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DUAL CONVERSION TRANSMITTER WITH SINGLE LOCAL OSCILLATOR

FIELD OF INVENTION
The present invention relates to transmitters, and/or transceivers. More particularly,
the invention relates to systems, devices and methods related to transmitters, and/or

transceivers having a single, tunable oscillator in a dual conversion architecture.

BACKGROUND OF THE INVENTION

Various existing transmitters, and/or transceivers (herein after transmitter(s)) may
employ a dual conversion architecture for up or down conversion of radio frequency (“RF”)
signals. Such a transmitter is generally configured in the prior art to use two, separate local
oscillators. More particularly, when the transmitter is a tunable transmitter, the dual
conversion architecture comprises two or more separate local oscillators.

With reference to Figure 1A, a prior art tunable dual conversion transmitter 100
comprises at least two local oscillators 110, 111. Local oscillator 110 is a tunable LO, that
is tunable from 9.8 to 11.2 GHz. Tunable dual conversion transmitter 100 further compiises
a first mixer 120, a filter 125, and a second mixer 130.

With reference to Figure 1B, a prior art tunable transmitter 100’ comprises a local
oscillator 110. Local oscillator 110 is a tunable LO, that is tunable from 10.133 to 10.6
GHz. Tunable transmitter 100” further comprises a first mixer 120, and a filter 125. In this
embodiment, spurious signals can be difficult to filter because IF related spurious; signals are
typically a small percentage away from generally desired RF pasSbands. Additionally, sach
band will require filtering to remove undesired IF related spurious signals. Thus, resulting
in unnecessarily high material costs. This approach achieves a high phase noise degradation
of approximately 20 log (3) = 9.54 dB. .

Use of two or more local oscillators in tunable transmitters that have dual conversion
architecture has a number of disadvantages. For example, in such embodiments the
Intermediate Frequency (“IF”) band following the first upconversion, at first mixer 120,
must be just as wide as the final output band. Also, one of the oscillators, e.g. local
oscillator 110, must be able to tune the transmitter across the entire baﬁd. Furthermore, the
final upconversion uses a local oscillator at a high frequency that is ndqre difficult to design

with adequate phase noise than the first LO.
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Wider filter passbands employed by such prior art may be difficult if not impossible
to design because, in some instances, undesired higher order spurious mixer outputs related
to multiples of LO and IF input frequencies may be too close to the pass-band to adequately
filter or may even be inside the filter pass-band thus prohibiting a single filter approach. In
any event, it may be difficult to design a cost effective device comprising multiple local
oscillators in tunable transmitters with a dual conversion architecture. In some instances,
use of such prior art designs may also necessitate use of a switchable bank of filters, which
increases overall design cost. Use of prior art architecture also renders it difficult if not
practically impossible to use highly integrated GaAs, silicon-germanium (SiGe) or other
semiconductor processes in tunable transmitters and obtain sufficient spurious rejection, due
to process variations that give rise to additional design limitations.

Thus, it is desirable to have a tunable transmitter with dual conversion architecture
that overcomes some of these drawbacks of the prior art. It is further desirable to have a
tunable transmitter with dual conversion architecture with lower material costs, that is easier
to manufacture, that has improved phase noise characteristics, that reduces the range the LO

has to tune, and that reduces the IF bandwidth.

SUMMARY OF THE INVENTION

In accordance with various aspects of the invention, a method and system for a
tunable dual conversion transmitter that has a single tunable oscillator is presented. In one
exemplary embodiment, an electronic device may include (1) a first mixer configured to
receive a first oscillator signal; the first mixer configured to receive a communication signal
from an input to the electronic device; the first mixer configured to output a converted signal
based on the first oscillator signal and the communication signal; (2) a filter configured to
remove undesired spurious signals from the converted signal and output a filtered signal;
and (3) a second mixer in communication with the filter and configured to receive the
filtered signal, the second mixer configured to receive a scaled version of the first oscillator
signal; the second mixer in communication with an output of the electronic device and
configured to output an output signal based on the scaled version of the first oscillator signal
and the filtered signal. The electronic device may include one of: a multiple conversion
transmitter, and a multiple conversion transceiver, and wherein the output signal has an
output frequency that is tunable over an output frequency range by adjusting a frequency

associated with the first oscillator signal over a first oscillator signal frequency range. The
2
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output of the electronic device may be an RF transmit signal, and wherein the RF transmit
signal is configured to be frequency tuned to a desired color pattern (as further described
herein). The RF transmit signal may be tunable over a transmit frequency range.

In an alternative exemplary embodiment includes a dual conversion transmitter. The
transmitter may be configured to divide a first oscillator signal into a second oscillator signal
and a third oscillator signal. The transmitter may be configured to perform frequency
scaling such that the second and third oscillator signals have different frequencies from each
other. The transmitter may include: (1) a first mixer, wherein the first mixer is configured to
utilize the second oscillator signal to facilitate frequency conversion; and (2) a second
mixer, wherein the second mixer is configured to utilize the third oscillator signal to
facilitate frequency conversion; and (3) a filter configured to filter the output of the first
mixer and to provide the output of the filter to the input of the second mixer.

In an alternative exemplary embodiment, a method of producing an output signal via
a dual conversion transmitter may include: (1) receiving a first oscillator signal, wherein the
first oscillator signal is provided by a single tunable oscillator; (2) receiving a
communication signal from an input to the dual conversion transmitter, wherein a first mixer
may be configured to receive the communication signal; (3) providing a converted signal
based on the first oscillator signal and the communication signal, wherein the first mixer
may be configured to output the converted signal; (4) band pass filtering the converted
signal to create a filtered signal, wherein a filter may be configured to provide the band pass
filtering; (5) receiving the filtered signal, wherein a second mixer is in communication with
the filter and configured to receive the filtered signal; (6) converting the filtered signal, in
the second mixer, based on a scaled version of the first oscillator signal, wherein the second
mixer may be in communication with an output of the dual conversion transmitter; and (7)
delivering an output signal based on the scaled version of the first oscillator signal and the

filtered signal to the output.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention may be derived by referring
to the detailed description and claims when considered in connection with the drawing
figures, wherein like reference numbers refer to similar elements throughout the drawing
figures, and:

FIG. 1A illustrates a prior art multiple local oscillator dual conversion transmitter;

3
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FIG. 1B illustrates a prior art local oscillator transmitter;

FIG. 2A illustrates an exemplary dual conversion transmitter comprising a single
tunable oscillator;

FIG. 2B illustrates an exemplary dual conversion transmitter comprising a single
tunable oscillator signal;

FIG. 3 illustrates an exemplary spectrum associated with mixer 1, in accordance with
an exemplary embodiment;

FIG. 4 illustrates an exemplary output of mixer 1, in accordance with an exemplary
embodiment;

FIG. 5 illustrates an exemplary spectrum associated with mixer 2, in accordance with
an exemplary embodiment;

FIG. 6 illustrates an exemplary output spectrum of mixer 2, in accordance with an
exemplary embodiment;

FIG. 7A illustrates an alternative exemplary dual conversion transmitter comprising
a single tunable oscillator, in accordance with an exemplary embodiment;

FIG. 7B illustrates an alternative exemplary dual conversion transmitter comprising
an oscillator signal, in accordance with an exemplary embodiment;

FIG. 8A illustrates another alternative exemplary dual conversion transmitter
comprising a single tunable oscillator, in accordance with an exemplary embodiment;

FIG. 8B illustrates another alternative exemplary dual conversion transmitter
comprising an oscillator signal, in accordance with an exemplary embodiment;

FIG. 9A illustrates yet another alternative exemplary dual conversion transmitter
comprising a single tunable oscillator, in accordance with an exemplary embodiment;

FIG. 9B illustrates yet another alternative exemplary dual conversion transmitter
comprising an oscillator signal, in accordance with an exemplary embodiment;

FIG. 10 illustrates an exemplary embodiment of color distribution; and

FIGS. 11A-11C illustrate, in block format, transceiver systems implementing dual

super-heterodyne circuits in accordance with embodiments of the invention.

DETAILED DESCRIPTION
While exemplary embodiments are described herein in sufficient detail to enable
those skilled in the art to practice the invention, it should be understood that other

embodiments may be realized and that logical electrical and mechanical changes may be
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made without departing from the spirit and scope of the invention. Thus, the following
detailed description is presented for purposes of illustration only.

In accordance with an exemplary embodiment of the present invention, a tunable
transmitter with dual conversion architecture comprises a single tunable oscillator. The
single tunable oscillator provides a local oscillator (“LO”) signal to a first mixer and
provides a scaled version of the LO signal to a second mixer. The first mixer upconverts an
[F signal which is filtered, and the filtered signal is then upconverted in the second mixer.
The output of the second mixer is an RF signal. The RF signal may be transmitted via an
antenna, for example. Although described herein in the embodiment of a transmitter, similar
techniques may be used in the context of a transceiver.

With reference now to Figures 2A and 2B, in an exemplary embodiment, a tunable
dual conversion transmitter 200 comprises a tunable oscillator 210. Tunable dual
conversion transmitter 200 may further comprise a first mixer 220, a filter 225, a second
mixer 230, and a multiplier 240. Tunable oscillator 210 is configured in electrical
communication with first mixer 220 and multiplier 240. Mixer 220 is configured in
electrical communication with filter 225. Second mixer 230 is in electrical communication
with filter 225 and multiplier 240. Furthermore, additional electronic components such as
filters, amplifiers, and/or the like, may be added to tunable dual conversion transmitter 200.

In accordance with an exemplary embodiment, tunable oscillator 210 is configured
to provide an LO signal to first mixer 220 and to multiplier 240. In an exemplary
embodiment, the LO signal is tunable. Furthermore, tunable oscillator 210 may be any
suitable tunable oscillator that is configured to generate an oscillating reference signal.

The LO signal may, for example, be the fundamental frequency of tunable oscillator
210. In various exemplary embodiments, the single tunable oscillator has a lower
fundamental frequency operating range than that of a tunable oscillator in an otherwise
similar multiple oscillator dual conversion transmitter. Although the frequencies shown in
the figures are only illustrative and any appropriate frequencies may be used, it is useful to
compare the LO frequency range associated with Figure 1A to the LO frequency range
associated with Figures 2A and 2B. There it can be seen that the design constraints required
a larger LO frequency range (9.8-11.2 GHz) for the tunable oscillator in the multiple
oscillator tunable transmitter than for the single oscillator that has a LO frequency range of
10.133-10.6 GHz. Although the design frequencies may be different in different
embodiments, in general the LO tunable frequency range can be smaller in the single
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oscillator design than in a multiple oscillator design. In the example above, the LO has a
tunable range of 1.4 GHz in the multiple oscillator tunable transmitter as opposed to 467
MHz in the single oscillator tunable transmitter. Thus, in an exemplary embodiment, the
frequency range may be one third smaller than a tunable oscillator in an otherwise similar
tunable transmitter that has multiple oscillators. In other exemplary embodiments, the
frequency range may be even more than 1/3 smaller. In exemplary embodiments, with
reference to Figures 9A and 9B, the frequency range may be smaller by an amount shown in

the following equation:

OTR = BW1| —

1+ > M,

i=l

where BW1 is the frequency range of a transmitter with multiple oscillators, OTR is
the oscillator tuning range, and M; is the multiplication factor of each multiplier from stage 1
through N.

