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Stacked Patches Using High and Low
Dielectric Constant Material Combinations

Rod B. WaterhouseMember, IEEE

Abstract—In this paper, the performance of stacked patches In this paper, we further investigate the performance of
incorporating a high and low dielectric constant material com-  the hi-lo dielectric constant stacked patches, in particular,
bination is presented. Such a printed antenna is applicable for ¢,0sing on the radiation characteristics of this antenna. It

cases where photonic and microwave devices need to be directly il be sh that th tch ield | larized
integrated with the antenna. It will be shown that 10-dB return- will-be shown that these patches yield low cross-polarize

loss bandwidths in excess of 25% can be achieved with suchfields making this printed antenna very suited to circular
a configuration. Importantly, the surface wave efficiency across polarization (CP) applications. Section Il presents the overall
this band of frequencies is high—greater than 85%. It will performance trends of thiei-lo stacked patch, comparing its

also be shown that these stacked patches have lower cross-performance to single-layered and other stacked configura-

polarization levels compared to a conventional stacked patch fi Section Il ts t imole techni . th
and, thus, are very suited to circular polarization applications. lons. >ection presents two simple techniques using the

Two circular polarization (CP) configurations are presented and hi—lo stacked patch, which result in good CP behavior over
experimentally verified. The single- and dual-feed configurations the entire impedance bandwidth. These configurations are

have 3-dB axial ratio bandwidths of 18% and 32%, respectively. investigated experimentally and excellent agreement with the
Index Terms—Broad-band antennas, printed antennas. predictions was achieved.

I. INTRODUCTION Il. PROPERTIES OFHI-LO STACKED PATCHES

NE salient feature of the microstrip patch is its ease of To thoroughly investigate the performanceheflo stacked

integrating with active devices. Printed antennas can Batches, a full wave spectral-domain analysis develaped
etched/fabricated on the same material used to develop Rfuse[8] and Ensemble 5.19] were utilized. These packages
crowave amplifiers and photonic devices, thereby making tkke into account the surface wave effects and accurately
transmitter and/or receiver module small in size [1]. Two sudRodel the feed technique incorporateinsemblehas the
problems with this antenna/device integration technique are @#@ded feature of allowing multiple dielectric layers, thereby
excitation of surface waves reducing the antenna efficiency af@deling the effect of the thin layer of material used to etch
also the limited achievable bandwidth [2]. Aperture-couplelée upper patch and giving more accurate impedance modeling.
patches alleviate this problem to an extent, however, thesdig. 1 shows the printed antenna configuration. Here an
patches can suffer from layer alignment difficulties and tr¥bitrary shaped patch is etched or grown on a grounded
surface wave excitation can still have a detrimental effect d#gh dielectric constant material. A second patch residing
the antenna performance [3]. on a layer of low dielectric constant material is parasitically

Several other methods have been proposed to addressc@i¢pled to the driven antenna. The lower patch can be edge

problem of printed antenna/active device integration witlQr probe fed (here shown as edge fed). As stated in [7],
however, somewhat limited success [4]-[6]. These techniqués technique to achieve high surface wave efficiency is
are based on the principle that if the patch is large enough, {Rgependent of the patch conductor shape. Fig. 2 shows the
TM, surface wave will not be excited. Such methods can yieRfedicted and measured input impedance behavior fuHa
enhanced surface wave efficiency; however, these proposdficked patch configuration incorporating rectangular patches
are typically narrow band, which limits their applicationand a probe feed (refer to the caption of Fig. 2 for the relevant
Recently, it was shown that by simply stacking the patcfiimensions). The lower layer has a dielectric constantof
etched on the high dielectric constant material with a patd9-4, and a thickness of 1.905 mm (or 0.03%, at the design
mounted on a low dielectric constant material, in this cagequency of 5.0 GHz). The upper layer is foam,[= 1.07,
foam, the previously encountered problems can be resolvéd= 4.5 mm (or 0.073)]. As can be seen from this plot,
[7]. Bandwidths in excess of 25% were achieved with thgood agreement between theory and experiment was achieved.
surface wave efficiency greater than 85% over this band.Hgre the measured and predicteetdB return losbandwidths
was postulated that the upper patch couples strongly to #@& 27% and 26%, respectively. The discrepancy between the

typically excited surface, thereby reducing its effect on tH&€asured and calculated impedances at the higher end of the
overall radiation performance of the antenna. frequency may be due to the inaccuracies associated with

the experimental “de-embedding” of the SMA connector used
ManUSCript received November 11, 1998; revised AUgUSt 26, 1999. to feed the antenna. A thln d|e|ectrlc |ayer (0254 mm) Of
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Engineering, RMIT University, Melbourne, VIC 3001 Australia. lﬁT/Du_”Od 5880was U‘Q.‘Ed to etch the top conductor and .was
Publisher Item Identifier S 0018-926X(99)09977-9. taken into account using thEénsemble 5.Jpackage. As this
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Fig. 1. Schematic ohi—lo stacked-patch structure.
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Fig. 2. Input impedance of rectangulairlo stacked-patch antennpgram-

eters 1 = 10.4, d; = 1.925 mm, tané; = 0.001, e,.o = 1.07, do = 4.5

mm, tané., = 0.001, L; = 9.4 mm, W; = 8.8 mm, Lo, = 21.4 mm,

Wa = 20.4 mm, zp, = 4.3 mm, ro = 0.325 mm).
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Fig. 3. Surface wave efficiency difi—lo stacked-patch antennas.

