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Study on Basic Characteristics of Short Wavelength Transmission Line
Employing Periodically Arrayed Capacitive Devices and Its Application

to Highly Miniaturized Passive Components on MMIC
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Abstract: 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). The transmission line employing PACD showed shorter wavelength
and lower characteristic impedance than conventional microstrip transmission line. The wavelength
transmission line employing PACD structure was 8% of the conventional microstrip transmission line 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. Above results indicate that the transmission line employing PACD is a promising candidate for
a development of miniaturized passive components on MMIC.

Key words: Transmission Line, PACD(periodically arrayed capacitive devices), MMIC(monolithic
microwave integrated circuit)

1. = AlH, I F RF 572G 5228 % J
Z L SoC(System on Chip) sho] WE vzr)e  AF IFF @RI7F SFEHAL de FAO
283} TH A3} RF FEAGA SpsHoixz T 53], 497 % 7], 38 5o Wi

—+

TAARN G Y st A9}3-8k3), E-mail : yunyoung@hhu.ac.kr, Tel: 051-410-4426)
1 gh=sf bt Aot st
2 FFAY Sy HAPA

St dix v sls]x] A36d A1E, 2012. 1 / 167



o3
fele)
o
o
e
o
o
,

FERAES F HRUHLRE A MMIC Wl
AAHA FE&2 QoW MMIC £%9] ZHE 7]
7 Aol A 2 AZRHT JE AAo|tHl2]. w

ZA B E 0] ThefstE 9l8te] GaAs 713 Aol
F MZF29 PACD(periodically — arrayed
capacitive devices) A ZFZ7F A ZEo] AR &

Aol HrtEeH, Atd F71H AEHAERE 7]
T AFAR B8 g2 A2 gL 7HAH, A
dod s EA4S 7S ¢ Ao 312 W
TA R 7] ARFERE S8 SdAME
HEgZ 9 B4 dads, 3 2 FERASE, &
AEA T FHde EYA 5Ao] AFE ok
sty Ze] AT AARBIANAE HEAFe] F714
ABFz g dobd 2 Adads EAAS =
Tk 71EA S0l tig 243 yavo] o] Fof
FHom, ofdk o]E B AgA WHE ol&d F
W 283 54 J#o] o|FofAR XE3th
B E=FAMe WA el PACD(periodically

arrayed capacitive devices) A2 FZ[3]o] g oY

=3 33l il o [e] [e] 2=~ =3
Z 9 5y QuRs, B U RERAE, £45

= =, —w=ET
4 FO WAND BYH 54 52E B4
371 AdEFZ dis MMIC oM el §-87Hs
& AT

2. FJ|xoz ujxE M
ol 8¢t Ctutd MEME
21 PACD ME2F=
Figure 1 (a)& F714 22 igdd &34 245
o] 83 X Z(PACD: periodically arrayed capacitive
devices)?] +ZE el 2 29, Figure 1 (b)E
@9 X-X W] gy pxelth ¥ ded
M Figures} o] 241e] A=) o ol F7)
Al 54 2E¥ (PMS: periodic metal strip)°] 5
S5l otk ARTF F/HOR §RARS A
A &7l A8 A F1HA F& ZEFH(PMS:
AH5-F4 ULM(uppper layer
metal) S WX 5T, PMS9 ULMALC] ol &= SiNE 4}
Ykt 183, ULME "ol &S 53 w9
HA F2 2 (backside metal)el] AZAF S ZH ULM
< HAZF Aok wEkA, Figure 19 (b), ()9 2

periodic metal strip)’d-oll

168 / =t A Yol ets] x| 36 Al1E, 2012. 1

E
e
Ho
of

PMS
(Periodic Metal Strip)

UM

PIS Line
(Periodic Metal Strip)

