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Abstract— In a compact dual planar electromagnetic band-gap
(EBG) microstrip structure, patches are etched periodicdly in
the ground plane to prohibit the propagation of electromagretic
waves in certain frequency bands so as to provide filtering
functionality. However, the existence of the etched patclsein
the ground plane becomes a concern in terms of electromagriet Substrate (&)
compatibility (EMC) and electromagnetic susceptibility (EMS).
These structures might be prone to electromagnetic interfence s
from nearby circuit components as compared to a microstrip Ground plane with
filter with a perfect ground plane. In this paper, we study the etched patches
EMS of a dual planar EBG filter structure to a microstrip line
in close proximity. This study examines the coupling effest of a
nearby microstrip line on the performance of the EBG structure  Fig. 1. A 3-D view of the compact dual planar EBG microstrigefilstructure
when the microstrip line is transmitting and when it is not under electromagnetic susceptibility study [2]
transmitting a signal. When the microstrip line is transmitting
a signal, the effect of the working frequency and that of the Of an unshielded EBG structure were both studied. The effect
direction of the signal on the coupling to the EBG structure were reported to be significant. The paper suggests the use
are studied. Experimental and numerical work are presented of 3 metallic enclosure with a finite ground plane to shield
analyzed, and verified. The results obtained are useful 10 # pp g1 ctyres from interference. However, this makes the

applications and integrations of EBG microstrip structures to .~ . C

microwave circuits. They are useful for EMC and EMS studies Circuit bulky and complex. For the applications of an EBG

of other patterned ground structures/defected ground strictures. ~ Structure for microwave circuits without introducing atiainal
Index Terms—Crosstalk effects, electromagnetic band-gap complexny,_ th_e knowledge on _the_EMS of an EB_G_structure

structures, electromagnetic susceptibility, and signalritegrity. to microstrip lines and other circuit components is importa

when they are incorporated into a system without shielding.
In [4], the EMS of a dual planar EBG microstrip structure

I. INTRODUCTION L -
C%%;o a nearby radiating circuit component, such as an avaten

Microstrip line with
inserted patches

Etched circular patch

The electromagnetic band-gap (EBG) structure has bee studied based on experimental results. In this paper, a
term widely accepted nowadays to name the artificial pesio etailed study on the EMS of this dual planar EBG structur,e
structures that p_rohibit the prppagation of eIectroma_igneEO a microstrip line in close proximity is presented. The EMS
(EM) \(vaves_at microwave or ml_lllmete_r wave frequencies. étudy includes the coupling effects on the performance ef th
one dimensional (1-D) EBG microstrip structure has plan@fp s girctyre when the microstrip line is and when it is
EBG cells arranged in the ground plane directly below & onsmitting a signal. In this study, knowledge is aai

m!crostr!p !me (4 ormn both the grou_nd p"?‘”e and th?o eliminate interference to an EBG structure from a nearby
microstrip line forming a dual planar configuration [2]. The microstrip line

exhibit a prominent stopband in a certain frequency bandyTh
are easy to fabricate and show compatibility with monatithi
microwave integrated circuits (MMIC’s). These factors mak
them popular planar passive filters. Fig. 1 shows the 3-D view of the dual planar EBG structure
In an EBG microstrip structure, periodic patches are etchadder test (the DUT) [2]. It has circular patches etched & th
in the ground plane to enhance the inductive effect, thgsound plane at a period aff and rectangular patches inserted
improving filtering functionality of the structure. Howaye in the microstrip line at a period af, forming a dual planar
these etched patches become a concern in terms of electrontagfiguration. The etched circular patches are directiypvel
netic compatibility (EMC) and electromagnetic suscefitibi the microstrip line. The periods,; andas, are designed to
(EMS) of the structure since they make the structure seasitbe equal. With the unique dual planar configuration, the EBG
to an electromagnetic rich environment in which the strieetustructure demonstrates the advantages of a sharp cutglf, hi
is intended to operate. attenuation, and a large bandwidth of the stopband. Moreove
There have been studies on the EMC of an EBG structuikis easy to fabricate and compatible with MMIC'’s.
It was reported that the scattering parameters (S-parashete In this study, the DUT was fabricated using Taconic
of an EBG microstrip filter structure are affected by a umifor (¢, =2.43, h=30mils) as the substrate. The center frequency
shielding plate in close proximity [1]. In [3], the suscdyility of the stopband of the structure was set to beGHz.
of an EBG microstrip structure with periodic dumbbell-sedp According to the Bragg reflection condition [5}; and as
etched patterns in the ground plane was studied. The effectnere determined to b#0.38 mm. The width of the microstrip
a metallic enclosure on the S-parameters of a shielded EBGe, w, was set to b&.29 mm corresponding to a characteristic
structure and that of a finite ground plane on the performaniogpedance ob0 2. The width and the length of the inserted

