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ABSTRACT

This thesis presents the applications of an improved Wilson current mirror which
inherently has low impedance node and wide bandwidth. Two circuits, namely the low
input impedance precision full-wave rectifier and current comparator, are designed
based on an improved Wilson current mirror. The applications of both circuits are
provided. The circuits are designed based on 0.5 um CMOS technology and the circuit

performances are verified using Hspice.
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' | T =l - a « g dl. 4=‘ L o =i
ADLIINU9ATTNERBUNBTIABS (CMOS inverter) (FBANAINABNITUINATITEINTZUALLL
wnadulldseynaldauiduasasuidadesesdyyinnssua uwanainiilaldasasm
) = P P o = - v v
AafuradtyyrunszianaanuuulasauiunasFaudeunsruaiiealdainagas
AILANERTITENEA TR (AGC) Turasnlindyynouanend

AUSEAIATBINTTNININEUW LS AT
- v Y a e - o -

1. iWeAnsAuadiidunisaanuuulasFeansTualLUIANARULAZ294]
Wisusunszualaaldoeasasiaunseuanuunsudawnas 4 daifu
dalszneaundanresisanivelildiosasifiausinunuduwmean

2. aasiisenwuuastiswadnuazldeUnsnias

3. wAlANITRRNLLLA25AN TN I af s ldase



1.3 ANNAFIUTBINNTANE

NAsaznaunssuainislfiuiuattaunsuanaluasasiniaululuuanssua
\asanasasliduden Mussiulwidan aunsainauldfinnutgeuasinlddszegnd
afratuaasauld fsasazvisunssuauuunsudanas 4 saiflunsaswilaniluanianaiu

v ° . e = VA o o o
ANUNIUGNDE IUA22397 (Taaznananalunmendl) Aamnzaniunisminanululuuanszug

1.4 nauivdauuranuannlalunisiae

ToealiasasGeaenszuanuuiduadugnainlilaenisdeinud oy rdnladnuil
ety ruBuymiiuadussigienivnaasasuszndumadygiusninuil aanty
= ' P ar kY :‘/ o ] = = rd” k1 v =i
diudyrunnauaudatiugieniny  wiluineinusiazldnisaiienaasFeg

d ’ " " o g 2
NITUALLUATIAAUABITALAI LB UA T U WBUNNULLEARN (Differential) 1¥in9asviaany
ndwihdyaanevinnildainaeasSenssuanuuaiiaduisaastaunsandn fos fu
3 i 35 & o o
WalWlddyyruGaenssuauuuisuna

lunsdlrnsasasfFouifisunszua Inerfinusiildaeasasfiaunsruauuy

nadames 4 61 Inesasiilafiaasuniinnusuniudunnaiusdafinsasaunseualy

'
ar ar

4‘ = = [ a;q ar g
7 BalaeialUBunnaessasufauiisunszusaziflunszuaniinaannisauiuszudng
NITUABUNNUATATIUATINEY BunuaA1udnnasi ldeanuuuauludnerdnusaly

dludsiinsasaunszuaniiadin nisesnuuuludnsuziiaunsoanindenugode

UazanAIANWU 1A

1.5 YAULUANITIAE

= os

NAFEINTTUALLUANARULAZ R U WsunssuauLuLdnesilseunnnside

s sz nalfanuiiuseasiug ussasunAedaresdonnszualagdacas
FEINTIUALULANARY WAz9asindndym o enifinaasFoanssuauuufunauuay
asufFauiisunszuaniaulugiutesnasauaNEnsesaluls (Auomatic  gain
control) Walfaruguauinresdygiiildainssasindiadyminaned uananiilas
- g = a
n1seanuuuNaTfFauifisunssuaniinanssnuaInn1nasuuyaseanssuaunisuan

a8 (Robust current comparator)
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unh 3 nanataudnnsane Mg iduuuannaluniseenuuuneasFaenszuauuy
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145 AZNDUNTZUA

2.1 nallun

29asaseunsTua [1-4] Wuneasdeiitsrlogiunnun1s0enuULa4asauIaanuas
dninl it ulunsasaenansua [5, 6) s lunsludassasaunasiulvan
10901ATENe [1-4] viawiuaAnasuBaudisunszua (7] 29asulasdtyqyiaeuiaaniiy
Aamaa (Analog to digital converter, A/D) uaravasulasdtyuuAaneafiuauiaan
(Digital to analog converter, D/A) wuunszua [8-10] taqiulinnsAnAuaaNLLLNNAS
axfRUNTILABENNIMANTLLIY Uniiaznanafesasasfiaunssuaiinenlden Selufitas
NA19T923R ALYV AUNTEULALL LN INEAIReT 2 fa (Simple  current  mirror) WUL 3 §9
(Wilson current mirror) WUl 4 BQ (Improved Wilson current mirror) WaZ29838NauNIsua
AMNLANFAIABI AT UL UL UTames 4 6 (Differential improved Wilson current
mirror)  AMANTRAIATYTRRTazTeuNsTuaTas A s luumiissnaudaadnmaene
NIzUA (Current gain) AINANUWNIWINDN (Input impedance) WARTAINAIUNILINEAN
(Output impedance) latasinisiansniiiesassananssuafuniamingy wananni

o =4

fhiin1sianTAuEanaIaeaIna s liaunsdnelimse (DC matching error)

'
=i

dussAnBusadueninm (Output-voltage coefficient) uazusadulviaengn Prsisimion Y M

1 19999589AINN9U

2.2 2995RSNBUNTZUAULUNIUBALADS 2 A9

=4

aasazieunszualugud 2.1 (Juasasazfeunszuauuuiidtaian

qQ

uaansudanes M, gnaaludansulalen (Diode connected) Tatinissiaanmdnfuen

nswinliusesuasu-inaraseansudames M, TAduguiinlueansudanes M, &

gnludalutinudusa (Saturation region) NeanTIUTaARF M, AaluanrurAsnuauTasa

(Common source) TatanATIeINRaNT UTALADFAANONARE A LTI N AT

QU
v

neansIuEaAes M, winswinteseansudameiaesfilvinfuynlsznisasinlglé
NTZUALINNNILATUTIBINBANSIUTALADS M, WinAunsTuaBuNNNIIATUIRY

NRANTTARDT M, sinel



DD
(*) IiN o VOUT
lin ¢ IOUT +iout
o
A e
VSS

=l - o
51" 2.1 2%sarviaunszuaLLLUNITARST 2 B

221 mﬁl.ﬂ'i'l:ﬁamﬂu%mans:Lm'lﬂmsq (DC analysis)

