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Abstract—For the application of K connector (K103F) at Ka-band,
many problems exist, due to the complex method of installation.
In this paper, the test fixture is simplified, and the performance of
this section is improved with the Electromagnetic bandgap (EBG)
structure. Simulation results are presented for the connection structure
with EBG; plots of the input reflection of geometrical and physical
parameters are reported and commented on.

1. INTRODUCTION

Electromagnetic bandgap (EBG) structures (1), which are also known
as photonic bandgap (PBG) structures, have become popular due to
their applications for suppression of unwanted electromagnetic mode
transmission and radiation in the area of microwave and millimeter
waves. Nowadays, The EBG structures are a subject of considerable
interest for their important applications from the microwave region
to the optical range, such as high-quality resonant cavities, filters,
waveguides, planar reflectors and antenna substrates, and more (2-13).

In mm-wave frequency band, some functional modules are realized
by plane structure of hybrid integration. And microstrip is the most
common transmission line. Sometimes, a system is connected with
waveguide by a transition, and the others are by the coaxial line, so
K connector is used widely. It can be used from DC to 40 GHZ, but
some problems would be arising at Ka-band: the insertion loss is much
bigger; the reflection is much worse at some frequency points and the
consistency of measurement is not good.

In this paper, the test fixture is modified, in order to simplify
the equipment of K connector, and improve the performance of this
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(a) (b)

Figure 1. (a) The detail of the test fixture given in the datasheet of
Anritsu Company. (b) The method of installation in this paper.

section with the EBG structure.
The method of installation given in the datasheet of Anritsu (14)

is showed in Fig. 1(a). The bead is fixed with the test fixture, and
the structure of the box is complex, difficult to assemble. In this
paper, the box is separated into main box and sub-box, the glass bead
is fixed with the sub-box, and then they are fixed on the main box
with screws. So we needn’t disassemble the bead from box during the
measurement. In this way, the proceeding of installation is simplified,
and the consistency of measurement is improved.

The information about K connector in the datasheet of Anritsu: in
8 mm-wave frequency band, the reflection coefficient is about −12 dB
at some frequency points. So the error of testing would be pulled in.
In this paper, the EBG structure is used to improve the reflection
coefficient. Firstly, the origin model without the EBG structure
is simulated by HFSS. On the substrate Rogers 5880 (the relative
permittivity is 2.2 and the height of substrate is 0.254 mm), the width
of 50 Ohms microstrip is about 0.76mm. The simulation result is
showed in Fig. 2, the reflection coefficient is much worse at the high-side
frequency. The simulation results are found to be in good agreement
with the measurement results, verifying the proposed configuration is
correct.

In the following sections, the one-dimensional (1-D) printed
periodic holes and two-dimension on the ground plane are researched
separately, and the comparison of these structures is given.

2. SIMULATION AND ANALYSIS

For this application, the performance of this structure is simulated by
the electromagnetic simulation software (HFSS). The basic structure
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Figure 2. The result of the origin structure.

Figure 3. The basic structure of this section with the EBG structure.

 
(a)                             (b) 

 

Figure 4. The connection section with 1-D EBG structure. (a) The
holes are vertical to the microstrip; (b) The holes are parallel to the
microstrip.
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Figure 5. Full-wave simulations of this structure (the holes are
vertical to the microstrip). (a) Different values of d with r = 0.35 mm;
(b) Different values of r with d = 0.1 mm.

of EBG is showed in Figure 4, using the substrate of Rogers 5880,
r is the radius of the holes and d is the distance between the holes.
Where d1 = 0.2 mm, the width of microstrip is 0.76 mm, simulate the
magnitude of S11 for different values of r and d.
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Figure 6. Full-wave simulations of this structure (the holes are
parallel to the microstrip). (a) Different values of d with r = 0.35 mm;
(b) Different values of r with d = 0.1 mm.

2.1. 1D EBG Structure

For the 1D EBG structure, three holes are etched on the ground plane.
And change the electromagnetic field’s distribution in the substrate,
to improve the performance of this structure in 8mm-wave frequency
band.

The first case study is the holes are vertical to the microstrip, as
shown in Fig. 4(a).
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Figure 7. Full-wave simulations of this structure (2-D EBG
structure). (a) Different values of d with r = 0.35 mm; (b) Different
values of r with d = 0.1 mm.

This structure is simulated with HFSS. Firstly, let r = 0.35 mm,
and adjust d from 0.1 mm to 0.4 mm, the results are shown in Fig. 5(a),
it can be show that they have little difference, it means that the holes
of the two sides have little effect here, the hole just under the main
transmission line has the main influence for the performance of this
section. And we can get a much better input reflection by adjusting
the value of r at Ka band.

Then, let d = 0.1 mm, r is varied from 0.25 mm to 0.4 mm. The
results are shown in Fig. 5(b). It shows that we can improve the
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reflection by change the value of r in the frequency band of K, Ka
respectively.

The second case study is the holes are parallel to the microstrip,
as showed in Fig. 4(b). In the same way, we also get two plots, as
showed in Figs. 6(a), (b). The same conclusion can be made as the
first case. As we all know, the electromagnetic field scatter under the
strip, so the holes under the strip is much more sensitively than others.