Il. DEVICE UNDER TEST & | NTERFERENCESOURCE



Spectrum analyzer Signal generator 1

A. Microstrip Line with Open-circuit Terminations

Fig. 3 shows the simulatesh;’s of the DUT with an open-
Demodulation ended microstrip line: away from it. This figure includes the
simulatedS»; of the DUT itself for comparison purposes. As
e ik shown in Fig. 3, each DUT shows a stopband over the same
Microstrip - frequency range. Thus, the stopband is not affected by the
' nearby microstrip line. When < a, large ripples are observed

in the stopband. The ripple level in the stopband is as high as
-9.64 dB whenz =4.5mm. The filtering performance of the
DUT is degraded by the ripples. As increases, the ripple

DuUT

Signal to the microstrip ling
hares Praw)

Signal generator 2 level decreases significantly. It is found to b dB whenz

(a) Top view is one period of the DUT. When > a, it decreases further.
X st For the perfc_)rmange i.n th_e passband, ripples are obsenhed on

DUT T e v when the microstrip line id.5 mm away from the DUT. The
i e ripples are caused by the induced EM waves in the microstrip
Substrate line as analyzed previously. When the microstrip line has
Grmdp‘lmm}l:: — open-circuit terminations, induced waves are reflectedk bac

etched patches Etched circular patch and forth along the microstrip line, behaving like a resonat

Thus, the coupling effect is enhanced. The strength of ¢ogpl

weakens as the distance between the two structures insrease

Fig. 2. The structure under electromagnetic suscepitsiitidy. This is due to the high confinement of fields around the

microstrip line of the DUT.

patch in the microstrip linew, andl,, were both set to  With open-circuit terminations, the S-parameters of the

be 5mm. The radius of the etched circles, was set to be DUT is affected whern: is small. In this case, high ripples are

2.59mm. observed in the stopband whenis less than one period of
The EMS study involves the coupling and crosstalk effectge structure. The ripple level becomes acceptable when.

of a microstrip line which is placed close to the DUT and omhe distance: is the safe distance where the interference level

the same plane as the structure. Fig. 2 (a) and (b) show tiRcomes acceptable. The safe distance depends on the field

top view and cross sectional view of the DUT with a nearbgfistribution of the DUT. It varies with the geometry of the

microstrip line, respectively. Fig. 2 (a) also includes theck DUT and the parameters of the substrate, such as the dielectr

diagram of the experimental setup for the test in Section I'¢onstant.

As shown in Fig. 2 (a), a microstrip line with a width of is

placedr away from the DUT in the transversal direction on theg Microstrip Line with Matched-Load Terminations

plane where the microstrip line of the EBG structure is ledat

Both microstrip lines are bent at an angleléf)° at the input

(b) Cross sectional view

Fig. 4 shows the simulated transmission coefficients of the

and output ports to ease the test whers small. The bends DUT when the micr_ostrip_ Iine nearby are terminated with
are chamfered to compensate for additional loss introdb;zedmatcbh(:“dd Ioadsihln F'g‘4’f It is seenbtha(ljt eahqth_UtTh shows a
the bend. The four ports are numbered in the sequence shﬁ_ﬂlﬂf ar? ot\;]er € sant"ng :gqugncy an 'deIC;A:tlSAL 5e same as
in Fig.2(a). The test in case 1 will have Port 3 and Port a Vt\; en t'e mlctrr?s r'? 'Ee 'g _opleg;jegle : th .ﬂ:nrtn,f th
of the microstrip line either terminated with matched Ioaa‘é;e attenuation in the stopband 15 ess than that of the

or left as open circuits. As shown in the cross sectional vie T without a microstrip line. No ripples are observed in

in Fig. 2 (b), the interference source shares the same altHa)stF e stopband. When > 6.5 mm, the frequengy résponses of
and ground plane as those of the DUT. the structures approaches that of the DUT without a midmstr

