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Abstract

A multi-band low noise amplifier (LNA) is designed in 90 nm RF CMOS process for 3GPP LTE (3rd Generation
Partner Project Long Term Evolution) applications. The designed multi-band LNA covers the eight frequency bands
between 1.85 and 2.8 GHz. A tunable input matching circuit is realized by adopting a switched capacitor array at the LNA
input stage for providing optimum performances across the wide operating band. Current steering technique is adopted for
the gain control in three steps. The performances of the LNA are verified through post-layout strnulations (PLS). The
LNA consumes 17 mA at 1.2 V supply voltage. It shows a power gain of 26 at the normal gain mode, and provides much
lower gains of 0 and -6.7 in the bypass-I and -II modes, respectively. It achieves a noise figure of 1.78 dB and a IIP3 of
-12.8 dBm over the entire band.
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T 1. E-UTRA Foj¢ o™ (36.101)
Table 1. E-UTRA frequency band (36.101).
. . UL-DL Band
E-UTRA Uplink(UL) Downlink (DL) . Duplex
seperation Mod
Band Foiiow — Fuihien Foriow — Foinign Foriow = Fuinign ¢
1 1520 MHz - 1980 MHz 2110 MHz - 2170 MHz 130 MHz FDD
3 1710 MHz - 1785 MHz 1805 MHz - 1830 MHz 20 MHz FDD
4 1710 MHz - 1755 MHz 2110 MHz - 2155 MHz 355 MHz FDD
7 2500 MHz - 2570 MHz 2620 MHz - 2690 MHz 50 MHz FDD
10 1710 MHz - 1770 MHz 2110 MHz - 2170 MHz 340 MHz FDD
34 2010 MHz - 2025 MHz 2010 MHz - 2025 MHz N/A TDD
40 2300 MHz - 2400 MHz 2300 MHz - 2400 MHz N/A TDD
Mobile Communication
- Band 1,4,10
Band34 KR LTE Cand. EULTE
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Fig. 2. Operating frequency band of multiband LNA.
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Fig. 5. Post layout simulation results of LNA.
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Table 2. Performance summary.

Parameter (3] This Work
Frequency (GHz) 18 2.14 1.85-2.3
S11 (dB) -115 | -152 <-10
S21 (dB) 145 166 2%/0/-67
NF (dB) 175 197 178
IP3 (dBm) -58 -53 -12.8
Current (mA) 5 5 17
Voltage (V) 15 1.2
Topology Single-ended Single-ended
Technology * CMOS 0.13 ym | CMOS 90 nm

(463)

olg+ 2

3 374 QAR o5& ZHEE + A A1, ol
o5 2% /0/ -67 dBZ B3lon, 18 63} 2k
ag 79 ARE FE7]9 MP3E Jehliglem, ~128
dBme 2t AFS FE7|E 12 VY A4S
AREstY A WAGYA 55 mA, F WA oA 115
mA, £ 17 mA9 AFE AF3} o)A 22 AF
7 e 2 AL Y% 2T 50 ohm BES 3] o)
Folt},

a9 82 AAR ARE $F719 Layouteld, A&
" "WHe 750 x 350 um® otk & 19 ARS FE7)
o] Hololx ¥ AF AAE A stAth v Fa¢
Aol FuEgd [3]F vunde o, & 2f4= 1.865-28

L1
<8

GHze) W& ugelq Fuls] LTE #3448 A% 87)
o BE d9e Agse FHe e mebd, A&

(319] 27 oju] £ =9 LNAZF A4 F4548
BdY LTE S8 o5 H3Adte ¢ & ot

V.2 E

2.1 GHz, 26 GHz 19 ¢] =l LTE 3 F5.9 2
GHz 199 4¥ LTE, 26 GHz 9] #4 LTE, 211
I E-UTRA9| 7|8t LTE H¥ & Adste ARS 55
71€ 90 nm CMOS RF 3% & AH&-3te] AAlsHAH A
AY AR FENE 12 VY FFALAA 17 mA]
AFE 2289 26/ 0/ -67 dBe] AZo|53 ~128
dBme] IP3E ZEth 49 AL AlFE -15 dB ©|3h]
g BE3AA 178 dBY FeATE YERIT.

il

F ol

Ao
rot

(11 A3%, “UTE @2 29 7| 2 F3 giddxt
F83] =&X], A36H, A2Z, pp. 105-120, 20093
24.

http://www.3gpp.org

H. Song, H. Kim, K. Han, ]J. Choi, C. Park, and
B. Kim, “A Sub-2 dB NF Dual-Band CMOS
LNA for CDMA/WCDMA Applications,” IEEE
Microwave and Wireless Components Letters,
vol. 18, no. 3, pp. 212-214, Mar. 2008.

S. Lee, H. Shin, “A Wideband CMOS LNA with
Varactor Tuned Input Matching for
WLAN/WIMAX  Appications,” in Proc.
International SoC Conference, Busan, Korea,
Nov. 2009, pp. 108-111.

(2]
[3]

(4]



(5]

[6]

(7]

8]

20104 58 Hx1358ts =X M 47 ¥ SO B A 5

S. K Alam, J. DeGroat, “A CMOS Variable
Gain Front-end for a WCDMA Receiver,” in
Proc IEEE International Symposium on
Circuits and Systems, May 2007, pp. 1457-1440.
T. Lee, The Design Of CMOS Radio Frequency
Integrated Circuits, Cambridge Univ. Press,
1998. .
T. Nguyen, C. Kim, G. hm, M. Yang, and S.
Lee, “CMOS Low-Noise Amplifier Design
Optimization ~ Techniques,” IEEE  Tran
Microwave Theory and Techniques, vol. 52, no.
5, pp. 1433-1442, May 2004.

AEH, ol9%, AAS, AdHE “CMOS RF 33
32 HAFE A% FE F9 gL R
EA28 AA) dddxFEs] =E4, #4634
SDH, Al9%, pp. 68-73, 20099 94Y.

10l 4 F(HIH)

20088 F-uistn Ag-Fstst

AL &4,

Feostn oishy

AoFsta HAF 4.

201038 ~3A4 LG bg2Zg o)
A4

- 20100d

e

<FHAANEF ¢ CMOS RF/Analog IC>

I

(464)

k=

105

Al
—

o H(HBA3Y)
1991'd KAIST A7) %

199349 KAIST #7] %
1998\ KAIST #7] %

19973 ~19973 =< DaimlerBenz Research
Center 9+4¢

19983 ~2000d A A A System LSI
AddT+4

20000 ~2002\d ©] 3 UCLA #2413 A4

2002d ~2003d ¥ = Qualcomm RF/Analog
IC Design A A<

20033 ~dA FUdn duFdta Rus

<F @A E o> CMOS RF/Analog IC

AAF G A 29,
ARAF %3} A4 E4.

WA G A} 2.



