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Wideband Low Noise Amplifier using CRLH Transmission Line Filter for
Nonlinear Radar Application
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Abstract

This paper presents a low noise amplifier (LNA) for nonlinear radar applications combined with a composite right-handed and
left-handed (CRLH) filter, a type of metamaterial. The proposed LNA consists of an input matching network, output matching network,
and a CRLH filter combined. The LNA with a CRLH filter has advantages of broadband, low noise, and high frequency selectivity.
It filters the harmonic frequency resulting in broadband operation and has a flat S-parameter value with a gain of more than 10 dBm
in a wideband ranging from 4 GHz to 8 GHz. The noise figure value was measured at 1.521 dB and 1.682 dB at 4 GHz and 8 GHz,
respectively, and 1.542 dB at 6 GHz, in middle frequency.
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Fig. 1. Fundamentals CRLH filter’ dispersion diagram.
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= = «Sjmulated
Measured

Noise Figure(dB)

Frequency(GHz)

a8 5. FAF Asdold ¥ 323
Fig. 5. Simulated and measured result of noise figure.

1

o
o
s
N

2

|4 7}7} 1521 dB, 1.682 dBS.E &A=tk
7t B2 Fo gl A 2 dB olste] HEekst
A AlEYeINT 54 Ades FA

X
_l
N
b gy md

2L o de
NS
X,

N H

—1N

6> T3ko] WE A o] 5 w3l AlEH oA
% 7&4% Uehll& Jgzoltt. 3|2 AlEd oA
Hzol A 242} 17.2 dB, 14.84 dB2] Gain
é A3}, 4 GHz9 8 GHzol M 247} 14.63 dB
e AR ZAHAY o5 Eot
| =i ot R o U

v HesiA &

5 Mo mi %g
e A 4 o

>
g

>

&dlo
o
jus)

>,
s %
25
o =2
2 =
X

LB
o o
o
o
(o

o Tt =

30
0
o

E
o
oy
lo
9
A
§N
[o
N
=~
N

[\
N
i
=<1
ri

LNAS} Al etst INAY A5S 1)
I vy ste] B RSAFE 7
1 F2 F3gol A 10 dB oA
sAetth A27H o7 HNE FaA

18 =
By
rir
Sl
1 o

o
ftl
offl
2
ofr

tlo =

it of

o X

Bl
o Rk

=5

o

N
AN}
R
a2

939



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 12, December. 2023.

20 ——— — —

Gain(dB)

= = =Simulated \
Measured \

.20 1 1 I I I \
4 5 6 7 8 9

Frequency(GHz)

J8 6. A o5 AEdIH ¥ 5447
Fig. 6. Simulated and measured result of power gain.

B2 od Ixd dFEHe 45 v
Table. 2. Comparison with the previously reported works.

VTVES( Ref. [4] | Ref. [5] | Ref. [6]

Frequency [GHz] | 4~8 | 26~92 | 2~9 | 2~46
S (dB) 12 | —ns | =15 —9

Sy (dB) ~132 - 12 | —98
S (dB) 14.63 7.1 13 14
NF (dB) 15 35 39 23

CRLH Filters} 2=
Z dA3eyg g
o

grelahelny.

L

left-handed S

~8 GHz 9ol 4 14.63 dB~12.84 dBY)
~1.682 dBY] F&AFE

B =Rt

H4E golthd LNAE o]&3 7]

v.E e

—

3 7+S 7FA% CRLH ZH ¢ EAS

940

EXN 7 BWHOA AE A7E d&

wEl ZH e 91 CRLH ZH ¢ 2%
H g otk LNAS AlSHaksd

. Alokek LNAE

334 right-handed 5735 FAl0 AUH, §
S Fu4 U EAS 2 E §igith

A ZE LNAE 4

A

o]%, 1.521 dB
7Y, T2 oA He

References

[1] S. Hu, Y. Gao, X. Zhang, & B. Zhou, "Design of a
compact 5.7-5.9 GHz filter based on CRLH resonator
units," Progress in Electromagnetics Research Letters,
vol. 89, pp. 141-149, Feb. 2020.

[2] Q. Bu, J. Ding, & C. J. Guo,
ultra-wideband  bandpass ~filter
coupled lines CRLH-TL structure," in Proceedings of
ISAPE2012, Xi'an, China, 2012, pp. 486-489.

[3] L. Chen, Y. L. Luo, "Compact filtering antenna using
CRLH resonator and defected ground structure," Electr-
onics Letters, vol. 50, no. 21, pp. 1496-1498, 2014.

[4] C. W. Kim, M. S. Kang, P. T. Anh, H. T. Kim, and S.
G Lee, "An ultra-wideband CMOS low-noise amplifier
for 3-5 GHz UWB system," IEEE Journal of Solid State
Circuits, vol. 40, no. 2, pp. 544-547, Feb. 2005.

[5] C. T. Fu, H. Lakdawala, and S. S. Taylor, "A 2.5 GHz
32nm 0.35mm* 3.5 dB NF -5 dBm PIdB fully
differential CMOS push-pull LNA with integrated 34
dBm T/R switch and ESD protection," in 201/ [EEE
International ~ Solid-State Conference, San
Francisco, CA, Feb. 2011, pp. 56-57.

[6] C. C. Wu, M. F. Chou, W. S. Wuen, and K. A. Wen,
"A low power CMOS low noise amplifier for ultra-

in 2005 IEEE

International Symposium on Circuits and Systems (ISCAS),

Kobe, Japan, Feb. 2005, pp. 5063-5066.

"New design of

using  interdigitated

Circuits

wideband  wireless  applications,”



HAE dlojthd CRLH AFAE FHE o] &3 3d g AfE537] 47

7‘31 6§ [FNEH th_//\%/\}_‘,}x%] _% T+ }_q [/\/\]];Hb‘]-'—!//\'] . g]-/\} t;’fd A ]
https://orcid.org/0009-0002-4762-8498 https://orcid.org/0000-0002-2811-2173
B 20214 29 SAUSE ARRETEE 20194 29: $AsE AN B

A28 AT (40_@}/\})

2022 3E~FA: FAHGL AAFE 20199 39 ~8A): sty AR
FoR JREAFE HALA Fo AUFENFNS A - s
[F 2tl=0H RF A8 S27], #4149 4
AL &% o ) [F ZHA20H RF, RF Power Amplifier
g ¥ A [SAd /A - s A AoFd E [FAN /]
https://orcid.org/0000-0001-5610-3437 https://orcid.org/0000-0002-6765-8734
20179 99: AW L FEFAAAY S 2 988 = A, 17(12) B
b‘]—‘:‘ (J_HPA].)
20179 3L ~FA: AW HAGE
Fo ARBNZS A - A5
4
Z ZA20FH EMC/EML, RF 3 Z, WPT,
Qe #loltt

941