2.2. 2-D EBG Structure

For 2-D EBG structure, the simulation model is show in Fig. 2(b). We
can get two plots in the same way, as showed in Figs. 7(a), (b). The
center frequency is adjusted by changing the value of d. These two
plots are similar with Fig. 6. The reason is the holes of two sides have
little effect to the whole structure, just be same with the first case of
1-D.

3. CONCLUSION

In this paper, for the application of K connector at Ka band, two
ways are given to improve the performance of this connecting structure.
Firstly, the test fixture is separated into main box and sub-box, the
bead is welded with the sub-box, and then fixed on the main box with
screws. In this way, the test fixture is simplified, and changing the
substrate is realized without disassembling the bead from box. So the
consistency of measurement is improved.

The second way is base on the EBG structure. The simulation
results given in the paper show that the performance is improved with
the EBG structure, and a much better reflection coefficient is got by
adjusting the value of r and d at one special frequency band needed.

REFERENCES

1. Joannopoulos, J. D., R. D. Meade, and J. N. Winn, Photonic
Crystals: Molding the Flow of Light, Princeton University Press,
NJ, 1995.

2. Coccioli, R., F. R. Yang, K. P. Ma, and T. Itoh, “Aperture-coupled
patch antenna on UC-PBG substrate,” IEEE Trans. Microwave
Theory Tech., Vol. 47, 2123–2130, Nov. 1999.

3. Gonzalo, R., P. Maaget, and M. Sorolla, “Enhanced patch-antenna
performance by suppressing surface waves using photonic-bandgap
substrates,” IEEE Trans. Microwave Theory Tech., Vol. 47, 2131–
2138, Nov. 1999.



246 Xu, Zhang, and Fan

4. Rahmat-Samii, Y. and H. Mosallaei, “Electromagnetic band-
gap structures: Classification, characterization and applications,”
Proc. Inst. Elect. Eng-ICAP Symp., 560–564, Apr. 2001.

5. Maagt, P. D., R. Gonzalo, Y. C. Vardaxoglou, and J.-
M. Baracco, “Electromagnetic bandgap antennas and components
for microwave and (Sub) millimeter wave applications,” IEEE
Trans. Antennas Propagat., Vol. 51, 2667–2677, Oct. 2003.

6. Yang, F. and Y. Rahmat-Samii, “Microstrip antennas integrated
with electromagnetic band-gap (EBG) structures: A low mutual
coupling design for array applications,” IEEE Trans. Antennas
Propag., Vol. 51, 2939–2949, Oct. 2003.

7. Lee, Y. J., J. Yeo, R. Mittra, and W. S. Park, “Application of
Electromagnetic Bandgap (EBG) superstrates with controllable
defects for a class of patch antennas as spatial angular filters,”
IEEE Trans. Antennas Propag., Vol. 53, No. 1, 224–235, January
2005.

8. Zhu, S. and R. Langley, “Dual-band wearable antennas over EBG
substrate,” Electronics Letters, Vol. 43, No. 3, February 2007.

9. Euler, T. and J. Papapolymerou, “Silicon micromachined
EBG resonator and two-pole filter with improved performance
characteristics,” IEEE Microwave and Wireless Components
Letters, Vol. 13 No. 9, 373–375, September 2003.

10. Kong, Y. W. and S. T. Chew, “EBG-based dual mode resonator
filter,” IEEE Microwave and Wireless Components Letters,
Vol. 14, No. 3, 124–126, March 2004.

11. Huang, S. Y. and Y. H. Lee, “Tapered dual-plane compact
electromagnetic bandgap microstrip filter structures,” IEEE
Trans. Microwave Theory Tech., Vol. 53, 2656–2664, September
2005.

12. Karim, M. F., A.-Q. Liu, A. Alphones, X. J. Zhang, and
A. B. Yu, “CPW band-stop filter using unloaded and loaded EBG
structures,” IEE Proc. - Microw. Antennas Propag., Vol. 152,
No. 6, 434–440, December 2005.

13. Gao, C., Z. N. Chen, Y. Y. Wang, N. Yang, and X. M. Qing,
“Study and suppression of ripples in passbands of series/parallel
loaded EBG filters,” IEEE Trans. Microwave Theory Tech.,
Vol. 54, 1519–1526, April 2006.

14. Anzellotti, E., F. Bilotti, and L. Vegni, “Broad-band tuning of
an AIA amplifier using 1-D PBG transmission lines,” Journal
of Electromagnetic Waves and Applications, Vol. 17 No. 4, April
2003.



Progress In Electromagnetics Research, PIER 73, 2007 247

15. Fu, Y. and N. Yuan, “Accurate analysis of electromagnetic
bandgap materials using moment methods,” Journal of Electro-
magnetic Waves and Applications, Vol. 19, No. 5, May 2005.

16. Li, B., L. Li, and C.-H. Liang, “The rectangular waveguide
board wall slot array antenna with EBG structure,” Journal of
Electromagnetic Waves and Applications, Vol. 19, No. 13, October
2005.

17. Yang F., V. Demir, D. A. Elsherbeni, A. Z. Elsherbeni,
and A. A. Eldek, “Enhancement of printed dipole antennas
characteristics using semi-EBG ground plane,” Journal of
Electromagnetic Waves and Applications, Vol. 20, No. 8, June
2006.

18. Anritsu, K., V Connector Tips, 93–103, Anritsu Company, 2003.


