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SIGNAL DISTRIBUTION SYSTEM 
CASCADABLE AGC DEVICE AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/538,627, ?led Oct. 4, 2006, Which, in 
turn, is a continuation of Ser. No. 10/734,603, ?led Dec. 11, 
2003, herein incorporated by reference, said US. application 
Ser. No. 10/734,603 claiming priority to, and incorporating 
by reference in their entirety, the following patent applica 
tions: 
[0002] US. Provisional Patent Application No. 60/433, 
066, ?led on Dec. 11, 2002, entitled INTEGRATED CROS 
SPOINT SWITCH WITH BAND TRANSLATION; 
[0003] US. Provisional Patent Application No. 60/433, 
061, ?led on Dec. 11, 2002, entitled IN-LINE CASCAD 
ABLE DEVICE IN SIGNAL DISTRIBUTION SYSTEM 
WITH AGC FUNCTION; 
[0004] US. Provisional Patent Application No. 60/433, 
067, ?led on Dec. 11, 2002, entitled N><M CROSSPOINT 
SWITCH WITH BAND TRANSLATION; 
[0005] US. Provisional Patent Application No. 60/433, 
063, ?led on Dec. 11, 2002, entitled MIXER WITH PASS 
THROUGH MODE WITH CONSTANT EVEN ORDER 
GENERATION. 

BACKGROUND OF THE INVENTION 

[0006] 1. Field of the Invention 
[0007] The invention relates to the ?eld of electronic com 
munications. More particularly, the invention relates to the 
?eld of Radio Frequency (RF) signal distribution. 
[0008] 2. Description of the Related Art 
[0009] Signal distribution systems, such as RF signal dis 
tribution systems, typically are arranged in branched con?gu 
rations. In a branched con?guration, the signal typically 
originates at the center, or trunk, and the signal is distributed 
from the point of origin to the multiple end points of the 
branches. Each distribution branch from the trunk can be split 
into one or more smaller branches. Additionally, the smaller 
branches themselves may divide into even smaller branches 
one or more times prior to reaching a destination. 

[0010] An RF communications signal distributed along a 
system is typically ampli?ed several times along the various 
signal distribution paths prior to reaching a device at a desti 
nation. HoWever, various factors operate to degrade the qual 
ity of the original signal prior to its reaching a device at a 
destination. 
[0011] The quality of a signal is often measured as a ratio of 
the signal poWer to the noise poWer, referred to as signal-to 
noise ratio (SNR). The signal poWer can be de?ned as the 
poWer of the portion of the signal that contains the desired 
information. The noise poWer can be de?ned as the combina 
tion of the random ?uctuations that are uncorrelated to the 
information poWer and the undesired distortion products. The 
undesired distortion products can be de?ned to be those sig 
nal components that do not replicate the original information. 
Although the noise poWer is here used to mean the combina 
tion of the uncorrelated signals With the distortion products, 
other noise de?nitions can be used to gauge the signal quality. 
For example, the noise poWer can be represented by only the 
uncorrelated signals, or the noise can be represented by the 
uncorrelated signals and some of the distortion products. 
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[0012] The signal to noise ratio (SNR) typically measures 
the ratio of the signal to the noise and distortion experienced 
by the signal. Thermal noise is often a large contributor to the 
noise poWer in systems that use received radio Waves as the 
signal source. The thermal noise level often represents the 
noise ?oor that cannot be further reduced through the use of 
active or passive devices. Passive losses, through passive 
signal division or attenuation, reduce the signal poWer but 
typically do not reduce the level of thermal noise. As such, 
signal attenuation can result in degradation of SNR. 
[0013] Signal ampli?cation can be used to offset some of 
the effects of attenuation in a signal distribution system. HoW 
ever, active devices, such as ampli?ers, do not provide signal 
gain Without affecting the noise and distortion that degrade 
the signal quality. For example, ampli?ers typically introduce 
uncorrelated noise into the signal that further degrades the 
SNR. Some of the ampli?er noise contribution is quanti?ed as 
an ampli?er noise ?gure, Which may also be expressed as a 
noise factor. An ampli?er’s noise ?gure may directly contrib 
ute to signal degradation and degradation of SNR When the 
system operates in loW poWer conditions close to the noise 
?oor as is typical in a system using received RF signals. 
[0014] Additionally, an ampli?er may contribute distortion 
products that degrade the SNR. One prevalent ampli?er dis 
tortion product that often contributes to in-band noise in 
Wideband or multi-channel distribution systems is a third 
order intermodulation distortion product. The level of third 
order intermodulation distortion contributed by a particular 
ampli?er is typically predicted based on an ampli?er charac 
teristic knoWn as the third order intercept (IP3). The third 
order intercept represents a ?ctional operating point at Which 
the ampli?er third order distortion products Would be equal in 
amplitude to the desired signal component. A higher ampli?er 
IP3 is desirable. HoWever, ampli?er IP3 often correlates With 
ampli?er poWer consumption. Thus, an ampli?er With a high 
IP3 typically consumes more poWer than an ampli?er having 
a loWer IP3 . Ampli?er poWer consumption is of great concern 
because of constraints on poWer dissipation as Well as con 
straints on the ability to dissipate the heat that is associated 
With higher poWer devices. Additionally, ampli?ers that have 
loW noise ?gures often have correspondingly loW IP3. 
[0015] A device, Whether passive or active, can typically be 
designed to operate Within one particular set of signal param 
eters at a particular location Within a signal distribution sys 
tem. HoWever, signal parameters Within particular location in 
a signal distribution system often change radically based on 
the number of branches before or after the device and the 
number of passive and active devices placed before or after a 
device. Thus, a device that is optimiZed for one set of oper 
ating parameters may be a dominant noise source in another 
set of signal parameters. 
[0016] What is desirable is a device and method of signal 
distribution that is invariant to changes in signal poWers and 
distribution system con?gurations. Additionally, it is typi 
cally desirable for the device to minimize its degradation of 
SNR under many operating conditions. The device should 
also alloW for the creation of numerous branches in the signal 
distribution path, With the inclusion or deletion of signal 
branches having minimal affect on other branches of the 
signal distribution system. 

SUMMARY OF THE INVENTION 

[0017] AnAGC ampli?er and a method of distributing sig 
nals in a signal distribution system are disclosed. The AGC 
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ampli?er uses a power detector and feedback to a control 
input of a variable gain ampli?er to maintain the output poWer 
of the variable gain ampli?er at a predetermined AGC set 
point. The detector can be connected to the output of the 
variable gain ampli?er to provide an output referred AGC 
function. The AGC setpoint can be chosen to be a signal 
poWer Within an optimal operating range of the signal distri 
bution system. 
[0018] The output of theAGC ampli?er can be connected to 
an in-line signal path and can also be connected to a cascade 
output. The cascade output alloWs a single AGC ampli?er to 
provide the AGC function for tWo signal paths. The noise 
contribution is minimized for devices connected in cascade 
With the AGC ampli?er. Another AGC ampli?er having an 
in-line path and a cascade output can be connected in series 
With the cascade output of a ?rst AGC ampli?er to generate 
additional signal paths. 
[0019] The AGC ampli?er can be implemented Within an 
integrated circuit, Which may include additional elements. 
The integrated circuit can include a crosspoint sWitch in series 
With the in-line signal path output of the AGC ampli?er. The 
integrated circuit can also include a band translation device in 
series With the in-line signal path output of the AGC ampli?er. 
[0020] The AGC ampli?er and signal distribution method 
can be implemented in a satellite television distribution sys 
tem Where the signals are received as satellite doWnlink sig 
nals and are distributed to multiple locations Within a build 
ing, such as a residence. Alternatively, the AGC ampli?er and 
signal distribution method can be implemented in a cable 
television, cable radio, terrestrial television, terrestrial radio, 
telephone, or data distribution system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The features, objects, and advantages of the inven 
tion Will become more apparent from the detailed description 
set forth beloW When taken in conjunction With the draWings 
in Which like reference characters identify correspondingly 
throughout and Wherein: 
[0022] FIG. 1 is a functional block diagram of a signal 
distribution system con?gured to receive signals from satel 
lites and distribute them to multiple user devices. 
[0023] FIGS. 2A-2D are functional block diagrams of AGC 
ampli?ers. 
[0024] FIGS. 3A-3B are functional block diagrams of cas 
caded ampli?er con?gurations. 
[0025] FIG. 4 is a functional block diagram of an integrated 
band translation sWitch interfacing With additional compo 
nents to provide tWo signal outputs. 
[0026] FIG. 5 is a functional block diagram of cascaded 
integrated band translation sWitches. 
[0027] FIG. 6 is a ?owchart of a method of distributing 
signals using cascadable AGC ampli?ers. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0028] Signal distribution systems are typically used to link 
together geographically remote parts of a communication 
system. Often, a centraliZed point exists from Which the sig 
nals originate, or branch. The signal distribution system can 
be used to provide a signal of interest to one or more devices 
at one or more geographic locations. 

