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SYSTEM FOR RECEIVING MULTIPLE 
INDEPENDENT RF SIGNALS HAVING 

DIFFERENT POLARIZATIONS AND SCAN 
ANGLES 

[0001] This invention Was made under Government Con 
tract N00178-99-9-9001. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to active array RF 
systems and more particularly to a receiver capable of 
simultaneously receiving N independent RF input signals, 
Which can respectively have different, scan angles and be 
circularly or linearly polarized. 

BACKGROUND OF THE INVENTION 

[0003] The prior art describes various active array RF 
systems useful in a Wide range of military and commercial 
applications for handling circularly and/or linearly polarized 
signals. For eXample only, US. Pat. No. 6,020,848 describes 
a phased array antenna system that alloWs reception of 
electrically selectable single polarity or simultaneous dual 
polarity/dual beam signals. 

SUMMARY OF THE INVENTION 

[0004] The present invention is directed to a Wideband 
receiver system capable of simultaneously receiving mul 
tiple independent polarized (linearly or circularly) RF input 
signals from multiple sources Within a Wide scan angle 
range. Embodiments of the invention are suitable for a Wide 
range of military and commercial application. The eXem 
plary embodiment described herein is particularly suited for 
receiving input signals Within the X/Ku band, e.g., betWeen 
10.9 and 15.35 Ghz. 

[0005] A preferred receiver in accordance With the inven 
tion utilizes ?rst and second linear orthogonal radiators for 
respectively receiving composite signals RFX and RFY. 
Each of the composite signals can contain multiple inde 
pendent RF input signals, e.g., F1 at a frequency of f1, F2 at 
a frequency of f2, . . . FN at frequency fN. The composite 

signals, RFX and RFY, are respectively divided into multiple 
components, e.g., (Where N=4) RFX1, RFX2, RFX3, RFX4 
and RFY1, RFYZ, RFY3, RFY4. The RFX and RFY compo 
nents are then uniquely paired and processed in a polariza 
tion compensation stage by selective phase shifting based on 
the knoWn polarization (e.g., left hand circular, right hand 
circular, linear 0-90°/180°-270°, and linear 90°-180°/270° 
360°) of the signals to be received to produce four coherent 
signals, i.e., RFXY1, RFXYZ, RFXY3, RFXY4. These four 
coherent signals are then selectively phase shifted in a scan 
angle compensation stage to recover the input signals F1, 
F2, F3, F4. The recovered input signals are then preferably 
band pass ?ltered. 

[0006] More particularly, in a preferred embodiment, the 
composite signal RFX is applied to a four Way divider Which 
produces the four signals components RFX1, RFX2, RFX3, 
RFX4. Similarly, the composite signal RFY is applied to a 
four Way divider to produce the signal components RFY1, 
RFYZ, RFY3, RFY4. Each signal component contains contri 
butions from the four input signals F1, F2, F3, F4. The RFX 
signal components are then respectively passed through 
controllable 90° phase shift branches and the RFY signal 
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components are respectively passed through controllable 
180° phase shift branches. The output of each 90° phase shift 
branch is uniquely paired With an output from a 180° phase 
shift branch and then summed in one of four tWo-Way 
combiners to produce a coherent output. The 90° and 180° 
phase shift branches are digitally controlled to de?ne a 
desired polarization angle, i.e., right hand circularly polar 
ized, left hand circularly polarized, or linearly polarized, for 
each branch pairing. The folloWing table describes an eXem 
plary tWo bit control of the polarization phase shifters for 
each branch pairing for each polarity condition: 

POLARIT'Y 90° shifter 180° shifter 

Right Hand Circular ON OFF 
Left Hand Circular ON ON 
Linear 0°—90°/180°—270° OFF OFF 
Linear 90°—180°/270°—360° OFF ON 

