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A Design of Frequency Multipliers Using A/4 Open Composite
Right/Left Handed Stub and Left Handed Transmission Line
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Abstract

A novel frequency multiplier using composite right/left-handed transmission line is proposed. The left-handed
transmission line in the proposed frequency multiplier suppresses the fundamental component(f;), while the composite
right/left-handed A/4 open stub diminishes unwanted harmonics. Due to the combination of the lefi-handed trans-
mission line and composite right/left-handed A/4 open stub, the only desirable multiplied frequency component such
as 3 fy and 4 f; are obtained at the output port excellently. For the example of the proposed design, frequency multi-
pliers are designed at 1 GHz of f; and measured. The measured output power of 3 fy and 4 fo is —5.67 dBm and
—6.43 dBm, respectively, when the fundamental input power was 0 dBm.

Key words : Frequency Multiplier, Harmonic Suppression, Composite Right/Left-Handed Transmission Line

.M E s AE7 e 71 T @—g— DA
oz AWers Yzojn, 22 HAY axel T
“Miiﬁ} “QT’JU]EW}E’L 2 ot} AJAH Z3 RS o]&37) UH-roﬂ 3t 28 EA

HE & QRES AFE TS ABLE £F% RES w4Y 249 Yz WA B2
3 B Fa4 AZHE BRIV GG F o LU S AIE S A2 2
2ol AFo} ABE AN LSBT AT F 69 A5 EB I5E 2S5 ew, Fd

Fo] 47e] s AFxE 284 BK21 ALY A8l E e,

ARG T AAY BRI & BK21(Dept. of Electronics and Communication Engineering, Chonbuk National University)
* A ) A(F)(Samsung Thales)
“*ﬂﬂmﬂﬂuﬂﬂ AN A" F 87K Dept. of Electrical & Communication System Engineering, Soohchunhyang University)
<= B W 3 20070904-095

- #AYEGA 20079 108 229

1271



ZRTURBERGE £185 F 1155 001FE 1B

Px
K

do ol

ol vy Q4AF AHEEl 1
o3t Fa A= £

T YA Fo ?:?lﬂ"ﬂ*
THE o, 5F gF Ho &
A N2H e Xﬁ}"]ﬂui =
IES AFHHoE AAF o} gl
F A 718 Fo5 AZE A ]715]' ] 93 A
4 NE 2HE HY *ﬂﬁﬂﬂ TFZE ol &3,

ox o
>
N
o 4

il

Hou

ko
st

s

> Ry

fol
M

]

f
o3
(R A o
o ol
=

ml—N
.

ﬂ
1o
o

=
= to
et
ki e
N
~

0,

AL, ?J_*MEE 20~25 dB ©} oH zﬂﬂ Eﬁre
: & NE9 95 F= 72T

= Al "}7] 8 W 53 q5718 A3}
g, e 53 5719 A4y SAE daf e
Az E¥238 A5 Z7F SEA ok K3
AR 1A g 54 73] A% &2
Q%S Z= U9 53 A5 & B0 4A ot
JA 3] o FAEe] Ak E3, AE FF
719 A slof go] 2ole feedforward 7]& 0] Sith
O|AL Fut Auj7leA B BEL 7R
AEE EHRHOE AAT + the AAo] A%
A%7], 7h 72271 283 bR 93 W) 5 &
7FEQl SR E et AA Fubg Awl7]e X7t
E3351A =Hol, AA 329 HHo| Yol A
7} ERaA e,

B =2dAE, olds FARE Mty 98ty
7HAg AF Ag 2AR o] F A left-handed A
NZ(LHTL)E o] &3t 7|8 F54 A2 S F87
o= ﬂ]ﬂﬁ} 3, olF ty At 54E 7K /1/4
M8 composite right/left-handed(CRLH) ~E{E.
o] &3le] YA Bv IXT AITE AA 0}"3‘:}
oA A et Fabg A7) E shE 232G 7k
A M) 59 FoHHQ FEgle] wg- Tt
T22 78 29| feedforward F+2HET} 2
Hyd FHE g Uk

l"lr o.

I. Fo= A2l A
24 ot HHjo| ol

EAX2HY §17 Agol
2 wpojoj 2

29 A7 343
273 A X Zconduction angle)ol] wh

1272

05 ¢ : .
‘\Fu’r’\damental ' pC
04 s

‘IT 1

o3

Py Tea

5 0.2 \2nd“'

3 | - N

fo1| ..
| e RS ‘

0" an ,4‘5"h.’-‘ T LT

0 20 180 270 360

Conduction angle [deg.)

J 1. ARz BE 72 A2
29 27 WZ

Fig. 1. Amplitude comparison of the fundamental and
harmonic components versus conduction angle.
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Table 2. Measured results of CRLH TL A/4 open

stub.
fi=l GHz u (4]
2 k) 4
For tripler -24.77 -0.38 -24.97
For quadrupler -26.74 -24.17 -0.24

Elements value For tripler | For quadrupler

Ci(Designed/Available) | 1.5 pF/1.5 pF | 0.6 pF/0.7 pF

Li(Designed/Available) | 3.8 nH/4.2 nH | 1.7 nH/1.7 nH
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Table 3. Measured result values of frequency tripler
and quadrupler([dBm)]).

Po | Py | P | P
Only tripler —2443|-32.72| —548 | -34.17
Tripler + OS —3125]-56.92| -575 | -62.93
Tripler+OS+LHTL —68.39| —59.27) —5.67 | —-64.68
Only quadrupler —3575] —48.57| -30.25| -5.94
Quadrupler+0S -39.10| —66.85) —57.26| —6.27
Quadrupler+OS+LHTL | —68.00| —66.89 —57.35| —6.42
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