[0029] FIG. 1 is a functional block diagram of a signal 
distribution system 100 that is typical of a satellite television 
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system that can be implemented at a residence or other build 
ing. The signal distribution system 100 includes an antenna 
120 having antenna feeds 122, 124 coupled to tWo inputs of a 
loW noise block 126. The outputs of the loW noise block 126 
are coupled to tWo inputs of a distribution sWitch 130. The 
distribution sWitch outputs are connected to ?rst, second, and 
third set top boxes 152, 154, 156, using ?rst and second 
transmission lines 142, 144. The output of the ?rst set top box 
152 is connected to a ?rst output device 162. A signal splitter 
170 splits into tWo signals the signal coupled from the distri 
bution sWitch 130 by the second transmission line 144. A ?rst 
signal splitter 170 output is coupled to the second set top box 
154 and the second signal splitter 170 output is coupled to the 
third set top box 156. The output of the second set top box 154 
is connected to a second output device 164 and the output of 
the third set top box 156 is connected to a third output device 
166. 

[0030] The antenna 120 includes tWo antenna feeds 122, 
124. HoWever, multiple antennae can be used. Additionally, 
each antenna 120 can have one or more antenna feeds 122, 
124, and each antenna 120 is not limited to having only tWo 
feeds 122, 124. Alternatively, the antenna 120 can be a con 
?guration that does not utiliZe an antenna feed, such as a Whip 
or horn. 

[0031] The antenna 120 receives one or more signals from 
a satellite 110. Additionally, the satellite 110 can provide a 
signal of a particular polariZation and modulation type. 
Again, there may be more than one satellite 110 providing 
signals to the antenna 120. The signals from a particular 
satellite 110 can be in the same frequency band as signals 
from another satellite (not shoWn) or can be in distinct fre 
quency bands. The signals from multiple satellites can each 
have the same polarity and modulation type or can be differ 
ent from each other. 

[0032] In the signal distribution system 100 of FIG. 1, each 
of the antenna feeds 122, 124 is connected to an independent 
input of a loW noise block 126 that outputs signals to the 
distribution sWitch 130. Of course, the distribution sWitch 130 
is not limited to a 2x2 sWitch but can have any number of input 
ports and output ports, for example, the distribution sWitch 
130 can be, for example, a 2x4 sWitch, a 4x4 sWitch, or some 
other sWitch arrangement. 
[0033] The distribution sWitch 130 is con?gured to process 
the received satellite signals. The distribution sWitch 130 can, 
for example, amplify, ?lter, and frequency doWnconvert the 
received satellite signals. The distribution sWitch 130 can be 
con?gured as a pair of loW noise block converters (LNB’s) 
that each block convert the signals from one of the distribu 
tion sWitch 130 inputs to an intermediate frequency. The 
distribution sWitch 130 can also be con?gured to alloW each 
of the input signals provided to the inputs to be connected to 
any one of multiple sWitch outputs. Thus, the signal provided 
from the ?rst antenna feed 122 can be block converted in the 
distribution sWitch 130 and routed to any of the sWitch out 
puts. Similarly, the signal provided from the second antenna 
feed 124 can be block converted in the distribution sWitch 130 
and routed to any of the sWitch outputs. Typically, the distri 
bution sWitch 130 is con?gured such that the signals from 
only one signal source are routed to a particular sWitch output. 
Alternatively, one or more of the block converted signals can 
be routed to the same distribution sWitch 130 output. 

[0034] The outputs of the distribution sWitch 130 can be 
connected to remote locations using cabling When the 
antenna 120 and distribution sWitch 130 are installed in a 
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geographically remote location from the desired signal des 
tinations. The outputs of the distribution sWitch 130 are typi 
cally routed to remote destinations With transmission lines, 
Which can be coaxial cables. The distribution sWitch 130 can 
be positioned local to the loW noise block 126 and antenna 
feeds 122 and 124, or may be positioned remote from the loW 
noise block 126 and antenna feeds 122 and 124. 

[0035] In one embodiment, the distribution sWitch 130 is 
co-located With the antenna 120, loW noise block 126, and 
antenna feeds 122 and 124. In another embodiment, the dis 
tribution sWitch 130 can be located remote from the antenna 
120. For example, cables or transmission lines can couple the 
signals from the loW noise block 126 to a distribution sWitch 
130 positioned inside a structure near one or more set top 

boxes 152 and 154. Similarly, in other embodiments, the 
distribution sWitch 130 can be positioned in an intermediate 
location betWeen the antenna 120 and the set top boxes 152 
and 154. In some embodiments, the loW noise block 126 is 
omitted and signals from the antenna feeds 122 and 124 can 
be coupled to the distribution sWitch 130 using cables. Simi 
larly, output signals from the distribution sWitch 130 can be 
coupled to set top boxes or other destination devices using 
cables or some other distribution system. 

[0036] In a ?rst embodiment, the distribution sWitch is 
positioned local to the loW noise block 126 and antenna 120. 
A ?rst transmission line 142 distributes the signal from the 
?rst output port of the distribution sWitch 130 to a remote 
location Within the signal distribution system 100. The end of 
the ?rst transmission line 142 is connected to a ?rst set top 
box 152 located remote from the distribution sWitch 130. 
[0037] A second transmission line 144 distributes the sig 
nal from the second output port of the distribution sWitch 130 
to a signal splitter 170. A ?rst output of the signal splitter 170 
is coupled to the second set top box 154. The second set top 
box 154 can be located at a location remote from the distri 
bution sWitch 130 and signal splitter 170 and can also be at a 
location remote from the ?rst set top box 152. A second 
output of the signal splitter 170 is coupled to a third set top 
box 156. The output of the third set top box 156 is coupled to 
a third output device 166. 

[0038] The ?rst and second transmission lines, 142 and 
144, can be parallel lines, tWisted pairs, coaxial line, 
Waveguide, and the like, or any other means for distributing 
the signal. Additionally, although transmission lines are typi 
cally used to minimiZe signal loss and signal re?ections, the 
system can use other means for distributing the signal that are 
not transmission lines. For example, Wires, Wire bundles, and 
the like, can be used for distributing the signals from the 
distribution sWitch 130 to the set top boxes 152, 154. HoW 
ever, for signals that can be considered Radio Frequency (RF) 
signals, the signals are typically distributed using transmis 
sion lines. The RF information signals can, for example, be in 
the range of KHZ up to several GHZ. Of course, the signal 
distribution system 100 is not limited to distributing RF sig 
nals, but can distribute other signals, such as baseband signals 
or optical signals. 
[0039] The transmission lines 142, 144, are typically non 
ideal passive devices. Thus, the transmission lines attenuate 
the signal poWer. HoWever, the attenuation contributed by the 
transmission lines 142, 144 typically do not attenuate the 
noise poWer to the same degree as the signal poWer. For 
example, a passive attenuator, such as a length of transmis 
sion line may not signi?cantly degrade the thermal noise. 
Additionally, the transmission lines 142, 144 can contribute 
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other types of cable related signal degradation. For example, 
the transmission lines can affect ?atness, tilt, phase distortion, 
group delay distortion, re?ection, interference, noise pick-up 
and microphonic noise of the distributed signals. Thus, the 
losses contributed by the transmission lines 142, 144 typi 
cally degrade the SNR of the signal distributed to the set top 
boxes 152, 154. 
[0040] The ?rst and second transmission lines 142 and 144 
are coupled to corresponding inputs of set top boxes 152, 154, 
and 156. The second transmission line 144 couples to the 
second and third set top boxes, 154 and 156, via the signal 
splitter 170. In one embodiment, the frequency bands for the 
signals output from the distribution sWitch 130 do not corre 
spond to frequency bands used by the output devices 162 and 
164. Thus, the set top boxes 152, 154 can further frequency 
translate the signals to operating bands compatible With the 
output devices 162, 164, and 166. Additionally, the output 
signals from the distribution sWitch 130 can be in a format 
that is not compatible With the format used by the output 
devices 162, 164, and 166. The set top boxes 152, 154, and 
156 can then function as signal processing stages. For 
example, the satellite doWnlink signals can be digitally modu 
lated in a format that is not compatible With the output devices 
162, 164, and 166 Which can be typical television receivers. 
The set top boxes 152, 154; and 156 can be con?gured to 
demodulate the digitally modulated signals, process the 
demodulated signals, and then modulate television channel 
carrier frequencies With the signals for delivery to the televi 
sion output devices 162, 164, and 166. 
[0041] Alternatively, if the signals output from the distri 
bution sWitch 130 are in a format and are at a frequency band 
that is compatible With the output devices 162, 164, and 166 
the set top boxes 152, 154, and 156 may not be required. In 
still another alternative, one or more of the functions per 
formed by the set top boxes 152, 154, and 156 can be inte 
grated into the output devices 162, 164, 166. In still another 
embodiment, the signal splitter 170 can be con?gured to 
perform signal processing, such as frequency conversion or 
demodulation. 
[0042] In the embodiment described in FIG. 1, each of the 
set top boxes 152, 154, and 156 is connected to a single output 
device 162, 164, and 166. HoWever, more than one output 
device eg 162, 164 can be connected to the output from a 
single set top box, for example 152. Alternatively, outputs 
from more than one set top box 152, 154, and 156 can be 
combined or otherWise connected to a single output device, 
for example 162, although such a con?guration is not typical. 
[0043] An output device, for example 162, can be con?g 
ured to tune to a particular channel Within the one or more 
frequency bands provided by the set top box, such as 152. The 
output device 162 can process the signal from the selected 
channel to present some media content, such as video or 
audio, to a user. 