AruantAnInszualWasiid A ImaTasaunstuafea B anataLieaan
A liauneAnalwmse (DC matching error) uaz@utlsz@nBusafue1yinm (Output-
voltage coefficient) AauEANaIaaNAN I aNn A IR LAz AN s L AN LT IAY

MINNTIBINATasvaunszualugiia luiAauannis (2.1) uas (2.2) auanau [11]

f::i“f—"’-—l:argl (2.1)

IN

AL £ T

OVC = =t o (2.2)

T

Woen 1,,. I, a., Al,, waz AV, ABNITUADWIWN NTTUABUWN SRP1daunsua

(Current ratio) ANsTUALATLIIAWB IR RBUWa TR nATResnuULANNATAL

FanalddnArduilsr@nsusafuienyinm (Outputvoltage  coefficient)  143m
ANATN1T07892995TUNTAAI NI UL TN T ae nuuL i Tz T s e Fuie 1y
wasuwag

Aufiawataiiasainas i liiaunednielnmse (£) uazArduysrAnsusasy
0NN (OVC) 3899985 Tu3107 2.1 armnsoiiaszildlasenduannis (2.1) uaz (2.2)
Tasanliauwammalnes (¢) wazdAr&uiszBnsussduienyinn (OVC) fanminiuy

ANNIg (2.3) uAT (2.4) mNaau [11] (AsuaziBaanisdeszilunianuan n)



e =AWV —Viy) (2.3)
OVC =4 (2.4)

el ¥, Aedussdudumniavinfuussduiisnnareasansudameiluguii 2.1 uaz 4
AaduilsrAnsuruuualdudnanaiadu (Channel-length modulation coefficient)
wsanulWiReIsnge i lisardenainauiiaminiy

2I(nin)

Vnn(mm) = Vc;.\‘ + VM\'\:H(BLI.\') (2.5)
loo? V. Aeusafuna-105a109Na@NIUTABATURT V) ) ABUIIAUATU-TETABY

FRTDINBANIIUTALABTN LA UNE IR ENTEUE (1,,)

ananns (2.3) Apaniawanadiesainasulisumadnaslnmsediauysiy
IﬁaﬂmqﬁumaﬁmsmdwLmﬁmmﬁwwﬁmmﬁu%mg'ﬂLm:ﬁhﬁuﬂi‘:amgummmaLz’iwf{u@m
guadu (Channel-length modulation coefficient) Tusueiiddulsraniusadiuainnly
ANNT (2.4) %LLﬂsﬁuTmﬂmnﬁuﬁﬁﬁnﬂszawgmmmaLf’iuqfuam@La‘fummmmmu%maf{

s

222 nisAiasizvamaNtAnensudindaduduimauialan (Smal

signal analysis)
mnm‘r%mm:ﬁﬁ’mtyﬂmmmmﬁnmmqw?lugﬂﬁ 2.1 Tlagniuuald
uaansuiameimniianeniRmisuiuynilsznisazinlilddnsaenanszua A
FunurdtuazauiumIueeandauandluannig (2.6) (2.7) uat (2.8) AMNAIRL (g

SIBAZIBLANTTILATIZTINNANYIN N)

o 1—(sc,,/g,)

i (2.6)
1+s5 [ 2+ ]
g”l

_ 1/g,
1+5(2¢, +Cu )/ &

m

| A



F l:l + 2 (2Cx_\ + Cx‘,)]

m

(2.8)

ol T
r 2¢ r
) o] .2 o .
18 8 [ =ik 2gmcgu' } e M (2CK‘C.L"’ )
Eul " &

o m

loe¥i g, c,.. ¢, waz r, FRAMUAABUAALAUTIR BN INTAIAET AnALdszque
Neunm-geia AAULEALla R INA-LATUIBINEANTINTARBTUATATNATUNIWATY-

TRFATBINDANT LT ARDTATNANAL

RINAUNIT (2.7) war (2.8) ANUITOANUITUMIAIATNFTUN U N LAz INBRNT
ANNDANAINAL 1/g, URT 7, ANRTAL
WUWIAY (Bandwidth) 28994R3ALVAUNTILALLLNIINTAWReT 2 Aaudldannnig

i [

AATIEFAIAND INATBIANNIT (2.6) TAWYINU

g /i
e 2.9)
Sz 2]’!’(2(:‘w +c,,) 2 (

ooy f, AaAA IR IMERMIe1anssuaBINaans uiamaiidumils (Unity gain

frequency)

223  wamsulFauiisuanantinng g An35tAsITRIUANUIEAIARINIS
N91UA2E Hspice

WamIaaauAugnsesresannisiliddirssildluiadenauning Tusunsy
Hspice ldgnlfifetiutunarasasasazfiounszualugdd 2.1 lnadmuadinszualuda
Winfiu 100 4 wsssuunasanelideawindu 3 asuazldrunaueanswdawmas (W /L)

Winfu S0um / Sum Teawisiimein idlunisanassniminauuanslilunisei 2.1



A1 2.1 TASNITIAE FUBINANINTAADT (MOSIS SCN-2.0 12m )

NMOS Model
+VT0O=0.77527 GAMMA=0.5388 PHI=0.6 NSUB=6.264661E+15
+L.D=0.250000U UO=652 KP=5.518000E-05 LAMBDA=2.752568E-03

+TOX=408.000001E-10 PB=0.800000 CJ=1.038500E-04 CJSW=4.743300E-10
+MJ=0.649379 MJISW=0.326991 CGDO=3.173845E-10 CGSO=3.173845E-10

PMOS Model
+VTO=-0.77048 GAMMA=0.5083 PHI=0.6 NSUB=5.574486E+15
+LD=0.213695U U0=263.253 KP=2.226000E-05 LAMBDA=1.41E-02

+TOX=408.000001E-10 PB=0.800000 CJ=2.375000E-04 CJSW=2.707600E-10
+MJ=0.532556 MJISW=0.252466 CGDO=2.712940E-10 CGS0O=2.712940E-10

