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ABSTRACT

This thesis proposes a design of three fully differential low-noise CMOS front-
end amplifiers. All circuits are designed based on a common-gate (CG) amplifier and
thermal noise-canceling” technique.” The first amplifier presents a technique to
improve noise-canceling characteristic so that thermal noises of the input transistors
are fully suppressed at both differential ends. The second amplifier.is improved from
the first amplifier so that the gain of circuit is enhanced, while the thermal noises of
the input transistors are still fully suppressed. The third amplifier uses g,,-boosting
technique to improve noise and gain performance of the second amplifier. The
circuit is designed based on a 0.18 pm CMOS technology. The performance of all
proposed circuits is verified 'using HSPICE (BSIM parameters). The simulation results
show the gain of 31.6 dB and the bandwidth of 1.4 GHz. The noise figure is 2.94 dB,
while the power dissipation is 19 mW. The layout of the third amplifier is carried out
by L-Edit and post simulation is provided.
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¢
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2
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2.1.3 daunaln
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doyaggmnuLwIuvaImesaluia (Motor. Axis) lnensalneiigunsnidndn (Spacer Ring,
Top Cap) ﬁagﬂfﬁ 2.10 luflaytugeimasataiadidnsusdlunmsmyuiiu 7,200 seuseund
ﬁw%’ucﬂ‘ﬁ'wuﬁ‘ﬁﬂuas 10,000 iauﬁamﬁﬁm%'uaﬁﬂﬁaﬁlm%ﬂﬁﬁaamimmﬁ'sqqtﬁu
anianaiiaswluszuuesotie

fmununsiadsulmYsznauisgUnssinieg ldun wiiinans (Permanent
Magnet) wuuassnsadan lasil (Arm) 1aan (Col) Basknumuatinaieaaulw (Pivot) flaudnd
Tuguit 2.11 Tawgudi 2.11 (n) uamsnmsiaassudnauas () wansnmstaesinuuy

Permanent
Arm Center Pole  Magnet

Suspension

JUR 2.11 laseadndiassweswinnioulmienu/ duuteya [19]

Y
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@ < o v o = = @ a 3 o o '
mauAuMaAaeulmzimihimugunsdeuiiveskuanafarlaswludwiums
When/deusmansiaantduuil 2.12 mevheneesianmusunisindeulmannsoesuiela
o/ H‘J v 1 1] q"' d 1 } A v
el waaiagninvnulinsinatsssrinawivinanisasstuiilianunsandeuila (Magnet
A o 1 gy o gV a o & .
Assembly) Wiafin1sarenseualiiin (Curent) Tiiuunanmasyiliiiananduslivan (Magnetic
& s ] o o A o .
Flux)  (mungueshsnag Faraday’s Law) Wandudiwdnagvitlmiausanvinlivnadn (Voice
. = a ¢ a ¢ = v oo < I ) v
Coll) Fagnitusouunuvssivussadaniasvindoulmle Wevaaendsulmnszdwalvinay
¢ a I3 = Y ¢ a ¢
(Arm)  veseiaRaniasnmaeulmmulusiig wawessinfanlasrazrusausnuaIuANMS
a . P o ' w = v oa '
wnaaulm (Actuator Axis) ieTivzmMUANNSINAIUMILITBIIs AT BWlUg IS ANY Tuwn
Fefiuuamduiin

Magnet Assembly Voice Actuator Axis Arm

= 2 w < w = v
JUN 212 lassasvasdandaulvasni/ideudeya [20]

2.1.4 dqudianvsaiind

dwdianvselindUssnouniy FU (Chip) wineq leud lulasreulnswass (Micro
Controller Unit: MCU) mieminud1 (RAM) diuaiuaumsvisuvesneinesamiuwsiuiuin
Uoya (Voice Coil Motor Controller: VCM) #ms33unisasiiien (Shock Sensor) #a
n35293uUs9AUlNAY (Transient Voltage Suppression diode: TVS diode) ‘ﬁlgﬂﬁﬂﬁgauu
WH37995 (Printed Circuit Board: PCB) ﬁmﬁm'lugﬂﬁ 2.13

grinfanlasnlutagiulddvlilasreulnsamesdumieyssinananans (Central
Processor Unit, CPU) s‘ifqﬁmﬁﬂﬁﬁﬁmmfimnaemmuﬁadau’z}mﬁeqéwu/vﬁau (Read/Write
channel) Bnéme wihiifiddyaun Taun m‘sLLUaaﬁmmqmﬁayaﬁ‘lﬁmnﬁ'}éwu‘ﬁm&a?}qLﬁu
dynrmowrdentidudygruiinea LLasﬁ'\msm?{auﬁmmm%’ayaﬁ%m@aLi‘Jué‘avavm
Yoyasurdenneuszddludaindeudeya uanaindumirsyssuananandaimii

= 1

fnsedaasiiugunsaineuandnde Wy Fuwheanud (Memory chip) Favihwmifidu
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Flash —
+TVS

Memory

VCM

Shock sensor

ST31000333AS

d 1 o o
U7 2.13 dwdidnnseiing

wiheAuid15esmhsUssanananatslussnitan sy IUunay (Fash Chip) 39vh
whildumipanudfifivgeswiasdmiususunmsiauesesananiadn Fireware) §9
\Wumieanudbiauideu Suaueuniaadouln (Voice Coil Motor Controller: VCM)
vhmhiimugumavsussemesaiufia waznisindeuiivesingiu fansedunisasiitou
(Shock Sensor) “Bahwmiiriinsrasumsduasifiounesgniananiasy nanie diinisdu
auflouvetsninfaniaiv Mnssedunsasieussddyninludiduamununisiadoulm
Tuiiiiitedalsins u/deungamavhuuasddliuowasatufamuinauasngani i
as9duusaiulnily (Transient Voltage Suppression diode: TVS diode) viwihiitaafiu
K395 (Printed Circuit Board: PCB) lLilvidamauiioinn15dna993 (Short circuit)an
uwndsielidsneueniinsuieniuas

2.2 NaNN1SNUNUgINTeLaIiafanlasu

wletlignaniimdnnisiugivenssuiumssukasleutoyaluarinfanlaiv
wiabiitlanisinuvesaniafadlasnuindy

2.2.1 ns\duudaya

madoudeyaluanindadiniamnsasrasafuununmdaguil 2.14 Jeyaszgavi
msiirsialngrsesdrsiaudledefianann (Error-Correction Code Encoder, ECC) 91ntiu
Foyanidrsaudngnvinnsidnsviadnafidenasidhsaegadu (Modulation Encoder)
diiovhmihiuiuupnaaivesdeyalimnzantudedygnveserinfanladu deyaiils
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v W o ) w %) . P v a v
nMsiianegatuazgndsludnasuegatd (Modulation) ieudasteyadnlieglu
a . 5] =
sundunszualwi@en (Write Current Waveform) 910ty jUadunseudlnilndeuszgn
o at A o = v ) v b
Uauludwindisu wievhnsdeudeyaasuuniuiuiindeya [5-7]

Modulation
ECC encoder [ —®  Modulation

encoder

JUT 2.14 wuudaesnsilisudeya

2.2.2 nMssudaya

msedeyalusinfadladwannsasaouduusunmdizui 2.15 Fswesins
sdeyaanusiutudindoya ievouedouinieuinninsiuasuwvasanimanmy
wwndn aeldduanouseilifidends dyanasundu Read-back) :miudayaoeiu
ndvazgnasluinisUszinanaludosdyna (Read  Channel) HaUsEnousie199sanag
WINUY LU 993N TBIHIUAT (Low-pass filter, LPF) 2avsdndaetng (Sample) melaiwes
(Equalizen) s Tnedoyaiordnnilldasgninisnansviadeasasaenidauegadu
(Modulation decoder) wagasasnanswaudludefianain (ECC decoder) iitomiAnyszan
yesdntnanTidansagthulden (5-7]

Modulation
Read channel |9 —® ECC decoder

decoder

JUN 2.15 wuudnaesniseTutaya

2.3 1995U818ANALSNVDITSAREA LA s

2.3.1 NUNIUINITVEIUANARINEIMSUTISARANLASH

mnmiﬁﬂmﬁuﬂ”i’mu%%’aaﬁ’mumﬁlﬁ@ﬂﬂ%auaﬁuLﬁaﬁﬂﬁqws‘umamﬂmn
Y94813nfanlasiseansamlunisvineiugs [21-52] 159MUTI17995V8IBNIALINTBY
grinfadlaswamsawdoanldidu 4 wuu Tnsudsmudnuazesinisiudaiieudeya
(Magneto-Resistance, MR) wagmsnsaadudygradeyavesingiu laun 1) 29asve18na
usnifimsludarisiusnenseiu (Voltage Biasing) wariinisnsandudyyudeyauuy

=l

W39y (Voltage Sensing) 2) 79953818a1ALInAdin1sludawIeunIenIzid (Current
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@ L [

Biasing) waziin1snsradudygrudoyauuunsny 3) 2asveieniausniiinisludaiis

7] Y]

as 1

mensziawaziinmdudygnteyawuunszua (Current Sensing) 4) 1995981901ALA

L7 )
s =

ﬁﬁmﬂué’aﬁqémé’qaLLidmuLLasum‘mswﬁ’uﬁ’mmmﬁauﬁLLuunssLLa \51@1115083Y
sULUYNIIsTBIEALsITaseSaRadlailaR e 2.2 uenantuudinssuenena
mﬂawaq”luﬁﬂwmmwauwmLﬁ'm (Single input) 5uwmmacﬂ'maﬁau (pseudo-differntial
input) uazdunaNane (Differential input) aaifm‘l,sﬁmuLﬂaammwsmmaﬁﬁﬁuwmwaﬁheﬁ
PolalTsunareuszmaibisasvenenausndrulngludagduingneenuuuliiduny
WUURAR

M990 2.2 agusuuuurenRsveIeausndmiugsaadlaiv

nsludamgiudeya nseTTUdauvayavesineu
wIInY W39eT
nIBuLa WS
nssud nszua
W399 nIyLLE

n‘j nl o vV oo a oot I
FULUUTB99950818071ARINT 4 wuulunisnah 2.2 ilvifinauddesineg unnune
a! s a ' v oo ar ]
JULUUTR9399 5T 8 ARSIt SUAL T Tue g nkaslalin I ua a8 19
1 d‘ o L 1 < L 1/ 1 - . .
maLumﬁ]ugﬂuﬂﬂl"umuamﬁﬁ]Nﬁ]ﬂﬂLm WASVYIWUUU Current Biasing Voltage Sensing
= o ) a v o o o vl o
\esnneashidudou dnsaveefireudnegs dyanasuniuiikazanaialanaug
ga [22]

Yic
Ip
- b +
MRE AV Vout
Ip Preamplifier
Vss

JUTl 2.16 JULUUTRNRTIEENIALSIYBEInRaRlasuuUludang N Tswa LAzl
NM5ATITUdY Y IMUBYALUULSIAY (Current Biasing Voltage Sensing)

< v o
JUN 2.16 uanalasaa3199992995981801ALTIMUY Current  Biasing  Voltage

Sensing 9n3ULs @ W1T08UIBNIsIIUlafeT e udeyagnludanunszuanai /

U U
1/ o

o Yo 1 v & o M Yoo = ' =
waliigrudeyaria duhudiluanzivsdeyalildviuasiinssualvaniuned
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dnaliiinussfunnaseuisiuiidined Wevhswdeyasgluanizewdoya Ay
funurenfisndeyainnsasuulaaiessnauuwimanuuwsutuiindeya dwali
usesuiinnAsenienfinnsasuulas (4v,) Jaussfuiludsuuiansgnasiaoi
iludsasvsneniausn (Preamplifier)

i Tuiauelassad et ug UL UV 8105 AT INLALI9T VB BINATIL
(waluladnsasuvuiuea) uarlasadefiugiuuuiasverediiamedsay (Commong
Emitter) uazLuasau (Common Base) (maluBinmsasrauuululwand) ilesainmsasuenoinn
Snasluasusideinatsuszmsfifinanunudaludresiuriilisesvesinasuasiuasoy
gninnldnuuasiinmaiaunasesaseliies

gﬂ’ﬁ 2.17 2133vsenmuInibuy Current Biasing Voltage Sensing ldnalulad
nisairanuululnans [40)

UM 2.17 1TUM9E19989249508101UATINNIALIALUY Current Biasing Voltage
Sensing 2asiivannsvhaudeil dann (input; 42)° ewldainsusninfardlasgn
Joulinivdinmediues Q1 uagwiuduey Q2 wvhnsuedyynludunreaannes
199 Q1 way Q2 muddu dygafiviroaianimnedues Q1 %gnﬁumaﬁnﬂ%&ﬁamwwmﬁ
50 lugslvun 48 uasdtynauiiviroalannosves Q2 asgnuyiasneIasyail 52 ludidnn

@ =

48 é’a%f’uai‘iaﬁ']ms‘sauafgwumamgmﬁqnmmUﬁaﬂén%ﬁﬂﬁ Vout fvunaluatu denals
2957lATSaTve18ge vonniheeseeRldTamuaunessEineruF B Uiy
anethdyy i eglsinunesminaniduyauaziedwniiulAe) (Single input  and
Single  output) vlwiidedesluisswesinmamdndyyinsuniulnuasiy ﬁaﬁuﬁﬂﬁﬁﬁ
iiaus T ELUUBuNALazowaRasaiioufandlugui 2,18 msinsasuenedl