Backsida Metal

©

Figure 1: (a) PACDE &% vlo|a22EY 3
Aol T2, (b) X-X WEFe] dHE, (o) Y-Y
o] %

% oly



FHOE WAY §FH 24Z 08T Bubg AFARY EEY AT MMICE 243 FF

o] PACD TZE 71£9] nlo]aR21EY
v PMS9F FHAIW<Q ULMARolol F7]2 Q1 &2
G7t F7HH o Z EA) g
%, Figure 19] 71&9] AR729] 29 A= 2
Ao &FRE o= oA, Figure 1 (a), (b)e]
PACD TXxoIME F7HHoa BAd &% qol
i

|
4
oJsted, HAAY LIHE Cc=C+2G7F HEZ,
PACD 72& ©|§8 AZe| guldrel Azstg
© JEe) ARz Ws) ZolEA ok o
PACDY| ©|2< H§5% vk} 2ok
L
A=\ erag M

1

GG @

F7H49 £ GE Figure 1 (9 %4 24
BEol pMSe Zo] | zdskd, 47 WAz
F Jdoen, I Ay, EAUIYL Z 9 AR
A AZE 2EE Aok a3 9 Aol
STHALZ &9 dojgd Ao = FH = F7]
2ol TZ2E FASFEE AR sFe 24 AU}
AA ek

22 BHObY MEMEe| HEEA SN

PACD FZolA A=5F
20 o]t} o] FelME 71E9
2 9g3 B =FoA PACD 7x9 Azu
v s Bokoh

lo,
1

<]
-
<
wn
o

Figure 2= 719 ‘:’]'01 ZEY A2 I
# PACD +x9] 35 é& & A%E v
& T Zo|ti3]. PACD FX9 MZRFL 7E

o molARAEY MR § %E FAHL B F
otk & Sof, FuFE 5 Gholl A 71E) o]
RREY AR RS, AZIF AL 2112 mmo]
m PACD +%¢ A%, (=30 m¥ W& A2
AE 171 mmolt}. ol 7]E¢ PPGM TZ¢ A
o E4HE 20% BoE 84§ 4% %ol
). 247] A#E VT £ u, PACD TZE o4&
st MMICH] 2486 FEAAE A%T S

© O 0o} 2= o)
= 2

32

a2 e e && 159

—=— Wavelength (mmg,
—s— Wavelength {(mm

—— Wavelength (mm),
\ —< Conventional MST,

Wavelength, (mm)
-

i I S=pey— ——

5 10 20 40 60 80
Frequency, (GHz)

Figure 2: PACDE =83}
2o A= 9

nlolma 2 2~EH HEA

Figure 29+ & )& E3lo] I, 3ol AZ+E &
AR G7F SRR Bl gadte AL @
F Atk B A7dFdAdE & A7l @A

PPGM (periodically perforated ground metal) <+3=[10]
g Adstgon, 4y F2ERY Gy 542
gelatdth 131‘/} PPGM TXx9] 73§ F714 +
g PASE w9 A9 T/ UR AAY, @
S F7149 Aol F7b Bas
o1 el SIS, e, PRGM A2
zo] e FUo volARiEY AR
20% AEE UHAEAS BAFHOL, T o4
& B3 4894 Baar B =g
A A|¢rsl= PACD A2 T2 F394 5 GHzol
N AES melAR2EY AZ Hge] 8%
452 &35 HS3, PPGM TX9] M=E 517
38%°] HgH4A AHXE UEAAUCTE] ® 12 F
o 5 GHzol A 71E8] mlolA22EY Azt
PPGM +x¢ A2, £ =FolA A|ts= PACD
FZo A7 3F0\)S ¥ Folth

l

Table 1: PACD, PPGM, 7]&2] A4 ze] M}
A

T Ag(f = 5 GHz)
PACD (I, = 30 um) 1.71 mm
PPGM (T = 5 um)[10] 4.46 mm
Conventional MST 21.12 mm

EM
=

Figure 3> PACD #+XolA] 1= 10 mo]3L, Zo]

gh=tuld dix Uo] g eks)x] A36d Al1E, 2012. 1/ 1569



160 Aol & . AR

7F 0.5mm¢] AFARe] EHE HoFErh o7]A
& 4 Sl wkek 2ol 0 ~ 5 G el A oF -0.82dB
olate] ME £4g Holy, 5~ 10 Gh oAM=

ok 28dBo]3le £4S Holw Ut} olE, 7|EY
o] A2 AEY MZHUG a2 £48 Ho
=

w

A

Insertion loss (dB)
S

1 —
05
0

0 s 6 7 8 9o 10 N

Frequency (GHz)