[0007] The coherent outputs of the four tWo-Way combin 
ers, each containing the input signals F1, F2, F3, F4, are then 
respectively applied to four digitally controlled phase 
shifters to compensate for scan angle. More particularly, the 
output of the ?rst tWo-Way combiner processing signals 
RFX1 and RFY1 is applied to a ?rst phase shifter Which is 
digitally controlled to de?ne the scan angle of the input 
signal F1. Similarly, the outputs of the second, third and 
fourth tWo-Way combiners are respectively applied to the 
second, third and fourth phase shifters Which are respec 
tively digitally controlled to de?ne the scan angles of signals 
F2, F3, F4. The outputs from the scan angle phase shifters, 
Which comprise the received input signals F1, F2, F3, F4, are 
then preferably passed through band ?lters respectively 
tuned to f1, f2, f3, f4. A preferred implementation of a 
receiver in accordance With the invention utilizes multiple 
substrates con?gured for stacking into a compact substrate 
assembly. The preferred substrate assembly includes siX 
substrates or layers con?gured as folloWs: 

[0008] Layer 1=Radiator/Balun Substrate 

[0009] Layer 2=LoW Noise Ampli?er (LNA) Sub 
strate 

[0010] Layer 3=First Circular/Linear Polarization 
Control Substrate 

[0011] Layer 4=Second Circular/Linear Polarization 
Control Substrate 

[0012] Layer 5=Scan Control Substrate 

[0013] Layer 6=Regulator Substrate 

[0014] The substrates are connected vertically preferably 
using fuzz-button interconnects, and caged via hole tech 
nology. 
[0015] The preferred substrate assembly comprises a siX 
teen channel device. That is the Radiator/Balun substrate 
forms a siXteen element matrix in Which each element 
contains orthogonally polarized radiators for supplying 
composite signals RFX and RFY. Each element is coupled 
through the layers of the stack assembly forming the afore 
disccussed receiver to recover four input signals F1, F2, F3, 
F4 
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BRIEF DESCRIPTION OF THE FIGURES 

[0016] FIG. 1 is a block diagram depicting the architec 
ture of a receiver in accordance With the present invention; 

[0017] FIG. 2 is a block diagram showing a preferred 
electronic implementation of the receiver architecture of 
FIG. 1; 

[0018] FIG. 3 is an exploded isometric illustration of a 
stack assembly implementing sixteen channels of an active 
array RF system Where each channel can receive four 
independent RF input signals; and 

[0019] FIG. 4 is an exploded isometric illustration of an 
exemplary layer of the stack assembly of FIG. 3. 

DETAILED DESCRIPTION 

[0020] Attention is initially directed to FIG. 1 Which 
generally depicts a receiver 100 in accordance With the 
invention for simultaneously receiving multiple independent 
RF input signals. The exemplary multiple input signals are 
represented in FIG. 1 as F1, F2, F3, F4 and are shoWn as 
emanating from respective independent signal sources (s/s). 
The characteristics of the signal sources can vary Widely 
depending on the application of the receiver 100. For 
example, the signal sources can be satellite based for use in 
a variety of commercial and direct-to-home systems for 
transferring broadcast television and/or internet and/or data 
signals. In other applications, the signal sources can com 
prise aircraft, ships, and land based stations for providing 
communication therebetWeen. 

[0021] The input signals F1, F2, F3, F4, to be discussed 
herein Will be presumed to be operating at frequencies f1, f2, 
f3, f4, respectively. Each independent input signal Will also 
be presumed to be polariZed, either linearly or circularly 
(right hand or left hand) and to be directed at a knoWn scan 
angle relative to the receiver 10. The intended function of the 
receiver 10 is to be able to simultaneously receive multiple 
input signals despite their exhibiting different scan angles 
and polariZations. A receiver in accordance With the inven 
tion Will herein be described With reference to a preferred 
embodiment intended to handle received input signals in the 
10.9 to 15.35 GHZ range Wherein each input signal can be 
circularly or linear polariZed and can exhibit a scan angle 
Within a range —45° to +45° relative to the receiver. 

