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DUAL·BAND ANTENNA SYSTBM 

BACKGROUND OF THE INVENTION 

5 I. 'Fifldi aff the Invention 
' t 

PCT/US96114'15 

The present invention reJates to dual-band antennas, and in particular to a 

dual-band antenna systein for use within a portable communications device. 

10 II.: otsttfP60n of the Related Art 

"Dual-band" portable communication devices are assuming ever 

increasing importance in the field of wireless communications. For 

example, dual-band portable phones have been developed for operation 

15 over the cellular band (824 to 892 MHz) and the proposed Personal 

Commqnic;ation Network (PCN) band (1.8 GHz to 1.96GHz). A seemingly 

~le -~hod for effecting transmissfoit and reception of energy o~ir each 

bmutw~uld involve using separate antennas, each specifically designed for 

opefa~ over a given range of frequencies. Unfortunately, the use of 
. . .. 

20 separ.ate antennas would increase the cost, size and complexity of the 

port{~~;. pt_ione, particularly if additional space must be allocated for 
retrae$m.f.>f each antenna . 

.... ,. .. 
For portable devices configured with only a single antenna, a 

. . \!·; . 

str~rward approach of achieving dual-band operation relies on 

·~ c0tiilectfun of the separate transmit/receive circuitry for each band directly 

to the antenna. Conventional chains of transmit/ receive circuitry typically 

include, for example, a communications transceiver serially connected to a 

duplexer. A matching network is also provided for matching the impedance 

of the antenna to the serially connected duplexer and transceiver. However, 

30 in a dual-band device employing only a single antenna, the matching 

network of a given chain would be required to effect an impedance match 

between its chain and the combined impedance of the antenna with the 

other chain. In general, this would entail a complex, difficult design process, 

since:both the impedance of the antenna and of the other chain would vary 

35 over frequency. 

It is also conceivable that an electronic ot electromechanical switch 

could be used to selectively connect the communications network of each 

band to the single antenna of the device. Unfortunately, a host of difficulties 

could be expected to accompany the introduction of such a switch into the 

40 dual-band device. For example, the presence of a switch within the antenna 
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signal path would tend to increase signal loss, noise figlire, and signal 
distortion. Moreover, additional electronics would be required to provide a 
control signal used to command the switch·.. to select a desired 

communications band. Perhaps more significantly, the utilization e>f. a 
5 switch could increase the susceptibility of the device to single-point failure. 

SUMMARY OF THB INVENTION 

The present invention provides a dual-band antenna system in which 

10 signal energy is passively bifurcated between separate signal paths connected 
to a single antenna element. Each signal path· includes ·a simple matching 
network capable of being designed relatively easily. 

The present invention is directed to a dual-band antenna system for 
use in a portable communications device. The antenna system includes an 

15 antenna element for radiating electromagnetic energy within low-band and 
high-band wavelength ranges. In a preferred embodiment a low-band 
isolator network, coupled to the antenna element, provides signal isolation 
between high-band and low-band signal paths over the high-band 
wavelengths. Similarly, a high-band isolator· network provides signal 

20 isolation, across the low-,band range of wavelengths, between the high-band 
and low-band signal paths. During operation, low-band electromagnetic 
energy is passed between the antenna and· the low-band signal path by the 
low-band isolator network. In a similar manner electromagnetic energy 
within the high-band wavelength range is passed between the antenna and 

25 the high-band signal path by the high-band isolator network. 
A first matching network, serially coilnected to the low-band isolator 

network, matches impedance of the antenna during low-band operation to 
impedance of the low-band signal path. ·A second matching network, 
serially connected to the high-band isolato:r network, matches impedance of 

30 the antenna over the high-band wavelength range to the impedance of the 
high-band signal path. 

In a particular implementation, the low-band isolator network 
includes: (i) a first quarter-wave transmission line segment in series between 
the antenna element and the first matching network, and (ii) a second 

35 quarter-wave transmission line segment connected in shunt with the first 
transmission line segment and with the first matching network. Similarly, 
the high band isolator network may be realized to include a third 
quarter-wave transmission line segment in series with the antenna element, · 
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as well as a fourth quarter-wave transmission line segment: connected in 

shunt with the third transmission line segment. 

