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57 ABSTRACT

A method, apparatus and system for selectively stacking
signals in a satellite delivery system is disclosed. A system
in accordance with the present invention comprises a first set
of satellite signals broadcast in a first frequency band,
wherein the first set of satellite signals is downconverted to
a first intermediate frequency (IF) band of signals, a second
set of satellite signals broadcast in a second frequency band,
wherein the second set of satellite signals is downconverted
to a second IF band of signals and an inverted third IF band
of signals, wherein the first IF band of signals, the second IF
band of signals, and the inverted third IF band of signals are
present in a combined IF signal on a cable, an upconverter,
comprising a splitter, coupled to the cable, for dividing the
combined IF signal, a first path, coupled to a first output of
the splitter, for selectively passing the combined IF signal to
an output of the upconverter, a second path, coupled to a
second output of the splitter, for removing the first IF band
of signals from the combined IF signal and for upconverting
the first IF band of signals to the inverted third IF band of
signals, a third path, coupled to the first output of the splitter,
for selectively removing the third IF band of signals from the
combined IF signal and subsequently diplexing the upcon-
verted first IF band of signals with a remainder of the
combined IF signal into a diplexed signal, the diplexed
signal selectively delivered to the output of the upconverter,
and a receiver, coupled to the upconverter, wherein the
selection of the combined IF signal and the diplexed signal
is made by the receiver.
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BAND CONVERTER APPROACH TO KA/KU
SIGNAL DISTRIBUTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§ 119(e) of the following co-pending and commonly-as-
signed U.S. provisional patent applications:

[0002] Application Ser. No. 60/725,781, filed on Oct. 12,
2005 by John L. Norin and Kesse Ho, entitled “TRIPLE
STACK COMBINING APPROACH TO Ka/Ku SIGNAL
DISTRIBUTION,” attorneys’ docket number PD-205054;

[0003] Application Ser. No. 60/725,782, filed on Oct. 12,
2005 by Kesse Ho and John L. Norin, entitled “SINGLE
LOCAL OSCILLATOR SHARING IN MULTI-BAND KA-
BAND LNBS,” attorneys’ docket number PD-205055;

[0004] Application Ser. No. 60/726,118, filed on Oct. 12,
2005 by John L. Norin, entitled “KA/KU ANTENNA
ALIGNMENT,” attorneys’ docket number PD-205058;

[0005] Application Ser. No. 60/726,149, filed on Oct. 12,
2005 by Kesse Ho, entitled “DYNAMIC CURRENT
SHARING IN KA/KU LNB DESIGN,” attorneys” docket
number PD-205059;

[0006] Application Ser. No. 60/726,150, filed on Oct. 12,
2005 by Kesse Ho, entitled “KA LNB UMBRELLA
SHADE,” attorneys’ docket number PD-205060;

[0007] Application Ser. No. 60/726,151, filed on Oct. 12,
2005 by John L. Norin and Kesse Ho, entitled “BAND
UPCONVERTER APPROACH TO KA/KU SIGNAL DIS-
TRIBUTION,” attorneys’ docket number PD-205056;

[0008] Application Ser. No. 60/727,143, filed on Oct. 14,
2005 by John L. Norin and Kesse Ho, entitled “BAND
UPCONVERTER APPROACH TO KA/KU SIGNAL DIS-
TRIBUTION,” attorneys’ docket number PD-205064;

[0009] Application Ser. No. 60/728,338, filed on Oct. 12,
2005 by John L. Norin, Kesse Ho, Mike A. Frye, and
Gustave Stroes, entitled “NOVEL ALIGNMENT METHOD
FOR MULTI-SATELLITE CONSUMER RECEIVE
ANTENNAS,” attorneys’ docket number PD-205057;

[0010] Application Ser. No. 60/754,737, filed on Dec. 28,
2005 by John L. Norin, entitled “KA/KU ANTENNA
ALIGNMENT,” attorneys’ docket number PD-205058R;

[0011] Application Ser. No. 60/758,762, filed on Jan. 13,
2006 by Kesse Ho, entitled “KA LNB UMBRELLA
SHADE,” attorneys’ docket number PD-205060R; and

[0012] Application Ser. No. 60/726,337, filed Oct. 12,
2005, entitled “ENHANCED BACK ASSEMBLY FOR
KA/KU ODU,” by Michael A. Frye et al., attorneys’ docket
number PD-205029,

all of which applications are incorporated by reference
herein.

BACKGROUND OF THE INVENTION
[0013] 1. Field of the Invention

[0014] The present invention relates generally to a satellite
receiver system, and in particular, to a signal distribution and
converter assembly for such a satellite receiver system.
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[0015] 2. Description of the Related Art

[0016] Satellite broadcasting of communications signals
has become commonplace. Satellite distribution of commer-
cial signals for use in television programming currently
utilizes multiple feedhoms on a single Outdoor Unit (ODU)
which supply signals to up to eight IRDs on separate cables
from a multiswitch.

[0017] FIG. 1 illustrates a typical satellite television instal-
lation of the related art.

