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Low-Voltage and Small-Area Design and Implementation of
Narrowband and Wideband CMOS Low-Noise Amplifiers
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This dissertation addressed low-voltage and small-area design and implementation
of narrowband and wideband CMOS low-noise amplifiers (LNAs). It was organized into
five chapters and two appendixes. The summaries of each chapter were as follows:
Chapter 1

A background for this work and fundamentals of LNAs were described

Chapter 2

A1.0V, 5 GHz two-stage CMOS LNA with inductive source degeneration was demonstrated
Its design methodology based on analytical expressions was also presented. The two-
stage topology consisting of common-source and common-gate stages was more suitable
for low-voltage operation than a conventional cascode topology. The complete analy-
tical expressions of the LNA performance were first derived from the small-signal
equivalent circuits. The LNA fabricated in a 0.15 um fully-depleted silicon-on-
insulator (FD-SO0I) CMOS process occupied 0.25 mm? and achieved an S11 of less than
-10 dB, NF of 1.7 dB, voltage gain of 23 dB, and IIP3 of -6.1 dBm at 5.4 GHz with
power consumption of 8.3 mW. These measurements were consistent with the calcula-
tions obtained from the derived analytical expressions.

Chapter 3

A0.5V, 5 GHz transformer folded-cascode CMOS LNA was demonstrated. The chip area
of a conventional folded-cascode LNA was reduced by partially coupling the internal
inductor with the load inductor. The effects of the magnetic coupling between these
inductors on the LNA performance were also analyzed. The LNA fabricated in a 90 nm
digital CMOS process achieved an SIi1 of -14 dB, NF of 3.9 dB, and voltage gain of
16.8 dB at 4.7 GHz with power consumption of 1.0 mW. The chip area of the presented
LNA was 25% smaller than that of the conventional folded-cascode LNA

Chapter 4

A 1.0V, 3.1-10.6 GHz transformer noise-canceling CMOS LNA based on a common-gate
topology was demonstrated. The transformer consisting of the input and shunt-peaking
inductors partly canceled the noise originating from the common-gate transistor and
load resistor. The combination of the transformer with the output series inductor
provided wideband input impedance matching. The LNA designed for ultra-wideband
(UWB) applications was fabricated in a 90 nm digital CMOS process. It achieved an
S11 of less than -10 dB, NF of less than 4.4 dB, and voltage gain of more than 9.3
dB with power consumption of 2.5 m¥ and occupied the smallest chip area (0.12 mm?)
among previously reported 3.1-10.6 GHz CMOS LNAs

Chapter 5

The achievements obtained in this work were summarized.
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ABSCIE, Werbis - R HIR SRS (EHH O CMOS (Complementary Metal-Oxide-Semiconductor) {EAFFHIIESS (LNA:
Low-Noise Amplifier) OD{EBE/LIS L UVNERILIZBE T HHFRIZONTELHIELDTHY , LTOSEL VRS
hTwa,

%1 BT, ERBERBEIITO CM0S BMERKEMER (RFIC: Radio-Freguency Integrated Circuits) 123\ T
{EBELR X OVNERLISREERETH S Z L OBINER &, LNA B 2 AR EEIZ OV TRRTW S,

9 2 BT SRHISRAR A O 2 B CMOS LNA D EIBEHIAL & £ DB E FHEIZ DV TR TV B, HESR D B 15 CMOS
LNA i, 2 2D b T PR T HREAS (DR a— FEE) ICLTHIREN TV A, BEREET 1.OVUT) T
DOIENERE L 2o T\ D, ZOETIX, 2B E T2 2 & TLNA DIEBELEITV. & HIZE D LNA OFEHHE (R
1B, MEERRE, B 2R UHREZAWVT, Z0O LN ORI FELHLICRRLTVWS, ZOREFHEICLD,
YIal—Ta K ETAI LR, EHHT2 B LN OFELEIT O I EMNTE B, 0.15 pn CMOS 7ok 2 THE
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WU 2B LNA (F v 7HEHIZ0.25mn®) . 1.0V OEBREBIE, 8.3mH DHERBENHO L &, 5GHz 1234 T S;,<-10 dB,
S,=23 dB, NF=1.7 dB, 1IP;=-6.1 dBm %783 T3Y . 5 GHz #EHR LAN (Local Area Network) RAZHEADHARZ W LT
W3, EHIT, FTRER L ERRERS B LTV D ZENORHFEOFPELEEL TV,

FEIFETIX, bTREAVEZEEMERAMSEVGT YR L CMOS LNA IZOWTHRR TS, RTEED 2 B LNA X 0 bikaE
13558, INEH - AEEEBEORERR LN & & bINERTERT 3 FHEIOWVWTERRTW 5, BAEMIZIL, LN &
T D 2 DDAV F 7 P2 EREOETUMNIBELERY, ThE F TV RELTERTS, &b, TORTUR
DHBRHEEIZLIVEL D LN OBFE~OFBEMTL, KiE2 7 AOMELRBL TS, 90T ¥ ¥ /L CMOS
7ot A THER L7 LNA I, RO VIR L LNA ©#) 3/4 DF v 7EH (0.21 m?) T, FEOHEE (0.5 VOBRE
E, L0 oW OHEBEHDL &, 5 GHz 123V T S;,<-10 dB, S, >16.8 dB, NF=3.9 dB, 1IP,=-6.1 dBm) %7BTWV\BZ &
Mo, AFEORMELEEL TS,

% 4 ETIL, Ultra-Wideband (UWB) %1X U & ¥ 2EHHRERZEMAD b 7 > RHEFBRE MOS LNA 12OV TR
RTND, BEKOLEHIE CMOS LNA 1%, /NER (0.4 m LAT) TEBE (1.0 VLT) BLUCIKEEREH (10 W AT
BELVEHTH S, ZOETIE, BEEBEICELS — ME LNA IR T U XERY AN, SOIZHAMRTFIZL v
505 R EFIHEGR S EIoH - R IEHIR OMOS LNA ZRBL TS, MU AOBREIC LY | MREHZHMEE ST L
2 RHBICDTZ Y LNA OMEF AR R EERTWS, 2004 V¥ 75 2 EFICERGbE#EICTHZ LT,
INER A F 75 1080) ORFUARERTED, SHICHAA VF 7 ZHEALT LN DAAR LT AHIE
BELT TS, 90mT V¥ MS 7t A TR L LN T~ 7EHEA0. 12md T, &HI21.0VOBREE,
2.5 mf DEEEH DL =, UNB OEMEEHEIH (3.1-10.5 GHz) 1235V T S,;<-10 dB, S,,>9.3 dB, NF<4.4 dB, IIP;>-9.3
dBm ZBTWVWA, Zhit, ZhETHREZN TV 5 3.1-10.5 GHz BhED CMOS LNA DR TH b/NEH T, & HIZ UNB £
MEERAL LTHoRMETH S,

FE5ETI, AFEICBVTELNEZHMRERIEL TV S,

UED Xz, FRXTIE L. ARa—FER I VPR ZRAVRVEIRHER, 2. b7 A 2R Ahi-ERHE
. 3. FRATRICESWIREFIE 4 P U AL OMEREEEZEIEL. ThOAENRMELZRTI LE2HD
MZL TV, ZhbDBIZEARE X UARIL TR EREEMIL. LNA D772 53 CMOS RFIC 24D {EEE/L & /Nl
FLEAREL L, =L b= ZAEEDORBRIIKESFETHLDOTH S,

LoT, FRLIHLI/XL LTHEDHZ b LBDHS,





