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ABSTRACT

This Thesis presents design of a voltage-mode multiple-inputs winner-take-all
(WTA) maximum (max) circuit. The proposed circuits are realized in a CMOS
technolégy with low component counts of transistors. They display usability of
proposed building block, where the maximum bandwidth of voltage follower is
around 1 GHz, low delay time is around 1. ns with high-input and low-output
impedan?ces. The THD is obtained around 1.1% at frequency 100 MHz within 2600
mV inpuft range. The power dissipation of proposed circuits is obtained around 0.605
mw with 11.25 volts power supplies. In applications, half-wave and full-wave
rectifiers; are included. Computer simulation results by using PSPICE program are
carried oiut to show the performance of the proposed WTA max circuit and rectifiers.
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2.1 unth

uaansuTaLmes (MOS Transistor) ﬂaaﬂnsmwhaum‘tﬂﬂwmmummﬂwa"um
n’:‘%Lﬁm‘meumuU Lmemﬂmmmnuuaawﬁwamaﬂmumswmmmnaumiaiw
‘lUIwmimnufuamai (Bipolar Transistor) TusunAlssy 1930 laiindngiunansdianisan
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IﬂsﬂuamEJuu‘l,unsumumiamummmﬂwmsm‘uﬂu‘saaaumawsaiaama*umamunums
mmmmummmmﬂanmﬁu’mmmm‘lﬂuniumumﬂammuua mimmm Javinlv
aUnsmwmﬂawuaamwwaLma‘ﬂuauauuluamwauwlﬂ‘l‘dmuﬁ]sdﬂ Junszisfinasiin
mummaanismumi Silicon planer LLastﬂIuIaaaua’L‘wwmmmmUﬂusaaﬂaiumn
aaﬂlfumuaueuaﬂaulﬂm m‘lvmaaw'smsuaLmaimmsamm’l‘umulm%qLLa.,LUumewma’Lu
ansmmiw 1970 aunsummf]aﬁmuu veadunsudawesiiaulasnagssauildia
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%ﬁma\{wmsﬁ"l‘ﬂumsﬂmisLLmzmmmqulﬁLﬂuaawﬁﬂ Aauaans uTaLnesvin
Wunauiug (n-channel MOS Transistor) fadunsudanefilisidnaseulunistinszua
u.a:mazfmwu%mmai‘wﬁﬂﬁmuuua (p-channel MOS: Transistor) il unsudawnesililoa
Wunmglumsthnssua é’agé’nwzﬁwawaamm%ama%‘uﬁmﬁtmsLa‘umuuuauam‘lﬁﬁqgﬂﬁ
2.1 LLﬁifﬁ'ﬂLLﬂwaawﬁu%amafmué’nwmzmsv’iwmﬁlxa'lmsml,ﬂqlﬁaaqé’nwmxﬁa
nsudainasuuuidusrusiuuiluign (Enhancement Mode Transistor) uavhuufinddu
Tuun (D‘épletion Mode Transistor)
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wﬁ*ﬁ’um%wmmma%ﬂﬁé’aaLwﬂIuT,aEs‘ﬁ'uammummsﬁmimalajéfaﬂﬁ%miﬁﬁl.ﬂw sUi
2.2 uanslassasrweansufame Srlaidusudinuvinuuidunsunua diuvesasdd
(Source) uazinsu (Drain) af19fuanainnisunievneuvasasiaviady (n-Type) 7if
Armuaiugs (n) vildluwsiundngiuses (Body w3e Substrate) vasansAsiniiind
(p Type) wuﬂuumuman%aﬂausﬂmm dnvounm (Gate) wilulaveviietuvednidaney
wmauaauu%umaaaanlwﬁﬂaﬁiamaamuaumummalw% N1IVINUIBIBANTIUTALAS
‘UUG]LE]US’W‘ULJJHVIIQEJ?JﬁU'lEIL‘VIFJUﬂU‘V]'i'I‘U‘dﬁLG\E]i‘UUﬂLBULL‘UULLuﬁﬁ‘]ll’ﬁﬂWﬁ]'ﬁm”llﬂm’lll
Iﬂiaamsﬂw 2.3 suaLtammmimmulumqmm 184 Vps hag Vgs 303U 2.3(n) wesd
\TuNaZgUREAINT 1A IuﬂimuumamﬂummfaaLmaimmuﬂmanummuﬂi zloeiny
LLavmmawaﬂauimmmanaulmaanlmmwmmauammuivmu (Plate) wassLfiudszq
mmaﬂau‘lﬂaanlsmwmu'mLﬂuamuﬂus LMINNAN 01 Vg Banduay Uszqnimsvia



vInvdslea (Hole) azgngaidnnavausinansuuusiinaliuinansuanatadu p' uay
e “usuluaazan” (Accumulate Channel) U3taafauaziauiiu n” gnusnan
fusheusuua p" Wensdufnunsansauyadudnzmuidanuneveslalenassiaseviy
ndavutu Sfudrasianssualvaldusifuiivesauazinsussdodidiuing fanssuad
Lﬁﬂ%ual:mfluﬂizua%"o‘lwaw%'aﬂizﬁﬁuiaﬁumswaéa finng azviTlinsudainesiusn
a2 Tunsdifusefuinniidnduuanliunn Uszquandrdlfinnasgnudnaonlusil
wyuuuanFedluidu p uasfiuuinaasawiug (Depletion region) luitan 1ifousedui
iiinulssgaunseBiinaseuasgnitsgaiiunfivinanTusiauarLuLuazls
anmfiuvioa n awgy 2.3() FadeudeunugesawaznsudndetuasGenia
WrULLANEU (nverted Channel) usaduameesadivilimumnuiuvesdidnasouldions
ﬂ'ﬂwhﬁfumwwmLLﬁuwaaIﬁaU%nmgmimLfluﬁmwuaumﬁ’uiwsalaa (Threshold
voltage) vasNaansuTamasivayanyal Vy
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T 4 - Oxide
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p - substrate
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U 2.2 lassadavssneansudawesaladunvuiua

i,ﬁ'aLLiQﬁ'umwaénaﬁﬁhmnmh vy asfluruiuariaduiintutazannsaiania
ilhszuiansunazgesald dwiunsdidussussninannuazgesatiosndt Ve Unfias
mmﬁdﬂ'ivmu%aLmaﬁﬁﬁnmuuax‘lﬁﬁnisLLalwai:Wj'ma%auaxwmi agalshimuauuidnly
ﬁns::LLa‘!:maisvrjwuaS’auammuswiwﬁwsms}?amaﬂﬁﬁ'misLLaﬂ'ULfJuLﬁmm'iUszmm
Wiy 1uﬂ's'muﬂuq‘%aﬁ"m%'mmﬁuﬁmwﬁﬁﬂnéﬁ,ﬁaq vy gl Annsiasuulasues
nszuaeeiuividlaudaziinnszuasinitinsalaa (Subthreshold Current) aunsalvald
Tuvhinqudntesdsnsialudnuastasianaifviloulunasndanes

éﬁauwﬁuizwjmnmLLawaia Vgs AR Vy asviilifuaunuaifindu satuile
Ves Lﬁu%uﬂ'nwwnjwaaﬁLﬁﬂmau’(,umuuuaﬁ%Lﬁu“fjvué"aml,asaqﬂlﬁ'jwmmwmuﬂu
mm‘lhzr{!wmz%uﬂiﬁumu Ves'Vr Gellonufunsedusswiraunvuazeasa Uszavinadald
ﬁ'a;é’ﬂwﬁiﬁa “Vog” s‘?}ammmwu'n,l,ﬁuwaaﬂisgéLénmauﬁmumlﬁﬁa



Q = Cox(VGS - VT): CaxVeﬁ' (21)
i Cox Lﬂummmﬂwﬂmanmawummawuw L:uaLmmummuummﬂmmuﬁaaw
LaﬂuE]EWl'ﬂ‘VILﬂﬂﬂ??ﬂﬁﬂﬂﬂﬂﬂi“ﬂ??\??jaiauauLﬂiu MNa‘lMLﬂﬂﬂiuLLﬂlﬂaﬁﬂﬂLﬂiu1ﬂ‘da‘ia
ﬂ’J']iJﬁ;lWUﬁiuVl'J'N Vgs Hagnseid Ip 'i]%L'VT&J?J‘L!ﬂ‘UﬂSOJ"UI’Nﬂ'J']i.lﬂ?UVI']U%‘iiJﬂ'J']NﬁJJWUﬁLUU

- :
= uQ T Vs (2.2)

IU‘UﬂJ"‘VI 98 LUummmﬂaaammaqaLanmsaumm%aﬂauuau Q LﬂUﬂ']ﬂ'J’]lJWUWLLUU‘UE]\?ﬂiS
IumuLLuaﬂauuwmﬂwum ﬁ]’]ﬂ’dilﬂ?i‘l/l (2.1) uag (2.2) aglah

w
Iy = pCox — Vi (Vcs VT)VDS (2.3)

#UnT (2 3) Wupruduiusfianuseldlafesnsdusduseninunsutasvesaidndlng
Aud msmmumawaamm%amaﬂumimaaiwaﬁmalmmuiﬂw 2.3(3) Taeuile Ve
31NN Vi Wag Vps=0V sawcuuuwuuuuaanmumuﬂmnmuumluunnualwammmn
Lmﬂuimmwasal.l,auLm'suumﬁ]uﬂuaﬂ'sama siilolfusad Ve muaa‘] Amilsasilian
mivualuamuwuuuualm Fanrsvheureseansuiawme lutieiiaisudusadumiud
mmauwuﬁmu‘tﬂmuaums (2.3) LLﬁ“LLﬁNIﬂﬂ’JEIﬂ‘i’]WI‘lﬁUVl 2.3(%) WaTazUI Iy o
Vs auwuﬁnuamqaumamsum Vs uaaﬁ]

Luauﬁmm wihasulasye NNty m'lwml,t,uu‘uaqm.,ﬁ]wwmquLLuaﬁ]v
aﬂaamuLLmLLsuuLLuamnmaia‘LﬂmiummUw 2.3(p) miamawawszﬁlwmﬂuLmuuuauu
Nai'nmmmﬂumnﬂsamwuuuawmwmma6] liwindu nafsauuddusssuiiasuiian
mﬂn'jﬁmﬁuﬁ%a%a azﬁmnﬁw‘ﬁuu*umLLiw’i'umﬂszjaia‘l,ﬂmiuaeiwﬁiaLﬂaqma’Luquuua
uwam’l,mmﬂumnﬂiauixmwmmavmuu‘uaﬂuummammﬂu Vs isuviteduasauay
LLS\‘iﬂULﬂ‘VlLL‘U‘ULL‘uaﬂJﬂ']ﬂ’]ﬁﬂ‘wGl’]LLWUQUa’]EJﬂ’luLﬂiULLa"LLNﬂULﬂVWWHIWLﬂﬂLL‘UULL‘uaﬂa
VG_VGS-VT (il Ves<Vr n3zuanslifinauasbifiuvuuuaifintuitefiaz m’lmtﬂuuuuamﬂ‘uu‘m
LUULLU’]EJ']Q‘IU‘UUNEﬂUa']EJﬂ’I‘ULﬂTu WTIFUNNEFBITAINATT Vog TURD Ve>Vps W38
VGS-VT>VDS QN‘VILI’]EJZNLLix‘lﬂu‘VILﬂ‘VlLZJE]LUSEI‘UL‘WEJUﬂU‘VIﬂi]ﬂiﬂLLU’JLL‘UuLLuaﬁ]uﬂadﬁJﬁﬂEJL‘lJu‘U’Jﬂ
aaqavmlwmmwuuua Iﬂﬂlummvumﬂu%mmmmuLLauatﬂ,u‘maum nsTUALATU lp il
mmmumumsmmaau,imu Vs amalmflumLaumunﬁﬁhﬁﬂw 2.3(p) msmmumaq
wiﬂuﬁama%‘lumuu Vps<Ves-Vr L3801 dralaidugn (Non-saturation region) e Vps dA1
1Ny wnsymm Vps=Ves-Vr Vﬁ'msual.mast,smmaannuaumLLa"anwzquﬂiaai'lwaa
m'm%maﬂu‘muuamlﬂmiﬂ 2.3(p)
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| JUl 2.3 wamsmsviuvesiisansaaeslugierine
:

