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Tuneable and Dual-Band Circular Microstrip Antenna
with Stubs

K. P. Ray Member, IEEEand Girish KumarSenior Member, IEEE

Abstract—A circular microstrip antenna loaded along its feed
axis with either one stub or two stubs has been analyzed using im-
proved linear transmission line model. When the length of the stub |
is small, the frequency is tuned over 9% range inL.-band and, when -.l T‘_
it is comparable to A/4, it exhibits dual-frequency operation. The 0.9
experimental results are in good agreement with the theoretical re-

sults.
) |4—6-O cm—al-—lr-l

Index Terms—Pual-band, microstrip antennas, tuneable.

Fig. 1. Single stub loaded circular microstrip antenna (SSCMSA)
|. INTRODUCTION
RECTANGULAR microstrip antenna (RMSA IoadedmpUt impedance decre_ased from 53 .toSBcheoreticaI: 52.5
P ( ) 0 281%), thereby reducing the bandwidth for VSWA2 from

along its feed axis with two stubs of small length, on% 9 MHz (th ical: 28 10 8 MHz). The eff i
each on the either side, has been reported [1]. By trimming t 8t° z(t eor.euc_a ; to Z): eel ecto Increase
he stub length is similar to that of increasing the effective

stub length, both the resonant frequency and the impeda . o .
g d y P rea, which reduces the resonant frequency. With increase in

have been very precisely controlled. A RMSA with a sing| bl h.the effecti fih hift d
stub of length\ /2 shorted at one end [2] or/4 with open-end the stub length, the effective center of the antenna shifts towar
the feedpoint from the physical center of the CMSA and hence

[3] vields dual-frequency operation. Similarly, RMSA with ™ . q d This vield . f ab
two equal and unequal stubs yield dual- and triple-frequeng‘f Impedance decreases. This ylelds a tuning range of about

operations [3]. A circular microstrip antenna (CMSA) loade  with input VSWR less than two. For larger stub length, the

with two equal angular stubs have been reported to yield d pedance matching can be obtained by shifting the feed point
frequency [4] toward the edge, which will also improve the bandwidth. The

In this paper, new configurations are proposed in which ect of changing the stub width on tuning the resonant fre-
placing single <')r double stubs along the feed axis of CMSAUENCY was also studied. As the width of the stub increases, the

frequency tuning and dual-band operations have been obtair{gépnantfrequency decreases with a small reduction in the input
pedance.

When the length of the stub(s) is small, then by changing 2 L . .
length and width, the resonant frequency of the CMSA is tuned.Dual'b‘F’md operation is achieved when the stub length is com-
When the length of the stub(s) is comparable fd, it yielded pa“’?"?'e to}/4. At the lower freguency, the stub-presents aca

dual-frequency operation. The improved linear transmissi C'F'Ve load, whereas at_the h|gherfrequency, It presents an in-
line model has been reported for analyzing RMSA and CMS uctive load. The theoretical and experimental dual-band reso-

[5]. This method has been extended to analyze the propo%@@t ;requenﬁiesf &_ar_urd {;QI) ?rzi thheir ra’tlj)(nls forhdi;ferent stu?
antenna followed by experimental verifications. engths are shown in Table 1. As the stub length decreases from

3.40 to 1.60 cm, the ratio of the two measured frequencies in-
creases from 1.35 to 1.53. For the stub length= 1.85 cm,

Il. SINGLE STUB CMSA (SSCMSA) the theoretical and the experimental input impedance loci and

A CMSA with a stub of lengthi; placed along the feed axisVSWR plots are shown in Fig. 2(a) and (b), which are in good

is shown in Fig. 1. The dimensions of the antenna for operagreement. The measured bandwidthg;aand f, are 17 and
tion in the L.-band were chosen as: radius= 3 cm; feed point 19 MHz, respectively.
z = 0.95 cm; and stub width= 0.4 cm. The width of the stub
has been kept small so that the radiation from it is negligible. [ll. DouBLE StuB CMSA (DSCMSA)

The substrate parameters are thickress0.16 cm,e,. = 2.33 . o
7 ' The SSCMSA gives tunability as well as dual-band frequenc
andtan 6 = 0.001. As the stub length increases from 0.0 to 2. g y d y

sponse, but one of the main disadvantage is that the same feed
cm, the measured resonant frequency decreased from 1.86 c}(ﬁ

L t as that of the CMSA does not give good impedance match
1.695 GHz (theoretical: 1.866 to 1.700 GHz), and the measu o larger stub length. It needs to be moved away from the center

to get good match for the longer stubs. A CMSA with two stubs,
Manuscript received January 22, 1999; revised April 24, 2000. shown in Fig. 3, overcomes this problem. As the stub lenfiths
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TABLE

THEORETICAL AND EXPERIMENTAL DUAL-BAND FREQUENCIES OF
SSCMSAFOR VARIOUS STUB LENGTHS AND MEASURED DIP IN THE
BROADSIDE DIRECTION AT f5

