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~ Abstract—The narrow bandwidth of a microstrip antenna In this paper, a practical, conceptually simple, very ef-
is one of the important features that restrict its wide usage. ficient method for designing wide-band microstrip antennas
A simple and practical method for the design of broad-band s honosed. The design theory and its relevant formulations
microstrip antennas is presented in th!s paper. Utilizing this are qiven in Section Il. Section Il shows both desian and
design technique, several two-layer microstrip antennas have g_ : h i 9
been proposed. To confirm the apphcab”“y of the method for eXperImental results from which the bandwidth of the antenna
the designs of antennas at.-band, experiments have been carried is seen to have been increased up to 25(R%WR < 2.0);
out. The measured results show that the proposed antennas havethe gain of this antenna is larger than 8 dB in the operating
a bandwidth of up to 25.7%. Also, the method proposed in this  fraqyncy band. The measurement data shown for comparison
paper is applicable to the design of other types of multilayered are in very good agreement with the design results presented
planar antennas. . . Y9 9 . . 9 . P .

in this paper. Although the method in this paper is applied to
' a two-layered microstrip antenna where if the capacitance flat
is not countered, the formulas provided can also be utilized to
design other multilayered microstrip antenna structures.

Index Terms—Broad-band antennas, nonhomogeneous media
patch antennas.

|. INTRODUCTION
MICROSTRIP antenna possesses many advantages such Il. METHOD FOR DESIGNING
as low profile, light weight, small volume, and mass- WIDE-BAND MICROSTRIP ANTENNA

production. It has attracted increasing attention of many '®-One of the potential advantages of microstrip antenna is

segrchers “? |nve_st|gate this type_ of anter?na or arrays if%f simple physical architecture. Therefore, it is important to
various configurations to meet various practical appl|cat|or51,eserve the attractive features in the design of microstrip
The analysis and design of various-shaped microstrip antgiiennas. Generally, when the dimensions of the patches and
nas mounted on different structures have been extensivm)é operating frequency are selected, thefactor of the
reviewed in a boqk by Pozar and Scha_ubert [1]'_ Howevelnienna can be decreased and its bandwidth broadened by
the narrow baanW|dth Of_ the_se antennas is the major obstagif ey thickening the dielectric slab or reducing the permittivity
that restricts wide g_ppllcatlo_ns. In_ general, the impedange e substrate or by combining the above two approaches.
bandwidth of a traditional microstrip antenna is only a feW,yever, increasing the thickness of the substrate will unfor-
percent, e.g., about 5% [2], [3]. Therefore, it becomes vepy, oy result in surface wave generation and ensuing loss. For
important for the microstrip antenna designers to develgpy microstrip antenna fed by a coaxial probe, the inductance
broad-band techniques so as to enhance the bandw'dthspr%fduced by the probe will be quite significant when the

the microstrip antennas. substrate thickness is increased. Therefore, it is necessary to

Recently, much progress has been made to broaden (g, onqate the inductance to overcome the aforementioned
bandwidths of microstrip antennas [1], [4]{8]. Pozar [1] listed, \1jems
the bandwidths for microstrip antennas with several shapesry g architecture of the microstrip antenna proposed in this
such as narrow rectangular, square, wide rectangular, er is shown in Fig. 1. Fig. 1(b) shows the construction of
circular. The ways to enhance the bandwidth of microstiife offset microstrip antenna where the excitation is by means

antenna can be used; parasitic elemeljts [3], [9], apertuggs, gmayl planar plate mounted on the top of the coaxial probe
coupled [10}-[12], and impedance matching network [13], elg,ose narameters are given in Fig. 1(a). It is assumed that the

However, the research work is focused mainly on experimenﬁa”cknessh2 is very small compared with the thickness.

investigations and the design is sensitive to fabrication tole||che capacitance can be determined by its diameter and the
ance [14]; there is a general lack of information that prowd%aracteristics of the dielectric substrate.

a systematic design method. The design procedure is given subsequently. The input
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TABLE |
- RESONANT FREQUENCIES OFLOWER AND TOPPER
L LAYERS VERSUS DIFFERENT PERMITTIVITES
4\

gy —= - h 7 ; €r1  Er2  &r3  Erg Fro Fry Fra—Fpy
A I h4 p 7 (GHz) (GHz) (MHz)
c‘3 AN "—1 2 :' ”~ 22 22 22 22| 1525 1348  176.584
1?7 T -l:D— Ly 22 26 22 22 1.518 1.342 175.930
€y — —k—d —h 22 26 22 26 1.511 1.336 175.272
! ~ <4 ; 22 26 24 26 1.491 1.318 173.337

_\ ’_ ¢ 22 26 26 26 1.473 1.301 171.660

LIl 24 26 22 26 1.491 1.318 173.337

26 26 22 26 1.473 1.301 171.660

Fig. 1. A two-layer microstrip patch antenna geometry. 56 26 22 29 1.480 1308 172.350

wherern and . are the intinsic resistance and wave number in _ _ S
the substrate, respectively. In order to compensate the probeds for the second substrate, its effective permittivity is

inductance, a series capacitor should be mounted on top of the 5 —1
probe to match the resonant condition given by _fretl g1 100351 hi
Ee2 B + B 1+ I . (9)
w.CXp =1 ) ?