LLazLﬁaéiwaaLLiqﬁ'u Vs WAl UBNAUATE S Vee>VpsVr lunsdlfuseuiinnaseuuruiua
ﬁﬂanaﬁwumsuﬁﬁwth VesVos fatuasvnliiAnnizfiudasdl (Pinch of) naiie
wrunuadadudesmaiunssuaasiineen Tuanuiiiadiunsy silidesanlid
amulw%%'wsu1mﬁmﬂﬂﬁﬁmsazamawssqau Wevhudhidunruus Fafudasma
Launs::Liaﬁmmanaa'mﬁué_’mamﬁ’ag‘d 2.3(3) wazasilnszuauns (Diffusion current) 90
dau‘uaa&?ﬁas‘ﬁlﬂé’amiu faamIufunTeuaasianinandinausunugekazadefu iy
LLMﬁG‘\hZ&JﬂiSLLﬂﬂ\TﬁI nszuaasulunnaziiseiaiaediugii Vs AR NANTUAR L uaadly
AsMIIGUT 2.3 meviauramsudaweslusuiliandiasdud (Saturation region)
@mauﬁﬁnwsﬁﬁaﬂuwaquaawiwu%ama%axﬁaﬁmﬂﬁmﬂuuuﬁﬂaaqé‘i’cgcgnmwmmlmyj
(Large-signal model) Faguil 2.4 aunsuansauduiusTsniunszualasusaRudmiy
maawimfﬁamai’ﬁwm‘luﬂh\ﬂzjéuﬁhanminLLamqlﬁﬁa

%, =K[(VGS ) VT)—(%IIVDS(I +AV,5) (2.9)

|
)
{
!
i

Tagil KK WL
iK =50Cox . ,

ipo AaAANAaBITRITR N IElutBINLAuUnTELE (M /volt.second)
1Cox=Eox/tox ﬁafhm'mﬁﬂ,wﬂwiawﬁqwﬁ'saﬁ’uﬁwaunmaaﬂhﬁ (F/m?)

W AepuniieUssdvisnaveuruuya

:L ARAMUENIUSTAVBHaTRILULUA (Effective channel length)

A fia Channel length modulation parameter (volt™)

)
|
!
!
'
1
{
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|
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) Vps=Vas Ve
A -
[}
. . 1
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71 TTA
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N
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! 0 > V
DS
] 0 AENE \E
e = \j7
& 8 &
- -

5UN 2.5 n3manuduiussening Iy way Vps tile A=0

i
;
|
|
i
|
|
|
4
i
|

Y i <o vy
LLi\?ﬂUWﬁﬁIﬁﬁﬂﬂ’]ﬂUﬂlﬂﬂa

V=V + 7(\/2|¢F| + Vs — \/2|¢FI) (2.5)

i
&

ﬁ]'mﬁ;',lﬂ;'li (2.4) ausavinnulaludaemige FuRUAT VeV 8167 Ve Vr Jugudnisay
uaawﬂ@%ama%asaEuﬂu“zhaﬁ'waaw%;qLLﬂuuLLuaﬁwﬁwq(?miiumﬁautfﬂmaﬁ)ss‘ﬁu%autﬂu
auduusiAdu
|
| I,=0 ila (V,,-¥,)<0 (2.6)
i
naunts (2.4) auyli A=0 thundounswildauguil 2.5 dmiuen VeV Ar1eq 90
geanvadnsmusiasidudoningndud Taorrneg 1es Vos fAntuimiliondusaubu

i
E Vosesary =Ves = Vr (2.7)
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‘ o o . v . w - o
Vostsat) LUUAMILU 1B URNTYUlRgAn Vs 1881 Vpgen WaIMaansuddinesasineu
Tusinliidusniuaunis (2.4) uwazilauladn

| 0<Vye <(WVys —Vy) (2.8)

|

! I Vos= Vs Ve

Channel modulation
effect

Linearregion

. b -
|
1
1
i
l
I
1
1
|

N

JUN 2.6 uansnnuaudimae miynveeaninudanes
a Li ' ] | 0 A a 5. X WX o . inay al f
W18 Vps SIATNATT Vs B30ii3and19298u00 daatingsua Ip Liduiu Vps auyfidnla
ATUTNATB A Asuuazldauduiusaiaunisie

|

|
| I, =§(VG VP (1+AV,)  ;0<(V —V,)SV,s (29)

!
i 2 wa = Y . {
IN3UN 2.6 wanstivanantiviaeiviyaveeansudamesilaninaunisn (2.4) (2.6),

2.7 (2.$) waz (2.9) InefduiivAsnswiliiRansanisares AA=0) drudulssaansani
R1TUHAVDI A (AF0) 3288

!
i

2.3 ua%mm%ama%ﬁﬂﬁwﬁﬁu
iﬁwﬁ%’uuaamm%ama%ﬁmLSuLL‘duLLuaﬁé’nwmﬂmqa%’wLLasé’zyé'nwcﬁLLamrmugﬂ
727 Iémahuwawai'aLLazmiu%Qna%'N%"uIﬂan'ﬁLst’azmamaqamﬁaﬁuﬁﬂLﬁu?faﬁmm
vuugadnllusiumEngusesesarsfisdiatheiind ndeintudiuresusunuaszgn.
asvudgianisdunauety dadudtnsiiesmeuansdedluluieansneinh dw

ar | } 74 A =Y 4 s < '3
anvauzlaTiainedug maqm'lusual,ma%u,uuﬁazmﬁauﬂmmuLéuaﬁumtuuwnﬂﬂiznqi

i

1

)

!

}
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|
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! D
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p-channel p-channel A n-channel n-channel

depletion enhancement depletion enhancement
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0

|
|
|
|
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JUN 2.9 UansRnauls Ip-Vs vewsansuTamnasviaiun

Ai 2 P wa ) a « o des P )
n3UNi2.8 luansdisaaaudf 1-Vps T8wmeansudainssuuuandduriabuuguiua 3
1 3 o ‘\ ol [=3 [-4 < v 1 a [~ o u o) o [y
ARNENUNTAYDILIUTIUTILUY saLTum Vr HAtduaudivsu NMOS wastduuindinsu
PMOS wazganunsavihaudunvuidusudwwilnuald Tnanslia Ve Sanduuan nsm
I-Ves SN 2.9 Lﬂumiaqﬂqmauﬁ'ﬁ lo-Ves TUBENIT1WTALRBINITIANITINIULUU

Wusuduwilnuauasinddulvuauassiindewnadunssuarinadutassian
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i

é’mmﬂzﬁ"vmﬂLénImaﬁmsmmsnﬁ'umﬁmﬁuﬁé’mzu'lcwuu'm’l,mﬁaﬁmsnmfjuiﬁmmmq
IWﬁﬂﬂ'i~LLﬁﬂix3‘N1ﬂﬂﬁ'l’JﬂE]UMU"lU wpansudainesinginssuduusiduaiuau
Lma\imlumﬂi::LLa (Voltage-controlled current source) Inenfunislsdeysyin Vs WAV
Lﬂﬂﬂi"LLﬁ ImVes fvanesuasy mmmumummqauwmumaamﬂiumaﬂgum Faluna
q@mﬂmqmmmLﬂuauummwmumuwmqaan (ruiumuiiveadnluiivaredunsu) &
AEY ’Iﬁmsﬁmimﬂadwdwm azauua’jwﬁmtﬂuaﬁuﬁmmﬂﬁ 2.10(n)  veiduveq
u:uumaaqammmmmanluiﬂ 2. 10(n) ﬂ'é)‘il"L‘Uuﬂ'1'iﬁll:uGl'l'miuLLﬂLﬂiU%”’e}EﬂU‘U’NSMﬂ’J
Ltau‘lmunuuiqﬂumsu sm1nmmawnanmmqmuwmwﬂmauumamaamwwamai
Iumaammuuqsa‘] LLm‘uua&mu Vps Ludnuweaustdagu m’lmmumaaqlmﬂaaulULUUilJ
2.10 ()} Imﬂummumu o ZJ’WII’JEJEJ'S"WJNLﬂiuLLaﬂiaiﬂ%‘lﬂlﬂ’lﬂ‘iuﬂJ’lm
1

i
I

1K

, (2.10)

VUL vA_m Tngvhluan ro aa"lu*zm 10 §iv 1000 kQ A1 1o fiRersantredudunis
wmimwaawsmmamaiwmN'lulumaaum ‘U\ﬂ,‘ﬁﬂﬂﬂ'JWllﬁl']UVI’]‘IJVI‘VlN’e]aﬂJJﬂ'Uﬂﬂ
(LL‘UULLUﬁ‘U’]ﬂaaﬂ’il’]ﬂﬂ‘l.liu‘l/i’)’]x‘i"lja'iﬁLLa LﬂiU) LLGI“UiUuVIiJ@EW]'i"IU‘?IﬁLG]BSVWI'N’]UI‘IJ‘U'N‘IN
azJmuuﬂ1mmmumuwmqaaﬂa"umLUu

: 1 oV

| BE 1 e

(2.11)
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sRsRnsTiweiiddnEnfniidunsiiasizd FyamundnAeamsudaeusin

¢ i A
waud ¢, FediAfe
|
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]
| gn=—" (2.12)
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g
!
Go—o D Go—o D
I +
E Ves gmvg.\' Ves gmvg: r,
| o
S S

(n) (%)

= ! ° s I o I's ta
3U# 2.10 wuudraesdygnvuIadnvateanudamas (n) ldfiasumaves A vme
' vinrulugaedus () fiarsaunnaves A lnaiuaumunIufivigesn
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S

H o a = A [} 1
JUM 2.11 wuuiiass zy:gw‘uu'mLén‘uamaavnsnus&ama%n‘sa‘imimiaﬂmaaeﬂmwas‘a
dc‘l a ¢ o ] lq' U 3
lunsalinueansudamasvitanluislidud 9naunis (2.12) ald

8m = 2KW|I 1+ 27)= (| ——|1,] (2.13)

NANNTT (2.13) WUTIAITeY g, Faulumsifiinesvesdygravuindn Jusgiudnsyua

& o ° @ f ot o a ¢ o 1
103U Ip HuReulamsviuvesdyanurusalvguaslunsiiineansudawmeadinaiulugig
‘Lajamﬁ'aﬁlwléf

i K'W K'W
| 8 =TVDS(1+/1VDS)ETVDS (2.14)

m

Ltwmamammm‘uumLanvﬂ,mna'nmmamuLUuu;u*umaawmluwmsmwamaamuiaa

(Body effect) manut.uamuim"l,ﬁlmmaaanuﬂmamufdaiauavm’tmnm Vs Fu uansy
’i‘U‘Vl 211 AN Ve IWVURANTIUAATY ¢ Viss 108 G LUUF]'WITIuﬂ@UﬂﬂLLﬁlu‘li‘Vlﬁ’]uiad

B Ol [Vgs = constant

‘ m (2.15)
; oV, v, = constant
|
P i a o | a w 2

nimﬂﬂﬁ,‘l’li'l‘usdﬂLﬂaiVI'N'mﬂludemmﬁ]S‘lﬂ
|
|
| Ebs =gm+1= ng., (216)

| 202y |+ Vs 2
PP : a ¢ o t 1a @ Y]
nsmmws!wusuamaswmu‘lumqluaumwlﬂ
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5 o =D 0s__ | (2.17)

1
2(246, |+ Vs 2

2.5 Naﬂauauaﬂﬂ’nuﬁ
ﬁ]'mmmawLLa'Jmlﬂﬂanmwﬁ]iauuawsaLLUUmaaaammmwmmamamaa
mﬂwzjamas 'lum‘uauﬁ]U‘LmLauamuuumamfmmmawaauaawﬂu%amaiﬁ‘lmﬂume
mmqlw%mwmsmma E‘U‘Vl 2.12(n) WEAILUUTIABIT YUY IUVUIALENYD
maawiwmjamaim'i:mmﬂ'nmlwﬂwﬁnmummﬂa Ces Cog Cop Cep UAZ Cyp 8814l57R Y
Nﬁﬁuﬂauqumﬂuasz‘uaummun1'5';LﬂﬁwmEmamem::amsu’tumiamﬁmmi
maaqmsmmuiﬂa’lﬁfﬂﬂsunsmaummai sUVI 2.12() LLamNaiamua&mimmaia
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tﬁam’luwﬁﬂsna'nﬁwé’nmwaqNﬁ]smimﬁuml,mﬁ'uw%aﬂi"u,aaaaﬂ el
wumu‘lumiaﬁmwannﬁmanaa}imnwﬂmsamuaaaﬂ Tﬂamﬂanmawwsmwm
LLidﬂuﬁiﬁﬂVII‘daﬂﬂ‘jiuLLaﬂVlWL‘U‘LJ‘ViaﬂﬂE] T4hsaslefiie Wheesaenunszua vdsantiuas
NATITNNIIATIIIUATLSITUGIEALUUMAE B U feonuuulngldnsuianed douay
ﬂa'nﬁmlqﬁ]ia'aﬂﬁ‘l%’tﬂudauﬂisﬂaulumiaanLLummimaﬁUﬂ'umﬁ’uqqqﬂﬁwﬁwLaua‘lu

