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Slotted Rectangular Microstrip Antenna for
Bandwidth Enhancement

Jia-Yi Sze Member, IEEEand Kin-Lu Wong Senior Member, IEEE

Abstract—With the loading of a pair of right-angle slots and a 10 ‘
modified U-shaped slot in a rectangular microstrip patch, novel ’ l £,
bandwidth enhancement of microstrip antennas is demonstrated. - ] |
Required dimensions of the right-angle slots and modified T ;

U-shaped slot for bandwidth enhancement with good radiating £ I
characteristics have been determined experimentally in this study _L oy !
and the obtained antenna bandwidth can be as large as about 2.4 e _:'\ A T“‘
times that of a corresponding unslotted rectangular microstrip W |l e OO S e ?T:_J__ _F
antenna. Details of the antenna design and experimental results H|ka' F _T(

are presented and discussed.

|

i ‘
Index Terms—Bandwidth enhancement, microstrip antennas. I Ws
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I. INTRODUCTION _ 1 —

Y loading a pair of bent slots having an angle of+30°, | h &

close to the nonradiating edges of a rectangular microstr g
patch, a new resonant mode denotedd40(1 < § < 2) [1]
can be excited near the fundamental model'@f/;,. These Fig. 1. Geometry of a broad-band rectangular microstrip antenna with a pair
two modes,TMso, and TMy,, are of the same P0|ari2ati0ng;ﬂ?ehg?en?r:er;:ﬁﬁeatzgsé modified U-shaped slot. The dimensions given in the
planes and similar radiation characteristics and can be excited
with good impedance matching for single-feed dual-frequenr-
operation. However, for such a design, good excitation of ti 0

TMso mode becomes difficult when the resonant-frequenc

ratio (fso/f10) of the TMsy and TM1, modes is less than _gg 10

about 1.29 [1]. In this paper, we demonstrate that by using = 2

pair of right-angle slots, in place of the bent-slots in [1], an E

loading an additional modified U-shaped slot (see Fig. 1 30 |

the two resonant modes @fMsy and T'M;o, can be excited E g

at frequencies very close to each other with good impedar & 40 } "'\ Antenna 1

matching. This condition makes possible an enhanced op | Antenna 2

ating bandwidth formed by these two resonant modes for t 5?800 ! 1850 1900 1950 2000

rectangular microstrip antenna. This novel design of ban
width enhancement is described in detail in this study. Tt Frequency (MHz)
present proposed design is suitable for applications on regular _ _
electrically thin microwave substrates and is unlike the remtég. 2. Measured return loss against frequency for proposed antennas with an
. . . . 4 substrate. Parameters for antennas 1-3 are described in Table I.
slot-loading designs [2]-[6] that work mainly for thick foam or
air substrates. Other techniques for enhancing the bandwidth ) ]
of a single-layer single-patch microstrip antenna include tiEOMising bandwidth-enhancement design for a rectangular
designs with a three-dimensional microstrip transition fedBicrostrip antenna with an electrically thin substrate.
[7], a gap-coupled feed [8], a capacitively coupled feed [9], an
optimally designed impedance matching network [10], [11], /. DESIGN CONSIDERATIONS OF THEPROPOSEDANTENNA
a chip-resistor loading [12], an integrated reactive loading As shown in Fig. 1, the two right-angle slots are of width
[13], and so on. The proposed design here provides anotherand are placed close to the nonradiating edges, with 1 mm
away from the edges in this study. The rectangular patch has
Manuscript received January 4, 1999; revised March 20, 2000. This Wﬂmensmns of 37.3 mnx 24.87 mm(L x W) and is p”nt_ed
was supported in part by RF-Link Systems, Inc., Science-Based Industrial P@k a grounded FR4 substrate of thicknéss 1.6 mm, relative
Hsinchu, Taiwan. , o , permittivity (¢,) 4.4, and size 60 mnx 50 mm. In the pro-
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Yat-Sen University, Kaohsiung 804, Taiwan. - -
Publisher Item Identifier S 0018-926X(00)06935-0. allel to the nonradiating edges and its arm lenitineeds to

0018-926X/00$10.00 © 2000 IEEE



1150 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 48, NO. 8, AUGUST 2000

