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AR [25]of|A= (O 22009} ol A4
ZF8 VCOE 93}t microstrip square open loop
multiple SRR 0|83t} 22130k 5.8GHzo||
X S21 A Edleld B4 (1 23)3} 7o) -32.7dB,
-43.56dB & -81.78dB2 (23 22)2] ()7} 7P =
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ATTEN LMKR ~84.43dB
ATTEN 905 10dB 1"[“ransistor
(BIT)
Inductor for
24 & 5.15GHz DC_Block
Negative Resistance Capacitor
Pin Diode l
DC_Block
o Capacitor
CENTER 5.729350GHz SPAN 1.000MHz Ind ;
RBW 10kiz ~ VBW 10Kz SWP500ms nauctor for
) 2.4GHz Negative
(@) ® Resistance
(32 26) CSROl ZAHE & High—-Q MTM-TL2 @ ®)
a

OIBEH VCO AEHa), MRS EEKD)

(218l 28) MI2HEl Dual-band VCO AMIZ(a), PIN Dio—
de 7|2t Tunable Negative Resistance(b)

(H 3) MEHE Dual—band VCO A 99F

Parameters PIN Diode PIN Diode
Forward Bias Reverse Bias
WA Zop(GHz)  2.423~2.597 5.137~5.354
e =(dBm) 9.5 10.17
Harmonics(dBc) -16 -26.67
. w R - Phase Noise ~108.34 ~ ~114.16~
(@ At o 57 (@100kHz) (dBo) ~106.67 ~113.33

(a8 27) A/4 CRLH Open Circuit Stub

MTM-TLE o]g3te] Mo dxts VCOE Aztst
don 573~5.85GHze) Fufpolx] -124.43~
-122.60dBc/HA@100kH2) 9] $43F 4 42 &
e Rolgr

T3, AvEy [27]0M = CRLH TLE] Faf4
S =Ml QA 7187] Alo] B4 o83t ¢
9] dual-band F-2to] 7153k (28 27)ofA B
0] A4 CRLH open circuit stubs ARREFO 24
24GHz 9 5.2GHz0 A ZuldolA] rejection
levelo] -31.37dB ¥ -23.2dB& zHzk A =1 QL
t}. Dual-band VCOx (1% 28)3} 7¥e] CRLH TL
% PIN tho|2.E ek 7hel BAAEE ol §ste]
A2 T, PIN diode®) 43 4 A3 Hiolo
2of 913t VCO A& <3 3> 2.

Azdog CRLH TL ¥ PIN tjo|2EE o]&
slo] A7pAs @ 2837} 78t dual-band VCO

Aol B o 4 oirk
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o

(23 30) HoHE MTM -‘rus} EER ?5—2— olgst
HMHAZZE7| M=t

[ K]

E??_P, (% 313 72+ quad-band CRLH TL
F2E quad-band inverse class-F #ZZE7]
’;—:‘_,71]01] A 23519 28], Quad-band CRLH TL&
dispersion diagram % S—parameter simulation
=42 E3jol 7 7je] LH @ % 7)o} RH £3} o
Aoj|A quad-bandZ %Zﬁh% gelsigict 2nd Y
3rd sty AREL 18§ inverse class—F A
ZZ7)5 st E3ttelA open Y short® F2

(a3 31) Quad—band CRLH-TLY| 3|2 =

(& 4) A= Quad—band Inverse Class—F Power
Amplifier 85 22

Parameters Performance.
Szt Zol2(MHz) 700 800 1800 2140
22 H=(dBm) 415 397 377 407
Gain(dB) 115 97 77 107
PAR(%) 582 503 486 566

Sh=g (23 3209 o] Axste] 248 WelEE
T <E 459 2L H5E Bofzeh

3. MTM 7|4t nto] 223} Hg 7|&

learalpo] H442 g 283 CRLHe)
£91e 37|72 Fupd BAEA 4L B o}
olz2z3} 3lZeflo] $-8ol 7H5h shick LH 5
g3 RH 574, ZOR 5742 vlo| 225} 2]2.9] |
ol Fupspol that wpge] BAIS Floldech CRLH
9 SRR 32125 Zgshe Heppztg 2 E o]
L2351 2202 njo|22u} We|= oot 722 AHA

HEA RS T 2ejo] 3
£ xelo2 CRLH /72 %%oa%e} 37

Vic
¢ Output Matching Network
Input Matching Network ‘RFC Harmonic
I__ Control Circuit I
Fundamental Using Quad—band
5 Matching Circuit C CRLH TL
Using Quad-band
CRLHTL Ront
Harmonic Fundamental
= Control Circuit II | [ Matching Circuit

Using Quad-band | | Using Quad-band
CRLHTL

CRLHTL

F10a (700, 800, 1800, 2140MHz) Ry
Fon (1400, 1600, 3600, 4280MHz) open
F5a(2100, 2400, 5400, 6420MHz) short

(a) Block Diagram

(b) Fabrication
(23 32) Quad—band CRLH-TLZ 0|&%! Quad—band Inverse Class—F Power Amplifier