< di‘_ L vl < d‘l’ 1 e 0 dv
unil 4 e 2astusulagldRueaidaieninigg daelui
3.2 #ENN1TYBIITATINVUATINUG IR
3.2.1 Nf\limsmwmLLimuaaaﬂ‘lmwﬂama
'ml'imﬂwummeuaqamﬂ‘ﬁama (Operational Transconductance Amplifier: OTA)

LLam"megﬂ'w 3.1 mLUu’mimeauaIu [10] 19a5UsEnaUMeNaTieiie 2 1933 lalen 1
7 wazfmuY 1 M Edunueiassunilanlsisasiedie 1 2933) ASMIIUYBINAT
dw { o v o d o a W v o v o '
fisell OTA, uag D, vimthiluiasinanssud  fadnunu Ry viwhiudasrnssua lo

H.J 1 & (%) o) <l 2 L7 v
Wuusediu Vo, Amsndreusnuauduasileiieamsamunulamenssualuda 6193

‘ v v =Y 1 & 73 L4 o) 1 as {
Tefiegnasemnsuesansnidamesamaudnoudnuaudisludnd niunniiaeased o
withgnastesglulndrsnsudamesamsmdnoudnuaudazisdunsaty Ly 1aslodie
fernsugedmsudreusnuaudifiedounswiud idme  owinanldfenszuadadung
s ] ! v @ g ] ' v o P
AuATiPduNussERI AU IAUBUNS (V) Lasnssuaaming () vesaslefieannsa

WWeulsine [24]
|

Iout = gm (I/im- - I/in—) (3-1)

o a . 5 ] a . t s (%
Tnen Ving Aedunm Non-inverting @ V;, Aeduws Inverting uaz g, ABAMIIUdABUAN
uRugusaA1AU1vedlanle
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d £ 1 L v o
3UN 3.1 299snraduAusssugaalaglieasiaiie

1n19slugun 3.1 azannsadmusaumslafe

IL=1[+1I, (3.2)
uay
Ve =0, 18, (3.3)
nauantivedlalen D, ANTIUA 1 azdmsanmunline
I, ={O 3 Vi Vi (3.0)
&im Vi ~Vin2) s Vit > Vina
Forsaulunsif Vi, <Vi, azannsaidiouaunisléae
I, =g,V (3.5)

wawnuaunsy (3.5) asluaunsn (3.3) azlaaunis
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o’ in2

| V, =g, (6)

a L P %
A5 tUnNTaN Vi >V, 3gaansalieugunisiane

Io = gle:‘nl (37)
dlounuaunisd (3.7) asluaunnsit (3.3) asldaunis
P
Vo = gmlRaI/inl (38)

naunsi (3.6) uaz (3.8) aztiuinneslugud 3.1 18199 TR T dUAL SR UgedRTEn NG

unm V;

1 2999
uag l=|

1 4R Vin, WAzt vualy gni=gm=1/Ro avenunsaidouaunisiain

Va T max(r/inl ? I/inZ ) = (39)

V V > I/inZ

inl > " inl

{I/inZ ; I/iul < I/inZ

3.2.2 290IATIVIUAIMTIAUGIGA 1T BN TUN TSUE
MYIATIIVUALITIUGEANEASLAAITUTL 3.2 2995UTENBUAIE NI TAIENIUAT U

lalon 1 f wezdduniu 2§ namEulRTenRIaIENIUNTEUARD Vi=Vy
L e Vi uaz Vy ABUSIPUNYR X uas Y aawainu tuvmed |, uaz y Aenssud

2 dE LO A0\ 4 Ary ), v
wlwawua Z llag X f1dainy LiJE]I‘liﬂqmﬁiJUﬂ%lENNﬁﬁﬂ']ElW’mﬂi:iLLﬁﬂx‘iﬂa’n ﬁ]:ﬁlﬂ’ﬂ

V. =V
]X pS in2 inl (310)
i Rl
MARuENURTesNaTEIEwINATINE I=ly 1AnTEIE I AnTuay V>V, lalea Dy ag
Iasuludanseinl D; vnssua vivliiAanssua | Inaludimnsmssiud Wle

1 ‘ a1 Yas U .7 o 1 o
Anszud I fanduuin (Vio<Vi) lalea D; agldduludandurililalan D, lavieu 20n

ANV

1w 1 P < [
umnanmmmwauL‘Uuaszﬂm”n

{0 5 I/inl < V;'n2 (3 11)

—I,=-1y 3 Vi >Vina

inl

V,=1,R,+V, (3.12)

in2
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dleunuAaun1sii (3.12) daeaunis (3.11) a¢ld

in2 ; I/'inl - I/inZ
V,=<V., -V, (3.13)
b2 R, +V,, 3 Vit > Vi
R,
V,o— Y
in I
! [
v
| ccn z — oV
| D,
X R
I
IXT R1 ¢

in2
in2
JUN 3.2 13I9T19TuALsiugalnglinasanewIunssua

maunTsi (3.13) dormua R=R, agAmunnuauiReeslugui 3.2 16

V. V.. LV
I/o ={I/m2 ’. il in2 (3-14)

inl
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323 Nasmaawmu,iaﬂuaqammwmmmﬁwm
AUU L7
’SU‘VI 33 ﬂfz)']xﬂ%iﬂ‘j’ﬁ]ﬁ]Uﬂ'ILL’i\iﬂumﬁﬂ‘Uax‘l Yamakawa [3] sdemaa]smﬂﬂnm NI

U
=3

17’ﬂﬂsaasnmmawswuﬂuamaiu:uuﬂauuauammasmmmmuauwm‘lﬂm n umnm WA
o vinmaziiaaudunn v, wummnwaﬂ vmwuamasauwmmwumvlmuluaamaﬂi ue
/2 mmwamaswuauwmaqamvumnsuualuaaaaaﬂ Nﬁ]ﬂuiﬂw 3.5 annsaasisivilng
‘LmuaammqjamaimLLﬁm‘meiﬂw 3.4 LuawmiﬂaﬂnmLLaaﬂ'ms'luﬂauowmmuﬂumsuaq
uaamm%masmumuaamﬂum‘Lvamsmms&amas muumaauwmaaaauwmma
mnmwmmmwﬂnammaﬂ ANTEUA I/2 Azgniisasn Wunanee a1l Fomliusedu
LafmwmvluzummuLLimuauwmaaam Feilymidinailazidend1 “Corner error” ey
uwaauaamwufaamaiwmwummsnLLﬁ’lﬂIma’Lﬂmaa nsudames Mg Aeludnuvuzdeundu
nivLLasaamma“lwnﬁma‘uauaawNmmmamaimuma mmwﬂuiw 3.3 uag 3.4 g
annsadouaunslid
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V.

out

= max {0 Ve Vi) (5.15)

H

VDD

JUM 3.3 19339529 TUAL AU EAYEY Yamakawa (3]

DD

@ 1r
\'% VvV ‘——i iy
o——| o—”: Ry o oA [j Mo:“-——o Vv,

MN

ES

GD Ib GD Ibias
1

3UN 3.4 29390529 UAUTIAUGIERATE Yamakawa [3] Tuwuuldueansiuddinas

3.3 AsaziouUnNIuE
'J!q'«asauﬁauﬂsul,ta (Current mirror) LﬂuawsﬁﬁﬁﬁmaEi'lqmne’l’m%'umiaanuumaas
inmmamaanwaaﬂLLU'UT,ma’l‘uwaﬂmwamqaﬁm NﬂiamauniwLLawmmunuaamlU
“uaaﬂsvmm 4 wasidurasiiduiidonnaslduie N%avwaunsvuauwwumu
'N‘\]iau‘lfll’e]‘urlisLLaLLU‘Uﬂ'WlIﬂﬂ NATASNBUNTZUAUUU Wilson ULaENITALTBUNTSUALUY
Wilson ‘d!ﬁﬂﬂ%'uﬂ':;\i wagalsfinu 2sasasieudildfunsiaiuuazsunsIagReLdas

|
|
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ﬂa'l’m\‘lLQW’]U’)\Y\)SE‘IUVIBUﬂi%LLﬁLLUUWUﬁ’]UUL‘l’I’]u‘U

'Nﬁ]iﬁ“’VIEJ‘L!ﬂiuLLﬁLLUUWUﬁ?ULLﬂﬂ\‘i‘LﬂﬂﬁUVl 35 sdeu'Nﬁ]iavwaunsuuauuuwumu

g w2
V]I‘UZJE]E‘Wli'lU‘IIﬁLGIBSLWENﬁENWJLVI’]uu ﬂ'J’]lJﬂiJ‘W‘Uﬁi“‘W]Nﬂi"LLﬁLEﬁVi‘Wﬁ (low) WOZATSLA

aunm (b

) annsauandlaal

=Emp (3.16)
gml

I

out

Tefl g,y WAL gn, ABAMIIUARBUANLAUTIEMIUTALIAS M, uaz M, dmiuAiny

AN

NN VIHAYBINITAITaRUALARS

r

out

=r, (3.17)

ATANATUNTUN N VINAYDINATAMUALAD

P
L9 Yds2

= (3.18)

AoanuthssnineinsuuasyveiaveweanTLdaines M, 31naunsi (3.17)

! 1 2/ d' dl! 1w 2/

Way (3.18) 9MUIIAUAIUN UV LB WINAL8INATIUFUN 3.4 AzdusgiuAmunIumIY
If L= 1 o s dl 1 ¥

N9 L WINATBY Q; (102) VTBAIAINAITHUMINDWING (8g5) VBI My TIRIAIIUATUNIUNTG

LE]'WIWEIUIUWNEJG]NF"IWF]'JY\]”JJF]']L‘U'llﬂa@‘u‘lm ﬂ\i‘uu‘\]\']lﬂllﬂWiWWUW?x‘iﬁliﬁ”VlaUﬂi”LLﬁI‘u
LL‘U‘UWNﬂ L‘WBLWi.lﬂ']ﬂ’J’]llﬂ']UVﬂUVI']\‘iLE]'WIWG]‘N"\] mawwmamiauwauni“uamamwsma

Ll

V

|
| DD

b b,
B IR

Mi M2 I l l 1
in out

3UTI 3.5 wWasazvieunIsuawuURug (n) Luuuan (1) wuuau
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3.4 293snusunssnulaelddusg

i
i
!
!

