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measured isolation characteristic S12 between port 1 and 2 are 
shown in Fig. 3, where the isolation characteristic between 
conventional microstrip lines without PGS was also included 
for comparison, and W and S for the conventional microstrip 
lines are all 20 m, respectively. The PGS structure shows 
much better isolation characteristics than conventional 
microstrip line. 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 

olation value of -8 dB at 60 GHz. 

       
Fig. 2 The photograph of  Coupled microstrip line employing PGS.

is

. Measured isolation characteristic SFig. 3  line 
employing PGS and conventional coupled microstrip line.

12 of coupled microstrip

             
ent circuit for a unit section of the adjaFig. 4. An equival cent two lines of  
coupled microstrip employing PGS.

.1. As shown in 
is figure, this circuit has a resonance structure, and the 

resonance occurs in the following frequency. 

According to the theoretical analysis, a good isolation 
characteristic originated from the resonance of the PGS 
structure. In other words, the innate resonance characteristic 
originating from the parasitic elements of PGS structure 
enabled a high isolation characteristic. Figure 4 shows the 
equivalent circuit of adjacent two lines, which corresponds to 
the equivalent circuit of the N  unit section of the periodic 
structure surrounded by rectangular box in Fig
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Therefore, a good isolation characteristic of PGS structure 
shown in Fig. 3 originated from the resonance characteristic of 
the PGS structure
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, which shows a resonance at the above 
fre h

II

eristics of the transmission line employing 
PGS. Figure 5 shows single microstrip line structure 
employi

quency. In t is case, the resonance occurred at 60 GHz as 
shown in Fig. 3.  

I. BASIC RF CHARACTERISTICS OF MICROSTIP LINE
STRUCTURE EMPLOYING PGS

For application to the communication system, the basic 
characteristics of the transmission line employing PGS should 
be investigated thoroughly. Therefore, we investigated the 
basic RF charact

ng PGS. 
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Fig. 5. Single microstrip line structure employing PGS.

As shown in Fig. 5, PGS was inserted at the interface 
between SiN film and GaAs substrate, and it was electrically 
connected to backside GND metal through the via-holes. As is 
well known, the conventional microstrip line without PGS has 
only a periodical capacitance Ca (Ca is shown in Fig. 5) per a 
unit length, while the microstrip line with PGS shown in Fig. 
5 has additional capacitance Cb as well as Ca. Therefore, 
according to the theoretical and experimental results, it was 
found that the microstrip line with PGS exhibited much lower 
characteristic impedance Z0 and shorter guided-wavelength g

than conventional one, because Z0 and g are inversely 
proportional to the periodical capacitance as shown from the 
following equations [6].

C
LZO

                               (2a) 

LCfg
1                            (2b) 

Fig. 6. An equivalent circuit of the PGS structure with periodically loaded 
capacitor Cb.

The PGS structure can be expressed as the periodically 
loaded line shown in Fig. 6, and Cb is the periodical 
capacitance for the SiN film between the line and PGS as 
shown in Fig. 5. The theoretical calculation was performed 
using the well-known kd- d equation for periodic structures 
[6], which can be expressed as follows: 
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, where , e and Z0 are propagation constant for the 
microstrip line with PGS, effective dielectric constant and 
characteristic impedance for the microstrip line without PGS, 
respectively. The guided wavelength g was obtained from the 
relation of g = 2 / . Figure 7 shows kd- d graph obtained 
from Eq. 3. 

Fig. 7. k-  graph obtained from Eqs. (3).

The bandwidths of pass- and stopband for the microstrip 
line with PGS were also calculated from Eq. 3 and Fig. 7, and 
the results are summarized in Table I. From the practical 
bandwidth (first passband) summarized in the table, we can 
see that the microstrip line with PGS is also suitable for 
applications to a higher frequency band as well as to a K/Ka 
band.  

