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(57) ABSTRACT 

The present invention provides a reconfigurable diplexer 
which is well Suited for use with mulitple element antenna 
arrayS. The diplexer includes a common, slot-line transmis 
Sion line adapted to carry electromagnetic Signals, a pair a 
Separate slot-line transmission lines coupled to the common 
transmission line; each Separate slot-line transmission line 
having an individual filter coupled thereto, wherein each 
filter is adapted to Selectively give its respective Separate 
slot-line transmission line a characteristic impedance depen 
dent upon predetermined frequencies of the electromagnetic 
Signals, and a separate slot-line balun associated with each 
Separate slot-line transmission line and adapted for coupling 
Signals to and/or from its respective Separate slot-line trans 
mission line. The diplexer may be configured to operate in 
several different bands such as the INTELSAT frequencies 
(7.2-8.4 GHz) or DSCS frequencies (11.7-14.5 GHz). 
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RECONFIGURABLE DIPLEXER FOR 
COMMUNICATIONS APPLICATIONS 

RELATED APPLICATION 

0001. This application claims priority from U.S. Provi 
sional Patent Application Serial No. 60/190,210 filed Mar. 
17, 2000. 

FIELD OF THE INVENTION 

0002 The present invention relates to diplexers for full 
duplex communication and, more Specifically, to a recon 
figurable, tunable, band-Selectable diplexer which may be 
integrated directly with the antenna elements and feed 
networks of an array antenna that may be used for Simul 
taneous transmission and reception. 

BACKGROUND OF THE INVENTION 

0.003 High data rate, communications systems, both 
military and commercial, generally operate in a full duplex 
communications mode. A diplexer is typically used in a 
Satellite dish antenna to Separate the transmit and receive 
frequencies So that the transmit channel does not overpower 
or Saturate the receive channel. These diplexers are expen 
Sive, bulky filters. Moreover, it is not practical to place one 
behind every antenna element in a large phased array 
antenna. 

0004. An interference problem arises when both trans 
mission and reception are required simultaneously. One 
Solution to this problem has been to utilize Separate antenna 
arrays for reception and transmission. This Solution provides 
adequate isolation between received (RX) Signals and trans 
mitted (Tx) signals but requires extra Space to implement 
two arrayS. In addition, this approach is also expensive. The 
cost of a full dupleX antenna array could be reduced if Some 
filtering and/or channel isolation could be implemented in 
the antenna elements themselves. These additions to the 
antenna Structure, combined with the addition of Simple 
filters at the transmitter and receiver themselves, could 
provide lower-cost, full dupleX antenna arrays with the 
necessary channel Separation and isolation. 
0005. It is therefore an object of the invention to provide 
a reconfigurable, tunable diplexer for use in communications 
antenna Systems. 

0006. It is a further object of the invention to provide a 
reconfigurable, tunable diplexer for use in antenna Systems, 
which may selectively operate in more than one communi 
cations band. 

0007. It is another object of the invention to provide a 
reconfigurable diplexer for use in antenna Systems which 
includes a tunable, multi-pole comb filter. 
0008. It is another object of the invention to provide a 
reconfigurable diplexer for use in antenna Systems which 
incorporates a slot-line balun. 
0009. It is a still further object of the invention to provide 
a reconfigurable diplexer for use in antenna Systems which 
provides 50 dB of isolation between transmit and receive 
ports. 

0010. It is yet another object of the invention to provide 
a reconfigurable diplexer for use in dual-beam or multi 
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beam antenna array Systems which operates Substantially 
equivalently in at least two different, predefined frequency 
bands. 

SUMMARY OF THE INVENTION 

0011. In accordance with the present invention there is 
provided a reconfigurable, tunable diplexer, which includes 
a slot-line balun. In one embodiment, the diplexer includes 
a common, Slot-line transmission line adapted to carry 
electromagnetic Signals, a pair a separate slot-line transmis 
Sion lines coupled to the common transmission line; each 
Separate slot-line transmission line having an individual 
filter coupled thereto, wherein each filter is adapted to 
Selectively give its respective Separate slot-line transmission 
line a characteristic impedance dependent upon predeter 
mined frequencies of the electromagnetic Signals, and a 
Separate slot-line balun associated with each Separate slot 
line transmission line and adapted for coupling Signals to 
and/or from its respective Separate slot-line transmission 
line. 