5UN 3.6 wasiuruusiulaglidea

JUN 3.6 wanssesiiurunssaulaelddued Tasvaswensasiurulaslddueaiuan

ﬁ'qgll‘ﬁ 3.6 UuUAa1BNUes DDA [1] Tmsfinualimsiuddimasiuy NMOS uag PMOS

yanuly
1 (3.19)

e £,

voltage)

ARBIAIY

LATUUDN]

Ehuallli;h allﬂ']iﬂia‘ﬁLLﬁLﬂSu‘Ua\‘Wﬁqu‘q{iama{‘Uﬁﬂ NMOS ag PMOS LLﬁﬂ\Tﬁ\‘iaNﬂ'ﬁ
uas (3.20) Muanu
IDN =kN(VG —VTN)Z (3.19)
2
Inp =kpVsop—|Vip D) (3.20)

2 L 2
VRINTIUTANBIUUU NMOS Uag PMOS AERY 89U 41, WaT 1, ADAIENTH

=M(lj Y =M(%) Vi W% Vip \Jususafudnisa (Threshold

AWIMETIA U LU UATDILAN T IUTALAD S AUE AU

A 1 a @ € s
L‘lJaﬂ']E)‘UV!GWIi'IUﬂE’JUﬂﬂLLG’I‘U‘S‘UGQ M, uaz M, ﬁllW\iﬂﬂUVqlﬂUi%ﬂ'ﬁ AUNIINIBE

NIUTaaes M, uas M, anunsalisulanadl

Iy =ky(V,, Vs —Viy)* (3.21)

I, =ky(Vy—Vy~Vy) (3.22)
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Vo=V, (3.23)
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nwiﬁwﬂdiwuLmﬂlaaqlmwauamanwsmsmaumusamuqaqmwhqﬂnmuaﬂwwmuwu;mﬂa
1a5ledile 19aTAIENIUNSELE W1edulen1syiiy Aeunlanainfiesasdesildidu
duvsznavlumssanuuuaasnsduAisafugagadaasiiausluusdely
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19AINTITUAIGE AL BUNATULUULTIAY
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wazn1sUszenaldeu

4.1 unu

; LY i Y 2 1 P €1 s
'N‘i]iﬂi?%%UﬂﬁﬁﬂﬂﬂuuLUUﬁ?UUi%ﬂ?J‘U‘VINU‘S”IEJ‘UUG]E]ﬂ'ﬁﬂi“'ulﬁﬂaaﬂlﬂl’]iﬂU’J\ﬁﬁ

LLUU‘],ZJL“IlNLEm (Nonlinear Clrcmts) Lf]uamamn Imaiﬂuuuwaauiunu As T199sAuuy
w395 (Voltage buffer stage) [1] fideuspfiuuuuIuIY 2995 Winner-Take-All ﬂﬂﬂ‘u‘W‘UIﬂEJ
Iﬂiﬂ’liﬁlé;LLUU‘UU'W‘UENFI']E!IFML‘UEIB figni3enda Lazzaro’cell [2] 1995 WTA mnmawgn
thiauatiy shenlusuiuunszua vieguluuusdy [3-7] fensuszgndliiu daulwgjsinny
Tumshssadoans lussuuiatesilen Insamzatdslunismuauuuuiiedluededldlni
Tuthu (Fuzzy Control) [4-6] Lﬂ%aﬂﬁaLé’ulanuaﬂw nefnaudslagiurasmsadu
maaaﬂlmumiwmm LLameauamammaLum Lwalﬁlmqasmwwmmawmmauuw
A 'Nsnsmwwmaaamwm mslinuauds 1wy :Jmmmmmaaq umaﬂgummmwmm
LLauﬂ'J’liJﬂﬂ’JN fianansaga lﬁnwaamum 1‘UaﬂﬂimuaEJf:]ﬂ‘VNlIﬂ’)']in?’lEJLWEﬂWLmJ’IuﬂUﬂ’Ii
mmasmﬂmqaiim ’Lumumunauaumnauuu Tiwdnnisasalaeldnisazsounssuaise
LL‘U“UF]‘]ﬂIﬂﬂ [4-5] VI‘U']E]UﬂSm‘lJiuLﬂ‘VILLSﬂ‘VIWSJ'ﬂ‘N’m I GEERE] qumamwm‘lummsa‘lw
mmmmumuwmlm aﬂmmlummsa’tumamauauaalmazmiamLiauaxgnmm fsuang
’Nﬁ]iGli’li‘-ﬂﬁ’i]mq\i?jﬂﬁ%aualﬂu?’]S’d’lﬂﬂUlﬁqﬂﬂiiﬂLLaﬂﬁWLﬂulﬁﬁliﬁﬂg’lulﬁﬂﬁ oo
waud (Qp-amp) [18] wasloiite (OTA) [8,10] WwasatawIunszud (Current conveyor) [3]
LLc-n'aEha‘L%ﬁmu 'Nﬁ]iﬁ'ﬁﬂﬁ'ral,mn“ﬁ'un'ﬁﬂsvanﬁ’l‘?j'mumwizanwhﬁv'u Snvaiiiadanis
’Nﬁ]‘a'ﬁli']ﬁ]‘x]‘UFﬂﬁxﬂﬂﬂlﬂﬂi”&]ﬂﬁﬂ‘l]d’]ﬂlﬂiuUULﬂiﬂ‘U']EJ‘US“’ﬁ’WIWIEI?J sruuUTEIanadu
AN :unaiw’mimsmwmaaammmawauwsﬂuiuwaamwi Winner-Take-All (WTA)
A 3T WTA EULLUUHSVLLGLLUUVIEYIEJ?J‘LW!GII‘LIaﬂﬂ muaqﬂummquuaumanms cal

Y o %3 a o 2
' LLasﬂ'liqS‘VlE]‘wuax‘iﬂi‘”LLEWIﬂ’]U’mﬂﬂEﬂ“dﬂ{]VI’Nﬂmﬂﬂ’]ﬁﬂf [7] ‘U\?ﬁﬂqiagmau‘anflizLLaﬁaqﬂ

6 miﬁl‘dmaa”lvslaq

Iuaﬂﬁwmum’ms ccll ildueavsiudawmasnesiuiulalon 1 6 (8] Lm{‘]mmmwu
A msuau‘wmwluaummnuamswmaauwm (n Bumn) lnssadravadlaiiie uas laloadis
auwmmuaumminummmua (9] LwaLm{]mmmaq menmﬁmmauq AIUUT LU over
swutchmg time wag voltage across valalon Vlﬂmnﬂmani“wumaauwm wazng ke
muﬂiunaumqqmnma LUuanwm{]ﬁummammu‘uaq‘lawLa (n+1)

Winner-Take-All  (WTA) LﬂusﬂLLU'Umuaaﬂ,‘ummmwsmsmwmaqam ‘?Ni‘ULL‘U‘U
L‘UE]\‘lGIU‘UIEN’N‘\]iﬁIi’F\mUﬂ’IﬁQﬁﬂLLUU WTA Ima‘lwuaauauuauwmwaummnwawqauwmw
ﬂnmLaulaLmnauuua’lmmmmulﬂ LmﬁiﬂiaaswwwauLLaulsuwiﬂuSdaLmawmam [10-
11] muqqaimmaumqaqﬂimﬂlwuaaLLUUnxwmﬂau‘| daue iewinilaussausiia [12]
Taeld source couple pairs-based ilauiuasasmuusiiurasdunn  wanisldduy

|
a ¢ i Y o w ada a
nsndamesun (6n+1) tulufeldedmivnsdififivaredunn WTA juuuunszusuas

!
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EULLUULSWTU FldinnsmuussiuLUY flipped [13] wazauusULUY differential flipped
[15] dufaruiumueing vldAadymlunsdeusietivanssug Jd WiA lu
sﬂu:uuLmmuimal%waﬂmsmsmawmunmmu differential pairs wianfufigaduiuiening
nnmLaua [14] waildedede lvsulawmesduiumn (7n+l) 2ITHTRIUAGEALUY
WTA afmﬁlswumnaﬂfluumsﬂsumaaﬂwmmaimnmq'«asnu‘uuﬂaunaumum [16] us
ﬂE]mJ’NI‘UVIﬁU‘UﬁLGIE]ii]'m']uN’Iﬂ (5n+1) WWuriu
|

4.2 'Nil'im'af\]f\'fud']l,l,iaﬁ'ugs‘lqmﬁﬁ'u,aua

lqvlmﬁwuéﬁﬁ%aua’mimaﬁuﬂ"laaammulmj Iﬂﬂ’l‘?j’ﬂé’nmi Winner-Take-All Taf
mmsaqmaiLLUUsduaammuua&! (3n+4) war Huszansnmintu Tnedaudiuniy
La'mwmm HARBUALBISITU mmmmmuwmmaaqlﬂﬂ anmummmwmaaﬂwmm fin1g

ammauqaa mmmﬂszqnsﬂmﬂmaw& gaNTBUALUY ﬂi\‘iﬂau LAYN9ILTBINTSUALUY LG]:LI
!

p—

A vy
naula
AuyAliBunnuesasnTsTumggalneliduea Tnealdudnnis WIA 10y n-inputs
fuandluguil 4.1 GedszneushensuBamesiies 3n+4 i1 menssualuda 2 Aunilauny

o Vo & v =la a °© '
wasturulagld@uedlugui 3.6 mndsan1sidunavareBunAannsatnevuIL My Ms

4ag Ms !aaﬂ‘lﬂlﬁ’]l
Tunsvhurenas nsuansuYemIuTawes M, dugnludasmermsurauin
¢ | & o v & ) ) v o) - o o
unudvas M, wag M, fadmualiduussiuluda v, nssuadeiauin M, mdauiunssuan
=3 = a a v o o I 1 dl
Ms; B9 Ms, Fevamuanadunaminuiniian nssuan My, uag M, Wuauniswanuainsives
ad & a aq v & a & 1
nszud M nsaimluansdunn auyiili V; iWuBuwegagn nseuaves Myilggandl My, uas
My, vitlitesine v, fiduidudunn v, uaznssuativegiunadeundunszuauas Ms uaz
o 1o o ' §
M; 108 My My Ms, wag Ms, aglidnssua fieanan MM, lisgluteulyves
wiuddinasdui [Wuralitsiuevinauindy

V, = Max(V) . i=123.n (@1
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Vbp
— *— —e
|73 SO YA SR SO
I l | EMt
* I(—MSM
<_
b ¢ = Ms;
¢ I‘ Ms;
8 e 1%
My, My, T My My
Vs
Vs o |
_>1M6 1 M, Ves
L 4

UM 4.1 19smsndumagauuy WTA Ingldiueanil n-input

a '3 =
4.3 N13ATISNUTLANTNIN VBI85

= ¢ 14 14
4.3.1 MIAATIBINNAIAMUA UMY

J 1 4 o (=3 P ' v o

n3MIATHIINLUUT1a8IN1TIATIERIIATY 3.6 LWB9RINAIA AN U
innvassansulanesiuliganin Jwiliauisauszanamianudumunsunn (n,)
Wiy

V. =~ 00 ' (4_2)

o a4 a o v < ¢ o va < ¢ v
Tuvhueaderfiudanuiumuimewine () aansailes Widunmlugud ua
- I3 o ' 9] v
naaadlgelounseud lp MleTing wasfuInAnsil Vo Tanaidy

~ gm4(gd1+gd3)
Em28m3&ms t &ma&as(&ar +843)

o (4.3)

P & vve 1w %) o § w1 PR <
Naun1sh (4.3) agwiulddnauig g,>> g4 Wa1 azviilia r, daAtseun FUszann

s ing () fiddesun
|

o
1!1.3.2 mﬂ'nuwmwa'm%aua'lﬁvgmm tracking

TuauaR induiivginszuaasvieutudAviiulasnsulanedvngauiy us
1 a wa o o ! a < ' ar L3 o L3
agulsipulunufuR Uedenlinadernuianainfermiunsuinunudremsuldanas
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wazrmillaumediuveansiudames ddluguil 4.1 mamanuduiudsening V, uas Vo
aunsarnaldanuuuiassnisinszilasliaulanaves Body Effect tdaunisiiiu

V, =B, @.4)

fmd )}
o

d LY Lo ) s
TagNilATenInTvenswsanu ( 8) winuy

_ Zni&ms(&ms ¥ &uz ¥ 8as)
€r28m38ms + 8as (8 + 843 )(&s T 8az + 8as)

(4.5)

|

L o v o di v pa| - I3
Fendneluiiden 4.3.1 A g >> gq MINAUNITA (4.5) ALEARNAIALDWINAIN
tracking @usauszanaldindantilng 1

4.3.3 NanIgnuvsmituddnasnldaunednu

Havawisudamasnliaundiutiu Wunansenulnensidausinueswian 910995

Aurulaeli@uealusufi 3.6 aundlinsu@aimes My uas M, aunsAduynussnis

niudaings M, way M, aumediumadssns Jeldiluaunnsi (3.21) uag (3.22) wsile

frsanl omsudamas M, was M, liaunediu nsiudawmes Ms waz M, llauwsdAny
Y ¢ ) P o a v &

useuenimevesesivwulnglifuedluaunisi (3.23) Weulwility

k o K\ sl i
VO | B Nl P3 ( SGP3 I TP3 D (I'/'m —‘VS _VTNI)+VS+VTN2 (4.6)

kNZkP4 (VSGP4_| Vn>4 D

|
g dlﬂ. a L4 & ot 1 a £ )
FINTUNNINUDGEALR DT M3 LLae M4 aﬂJW\‘lﬂﬂunﬂﬂi:ﬁﬂ’ﬁ LLANITUDEALRDT Ml Lay Mz‘hl
(u’ 9 ¢ 9 vy o] o M v
E!SJVNFIﬂ]J LLNWULE)’WI‘V‘!GI‘UEN'Nﬁ]iﬂu%uiﬂﬂl‘ﬂ‘dmaﬁluaum‘iﬂ (47) L‘lJEm‘L‘VIlJ‘lﬂL‘ﬁu
f
i

k
Vo= kL(Vm Vs =Vo)+Vs +Viy, @.7n

N2

.3.4 wav1n Body-effect
WEUTATIITUAEIER weavTulameiyniseusiiureda Ve = 0 sy
s

mm%al,;mai M, waz M, Falassadauuuiiannsolifnnaain Body-effect vasnasld w3e
awsandeulain Vo= Vio

