2011 28 MxtSee

=z 2011-48TC-2-15

Al

Complementary Y18

Heled A A2E o] 83

==X M 48 H#TCHAH2=

25} )

95

M

A =

]
7]

-

2

]

Q
H T

E
=

,'rL
A

Z 7|Mke]
o Ao W7

( Low Phase Noise VCO using Metamaterial Transmission Line Based
on Complementary Spiral Resonator and Interdigital Structure )
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Abstract

In this paper, the metamaterial transmission line (TL) based on the complementary spiral resonators (CSRs) and
interdigital structure is presented for reducing the phase noise of the voltage-controlled oscillator (VCO). The metamaterial
TL is realized by adopting the array of the CSRs etched on the ground plane and the interdigital transmission line on the
signal plane. The interdigital TL on the signal plane has been used to obtain higher Q value than the conventional TL
without the interdigital structure. The resonance properties and inherent saturation of Q wvalue of the proposed
metamaterial TL have been analyzed by varying the width of the TL on the signal plane, dimensions of the CSRs, current
directions between the CSRs, number of the unit cell-pair of the CSRs, and whether or not there is the interdigital
structure in this paper. The phase noise and tuning range of the proposed VCO are -127.50 ~ -125.33 dBc/Hz at 100 kHz

and 5744 ~ 5852 GHz.

Keywords :

interdigital structure

e e, A, SaYste
(Department of Information and Telecommuni—
cation, Electronic Engineering, Soongsil University)

# P ATE ANFAN, YFEAAAE D FH

Néwrhael fo] el 947 S AR (4 R EA])

Adgto 7 st [KI002071, wEFdAFuk4-=

o] &3t xUr(RF)’“J“EE* 54 M 7le A+

2k 20119149319, A gE Y 2011924189

AR EA A A g

lo N

=
o]
™=

=

(202)

VCO, phase noise, metamaterial transmission line (TL), complementary spiral resonators (CSRs),

x
T

2
of
>
>
o

(o3
B
ol
Lp
ot
ox

S
rlo
o,
offl

o
-
3,
2

)

ko rlo
-
)
ot
ko
-4
il

o,
fo e @
o T %
fo &
N
rir 35 i
o
2,

poh b

-
2
ny
Ho

ox b M o
poto Mo O
do I o
BN =
ox M

o

[

o

i3

™

N

1o

do0

ol-ﬂ-‘ﬂ

L4 pm

Jlm
oxX,
of\
o
QL
T
o
O



9%  Complementary LIE BX PES} QIEICINY X Jleio| HEIZY BA M2 0183 RO HE WY HO| WHI|  HNE 9

Ao WRI7Ie A A9 Fa EAS 471 st 7 §sto] A FAsH

ko ALEEE Ve B2 fd&Y fAA ¥

A7), dol-a 7], £ g FA), YAg 77 o. A4 &=

o e =S X Q EAE #E FXVNE A&she

Aol A9 Ao A% Ao HAVE T e A
B d T2 Hugde W, olF © YAy X = 3719 xR 2 1o vek vk 27 164,

71 T A7l 2 | IRV FX F559 A e ZE 34 g9, €2 IA 49L& HA

Arboll A FHx o] WAl Complementary -3 Hol| 21ztg A= 8 complementary YA 3321719

g 217 thAlel complementary UA1& X715 A} of Al 7 &9 A A4, AE He] JIHYAYE Ad A=,

£33 u, IV 2719 4¥3e TS FF T4 HA He 7247 JERdY Complementary WAE 371

oA sl o]Fold 4 glth. Complementary W3 T2 Abel9] Ul 7A] v AR Wy #ed golof

719 AMAE AT 7] By Zo] L1 =A -2 2 20] Yo ek T Q #hol Al © oAl

Aol o YA 1y - 29 A ES 2 A9 A E3}¥7] Wil 45 ¥ complementary UAE ¥

ANAE 2] complementary #3 & F%17]9] #A)A| A gx27F veked A5 A2E AAs] Al AH-H

Ho} FU3 (e 3o FHolal ne Ho Fi vEA 2t Complementary Y43 32 4% Alole] v 7}

wolth. Complementary W& 31719 QA= A o2 AR wEedAe 3 54 AA Ae ™

Wi taaE A Hell dAe EA] QY st 3 (el vt vk X1 Q #-> HFSS EM-AA &9l

o] o1YEl A= complementary & 3 3279 <Y & FA Fu9 3-dB I E Apol] H|E F3519]

B2 wo} o v o 3k o]e} 22 o]fE comple- AXE (. B Fx9 A7]= complementary WA E

mentary W& 31719 % F34E complemen-—

tary & ¥ FX719 I Fu 2op Awk Zrh o

% ¥ complementary W38 321719 wjde B4k A

A 29 Ak JIGEAE ST oZN F317]9

271% 9% o Folu T4 Q 54 U% o AuA =] & 5]

JEHAE 2= dubdll AE A=rEd o 2
A Q #e du ds ¥ v 33 54& 471 4
A AREEAY TV A7 JHYAE FE2E A
Soad A agstEod & Ak o= A &

AF AAE 2T AlRBE JIEYAE 29 3HA Afe]
o A% ate] o3 FE7] wEo

H =Ro| e HA Wl complementary #3 ¥ &
Z17] djalell complementary W8 31712 A5k
As W] A AR JAEUA" Fx2E 43}

ke

)

&S complementary WAE FA -
ZoF JHYAE Fx ute] WELEE dAE ARE

c

o]

i

(203)

1 T = —

3T Fxof oM U chel A 4 AT ™
of QIECIXIE F=E 7|Htez 3 HE=EE
HMEMES T (H2M AA2 HMX| Hof| 4
Z+El com- plementary LMY I Fx=E L
Elj, A2 slM HHd2 MS Mol QIEX]|
H ME MEE HE D, €2 M JdHd2 H
X Mg LiEbHC)

Fig. 1. Topology of metamaterial TL based on six unit

cell-pairs of three—turn CSRs etched on ground
plane and interdigital structures on signal plane
(Black region denotes CSRs etched on ground
plane, dark gray region denotes interdigital TL
on signal plane, light gray region denotes
ground plane).
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Fig. 2. Four different current directions between CSRs
etched on ground plane (@) Case | : same
horizontal current direction and opposite vertical
current direction, (b) Case Il : same horizontal
and vertical current directions, (c) Case |l
opposite  horizontal and  vertical  current
directions, (d) Case IV : opposite horizontal
current direction and same vertical current
direction.
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3. Simulation results of resonance properties as a

variety of cases.

(a) Four different current directions between
CSRs, (b) Various dimensions of CSRs,

(¢) Number of unit cell-pair of CSRs
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structures, (b) Interdigital transmission line.
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