Sunauaziowawuunannaztaslissiinunludadunniniuy ndnAe 1asaunsan
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o

maﬁLﬁmmm-aﬁmLﬁaum@qﬁmmwmﬂamﬁﬂlﬁ wazNIARdyRILTUNILTINIINLI IRy
InAe sl

gﬂﬁ 2.18 UAAIFNIDENTBINATVLIWLUATINAIALINUWUY Current Biasing Voltage
Sensing 299simannsUNE duanafiswlfanieueninaadladm (RMR) gndouitn
flurdfinmesues Q0 uaz Q1 ievhnsvenedyayraludmneaianmesaes Q0 wag Q1
puddy yanasdivireatanineives QO uaz Q1 gnawisluisesmadaluuazgnioudng
2495 GM feedback Lﬁaﬂ%’Um'mﬁﬂumuéuwmﬁuamwﬂﬁaquﬁﬁ‘umaﬂnﬁmmwm NG
zwiulimsfulunssveisnanaaiiowihlinismindygyu

1O
VREF '—[—— —-—-_-.-_1
RLI RL2
<

BN

GM feedback]

emi ] /
VIRP D——-—I y =
1

LOW NOISE INPUT |DEVICES
HHWI_3Q

gl AA)

e

_, b Bt
VMRP o)
«
&
o—=AANe—a

r

31}17'1 2.18 2993U818NALINLULY Current Biasing Voltage Sensing [41]

sunulnminsilifviiunesvetesamsilisssueeradtuyiaiioudesddiuves
29sidndygnainupsauindundonasiliesiduarusunuittuasuuuding
fas uennisnuenevenesiinrndashidenduiastsnaiie

2959818nausndmivasanantnsrlulisgiuiingnadamemalulaglulnans
wazdanoue iflouiialvsasildfinsmevaussniuiingald® Jedenalituumsnén
¢ Auileanduyunisnamhliifinaueisunsnausnillénssuiunsaiauuudues
Tuvugisyansnmuonsaslaeuiislndidsstu

gﬂﬁ 2.19 1 Yuf1981919929959818INATIUANALIALUY Current Biasing Voltage

ilnltlul v ol

i Ji Yy v a 2 [ @ o
Sensing wwasfildiifidedife 1vasnlaiiuuudindnitwazdnsnversussiuiineutiags lu
i iusiidygrnsuniuivihidyginsuniuaioungnaislouludsdunm (nput

)

l v
v =

refer noise) fiA1v1dy wenaniinisludadmudenseua (Current Biasing) lagnesnuuy
Iienunsaufuuss (Tunable) nszuanasludalvidumeula (Waamn Mb3 uag Mbd uasgU
:J s ; Qs a:gi} d' o vV ef ] 1 as Vel

7 2.17) fewstudneaugidioiiduimssuudtaunsalsundenseualudalvinu

120103
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\¢ 3 RL1 ERLZ
+—VRp VRN o—t o It
i =

-l || =S
Mbj Mb;r

T
] co1 Rb1 Rg! | Rg2 Imr2
VrefP Rg 9< VrefN mi
T 7 e . ‘““”T%“*@"‘*
M1 Crdr1  Crdr2 5z M2
Ryr ’I ‘1
i L | oHRp HRyy o—
Cb2 ZRb2 Rb4

T’ I Hi2
_ Gme
Mb2 Mb?L
| o e i

JUN 2.19 2995987801ARAKUY Current Biasing Voltage Sensing nltinalulad
N1SEsNLUUTLEE [42)]

wmanzautuiguusazmlilasdiie Ineannsailvldiuimgiudeyauiagian uananil
AMNEAN 50l TUSULAIRINATEI Y78 A ANANTENUVBIAIILARIALAT DUTIANTEUIUNS
NAR Ium‘ﬂ%\‘i'm’}\ﬁ]‘i‘ﬂﬂ’!EJLLUUﬁﬂgumE)umiU%‘ULLﬁGﬂS%LLﬁIUﬁﬁIﬁﬁﬁ’lQﬂﬁ’e‘]xﬂLLﬁ:ﬁL‘lﬂiJWﬁﬂJfTU
wgnmeuiutuneudduduneuilrounisih gy

2.3.2 AMANYNLYE99TVEIBMALINdMSUESnaadlasu

TumseenuuulsasussniAuIndmsue infaln insndusdomsuiinudnusi
ffuonwsunemausnillidwmiveriadadlasnluiiagiu ieflagilinswiwouian
lumsesenuuu Tulligiudnsdaslevdoyamelusisadialaiviimnmagelusyiuingnde
i Fadunndnuns mmﬂaﬂ,um‘maﬂLtuuawwmamﬂmnmmumsmmaﬁlmﬂaa 1993
stiuvudIsning fldnsiwersgs Sdyarusuniush wazanuasaviauldiszfuundssng
usasiusiiteliinnsgaydeiaaiuden nisisil 23 uansdermuaitléfiansannmsssnuuy
WITVIBAALSNAMIUESAAanla I

AN 2.3 TaMVUALLNNSEaNWULINATVENEANARSNAMSUBNSARANLATH [53]

RERINGhE AN

DRIV Y

14-34 \@Fua

Fa s
HLUUAIATE

> 1.7 Angidsm

FIUAUDNARYYIUTUNIUY

5.8-6.7 \A@LUA

Masnugade

< 20 fadinn
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mATeilEauelunednug i ldeenuuuI99sII8ANALSALUY Current Biasing
Voltage Sensing Tnglfinaluladnsadauuvineatsilasaadeiuguiuissveionadau
Wuinsuiinesuesinaduduudiadning venldsng uazarnudumudunaves
299598eMALINAINIYAUaehdyyn eglsAnuaesveanasiudidymlubeses
drysyndsuniu ﬁqﬁ’u%wmﬁwuﬁ‘aﬁ’uﬁ%@lﬁﬁwmﬂﬁﬂﬁﬁﬂé’mmwmwmut%aqmmﬁuﬂ%’ﬁ’u
Nﬁ)‘i‘umal,ﬂmi'?mﬁaiﬁ'maswEﬂ&)ﬁﬂwﬁmﬁquq%ﬂuL%iawaaﬁmvzyﬂmumu uenNil
2959 IaueLduuuIsITE AR Tsasri N s fd e aisunaulvaasaud
AN RaRET DY



uni 3

HEUUIITUNIULAY
wAlANSANIATYYIMTUNIUTQUNAT

3.1 na1aun

Tun1398nMe9sTe18nIALTN (Preamplifier) dyeyrusuniu (n,) WWulssiiuiiddy

'
Q

wn dyrasunuduiiimuadadinvesuaigauesdyaradeyainasueieniaun
LY v ow :’I =l o :‘) sia d‘
a111350501A AULAI99TVEINALINATTHRYYIITUNIUAT LTDNI995U818AIALIN

7]
v

anunsanouauesiedygmBunn (v) Nvuadnliduandluzun 3.1

3.2 daysyrasunau (Noise) [54]

s

deyrasunuludyginuuuds (Random  Signal) — na1iAe udyamudily
annsavenlihunanasiaiawils o Avatvianails Jeilidyaiusuniuliaanse
Weulvegluguvesannisnaanils ﬁaﬁuwﬁnﬂuﬁaamﬁaLmuﬁagﬂuuwaaﬁmwgm
sumwiieldlunisnsed funuvesdyarsisunauiiteuldfs fadsads (Average
power) Ua4d U Jeaansauanuiuanafudidsnuiadevesdyyinsuniu

(Power spectral density, PSD) ﬁdgﬂﬁ 3.2

PSD (V?/Hz, A%/Hz)
A

PSD (fz) B 0. 00 T .
PSD (f;)=PSD (f3)

T

A A

UM 3.2 alnasumasnuRaeesdyy s unIu



o =

a v 1 = ' | G v
lngunfudAnadevasdyyiusuniunaanaunaniiavinuaud dawalidyyiu
sunuiingninluguvesdiadeiasin (Root Mean Square, RMS) eniviualyt v,() uag i(t)
s L2 dld U A 1 H - L
Wudyrusunulssiunaznszuanianlasuulamunal Anadedssnvesdyyiu

5 - Vo i:i
sunuMedasaunsafisnulafeaunisy (3.1) wag (3.2)

1 72

Varnas) = [ [ vi(r)a (3.1)
e
1 772

by Rus) = ?{TLF f!zf(t)df (3.2}
T/2

o .
enl 7T @A Aunianwed v, wag i)

Varms) [V, Tarassy [A]
A

-+

O LA P

f

sUM 3.3 awnaSuvesdyanisunIudYy (White Spectrum)

Fruarusuniudn (White Noise) (Judansuniuiifiaianasuidauaie
vasdaasununailashilvasuuvaiupnng aﬁ’auamﬂugﬂﬁ ¥

I51EHI0M AL AT BN UM U (PSD e VeUmasRundtyeyrnl
SUNIUSIWIL N unae AliAeasfiu (Uncorrelated Noise) Ilaeiianwvindu

PSD¢rotay= PSD1+ PSDo+ ...+ PSDy, (3.3)

3.2.1 deyeynausuniuvasNaaa (MOSFET Noise)

a ej = - < s a -

dyusunuiiieanueamainanamaaasUsensae dorusuniudguugi
(Thermal Noise) #FQnUVUMEUNAIIENTYUE i,  UasHIUTUNIUNTENIU (Flicker

Noise) Fegnunumeunasineusaiu v; awwandlugun 3.4
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Sl

Erg |

]

Noiseless
MOS

JUT 3.4 dygrnusuniuveueava

as

a a a = = av vo @
awanms‘un:mLmammmmuammmmmnm‘smaaumaaﬂi mwlmuwamumn

LRV}

a

’E}mﬁﬂ“ﬁﬂ’]ﬂu@ﬂ FAEYEUUSU mwumuumﬂummmwa n‘uaaammmsumummmanimuma

o

v o

2995 lneundudidygrusuniuvvessemaingmisuliegluguvesnszuanasiann iy

L
Qs

o a u} s | dcr' o 1 = v &
MaNIURABveIE Y INTUNIUATENNST (3.4) Tunsainusaavinauludiugadu (Triode
= L2 - ﬁﬁl - E‘é’ at L2 at =l
region) dynsunulgum)iiiiiniuveweamassiidnuusvlloutuiiiiunu lnell
U o s dl s Lr 4
awnesumasnuiedevesdygusuniunsaunsi (3.5)

ir =4kTayg, Af (3.4)

G 4kTAf

n

%

Teft k o masvivasluariuny (Boltmann Constant) Hdmwafu 1.38 x 107 K
T Ao gaumgll fvheduinaiu
2., D AIANNNUINTEUATINAEINR (Transconductance)
y A9 AUTENOUIBIA Y YIUTUNILEWLAY (Excess noise coefficient)
a A8 gdo/gm
9o D ANAINNTNTENINVAATULAL VDO TE o Vi =0V
ro A9 ANAINNAUNIUSENINUATULAYN YRS

WI5HNeS ¥ Tuaunsd (3.4) Wunsiwesfiiadutivauendemmadunszua
(Channel length) uazNszUIUNTASN (Process) vswaawn laewiaines }/Nﬂ'TUivlJ'lle
wirfu 2/3 Tunsdiimnuendemmaiunsauaiisnnndy 1 ldlaswes uasiddnnniuge
mueMTesteImaiunszudanas TneflAuszanmdauraesiai lunsdiianuenvesms
Wunseuadadopnin 1 lulasiums

iSofinnsanaunsi (3.4) s1egiiuirhdsnueisvesdyynsuniudgunaiives

@
v
v

L @ s ] ] IJ L5 :i' s a o
JJE]aLWG\NﬂWLLUiNumNﬂUQ{uwQNLLaﬂ%JL‘IJaEiuLLUaQﬂUﬂ’NiJﬂ AIUUETY Y1 TUNULYIGUNYY
yoweannisdidnvanJudygrusuniudn

duasUNIUNTENIU  (Flicker noise) Lﬂué’mmmwmuﬁLﬁmmnﬂisawwm

' ot

vianludosmaiunssuagniasiily (Trapped) uaggnudessiieanun (Released) lunmgi
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\ndouniTEnINvIgeiauazyasy Maindyarusuniunseniuilifnainiuseiliauysal

v
o aa

o USLnseesaueItuddnau (S) waztuddnoulasenlelatuing (Gate oxide) Mignda

MuazUdessvasUszynmeiuuguyilinisiaisunvesussanine ssninaivesanasan
1 [ 3 d ! - kg o 1 -
wsudulvedslisailssdemaliindyinsuniunsensuluresmaiunssua
doyarausuniunseniudngndtaesngunasineusiiuisesynsuiuvInAvedLea