In an alternate embodiment, parallel and series resonant circuits are 

used to realize the low-band and high·band isolator networks. Each isolator 

5 netwotk·is designed to include a parallel resonant circuit connected in series 

with the antenna element, as well as a series resonant circuit connected in 
shuttt ·with the parallel resonant circuit. The series and parallel resonant 

circuits of the low-band isolator network are resonant during high-band 

operation, while the series and parallel resonant circuits of the high-band 

10 isolator network are resonant during low-band operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 

15 become more apparent from the detailed description set forth below when 

talCen :fu conjunction with the drawings in which like reference characters 

identify correspondingly throughout and wherein: 

nc. 1 shows a block diagram of an antenna system of the present 

2.0 inverttid:h a$ incorporated within a dual-band communications device. 

7ft; .. 2 is a schetrtatic represeritation of a transmission line transformer 

ml:i)liitittiifation of high-band and low~band isolation networks included 

withm a p:l~erred embOdiment of the invention. 

· ·· · 1fc. 3 shows a schematic diagram of resonant circuit 

25 implemeritations of the high-band and low-band isolation networks. 

'DET AILBD DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 Refening to FIG. 1, a block diagram is provided of an antenna system 

of the present invention as incorporated within a dual-band 

communications device. The antenna system includes a single antenna 

element 10, such as whip antenna, de8igned to support communication over 
each of the wavelength bands of the dual-band communications device. As 

35 mentioned previously, dual-band portable phones intended for operation 

over the_ cellular band (824 to 892 MHz), and over the proposed Personal 

Comlt\unication Network (PCN) band (1.8 GHz to 1.96GHz), are of particular 

interest. However, it is to be understood that the teachings of the present 

invention are not constrained to any particular frequency band. Operation 

40 over the cellular and PCN bands is accommodated by realizing the antenna 
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element 10 as a whip an~a having a length equivalent tO approximately 
one-half of the center wavelength of the cellular band 

(i.e. approximately 25 inches), whid\ is roughly equivalent to one-quarter of 
the center wavelength of the PCN band. 

5 As is indicated by FIG. 1, an antenna feed line 14 serves to couple the 
antenna element 10 to high-band and low-band isolation networb 18 and 
20. The feed line 14 may comprise, for example, a microstrip or stripline 

high-frequency transmission line. The low-band isolation network 20 is 

interposed between the antenna feed line 14 and a low-band signal path, in 
10 which is included the serial connection of a low-band transceiver 24 and a 

low-band matching network 28. In like manner, the high-band isolation 
network 18 is seen to be interposed betWeen the antenna feed line 14 and a 
high-band signal path, in which is included the serial connection of a 
high-band transceiver 32 and a high-band matching network 36. 

15 During operation, signal energy transmitted and received by the 
antenna element 10 which is within the high-band and low-band of 
wavelengths is respectively processed by the high-band and low-band 
transceivers 32 and 24. Within the high-band transceiver 32, a high-band 
duplexer (not shown) bifurcates signal energy within the high-band 

20 wavelength range into high-band transmit TXHB and receive RXHa channels. 
In the same way, a low-band duplexer (not shown) within the low-band 

transceiver 24 bifurcates signal energy within the low-band wavelength 
range into low-band transmit TXLB and_ r~eive RXLa channels. In alternate 
implementations, transmission and reception within both the high-band 

25 and low-band transceivers 32 and 34 occurs during different assigned time 
slots. When such a time-division multiplexed approach is employed, it 
becomes unnecessary to include a duplexer within each of the transceivers 
32and34. 

In accordance with one aspect of the invention, the high-band and 
30 low-band isolation networks 18 and 20 are disposed to provide signal 

isolation between . the low-band and high-band signal · paths. More 
particularly, the low-band isolation network 20 is disposed to present a very 

high impedance to the feed line 14 over a high-band {e.g., the PCN band) of 
operating wavelengths. Similarly, the high-band isolation network 18 

35 presents a very high impedance (i.e., approximates an open-circuit) with 
respect to the feed line 14 aaoss a low-band (e.g., the cellular band) of 
operating wavelengths. 

By approximating an open-circuit impedance over the low-band 
wavelength range, the high~band . isolation network 18 renders the 
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impedance "seen" by the matching network 28 during low-band operation 

substantially equivalent to the impedance of the antenna 10. That is, as a 

result ·of the signal isolation provided by the high-band isolation network 18, 

the impedance of the high-band signal path (i.e., of the high-band 

5 transceiver and high-band matching network) makes virtuAlly no 

contribution to the impedance presented to the low-band matching network. 