[0044] For example, the output devices, 162, 164, and 166 
can be television receivers and can display a television signal 
corresponding to a signal transmitted by the satellite 110. The 
output devices 162, 164, and 166 can be other types of devices 
in other signal distribution systems. For example the output 
devices 162, 164, and 166 can be telephones, radio receivers, 
computers, netWorked devices, and the like, or other means 
for outputting a signal. 
[0045] The output devices 162, 164, and 166 can have a 
range of signal quality over Which the output is considered 
acceptable. For example, the output devices 162, 164, and 
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166 can provide acceptable outputs for input SNR above a 
predetermined level, Which may represent a desired mini 
mum SNR. However, the SNR at the input to the output 
devices, 162, 164, and 166 is typically determined by the 
signal processing performed in the set top boxes 152, 154 and 
156. Thus, the signal quality is typically related to the signal 
quality at the input of the set top boxes 152, 154, and 156. 
Thus, the signal distribution system 100 is typically con?g 
ured to provide a signal at the input to the set top boxes 152, 
154, and 156 having a SNR greater than the desired mini 
mum. 

[0046] Although FIG. 1 is a functional block diagram of a 
satellite signal distribution system, other signal distribution 
systems have similar structures. For example, cable distribu 
tion systems, Which may distribute television, radio, data, 
and/or telephony signals, typically provide a single access 
point to a geographic area, such as a residence. The signal 
from the one access point is then typically split, ampli?ed, 
distributed, and can be combined With other signals, such as, 
for example the satellite television signals. Communication 
systems having Wireless communication links can also have 
similar structures. For example, a terrestrial television or 
radio system can include a single antenna and distribute the 
signals received at the single antenna to multiple output 
devices using a signal distribution system 100 that can 
amplify, split, distribute, and/ or combine the received signals. 
[0047] The signal distribution system is not limited to a 
residence, but can span many residences, businesses, or loca 
tions not associated With dWellings or buildings. The signal 
distribution system is characterized by its features and is not 
limited to any particular application. 
[0048] Additionally, although FIG. 1 shoWs only the signal 
splitter 170 interposed betWeen the distribution sWitch 130 
and set top boxes 154 and 156, elements other than the trans 
mission lines 142, 144, and signal splitter 170 can be inter 
posed betWeen the distribution sWitch 130 and the set top 
boxes 152, 154, and 156. The additional distribution devices 
can include active or passive poWer dividers, active or passive 
poWer combiners, ampli?ers, attenuators, ?lters, sWitches, 
crosspoint sWitches, multiplexers, de-multiplexers, fre 
quency translation devices, encoders, decoders, and the like 
or any other means for distributing a signal. Each of these 
additional signal distribution devices can contribute to the 
noise experienced by the distributed signal. 
[0049] For example, a tWo-Way passive poWer divider 
alloWs a signal at one input to be split equally into tWo output 
signals, each having half the original signal poWer, While 
maintaining an impedance match at all ports. An ideal tWo 
Way passive divider reduces the SNR by 3 dB. HoWever, in 
practice, the degradation is often higher. 
[0050] Active signal distribution devices can contribute to 
signal degradation, for example by generating distortion 
products that degrade SNR. The distortion contributed by an 
active device typically increases as the input signal poWer to 
the device increases. Additionally, the location of an active 
device Within the signal distribution system 100 can affect the 
impact that the device has on SNR. An active device located 
at an input to the signal distribution system can experience a 
larger signal poWer, and thus degrade the SNR more than an 
identical device located at a the end of a transmission line, eg 
142, Where the signal poWer can be signi?cantly attenuated. 
[0051] Because the distortion typically increases at a rate 
greater than the rate of increase in signal poWer, the SNR 
degrades for input signals that are large in relation to the 
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device capabilities. A large input signal can be de?ned as a 
signal that generates a predetermined level of distortion in an 
active device. For example, a signal can be large When mea 
sured in relation to the input signal level required to generate 
a 1 dB ampli?er output compression. Alternatively, a signal 
can be large When measured in relation to an input signal level 
required to generate a particular third order product. That is, 
a signal can be de?ned to be large if a tWo-tone intermodula 
tion test produces a third order intermodulation distortion 
product that is a predetermined level beloW the output signal, 
for example 40 dB. The de?nition of a large signal is relative 
to the signal distribution system in Which a device is used and 
the previous de?nitions are not exhaustive. 

[0052] Conversely, When the signal is small, the uncorre 
lated noise level may dominate the determination of SNR. 
Because an attenuator typically degrades signal poWer and 
may not degrade the uncorrelated noise poWer by an equiva 
lent amount, the SNR folloWing the attenuator can degrade. 
The placement of a passive device can also affect the amount 
of SNR degradation contributed by the device. Attenuators 
placed Where the signal is large may not affect the SNR While 
identical attenuators placed Where the signal is small may 
signi?cantly degrade the SNR. 
[0053] Thus, there exists an optimum signal range that 
maximiZes SNR in the system. The optimum depends on the 
precise signal distribution system and the nature of the infor 
mation signal distributed. The Automatic Gain Control 
(AGC) ampli?er that is detailed beloW can help the system 
maintain the optimal operating range and thus help to main 
tain an optimum SNR in the system. The AGC ampli?er can 
diminish the effects that subsequent distribution devices have 
on the SNR at the set top boxes 152, 154, and 156. Addition 
ally, the AGC ampli?er can minimiZe adverse effects of add 
ing or removing distribution paths in the signal distribution 
system 100. The AGC ampli?er can, for example, be inte 
grated into the distribution sWitch 130 or signal splitter 170. 
[0054] FIGS. 2A through 2D are functional block diagrams 
of AGC ampli?ers that can be, for example, integrated into the 
distribution sWitch 130 and/or signal splitter 170 of FIG. 1. 
The AGC ampli?er can also be implemented in an interme 
diate signal processing device, such as the signal splitter 170 
or some other signal distribution device, alternatively referred 
to as a distribution device or signal processing device. Typi 
cally, the AGC ampli?ers are not added as stand alone 
devices, but are implemented in conjunction With other dis 
tribution devices. 
[0055] In some embodiments, intermediate signal distribu 
tion devices may not include AGC ampli?ers. Such interme 
diate signal processing devices lacking an AGC ampli?er 
may be con?gured for use in particular locations Within the 
signal distribution system. In other embodiments, the inter 
mediate signal distribution devices can, for example, include 
an AGC ampli?er as the initial signal processing element. 
[0056] Implementing an AGC ampli?er With a signal dis 
tribution device alloWs the performance of the signal distri 
bution system 100 to be substantially unaffected by the physi 
cal location of the signal distribution device. That is, the 
performance of the signal distribution system 100 is substan 
tially indifferent to the placement of a signal distribution 
device at the front end of a cable run or at the back end of the 
cable run. 

[0057] Implementing the AGC ampli?er in the distribution 
device 130 immediately folloWing the loW noise block 126 
can compensate for gain variations in the loW noise block 126. 
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Thus, embodiments implementing the distribution device 13 0 
and loW noise block 126 locally or in a single housing may 
advantageously eliminate a production adjustment of the loW 
noise block 126 gain. Thus, theAGC function implemented in 
the distribution block 130 can provide a loWered production 
cost by eliminating a production tuning step. 
[0058] Each of the AGC ampli?er embodiments shoWn in 
FIGS. 2A through 2D can be implemented With a signal 
distribution device as an integrated circuit, as discrete 
devices, or as a combination of integrated circuits and discrete 
devices. An integrated circuit can, for example, incorporate 
multiple independent AGC ampli?ers in parallel, With each 
AGC ampli?er controlling the poWer of a signal received 
from a satellite doWnlink. The integrated circuit can be manu 
factured on a variety of substrate materials such as silicon, 
germanium, gallium arsenide, indium phosphide, sapphire, 
diamond, and the like, or any other suitable substrate mate 
rial. Additionally, the AGC ampli?er embodiments can be 
manufactured using a variety of manufacturing techniques 
including bipolar, FET, BiCMOS, CMOS, SiGe, and the like. 
[0059] FIG. 2A is a functional block diagram of a ?rst AGC 
ampli?er embodiment. The AGC ampli?er includes a vari 
able gain ampli?er (VGA) 210 and a detector 220 connected 
to the output of the VGA 210. An output of the detector 220 is 
connected to a gain control input of the VGA 210 to control 
the gain of the ampli?er. 
[0060] The AGC ampli?er implements an output referred 
AGC function to attempt to maintain the output poWer of the 
poWer ampli?er at a predetermined optimal level, also 
referred to as the AGC set point. The AGC function is a 
process that attempts to maintain a signal poWer at the AGC 
setpoint. TheAGC function increases the gain of the ampli?er 
210 When the output signal is beloW the AGC set point. The 
AGC function can continue to increase the gain of the VGA 
210 as required, up to a maximum gain value. The VGA 210 
continues to provide the maximum gain value as long as the 
output signal poWer remains beloW the AGC set point. 
[0061] Conversely, the AGC function decreases the gain of 
the VGA 210 When the output signal poWer is above the AGC 
set point. The AGC function can continue to decrease the gain 
of the VGA 210 as required, doWn to a minimum value. The 
AGC function continues to provide the minimum gain value 
as long as the output signal poWer remains greater than the 
AGC set point. 

