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Single-Feed Slotted Equilateral-Triangular
Microstrip Antenna for Circular Polarization
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Abstract—Novel designs of single-feed equilateral-triangular for the regular-size CP operation, it refers to the circularly
microstrip antennas for circular polarization (CP) are proposed polarized radiation of triangular microstrip antennas without
and studied experimentally. It is demonstrated that by embedding antenna-size reduction at a fixed operating frequency.

a narrow slot or a cross slot of unequal slot lengths in the triangu- P tlv. tvoical desi f circularl larized tri |
lar patch, circularly polarized radiation of microstrip antennas resently, typical designs of circularly polarized triangular

can easily be achieved using a single probe feed. Furthermore, Microstrip antennas are using a nearly equilateral-triangular
results show that for the design with a cross slot, the proposed patch [4] or an equilateral-triangular patch with a slit inserted
antenna can perform CP radiation with a reduced antenna size at at the patch edge [5]. These CP designs are only applicable
a given frequency (denoted as compact CP operation here); that o, yaqar-size CP operation of triangular microstrip antennas.
is, the requ[red antenna size is smaller for the proposed antenna In this paper, we demonstrate another promising regular-size
for performing CP radiation as compared to a conventional - s > ‘ ;
circularly polarized triangular microstrip antenna at a fixed ~CP design of triangular microstrip antennas with an embedded
operating frequency. Details of the proposed CP designs are narrow horizontal slot [see Fig. 1(a)]. And itis then shown that
dgscribed, and typical experimental results are presented and by using a cross slot of unequal slot lengths [see Fig. 1(b)] in
discussed. place of the embedded horizontal slot, the circularly polarized
Index Terms— Circular polarization, microstrip antenna, radiation of the slotted triangular microstrip antenna can occur
printed antennas. at a lower operating frequency. This implies that an even
smaller antenna size for a fixed CP operation can be achieved,
|. INTRODUCTION if_one uses t_he pre_sent proposeq compact circula_rly polarized
) ] . . triangular microstrip antenna with a cross slot in place of
T HE main advantage of single-feed circularly polarizel,s conventional CP designs of square or circular microstrip
_mlcrostrlp antennas is their simple structures that do _ngﬁtennas [1]. Details of the proposed CP designs of slotted
require an external polarizer. They can, therefore, be realized ,jar microstrip antennas are described and experimental

more compactly by using less board space than the duglyyts of the CP performance are presented and analyzed.
feed circularly polarized antennas. Many designs of single-feed

circularly polarized microstrip antennas with square or circular
patches have also been reported [1]. To obtain compact circular
polarization (CP) operation, some designs by embedding alhe proposed antenna designs for regular-size and compact
cross slot of unequal slot lengths in the circular patch [£}P operations are, respectively, depicted in Fig. 1(a) and (b),
or inserting slits of different lengths at the edges of a squaiespectively. The equilateral-triangular patch has a side length
patch [3] have been proposed recently. It is also found that fk ¢ and is printed on a substrate of thicknésand relative
both regular-size and compact circularly polarized microstrigermittivity £,.. For the regular-size CP design in Fig. 1(a), a
antennas, the related designs are largely on square and circo@rfow slot of dimensiong x w(¢ > w) is embedded in
patches. Relatively very few designs for achieving CP operd€e patch, with the slot oriented in parallel to the bottom
tion using triangular microstrip antennas are available in tt%de of the triangular patch and the slot center at the null
open literature, although it is well known that the triangularoltage point of the fundamental T/ mode of the simple
microstrip antenna has the advantage of being physicalfj@ngular microstrip antenna without a slot. It is then expected
smaller at a fixed frequency, as compared to square or circufa@t due to the slot perturbation, the equivalent excited patch
microstrip antennas. This motivates the present study of nogérface current path of the Ti¥ mode along the direction
designs of both regular-size and compact CP operations pgfpendicular to the narrow slot is lengthened, while the one
triangular microstrip antennas. The compact CP operationifis parallel to the slot orientation is slightly affected. This
defined here as the circularly polarized radiation of a reduck@havior can result in the splitting of the Tl¥imode into two
size or compact triangular microstrip antenna. Converseljgar-degenerate orthogonal resonant modes. And by further
. . . selecting a proper slot length and feeding the patch at a suitable
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Fig. 2. Measured input impedance for the proposed CP design shown in
Fig. 1(a) with feed at point A¢, = 4.4,h = 1.6 mm,¢{ = 11.9 mm,w =1
mm, d = 48 mm, (2, yp) = (6.0 mm, —8.5 mm).