In accordance with various exemplary embodiments, LO 210 is a less expensive LO
than a tunable oscillator in an otherwise similar tunable transmitter that has multiple
oscillators. Not only can a lower frequency oscillator be used, less parts also results in
lower material, manufacturing costs and higher reliability. Also, given the small IF filter
passband, in this example 7.8 — 8.8 GHz, filtering spurious signals may be more easily
accomplished. Traditional approaches have an IF passband that is a much higher percentage
bandwidth than the other passbands. Phase noise is improved as the LO is designed at a
lower frequency and has a lower tune range. When compared to the prior art shown in
Figure 1A, the exemplary embodiment shown in Figures 2A and 2B has better overall phase
noise due to the lower tune range in the single oscillator system. Oscillator phase noise
performance is indirectly proportional to the tuning range of the VCO. Phase noise at the
output of the multiplier is degraded from the initial oscillator phase noise by 20log(N). This
is true if a multiplier is used as well as when an oscillator is designed at M times the initial
frequency. In one exemplary embodiment, with reference to Figures 2A and 2B, the phase
noise degradation may be as little as 7dB versus 9.5 dB for the prior art shown in Figure 1B.
Phase noise reduction in the exemplary embodiment, with reference to Figures 2A and 2B,
occurs because the noise power of the LO 210 is added to the output of the multiplier 240.

In the prior art, with renewed reference to Figure 1B, the phase noise is degraded by the

6
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multiplier which must be larger than an exemplary multiplier, with renewed reference to
Figures 2A and 2B, to achieve the same output frequency. The equations below show the
approximate phase noise degradation in both cases:

Phase Noise Degradation, with reference to Figures 2A and 2B:
fot

noop
P,, =10log 1010+1010J

P2 = P1+20log(2)= P1+6

tot

Pl Pl+6
P, =10log/ 10" +10 '° }

L) Pl 6
P, =10log 10" +10' [1010)}

i o
P, =10log/ 10 {1+101°J

il Ll
P, =10log 10 (1+ 4)] = IOIOg(S(IO‘O D

P1

P,, =10log(5)+ 101og{1073] =7+ 10(%)105;(10)

P

=Pl+7

Phase Noise Degradation, with reference to Figure 1B:

P2 =P1+20log(3)= P1+9.5

In other exemplary embodiments, the “single oscillator” may be phase locked to a
crystal reference or other oscillator. In accordance with further exemplary embodiments,
and with reference to FIG. 2B, the “single oscillator” may simply comprise a single
oscillator signal. In this regard, the “single oscillator” may be off chip and the signal fed
onto the chip. This embodiment is still different from the prior art (see, for example FIG.
1A) which would involve two different oscillator signals (from oscillators 100,111) instead
of one, where the first oscillator signal was tunable (i.e., from a tunable source) and second
oscillator signal was not.

In accordance with an exemplary embodiment, multiplier 240 is an active doubler.
Multiplier 240 may be configured to receive the LO signal from oscillator 210 and to
provide an oscillating signal to second mixer 230, where the signal provided to the second

mixer is a multiple of the LO signal from oscillator 210. For example, multiplier 240 may
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provide a signal to second mixer 230 at two times the fundamental frequency of oscillator
210. Furthermore, multiplier 240 may comprise any component that scales a signal.

In various exemplary embodiments a frequency multiplier may be used to multiply
the base frequency of the oscillator by a predetermined integer. This multiplied frequency
may be amplified, mixed with other signals and sent to the final drive stage and into the
antenna tuning/coupling circuit for delivery to a transmitting antenna.

It should be understood that a combination of multipliers may be used in the place of
a single multiplier 240 to obtain the same effect. Furthermore, in other exemplary
embodiments, relative scaling may be used on both the signal to first mixer 220 and to
second mixer 230. For example, the LO frequency could be half that shown in the
exemplary embodiment described with reference to Figures 2A and 2B, and a 2x multiplier
could be used between single oscillator 210 and first mixer 220, with a 4x multiplier used
between single oscillator 210 and second mixer 230. This would provide a similar result as
in the example described above with respect to FIGS. 2A and 2B. In other exemplary
embodiments, it is noted that a multiplier could also be used between oscillator 210 and
mixer 220. Moreover, it is possible to use a divider in place of a multiplier. Nevertheless,
generally speaking to get the benefit of spurious suppression and the gradual bandwidth
expansion as you move through the chain of mixers, the LO signal supplied to the mixers
will be supplied in ascending order of frequency from one mixer to the next in the direction
of the output. In various exemplary embodiments, the present device is able to use a smaller
percentage bandwidth at the intermediate frequencies than the prior art.

In general, the filter bandwidth at the output of each mixer in the conversion chain is
wider than the input bandwidth. This is the case because the LO moves in frequency for all
the conversions. In addition, the full desired operating bandwidth is not achieved at the first
conversion and indeed not until the final mixer conversion. In contrast, the prior art solution
figure 1A would have the same bandwidth before and after mixer 130 and in the case of
prior art figure 1B the full final bandwidth is achieved at the first mixer fnaking the filtering
difficult or potentially impossible with a single fixed filter. The advantage of the gradual
expansion of the operating bandwidth as the signal moves through the upconversion chain is
that filtering can be done at each intermediate frequency allowing spurious products to be
rejected more easily with a single fixed filter at each location. The more upconversion steps

that are included means the bandwidth expands even more gradually and the spurious
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products are even easier to filter because there is more frequency separation between the
desired operating band and the spurious rejection frequencies.

In another exemplary embodiment, the scaling may be accomplished in the mixers.
For example, multiplier 240 and second mixer 230 may be combined in a sub-harmonic
mixer and achieve the same objects as described herein. In accordance with an exemplary
embodiment, mixer 220 and mixer 230 may be part of a Gilbert Cell Mixer. Mixers 220,
230, however, may be part of any suitable component that is configured to receive an input
signal having a first frequency and to receive a tunable local oscillator signal, and to output a
converted signal having a second frequency. More specifically, in an exemplary
embodiment, mixers 220, 230 may comprise any device that is configured to up-convert an
input signal based on an oscillator signal.

In various exemplary embodiments, the mixer may be a nonlinear or time-varying
circuit or device that accepts as its input two different frequencies and presents at its output
a mixture of signals at several frequencies. These frequencies may include: (1) the sum of
the frequencies of the input signals; (2) the difference between the frequencies of the input
signals; (3) both original input frequencies — these are often considered parasitic and are
filtered out in subsequent filter stages; and/or (4) unwanted intermodulation products from
the inputs. A balanced mixer passes a small leakage of the original signal to the output,
often implemented as a double balanced mixer which has high isolation of both inputs.
Nonlinear effect can be created by using a nonlinear electrical component, such as a diode.
The time-varying effect can be created using a multiplier circuit such as a Gilbert Cell or
passive switches. The manipulations of frequency performed by a mixer can be used to
move signals between bands, or to encode and decode them. As mentioned above, one or
both mixers 220, 230 may comprise sub-harmonic mixers. The output signal may be
amplified, combined with other signals and/or sent to the final drive stage and into the
antenna tuning/coupling circuit for delivery to a transmitting antenna.

In accordance with an exemplary embodiment, filter 225 is configured to receive the
converted signal from first mixer 220, to band pass filter the converted signal, and to pass
that filtered signal on to second mixer 230. In an exemplary embodiment, the selection of
the filter properties is directly related to the use of a single tunable oscillator. For example,
use of multiple oscillators in a tunable dual conversion transmitter results in a wider band
width signal to be filtered. This generally causes it to be more difficult to design the filter.
Moreover, in the prior art multiple oscillator transceiver, the filter is generally less effective

9
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because in such a system, the spurious mixer outputs are closer to the desired band. In fact,
in some prior art embodiments, the spurious mixer outputs may be in the passband of the
filter making it impossible to filter them out without a more complex system such as a filter
bank. Moreover, such difficulties in the prior art may constrain the frequencies that can be
used with such a transmitter.

In accordance with an exemplary embodiment, however, use of a single tunable
oscillator signal (as opposed to one tunable oscillator and a separate fixed frequency
oscillator) may facilitate use of a smaller bandwidth filter. For example, the bandwidth of
filter 125 in prior art FIGS. 1A&1B are 7.5 — 9.4 GHz and 28.1 — 30.0 GHz respectively (a
1.9 GHz bandwidth) whereas the bandwidth of filter 225 in Fig. 2, is 7.8-8.8 GHz (a 1.0
GHz bandwidth). This is a 50% reduction in bandwidth compared to the prior art filters.
Moreover, in exemplary embodiments, as the tunable oscillator is tuned to higher
frequencies, the passband of the filter can remain constant and still remove spurs.

In contrast, the use of a single tunable oscillator makes it easier to design the filter.
In one exemplary embodiment, a single filter can be used instead of a bank of switchably
selected filters. Thus, in an exemplary embodiment, a tunable transmitter comprises a filter
having a bandwidth of 1 GHz and that does not comprise a bank of switchably selected
filters. In another exemplary embodiment, fewer filters can be used in a bank of switchably
selected filters as compared to the number of filters that would be needed to achieve similar
performance results in a multiple oscillator tunable transmitter.

In accordance with an exemplary embodiment, mixer 230 is configured to receive
the output of filter 225 and to receive a scaled version of the signal from oscillator 210, and
is configured to output a converted signal.

Thus, in accordance with an exemplary embodiment, a single, tunable oscillator is
used in a dual conversion transmitter such that the first upconversion uses the LO
fundamental frequency and the second (or subsequent) upconversion(s) uses a multiple of
the LO fundamental frequency. Some benefits of using a single LO in a dual conversion

architecture (as opposed to multiple LO’s) include:

1. Reduces the IF bandwidth making spurious signals (spurs) easier to filter;
2. Reduces the range the LO has to tune making the oscillator easier to design;
3. Improves phase noise because the LO has a lower tune range;

4, Lower material costs due to the elimination of the second oscillator; and

5. Easier to manufacture since filters do not need to be as tightly controlled.

10
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In accordance with various exemplary embodiments, this architecture is
advantageous because it facilitates designing transmitter devices in SiGe, as well as in other
processes with high variation. Silicon-germanium, is a general term for the alloy Si; xGey,
which consists of any molar ratio of silicon and germanium. It is commonly used as a
semiconductor material in integrated circuits (ICs) for heterojunction bipolar transistors or
as a strain-inducing layer for CMOS transistors. SiGe offers opportunities in mixed-signal
circuit and analog circuit IC design and manufacture. SiGe allows CMOS logic to be
integrated with heterojunction bipolar transistors, making it suitable for mixed-signal
circuits. Heterojunction bipolar transistors have higher forward gain and lower reverse gain
than traditional homojunction bipolar transistors. In some embodiments, this translates into
better low current and high frequency performance. Being a heterojunction technology with
an adjustable band gap, the SiGe offers the opportunity for more flexible band gap tuning
than silicon-only technology.

Typically, when designing devices in structures such as SiGe that have a relatively
high process variation, the design provides appropriate tolerances to account for variation in
the performance of the device (from device to device). However, this can be a considerable
design limitation, if not an overriding limitation, if working with certain design limitations.
In particular in designing transmitters in the Ka, Ku, and similar high frequency ranges, the
design limitations make it difficult to also provide for the process variation associated with
SiGe when using the prior art solutions. In contrast, by using a single tunable oscillator in a
dual conversion transmitter, the filter design and oscillator design becomes simpler.

Use of a single tunable oscillator in a dual conversion transmitter also facilitates
integrating more of the transmitter device into the chip. Due to these higher levels of
integration, the products can be made smaller, with less placement of parts, with greater
robustness and repeatability, and at less expense. The use of fewer oscillators lowers the
material costs, but the use of lower frequency oscillators also lowers the material costs.