[0018] System 100 uses signals sent from Satellite A
(SatA) 102, Satellite B (SatB) 104, and Satellite C (SatC)
106 (with transponders 28, 30, and 32 converted to tran-
sponders 8, 10, and 12, respectively), that are directly
broadcast to an Outdoor Unit (ODU) 108 that is typically
attached to the outside of a house 110. ODU 108 receives
these signals and sends the received signals to IRD 112,
which decodes the signals and separates the signals into
viewer channels, which are then passed to television 114 for
viewing by a user. There can be more than one satellite
transmitting from each orbital location.

[0019] Satellite uplink signals 116 are transmitted by one
or more uplink facilities 118 to the satellites 102-106 that are
typically in geosynchronous orbit. Satellites 102-106
amplify and rebroadcast the uplink signals 116, through
transponders located on the satellite, as downlink signals
120. Depending on the satellite 102-106 antenna pattern, the
downlink signals 120 are directed towards geographic areas
for reception by the ODU 108.

[0020] Each satellite 102-106 broadcasts downlink signals
120 in typically thirty-two (32) different sets of frequencies,
often referred to as transponders, which are licensed to
various users for broadcasting of programming, which can
be audio, video, or data signals, or any combination. These
signals have typically been located in the Ku-band Fixed
Satellite Service (FSS) and Broadcast Satellite Service
(BSS) bands of frequencies in the 10-13 GHz range. Future
satellites will likely also broadcast in a portion of the
Ka-band with frequencies of 18-21 GHz

[0021] FIG. 2 illustrates a typical ODU of the related art.

[0022] ODU 108 typically uses reflector dish 122 and
feedhom assembly 124 to receive and direct downlink
signals 120 onto feedhom assembly 124. Reflector dish 122
and feedhorn assembly 124 are typically mounted on bracket
126 and attached to a structure for stable mounting. Feed-
hom assembly 124 typically comprises one or more Low
Noise Block converters 128, which are connected via wires
or coaxial cables to a multiswitch, which can be located
within feedhom assembly 124, elsewhere on the ODU 108,
or within house 110. LNBs typically downconvert the FSS
and/or BSS-band, Ku-band, and Ka-band downlink signals
120 into frequencies that are easily transmitted by wire or
cable, which are typically in the L-band of frequencies,
which typically ranges from 950 MHz to 2150 MHz. This
downconversion makes it possible to distribute the signals
within a home using standard coaxial cables.

[0023] The multiswitch enables system 100 to selectively
switch the signals from SatA 102, SatB 104, and SatC 106,
and deliver these signals via cables 124 to each of the IRDs
112A-D located within house 110. Typically, the multiswitch
is a five-input, four-output (5x4) multiswitch, where two
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inputs to the multiswitch are from SatA 102, one input to the
multiswitch is from SatB 104, and one input to the multi-
switch is a combined input from SatB 104 and SatC 106.
There can be other inputs for other purposes, e.g., off-air or
other antenna inputs, without departing from the scope of the
present invention. The multiswitch can be other sizes, such
as a 6x8 multiswitch, if desired. SatB 104 typically delivers
local programming to specified geographic areas, but can
also deliver other programming as desired.

[0024] To maximize the available bandwidth in the Ku-
band of downlink signals 120, each broadcast frequency is
further divided into polarizations. Each LNB 128 can
receive both orthogonal polarizations at the same time with
parallel sets of electronics, so with the use of either an
integrated or external multiswitch, downlink signals 120 can
be selectively filtered out from travelling through the system
100 to each IRD 112A-D.

[0025] IRDs 112A-D currently use a one-way communi-
cations system to control the multiswitch. Each RD 112A-D
has a dedicated cable 124 connected directly to the multi-
switch, and each IRD independently places a voltage and
signal combination on the dedicated cable to program the
multiswitch. For example, IRD 112A may wish to view a
signal that is provided by SatA 102. To receive that signal,
IRD 112A sends a voltage/tone signal on the dedicated cable
back to the multiswitch, and the multiswitch delivers the
satA 102 signal to IRD 112A on dedicated cable 124. IRD
112B independently controls the output port that IRD 112B
is coupled to, and thus may deliver a different voltage/tone
signal to the multiswitch. The voltage/tone signal typically
comprises a 13 Volts DC (VDC) or 18 VDC signal, with or
without a 22 kHz tone superimposed on the DC signal.
13VDC without the 22 kHz tone would select one port,
13VDC with the 22 kHz tone would select another port of
the multiswitch, etc. There can also be a modulated tone,
typically a 22 kHz tone, where the modulation schema can
select one of any number of inputs based on the modulation
scheme. For simplicity and cost savings, this control system
has been used with the constraint of 4 cables coming for a
single feedhorn assembly 124, which therefore only requires
the 4 possible state combinations of tone/no-tone and hi/low
voltage.

