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O R S AR SR AT 3 A MR \ﬁ'rjéi M 09 E K, AT SiGe BiCMOS T 3% 3t
FEIT —H TAEAE 2.4 GHz IR L8 3 &M K2R 38 K %5 (Low Noise Amplifier, LNA ). #% 3%
X % K A Cascode 2 M) £ 34 5 5ok & Z 18] BLf7 —T‘ﬁ%‘ F& Cascode %5 #) #ir N An #ir B 8] 5§ BR R4 &
B, RN RF LI S GF BT E . R T — ARG SR E ARSI A
1 dB /R 45 & B AN Z W 3038 B0 M 3R AT A R A E K LNA 55 SR T % RO R
B PR RARR 75 S IRCRT 3k BRGY R HEAT IR e T XK 45 R A TAER K 24 ~25
GHz R, FEANME 7 B 5 4 14.6 ~15.2 dB, S,,.5,,<-9.8 dB,NF<2.1 dB,2.45 GHz % A 1 dB /&£
45 5 A -2.7 dBm, AN =P A5 A +12 dBm. K @ A2 A 1.23 mmx0.91 mm. 3% M X 45 B 5145
AR KB BIF 0y —HOH, ﬁfmfr 9 LNA R IL B T 804F a9 S 2RI

KRR AKR AR B BB L AHR AT IR 5 BICMOS T2

HE 535S TN402 S‘Eﬁﬂm:uﬂ:A

Design of 2.4 GHz RF Front—end High Linearity SiGe Low Noise Amplifier

FU Haipeng', SHI Xinyu
(School of Microelectronics , Tianjin University, Tianjin 300072, China)

Abstract: To meet the high linearity requirement of high—performance RF front—end receivers, a high linearity
low noise amplifier (LNA) operating at 2.4 GHz based on SiGe BiCMOS technology is proposed. The amplifier
adopts the cascade structure to achieve a balance between gain and noise, and the feedback capacitor is connected
in parallel between the input and output of the Cascode structure to achieve simultaneous noise and power match. An
improved dynamic bias active current mirror is designed to improve the linearity parameters of the input 1 dB
compression point and the input-referred third—order intercept point. To meet the requirements in application, LNA
is integrated with an RF switch and power module to form an RF receiver front—end chip for processing and testing.
The test results show that: within the operating frequency range of 2.4 ~ 2.5 GHz, the gain of the whole receiver chip
is 14.6 ~ 15.2 dB. Return loss < =9.8 dB, and NF < 2.1 dB. At 2.45 GHz, the input 1 dB compression point is =2.7
dBm, and the input-referred third—order intercept point is +12 dBm. The chip area is 1.23 mmX0.91 mm. The test

results are consistent with the simulation results, and the designed LNA exhibits good linearity performance.
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Fig.3 Schematic of the proposed dual-mode low noise amplifier
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Tab.1 Summary of the low noise amplifier performance

Sk TZ Hi45/dB I 75 25 K/ dB A1 dB JE4E A5 /dBm i A=W 524 s /dBm
SCiik[13] CMOS 11.2 3.9 — 3.9
k[ 14] SiGe 13.5 2.8 — -1.5
k[ 15] SOl 15 1.8 -8.5 3.5
A3 SiGe 14.6 ~15.2 2.06 -2.7 12
amplifier for WLAN [J]. Journal of Hunan University (Natural
3 -Q—EI: .L/k\' Sciences),2012,39(10) :56-59. (in Chinese)

AR T — LT SiGe T. 25 1 Er 2Rk Ji Ak Mg
PR A . BT R FH H 2 S A5 45 48 R L A8 A A DS e
SRR 4 1 R 0 [ s DR R A, O SR T ek
PG 2 25 0 B R BR R TE LNA A2 1k i 3 B0 . Sl 45
SRR, 7E 2.4 ~2.5 GHz B T AR P, FL B3 25 0
14.6 ~15.2 dB, M 75 Z807E 2.1 dB LAWY, i A B H3 DT
e R 4T, HB R BLA5 AR 5 TS0 45 R R 4K
U () — 2ot . 2 B I 45 SR 26 W12 LNA 76 Hpo 45
152.45 GHz Abf A 1 dB FE4 sS40 -2.7 dBm, HL i
BN =B 22 SR E] T +12 dBm, FT BT G MR A i
AR HAT = R

S 3Lk

(1] s, &L, AW, 5. 10 HF WLAN 89 SiGe S5 2 S0k
TV LI]. W RE K== 4R (AR RR) L 2012,39(10)
56-59.