In high frequency applications, and in particular, in applications where the
transmitter is transmitting at low, medium, and high frequencies, phase noise can be a
significant issue at those high frequencies. It has been determined that the phase noise at
higher frequencies is worse in a multiple oscillator dual conversion transmitter than for a
single oscillator dual conversion transmitter, where both transmitters have similar inputs and
otherwise similar design criteria. This is in part because of the wider frequency bandwidth
of the tunable local oscillator in the multiple oscillator dual conversion transmitter than in

11



10

15

20

25

30

WO 2010/054263 PCT/US2009/063645

the single oscillator dual conversion transmitter. Similarly, the single oscillator does not
have the phase noise associated with the higher frequency second oscillator 111 (e.g., at 20.6
GHz). These factors tend to improve phase noise in the single oscillator embodiment over a
multiple oscillator embodiment.

In an exemplary embodiment, the second mixer uses the second harmonic of the first
mixer, and therefore some of the tuning can be done with each upconversion. This not only
reduces the range the LO has to tune but also allows some of the IF bands to overlap, thus
easing the filter requirements. In an exemplary embodiment, three IF bands are transmitted
by dual conversion transmitter 200: a low band, a mid-band, and a high band. Figures 3-6
show how each of the three bands is upconverted using this architecture and how the IF
bands overlap.

With reference now to FIG. 3, an exemplary transmit spectrum of the inputs to the
first mixer 220 of FIG. 2 is illustrated. The IF input spectrum is depicted by 301, 302, and
303 and the Lo input is depicted by 351, 352, and 353 for the low, mid, and high
frequencies, respectively. For this scenario, an exemplary output spectrum is illustrated in
FIG. 4. The first mixer output spectrum is depicted by 401, 402, and 403 for the low, mid,
and high frequencies respectively. As can be observed, the mixer 1 output bands overlap
resulting in less required filter bandwidth and fits within the bandpass frequencies of filter
225.

With reference now to FIG. 5, an exemplary transmit spectrum of the inputs to the
second mixer 230 of FIG. 2 is illustrated. The IF input spectrum is depicted by 501, 502,
and 503 and the Lo input is depicted by 551, 552, and 553 for the low, mid, and high
frequencies from the output of multiplier 240, respectively. For this scenario, an exemplary
output spectrum is illustrated in FIG. 6. Thé second mixer 230 output spectrum is dépicted
by 601, 602, and 603 for the low, mid, and high frequencies respectifzely. As can be
observed, the mixer 230 output are within the desired 28.1 — 30 GHz suitable for the
example associated with FIG. 2.

In one exemplary embodiment, a multiple conversion transmitter may include (1) a
power splitter configured to receive én oscillator signal and to divide the oscillator signal
into first and second signals; and (2) a first multiplier configured to receive the first signal
and to scale the frequency of the first signal to create a first scaled signal. In one exemplary
embodiment, the frequency of the first scaled signal and the frequency of the second signal
may not be equal to each other. The first scaled signal may be used for frequency
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conversion in a second mixer of the transmitter. The second signal may be used for
frequency conversion in a first mixer of the transmitter. An output of the first mixer may be
filtered to create a filtered output. The filtered output may be input to the second mixer.
The multiple conversion transmitter may include an oscillator.

In various exemplary embodiments, referring to Figures 7A and 7B, filter 725 is
configured to receive the converted signal from first mixer 720, to band pass filter the
converted signal, and to pass that filtered signal on to second mixer 730. Next, filter 735 is
configured to receive the converted signal from second mixer 730, to band pass filter the
converted signal, and to pass that filtered signal on to third mixer 740. Tunable oscillator
710 is configured to provide a LO signal to mixers 720, 730 and 740.

Although the frequencies shown in the figures are only illustrative and any

appropriate frequencies may be used, it is useful to compare the LO frequency range for

* Figure 1A and for Figures 7A and 7B. There it can be seen that the design constraints

required a larger LO frequency range (9.8-11.2 GHz, for a total of 1.4 GHz) for the tunable
oscillator in the multiple oscillator tunable transmitter than for the single oscillator that has a
LO frequency range of 10.133-10.6 GHz. Although the design frequencies may change, the
principle is generally true that the LO tunable frequency range can be smaller in the single
oscillator design than in a multiple oscillator design. Thus, in an exemplary embodiment,
the frequency range may be one third smaller than a tunable oscillator in an otherwise
similar tunable transmitter that has multiple oscillators. In other exemplary embodiments,
the frequency range may be even more than 1/3 smaller. In exemplary embodiments, the

frequency range may be smaller by an shown in the following equation:

OTR = BW1| ——

1+> M,

i1
where BW1 is the frequency range of a transmitter with multiple oscillators, OTR is
the oscillator tuning range and M; is the multiplication factor of each multiplier from stage 1
through N.
Also, given the small IF filter passband, in this example 1Ghz, (7.8— 8.8 GHz) and
1.5 GHz (17.9 — 19.4 GHz) for filters 725 and 735, respectively, filtering spurious signals
may be more easily accomplished. The IF passband of the filter(s), such as filters 725, and

735 is a much lower percentage of bandwidth than multiple oscillator approaches. Phase
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noise is improved as the LO is designed at a lower frequency and has a lower tune range. In
one exemplary embodiment, with reference to the examples of Figures 7A and 7B, the phase
noise degradation may be as little as 10 log (3) = 4.77dB compared to a 20 log (3) = 9.5 dB
degradation for a single conversion system in which the same LO source is used with an LO
x3 multiplier.

In accordance with other exemplary embodiments, FIG. 1B also has the drawback of
higher phase noise than an exemplary system that does not have a single tunable
oscillator/oscillator signal. Also, it is noted that the filter has to filter across a large
frequency range equal to the frequency range of the output of transceiver 700.

In various exemplary embodiments, mixer 730 uses a harmonic of the fundamental
oscillator signal 710, and therefore some of the tuning can be done with each upconversion.
This not only reduces the range the LO has to tune but also allows some of the IF bands to
overlap, thus easing the filter requirements.

Similar to the circuit example provided in Figures 2A and 2B, in various exemplary
embodiments, referring to Figures 8A and 8B, an oscillator signal may be, upconverted N
times with a multiplier factor of M;, M,, M3, and so on. It should be noted that the
multiplier factors M;, My, Ms, ... My may be the same as each other or one or all of them
may be different from each other. In one exemplary embodiment, the oscillator signal may
be tunable. Multiplier 840 may be configured to receive a LO signal and to provide a scaled
version of the LO signal to mixer 830. Multiplier 840 may scale the LO signal by a
multiplier factor of M;. Filter 825 is configured to receive the converted signal from first
mixer 820, to band pass filter the converted signal, and to pass that filtered signal on to
second mixer 830. This process may continue N times. Then, the converted signal from N-
1 mixer is provided to N mixer 860 through N filter 835. The oscillator signal provided to
the N mixer 860 may be a multiple of the LO signal from My.; multiplier. For example, My
multiplier 850 may provide a signal to N mixer 860 at eight times the fundamental
frequency of the oscillator signal. Again, this not only reduces the range the LO can tune
but also allows some of the IF bands to overlap, thus easing the filter requirements.

In an exemplary embodiment, transmitter 800 is configured such that the percentage
bandwidth is held constant and therefore, each upconversion filtering is easier. However, as
N gets larger, spurs will be more difficult to remove as their location will generally be
located closer to the selected bandwidth of interest. There is no mathematical limit to the

number of conversions that may be undergone, however there may be a practical limit. As
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more conversions occur, the LO frequency generally needs to be reduced. As the bandwidth
expands through the chain, the LO frequency may approach a point where the LO frequency
is at a value where the desired band you want to pass may not be removed. While other
frequencies may be used, generally, a LO frequency of at least two times the output
bandwidth for any conversion is preferred.

In various exemplary embodiments, referring to Figures 9A and 9B, a multistage
upconvertor is described that has a single oscillator/oscillator signal and only one multiplier.
In an exemplary embodiment, filter 925 is configured to receive the converted signal from
first mixer 920, to band pass filter the converted signal, and to pass that filtered signal on to
second mixer 930. This process may continue as was described in Figures 7A and 7B for
multiple additional mixers and filters. Finally, Nth filter 935 is configured to receive the
converted signal from the N-1th mixer, to band pass filter the converted signal, and to pass
that filtered signal on to Nth mixer 960. Tunable oscillator 910 is configured to provide a
LO signal to mixers 920, 930 and 960. In an exemplary embodiment mixer 930 through 960
use a harmonic of the fundamental oscillator signal.

In various exemplary embodiments, because the designs are not pushing the limits of
the tolerances of the SiGe material, tunable single oscillator dual conversion transmitters
will be less likely to have products that fail testing, thus reducing the reject rate as compared
to dual conversion transmitters using multiple oscillators.

Moreover, in an exemplary embodiment, a transceiver incorporating the multiple
conversion, single oscillator configurations described herein within the transmit portion may
further use a similar configuration or portion of a configuration in the receive portion.
Alternatively, the receive portion may be implemented using a single mixer or any other
suitable configuration.

In various exemplary embodiments, the transceiver system is self correcting. Since
the RF receive signal is known to be a stable frequency and/or set of frequencies that do not
experience drift, the local oscillator and/or local oscillator signal (used by both the transmit
portion and the receive portion of the transceiver) can be allowed to be relatively unstable
(e.g. experience drift, be a free running local oscillator, and/or experience astable mode
operation) as long as the error of the transmit LO and receive LO are correlated the transmit
frequency error can be corrected by measuring the receive error. Thus, a relatively

inexpensive oscillator having an output with less stringent tolerances may be implemented.
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Stated another way, in accordance with an exemplary embodiment, a self correcting
transceiver system may comprise any transceiver system where the oscillator signal to the
transmit portion and the oscillator signal to the receive portion are allowed to drift - so long
as the transmit error and the receive error are correlated or have a known relationship. In
one exemplary embodiment, the correlation or known relationship arises due to the transmit
and receive oscillator signals being derived off the same free running oscillator. In another
exemplary embodiment, the correlation or known relationship arises when the transmit and
receive oscillator signals are phase locked to the same reference oscillator which is allowed
to drift.

In accordance with an exemplary embodiment, the LO signal is mixed with the RF
receive signal in the receive portion to create an IF receive signal. The IF receive signal
may be provided to, for example, a modem. In one exemplary embodiment, the modem may
comprise a frequency correction component. In another exemplary embodiment, the
frequency correction component may be located in any suitable location. In accordance
with an exemplary embodiment, the frequency correction component is configured to detect
if the IF receive signal has drifted from an expected base frequency.

In one exemplary embodiment, the RF carrier frequency is known to be accurate
based on the stable satellite LO frequency reference. In one exemplary embodiment, the
receive IF frequency error can be assumed to be entirely due to the transceiver LO drift. A
comparison the receive IF frequency with a reference, such as a known and accurate
modulation symbol rate, may result in determination of the LO error. In an alternative
embodiment, the receive IF frequency may be compared to the known accurate receive RF
frequency to determine the LO error. However, the RF frequency is much higher and thus
more difficult to measure.