[0022] The receiver 10 is comprised of a ?rst radiator 12 
and a second radiator 13 mounted orthogonal to one another. 
The radiators 12 and 13 respectively yield composite output 
signals RFX and RFY in response to the signal energy 
incident on the radiators. Thus the composite signals RFX 
and RFY each contain contributions from input signals F1, 
F2, F3, F4. As shoWn in FIG. 1, the composite signal RFX 
is applied through a balun 14 to a loW noise ampli?er 15. 
Similarly the composite signal RFY is applied through a 
balun 16 to a loW noise ampli?er 17. The output of loW noise 
ampli?er 15 is applied to divider circuit 18 Which produces 
four substantially equal component signals RFX1, RFX2, 
RFX3, RFX4. Similarly, the output of loW noise ampli?er 17 
is coupled through divider circuit 19 to produce four sub 
stantially equal component signals RFY1, RFYZ, RFY3, 
RFY4. The RFX and RFY component signals are all applied 
to the input of a polarity compensation stage 20. 

[0023] The polarity compensation stage 20 is comprised of 
multiple channels or branch pairs. Each branch pair 21 
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includes a 90° phase shift branch 22 and a 180° phase shift 
branch 23. More particularly, note in FIG. 1 that the RFX 
components supplied by divider 18 are respectively applied 
to different 90° phase shift branches 22 Within the polarity 
compensation stage 20. Each 90° phase shift branch 22 is 
depicted as including a digitally controllable 90° phase 
shifter 24 and one or more ampli?er stages. Similarly, the 
component outputs from divider 19 are respectively applied 
to different 180° phase shift branches 23, each branch 
including a digitally controllable 180° phase shifter 25 and 
one or more ampli?er stages. 

[0024] A digital controller 27 is provided for selectively 
controlling the states (i.e., on/off) of each of the phase 
shifters 24, 25 in the polarity compensation stage 20. Thus, 
for example, four bits (output 28) respectively control the 
four 90° phase shifters 24. Similarly, four bits (output 29) 
respectively control the four 180° phase shifters 115. Polar 
ity compensation is effected in each branch pair accordance 
With the folloWing table: 

POLARITY 90° shifter 180° shifter 

Right Hand Circular ON OFF 
Left Hand Circular ON ON 
Linear O°—90°/180°—270° OFF OFF 
Linear 90°—180°/270°—360° OFF ON 

[0025] Operation in accordance With the foregoing table 
enables the polarity compensation stage 20 to phase align 
paired RFX and RFY component signals to produce coherent 
output signals RFXY1, RFXYZ, RFXY3, RFXY4 from the 
respective branch pairs. Each branch pair output signal 
constitutes the sum of respective branch signals. These 
coherent branch pair output signals are then applied to 
different channels of a scan angle compensation stage 30. 

[0026] The scan angle compensation stage 30 is depicted 
as being comprised of four channels, each channel 31 being 
comprised of a digitally controllable attenuator 32 connected 
in series With a digitally controllable phase shifter 33. 

[0027] A tWelve bit controller output (i.e., three bits per 
channel) 35 controls the four attenuators 32. The attenuators 
function to balance the amplitudes on the multiple channels 
of compensation stage 30. 

[0028] A sixteen bit controller output 36 (i.e., four bits per 
channel) controls the phase shifters 33 to de?ne a scan angle 
for each channel. Typically, each coherent signal, e. g., 
RFXY1, applied to the scan angle compensation stage 30 Will 
contain a dominant input signal dependent upon the angle of 
incidence of the input signal energy on the radiators. 

[0029] Thus, it should noW be understood hoW the polarity 
compensation stage 20 and the scan angle compensation 
stage 30 together process the composite signals supplied by 
the radiators 12 and 13 to recover the input signals F1, F2, 
F3, F4 at the outputs of the phase shifters 33. The outputs 
from the phase shifters 33 are preferably respectively 
directed through band pass ?lters 38 respectively tuned to 
the input signal frequencies, i.e., f1, f2, f3, f4. 

[0030] Attention is noW directed to FIG. 3 Which illus 
trates a preferred structural implementation of the invention 
Which comprises a sixteen channel substrate assembly 100 
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(sometimes called “Receive Tile”) for use in an active 
phased array antenna system for receiving four simultaneous 
input signals Within the X/Ku band Which can exhibit 
various scan angles and be variously polarized. FIG. 2 is a 
block diagram illustrating the functional circuitry for a 
single channel of the assembly 100. 