W () dazlaunaunaauRagYosdy NI UNIUNIEHS UTa s aanda iU

v2= z

"TC WL f

1 4
a0 as

< - ] = = 1 a
IWEJ‘V] Kf e ﬂ'lﬂﬂﬂLLaSHﬂ']’UUE)QﬂUﬂ?SU'}UfﬂiwaW

a0 - as <

91naNN15N (3.6) 1519dunnldnaunaIunIaNILaE v ST YIUTUNIUNTENTU

- L% a st ‘ﬁ’ -
goapawniiauwUsatuiurue (W) fulseq (Con wagaad (f) 131a18750uan

o o ot :J u - ar ad
ﬁLUﬂm‘iﬁJﬂ’]ﬁd\YIULQaEJ‘EJENﬂfgﬂ_JﬂiU'ﬁUﬂ"JUﬂiSWﬁU 33UNn 3.5

v
LY

mﬂgﬂﬁ £.5 fwLﬁulﬁ'j']Lﬁammﬁqﬁuam@mwmunww%m:ﬁﬁﬂ'namaa v n
oy ausunIunsERTulingniiend e nsunuLuY 14 (wiladuien) dyanasuniy
nsgnsuvesiiued (PMOS). Htesnitdyimsuniunsenivluidunea (NMOS) Liesain
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A L] v v
187 Rtz ABATAILAUYNULATDUN WAL MNAYDINITUAY R), = RD/(I 4 gm4a(b)RD)
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”a_J,immSUmu‘ﬂLnm‘uumwumﬂnaawﬁmumuaaamwmmmmi’lvwmuamﬂuammw (2.47)

= _JTR;
n vout
(1 *+ o) Rs/z)

"
3 [gmza(b) + Emiagh) (gm3a(b) + Erita(s) ) R ] Rou

+8kTRy, (gm3a(b) U 8m4a(b)) ij

2
8KT Y Entaisy | - EmaaryBs 2
= T o Ry | R,

1+ &y Rs /2 >t (B S ) B | R (1.47)

R ngynga(b)Rozu 5 SkTi’gmsa(b)R

oul

+ SkT?’gmaa(b)R

oul

 SKT7guso (Bs 1 2)
(I +&mia R /2)
eh ng}/gméaRz

oul

[sza Enla (gm?la * gmda)R } out

w ar 2 - v o o
L1E@HsTaIEIUIUendynsunIy (Noise Figure) Tasldaunisn (3.19) uasilan
Flaaunsh (4.48)

2R, (gmBU(IJ) +gm4u(b)) (l+gmla(b) 5/2) out

F=1+ 3
Ro4;

= 2Y & mrats) [(gm]a(b) + gm4a(b))RD Em2a(b) S/Q:I out

RoA}
27gmza(b) (1 + 8maib) RS/Z) out 2}’gm3a(b) (] + Emlaib) Rs/z) out (1.48)
Ry 4 Ry,
27’gm4a(a) (1 + &miagh) ?/2) an,Sa(b)
Re A} 2

27’gmﬁa(b (I+gnrla(b) 5/2) out
Rd;
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Big 4, = [gmla(thD (gmaa'(b) +-gm4a(b))+gm-2a(b)]Raw WAy R,, = 02a(b) Il Toda(h) Il Em3a(b)

dy I dl Y o U 14 d‘ = 1 5 1 Y o ¥ € Y ¥
wnanstluenasianulidmsunisldnuienisfinwivintu ldeygnlriluldusslevisunisen

ludnsallagrsau Snvivhudilvidawdasion uavdesedadaudivedenarsynasaninisuiluly
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AMANUIN 9.
N15ATIZANIAIUIVDNT Y QUIITUNIUVDII9TTVYIUAA
LSNNULEUDIRTN 2

A s = qd’ a L3 4 L%
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ATLNBIATULAYY (ﬁw%’wsma) losnnisesiinnuanuing feduvihlfdyainsuniud
Aule s luaDYINUeURINISIATIEWINDTAULAEN

Rp é é) i,?..'m

®
x"l’[]a _ __gi
{:_”:Eb o Mia
Ry/2@

n RS2
11 ROP RO 5l
M. 2 M= n M7 M; =
tn Mia 1 d I at6a oa 1

JUN 2. 1 daasunmuiinnngunsalnngg veaeaslugui 4.9

mMFAnssindusunIudgangiivesiid g Ry2 fiusingitesvn Tag
Wiuvdsiuilndyasumudgamgiivesaunsalindus fidviduguduazunassionsesiu
¥9919359n82995 Tuvariundssnenszuagniianees Wefiansangui 2.2 euiui
qYUINNTTRATUNIU /s QnLLUaQL“f}uﬁmvmﬂmLLiqﬁ'uiumuﬁIwum A fimwinfiy

_ in,RS (RS/Z)
1+gmlaRS/2

s

Aoy muiaﬂusumumaamﬂmmumu Ry/2 ilnum A QNUENEME My, TS
Tnun 8 fidssaunsi (2.2)
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inRS(RS/Z)
Y, g p = —BENSIE 9.2)
i 1+gnl]aRS/2 e (

LijE] o (—
P 1+ 4. Rp

ANN\—
&
I

; InRs-M2a

(v}

U 9. 2 mAleTsvidyanasunIuiiinan Ry/2 vavsasiugun 4.9

o a di s L4 A:l g
AUINUTINUTUNIULDIANAINIUNIY Re/2 N1 A Qmmamﬂuammvmnizua
v ] = o -:I - s Ve
FUNIUAIEY My, WA My, WaE My, HArssdunish (9.3) unsitasizinaibiiansan
=i

[=f s dal o v o « i
WUV UDT@TINNAAINIUNIUNTDSE  (Common. ~ Source  with  Source

Degeneration))

g o =Em
by RS-M2a = ; 7 Vi,RS, 4 (3.3)

Ty TIRUTUNTIBNANFIRIUNIL Ry/2 Tiluun 8 gnudaadudyamunssua
} 2 1 U ar ﬁJ o ar
FUNIUGIY Ms, UAE My, IMANIU Ma, Was Meo HAINNENNNSY (2.4) uag (3.5) mudau

by RS-M3a = s W rs.5 (3.4)

(2.5)

in,RS—M4a = (_gm40 )vn,RS,B

L7 "—‘I L7 H 1] d
AyeuansELaTUM U INAIR UMY Ry/2 NIMa UlAUA Vo, tUaunsh (3.3)

o ot

uaz (3.5) MIAARE Y UIULIIAUSUNIURTRUR v,y HANYINAY

v =
n, RS vouta
1+ gmla RS /2

_in,RS (RS/Q) |:gn12a

3 +gm]agm4aRb:|Ram (R]6)
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AEUINTEUATUNITUITRIRINAIA UMY Ry/2 MMaEnUTALA v,y Tuaunsh (3.3)
waz (9.4) M IMAAFQIULTIFTUTUNILALIAUA v, DANVINAY

_ s (Rs/2) l:gnﬁa

vn,RS,vnulb s 1+gm1a RS/2 2 h gm[ang.aR.'rJ:,Raut (QT)

a & o ¢
118 Roye ADAIAUATUNIULDIANA

) ) P v v Pt
AYEUIMLTIFUTUNIULDINFIATUNIUY Re/2 TIAUA Voo WAZLAUA Ve LUANNNS
A o vV a a LY (3 = 1 1 o
7 (2.6) wag (2.7) m“lmnmaﬂggy'lmﬁumuusamma’mm Vout HAUVINAU

Va,RS vour = VRS vouta — Vn RS voutb

s (Rs/z)

= T /2 l:g»ﬂg 1 xita (gm?-a +g,,,40)R£):|RW (2.8)
mla*S

ar 3 st ° o &l ar = a e ar <
AtluadnaiumasnuRtevesd s UMl niaduu Ry2 1
Inua a1 (9.9)

> _ 4T Ry[2
(1 + gmla ‘RS/2)

2 I:gm2a it Emla (gml’la T gm:ia)R.’D :|2 R{irl (‘119)

n RS vout

mMsAssidngssUNuBgungTiveasadumy Ry Musngfedine Tagl
Lma'aﬁmﬁmé’m‘,mﬂmwmuﬁaqquﬁ‘umqﬂmfﬁﬁhﬁu6] fANINUALSWAZUAEIT LTI
19129939nd2995 Tusaufuvassensaiagnilinness WoRansaniseslugui 2.3 auiuld
A YYIUNTZLATUNIY fnﬁoQnLLUaaLﬂué’sy,iy']mmﬁuﬁumuﬁiwuﬂ 8 fAwsaun1si (2.10)

; I ' =
o ? ,

Y
ol |
Miq ‘—.I.—_”:; o RD- - j':_l__ My,
_TE_”: M | i - iy _ My :er_
Voutb Vousa
R5/2® Ry

o

[
o

- I_l 1 il |1_ _L'i =
Ms M~ M;= Mg™  =M;

b

JUN 9. 3 MIAATIIFYYINTUNIUIAARIN Ry VRIITIUFUR 4.9
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Vorp.s =i roRp (2.10)

Y s o w v =l [ o
UIULTIAUTUNIULLDINAIRIUNIY Ry NLvUA B gnudasdudyunszie
b2 1 = ar A o s
FUNIUAIY Mag UAY Myg IRARIU M3, UAE My, HANAIENNTTA (9.11) Wa (3.12) muaIsu

Iy ko-M3a = (—&m3a)Vn kDB (2.11)
jn,RDAM 4a = (%gm4a )vn,RD,B (f{l 1 2)

TN IBUATUNIULLBININGIIIUNIU Ry RIRAHIUTAUA Vo WA Voy WUANNNT
ﬂl o Y a U a cl' a0 o :3
1 (2.12) uaz (3.11) M IARS U IMWSIRUSUNTUTRINUA Voy WY Vo, IAIENNNTT (3.
13) uag (3.14) muansu

Vn,RD,voura = _in,RD R;)gm4aR()ztl {f‘] 1 3J
vn,RD,vnulb — in,RDR.E)gmBaRnul (qu)

o s d‘ o v d' d'
UNULIIAUTUNIULLDININAIR UV Ry NIVRUR Vou WAELVIUA v,y bUANNST
(9.13) wag (3.14) Vil A AR ey 1T UMUUSIIURBIEND vy, HANATAUNITH (3.15)

(2.15)

— 1 4
vn,RD,mu! =t vn,ltD,vm.'ra - vn,RD,mrub = ]n,RDRD (gm?m i Emaa ) 'Rmzr

[
LY Y]

ol o e :I Ly = ] d @ v A
ANUUALUNA TUNIAI9IULRAE VDY SURUNRITUNIULTN G UNNULUBIAINAIATUNIU Rp M

=)

Inuaadnniianennsn (2.16)

> 4kTR 2
vle JRD vout = — (gm3a " gm4a) Rozm (Q]'é)

(l a; gmdaRD )2

nMseTsindyasunudeumgiveaisumu My, Musingiiaine Tngly
undsiuilndyrasuniudguugivesgunsaifdug dawviiuguduasumasiouseiu
1992993gndn9as luvairiunasdrenssuagnilmens efinnsaniseslugui 9.4 axwild
MFYYIUNTLUATUNIY iy 410 GANYA LT RAN S IMBRENAINIMIUA B Inaitngluua A vl

]
= @ s =i

w = - o w
AL IR UTUNIUALIUA A Lag B fauni1sh (2.17) uazaunisn (2.18) muansu
Voprta 4 = 0% apna (Rs/z) (2.17)

(2.18)

— s r
Vaaian = —Chyang Rp



104

s

- |
@[ | y
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=z 5

Myq _ R
Rszz@)

= a @ o a =
JUN 2. 4 MTUATIRAIYINTUNIUIANIIN My VO22993MUFUN 4.9

=
ANA—
g
-

v
i InMia-3a
H

Vout

‘!'H,M la
'

Vourb Vouta

R

T
=
g;

E~3
B

%

il @ Ao msuwvnssudverdyananssuasunaudauiaiy (1+ g, R/2)” faluain
> o = | < <
qun1sh (3.17) wasaunisi (2.18) aransedeulniiluaunisi (2.19) wagaunsi (3.20)

ANAIAY

1

v IS TRy R./2 (3.19)
nMla,A4 1+g,,,1a Rq/2 n,Mla( S/ )

1

v, = R (3.20)
PN ]+gmlaRS/2 % 5

@

Ty aunsaiusunIuldosnuode My, Alwue A gnudandudyaiunssua
FUNTUAIY My, AN M,y UaE My, HAYIIAY

i ¢ _nga v
nMla-2a 2 nMla A

(3.21)

Tynusausumuiiesnnueama My, flvun 8 gnuvandudygyinunssud
1Y ' a1 =] o w
FUNIUFE M, WAE Mo, WRHIU Ma, UaE Mg, HARSENNTTN (2.22) LAz (2.23) Auasu

' = (2.22)

