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Frequency Multiplier Using Diplexer based on CRLH
Transmission Line
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Abstract

This paper proposes the frequency multiplier using diplexer based on CRLH transmission line with dualband
characteristic. The diplexer is separated the output signals of harmonic generator, which is generated the
harmonic signals using nonlinear device. The diplexer consists of the inphase power divider, 00/900 phase
controller and dual-band quadrature hybrid coupler. This send out the selecting output signals of the harmonic
signals and suppresses out of signals. To validate a function of multiplier, the harmonic generator and diplexer
with 2 GHz and 3 GHz operating frequency range is implemented. As a result, the proposed frequency
multiplier is operated normally.
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Fig. 1 Harmonic generation of nonlinear device
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Fig 2. Simulation schematic of harmonic generator
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Fig. 3. Output waveform of harmonic generator
(simulation results)
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Fig. 11. Photograph of harmonic generator

Mkrd 4,80 GHz
Ref 18 dBm Atten 20 dB -14.63 dBm
Peak
Log
18 2 3
dB/

&

Wl 82
S3 FC
AA

Start 580 MHz Stop 5 GHz
Res BH 3 MHz UBM 3 MHz Sween 11.25 ms (401 pts)

a3 12, st=Y 2@y &= (5 Z3f)
Fig 12. Output waveform of harmonic generator
(measurement result)

01-01] 1 g- ]./\47;” o]i_o- } Xi].]-EJ_ 1:]— ]
ZeAE 29 139 depigen, e 243 2
e 29 149 Yehilth 34235 Y 2 GHz

FEJX+ 3 GHz 4157} 20dB, ¥HHE 3 GHz

GH
ol XE 2 GHz A 57} 30dB e e AL g9l
otk A a7k AYEE ddst] &

a
|

“‘°f" H4
4 Im

i
o,

a8 13. Mz = clo| 23 A
Fig. 13. Potograph of fabricated diplexer

Sy a3 =A A4 A5 20109 2

1 2 3 4
FrequencyiGHZ)
(a)

-10

20 —

SijidB}

-30

40 <

-50

1 2 3 4
FrequencyiGHz)

(b)
JO8 14, Clo|Z¥M S™HZT} (o) 28 ZE 1 (b)
28 ZE (b)
Fig. 14. Measurement results of diplexer (a) output
port 1 (b) output port 2

I 129 sty wA7|eF 19 139 to| &Y
AE ddste] 43 @ﬂ% 7% 159 JER|SIT

a7 15 (@olMe 9 T8 3, 448 Tkt
A Ye AL B & 301, 29 15 h)oH= o
Fue} 2, 44 Fukr Aol S8 Yehve
AE & 7 Utk g Ase tolEd A7t ¢
%}711 AsE ‘—’1% A ZFORAM AAYE EAF
ojt}. o2l BB % Fur *3%% AAE7] 9



Asd 49, ol9<s, €92 ; CRLH AFAHRE 7IHto g & to|ZPANE o|&3 Fuk4 A7 A

sy 1kl 7|9} 9 As Axp= a8 179 UeRTh Mkrd 400 GHz
Eefkﬂfj dBim Atten 20 dB —43.96 dBm
e
18
Mird 400 GHz dB/ it
Rzgklﬁ dBm Atten 20 dB -43.51 dBm 1
Loa —_ L s a0 e 5 i
i "
B/
Start 506 MHz Stop 5 GHz
g Res BH 3 MHz VBH 3 MHz Sween 11.25 ms (401 pts)
et 7,
Wos2 ' (2)
53 FC Mkrd 4.0 GHz
AR Ret 18 dBm Atten 26 dB -47.07 dBm
Peak
Log
19
dB/ 3
Start 500 MHz Stop 5 GHz ?
Res BH 3 MHz VEH 3 MHz Sween 11.25 ms (481 ptsy ﬂ
i, MWW’JLN i
(a)
Mkrd  4.88 GHz
Ez;klla dBrm Atten 260 dB -39.13 dBm
Log Start 508 MHz Stop 5 GHz
52/ Res BH 3 MHz YEHW 3 MHz Sween 11.25 ms (401 pts)
L < (b)
a8 17, 7ie AEECL HEIE HZS M7 £
2 $ AHE>H (a) 2GHz (b) 3GHz
AR e O A Y Fig. 17. Output Spectrum of multiplier with filter and
G open-stub (a) 2 GHz (b) 3 GHz
AR
sk 712 a8 169 AAE golZHMe A
Kol = =3 =3
gt VBH 3 MHz  Sweep 1125 msSEjglgp[ig)z Aside W, 2 A FHEEIME | GHz= 4105
dBm, 2 GHzolAl= -17.24 dBm, 3 GHzollA] -47.58 dBm,
(b)
a8 15, 7| E2 AHE (a) 2 GHz (b) 3 GHz 4 GHzoYA 4896 dBm e EH3k, 3 Al FHEE
Fig. 15. Multiplier output spectrum (a) 2 GHz (b) 3 GHz o] A= 1 GHza- -47.58 dBm, 2 GHzol|A] -46.35 dBm,
3 GHz A -24.07 dBm, 4 GHzOI A -47.07 dBm #+= &=
HE A
V.2 2
B RS CRLH A4HRe) HAEAL o)l
ol 9 A=gH slolHeE AF7|E 7Hte R ¢
:L-E-_J 16. xﬂxr 5| JjuF AE{HO} TIE|Z o5 TolEIME o]&3te T34 AM71E AAS Aol
clo|Z2i A t}. o] A1 71 Ak v % 71 Fee A
Fig. 16. Photograph of diplexer with filter and HjE FE Aulsle] 228 4 9lon, oljdt E
openst 4 o83l ke B ol§ & & 9o