As a consequence, the design and tuning of the low-band matching network 

28 is greatly simplified, and may be performed substantially independent of 

the impedance of the high-band signal path. The presence of the low-band 

10 isolation network 10 similarly allows the high-band matching network 36 to 

match the impedance exhibited by the antenna 10 during high-band 

operation to the impedance of the high-band signal path, irrespective of the 

impedance of the low-band signal path over the high-band wavelength 

range. . 
15 ~ .. 1 Turning now to FIG. 2, a scheflatic representation is provifed of a 

transmission line transformer implementation of the high-band and 

low-band isolation networks 20 and 18. The low-band isolation network 20 

includes a ·first series transmission line SO, which is connected in parallel 

with a first shunt transmission line 52 having an open-circuited end 54. The 

20 first series and shunt transmission lines SO and 52 are each of length 

(laac)/4,, where A.asc corresponds to the renter wavelength within .the 

high-band wavelength range. Similarly, the high-band isolation network 18 

inclUth!S 1t'Second series transmission line 58, which is connected in parallel 

with· a -~d shunt transmission line 60 having an open-circuited end 62. 

25 The t\eebnd series and shunt transmission lines 58 and 60 are each of length 

(1usd/4, where AtBc corresponds to the center wavelength within the 

low-band wavelength range. 

The low-band· and high-band ttansmission line transformers of FIG. 2 

function to present high impedances over the high-band and low-band 

30 wavelength ranges, respectively, by way of impedance transformation of the 

open-circuited shunt transmission lines 52 and 60. For example, with 

respect to signal energy at the wavelength "-Irie, the open-circuited shunt 

transmission line 52 behaves as an electrical short circuit . However, the 

impedanee at the plane of the shunt transmission line 52, as seen by the 

35 high•band matching network 36 dUring operation at the wavelength 18 uc, is 

made to appear as an open-clrd.iit impedance as a consequence of the 

impedance transformation provided by the series transmission line 50. This 

desirably forces current flow into the high-band matching network 36, and 

prevents current flow into the low-band matching network 28, during 
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operation over the high-band wavelength range. In like manner the 
high-band transmission line transformer directs current flow from the 
waveguide 14 into the low-band matching network 28 during low-band 

operation. 
5 Referring to FIG. 3, a schematic diagram is shown of resonant circuit 

implementations of the high-band and low-band isolation networks 20 and 
18. In FIG. 3, the low-band isolation network 20 is seen· to include a first 

parallel LC resonant circuit comprised of inductor Lt and capacitor Cl, and a 

first series resonant circuit ~omprised of inductor U and capacitor C2. The 
10 first series and parallel LC resonant circuits each correspond to a loss pole 

within the bandpass transfer characteristic associated with the low-band 
isolation network 20. In particular, the values of the elements Ll, L2, Cl and 

C2 are selected such that the first series and parallel LC resonant circuits 

approximate open and short cirCuits, respectively, at the wavelength A.HBC· 

15 This dual-pole bandpass isolation effectively results in the high-band 
matching network 36 seeing primarily only the impedance of the antenna 10 
during operation over the high-band wavelength range. 

Also in FIG. 3, the high-band isolation network 20 is seen to include a 
second parallel LC resonant circuit comprised of inductor 13 and capacitor 

20 C1S, and a second series resonant circuit comprised of inductor IA and 
capacitor C4. The second series and parallel LC resonant circuits are 
designed to form loss poles within the bandpass transfer function 
characterizing the high-band isolation network 20. That is, the values of the 
elements L3, L4, C3 and C4 are selected such that the second series and 

25 parallel LC resonant circuit approximate. open and short circuits, 
respectively, at the wavelength A.Lie· Again, this simplifies the design of the 
low-band matching network 28 by preventing the impedance of the 
high-band signal path from altering the impedance displayed by the antenna 
10 during low-band operation. 

30 The previous description of the preferred embodiments is provided to 
enable any person skilled in the art to make or use the present invention. 
The various modifications to these embodiments will· be readily apparent to 
those skilled in the art, and the generic principles defined herein may be 

applied to other embodiments without the use of the inventive faculty. 
35 Thus, the present 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. 

