASICs (application specific integrated
circuits). Further, the invention is not limited in application to just mixers
in wireless communication systems, but also applies to other mixers for
other types of systems.
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Further advantages and modifications of the above described
apparatus and method will readily occur to those skilled in the art. The
invention, in its broader aspects, is therefore not limited to the specific
details, representative apparatus, and illustrative examples shown and

5 described above. Various modifications and variations can be made to
the above specification without departing from the scope or spirit of the
present invention, and it is intended that the present invention cover all
such modifications and variations provided they come within the scope of
the following claims and their equivalents.
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Claims
What is claimed is:
1. An apparatus for mixing radio frequency signals, the

apparatus comprising:
a first mixer port;
a second mixer port;
a third mixer port;
a first hybrid device responsive to the first mixer port and having a
first and a second input/output port;
a second hybrid device responsive to the second mixer port, the
third mixer port responsive to the second hybrid device; and
a switching device comprising:
a first port responsive to the first input/output port of the first
hybrid device;
a second port responsive to the second input/output port of
the first hybrid device;
a third port in communication with the second hybrid device;
a fourth port in communication with the second hybrid
device; and
a switching element responsive to the first, second, third,
and fourth ports, the switching element comprising a first field effect
transistor and a second field effect transistor, the first field effect transistor
responsive to the first port and coupled to the third port and the second
field effect transistor responsive to the second port and coupled to the
fourth port.

2. The apparatus of claim 1, wherein at least one of the
following: the switching device further comprises a fifth port; the first field
effect transistor has a gate input coupled to a first terminal of a first
resistor and coupled to a first terminal of a first capacitor; the first hybrid
device comprises a four port 180 degree hybrid; and the first hybrid
device comprises a four port signal splitting/combining device.
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3. The apparatus of claim 2, wherein the first and second field
effect transistors are each coupled to the fifth port.

4, The apparatus of claim 2, wherein the second field effect
transistor has a gate input coupled to a first terminal of a second resistor
and coupled to a first terminal of a second capacitor.

5. The apparatus of claim 4, wherein the first resistor has a
second terminal coupled to the fifth port and the second resistor has a
second terminal coupled to the fifth port.

6. The apparatus of claim 5, wherein the fi rst capacitor has a
second terminal coupled to the first port and the second capacitor has a
second terminal coupled to the second port.

7. The apparatus of claim 6, wherein the fifth port is grounded.

8. The apparatus of claim 1, further comprising a first resistor
coupled to the first input/output port of the first hybrid device and a
second resistor coupled to the second input/output port of the first hybrid
device.

9. A signal mixing apparatus comprising:
a first mixer port;
a second mixer port;
a third mixer pont;
a first mixing device comprising:
a first hybrid device responsive to the first mixer port and
having a first and a second input/output port;
a second hybrid device responsive to the second mixer
port, the mixer port responsive to the second hybrid device; and
a switching device comprising:
a first port responsive to the first input/output port of
the first hybrid device:
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a second port responsive to the second input/output
port of the first hybrid device;
a third port in communication with the second hybrid
device;
a fourth port in communication with the second
hybrid device; and
a switching element responsive to the first, second,
third, and fourth ports; and
a second mixing device comprising:
a first hybrid device responsive to the first mixer port and
having a first and a second input/output port;
a second hybrid device responsive to the second mixer
port, the mixer port responsive to the second hybrid device; and
a switching device comprising:
a first port responsive to the first input/output port of
the first hybrid device,;
a second port responsive to the second input/output
port of the first hybrid device;
a third port in communication with the second hybrid
device;
a fourth port in communication with the second
hybrid device; and
a switching element responsive to the first, second,
third, and fourth ports

10.  The apparatus of claim 9, further comprising a third hybrid
device responsive to the first and second mixing devices, the third hybrid
device coupling the second hybrid of the first mixing device and the
second hybrid of the second mixing device to the second mixer port.

11. The apparatus of claim 10, further comprising a fourth
hybrid device coupling the first hybrid device of the first mixer, the first
hybrid device of the second mixer, and the first input port.
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12. The apparatus of claim 9, wherein at least one of the
following: the third mixer port is directly coupled to the second hybrid
device of the first mixer and to the second hybrid device of the second
mixer; and the first hybrid device of the first mixer comprises a four port
signal splitting/combining network.

13.  The apparatus of claim 12, wherein the first hybrid device
provides a relative phase shift between the first and second outputs.

14.  The apparatus of claim 13, wherein the relative phase shift
is about 180 degrees.

15. A method of mixing signals comprising the steps of:
dividing a local oscillator signal received at a first port of a
switching device into a first and a second local oscillator signal, the first

local oscillator signal out of phase with respect to the second local
oscillator signal;

applying the first local oscillator signal across a first resistor to
produce a first voltage;

applying the second local oscillator signal across a second
resistor to produce a second voltage, the first and second voltages
comprising balanced voltages;

applying a radio frequency signal to a second port ot the switching
device, the radio frequency signal having an amplitude less than an
amplitude of the local oscillator signal;

dividing the radio trequency signal into a first and a second radio
frequency signal;

producing a third voltage based on the first radio frequency
signal;

producing a fourth voltage based on the second radio frequency
signal;
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generating a first and a second intermediate frequency signal
based on the first, second, third, and fourth voltages via switching action
within the switching device, the first intermediate frequency signal having
substantially the same phase and amplitude as the second intermediate

5 frequency signal; and

adding the first intermediate frequency signal to the second
intermediate frequency signal to produce a resulting intermediate
frequency signal.

10

15
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