[0062] Within a system such as the signal distribution sys 
tem 100 of FIG. 1, there is typically a limit of input signal 
range. That is, the input to the signal distribution system 100 
typically falls Within a predetermined range. In such a system, 
it is possible to con?gure theAGC range such that one or more 
of the AGC limits is not ever reached. For example, the input 
signal from the satellite 110 may vary over a predetermined 
range. If the AGC ampli?er in the distribution sWitch 130 or 
signal splitter 170 has an AGC range that is greater than the 
input signal range, the AGC function may never reach its 
limits. 

[0063] Initially, an input signal having an input signal 
poWer, Pin, is provided to the input 215 of the VGA 210. The 
control signal provided to the VGA 210 can initially be set to 
control the VGA 210 to provide the maximum available gain, 
Gmax. The VGA 210 then provides an output signal having 
an output poWer, Pout, substantially equal to Pin+Gmax, for 
example, measured in terms of decibels relative to a milliWatt 

(dBm). 
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[0064] The output from the VGA 210 is connected to an 
input of a poWer detector 220. The poWer detector 220 mea 
sures the output signal poWer and generates a control signal 
that can correlate With the output signal poWer. For example, 
the poWer detector 220 can be con?gured to provide an output 
voltage that correlates With a given poWer level. Alternatively, 
the poWer detector 220 can be con?gured to provide an output 
current that correlates With a given poWer level. 
[0065] The poWer detector 220 can be con?gured to mea 
sure the poWer of the composite ampli?er output, signal, 
including desired signals, noise, and distortion. Such a poWer 
detector 220 can be a broadband detector and can detect a 

poWer level over a broad frequency band. Alternatively, the 
poWer detector 220 can measure the poWer of only a portion 
of the output poWer from the VGA 210. For example, the 
poWer detector 220 can measure the poWer in a predetermined 
bandWidth, Where the predetermined bandWidth represents 
only a portion of the bandWidth of the signal output from the 
VGA 210. The predetermined bandWidth can, for example, 
be entirely Within a desired signal bandWidth of the output 
from the VGA 210. Alternatively, the predetermined band 
Width can partially overlap or be exclusive of a desired signal 
bandWidth of the VGA 210 output. 
[0066] The output of the poWer detector 220 is connected to 
a control input of the VGA 210. The AGC ampli?er can be 
con?gured to provide an output referred AGC function. For 
example, the poWer detector 220 can detect an output poWer 
of the VGA 210. The poWer detector 210 can also include a 
comparator having anAGC setpoint coupled to one compara 
tor input. The detected output poWer can be provided to the 
second input of the comparator and compared to a AGC 
setpoint. The output of the comparator can be ?ltered, for 
example using an integrator. The output of the integrator can 
be the detector output control signal that controls the gain of 
the ampli?er. 
[0067] For example, a high poWer signal, one that is greater 
than the AGC set point, at the input to the poWer detector 220 
produces a control voltage. The control voltage value corre 
sponds With an ampli?er gain value that is smaller than the 
original gain value. The high poWer detector 220 output 
reduces the gain of the VGA 210 such that the poWer detected 
at the output of the VGA 210 is substantially equal to the AGC 
set point. 
[0068] Although the VGA 210 is shoWn as an ampli?er, the 
AGC function can be implemented With gain only, a combi 
nation of gain and attenuation, or attenuation only. Addition 
ally, the VGA 210 can be implemented With multiple stages 
and multiple devices. For example, the VGA 210 can be 
con?gured as multiple cascaded variable gain ampli?ers, or 
as ampli?ers cascaded With variable attenuators, or as mul 
tiple variable gain ampli?ers in parallel, and the like. 
[0069] Additionally, the poWer detector 220 can be a diode 
detector, a crystal detector, and the like. The poWer detector 
220 can be con?gured to sample mean poWer, peak poWer, 
RMS voltage, mean voltage, peak voltage, mean current, 
RMS current, peak current, or some other value correlated to 
signal level. The poWer detector can be a single device or can 
be constructed of multiple devices. As discussed above, the 
poWer detector 220 can include, for example, a detector, a 
comparator, and integrator, or some other signal conditioning 
block. 
[0070] Although the poWer detector 220 is shoWn to pro 
vide an output referred AGC function, the poWer detector 220 
can be con?gured detect the signal poWer at other locations, 
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such as at the input of the VGA 210. The power detector 220 
can be con?gured to detect the signal poWer at some other 
location that is remote from the VGA 210, such as at the input 
to a set top box of FIG. 1. 

[0071] The actual AGC function can be implemented using 
a variety of techniques, including feedback and feed-forward. 
Regardless of Whether the AGC function is con?gured as 
output referred using feedback, or output referred using feed 
forWard techniques, the AGC function can operate to provide 
a substantially stable output level over an predetermined AGC 
range. 

[0072] FIG. 2B is a functional block diagram of an embodi 
ment of an AGC ampli?er. The AGC ampli?er includes a 
constant gain ampli?er 232 at the input to the AGC ampli?er. 
The output of the constant gain ampli?er 232 is connected to 
the input of a VGA 234. The output of the VGA 234 is 
connected to a poWer detector 240. The output signal from the 
poWer detector 240 is connected to the control input of the 
VGA 234 to control the gain of the VGA 234. 

[0073] The AGC ampli?er embodiment in FIG. 2B is simi 
lar to the embodiment of FIG. 2A except that a constant gain 
ampli?er 232 is implemented before the VGA 234. The AGC 
ampli?er of FIG. 2B operates effectively the same as the AGC 
ampli?er of FIG. 2A. The gain of the constant gain ampli?er 
232 can set a loWer limit on the gain of the AGC ampli?er. 
HoWever, the gain of the constant gain ampli?er 232 can be 
negated by attenuation in the VGA 234 if the VGA is con?g 
ured to provide attenuation. The constant gain ampli?er 232 
can be included in an AGC ampli?er, for example, in order to 
provide a front end ampli?er in the AGC ampli?er having a 
loW noise ?gure. 
[0074] FIG. 2C is a functional block diagram of another 
AGC ampli?er embodiment. The AGC ampli?er includes a 
VGA 252 at the input of the AGC ampli?er. The output of the 
VGA 252 is connected to a constant gain ampli?er 254. The 
output of the constant gain ampli?er 254 is the output of the 
AGC ampli?er. The output of the VGA 252 is also connected 
to the input of the poWer detector 260. The detected output is 
provided to the control input of the VGA 252. Thus, in the 
embodiment of FIG. 2C, the poWer detector 260 detects the 
poWer of an intermediate stage, rather than the input or output 
of the AGC ampli?er. Of course, the embodiment of FIG. 2A 
can be modi?ed to correspond to the embodiment of FIG. 2C 
by cascading the AGC ampli?er With a constant gain ampli 
?er. Although a constant gain ampli?er 254 is implemented 
after the VGA 252, the composite AGC ampli?er can be 
interpreted as being output referred. 
[0075] FIG. 2D is another embodiment of an AGC ampli 
?er. The AGC ampli?er is an embodiment of a VGA coupled 
With a signal distribution device. The AGC ampli?er includes 
a VGA 270 at the input of the AGC ampli?er. The output of 
the VGA 270 is connected to the input of a mixer 280. A L0 
284 drives an L0 port of the mixer 280. The output of the 
mixer 280 is the output of the AGC ampli?er. The output of 
the mixer 280 is also connected to the input of the poWer 
detector 290. The detected output is provided to the control 
input of the VGA 270. 
[0076] In this AGC ampli?er con?guration, the AGC func 
tion is combined With band translation. The AGC ampli?er 
poWer controls the output to track the AGC set point and can 
also frequency convert the signal from an input frequency 
band to an output frequency band. As noted earlier, a VGA 
such as 270 can be combined With a variety of signal distri 
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bution devices. The signal splitter 170 of FIG. 1 can represent 
another embodiment of a VGA coupled With a signal distri 
bution device. 
[0077] The VGA 270 operates in a manner as described 
above in relation to the other AGC ampli?er embodiments. 
The output of the VGA 270 is connected to an input port of the 
mixer 280. The mixer 280 operates to frequency convert the 
signal from a ?rst frequency band to a second frequency band. 
An L0 284, Which can be a ?xed frequency L0 or a variable 
frequency LO, drives the LO port of the mixer 280. The mixer 
280 provides an output signal that includes a frequency com 
ponent that is at the sum of the input signal frequencies and 
the LO frequency and a frequency component that is at the 
difference of the input signal frequencies and the LO fre 
quency. 
[0078] The poWer detector 290 can be con?gured to detect 
signals Within a predetermined frequency band. Thus, the 
poWer detector 290 can detect the signals in the desired fre 
quency band While ignoring signals outside the frequency 
band of interest. The AGC ampli?er can thus be con?gured to 
provide a controlled signal amplitude combined With a fre 
quency conversion. 
[0079] The bene?ts of including anAGC stage in the signal 
distribution system, such as Within the distribution sWitch 130 
or signal splitter 170 in the system of FIG. 1, can be illustrated 
With a comparison of an AGC signal distribution implemen 
tation With a ?xed gain signal distribution implementation. 
FIGS. 3A and 3B shoW embodiments of cascaded ampli?er 
con?gurations. The con?guration in FIG. 3A includes ?xed 
gain ampli?ers While the con?guration of FIG. 3B includes 
the AGC ampli?ers. Such cascaded ampli?er con?gurations 
can be included in the signal distribution sWitch of FIG. 1, for 
example, to provide three independent copies of a single input 
signal destined for three different geographic locations Within 
the signal distribution system. 
[0080] FIG. 3A is an embodiment of a ?xed gain signal 
distribution section 300, such as a distribution section that can 
be implemented in the distribution sWitch of FIG. 1. For 
example, the devices in the distribution section 300 can be 
distributed at front end, intermediate location, or near a ter 
mination of a signal distribution system. The ?xed gain dis 
tribution section 300 includes three gain devices 310, 320, 
and 330 connected in series. Each of the gain devices, for 
example 310, can be con?gured as an active poWer divider 
having a ?xed gain of 0 dB, a noise ?gure (NF) of 3 dB, and 
an input third order intercept point (HP3) of +30 dBm. Alter 
natively, each of the gain devices can include an ampli?er in 
conjunction With some other type of signal distribution 
device. 