B
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Tuinaees TSMC 0.25 #m #aens Wil 4.1 Avualiumnasansuseiu Vo, = V= 1.25 11ad
useuluda Vo= -0.6 1aad  wasauinvemsudainesnlouanifianisng 4.2 wuindnis
gopdendanuuTsuna 0.605 mw

13797 4.1 Tuaa TSMC MOSIS 0.25 i m

.MODEL NMOS1 NMOS (LEVEL=3 TOX=5.7E-9 NSUB=1El7
+GAMMA=(0.4317311 PHI=0.7 VT0=0.4238252 DELTA=0
+U0=425.6466519 ETA=0 THETA=0.1754054 KP=2.501048E-4
+VMAX=8.287851E4 KAPPA=0.1686779 RSH=4.062439E-3
+NFS=1E12 TPG=1 XJ=3E-7 LD=3.162278E-11 WD=1.232881E-8
+CGDO=6.2E-10 CGSO=6.2E-10 CGBO=1E-10 CJ=1.81211E-3
+PB=0.5 MJ=0.3282553 CJSW=5.341337E-10 MJSW=0.5)
.MODEL PMOS1 PMOS (LEVEL=3 TOX=5.7E-9 NSUB=1El7
+GAMMA=0.6348369 PHI=0.7 VTO=-0.5536085 DELTA=0
+U00=250 ETA=0 THETA=0.1573195 KP=5.194153E-5
+VMAX=2.295325E5 KAPPA=0.7448494 RSH=30.0776952
+NFS=1E12 TPG=-1 XJ=2E-7 LD=9.968346E~13 WD=5.475113E-9
+CGDO=6.66E-10 CGSO=6.66E-10 CGBO=1E-10 CJ=1.893569E-3
+PB=0.9306013 MJ=0.4664287 CJISW=3.625544E-10 MJSW=0.5)

i

ASI9 4.2 AAspect Ratio NTUTaALmBTAIMIU (CMOS)

Transistors W (pm) L (pm)
M;-M,, 1 0.5
All NMOS 3 0.5
All PMOS 5 0.5

o w1 o o [y} i ' v X
ANTI19N 4.3 Lﬂ%ﬂULﬁEJU']\?Qiﬂi?Q"UUﬂ']ﬁlﬁfjﬂ'ﬂu’llaua ﬂU’J\'ﬁl‘iﬁLauaﬂauwu’lu

Pulse

Méx | Traysistors Power_ delay Corner T Tech(p.m)2
c1rcuﬁt (n-input) supplies (V) time error /Area (um?)
[121 | 6n+1 +5 20 ns  40mV/10ns Low 0.8/NA
[13] : 3n+3 +1.5 10 ns 15mvV/15ns High 0.5/18700
[14] ; 5n +1.5 N/A 15mvV/40ns Low 0.5/16340
[15] Tn+l +5 N/A 25mvV/100ns Low 1.6/20048
[16] | S5n+1 +1.5 5 ns 15mv/10ns Low 0.25/1800
Proposed 3n+4 +1.25 1.5 ns 10mV/Sns Low 0.25/779
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luzui 4.2 uanspuuaniinidlinseenasuasdmuiianan Wnslidunn 0.6 V

u

Tngieammtulinamudunnveaiu Fdimmianaintdesndy +4 mv

!
t

|

300mV- 4.0mV

Vo

-150

mV 4 2.0mV Error
Vo
5
ov4 B 0v-
>
mV+ -2.0mV
-300mV -+ -4.0mV t 1 1
- -300mV -150mV ov 150mV 300mV

Resistance (Ohims)
(o))
N
n
o
1

Vi

JUT 4.2 AEntinliaswenaTuasAmANLEANaIN

65.00

63.75 - _ ........... - .......... .........

.

6125 i it

60.00 : i : : : :
-10uA -5uA 0A SuA 10uA

AUsEy

A1uD 1|

Iuw‘w 4.3 vinnistdaunszud +10 pA mamwmmmmmmumw,a'mwm"l,ﬂ

1o
! U7 4.3 avwsumuesvafitounssuaitandnn

v

d

0 63 Q iusﬂw 4.4 LLammmeauminauniwmewm"l,ﬂmuaﬂm'l 1.1% ¥
00 MHz TneAnfiussdudunn 1.2 V,, uaz NAAEUALBINNATINLATBI1TTAY
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LLsaé’umnmLauauu A1 100 MHz aml,amlusﬂm 4.5 HARBUALBIMUUTITIL T8
"m]imuLﬁmuwauwmﬂuammmamaaumma 100 MHz uasuaundym £0.6 V dedu
I‘waﬂmmmumu R =5kQ ﬂﬂLLﬂﬂsﬂui‘lJVI 4.6 ImaﬂsM"L‘dLammmuﬁﬁﬁﬂ 1.5 ns uazly
L’Jmm%amqm 0.5 ns Iﬂammiamm Propagation delay ‘lﬂﬁ]’maumi (4.8) Famenle

Wiy 1 ns

THD (%)

RiseTime+ RaiseTime
P = 5 (4.8)
2.5
2.0 A 7)
15 . V, @10 MHz
— —o — . ¥,@100MHz /
1.0 - /O

0.0 1

0.0 2 4 .6 .8 1.0 1.2 14
4144 p-p)

JUT 4.4 anuiieugnedngaeineil 10 MHz uag 100 MHz

20

Gain (dB)

100KHz  1.0MHz 10MHz 100MHz 1.0GHz 10GHz 100GHz

Frequency

JUN 4.5 HanaUANeINNANILDVEINATALUTINY
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1.0V

0.5V-

Macessscttttancuccnonananncssannnn

-0V . , .
0Os 5ns 10ns I5ns 20ns
Time
sUii 4.6 naneuaussthvuzveBunaReiuAINMUNL 5 kQ
600mV+
" G00mY
A
300mV-
2 A /
Z 7
>
-300mV-
Vina = - 600mV
-600mV- T t t
-600mV -300mV ov 300mV 600mV

Vial

d a L )
UM 4.7 AruaniiniglnnsiweseasnTaduaigEn

’luiﬂm 4.7 wanenuantan1ein T8993 IATIRTUAIGIER was ‘luiﬂ‘m 4.8 uand
anﬂ.l']mta']ﬂwﬂ“lla\i')\iﬂiﬁi']ﬁ]ﬁ]'i]ﬁ']a\iaﬂ T;ﬂﬂl»ﬂ'lﬂWﬂLﬂﬂ‘ﬂqﬂﬂ'ﬁLﬂiaULWUU@UWW%Lﬂuiﬂ
ﬁ"lllLWaﬂllﬁa\'laiylmu']m ﬂ'nllﬂ 1 MHz wag 5 MHz ‘UQLU@WQ'}im'ﬂuz‘UV] 4.8 NUANKRANAIA
SR (Corner error) fA1UsEana 10 mV /5 ns
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600mV l
O\|I lOOmV .
A I\OmV \ / \/\ \/ \/
/
200mV \,’ v,
'GOOmY i 250mV
6001‘]‘1\7 150ns 175ns 260ns
I
ov \q
A
Vini
-600mV :
| 0s 0.5us 1.0us 1.5us 2.0us
Time
SUTl 4.8 ussiugegaiiduwainnui 1 MHz wag 5 MHz
4.5 n13Uszgna ldey

?aﬁlitiaans"ua (Rectifier) LUU’N%?‘VIW]’]SVI'N']ULLUUI&JLUUL‘(NLﬁuﬂa’m’]iﬂuﬂﬂ
Ussgnalteuluasasdiafalwihnssuaadu & mmma@mmmmﬂ RF n19d39d ey 1eun18a e
é’mmmﬁﬂﬂﬁuamm?{au fnvasdynia RMS Wudyia 0C Tneialuasesiiensyua
inay nn%%’wima‘l%‘lmiamﬁmasjmﬁm witmdrAnvervasiSenssuaiildlalenfely
a'lmsmsmé'qmunm‘uumLﬁrﬂ,ﬁ’fLWiwlmiaﬂ%ﬁ"mulﬁﬁmﬁLLiqﬁumnﬂéaué”Jﬁu 0.3V dmsu
ylinwesiudounasanatan 0.6V dmsuriindaneu drunasiienseuaiaiainlalen
sauneiduaziwuniy (18] Tdedreudludosussiunnadoniidilalenudasnutlym
Luaamnami']n'lsaaui‘*uaaﬁ'uaaﬂuauﬂ Wilvesunondaindlity  wafdevsiAnauiiou
U3n; Zero Crossing Yaddgyauasdune Wamludniaznandimsitensasasaiua
usesugdgmndauladiuleasifeanseuauuunisadu(Haltiwave Rectifier) uaza999i3es
nssuaLiufiuadu (Ful-wave Rectifier) 19asiitiaueiitedfie nzfunsiiluadady
qwiiamummﬂaiwmamwusuamasmwm‘lmmmum mmsal;imammmmmaﬂlm

“Lumuu ULAUDNATTBINTIRAUUUASIAGY UAZINRTLSBenssuaLULSuAdy 71
ﬂ'i"lx‘lu’m;ﬁﬂﬂﬂ‘ﬁﬂ‘i anﬂmdﬁlimmﬁmmmamﬂLLUULLsaﬂuwu1Lauaqumnauwu1u WAT

Gli’lf\]'{lUFI]']a\'lﬁﬂu‘Uﬁ’llﬂiﬂVIﬁ]uUi”ElﬂF]ﬂL‘ULUU'N'iISL‘iEN ﬂiuLLaLLUUﬂ'i\‘lﬂaUIﬂEJIWEJUWG]LL‘JﬂLUU

ammnﬂw (Vl—Vsm(Dt) LLa"’e]‘UWGWlﬂENLUuﬂUEJ amm'lmlsuuauwmtsﬂLuamiaum&mnu
auwmwaamumwuﬂua mnﬂmauummamwwswwmaaaﬂ mwa’lwammmmwwmwlﬂ

T maatwFNﬂsqmnwaqammm‘wumnauwmﬁmmuu (Vo = sin®t|ysp) ﬁNTU‘VI 4.9

i
§
!
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Vi =V;sin wt

Vo

U \ MAX —O

—

P I - £
E‘U‘VI 4.9 UaanlnByNsUINTTISBINTEUALULASIAAY

v o,

dumstssenalfifunnnienssuawuuiueiuiy vldlaenislidunausnuay

Suwnasaludyaralud Alausianaiy 180° (Vi= Vsin®dt uag Vy= -Vsin®dt) 1ag

3, l A ¥ & - < 2 & < v W o w
iyzg'lzurnwgmsimﬂu aiyzynml,waqﬂiamnwaaauwmmaaaLimaaUﬂuiﬂmmmﬂU (Vo=
Vilvisva+Valvsw ) 993U 4.10

Vo

MAX [ —O

AOEZA)
N U

V, =-V,sin wt

= o o 2 A
FUN 4.10 UGBNABEUNTNYBINATFBNTLUALUULANAAY
a o o & W o v I P v v
asiiganszuaiinavetmuizdunisihliasaluna sy Weseinadieig
vaandame avue auantRvernasisinszua gnasaaeulagldlusunsy PSPICE ua
° | 1 i o o v o
msagauancinsihausausaiuliiduiumela

o -
5.1 2993138 TZUAUUUASIAAY
miuATIenssuakvuainausstioudunausniludygraluinnud 5 MHz

4

d
VELRA |= 500x10 sin(31.42x10°F) uay §uv!m*7iaaal,fluqué wWia V, = 0 Lilaw3sudisu
Fuaa |V, fu v, seledrynnnuiaguit 4.11

@
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1.0V

. N\
NN

-1.0V
1.0V
ov M_/-\
-1.0V T 1 T T
0Os 100ns 200ns 300ns 400ns 500ns
: Time

= 1y, = & o
UM 4.11 m3UssenalfidunsBaenszuaiuupiinau

4.5.2 29951389N 5T UALUUIANATY
dwmivanassamnsvuawuuisaaussleudunaivassiududygin A2md 5 MHz