Tnansawae €, C,,, g, waz r, nelilueanisiinesTuanmei 2.1 udn

YA TR A WU ILANNSERIITENBNITUA AIINEIUNINI TG A T AL
FIUNIUIIDDNTBI9RATT auNTELaluaNNIT (2.6) (2.7) WAL (2.8) AINAGU 16
BRTITLNBNTZUA mmﬁmmumn’nuﬂ:mmﬁwuwnumqﬂ@nmmqwsgﬂvﬁi 2.1 wWi1iu 1.0,
3.01 kQ Waz 3.63MQ AmuAIAY  luniuauRsfunNIsA LU A Lasldaunis
(2.9) IHAMLWIARINATY 177.4 MHz lua0usinan1s91889n1IR1aUEa e Hspice l#An
ARTITLILNTEUA ANFAIUNIUT I A ZATNATUNIUTIBDNNIAY 1.003, 2.85 kQ UAY
3.64 MQ muasu TpaflAMUWIAYYNAL 183.4 MHz ns W BaufsUNARDLAREINIY
ANNRTBISATITENENTIUNG AINFIUNILINE AT AMLEINIUI98NANNN TR L
NANNIAABINTITNHE Hspice wanslAlugUi 2.2 B9 2.4 mudrdy Feangilaziiuld
uafildannnisiaseiluannis (2.6) (2.7) UaE (2.8) ABAARBIRLHARIEAINNT99188

n1svinusanllsunsy Hspice
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—-0— Simulation
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ATTMD (MH2)

(1)

d :J o
1IN 22 NARBLAUBINIIAINNTLRIEATITUNUNTZUATDINATASNDUNTZUALLL

ean

NINUTALADT 2 AIRINNITIATITHLUANUNATDY Hspice  (N) TUIATD

DATIVLILNTEZUA (T) INALDIDATITENLNTUA
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(s

0 .
AT (2 7)
— =0 —  Simulation
+ . —“— : e
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AND (MHz)
(n)

(‘f_‘

w

b

Lo

(=

a5

(:.'

[

=]

C

=

)

r

S

-

€

c*

&

7

@

[ =

=

- -80 1 aunT (2 1)

—-0— Simulation
100 e = P H A ST P ST S
.01 4 1 10 100 1000 10000

AND (MH2)

(1)

= .
$UN 2.3 HARBUANEININAINTITBIANNATUNIULILE1T89999TAEVIBUNTTULALLL
NIUTALRDT 2 FIAINN1TIATITHIUANUNADEY Hspice  (N) TUNATBIANN

b % } 3 4 9
ATUNIUTNDY (2) IWRTBIAIHAIUNIWITN
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AUNIT (2 8)
—-0— Simulation
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(n)

WaTEIAZ AU LT IBEN (B4A")

AUz (2 8)

—-0— Simulation
-100 T - — — TN i PEETIT N MPETIT
.01 A 1 10 100 1000 10000

A0 (MHz)

(1)
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SUN 24 NARAUAUBINIIAIINTTBIAINFATUNIUTIDANTBINNATASTBUNTZUALLL
NIUTALADT 2 FIAINNTUATIEHIUANLNATES Hspice  (N) TUIATBIAIN

FNUNILINGN (1) INATBIATNFIUNIUTNDEN
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2.3 2995AZNAUNTEHAULUNSUBAADS 3 A2 (Wilson current mirror)

VDD
+ IIN OVour '
ii ‘IOUT"'lOUt
in
S
o 1 M,

d - o o
519 2.5 23asazviaUNTEUALLUNTIUTAADS 3 A7

ARV AUNTTUARLLNIIUTARDT 3 5o (Wilson current mirror) lugil# 2.5 il
29959819198 s RS RUNTLLALLLUNSUTALADT 2 AOLRBARAKAAIINEANAIATEY

L% 3 ar dﬁl Q‘ £ 4
nsasviaunszualae 1N saun A UULUALINAIWNAINFATUNILNEBN [12]

231 NSAASITRANANLANIINTZUAINASI (DC analysis)

ansy

annsaaszineasluglii 2.5 lapldneanswdained M, uaz M, HAnauin

by

wilaununnilsznis ArauAanataliasanAnliaunsAn1slnne Adudsc@ns
WA IINNLAZ U AR EIAIGATIIN I IR IAINNUTIANATNANNIS (2.10) (2.11)

WA (2.12) AMNAIAL [11] (931882BEANNTTATITTIUNIANUIN )

AV, .
Pm—— N 92 ir_f}_ (V{W - an) (2.10)
201 AV, ) 2K

Ty

OVC = A? (2.11)
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V

DD (mm)

=2Vi5 + Vi wniman) (2.12)
Tou® K fAwindy o, C, W /L, u, Aepnuasesineewme, C, Aeaualiiifiden
ledeaarunm, W AANNd19199utuuue, L ABAINENITRILTRINALAE V,, luaunis

(2.10) HAMIALABUVNTDILTIAUNTUNA-FDTATDINDANT T AT (V,, = 2V,.)

A1N8uN57 (2.10) wdruseFuennaz i uussfuBuNN 29asiidanaliien
mwamwmmL’fifa\af-nnmmhjaumﬁmﬂﬂﬂ?omﬁLﬂug\uﬂé’mﬂuuﬂmmnTﬂNa'?'Nﬁ'"lﬂ
aummqumlusﬂv‘“ﬂ 2.5 UANAINBANANEANSULIIAUTEII99sAEHOUNTLUALLIL
nIudames 3 i luaunas (2.11) Barasasllunnidledouiusasasiieunssuaunyy

NIUTARDRT 2 619 LUANNT (2.4)

232 msaszdausntAnanszudlnasudyyrauialan (Smal

signal analysis)
@’mmﬁLﬂ?'l::ﬁﬁrgnpru‘ummﬁnmmwfwlugﬂ'ﬁ' 2.5 Tnanrvunly
NaanIuIaRasnANAnaNRWNauiunlsnisazladnsaenunszua (4,) A
FIUNIUI UGN (Z,) UAZAINAIUNINDIBBN (Z,, ) Auandluannig (2.13) (2.14) uat

(2.15) PUATGL (ATIEATBLANITIATITTINNNANWIN N)

3 Co + 2c 5
gm - ¥ 2gnrcj:d 2gmc r -5 C;:u' (36“:\_ + C_s:u' )
A' = o
, 2g, 4c,. +3¢c,, 5 5
g, + , ¥ 28, AT E b [if (2(.‘&,_‘ +5€ L+ )
(2.13)
1
2g, + . +tde, +e,)
ZH? = . 4 3
7g C. .0
2 “&m & gd 2 2
gm + y (25'{::: I * 4g|rr Mn’ r J+ s (2 s SC,L\CNI + C,ud )

(2.14)
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1 2g 4(', + 3¢ ol
3 . I I
g, ey 20 gl D (1, + 2cm,)+—
Z, = L, r L
onl
N s P " 2
+5* (26,7 +5¢,C0 +26,7)
| 120 y) [ EnolCnt )
gm . 2, gm (’;,-\ ng 2 ) 5
L2 + 3 2g"' L}:lf + +s + 2Cg\ - gm':;cgd + C,u\c_ud(’? - g.m’::)
9 ] i
’ r,
In., . q 1
+5 ZLL,\LK‘,(LK\ +Cy)
(2.15)