Guided wave length g and effective permittivity eff can 
also be calculated from the above equations and d-kd graph 
of Fig. 7. Firstly, propagation constant  of the PGS structure 
can be calculated from the Eqs. (3) and d-kd graph shown in 
Fig. 7, and then, g and eff can be obtained from the following 
relations,  

                                     2
g

                                       (4a) 

                        eff00 (4b) 

                           
2

00
eff

(4c) 

Figure 8 and 9 shows the measured and calculated g and 
eff respectively. As shown in this figure, the g can be highly 

reduced by using the P  structure. As shown in Fig. 8, the 
PGS structure shows much higher value of eff than the 
dielectric constant of GaAs (=12.9) due to its slow wave 
structure. The above results indicate that highly miniaturized 
and low impedance passive components on MMIC can be 
realized by using the microstrip line employing PGS. 
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TABLE I

Bandwidth for pass- and stopbands (W = 20 m, L = 20 m) 

T ( m) Cb (pF) First passband First stopband 

5 0.00885 •f = 639 GHz 
•BW = 639 GHz 

• 639 ~ 1650 GHz
•BW = 1011 GHz

10 0.0177 •f = 443 GHz 
•BW = 443 GHz 

•443 ~ 1373 GHz
•BW = 930 GHz

20 0.0354 •f = 266 GHz 
•BW = 266 GHz 

•266 ~ 1031 GHz
•BW = 765 GHz

Fig. 8. Measured wavelength of microstrip line employing PGS and 
conventional one.

Fig. 9. Measured and calculated effective permittivity eff.

IV. CONCLUSION

Using the PGS, we developed microstrip line structure with 
a high isolation characteristic for an EMC solution on MMIC, 
and also theoretically investigated the origin of the high 
isolation characteristic. 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. We also 
explored the basic characteristics of microstrip line employing 
PGS by using theoretical and experimental analysis. 
According to the results, the bandwidth of the PGS structure 
was more than 266 GHz as long as T is less than 20 m, 
which indicates that the PGS structure can be employed as a 
transmission line for application to commercial 
microwave/millimeter wave device. In addition, the PGS 
structure showed a much shorter wavelength than 
conventional microstrip line due to its slow wave structure, 
which indicates that the PGS structure is a promising 
candidate for application to a development of miniaturized on-
chip passive components. 

ACKNOWLEDGMENTS

This work was supported by the Korean Ministry of 
Education, Science and Technology Grant (The Regional Core 
Research Program/Institute of Logistics Information 
Technology), and also partly supported by KETI (Korea 
Electronics Technology Institute). This research was 
supported by MKE, Korea, under the ITRC support program 
supervised by the IITA(IITA-2008-C1090-0804-0007) and 
this work was supported by DAPA and ADD under the 
contract UD070054AD. This work was also partly supported 
by ETRI SoC Industry Promotion Center, Human Resource 
Development Project for IT SoC Architect. 

REFERENCES
[1] Uusimaki, M., and Renko, A., “A systematic approach and comparison 

of different 3-D chip structures for electromagnetic compatibility”, 
Electromagnetic Compatibility, 2004. EMC 2004. 2004 International 
Symposium on Vol. 2,  pp. 734 - 739, 9-13 Aug. 2004 

[2] Adan, A.O. Fukumi, M. Higashi, K. Suyama, T. Miyamoto, M. 
Hayashi, M., “Electromagnetic coupling effects in RFCMOS circuits”, 
Microwave Symposium Digest, 2002 IEEE MTT-S International, 
Seattle, WA, USA, vol.1, pp. 39-42, 2-7 June 2002 

[3] Ramdani, M., Sicard, E., Ben Dhia, S., Catrysse, J., “Towards an EMC 
roadmap for Integrated Circuits”, Electromagnetic Compatibility and 
19th International Zurich Symposium on Electromagnetic 
Compatibility, 2008, APEMC 2008, Asia-Pacific Symposium on, pp. 8 
– 11, 19-23 May 2008 

[4] G. Kurizki and A. Z. Genack, “Suppression of molecular interactions 
in periodic dielectric structures,” Physics Review Letters, vol. 61, no. 
19, pp. 2269–2271, Nov. 1988. 

[5] Yee Hui Lee, Shao Ying Huang, “Electromagnetic compatibility of a 
dual-planar electromagnetic band-gap microstrip filter structure”, 
Electromagnetic Compatibility, 2006, EMC-Zurich 2006, 17th 
International Zurich Symposium, pp, 561 – 564, 27 Feb.-3 March 2006 

[6] D. M. Pozar, Microwave Engineering. Reading, MA: Addison-Wesley, 
1990. 

23P4-2