[0026] To reduce the cost of the ODU 108, outputs of the
LNBs 128 present in the ODU 108 can be combined, or
“stacked,” depending on the ODU 108 design. The stacking
of the LNB 128 outputs occurs after the LNB has received
and downconverted the input signal. This allows for multiple
polarizations, one from each satellite 102-106, to pass
through each LNB 128. So one LNB 128 can, for example,
receive the Left Hand Circular Polarization (LHCP) signals
from SatC 102 and SatB 104, while another LNB receives
the Right Hand Circular Polarization (RHCP) signals from
SatB 104, which allows for fewer wires or cables between
the feedhorn assembly 124 and the multiswitch.

[0027] The Ka-band of downlink signals 120 will be
further divided into two bands, an upper band of frequencies
called the “A” band and a lower band of frequencies called
the “B” band. Once satellites are deployed within system
100 to broadcast these frequencies, the various LNBs 128 in
the feedhorn assembly 124 can deliver the signals from the
Ku-band, the A band Ka-band, and the B band Ka-band
signals for a given polarization to the multiswitch. However,
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current IRD 112 and system 100 designs cannot tune across
this entire resulting frequency band without the use of more
than 4 cables, which limits the usefulness of this frequency
combining feature.

[0028] By stacking the LNB 128 inputs as described
above, each LNB 128 typically delivers 48 transponders of
information to the multiswitch, but some LNBs 128 can
deliver more or less in blocks of various size. The multi-
switch allows each output of the multiswitch to receive
every LNB 128 signal (which is an input to the multiswitch)
without filtering or modifying that information, which
allows for each IRD 112 to receive more data. However, as
mentioned above, current IRDs 112 cannot use the infor-
mation in some of the proposed frequencies used for down-
link signals 120, thus rendering useless the information
transmitted in those downlink signals 120.

[0029] It can be seen, then, that there is a need in the art
for a satellite broadcast system that can be expanded to
include new satellites and new transmission frequencies.

SUMMARY OF THE INVENTION

[0030] To minimize the limitations in the prior art, and to
minimize other limitations that will become apparent upon
reading and understanding the present specification, the
present invention discloses a method, apparatus and system
for selectively stacking signals in a satellite delivery system.

[0031] A system in accordance with the present invention
comprises a first set of satellite signals broadcast in a first
frequency band, wherein the first set of satellite signals is
downconverted to a first intermediate frequency (IF) band of
signals, a second set of satellite signals broadcast in a second
frequency band, wherein the second set of satellite signals is
downconverted to a second IF band of signals and an
inverted third IF band of signals, wherein the first IF band
of signals, the second IF band of signals, and the inverted
third IF band of signals are present in a combined IF signal
on a cable, an upconverter, comprising a splitter, coupled to
the cable, for dividing the combined IF signal, a first path,
coupled to a first output of the splitter, for selectively passing
the combined IF signal to an output of the upconverter, a
second path, coupled to a second output of the splitter, for
removing the first IF band of signals from the combined IF
signal and for upconverting the first IF band of signals to the
inverted third IF band of signals, a third path, coupled to the
first output of the splitter, for selectively removing the third
IF band of signals from the combined IF signal and subse-
quently diplexing the upconverted first IF band of signals
with a remainder of the combined IF signal into a diplexed
signal, the diplexed signal selectively delivered to the output
of the upconverter, and a receiver, coupled to the upcon-
verter, wherein the selection of the combined IF signal and
the diplexed signal is made by the receiver.

[0032] Other features and advantages are inherent in the
system and method claimed and disclosed or will become
apparent to those skilled in the art from the following
detailed description and its accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Referring now to the drawings in which like ref-
erence numbers represent corresponding parts throughout:

[0034] FIG. 1 illustrates a typical satellite television instal-
lation of the related art;
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[0035] FIG. 2 illustrates a typical ODU of the related art;

[0036] FIG. 3 illustrates a system diagram of the present
invention;

[0037] FIG. 4 illustrates the stack plan in accordance with
the present invention; and

[0038] FIG. 5 illustrates a frequency band upconversion
schema in accordance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0039] In the following description, reference is made to
the accompanying drawings which form a part hereof, and
which show, by way of illustration, several embodiments of
the present invention. It is understood that other embodi-
ments may be utilized and structural changes may be made
without departing from the scope of the present invention.

Overview

[0040] Currently, there are three orbital slots, each com-
prising one or more satellites, delivering direct-broadcast
television programming signals to the various ODUs 108.
However, ground systems that currently receive these sig-
nals cannot accommodate additional satellite signals without
adding more cables, and cannot process the additional
signals that will be used to transmit the growing complement
of high-definition television (HDTV) signals. The HDTV
signals can be broadcast from the existing satellite constel-
lation, or broadcast from the additional satellite(s) that will
be placed in geosynchronous orbit. The orbital locations of
the Ku-BSS satellites are fixed by regulation as being
separated by nine degrees, so, for example, there is a satellite
at 101 degrees West Longitude (WL), SatA 102; another
satellite at 110 degrees WL, SatC 106; and another satellite
at 119 degrees WL, SatB 104. Additional satellites may be
at other orbital slots, e.g., 72.5 degrees, 95 degrees, 99
degrees, and 103 degrees, and other orbital slots, without
departing from the scope of the present invention. The
satellites are typically referred to by their orbital location,
e.g., SatA 102, the satellite at 101 WL, is typically referred
to as “101.” Additional orbital slots, with one or more
satellites per slot, are presently contemplated at 99 and 103
(99.2 degrees West Longitude and 102.8 degrees West
Longitude, respectively).

