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Design and Performance of Small Printed Antennas
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~ Abstract—In this paper, electrically small microstrip patches [7]. In this paper, the fundamental problems with shorted
incorporating shorting posts are thoroughly investigated. These patches are addressed and techniques to alleviate them are
antennas are suitable for mobile communications handsets where proposed and investigated.

limited antenna size is a premium. Techniques to enhance the .
bandwidth of these antennas are presented and performance It should be noted that throughout this paper, the term

trends are established. From these trends, valuable insight to the Shorted patch is used to describe a patch incorporating several
optimum design, namely broad bandwidth, small size, and ease shorting posts. It does not refer to the classical quarter-wave

of manufacturing, is given. patch antenna where an edge of the radiator is terminated
Index Termsqwicrostrip antennas. Wlth a Short Circuit p|ane. The impedance behaViOI’ Of the
shorted patch radiator was qualitatively explained in [8] using
simple circuit theory and so, for the sake of brevity, will not
be included here. However, it is important to note that at
ICROSTRIP patches are currently being used for mary fixed frequency, the modified patch size can be increased
applications due to several key advantages over caor- decreased, depending on the distance of the shorting pin
ventional wire and metallic antennas. These advantages fiom the feed. Of course, this over-simplified approach ignores
clude low profile, light weight, and ease of fabrication andoupling between the fields from the edges of the patch and
integration with RF devices. However, there are several applie pins. As shown later in this paper, all of these relative
cations where even the physically small size of a conventiordimensions of the printed antenna play a role in determining
microstrip patch antenna is still too large. One such scenatie impedance behavior of the radiator.
is for use on a mobile communications handset. Here, al-The organization of this paper is as follows: Section |
though the above mentioned features of a printed antenna jaresents the impedance and radiation characteristics of a
compatible with this technology, the operational frequency ghorted circular patch incorporating a single shorting post.
too low. Frequencies of less than 2 GHz require conventiorielhe antenna is mounted on a relatively thick substrate with
patches too large to be readily installed on typical dimensioaslow dielectric constant to enhance the bandwidth. A com-
of a mobile communications handset. Thus, several techniqyesison between theory and experiment is provided; Section I
have been proposed to effectively reduce the size of theesents a parameter study showing the effects of the height
printed radiator and so taking advantage of some of the otlodrthe substrate, the dielectric constant of the material, the
key points associated with printed technology. Using higéize of the feed and shorting pins; the effect of a cover
dielectric constant material has been proposed [1], howeviayer on the electrical performance and manufacturing ease of
so far, only poor efficiency due to surface wave excitatiotme shorted patch is also provided. From this study, valuable
and narrow bandwidths have been achieved. Also, the limitegsight into the optimum design of shorted patches is achieved;
availability of low cost, low loss, high dielectric constanSection IV addresses the problem of the strong dependence
material is another problem with this method. In [2]-[6pf the impedance behavior of the shorted patch on the close
shorting posts were used in different arrangements to redymeximity of the feed to the pin. Here, a simple technique is
the overall size of the printed antenna. As shown in [4], theroposed which overcomes this short fall.
maximum reduction in physical size can be achieved if a single
shorting post is used. Here, the radius of the circular patch 1.

was reduced by a factor of three, making the antenna size ]
very suited for handset terminals. However, there are criticalAlthough conceptually quite easy to understand, a shorted

drawbacks with this form of printed antenna. In particulaPaich is & complicated radiating structure. Thus, to obtain an
the strong dependence of the input impedance on the cl@sgurate representation o_f the elec_trlcal performance qf this an-
positioning of the shorting post with respect to the feel@nna, afgll-wave analysis is required. Throughout_thls work,
and once again the narrow impedance bandwidth. To da@8, analysis based on a full-wave spectral domain Green's
the recorded bandwidths of the proposed shorted patches fafg;tlon/Galerkln’g techmque.was utilized. Attachment modes
significantly less than that required for typical digital cordlesimilar to those introduced in [9] were used to model the

systems such as DECT (digital European cordless telephorfé§fontinuities associated with the feed and shorting pins. In
thiS section, validation of the analysis will be given as well as
Manuscript received March 21, 1997; revised March 25, 1998. a method to increase the impedance bandwidth of a shorted
The authors are with the Department of Communication & Electrorgﬁatch to that required for commercial mobile applications.
Engineering, Royal Melbourne Institute of Technology, Melbourne, 3001 . . . .
Australia. Consider a circular probe-fed patch loaded with a single
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Fig. 1. Schematic of probe-fed patches incorporating single shorting posts.

