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Novel Dual-Frequency and Broad-Band Designs
of Slot-Loaded Equilateral Triangular Microstrip
Antennas

Jui-Han Ly Member, IEEEChia-Luan Tang, and Kin-Lu Wongenior Member, IEEE

Abstract—By loading properly arranged slots in an equi- [see Fig. 1(b); Fig. 1(a) can be considered as a special case of
lateral-triangular microstrip patch, novel dual-frequency and  Fig. 1(b)]. The two operating frequencies in this case are asso-
broad-band operations of a single-feed triangular microstrip ciated to the resonant modes of Tivand Ty [5], [6]. It is

antenna are presented. For dual-frequency operation, the pro- .
posed design is achieved by loading two pair of narrow slots in found that due to the slots embedded close to the side edges, the

the triangular patch, one embedded close to the side edges of thefadiation pattern of the Ty mode, which usually exhibits a
patch and the other inserted at the bottom edge of the patch. slight dip in the broadside direction [5], is removed and become

The obtained two operating frequencies are of same polarization similar to that of the TM, mode. As for inserting the pair of
planes and by varying the positions and lengths of the inserted g|o15 4t the bottom edge of the patch, various frequency ratios

slots at the bottom edge of the patch, a tunable frequency ratio of . . . f
the two frequencies ranging from about 1.16 to 2.06 is obtained. of the two operating frequencies can be obtained by varying the

Furthermore, it is found that by protruding a narrow slot out of  l€ngth and position of the inserted slots.
the embedded slots close to the side edges, broad-band operation of Moreover, it is found that by further protruding a narrow slot

the triangular microstrip antenna near its fundamental resonant  out of the embedded slots close to the side edges [see Fig. 1(c)],
mode can be achieved. Results show that the antenna bandwidth the frequency ratio of the two frequencies can be adjusted to be

of the proposed broad-band design can be greater than 2.6 times . . N .
that of a conventional triangular microstrip antenna. Details of the close to unity, which means broad-band radiation is obtained.

proposed dual-frequency and broad-band designs are described This broad-band operation is especially important for the tri-
and typical experimental results are presented and discussed. angular microstrip antenna [7]—-[9]. This is because although
Index Terms—Broad-band operation, dual-frequency, mi- the conventional triangular microstrip antenna has the advan-
crostrip antenna. tage of physically smaller for operating at a given frequency,
as compared to the rectangular or circular microstrip antennas,
it also exhibits a smaller antenna bandwidth than the rectan-
gular or circular ones. With the present design technique, the
HE dual-frequency design of a single-feed rectangular nfioposed triangular microstrip antenna can have a wider oper-
crostrip antenna with a pair of narrow slots placed clos#ing bandwidth with a smaller antenna size as compared to the
to its radiating edges has recently been reported [1]. The twonventional rectangular or circular microstrip antennas. Details
operating frequencies, having similar radiation characteristigbthe proposed antenna designs are described and experimental
and same polarization planes, are the resonant frequenciesestilts for the obtained dual-frequency and broad-band perfor-
the TMyo and TMso modes. The frequency ratio of the two opsance are presented and discussed.
erating frequencies is generally within the range of 1.6-2.0 [1].
This frequency-ratio restriction imposes a limitation for such II. ANTENNA CONFIGURATIONS
a dual-freq_ue_ncy de_sign in some applications where lower fr&- Dual-Frequency Design
guency ratio is required. In this paper, we propose that by ap-
plying a similar but different slot-loading technique [2]-[4] to The geometry of the proposed dual-frequency design is de-
an equilateral-triangular microstrip antenna, dual-frequency dy¢ted inFig. 1(a) and (b). The proposed design in Fig. 1(a) is de-
eration with an extended frequency-ratio range, as compared‘f&ed here as a simple slot-loaded triangular microstrip antenna
that of a slot-loaded rectangular microstrip antenna [1], can 88d can be treated as a special case of the design in Fig. 1(b).
obtained. This proposed dual-frequency design is achieved"fﬂf both cases, the tnang.ular'patch is assumed to be gquﬂateral
loading two pairs of narrow slots in the triangular patch, witWith a side length off and is printed on a substrate of thickness
one pair of the slots embedded close to the side edges of brand relative permittivity,.. The pair of slots (denoted as slot 1

