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Abstract— Using a periodic ground structure (PGS) on GaAs 
monolithic microwave integrated circuit (MMIC), a microstrip 
line structure with a high isolation characteristic between lines 
was developed for an EMC solution on MMIC. The high 
isolation characteristic was originated from a resonance between 
adjacent microstrip lines employing PGS. According to 
experimental results, a much better isolation characteristic was 
observed from the adjacent microstrip lines employing PGS 
compared with conventional microstrip lines, and the frequency 
range for high isolation was easily controlled by changing the 
PGS structure. Above results indicate that microstrip lines 
employing PGS are very useful for application to compact signal 
lines of highly integrated MMIC requiring a severe EMC 
regulation. 
Key words: Microstrip line, periodic ground structure (PGS), 
electromagnetic compatibility (EMC), Monolithic Microwave 
integrated Circuit (MMIC). 

I. INTRODUCTION 
With a rapid development of information and 

communication industry, the interests in the EMI 
(electromagnetic interference) and EMS (electromagnetic 
susceptibility) are gradually increasing for an improvement of 
electromagnetic environment [1-5]. Especially, a reduction of 
electromagnetic coupling has become an hot topic in EMC 
(electromagnetic compatibility) problem, because it causes a 
serious trouble in communication system. 

In this work, using periodic ground structure (PGS), 
microstrip line structure with a high isolation characteristic 
was developed for application to compact signal lines of 
highly integrated MMIC (Monolithic Microwave Integrated 
Circuits). In addition, the origin of the high isolation 
characteristic between microstrip lines employing PGS was 
theoretically analyzed using an equivalent circuit. 

II. RESONANCE CHARACTERISTIC OF COUPLED MICROSTRIP 
LINE EMPLOYING PGS 

Many articles on periodic structures such as PBG (Photonic 
Band Gap) and metamaterial have been recently reported for a 

development of miniaturized passive components[6, 7]. 
However, periodic structure concerning an EMC solution has 
not published yet. In this work, microstrip line employing 
PGS was developed for a high isolation characteristic. 

Fig. 1 shows a coupled microstrip line employing PGS. The 
PGS was inserted at the interface between SiN film and GaAs 
substrate, and the PGS serves as ground plane because it was 
electrically connected to backside ground metal through the 
via-holes. We can deduce that the above structure shows high 
isolation characteristics from equivalent circuit. Fig. 2 shows 
the equivalent circuit of adjacent two lines, which corresponds 
to the equivalent circuit of the Nth unit section of the periodic 
structure surrounded by rectangular box in Fig.1. Cb 
corresponds to the capacitance between top line and PGS, 
which  is shown in Fig. 1, and it is proportional to the cross 
area W T of line and PGS (As shown in Fig. 1(a), W and T are 
the width of top lines and the periodic strips of PGS, 
respectively). Rg and Lg are resistance and inductance 
originating from the loss and current flow of the periodic strip 
of PGS with width T, respectively. Cg corresponds to the 
capacitance between PGS and backside metal of GaAs 
substrate. Lp is parasitic inductance originating from via holes. 
Cc is coupling capacitance between adjacent lines. The 
impedance Z between the adjacent two lines of the Nth unit 
section (between port 1_N and port 2_N of Fig. 2) can be 
given by, 
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lines are all 20 m, respectively. As expected, we can observe 
the resonance characteristics in the measured results for the 
PGS structure, which results in much better isolation 
characteristics than conventional one. Especially, highly 
improved isolation characteristics are observed in the vicinity 
of resonance frequency. Concretely, with only a spacing of 20 

m, the coupled microstrip line employing PGS shows an 
isolation value of -47 dB at 60 GHz. On the other hand, the 
conventional coupled microstrip line without PGS shows an 
isolation value of -8 dB at 60 GHz. Fig. 6 shows measured 
isolation characteristic S12 of the coupled microstrip line 
employing PGS with various values of T. As shown in Fig. 6, 
as T (see T in Fig. 1) is increased, the resonance frequency 
becomes lower. This result can be easily explained from Eq. 
(2). As explained before, Cb is proportional to the cross area 
W T of line and PGS shown in Fig. 1 (a), and an increase of T 
leads to an increase of Cb. Therefore, from Eq. (2), we can 
easily deduce that an increase of T results in a decrease of 
resonance frequency. Above result indicates that the 
resonance frequency can be easily controlled by only 
changing T, which makes the resonance frequency easily 
tuned to the signal coupling frequency for a suppression of 
coupling between lines. This makes the PGS structure very 
attractive for application to compact signal lines of highly 
integrated IC.  
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Fig. 5 Measured isolation characteristic S12 of the coupled microstrip line 
employing PGS and conventional coupled microstrip line.  
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Fig. 6 Measured isolation characteristic S12 of the coupled microstrip line 
employing PGS with various values of T. 

IV. AN EXTRACTION OF EQUIVALENT CIRCUIT AND CLOSED-
FORM EQUATION OF THE COUPLED MICROSTRIP LINE 

EMPLOYING PGS 
The equivalent circuit and closed-form equation of the 

coupled microstrip line employing PGS should be extracted 
for application to circuit design. Fig. 7 shows an equivalent 
circuit of the coupled microstrip line employing PGS, and its 
photograph is shown in Fig. 4. As shown in this figure, a 
number of the equivalent circuits of unit section (see Fig. 2) 
are connected to each other, and via hole was expressed as 
lumped inductor. The capacitance and inductance of the 
equivalent circuit are given by, 
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,where di, ds and ls are thickness of SiN film, thickness of 
semiconducting substrate and length of PGS strip, respectively. 
In this work, ds and ls are 100 and 80 m, respectively. For a 
comparison, measured and calculated isolation characteristics 
of the microstrip line employing PGS with T = 5 and 10 m 
are shown in Fig. 8 (a) and (b). For the calculation results, 
equivalent circuit of Fig. 7 and closed-form equation of (3) – 
(6) were employed. As shown in this figure, we can observe a 
fairly good agreement between measured and calculated result. 
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Fig. 7 Equivalent circuit for coupled microstrip line employing PGS with n-
units sections.  
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Fig. 8 (a) Measured and calculated isolation characteristic S12 of the coupled 
microstrip line employing PGS ( T = 5 m ) and (b) Measured and calculated 
isolation characteristic S12 of the coupled microstrip line employing PGS ( T 
= 10 m ) 

V. CONCLUSION 
Using the PGS, microstrip line structure with a high 

isolation characteristic was developed for an EMC solution on 
MMIC, and the origin of the high isolation characteristic was 
theoretically investigated. With only a spacing of 20 m, the 
coupled microstrip line employing PGS showed an isolation 
value of -47 dB at 60 GHz. On the other hand, the 
conventional coupled microstrip line without PGS showed an 
isolation value of -8 dB at 60 GHz. According to the 
theoretical analysis, it was found that the innate resonance 
characteristic originating from the parasitic elements of PGS 
structure enabled a high isolation characteristic. Especially, 
the isolation characteristic was highly improved in the vicinity 

of resonance frequency, and the resonance frequency could be 
easily controlled by only changing T, which made the 
resonance frequency easily tuned to the signal coupling 
frequency for a suppression of coupling between lines. Above 
results indicate that microstrip lines employing PGS are very 
useful for application to compact signal/bias lines of highly 
integrated MMIC requiring a severe EMC regulation.  
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