In one exemplary embodiment, the transceiver is configured to use two known
frequency references to facilitate frequency correction. The first is the receive RF carrier
frequency, which is accurate due to the high stability of the satellite LO. The second is the
modulation symbol rate (i.e., the data rate), which is sent from the hub at a very accurate
known rate. In this exemplary embodiment, a frequency reference is created using the
modulation symbol rate as one known frequency reference. This frequency reference may
then be compared to the receive IF frequency reference. The difference between the two
may be identified as an error amount. This error is assumed to all be from the transceiver

LO drift. This assumption is a reasonable approximation for a first order analysis.
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In another exemplary embodiment, the transceiver is again configured to use two
known frequency references. The first is an accurate frequency reference in the indoor unit
and the second is the modulation symbol rate. A comparison of these two frequency
references can be used to create a detected error that may be assumed to be related to the
transceiver LO drift.

If the IF receive signal exhibits drift, that drift must be due to drift in the LO signal.
However, contrary to the prior art that endeavors to reduce such LO drift, here such drift is
acceptable. Thus, in accordance with an exemplary embodiment, the local oscillator and/or
local oscillator signal is allowed to drift. For example, the local oscillator may be an
inexpensive LO that is know to drift. In other exemplary embodiments, the LO is not phase
locked. In other words, the local oscillator signal that is mixed with the IF transmit signal
and RF receive signal is not pinned using a Phase Lock Loop. In another exemplary
embodiment, the LO signals to the transmit and receive portions may be phase locked to a
LO that is allowed to drift. Stated another way, the LO signals used for up/down conversion
in both the transmit portion and receive portion drift together. Stated yet another way, the
system is configured such that frequency drift is acceptable as long as the transmit frequency
drift and the receive frequency drift are correlated.

The transceiver system in general, and in an exemplary embodiment, the frequency
correction device, is configured to perform frequency correction to compensate for drift in
the LO. This frequency correction may be based on the drift detected in the IF receive
signal. Stated more generally, in various exemplary embodiments, a reference signal, such
as the RF receive signal, may be used to calculate and/or correct for error within the system.

For instance, in an exemplary embodiment, the frequency of the transmit IF signal,
may be adjusted based on the calculated LLO error so that the transmit RF output of the
transceiver can still be transmitted exactly on the desired RF frequency. In one exemplary
embodiment, the transmit IF signal is an output of a modem. In an exemplary embodiment,
the IF transmit signal is frequency pre-corrected by the amount of the oscillator drift as such
is determined from the drift in the IF receive signal. Pre-correcting the frequency of the IF
transmit signal eliminates the effect of the drift in the oscillator signal in the RF transmit
signal.

This pre-correcting may occur at any location in the system prior to the final
upconversion. For example, in one exemplary embodiment, the IF transmit signal is pre-
corrected in the modem indoor unit. In another exemplary embodiment, the IF transmit
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signal is pre-corrected in the transceiver prior to up-conversion in a first mixer of the
transmitter portion. In another exemplary embodiment, the IF transmit signal is pre-
corrected in the modulator or digitally prior to modulation.

Thus, in an exemplary embodiment, a frequency correction device is configured to
pre-correct an [F transmit signal based on drift detected in the IF receive signal. Thus, the
frequency correction device is configured to facilitate self correction for any drift by the
common transmit portion/receive portion oscillator signal.

In various exemplary embodiments, and with reference to Figures 11A-11C, a
transceiver employing frequency correction as described herein may further be implemented
as a dual super-heterodyne transceiver. The dual super-heterodyne configuration may be
employed, for example, in the transmit portion of the transceiver. In another exemplary
embodiment, the dual super-heterodyne configuration may be employed, in the receive
portion of the transceiver.

In radio and signal processing, heterodyning is the generation of new frequencies by
mixing, or multiplying, two oscillating waveforms. It may be useful for modulation and
demodulation of signals, or placing information of interest into a useful frequency range. In
various exemplary embodiments, the two frequencies are mixed in a transistor, diode, mixer,
or other signal processing device. In one exemplary embodiment, mixing two frequencies
creates two new frequencies, according to the properties of the sine function: one at the sum
of the two frequencies mixed, and the other at their difference. These new frequencies are
called heterodynes. Typically only one of the new frequencies is desired—the higher one
after modulation and the lower one after demodulation. The other signal may be filtered out
of the output of the mixer. That said, the opposite implementation may also be used, where
the lower one is used for upconversion and the higher one is used for down conversion.

In one exemplary embodiment, the dual super-heterodyne configuration may include
at least one local oscillator 902 and/or a local oscillator signal from local oscillator 902. In
accordance with an exemplary embodiment, transceiver 1100 comprises a local oscillator
902 configured to create an oscillator signal. In another exemplary embodiment, transceiver
1100 does not comprise an oscillator 902, but rather just comprises the oscillator signal.
This may occur, for example, where the oscillator generating the oscillator signal is located
outside transceiver 1100. In either event, the oscillator signal may be allowed to drift.

Transceiver 1100 may further comprise a transmit portion and a receive portion.

Transmit portion may comprise a first mixer 906, and a second mixer 909. Consistent with
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the dual super-heterodyne configuration, the up-conversion in the transmit portion is
performed by two or more mixers. The first mixer up-converts the IF transmit signal
partially, and the second mixer completes the up-conversion. In an exemplary embodiment,
mixer 906 up-converts with the LO signal and mixer 909 up-converts with a scaled version
of the LO signal.

The receive portion may comprise a third mixer 908. Moreover, in various
exemplary embodiments, the transmit portion may comprise a multiplier 922. In an
exemplary embodiment, each mixer 906, 909, and 908 receives either the LO signal or a
scaled version of the LO signal. In another exemplary embodiment, in place of or in
addition to receiving a scaled version of the LO signal, any of mixers 906, 909, and 908 may
be configured as a harmonic mixer configured to both scale the oscillator signal and mix the
scaled oscillator signal with the input signal.

Each of mixers 906-909, and multipliers 922 and 921 are represented in Figures
11A-11C as a single element, however, it should be appreciated that each element merely
demonstrates the function and is not intended to limit the scope to a single element. In fact,
the multipliers may comprise several elements and/or stages of multiplication. Additionally,
the term mixers may include multipliers, modulators and/or mixers. Frequency multipliers
(doublers) and their intended functions are well known in the industry and will not be
discussed in detail.

In an exemplary embodiment, and with reference to FIG. 11A-11C, a first transmit
mixer 906 receives an IF transmit signal (provided for example from a modem) and an LO
signal provided from LO 902. In accordance with an exemplary embodiment, mixer 906
mixes the signals and produces a signal that is either the sum or the difference of the IF and
LO frequency signals. In a similar manner, and with reference to FIG. 11A, receive mixer
908 combines an RF receive signal with the LO signal to produce an IF frequency signal
921. The IF receive signal 921 may be provided to a modem, for example.

Transceiver 1100 may further comprise a filter 950 in the transmit portion.
Transceiver 1100 may further comprise a filter 955 in the receive portion. Filters 950 and
955, may comprise any suitable band-pass filter. In general, filters are included to exclude
spurious signals which commonly occur after mixing, splitting and/or dividing signals.
Moreover, in an exemplary embodiment, filter 950 is located entirely on chip. In
accordance with an exemplary embodiment, filter 950 is located between first and second
mixers 906 and 909, respectively. Filters 950 and 955 suitably filter out signals not having a
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frequency within a pre-determined range and or ranges. Filters 950 and 955 suitably filter
out spurs from their input signals. In one embodiment, the output of filters 950 and/or 955
may be amplified by amplifiers to account for any power loss.

In one exemplary embodiment, and with reference to Figure 11C, the signal from
local oscillator 902 may be split into substantially equal frequency signals by using a power
splitter 904. In one exemplary embodiment, a power splitter may comprise any suitable
component or combination of components configured to divide a power signal into two or
more signals. In general, the signals resulting from the power splitter have a frequency
equal to or substantially equal to the frequency of the original LO 902 signal. However, the
signals resulting from the power splitter, such as power splitter 904, may be any desired
frequency level which may be greater than, less than or substantially equal to the frequency
of the original signal. In one exemplary embodiment, (again with reference to Figures 11A
and 11B), two signals are brought from LO 902 without the use of a power splitter. These
signals may be any desired frequency level which may be greater than, less than or
substantially equal frequency of the original LO 902 signal. In general, these signals
brought from LO 902 have a frequency equal to or substantially equal to the frequency of
the original LO 902 signal. It should be noted that portions of the circuits reference in
Figures 11A-11C can be implemented individually and/or simultancously.

In various exemplary embodiments, transceiver is fully duplexed and comprises a
diplexer 918. In this embodiment, signals to and from, for example, a modem, may be
passed over a cable 919. In one exemplary embodiment, and with momentary reference to
FIG. 11C, transceiver 1100 may further comprise a cable 919. The IF transmit signal may
be provided over a cable 919 by way of a diplexer 918. Cable 919 may be any suitable
cable used for signal transmission. As stated above, in general, a low cost, readily available
cable is often desirable. In this manner, another advantage of this particular embodiment
relates to the ability to transmit multiple signals over a single cable with each signal
transmitting at or below the desired 3 GHz. In another exemplary embodiment, transceiver
1100 is a non-duplexed system.

One advantage of this particular embodiment is the ability to transmit multiple IF
signals, having different frequencies, onto a single cable without risking interference among
the signals. The unique frequency plan of the invention helps to enable this to occur by
providing sufficient separation in frequency between the multiple IF signals to avoid

interference. In various embodiments of the invention, a relationship between the LO signal
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frequencies is established such as (M+X)/N or M/(X+N), where X is equivalent to the
number of additional local oscillator signals mixed in the transceiver portion not including
the multiplied LO signal. M and N may be equivalent or different integers. N may not be
zero. For example, one signal is multiplied to be two times the original LO frequency plus
the original LO frequency and a second signal is multiplied to be two times the LO
frequency, thus resulting in a two-thirds relationship between the signal frequencies. In one
exemplary embodiment M/N is any ratio other than +1. Alternatively, in the case where a
power splitter splits the signal from LO 902 into two signals, one of the signals coming from
the power splitter may be scaled by a frequency of a desired percentage that is not
substantially the same as the frequency of the other signal coming from the power splitter.

In another exemplary embodiment, and with reference to Figure 11C, the frequency
plan in accordance with the invention further includes amplifiers 911-916. Amplifiers 911-
916 may comprise any known or discovered amplification device(s) or element(s).
Amplifiers may be included in the “transmitting arm” of the system and/or amplifiers may
suitably be included in the “receiving arm” of the system. Typically there is some loss
associated with transceiving systems of the type depicted in Figures 11A-11C. Signal loss
may be due to line loss, interference, signal splitting and combining, and various other
causes well known in the communications industry. Amplifiers may be suitably configured
to account for any signal loss and amplify the signals accordingly.

In an exemplary embodiment, the dual super-heterodyne circuit configuration or
other previously described circuit configurations may include one or more duplexer(s), such
as for bi-directional communications (duplex). The duplexer may be any suitable duplexer
designed for operation in the frequency band used by the receive signal and/or transmit
signal. In various exemplary embodiments, the duplexer is capable of handling the output
power of the transmitter. The duplexer may provide adequate rejection of transmitter noise
occurring at the receive frequency, and may be designed to operate at, or less than, the
frequency separation between the transmitter and receiver. Additionally, the duplexer may
provide sufficient isolation to prevent receiver desensitization. Alternatively, in another
exemplary embodiment, the above referenced circuits may not include a duplexer.