[0031] The substrate assembly 100 shoWn in FIG. 3 is 
comprised of six substrates or layers, that are stacked on top 
of one another. An exploded vieW of a single exemplary 
substrate is shoWn in FIG. 4. These substrates technology to 
form the assembly 100. The top substrate layer comprises a 
matrix 101 of sixteen radiator elements mounted adjacent to 
a balun substrate 102. Each radiator element includes tWo 
orthogonal polariZed square patch radiators. Each pair of 
orthogonal radiators makes possible the reception of vari 
ously polariZed signals as described in connection With FIG. 
1. The radiator matrix 101 is attached to the balun substrate 
102 Which preferably comprises a multilayer LTCC sub 
strate. The balun substrate 102 is attached to an aluminum 
graphite frame 103, e.g., by ?lm epoxy 113 (FIG. 4). The 
frame 103 supports the FuZZ-button interconnects 111 and 
enables vertical connection betWeen the multiple substrates. 
The FuZZ-button interconnects 111 support the propagation 
of RF, DC and digital signals betWeen the substrates. 

[0032] BeloW the radiator/balun substrate layer is a loW 
noise ampli?er (LNA) substrate 104. This multilayer LTCC 
substrate has a strip line and a tWo-Way divider 201 (FIG. 
2) for inputting and outputting RF signals, respectively, to 
and from the loW noise ampli?er chip 300. Sixteen loW noise 
ampli?er chips 300 are installed in the substrate 104. The 
LNA chips are connected to the strip line and output divider 
by caged via holes 112 and strip lines. The DC signals are 
also delivered to the chip by the caged via holes. 

[0033] Each pair of orthogonal radiators of matrix 101 
responds to incident signal energy by feeding the aforedis 
ccussed composite signals REX and RFY to a loW noise 
ampli?er chip 300. The outputs of the loW noise ampli?er 
chip are connected to a strip line divider 201 that divides the 
signal into tWo substantially equal component signals. The 
LNA chip 300 comprises a tWo-channel ampli?er. Each 
channel is a ?ve stage balanced loW noise ampli?er 301 that 
operates in 9.75 to 15.35 GHZ frequency range. Each 
channel consists of a tWo stage loW noise ampli?er 302 With 
tWo Lang couplers 303 at input and output and a three stage 
buffer ampli?er 304 With tWo Lang couplers 303 at input and 
output. The loW noise ampli?er chip 300 provides ampli? 
cation for the composite input signals REX and RFY from the 
radiators to maintain the active array’s loW noise ?gure, high 
input return loss and Wide bandWidth. The LNA substrate 
104 is attached to an aluminum-graphite frame 105 using 
?lm epoxy 113. The substrate 104 is then connected to the 
radiator/balun substrate 102 via FuZZ-button interconnection 
111. 

[0034] The assembly 100 further includes a ?rst circular/ 
linear polariZation substrate 106 interconnected beloW the 
LNA substrate 104. This multi-layer LTCC substrate 106 has 
a tWo-Way divider 201 and a tWo-Way combiner 202 for 
inputting and outputting RF signals, respectively, to and 
from a circular/linear polariZation chip 400 in substrate 106. 
Sixteen chips 400 are installed in the circular/linear polar 
iZation substrate 106. These chips are connected to the input 
divider 201 and output combiners 202 via caged via holes 
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112 and strip lines. DC and digital signals are also delivered 
to the chip by the caged via holes. 

[0035] Each input divider on substrate 106 divides an 
output signal from the LNA substrate 104 to produce sub 
stantially equal component signals Which are fed to the 
circular/linear polariZation chip 400. Each of the chips 400 
includes digitally (one bit) controllable 90° phase shifters 
and digitally (one bit) controllable 180° phase shifters, as 
described in connection With FIG. 1. Each of the chips 400 
also includes a serial to parallel converter (SPC) for con 
verting a serial control stream to parallel control bits for 
controlling the phase shifters. The SPC devices are prefer 
ably implemented by gallium arsenide (GaAs) technology 
and integrated into the chip design. The integration of digital 
and RF circuits on the chips 400 enables the realiZation of 
high performance Within a very compact physical package. 
The output combiners 202 on substrate 106 combine the 
output signals from the circular/linear polariZation (CP/LP) 
chip 400. The substrate 106 is attached to an aluminum 
graphite frame 105 using ?lm epoxy 113. 