(a) Circular. (b) Rectangular.
180

Fig. 3. Predicted and measurégplane Ey far-field radiation patterns of
circular probe-fed shorted patch at 1.9 GHz.

allowing the antenna to be easily accommodated on a typical

handset. It should be noted that to implement such an antenna

for mobile communication terminals, a cavity-backed version

(similar in principle to that presented in [10] for a conventional

patch antenna) could be used to allow for easy integration into

the handset itself. Slight discrepancies between the theoretical

and experimental loci in Fig. 2 can be attributed to the thin

layer of dielectric required to mount the conductor on the foam.

, This layer of dielectric (height of 0.254 mm, = 2.2) was

Theory not taken into account in the analysis. The separation distance

Experiment |-/ between the feed pin and the shorting pas) vas 1.2 mm.

: o A thorough investigation of this parameter will be presented

in Sections Il and IV.

The predicted and measuréf} far-field radiation patterns

in the £ and H planes of the shorted circular patch are shown

in Figs. 3 and 4, respectively. Once again, good agreement

between experiment and theory was achieved. For the ex-

Fig. 2. Predicted and measured input impedance of circular probe-fpeériment, the shorted patch was mounted on a large ground

shorted patch (parameters; = 1.07, tané = 0.015, d = 10 mm, nlane (4)\gx 4 Xo) to reduce diffraction off the edges. From

R = 10.65 mm, zp, = 6.2 mm,y, = 0, xps = 8.3 mm, y,s = 0, E . .

ro = 0.325 mm, ro, = 0.6 mm). the results presented in Figs. 3 and 4 the ripple commonly
associated with a finite ground plane and more predominate in

] ) ] ) _ the E plane is still evident. The radiation patterns in Figs. 3
adopted for conventional microstrip patch design, to achieygq 4 are similar to a top-loaded monopole. It is interesting to

reasonable bandwidth a thick, low, dielectric substrate shoylgie that in thek plane, there is a slight dip in the pattern at
be utilized. Fig. 2 shows the predicted and measured i”RHbadside(e = 0°), not a deep null as usually expected for a
impedance locus of a shorted patch designed for an inggp-loaded monopole. It can be postulated that this is due to
impedance of 50 at a frequency of 1.9 GHz mountedthe excitation of modes on the patch conductor. The extent of
on 10-mm foam (refer to Fig. 2 captions for the relevanhe decrease in magnitude is dependent on the relative position
dimensions). As can be seen from these plots, very gogflthe shorting pin and probe feed with respect to the center of
agreement between theory and experiment was achieved. T patch. It should be noted that although fheplane cross-
predicted and measured 10-dB return loss bandwidth waslarization level of this antenna (Fig. 4) is relatively high,
6.3 and 6.8%, respectively. The impedance bandwidth fisr the application of mobile communications handsets this
significantly more than that achieved using the technigig not a major concern as much of these fields will diffract
outlined in [1] and also previously recorded bandwidths afff the edges of the small finite ground plane within the
shorted patches [2]-[6]. The radius of the patch is 10.65 mimndset [11]. A novel technique to reduce the magnitude of
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PARAMETER STUDY OF SHORTED CIRCULAR PATCHES (BW: BANDWIDTH,
A DISTANCE BETWEEN ), AND s, R: RADIUS OF PATCH)
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again, the impedance bandwidth and radiation patterns are very
similar to that presented for the circular patch case. For this

reason and as the computational time required for the circular
shorted patch is significantly less, only circular shorted patches
will be considered herein. On a SPARC 10 workstation, the

225 /135 circular version takes 10 s per frequency point as compared
to 166 s for the rectangular case.