Figure 3: PACDE A &3 nlo]aA2~Eq HEA
2 T2 A &4 (T=5mm)

ojf gt ARoIA ] 4o YL, FIHHOE
dAe &5F gE dgk 718 BT o
otk ARe] EA4E A7 std 5UHE
£ St 7R AXS AuEY e 2
t}. Figure 4= PACD #X& @9 A2 ZIAS
o] & Aol tjg F7HE 2 o)tk

Port RL Lina  Lina Ry Port

Port el Port

Figure 4: PACD +%9] 5732

Figure 49 ZF A&S AHEA, ¢= A=29 H

AW Apolol A WA §EHROIE, GE PMS
St ULM Aelel ) @alshs @ 2ot o 9

160 / st Axyoi g ets] A A36d A1Z, 2012. 1

o Cal.
¥ Mea

1
0 10

LI B B B

‘ T 1T ‘ T T
20 30
Frequency [GHz]

LI L

40 50|

Figure 5: PACD T-%9] A% =49 AXkaiat

ki

I8 PACD #+X& 71£94] wjo

o] of7ke] E2lo) ¢ WAET) o= 90° A o]l
F3t= M4 AEO) ts], PACD X7 71E9)
2o Hl8] 049 - 1.26 dBAE T ¥ £4o] Ay

e rgth I8y MMICE

FEae A

Aol Atelz F2adg vHstd th £4E
rslulEle 55229 Ao EHHY HoZ
gEth 23 7] 4 $E719 o &
et 283 B 715e Wt

Table 2: PACD -39} 7|2 AR A &

=
=

Zo|t}, Figureol Al B nlg} 7o)
= A& 13 0.0055 - 0.014 dB &=

il

3H

Al

O

A

a3

s)

A

Al

=
T+ & f=5GHz f=10GHz
conventional MST -0.0072dB -0.0068dB
PACD (I, = 10 um) -0.0127dB | -0.0217dB




F/40% WAH §3Y 208 |48 by AFARe EEY AT MMICE 24Y FELVILAL 3§ 16l

B =RdAME F713 7z g S3EAE
AbE-Ete] 71E 9] nlo| 2 A2EY AR PACD T
Zo] mlo|A22EY AR Ud AF A
= fAEd o 7E5EASE 1@ A st
Figure 6,72 77} PACD M2 FZo| t)g At
Fo FaFAE FHAHA FERHNES 47
SAAAZREH thgo A& ol&ate] ALFHATH

2 1

e = .
VEoky

¢ WA

Figure 6,794 R mpe} 7ro] 7]£¢] wlo]z
2EY AZRT PACD +x9 297 88 &
FHF /o FEREE = T A ¢
Aem, ol v o] dH o =,
9| rlolARZ2EY HRE T7114 +37F ofd
g wal 7] A2es F714 FERo2EE B e
EAsH, T7F S71eke] wheh 57

I

mkﬂ
;2

N

£ slow-wave”}

4—-— Wavelength (mm).lc =10um

—— Conventicnal MST, W=20um p
10 v

: -
Saa—

o] 5 10 20 30
Frequency, (GHz)

B(rad/mm)

Figure 6: PACDE #-83F vio]az~EF HFXA
29} 7]E9 HE HEO] Ao} a}g =4
500
—8—  Wavelength (mm),lc = 10um
450 %‘—0— Conventional MST, W=20 um)|
400
Eesso
300 \
25_0
50
0 * + - 3
0 5 10 15 20 25
Frequency, (GHz)
Figure 7: PACD% AE5 vfo|laR~EY AFA
=9} 71Fe AEAEY FEAAE 57