line. Comparing the frequency responses of the DUT when the
microstrip line is open-ended with those when the micrpstri
1. CASE 1: AN INACTIVE MICROSTRIPL INE line is terminated with matched loads, it is noticed that the
effect of a nearby microstrip line is much less significant
When the DUT is transmitting signals while there is nevhen the microstrip line is terminated with matched loads.
signal transmitting through the microstrip line, couplitagses This is because, for the microstrip line with matched loads,
place. The waves that are propagating in the DUT are quatie induced EM waves in the microstrip line are absorbed by
TEM waves [5]. They induce EM waves in the nearbjoads at either port and the coupling is reduced.
microstrip line via the shared substrate. The waves inducedlhe coupling of an inactive microstrip line on the frequency
in the microstrip line couple with the waves in the DUT, thusesponse of the DUT is much stronger when the microstrip line
the microstrip line interferes with the waves propagating ihas open-circuit terminations than when it is terminateth wi
the DUT. In the subsections that follow, coupling is studiethatched loads. Therefore, if there is no signal being trans-
when the microstrip line has open-circuit or matched-laaed t mitted through the microstrip line, terminations with nied
minations. The DUT was simulated using Agilent’s Advanceldads are preferred for eliminating interference. In ttieagion
Designed System [6]. The distance,was varied. where matched-load terminations are not obtainable for a
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Fig. 3. The simulatedS2;-parameter of the dual planar EBG (DP-EBG)Fig. 4. The simulated2; -parameter of the dual planar EBG filter structure
filter structure with an open-ended microstrip lineaway. with a microstrip line with matched load terminatiomsaway.

microstrip line near the DUT, the microstrip line should be¢he highest wherf. = fi;rrv. In other words, peak values are
placed far away from the DUT. It should be placed beyond tlieund when the microstrip line and the DUT are operating at
safe distance for the DUT where the interference expergenate same frequency. This holds for all carrier frequencieten
by the DUT is acceptable. This distance is determined by tbtudy. The signals witlf. =1 GHz, 2 GHz, and3 GHz show
geometry of the DUT and the parameters of the substrate.peakr,’s of 40, 75, and96, respectively. The peak interference
level increases considerably #sincreases.
IV. CASE2:A MICROSTRIPLINE WITH A SIGNAL Theoretical studies on coupled lines in [7] can be used to

g;/(plain the observations above. In [7], the coupling effect

o identical coupled microstrip lines is studied numdhca
using coupled-mode theory [8]. In the same paper, it is

by the amount of crosstalk introduced. The experimentalasetrePo_rted that_ the coupling effect of a multi-port netyvork
is illustrated by the block diagram in Fig. 2 (a). An FM signaP'€dicted by its S-parameters has a good agreement with that

with a carrier frequencyf., was transmitted through the DUT'OrediCte(j by numericgl regults using cgupled—mode theory.
while a continuous wave (CW) afy.;y Was transmitted The four-port network in Fig. 2 (a) was simulated to analyze

through the microstrip line. The FM signal was demodula’téBe C(_)upling effect in this group of experiments Wher? the
at the output of the DUT and the noise peak-to-peak voltag 0 signals are both transmitted from the _nght_-hand—smj(_a t

were measured. The relative noise peak-to-peak voltagiss, the Ieft:[rr:and_—adletogthe s;;stemk_as s]:hown n Fig. ?g: Fig.5
were calculated as defined in [4] and used to evaluate fedws he simulate 25 at working frequencies o Z

integrity of the received signal transmitted through theTDU t2h HZ.’ ancig GIHZ v<1a_rhsus thelld|stanc$r b.e‘rgee” ttgeGaUT and
In [4], r, is defined as e microstrip line. The coupling coefficierizs, a zis

also included for the study in the next subsection. As can be
p, = Jmas — Umin (1) seen in Fig.5, atz = 10.38mm for example, the coupling
Vnnaz ~ Umin becomes stronger as the frequency increases (fB9dB at
where @maz — Umin) and /.. — vl:,) are the measured 1 GHz to 31 dB at 3 GHz). It holds as the distance between
noise peak-to-peak voltage when the DUT is and when it #€ two structures varies. The simulation results are indgoo
not exposed to interference, respectively. Based on thiy st@greement with the upward trend of the measured pgak
in case 1, the microstrip line was placed sufficiently far awedS fc increases.