180 I1l. PARAMETER STUDY OF SHORTED PATCHES

Fig. 4. Predicted and measuréfl-plane E, far-field radiation patterns of INCORPORATING A SINGLE SHORTING PosT

circular probe-fed shorted patch at 1.9 GHz. . )
In this section, a parameter study of the shorted patch

is given and yields valuable insight into the design of this
radiator. A comparison of the properties of a shorted patch
and a conventional patch was given in [13] and is not included
here.

Schematics of circular and rectangular patches each incor-
porating a single shorting post are shown in Fig. 1. As can
be seen from this figure, there are many degrees of freedom
in the design of one of these radiators with each affecting the
resonant frequency and input impedance of the antenna. Thus,
there may be more than one solution for a given specification
and given substrate parameters. Table | provides a summary
of the effects of several parameters on the impedance and
structural properties of a shorted patch radiator. For all the
cases considered, the other parameters not being investigated
were varied to ensure an antenna input impedance of250
at 1.9 GHz.

From the parameter study given in Table I, a design method-
ology can now be established. For reasonable bandwidths,
thick foam substrates should be used. The use of an electrically
thick substrate also reduces the radius of the patch conductor
Fig. 5. Predicted and measuréf-plane E,, far-field radiation patterns of and increases\. The shorted patch is very suited to the
circular probe-fed shorted patch at 1.9 GHz. inclusion of a coverlayer, which once again reduces the size

of the patch as well as improve&. The radii of the pins
the cross-polarization levels was presented in [12], howevailso play an important role in the overall size of the patch
at the expense of increased patch real estate. Hhdane conductor as well ag\. Since a compromise must be made
copolarized fieldE, is very similar to that of a conventional between/ and A, we found good results can be achieved
patch and the predicted and measured pattern at 1.9 GHavlgenrg, is approximately 0.04,—approximately twice that
shown in Fig. 5. The predicted and measured gains of tbé . Once again, these values really depend on which is
antenna are 3.6 and 3.8 dBi, respectively. The location of there important—the overall size of the antenna or the ease
gain maximum is similar to a top-loaded monopole and also fabrication.
to the results presented in [3]. The design procedure of a patch incorporating a single

It should be noted that another solution for the giveshorting post is relatively straightforward. As a starting point,
specification can be achieved using the rectangular shortéte radius of the patch should be set to approximalgl¥16
patch configuration presented in Fig. 1(b). The dimensiof&here), is the guided wavelength). The shorting post should
of this case areZ = 17.3 mm, W = 21.3 mm, z,, = 5.0 be located at approximately 80-90% of this value. As pointed
mm, 7o = 0.325 mm, z,, = 7.4 mm, 7o, = 0.6 mm. Once out in Table I, the closer the shorting pin to the edge, the

270

/ ;
Co-polar (exp.)
Co-polar (th.)

180
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y As mentioned before, another degree of freedom with the
y (xps1 ps1) multiple shorting post antenna is the angular displacement of
the posts. Consider the patch with two shorting posts with
the angular displacement of the pins increased-#°. For
an input impedance of 5@ at 1.9 GHz, the dimensions of
this shorted patch ar& = 14.65 mm, z, = 3.65 mm, and

(Xps> Wos1)

(Kpsar ps2) Tps1 = Tps2 = 12.7 mm. The corresponding bandwidth of the
shorted patch configuration is 9.4%. Thus, to achieve greater
@ () bandwidth the shorting posts should be positioned further
Fig. 6. Top view of probe-fed patches incorporating multiple shorting postapart, once again at the expense of increased patch area. An
(@) Two posts. (b) Three posts. explanation of this phenomenon is that @sincreases, the