Lhvta-za = ~Em3aVnMia,B

' = (3.23)

zn,Mlaffm - _gm4avn,M]a,B

at | :‘I 1 A
dryqaunszuasunIuilosinuoaiva M, NanIUINUR Vo, WWaun1si (2.21)
uaz (2.23) MM IANE Y IMLTIRUTUNIUALIIUA Vo, HAIRIENNTTN (2.24)
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b 8maa Bs /
vn avouta — , * R R (’il2¢1)
M la, vouta 1+g,,,19 Rs/z{ 2 9 gm4a Di] out

as - = | =
YNUNITTUATUNMUTEOINUBEE M, NIMaE IR Vo, TUENNIST (2.21)
uaz (2.22) MIAARFYQIUSITUTUNIUAIAUA Vo HANRIENNNTA (3.25)

by 1 8m2a Rs f
Va vouth — - e m aR Rnu (QZS)
Mla,vouth l+g.. RS/Z{ 2 9 Eina Dj‘ '

o ) = = o
UNULSIAUTUNIULTLDIINNOAWA My, NIRUA Vo, WAZIWURA Vo LUENATSA

(2.24) uag (3.25) YIMAAFYYIUTUNIULTIAUDIANG vy, HAIGIENNTTN (3.26)
v

=V, ~

n,Mla,vout nMla,vouta n,M la,voutb
i R
. nMla gp 2a” X8 ]
- 1 R ZI: - 2 +(gn13a + gm4a)RDi|Rmrl ("i]26)
+ Erita S/

(%
o  as

w o e = v = —] o
satugwWnaIumdenueisvesduyIusunIudeungiliiesninueama My, 0
InuatodnaiiAgannsi (3.27)

n Mlayout

12
— 4kT R ;
2 . VEma . [_ Einzalls +(gmia = gmrm)RD] R‘_i“ (%27)
2
(] g gmla RS/Z)
a ¢ W a a | o ¢ v
NMTIATIENFUINTUN IR UNTUBI AN My, IUTINGMEIANR  1aelA
! o o at = - € 4 = 1 o/ 1 4 o
wnasniiladygasuniudsguugiivesgunsalfinaus danvirfiuguduagunadnausaiu
Y9419IYNEA993 Tz NUMEIIINTELaQNIUAL99S 1Hefia150u1999 3 ugUR 2.5 dryeyn
MSIFUTUN IR INURANE Mo, TR vour TEAFINN157 (2:28)

Rp M, M3, Ro

. | |
M la —Elt jl:l:-_ be
=il ! | e o
A Vouth Vouia
Rs:® : Map Mz o Ry

g

Uil 9. 5 MITATIEVF Y INTUNIUIAAIN Mo, V892995TU5UN 4.9

€all
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=i R (2.28)

¥ n,M2a" tout

n,M2a,vout

asuanaduidsnuiedsvesdygiusunuigumgiieainueaa My,
TuaesnnilAviaiy

2 2
v-’? M 2a,vout = 4kTygm2aRoul (%29)
a ¢ ) a a a ] ¢ v
ﬂ’]i'}]Lﬂi?%ﬁ‘lﬁ’]ﬁm‘,mu']miilﬂ']uL‘UQQMWQQJ%@Q&J@E‘{LWﬂ M3z, WU?WHQWL@WW‘I’!W IG]EJ'L%
U o = s - - s d a0 ] at & U ) o
LL‘HZ‘Nﬂ’]LUWHEI‘J,QJ,'IElJTUﬂ’JUL‘UQQ{UW{]N‘UENQUﬂiﬂiGI’JE)U‘] Mﬂ’?LWWﬂUﬂHEJLLﬁ%LL‘WﬁQ‘\]']EJLﬁ\‘]ﬂu
LY d‘ [ i = A a o o
“U@ﬁ?ﬁ’ﬂigﬂﬁﬂ?ﬂﬁ]i Iusﬂmﬁ‘ﬂLLWﬁG‘JWBﬂ?SLLﬁQﬂLUﬂ?QQ‘i LM@WQW?MW?QQ?IUEU?] 2.6 gtugynsu
e d + = ) 1 u
UIIAUTUNMUILDINUDEAWNE Msg ML1UA v, HANKATU
Vn,MBa,voul iii in,MJaRuur (QBO)
a Q’j L Q at i a - - | A
ﬂ\‘i‘uuaLUﬂmiﬂJﬂ’lﬁN']ULaaEJ'UE]ﬁ EUEUJ]EU?UFI')UL‘UQQEUWQNLﬁ@\i‘ﬂ’mﬂﬂﬁlﬂﬂ Mzg W
uaodnaiiAnmiaiy

v =Ty g saRo (2.31)

n M3a,vout

ANA—
=
S
-

iz

@
M.’u MHJ
=l E}l——fu
R&z® - Ry

=
¥ )
|
|}§}_L
I
|]}:|_
=
®
.
|

MIIATEIMA Y INTUN TN TIvoINBaNE Mo, fusngiordinn Taolu
wiasiniadyaasuniudeumgiivesgunsaliidug Sauiiugudiasunassiouseiy
UVBNIIIIONANIRG 'Luwmxﬁmﬁaﬁhammmqnﬁ‘Jmaﬁ}s Lﬁaﬁmimﬂwﬂugﬂﬁ 2.7 dugyeu
nsEuAsUNIUiesnoaE M, v?ﬂﬁt,ﬁmﬁfuuigﬁml,lﬁdﬁu‘wmuﬁ"lwum B uasluun v, 3
AN (2.32) wazaunsi (3.33) audsy
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_1 . .
VaM4a,B = m‘fn,MszD (3.32)
mda**D
1 .
VoM davouh = mln,M4aRaur (2.33)
mba~*D

AN—
g
-

i oyl = |
=i . - <=

vom‘a

Yourh

i

< = 1% o a o
JUN 2. 7 MIIATERdaIsUNINNARIIN Mo, V82995IU5UN 4.9

Tyynauussdusunauilassnuedina My, ilvun 8 gawdaaludygranssua
FUNIUAIY M, IAHTY Ms, SAENNT5A (3.34)

(3.34)

1n,M4n—M3a ;2 (_nga)vn,Mda,B

dyeunseuasunIuitiesnueaa My, NasIulnun vy, Waun1sh (2.34)
ty

) ) = a1 ar =
AR F Y I ULSIAUTUNIUNIAUA Vo, SARIENAITA (2.35)
in,M4a r
Vn,A/Ma,vuum = S— R Rng:‘:aerl (%35)
T gm4a D

@ v al = o
WULSITUTUNIULTLDIINUOANE My NINUA Vo, WAZIAUA Vo TUaLATITH
(3.35) wae (3.33) MnIMAAFYIMTUNIULTIRUDIAING Vo, HANYINAY

=1 = i e (gm}a‘R;J - ])Roul (Q36)

vn,Mtla,voul n,M da,vouta Vn,M4a,murb = 14 g RD

mda

AeuaUnaIumdsueisvesdyausuniudguuniiieinueala My, 7

Tuatednmiianii
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] - 4kT}’gn14a (g ; er) _1)2 R2

v d (2.37)
(1 i gm4aRD )2 r

n Mdaayvour

MIlATIEIMEYgINTunIulguvgliveaaaa Ms, AUsingiitersnn tnel
wasiuiadaygnsuniudiguugiivesgunsalindug dawirduguduasunasdnsusaiy
VOTYNEN9T Tuvauenuvasdnenssuagnilniems

' ==
s : .
& Ml } M3, 2

| |
A y | i I
Mia —TL_| t E InMsa-Mita .“-."‘- - j I_T-I:_ My,
M g™ My
_"‘—‘:‘T_I [:: 2 = 0 Vou : ; IjT_
i Iﬂm/b Youta :
{ Lpsa-biza

=

f-u,MSu

3UN 2. 8 MIATIAR QI UTUNIUIANIN M, V8439055 UN 4.9

= B =l = (v . 2 o
WONINTANFUN 9.8 1T1SAUDIEYYIUNTZUATUNI iy s NRUANTUE YR
WSIAUSUNIUALUG A Tauvinnu

o) fn,MSn (Ré/z) (
LA NG Y a7 9.38)
& gm]a RS /2
dyQLTITUSUNMULLRINUENE Ms, lvun A gnugneie M,, Wdiilnun 8
A

In M5a (133/2)
v =— . (.39)
nM3a,B 1 gmla RS/2 mla®*D

Fyanaussiusumuidosnueaa My, Alvua A gnudandudyanaunssua
SUMIUFIE My, IWaRIY My, Wae My, SAAsaunis (2.40) (unisinsegisasiifiansan
Wureasvenegesasiuiififsadiuniuiivivesa  (Common  Source  with  Source
Degeneration))

: _ (" 8m2a
In,M 5a-M22a — ( 2 )vn,MSa,A

(2.40)
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nusuTUNULBINUeaa My, Wilvua 8 gnudasdudyarunszud

FUNURIE Ms, UaZ My, IHAHIU Ms, UaS My, SAA9aNN1TH (3.41) uag (3.42) mudisu
by psa-m3a =(—8m3aVursap (2.41)

bo MSa—Maa = (~2hua )vn,MSa,B (2.42)

o

o P o ' pa]
FyaanszuasunIuiioInuosna My, NMarIUIUR Vo, MUANNTST (2.40)
wag (3.41) YA YU IAUTIAUSUNIUALIAUA Ve, HAWINTU

_ _in,MSa (RS/z) l:gng

Vi a,vo = < m m R' Rou (Q43)
M 5a,vouta 1+gmlaRS/2 5 Ema&mia D:| '

QNN ISUATUNIULLBININNOENE Ms, NVANTUIAUA Vo WIENN1TN (3.40)
way (3.42) i TMARF U IMUSITUTUNIUTLIAUA Vo HANYINAU

inMSa (Rb/z) Em2 ’
vn Vi X A -t + miaom UR ROH (ﬂ'qq)
M 5a,vouth T+ 54 Rs/2 2 Emia&mial'p !

o ) r_'i = P
RNULTIAUTUNIUUBIANUDANT May NINUA Vo WAELAUA Vo, (UENNTST
(2.43) uwag (2.44) VAT YU MTUNIUEIITUAIING Vs, TA¥iaiiy

v

n,M 5a,vout =R V

n.MS5a,vouta ~ ¥n,M Sa vouth
_ ThiMsa (RS/Z)

A T /2 ‘:nga + &ma (gm3a T L )‘Rb:lRaut (2.45)
mla =38

[
@

AnjuaUnaduiasliadevesdynusunnidsenmgiiiiosnnueana Ms, 7
TnuatoanmiiAvay

q

_2 - 4kTynga(RS /2)2
Y MSavour T 2
(1 + 8mia Rs/z)

2
I:nga + Emia (gm3a a8 gm4u)R}’j:| Ri,,n (f\]%)

MIFIATIEITYYIUTUNIUTIRUNNTVRIDINE Mg ﬁﬂiﬂngﬁmﬁwm Tneln
Lma'or'i']Lﬁ@é’zyfgmsumm%qqmwgﬁmmqﬂnaaiﬁa%‘uq fiAyhiuguduazunaidnousdiu
YOINIIYNANIT Tuwmsﬁwﬁ&ﬁhanssuagmﬂmw‘3 dlefinnsneasluguil 2.9
FUnUSITUTUNITIBIRINUBENE Mg, TIIUA Voy, SiAYINAU

(2.47)

vn,M 6a,voul = ln,MﬁaRour
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RSQ@ Ry

g gl i 2 ji
M, Mea ™ M; Mey =

€ o

JUN 2. 9 MIATRAYITUNIUININIIN M, UR2995TUGUN 4.9

AIUUALUNATUANRIIULRABVDY iyﬁgmwmumqqumLummnuaamlﬁ Mg W

InuatoinailAiaiy

v2 = 4kTygmGaR3ur (QQBJ

n .M oba,vout

- ne. o ¥
satusunnTuAaMURANUD Y mnun’sumammumamwm( Voo ) VVA

1992935 1WUN 4.9 devinu
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n ovout Vn JRS voul * vn JRD vout + Vn Mla,vout + Y M 2a,vout ¥ ‘V" JM3a,vout + vﬂ M da,vour ('ﬂ 49)
X Vn M Sa,vour Y M 6a,vout

L7

gunsaiusiazia fauandluannsi(a.9), (3.16), (3,27), (3.29), @.31); (3.37), (2.46) uae (3.
8) aluannisil (3.50) 1519¥l#

= ! @ o w = o a ad ¢ =
WAWNUATALYNATHNNE191ULRAE VDI YIS NIULTIRUNNUNLDIANALUBININ
)

= 4T R,)2
Yo voir = Enza t Enia\ Bmia T Bmda R; out
. (l+g,,,1ﬂﬁs/2)2[ o (B ) T F
AKTR,, :
e + R,
(1-—|~gm4aRD)2 (gm.'ia gmf-‘m) t
4kTygmla |: gm'Z S :|2 2
a g b JRE [ R (3.50)
(1+gmlaRS/2)z 2 ( ' ! )
+ 4kT}/gm2a out T 4kT}/gm30 out T M( m3aRr 1) ‘Rgul

(1 + gmdaRD )2

i 4kT?gm5a (RS /2)2

mea mla maa maa R‘ ou +4kT}/gﬁl a” ou
(1+gm]aRS/2)2 l:g 20 T 8m (g 3a T 8ma ) :' ' 6 r
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NNITIATIBAEY YIUTUNIUTHILLN IAYIINITILAT VLN B TURYIVDI199T A9
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5 4KTR

(1 T &mar) Rs/2)2
8kTR,,

2
(1 +gnr4a(b)RD)
SkT}’gmla(b) {H 3m2a(b)RS
3
(1+gmla(5} RS/Z) 2

2
2
[gmza(b) + Emia(s) (gmBa(b) + gm4a(b))R’D] Rou

n vout ~

L 2
(nga(b) + gm4a(b)) Rou.‘

2
= (nga(b) it gmfia(b))R;)} Ri,,
(2.51)