In various exemplary embodiments, the dual conversion transmitter is configured to
create RF transmit signals and RF receive signals that each comprise one of: K band
frequencies, Ka band frequencies, FCC assigned internet access band frequencies, home

satellite band frequencies, and KuTV band frequencies. In various exemplary embodiments,
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the aforementioned electronic devices may be implemented as a transmitter, and/or a
transceiver. These devices may be in communication with and/or coupled to a satellite.

In spot beam communication satellite systems both frequency and polarization
diversity are utilized to reduce interference from adjacent spot beams. In an exemplary
embodiment, both frequencies and polarizations are re-used in other beams that are
geographically separated to maximize communications traffic capacity. The spot beam
patterns are generally identified on a map using different colors to identify the combination
of frequency and polarity used in that spot beam. The frequency and polarity re-use pattern
is then defined by how many different combinations (or “colors”) are used.

In accordance with various exemplary embodiments, an antenna system is
configured for frequency and polarization switching. In one specific exemplary
embodiment, the frequency and polarization switching comprises switching between two
frequency ranges and between two different polarizations. This may be known as four color
switching. In other exemplary embodiments, the frequency and polarization switching
comprises switching between three frequency ranges and between two different
polarizations, for a total of six separate colors. Furthermore, in various exemplary
embodiments, the frequency and polarization switching may comprise switching between
two polarizations with any suitable number of frequency ranges. In another exemplary
embodiment, the frequency and polarization switching may comprise switching between
more than two polarizations with any suitable number of frequency ranges.

In accordance with various exemplary embodiments, the ability to perform frequency
and polarization switching has many benefits in terrestrial microwave communications
terminals. Terrestrial microwave communications terminals, in one exemplary embodiment,
comprise point to point terminals. In another exemplary embodiment, terrestrial microwave
communications terminals comprise ground terminals for use in communication with a
satellite. These terrestrial microwave communications terminals are spot beam based
systems.

Prior art spot beam based systems use frequency and polarization diversity to reduce
or eliminate interference from adjacent spot beams. This allows frequency reuse in non-
adjacent beams resulting in increased satellite capacity and throughput. Unfortunately, in
the prior art, in order to have such diversity, installers of such systems must be able to set
the correct polarity at installation or carry different polarity versions of the terminal. For

example, at an installation site, an installer might carry a first terminal configured for left
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hand polarization and a second terminal configured for right hand polarization and use the
first terminal in one geographic area and the second terminal in another geographic area.
Alternatively, the installer might be able to disassemble and reassemble a terminal to switch
it from one polarization to another polarization. This might be done, for example, by
removing the polarizer, rotating it 90 degrees, and reinstalling the polarizer in this new
orientation. These prior art solutions are cumbersome in that it is not desirable to have to
carry a variety of components at the installation site. Also, the manual
disassembly/reassembly steps introduce the possibility of human error and/or defects.

These prior art solutions, moreover, for all practical purposes, permanently set the
frequency range and polarization for a particular terminal. This is so because any change to
the frequency range and polarization will involve the time and expense of a service call. An
installer would have to visit the physical location and change the polarization either by using
the disassembly/re-assembly technique or by just switching out the entire terminal. In the
consumer broadband satellite terminal market, the cost of the service call can exceed the
cost of the equipment and in general manually changing polarity in such terminals
is economically unfeasible.

In accordance with various exemplary embodiments, a low cost system and method
for electronically or electro-mechanically switching frequency ranges and/or polarity is
provided. In an exemplary embodiment, the frequency range and/or polarization of a
terminal can be changed without a human touching the terminal. Stated another way, the
frequency range and/or polarization of a terminal can be changed without a service call.
In an exemplary embodiment, the system is configured to remotely cause the frequency
range and/or polarity of the terminal to change.

In one exemplary embodiment, the system and method facilitate installing a single
type of terminal that is capable of being electronically set to a desired frequency range from
among two or more frequency ranges. Some exemplary frequency ranges include receiving
10.7 GHz to 12.75 GHz, transmitting 13.75 GHz to 14.5 GHz, receiving 18.3 GHz to 20.2
GHz, and transmitting 28.1 GHz to 30.0 GHz. Furthermore, other desired frequency ranges
of a point-to-point system fall within 15 GHz to 38 GHz. In another exemplary
embodiment, the system and method facilitate installing a single type of terminal that is
capable of being electronically set to a desired polarity from among two or more polarities.
The polarities may comprise, for example, left hand circular, right hand circular, vertical
linear, horizontal linear, or any other orthogonal polarization. Moreover, in various
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exemplary embodiments, a single type of terminal may be installed that is capable of
electronically selecting both the frequency range and the polarity of the terminal from
among choices of frequency range and polarity, respectively.

In an exemplary embodiment, transmit and receive signals are paired so that a
common switching mechanism switches both signals simultaneously. For example, one
“color” may be a receive signal in the frequency range of 19.7 GHz to 20.2 GHz using
RHCP, and a transmit signal in the frequency range of 29.5 GHz to 30.0 GHz using LHCP.
Another “color” may use the same frequency ranges but transmit using RHCP and receive
using LHCP. Accordingly, in an exemplary embodiment, transmit and receive signals are
operated at opposite polarizations. However, in some exemplary embodiments, transmit and
receive signals are operated on the same polarization which increases the signal isolation
requirements for self-interference free operation.

Thus, a single terminal type may be installed that can be configured in a first manner
for a first geographical area and in a second manner for a second geographical area that is
different from the first area.

In accordance with an exemplary embodiment, a terrestrial microwave
communications terminal is configured to facilitate load balancing. Load balancing involves
moving some of the load on a particular satellite, or point-to-point system, from one
polarity/frequency range “color” or “beam” to another. The load balancing is enabled by the
ability to remotely switch frequency range and/or polarity.

Thus, in exemplary embodiments, a method of load balancing comprises the steps of
remotely switching frequency range and/or polarity of one or more terrestrial microwave
communications terminals. For example, system operators or load monitoring computers
may determine that dynamic changes in system bandwidth resources has created a situation
where it would be advantageous to move certain users to adjacent beams that may be less
congested. In one example, those users may be moved back at a later time as the loading
changes again. In an exemplary embodiment, this signal switching (and therefore this
satellite capacity “load balancing™) can be performed periodically. In other exemplary
embodiments, load balancing can be performed on many terminals (e.g., hundreds or
thousands of terminals) simultaneously or substantially simultancously. In other exemplary
embodiments, load balancing can be performed on many terminals without the need for

thousands of user terminals to be manually reconfigured.
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In an exemplary embodiment, the load balancing is performed as frequently as
necessary based on system loading. For example, load balancing could be done on a
seasonal basis. For example, loads may change significantly when schools, colleges, and the
like start and end their sessions. As another example, vacation seasons may give rise to
significant load variations. In another example, load balancing is performed on an hourly
basis. Furthermore, load balancing could be performed at any suitable time. In one
example, if maximum usage is between 6-7 PM then some of the users in the heaviest
loaded beam areas could be switched to adjacent beams in a different time zone. In another
example, if a geographic area comprises both office and home terminals, and the office
terminals experience heaviest loads at different times than the home terminals. In yet
another embodiment, a particular area may have increased localized traffic, such as during a
sporting event or a convention.

In an exemplary embodiment, the switching may occur with any regularity. For
example, the polarization may be switched during the evening hours, and then switched back
during business hours to reflect transmission load variations that occur over time. In an
exemplary embodiment, the polarization may be switched thousands of times during the life
of the device.

In accordance with an exemplary embodiment, and with reference to Figure 10, a
satellite may have a downlink, an uplink, and a coverage area. The coverage area may be
comprised of smaller regions each corresponding to a spot beam to illuminate the respective
region. Spot beams may be adjacent to one another and have overlapping regions. A
satellite communications system has many parameters to work: (1) number of orthogonal
time or frequency slots (defined as color patterns hereafter); (2) beam spacing (characterized
by the beam roll-off at the cross-over point); (3) frequency re-use patterns (the re-use
patterns can be regular in structures, where a uniformly distributed capacity is required); and
(4) numbers of beams (a satellite with more beams will provide more system flexibility and
better bandwidth efficiency). Polarization may be used as a quantity to define a re-use
pattern in addition to time or frequency slots. In one exemplary embodiment, the spot
beams may comprise a first spot beam and a second spot beam. The first spot beam may
illuminate a first region within a geographic area, in order to send information to a first
plurality of subscriber terminals. The second spot beam may illuminate a second region
within the geographic area and adjacent to the first region, in order to send information to a
second plurality of subscriber terminals. The first and second regions may overlap.
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The first spot beam may have a first characteristic polarization. The second spot
beam may have a second characteristic polarization that is orthogonal to the first
polarization. The polarization orthogonality serves to provide an isolation quantity between
adjacent beams. Polarization may be combined with frequency slots to achieve a higher
degree of isolation between adjacent beams and their respective coverage areas. The
subscriber terminals in the first beam may have a polarization that matches the first
characteristic polarization. The subscriber terminals in the second beam may have a
polarization that matches the second characteristic polarization. The subscriber terminals in
the overlap region of the adjacent beams may be optionally assigned to the first beam or to
the second beam. This optional assignment is a flexibility within the satellite system and
may be altered through reassignment following the start of service for any subscriber
terminals within the overlapping region. The ability to remotely change the polarization of a
subscriber terminal in an overlapping region illuminated by adjacent spot beams is an
important improvement in the operation and optimization of the use of the satellite resources
for changing subscriber distributions and quantities. For example it may be an efficient use
of satellite resources and improvement to the individual subscriber service to reassign a user
or a group of users from a first beam to a second beam or from a second beam to a first
beam. Satellite systems using polarization as a quantity to provide isolation between
adjacent beams may thus be configured to change the polarization remotely by sending a
signal containing a command to switch or change the polarization form a first polarization
state to a second orthogonal polarization state. The intentional changing of the
polarization may facilitate reassignment to an adjacent beam in a spot beam satellite system
using polarization for increasing a beam isolation quantity.

In accordance with an exemplary embodiment, the system is configured to facilitate
remote addressability of subscriber terminals. In one exemplary embodiment, the system is
configured to remotely addressa specific terminal. The system may be configured
to address each subscriber terminal. In another exemplary embodiment, a group
of subscriber terminals may be addressable. Thus, a remote signal may command a terminal
or group of terminals to switch from one color to another color. The terminals may be
addressable in any suitable manner. In one exemplary embodiment, an IP address is
associated with each terminal. In an exemplary embodiment, the terminals may be

addressable through the modems or set top boxes. Thus, in accordance with an exemplary
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embodiment, the system is configured for remotely changing a characteristic polarization of
a subscriber terminal by sending a command addressed to a particular terminal.

The down link may comprise multiple "colors" based on combinations of selected
frequency and/or polarizations. Although other frequencies and frequency ranges may be
used, and other polarizations as well, an example is provided of one multicolor
embodiment. For example, in the downlink, colors Ul, U3, and U5 are Left-Hand Circular
Polarized ("LHCP") and colors U2, U4, and U6 are Right-Hand Circular Polarized
("RHCP"). In the frequency domain, colors U3 and U4 are from 18.3 - 18.8 GHz; U5 and
U6 are from 18.8 - 19.3 GHz; and U1 and U2 are from 19.7 - 20.2 GHz. It will be noted that
in this exemplary embodiment, each color represents a 500 MHz frequency range. Other
frequency ranges may be used in other exemplary embodiments. Thus, selecting one of
LHCP or RHCP and designating a frequency band from among the options available will
specify a color. Similarly, the uplink comprises frequency / polarization combinations that
can be each designated as a color. Often, the LHCP and RHCP are reversed as illustrated,
providing increased signal isolation, but this is not necessary. In the uplink, colors Ul, U3,
and U5 are RHCP and colors U2, U4, and U6 are LHCP. In the frequency domain, colors
U3 and U4 are from 28.1 - 28.6 GHz; U5 and U6 are from 28.6-29.1 GHz; and U1 and U2
are from 29.5 - 30.0 GHz. It will be noted that in this exemplary embodiment, each color
similarly represents a 500 MHz frequency range.