[0081] A ?rst ?xed gain device 310 includes a ?xed gain 
ampli?er 312 folloWed by a passive poWer divider 314 having 
a ?rst output 318a and a second output 31819. The composite 
gain through the ?xed gain ampli?er 312 and passive poWer 
divider 314 to one of the outputs, for example 318b, can be 
con?gured to be 0 dB. The second output 31811 of the ?rst 
?xed gain device 310 is connected to the input of a second 
?xed gain device 320. The second ?xed gain device 320 also 
contains a ?xed gain ampli?er 322 and a passive poWer 
divider 324 having a ?rst output 328a and a second output 
32819. The second output 328!) of the second ?xed gain device 
320 is connected to the input of a third ?xed gain device 330. 
The third ?xed gain device 330 is similarly con?gured With a 
?xed gain ampli?er 332 folloWed by a passive poWer divider 
334 having tWo outputs 338a, 3381). 
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[0082] An alternative signal distribution section 350 
including AGC ampli?ers is shown in FIG. 3B. The embodi 
ment of the signal distribution section 350, including the AGC 
ampli?ers, can be implemented in the distribution sWitch of 
FIG. 1. 
[0083] Three gain devices, 360, 370, and 380 are cascaded 
in the signal distribution section. Each of the gain devices 
360, 370, and 380 includes an AGC ampli?er folloWed by a 
passive poWer divider. Each of the gain devices, 360, 370, and 
380 may also include an AGC ampli?er in conjunction With 
one or more other signal distribution devices. 

[0084] Each of the gain devices, for example 360, can have 
an output referred AGC function With an AGC set point of 0 
dBm, an IIP3 of +30 dBm, and a NE of 3 dB at 0 dB of gain. 
The gain device, for example 360, can have a gain range of 
from —20 dB to +20 dB. Each of the AGC ampli?ers can be, 
for example, one of the AGC ampli?er con?gurations shoWn 
in FIGS. 2A-2C. 
[0085] An input signal is provided to an input of the ?rst 
gain device 360. The input signal is coupled to the input of an 
AGC ampli?er 362. The output of the AGC ampli?er 362 is 
connected to the input of a poWer detector 364. The output of 
the poWer detector 364 is connected to a control input of the 
AGC ampli?er. The output of the AGC ampli?er 362 is also 
connected to the input of a poWer divider 366 that has ?rst and 
second outputs, 368a and 3681) respectively. 
[0086] The second output 368!) of the ?rst gain device 360 
is connected to the input of a second gain device 370. The 
output from the ?rst gain device 360 is coupled to the input of 
an AGC ampli?er 372. The output of the AGC ampli?er 372 
is connected to the input of a poWer detector 374. The output 
of the poWer detector 374 is connected to a control input of the 
AGC ampli?er. The output of the AGC ampli?er 372 is also 
connected to the input of a poWer divider 376 that has ?rst and 
second outputs, 378a and 3781) respectively. 
[0087] The second output 378!) of the second gain device 
370 is connected to the input of a third gain device 380. The 
output from the second gain device 370 is coupled to the input 
of an AGC ampli?er 382 in the third gain device 380. The 
output of the AGC ampli?er 382 is connected to the input of 
a poWer detector 384. The output of the poWer detector 384 is 
connected to a control input of the AGC ampli?er. The output 
of the AGC ampli?er 382 is also connected to the input of a 
poWer divider 386 that has ?rst and second outputs, 388a and 
3881) respectively. 
[0088] The performance of the ?xed gain distribution sec 
tion 300 can be compared against the performance of the 
variable gain distribution section 350 for tWo operating con 
ditions. In the ?rst operating condition, the input signal is 
relatively small and uncorrelated noise is a signi?cant factor 
limiting the SNR. In the second operating condition, the input 
signal is relatively large, and distortion products are signi? 
cant factors limiting the SNR. 
[0089] In the ?rst operating condition, the input signal is 
relatively small. The con?guration of the ?xed gain distribu 
tion section 300 does not change. HoWever, the variable gain 
distribution section 350 automatically con?gures itself to 
provide gain, up to a maximum gain level. 
[0090] An active device, such as an ampli?er, typically has 
multiple noise sources associated With it. The noise contribu 
tion of cascaded ampli?ers can be reduced if the front end 
device has signi?cant gain. The noise contribution of subse 
quent stages can become insigni?cant, and thus, the degrada 
tion to SNR can be minimized. Additionally, other noise 
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contributors after the ?rst gain stage, or front end device, 
degrade the SNR less than Without the front end gain device. 
Thus, including the front end gain stage reduces the overall 
system SNR degradation. The performance of the ?xed gain 
distribution section 300 can be compared to the variable gain 
distribution section 350 by examining the noise ?gures. The 
noise ?gure in a cascaded system is given by the folloWing 
formula: 

nfcascade = "fl + , 

[:2 A] 

Where 

N = number of stages, 

A]- : gain of jlh stage 

[0091] The noise ?gure values in the formula are given as 
ratios, While noise ?gure speci?ed for the devices are given in 
dB. Thus, the NF for the gain devices, for example 310 or 370, 
needs to be converted from decibels to ratios before applica 
tion of the formula. Table 1 provides a summary of the cas 
caded noise ?gures for the tWo gain distribution sections, 300, 
350. Psig represents the signal poWer, in dBm at either the 
input or output of the gain devices. The gain of the elements 
is provided in dB. The noise ?gure, in dB, is provided for each 
gain device and the corresponding cascaded noise ?gure, in 
dB, is provided at the output of each gain device. 

TABLE 1 

FIXED GAIN DISTRIBUTION SECTION 

Psig (dBm) —20 i —20 i —20 i —20 

Gain (dB) 0 0 0 
NF (dB) 3 3 3 
NFtot (dB) 3 4.8 6 

VARIABLE GAIN DISTRIBUTION SECTION 

Psig (dBm) —20 i 0 i 0 i 0 

Gain (dB) 20 0 0 
NF (dB) 3 3 3 
NFtot (dB) 3 3.02 3.04 

[0092] Thus, it can be seen that the ability of the variable 
gain distribution section 350 to include gain in an initial 
ampli?er section results in greatly reduced signal degradation 
due to noise contributed by subsequent stages When com 
pared to the ?xed gain distribution section 300. Noise con 
tributors after the initial gain section degrade the SNR less 
than Without the gain section. Therefore, overall system deg 
radation of SNR canbe reduced With the inclusion of an initial 
gain section. 
[0093] In the second operating condition, the input signal is 
relatively large. The con?guration of the ?xed gain distribu 
tion section 300 does not change. HoWever, the variable gain 
distribution section 350 automatically con?gures itself to 
provide attenuation, up to a maximum attenuation level. 
When input signal levels are relatively large, distortion com 
ponents, such as third order intermodulation distortion prod 
ucts, can be the dominant factor in degrading SNR. A cas 
caded IIP3 for the signal distribution sections, 300, 350 can be 
calculated and compared to illustrate the advantages of vari 
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able gain distribution over ?xed gain distribution. The cas 
caded IIP3 of a gain section is given by the formula: 

[0094] The IP3 values in the formula are the linear terms 
and are not the values in dBm. Similarly, the gain values are 
provided as ratios and are not in dB. Table 2 provides a 
summary of the cascaded IIP3 for the tWo gain distribution 
sections 300, 350. Psig represents the signal poWer, in dBm at 
either the input or output of the gain devices. The gain of the 
elements is provided in dB. The IIP3, in dBm, is provided for 
each gain device and the corresponding cascaded IIP3, in 
dBm, is provided at the output of each gain device. 