FINANNT (2.14) WAL (2.15) AUTOATUILATAITNAIUNIUT NI TIRAZ AN

[ - =i o 9 3, o e
FIuIuTIean AN Il 2/ g, wet g, AINAIAL

233  mamsuFaufisuanantinnge g AnI83ATIERluANUIEARBING
M91UA2E Hspice

Tnafmualinszualuda Turnsesneansudaines ussdulniasauazluiag
wistwefunauiuluiade 2.2.3 131870150 ATUILANSRTITLILNTIUA AGTNEATUNIWYN
duazaufiunuaneanessasglil 2.5 Wi 099, 601 kQ uar 438 GQ
ANARL uBNANNENTANM MWL TaelFaunnT (2.13) TEAuuuRaivinfy 402
MHz  Tu20Ae 2 UeaN1991889N1IN19UAY Hspice  HANERAINI8NBNTINE AN
FIUNIUI LA AN UNININEBNNATL 0.99, 5.69 kQ AT 4.71 GQ AmuataLing
TAULUAATWINGY 4237 MHz  newiuBeuidisunanauauamiamuivesdamanne
NTTUA ATHATUNIUTNDIILAZANNFATUNIUTIBBNATINAITATUILALRANI1TIIRBINT
finamdan Hspice wans13lugud 2.6 B9 2.8 mudrdu Fsangdaziulddnaiiléannis
ATz luannig (2.13) (2.14) was (2.15) ADAARBITUHATIIAANNNTINaBIN TR A

Tusunsu Hspice
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10 100 1000 10000
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NIIUTALADBS 3 FIAINNITIATIEHIUATLUNATDY Hspice

ARTIVLINTEZUA (T) INALBDIDATIVENBNTEULA

(N) TUIATD
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AUNNT (2.14)
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T T T 1
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2.4 3RFRSNBUNTEUARLUNGUBALADS 4 A (Improved Wilson current
mirror)
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Inseanuuulvasasinouanninsiaaldnsudaines 4 dasauanslugdi 2.9 vinliinas
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signal analysis)
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gm (3(‘-1.:\ + cgd(gm - ]))
r

o

5 c;::l
('I = xm [3C-\" + c-“'d(gm B 1)] - l‘z +
o

2c «I(ZC + gm wd + C;::I)

ad, = g,,, (2(:;;\2 + cg\cml(gm - 3) . cgdz(z + gm ))

o

CRJV

a, =-c, [3('“‘1 Be cw,](l +g,)+ 2(.'mcm,(2 +g, )] +

“

X 2
u-l = c,:d (('_‘:\ + ('_\:J)

3 2 . 4 X gm(scg\ + 4cgd) 20;:\ + c):.IHI.-I.\' + c;:d
m ( ( + ('J.:JHI;I.\' + (';:u')+ F 2
5 Foras r
"l e (Te. +3c,,.+5¢,)  2(2¢
" gm o wdBIAN udd 5 ( cg\ + C;.,'xl)
Ly Fosrast
Lm(:;(_'m e

g, (4c.~ *+5¢ i+ V1€ €+ 4C“mm\ w T 4‘-“ JF
b Pty

. 2(3 T+ 4c“c“, + c'ﬂmu_\‘(2cx‘ +e,)+ cw')

r,
S [ J . . .2

by =c¢,(2¢, "+ 3¢ o Cotias F 1€ Cos A€ 1515 Cput + dc,7)

ned 7, uaz Comrys ABAMNFUMIUATU-TRTAUAT AL ST mw]awmmﬂ \ATUID

naansudawmeinldludanszualingas (1)

lwinueaaaiuausuniuedi(Z,) fawiniu

1 3g
2 2
28 +—=+—"45*5¢

— P s
" 2g g 1 2¢.7  3g

|
gl Tom pOm L pTom 4 TOm 4sh +57h, +57h,
":fm.-n' F Fogiast r VoptasT
(2.20)
4c. +2c

4 20,
loe¥ ¢, = g, (5c,, +4c,)+—— uar ¢, =3¢, +4c,c,,



v =y [
AMUATUNIUDBBN (Z ) AN

ol

21
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25 2993ATNAUNTEUAAMNUANANFIFYYIMITUULNSUBALADS 4

) (Differential improved Wilson current mirror)
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31N 2.13 2935aXBUNTTUAANUANG WA QY LY AT MULNTIUTALABT 4 77

251  msiAszdanantananszualiage (DC analysis)
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2 2
2 3
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nisdseynaldiunnsUszuaanadyynd (Signal  processing) Tuumillénanadaneas
WReudeuininuluinanssuasuiinBoudisunaresnsasiiauaiussan Foudion

- Y
NITUABUT AE

4.2 23955 8UNgUNTELABUULAN

annsianuaudseduiddounudninisauetsasnBouiiounszus
Uss@nBnnganaeaas [7, 20-23]  avasdaulugiszauilymwiunsdsznig \B99957
wuelan (7] bisnnsovenléfeuigaiesanniauduniumeengs H. Traff 1§
WWueanFauWsunszua [20] uam'Luga_l’F; 4.1 (n) laelda9asprannpuIAT UL UBUNN DY
aasiteliiiaud g ednelsimuausunuadisessasiidAeudng
gunniflenszuaduymiiugud Gaiuqeuasurasdyyindunnivaduasluasen) R
¥4 Dead band region FauprmEalumsieuteasiagndia  dexnl4finasld
Lmﬁﬁ"hﬂﬂ?:uﬂu’ﬂuﬁﬂLﬁ.ﬂLLﬁﬂm“ﬁ Dead band region § 21 winsasidenadecld

NITUIBNNTHAALLLLBA (Twin well process) wenaINNIeunULLLALRDAAANN
FumunduazaneenTetasfiiuEnauia (22-23] FNBLINNTBINATAINAIIYNUARA
lugﬂ‘ﬁ' 4.1 (1) uaz 4.1 (A) qmsﬁ’mumlugﬂﬁ 4.1 Hiflunsasdaunii (Front-end) 9847943
L‘Lﬁ"ﬂuﬁﬂum‘mafﬁaﬁmﬁﬂLmﬁwmmmsmd'\ﬁ‘lﬂwiaﬁmwsmmmmﬁmﬁﬂlﬁﬁmmﬁm
INNT8IRRTiuuWsunstuaadaléindng (Rail-to-rail operation)
ForfurnsnsasuBauiaunsuaressasingnanninessasiniludeclduasiisees