Now, we can use the improved transmission line model to

wherew,. is the angular frequency; is the capacitance, andcalculate the resonant frequency of the lower patch [18]

Xy is given by (1b).

In order to formulate the resonant frequency, the voltage Fo= Co . 1-G (10)
from the top to the bottom of the antenna is assumeidizas 2L2y/2c2 14 G 1n<1.1232LZ\/5>
Then, we can obtain Dot
Vio = Vioy + Vo + Vos + Vou (3a) whereCy denotes the velocity of light in free space, and
Vo = (hy + ha + hs + ha) E. (3b) 23 b
G = (112)
D, = epe, E, (3¢c) mlaecalin
: : : S22 hi| L
where D, ande,. are the effective electric flux density and T, = &=i=1" 5 2 41393
relative permittivity, respectively}Vy; (i = 1,2,3,4) are Ly i1 b
voltages between two neighboring layers. Lo
On the basis of electromagnetic boundary conditions on +0667In| —5—— +1.444 ] |.
interfaces, we readily have i=1""
(11b)
Dz :Dzl :DZ2 :Dz?) :Dz4 (4a)
Do — eoen B (4b) In a similar fashion, the resonant frequency of the top patch
= o can be expressed as
Voi = hi B (4c)
. | | Fpy= % (12)
Substituting (4c) into (3a), we can further obtain 4 2(Ly +2ALy)\/ees
4 . s . .
where the effective permittivitys.4, is expressed as
Vo = Z hiEzi- p Y& ed p |
i=1 Ere+1  £pe—1 10050 hi| °
After the substitution of (4b) into (5), we can rewrite the Fed = 7 + 2 [1 + Ly (13)
(5) as . o
b and the expension of the lower patch/., , is given by
vo= P i ©6) . P +0.264
i e 0.3 sy
0= o ALy =0412) b fe t : Ej
_ : s — 0.258 L+ 108
At the same time, from (3b) and (3c), we can express the i=1 oy B
voltage Vj as follows: (14)
v D, : b - As an example, we have calculated the resonant frequencies
07 coere — " (") for different sets of relative permittivities of the layered

substrate. The thicknesses of the layers are assumed as follows:
So, equating (6) and (7) for the same voltdgeresults in p, = p; = 8 mm andhs = hy = 1.5 mm whereas the

the effective permittivity expressed by diameterd as 1 mm. Also, dimensions of both patches are
St oh considered to be 62.5 by 62.5 mm. Further information for the
Epe = i;1h7 (8) computed resonant frequencies versus different permittivities

21 Zri is detailed in Table I.
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TABLE I » S11 SWR MARKER 1
RESONANT FREQUENCY VERSUS LAYER THICKNESS REF 1.0 1128 GHz
5 1.0 2.0162
h1 ho h3 hy Frp Frq Fra—Fry4 v 20773
(mm) (mm) (mm) (mm) | (GHz) (GHz) (MHz) 1 T T e en2
4.0 6.0 4.0 6.0 1469 1.288 181.002 VARKERS e |1.1175
4.0 4.0 4.0 40 | 1486 1344  142.534 \ 1 459 GHz ¥ MARKER 3
40 15 40 15 | 1521 1431 _ 90.458 \ point 154 [ 1351 GHz
6.0 1.5 6.0 1.5 1.517  1.383 134.082 \ [ 1.7527
8.0 1.5 8.0 1.5 1511  1.336 175.272 MARKER 4
1.432GHz
\ / 1.1982
Svl MARKER 5§
1.459 GHz
» S11 SWR MARKER 1 1 ./ 2.0773
REF 1.0 1.21 GHz s T
5 10 4.0222
v 41929 START STOP
T, B ARSI 1.000000000 GHz 1.600000000 GHz
24417
MARKER 5 @
1.534 GHz MARKER 3
point 179 1.396 GHz
\ 3.0511
£ // MARKER 4
Ry 1.462 GHz
3.8908
?\‘\ 7 i MARKER 5
73 1,534 GHz
2 4.1929
START STOP
1.000000000 GHz 1.600000000 GHz
@

START STOP
1.000000000 GHz  1.600000000 GHz

(b)

Fig. 3. VSWR and Smith Chart of same two-layered microstrip patch fed
by a capacitor of diameter 11.5 mm and capacitance .18~ '2 F.