[0036] The CP/LP chip 400 is a four-channel receiver chip 
that is capable of simultaneously receiving tWo linearly or 
circularly polariZed signals. Each of channels one and tWo 
consists of a tWo-stage ampli?er 403, a 90° phase shift 404, 
and a one stage ampli?er 405. Each of channels three and 
four consists of a tWo-stage ampli?er 406, 180° phase shift 
407, and a one stage ampli?er 408. The four bit digital serial 
to parallel converter 409 uses three TTL signals to control 
the phase shifters bits that control the polariZation angles of 
the received signals. Channels one and three receive the 
linear and orthogonal components of the ?rst signal applied 
to chip 400. Channels tWo and four receive the linear and 
orthogonal components of the second signal applied to chip 
400. The ampli?er stages provide ampli?cation for incom 
ing signals. The control bits controlling of the 180° and 90° 
phase shifts enable phase alignment of the differently polar 
iZed received signals, as described in the previously pre 
sented table. 

[0037] BeloW the ?rst circular/linear polariZation substrate 
106 is a second circular/linear polariZation substrate 107. 
The substrate 107 is substantially identical to substrate 106 
and includes a tWo-Way divider 201 and a tWo-Way com 
biner 202 for inputting and outputting RF signals, respec 
tively, to and from its circular/linear polariZation chip 400. 
Sixteen chips 400 are installed in the circular/linear polar 
iZation substrate 107. It should be understood from FIG. 2 
and the earlier discussion of FIG. 1 that substrate 106 
produces coherent signals RFXYZ and RFXY3 and substrate 
107 produces coherent signals RFXYl and RFXY4. BeloW the 
circular/linear polariZation substrate 107 is the scan sub 
strate 108. This multilayer LTCC substrate has strip lines for 
inputting and outputting RF signals to and from the scan 
chips 500. Sixteen scan chips 500 are installed in the scan 
substrate 108. These chips are connected to the input and 
output strip lines via caged via holes 112 and strip lines. The 
DC and digital signals are also delivered to the chip 500 by 
the caged via holes. The four coherent output signals pro 
duced by the circular/linear polariZation substrates 106, 107 
are fed to the scan chip 500. Each of the scan chips 500 is 
comprised of four channels 501 Where each channel includes 
a digitally (three bits) controllable attenuator 502 and a 
digitally (four bits) controllable phase shifter 504 as previ 
ously described in connection With FIG. 1. Each channel 
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501 consists of a three bit attenuator 502 and four bit phase 
shifter. Each three bit attenuator 502 has 0.5, 1 and 2 dB bits. 
Each four bit phase shifter 504 has 22.5°, 45°, 90° and 180° 
phase bits. Each chip 500 also includes a serial to parallel 
converter 507 for converting a serial tWenty-eight bit stream 
to parallel bits for controlling the attenuators and phase 
shifters. The attenuators facilitate proper signal balancing 
and tapering for a phased array antenna to reduce side lobes. 
The scan chip 500 controls the scan angle of the receiver as 
described in connection With FIG. 1 and enables the receiver 
to receive signals With different scan angles. 

[0038] The serial to parallel converter 507 on each chip 
500 is preferably implemented using GaAs technology to 
enable the integration of digital and RF circuitry on the chip. 
This integration facilitates the ability to minimize the space 
requirements of the overall substrate assembly. Moreover, 
since the operating frequency of an active array antenna is 
determined by the spacing betWeen radiator elements, the 
minimiZation of siZe permits the realiZation of improved 
high frequency electrical performance. 

[0039] The scan substrate 108 is attached to an aluminum 
graphite frame 105 using ?lm epoXy 113 and connected to 
the circular/linear polariZation substrate 107 via FuZZ-button 
interconnections 111. 