NTEUAHINER (Ier) UASNIEURBUWNASA (i, ) INBUNNsTuanaran id iU laudlunssuadunm
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a Ty . < .
2891FAIUAAANIRIMUNARNTUIINATA AR INTELaae JUR 4.1 Dudaetng

s liinTsauiureInssualufmasFaumsunszua

o<

M; M,

(n) () (A)

gﬂﬁ 4.1 nasufFaumsunszuanaualag (n) H. Traff [20], (1) B.M. Min, et al. [22] uaz
(m) L. Chen, et al. [23]

=] d o
4.3 29959 NEUNTTHANUNAUD

4.3.1 MANNIFNNNUTRINAS

TAsaaiaresnsasildnananniauundsdauasuuuiiauelduanslilugd 4.2 (n)
uaz 4.2 (1) AuAdL angdunalddnanisuilliainnsnfodiounsmuaiifingay
ﬁummns:uaé’ﬂq%qLLa:n?:uﬂ%uwm‘émgi'luﬁmmsTmaﬁﬁugmmmmaqm:ﬁaum:ua
niudanad 4 soaasdyrnndt Tealdnssuasneds I, warnszuadunnasa (i) Al
Houdnuniian a uas b 1eareasasieunszualugf 4.3 Audasy uﬂnmnﬁﬁqlﬁm@iu
IBINATALNAUNTLUAULUNIWTAIRDT 4 ﬁfnmuaﬂqﬁn;lrmmﬁﬁaﬁmmﬁmmu Y

&oyuroudnnaeasn

' L
=l o

TaRATD49995NUNAUDLABA AT UIUNTIUTALABTUAZANIRINUIIAINIIATAL
nszuanaldiiiesanisasaunszuaiiiudauniisnessesuFoudeunszua uanaaniiaas
suuazaanBausunszuagnesdn s fuin i dsugaidnreansaniamiaana
Fan FadurnaguesindsuguiefuAnaImiag (Power delay product, PDP) A8t

T
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= Vout
asuffuuiioy wnudyooy
i WATAUNTEUA [P — . . —90
in NIEUA funefinef
_.-
(n)
IRI-'F
_".
PRI TR BT wenadoy o Vout
' Wisunszua funafined
m -
_>

(1)
< v - P o
3U% 4.2 Tanaaiiaresasffouiisunszua (n) 2ssuBoudisunszuanaly (1) 2999
o P
lLE'HULWﬂUﬂ?:LLﬂ“Lﬂu’ﬂ

sUN 4.3 wamsasifTouiisunszuanldeanuuy 29a5d9untin (Front-end)

U

b.

UTENBUAIEIRTATYIBUNTTUALLUNIINTALART 4 AauuuassdyuIdl (M-M,) uaz
uaansdaines M, seilulalen (Diode connected) eruiiiifuinanaeaasazion
nsruAil mn{fuﬁﬁﬁmrmm'ﬁllﬁsifarihﬁ'mmwmaﬁrycy’tmuuunﬁutwﬂmwgmimﬂiﬁ’
NRANTIUTAIRET M -M vnaslugudaduienmingifulnasse M, -M,, ATHAIAL
mnﬁ'ua'qchuﬁmrmmﬁlﬁﬁﬂmﬁum%unmﬂm5‘73nﬂm‘gm (M, M5 UAE M_,-M_,)
Lﬁ'ﬂiﬁuﬂﬁut@ﬁﬁwﬂﬂaﬂﬁﬁ?ﬁLLFi 0 126 3 Toas asasauuazBoudiounsruaiildses
arfaunsruauuumsuiawmes 4 falaofleunsruaiidesnisgniFoniiioudnfian a
(NTLUATNEY) UAZAA b (NTEUABUNN) NTTUALATUIDINEANT LT ARET M, TAnTlunasng
TEMINNTLUATNBINUNIZUABUNN (I, - i) NEMUTB929RTANNT0EB LN AR 1ile
NTEUABINBA(,) TUNTZUABUNT (i) ﬁﬂ"]Lviﬂﬁ’uué’qq:ﬁﬁlﬁﬁmmﬁu%m C 199799993
Atsranmiananreusaiuumnaang Iwaes dnszuasunm (i) TAdesndinszug
é’w%m?qﬁuﬁﬁm c AziA1IanaY '51&'\1LLNﬁuﬁ'ﬁmmﬁ%gmmﬂﬂua:ﬁﬂﬁlmﬁmmﬁwﬂ
dsAuaui Voo Wumanduiudnszuadumnilamnnniinszuagndsasinlbussduiian c

a -5’ o 2 ar L3 = o o A 5 L
LWN‘]J‘LL‘VIW’L‘HLL‘NﬂuL’EﬂWV!‘V]ﬂﬁﬂqquﬂﬂi‘zﬁuﬂ?’]‘ll&ﬂ“i‘ﬂﬂﬂiﬁ’lﬂﬂ ’J\?’QTLL’?‘HULWE]UH?ZLLZQ
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Fananafiausuniuendiainezaessidnistieunduuuuay (Shunt input) nelugy

1DINATALNBUNTTUAULUNTIWTALADT 4 512 (M,-M,)

<l -l P
51 4.3 2essufoufisunstuaiitnaue

4.3.2 NSIATITNIAS
ANNIAMNALRUSIEMI N BUMUATIDINNTBRsu R uWiBunssuatiAYIN AL

z VIJH
V = Zl AZ (lf(.f:'.f" - I’m ) + 2 (4 1 )

ot
Tne#l Z, AedmsaansAusunI (Transimpedance gain) Aanqagunm lfaqaenying

299299 7ATTBUNTTULARLLNI U AT 4 fafilum ¢ uaz A, ABERITENBUIIAUAINTUA C

TudaeninnrasnsasuBauiiaunseua

Tranisimmeddn oruruiadnazlAans a1 ANFAIuIIY Z, Wity

_ /8

= 4.2
]+s/coﬂ 4.2)

Tnei
1

" g_l (€5 + Coum + Cyan [ 1+ ot O 7 Ry )
mSs

= <4 = a = o
loed R, | AsAs U waliowasu-TefatTaINeanWIaRed M
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lwiusadeniu sRsrey 4, IAnviniu

n

/{2 ﬁ gmm (’:w // R(Jan) X ﬁ (gmn; + gm,m )(’:nm // ,:rpf) (43)

el 1+s/ @, e 1+s/ ®,

=b.

ot

_ 1

B (ra an,z)[cgmn.z € opiaain s Tinra /! RHpI.Z)]