[0041] The present invention allows currently installed
systems to continue receiving currently broadcast satellite
signals, as well as allowing for expansion of additional
signal reception and usage.

Multiswitch Port Selection

[0042] As described above, typically, the ports of a mul-
tiswitch are selected by the IRD 112 sending a DC voltage
signal with or without a tone superimposed on the DC
voltage signal to select a satellite 102-106. For example, and
not by way of limitation, FOX News Channel may be
located on transponder 22 from SatB 104. SatB 104 is
typically selected by IRD 112 by sending an 18V signal with
a 22 kHz tone superimposed on the 18V signal to the
multiswitch, which then selects the downlink signal 120
coming from SatB 104. Additional processing is then done
on signal 120 within IRD 112 to find the individual channel
information associated with FOX News Channel, which is
then displayed on monitor 114.
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[0043] However, when new satellites 102-106 are opera-
tional, and additional signals as well as additional frequency
bands become available, the currently distributed IRDs 112
must still operate, and new IRDs 112 capable of receiving,
demodulating, and forwarding these new downlink signals
120 must also be able to perform these operations on
existing and new signals.

[0044] The Ka-band of downlink signals 120 is divided
into two RF (radio frequency) sub-bands and corresponding
Intermediate Frequency (IF) sub-bands, an upper band of
frequencies called the “A” band and a lower band of
frequencies called the “B” band. Once satellites are
deployed within system 100 to broadcast these frequencies,
each assembly 124 can deliver the signals from the Ku-band,
the A band Ka-band, and the B band Ka-band signals for a
given polarization to the integrated or external multiswitch.

[0045] By stacking the LNB 128 inputs as described
above, each LNB 128 typically delivers 48 transponders of
information to the multiswitch, but some LNBs 128 can
deliver more or less in blocks of various size. The multi-
switch allows each output of the multiswitch to receive
every LNB 128 signal (which is an input to the multiswitch)
without filtering or modifying that information, which
allows for each IRD 112 to receive more data.

[0046] New IRDs 112 can use the information in some of
the proposed frequencies used for downlink signals 120, and
thus the information transmitted in those downlink signals
120 will be available to viewers as separate viewer channels.

[0047] Rather than assign new satellite selection codes to
the new satellites 102-106, which can be done by using
different DC voltages and/or different tones, either alone or
in combination, the present invention stacks the signals to
allow both legacy (older) IRDs 112 and new IRDs 112 to
receive the current downlink signals 120 using the already-
known selection criteria (13/18 VDC, with or without 22
kHz tones), and for the new IRDs 112 that can receive and
demodulate the new satellite downlink signals 120, those
same codes will access the new satellite downlink signals
120, because those signals will be intelligently stacked on
top of the current downlink signals 120.

ODU Design and Stacking Plan

[0048] In the present invention, the design of the Ka/Ku
ODU using the newly-assigned Ka frequency bands (18.3
GHz-18.8 GHz; 19.7 GHz-20.2 GHz), incorporates the
current design of millions of Ku (12.2 GHz-12.7 GHz)
satellite receivers that are currently distributed to satellite
television viewers. The present invention downconverts the
Ka-band signals and the Ku-band signals to specific IF
signal bands, and selectively combines them to enable the
reception of both the Ka and the Ku signals using the
traditional satellite selection topology of 13V, 18V, 13V/
22KHz and 18V/22 KHz.

[0049] FIG. 3 illustrates a system diagram of the present
invention.

[0050] ODU 108 is coupled to distribution system 300,
which is coupled to IRD 112 and new IRDs 302 via cables
304. Each of cables 304 carries commands from IRDs 112
and 302 back to distribution system 300, and also carries
signals 120 that are received by ODU 108 and stacked by
distribution system 300 in accordance with the present
invention.
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[0051] IRD 112, also referred to as a legacy IRD 112 or a
currently deployed IRD 112, is only capable of demodulat-
ing signals in the 950-1450 MHz band, because the receiver
located in IRD 112 is designed for that frequency band.
However, IRD 302 can receive signals over the range of
950-2150 MHz. The 1650-2150 MHz band is usually
referred to as the “A-band” or “Ka-high band” IF, while the
250-750 MHz band is referred to as the “B-band” or
“Ka-low band” IF, as these bands are populated with down-
link signals 120 that have been downconverted from the
Ka-band. The 950-1450 MHz band is downconverted from
the Ku-band of downlink signals 120. Additional function-
ality in distribution system 300 or in RD 302 can shift the
Ka-low IF to the Ka-high IF as needed by the IRD. Further,
IRD 302 may be able to receive Ka-low IF frequencies with
additional electronics either between ODU 108, as part of
IRD 302, or other methods.