! /probe feed 4

Ground plane

(b)

Fig. 1. (a) Geometry of a single-feed equilateral-triangular microstrip an-
tenna with a horizontal narrow slot for CP radiation; feed at point A is
for right-hand CP operation and point B is for left-hand CP operation. (b)
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Geometry of a single-feed compact equilateral-triangular microstrip antenna 1938 MHz

with a cross slot of unequal slot lengthé, < 1,) for CP radiation; feed

at point C is for right-hand CP operation and point D is for left-hand CP 0 + +

operation. 1926 1934 1942 1950
Frequency (MHz)

which are determined experimentally in this study. For the fe&ly- 3- Measured axial ratio in the broadside direction for the antenna with
. . L. . . ' parameters given in Fig. 2.

position at point A, which is the intersection of labi andL»

and is usually located in the left half of the triangular patch,

a right-hand CP operation with good matching condition can v

be obtained. On the other hand, left-hand CP operation can be

obtained by feeding the patch at point B (the mirror image of

point A with respect to the centerline of the triangular patch).

The proposed antenna in Fig. 1(b) is for compact CP * 3 " > T ew
operation. A cross slot of unequal slot lengths are embedded x-z plane y-z plane
in the triangular patch and centered at the null-voltage position
for the TM; g mode of the simple triangular microstrip antenna.  — RuCP
It is then expected that due to the additional slot perturbation — LHCP

for the horizontal patch surface current path as compared to i@ 4. Measured radiation patterns in two orthogonal planes at 1938 MHz
design in Fig. 1(a), both the surface current paths of the tim the antenna with parameters given in Fig. 2.

orthogonal resonant modes can be lengthened, which lowers

their corresponding resonant frequencies. And by adjusting thiéerence and a compact CP operation can be achieved. The
cross slot to be with unequal slot lengthsand/, and feeding feed postion at point C shown in the figure (wih > £.) is

the patch at a position along the lines inclined togtexis with ~ for right-hand CP operation and point D is for left-hand CP
an anglex = tan=*(¢, /¢,) [see Fig. 1(b)], the two orthogonal operation. And the distance between the feed position and the
resonant modes can be of equal amplitudes arfd @Gase slot center is denoted as,.
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Fig. 5. Measured input impedance for the proposed compact CP design shown in Fig. 1(b) with different cross-slot sizes; feed af poi8 @m,

& = 44, h = 1.6 mm, w = 1 mm. (a) Antenna 1{{,,(,) = (6.5 mm, 10.4 mm),d, = 9 mm. (b) Antenna 2({y,{,) = (11 mm, 14 mm),
d, = 7.5 mm. (c) Antenna 3({,,{,) = (17.8 mm, 18 mm),d, = 1.5 mm.
Ill. RESULTS AND DISCUSSION triangular patch (11.9 mm for the proposed antenna with a side
length of 48 mm studied here), these two resonant modes can
A. The Design with a Narrow Horizontal Slot be excited with equal amplitudes and°9fhase difference to

. result in CP radiation. And the single-feed position for (30-
Several antennas based on the proposed CP design have . . i .
|m43edance matching, determined from the intersection of

been implemented. The experimental results of a typical Cﬁﬁci L, and L, is found to be approximately located in a

with right hand_CP o_peranon are presented n F!g. 2 in whig sition along the direction between the left-hand side edge
the measured input impedance is shown. It is first noted t . .

. of the narrow slot and the bottom side of the triangular patch
without the slot presence, the fundamental resonant frequelglc

(f10) of the triangular microstrip antenna studied here is ?ge Fig. 1(a)]. This property makes the determination of the

about 1.9 GHz. And from the obtained results in Fig. 2, it car?ed position for the present CP design very convenient, as

be seen that a dip in the impedance locus near 1.9 GH compared to the regular-size designs reported in [4] and [5].

: L . measured axial ratio in the broadside direction is also
obtained, which indicates that two resonant modes are excite . . . .