HU J, ZHAI Y, HAO M L, et al. Design of SiGe RF power

[2] LI CJ, WANG X X, JAIN V, et al. 2.4/55GHz LNA switch
designs based on high resistive substrate 0.35um SiGe BiCMOS
[C]//2015 IEEE 11th International Conference on ASIC
(ASICON). Chengdu:IEEE,2016:1-4.

(31 XA, X0k, #5558, BT WLAN AATRME R OR f K G50
HRmABETLI]. T BORIIT, 2014,40(1) : 38-40.

LIU Z H, LIU B, HUANG L, et al. Design of low noise amplifier
and RF front—end for WLAN [J] . Application of Electronic
Technique,2014,40(1) :38-40. (in Chinese)

[4] KANG B,YU J,SHIN H,et al. Design and analysis of a cascode
bipolar low-noise amplifier with capacitive shunt feedback under
power—constraint [ J] . IEEE Transactions on Microwave Theory
and Techniques,2011,59(6) : 1539-1551.

[5] KIM T W, KIM B, LEE K. Highly linear receiver front—end
adopting MOSFET transconductance linearization by multiple
gated transistors [J]. IEEE Journal of Solid-State Circuits, 2004,
39(1):223-229.

[6] DAVULCU M, CALiSKAN C,KALYONCU 1, et al. An X-band
SiGe BiCMOS triple—cascode LNA with boosted gain and P1dB
[J]. IEEE Transactions on Circuits and Systems IT: Express
Briefs,2018,65(8):994-998.

[7] LUO Y B,SHI J A,MA C Y,et al. A high linearity SiGe HBT



%510 FEEVERING 55 2.4 GHz W3 B SIS i o o 2 1 B SiGee fIRMRTH K 2% 1t 83
LNA for GPS receiver [J]. Journal of Semiconductors, 2014, 35 112-116.

[10]

[11]

[12]

(4):045001 .
ZHANG H, SANCHEZ-SINENCIO E. Linearization techniques
for CMOS low noise amplifiers: a tutorial[J]. IEEE Transactions
on Circuits and Systems I: Regular Papers,2011,58(1):22-36.
B AR B 5. 2.3 ~ 2.7 GHz WU AR IR 75 B 01 22
WA o A AR S B (1] B EOR R AT, 2021,47(7)
17-20.

RAO Z J,ZHANG Z H,ZHANG G H. Design of a 2.3~2.7 GHz
dual-mode low—noise RF receiver front end [J] .
Electronic Technique,2021,47(7) :17-20. (in Chinese)

JFEL. SiGe HBTARMEFE HOREFIWIFE[ D], VY% PYZe i+
Bk ,2016.

JING K. Research on SiGe HBT low noise amplifier[ D].
Xidian University,2016. (in Chinese)
NGUYEN T K, KIM C H, IHM G J, et al.

Application of

Xi’an:

CMOS low—noise
amplifier design optimization techniques [J]. IEEE Transactions
on Microwave Theory and Techniques, 2004 ,52(5) : 1433-1442.

WA BEIY RO, 55 NEH TR AR S A I B AR 7 i

ORI WP 24 CEARFE AR , 2017, 44(8) -

[13]

[14]

[15]

ZENG ]J P, FAN M, CHEN C Y, et al.

Design of low—noise
preamplifier for application of intraocular pressure signal—
detection [J]. Journal of Hunan University (Natural Sciences) ,
2017,44(8):112~116. (in Chinese)

Prteak , Hll fe B EW 5. —Fh 2.4 GHz 2RI ) CMOS
ST )] R S AL, 2020,37(12) :27-32.
CHEN F Z,GAN Y B,LUO Y B,et al. A 2.4 GHz multi-module
CMOS RF front—end chip [J] .
2020,37(12):27-32. (in Chinese)

KU Hl S, 8. —Fh 2.4 GHz SiGe 455 RS R i
Bl1]. e 5T, 2020,37(10) : 7-12.

LIU Q,GAN Y B,HUANG W K. A 2.4 GHz SiGe full integrated

Microelectronics & Computer,

RF front—end[J].

7-12. (in Chinese)
PARAT D,SERHAN A,REYNIER P, et al. A linear high—power
reconfigurable SOI-CMOS front-end module for WI-FI 6/6E

Microelectronics & Computer, 2020, 37(10) :

applications [ C 1//2022 1EEE Radio Frequency Integrated Circuits
Symposium (RFIC). Denver,CO:IEEE,2022:39-42.