patch and the other pair inserted at the bottom edge of the palftHis study), having dimensiorig, x w), are placed in parallel
to the side edges of the triangular patch, with a small distance
. . , d; away from the side edges. In Fig. 1(b), another pair of slots
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Fig. 1. (a) Geometry of the proposed simple slot-loaded equilateral-triangular microstrip antenna for dual-frequency operation. (b) Gebenptopo§éd
slot-loaded equilateral-triangular microstrip antenna for dual-frequency operation. (c) Geometry of the proposed slot-loaded eqaiigtdealtnicrostrip
antenna for broad-band operation.

side length of the patch, and the distaride) between slot 1 2, the frequency ratio of the two operating frequencies can be
and the side edge is chosen to be 1 (300.034d) in this study. adjusted. A single probe feed for the excitation of the,§knd

Due to the presence of these slots, the fundamental resonantTitd-, modes can also be easily located along the centerlise
quency( fio) of the triangular patch is found to be slightly af-of the patch in this design.

fected, because slot 1 is mainly in parallel to the excited patch

surface current density of the TiMmode and slot 2 is placed B. Broad-Band Design

near the bottom edge of the patch, where the patch surface currhe present design is to make the first two broadside-radia-
rent distribution of the TM, mode is relatively very weak (seetjon modes (TM, and TMy) of the triangular patch [5] to be
the related simulated results shown in Section ”l'A) On tl’@(mted at frequencies close to each other to form a wider op-
other hand, with the presence of slot 1, the surface current digating bandwidth. For this purpose, as referred to the antenna
tribution of the TMy, mode is modified such that the small dipstructure in Fig. 1(c), a pair of slots (denoted as slot 3 here) with
in the broadside direction of the radiation pattern [5] is remOVeQi-mensions(Zg x w) is protruded from slot 1 at a distandg

By inserting slot 2 at the bottom edge of the patch, the excitgglay from the bottom edge of slot 1. Whépg is selected to
surface current paths of the Timodes are lengthened, whichpe |ess than 0.2 times the patch’s side lengjtthe perturba-
effectively lowers the resonant frequernfey of the TMx mode.  tion of slot 3 on the fundamental resonant frequefigycan be
This suggests that by varying the positions and lengths of slfeatly reduced, because in this case slot 3 will be in the region
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Fig. 3. Simulated and measured return loss of the,Jnd TMxy mode
excitation of the antenna shown in Fig. 1(a); antenna parameters are the same
as in Fig. 2.

TM1o mode. It is also noted that although, in the simulation re-
sults, the excited patch surface currents are constrained to flow
around the end of a slot, the measured gains of the two oper-
ating frequencies associated with the perturbed Jamhd TMy
modes are about the same as those of a corresponding unslotted
®) antenna. It can also be observed that for the Mode, the ex-

] ) o cited patch surface current is less distributed in the patch below
E:g: lz(a);i’"iufée%nfgaf i‘iﬁri”t:d'ls_g'ﬁ:ﬂ?f for tg%f‘;feini‘ rf]rr']fl”"m the feed position, which suggests that the additional loading of
S = 4.4 mm,¢; =40 mm. (@) TM, mode. (b) TM, mode. slot 2 in Fig. 1(b) and slot 3 in Fig. 1(c) will have small effects
on the effective patch surface current path of the;§vhode

and the resonant frequengyy will be slightly affected. On the
near the bottom edge of the patch where the patch surface Bther hand, for the T, mode, it is seen that the excited patch

rent d'St”bUt,lon gf t?re TEM?: rrthdf IS rdelaltl\t/ezly vert);]weak. Theajrface current is strongly distributed near the bottom edge of
arrg\&gdemen ?2 ?tﬁ.c 0 st_o and siot 2 are the same as %’patch. This implies that the additional loading of slot 2 and
scribed in part A ot this section. . slot 3, will result in a large perturbation of the effective patch

On the other hand, it is expected that with the presencesclfface current path of the TM mode, and the resonant fre-
slots 1, 2, and 3 the equivalent patch surface current path ‘Efencyfgo can be significantly decreased, which makes both
the TMyg mode is strongly meandered and, thus, the reson