8kT}/gm4a(b)

1= gm4a(b)RD)

2
+ SkT?’gmzﬂ(b)Rfm it SkT}’gmsa(b)Rz + 3 (gm}a{b)RD - 1) Rfar

out

& 8kTynga(b) (RS /2)2
2
(1 + Zimtary s /2)

+ SkTygm(m(b}Rz
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2
' 2
I:gnﬂa(b) N gmla(b) (gm.?m(.’)) i gnréa(h))RD] err
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R4}
N ZJ’gmza(b) (1 t+ Zulah) RS/2)2 ‘Rjut 4 Zngaa(b) (] + Zulah) Rs/2)2 Rr?ur (2.52)
R R
. 2¥ Bukate) (gm3a(b)R;) s 1) (] + Eraer) s /2) R, # Y 8msa) s
(l 2 gn:4a(b)RD )2 RSAE &
452
. 2¥ Bmsaev) (1 + gm]az(b) Ry /2) R
n

=
Iﬂﬂ'ﬂ Av - |:grn2c:(b) +gmla(b)(gm3n(b) + grrr4a(b))R;):|Roul e Roul = roZ ” ra} “ gm4ro4RD
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L '\ _________________________ i

AU MULTIANUTUNIULTDINNFIMIUNIY Re/2 NnUR A QﬂLLUaaLﬂuammﬁmmma
173 ] = L2 4 o 3 Ve
FTUNIUAIY Myy AR My, Wag My, SRnasasnisy @.3) (unisiesieieasiiiansan
' S = 5 4
Wursasvwrgvesadrunildadniuivgasa (Common — Source with  Source
Degeneration))

: —&
bnRS-M2a T (Tmza)vn,ﬂ&d (.3)

a & s " dl o/
dyanaunszitasunimilanandasnuniu Ry2 Muua A Mgnudasdudynyianssua
SUNIUAIY My, BILVANIU Moy 8 My, i ARSI SLATUNIUNINUA Vo, WY
= s A o s
Voutb HAMPNANNTTY (R.4) 1@z (2.5) Auainu

Em2a iﬂ,RS (RS /2)
Vo RS-M2a,vouta — __ZLRfjul l‘i'g—R (ﬂﬂ)
mla®*§
_ Em2a iﬂ,RS (RS /2) (Q 5)
vn,RS—M 2a,vouth — 2 oul s g R '
mla**S

a A N o
W18 Ry ARAIANAIUNULATIDUNLEIANA

s ) o v v P @
Ay EUIL SR USUNIULTBIINAIRIUNIY Ry/2 Tilviun B gnLLUa\‘thJu fURUNINTE U
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Toyunszuasunuiosnddiumu Ry2 itvun 8 ignuuandudyaiunseua
FUNIUAIY M, TVaHIU My, MIAARTYNMLSITUTUNIUTIAUR Vo HANVNAU

, s (Rs/2)

vn,.’?S-—M:ia,vqua: gm}aRomgmla D (QY)
1 mlaRS

Lo o/

dyqrnuseiusuniuiiosndsiniuni Ry2 Mvun 8 gnudandudygiunszua

Lvie-vy

SUNIURIEY My, Iasnu My, TAwwiniu

Ly Rs-Mda = EmaaVn,RS.B (2.8)

TRyey 1N TEUATUNIUEBINGI UMY Ry/2 Tilwun 8 Tignuuandudyiunssud
FUNIUAIY Myy BRI Mg, YTAARE QU IMUTITUTUNIUATAUA Vo TANWAY

r ?’l RS ( 3/2)
vn,RS—Mfla,vourb gm4a ol gmla D 1 R (Qg)
mla**S

L19991N 2995 MMATANUAMS 1WE AU AWM LTV TAF U IS IAUTUNIULEDIRN

v

MfuNIL Ry/2 Alnun A gnasshuiaiuuseg ¢ Winluug £ fidawiafiv
Vi ks = GV ps (2.10)

o (L9
e G=——1% <) _

Ce +Coenniiafn)

Fyanaussiusunuiiominiadaumu Ay2 Al £ gnudandudyyrunszua
FUNIU nps.ans A8 My, BEURIUNTHUATUNIY iy psine (QUEULEUTIU-USE) Sidnwiniu
by RS-M16 = — 8mlb Yn,RS.F (2.11)
) z = [ o v oa
AYIUNTTUATUNIY iy psane DTN IMADENAINIMUA D lyaidiivua C vivlviina

[ a ' q' =l 1 7] a1 oW ql
Ay saRusUNIUAlUe D uaz C Telivanneiiu 180 a9 dAieaunisi (2.12) uag (.
13) Muaeu

2

Vars,p =G &usR quf(—sﬁe")* (2.12)
mla**S
Riif2

vn,RS,C Ggrnlb YL/) (QlB)

2 1+ gmlaRS
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s at <

dygnaussiusuniuiiosaniiiumu Ry2 lvua C gnudandudygyiunseua
Y | VW o a s va
FUNIUAIY Moy, MANIU My, Uag My, HAnaeaunsy @.14) unisinsizrneashinansan
« 1 1 Qs A
Wureasverwresasiufilididumuiivivesa  (Common  Source  with  Source

Degeneration))

by Rs-M2b = (L;m)vn,fes,c (n.14)

a A s 2/ | Qs
Fynunszuasunulilesanfiun Ry'2 Aluun C ngnuandudyaunszua

L7 e 7]

FUNIUAIY My, TAMAHIU My, UAE My, YlWRRd T Lasunuiluug v, wae
Vouty HAPRELNTTN (2.15) UWae (2.16) Auadsu

£ Iy RS (RS/Q) R
Vo, RS—M 26 youta = 2” RouG 1+g R g’””’?s (2.15)
mla®'S
Zmab i s (Rs/2) Ry
Vp RS- vouth — Rr) = {Q]‘é)
RS—=M 2b,vouth 5 ut Pl T Emib 2

Ay InUTIUTUNIUEDIINFIA UMY Ry/2 Tinum O gnudasdudnunssua
SUNIUNIY M, LB My, AT

(2.17)

Lirs-amab = ~8Em3bVa,RS.D

s P w = )
youNsEIAsUNMULBINNF U Ry/2 Aluun D Aignudasifudyanunssua
FUNIUME M, BAHIU Mg VAR F L TIRUSUNIUDINUA Ve TANWAAY

] B 2
——IH'RS( s/ )gmle.:J (2.18)

viJ,RS-M 3b,voutb ye grrﬁb R()ur 1 R
+ Emiatts

Tryeynauussnusunuilasandasiuniu Ry2 fitvun D gnulaadudyginnszua

o

SUNIUAIY My BRI My, AU

by rs-Mab = EmabVn,RS,D (2.19)

) < Y P o 2w
RINNTTUATUNIULTRIINGINUNIY Ry/2 Ailviun D Mignuuandudyyinnssud
FUNIUAIE My, TIWARIU My, VNIRRT YN MULSITUTUNIUALIAUR Ve AWMU

I..ri,RS (RS/Z)
14 gmlaRS

(2.20)

I
Vo RS ai b = S ZmsRp
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ar s d’ o’ 1 ﬂl A
LS1ANTOTINAY I TIPUTUNIULLDININGITIUNIU Ry/2 NNUA Voyre MENATTHA
(2.4) uaz (2.7), (7.15) way (2.20) JAvinfu

vV

n, RS, vouta —

s (Bs/2)[ 8o g = Ry
1 mia mia&n Rr omelb + G R R {QZI)
]+gmlaRS 2 Em3a&mia Emib 2 Emas TEmip out

LIIAUTOTINAY Y IUUTIPUTUNIULLBIINGITIUNTIU Re/2 NNUA Vo MUANNTTA
(2.5) uay (2.9), (2.16) way (.18) HAwvinAu

Iy RS (R?/z) Ema Em2b Rg
Vi RS vouth = : - s mda&m aRr S ¢ Wl T Em G m Ry Rou (a22)
RS vouth 1+g,, Ry 2 Emda&mal'p 5 TE mib 5 Em3bUEmuntip ¢

s

Ay ULSIAUTUNIUTBIR T AN Ry/2 FINUA Ve LLﬁ“’I‘M‘LJﬂ Voo MIENATT
=i
¥ (2.21) way (2.22) YANATYYINTUNIUULITITUD NG Voyr fiendaunsi (2.23)

vn,RS,vnuz = vn,RS,vnum e vn,RS,vaulb

2a ’ gm?_b & i
_ nRS (R /2) +gm3agni]uR ) Ggmlb 2 +gn14ngmle!) 2
1+ i R gm a r g, R ol
grr 1y 22 Y gm4a gmla‘R nz Ggmlb 5 P ngngmlb D
A an,RS (RS /2) nga (gm_’aa + gmda)gm[a gmz.‘:Ggmlh R
A Lnl\ 974 9 |RE (2.23)

\+ S, (B -
Emialts +GgmleD (g,,,;,u, +gm-‘4b)

msaamwmwwawmam’wqﬂﬂiniﬁmmaummﬁ'u fari = B =T
Sm2a=9mzb=8m2: Sm3a=Gm36=8im3 WAY. Znaa=8imas=gma lumseonuuu993An G HAUsEINN
winfunils LLaqummwummmauaumuauwm (1/251,,,1) auwwnummmu‘uaumaama
(R) 2LWUN g,,Rs=1 muum’tﬁlumauw 3 UpsaLnSi (2.23) umuaamnmuumnaumw
(2.23) @wrsaUsssnmdayinny

_ s (Rs /2 )[gmz

v = +2g..R;, + (2.24)
n,RS vout 1+ gm]RS 7 gml (gm3 gm4 ):| out

AsduAUNATNMAIUIRAY YY1 UNIULTRAMYTITLEIRINAIRIUNIY Ry/2 1
uadnaiiAvindy

% __4kTR/2
n. RS, vout 2
" (1+gmlRS)

2
‘:ggz g 2gm] (ng T+ gm4 )Rb:| Rozut (Q25)
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Vo rp,B = ln rp R (R.26)
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RD g irr.RD
® v
AL :
M, My~ M|
2 ®
TS
@
RS/Z RS/?

P = & as d a <
JUH 2. 3 MAAASISIETYYITUMUNNADIN Ry U8939a5LUTUN 4.19

@

Ay InussnuTunIuLasIndaItaunIL R, Tlvua 8 gnuvaadudyiunsewd
1 ] 1t DY
FUNIUIIE My, INARIY M, SATWNAY

by kD=t 3a = (—&maa )V iR (2.27)

FunausiusunIuieaInd UL Ry Miwun8 gondandudyaiunszud

[

FUMIUAIY My, Wasinu Mg, Sa1viniy

(2.28)

by RD-M4a = =B )Vn,kD,B

) < w = | o
UYIUNTZUATUNIULLBIINAIPIUNIY Ry AMANIUIAUA Vo AN (2.27)
VAT LT IFUSUNIUTIILA Vo TR

vn,RD,vnu!a = _fn,RDRE)gnﬂaRom (azg)

[ al O = ) o
WNNNTZUATUAIULLBINAIAIUNIU Ry ALRAHUIAUA v, MUANNITT (2.29)
M IAARF Y UIULSIAUTUNIURIAUR Ve SRV
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(2.30)

. '
vn,RD,vnurb e ln,RDRngflaRoul

WAIUUTIAUTUNIULLDININFIAIUNIU Ry AINUA v, WaTVuA v, Tuaunisi
(2.29) uaz (2.30) MIARSYYIUSUNIULIITUBIANG Vo TiALvIAY
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ﬂﬂuualﬂﬂmﬁuﬂqaﬁﬁquLQﬂEJ‘Uﬂ\? ']ﬂJ'iUﬂ’]UL’[NE]mWﬂﬂJLua\?ﬂqﬂmjﬂquw'}u RD
WupwinaiAviny

%) 4kTR,,
vﬂ JRD vout £ ( m]a e gmda) oul
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(2.32)

a o a a = a s v
mylnssimdygrnsuniaudgaumgiivesodinn My, MUsngieinn Tngld

U o o o) = - LY d e @ 1 a € U U ar
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é -+
R
My D
. |
H InM3a in, M3b [ @
i A i |
I - Inntab : My e1“/[3 M l
Voutb = s Vouta - . -«" | @ ﬁ :iuM.'a
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e
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A = ] o = ] 1 73 -

Wi a Ae nMsuuanszuavesdyqunszuasuniuiawvindy (1+g,,,R;) b dnTuann
= o ' P o
ANNTTN (2.33) wazaunisy (@.34) arunsaeulndiluannisy (@.35) wazaunisn (2.36)

ANEIAY
1

Free oy 2 (R.35)
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mla

—_— R, (n.36
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FUNIUADY Mo, AR My, UaY My, TIANMNAY

Ly Y R (:%L@‘)Vn,ﬂdla,xi (2.37)

dununszuasumuiismnuaaiia M, Al A ﬁQmLUaQLﬂué’mﬁymmma

FUMUAIEY Moy TIIVANTU My UaE Myp IINARUIUNTZUETUNIUAAUA Voye UAY
Voutb HAPIANNTSN (R.38) Uay (R.39) A1uaIAy