Stub length Vit 1 Measured | Measured dip

1/} I, | Theor. Exp. | Theor. Exp. foi in broadside
cm cm | GHz GHz GHz GHz dB
2.55 150 1590 1.582 | 2.190 2.142 1.354 0.0
2.55 1.20 | 1.600 1.590 | 2.210 2.168 1.363 0.0
225 1.00 | 1.660 1.647 | 2.385 2294 1.393 18
2.00 1.00 | 1.695 1.685 | 2.465 2.431 1.443 6.0
2.00 050 | L.715 1.705 | 2.565 2.468 1.448 7.0
2.25 2251 1.585 1.598 | 2.591 2.583 1.616 13.5
1.75 2.00 | 1.660 1679 | 2950 2935 1.748 11.0
1.65 175 ] 1.678 1.685 | 2.982 2973 1.764 5.0

Fig. 2. Input impedance and VSWR plots of a SSCMSAlfo= 1.85 cm

(b)

- - - theoretical — experimental.
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Fig. 3. Double stub loaded circular microstrip antenna (DSCMSA)

TABLE I
THEORETICAL AND EXPERIMENTAL DUAL-BAND FREQUENCIES OF
DSCMSA FOR VARIOUS STUB LENGTHS AND MEASURED DIP IN THE
BROADSIDE DIRECTION AT f5

Stub length Vit 1 Measured | Measured dip

1/} I, | Theor. Exp. | Theor. Exp. foi in broadside
cm cm | GHz GHz GHz GHz dB
2.55 150 1590 1.582 | 2.190 2.142 1.354 0.0
2.55 1.20 | 1.600 1.590 | 2.210 2.168 1.363 0.0
225 1.00 | 1.660 1.647 | 2.385 2294 1.393 18
2.00 1.00 | 1.695 1.685 | 2.465 2.431 1.443 6.0
2.00 050 | L.715 1.705 | 2.565 2.468 ] 1.448 7.0
2.25 2251 1.585 1.598 | 2.591 2.583 1.616 13.5
1.75 2.00 | 1.660 1679 | 2950 2935 1.748 11.0
1.65 175 ] 1.678 1.685 | 2.982 2973 1.764 5.0

gives the comparison between the theoretical and the experi-
mental dual-band resonant frequencifsdnd f2) and their ra-

tios for various stub lengths. The decrease in the first resonant
frequency is less as compared to the second frequency, when
the stub lengths are increased. The theoretical and the measured
impedance and VSWR curves for stub lendths- 1.75cm and

l> = 2.0 cm, shown in Fig. 4(a) and (b), are in good agreement.
The measured bandwidths gtand f» are 20 and 18 MHz, re-
spectively.

IV. RADIATION PATTERN

The measured radiation patterns for all the tuneable cases
have beam maxima in the broadside direction and the cross-
polar levels are 20 dB below the copolar levels. These patterns
are similar to that of the CMSA. In all the dual-band opera-
tion, the radiation patterns are in the broadside direction at the
lower resonant frequency, whereas for some cases, there is a
dip in the broadside direction in th8-plane at the higher res-
onant frequency. The variations of the dip in theplane for
both SSCMSA and DSCMSA are also given in Tables | and I,
respectively. It is noted that as the ratio of the two frequencies

impedance decreased slightly from 53 to®0The change in approaches 1.658 (ratio of the first two roots of the derivative
the impedance was more when the two stub lengths are uneqofthe Bessel function 3.0542/1.841 18), the dip in the broad-
When the lengths of the either of the two stubs are compside becomes more pronounced. It indicates that the second res-
rable to /4, dual-band operation is achieved. By altering thenance is moving toward the higher order mode, which has the
individual stub length, the two frequencies are varied. Tabledbnical pattern. It is also observed from Table Il that when the
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@ (b)

Fig. 6. Measured radiation pattern of dual-band DSCMSA foe 2.55 cm,
I, = 1.5 cmat(a)fy = 1.582 GHz and (b)f> = 2.142 GHz — E-plane, - - -
H-plane.

VSWR —
s

dip in the broadside af,. For DSCMSA withi; = Is = 2.25
cm, the measured radiation pattern at two frequencies is shown
1000 EE—— 1 L L 3000 @n Fig. 5(a) and (b). The radiation is in broadsidg'agnd con-
f (MHz) — ical at f5.

(b) When the two stub lengths are very different, then the ratio of
Fig. 4. Input impedance and VSWR plots of a DSCMSAfor= 1.75 cm th,e two frequen.CIeS Shlfts.away from 1.'658 and, therefore, the
andl, = 2.0 cm - - - theoretical — experimental. dip reduces or disappears in the broadside at the second resonant
frequency. This can be clearly seen from the measured radiation
pattern shown at the two resonant frequencies in Fig. 6 fer
2.55 cm andl; = 1.5 cm for which f>/ f; = 1.354. The pattern
has maximum radiation in the broadside direction at both the

frequencies.

V. CONCLUSION

. Two configurations of single stub and double stubs loaded
: 90 CMSA have been proposed for the tuneable and dual-band op-
erations. The theoretical results obtained using the improved
linear transmission line model are in good agreement with the
experimental results.
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