coupling between the shorting pins decreases, as a function of
smaller the overall size of the patch. The probe feed shoulgs ¢. To counter this effect, stronger patch modes are required
be located in close proximity to the shorting pin and theg maintain the coupling. Thus, the patch conductor size must
adjusted to achieve 5Q. Of course the design strategy willhe made larger.
depend on the thickness of the substrate. As with the case forncorporating more shorting pins further increases the effec-
a conventional probe-fed patch etched on a thick substrate, {i@ size of the shorting plane. A triple-post circular patch was
design is somewhat more complicated by the strong inductiygsigned for the previously given specifications and substrate
nature of the electrically longer probe. However, this desigghrameters. The relevant dimensions afe:= 15.4 mm;
procedure is still relatively accurate, requiring only sligh&p = 235 mm; z,; = 13.3 mMM; x,0 = 2,3 = 14.1 mm;
adjustment of the dimensions. ¢ = 0° and ¢ = —p3 = 20°. The 10-dB return loss

bandwidth of this patch configuration is approximately 10%,

IV.  TECHNIQUE TO IMPROVE MECHANICAL TOLERANCES  which is similar to the bandwidth of a conventional circular

As was seen in the previous section, the close proximity @ﬂtCh mounted on this substrate. As the number of shorting
the feed and shorting pins is a major design flaw in the shorteis along the same plane increases, the performance of the
patch antenna. Although some of the procedures outlinedffinted antenna approaches that of a conventional quarter-
Section IIl can reduce the stringent design toleranceg\pn wave patch. Once again the increase in bandwidth as well
more robust solutions have yet to be provided. In this sectict# A is at the cost of increased patch size. The radiation
the issue of improving the manufacturing ease of a shortgatterns for this configuration are similar to that presented
patch is addressed and a simple technique is proposed. before with the exception that the dip is further reduced by

The technique involves increasing the number of shortidg dB. It is interesting to note that the magnitude of the
posts. The philosophy behind this method can be extrap@-plane cross-polarized fields are still relatively high. This
lated from some of the results presented in Section IlI. Frofiding is consistent with the postulation made in [14] about
Table 1, the larger the radius of the shorting pin, the greater quarter-wavelength patches.

Another way of interpreting this is the stronger the shorting Recently, another means of improving the manufacturing
plane developed, the greater the Fig. 6 shows examples of €ase was introduced in [15]. This technique resulted in similar
this technique, where probe-fed circular patches consistingttgnds to those presented here.

two and three shorting posts are presented. As can be seen from

these schematics there are even more degrees of freedom, in

particular, the distance between the shorting pins or the angular V. CONCLUSION

displacement of the pins from theaxis ¢ (refer to Fig. 6). n thi lectricall Il orinted h
Consider the patch with two shorting pins shown in n this paper, electrically small printed antennas were thor-

Fig. 6(a). Using the same substrate parameters and thly inv_estigated 'using a.rigorous analysis. _Sevgrgl shorted
radii given earlier, a patch configuration with the followin atches with bandwidths suitable for commercial digital cord-

dimensions was designed for 50 input impedance at 1.9 ess systems were designed and developed. The influence of

GHz: R = 13.2 mm; z, = 4.95 MM; 2ps1 = apsz = 11.08 all the yanables of a shorted.patch_ on the eIgctnch and

mm: andé; = — o :ploo (where ¢; ig the angle between mechanical performance. of this radiator were investigated
’ and from the study a design methodology and procedure was

the sth shorting pin and the: axis). The 10-dB return loss ) . X :
bandwidth is approximately 7.9%. Thus, the improvement ﬁlstabllshed. A novel technigue which alleviates the structural

bandwidth andA, here approximately 6 mm, are achieved {Rroblems of a shorted paich were also proposed. In this
the cost of increased patch real estate. The predicted radidt8qe" !t h"_"s been shown that shorted patc_:hes are very suited
Fy in the £ and H plane are similar to the patterns presentet(? applications were antenna rgal _estate is very limited, for
in Figs. 3 and 4, with the exception that there is less of a d@ﬁ(ample, for a mobile communications handset.
at broadside in thé” plane by a factor of 2 dB. Thus, more
power is being radiated with this configuration than a patch REFERENCES
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