Al &% G FUMIER B #Hel ©Hs &
slow-wave’} £135}7] w&olt), o]zd Az
H, ")UP‘H A% "415 TFd37] HEiAE vtE

xdE F doH, s 4 @9 2k
w6 /Yy =jwG 4, @)
b=w( 7, )
Gy w S Mt
b Laretogig o

A9 HolA dgyt ey AZ SiINS FAS}
il

3} Zo], F71HoZE YEHE open-stubs] 7HA
Aok F=714 29 ndiA w9 Ao i3 ¢
g AF I, ¥94F"E AL Vv,V .2

ABCD #do|| 2ja] 2] (8)7 7o) T Hch

V=14 2] ®

O

Jo

|

<
o

e £
Auj

[A B]: (coskd—gsinkd) ,'(sinkd+£co';kd—£) (9)
cD o b b
](slnkd+5wskd+5) (cos kd— smkd)
kd=wy/pye,e, d (10)
Aol A (10NN wpe®t d B 27 Fos
orf, W9 AS PAAE AEHRE FA4E, 7

o
<
& 9 dojojty. T F7HQ FRAFAA AL
FE vt 7HEEE v A (1), (12)7F A E ek

gh=tul dlx U o] ksl x] A36d Al1E, 2012. 1/ 161



162 FeF - 43

Vo= Ve ™ (11)
L, = [neiwd (12)
VWZP4B}VL1: Vi€

]n, C D n+1 ]71+1€Vd

A=t B Vil _ o

{ c Dfe”d} i *[0] (13

19 Aol 0o okl g zrom, wA
3|24 AD-BC =1 ¥& A&sto] WS Fo]
ahal

e 1 4etnd

#:cosh'yd (14)

(A;D) (co! Skd*ésmkd)

A P2 4 A A% AF b EAAR
S AABE y=atjs 7 o), okl 4 (157
49 drh

coshyd= cosh ad coshf3d+ jsinad sinfd (15)

= coskd— g sinkd

e 4 (158 B a=05=04 wWe S
s 78 F 0o, a=0,=09 W AAH
d& +& & Utk FAU S AANI S Fihe
FA 2 ot e 7t 4 (16), (17)%F Zrh

coshjfd = cosffd = cos kd— X kd sinkd (16)
cosh ad= |cos kd— X kd sinkd|> 1 17)
X= %) (18)
24/e, \/ e, d
Table 3: PACD Tx9] T3-AA 9% At (W
= 20 um)
l, C oF) 12 FAN S (12 AAWRS | 24 TR
@m)| P (GHz) (GHz) (GHz)
395 ~
f <395 *54.10 ~ 82.10
10 |0.259334 = 54.10 _
BW = 39.5 BW = 116 BW = 28
*32.46 ~
of < 3246 *54.10 ~ 72.82
20 |0.507246| =7 54.10 ”
BW = 325 | o "0 [ BW = 1872
28.17 ~
of < 28.17 *54.10 ~ 68.18
30 [0.755158| o =~ 54.10 -
BW = 282 | o <o “BW = 14.08

162 / A=t dA o1 g &3] A A36d A=, 2012. 1

= E DR

919 & 32 PACD +x9 I, #< ¥l &
E-AR gL T2 YVeRA Aolth PACD A=
o 54 GIEag AW Aste] A W A

RUlR golalge A9 54 dudze AL
(19)¢} 2.
Zy =27 — D (19)
n+l
g9 2 (198 4] (13)& olg3t Zolsld, o
&3 7o,

(A—e)V, +BI ., =0 (20)
2y = A @1
a_ A+ D)= V(A+D)*—4

et = 2 (22)

. b b
(sin kd+ 2 cos kd E)

Zy =4

\/1*(coskd*gsinkd)2

Figure 8 PACDAZ9] [ zke W3t w&
EA daxe] Fiag &4 %

t}. Figure 8914 & + 3

¢rat= PACD 29 A% 70 GHz
WAl AYmdre] 5EAFE Holx ok ¥
AHOEZ 0 ~ 70 GHzSl EHMA .7 10 m<)
49 40Q, 20 mQl -5 33 ~ 34Q, 30 Sl 7
+ 31 ~ 30Qe|th E3, Furh WakeieEte
Pz WeeE wWg med AE 4 F o9
ot 71Ee FAH FR[5-9]19 A4S, FHF oW
glo] WE EA dydx WEr AX, ASHAR
e S&FA FIx FEHA F2 o) &FHAT
J#8y B =Fel F13 3z AS FIg
WHate] Wi 54 d¥dre] ®siyh wnsiE
2 AEHAZ olgd" F Yk



