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Abstmct - This paper presents an analysis of radiation of 
pbotonic bandgap (PBG) microsMp st~clures along with the 
pass and stopband behavior. Simu@io”s are compared with 
measurements performed on a PBG microtip wavegulde 
with circular slots in the ground plnne, desigoed to have a 
broad stop-band centered around 1OGHz Radiation can be 
siS”iftcant at ~)rne frequenfies for B miemsMp PBG and 
should be considered when desi~nlog ilka’s, harmonic 

I termhmtbms and antenna feeds. Radiatio” of -3.4dB was 
measored at lSGJ32 relative to the input power in the pass- 
band Measuremeot data agree well with simulations. 

I. INTRODUCTION 

The benefits of photonic bandgap, (PBG) structures, also 
referred to as electromagnetic bandgap (EBG) structures, 
have been discussed often in the bast years [l-9]. The 
motivations for using PBG substrates can be classified in 
hvo categories: eliminating substrate modes in antenna 
applications, and in guided-wave filters. In the latter 
application, the reasons for using PBG substrates are 
widening of deep stopbands [6,8], and achieving more 
compact circuits IS]. 

Microstrip planar PBG lines have been reported several 
years ago by a number of authors [2]-[9]. Most of the 
repotted examples can be represented schematically as in 
Fig. 1, where slots are etched periodically in the ground 
plane of a microship line. The slots vary in shape from 
round [2,4], to almost rectangular for modifying the 
stopband shape [6,7], and more complex shapes that allow 
multiple or wide stop-bands [5,8]. In the literature, the 
insertion and return loss of these tilter structures has been 
successfdly analyzed, designed and implemented. 
However, to the best of our knowledge radiation from such 
slotted-ground plane shuchues has not been reported to 
date. 

In this paper, we attempt to quantify the radiation in the 
pass- and stop-bands of microstrip PBGs. Most PBG 
microstip circuits are proposed for filter applications in 
order to reduce the physical size of the filter. Filters are 

commonly used in close proximity to other circuit 
ccnnponents, such as power amplifiers (PAS) in the 
transmitter part of a wireless front end, and low-noise 
amplifiers (LNAs) in the receiver part. Radiation from the 
filter is clearly undesirable. 

Fig. 1. Sketch of a microship PBG structure. Periodic slots in 
the ground plane result in a tiequencydependent transmission 
coefficient from port 1 to pal 2. 

II. RaUNAT,ON FROM A MVXOSTRJP PBG STOPBAND 

A PBG described in Fig. 1 with circular slots, similar fo 
the one in [4], is used here as the first example. The slot 
radius is 2Snm1, the period is lOnun, and the microstrip is 
fabricated on a 0.787~mm thick substrate of ~,=2.33. The 
distance between ports I and 2 is 7Omm. The structure 
with 5 slot elements was analyzed using a commercial 
tinite element solver, Agilent HFSS. The measured and 
simulated s-parameters are shown in Fig. 2(a). The PBG m 
has a deep stopband from 8 to 13GHz and measured =: 
results agree with the simulation well. Fig. 2@) presents 
radiation results i?om measurement and simulation, along 
with measured S21 plot for reference. The radiation is 
simulated in two ways. In the first case, the Poynting 
vector is integrated through the radiation boundary box in 
the finite element simulation. In the second case, the 
differ&e behveen the transmitted and reflected powers 
from the s-parameters was calculated. The two ways yield 
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very similar results, and only the result from s-parameters 
is shown with solid line in Fig. Z(b) for clarity. The 
triangle symbol is the radiation calculated from measured 
s-parameters. The result has similar behavior as the 
radiation obtained from HFSS. 

Fig. 2. (a) Simulated and measured s-parameters. @) 
Simulated and measured radiation relative to stl. The symbols 
(circles) indicate points for which radiation patterns are shown in 
Fig. 3 and 4. 

Both results show significant radiation especially over 
I3GH.z in the pass band. The radiated power is about 5dB 
below the input power. In order to eliminate the possibility 
that the radiation originated from the microstrip line itself, 
we simulated the radiation for several line lengths. The 
result showed that the radiation remained at the same value 
for all cases. 

In order to prove the phenomena we measured radiation 
pattern at 10 and 15GHz. The large circle symbols in Fig. 
2(b) indicate the measured radiated power obtained by 
integrating the co-polarized and cross-polarized radiation 
patterns of the back and front sides. The radiated power is 
-7.2dB at 1OGHz and -3.4dB at 15GHz. which is 
consistent with the results calculated from measured and 
simulated s-parameters. Fig. 3(a) and (b) show the 
simulated and measured copolarized 3-D radiation pattern 
from back side at 15GHz. Notice that there is a strong lobe 
in the direction of about 35 degrees in both patterns. This 
lobe results from the phase progression in the slot array 
due to tbe microship “feed”. 

Fig. 3. Simulated (a) and measured (b) copolarized (along the 
microship line) 3-D radiation pattern at 15GHz from back side. 
The radiated power is normalized to OdBm input paver at port 1. 
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Fig. 4(a) and (b) show the co-polar E-plane cross- We conclude that there can be significant radiation 11 
sections of back and front side patterns and provide a both stop- and pass-bands of these guiding sttuchues and 
scale. The vertical axis represents the radiated power per needs to be considered in the design to avoid excessive 
solid angle, and is normalized to OdBm input power into radiation. For example, multilayer PBGs and specially 
port 1. designed slot shapes are subjects of our future work. 

3.02mm 

Fig. 4. E-plane cmss-section of the radiation pattern at ISGHz 
normalized to OdBm input to port I for back side (a) and front 
side@). The simulated results are presented in solid lines and 
dotted lines are measured results. 

III. DISCUSSION 

This paper presents an example of a complete power 
budget consideration for ground-plane microstrip PBGs. 
Although this study presents data for circular slots in the 
ground plane of a microstrip 50-&m line, the results are 
more general. For example, a commonly cited PBG 
stmcht~e [5] can be analyzed in the same way, and the 
results are shown in Fig. 5. There is evidently a peak in 
radiation in the transmission stop-band at ISGHz, which 
could potentially cause problems if such a device was 
included as a filter in an active front end. 

-40 

: \ I ! ., , : 

; Sll 
/ 

SZI 
!,-‘A \_- 

!ii I !i ,.,. 

0 5 10 15 20 
Frequency (GHz) 

Fig. 5. Geometry of ground plane for the microstrip PBG 
described in [S] (top), along with simulated s-parameters and 
radiated power @@tom). 
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