_ 1

P s B 7 08 s F o Wi + B Mol W} |
1

(’:m»l /'/ rnpst ) [('-gm_i + Cg\ps + (L.'L’:’HS * cgglpS )(gnmS + gmpS )( ’:mS // rrr_rlS)]

a)_nl 2

@,

(rmﬁ // ’:;p_‘s )(denj + C}_‘u’,”ﬁ )

2,5

Tun1sasnuuLIRIA M war M. A uAeININITRANTUNNIBATI VLIRS

n1-n3 p1-3

Al widnnastueadunefinefasiisnsatusefugausiosanniidn
A Wi uwnensasgaduiuinlinnsselus ¢ iiussastueadunefinelnunse
danalipanndalunisinnuenasuBofounszuasasilinn asaseeuneudesaiis
Waadufasumu AuiildueansudameFinaulududady) dagnianldineed
AR B U Te e sind lneRidaldsmsaetussfugalusedunile atinalsf
AN29asii A natnTalunsatenszualiinandes 3ednfudesiiaeasines
BunefinefnArenuusiutaine s zaasineadunefinefanunsn 1iusaMuenyiny
a39l#nd1q  (Railto-rail operation)  Wun1sasanuinnisidrensautesasadiiviuea
AumefineflaudsuuusanuIuee123a96197 AUa1N170 1HUIIAUILINNTI94T
Wouifinunszuasislénaentuaaunssdini@ns einslsfaunanmueeiidaany
qoyidnniuAI9aIMINg (Power delay product) ARAMANFNaTUlL vaiinudnnsldaes
mumm‘ammws‘mwnmn"u%mﬂ%umﬂﬂm@ﬁ‘amN@i‘lﬁﬂizaw‘“ﬁmwﬁﬁqm
AU fitue b SArA et nnstleunduuunaunislugilaeinsas
asfeunsuauLmsuiamnes 4 f1 Tapannsossunylédail Lﬂ@nsnm%uwm i luaudi

Tum b Aussduilum b (v,) szingeaw Aussdu v, dazgnaeneise M, (Common
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source) MU IALURTNATULE M, LAZTUNATEI M, AARIAY ATULTIAUINTRTAT8Y M,
azgnn IiRNae

ANEUIMNId T RTFauisunszua (R,) HAwni

1

R =
ng * ng + gnllgm‘!(’;)m.-l.\' // I’::I)

m

(4.4)

S RTUNATBINDANTILTAAE FIUNA AT AUNTSUALLLNI T AIRDT 4 Familauiy

nnsens anns (4.4) azgnasgiiily

R, = ] (4.5)

(1] = 2
gm (':rf!M.\' // ':’J])

433 HANISINABINITNINUBRIIRTAELITUNTH Hspice
WRELEUN T899 T HUTBUNITULA 2933AINATRIPNANABINTN Y
4 " - (s 2
aalusunsy Hspice Taeldluimanisiiesaas Alcatel 0.5 luaseu (level 49) nuls
waaelWide 3 Taadl nszualuda 1, windu 20 44 lunsdliiAnszualudagniden
Tael¥iasasiiAnfindsanugndauazauiialunsinnusngs 1unTeNeansuTames
-:dl & = (3 < L =3 - - £
wamslilumnsadi 4.1 Tarunaresneansudamas M -M,, gnidanlifiauniaidninganali
Fafunlszaue (€, uaz C ) BAn (nofinsastueadunefineigneanuuuliiiussiumd
Tudaszanniienansresunasanousasulnides aunntesneansuiames M,, gniaen
TaaliArANsunurdiresessslaediasiinoudilunismmnaugs AL 989
wegnsuiawmeinifluganszualieasazfiaunssuaiiAAsuianinilissainseanisan
HATBILTULUALANANEARLATU (Channel length modulation) NAANTIUTALABT M, gn

aanuuuIuA N zanie WA wss A InAsanTue ¢ HAnTW v,y /2
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o = .
AN 4.1 TWATRINeANTILTAmeT N FaLIRLUNTELATIIAUS

NAANTITAADT U WL (m)
M, .. 8/2
MM, 2/0.5
M, 0.5/0.65
MM, 0.5/0.5
MM, 0.5/0.6
MM, 2.4/0.5

ﬁammdwm:um%uwmmqm?ﬁmuﬂimﬂ [20], [22-23] (gﬂ-?; 4.1(n)-(A)) PBUARNY
FTWININTTUABUNNATINUNTUAH19B luanfluadAinssuaiii funszuamsuaes
HBANTILTAIAET M, 1892995 LAUS TunsuFouiteuys ansnmaasusiazaaasi
3mmﬁwu§ﬂﬁuﬁlﬁr‘iwumna‘:uﬂ%uvgmmmsﬁmuﬂimﬂ [20], [22-23] HAWINUNTEUA
WwsuaBINeansIutanas M, warldniAseousasu (M, -M,) TaRBIiY 21AT89
veansdameinnalndidasiuiusasiaueuas iumamsfimefiFeatu g 4.4
§4.4.11 uARIHANISIABINITINILTBIIAsT R nuLLU Rt LWuussasTauelan [20],
[22-23] (107 4.1(n)-(m)) Tnel4Tulsunsy Hspice

gﬂﬁ 4.4 pruandnisnaleun1alnmss (DC transfer characteristic) 19999457
iaveidiesodnfunaersussiuuuusie Tasldduuretrenneusefauariuea
Bunefinafsne My widinsasiuesdunefinefazliAsnmasiousadugeiaus
199198110 TULRTIELTNR (Rise time and fall time) 1938y UTAIARUEININ AN
FRTE8ANEINNIY (Transimpedance gain) 19999857 1EANNN1T4188INIR19TAN
Wi 166 dB TusfinsAuananaunish 4.1-4.3 Wi 171 dB - AnumansAGey
iliAaannnsiilaflésaainaes Short channel effects TiinTwEamNAT8BaANI LT REF
\dnndwilaluaseu (Submicron MOSFET) A1$19# 4.2 WARIHAANILBINIAN UG RETL

ATL9AIUUY (Power Delay Product, PDP) LH8FABARNNENTETALALTINDABUIATIARS

MUANT AU wudinsidreuneugeiasuaua i areaynsuiudneadunefined
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Jaussaniparinaguresidnugudsivdaminmangs luausinislfiues
Bunefineiatinaudualian POP unfige

sUf 45 uammansUAuBIMIAIAITRNRTFBLTinuNTuaTinanuuy Taeudu
a - v el & Aol
fuuananszuadunnuasidulsailuusedueninn Wellaunszuadunmiluafudvaunm

d. 1 o’ 1 " 1 o’
ANNDINAL 25 MHz 1unm 10.1 ud  arldAinaimioamingu 1.02 ns  Teadoyonon
W inadaiiansiaus 0 ta 3 Taas