frequency (normalized to the center of th@-dB return-loss
bandwidth f.). Each stacked patch uses a lower layer with
e, = 10.4 andd = 0.032A. and an upper layer of,. = 1.07
andd = 0.067). (where \. is the wavelength corresponding

to f.). The first configuration consists of a stacked rectangular
patch combination and the second is for a stacked annular
ring scenario. As for the circular patch case presented in
[7], 7msw is greater than 85% over the 10-dB return-loss
band of frequencies (ringd.895f. to 1.105f.; rectangular:
0.885f. to 1.115f.). Note the peak in efficiency for the
rectangular case is approximately 93% and is near the upper
edge of thel0-dB return-loshandwidth. After this peaky,.,,
gradually decreases until the two patches no longer strongly
couple resulting in the rapid decay @f,,. Eventually,,,,
approaches values for the case of a single-layered geometry
etched on the high dielectric constant material (see [5]). For
the annular ring case note the maximum efficiency is slightly
higher than the rectangular patches at the expense of reduced
bandwidth where the efficiency is high (above 85%). Indeed
the impedance bandwidth of the annular ring configuration
is slightly lower too, approximately 21% compared to 23%
for the rectangulahi—lo case. Thus, there appears to be a
tradeoff between maximum surface efficiency and both return
loss andn,,, bandwidth, as for the case for a conventional
stacked patch configuration [10]. Once again to put these

layer is electrically thin, its overall effect on the performancgssylts into perspective, a patch etched on the lower dielectric
of the antenna is minimal. To put these results into perspectiygaterial alone has a surface wave efficiency of 66%. A single
a single-patch etched on the lower dielectric layer alone hagach etched on a thick lower layer (corresponding to the total
10-dB return losdandwidth of 1.6%. A single patch using thehickness of thehi-lo antenna) has a surface wave efficiency

lower dielectric constant with the same thickness oftikrdo

less than 15% due to the excitation of both the gTMind

configuration would not be matched to S0at resonance due TE,, surface wave modes. It is interesting to note that for all
to inductive nature of the feed for such a thick substrate (ife cases considered; including a circular patiho structure
excess of 0.1y). The measured gain of the-lo antenna was [7], the maximum peak in efficiency does not match the lowest
greater than 6.5 dBi over the 10-dB return loss bandwidtfeturn-loss value. This is similar to the cases presented in [5]
This value is comparable to a stacked patch incorporating lewd [6], although there is a better correlation here.

dielectric constant material combinations [10], inferring that As mentioned in [7], thehi-lo stacked-patch antenna has

the surface wave efficiency is relatively high.

low cross-polarized radiation levels. Fig. 4 shows the the-

Fig. 3 shows the calculated surface efficiency [2], [5], [8dretical H-plane cross-polarized levels for four probe-fed
74w Of two hi—lo configurations as a function of normalizedbatch configurations: 1) a single-layered circular microstrip
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single layer (lo) 0 patch is significantly lower (15 dB) than the conventional
stacked configuration. This makes thielo structure a prime

- * stacked (lo-lo) candidate for circular-polarization generation, where the cross-

e S polarization level governs the quality of the axial ratio (AR).

stacked (hi-lo)

.....

[ll. CIRCULAR-POLARIZATION EXAMPLES

There are a variety of methods for generating circular
polarization from a microstrip patch antenna [2]. One of the
simplest means is to use a single-feed arrangement. Here the
feed is located in th®-plane ¢ = 45°) on an almost square or
circular patch to excite two orthogonal modes with & pBase
difference. The phase shift is achieved by raising the resonant
o0 frequency of one mode above the other and operating between
the two resonances [12]. This method requires no additional
phase shifting element, however, as has been shown in the
literature, it is generally narrow band, typically a fraction of the

patch antenna mounted on a low dielectric constant materi@pedance bandwidth [2]. Another problem with the single-
(e, = 2.2); 2) a stacked circular microstrip patch configuratiofeed technique is that the minimum achievable axial ratio is
utilizing a lo—lo combination of materialse{; = 2.2 and limited by the discontinuity (and, hence, cross-polarization
£,0 = 1.07); 3) a single-layered circular microstrip patctcomponent) associated with the feeding network.

antenna mounted on a high dielectric constant materja(  Fig- 5(@) shows an edge-feni—lo stacked-patch configu-
10.4); and 4) a stacked circular microstrip patch configuratioigtion designed to generate circular polarization using the
utilising a hi~lo combination of materialse{; = 10.4 and materials. dgscribed egrlier. The dimensiqns of t_he patches
e = 1.07). All combinations have been designed for thé/ere optimized to achieve good axial ratio and impedance
same center frequency and the thicknesses of lower dielecRf"dwidth usingEnsemble 5.1(refer to the Fig. 5 caption
layers are also the sam@®.§3)\). For the stacked cases,f(?r the d|m§n3|0ns). As mentloned. in thg previous section,
the upper dielectric layer has a thickness(o6),. From SINCe the hi-lo stacked-patch configuration generates low