52 g
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o (a)
% BPF using *
E RHTL
2
s
3 | | lm
é HIG) pmmme S : ! ;
s L s 9 ) R N RHTL | i
: = P = Log Y T | | |
; 150+ 27l b - - P { j
: " i 33k 47mH2 ¢ & j !
1 4. [ ' i |
; M L e SIS * |
' TobEx2 7 7oFx2 i 5pFx2 5 Bpbx2 oo !
i Tobx2 ( ij iz : 5pk in opF ¢ SpPxz : Py E— J,J: ______ N |
' 1.5t 2.7nH ' 3.3nH+4.7nHx2 : i | !
; +4.7nH : ': e ': P ! i
o T e y A P ; ‘ BPFusing (¢
(22 33) DCRLH O|STHHS10IT 7| g CRUHTL
'g
10 g
Frequency
o) (712! 35) DCRLH O|Sg M Saie
% .
£ :
‘ !
i !
H
750—1 H measured
[ e —— simulated
,I
-60 L | Vo | |
08 09 12 15 18 21 24
requency (GHz)
(22! 34) DCRLH OIECHHERGImY] &4
(28 33)¢} (2% 34+ UCLA tfgf Itoh 152
DCRLHE 0|83 ol 5t 5 gatofst7| o SAdol et (712 36) CRLH CSRR CSR CHHS T4t |
(718 35)% Dual~CRLH(DCRLHH) ] olZid £
Abo]cH 32]. o= s
. < - » Y
Aw|ole] F. Martino| 48t BELLA-TERRA 1 i Lo~ \\ =~ &
£.2 SRRy} CPW E£X= CSRR, CSR#} CRLH7} 2 i !' ‘” \\ /',' : “‘x‘ // \
. o el V4 I
PH 72E 0|8 Belo] A7 S Tos| Vel 8 VI i
oL o ! P !
oic} (2’ 36)z} (18 37)2 LH EAJ3 RH &4 ‘g s f
£ z+= CRLH L%0| CSRR#} CSR 25 2oy 40
# UWB tiel Zejek tie notch S4¢ 7dst ,
-1 ol | [ — measurement
al ML}-[33} ‘\\ / electromagnetic sirmulation
st (73 38)7 (28 39)¢F 7248 CRLHE} CSR o BT
)g 'H};?"}— %H% :1103%:‘7’]' 013-’]' 7 IQJ :ILE’H %]"1:}«]@’ Frequency (GHz)
EXNS Bodxr34]. (78! 37) CRLH CSRR CSR thHEEx0ntr| E4
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o

(2% 38) CRLH CSR THEMo{u}7|

—— - simulation i
—— measurement

1

L " 1 L
0 1 2 3

Frequency (GHz)
(23 39) CRLH CSR 1=ty | £4

v, 28 |

£ 7% BPoliE MTM 844 44 714, 3
&3] Al Y= MTM 7]4-& o] 8o 2H <t
it 4%, KF B9, He5 a0l £9A 9 3
Z5} oAl VCO e B¢ ng oA
2 = O O A 0]

=)
>
5
m
A\
o
Oluo
bi
Rﬂ
=
X ook
ek
4
¥

e

=
——]— L .

= A A tiste] A B3t
MTM-TL 7]& #siH= 7129 CRLHY &

gLk, MTM 2R }9JAF E4 1l o] 2HE EXS
0|3t 0|5 QHe|Lt 7] & 5 Tk et Rt
25 T8t e ol 5 ¢, ag S E &
B3l 7le, A A SOl A8 £ 085 F
ekt
afxjako 2 MTM 7]4t RF 71425 A9jaahe
£ ¢J3t high-Q F%17](microstrip square open
loop multiple SRR 3£%&, CSR %) AAS E3F
VCO A7, uI4Y W2EE7] 4 2 Yok Be]
A 71eol A wePdzial2E A 83es
W YA ZHe SN sy @ Sz ol o

A 9 skirt B4 o] o] Fojx|n G- 1B

18
12

o
o

1%* o= Bty oebdztatx §-8-2 AR
3t Gl Y 9 &4 B4 55 tiE D)
7] 13 27 A3t ThssteE wepxirte
Z 7]¥ke] QHut @ RF BZ0] A% /jag 9t

[4:29] Q1 7iito] o] 2ojof & Zo]ck,
E3h olef tlokst 28 zbA o 2 Ao A

AR FAstA Qe HebdzbR 7]Eo
et fHATe} o] Aabsal Y, 25, A

o, W ok 5 T 88 9T BT A}

e20diAde
Metamaterial(MTM, BIEFRXHIRE): X

=
BF OHENIE SME =~ Q= S8 MIDIE S8
2= QIZNQI M| REES LE

-0< RS HIREE <1, 0< fx1 HIEAE <1
- 72 HIREE <0, R& HIFAE <0

o] 43

2] PLH #4 tjdo] vt =g shga]7|HA A AMC Artificial Magnetic Conductor

2488 & Qe 7|42 slekslaitt ChwW Cp-Planar Waveguide

= T UE e st CRLH-TL  Composite Right/Left-Handed TL
U TleRe A S 23k ENG 4 CSR Complementary Spiral Resonators

DNG ZOR ¢telL}, AMC viE-S o]£3t REID <t CSRR Complementary Split Ring Resonator

L}, 2o] Bzl EAL o] &8t A7) Y MIMO ¢t DGS Defected Ground Structure
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HEE @I / Dlo|R=UtHH0IA HERHXIRO] QHE|LE 3 RF 0|18 J[&

DNG Double Negative

ENG Epsilon Negative

FPCA Fabry-Perot Cavity Antenna

IDC Interdigital Capacitor

LB Lower Band

LHM Left Handed Metamaterial

MTM-TL  Metamaterial Transmission Line

PAE Power Added Efficiency

PLH Pure Left Handed

RFID Radio Frequency Identification

RHM Right Handed Metamaterial

SRR Sprit Ring Resonator

™ Thin Wire

UB Upper Band

UWB Ultra Wideband

VCO Voltage Controlled Oscillator

ZOR Zeroth Order Resonator
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