Funasaiy 180° 38 (V; = -V = 500x10” sin(31.42x10°9) isw/Seuiiiouiuudaasle
a

zgwmﬁqgﬂﬁ 4.12

o

1.0V
0V A
-1.0V
1.0V
. ~/VV\/V'\
-1.OV T T T T
Os 100ns 200ns 300ns 400ns 500ns

Time

= v - a
JUN 4.12 msUszenaltidunasGeanssuauuiuaiu
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4.6 undsy

avsnsrduigegaiiausluumauiiinuautae \unsesitiiuszansnmiia
annsoldnuivdygrasuneitivareduneld lduvdedieussduduiios +1.25 v faw
Fumuiiediwae fraidadientiies 1.5 ns ArniNeusating sz 1.1% 7
USIRUBUNR 1.2V, HANTTTIABINITHINILYBINITAUDN mmsnv‘hmuﬁmmﬁqq 100
MHz 16

SnmsanusminemarsnseuAguaagULUULsIR Uit iauaiUssgnaldiu a3
WunasGesdygnanuuainay wazeadodyyiauuuiuniu SuduisEeiiedis
m'iﬂ'izqnm"l'ﬁ’mmqaimn'{l’uﬁnmﬁuﬁlﬁnEinﬁq'lu%wmﬁwuéﬁt,mﬁ?u UBNININ9I
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46

dhkhkhkkhlhkhkhdkhkdkdhhdddrdhdkhkdhkhkhdhkdhdhkdhdhddhhhrkhdrdkdhdhkhdkrddhrddhkhrddhkhkdhkhkx

A SRR SN SR SRR RS SRS SR SRS SRR E R RS RS S S LR R SRS SRR S SRS LSRR R SRR

khkhkhhkkikhkhhkkkhkhikkhkhkhkhbhkhhkhihhkdhh

MAX CIRCUIT

hkhkkkhkkhkhkkkhhkhkhikkkhkdhkhkhkkkkx

LR RS RS R R SR EE R R RSP EREES S SRS S S RS E S SR RS RS R R SRS RS S RS E ST

LRSS E LSS R A SR E R LSS SRS SRR RS SRR SRR SR SRR RS SRS S R TR E RS TSRS S

VDD 1 0 DC 1.25
VSS 2 0 DC -1.25
K e e ————— e
vVl 3 0 DC OM
V2 4 DC OM
VB 6 0 DC -0.6
K e
*R 10 0 2K
* el ———————————— e
ML 7 3 8 8  NMOSl
M2 9 108 8  NMOSL
M3 7 9 1 1  PMOS1
M4 9 9 1 1 PMOS1
M5 8 6 2 2  NMOS1
M6 10 7 1 1  PMOS1
M7 106 2 2  NMOSl
M8 11 9 1 1  PMOSL
M9 11 4 8 8  NMOS1
M10 10 11 1 1  PMOS1
*M11 12 9 1 1 PMOS1
*M12 12 5 8 8  NMOSL
*M13 10 12 1 1  PMOSl

*///////DC

*///////At 0.6 was properly

*///////Parameter CMOS

W=3U
W=3U
W=5U
W=5U
W=3U
W=5U
W=30
W=5U
W=3U
W=5U
W=5U
W=30U
W=5U0

L=0.25U
L=0.250
L=0.250
L=0.25U0
L=0.250
1=0.250
L=0.250
L=0.25U0
1=0.250
L=0.250
L=0.25U
1L=0.25U
L=0.25U0

Khkhkkhd kA A AT I AR KT AR KA A IR I A AR AR A A I I A A A I AR A AR AT A d A Ak A d Ak Ak kA hrohkhkhhhkhrx

******rr****************T14Y MOSIS O-25um*****************************

hhkkhhhk kAT R I KT IR KNI AT KA AT A A A AT A A AT I A A A h A Ak A kT Aok hkhdhh ko hhkkx

.MODEL} NMOS1 NMOS

(LEVEL=3 TOX=5.7E-9 NSUB=1E17 GAMMA=0.4317311
+PHI=0.7 VT0=0.4238252 DELTA=0 UO=425.6466519 ETA=0 THETA=0.1754054
+KP=2.501048E-4 VMAX=8.287851E4 KAPPA=0.1686779 RSH=4.062439E-3

+NFS=1E12 TPG=1 XJ=3E-7 LD=3.162278E-11 WD=1.232881E-8

+CGDO=6.2E-10 CGS0=6.2E-10 CGBO=1E-10 CJ= 1.81211E-3 PB=0.5

+MJ=0.3282553 CJSW= 5.341337E-10 MJSW=0.5)

.MODEL| PMOS1 PMOS (LEVEL=3 TOX=5.7E-9 NSUB=1E17 GAMMA=0.6348369
+PHI=0.7 VTO=-0.5536085 DELTA=0 U0=250 ETA=0 THETA=0.1573195
+KP=5.194153E~-5 VMAX=2.295325E5 KAPPA= (0.7448494 RSH = 30.0776952

+NFS=1E12 TPG=-1 XJ=2E-7 LD=9.968346E~13 WD= 5.475113E-9
+CGDO=6.66E-10 CGS0O=6.66E-10 CGBO=1E-10 CJ= 1.893563%E-3 PB=0.9906013
+MJ=0.4664287 CJISW= 3.625544E-10 MJSW=0.5)

Tk kk kA kA kA ATk Ak hk bk hkhk A h kA khkhkkhkhddkhhkhhhkhhdkhhhkhrrkhkrrhhkhirhkhrhkhhhx

dhkkhkkhhkhkhkdkhdhhhkdkrohhkhkhkhkhkhhhhkhdhhkhhhhdhhhhkhhhhkhkkhhkhkhhdrbhhhdhhkhorhkdkrdhhkdtdx

*************************T14Y MOSIS 0 25um*-k*************************
khkhkhkkhkkhkhkhkdkhkhhkhkkhkhkkhkhkkhkhkhkhxhkhkhkkhhkkkhdhhkhkdhhhkhhhhhkhkhhddohhkhkhhhrrorhhhkhhkhd

IhhkhkkhkFhkrhkhkrhkhkhkhkhkkhkhkhkhkdhhbrhkhhkhkdhkhkhhkdhhdkdhbhkhhhkdhdhkhrrdhdrrhrhhhrrxdhbhkdxk

* .DC I11 -10U 10U 1U
* AC DEC 100K 10K 100G
.DC V1|-300M 300M 100M V2 -600M 600M 100M
* FOUR| 10MEG V (10)

* TRAN| 1N 500N O 1IN

.op
.PROBE
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e *///////T OUT
*I11 0 10 DC O
i T *///////Variable Signal Tri

*Vl 3 0 PULSE(-600M 600M 0 0.1U 0.1U 0.001N 0.20)
*V2 4 0 PULSE(-600M 600M 0 0.5U 0.5U 0.001N 1U)

R *///////Variable Signal V3 <Tri or Sin>
*V3 5 0 PULSE(-600M 600M 0 0.25U 0.25U 0.001N 0.50)

*V3 5 0 SIN(0 600M 1.25MEG)

T e e *///////Half Wave

*Vl 3 0 SIN(O 500M 5MEG)

*V2 4 0 SIN(O 0 0)

LESSESEE (S S S S SS e e *///////FULL Wave

*Vl 3 0 SIN(0O 500M S5MEG)

*V2 4 0 SIN(0 -500M 5MEG)

e *///////Freauency responce VO/VI
*V1i 3] 0 AC 1

*V2 4 0 DC -500M

I B ™ *///////DC Error

*V1 3 0 DC OM

*V2 4 0 DC -300M

I it o e *///////Pulse input for delay time
*Vl 3 O PULSE(-.6 .6 5N-0.IN .1IN 5N 10N)

*V2 4 0 DCg# 46

e R &7 ARyt T *///////Signal sin for THD

*V1 3 0 SIN(0 0.65 1OMEG)

*V2 4 0 DC -1

.END



n.2 LLyuﬁﬂaaaLLa:ﬁﬂMﬁu%ama%

a9 n.1 Tuea TSMC MOSIS 0.25 1 m

.MODEL NMOS1 NMOS (LEVEL=3 TOX=5.7E-9 NSUB=1El7
+GAMMA=0.4317311 PHI=0.7 VT0=0.4238252 DELTA=0
+U0=425.6466519 ETA=0 THETA=0.1754054 KP=2.501048E-4
+VMAX=8.287851E4 KAPPA=0.1686779 RSH=4.062439E-3
+NFS=1E12 TPG=1 XJ=3E-7 LD=3.162278E-11 WD=1.232881E-8
+CGD0O=6.2E-10 CGS0O=6.2E-10 CGBO=1E-10 CJ=1.81211E-3
+PB=0.5 MJ=0.3282553 CJSW=5.341337E-10 MJISW=0.5)
.MODEL PMOS1 PMOS (LEVEL=3 TOX=5.7E-9 NSUB=1El7
+GAMMA=0.6348369 PHI=0.7 VT0=-0.5536085 DELTA=0
+U0=250 ETA=0 THETA=0.1573195 KP=5.194153E-5
+VMAX=2.295325E5 KAPPA=0.7448494 RSH=30.0776952
+NFS=1E12 TPG=-1 XJ=2E-7 LD=9.968346E-13 WD=5.475113E-9
+CGDO=6.66E-10 CGSO=6.66E-10 CGBO=1E-10 CJ=1.893569E~3
+PB=0.9906013 MJ=0.4664287 CJSW=3.625544E-10 MJSW=0.5)
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&= 8i8ms(&ma + & +gd4_) (35)
Vi 8u18ws&ms+ 8us(8a1 T 8a3)(&ra+ a2 +8a4)

AILUATERTINITTENBLTIAL ( B) AU

= Em8us(Zmi+ 8ar ¥ 8us) (u36)

Em28m38ms T 8as (a1 + a3 N &ra + 8uz t &as)
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This paper preserts design of a vollage-mode multiple-inputs take-alt (WTA) {max}
and minimum fwEng crcoits. The proposed cireuils are realized in @ CMOS technology with lowe-
componest counts of transistors, They display usability of the proposed building block. where the
maximum bandwidih of voltage follower is arvund 1 GHz and low-deley time is around 1.5 s with
high-input and low-vutput impedances. The THD ebtained is around 0.8% within the 0.6Vp - p input
range. Thie power dissipation of the proposed circuits is obtained to be around .62 mW with » 125V
power supplies. In applications, half-wave and full-wave rectifiers and analog switch are included.
Computer simulation results by using SPICE program with TSMC 0.25 fim are carried out 1o show the
performance of the proposed WTA riax and min circuits, rectifiers and anaiog switch. In addition, the
sample layout of the max circuit occupies an area of around 798 pni® and post-layout simulation: resuits
are exhibited 1o concrete the pre-layout simulation results.

Analog switch

© 2010 Elsevier Ltd. AN rights reserved.

1. Intreduction

Maximum circuit {max circuit} and minimuwm circeit {min
circuit) are building blocks that are useful in analog signal
processing areas. The preferred realization method is using a
voltage buffer stage [1,2] which is connected in parallel. The
winner-take-all has been discovered by using pavalle] connection
of regulate cascode cells, which is called Lazzaro's cell {3]. Many
WTA cigcuits were introduced based on current-mode or voltage-
mode [4-8]. The applications were found in particular areas
such as telegc ications, i wations, amd espeaally
in fuzzy control {4,6] and neural network {7} The previous
works have been introduced in different approaches. The
cascode current mirror |5,6] has been constructed. The common
node impedance is connected with the MOS diode as an
active loaded element. Normally, active load coniection at the
common node cannot provide low-impedance; hence, accurate
and fast response output cannot be obtained. Multiple input
current=mode WTA circuit was introduced |7] based on high
complexity second generationcurrent conveyor{CClH} and current
mirror. Current-mode computation circuit based on principie
mathematic operation was reported (8], which aiso relied on
many current mirross. This feads to high power consumption and
large chip area.

