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Abstract —This paper proposes an approximate method of
obtaining the surface-wave band gap from reflectiophase plots
for mushroom structures. The upper bound of the bad gap can
be found by observing the first in-phase frequencyon the
reflection phase plot of TE plane waves under grazg incidence,
and the lower bound of the band gap can be approxiated by
the three specific frequencies on reflection phasplots of TM
plane waves: the first in-phase frequencies underammal and
grazing incidence and the frequency where the first
+90° reflection phase occurs. By comparing surface-waveand
gaps obtained from dispersion plots and from refleion phase
plots through the approximate method in the commeral
software CST, results show that the errors of estiated values
are less than 10% in different cases of mushroomrsictures.

Index Terms — Periodic structures, artificial magnetic
conductors (AMCs), electromagnetic band gap (EBG)tsictures,
EM wave theory and modeling, antennas.

I.  INTRODUCTION

In antenna areas, taking periodic structures asingro
planes has two possible advantages for designimeptofile
antennas. The first advantage is the AMC’s chariati®
which can resolve the limitation of one-quarter elength
from ground planes in in-phase bands. The secowvansage
is the EBG’s characteristic which can suppress sarfegaves
in surface-wave band gaps.

In [1], Sievenpiper et al. introduce a periodiasture so-
called mushroom structure which possesses both ANGd
EBG's properties. Additionally, they experimentaigported
that the in-phase band overlapped with the sunfeaee band
gap for mushroom structures. Although later redgasach
as [2, 3, 4], shows that these two bands do no¢ssecily
overlap, the thought of connecting the two bandegius an
idea to think whether it is possible to obtain mmation of
in-phase bands and surface-wave band gaps on palplot.
If possible, we can reduce the time on simulatisnon
calculation through circuit models of mushroom sties [5,
6] for obtaining the two-band information.

Hence, the purpose of this report is to modify dhoe to
find the surface-wave band gap from reflection phpkets
for mushroom structures. The results indicate thatcan
take the first in-phase frequency of TE grazingdeoice as
the upper bound and use the approximate formula thiee
specific frequencies on reflection phase plots of pldne
waves to find the lower bound. This method may owliy
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help us spend less time looking for the AMC's andGEB
properties for mushroom structures but also findsgue
relationship of the two bands in the future.
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Fig. 1 (a) The surface-wave band gap on a dispengiot (O-X part only)
and (b) the required data on reflection phase platser normal incidence
(6inc = 0°) and grazing incidence;{ = 89°) for the approximate method.
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Il. THE UPPERBOUND OF SURFACE-WAVE BAND GAP

The upper edge of the surface-wave band gap islyshal
cutoff frequency of the first TE surface wa¥gs; stan Which
occurs near the right side of the light line orpdision plots
(see Fig. 1 (a)). The light linek(= ko) is the interface
between the plane-wave regida € k;) and the surface-wave
region k > ko). ko is the wave number in free space, &nid
the tangential wave number to periodic surfaces.

According to the transverse resonance conditioB]5for
surface waves k{ > kj), the TE surface impedance of
mushroom structure;, re (k, ko), near the light line should
approach infinity; that iZin, 1e (ki > Ko™ ,Ko = kre1in) > +-joo.
krerint IS the wave number where TE surface impedance
approaches infinity ak = k;". If we assume that the TE
surface impedance is continuouskat Ko, Zinp1e (k 2 ko,
krevind can be equal &, 1e (k > ko', Krevind. SinceZinpte
(ki 2> ko, krevin) is able to be observed in the plane-wave
region, we can obtain the cutoff frequency of thetfTE
surface wave by finding the in-phase frequeriy, (e +-j)
on the reflection plot of TE incident waves undeazijng
incidence k= ko) (se€fres. so°, inf IN Fig. 1 (b))

Ill. THE LOWERBOUND OF SURFACE-WAVE BAND GAP

The lower edge of the surface-wave band gap istte s
frequency,frvisiop Where the first TM surface wave stops
propagating (see Fig. 1(a)). The reason that TM eerfa
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waves stops is that TM surface waves should exisaron are small, which supports the assumption made. iRdt the
inductive surface [1]. Therefore, when frequendiesease, lower edge, errors of the formula are smaller th@ds.