WECLA.IM: 
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CLAIMS 

1. A dual-band antenna system comprising: 
2 an antenna element for radiating electromagnetic energy within first 

and second wavelength bands; 
4 a· first transmission line isolator coupled to said antenna element, said 

first transmission line isolator providing signal isolation over said second 
6 wavelength band; 

a second transmission line isolator coupled to said antenna element, 
8 said second transmission line isolator providing signal isolation over said 

first wavelength band; 
10 a fi1'6t matching network, in series with said first transmission line 

isolator, for matching impedance of said antenna over said first wavelength 
12 band to impedance of a first signal path; and 

a· second matching network, in series with said second transmission 
14 line isolator, for matching impedance of said antenna over said second 

wavelength band to impedance of a second signal path. 

2. The system of claim 1 wherein said first transmission line 
2 isolator includes a first transmission line segment in series between said 

antenna element and said first matching network, and a second 
4 transmission line segment connected in shunt with said first transmission 

line ·seghmnt and with said first matching network, said first and second 
6 transmission line segments both beiitg of a length equivalent to a quarter of 

a center wavelength of said second wavelength band. 

3. The system of claim 2 wherein said second transmission line 
2 isolator includes a third transmission line segment in series with said 

antenna element, and a fourth transmission line segment connected in 
4 shunt with said third transmission line segment, said third and fourth 

transmissibn line segments both being of a length equivalent to a quarter of 
6 a center wavelength of said first wavelength band . 

4. The system of claim 2 wherein said second transmission line 
2 segment includes a first end connected to said first transmission line 

segment, and a second open-circuited end. 

iiii1if 
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S. The system of claim 1 wherein a center wavelength of said first 
2 wavelength band is a multiple of a center wavelength of said second 

wavelength band. 

6. A dual-band antenna system for use in a communications 
2 device operative over first and second wavelength bands, said dual~band 

antenna system comprising: 
4 an antenna element for radiating electromagnetic energy within first 

and second wavelength bands; 
6 a first bandpass isolation network coupled between said antenna 

element and a low-band signal path, said first bandpass isolation network 
8 including a first series resonant circuit for providing signal isolation over 

said first wavelength band; 
10 a second bandpass isolation network coupled between said· antenna 

element and a high-band signal path, said second bandpass isolation 
12 network including a second series resonant circuit for providing signal 

isolation over said second wavelength band; 
14 a first matching network, connected in series with said first bandpass 

isolation network; 
16 a second matching network, connected in series with said second 

bandpass isolation network; 
18 wherein said first bandpass isolation network passes 

electromagnetic energy within said second wavelength band between said 
20 antenna element and said low-band signal path and said second bandpass 

isolation network passes electromagnetic energy within said first 
22 wavelength band between said antenna element and said high-band signal 

path. 

7. The system of claim 6 wherein said first bandpass isolation 
2 network includes: 

a first resonant circuit in series with said antenna element, and 
4 a second resonant circuit connected in shunt with said first 

resonant circuit wherein said second resonant circuit approximates a short 
6 circuit at a center wavelength of said first wavelength band. 

8. The system of claim '7 wherein said second bandpass isolation 
2 network includes: 

a third resonant circuit in series with said antenna element, and 
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4 a fourth resonant circuit connected in shunt with said third 
resonant circuit wherein said third resonant circuit approximates a short 

6 circuit at a center wavelength of said second wavelength band. 

9. The system of claim 8 wherein said first resonant circuit is 
2 tuned to provide high impedance over said first wavelength band, and 

wherein said third resonant circuit is tuned to provide high impedance over 
4 said second wavelength band. 

10. In a dual-band communications device having a first 
2 transceiver network operative over a first wavelength band and a second 

transceiver network operative over a second wavelength band, a dual-band 
4 antenna system comprising: 

an antenna element for radiating electromagnetic energy within said 
6 first and second wavelength bands; 

a first isolator network coupled to said antenna element, said first 
8 isolator network providing signal isolation over said second wavelength 

band; 

10 a first impedance-matching network interposed between said first 
isolator network and said first transceiver; 

12 a second isolator network coupled to said antenna element, said 
second isolator network providing signal isolation over said first 

14 wavelength band; and 
a second impedance-matching network interposed between said 

16 second isolator network and said second transceiver. 

11. The communications device of claim 10 wherein said first and 
2 second isolator networks each include series and shunt transmission line 

segments. 

12. The communications device of claim 10 wherein said first and 
2 second isolator networks each include series and shunt resonant circuits. 

This Shoot Has Boon Replaced 
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