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Abstract

This paper discusses the design of a 4.4~5.0 GHz low-noise amplifier (LNA) using a 0.5- #m GaAs pHEMT process. The transistor
size was optimized to address the mismatch between optimal noise and input impedance owing to the unique noise sources of the transistor
and parasitic characteristics, achieving a low noise figure with high input and noise optimal impedance matching without additional
inter-stage loss components. The designed low-noise amplifier consumed 48 mW of power in the 4.4~5.0 GHz range, demonstrating more
than 23 dB of gain and a low noise figure of less than 0.9 dB. The size of the fabricated circuit was 1.8x1.4 mm’,

Key words: GaAs pHEMT, Low Noise Amplifier, 5G NR

I.M E VS £587] 98 GaAs FE WA 7)1ES 7N

02 3= AR e FeAFdA =2 Ass

Sub-6GHz 4.4~5 GHz 34~ t)99S 5G] Coverage©l 7R Qo] B A7t o] FoA Yl B =R

Ei ”8 F9e AW 8 &89 & Uk 56 FA A= 0.5 p#m GaAs pHEMT 374 < o]43to] 4.7 GHz )

Alol| A QHe|vbe} RF ZE7HA) 9 3744 A7} S71s) AolA 9 Jdudxg Fe HF Juds dAE &

JEel S5 27 450l A8 4 AT AZH F A B EALE GATE ARE 2EAE A%

SAFE Zo|7] Y el Holl B2 o] 53 W 7 AAE AFL ZZ7)= (7 dB olate %S NF 2 23 dB
SAFE 2= ARS 2717 erEgl o)He 27 olfe & o5& YAt

Fo] A= AR (A7 REAR)] Yo7 AT A G 2 YS ol 38 AU (No. NRF-2021R1A4A1032580).
ZHN e HA-38FH(Department of Electronic Engineering, Chungnam National University)

*ko] 32 3] ok(rfpia)

- Manuscript received October 24, 2023 ; Revised November 2, 2023 ; Accepted December 12, 2023. (ID No. 20231024-090)

- Corresponding Author: Choul-Young Kim (e-mail: cykim@cnu.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 879
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



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

pat

> ofN
e
)
1o
jinss
H
v
=y
oNY
rlo
o

=2
o213
o
i
X
[
i,
N
o
oy
i
o mt

|
2 im
o e )
[e] e} :l‘é
0ot
=
jgnlo
2

ro
)
v
o, 1o
)

N

N2 WD
jinss
>,
=y

")
NN

o
14
o,
i
[> ofe
o,
=
o
Niv)
o
&
(WS
[

e

>
Y
o
v
=

E
conjugate®t T+ 4 AFH
UEHIE T3 F d
Ag&HTh T8 Al E
ZE 9| Iy 74 A
A8 dFdro} FF F

[
i I
[t
offl
>
=2
=
j“L
o rlr o

ok

B o
I

o
i
)

2 o
)
& o
>,
T
[

[r b

ut
L N, O o o my my O ue zo

[
=

o lTﬂ

s

&

an)

>,

N

1o

©

ol p» r% = ok

——

- A P

im
Lo
ro,
)
v}
1o
)
o
[t
o8
[
)
=)
>
o
r'l:l
o
fu
o
ol

nj
NI rer
lo

o 2ol o]g L old A s Ast= A

[¢]
wArE B4 fle 2asith 7

QL
o
& rlo
A
[
FX
o
o

o

53t wideband "} % 3} perfect simultaneous noise and input
impedance matching(SNIM) "1 7] o] LRx o gtth
BIFl 2 =qol N due s 89X sl sty w2 &

wATE A S8 7 @] ERAXLE 78 F

He ge A3 Jei 9u9s 94 4432
g4 w2 ANHE o 88l B3 ATUAE 24T
F9low 19 1o ATEs QA4S 8 Lo v
ALY 2,2 UERINT. F WA @ Ed42H 2717}
AASE WEe B 2 YEYT glo] £ 529 U7
B2 QXS Bt ¥ wA ¢ EdX A 27 443
& F 99 Wg MEYAZ ¥ 559 50 2 54 4
o] gHET 71402 385 2 Az A45E F
WA B EAA2HY S AAHOE £40] 9
[e]

2E A7 e Ha FAeATE I8 19 %

Aok A HA & ERAA XY A7) M B FeA
TE 913l 0425 dBY] A FATE ZHE 8x50 pmS
2 AAEoH, F HA ¢ ENXH A7e AY

A0S THF A 20N @ 7 £480] Y A &

880

Input MN

INo— M,
LB v
Second Sta,gef"’_'r T -
Tr. M, size ™
,/, \
) \
/ \
i’ \
f \
[ 2x50 m }
E d /
BT | 2T VASTIN I Zroa | NVFuin

2x50 pm| 7.60-102.7 & |3.8 nH| 7.5+j8.5 Q |0.743 dB
8x50 pm|4x50 pm| 550-j442 Q |1.8 nH| 5549 Q 0.721 dB
8x50 pgm| 3.94-10.1 @ | 0 nH | 3.9410.1 Q | 0.702 dB

J8 1. % WA ¢ EARSE A0lE Zo) BE Y
eRzs e HY PuEs (R WA gL
YA EWAXLH A7) 8x50 1m)

Fig. 1. Input impedance and optimal noise impedance
depending on the gate width of the second-stage
transistor (with a fixed transistor size in the first
stage: 8x50 1 m).
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Fig. 2. Schematic of low noise amplifier.
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Fig. 4. Gain simulation & measurement results.
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Fig. 5. Noise figure simulation & measurement results.
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Table 1. LNA performance comparison with previous works.

Ref. [4] | Ref. [5] | Ref. [6] | This work

Frequency (GHz) 35 |25~50] 1~4 | 44~50

Gain (dB) 16.7 17 23 24
Noise figure (dB) 1.8 24 23 <0.9
Si (dB) <—10 | <—10 | <—10 | <—10
S» (dB) <—=10 | <—=10 | <—=10 | <—10
Ipigs (dBm) —10 | —13.7 - —19.8%
Pdc (mW) 114 16.5 250 48

05-¢m|0.5-¢m|05-¢m| 0.5-¢m

Tech. GaAs | GaAs | GaAs GaAs

*Simulation
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