In an exemplary embodiment, the satellite may broadcast multiple spot beams.
Some of the spot beams are of one color and others are of a different color. For signal
sepération the spot beams of similar color are typically not located adjacent to each other.
In an exemplary embodlment and with reference again to Figure 10, the distribution pattern
1llustrated provrdes one exemplary layout pattern for four color spot beam frequency re-use.
It should be recognized that with this pattern, color U1 will not be next to another color Ul,
etc. It should be noted, however, that typically the spot beams will ov.e;rllap and that the spot
beams may be better represented with circular areas of coverage. Furthermore, it should be
appreciated that the strength of the 51gnal may decrease w1th distance from the center of the
circle, so that the circle is only an approxrmatron of the coverage of the particular spot beam.
The circular areas of coverage may be overlaid on a map to determine what spot beam(s)
are avallable Ina partlcular area. : |

Thus an individual with a four color switchable transcelver that is ]ocated at
location A on the map (see Flgure 10, Practical Dlstrlbutlon Illuotratlon) would have
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available to them colors Ul, U2, and U3. The transceiver could be switched to operate on
one of those three colors as best suits the needs at the time. Likewise, location B on the map
would have colors U1 and U3 available. Lastly, location C on the map would have color Ul
availa_bie‘ In many practical circumstances, a transceiver will have two or thrée color
options available in a particular area.

It should be noted that colors U5 and U6 might also be used and further increase the
options of colors to use in a spot beam pattern. This may also further increase the options
available to a particular transceiver in a particular location. Although described as a four or
six color embodiment, any suitable number of colors may be used for color switching as
described herein. Also, although described herein as a satellite, it is intended that the
description is valid for other similar remote communication systems that are configured to
communicate with the transceiver.

The frequency range/polarization of the terminal may be selected at least one of
remotely, locally, manually, or some combination thereof. In one exemplary embodiment,
the terminal is configured to be remotely controlled to switch from one frequency
range/polarization to another. For example, the terminal may receive a signal from a central
system that controls switching the frequency range/polarization. The central system may
determine that load changes have significantly slowed down the left hand polarized channel,
but that the right hand polarized channel has available bandwidth. The central system could
then remotely switch the polarization of a number of terminals. This would improve
channel availability for switched and non-switched users alike. Moreover, the units to
switch may be selected based on geography, weather, use characteristics, individual
bandwidth requirements, and/or other considerations. Furthermore, the switching of
frequency range/polarization could be in response to the customer calling the company
about poor transmission quality.

It should be noted that although described herein in the context of switching both
frequency range and polarization, benefits and advantages similar to those discussed herein
may be realized when switching just one of frequency or polarization.

The frequency range switching described herein may be performed in any number of
ways. In an exemplary embodiment, the frequency range switching is performed
electronically. For example, the frequency range switching may be implemented by
adjusting phase shifters in a phased array, switching between fixed frequency oscillators or

converters, and/or a tunable dual conversion transmitter comprising a tunable oscillator
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signal. Additional aspects of frequency switching for use with the present invention are
disclosed in a co-pending U.S. Patent Application entitled “DUAL CONVERSION
TRANSMITTER WITH SINGLE LOCAL OSCILLATOR” having the same filing date as
the present application, the contents of which are hereby incorporated by reference in their
entirety.

In accordance with another exemplary embodiment, the polarization switching
described herein may be performed in any number of ways. In an exemplary embodiment,
the polarization switching is performed electronically by adjusting the relative phase of
signals at orthogonal antenna ports, or in another embodiment mechanically. For example,
the polarization switching may be implemented by use of a trumpet switch. The trumpet
switch may be actuated electronically. For example, the trumpet switch may be actuated by
electronic magnet, servo, an inductor, a solenoid, a spring, a motor, an electro-mechanical
device, or any combination thercof. Moreover, the switching mechanism can be any
mechanism configured to move and maintain the position of trumpet switch. Furthermore,
in an exemplary embodiment, trumpet switch is held in position by a latching mechanism.
The latching mechanism, for example, may be fixed magnets. The latching mechanism
keeps trumpet switch in place until the antenna is switched to another polarization.

As described herein, the terminal may be configured to receive a signal causing
switching and the signal may be from a remote source. For example, the remote source may
be a central office. In another example, an installer or customer can switch the polarization
using a local computer connected to the terminal which sends commands to the switch. In
another embodiment, an installer or customer can switch the polarization using the television
set-top box which in turn sends signals to the switch. The polarization switching may occur
during installation, as a means to increase performance, or as another option for
troubleshooting poor performance.

In other exemplary embodiments, manual methods may be used to change a terminal
from one polarization to another. This can be accomplished by physically moving a switch
within the housing of the system or by extending the switch outside the housing to make it
easier to manually switch the polarization. This could be done by either an installer or
customer.

As previously noted satellite delivered spot beams are sent a specific frequencies and
specific time intervals. Because satellites have a limited-number of frequencies to use, the

ability to re-use a frequency for different geographical locations (without different data

29



10

15

20

25

30

WO 2010/054263 PCT/US2009/063645

interfering with each other at the receiver) allows for more simplified receiver designs.
Additionally, as previously mentioned, utilizing orthogonal polarization of the spot beams
can increase available bandwidth.

Satellite based providers have traditionally been allocated multiple discrete
frequency bands for communications. Traditional satellite communication systems, on the
other hand, have been designed to operate using a single specific discrete frequency range
and/or only a 1-2 neighboring edge overlapping frequency ranges. This discrete frequency
range and/or ranges will generally match one of the frequency range and/or ranges of a
communicating satellite. In general, it was not cost efficient to design a VSAT (very small
aperture terminal) capable of communicating with the satellite on all of the satellite’s
allocated discrete frequency ranges. Previously, this would require the addition of one or
multiple filter banks to communicate across multiple frequency ranges. Additionally,
switching from one preset frequency range on traditional satellite communication systems to
the potentially additional pre-set frequency range often required a manual alteration of the
hardware equipment or in some cases total replacement of the complete satellite terminal
with a terminal pre-set for a different frequency range and/or ranges.

Moreover, different satellite communication providers are allocated different
multiple discrete frequency ranges. Traditional satellitc terminals have not been compatible
with these different satellite communication systems as the preset frequency range and/or
ranges of the terminal did not include the alternative frequency ranges of these other satellite
communication providers.

In various exemplary embodiments, the dual conversion transmitter is configured to
create RF transmit signals. The RF transmit signals may comprise a frequency range. This
frequency range may have a selectable start point and a selectable end point. For instance,
the range may be from 28.3 — 28.8 GHz. Alternatively, the range may be 28.1 — 28.6 GHz.
Although bandwidths of 500 MHz have been used as previous examples, the present
disclosure may be directed to any suitable frequency range or interval of frequencies. For
instance, the RF transmit signals and RF receive signals may be frequency tuned to a desired
color pattern. Alternatively, the frequency range is equal to a selectable frequency range of
a provided satellite transmitter.

Various embodiments of the tunable dual conversion transmitter, are capable of
tuning the frequency range of the dual conversion transmitter to communicate across any

suitable frequency range offered by any satellite communication provider and/or any desired
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frequency range. Various embodiments of the present design deliver a robust, low cost
solution to achieving variable frequency ranges.

Moreover, as previously described, transceivers, receivers, and/or transmitters as
described herein may be tuned remotely and/or manually. Actuation of a frequency tune can
be performed in response to programming and/or a request by a user and/or device. For
instance, a controller located in a remote control room may be electronically coupled to the
device. This controller may monitor device usage and may actuate a change from a first
frequency range to a second frequency range in response to an observed condition. This
observed condition may any suitable condition, such as a malfunctioning element of the
satellite, load on a particular frequency band, and/or time of day. Alternatively, internal or
remote programming may actuate a change from a first frequency range to a second
frequency range in response to an observed condition. In yet another exemplary
embodiment, a device in communication with the present electronic device may actuate a
change from a first frequency range to a second frequency range in response to an observed
condition. This device may be an audio visual device, a satellite and/or other suitable
electronic device.

All previously disclosed exemplary embodiments, of the device can be used with
cellular telephone systems, and/or satellite based audio, visual, and data systems. Additional
electronic components, microprocessing components, radio frequency components,
antennas, power sources, interfaces, memory, and/or software may be added to the device as
needed.

Benefits, other advantages, and solutions to problems have been described above
with regard to specific embodiments. However, the benefits, advantages, solutions to
problems, and any element(s) that may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as critical, required, or essential features

(6

or elements of any or all the claims. As used herein, the terms “includes,” “including,”

kA N1

“comprises,” “comprising,” or any other variation thereof, are intended to cover a non-
exclusive inclusion, such that a process, method, article, or apparatus that comprises a list of
elements does not include only those elements but may include other elements not expressly
listed or inherent to such process, method, article, or apparatus. Further, no element
described herein is required for the practice of the invention unless expressly described as

“essential” or “critical.”
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Additional Statements

In one exemplary embodiment, an electronic device may include (1) a first mixer
configured to receive a first oscillator signal; the first mixer configured to receive a
communication signal from an input to the electronic device; the first mixer configured to
output a converted signal based on the first oscillator signal and the communication signal;
(2) a filter configured to remove undesired spurious signals from the converted signal and
output a filtered signal; and (3) a second mixer in communication with the filter and
configured to receive the filtered signal, the second mixer configured to receive a scaled
version of the first oscillator signal; the second mixer in communication with an output of
the electronic device and configured to output an output signal based on the scaled version
of the first oscillator signal and the filtered signal. The electronic device may include one of:
a multiple conversion transmitter, and a multiple conversion transceiver, and wherein the
output signal has an output frequency that is tunable over an output frequency range by
adjusting a frequency associated with the first oscillator signal over a first oscillator signal
frequency range. The output of the electronic device may be an RF transmit signal, and
wherein the RF transmit signal is configured to be frequency tuned to a desired color
pattern. The RF transmit signal may be tunable over a transmit frequency range. The
multiple conversion transmitter may be a dual conversion transmitter. The frequency tuning
may be actuated remotely and/or locally. The frequency tuning may be actuated by
observance of a condition. The frequency tuning may be actuated electronically and/or
manually. The transmit frequency range may have a selectable start point and a selectable
end point. The frequency range may be equal to a selected frequency range of a provided
satellite transmitter. The clectronic device may be configured with one or more filters
residing on the same chip as a first mixer and a second mixer. The electronic device may be
configured for tuning the frequency range so as to communicate using the operating
frequency range of any spot beam satellite. The electronic device may not include a filter
bank. The electronic device may include SiGe semiconductor material. The electronic
device of may include a multiplier. The multiplier may be configured to scale the first
oscillator signal to create the scaled version of the first oscillator signal, which is provided to
the second mixer. The electronic device may be configured to create RF transmit signals
and RF receive signals that each may include one of: K band frequencies, Ka band
frequencies, FCC assigned internet access band frequencies, home satellite band

frequencies, and KuTV band frequencies. The operating frequency may include at least two
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frequency colors in the Ka or Ku band. The electronic device may include a single oscillator
configured to provide the first oscillator signal. The first oscillator signal may not be scaled
in frequency using a phase lock loop.