F402 WAE $34 248 o4 Bub} AEAR /RS AT MMICE 248 FEapidee] $§ 163
50 E* lf’-i‘oﬂﬁ“f: ZCFIZQ, Zc2:59 O]tq, %‘Q‘zl‘
% SEE TGHz9 PUEs WEsE Agsgon

40

To= 10 pm
35

gy
Ic=20 ym

30

Ic=30 pm
25

Characteristic impedance Zg, (Q)

20 L L L I I I
0 10 20 30 40 50 60 70

Figure 9: PACD 7Z&E& #&3 JIdz Wir]o]
AR

B =R ME A7l PACD TXFE AME3lY]
GaAs MMIC/o| 24P AHAX HIV|E A 2s)t
Stk Figure 95 Y¥Ex W37 ARKS HAFE

I, (Figure 2 3
)7 ARFF A2 PMS Aol Arl= A

AT G F/k Hm, 1 A9 54 99
27 e 2olEd BE 9 4 Atk mekA,
PMSS] Qo] I & 2Usd SAYYUAE A6
B 8 AL 5 ATk odd 4AS o) &3t
549U 70N ZoC2Y MBS AT ¢
JH MBS AL B4 ARNE Zoo)
N zeome] ARBANUE BEA7] 984
L ogous Wale SAYIEs 2 o} g)
o] B ofo} T}

1.9l Aol= 10 wmolth X 32 7]E9 wlo]dZ XA
EY ANZE olgdM AFd dydx HFr) s}
B =544 AgE PACDAHAE EZE o]&3 ¢

Ye2 WHEr|E ¥wd Holt. ® 4oME
PACD A2 F+x9 dudd2 w37 tis), 4

9, AA @ ToNW WolEL WM How
AR W ES THHA WS A7 A Ape)
27} 9 wolES ETFF ASE WHol 0231

g7 WA ok 0.95% AL e AV|E ZFo]ET)
Figure 10& PACD A% #%& A" 494

2 372 RFEA 0|t} Figureol Al B ups} 7+

o] A FT4 7 GHzolA -29 dBYES ¥HA} &

A3t -2 dB oldte] A EA5A] #FEHY,
38 - 92 GHz Wl ZxA -10 dB o]ste] REAL
EAF 15 F 05 dBBYES AUEA 5] #
ZHr) o9} 2 PACD FXE o433 24
I WF]e] 548 MMIC “ell4 RF &7
Zvel AuR s Aol v fEsA AbEE
dee vtk

Table 4: PACD 7%& #&3 ldvjx W]}
71E9] sl §igr)e] A7)
w N4 SIZE
Conventional 5
1.17mm 3.77 mm 4.41mm
MST
PACD s
o 0.385mm 0.6mm 0.231mm
(Mol E =3
PACD )
_ . 0.07mm 0.6mm 0.042mm
(HlE Ex3h

St dlx v sla] 1] A36d A1E, 2012. 1 / 163



-20

-30 ‘ I
2 4 6
Frequency (GHz)

Figure 10: PACD +x& 483 duulx #H3ly)
o] 4be] &) wkAl &4

™

9] mlo|ARAEY AR §%E F4F
. N4 A2 s, PACD 7Z7} 71£9 AR
Hla) 049 - 126 dBAES] 47+ ¢ L £4
BT 283, F718 7329 slow-wave
EAdoll 9Js] PACD 7-Z2& 7]£9] nlo]AZ2AEF