TABLE |
PERFORMANCES OF THEPROPOSEDBROAD-BAND ANTENNAS; ¢, = 4.4, h = 1.6 mm, {3 = 11.5 mm, {4y = 6.0 mm, {5 = 0.5 mm,w; = 1 mm, PxTCH SIzE
= 37.3 mm x24.87 mm (L X W), GROUND-PLANE SIZE = 60 mm x50 mm. OTHER PARAMETERS ARE GIVEN INFIG. 1. THE CENTER FREQUENCY, f., IS
DEFINED TO BE(fr + fu)/2, WHERE f1, AND fz ARE THE LOWER AND HIGHER FREQUENCIES WITH10-dB RETURN LOSS IN THEOPERATING
BANDWIDTH, AND THE ANTENNA BANDWIDTH IS DETERMINED FROM f;—f 5

£, 2, X, flo f, f50 Bandwidth
mm mm mm MHz MHz MHz MHz, %
Antenna ! 10.4 33.5 2.85 1844 1873 1900 86, 4.6

Antenna2 | 104 | 339 | 2.85 1836 1864 1891 85,4.6

Antenna3 | 104 | 335 3.05 1854 1882 1905 81,43

0 -20dB x-z plane 0 -20dB y-z plane

-20dB

co-pol
cross-pol

(b)

Fig. 3. MeasuredZ-plane ¢—= plane) andH -plane ¢—= plane) radiation patterns for the proposed antenna (antenna ¥).£€a}844 MHz. (b) f = 1900
MHz.

be about 90% of the patch length; the shorter arm is perpeshot is designed to mainly perturb the excited patch surface cur-
dicular to the nonradiating edges and its arm lerfgtshould rent path of thel’Mso mode to further decrease the frequency
be greater than 40% of the patch width. The dimension of ratio of fso/ f10. And most important, with the presence of the
and/, of the right-angle slots are obtained from experimentmodified U-shaped slot, good impedance matching of both the
When there are only right-angle slots presence, the two modes/s, and7 M, modes is found to be obtained easily by using
of T"Mso andZ'M; can be excited at frequencies with a rati@ probe feed at a positiar), away from the patch center.
(fs0/f10) @about 1.07 in this study. Although this frequency ratio
is much lower than that (1.29) shown in [1], it is still not low
enough to form a single wide operating bandwidth. Also, good
impedance matching of the two resonant modes is difficult to The proposed antennas have been successfully implemented.
be achieved. However, it is found that by further embeddinthe proper dimensions of the modified U-shaped slot in the pro-
a modified U-shaped slot along the center line of the patch irosed antennas are obtained from experiments. Fig. 2 shows the
the resonant direction (see Fig. 1), the resonant frequéncy measured return loss for the proposed antennas of different pa-
can again be lowered and the frequerfey is, however, very rameters (denoted as antennas 1-3, here). The corresponding
slightly affected, which leads to an even lower frequency ratiesults are also given in Table I. From the IE3D simula-

of about 1.03 and a wide operating bandwidth is thus possiblien results, the lower and higher resonant modes are, respec-
The modified U-shaped slot is also of widity, and its lower tively, found to be thel’A;o and7'Msy, modes, the same as
section of lengtH, is with a width of/5, while its upper section those studied in [1]. Also note that the fundamental resonant fre-
of length/3 is with a width of 3 mm. This modified U-shapedquency of the unslotted rectangular patch antenna is at about 1.9

I1l. EXPERIMENTAL RESULTS AND CONCLUSIONS
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Fig. 4. Measured peak antenna gain against frequency within operatir 6
bandwidth for antennas 1-3.
g5
GHz, with an operating bandwidth of 1.9%. Since the obtaine =
antenna bandwidths are as large as 4.3-4.6%, the proposed (5?’
tennas show a much greater operating bandwidth, more thi « 5|
2.2 times that of an unslotted rectangular patch antenna. Ty g .
ical radiation patterns in two orthogonal planes of antennala & 2
also shown in Fig. 3 in which the two resonant modes are se¢ I
. . . . . . 1 L L
to have same polarization planes and similar rad_latlon patterr 2180 2200 2220 2240 2260
Fig. 4 presents the measured peak antenna gains for anten
Frequency (MHz)

