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Abstract

A Study on Basic Characteristics of Short Wavelength
Transmission Line Employing Periodically Arrayed

Capacitive Devices on MMIC

In this study, a short-wavelength transmission line employing
periodically arrayed capacitive devices (PACD) was studied for
application to miniaturized on-chip passive component on
monolithic microwave integrated circuit (MMIC). According to
the results, the microstrip line employing PACD showed shorter
wavelength and lower characteristic impedance than
conventional one. The wavelength microstrip line employing
PACD structure was 8% of the conventional one on GaAs
substrate. Using the theoretical analysis, basic characteristic of
the transmission line employing PACD (e.g., loss, effective
dielectric constant, effective propagation constant, bandwidth )
were also investigated in order to evaluate its suitability for
application to a development of miniaturized passive on-—chip
components on MMIC. In addition, for application to the design
of RF passive components, the equivalent circuit of the PACD

structure should be extracted. And for the theoretical analysis,



parasitic components of PACD’s equivalent circuit were used
closed-form equations. Above results indicate that the
microstrip line employing PACD is a promising candidate for a

development of miniaturized passive components on MMIC.
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1% 2.1.1(a) Conventional microstrip line structure.

(b) Equivalent circuit of conventional MST.
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( A cross-sectional view of Y-Y direction )

Via hole
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Semiconducting
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2% 2.1.2(a) A structure of the microstrip line employing PACD.

(b) A Cross—sectional view according to X-X direction
of the microstrip line employing PACD.
(c) A Cross—sectional view according to Y-Y direction

of the microstrip line employing PACD.
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1% 2.2.1. Measured wavelength of the microstrip line

employing PACD and conventional one.
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1% 2.2.2 Measured wavelength of the microstrip line

employing PACD and PPGM.
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Table 2.3.1 Insertion loss of microstrip line employing PACD and

conventional one.

T T f=5GHz f=10GHz
conventional MST -0.0072dB -0.0068dB
PACD
-0.0127dB -0.0217dB
(Ic = 10 ym)
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. (2.3.1)
WA vV €olto
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— Wavelangth (mml, lc =10um
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1% 2.3.2 Measured effective propagation constant of microstrip

line employing PACD and conventional one.
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1% 2.3.3 Measured effective dielectric constant of microstrip
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7 2.3.29F 2.3.391A4 Hi= owpsh o] Y& mdy #HelEt

_16_



= 7714 T
of wa F

i &7 A=

9

s

F27} ohd ]

=
A
ZFolB R B ko] & slow-waveZ} &4

18 7]

(@)
1l

s}
T

7}
slow-waveZ} =7

H, T7F <

&l

5

o)
=2

dow g gtol o

C» 7F <7}

_17_



A 33 PACD % A=29 ZI13EE o]L3

o) &4 4]

PMS(periodic metal strip)

ULM
(Upper Layer Metal) &

°4 ulm o
(Upper Layer Metal) :
PMS!. A5
(periodic metal strip
20w i

ULm
{Upper Layer Metal)

Equivalent circuit

(b)
2% 3.1 (a) A sturcture of the microstip line employing PACD.

(b)An equivalent circuit for unit cell of PACD structure.
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1% 3.2 An equivalent circuit of PACD structure.
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employing PACD structure.
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Table 4.1 Size of the impedance transformer employing microstrip

line with PACD and conventional one.

T W W N4 SIZE
conventional MST 1.17 mm 3.77 mm 4.41 mm®
PACD 0.385 mm | 0.6 mm | 0.231 mm’
CEESEL)
PACD

0.07 mm 0.6 mm 0.042 mm?®

(H]E =33h

Insertion loss, S
-10 /\ 91 f

o
ke
_20 -
’ “«HReturn loss,
230 ] | |\‘“~——a—"/ 511
2 4 B 8 10
Frequency [GHz]

13 4.2 Measured insertion and return loss of the

impedance transformer employing PACD

_25_



A5 A z 2

=

2141710 oA o], FH|FHE2 MH|A27)F 7hsst RG] E
o] ¥vFA-& IC(integrated circuit) 7]=¢ F243 HHdS =@ st}
DA 7 RE F-F A oAl Q-5 o] %]

AL
Ioglow, 1 F RF FRARE FEAAE 0P 448 1d4 9

e

olo & <AFellA= PACD F+&& ©|-&3te] GaAs MMICE a4
SR F2E ARSI Y. PACD F25 AHEste 459 A= o
Fe T velaRA2EY AR 8 92 FAHAT. 7] PACD
AZT2E oA7MA BEE 5714 Fxo MAZFANA Mg w9
FEANS BolFEt M4 AR ts], PACD +27F F#9 A=z
HlE] 0.49 - 1.26 dBAES] °F7F ¢ =2 &4o] WA, 14
i, F714 Fx9 slow-wave 57449 ¢J&] PACD F&+ F9 w1
olARAEY MR HE Y ¢ w2 HiFet FaE FHE @
S BT

ek W Ao = A7) PACD +Z2E 5713 29 closed-form
equations o|-&sto] o]E2H o= A5t A9 A SAHAH
9} 57132 9 closed-form equations ©]-83lo] AAFSE =22 ]
wEk A3 Fu 50 GHz olshe] tigeA dsg RF 54 e
Wi A et