P

[m&éieozi_lﬁoz_&_l
e oo
N
i
O

=ol vla) WA © BL AR AEADE

AE
e B4tk A7) PACD X E o] 43t GaAs

MMICHS] QS WEE AR Ad, A
WA s)Ee] vlolaEiEy AR dds W
27) WA o 09S%BER WF F2HAT A

N

| Ao Wy el dHA G5 RF
A= Btk FAAeE T4 Fuk 7 GHzol
29 dBHY =] AL £33k -2 dB °]ske] A
EAEA]l BYlon, 38 - 92 GHz ol ZA
A -10 dBoste] WRAREAS} <15 F 0.5 dBY =]
AdEd S4e
PACD Tx AFHRE

TaAEAL] 5 adHYS & F Utk ©@5
A HAEHBRE o]_g_s} 3

> J{m

glell= ”Jé

PACD +%9 £4&
& 3lo] s, HFHOZE AP HIEI =R

164 / s=xvatdAxyoi g es] A A36d A1Z, 2012. 1

= E DR

Aol AH A% WH] AT A7 A%

wojop & A ol

s 7
B oAz 20109 Z&HA R A dut

(1

(4]

(3]

(6]

(7]

A7 (A9AHATEF ALY A T
:’L‘.:_

2 = 01—?;(]]\?1-9] x] 0]
< (2010-0007452). &
Ezﬁvu A7)

_4/-\

A. A. Abidi, “RF-CMOS comes of age", IEICE
Trans. Electron., vol. E87-C, no. 6, pp. 840-853,
Jun. 2004.
J. R. Long, “Passive components for silicon RF
and MMIC design", IEICE Trans. Electron., vol.
E86-C, no. 6, pp. 1022-1031, Jun. 2003.
AAE 7IA G, &9, "MMICHA A F718o=
Hﬂ;qg QA AAE o] &3 duR AL
" @Fu AR Yol % ahs X, A4 A63,
pp. 840-845, 2010.
D.M. Pozar, “Microwave engineering”, 2nd ed.
Chapter 4, Addison-wesley, 1990.
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 ground
structure”, IEEE Trans. Microwave Theory Tech.,
vol. 49, pp. 86-93, Jan. 2001.
AlLai, and T. Itoh, “Microwave composite
right/left-handed metamaterials and devices”, in
Proc. Asia-Pacific Microwave Conf., Suzhou,
China,pp. 31-34, Dec. 2005.
J. Gao, and L. Zhu, “Per-unit-length parameters
of 1-D CPW metamaterials with simultaneously
Series-C and Shunt-L loading”, Proc. Asia-Pacific
Microwave Conf.,, Suzhou, China, pp. 39-42,



FHOE WAY §FH 24F 08T Bubg AFHRY NEEY AT MMICE 223 FEAANLS S 165

Dec. 2005.

[8] 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.

[9] A. S. Andrenko, Y. Ilkeda, and O. Ishida,
“Application of PBG microstrip circuits for
enhancing the performance of high-density
substrate patch antennas”, Microwave Opt. Tech.
Lett, vol. 32, no. 5, pp. 340-344, Mar. 2002.

[10] 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.

2011'—.j 22 shsl et &t M ulz2stat
) 2011'-4 3 ~3A : sH=EEfet

Molmstnl AN,
.:!-E—OH M&4 MMIC/RFIC &

stAp, 2010 3 ~SX : st=5l
St M TR Bt} AAFDHE,

rMEoFMSA MMIC/RFIC &

Z|EH (EFH—)

10854 2% olsitfatm MAtZstn) (2
StAD, 1988 8% olsicistm CHEH
MAtS SIS S AL, 1996 88 ¢l5t
hStm  chstel ML SIHB A,
1994.6.23~2011.12&. &x{ :2F0{ X}

51
stm EHSA S M
ot LL T ALEO| 2

T (FR)

19931 28: AMcistm MAKZstat (3
StAD, 19951 2% =EImoistm M
AH7|Estnt (Se4AL, 19994 32:
L= APttt MY|E ot (St
HEAD, 1999 421 ~2003 9F: DIZEA|
W] WREA ClsfolA  odTAlE
MMIC/RFIC 718, 2003 98~

R gHEsiTiEm Muh Zstn Hm
AlE

e RIS

&41& MMIC/RFIC &

23] x] A36d A1z, 2012. 1 / 165