1-3. The obtained results indicate that the proposed antenr
have an antenna-gain variation less than 2.3 dB (antenna 1) (b)
2.9 dB (antennas 2 and 3) for frequencies within the operating
bandwidth and the peak antenna gains are about 2.2-2.7 d®).5- (a) Measured return loss and (b) peak antenna gain against frequency
The obtained relativelv | t . inlv d f{)r proposed antenna with a Rogers RO30U3substrater,. = 3.0, h =
e obtained relatively lower antenna gains are mainly due {Qs, mm ¢, = 11 mm, ¢, = 7 mm,(; = 8 mm, w, = 0.5 mm,«, = —9.4
the large loss tangent (typically 0.025) associated with the Fivh. Other parameters are the same as antenna 2.
substrates used.

By comparing antenna 2 to antenna 1, it is also founégoout 5.3 dBi, which is greater than those of antennas 1-3 and

o o i
that wh(;,\n the Ieﬂgt% Io? mcregs%d bg "?‘S’t‘r’]“t 1h/° with Otr:eris mainly because the RO300'8 substrate has a lower loss tan-
parameters -unchanged, goo andwidin-ennancement Rels, (typically 0.0013). The lower loss tangent also results in a
formance is also observed with the center frequency sligh

d d. Also. b . X 3t A 1 ?aller bandwidth obtained in Fig. 4 by comparing to those of
ecreased. /IS0, by comparing antenna s 1o antenna 2, 99Q6. 335 13 with an FR4 substrate. Also, the measured radia-

bandwidth-enhancement characteristics are still obtained fo iéh patterns over the obtained impedance bandwidth are similar

small variation of thle feed position. These results suggest tlgg hose shown in Fig. 3, and are not plotted for brevity. Finally

3 small mﬁnﬁfgc_turmgterr[c;r can b? tolleratlgd ftpr the PrOPOSERhould be noted that the design parameters in this study are
esign, which IS important for practica’ applications. not optimized and it can be expected that better bandwidth-en-

Another design with a Rogers RO3003 microwave subsr &ncement performances such as wider antenna bandwidth and

(5.”’ = 3.0, h = 1.524 mm) has also been studied. The patc maller antenna-gain variation than those obtained in this study
dimensions of 37.3 mmx 24.87 mm(L x W) are also se- _ possible

lected. The modified U-shaped slot is of width 0.5 nim,)
and its upper and lower sections are of lengths 11 {#ynand
7 mm(£y4), respectively; the width of the lower section is 8 mm

(¢5). Note that, different from the designs of antennas 1 to 3,1 EmLéanZ”%Z'l?ri'n Y-szvv‘;[l)ui'{ffpesUleanscgSl'gt;gdig%tgngu'ar microstrip
the lower section in this case has a larger width than that (3 k. r Lee, K. M. Luk, K. F. Tong, S. M. Shwn, T. Huynh, and R. Q.

mm) of the upper section of the modified U-shaped slot. The  Lee, “Experimental and simulation studies of the coaxially fed U-slot

dimensions of the right-angle slots are the same as those of an- rectangular patch antenn&foc. Inst. Elect. Eng. Microwave Antennas

. . Propagat, vol. 144, pp. 354-358, 1997.
tenna 2. Fig. 5(a) and (b) show, respectlvely, the measured r?}?] K. L. Wong and W. S. Hsu, “Broadband triangular microstrip antenna
turn loss and peak antenna gain against frequency. Similar band-  with U-shaped slot,Electron. Lett, vol. 33, pp. 2085-2087, 1997.
width-enhancement results as obtained for antennas 1-3 are al¢@) T.Huynhand K. . Lee, "Single-layer single-patch wideband microstrip

. . antenna,’Electron. Lett, vol. 31, pp. 1310-1312, 1995.
observed and the antenna bandwidth is 53 MHz (2197—225q5] K. M. Luk, Y. W. Lee, K. F. Tong, and K. F. Lee, “Experimental studies of

MHZz) or about 2.4% referenced to the center frequency at 2224  circular patches with slotsProc. Inst. Elect. Eng. Microwave Antennas
MHz, which is about 2.2 times that (about 1.1%) of a corre- _ Propagat, vol. 144, pp. 421-424, 1997. )

di lotted microstrip antenna with a same substratéG] W. X. Zhang, C. S. Pyo, S. 1. Jeon, S. P. Lee, and N. H. Myung, "A new
sponding uns p type of wideband slot-fed U-slotted patch antenridjtrowave Opt.