[0040] The regulator substrate 109 is located beloW the 
scan substrate 108. This multilayer LTCC substrate 109 
contains four sixteen-Way combiners 602 that combine the 
output signals from the sixteen scan chips 500. The regulator 
substrate 109 also contains regulator chips 604 for providing 
DC signals for the various chips in assembly 100 and for 
sWitches 606 for turning the chips on and off. The regulator 
substrate 109 has a multi-pin connector for delivering DC 
and digital signals, capacitors for DC and digital ?ltering, 
and four GPO connectors for bringing RF signals out of the 
substrate assembly 100. This substrate 109 is attached to an 
aluminum-graphite frame 110 using ?lm epoXy 113. The 
multiple substrate frames 111 are fastened together using 
screWs 114, 115 or by any suitable alternative fastening 
system. 

[0041] The four output signals from each of the sixteen 
scan chips 500 on substrate 108 are connected via combiners 
602 to the four bandpass ?lters 800 that are respectively 
tuned to f1, f2, f3, f4. The ?lters 800 are preferably installed 
outside of the substrate assembly 100. 

[0042] From the foregoing, it should noW be clear that an 
apparatus has been described enabling a receiver to simul 
taneously receive multiple independent RF input signals 
Which can have different polariZations and different scan 
angles. Although a preferred embodiment has been 
described in detail, it should be appreciated that many 
variations and modi?cations Will occur to those skilled in the 
art Which fall Within the spirit of the invention and intended 
scope of the appended claims. 

1. An RF receiver capable of simultaneously receiving 
multiple independent RF input signals, each signal being 
characteriZed by a certain scan angle and a certain circular 
or linear polariZation, said receiver comprising: 

a ?rst radiator responsive to incident RF signal energy for 
producing a composite signal RFX; 
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a second radiator orthogonal to said ?rst radiator respon 
sive to incident RF signal energy for producing a 
composite signal RFY; 

means dividing said composite signal RFX into multiple 
component RFX signals; 

means dividing said composite signal RFY into multiple 
component RFY signals; 

polariZation compensation means including multiple pro 
cessing channels, each processing channel con?gured 
to uniquely pair one of said component RFX signals 
With one of said component RFY signals, each of said 
processing channels including 90° and 180° phase 
shifters controllable to phase align a pair of said RFX 
and RFY component signals to produce a coherent 
channel output signal; and 

scan angle compensation means for processing said mul 
tiple coherent channel output signals to recover said 
multiple input signals, said scan angle compensation 
means including means for selectively phase shifting 
each of said coherent channel output signals. 

2. The receiver of claim 1 Wherein each of said processing 
channels includes a ?rst branch for processing an RFX 
component signal comprising a digitally controllable 90° 
phase shifter and a second branch for processing an RFY 
component signal comprising a digitally controllable 180° 
phase shifter. 

3. The receiver of claim 2 Wherein said 90° and 180° 
phase shifters are controlled in the folloWing manner: 

POLARIT'Y 90° shifter 180° shifter 

Right Hand Circular ON OFF 
Left Hand Circular ON ON 
Linear O°—90°/180°—270° OFF OFF 
Linear 90°—180°/270°—360° OFF ON 

4. The receiver of claim 2 including means for combining 
processed component signals produced by said ?rst and 
second branches to produce said coherent signal. 

5. The receiver of claim 1 Wherein said scan angle 
compensation means includes multiple processing channels; 
and 

a digitally controlled variable phase shifter in each of said 
processing channels. 

6. The receiver of claim 5 Wherein each of said processing 
channels further includes a digitally controlled variable 
attenuator. 

7. The receiver of claim 1 Wherein said polariZed com 
pensation means is implemented by one or more electronic 
polariZation chips and said scan angle compensation means 
is implemented by one or more scan chips; 

a ?rst planar substrate mounting said polariZation chips; 

a second planar substrate mounting said scan chips; and 
Wherein 

said ?rst and second substrates are stacked on one another 
and electrically interconnected Within the peripheral 
boundary of said substrates. 
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8. The receiver of claim 7 further including: 

a ?rst planar frame mounting said ?rst substrate; 

a second planar frame mounting said second substrate; 
and 

means fastening said frames together to form a stack of 
substrates. 