0012. The inventive diplexer may be configured to oper 
ate in Several different bands by configuring resonant cavi 
ties. Typically, Selective operation in either the International 
Telecommunications Satellite Organization (INTELSAT) 
frequencies (13.5-14.5 GHz uplink, 11.7-12.5 GHz down 
link) or Defense Satellite Communication System (DSCS) 
frequencies (7.8-8.4 GHz uplink, 7.2-7.6 GHz downlink) is 
allowed. The diplexer makes possible Simultaneous trans 
mission and reception through a single reconfigurable 
antenna array with relatively high isolation, typically on the 
order of 50 dB between the RX and Tx channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 A complete understanding of the present invention 
may be obtained by reference to the accompanying drawing, 
when considered in conjunction with the Subsequent detailed 
description, in which: 

0014) THE FIGURE is a schematic, plan view of the 
reconfigurable diplexer constructed in accordance with one 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0015. A balun can be integrated with a reconfigurable 
diplexer So as to allow full duplex operation in one or more 
of a number of selectable bands. This functionality is 
particularly useful in the field of communications where it is 
highly desirable to utilize a single antenna array for opera 
tion in more than one predefined frequency band. For 
example, communications Satellites operate in at least two 
bands, one for uplink and one for downlink. 
0016. The inventive diplexer uses the concept of a very 
wide bandwidth slot-line balun. These devices are well 
known to those skilled in the art, typically being used to feet 
slots, dipoles or exponentially tapered (Vivaldi) slots. These 
slot-line baluns are typically operable at frequency ratioS of 
5:1 or higher. 

0017 Referring now to THE FIGURE, there is shown a 
schematic, plan view of a diplexer 100. Diplexer 100 may be 
formed on a printed circuit board 101 or other suitable 
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dielectric having a layer of copper 102, or other electrically 
conductive metal, deposited on one Surface thereof. 
0018) Diplexer 100 generally includes a transmit (Tx) 
port 104; a receive (RX) port 106; microstripline transmis 
Sion lines 107, 109; slot-line transmission lines 108, 110; 
tunable, Slot-line resonant cavities 112, 114; and a common 
slot-line transmission line 124. 

0019 Diplexer 100 is equipped with a transmit (Tx) port 
104 and a receive (Rx) port 106. While a Tx port 104 and an 
RX port 106 have been shown for purposes of disclosure, the 
invention is not limited to this configuration. For example, 
in alternate embodiments, ports 104,106 could both be TX 
or RX ports. Each port 104, 106 converts a coaxial trans 
mission line into a micro-stripline 107,109, which excites a 
slot-line transmission line 108, 110, respectively. Micro 
striplines 107, 109 are formed on the reverse side 103 of 
printed circuit board 101. Their proximity to the slot-line 
transmission lines 108, 110 on the front side of circuit board 
101 forms a slot-line balun which causes electromagnetic 
coupling of Signals therebetween in a manner well known in 
the art. Transmission lines 108, 110 are each terminated in 
a bulbous slot which provides the balun with a wide band 
width. The present invention is not limited to this particular 
type of Slot-line balun as the actual construction can vary in 
accordance with the construction of transmission lines 108, 
110. 