In an alternative exemplary embodiment, a dual conversion transmitter may include
(1) a single oscillator configured to generate a first oscillator signal; (2) a first mixer
configured to receive the first oscillator signal from the single oscillator; the first mixer
configured to receive a communication signal from an input to the dual conversion
transmitter; the first mixer configured to output a converted signal based on the first
oscillator signal and the communication signal;(3) a filter configured to band pass filter the
converted signal and output a filtered signal; and (4) a second mixer in communication with
the filter and configured to receive the filtered signal, the second mixer may also be in
communication with the single oscillator and configured to receive a scaled version of the
first oscillator signal; the second mixer may be in communication with an output of the dual
conversion transmitter and configured to output an output signal based on the scaled version
of the first oscillator signal and the filtered signal.

In an alternative exemplary embodiment, a multiple conversion transmitter may
include a power splitter configured to receive an oscillator signal and to divide the oscillator
signal into first and second signals; and a first multiplier configured to receive the first
signal and to scale the frequency of the first signal to create a first scaled signal, wherein the
frequency of the first scaled signal and the frequency of the second signal are not equal to
each other. The first scaled signal may be used for frequency conversion in a second mixer
of the transmitter, and wherein the second signal may be used for frequency conversion in a
first mixer of the transmitter, wherein an output of the first mixer is filtered to create a
filtered output and wherein the filtered output is input to the second mixer.

An alternative exemplary embodiment includes a dual conversion transmitter. The
transmitter may be configured to divide a first oscillator signal into a second oscillator signal
and a third oscillator signal. The transmitter may be configured to perform frequency
scaling such that the second and third oscillator signals have different frequencies from each
other. The transmitter may include: (1) a first mixer, wherein the first mixer is configured to
utilize the second oscillator signal to facilitate frequency conversion; and (2) a second
mixer, wherein the second mixer is configured to utilize the third oscillator signal to
facilitate frequency conversion; and (3) a filter configured to filter the output of the first

mixer and to provide the output of the filter to the input of the second mixer. The
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transmitter may include a first multiplier configured to scale the frequency of the third
oscillator signal such that the second and third oscillator signals have different frequencies
from each other. The transmitter may include a sub-harmonic mixer configured to scale the
frequency of the third oscillator signal such that the second and third oscillator signals have
different frequencies from each other. The transmit frequency conversion may be the result
of one of: (i) the sum of an intermediate frequency (“IF’) transmit signal frequency and the
third oscillator signal frequency, and (ii) the difference of the IF transmit signal frequency
and the third oscillator signal frequency. The multiple conversion transmitter may expand
the intermediate frequency bandwidth with each subsequent conversion.

In an alternative exemplary embodiment, a method of producing an output signal via
a dual conversion transmitter may include: (1) receiving a first oscillator signal, wherein the
first oscillator signal is provided by a single tunable oscillator; (2) receiving a
communication signal from an input to the dual conversion transmitter, wherein a first mixer
may be configured to receive the communication signal; (3) providing a converted signal
based on the first oscillator signal and the communication signal, wherein the first mixer
may be configured to output the converted signal; (4) band pass filtering the converted
signal to create a filtered signal, wherein a filter may be configured to provide the band pass
filtering; (5) receiving the filtered signal, wherein a second mixer is in communication with
the filter and configured to receive the filtered signal; (6) converting the filtered signal, in
the second mixer, based on a scaled version of the first oscillator signal, wherein the second
mixer may be in communication with an output of the dual conversion transmitter; and (7)
delivering an output signal based on the scaled version of the first oscillator signal and the
filtered signal to the output.

In an alternative exemplary embodiment, a method of up-converting a transmit
signal in a dual conversion transmitter, may include: (1) providing a tunable oscillator
signal to a dual conversion transmitter comprising at least two mixers; (2) performing, in a
first mixer, a portion of the up-conversion of the dual conversion transmitter based on the
tunable oscillator signal; and (3) performing, in a second mixer, another portion of the up-
conversion of the dual conversion transmitter based upon a scaled version of the tunable
oscillator signal.

A ground satellite communication system, the system may include: (1) an indoor unit
and an outdoor unit in communication with said indoor unit, said outdoor unit comprising a
transceiver system having: (1) a single oscillator, associated with a fully duplexed
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transceiver, configured to generate a first oscillator signal and a second oscillator signal,
wherein said first and second oscillator signals are not scaled in frequency using a phase
lock loop, wherein an M/N relationship exists between the frequencies of said first oscillator
signal and said second oscillator signal, wherein M and N are each rational numbers other
than zero, and wherein the ratio of M/N is any ratio other than 1; (2) a receiving section
configured to utilize said first oscillator signal to facilitate frequency conversion in said
receive section; and (3) a transmitting section configured to utilize said second oscillator
signal to facilitate frequency conversion in said transmit section. A multiplier may be
configured to scale the frequency of at least one of the first and second oscillator signals
such that the first and second oscillator signals have different frequencies from each other.
A harmonic mixer may be configured to scale the frequency of at least one of the first and
second oscillator signals so that the first and second oscillator signals have different
frequencies from each other. M may be equal to 2 and N may be equal to 1. M may be
equal to 3 and N may be equal to 1. The multiplier may be implemented as part of a
harmonic mixer configuration.

A ground satellite communication system, the system may include: an indoor unit
and an outdoor unit in communication with the indoor unit, the outdoor unit comprising a
transceiver system having: (A) a single oscillator, associated with a fully duplexed
transceiver, configured to generate a first oscillator signal and a second oscillator signal, and
wherein the first oscillator signal is substantially equal to the second oscillator signal; (B) a
receiving section configured to utilize the second oscillator signal to facilitate frequency
conversion in the receive section; and (C) a transmitting section configured to utilize the
first oscillator signal to facilitate frequency conversion in the transmit section; and wherein
at least one of: (1) the first oscillator signal is mixed with an Intermediate Frequency (“IF”)
transmit signal to create a sum frequency transmit output signal, and wherein the second
oscillator signal is mixed with a radio frequency (“RF”) receive signal to create a difference
frequency receive output signal; and (2) the first oscillator signal is mixed with an IF
transmit signal to create a difference frequency transmit output signal, and wherein the
second oscillator signal is mixed with a RF receive signal to create a sum frequency receive
output signal. The single oscillator may be a free running local oscillator and wherein the
free running local oscillator is allowed to drift.

A signal transceiving method may include: (1) receiving a receive signal having a

first frequency; (2) receiving a transmit signal having a second frequency; (3) generating an
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oscillator signal from an oscillator that is associated with a fully duplexed transceiver; (4)
splitting the oscillator signal into a first signal and a second signal, wherein the first and
second signals are not scaled in frequency using a phase lock loop; (5) scaling the frequency
of the first signal to obtain a desired multiple of the first signal; (6) scaling the frequency of
the second signal to obtain a desired multiple of the second signal, wherein an M/N
relationship exists between the scaled frequencies of the first signal and the second signal,
wherein M and N are each rational numbers other than 0, and wherein the ratio of M/N is
any ratio other than 1; and (7) mixing the receive signal and the transmit signal respectively
with the scaled versions of the first and second signals to facilitate frequency conversion in a
receive section of the transceiver and a transmit section of the transceiver, respectively. A
fully duplexed transceiver comprising both a transmit portion and a receive portion, and
wherein said transmit portion comprises a first mixer and wherein said receive portion
comprises a second mixer, wherein an oscillator signal is mixed with an intermediate
frequency (“IF”) transmit signal in said first mixer and wherein said oscillator signal is
mixed with a radio frequency (“RF”) receive signal in said second mixer, wherein the
frequency of said IF transmit signal is different from the frequency of said RF receive
signal, and wherein at least one of: (1) said first mixer adds said oscillator signal to said IF
transmit signal, in the frequency domain, and wherein said second mixer subtracts said
oscillator signal from said RF receive signal, in the frequency domain; and (2) said first
mixer subtracts said oscillator signal from said IF transmit signal, in the frequency domain,
and wherein said second mixer adds said oscillator signal to said RF receive signal, in the
frequency domain.

A fully duplexed transceiver may include both a transmit portion and a receive
portion, and wherein the transmit portion comprises a first mixer and wherein the receive
portion comprises a second mixer, the fully duplexed transceiver further configured to
divide a first oscillator signal into a second oscillator signal and a third oscillator signal,
wherein the second and third oscillator signals are not scaled in frequency using a phase lock
loop, wherein the second oscillator signal is mixed with an intermediate frequency (“IF”)
transmit signal in the first mixer, wherein the third oscillator signal is mixed with a radio
frequency (“RF™) receive signal in the second mixer; wherein the output signal frequency of
the transmit portion is not equal to the frequency of the RF receive signal of the receive
portion, and wherein the transceiver is configured to frequency scale at least one of the

second and third oscillator signals such that the frequencies of the second and third oscillator
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signals are not equal to each other and such that the mixing of the second and third signals in
the respective transmit portion and receive portion is configured to facilitate frequency
conversion in at least one of the transmit portion and the receive portion. A harmonic mixer
may facilitate the frequency scaling. A multiplier may facilitate the frequency scaling. The
first oscillator signal may be generated by a single oscillator, and wherein the single
oscillator may be a free running local oscillator. The free running local oscillator may be
allowed to drift.

A fully duplexed transceiver having a transmit portion and a receive portion, the
fully duplexed transceiver may include: (1) a power splitter configured to receive an
oscillator signal and to divide the oscillator signal into first and second signals, each having
a frequency substantially equal to the desired frequency of the oscillator signal, wherein the
first and second signals are not scaled in frequency using a phase lock loop; and (2) a first
multiplier configured to receive the first signal and to scale the frequency of the first signal
by a factor of M, wherein the first signal, as scaled, is used for frequency conversion in the
receive portion of the fully duplexed transceiver, wherein the second signal is used for
frequency conversion in the transmit portion of the fully duplexed transceiver, and wherein
M is any rational number other than zero and 1. A fully duplexed transceiver having a
transmit portion and a receive portion, the fully duplexed transceiver may include a second
multiplier configured to receive the second signal and to scale the frequency of the second
signal by a factor of N, wherein the second signal, as scaled, is used for frequency
conversion in the transmit portion of the fully duplexed transceiver, wherein N is any
rational number other than zero, and wherein the ratio of M/N is any ratio other than 1. M to
N may be the ratio of the receive to transmit frequency conversion. M may be equal to 2
and N may be equal to M may be equal to 3 and N may be equal to 1.

A transceiver having a transmit portion configured to transmit a radio frequency
(“RF”) transmit signal and a receive portion configured to receive a RF receive signal, the
transceiver may include: (1) a power splitter configured to receive an oscillator signal and to
divide the oscillator signal into first and second signals; and (2) a first multiplier configured
to receive the first signal and to scale the frequency of the first signal to create a first scaled
signal, wherein the frequencies of the first scaled signal and the second signal are not equal
to each other, wherein the first scaled signal is used for frequency conversion in the transmit
portion of the transceiver, and wherein the second signal is used for frequency conversion in

the receive portion of the transceiver. The transmit frequency conversion may be the result
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of one of: (i) the sum of an intermediate frequency (“IF’) transmit signal frequency and said
first scaled signal frequency, and (ii) the difference of said IF transmit signal frequency and
the first scaled signal frequency. The receive frequency conversion may be the result of one
of: (i) the sum of said RF receive signal frequency and said second scaled signal frequency,
and (ii) the difference of said RF receive signal frequency and said second scaled signal
frequency.