[0052] IRDs 112 and 302 also have the ability to connect
antenna 306 to port 308, where off-air television signals can
be coupled to IRD 112 and/or 302 can be processed by IRDs
112 and 302.

[0053] FIG. 4 illustrates the stack plan in accordance with
the present invention.

[0054] Orbital plan 400 illustrates the stack plan 402,
downconverted IF frequencies 404, and selection logic 406
for system 100 which includes satellites 102-106 as well as
additional satellites operating at additional orbital slots and
at additional frequencies. For example, and not by way of
limitation, FIG. 4 illustrates orbital plan 400 comprising new
satellites at 99.2 degrees West Longitude and at 102.8
degrees West Longitude, and broadcasting at the Ka-band of
frequencies. However, other orbital slots, and other fre-
quency bands, are possible within the scope of the present
invention.

[0055] Selection logic 406 indicates how each IRD 112
and 302 select signals from a given grouping of satellites
102-106 as determined by the stack plan 402 and downco-
verted IF 404. The legacy IRD 112 can only receive signals
in the 950-1450 MHz range, which corresponds to satellites
102-106. For example, and not by way of limitation, if IRD
112 sends a 13V signal to the multiswitch resident in ODU
108, shown in box 406A, then the multiswitch will select a
specific port, namely, the port that contains the signals from
the satellites designated by stack plan 402A, which are
downconverted to signals based on downconverted IF 404A.
So, as shown in box 402A, the Right-Hand Circular Polar-
ized (RHCP) signals from a Ka-band downlink signal 120
transmitted by a satellite 102-106 resident at 99.2 degrees
West Longitude will be selected, as will the RHCP Ku-band
downlink signal 120 transmitted by satellite 102 resident at
101 degrees West Longitude.

[0056] The Ku-band downlink signal 120 will be down-
converted into the 950-1450 MHz band as shown in down-
converted IF 404A, however, the Ka-band downlink signal
120 will be downcoverted into two different frequency
bands. This differentiation can be done based on a number
of factors, e.g., it may be desirable to restrict access to either
the A-band (1650-2150 MHz) or the B-band (250-750 MHz)
for viewer programming choices. So, a system 100 operator
may wish to put pay-per-view downlink signals 120 onto the
A-band, which would require a viewer to call into the system
100 operator for activation of that service. Other reasons for
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placing a given downlink signal 120 into either the A-band
or B-band are contemplated within the scope of the present
invention.

[0057] The entire set of RHCP Ka-band signals transmit-
ted from 99.2 degrees can now be selected by sending a
selection logic 406A signal of 13V. Similarly, the entire set
of Left Hand Circularly Polarized (LHCP) Ka-band signals
transmitted from 99.2 degrees can now be selected by
sending a selection logic 406B signal of 18V, the entire set
of RHCP Ka-band signals transmitted from 102.8 degrees
can now be selected by sending a selection logic 406C signal
of 13V with a 22 kHz tone superimposed, and the entire set
of LHCP Ka-band signals transmitted from 102.8 degrees
can now be selected by sending a selection logic 406D signal
of 18V with a 22 kHz tone superimposed. Since these are the
same selection signals used for current satellites 102-106,
legacy IRDs 112 can still be mated with new ODUs 108
which can receive and downconvert Ka-band signals with-
out reprogramming or decommissioning IRDs 112, while
new IRDs 302 can receive all of the downconverted signals
transmitted by satellites 102-106 and any new satellites.

[0058] So, a house 110 can have both legacy IRDs 112 and
new IRDs 302 coupled to an ODU 108 of any vintage. Older
ODU s that can only receive Ku-band signals 120 will still
flow through to all IRDs 112 as in previous systems 100, and
new IRDs 302 will be able to receive the Ku-band signals
120 as well. As a customer upgrades their ODU 108 to one
that can receive and downconvert Ka-band signals 120 from
new satellites (resident at 99.2 and 102.8, and elsewhere),
existing IRDs 112 can still properly select Ku-band signals
120 as before, while new IRDs 302 can select not only the
Ku-band signals 120, but the Ka-band signals 120, without
any change in selection logic. Viewers can then choose
which room in their house 110 to place legacy IRDs 112 and
new IRDs 302 without the need for special hardware or other
installation requirements.

[0059] Typically, IRD 112 and IRD 302 receivers operate
in the 950-2150 MHz region, and can therefore receive
signals in that frequency range. To receive the B-band
signals that are resident in the 250-750 MHz region, broad-
band receivers must be employed by IRD 112 and/or IRD
302, which increases the cost of such devices. Further,
linearity in reception over such a broad band of frequencies
is very difficult to achieve, and, as such, it is desirable to be
able to have a narrower band receiver.

Frequency Band Upconversion

[0060] FIG. 5 illustrates a frequency band upconversion
schema in accordance with the present invention.

[0061] System 500 shows ODU 108, connected by cable
502 to upconverter 504, which is then connected to IRD 302
via cable 304. Upconverter 504 can be connected directly to
IRD 302 or directly to ODU 108 if desired without departing
from the scope of the present invention. If a multiswitch is
used as part of the distribution system 300, the upconverter
504 must be positioned between the multiswitch and the
IRD 302.