TABLE 2 

FIXED GAIN DISTRIBUTION SECTION 

Psig (dBm) +20 +20 +20 +20 
Gain (dB) 0 0 0 
IIP3 (dBm) +30 +30 +30 
IIP3tot (dBm) +30 +27 +25.2 

VARIABLE GAIN DISTRIBUTION SECTION 

Psig (dBm) +20 0 0 0 
Gain (dB) -20 0 0 
IIP3 (dBm) +30 +30 +30 
IIP3tot (dBm) +30 +29.96 +2991 

[0095] Thus, it can be seen that the ability of the variable 
gain distribution section 350 to include attenuation in an 
initial ampli?er section results in greatly reduced signal deg 
radation due to noise contributed by subsequent stages When 
compared to the ?xed gain distribution section 300. Distor 
tion contributors after the initial attenuation stage degrade the 
SNR less than Without the attenuation stage. The overall 
system degradation of SNR can be reduced With the inclusion 
of an initial attenuation section. 
[0096] The inclusion of anAGC function in a signal distri 
bution section can thus improve the quality of the signal 
compared to a ?xed gain con?guration. The advantages of the 
variable gain section over the ?xed gain section under the 
extreme conditions of loW input signal poWer and high input 
signal poWer shoW that the variable gain distribution section 
has ?exibility as to its position Within a signal distribution 
system. The variable gain distribution section need not be 
placed at the front end or as a ?nal stage in a signal distribu 
tion system. 
[0097] FIG. 4 is a functional block diagram of a speci?c 
embodiment of signal distribution system 400 including an 
integrated crosspoint sWitch With band translation (band 
translation sWitch) 410 and external components. The band 
translation sWitch 410 includes four inputs for LNB’s, a cas 
cadable output corresponding to each of the inputs, and tWo 
outputs con?gured to interface With set top boxes. The band 
translation sWitch 410 is con?gured to interface With LNB’s 
signals having a dual band-stacked frequency plan. The dual 
band-stacked frequency plan includes an upper band block 
and a loWer band block. The band translation sWitch outputs 
maintain the dual band- stacked frequency plan, but alloW the 
upper or loWer band block from any of the LNB signals to be 
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con?gured as an output upper band block. Similarly, the 
upper or loW band block from any of the LNB signals can be 
con?gured as an output loWer band block. A more detailed 
description of the band translation sWitch 410 is provided 
beloW. 

[0098] The band translation sWitch410 includes four inputs 
con?gured to interface With up to four LNB’s. Each LNB 
provides a signal conforming to a dual bandstacking fre 
quency plan having an upper band block and a loWer band 
block. For example, the LNB signals can be satellite doWn 
link signals from selected transponder groups. The loWer 
band block can be 950-1450 MHZ and the upper band block 
can be 1650-2150 MHZ. 

[0099] Each of the signal inputs is connected to the input of 
an ampli?er 420a-420d. The ampli?ers 420a-420d are con 
?gured as LoW NoiseAmpli?ers (LNA’s) that both buffer and 
amplify the input signals from the LNB’s. The output from 
each of the ampli?ers 420a-420d is connected to a corre 
sponding input on a crosspoint sWitch 430. Additionally, the 
output from each of the ampli?ers 420a-420d is connected to 
a corresponding cascade output of the band translation sWitch 
410. 

[0100] The crosspoint sWitch 430 is con?gured as a 4x4 
sWitch. Any of the four ampli?ed LNB input signals can be 
selectively routed to any of the four outputs of the crosspoint 
sWitch 430 independently and simultaneously. For example, 
the crosspoint sWitch 430 can include a tWo-bit control for 
each output. The value of the tWo-bit control can be pro 
grammed to selectively route the signal from one of the four 
inputs. The band translation sWitch 410 can, for example, 
receive the tWo bit control Words from a set top box. Altema 
tively, the set top box may send one or more control messages 
to a microprocessor implemented local to the crosspoint 
sWitch and the microprocessor can generate the one or more 
tWo bit control Words. In the embodiment shoWn in FIG. 4, 
each of the four outputs from the crosspoint sWitch 430 is 
connected to a band translation device 440a-440d. One or 
more outputs from the crosspoint sWitch 430 can be coupled 
to the same band translation device, for example 440a. 
[0101] The band translation devices 440a-440d are con?g 
ured to selectively frequency translate the signals or to pass 
the signals Without frequency translation. Each of the band 
translation devices 440a-440d can select frequency transla 
tion or pass through independently of the other devices. 
Because a dual band-stacked frequency plan is used in this 
embodiment, the band translation devices 440a-440d are con 
?gured to sWap the positions of the upper and loWer band 
blocks When frequency translation is selected. 
[0102] Each of the band translation devices 440a-440d 
includes a mixer. The band translation sWitch 410 also 
includes one or more local oscillators (LO). In one embodi 
ment With a dual band-stacked frequency plan, a single LO 
can be routed to all of the band translation devices 440a-440d. 
In another embodiment, the local oscillator frequency can be 
?xed When a dual band-stacked frequency plan is imple 
mented. An LO frequency of 3 .l GHZ, or 2x (the band center 
mean), can be used to perform the frequency translation. 
[0103] In another embodiment, a plurality of variable fre 
quency LOs can be used With the band translation devices 
440a-440d. For example, each of the band translation devices 
440a-440d can have a separate independently controlled LO 
output frequencies. Thus, each of the band translation devices 
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440a-440d can frequency translate its input signal indepen 
dently of the frequency translation performed by any other 
band translation device. 
[0104] L0 buffer ampli?ers (not shoWn) distribute the sig 
nal from the LO output to each of the band translation devices 
440a-440d. The output of the band translation devices 440a 
440d are connected to the outputs of the band translation 
sWitch 410. 
[0105] Each of the outputs of the band translation sWitch 
410 is a dual bandstacked signal. Each of the outputs of the 
band translation sWitch 410 is connected to a ?lter 450a 
450d. The ?lters 450a-450d are con?gured to pass signals in 
one of the predetermined frequency bands in the dual band 
stacked frequency plan. The ?lters 450a-450d reject signals 
outside of the passband, including the signals at the undesired 
frequency band. The ?lters 450a-450d canbe con?gured With 
tunable passbands or can be con?gured to have ?xed pass 
bands. 
[0106] In the present embodiment, the ?lters 450a-450d are 
con?gured as bandpass ?lters With ?xed passbands. The ?rst 
?lter 45011 is con?gured as a bandpass ?lter that passes the 
upper band block of the frequency plan. A second ?lter 45019 
is con?gured as a bandpass ?lter that passes the loWer band 
block. Similarly, a third ?lter 4500 is con?gured to pass the 
upper band block and a fourth ?lter 450d is con?gured to pass 
the loWer band block. The outputs of the ?rst and second 
?lters 45011-45019 are connected to respective ?rst and second 
inputs of a ?rst signal combiner 460a. Similarly, the outputs 
of the third and fourth ?lters 4500-4500] are connected to ?rst 
and second inputs of a second signal combiner 46019. The 
?lters 450a-450d are not limited to bandpass ?lters, but can 
be, for example, bandpass ?lters (BPF), loWpass ?lters (LPF) 
or highpass ?lters (HPF). In other embodiments, other fre 
quency selective devices can be used to limit the frequency 
response of the outputs. The ?lters 450a-450d can have pass 
bands that are narroWer than the frequency bandWidth of the 
input signals. For example, an input to a ?lter, for example 
450a, can include multiple carriers. HoWever, the ?lter 450a 
can be con?gured to pass a subset of all of the carriers. 

[0107] The signal combiners 46011-46019 are con?gured to 
sum the signals provided at their inputs and to provide the 
summed signal at an output. The outputs from the signal 
combiners 46011-46019 are the band translated outputs of the 
signal distribution system 400. Each of the outputs is con 
nected to a set top box for further processing and for distri 
bution to an end user device. 