[see the dashed curve in Fig. 5(a)]. The peak antenna gain is Technol. Lett.vol. 22, pp. 378-381, 1999.

REFERENCES



1152 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 48, NO. 8, AUGUST 2000

[7] N. Herscovici, “A wide-band single-layer patch antenn&EE Trans. Kin-Lu Wong (M’'91-SM’'97) received the B.S. de-
Antennas Propagatvol. 46, pp. 471-473, APR. 1998. gree in electrical engineering from National Taiwan

[8] P.S. Hall, “Probe compensation in thick microstrip patch&gctron. : University, Taipei, Taiwan, in 1981, and the M.S. and
Lett, vol. 23, pp. 606607, 1987. Ph.D. degrees in electrical engineering from Texas

[9] C. A. E. Vandenbosch, “Capacitive matching of microstrip antennas ’ A Tech University, Lubbock, TX, in 1984 and 1986, re-
Electron. Lett, vol. 31, pp. 1535-1536, 1995. :_'_ spectively.

[10] H. F. Pues and A. R. Van De Capelle, “An impedance-matching tec - From 1986 to 1987, he was a Visiting Scientist
nique for increasing the bandwidth of microstrip antennd&ZE Trans. f \ / with Max—Planck Institute for Plasma Physics,
Antennas Propagatvol. 37, pp. 1345-1354, NOV. 1989. /,' Munich, Germany. Since 1987, he has been with

[11] K. W. Loi, S. Uysal, and M. S. Leong, “Design of a wideband mi- » : ; the Department of Electrical Engineering, National
crostrip bowtie patch antennaProc. Inst. Elect. Eng. Microwave An- Sun Yat-Sen University, Kaohsiung, Taiwan, where
tennas Propagatvol. 145, pp. 137-140, 1998. he became a Professor in 1991. He also served as Chairman of the Electrical

[12] K. L. Wong and Y. F. Lin, “Small broadband rectangular microstrigEngineering Department there from 1994 to 1997. From 1998 to 1999, he
antenna with chip-resistor loadingElectron. Lett, vol. 33, pp. was a Visiting Scholar with the ElectroScience Laboratory, The Ohio State
1593-1594, 1997. University, Columbus. He has published over 185 refereed journal papers and

[13] K. L.Wong and J. Y. Jan, “Broadband circular microstrip antenna withumerous conference articles and has graduated 21 Ph.D. students. He also
embedded reactive loadingElectron. Lett. vol. 34, pp. 1804-1805, holds 11 patents and is the authoiDEsign of Nonplanar Microstrip antennas
1998. and Transmission LingdNew York: Wiley, 1999).

Dr. Wong received the Outstanding Research Award from the National
Science Council of the Republic of China in 1993 and 2000. He also received
o , ) ) . the Young Scientist Award from URSI in 1993, the Outstanding Research
Jia-Yi Sze (M'99) was born in Kaohsiung, Taiwan, award from the National Sun Yat-Sen University in 1994, and the Excellent
in 1963. He received the B.S. degree in automati¢,,ng Electrical Engineer Award from Chinese Institute of Electrical Engi-
control engineering from Fong-Chia University, neers'in 1998. He has been on the editorial board of the IEENIACTIONS
Taichung, Taiwan, and the M.S. degree in electronie, \;crowave THEORY AND TECHNIQUE since 1997 andicrowave Optical
engineering from the Chung-Cheng Institute Ofrechnology Lettersince 1999. He is a member of the National Committee
Technology, Taoyuang, Taiwan, in 1984 and 1986¢¢ the Republic of China for URSI and the Chinese Institute of Electrical

respectively. He is currently working toward the gpgineers. He is listed ivho’s Who of the Republic of Chirand Marquis’
Ph.D. degree in the Department of Electricahyho's Who in the World

Engineering, National Sun Yat-Sen University,
Kaohsiung, Taiwan.

Since 1986, he has been a Lecturer with the
Department of Electrical Engineering, Chung-Cheng Institute of Technology,
Taoyuang, Taiwan. His current research interests are in microstrip antenna
theory and design and electromagnetic wave propagation.