[0062] Upconverter 504 receives commands from IRD
302 as well as signals from ODU 108. Cable 502 passes a
250-2150 MHz signal as described above to upconverter
504. Similarly, IRD 302 sends the 13/18 VDC and/or 22 kHz
tone signals to ODU 108 through upconverter 504 to select
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which satellite 102-106 signal that RD 302 needs to present
a desired viewer channel to a viewer.

Commands from IRD to ODU

[0063] Within upconverter 504, the command path from
IRD 302 to ODU 108 is as follows. Commands are sent via
cable 304 to upconverter 504, and received by receiver 506.
Reciever 506 is typically a DiSEqC receiver, but can be
other receivers for other command schema without depart-
ing from the scope of the present invention. Receiver 506
sends commands to controller 508, which controls ganged
switches 510 and 512 as well as Local Oscillator (LO) 514.
The command flow is shown as dashed lines 516-520
between controller 508 and switches 510-512 and LO 514,
respectively. Commands from IRD 302 are then passed
through switches 510 and 512, via path 522, through coupler
524, to cable 502 and ODU 108. Since switches 512 and 510
are DC-passing switches, switches 512 and 514 will pass the
relatively low-frequency (22 kHz) tone and DC commands
regardless of position. When switches 510 and 512 are in the
lower positions, the DC commands pass through diplexer
528 and on to coupler 524 and ODU 108.

RF Signals from ODU to IRD

[0064] The RF path from ODU 108 to IRD 304 is as
follows. A 250-2150 MHz spectrum signal is passed from
ODU 108 through cable 502 to coupler 524. RF energy is
passed to switch 512 as well as filter 526. Filter 526 is a
low-pass filter, typically with a 0.8 GHz cutoff frequency,
such that the B-band (250-750 MHz) signal resident on the
signal coming from ODU 108 will be routed through filter
526.

[0065] The signal that is routed to switch 512 passes
through switch 512 and is selectively routed to diplexer
input 528 or routed directly through to switch 510, depend-
ing on the positions of the wipers of switch 512. When
switch 512 is in the upper position, the signal on cable 502
is passed directly through to IRD 302, via switch 512, path
522, and switch 510 (which would also be in the upper
position). Switches 510 and 512 can be separate Single-Pole,
Double Throw (SPDT) switches as shown, or can be a
Double-pole, Double Throw (DPDT) switch if desired.

[0066] However, when switch 512 is in the lower position,
the signal from ODU 108 is sent to diplexer input 528, which
has a 1.5 GHz cutoff frequency. Diplexer input 528 thus
removes the A band (1650-2150 MHz) signals present in the
signal from ODU 108.

[0067] However, once the B band signals are filtered
through filter 526, and optionally amplified by amplifier 530,
they are mixed at mixer 532 with the LO 514 frequency,
which is typically 1400 MHz. This mixing process upcon-
verts the B-band signals from a 250-750 MHz band to a
1650-2150 MHz band (using the RF sum of the LO 514 and
the output of amplifier 530). This upconverted B-band signal
is then input to diplexer input 534, which has a high-pass
finter of 1.6 GHz, allowing the upconverted B-band to be
diplexed with the signal where the A-band signal was
removed (by diplexer input 528). A similar process of
conversion by use of high-side LO signal injection may also
be used, whereby an LO frequency of 2400 MHz is used,
resulting in an inverted image of the 250-750 MHz signals
in the 2150-1650 MHz band, which is envisioned as being
within the scope of the present invention.
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[0068] As such, the signal present on path 536 has a signal
present from 250-750 MHz, and the same signal, upcon-
verted to 1650-2150 MHz, along with a second signal
present in the 950-1450 MHz region. This allows for selec-
tive movement of the B-band signal from the low frequen-
cies (250-750 MHz) to the upper frequencies (1650-2150
MHz) such that a narrower band receiver present in IRD 302
can present these viewer channels without redesign and/or
other modification.

[0069] So, for example, and not by way of limitation, the
signals present on cable 502 when IRD 302 sends a 13V
selection logic 406 A command to IRD 502 are the Ka-low
band RHCP signals from the satellite at 99.2 degrees, the
Ku-band RHCP signals from the satellite at 101 degrees, and
the Ka-high band RHCP signals from the satellite at 99.2
degrees. If a viewer wishes to see a viewer channel that is
present in the Ka-high band RHCP signals, controller 508
leaves switches 510 and 512 in the upper position, which
allows RF energy from ODU 108 to travel path 522 directly
to IRD 302 through upconverter 504. ID 302 can have a
950-2150 MHz receiver, and since the Ka-high band signals
are downconverted to 1650-2150 MHz, the receiver in IRD
302 can receive these signals for further demodulation
and/or processing, such that the data in the signal can be
shown to the viewer as expected. Although RF energy is also
going to filter 526, it is not incorporated into any signal on
cable 304, because there is no connecting path when switch
510 is in the upper position.