* Tel: w56 2 32098324; fax: +66 2 3205325,
E-mail addresses; pipartelecom kimithac.ch. kppipaté@kmitlacii
it Prommee}, tu_15 _kop foom {K O

D026-269275 - see front matier & 2010 Elsevier Lid. All rights reserved.
Az 1010162 mejo.2010.06.004

The CCus are employed with a few MOS transistors and a
diode {9]. Asynunetric inputs becomeé a problem for multiple
inputs {n-inputsi. OTAs and diodes structure that produce
synnmetric inputs were reported | 10] to solve the problem. Other
problems that affect inputs are over-switching time and voltage
across diodes. Using too many OTAs {n+1} is another problem that
leads 1o more power consumption and use of large die area. The
winner-take-all is a famous method for implementing max-circuit
and min-circuit. The CMOS-based max-circuit and min-circvit by
using the winner-take-all { WTA) principle have been introduced.
Symmetry of inputs was realized and multiple inputs can be
operated, but the circuit used too many transistors and has
a compiex Structure [11.12]. Other CMOS-based compact
max-circuit and min-circuit were also proposed with good
performance {13]. The source couple pairs-based is used as a
voltage-follower of the input stage. Using a large number of
transistors is a drawback for obtaining multple inputs by (6n+1}
Current-mode and voltage-mode WTA based on flipped-voltage
followers and differential = flipped-voltage followers are,
respectively, reported [14,15]. In voliage-mode, it provides
high-output impedance, which results in problems in connecting
to the pext succeeding stage. Voltage-mode WTA based on
differential pairs with the output stage is reported [16). However,
using a large number of transistors is a drawback for obtaining
multiple inputs by {7n+ 1} Other WTA max and min circuits with
low-offset based on shunt-feedback buffer {17] are introduced,
but many transistors (5n+1}j are used in max circuit.

This paper proposes a new configuration of CMOS-based
multiple inputs max circuit and min crcuit based on the WTA

63
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“principle. The rédlization with compactness and fow nurmber of 2. Cifcuit descriptions
-Iransistors (dn-4) ‘produces  high performances, which are

lowe ohtppl impedarice, fast responsey. _high-flequency operation; 27, (MOS voltage buffer
1 output, low-d\slomon. simple structure and low-
If-wave, Tull-wave rectifiers and digital ‘Thie circuit: situcture of CMOS Voltage huffer {VB} is similar' [o
e anaioyg Cit - - be- e.mly realized based on the. differential dilference amplifier{DDAY realization {2], but: the flist
_proposed WTA max-min-circuits basis. and second inputs are removed;-hence the third input and-output
Become a voltage, follower bmldmg"block. The compleled (.MOS

" operared in the saruranon regmn as shown in Eqs: (1) and "2),
Yoo which -are NMGS and PMOS transistors; respecmelx'

Tow = Knf Vess—Vi?® [U)

lppes Lr(Vccp— Y, )2 2

where kp={gpCon/2XWIL) and kx=(UCodZEWILL Vi is
threshold volzage of type-i rrauqs(or. ; is shrface mobility of
tvpe—l ‘wansistor, Coy s channel oxide ‘capacitance, W is channel
width and L is channel length of trar istor.. The input, transcon-

ductance eleinent is realized by matlhed d:fferen | stage (M,
andMsy ). Drain current of My: -and M; tan ‘be Wwrittéit as

Tot = kn{Vig =Vem Vi 43
Ina = kp(Vo—Vs~Via)* i

Fig. 1 CMOS ve’l'i,zge. buffer.

Suppose that the current mirtors My and M; afe perfectly
matchied, theh the corrent nirror provides. Jp; =y, Transistor Ms
is composed of the differential stage as shumt-feedback, which
cooperated with Ma. From Eqs. (3} and {4}, the ouput voltage. of
this circuit can be expressed as

Vo= Vi [

Yoo

ETA

My, My |y,

A
8 (|
’“‘J;wy
e PN
N - I

2 .

S N
My 1

22, WIA-maximum drcuit

The proposed n-input CMOS WTA max. circuit as showay i
Fig. 2/contains anly 31 +4 transistors with 2 biased currents based
on a -CMOS volmge buffer in Fg. 1. Mulnple inputs can be
provided by paralfel connecting of My, Ma; and Ms; zo the existing,
transisiors. In the operation, drain current of Mg.is .4 biased

i cursent of transcondiictance elements M, and Mz assigned by
Fig'2. Proposed-CMOS WA maxinwuni cirouit, biased voltage Vy The cument anirror M, provides: a replica

Vs

Yo

I~ M, B
] P
T [
Yy
©

My 4 M2 ‘_J*-ll:%

- A, Vi
5!
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current 1o all M where only one' current can be operated
-atrording 10.a maximum.input. The summation currents of My

and M i equal to the:constant.current of My; which esisufés that
winn-hg,stage,mn operate while the rest of the. stagés are
standby. ) N
Syppose ¥y 3.V, for bworinputs block, then the current'of My is
higher than that of Miz {Ipn =~ Ipiz). Source voltage .of My is
-varied depending on 4 maximurn input. The cument mirror
{Mg, n Vi4} playsan portant role that uses to track the drdin

_curreyit -of only one pdir, My; {higher current} and . My, to be.

€gialed. The drainrcurrent of transistors can be written.as

o Sloe. ba'=lpri 4oz e » (S}

Visaz b Vesiz then Ingy > Iz where as fp;> —0 7

1Ir }s agsvred that only the winning transistor My, is operatéd
"while Miz js standby.because of the forcing condition”of. the
“currepit mirtor.and based on the CMOS voitage bufter techaiquein
SL’Cll(fn 2.1, Them mum input.{V, } is transferred to gate of M,
{V _y;- aind currént sourée is regulated by 'shunt-feedback Msy
and M.

Vo ==t mx\V,-);

123,000 ®

VTA mimimum qrcuit

The ninimum :circuit as shown in Fig. 3 can be éasily
impleménted by nodifying the maximum cireuit. The. voltage
outpyt is similarly analyzed to the maximun circuit counterpart,
_but-spme différent operations of current biased lor mu’lxple
inputs are named Loser-rake All (LTAL The output in
‘varied. in’ posmve térn by using My heace the- - maximum
fanction'id dchieved, Otherwise, the output in Fig 3 is vafied ina
-hegdtive term by using 2 hence the minimum function: is
obtained. Thé transistor Mgy is biased from shift-down circuits M.
and My ive current is supplied by My and the positive
curren 1 by M9 Lll\ewme. the analvsxs of minimym
“cireuit i
Vo=

%)

‘3. Performance analysis

This section: describes the study of performance analysis,
wihich! includes the Tollowing discussions. channel-fength
modulagion, impedance, “output eror, transistors mismarch and
Dody effect.

3.1, Chonuék-length moduigtion

‘the drain current of MGOS transistors jn Egs, {1) and ’2‘
mcludnv the chanuel -length modulanon €an be rewticten as
Aot = K Vi V5=V 01 +-2Vps) 10y,
Iy o= K Vo—Vs—Vi)*(1 4 Vs, (2R3

Assumne that ‘of current misror, transistors Mz and M; match,
“Mhe.digin cuitents of My and M, are equaled {Ipy =gy} Note that
‘the ta nsistors M; and M. are constructed in the same process,
thien Vo=V, withont any effects from chapuel-length moduiation.
The channel-length:medulation {4} emc: can be neglected by the
idéntidal differertial configuration.

32, Impedances

The- lmpedame appmm ration can be enved by smnall sig

transxsmr nnpedance at mpur port xrf,,
cait be expréssed as:

T %506

Bea@an "‘M],

i25m3 85 8 &ﬁlgm.;!!a’)

where' the wansconductance gy ard g,
conductance’and transconducéraiice of tra
It is clear that the resistance.at thé output temlmal is evidestly
low if and only xl‘ Hmiofa. From:Eq. {13}, lmpedcmce at gutpur
nal .ul_cqlanur_l_ has. been -appraximated around 114, :
which agrees with tie theoretical one.

3.3 Qutput crror

In the discussion:so far, assume that the cocrent -mirrors haye
gain and ‘transistors_are. perfec nmched. However, in
several non-xdeahues are presenud
najor “factord: that would-be considered: sre: inité transcondiic-
tance g of the:transistars-and- transistors imismatch. The relation-
ship’between Vi, and Vo can be obtained by-using’ smtall-signal
analysis. The transistors:in Fig. 2 arevreplaced by appropriate

Vy = V() dsiniar

MY

MAX

Fig: 6. Fufl-svave zpphication based on MAX citeuit.
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can_be: der.ved To

equivalent circuits.and the node equ

Lassupiing that the differential pairs are identical. By routing
analysis, thé equation can. be expressed-ds

Vo =V, (14:1y

) Emilias e =Zan = Eat>
%2853 8ris  Bas(8ar 1 83 VG ¢ Gark £63Y

142

Similar'to Section 3.2, it is clear that lie voltages: at iinput
terminal is accurately transferred to output terminal jfand only if
Hi 2%4- From Eg; {14.23, tracking error output;voltage calculation.
‘has "been approximated around 0.27%, which agrees with the
theoretical one.

A

._0 = f’ INVI—0
Y. Yy Va

Min

Ly
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340 Efeats of transistor nitsmaiched

The mismatch of fransistoss diréctly alfects the'offse
From CMOS. voitage buffer in Fig. 1, whiclifuses. Eqs. { )
matching coriditions -of. -ranisistors. M-M, and M;—VL, are
assumed. Con.\xdenng the mismatchi of My-Mj and Ma-M,,. the
output voltageof CMOS voltage. buffer i Eq. {5) isTewrittenas

15

M-M, mismatch. and Mz-M; mismatch. Considering the. firsc
mismatch ma ched custent . nirror Ms-My is supposed and
msnmtnhe The uulput voltage of

ﬂ(v = V= V)= Vit Vi (16)

The second milsmarch, imatched differential pairs My~-My, is
supposed and curient mitror Mz-Mg is mistnatehed. Variations in
both kp and Vipare given by a quantitative analysis. Suppose. that
(l‘e two. lmnslswls W]L of current mmur are e)\auly equ.:l ‘it

f?
»oua;.e buffer, from Eq. {11 beconms [18]

thes (Vsara=iVira ), . !
’A: l(l:::: V:S = (Vi = Vo=V = V52 Vila

e

where Vg Vacni Ve peﬁmno JaVss

(ko +kna) and V= Vipy=Vip and Vip=0.5(Vigi + Vips) gives

kpz =kp+0:5Aks: {185
or {LDVES s = kp—0.58k a9
Vipy == Vip - 0.5AVD, 20
Table i Vrpy == Vip—0.5AVep 121)
‘Transistons aspect 1atio of CMOS WA diouit. C ; ;- .
Transistors W(pm) L(pm) Substituting Eqs: (183-(21) into Eq. {17} gives
MMy, 1 025 Vo= Ft=(ALp /260 1~ (_\Vrp/ZLV“;-—Vn’))]z "V,,.—V —V"'NI'
All NMOS g gji [1—tAkp/ 2Kz (AVip/ 2(Vego=Vip)
Al PMOS 3 J Vst {22y
360mV g AV
150mV o 2ihmV 4 Fienewr .
Vi
K £ vy
>
ASmV 4 A0mV
Sotmv v T T T
3V BRI v 150mV KOV

¥y

Fig' 8 (Cvoitage tansfer esror at utput términgl,
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ing that the guandties in 23 following the “ 1™ are
 small, £¢. { 22) can be approximdted anid rexammg only the
hm order produocts gives

~ VgV
23y
Ircan be seen that kp should bé-assigned as high as possible to

mininiize the errors; This' méans tliz error of output can be
teduced by increasing the sizing of curréntaninor transistors.