¥ 46 wamaAtAula (Sensitivity) 193999seanuuuinailaudyoyiudun
ANMABHRTANDIATL 12,5 MHZz  wazauawindu 101 44 Gauanasaeiduiy
Fryeurusssueniymgnunusadulszusriidiannlaviaiu 2 nA (MeaziBaanisin
ArAnu etz FuuWsunssuannldann [24-25))

9# 47 wamsAnedtresa miraiiatiaunszuadunnain £0.01 44
+10 44 RANAINANTLUABUNNFNANIAINUIITBINATNUUAUBNAUBLNIIAIIAIMUYIN
9899937 [20] uasHAlnAAsaiu99as [22) way [23]  edrelsimuAnainuaciian

= o < a PR - i
InfAssiunuaynasasdionszuaduymiinauiu 10 44 auvslisanIaInienszug
BUNNlA1999:1 WA 8 MU THANIAINRTTLIBUTIAULAT AT TURABUN BT IRE T
1INNIIRINIATEIUUNN (Front-end)

s 4.8 wamenisulFauiisuindeaiugydsietlaunssuadunnansiie nu

L 7 a o =4 Aﬁ' -l o= o’ = 1
WH9INAIUGALIBIAsTIIANENAN INALAENTL [23]  WATHAININNG12937 [20] uaz
[22]  wsinsIWee999as [20], [22-23] lugildi 4.8 daliliAanideanugyidaainasasay

S o @ w Y H a o = & v ¥
nszuagasudusiaaldiuseasiiauiinuiuFaumoy BanaInlANAIuNILLLEI 189
ATNAUBENTAIFNNINBNAIY

3R 4.9 uamedrANsunINeTdIreRTFaLWsLNTIUE InTTuaBuNY

0.1 A Ausun v dnresasiiaueiian 137 Q Tuamueiiagas [20] HA1 36.8 kQ

=

295 [22] T 12 KQ uaza9as [23] A1 5 kQ Fauamliiiuinseasiaueiinausiunim
i & d
dRTige
719 4.10 waMINAAMITIBINAIUGEYLAEILAILIAINU (Power delay product,
PDP) aziiudnaeasiiauaiiAn PDP Weanda [20] wnn uaziiAlndiAneiu [22-23] gU4
4.10 AUNRTIANRIMUNTBIRsAUNTEUA Y [20],[22-23] HAnTuguedaliitluazalunia
UAUe AsduninseinisuFauiniauseasiaunn ldaiimsasaunssuanuudneinald
v d' |7 o i ar b 74 o t;; Voas (g ]
wasazveunszuanlinssualudaminniy 10 u4 uarldusssulwidaamingu 3 Taas wudn

WATAUNTEUANNIANUA AL 60 1V Tasannmda9asaulifinanminezlsaen PP
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98499347 [20], [22], [23] uazavastauaiilu 4.99 pJ, 1.1 pJd, 0.931 pJ uar 0.928 pJ
ANNAGL

1SIANITORAAINTERARENIEATDIRT U FauRauNszua lAlAL NN TUIAAINEND
2BINTULUA (L) TRanBansutames M, uar M, atlsAninauialunimianuees
193592 5A18ARY BN3oN aAnszuasaWIIARBNTIRNAIAINFIUNIULATU-TETA 194

- l’d. - l’l v o b5 v = o

NaANIUIaIReIFludanszua (Mg, WalWAIAINATUNIUI NI TBINATHAIFIA
denalvinszuaduwn (i) amnsolnadllwasssnfaudsunszualdetnailsz@nsnan

ANNNITANEBINITNINWIARINTELaaN L iRT89as lANAL 2.8 nA

3.0
25
= 20
s-
£
& 1.5
B
“ 10
5 / —:=0-—- 1 CS+3 CMOS Inverters
s - — — = 2 (CS5+2 CMOS Inverters
1 o 3 CS+2 CMOS Inverters
— —=dO—— 4 CMOS Inverters
0.0 O-O0
r T T T
-100 -50 0 50 100

NFTUABUNN (NA)
d o 1 d‘ o
51 4.4 AruantBinasdralaunnalims (DC transfer characteristic) 1942935N1AUS

WesadniuNIATENEUTIRULLLIA

d o o s J ' ‘I ]
AN519N 4.2 NAANIINNANUGnAETUAILIaIMINY (Power delay product) Lilesie

AENNaUTafALATTNRATUeImeTsUWLILsNeT AU

UINABN AMuIiNes AU | MNASUgauds | PDP (pJ)
Nauteda (CS) | auneiined (ns) (mw)
0 4 2.62 0.47 1.119
1 3 2.72 0.55 1.5
2 2 1.41 0.61 0.858
3 2 1.02 0.74 0.761
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gﬂ‘ﬂ 4.5 Nam'auaummqmm‘nmqma‘nﬁ‘ﬂumﬂun?:uwmumuaﬂ@u@uwmmm

30
1A (ns)

3.0

2.5
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£
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5
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+0.1 LA FIAIHT 25 MHZ (—— © NTSUBUNN, — — : USIAWBYIND)

100
S0 —
2 S

-

- =
= =
5 0 3
1@ @)
< 2
= ‘s
= Z
-50 - =

-100 -

181 (ns)
d = i L] -
319 4.6 Avlirenasuiouifisunszuaiingue (—  NITUABUNN; - —

UIIAUBIINY)



(ns)

ATIATUUN

AyAtiadY (mw)

o

NIANUY

T T T TTTTT T T
” Proposed
10 -1 T, . A 1 3
- » — s Circuit by [23]
o ® . — 8 — - Circuit by [22]
N ... eseseeses (Circuithy [20]
L .