Once the resonant frequencies of the lower and upper
patches are determined, the bandwidth can be enlarged con-
sidering the center frequency as the matching frequency given
as follows:

START STOP F.o+F,.
1.000000000 GHz ~ 1.600000000 GHz F, = %,

(b) - _ . .
Fig. 2.  VSWR and Smith Chart of a two-layered microstrip patch fed by a Substituting (15) into (2), we can obtain the diamefiefor

coaxial probe. a given capacitance, a computed relative permittivjty, and
a given thicknesa, from the following nonlinear equation [6]:

(15)

oo wD? o (038D 16
As another example, Table Il shows the resonant frequencies ] TN +2D hy : (16)

of two patches versus the thicknesses of the layers. TheE i 16) i ¢ dental i Th h
permittivities of the layers are assumed as follows; = qu_? |(()jn ( d) '? de_l ratr;:srcen ebn a e_(lqu?juin. . uds'b €
g3 = 22 and e,, = £,4 = 2.6 whereas the diametes Ca@Pacily-tcependent diameter can be easily determined by

remains at 1 mm. Also, the area dimensions of both patcH?e% iterative method.
are considered to be 62.5 by 62.5 mm.

From Tables | and I, it is found that the frequency separa- lll. DESIGN RESULTS
tion between lower and upper patch is quite independent of ondn accordance with the design method mentioned above,
another. The required frequency separation can be obtainedaN®/have theoretically designed a two-layered microstrip patch
adjusting the parameters and thicknesses of the layers. It is astenna with a bandwidth of up to 25.7%. Two feeding con-
found from Table | that the resonant frequency separation wditions are considered in the design. To demonstrate whether
increase by reducing,s, £,.4 While increasinge,1, .0 Will  the design technique is applicable, two antennas were designed
result in a decrease of the resonant frequency separation. and fabricated. The following antenna parameters have been
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»S11 SWR MARKER 1 »S11 SWR MARKER 1
REF 1.0 1.156 GHz REF 1.0 1.201 GHz
5 10 2.0398 4 10 1.4256

1 V19755 MARKER 2 ] 2.0099 MARKER 2
\ ] 1.237 GHz \ I l [ 1.3 GHz
1.0443
\ MARKER 5 MARKER 4 1.3166
1.489 GHz MARKER 3
e L ore wmcns
' \ ] 1.3503
MARKER 4
\ / 1.447GHz \ / MARKER 4
7 1.4322 \ / 1.474GHz
2.0099
gis MARKER 5 /
1.489 Griz 9 MARKER 5
N - 1.9755 \ U/ 1.165 GHz
2 3 J¢ N & 2.2289
START STOP 1 3
1.000000000 GHz 1.600000000 GHz START STOP
(@ 1.000000000 GHz 1.600000000 GHz

@

START STOP

1.000000000 GHz 1.600000000 GHz START STOP
(b) 1.000000000 GHz 1.600000000 GHz
Fig. 4. VSWR and Smith Chart of same two-layered microstrip patch fed (b)

I i i 12
by a capacitor of diameter 12 mm and capacitance X38~'“ F. Fig. 5. VSWR and Smith Chart of same two-layered microstrip patch fed

by a capacitor of diameter 12.5 mm and capacitance. 239~ '2 F.

chosen:Ly = Ly = 625 MM, 5,1 = .3 = 2.2, £,0 =

er4 = 2.6, andd = 1 mm. As shown below in Fig. 2 are the

VSWR and Smith chart plots for a two-layered patch antenna q
fed directly by a coaxial probe. Figs. 3-5 show the VSWR

and Smith chart plots for the same antenna but fed by a serial
capacitor of different diameters, i.e., 11.5 mm in Figs. 3(a) and §.5
4(b), 12 mm in Figs. 4(a) and 5(b), and 12.5 mm in Figs. 5(a)
and 6(b). Obviously, the bandwidth of the microstrip antenna
shown in Figs. 3(a)-5(a) is significantly improved as compared
to that in Fig. 2(a). Fig. 6 shows the gain of the last antenna,
it is apparently that the gain of this antenna is larger than that 75
of a traditional microstrip antenna.

4B Gain
-

V. CONCLUSION 1
115 1.¢ 1.35 1.2 1.35 1.4 145 1.5
Frequenty [Hz

This paper presents a technique for designing wide-band
multilayered microstrip antennas. The design procedure to-
gether with the nonlinear design equation have been provideg. 6 The gain of the antenna.

To verify the applicability of the design method, a practical

design of a multilayered microstrip antenna has been cdhis paper can increase the impedance bandwidthoband
ducted. Two experiments where both a coaxial probe feed ah¢erostrip antenna up to 25.7%. Although the design equation
a capacitor feed are utilized have been carried out to exam@igen by (15) is valid for the microstrip antenna of two-layers,
the results of the designed microstrip antenna. According ifocan be easily revised and extended for the design of other
the results obtained, using the design method presentedtyipes of wide-band multilayered structures.
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