[0108] As discussed above, one or more frequency selec 
tive devices can be used as the ?lters 450a-450d. For 
example, a diplexer can be used to ?lter and to band-stack 
signals. The diplexer can be used as the ?lters, for example 
450a and 450b, and signal combiner 460a. 
[0109] Of course, the band translation sWitch 410 is not 
limited to operating With band stacked input signals. For 
example, each of the LNB’s can provide signals in the same 
frequency band. The band translation sWitch 410 can be con 
?gured to frequency translate and combine portions of the 
single band input signals. The crosspoint sWitch 430 can, for 
example, route the output of the ?rst ampli?er 42011 to a ?rst 
band translation device 44011. An L0 in the ?rst band trans 
lation device 440a can be con?gured to frequency translate 
the signal such that one or more channels from the input 
signal are translated to desired output frequencies. The ?rst 
?lter 450a can be con?gured to pass only those desired chan 
nels and reject all undesired frequencies and channels. 
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[0110] Similarly, the crosspoint sWitch 430 can be con?g 
ured to route the output of the second ampli?er 42019 to a 
second band translation device 4401). The second band trans 
lation device 4401) can be con?gured to frequency translate a 
portion of the input signal to desired output frequencies. The 
second ?lter 4501) can be con?gured to pass only those 
desired channels and reject all undesired frequencies and 
channels. 
[0111] The ?rst and second band translation devices 440a 
440b in conjunction With the ?rst and second ?lters 450a 
450b can be con?gured to produce selected channels in mutu 
ally exclusive frequency bands. The combiner 460a can then 
sum the ?ltered outputs to produce a composite output signal 
from independent single band input signals, Where each ?lter 
includes one or more channels. In one embodiment of the 
single band input signal con?guration, each band translation 
device and ?lter pair, for example 440a and 45011, is con?g 
ured to frequency translate one or more channels from each of 
one or more input signal bands. The frequency translated 
signals can be combined into a single band signal or a mul 
tiple band signal. 
[0112] Similarly, some embodiments can have multiple 
band translation devices and multiple ?lters. Each of the 
multiple band translation devices can frequency translate one 
or more channels from one or more input bands. The outputs 
of the multiple ?lters can be summed to provide a single 
composite signal having a desired channel line up. 
[0113] One embodiment of the band translation sWitch 410 
can be used in a signal distribution system designed to pro 
vide distribution of satellite television signals in a residence. 
The AGC ampli?ers 420a-420d provide variable gain and 
attenuation based on the poWer of the input signal. The mea 
surement point for the AGC function is at the output of the 
AGC ampli?ers 420a-420d and the gain of the crosspoint 
sWitch 430 and the band translation devices 440a-440d are 
?xed. 
[0114] EachAGC ampli?er 420a-420d folloWed by a cros 
spoint sWitch 430, band translation device 440a-440d, ?lter 
450a-450d, and signal combiner 46011-46019 can be con?g 
ured to provide a total gain that ranges from a minimum of —7 
dB to a maximum of +7 dB. The corresponding NE of a path 
through the band translation sWitch 410 from the AGC ampli 
?er, for example 42011, through to the output of a band trans 
lation device, for example 440a, can vary from, for example, 
a high of 24 dB to a loW of 10 dB. The signal path experiences 
a higher NF When providing attenuation and has a loWer NF 
When the gain is unity or greater. Similarly, the IIP3 associ 
ated With the signal path can range from a minimum of —7 
dBm to a maximum of +7 dBm. For example, the IIP3 of the 
signal path canbe —15, —10, —7, —6, —5, —4, —3, —2, —1, 0, +1, 
+2, +3, +4, +5, +6, +7, +10, +15, +20, +25, or +30 dBm. 
[0115] The IIP3 of the AGC ampli?er 42011 is typically 
higher When the ampli?er is con?gured to provide attenua 
tion, Which contributes to the composite IIP3 of the signal 
path. The IIP3 of the AGC ampli?er 420a can vary in propor 
tion to the gain of the ampli?er. 
[0116] Because the AGC ampli?er 420a also provides the 
signal to a cascade output, the characteristics of the AGC 
function at the cascade output are substantially the, same as 
the characteristics of the AGC ampli?er 42011. Also because 
the AGC function is provided before the cascade output, the 
bene?ts of the AGC function are experienced in the main 
signal path as Well as the signal path through the cascade 
output. 
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[0117] This band translation switch 410 con?guration can 
be used in a signal distribution system Where the input to the 
band translation sWitch 410 can be expected to vary over the 
range of —50 dBm through —10 dBm. The AGC ampli?ers 
420a-420d can be con?gured to have an output referred AGC 
setpoint of —17 dBm, Where the output refers to the output 
signal of the sWitch 400. The band translation sWitch 410 
need not actually measure the poWer at the output of the 
sWitch 400. Because the devices folloWing the band transla 
tion sWitch 410 have ?xed gains, the AGC output can be 
interpreted as being output referred to any point past an AGC 
ampli?er Where the gain or attenuation is ?xed. 
[0118] Using this AGC setpoint, the AGC ampli?er, for 
example 420a, provides a gain of 7 dB When the input signal 
is —24 dBm or beloW. Additionally, the AGC ampli?er 420a 
provides —7 dB of gain, or 7 dB of attenuation, When the input 
signal is —10 dBm or greater. Thus, Within the input poWer 
range of —24 dBm through —10 dBm the AGC ampli?er 420a 
provides a constant output poWer of —17 dBm. 
[0119] FIG. 5 is a functional block diagram of multiple 
band translation sWitches 510, 520, 530, 540, and 550, con 
nected in a signal distribution system. The band translation 
sWitches 510, 520, 530, 540, and 550, can be con?gured With 
LNBs to provide the distribution sWitch of FIG. 1. HoWever, 
as noted earlier, one or more of the band translation sWitches 
510, 520, 530, 540, and 550 can be positioned at other loca 
tions Within the signal distribution system. For example, one 
or more of the band translation devices can be positioned near 
the signal input, at an intermediate position Within the signal 
distribution system, or near a termination or destination 
device of the signal distribution system. 
[0120] A ?rst band translation sWitch 510 includes an LNA 
input that can be connected to an LNB that block converts a 
satellite doWnlink transmission. The output of the ?rst band 
translation sWitch 510 is connected to an input of a second 
band translation sWitch 520 that, in turn, has an output con 
nected to a thirdbans translation sWitch 530.A cascade output 
of the ?rst band translation sWitch 510 is connected to the 
input of a fourth band translation sWitch 540. The output of 
the fourth band translation sWitch 540 is connected to the 
input of a ?fth band translation sWitch 550. 

[0121] Each of the band translation sWitches, 510, 520, 
530, 540, and 550, can be the band translation sWitch of FIG. 
4 and can include one of the AGC ampli?ers of FIGS. 2A-2C. 
Each of the band translation sWitches, 510,520, 530, 540, and 
550, can be con?gured similarly to the ?rst band translation 
sWitch 510. In the ?rst band translation sWitch 510, an input 
VGA 512 receives the input signal from the LNB’s. [ ] The 
VGA 512 typically has a loW noise ?gure, such that the noise 
?gure of the band translation sWitch 510 from the input to a 
band translation output is beloW 3 dB, 4 dB, 5 dB, 6 dB, 8 dB, 
10 dB, 12 dB, 14 dB, 15 dB, 20 dB, 25 dB, 30 dB, 35 dB or 40 
dB. The noise ?gure of the band translation sWitch 510 from 
an input to the cascade output is typically closer to the value 
of noise ?gure of the VGA 512 and can be, for example less 
than 3 dB, 4 dB, 5 dB, 6 dB, 8 dB, 9 dB, 10 dB, 12 dB, 14 dB, 
15 dB, 20 dB, 24 dB, 25 dB, 30 dB, 35 dB or 40 dB. 
[0122] Additionally, theVGA 512 contributes to the llP3 of 
the band translation sWitch 510. The band translation sWitch 
510 typically has an llP3, measured from an input to an output 
of a band translation device, of greater than —40, —30, —20, 
—10, —8, —7, —6, —5, —4, —3, —2, —1,0, +1, +2, +3, +4, +5, +6, 
+7, or +8, +15, +20, +22, +25, +26, +27, +28, +29, or +30 
dBm. Similarly, the band translation sWitch 510 typically has 
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an llP3, measured from an input to the cascade output of 
greater than —10, —5, +1, +2, +3, +4, +5, +6, +7, +8, +9, +10, 
+15, +20, +25, or +30 dBm. 
[0123] The output of the VGA 512 is connected to a detec 
tor 514 and N><M crosspoint sWitch 516. The detector 514 
detects the poWer output by the VGA 512 and provides a 
detected output that is connected to the control input of the 
VGA 512. Additionally, the output of the VGA 512 drives the 
cascade output of the ?rst band translation sWitch 510. The 
output of the N><M crosspoint sWitch 516 is connected to a 
band translation device 518. 

[0124] Although only one VGA 512 and detector 514 are 
shoWn in the ?rst band translation sWitch 510, more than one 
VGA 512 and cascade output can be included in a band 
translation sWitch, as shoWn in FIG. 4. Thus, the bene?ts of 
having anAGC function in line With a signal distribution path 
can be provided to tWo signal paths originating from a single 
VGA, for example 512, in a single band translation sWitch, 
510. 

[0125] Each of the subsequent band translation sWitches 
520, 530, 540 and 550, can also be connected to signal paths 
at their cascade outputs and can likeWise control the signal 
level and minimiZe the subsequent noise contributions by 
utiliZing an input AGC stage. The fourth band translation 
sWitch 540 connected to a cascade output of the ?rst band 
translation sWitch 510 does not contribute noise to the origi 
nating signal path and further controls noise contributions 
from subsequent stages. 
[0126] FIG. 6 is a ?owchart of a signal distribution method 
600 for use in a signal communication system, such as the 
satellite communication system shoWn in FIG. 1. The method 
600 begins at block 602 Where the distribution signals are 
received. The signals can be received from a satellite, as in 
FIG. 1, or can be received from an antenna con?gured to 
receive terrestrial signals, a cable, or an optical link. Addi 
tionally, the signals can be received from a combination of 
sources. 

[0127] After receiving the signals to be distributed, the 
signals are ampli?ed, typically by a loW noise ampli?er, as 
shoWn in block 610. Because the gain can be varied from a 
positive gain value to a negative value, the ampli?er may not 
be a loW noise ampli?er under all operating conditions and 
can be an attenuator under some operating conditions. In this 
context, a negative gain value refers to attenuation. 

[0128] After ampli?cation, the output poWer is measured, 
block 612. Because output poWer is measured after the gain 
stage, the subsequent AGC function based on the measured 
output poWer can be referred to as output referred AGC. The 
measured output poWer is then used as a factor for varying the 
gain, block 614. As previously discussed, the gain can typi 
cally be varied over a range spanning positive gain to attenu 
ation. 

[0129] A cascade output is also provided, block 620, and 
can be provided after the AGC function. The gain controlled 
signal can be provided as a cascade output, as is shoWn in 
FIGS. 4 and 5. 

