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Design of a Compact Lowpass Filter having Wide Bandstop
Characteristics for Microwave and Millimeter-Wave Circuit
Applications
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Abstract

In this paper, we proposed novel multilayer photonic bandgap(PBG) structure using DSL(Descended Signal
Line). From measurement result, the proposed PBG structure using DSL is reduced 72 % at size and increased
13 % at bandwidth compared to typical multilayer DGS(Defected Ground Structure). It is also reduced 42 % at
size and increased 23 % at bandwidth compared to PBG structure using EGP(Elevated Ground Plane). In case
of measurement for manufactured six PBG patterns, all patterns have the same cutoff frequency and bandstop
characteristics. So it can be used for bandstop filter having very precise tolerance of below 300 MHz at 20 GHz
if it is applied to teal product and this filter will be useful for small microwave integrated circuit and module
development.
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Fig. 1. The conventional DGS(Defect Grounded
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Fig. 2. (a) The PBG structure using EGP. (a) Top view, (b) Side view, (c) 3-dimensional structure
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285



BESHKPEAGE 5148 3% 2003F 38

R P

P
l’lo——ol’N //
\

20 -
C yor 0448 pF) j\ /

\

(!

$21dB)

L., (.128a8) Ly

——EGP_FEM
— — — EGP_SPICE

1 10 20 3
Frequency [GHZ]

(@)

0

21 [d8]

DSL_FEM
\ — — — DSL_SPICE
10 = =
P1 _°R -
Y

>
L, 0.0920H) :

tC . (0.689pF) =

i

o 20 30
Frequency [GHz]

(b)

12 4. EGP9} DSLE )43 th9] 4 PBG 29 ti3t FEM & 32 24 84 A3 vjg

Fig. 4. FEM and SPICE(Simulation Program with Integrated Circuit Emphasis) model simulation
result comparison of unit cell PBG structure using EGP & DSL.
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6. Analysis and measurement results of con-
ventional DGS structure(Fig. 1) and PBG
structure using DSL.(Fig. 3)

o

- SN
E-’.L»/fi\;\( "\ -~ . - = Simulation_EGP e
. -~ — - Measurement_EGP /' 4
o —— _DSL L
\ \\ - Moasurement DSL s
-20 ‘\\L: Vo
_ . o )
; N
5 VAN A
a0 Aomnf 52
0 ‘ 3 f}(«" RSN
R N /
40 e ; u
1 ﬁ i L
! ’,e«“&{
-50 L —
| L L P 40
Frequency [GHz]
8 7. EGPE o]43% PBG Tx(Fig. 2)¢ & =%

Fig.

$21[dB]

oA At DSLE o83 PBG +x(Fig.
39 84 2 53 A%
. Analysis and measurement results of the
PBG structure using EGP(Fig. 2) and pro-
posed DSL(Fig. 3) in this paper.

40

30

10 20

Frequency [GHz]

A7 8. oxbol g AL #Isr) 943t 670
¢ DSLg o|43 PBGHHES 4% 4%

Fig. 8. Measurement results of the six PBG
structures using DSL to judge confidence
for tolerance.

2 BAg 4 ok

£ Ad 239 AY F3 o7 44

38 9. X-ray scopeZ &4
AR R

Fig. 9. Top view of the manufactured picture of
Fig. 2 through X-ray scope.

g 19 29 dA AR

19 82 AA AzE DSLE o] €3 PBG +%
9 7t7] oE 6719 HEE AT A4E v
th BE dide] FUg A Fupeo) 117\1311‘31
< He As T F Jdon xd MEx
(sharpness)o} Ax] EAANME Al U3t 5L
Ad A #AAG F At webA] B =M A
td FxE AA Y] FE&E 9 o #
E5old A, AFANAM F
of thd Qatel tidted] ’\‘J?J*’%] 20 dB
GHzol A E.& si€ie] 300 MHz ©]&t9] uf-¢-
g QAE Holx AL AT + Uk

fir @ H
2, My rSL‘

p
i

g{_"

O
_O,L
é
2
)
)
r{r

o 2
==
f1

20
28

-

74

N.Z2 E

—t— LTCC ¢4 & o83t 44 74
o] Fd PBG F+XE AlotslA T,
r&% A 7o) AR Holg Fol
AN 2&9L AFHFY ulel E(via
FARS gAY HE AfAEx
A 2¥e FY AR A4 E

?—fﬂdﬁﬁk Akd FxE DGS 72E 8@
PBG FZof H])dle] tJEZo] 13 % Z=7lstom,
A7 HAAE 12 % A8k} 282 EGP 2

_2:

£ o] &3 PBG FZd vl DSL #+Z= g E
o] 23 % ZF7tstg o A7|HolA 42 % A

7] Wzl W g EFd A A 23 A9 o
g AR ofutr|2 AL F e HE AL A
o B¢ o /A AAE AHE A A, B
© Heol M A&l 20 dBQI 20 GHzAl M BE
Jj&lo] 300 MHz o]&te] v &g eAE 7HA

287



BEBHEBRRE £ 145 HIH 2003 37

7] Y& AA A3 Hojd AL w2 A
Ae 73S gdstath mE B 22N Aot
¥ DSLE ©] 43 PBG 72& vlo]azs fg 3
A ZY BE e 4807 49 & 9o
g2 7ld "tk

(b)

3% 10. X-ray scope2 &3 19 39 AA Az
A (a) BAEE, (b) S8

Fig. 10. The manufactured picture of Fig. 3 th-
rough X-ray scope.
(a) Top view, (b) Side view

o2t

F @

Mo

[1] E. Yablanovich, "Inhibited spontaneous emis-
sion in solid-state physics and electronics”,
Phys. Rev. Lett., vol. 58, no. 20, pp. 2059-
2062, May 1987.