[0070] However, if the viewer selects a viewer channel
that is present in the Ka-low band signals, without a broad-
band receiver that can receive the 250-750 MHz signals, the
upconverter 504 of the present invention recognizes the
command via receiver 506 that a viewer channel in the
Ka-low band has been selected, and moves the wipers on
switches 512 and 510 to the lower position. The signal on
cable 502 is still sent through filter 526, where the Ka-low
band is passed and the remainder of the signal on cable 502
is filtered away. The signal is also sent, in parallel, through
diplexer input 528, where the Ka-high band is filtered away,
leaving the Ka-low band and the Ku-band signals in place.
When the Ka-low band is mixed at mixer 532, it is upcon-
verted to the same frequency domain that the Ka-high band
occupied, and after being diplexed via diplexer input 534, is
now part of the signal that will be passed to IRD 302 via
switch 510 in the lower position. As long as the mapping
between the IRD 302 and receiver 506 is accurate, the IRD
302 will look for the desired viewer channel, which was in
the B band of IF frequencies, in the A band of IF frequencies
at the same relative position. So, a signal that was expected
at 250 MHz will now be at 1650 MHz, etc. The tuning
commands for the shifted B-band signals are easily stored in
a lookup table in the IRD 302, or in other memory as needed
or desired.

[0071] The upconverter 504 of the present invention can
leave switches 510 and 512 in the lower position (such that
path 536 continues to be used and the B-band Ka-band
downcovnerted signals remain in the upper frequency band)
until the viewer selects a viewer channel that is known to be
in the A-band of signals, and, when such an event occurs,
switches 510 and 512 return to the upper position. The
selection of whether path 522 or path 536 is used is based on
commands from the IRD 302.
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Compatibility with Off-Air Signals

[0072] As shown in FIGS. 4 and 5, some of the signals
502-516 will be resident, after downconversion, in the
250-750 MHz band of frequencies, which is normally occu-
pied by the off-air UHF/VHF broadcast channels (which are
resident in the 54 MHz-860 MHz frequencies). The UHF/
VHF band can still be realized at IRDs 112 and 302 by
diplexing or can connect to the “VHF/UHF Antenna In”
input on the IRDs 112/302 directly.

CONCLUSION

[0073] In summary, the present invention comprises a
method, apparatus and system for stacking signals in a
satellite delivery system. A system in accordance with the
present invention comprises a first set of satellite signals
broadcast in a first frequency band, wherein the first set of
satellite signals is downconverted to a first intermediate
frequency (IF) band of signals, a second set of satellite
signals broadcast in a second frequency band, wherein the
second set of satellite signals is downconverted to a second
IF band of signals and an inverted third IF band of signals,
wherein the first IF band of signals, the second IF band of
signals, and the inverted third IF band of signals are present
in a combined IF signal on a cable, an upconverter, com-
prising a splitter, coupled to the cable, for dividing the
combined IF signal, a first path, coupled to a first output of
the splitter, for selectively passing the combined IF signal to
an output of the upconverter, a second path, coupled to a
second output of the splitter, for removing the first IF band
of signals from the combined IF signal and for upconverting
the first IF band of signals to the inverted third IF band of
signals, a third path, coupled to the first output of the splitter,
for selectively removing the third IF band of signals from the
combined IF signal and subsequently diplexing the upcon-
verted first IF band of signals with a remainder of the
combined IF signal into a diplexed signal, the diplexed
signal selectively delivered to the output of the upconverter,
and a receiver, coupled to the upconverter, wherein the
selection of the combined IF signal and the diplexed signal
is made by the receiver.

[0074] 1t is intended that the scope of the invention be
limited not by this detailed description, but rather by the
claims appended hereto and the equivalents thereof. The
above specification, examples and data provide a complete
description of the manufacture and use of the composition of
the invention. Since many embodiments of the invention can
be made without departing from the spirit and scope of the
invention, the invention resides in the claims hereinafter
appended and the equivalents thereof.

What is claimed is:
1. A system for delivering satellite signals, comprising:

a first set of satellite signals broadcast in a first frequency
band, wherein the first set of satellite signals is down-
converted to a first intermediate frequency (IF) band of
signals;

a second set of satellite signals broadcast in a second
frequency band, wherein the second set of satellite
signals is downconverted to a second IF band of signals
and an inverted third IF band of signals, wherein the
first IF band of signals, the second IF band of signals,
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and the inverted third IF band of signals are present in
a combined IF signal on a cable;

an upconverter, comprising:

a splitter, coupled to the cable, for dividing the combined
IF signal;

a first path, coupled to a first output of the splitter, for
selectively passing the combined IF signal to an output
of the upconverter;

a second path, coupled to a second output of the splitter,
for removing the first IF band of signals from the
combined IF signal and for upconverting the first IF
band of signals to the inverted third IF band of signals;

a third path, coupled to the first output of the splitter, for
selectively removing the third IF band of signals from
the combined IF signal and subsequently diplexing the
upconverted first [F band of signals with a remainder of
the combined IF signal into a diplexed signal, the
diplexed signal selectively delivered to the output of
the upconverter; and

a receiver, coupled to the upconverter, wherein the selec-
tion of the combined IF signal and the diplexed signal
is made by the receiver.