: . o Upresented in Fig. 3. It is observed that the CP bandwidth,

at very close frequencies (if the two modes are excited g\t

frequencies far apart, a loop instead of a dip will be observe((:?termined from 3-dB axial ratio is 18 MHz or about 0.93%
d part, P P Wwith respect to the center frequency (1938 MHz), defined here

in the impedance locus; and if only one resonant mode s . L ; o .
. : ) . : t0 be the frequency with minimum axial ratio in the operating
excited, there will be no dip seen in the impedance Iocu?y

This suggests that the fundamental TMnode in the present gndywdth. The measured radiation patterns of the present de-
S|gn in two orthogonal planes at the center frequency are also

design is split into two near-degenerate resonant modes. Al R . N
this is largely due to the effective excited patch surafce curreéllgtted In Fig. 4, and good right-hand CP radiation is observed.

path in they direction being slightly lengthened with respect , ,

to that in thez direction, which makes thg-directed resonant B- The Design with a Cross Slot of Unequal Slot Lengths
mode with a resonant frequency slightly lower than that of the The proposed compact CP design with the cross slot of
Z-directed resonant mode. It is also found that, when the slarious slot lengths was also implemented and studied. The
length is adjusted to be about 0.25 times the side length of tieed position is selected at point C for achieving right-hand
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Fig. 6. Measured axial ratio in the broadside direction for antennas 1, 2, and (b)
3 shown in Fig. 5.
0 [}
TABLE |
CP RERFORMANCE OF THEPROPOSED ComPACT CP
DESIGN OF EQUILATERAL-TRIANGULAR MICROSTRIP
ANTENNAS; ANTENNA PARAMETERS ARE GIVEN IN FIG. 5
S 90° ‘ 90° 90° : 90°
(o.ty (mm) | dp (Mm) Fregﬂfnrcy CP Bandwidth x-z plane y-z plane
antenna 1 6.5, 10.4 9.0 1916 MHz %f ;{\'AE.EZ)
- —— RHCP
antenna 2 11, 14 7.5 1880 MHz 19 MHz — LHCP
(1.01%) ©
antenna 3| 17.8, 18 15 1768 MHz | 16 MHz . o .
(0.91%) Fig. 7. Measured radiation patterns in two orthogonal planes for the antennas

with parameters given in Fig. 5. () Antenna 1 at 1916 MHz. (b) Antenna 2
at 1880 MHz. (c) Antenna 3 at 1768 MHz.

CP operation. Fig. 5 shows the measured input impedance of

the proposed design with different cross-slot sizes. It is firgt part A of this section, although the electrical thickness of
noted that the antenna parameters are the same as those thgedubstrate of antenna 3 is smaller due to the lowering in
in Fig. 2 and antennas 1, 2, and 3 (shown in the figure) dendite center operating frequency. And, for antennas 1 and 2, the
the designs with different cross-slot sizes. And it is found th&@P bandwidths are even greater than that of the regular-size
by properly adjusting the slot lengths, two near-degenerd@® design. This is probably because in this particular case,
orthogonal resonant modes with equal amplitudes and ph#se use of a cross slot is easier in generating two orthogonal
difference for CP operation are excited. The measured axllarizations than the case with a single narrow slot; thus,
ratio in the broadside direction is presented in Fig. 6, andder CP bandwidths for antennas 1 and 2 are resulted. Fig. 7
the corresponding CP performance is listed in Table I. Froaiso shows the measured radiation patterns of the compact
the experimental results obtained, it is seen that the cenfdP designs in two orthogonal planes, and good right-hand CP
frequency for CP operation decreases with increasing croggeration is seen.

slot size, which is expected as discussed in Section Il. And for

the case of antenna 3, the center frequency is decreased to be IV. CONCLUSIONS

1768 MHz, which is about 0.91 times that (1938 MHz) of the Novel designs of single-feed circularly polarized microstrip

regular-size CP design. This lowering in the center operatiRgtennas using slotted equilateral-triangular patches have been
frequency can correspond to an antenna size reduction of abguticessfully demonstrated. Both the cases of regular-size and
17%, when using the present compact CP design in placec@mpact CP operations using the designs with, respectively,
the regular-size CP design shown in part A of this sectiad narrow horizontal slot and a cross slot of unequal slot
or the designs reported in [4] and [5]. It is also noted thaengths embedded in the triangular patch are experimentally
with increasing cross-slot size, the feed position needs to ip@estigated. The optimal feed positions for both cases to
moved closer to the slot center. This behavior limits the use afhieve good impedance matching are found to be easily
a larger cross slot for achieving an even greater antenna siggermined. And for the compact CP design, an antenna-
reduction using the feed method of a probe feed. Howevsize reduction of about 17% as compared to the regular-size
for such cases with larger cross slots, alternative feed meth@® design is also obtained. Also, although the electrical
such as the slot-coupling feed [6] or the proximity couplethickness of the substrate is reduced due to the lower operating
feed [4] can be applied. frequency, the CP bandwidth of the compact CP design studied

Also, it is noted that the CP bandwidth of antenna 3 isere is about the same as or even greater than that of the
about the same as that of the regular-size CP design shaegular-size CP design.
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