Bz by M1a (RS /2)
L T2 R (2.38)
nMla—-M2a,vouta 2 aul 1+ gmlaRS
i R:/2
vn,Mla—M2a,voulb A 2 Rou.! n’MIG( S/ ) (939)
2 1+ gmlaRS
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[

SUNIUMEY My, MaRIY M, RANNU
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In,MIa73a = (kgm?m )vn,M la,B

s o i = [ s
dryyunszuasunIuiloaInuean My, Mlvua B Ngnuuasdudnyyrunssud
SUNIUAIE Ms, Balviannu My, YliAnd ey s aiusununlnug vy, danvinu

' jn,Mla
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s
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<

SUNIUINIEY My, IaRIY My, AU
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in,Mla—fla = (_gmila)vn,Mla,B (QQZ)
L dj ? dl o
dygraunssuasunuiiesnnuealn My, Mlvun 8 Agnudaadudeyaunseud
FUNIUGE Ma, BIIMENIU My, ITIIARFYQIMLSITUTUNIUTIIUA v, HAWRY

in,M]a
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mla**8

o v a A ¢ ) o N v Y o
Lua@’dqﬂ’ﬂ\ifﬁﬁismw F‘]UﬂLWﬂJﬂqﬂﬁquﬂﬂaumﬂLLWU%WWIWﬁmﬁquLLﬁﬂﬂuiu NIULUBDIIN
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[

wean M, Mlvun A gndsihuiifiuusey ¢ Witlwua £ SAuviiiy
Vot = G+ Vi Mla,4 (n.44)

Ce
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&
o G =
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&% o 2 4 J
Y IMLsSITUSURIUIRINUBaMn My, Aluun £ gnudandudyaiunseud
TUM i g atin W8 Mg SURIMIATIMITUNIY T pia it (»’;}Lﬁmﬁuﬁu-mw fiAnwindu

(n.45)
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s . e &/ o vV oa
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s Ef' 1 s = s A
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47) MUaNU

i
Voitra,p ==CG &msllp % (2.46)
+ gmlaRS
R, 1
Vorftae =GBy - — (R.47)
nMla,C gmlb 5 14 gm]aRS
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ot s =)

a e Qs
dyausssusunulissnnuaawn My, Aluua ¢ gnudaatudyyiunssud
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with Source Degeneration))
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by M1a-M2 = (:‘g*zﬁ!’“)vn,Mla,c (2.48)

O o o < ]
dyaunssuasunmuiiesnnuesin My, lvun C gnudandudygrunssua
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] M
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gmdngm]b }Rm” (Q55)
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A Fully-Differential Noise-Canceling
CMOS Front-End Amplifier

Puttachai Chimpleekul and Varakom Kasemsuwan
School of Electronics, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang (KMITL)
Bangkok 10520, THAILAND
E-mail: kkvarako@kmitl.ac.th

Abstract-This paper presents a fully-differential front-end
amplifier. The differential cross coupling with tail current is
exploited as noise canceling circuitry to improve the Noise Figure
(NF). The proposed front-end amplifier is designed with 0.13 um
CMOS technology under the supply voltage of 1.2 V. Simulation
results show NF of 2.1 dB. The voltage gain and bandwidth of the
amplificr are 19.7 dB and 1.75 GHz respectively. The power
dissipation is 8.88 mW.

Keywords-low noise, common gate, cross conpled technique,
nwoise cancellation teclnigue, noise canceling, thermal noise.

L

The technology of data communication systems is
progressing very rapidly in high bit rate for both short and
medium ranges. This is mainly to reduce transmission time off
very large information. In those systems, it is well rccognized
that the design of front-end amplifiers is the most challenging,
because it plays a crucial role in dictating the whole system
performance. This design involves careful optimization of a
number of trade offs between bandwidth, gain, noise, stability
and power dissipation. Front-end amplifiers lind various
application in the hard-disk drive system [1-2], optical system
[3-4), receiver [5-6] and tuner [7-8].

Noise is one among important issues in the design of front-
end amplifier, especially under a low veltage environment due
to limited signal headroom. Noise represents a lower limit to
the size of electrical signal that can be amplified by a circuit
without significant deterioration in signal qualily. Noise also
results in an upper limit to the useful gain of an amplifier,
because il the gain is increased without limit, the oulput stage
of the circuit will eventually begin to limit on the amplified
noise from the input stages. In the MOSFET, the channel can
be treated as resistor, As a result, MOSFET exhibits thermal
noise, which is usually a_major source of noise in MOS
transistor.

Several approaches have been introduced to minimize noise
figure [5-9, 12-13]. Their approaches employ a common gale
with both positive eedback and negative feedback 1o enhance
gain of the system and to match mput impedance with the
transmission line.  Common. gate is employed because
common gale achieve wideband input matehing and moderate
gain over a wide operating frequeney range. To minimize
noise, noise canceling circuitry is added 1o the system, where
pseudo diflerential structure is employed [7, 10-13]. Although,
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Figure L. Balanced noise-canceling exploits cross coupling [9].

their resulls exhibit low noise figure, the system is susceptible
to common mode neises.

In this paper, we present a 19.7 dB passband gain and 1,75
GHz bandwidth front-end amplifier. The circuit is developed
based on common gate amplifier. The ecircuit employs
differential amplifier with tail current to get rid of noise and to
minimize common mode noises. The circuit is realized using a
0.13 pm CMOS technology under 1.2 V. supply and
demonstrate 2.1 dB noise figure. The paper is organized as
follows. Section Il describes fundamental operation of the
proposed amplilier and the noise-canceling technique. Section
[l shows the results and discussions and finally, section IV
presents a conclusion.

II. NOISE-CANCELING TECHNIQUE USING CROSS COUPLING
A, Noise-canceling using eross coupling

Fig. 1 illustrates basic fully-differential noise canceling
exploits cross coupling [9].  The circuit consists of two
common gates (M,,), and noise canceling circuitry (Ma,, —
M;ap) connected in the differential configuration. The circuit
demonstrates Jow noise figure, low power and wide bandwidth
ft is noticed that the noise canceling circuitry employs tail
current, thus making the front-end amplifier immune to
common mode noises.

The operation of the eircuit can be explained as follows.
The input signal V72 (solid line) undergoes a feedforward
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Figure 2. Proposed amplifier.

amplification, i.e., the input signal is first amplified by the
common gate (My,p), and the noise canceling circuitry (M,
and Msysp). The differential output signal is then taken
between nodes v, and v,.. Notice that the signals at nodes
Vour and v are 180 degree out of phase. As a result, the
differential output signal V,, is larger than the signal at either
node vy Or Vo2 alone. This translates ta an increase in the
voltage gain of the system.

In term of the channel thermal noise current (dotted signals)
of a MOSFET M,, let’s consider the i,,,, which flows
between the drain and source terminals. This thermal noise
current flow out from node B and into nede A, resulting in out
ol phase thermal noise voltages at nodes A and B. These
thermal noise voltages are converted to current via My, and
M;,. In the design, il iy, is equal to a3, the output thermal
noise vollage associated with My, will be completely
climinated at node vy, However, it i$ noticed that thermal
noise vollage at node vq, still exists and could propagate 10
the next stage and further to the output of the system.

B, Proposed Balaiced noise=cemeeling using cross coupling

Fig. 2 illustrates the proposed amplifier. As seen, the circuit
is similar to the amplificr in Fig. I. My, and My, which are
connected as common source are added at node B. The
operation of the circuit can be explained similar to that in Fig.
I, namely, the input signal is first amplified by the common
gate (M) and further amplified by the noise canceling
circuitry,  However, one can see that common source will
contribute additional current to the output, thus enhancing the
total gain of the system. In term of the channel thermal noise,

noise canceling mechanism as stated previously is still applied.

However, one can see that common source produces
additional current (i, 5, at output node Vo, 1f iy, and
iwarze are sel equal, the thermal noise associated with My, will
now be completely eliminated at both nodes voup and Vouo.

The noise factor of the proposed amplifier ean be analyzed
and shown as
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F=1+ 2Tgm:aRcirr (] +g,,,1,,Rs )- & Zygm.?nR;m (1+gnlnRS)

R A R A
%zygm-l::Ro-ﬁl{l‘TgnrlﬂRS ) +2R,)(l+gT,"RS)‘ - 0
R A; R A;
lrgmluR:w [(gm;u +gna;\u ) R[) i gw:qu ( 1 ‘*‘&.,:»R.w )]-
R,,-/Lz
where ¥ is process dependent paramcter, R, is

Fora ! T oaap (18 msas)

From (1), the last term represents noise factor as a result of
channel thermal noises associated with common gate, while
the second, the third, the forth and the fifth term represents
noise associated with My, Ms,, My, and Rp, respectively.

One can see that if we set (@t Zmsa) Ry cqual 1o g ls(1+
&uzplou), the thermal noises from My, will be completely
climinated. It is instructive to note at this point that, the noise
from the noise-canceling circuitry is also added into the
system. As a result, its neise contribution to the amplificr has
to be addressed. In fact, the noisc contribution from noise
canceling circuitry is relatively small, compared with the
noises from M,,. This is because noisce from noise- canceling
circuitry is divided by gain of the common gate, when referred
to the input.

The passband gain of the proposed amplifier can be
analyzed using small signal analysis and shown as

r

ola

L8 0 1 B W &sa Rt + s Ro )+ Bt R ] (@)

A;

Since the circuit has one dominant pole (at node v, and
Veu2); ONC can consider the circuit in Fig, 2 as one pole system
and bandwidth (@sgp) of the proposed circuit can be
approximated as

=1
@Oy = (Rw(' )
where €= Caa® +685,5 + Conian
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Gain of the circuit in Fig. 2 can be increased by adding two 4.0m
current sources (fy, and 7,) as shown in dash in Fig. 2. These
current sources allow larger Rp for the same bias current, o~ =
resulting in larger gain. We have lound that gain of the circuit 20m :
shows 32 dB increased, when current sources (implemented
using simple PMOS transistor) are cmployed. However, one

. . : f i S 0.0
should be careful with this gain enhancement technique, = g
because input impedance and noise figure of the circuit will be
affected and, theretore careful optimization is needed. Gl
III. RESULTS AND DISCUSSIONS
To verify the circuit performance, HSPICE is used to aiin
simulate the proposed circuit, using a 0.13 pm CMOS process ! ! : 5 :
PIop s 4 p 00 250p 500p 750p in 125n

with 1.2V supply voltage. In this work, the bias currents are
chosen lo optimize voltage gain, speed, noise figure, power
dissipation and bandwidth of the circuit. In addition, the input Figure 5. Eye diagmm of the Proposed amplilier.
impedance is also designed to match with the source

I(s)

impedance (5002) to cnsure maximum power (ransfer and PERFORMANCE COMPARISON \\l?l?ghijt NOISE-CANCELING TECHNIQUE
minimize any reflection. HoToronee 5] @] ] T Tom wok
BW[GHz] | 08301 [1.2-11.9 [0.02-017] 21 175
i Guain 145dB | 9.7dB | 20.5dB | 52dB | 19.74B
<+ Rel[9] NF 26dB | 4548 | 33dB | 3dB 2.1dB
10 { | — Proposed S
Differential Ne No Yes Yes Yes
Technology | 0.13um | 0.18um [ 0.18um | 0.13um 0.13um
8 Supply 13V 18V 1.8V 1.2V 12V
@‘ Power 17.4mW | 20mW 18mW |[12.6mW 8.8mW
Fig. 3 shows a comparison between noise figures of circuits
2 inFig. 1 (dot) and Fig. 2 (solid), which rcad 5.3 dB and 2.1 dB
at 1 Hz, respectively. As secn, noise figure of the circuit in
2 Fig. 2 is less than that of the circuit in Fig. 1. This is due to
the noise canceling cireuitry, which is included into the system.
0 - : o’ W Fig. 4 shows frequency response of the amplifier in Fig. 1
R I ;f::uemy [’:;'; Lol L UPAV R (dot) and the proposed dilferential amplifier in Fig. 2 (solid).
The passband gain is found to be 19.7 dB, while the
Figure 3. Noise figure. bandwidth of the circuit is 1.75 GHz.
N Fig. 5 shows eyc diagrams of the proposed amplifier at 1.4
Gb/s. The results are obtained by applying the pseudo random
18 input 1o the amplifier, and subsequently superimpose the
18 outpul data every 1.37 ns. The simulation shows 98.9 % and
PR [ W T . ] G 98.5% horizontal eye opening and vertical eye opening,.
‘ Table I summarizes and compares {he performances of this
g L £ design with ather recently published CMOS [ront-end
e B ampliliers. Asscen, the proposed circuit exhibits lowest noise
ooy figure (NF), whilc all other parameters arc found to be quite
” comparable.
IV, CONCLUSION
In this paper, a diflerential CMOS (ront-end amplifier with
noise canceling exploiting cross coupling is proposed. Noise
110 1m0 1k 1ok 100k 1M 10M T00M 1G_ 108 canceling circuitry employs dilferential structure with tail
Frequency (HZ) current, making the proposed circuil immunc to common

mode noises. The simulation results show that the proposed

Figure 4. Frequency response. gt = 3 i
circuit has low noise ligure, low power consumption and wide

239



bandwidth. The proposed front-end amplifier is suitable for a
first stage amplifier such as the reading part of hard disk drive
systems.
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A High-Gain Fully-Differential Thermal Noise-
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Abstract—This paper presents a fully-differential CMOS front-
end amplifier using g,,-boosting and noise-canceling techniques.
The proposed front-end amplifier is designed based on a 0.18
nm standard CMOS process and 2 V supply, Simulation results
show nolse figure (NF) of 2.9 dB, while the voltage gain and
bandwidth of the amplifier are 31.6 dB and 2 GHz, respectively.
The power dissipation is 19 mWV.