1914 ) 3 25t 2o Pake w29 @b
& 20 9k

E1 &
& 02 sy AR Bt 30 BBEE o]



S8 ety = A A48 A1E 2010 2

F52lo] 7hss A 74 Midwest Symposium, pp.372-373, 2002
olzigk %’ﬂ [6] C Caloz, T Itoh, Electromagnetic Metamaterials
% Transmission Line Theory and Microwave Applications

Bl
| 2 7

Wiley & Sons Inc, 2006
[7] X. Q. Lin, R. P. Liu, X. M. Yang, J. X. Chen, X. X. Yin,

3 A7) o
125l E 1 AR Tl
$A9] T 74 Foi2 A B 3G 2
oA AR 4] A7 43 ol i
Q. Cheng, and T. J. Cui, “Arbitrarily Dual-Band
Components Using Simplified Structure of Conventional
CRLH TLs,” IEEE Transactions on Microwave Theory

and Techniques, vol. 54, no. 7, pp.2902-2909, July 2006

S
=
F 1. Fubs Heio| Ao
Table 1. Result of multiplier
T A7)
94 =g
fo|  9.9dBm -41.05dBm ques,
YE] 2fy  -7.53dBm -17.24dBm [8] V.G.veselago, "The electrodynamics of substances with
(2GHz) | 3f  -74dBm -47.58dBm simultaneously negative values of € and 1" Sov. phys.-Usp.,
4 - -
fo -1465dBm | -4896dBm vol 10, no. 4, pp.509-524, Jan-Feb. 1968,
fo 9.9dBm -47.58dBm | N _ b o

) 270 -7.53dBm 4635dBm [9] C. Caloz, H. Okabe, T. Iwai, and T. Itoh, "Transmission

(3GHz) | 3f) -7.4dBm 24.07dBm line approach of left-handed (LH) materials", in

4f)  -14.65dBm -47.07dBm USNC/URSI Nat. Radio Science Meeting, vol. I,

p. 39, Jun. 2002.
Uatel 2 _
S (e kB
B ATE ag3ey|ere dae)71ed8d 20089 2 ;& F ool
o) AQFANYPINGOR S ATETY WFeT AATHHEHD
2008\ 39~ Ak FLeF IS}
et AupEAEsn A F
WiFEok: RF 312 47| Metamaterial, <
a7t 32 A, 1 &8s
Azjsta gake)

[1] Mihai Albulet, RF Power Amplifiers, Atlanta GA
11-124, 1962
i 1988 2¢
AT (FEAA
2002'd 8¢: A73THStaL tishel

11 Mihai ’
Nobel Publishing Corporation, pp.11-124
[2] Steve C. Cripps, RF Power Amplifiers for Wireless

AAg s (st
19884 19 ~ 19934 5¢: o]=H
) AFA AYATY

}\]/\Eg]z
19933 69 ~ 19986 28 AR

Communications, Norwood, MA, pp.18-43, 1999
A1
FATS uFAD 20d

2
[3] C. Rauscher, "High-frequency doubler operation of
GaAs field effect transistors" , I[EEE Trans. Microwave
Theory Techniques, vol. MTT-31
no. 6, pp. 462-473, June 1983
[4] N. Siripon, M. Chongcheawchamnan and L. D. Robertson.
. AREAIGER 49
"Novel Frequency Doubler using Feedforward for
, 1998 3¢9 ~ 2003 2
Fundamental Frequency Component Suppression", _
2003 3¢ ~ @A FoeFHSta AAF T Faus
. 4Eok . RF 2 Microwave 3234 9 A7, ¥
+57] B Ad%sr] A4

IEEE MTT-s Digest, 2001
[5] Jon M. Putnam & G.R Branner, "A High Gain 18GHz
Single Transistor Frequency Doubler", The 2002 45th



1979 29 7R3t AxbEela
(FAh
1981 2€: sh=r78lr|&d
AAE 52 (FEAAD
1996 2 ZAEogta Ml
) (ZsHaRA
i~y 19813 ~8A): FoFI e
| Axge s
BARE : A7) o] 2, ot A FA|, Tyl

7 4 EFxkH

1978\ 2¢: Aot AAegkat
(F3Ph

19824 29 AZthsta ohske)
AAE8a} (F8HAAL

1989\ 29 M7Ust ek
AR st (FShbAl)

19879 99 ~ &7 PECSE
AAGREAZE wg

[¢)
AR - RF 2 Microwave 3247

i

o] 8 Fats A7

o
Kuf
9
(]
1%
>
i

73