from the DUT ¢ > a) to avoid the coupling effect. The DUT Based on the results, being similar to two identical coupled
was tested when was varied. microstrip lines, the microstrip line introduces the highe

interference level to the DUT when they are working at
the same frequency. Therefore, when a dual planar EBG is
incorporated into a microwave system, a nearby microstrip
The effect of the frequency at which the interference sourgge should work at a different frequency and/or a different
is working is examined. FM signals witf. =-30dBm and harmonic frequency from that of the EBG structure. Low

fe=1GHz,2GHz, and3 GHz were transmitted one at a timefrequencies are preferred since the interference becamess
through the DUT from Port1 to Port2. It was exposed to thgs the working frequency increases.

interference source (a microstrip line) that was one peoibd

the DUT away from it £ =10.38mm). The interference signal o

was pumped in from Port4 and terminated with a match& Directions of the Interference Signal

load at Port3. Its frequencyy,rrn, was swept froml GHz In this section, an FM signalH. =-30dBm; f.=2GHz)

to 6 GHz with Py;p;ny =-20dBm. The noise peak-to-peakwas transmitted through the DUT (from Porto Port2) and
voltages of the demodulated FM signals were recorded aadCW was transmitted through the microstrip line with a
r,,'S in (1) were calculated. Based on the measured resultspdwer level that was varied froml5dBm to 50dBm. In

is found thatr,, of the signal transmitted through the DUT isorder to study the effect of the directions of the interfern

When the DUT and the microstrip line are both transmittin
signals, crosstalk is introduced by the microstrip lineotlgh
the shared substrate to the DUT. The signal integrity iscédfi

A. The Frequency of the Interference Sgnal, fasrin
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Fig. 5. The simulatedb24’s and S23 versuse at different carrier frequencies.
Fig. 6. The measured,,’s of the demodulated FM signalg>{ =-30 dBm,

signal, at each power level, the signal was pumped into tfe™2CHz z=a) when Py 1y is varied (farrrn =2 GH2).
microstrip line in two different directions: from Parto Port3  difference in coupling due to the directions of signals ie th
and from Por8 to Port4 which are in the same direction asstructures depends on the geometries of each structurédnand t
and in the reversed direction to that of the signal throudghequency. Calculations of S-parameters predict the d¢ogpl
the DUT, respectively. Moreover, to ease the observation lefrels. Based on the calculations, appropriate directidrike
the interference levelf,/;nv was set to be equal t@. to signals in a coupled structures can be obtained in which the
maximize the interference level according to the previouisterference level experienced by the victim can be lowered
study. The noise peak-to-peak voltages were recorded ht e@omparing to increasing the distance between two coupled
power level of the interference in each case apt were structures to reduce interference, guiding signals in @mmte
calculated and plotted. directions can be effective while it requires no change ef th

Fig. 6 shows the real values and its logarithms with lineaircuit geometry or no increase in the circuit area.
fitting lines of r,,’s of the DUT versus the power level when
the two signals are in the same or in opposite directienmsd V. CONCLUSION
f.=2GHz). As shown in Fig. 6, regardless of the direction of This paper presents a detailed study on the susceptibflity o
the signal through the microstrip line, the logarithm sof a dual planar EBG microstrip filter structure to a microstrip
decreases linearly a3y, ;n decreases, which is as expectedine in close proximity on the same substrate. The coupling
In Fig. 6, it is observed that the direction of the interfaren effects of a nearby inactive microstrip line with different
signal affects the interference level experienced by th& DUterminations are examined. The crosstalk effect of the mi-
As shown in Fig.6, a2 GHz, the interference level of thecrostrip line when both structures are transmitting signsl
DUT is higher when the two signals are in the same directi@tudied. Corresponding guidance on reducing coupling from
than that when they are in opposite directions. The diffeeenthe microstrip line to the EBG structure is given at the end of
of coupling due to the directions is counterintuitive for a&ach section/subsection.
frequency lower tharb GHz. It is different from a coupled In this paper, knowledge on the elimination of interference
system with two identical microstrip line with matched lsad introduced by a nearby microstrip line to an EBG microstrip
[71. filter is obtained. The study provides insights and guiddace

In [7], it is reported that reflections in the structure(s) othe applications and integrations of EBG microstrip sties
a coupled system change the coupling between the couplednicrowave circuits. An EBG microstrip structure is a tyeli
structures. In this system under study where the DUT and thrcrostrip structure with a defected ground plane. Thidis
microstrip line are coupled, additional reflections areggated useful to EMS studies of defected ground structures in géner
by the inserted patches in the microstrip line and the etched
circles in the ground plane. They alter the coupling from REFERENCES
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