[2] T. J. Ellis, G. M. Rebeiz, "MM-wave tape-
red slot antennas on micromashined photonic
bandgap dielectrics”, IEEE MTT-S Int. Micro-
wave Symp. Dig., pp. 1157-1160, June 1996.

[3] M. P. Kesler, J. G. Maloney and B. L. Shirley,
"Antenna design with the use of photonic
bandgap material as all. dielectric planar
reflectors”, Microw. Opt. Tech. Lett., vol. 11,
no. 4, pp. 169-174, Mar. 1996.

[4] Jinho Yoon, Chulhun Seo, “Improvement of
Broadband Feedforward Amplifier Using
Photonic Bandgap", IEEE Microwave and Wire-
less Components Lett., vol. 11, no. 11, pp. 450-
452, Nov. 2001.

[5] F. R. Yang, K. P. Ma, Y. Qian and T. Itoh, "A
Uniplanar Compact Photonic-Bandgap(UC-PBG)
Structure and Its Applications for Microwave

288

Circuits", IEEE Trans. on Microwave Theory
and Techniques, vol. 47, no. 8, pp. 1509-1514,
Aug. 1999.

{61 T. Y. Yun, K. Chang, "Uniplanar One- Dimen-
sional Photonic-Bandgap Structures and Reso-
nators", IEEE Transaction on Microwave Theo-
ry and Techniques, vol. 49, no. 3, pp. 549-553,
Mar. 2001.

[71 V. Radisic, Y. Qian, R. Coccioli and T. ltoh,
"Novel 2-D Photonic Bandgap Structure for
Microstrip Lines", [EEE Microwave and Guided
Letters, vol. 8, no. 2, pp. 69-71, Feb. 1998.

[8] L. Zhu, H. Bu and K. Wu, "Unified CAD
Model of Microstrip Line with Backside
Aperture for Multilayer Integrated Circuit",
IEEE MTT-S Int. Microwave Symp. Dig., pp.
981-984, June 2000.

[9] Yasushi Horri, Makoto Tsutsumi, "Harmonic
Control by Photonic Bandgap on Microstrip
Patch Antenna", IEEE Microwave and Guided
Wave Lett., vol. 9, no. 1, pp. 13- 15, Jan. 1999.

[10] I. Rumsey, M. Piket-May and P. Keith Kelly,
"Photonic Bandgap Structures Used as Filters in
Microstrip Circuits", [EEE Microwave and Gui-
ded Wave Lett., vol. 8, no. 10, pp. 336-338,
Oct. 1998.

[11] T. Kim, C. Seo, "A Novel Photonic Bandgap
Structure for Low-Pass Filter of Wide Stop-
band", IEEE Microwave and Guided Wave
Lett., vol. 10, pp. 13-15, Jan. 2000.

[12] D. F. Sievenpiper, E. Yablonovitch, J. N. Winn,
S. Fan, P. R. Villeneuve and J. D. Joanno-
poulos, "3D Metallo-Dielectric Photonic Cry
stals with Strong Capacitive Coupling between
Metallic Islands", Phys. Rev. Lett., vol. 80, no.
13, pp. 2829-2832, Mar. 1998.

{13] D. Sievenpiper, L. Zhang, R. F. J. Broas, N. G.
Alexopolous and E. Yablonovitch, "High-Impe-
dance Electromagnetic Surfaces with a Forbid-
den Frequency Band", IEEE Transaction on
Microwave Theory and Techniques, vol. 47, no.
11, pp. 2059-2074, Nov. 1999.



vlojagst g v} A &= A7

197614 39 2294

200049 SYdigty AAFEn
(&84

20013 ~20033: o}F gy AR}
Tk Wigre (F844Ah

[ BNEOH 2739 2 gen
B Y #7)x 2 HMIC 4

A, BYuEs g #7134 714, LTCC 7gd o)

3t RF 2% A4, RF % % 3544 44

% 4o

1993 AEdsty 77148358
& (FFh

19953d: A gtisty ety F711
SFHF (FHAAD

g 19953~1997d 9% 445U

i )|

19979 109 ~20000: e}
(Z571edrd) #4274

2000 ~ A AR FI Y YA

[F HHEOH LTCCE oj4¢ deinEy RE AR
A 7%, $9% Mgl A8 71e 2 RF EE AZ T
A e

1999:d: olFdisty  AxFEE
(34

2001d: olFoi sty AAFEE of
g4 (FsHHAD

200103 ~2003: o}Rufstw
A AREE (FEYASR)

; [F ZAEOH 2vieind &%

2749 A3 7Y, JerEg 32 2gd 9 57

2719, MEMS 572 dAH)

HE AN 54& AY 239 AY 53 A7) 44

T e 7

¥

iy

1983: dAAigty F&£TE
(F8Ah

19859: AAdety gty F4
B3k (FHHAD

1991d: ANy oigyd 24
&3 (F3HA

19923 ~8A: AREELTY F

of

ofd

-

1980 24 o}Fusty A=Azt
7 (384D
1982 24: S=#3red A7
2 A2 (FHHAD
198213 ~1986: 58 AFAHY
&
; ©0 19894 129Y: The University of
Texas at Austin (Z&8FAD
19903 ~1992d: B4 $% d74 72147 dYI+

19923 ~8Al: o}Fuldlw MAELR JuT
20H 21%/7U% wheA] Packaged AA/Z
Azx3Fus 9 ALY AEH, 248 <

Bk Sl A/AA, 2HEAS) 15 dE 5 Z9Y

289