ViV~ Vr)

120

115

1319

Resistauge (Ohims)

~30A GA
fo

112

BT A TuA

iy

Fig 9. Resistance at outpel (rminad against ostput cunenc

—o— V@ IMHy

THD 15}
P

04 0.1 [h] 03 04 03 06 0.7
V,'(V“;}

Ag. 10. THD of toliage folivwer with 30.a:21 16 Mz

function is-aperated:according to current. Vs

3.5 Body=cffect

n ordex to unmder:’the b(” g lhudv-source voltage

affects fo th
Ve = Vo3 ( (24
where Vy- s the threshc!d nltage when s" te. bias 1<

surfdce. potér
¥ = (T ey
thickness;
Naisa dopmvr concentmuon and g 15 the charge of an electron

Fur ma)Jmum circul body of every MQS mmsxslors is

_pdirs structure can automatically caircel thie. body~effect -of this

circuit;, Vy'can Be neglected’or V=V,

4. Applications

4.5, Aualog-switch

111e l‘ st sample of-data anqmmon is ldlsed to. conﬁrm the

i The first
’ an dnalu'j 1gna 3 and the ceond input is
a.di'gjtaljcbhtm]leil put \V % A '2Vk aind "0“ volwre Ievels are
assigned to. logic

“

funciions uperqled aumdmv to- V. lhen vollage Umpul pxovdes
analag.signal {V,). Otherwise, at “low™ digital controiled voltage
{(V4==0}, analog signal voltage (V,} is- lxig[ier than Va. Minimum
, then the voltage

output provides:zero.
42, Half-wave and-full-wave rectifiers

The.second-and third sample applications of the. proposed max
circgit are & hall‘-wave and full-wave u:ctlf‘ ers as.shown in Figs. 5
half-wave recuifi nusmdal signal is fed
t (Vy=V;sileit) and ‘thie second input i

‘the “first
‘connecred to the’ ground. Sinusoidal signal (Vy) is cormparéd with
the ground one. Only positive Cycle of: Vi {piofe than V) s

4

40
-80
1GKHz.  MGRI2  1OMHz oMMz tRMHz  1OGHZ 0GH:, URGH
Fregquency

Fig 11, Frequency response of voltage follower.
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57

P

180° phase
e. second

ing dxffelenual dlﬂ'ereme Vﬂlld}'t.‘ buffer { DDVB) [19] in
. The half positivé and neg,ahve cycles 6f bioth inputs are

Lov
v,
u3vH i Vo
ovH
MENS L L
STV + - r
(3 Sas s 15us 20ns

Tune

Fig 12 Voliage teansfer step respons tage fotiqwer wiih 5 K1

68

overlapped ‘Maximuin -function i§: npemted according fa the:

nd. V. Complete full-wave signal
imply pbtiined by this alvumhm.

cle of ¥
»y,*‘VZIv,—?V, :

;5. Simulation results

implemen[auons max.and mii. circuits are shown inFigs, 2- and 3
‘respectively: ﬂ:e aspect ratios of kranslstms are hst-:d in Table

teived. ardund 0.62 MW by applyms’ two triangilds input
-signals. The-results are ‘described - into’ two, which; are miax and
min-performanees and applications.

5.1. Mux-min perfonnances:

Fig. '8 presents a DCAchamcien‘stic between:input.and outpur
terminals based on. £0.6 Vi inpu The \'olnge output js-obtained
'QLLOlen“ 10 its. input: The outpi
than 4 WV (1.33%). Fig. 0 shiows:the oatput resistance against

A0mY

=
G0nV

DA

VO{olts)

v

Viny = -600mV

~R0mV 3
~M0mV

ﬂg 13 Dc-chaxac'.e"mc of tie pmmsed WIA pus dt

v $00my
Vir)

T
HmV

MY -

300mV

iV 4

Nptvo

GOHAY-

~300mV-

V; o = -600@Y

st

—
~GR0mv SM¥EnV

.':l_)\l)m‘\" H0mY

Fig. 14. DC-dusatreristic 0f the propésed WIA i circiit,

ltage -transfer error is Iéss’
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output current { + 10 uA) which is around 113-119Q. Fig. 10
shows the THD of Vo by applying 10 and 100 MHz at V;, which are
less than 0.8% within 0.6Vp—p. The voltage follower frequency
response of the proposed circuit is shown in Fig. 11, which obtains
more than 100 MHz. The voltage follower transient response is
done by applying square-wave signal input {100 MHz, +0.6V}
and connected with load resistor Ry=5KQ2 at ourput. Output
voltage is shown in Fig. 12, and is obtained around 1.5 ns for rise-
time and 0.5 ns for fall-time. Figs. 13 and 14 illustrate the accurate
output DC-characteristic of max and min drcuits, respectively. For
transient response, output waveform is obtained by applying 2
triangular inputs V, and Vs, which are assigned to 1 and 5 MHz,

respectively. The signal output of max circuit and min circuit are
obtained and illustrated in Figs. 15 and 16, respectively.
Considering Fig. 15, small corner error of signal 10 mVj5 ns can
be detected.

Regarding the component mismatch as discussed in Section
3.4, the effects of current mirror {M;, M,} and differential pairs
{M,, M2} transistors mismatch are shown in Figs. 17 and 18,
respectively. The mismatch is affected only in the amplitude and
DC-offset of output that is consistent in the analytical basis.

The signal outputs of the proposed max circuit, which are
connected by different resistance and capacitance loads, are
shown in Figs. 19 and 20, respectively. The resistance load is

H0mV

av

r

LMV

600mY

Ov

HRmV
Os 0.5us

10us
Time

1. Sus 20us

Fig. 15. Maximum outpet voltage with | and 5 MHZ triangular wave laputs.

HhmVY

AN

oV

IS

H00mY

HOmy

IR

¥

Vini

M
{

LV
Os 1. Sus

1.0us

1.5 20us

Time

Fig. 16. Minimum output voitage with 1 and 5 MHz trianguiar wave inputs
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Loy
1~
OV \
o o 8= 0T
71T NR ° Akplip =0
Ty | 8 AL Ap= -0
1oV w5 .!)-m S50 s I
s 0.5us 10us 1.5us 20us
Time
Fg 17. Effeat of cuwsvent miiror Mz, Mg nesmarch,
LOV
oV A M
\
e /// /t\\‘ el ik, =il
A N ok, Fkg=1
378aV Z NN B kg /R =09
A00ma 4S(ns SfKms 5500 600N
LoV + t
Os 0Ss 1.0us 15w 2.0us
Fig. 18, Effect of transistur M, and M, mismatch.
HomV
Z]
ov
%v I N Y Iy
175mV
1SV
125wV b o
Jy
Alms li'hs St 25302 ikl
400V T+
ik 0.30¢ 0.8es 1285 1.6us Lihes
Tinze
Fig. 19. Qutput of the pruposed max ciscui with diffeseot resistance loads.
400mY.
ov
V ‘\I \]
, la €, = 10pH \
o o G = Xk
oMV ® G = Sopk
4mV A% o 1im !
Os 0.5us 1us 1.3us 20us
Tie

FAg. 20. Output of proposed max circuit with different capacitance joads.
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affected
hEcomes;

shows g

52 My

‘Fig. 2

iR €irg
DC-compt

LoV

pce doad is affected in teows of response time. Flg. 20
urput swing has a delay of arotnd 20 ns/400 mV when
theé 50 pF.

150 mV wheéin 1° kO “of resustance Ioad is connected. IhL

“cdpacitarice load is connected,

—min.upplications

how: outpuf-of analog switch basr:d -on the proposed
uit: as: deplcled in Section 4.1.” Analog .\lgnal with
onent is apphed 16 the first input and digital controlled

5V 4 ¥ y v
s LA 1ds F5us 200
Tupe, 0
Figfi‘l. (:)uga. s_i'ignai of:analog switch apj :'gh,;:Hz mpok
REL
OV

NS

g 22, Our

v

'!()ii;_xs 2(}*}.'\5: '3!)(.);1'5 -v\i\hm\ 3tsiins
Time

sl of half-wave yectifier application \f.fi:i:_s Mz inpak:

[ ¢

SOV —~ ® 3 +
s 1000 20ms s 400ns Sl
Tiax
Fig 2% Wave rectifier applicatica with 5 MHz input.

Fig. 24. G- fayour ‘of 2-inputs {33 WIA mad:mufit circuit. b
qrouit.

ATable_ 2
« Moded paramicter oF TSRC 025 g wsed for SPICE similation.

UC=24115056-11
30 14520567 4GS

2 2
D WIN: T WW
w=p 1w N— l LWL =) CAPMOD =3 XPAKT

+ 3.1 TNORM 27
w;ss;sosxh«m 6503

L.GE-11 AT= 3384 WL OWU\ 1WW =
LLN= T I,V-:D LW ) LWL=a 0 CAPMOD »:
CG50:=6.74E-10 CORO- 1E-12 Clu 1.913204E-3. P
§25705E-10 PBSV
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signal Is dppliedto the second input-Only positive cycle.of analog

signal \Vy=300 x 1073(1+sin{31.42:x 10%1))-appears-at the output;
depending on the: digital coptrolled signal (). For halfwave.
; signal’
Ainput  ist

rectifier; thi ﬁrcl put s assighed by sinusoidal
V3=600% 107 sin(31, 4z>e10'r) and the' second
grounded: For full-wave réctifier, ‘sintsoidal and 180° ph’a'se
different  signals are appliéd to- Vie —Va=600:x< <10~3

sin{3tlaz x 10985, Figs.. 22 and 23, respecnvely. show the outpu:

of haifiwave and fi ull-w_ave_apphcqupn_: , which are easily obtained
by tha proposed algorithm.

53. Post-layout and s__i_n‘m_!aribn results

Moreover, sample layout by- using L-EDIT based on 0:23 jun.

design)rule and TSMC MOSIS technology-are used to design the
proposed circuits, for -example, max-tircuit -apd min-¢ircuit,
which-are; repectively, depicred in-Fig: 24(a) and(b} Two iiipit

max-circuit is easity constructed by Paralielly connecting only’

three transistors per ‘input. The area of max-circuit arount

72
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798.um’* is occupied. T-Spice” post- layour simulation of .max
‘circuit and min circuit with TSMC MOSIS level49 model inT: able2
is also respectively, shown in hg) 25 and 76 based on 1 23 v
power supplies, For max circuit, bias volraoes are given by the
following conditions: V= - 0.5 V. For min-girciit, bias voltages
‘aré-given by the following conditions? Viy= —0.64 V. V0.2 V:
Two thangular wave inputs 1 -and 5MHZ are. applled ‘with
identical amplitude & 600 mV. Output wavelorms_correspond o
the maximum and minimum values, but.sinall offset of outpui is
‘observed {x & 10 mV} whose offset is roughly different by 1.66%
from the amplitude input.

5.4 Previous works comparisons

The comparisons between previous max-min circtits and the
proposed circuits are listed in Table 3. Somé of the previdus
voltage-made max-min circuits were -designed based on WTA
tranistors-with many transistors or somé worse peiformances:
Some circuit has produced delay times of around 20-ns..Miltiple

AeWMax

95

i

L5

“Time. (u3j

Fig. 25. - Post-fayout simuladon resuic of max drcuit with 1 and 5 Adiz riangulas inpugs.

newmin

\/VV

Fig. 76, Pust-fayour Smulitionsresult of nin dituit with 1 and 5 MH2 tiangular i

l/.
ta

10

Time{us)

RS,
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Table3
Copmparisin of previous WIA i the propased WiA
" Max circuic Transistors {r-input) Power supplles (V) Corner error Zoi” Tech (nmiYfArea (um?)
Hir 40 mVi10ns
4. I5mv15 a8
415] 15 mvidtny
{16}’ 25 V100 s Low
a7 1S mYI0 as Low
Proposed W nvidas Low

inputs in previous max-min circuits are_used at least in 3n+3
£s, but- high-output impedance is & drawback All the
1y mentionéd works used hig] :power supplies and
p1 roduce, high power consumption. The pmposed circuits provide
16 v-areL consuniption, Jow number of transistors with.low delay.
titne and low=power supplies.

6".,« I

Avolte
supplil.'s
including N
bandwidth- aré ob(amed wuh K] sn 1ple configuration: Thé: low
delay time is achieved dround .5 ns and fow-THD aréund 0.8%
within 06V ~p inplitrange is obtained. Moreover, the proposed
max-min circuits can’ be- easily modified 1o applications, for
‘example. digital-controfied analog switch, hall-wave rectifier-and
full-wave-rectifier. The chamuensmc ufthe proposed apphcatxons
is shown and dnscussed n order to confirm their performances.
‘the results OF imax~mmisi dircuite-are itk agreement with the zheory
Daséd-on the winner-take-all :algorithim, The application reéults
that.are|realized By max—min circuit.piinciples are satisfied in
5MHz inputs. The analog switch: algoritlim is simply vealized
based of two inputs of min-circuit. -Anafog switch result agrees
with the digital mmrolled Su;nal Fuil-wave algurithm. based on
the pruposed max circuit and- the inverting. amplifier bdsed on
DBVB arg obrained in a-full-wave ougput résull. tayout and’ POSTs
layout sirnuldtion also have been provided.in order to verify the
pre-layopt results, Very low-corber errors’ are detected in both
pre-layopt and post-layout.
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