L INTRODUCTION

Nowadays, a wide spread of data communication systems
is progressing rapidly especially in high bit rate for both short
and medium ranges. The design of front-end amplifier (FA) is
known to be the most challenging task, since it involves
careful optimization of a number of wade-offs between
bandwidth, gain, noise. stability and power dissipation. FA
find various application in the hard-disk drive system [17],
optical system [2], receiver [3-4] and tuner [5-6].

Noise is one among important issues in the design of FA,
especially under a low voltage environment due to limited
signal headroom. Noise represents a lower limit to the size of
electrical signal that can be amplifisd Ly a circuit without
significant deterioration in signal quality. Noise also results in
an upper limit to the useful gain of an amplifier. because if the
gain is increased without limif, the ourput stage of the circuit
will eventually begin to limit on the amplified noise from the
input stages. In the MOSFET. the channel can be treated as
resistor. As a result, MOSFET exhibits thermal noise, which is
usually a major source of noise in MOS transistor.

Recent FA using common-gate (CG) becomes a strong
candidate since CG provides a wideband input matching over
a wide frequency range. Unfortunately, the transconductance
of the CG cannot arbitrarily be chosen but is set by the input
impedance matching requirement, preventing improvements
of the NF. Several approaches have been introduced to
minimize the NF of the CG amplifier by incorporating noise-
canceling circuitries into the system. [3-4] proposed a noise
canceling broadband CMOS CG FA. The resulting eircuits
demonstrated low NF, However. single-ended structure makes
the circuits sensitive to conmumon-mode (CM) noises. which is

This work is supported by the College of Data Storage Innovation, King
Mongkut's Institute of Tech. Ladkrabang, National Electronics and Compu-
ter Tech. Center and National Science and Tech. Development Agency.

978-1-1577-1610-2/11/§26. 00 ©2011 IEEE
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increasingly important especially in mixed-signal applications,
where supply voltages could be very noisy. [5] employed
noise-canceling technique based on a differential amplifier.
Positive feedback was used to eliminate the correlation
befween the input impedance, and the transconductance of the
CG input transistor. Although the transistor noise on one side
of the differential pair can be eliminated. the feedback path
allows the transistor noise from the other side of the pair to
propagate to the output. A pseudo differential structure using
noise-canceling circuifries was employed [7-10]. Their
designs can successfully suppress noise, this structure is ,
however, susceptible to the CM noises. [11-13] proposed a
fully balanced noise-canceling amplifier. The differential
structure with tail current is employed to get rid of the CM
noises. Unfortunately, the noise of the input transistor is
partially suppressed.

In this paper, we present a 31.6 dB passband gain, 2 GHz
bandwidth and 2.9 dB noise figure FA, The circuit is
developed based on CG amplifier. The circuit employs
differential amplifier with tail current to get rid of noise and to
minimize CM noises. The circuit is realized using a 0.18 um
CMOS technology under 2 'V supply. The paper is organized
as follows. Section II explains the coneepts of the g,-boosting
and noise-canceling techniques. Section III describes the
operation of the proposed FA. Section IV presents the
simulation results and, finally, the conclusion.

II.  GM-BOOSTING AND THERMAL NOISE-CANCELING

A.  GM-Boosting Technique

Fig. 1(a) illustrates a basic CG amplifier. Since the input
impedance of the CG is R;=1/gy,. Ry can be matched ro that
of the transmission line (Rs) by setting 1/g,,, equal to Rs. The
noise factor (F) of the CG can be shown as

F=1+)/0gmRs (1
where yand erare bias-dependent noise parameters.

From Eq. (1). F of CG can be minimized by increasing
2. As seen, the noise performance of the CG is limited by



Vi

=

{a) CG amplifier () ga-boosting CG amplifier

Vin

(<) Capacitor cross-coupled g,-boosnng [14]
Figure 1. Schematic of CG amplifiers.

the input impedance matching requirement. One approach to
decouple the noise performance from the input impedance
matching requirement is to use g,-boosting technique which
its concept is shown in Fig. 1(b). As seen, the amplifier (-G) is
inserted between the gate and source of M), which causes the
gate fo source voltage fo increase. thus inereasing the current
conduction. This can be translated to an increase in the
effective transconductance (Gpp). One can easily see that
(Ggey) of the cireuit in Fig, 1(b) 1§ Gueay=(1+ G)gn-

One can also derive the input impedance R, and F of the
gn-boosting CG amplifier in Fig. 1(b) as

an= 1 ”(1 ':-G}gm]RS
F=1+p/a(1+G) g, Rs

2)
(3

From Eq. (2) input impedance matching c¢an be obtained
by setting (1+G)gym to Rg, and, consequently. F becomes

F=1+y/0(1+G) “)

As seen. the Fcan be reduced by increasing —G. Since an
active amplifier introduces additional noise itself. the idea of
using the passive elements becomes attractive. Fig. 1(c)
illustrates a differential ropology. which allows the differential
devices to be capacitor cross-coupled. One can see that the
inverting gain (—G) is given by the capacitor division ratio

G=C¢/(Cerey:) ()
In case that Cc > ¢y, G=1. and F is approximated as
F=1+y2a (6)

B.  Neise-Canceling cross-coupling
Fig. 2 illustrates basic fully-differential noise-canceling
exploits cross coupling [11]. The circuit consists of two CG
(M)5). and noise canceling circuitry (Magy—Miap). The circuit
demonstrates low NF, low power and wide bandwidth. It is
noticed that the noise canceling circuitry uses tail current, thus

making the FA immune to CM noises.
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Figure 2. Balanced noise-canceling using cross coupling [11].

The operation of the circuit can be explained as follows.
The input signal v/2 (solid line) undergoes a feedforward
amplification. i.e., the input signal is amplified by the CG
(Myap). and the noise-canceling circuitry (Mg and Mi,.ap).
The differential output signal is then taken berween nodes v,
and v, Notice that the signals v, and v,,»; are 180 degree
out of phase. As a result, the differential output signal v, is
larger than the signal at either node vy, or v, alone. This
translates to an increase in the voltage gain of the system.

In term of the channel thermal noise cwrent (dotted
signals) of My, let us consider i, y,, Which flows berween the
drain and source terminals. This noise current flows out from
node B and into node A, resulting in out of phase thermal
noise voltages at nodes A and B. These voltages are converted
to current via M, and M, In the design. if i, yo, is equal to
inas2a the output thermal noise voltage associated with My, will
be completely eliminated at node v, However, it is noted
that- thermal noise voltage at v, still exists and could
propagate to the next stage and further to the outpur of the
system.

II1. . PROPOSED AMPLIFIER

Fig. 3 illustrates the proposed amplifier. As seen. the
circuit is similar to Fig. 2. However. Myg—Mige are
incorporated to fully suppress the thermal noise of the input
CG transistor and to enhance gain of the amplifier. Mi,g in
Fig. 3 is connected in the common-sowrce (CS) rather than
common-drain (CD) configuration as in Fig. 2. thus increasing
the output impedance. and gain of the system. In addition,
Maey. which is connected in the CG configuration. serves two
proposes; 1) it is used fo incraase the output current Ly
converting the amplified voltage signal at node B, and 2) it is
used to fully suppress the thernal noise of M.u;. Cc and Mp
(in the cut off region) form the capacitor cross-coupled and
passive resistor Cc and Rp. respectively. in Fig. 1(c).

The operation of the cireuit can be explained as follows.
The input signal is amplified by the CG (Mjq). The signal is
then further amplified by the noise-canceling circuitry (Mg~
M), 1.2., Maagy converts the input voltage to current, while
Moy and My covert the amplified voltage at node B to
cwrent such that all these cwrents are constuctively
combined at the output. In the design, the bias curent, size of
M)y and resistor Rp are chosen such that the input impedance
matching is achieved. It is noted that the choice of Rp requires
some considerations. Unlike Fig. 2, Rp does not need to be
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Figure 3. Proposed amplifier.

large to have high gain. since the noise-canceling circuitry
(Maagy—Miagy). Which acts as a second stage amplifier, helps
increasing the overall gain. Moderate size of Rp relaxes the
voltage hieadroom requirement and improves the output swing.
Furthermore. the pole frequency associated with node B is
improved due to reduced miller effect of the gate-drain
capacitance of Mi,y). However, Rp should be set large enough,
so that the noise of the CG is not roo large. In our design, Rp is
chosen to be 175 Q.

In term of the channel thermal noise cuirent (dotted
signals). let us consider the noise cwrent of My, (7, 14). Which
flows into node 4 but out of node B. This results in two fully
correlated noise voltages at nodes 4 and B with opposite
phase. These two thermal noise voltages are further converted
10 cwrents fyipa. fyase and ipage DY Maso Ms, and - My,
respectively. If the circuit is designed such that f, s, is equal
10 Inapa and 1y, a0 the output thermal noise voltage associated
with My, at Vo, and v, will be eliminated.

The passband gain of the proposed amplifier can be
analyzed using small signal analysis and shown as

A i-gm:am + 28 a0 (gmia[b) ¢ gmla(b))Ré}Ram
‘ (! T 5/(01"-43}(1 o 's'/mpl-?))(l P S/wr(owl} )

where Rou; 1S Vol osateylmeaw edarR- @ity gy and oy
are poles associated with nodes .4, B and output, respectively,
and given bY @hy=28miaipy [ComCar1ayTCsbla®)T Cos2adyT Codotsy
(17 gmaaiRou) TCotsamyTCavsam): - Wm=(1+EmsayRD) Rp[Chatatty
(1 gmaw Ry ) Cavtay Cossa)TCosta@TCvtare) HCgasaey (1 +8matey

Row)]  and  Whyoun=LA(CoragyFCabra(by T CaddaityT Cavsa) T CadtatsyT

Cabiaby™Cavsatty™ Codea(s))-

(7

Sinee Whow >> Wy sy the circuit has one dominant
pole. and the bandwidth can be approximated as @345 = Chou)-

The noise factor of the proposed amplifier can be analyzed
and shown as

1 s 2
F=142¥8 ami” L(gmiaib) + Botatsy ) B = Gunracry s /3]
¥ Tt Y Easall ¥ Bainy \Emsass R =1 &9
(8)

+ B (Busacr + 8'».4;.(»)2 &

where ¥ = (l-g,.,l,,a,))Raw’\lz Ao ) = V2 (1+gniatyRRoud VR4,
and 8 = 1/(1+guauumRo).

From (8). the second term represents noise factor as a
result of channel thermal noises associated with CG (M),
while the third, the fowurth, the fifth and the sixth term
represents noise associated with Maqy. Msap), Maae and Rp,
respectively. One can see that if (guseeT&miae))K p is equal to
EwromyRs/2, the thermal noises from Mj,g will be cowpletely
eliminated. It is instructive to note that, the noise from the
noise-canceling circuitry is also added into the system. As a
result, its noise contribution to the amplifier has to be
addressed. In fact. the noise contribution from noise canceling
circuitry is relatively small, compared with the noises from
Miay. This is because noise from noise-canceling circuitry is
divided by gain of the CG, when veferred to the input.

V. RESULTS AND DISCUSSIONS

To verify the circuit perfonnance. HSPICE is used to
simulate the proposed circuif, using a 0.18 (m CMOS process
with 2V supply voltage. The bias cwrents are chosen to
optimize voltage gain. speed. NF. power dissipation and
bandwidth. In addition. R,, is also designed to 50 €2 to ensure
maxinmun power transfer and minimize any reflection.

Fig. 4 shows frequency response of the amplifier in Fig. 3.
The passband gain of the proposad circuit is found to be 31.6
dB. while the bandwidth of the circuit is 2 GHz. Fig. 5 Show
NF of the cireuit in Fig. 3. which reads 2.9 dB. Fig. 6 show
eye diagrams of the proposed amplifier at 2.§ Gb/s. The
results are obtained by applying the pseudo random input to
the amplifier. and subsequently superimpose the output data
every 0.7 ns. The simulation shows 94.6 % and 8§9.7%
horizontal and vertical eye opening. respectively. Table 1
sununarizes and compares the performances of this design
with. other recently published CMOS FA. As seen. the
proposed circuit exhibits large gain with small NF. while all
other parameters are found to be quite comparable.