and the TM surface impedance of mushroom structures TABLE |

become capacitive, TM surface waves will stop pragiag. PARAMETERS OFMUSHROOMSTRUCTURES

The interface where surface impedances change fron| Case| Period | Patchwidth | Height | Pinradius | &
inductance to capacitance is an in-phase frequesmythe 1 | 24mm| 2.25mm 1.6mm | 018mm | 2.2
first in-phase frequency becomes an important kefirtd g 222 é:g pr i6mr:’m %F)Zsr?n:” 14?;12
frm1sop HOWever, in-phase frequencies may be changéd by 2 T 73mm | 7.0mm 15mm | 05mm | 2.65
and we only can observe movements of in-phase drezdes 5 10 mm 9.6 mm 3.08mm [ 0.125mm | 2.33
ask; < ky on reflection phase plots. Heneee have to use 6 | 48mm 4.5 mm 1.6 mm 0.2 mm 22

TABLE Il

approximation to describe the TM surface impedancthé

surface-wave regionk( > ko) from the plane-wave region. COMPARISONTABLE FOR SURFACEWAVE BAND GAPS

The idea from pole-zero methods [7] and circuit nieade c:;se 1“7!’%9 leE;ag o EIOL I'iwzg f'iwzeffgu Egoo;
. . . B B =llg 0 5 . . 0

mushroom gtruptures [5, 6] is used _to derlve_ arr_ammate > 1230 1224 | -05% | 921 964 1 50%
formula for finding lower edge. The first step ibtaining the 3 6.25 6.34 1.4 % 4.37 477 | 8.8 %
formula is to introduce a TM simplified surface iegance, 4 8.82 8.71 -1.3% | 5.80 624 | 74%
Znpm (K, k) observed from TM reflection phase plots. 2 | aat | Ba 0 % 3.10 | 333 | 7.7%
’ 6 | 12.44] 1209 | 28% | 7.51 794 | 62%

"Error(%) = €rease°int- fupped/ fupperx 100%

Zinp,TM (k- kt) = jZinpO,TM k/ ( k= K’Ml,inf( K)) (1)

V. CONCLUSION

wherekruy int (k) = Mk+Krvyovins @ndKrug,orinf is the wave In this report, an approximate method is provided f
number of the first in-phase frequency for TM ”Ormalobtaining the surface-wave band gap from reflecpbase
incidence.k can represent the wave number in air or i”plots for mushroom structures. By observing thet fin-
mushroom structures because effects of the differgions phase frequency of TE plane waves at grazing anges
(ex: dielectric) will be cancelled in the final eegsion. Since upper bound can be obtained, and by using the zippate
the in-phase frequencies may be changeld,bye use linear  ormya, the lower bound can be estimated. Theltestow

approximation with the first in-phase frequencies o that errors are lower than 10 %: thus, if erraes @lowed
normalk = 0) and grazing incidendet> ko); that is,frmioint  for designs, we can find two bands faster, and @ivther

and frvy ggrinf in Fig. 1(b).m is the slope ofkruant (k), and  hought about two-band relationship for mushrooracstires.
Zinpow IS @ scaling factor which can be obtained by

substituting the frequency where reflection phasg0’ under

normal incidence, fryy o » (€€ Fig. 1(b)) , into (1) because REFERENCES

frmionz is also the frequency where the TM surfacey)
impedance equals the intrinsic impedance inZair,

Using the transverse resonance condition with the
simplified TM wave impedancergair = -jZok/ k (assume k 2
>> k), we can derive the formula for the lower eddehe
band gapfiower, app ShOWn below.

_ g (& @=a)-5)-1)

lower,app —

(3]

4 @)
1-a)1-B8)-1 [4]

wherea = fry o inf / frvagonini B = Frmaonint / frmaor2- The
three frequencies for the formula are shown in Eip). [5]

IV. NUMERICAL RESULT

Table | shows the parameters (unit: mm) of mushroontf]
structures for different cases, and Table Il shewdace-
wave band gaps (unit: GHz) obtained from dispergitmts  [7]
(fupper @nd fiowe) and reflection phase plots with the
approximate formulaf{g; go* in @Nd fiower,app iN CST. For the
upper edge, we observe the grazing incident ar@jig8: ko)  [g]
on reflection phase plots, and the results inditlaé errors
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