2 (T-J dual-frequency operation with various frequency ratios and
frequencyfz can be S|gr_1|f|cantly lowered an_d occurred at the broad-band operation possible. Fig. 3 also shows the simu-
frequency close igfyo. It is also found that with the IoresentIated and experimental results of the return loss for the antenna

proposed broad-band design, both resonant modes g kil design of Fig. 1(a). Results show satisfactory agreement for the

TM2o can easily be excited using a single probe feed ata poﬁl’ésent dual-frequency design of a simple slot-loaded triangular

tion along the center Iin.ﬂB of the.trian_gular patch, §imi|ar 'to microstrip antenna, and a frequency ratio of about 2.06 is ob-
the dual-frequency design (described in part A of this sectlor}%med (see Table | for the casedf = ¢, = 0).

For the case of antenna design shown in Fig. 1(b), the effects
of varying the positions and lengths of slot 2 are also studied.
Fig. 4(a) and (b) shows typical measured return loss of M

. and TMyg modes for the cases @k = 37.2 mm and 10.8
A. The Proposed Dual-Frequency Design mm. It is clearly seen that by increasing the length of slot 2,

To begin with, simulated results obtained using IE3D™ [1Ghe resonant frequencfso decreases much more quickly than
for the antenna design shown by Fig. 1(a) are first presentedfia, which makes the frequency ratig.o/ f10) of the two fre-

Fig. 2 in which typical results of the excited patch surface cuguencies decreased. The corresponding measured data are also
rent distributions of TMg and TM, modes are shown. It shouldlisted in Table | for comparison. It is first seen that the optimal
first be noted that the loading of slot 1 has small effects on tiieed point in the present design is within 2 mm and is thus not
TMy, mode and, on the other hand, can make the distributisensitive to the variation in the length and position of slot 2.

of patch surface current density of Tyimode more uniformly Also, it is found that due to the loading of slot 2, the frequency
distributed in the center portion of the triangular patch to makatio decreases with decreasing distadig@nd increasing slot

the radiation patterns of the TAmode more close to that of thelength ;. A tunable frequency-ratio range of about 1.16-2.06

I1l. RESULTS AND DISCUSSION
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TABLE |
RESULTS OF THEPROPOSEDDUAL -FREQUENCY TRIANGULAR MICROSTRIPANTENNA WITH VVARIOUS POSITIONS AND LENGTHS OF THEINSERTEDSLOTS (SLOT 2)
AT THE BOTTOM EDGE OF THEPATCH; ANTENNA PARAMETERS AREGIVEN IN FIG. 2

dy, £y (mm) | dp(mm) | fio(MHz), BW (%) | foo (MH2), BW (%) | faolfio
0,0 100 1731,1.56 3565, 1.82 2.06
37.2,4 11.0 1711, 1.52 3372,2.05 1.97
37.2,5 11.0 1701, 1.65 3327,1.65 1.95
37.2,6 11.0 1691, 1.66 3268, 1.53 1.93
25.0,6 11.0 1720, 1.51 3123,2.34 1.82
25.0,7 11.0 1721, 1.74 3046, 2.10 1.77
25.0,8 11.0 1721,1.75 2967, 1.82 1.72
10.8,9 10.5 1730,1.39 2832,2.44 1.64
10.8, 10 10.5 1730, 1.50 2820,2.41 1.63
10.8, 11 10.5 1730, 1.56 2750, 2.40 1.59
4.0,14.4 9.5 1754,1.43 2036, 1.62 1.16
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Fig. 4. Measured resonant frequencigs, and f.o, against frequency for the proposed antenna [Fig. 1(b)]; other parameters are the same as in Fig. 2. (a)
dy = 37.2 mm. (b)d; = 10.8 mm.