V. CONCLUSION

This paper uses g,-boosting and noise-canceling
techniques to improve the performance of the CG fully-
differential FA. A noise-canceling circuitry can fully suppress



noise from the input CG transistor. The differential structure
with rail cwrrent makes the proposad circuit immune to CM
noises. The simulation results show low NF, high gain and
wide bandwidth. The proposed FA is suitable for a first stage
amplifier such as the reading part of hard disk drive systems.
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93

142

TABLEI
PERFORMANCE COMPARISON WITH OTHER NOISE-CANCELING TECENIQUE
Reference [3] [4] 5] [11} | This work
BW[GHz] | 0.8-2.1 [1.2-11.9 [0.02-1.17 9 2
Gam 14.5dB 9.7dB 20.5dB 10dB 31.6dB
NF 2.6dB 4.5dB 3.3dB 3dB 2.9dB
Differential No No Yes Yes Yes
Technology | 0.13um | 0.18um | 0.18um | O.18um | 0.18um
Supply 1.5V 1.8V 1.8V v 2V
Power 17.4mW 20mW 18mW [ 19mW 19mW

[l

2]

31

[

(5]

[6]

[

5]

&

[10]

[11]
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Abstract

This paper presents a technique for improving noise performance of common-gate (CG) fully-
differential front-end amplifier. The circuit employs a noise canceling circuitry, which 15 connected in the
differential configuration with tail current. The thermal noises of input CG transistors can be fully suppressed.
The proposed amplifier is designed using 0.13 pim CMOS technology under 1.5 V supply. Simulation results
show noise figure (NF) of 2.8 dB. The voltage gain and bandwidth of the amplifier are 15.3 dB and 1.75 GHz,
respactively. The power dissipation 15 12.3 mW.
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common-mode noises. Unfortunately, the noise of
the CG input transistor is partially suppressed.

In this paper, a fully-differential noise-canceling
front-end amplifier is presented. The circuit is
developed based on a common-gate amplifier. Fully
differential structure with tail current is employed to
minimize common-mode noises. A technique to fully
suppress the CG input transistor noise is proposed.
The circuit is designed using a 0.13 pm CMOS
technology and operates under 1.5 V supply. The
circuit demonstrates 15.3 dB passband gain, 2.8 dB
noise figure, and 1.75 GHz bandwidth.

The paper is organized as follows. First, a basic
balanced noise-canceling amplifier using differential
structure with tail current (Bruccolen et al. 2005) is
reviewed, and the problem associated with this
structure is addressed. Then, a technique for
realizing fully-differential amplifier, which improves
the suppression of the CG input transistor noise, is
proposed. Next, the noise figure of the proposed
amplifier is analyzed and compared with the noise
figure of Bruccoleri et al. (2005). Finally, the
simulation results, discussions and comparisons

with other recent published warks are provided.

¥op

2. Noise-Canceling technique using cross coupling
2.1 Noise-canceling using cross coupling

Fig. 1 illustrates a basic balanced noise-
canceling amplifier (Bruccoleri et al. 2005). The
circuit consists of two common gates (M, ). and

M

say) CONNECted in

noise canceling circuitry (M, ~
the differential configuration. The input iImpedance
matching is accomplished by setting 1/g, ... 10
Rg2. It is noted that the noise canceling circuitry
employs tail current, thus making the amplifier
immune to common-mode noises.

The operation of the circuit can be explained as
follows. The input signal V,/2 (selid line) undergoes
a feedforward amplification, i.e., the input signal I1s
first amplified by the common gate (M, , ). and the
noise = canceling.  circuitry (M, =M, ).  The
differential output signal is then taken between
nodes v, and v ... Notice that the signals at nodes

v and v . have opposite phase. As a result, the

o2
differential ‘output signal (V. ) is two times larger
than the signal at either node v, or v, alone. This
translates to anincrease in-the voltage gain of the
system.

In term of the channel thermal noise current

Figure 1. Balanced noise-canceling using cross coupling. (Bruccoleri et al. 2005)
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(dotted signals) of a MOSFET M,,, let's consider the

noise current / which flows into node A but out of

nM1s
node B. This results in two fully correlated noise
voltages at nodes A and B with opposite phase.
These two thermal noise voltages are further

and /

converted to currents i .

niM2e

by M,, and M

L

respectively. If /. is equal to i . the output
thermal noise voltage associated with M, will be

completely eliminated at node v However, it is

olt2"
noticed that the thermal noise voltage at node v, ,
still exists and could propagate to the next stage
and further to the output of the system.  Similarly,
the thermal noise voltage of M, still exists at node

vV, @s a result of an incomplete noise canceling as

previously mentioned.

2.2 Proposed balanced noise-canceling using cross
coupling

2

Fig. 2 illustrates the proposed amplifier, which was
first proposed by Chimpleekul P. and Kasemsuwan
V. (2010). As seen, the circuit is similar to the
amplifier in Fig. 1. M, and M, which are connected
as a common source are added at node B. The

operation of the circuit can be explained similar to

that in Fig. 1, i.e., the input signal is first amplified by

the noise canceling circuitty (M, Maaey)-

However, it is noticed that the common source
contnbutes additional current to the output, thus
enhancing the total gain of the system. In term of the
channel thermal noise of M,, noise canceling
mechanism as stated previously is still applied.
However, one can see that the common source

produces additional current (i ...} at output node

A

e\ Toee @nd 7o are set equal, the thermal

noise associated with M, will now be completely

and v

a2’

eliminated at both nodes v,

ontt

The noise factor of the proposed amplifier can

be analyzed and shown as

> 2¥ Ema [(gmn(a) T Emiacd) J_'RD — 8maay Rs ,"3]. R:.u
R A
3 27 Emiacey (“‘ Emarp) Rsl'?J- R;.r
BE W)
[ 2Y Emiahy (1 + gmlaia) R;j2 ) R
R
A 273-4:.-@) (1"" Emta) Ry .'!2
Ry )
& maa) T Emiag) }- {1+ E ey Rs f2) &,
R A

) R,

2R, (

B

where »is process dependent parameter and R, Is

Tootof ! visatod MG arasen)-
From (1), the second term represents noise

the common gate (M, ) and further amplified by factor as a result of channel thermal noise
. Vop
] . !
VTR B D
T " E M, . J‘Ijb My, v B :
i i [ inasa | | WO H
'E]_ | | —
E nMia ‘--.___.‘ J‘Jlb
- o [
T
_ULL "ﬂw‘4
. ]
Iy \M2a E
Meeeeernmnsemeneeed | M2b
V.aos°—| VEOJO_‘i
Vo2 Moz Moy,

Figure 2. Proposed front-end amplifier.
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associated with the common gate M, while the
third, forth, fifth and sixth terms represents noisa

associated with M M M

2am)’ 3afp}’ and RD'

53(0)
respectively.

One can see that if we set (Fratty T Tt R
equal to g,,,.,,Rs /2. the thermal noise from M, ,, will
be completely eliminated. It is instructive to note at
this point that, the noise from the noise-canceling
circuitry is also added into the system. As a result,
its noise contribution to the amplifier should be
addressed. In fact, the noise contribution from the
noise canceling circuitty is relatively  small,
compared with the noise from M,,. This is because
the noise from the noise-canceling circuitry is
divided by the gain of the common gate, when
referred to the input.

The passband gain of the proposed amplifier

can be analyzed using straightforward small signal

analysis and shown as

4 [gmla(b) + Eotats) (g:w!a[b) "‘ 3m4a(b))Ro]Rwr (2)
( 1+ 3 J(l-&- s ]( 1+ = J
D) @y Do)

Where @O Dyge By

, are poles associated with

nodes A, B and output, repectively, and given by

o
s o Smla(b)
B =T % Corns * Cororacs, P8
gsla(b) “sbla(b) T - gdOla(b) db0la(h)
+Coray (1 * B Pt ) +C iy
1
Dppy =

Cearawy + Cartasy + Coasary + Cortarry

D v
+ng4(r{b) (1 + gm4a(b)Raltr)

1
Coazatry + Cavzaty T Cottarry + Cgaaay |
T
+Clapaasy + Cavosay + Coavsarey

Doty =

R

Since @, << @, @, the circuit has one

plou oAy "By

dominant pole (at node v,,,,,,,) and, therefore, the
bandwidth (@, .} of the proposed amplifier can be
approximated as @, . = Qe
One can increase the gain of the circuit in Fig. 2
by adding two current sources /. and [, (dashed
line) in Fig. 2. These current sources allow larger R,
for the same common-gate bias current, resulting in
larger gain. We have found that gain of the circuit
can go up to 30 dB, when current sources
(implemented using a simple long channel PMOS
transistor) are employed. However, one should be
careful with this gain enhancement technique,

because this also affects the input impedance and

noise figure of the sysiem.

3. Results and discussion

To verify the circuit performance, HSPICE is
used to simulate the proposed circuit, using a 0.13
pm CMOS process with 1.8V supply voltage. In this
work, the bias currents are chosen to optmize
voltage gain, speed, noise figure, power dissipation,
and  bandwidth of the circuit. The transistor
dimensions of the proposed circuit are summarized
in Table 3.1. In addition, the input impedance 15 also
designed to match with the source impedance
(50€2) to ensure maximum power transfer, and
minimize any reflection.

Fig. 3 shows a comparison between noise
figures of the circuits in Fig. 1 (dash) and Fig. 2
(solid), which read 3.1 dB and 2.8 dB at 1 Hz,
respectively. It is noted that, for a fair comparisan,
the same CMOS technology and transistor
dimensions for both circuits are employed. As seen,
the noise figure of the circuit in Fig. 2 is less than
that of the circuit in Fig. 1. This is due to the

common-source transistor M,,, . which allows full

suppression of the CG input transistors.
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TABLE 3.1 Device dimensions

Device Size (W/L) [pm/um]
M, o 300/0.18
Magey 190/0.18
My 50/0.18
M, oy 220/0.18
Mosainy 45/0.9

M,, 116/0.9

Mysa0) 30/0.9

Resistor
Device Values [0]
R, 175

Fig.4 shows frequency response of the amplifier
in Fig. 1 (dash), and the proposed differential
amplifier in Fig. 2 (solid). The passband gain of the
proposed circuit is found to be 16.3 dB, while the
bandwidth of the circuit is 1.75 GHz. Larger gain is
obtained since the common-source transistor M,,,,
contributes additional current to the output.

Fig. 5 shows eye diagrams of the proposed
amplifier at 1.4 Gb/s. The results are obtained by
applying the pseudo random input to the amplifier,
and subsequently superimpose the output data
every 1.37 ns. The simulation shows 93.0 % and
98.2% horizontal eye opening and vertical eye
opening, respectively. As seen, the eye is wide
opening, indicating that the proposed amplifier can
operate at high bit rate with small ISI and bit error
rate.

Table 3.2 summarizes and compares the
performances of our design with other recent
published CMOS front-end amplifiers. As seen, the
proposed differential circuit demonstrates relatively

low noise figure (NF), while all other parameters are

26 4
3|
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2 32
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8 ao
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Figure 3. Noise figure.
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Figure 5. Eye diagram at 1.4 Gb/s.
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found to be comparable. It is noted that although
the result from Chen et al. (2008) shows smaller
noise figure, the single-ended structure was
employed in therr design, making the system
susceptible to common mode noises. In addition,
the power dissipation would be high, if their single-
ended structure would have to be modified to the

differential one.
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TABLE 3.2 Performance comparison

Reference Chen etal. Liao et al. Song et al. Jussila et al. Liu et al. Fig.2
BW [GHz] 0.8-2.1 1.2-11.9 0.02-0.17 241 21-11.2 1.75
Gain [dB] 14.5 9.7 205 5.2 28.2 15.3

NF [dB] 26 4.5 3.3 3 3.7 2.8
Differential No No Yes Yes Yes Yes
Technology [}tm] o3 0.18 0.18 0.13 0.18 0.13
Supply[V] 1.5 18 1.8 1.2 1.8 1.5
Power [mW] 17.4 20 18 12.6 12.5 123

4. Conclusion

In this paper, a differential CMOS front-end
amplifier using a technique for improving noise
performance of common-gate fully-differential front-
end amplifier 15 presented. The circuit employs a
noise canceling circuitry, which can fully eliminate
noise from the input commoen-gate transistor. Noise
canceling circuitry has differential structure with tail
current, making the proposed circuit immune to
common-modea noises. The simulation results show
low noise figure, low power consumption and wide
bandwidth. The proposed frontend amplifier is
suitable for a first stage amplifier such as the

reading part of hard disk drive systems.
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Abstract

This paper presents a fully-difTerential front-end amplifier
using noise canceling circuitry to suppress thermal noise.  The
proposed front-end amplifier is designed using a 0.13 um CMOS
technology under the supply voltage of 1.5 V. Simulation results show
NF of 3.7 di3 while the voltage gain and bandwidth of the amplifier are

33 dB and 1.45 GHz, respectively. The power dissipation is 20.5 mW,

Keywords: conunon gate, noise cancellation teehnique, thermal noise.
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Abstract

This paper presents a fully-differential CMOS front-end amplifier using noise canceling and gain
enhancement techniques. The proposed front-end amplifier is designed based on a 0.18 pm standard
CMOS process and 2 V supply. Simulation results show noise figure (NF) of 2.94 dB, while the voltage

gain and bandwidth of the amplifier are 31.6 dB and 2 GHz, respectively. The power dissipation is 19 mW.

Key words: Comumon gate, noise cancellation technique, gain enhancement technique, thermal noise, front-end amplifier,
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