[0130] Additionally, the signal is routed to a destination 
path, block 630, such as by the N><M crosspoint sWitch shoWn 
in FIG. 4. The signal that is routed to the destination by the 
N><M crosspoint sWitch is typically independent of the signal 
provided to the cascade output. Thus, as is shoWn in the band 
translation sWitch of FIG. 4, the output of the AGC section is 
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provided as a cascade output and is also provided to the input 
of the N><M crosspoint switch to be routed to one of M 
possible distribution paths. 
[0131] The signal that is routed to a distribution path can 
then be band translated, block 640. A band translation block 
can include a mixer to selectively translate the signal from a 
?rst frequency block to a second frequency block. Addition 
ally, the band translation block can be con?gured to have a 
pass through path Where the signal is not frequency trans 
lated. 
[0132] FolloWing band translation, the signal output from 
the band translation block can be ?ltered, block 650, to 
remove noise and unWanted frequency components that are 
outside of a band of interest. TWo or more of the ?ltered 
signals can be combined to produce a composite signal, block 
660. The tWo or more ?ltered signals can originate from one 
or more independent signal distribution paths. Each of the 
?ltered signals can be in a distinct frequency band. Altema 
tively, one or more of the ?ltered signals can be in a frequency 
band that overlaps the frequency band of another of the ?l 
tered signals. 
[0133] Although the method 600 is shoWn with How from 
one block to the next, the order of the method blocks is not 
limited to the order shoWn in FIG. 6. 
[0134] The discussion provided above describes an AGC 
ampli?er in conjunction With a signal distribution device and 
method of signal distribution using AGC in conjunction With 
a signal distribution device. The AGC ampli?er in combina 
tion With a signal distribution device alloWs for insertion of 
in-line cascadable devices Without signi?cantly degrading 
the system SNR. The AGC ampli?er can also include a cas 
cade output to alloW for creation of additional signal distri 
bution paths Without the additional path signi?cantly degrad 
ing the performance of the signal path from Which it branches 
and/ or the signal path it feeds. The cascade output can be used 
to provide the AGC function Without the subsequent signal 
distribution function. This may be particularly advantageous, 
for example, When the signal distribution function is a band 
translation function. 
[0135] The AGC ampli?er in combination With a signal 
distribution device can be inserted as an in-line device that 
minimiZes degradation of system SNR regardless of its loca 
tion Within the signal distribution system. An output referred 
AGC function is used to keep output poWer relatively con 
stant over an input operating range in order to maintain an 
optimal signal operating range Within the distribution system. 
[0136] Electrical connections, couplings, and connections 
have been described With respect to various devices or ele 
ments. The connections and couplings can be direct or indi 
rect. A connection betWeen a ?rst and second device can be a 
direct connection or can be an indirect connection. An indi 
rect connection can include interposed elements that can pro 
cess the signals from the ?rst device to the second device. 
[0137] Those of skill in the art Will understand that infor 
mation and signals can be represented using any of a variety 
of different technologies and techniques. For example, data, 
instructions, commands, information, signals, bits, symbols, 
and chips that can be referenced throughout the above 
description can be represented by voltages, currents, electro 
magnetic Waves, magnetic ?elds or particles, optical ?elds or 
particles, or any combination thereof. 
[0138] Those of skill Will further appreciate that the various 
illustrative logical blocks, modules, circuits, and algorithm 
steps described in connection With the embodiments dis 
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closed herein can be implemented as electronic hardWare, 
computer softWare, or combinations of both. To clearly illus 
trate this interchangeability of hardWare and softWare, vari 
ous illustrative components, blocks, modules, circuits, and 
steps have been described above generally in terms of their 
functionality. Whether such functionality is implemented as 
hardWare or softWare depends upon the particular application 
and design constraints imposed on the overall system. Skilled 
persons can implement the described functionality in varying 
Ways for each particular application, but such implementation 
decisions should not be interpreted as causing a departure 
from the scope of the present invention. 
[0139] The various illustrative logical blocks, modules, and 
circuits described in connection With the embodiments dis 
closed herein can be implemented or performed With a gen 
eral purpose processor, a digital signal processor (DSP), an 
application speci?c integrated circuit (ASIC), a ?eld pro 
grammable gate array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardWare 
components, or any combination thereof designed to perform 
the functions described herein. A general-purpose processor 
can be a microprocessor, but in the alternative, the processor 
can be any processor, controller, microcontroller, or state 
machine. A processor can also be implemented as a combi 
nation of computing devices, for example, a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction With a DSP core, 
or any other such con?guration. 
[0140] The steps of a method or algorithm described in 
connection With the embodiments disclosed herein can be 
embodied directly in hardWare, in a softWare module 
executed by a processor, or in a combination of the tWo. A 
softWare module can reside in RAM memory, ?ash memory, 
ROM memory, EPROM memory, EEPROM memory, regis 
ters, hard disk, a removable disk, a CD-ROM, or any other 
form of storage medium. An exemplary storage medium can 
be coupled to the processor such the processor can read infor 
mation from, and Write information to, the storage medium. 
In the alternative, the storage medium can be integral to the 
processor. The processor and the storage medium can reside 
in an ASIC. 
[0141] The above description of the disclosed embodi 
ments is provided to enable any person skilled in the art to 
make or use the invention. Various modi?cations to these 
embodiments Will be readily apparent to those skilled in the 
art, and the generic principles de?ned herein can be applied to 
other embodiments Without departing from the spirit or scope 
of the invention. Thus, the invention is not intended to be 
limited to the embodiments shoWn herein but is to be 
accorded the Widest scope consistent With the principles and 
novel features disclosed herein. 

What is claimed is: 
1. An apparatus comprising: 
a) at least one variable gain ampli?er having an output; 
b) a ?rst crosspoint sWitch having a plurality of ?rst cros 

spoint sWitch inputs and a plurality of ?rst crosspoint 
sWitch outputs, each of the ?rst crosspoint sWitch inputs 
coupled to the output of a respective one of the variable 
gain ampli?ers, the ?rst crosspoint sWitch operable to 
sWitchably couple any of the plurality of ?rst crosspoint 
sWitch inputs to any one or more of the plurality of ?rst 
crosspoint sWitch outputs; and 

c) at least one frequency translation device having an input 
coupled to a respective ?rst crosspoint sWitch output. 
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2. The apparatus of claim 1, wherein each of the plurality of 
variable gain ampli?ers comprises: 

a) a signal input coupled to receive a respective one of a 
plurality of satellite signals; 

b) a control input; and 
c) an output coupled to one of the inputs of the crosspoint 

sWitch, Wherein each of the variable gain ampli?ers is 
operable, responsive to a control signal received at the 
control input, to apply gain or attenuation to signals 
applied to the signal input of the variable gain ampli?er. 

3. The apparatus of claim 2, further comprising a respective 
plurality of detectors, each detector having an input coupled 
to the signal input of a respective one of the variable gain 
ampli?ers and an output coupled to the control input of the 
respective variable gain ampli?er, each detector generating a 
control signal to control the gain or attenuation level of the 
respective variable gain ampli?er as a function of poWer 
detected by the detector. 

4. The apparatus of claim 2, further comprising a respective 
plurality of detectors, each detector having an input coupled 
to the output of a respective one of the variable gain ampli?ers 
and an output coupled to the control input of the respective 
variable gain ampli?er to control the gain or attenuation level 
of the variable gain ampli?er as a function of the poWer 
detected. 

5. An apparatus comprising: 
a) at least one variable gain ampli?er having a signal input; 
b) a crosspoint sWitch having a plurality of N crosspoint 

sWitch inputs and a plurality of crosspoint sWitch out 
puts, each of the N crosspoint sWitch outputs coupled to 
the signal input of a respective one of the variable gain 
ampli?ers, the crosspoint sWitch operable to sWitchably 
couple any of the plurality of N crosspoint sWitch inputs 
to any one or more of the plurality of crosspoint sWitch 
outputs; and 

c) at least one frequency translation device having an input, 
each variable gain ampli?er output coupled to an input to 
a respective one of the frequency translation devices. 
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6. The apparatus of claim 5, further comprising a plurality 
of detectors, each detector having an input coupled to the 
input of a respective one of the variable gain ampli?ers and an 
output coupled to the control input of the respective variable 
gain ampli?er, each of the detectors operable to control the 
gain or attenuation level of the respective variable gain ampli 
?er as a function of the poWer detected. 

7. The apparatus of claim 5, further comprising a plurality 
of detectors, each detector having an input coupled to the 
output of a respective one of the variable gain ampli?ers and 
an output coupled to the control input of the respective vari 
able gain ampli?er, each of the detectors operable to control 
the gain or attenuation level of the respective variable gain 
ampli?er as a function of the poWer detected. 

8. The apparatus of claim 1, Wherein each one of the cros 
spoint sWitch outputs is con?gured to couple to a single 
output device. 

9. The apparatus of claim 1, Wherein at least one of the 
crosspoint sWitch outputs is con?gured to couple to more than 
one output device. 

10. A method for distributing one or more channels 
included Within each of N plurality of satellite signals over a 
netWork to one or more of output devices, the method com 
prising: 

a) inputting into a crosspoint sWitch each of the N satellite 
signals; 

b) variably adjusting a poWer level of at least one cross 
point sWitch output signal; and 

c) sWitching any channel included Within the N satellite 
signals to one or more of a plurality of output devices via 
the crosspoint sWitch, Wherein a single crosspoint 
sWitch is operable to selectively sWitch any channel 
included Within the N satellite signals supplied to any 
one of the output devices. 

11. The method of claim 10, Wherein variably adjusting a 
poWer level comprises attenuating the signals. 

12. The method of claim 10, Wherein variably adjusting a 
poWer level comprises amplifying the signals. 

* * * * * 