0020 Disposed adjacently to transmission lines 108,110 
and operatively connected thereto, is a Series of etched 
slot-line resonant cavities 112, 114 respectively. Each of the 
slot-line cavities 112, 114 has a plurality of Switches 116, 
118, respectively, connected acroSS the cavity slot at prede 
termined points along the length of those cavity Slots. 
Closing any of the Switches shorts out the respective slot and 
thereby changes the electrical length of that Slot for reso 
nance purposes. Switches 116,118 may be constructed from 
any suitable device such as PIN diodes or microelectrome 
chanical switches (MEMS). Switches 116, 118 may be 
activated by any suitable means such as optical fibers 120 or 
by insulated electrical control lines affixed to the copper 
layer 102. The slot-line construction of diplexer 102 allows 
the use of electrical control lines for Switches 116, 118, 
because the copper layer 102 helps to shield and isolate 
those control lines from Stray electromagnetic Signals. 
0021 Slot-line transmission lines 108, 110 are nominally 
coupled to a common slot-line transmission line 124 at a 
junction 122. Although transmission lines 108, 110 are 
shown as coupled at the same proximal end of common 
transmission line 124, they may in fact be coupled at 
different points as well as at intermediate points along 
transmission line 124. Likewise, more than just two trans 
mission lines 108, 110 may be coupled to common trans 
mission line 124, thereby forming a multiplexer. Transmis 
Sion line 124 is adapted for connection to an appropriate 
balanced antenna element (not shown) at a terminus 126. An 
example of Such antennas would be dipole elements con 
nected to the copper layer 102 on either side of the trans 
mission line terminus 126. Likewise, the Same connection 
could be made to opposite sides of a Vivaldi notch. Balanced 
antenna elements are well known to those skilled in the 
microwave communications arts and form no part of the 
instant invention. 

0022 Functionally, diplexer 100 works by tuning the 
lengths of resonant cavities 112, 114 to control the imped 
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ance characteristics of the respective transmission lines 108, 
110 with respect to frequency or wavelength. The respective 
lengths of resonant cavities 112, 114 are measured from the 
junction 122, or from the point of coupling of the respective 
transmission line 108, 110 to the common transmission line 
124. For frequencies at which this electrical distance, 
respective of slot line impedance, equals one half of the 
wavelength, the respective transmission line 108, 110 at 
junction 122 appears as a short circuit and Signals of that 
frequency are not coupled into that respective transmission 
line 108, 110. The multiple resonant cavities 112, 114 
coupled to each transmission line 108, 110 work in combi 
nation to form a multi-pole comb filter for each respective 
transmission line 108, 110 and thereby cover a broad fre 
quency band. In this manner, the resonant cavities incre 
mentally cover a frequency band to reject all frequencies, 
but to Selectively allow coupling of narrow band frequencies 
of interest. This broad frequency operability allows each 
slot-line to be not only Selectively tunable, but even recon 
figurable, to function in an entirely different frequency band. 

0023. In operation, a Tx signal 130 for uplinking is 
applied to TX port 104, and Rx port 106 is connected to a 
receiver tuned to a frequency band which is different form 
the Tx signal 130. A received signal 128 enters balanced 
transmission line 124 of diplexer 100 and is conducted along 
transmission line 124 to junction 122. The respective tuned 
resonant cavities make the slot line transmission line 108 
appear to be shorted there acroSS over the RX frequency 
band. Transmission line 110, on the other hand, will exhibit 
a relatively matching impedance to the RX signal, the bulk 
of which will continue along transmission line 110. Simul 
taneously, the TX Signal 130 propagates up transmission line 
108 to common transmission line 124. At the junction 122, 
the receive transmission line 110 has its respective resonant 
cavities 114 tuned So that transmission line 110 appears as an 
electrical short over the frequency band used in Tx Signal 
130, which therefore proceeds along the common transmis 
sion line 124 unimpeded by the junction 122. 

0024. A diplexer operating in this manner can provide 50 
db of separation between the Tx signal 130 and RX signal 
128 under Simultaneous operation, thereby preventing the 
higher power Tx signal 130 from over driving a receiver 
connected to RX port 106. 

0025 The inventive diplexer may be configured to oper 
ate in Several different bands by configuring the resonant 
cavities 112, 114. Typically, selective operation in either the 
International Telecommunications Satellite Organization 
(INTELSAT) frequencies (13.5-14.5 GHz uplink, 11.7-12.5 
GHz downlink) or Defense Satellite Communication System 
(DSCS) frequencies (7.8-8.4 GHz uplink, 7.2-7.6 GHz 
downlink) is allowed. 
0026. Although shown as a printed circuit board, the 
diplexer 100 may be constructed of any electrically equiva 
lent materials. Use of diplexer 100 at microwave frequencies 
such as 60 GHz. will require the use of different materials 
and dimensions because of the much shorter wavelengths at 
those frequencies. For example, diplexer 100 could be 
formed on a Suspended thin membrane to SuppreSS dielectric 
substrate losses. Experimental Qs of over 500 have been 
obtained using this configuration. Suspended Strip-lines are 
appropriate for applications at C-band and higher, typically 
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up to W-band where dimensions of the lines are compatible 
with typical dimensions of both Silicon wafers and micro 
machinable thin membranes. 