2. The system of claim 1, wherein the receiver cannot

process at least the second IF band of signals.

3. The system of claim 2, further comprising a second
receiver, coupled to the upconverter, wherein the second
receiver processes the entire combined IF signal.

4. The system of claim 3, wherein the first frequency band
is a Ku-band of frequencies.

5. The system of claim 4, wherein the second frequency
band is a Ka-band of frequencies.

6. The system of claim 5, wherein the receiver can further
process off-air television signals.

7. The system of claim 6, wherein the combined IF signal
and the off-air television signals have overlapping frequen-
cies.

8. A system for delivering satellite signals to a receiver,
comprising:

a plurality of satellites, wherein at least a first satellite in
the plurality of satellites broadcasts a first set of satel-
lite signals broadcast in a first frequency band, and at
least a second satellite in the plurality of satellites
broadcasts a second set of satellite signals in a second
frequency band;

an antenna, the antenna receiving the first set of satellite
signals and the second set of satellite signals;

a downconverter, coupled to the antenna, wherein the
downconverter downconverts the first set of satellite
signals to a first intermediate frequency (IF) band of
signals and downconverts the second set of satellite
signals to a second IF band of signals and an inverted
third IF band of signals, wherein the first IF band of
signals, the second IF band of signals, and the third IF
band of signals are present in a combined IF signal on
a cable;

an upconverter, comprising:

a splitter, coupled to the cable, for dividing the combined
IF signal;
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a first path, coupled to a first output of the splitter, for
selectively passing the combined IF signal to an output
of the upconverter;

a second path, coupled to a second output of the splitter,
for removing the first IF band of signals from the
combined IF signal and for upconverting the first IF
band of signals to the inverted third IF band of signals;

a third path, coupled to the first output of the splitter, for
selectively removing the third IF band of signals from
the combined IF signal and subsequently diplexing the
upconverted first [F band of signals with a remainder of
the combined IF signal into a diplexed signal, the
diplexed signal selectively delivered to the output of
the upconverter; and

at least one receiver, coupled to an output of the upcon-
verter, wherein the at least one receiver processes at
least the first intermediate band of signals in the com-
bined IF signal.

9. The system of claim 8, wherein the receiver cannot
process at least the second IF band of signals.

10. The system of claim 9, further comprising a second
receiver, coupled to the upconverter, wherein the second
receiver processes the entire combined IF signal.

11. The system of claim 10, wherein the first frequency
band is a Ku-band of frequencies.

12. The system of claim 11, wherein the second frequency
band is a Ka-band of frequencies.

13. The system of claim 12, wherein the receiver can
further process off-air television signals.

14. The system of claim 13, wherein the combined IF
signal and the off-air television signals have overlapping
frequencies.

15. A system for delivering satellite signals to a receiver,
comprising:

a plurality of satellites, wherein at least a first satellite in
the plurality of satellites broadcasts a first set of satel-
lite signals broadcast in a first frequency band, and at
least a second satellite in the plurality of satellites
broadcasts a second set of satellite signals in a second
frequency band;

an antenna, the antenna receiving the first set of satellite
signals and the second set of satellite signals;

a downconverter, coupled to the antenna, wherein the
downconverter downconverts the first set of satellite
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signals to a first intermediate frequency (IF) band of
signals and downconverts the second set of satellite
signals to a second IF band of signals and an inverted
third IF band of signals, wherein the first IF band of
signals, the second IF band of signals, and the inverted
third IF band of signals are present in a combined IF
signal on a cable;

an upconverter, comprising:

a splitter, coupled to the cable, for dividing the combined
IF signal;

a first path, coupled to a first output of the splitter, for
selectively passing the combined IF signal to an output
of the upconverter;

a second path, coupled to a second output of the splitter,
for removing the first IF band of signals from the
combined IF signal and for upconverting the first IF
band of signals to the inverted third IF band of signals;

a third path, coupled to the first output of the splitter, for
selectively removing the third IF band of signals from
the combined IF signal and subsequently diplexing the
upconverted first [F band of signals with a remainder of
the combined IF signal into a diplexed signal, the
diplexed signal selectively delivered to the output of
the upconverter; and

at least one receiver, coupled to an output of the plurality
of outputs, wherein the at least one receiver processes
at least the first intermediate band and the second
intermediate band of the combined IF signal.

16. The system of claim 15, further comprising a second
receiver, coupled to a second output of the plurality of
outputs, wherein the second receiver processes the entire
combined IF signal.

17. The system of claim 16, wherein the first frequency
band is a Ku-band of frequencies.

18. The system of claim 17, wherein the second frequency
band is a Ka-band of frequencies.

19. The system of claim 18, wherein the at least one
receiver can further process off-air television signals.

20. The system of claim 19, wherein the combined IF
signal and the off-air television signals have overlapping
frequencies.