is obtained for the proposed dual-frequency design. It showddsign, there is no point which gives a good matching condi-
be noted that whe#, is larger than 14.4 mr(~0.29d) in this tion for the two operating frequencies simultaneously. This be-
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TABLE I
DESIGN AND PERFORMANCE OF THEPROPOSEDBROADBAND TRIANGULAR MICROSTRIPANTENNAS [FIG. 1(c)]; OTHER PARAMETERS ARE SHOWN IN FIG. 6. THE
RESULTS FOR THEREFERENCEANTENNAS ARE OBTAINED FOR THE CONVENTIONAL TRIANGULAR MICROSTRIPANTENNAS [5] OPERATED IN THETM g MODE

d £, d, 2,,d, L4, dy Bandwidth
(mm) (mm) (mm) (mm) (10dB return loss)

Antenna B1 50 40,1.0 147, 4.5 8.0, 8.5 1720-1799MHz (4.5%)

Reference B1 50 0,0 0,0 0,0 1717-1743MHz (1.5%)

Antenna B2 40 30,1.0 8.7,3.6 74,55 |2200-2311MHz (4.9%)

Reference B2 40 0,0 0,0 0,0 2160-2201MHz (1.9%)

g
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Fig. 5. MeasuredE-plane andH-plane radiation patterns for the proposed ICA
antenna [Fig. 1(b)]; other parameters are the same as in Fig. 2. (a) The design 2
with d; = 4.0 mm, {; = 14.4 mm. (b) The design withl;, = 10.8 mm, Q
l; = 11.0 mm. -
g
o o z2 7 z
havior limits the present dual-frequency operation with a fre- ga 30 | 2218 MHz 2290 MHz
guency ratio less than 1.16.
Typical measured radiation patterns at the two operating fre-
guencies for the cases with = 14.4 mm, d» = 4 mm and 40 ' * ;
¢y = 11 mm,d, = 10.8 mm are also plotted in Fig. 5(a) and (b), 2180 2220 2260 2300 2340
respectively. It is observed that the two frequencies are of same Frequency (MHz)
polarization planes and have similar broadside radiation charac-
teristics. Good cross-polarization (XP) radiation of the two fre- (b)
guencies are also obtained, especially for the lower operatiFfig. 6. Measured return loss for the proposed broad-band design shown in
frequency.fio. Fig. 1(c) withe, = 4.4, h = 1.6 mm,w = 1 mm,d, = 1 mm. (a) Antenna

Bl:d = 50 mm,S = 4.4 mm,d, = 13.9 mm. (b) antenna B2{ = 40 mm,

S = 3.9 mm,d, = 10.6 mm. Parameters of the embedded slots in antennas
B. The Proposed Broad-Band Design B1 and B2 are listed in Table II.

Based on the broad-band design shown in Fig. 1(c), two cases

of the triangular patch sizes df= 50 mm (antenna B1) and 40 corresponding parameters of the loading slots and the antenna
mm (antenna B2) are implemented. Fig. 6 shows the measupedformance are listed in Table Il in which the performance
return loss of antennas B1 and B2. Itis clearly seen that for baihthe conventional triangular microstrip antennas without slots
cases, large operating bandwidths formed by the excitation(oéferences B1 and B2) [5] in the Tfyimode is also shown for
two adjacent resonant modes at 1734 and 1784 MHz for antewaanparison. It is noted that the fundamental resonant frequen-
B1 and 2218 and 2290 MHz for antenna B2 are observed. Tties of references 1 and 2 are, respectively, at 1730 MHz and
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are seen to be of same polarization planes and similar radiation
characteristics.

IV. CONCLUSION

The novel slot-loaded equilateral-triangular microstrip
antennas with dual-frequency and broad-band operations have
been proposed and experimentally studied. The two operating
frequencies of the proposed dual-frequency design are of same
polarization planes and also have similar radiation characteris-
tics. This design also shows a tunable range of about 1.16-2.06
for the frequency ratio of the two operating frequencies. The

90°

= o o broad-band operation achieved by modifying the proposed

E-plane dual-frequency design has also been successfully implemented.

——— Co-Pol. The antenna bandwidth of the proposed design reaches more
~——— Cross-Pol. than 2.6 times that of the conventional triangular microstrip

(b) antennas.

Fig. 7. MeasuredE-plane ¢—= plane) andH-plane ¢—= plane) radiation
patterns for antenna B1 given in Fig. 6. (B)= 1734 MHz. (b) f = 1784 REFERENCES
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