0027. The diplexer 100 thereby provides a cost and space 
efficient diplexer for use in phased antenna arrays where the 
diplexer is duplicated for each array element. This duplica 
tion may easily be accomplished with the present embodi 
ment by forming multiple slot-line diplexers on the same 
printed circuit board and copper layer, as that copper layer 
provides inherent isolation between Separate diplexerS. Such 
multiple diplexerS may then be easily assembled to a respec 
tive array of elements likewise formed on a complementary 
Single Structure. Coincidentally, the bank of multiple diplex 
erS may provide Structural Support for the antenna array 
elements. 

0028. Since other modifications and changes varied to fit 
particular operating requirements and environments will be 
apparent to those skilled in the art, the invention is not 
considered limited to the example chosen for purposes of 
disclosure, and coverS all changes and modifications which 
do not constitute departures from the true Spirit and Scope of 
this invention. 

0029. Having thus described the invention, what is 
desired to be protected by Letters Patent is presented in the 
Subsequently appended claims. 
What is claimed is: 

1. A diplexer for coupling transmission signals to and 
from a Single transmission line, comprising: 

a common, slot-line transmission line adapted to carry 
electromagnetic Signals, 

a pair a separate slot-line transmission lines coupled to the 
common transmission line; 

each Separate slot-line transmission line having an indi 
vidual filter coupled thereto, wherein each filter is 
adapted to Selectively give its respective Separate slot 
line transmission line a characteristic impedance 
dependent upon predetermined frequencies of the elec 
tromagnetic signals, and 

a separate slot-line balun associated with each Separate 
slot line transmission line and adapted for coupling 
Signals to and/or from its respective Separate slot-line 
transmission line. 
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2. The diplexer of claim 1, wherein each individual filter 
includes one or more tunable resonant slot-line cavities. 

3. The diplexer of claim 2, wherein the resonant slot-line 
cavities are individually tunable by one or more Separate 
Switches at predetermined locations along the resonant slot 
line cavities and Selectively connectable acroSS the respec 
tive cavities to determine the electrical length of the respec 
tive cavities. 

4. The diplexer of claim 3, wherein the separate slot-line 
transmission lines are each coupled to the common slot-line 
transmission line at a respective coupling point and further 
wherein the electrical length of the respective cavities is 
determined with reference to the respective coupling points. 

5. The diplexer of claim 2, wherein each individual filter 
includes a multiplicity of resonant slot-line cavities which 
each affect the characteristic impedance of the respective 
Separate slot-line transmission line incrementally over a 
limited bandwidth and collectively over a combined broader 
bandwidth. 

6. The diplexer of claim 1, wherein the common slot-line 
transmission line is adapted for coupling to an antenna 
element and further wherein the Separate slot-line transmis 
Sion lines are adapted to function as transmit and receive 
transmission lines, respectively. 

7. The diplexer of claim 6, wherein said diplexer is 
adapted for Satellite communication Service and coupling an 
uplink frequency over the transmit transmission line and a 
downlink frequency over the receive transmission line. 

8. The diplexer of claim 7, wherein said diplexer is 
adapted for Selectable Service in at least the defined INTEL 
SAT and DSCS frequency bands. 

9. The diplexer of claim 8, wherein said uplink frequency 
lies in one of the frequency bands: 7.8-8.4 GHz and 13.5- 
14.5 GHZ, and said diplexer is electrically switchable ther 
ebetween. 

10. The diplexer of claim 9, wherein said downlink 
frequency lies in one of the frequency bands: 7.2-7.6 GHz 
and 11.7-12.5 GHZ, and said diplexer is electrically switch 
able therebetween. 

11. The diplexer of claim 7, wherein said diplexer is 
adapted to maintain approximately a 50 dB channel Sepa 
ration between Signals in transmit and receive transmission 
lines. 