47] PACD F&%& o] 839 GaAs MMICH I3 ¥37| &
Az A7, ARHHAL T vola2~EY AR duds §ig

il

p

>
Hl

_26_



i

7] WA ok 0.95% =2 Tf

E4o]

A<
=2

]

Al o
H

ol

&l

TGHzoll Al -29 dBH=9] WA} &4 3} -2dB o]

NENE

ol

&l

Holom, 3.8 - 9.2 GHz tigel] AAA -10 dBe]

o

wjr

o

GaAs MMIC

AEE=

Fa sk A}

[e)
-

AgrAtel v

A

_27_



[1] A. A. Abidi, “RF-CMOS Comes of Age", IEICE Trans.
Electron., vol.E87-C, no. 6, pp.840-853, Jun. 2004.

[2] J. R. Long, “Passive Components for Silicon RF and MMIC
Design", IEICE Trans. Electron.,, vol. E86-C, no. 6,
pp.1022-1031, Jun. 2003.

[3] Y. Yun, "A Novel Microstrip—Line Structure Employing a
Periodically Perforated Ground Metal and Its Application to
Highly Miniaturized and Low-Impedance Passive Components
Fabricated on GaAs MMIC", IEEE Trans Microwave Theory
Tech, 53, pp.1951-1959, June 2005.

[4] &9, "GaAs MMIC/ollA F7|Ho2 AFH =5 7IAl= HA

FE PR o4 AFHR SHAT P axdy H2E o83

H327% H89%p.160-168, 2008.

[5] Y. Yun, "A Fully-integrated broadband amplifier MMIC
employing a novel chip size package", IEEE Trans Microwave
Theory Tech. Vol 50, pp.2930~2937, 2002.

[6] D.M. Pozar, "Microwave engineering", 2nd ed..Chapter 4,
Addison-wesley, 1990

[7] D. Ahn, J. S. Park, C. S. Kim, J. Kim, Y. Qian, and T. Itoh,

"A design of low—pass filter using the novel microstrip defected

_28_



ground structure,” IEEETrans.MicrowaveTheoryTech.,vol.49, pp.
86-93, Jan. 2001.

[8] A.Lai, and T. Itoh, “Microwave composite right/left—handed
metamaterials and devices,” in Proc.Asia-Pacific Microwave
Conf., Suzhou, China, Dec. 2005, pp. 31-34.

[9] J. Gao, and L. Zhu, “Per-Unit-Length Parameters of 1-D
CPW Metamaterials with Simultaneously Series-C and Shunt-L
Loading,” in Proc.Asia-Pacific Microwave Conf., Suzhou, China,
Dec. 2005, pp. 39-42.

[10] F. R. Yang, K. P. Ma, Y. Qian, and T. Itoh, “A UC-PBG
structure and its applications for microwave circuits,” IEEE
Trans. Microwave Theory Tech., vol. 47, no. 8, pp. 1509-1514,
Aug. 1999.

[11] A. S. Andrenko, Y. lkeda, and O. Ishida, “Application of
PBG microstrip circuits for enhancing the performance of
high—-density substrate patch antennas,” MicrowaveOpt. Tech.

Lett, vol. 32, no.b, pp.340-344, Mar.2002

_29_



gog A mydsl Fuuun

HA A

S

s
a

mo
15

2d2e] HAb S F9e

1l A1 aL

3|

5 mE

=imol ¢ H 77

el

B

al7)

A A=, e Aa1ag

o

B!
G
o

job

™

o
—_

2 7

o4k

2]

Hjojd A Fel

<
T

At

1
s

el A o gl

2

&

Qo=

=14
Hu, AALe] wmpx| ke w87

e},

il

{ﬂ_

o] 2

_30_



	제 1 장 연구 배경 및 목적
	제 2 장 PACD 구조 선로의 기본 특성
	2.1 PACD 선로의 기본 구조
	2.2 PACD 선로의 파장 축소 효과 및 특성 임피던스
	2.3 PACD 선로 구조의 손실, 전송상수, 유효유전율 특성

	제 3 장 PACD 구조 선로의 등가회로를 이용한 이론적 해석
	제 4 장 PACD 구조 선로의 초소형 수동소자 개발에의 응용
	제 5 장 결 론
	참고문헌