A ground satellite communication system, the system may include: (A) an indoor
unit; and (B) an outdoor unit in communication with the indoor unit, the outdoor unit
comprising a transceiver system having: (1) a transceiver, wherein the transceiver is
configured to divide a first oscillator signal into a second oscillator signal and a third
oscillator signal, wherein the transceiver is configured to perform frequency scaling such
that the second and third oscillator signals have different frequencies from each other, the
transceiver further comprising: (2) a receive portion, wherein the receive portion is
configured to utilize the second oscillator signal to facilitate frequency conversion in the
receive portion; and (3) a transmit portion, wherein the transmit portion is configured to
utilize the third oscillator signal to facilitate frequency conversion in the transmit portion.
The relationship between the frequencies of the second and third oscillator signals may be
the ratio of the receive to transmit frequency conversion.

A ground satellite communication system, the system may include: (A) an indoor
unit; and (B) an outdoor unit in communication with the indoor unit, the outdoor unit
comprising a transceiver system having: (1) a transceiver; (2) an oscillator, associated with
the transceiver, wherein the oscillator is configured to generate a first oscillator signal and a
second oscillator signal, the transceiver further comprising: (3) a receive portion, wherein
the receive portion is configured to utilize the second oscillator signal to facilitate frequency
conversion in the receive portion; and (4) a transmit portion, wherein the transmit portion is
configured to utilize the first oscillator signal to facilitate frequency conversion in the
transmit portion; and wherein one of: (i) the first oscillator signal is mixed with an
intermediate frequency (“IF”) transmit signal to create a sum frequency radio frequency
(“RF”) transmit signal, and wherein the second oscillator signal is mixed with a RF receive
signal to create a difference frequency IF receive signal; and (ii) the first oscillator signal is
mixed with an IF transmit signal to create a difference frequency RF transmit signal, and
wherein the second oscillator signal is mixed with a RF receive signal to create a sum

frequency IF receive signal. A harmonic mixer may be configured to scale the frequency of
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at least one of the first and second oscillator signals so that the first and second oscillator
signals have different frequencies from each other.

A signal transceiving method which may include: (1) splitting an oscillator signal
into a first signal and a second signal; (2) scaling the frequency of the first signal to obtain a
desired multiple of the first signal; (3) scaling the frequency of the second signal to obtain a
desired multiple of the second signal, wherein an M/N relationship exists between the scaled
frequencies of the first signal and the second signal, wherein M and N are each rational
numbers, wherein M does not equal zero, wherein N does not equal zero, and wherein the
ratio of M/N is any ratio other than +1; and (4) mixing a radio frequency (“RF”) receive
signal, received at a receive portion of the transceiver, with the scaled version of the first
signal to facilitate frequency conversion in the receive portion of the transceiver; and (5)
mixing an intermediate frequency (“IF”) transmit signal, received at a transmit portion of the
transceiver, with the scaled version of the second signal to facilitate frequency conversion in
the transmit portion of the transceiver; wherein the RF receive signal is not equal to a RF
transmit signal that is output from the receive portion. The transmit frequency conversion
may be the result of one of: (i) the sum of an intermediate frequency (“IF’) transmit signal
frequency and the frequency of the scaled version of the second signal, and (ii) the
difference of the IF transmit signal frequency and the frequency of the scaled version of the
second signal. The receive frequency conversion may be the result of one of: (i) the sum of
the RF receive signal frequency and the frequency of the scaled version of the first signal,
and (ii) the difference of the RF receive signal frequency and the frequency of the scaled
version of the first signal.

A transceiver may include: (1) a transmit portion and a receive portion, wherein the
transmit portion outputs a radio frequency (“RF”) transmit signal, wherein the receive
portion outputs a RF receive portion signal, wherein the transmit portion comprises a first
mixer, and wherein the receive portion comprises a second mixer; and (2) an oscillator,
wherein a signal from the oscillator is mixed with an intermediate frequency (“IF”) transmit
signal in the first mixer, wherein the signal from the oscillator is mixed with a RF receive
signal in the second mixer; wherein the frequency of the RF transmit signal is different from
the frequency of the RF receive signal, and wherein at least one of: (A) the first mixer adds
the signal of the oscillator to the IF transmit signal, in the frequency domain, and wherein
the second mixer subtracts the signal of the oscillator from the RF receive signal, in the
frequency domain; and (B) the first mixer subtracts the signal of the oscillator from the IF
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transmit signal, in the frequency domain, and wherein the second mixer adds the signal of
the oscillator to the RF receive signal, in the frequency domain. The oscillator may be a free
running local oscillator, wherein the free running local oscillator is allowed to drift, and
wherein the oscillator is not phase locked to a reference oscillator.

A transceiver may include: (1) a transmit portion and a receive portion, wherein the
transmit portion comprises a first mixer and wherein the receive portion comprises a second
mixer; and (2) an oscillator, wherein the oscillator is configured to generate a first oscillator
signal, wherein the transceiver is configured to divide the first oscillator signal into a second
oscillator signal and a third oscillator signal, wherein the second oscillator signal is mixed
with an intermediate frequency (“IF”) transmit signal in the first mixer, wherein the third
oscillator signal is mixed with a radio frequency (“RF”) receive signal in the second mixer;
wherein an RF transmit signal frequency output from the transmit portion is not equal to the
frequency of the RF receive signal received at the receive portion, and wherein the
transceiver is configured to frequency scale at least one of the second and third oscillator
signals such that the frequencies of the second and third oscillator signals are not equal to
each other and such that the mixing of the second and third signals in the respective transmit
portion and receive portion is configured to facilitate frequency conversion in at least one of
the transmit portion and the receive portion. The oscillator may be a free running local
oscillator, wherein the free running local oscillator is allowed to drift, and wherein the
oscillator is not phase locked to a reference oscillator.

A transceiver having a transmit portion and a receive portion, the transceiver may
include: (1) a power splitter configured to receive an oscillator signal and to divide the
oscillator signal into first and second signals; and (2) a first multiplier configured to receive
the first signal and to scale the frequency of the first signal to create a first scaled signal,
wherein the frequencies of the first scaled signal and the second signal are not equal to each
other, wherein the first scaled signal is used for frequency conversion in the receive portion
of the transceiver, and wherein the second signal is used for frequency conversion in the
transmit portion of the transceiver. An oscillator may be configured to generate the
oscillator signal, wherein the oscillator is a free running local oscillator, wherein the free
running local oscillator is allowed to drift, and wherein the oscillator is not phase locked to a

reference oscillator.
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CLAIMS
What is claimed is:

1. An electronic device comprising:

a first mixer configured to receive a first oscillator signal; the first mixer
configured to receive a communication signal from an input to the electronic device; the first
mixer configured to output a converted signal based on the first oscillator signal and the
communication signal,

a filter configured to remove undesired spurious signals from the converted
signal and output a filtered signal; and

a second mixer in communication with the filter and configured to receive the
filtered signal, the second mixer configured to receive a scaled version of the first oscillator
signal; the second mixer in communication with an output of the electronic device and
configured to output an output signal based on the scaled version of the first oscillator signal
and the filtered signal;

wherein the electronic device comprises one of: a multiple conversion transmitter,
and a multiple conversion transceiver, and wherein the output signal has an output frequency
that is tunable over an output frequency range by adjusting a frequency associated with the
first oscillator signal over a first oscillator signal frequency range.

2. The electronic device of claim 0, wherein the multiple conversion transmitter
is a dual conversion transmitter.

3. The electronic device of claim 0, wherein the output of the electronic device
is an RF transmit signal, and wherein the RF transmit signal is configured to be frequency
tuned to a desired color pattern.

4. The electronic device of claim 0, wherein the RF transmit signal is tunable
over a transmit frequency range.

5. The electronic device of claim 4, wherein the frequency range is equal to a
selected frequency range of a provided satellite transmitter.

6. The electronic device of claim 4, wherein the frequency tuning is one of:
actuated electronically and actuated manually.

7. The electronic device of claim 4, wherein the transmit frequency range has a

selectable start point and a selectable end point.
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8. The electronic device of claim 4, wherein the electronic device is configured
for tuning the frequency range so as to communicate using the operating frequency range of
any spot beam satellite.

9. The electronic device of claim 1, wherein said electronic device does not

comprise a filter bank.

10.  The electronic device of claim 1, further comprises SiGe semiconductor
material.
11.  The electronic device of claim 0, further comprising a multiplier, wherein the

multiplier is configured to scale the first oscillator signal to create the scaled version of the
first oscillator signal, which is provided to the second mixer.

12.  The electronic device of claim 0, wherein the electronic device is configured
to create RF transmit signals and RF receive signals that each comprise one of: K band
frequencies, Ka band frequencies, FCC assigned internet access band frequencies, home
satellite band frequencies, and KuTV band frequencies.

13.  The electronic device of claim 1, further comprising a single oscillator
configured to provide the first oscillator signal, wherein said first oscillator signal is not
scaled in frequency using a phase lock loop.

14. A dual conversion transmitter, wherein the transmitter is configured to divide
a first oscillator signal into a second oscillator signal and a third oscillator signal, wherein
the transmitter is configured to perform frequency scaling such that the second and third
oscillator signals have different frequencies from each other, the transmitter further
comprising:

a first mixer, wherein the first mixer is configured to utilize the second oscillator
signal to facilitate frequency conversion; and

a second mixer, wherein the second mixer is configured to utilize the third oscillator
signal to facilitate frequency conversion; and

a filter configured to filter the output of the first mixer and to provide the output of
the filter to the input of the second mixer.

15. The dual conversion transmitter of claim 14, the transmitter further
comprising a first multiplier configured to scale the frequency of the third oscillator signal
such that the second and third oscillator signals have different frequencies from each other.

16. The dual conversion transmitter of claim 14, the transmitter further

comprising a sub-harmonic mixer configured to scale the frequency of the third oscillator
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signal such that the second and third oscillator signals have different frequencies from each
other.

17.  The dual conversion transmitter of claim 14, wherein the transmit frequency
conversion is the result of one of: (i) the sum of an intermediate frequency (“IF’) transmit
signal frequency and the third oscillator signal frequency, and (ii) the difference of the IF
transmit signal frequency and the third oscillator signal frequency.

18. The dual conversion transmitter of claim 14, wherein the multiple conversion
transmitter expands the intermediate frequency bandwidth with each subsequent conversion.

19. A method of producing an output signal via a dual conversion transmitter
comprising:

receiving a first oscillator signal, wherein the first oscillator signal is provided by a
single tunable oscillator;

receiving a communication signal from an input to the dual conversion transmitter,
wherein a first mixer is configured to receive the communication signal;

providing a converted signal based on the first oscillator signal and the
communication signal, wherein the first mixer is configured to output the converted signal;

band pass filtering the converted signal to create a filtered signal, wherein a
filter is configured to provide the band pass filtering;

receiving the filtered signal, wherein a second mixer is in communication
with the filter and configured to receive the filtered signal;

converting the filtered signal, in the second mixer, based on a scaled version of the
first oscillator signal, wherein the second mixer is in communication with an output of the
dual conversion transmitter; and

delivering an output signal based on the scaled version of the first oscillator signal
and the filtered signal to the output.

20. The method of claim 19, further comprising expanding an intermediate

frequency bandwidth with each subsequent conversion.
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