Fig. 4, there are several important findings. Before explorir{ﬁveIS of cross-polarization, good quality axial ratio should

these, it is important to note that the main source of cro e obtainable. Fig. 5(b) shows the predicted and measured

polarized fields is the discontinuity associated with the fe ial ra_ltio O.f thisoconfiguration. The mgasuMB gxial ratio
(here a probe) and the driven patch conductor. This is w >§1ndW|dth is 18%. Using the appropriate matching structure,

direct contact fed patches have greater cross-polarization levRl |m|I,ar 10-dB return-lossbandwidth was achieved. To the
) uthor's knowledge, these results are the largest recorded
than noncontact printed antennas (such as aperture-couple ; . . .
andwidths for a single-feed CP microstrip patch structure.
patches). . : ; )
The good axial ratio response is a direct consequence of the

The first trend to observe from Fig. 4 is that the cross; . o
dielectric layer composition used.

polarized field level for théo—lo stacked patch combination IS Probably the most common means of obtaining CP from

less than for the single-layered patch utilising a low d|electr£microstrip patch antenna is to incorporate two orthogonal

constant substrate (here by 5 dB). This observation can &ds excited 90 out of phase [2]. Once again, this method

attributed to the presence of the parasitically coupled patch.ﬁés had limited success when using conventional dielectric

there are no discontinuities associated with this second PatGh ctures due to the spurious fields radiated from the feed
and the centers of each patch are aligned as well as the seGf\ork  in particular when direct contact feeds are used [13].
element being reasonably far from the discontinuity associate . 6(a) shows a schematic representation of an edge-fed
with the driven patch and the probe, it can be expected thal|o stacked-patch version of this CP microstrip antenna. Here
the cross-polarized radiated power will be lower. the patch is fed by a Wilkinson power divider (refer to [14]
From Fig. 4 it can be seen that the single-layer patgh; design details). To achieve the 9phase shift between
using a high dielectric constant substrate has significantly lgag two orthogonal feeds, a 9@elay line was incorporated
cross polarization than the patch with = 2.2. This is a jnto the microstrip feed network. To model this configuration,
result of the cross-polar fields being strongly bound to thensemble 5.1was utilized, although the Wilkinson power
material [11]. Thehi—lo stacked patch has slightly higherdivider was not modeled in the simulation. Fig. 6(b) shows
cross-polarization levels (5 dB) than the single-layer scenafife predicted and measured axial ratio of this configuration. As
due to the parasitically coupled element drawing power frogan be seen from Fig. 6(b), the agreement between experiment
the lower element. Thus, there is one minor tradeoff of thend prediction is good, with the measur8eiB axial ratio
new configuration—théii—lo patch has far superiof,,, and bandwidth is in excess of 32%. The discrepancies between
impedance bandwidths compared to the single-layer geometng results can be attributed to simulation assuming an equal
at the expense of slightly higher cross-polarization levels. itagnitude excitation at both ports [1 and 2 in Fig. 6(a)] and a
should be noted that the cross polarization oftthdo stacked 90° phase shift between these ports across the frequency band.

: single layer (hi)

Fig. 4. Cross-polarization levels of several probe-fed patches.
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Fig. 5. (a) Schematic and (b) axial ratio for single-fd@dlo stacked-patch configuratiopdrameterse,; = 10.4, d; = 1.524 mm, tané; = 0.001,
ero = 1.07, do = 5.0 mm, tand2 = 0.001, .3 = 2.2, dy = 0.254 mm, tanés = 0.001, Ly = 9.0 mm, Wy = 7.8 mm, L = 20.7
mm, Wy = 15.5 mm, wy = 0.25 mm).
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Fig. 6. (a) Schematic and (b) axial ratio for dual-feleidlo stacked-patch configuratiopdrameterse,; = 10.4, d; = 1.925 mm, tané; = 0.001,
ero = 1.07, d> = 4.5 mm, tanéo = 0.001, 3 = 2.2, d; = 0.254 mm, tanéz3 = 0.001, L; = 94 mm, W; = 94 mm, L, = 214
mm, Wy = 21.4 mm, wy = 1.766 mm).

The 10-dB return-lossbandwidth was of similar order to thearrangement have been presented. It has been shown that
axial ratio (AR) bandwidth as a consequence of the resistiiis printed antenna configuration can have broad impedance
(100 €2) in the power divider. bandwidths, in excess of 25% and good surface wave effi-
ciency across this frequency band. It has also been shown that
the hi—lo stacked patch has low cross-polarization levels and,
IV.  CONCLUSIONS therefore, is very suited to circular polarization applications.
In this paper, the features of stacked patches incorporatingwo CP configurations have been analyzed and presented with
high dielectric constant layer/low dielectric constant materisiery good AR bandwidths.
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