9. An RF receiver capable of simultaneously receiving N 
independent RF input signals, each signal being character 
iZed by a certain scan angle and a certain circular or linear 
polariZation, said receiver comprising: 

a ?rst radiator responsive to incident RF signal energy for 
producing a composite signal RFX; 

a second radiator orthogonal to said ?rst radiator respon 
sive to incident RF signal energy for producing a 
composite signal RFY; 

a polariZation compensation stage including N branch 
pairs, each branch pair including a 90° phase shift 
branch and a 180° phase shift branch; 

polariZation control means for selectively enabling or 
disabling each of said 90° phase shift branches and 
each of said 180° phase shift branches; 

signal divider means applying substantially equal com 
ponents of said signal RFX to said N 90° phase shift 
branches to cause each branch to produce an RFX 
output component; 

signal divider means applying substantially equal com 
ponents of said signal RFY to said N 180° phase shift 
branches to cause each branch to produce an RFY 
output component; 

means for summing the RFX and RFY output components 
for each branch pair to produce a coherent output 
signal; 

a scan angle compensation stage including N channels, 
each channel including a variable phase shifter; 

means applying each coherent output signal to a different 
one of said N channels; and 

scan angle control means for selectively varying said N 
channel phase shifters in accordance With said certain 
scan angles of said N independent input signals. 

10. The receiver of claim 9 Wherein said 90° phase shift 
branches and said 180° phase shift branches are digitally 
controllable; and Wherein 

said polariZation control means provides digital control 
signals for controlling each of said branch pains. 

11. The receiver of claim 10 Wherein each branch pair is 
controlled as folloWs: 

POLARITY 90° shifter 180° shifter 

Right Hand Circular ON OFF 
Left Hand Circular ON ON 
Linear 0°—90°/180°—270° OFF OFF 
Linear 90°—180°/270°—360° OFF ON 
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12. The receiver of claim 9 Wherein each of said N 
channels includes a variable attenuator. 

13. The receiver of claim 12 Wherein each of said variable 
phase shifters and each of said variable attenuators is 
digitally controllable; and Wherein 

said scan angle control means provides digital control 
signals to said phase shifters and attenuators. 

14. The receiver of claim 9 further including a ?rst planar 
substrate; 

means mounting said polariZation compensation stage on 
said ?rst substrate; 

a second planar substrate; and 

means mounting said scan angle compensation stage on 
said second planar substrate. 

15. The receiver of claim 14 further including means for 
fastening said ?rst and second planar substrates together to 
form a stack. 

16. The receiver of claim 15 further including means 
forming electrical interconnections betWeen stacked sub 
strates. 

17. The receiver of claim 16 Wherein said electrical 
interconnections handle RF signals, digital control signals 
and DC poWer. 

18. A method of simultaneously receiving N independent 
RF input signals Where each signal is characteriZed by a 
certain scan angle and a certain circular or linear polariZa 
tion, said method comprising: 

responding to incident signal energy relative to a ?rst 
plane for producing a composite signal RFX; 

responding to incident signal energy relative to a second 
plane orthogonal to said ?rst plane for producing a 
composite signal RFY; 

dividing said composite signal RFX into N components; 

dividing said composite signal RFY into N components; 

uniquely pairing each of said RFX components With one 
of said RFY components; 

processing each of said N pairs of RFX and RFY compo 
nents to compensate for knoWn polariZation to produce 
a coherent output RFXY for each pair; and 

processing each of said N coherent outputs to compensate 
for knoWn scan angle deviation to recover said N input 
signals. 

19. The method of claim 18 Wherein said step of process 
ing each of said N pairs includes selectively phase shifting 
said RFX components by 90° and selectively phase shifting 
said RFY components by 180° to produce a coherent output. 

20. The method of claim 18 Wherein said step of process 
ing said coherent outputs includes variably phase shifting 
each of said coherent outputs to compensate for knoWn scan 
angle deviation. 