01 A 1 10
NIZTUADUNN (ULA)

= ) " - a "
gﬂ‘lﬂ 4.7 ﬂ’\LQﬂﬂuuQﬁLuﬂﬂﬂuni‘zLLﬂﬂuT!ﬂﬂ’lEI’N']

]2 T T T T T 1717 T T - — - - - . T T ) - -
i Proposed
/ — -A —  Circuit by [23]
1.0 — -8—  Circuit by [22]
Circuit by [20]

\\E
6 3}
‘4 1 1 1lllll'| 1 1 1 llllll 1 ' L1 111l
.01 <1 1 10

NTTUABUNY (LA)

= o o o a i
Eﬂ'ﬂ 4.8 ﬂ']ﬂx‘i\"l’lu@E]__JLﬂfjLuﬂﬂﬂuﬂitltﬂﬂuﬂﬂﬂﬁﬂ’m’]

&7



60 '-. Proposed
a 50 . — -A —  Circuit by [23]
= e — 8 —  Circuit by [22]
’% 40 . seeseese  (ircuit by [20]
- -
= "
= 30 "
= .
= .
aE 20 B
g 10 ———B—E—————B.T-'.E-.—..—.——EI—
S "I . "W . P Wio it
0 3 1 1 1 4 1 131 1 1 LA 1 111 1 1 A1 2111
T
.01 a | 10
NITUABUNY (HLA)
<l 1% 9 o a "
Eﬂ'ﬂ 49 m’mmummmL‘inLuﬂf]ﬂuﬂa‘nm@uwwmﬁmq
10 & T Sl 2 = B ] T T
N .bie Proposed
C TH — -A—  Circuit by [23]
N . . — a8 — Circuit by [22]
o. eeeeseee  (ircuit by [20]
=
&
o
()]
a
L
.l 1 1 L1 1 111 1 'l 11 L 11 1 1 Ll L L1l
.01 1 1 10

nszuaguwn (pA)

58

<l ° o & e ' - a A
319 4.10 wagIBIidRUgdETLARAIMIN (PDP) Watlaunszuadunnansie
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<l o i o o °
MANT19N 4.3 Qmﬂuum'ﬂﬂ\”JQQ?uﬁﬂULﬁfJUﬂ?:Llﬂﬁuqlﬂuﬂqqﬂﬂq?Q']ﬂﬂqnf]fﬂ']\iquaq{l

{Usunsu Hspice

Process technology

Supply voltage

Propagation delay time (£ 0.1 uA4 input)
Average power consumption

Power delay product (£ 0.1 #A4 input)
Input resistance

Minimum input range

Transimpedance gain (front-end circuit)
Bandwidth of front-end circuit

Input offset current

Sensitivity (12.5 MHz triangle input)

0.5 um CMOS
Single supply +3V
1.02 ns
0.91 mw
0.92 pJ
137 Q
+0.01 uA4
82.07 dB
=3 GHz
2.8 nA

2 nA

4.4 d9ul

n9asulfuusunszuanlaeanuuuluidatianuison N uldRAINAITI9N 4.3 WA

o = v } 73 ld' ) T -
HaAliTYuIUUsENI T UANNANUNIUTITINYAABATY LY IUNTEUADNBILALNTEUR

v
BUNNIBINATA LW (2/ g, Was 1/ 8,2 (7. //7,,) AINAIAL) WBNAINTAs L

aunsotfuurasuaaniinluniprsnausasuls sounalimanusanisdasuilasnns

14

nezuaunIsNan Jatloywisne wantildgnuilaudaluiadadaly

U
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4.5 29asufSaufisunszuauuuisuilss (Robust current comparator)

= = -
519 4.1 2asufisuisunszuanuliiiy

451 NANNITNINUVRINAG
saasufFouiisunsruauuuyulsalugli 4.11 vnuludnwziBaafiuogas
= o | - a y iy v
wiauisunszualuiade 4.3 wdiineasiiuFnuIvatodaudll  dauusnisznaunin
- a o ¢dl L4 1 ni
NOANITANDT MM, My, waznszualuda |, iudouinilissasisanuuummu

=

Aaniuasuuasreanisfimaflunssuaunisuan (Process corner) douiiaeaflunias
dandraudiuniurndiitus a  eldilAlndiAsafuamduniuilue b
Usznaudisuaansiuiawmai M,  usznszualuda |, daufiaudsznanda
waansndames M, - M, Wiuanudalunsinnusesnsasufouiiaunszua qavie

Apdoun@iursasildfuAusssuaanidalidiAadsznauson M, uaz M, 23u1e

o1
MR IIeas sz B
doufinilantessasisanuuulframusenisiasuulaseanasiine sl
nEEUAuMIEER  nsauteasastudiutianansaedunaldail aaeninntesnsasdan
wihrensanouifiounszuaiianelon (2022-23]  lugud 4 .1 (n)- () 1418y
NaaNIIUTAIAesAe s N UR 1 uRURNeansNEs e A e nssuaun1TNEs

wasuwlasluanardng (Typical-Typical) (Iaeanizilanszuaunisuanilasuiilu Fast-

1 L
= o =

Slow uwaz Slow-Fast)  Atusssuludaiqaieiwniiazildaoulininauasasniadalyl
(MmArnausamuia &y e inganieiiusasuaildnaeatuesunasdne ) 1

arunran1uldniudng lussasulFauieunsruauuulfulgatildnisse iy
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ueansudameiuuulalen (Diode connected) AB4A (M, UAT M) THANANITF
ar ] [ o d' - J -l 3 o o
wilsuiuselursasutitussmunaliusadunge v, fAwinAu V2 anannldanaunso
untlymrraanszusunisuasietanasuulaslyl
naansIdamai M, uaz M, gneanuuuliiinum (WiL) winduusznszualuda
e : L e ) P as v [ ai. =
winiu wananduudanszua |, gnesnuuuliiiAviniunszua | denaliusadunge v, 3

v
AT V2 naseanuuulinszua I, windunszua | adunsaesuneldidell My, uay

BIASY
g Iv & ' J - -A’ o

l,, RmtnieAuldnszuamsuees M, HAvindunstuaesuses M, Taeldaudunng
wasuwlasresnszuaunsudalaanisiadull | SAwiniu | Wi M, gnludalu
tudUd UL I I URAUATU- 1058983 My .., HAINAIABIRL M, WalWnszua
lgas MU Iy, HHBAINNSzUATUSANEANIWTARRT M -M, anaslidenszuanldluda
M, (@sinmirfiaaaasuniurditue a ) wie |, vinlisinszualudadu 1, Faonas
Auueen |, = 1, azlddinszua |, Jadunasieees |, was |, aviiauiiu | dunad
HRANTINTALADIN 1T IUSANIADIYA (My - My aey) LNTRAG B A RURANTIUTEAD T
maumsasuudaslagifinainnszuaunisadmnasdanaliiianisulfauwlaslyly
fiamapeaiwitinszua | uaznszua | dAvinfuane

, - e o . v v o P v

douiiaesrenamildanAarusiumiuedafitua a anglii 4.11 Anusumu
flua a Hereliasainuasinnistleunduuuusulreaiuisoesuneléfal Wenszualvg
g ol . £ . & v i 2 X N . 5. &
inWilum a usasuinTum c aziingeay usaduninaulisrgnaenadueans udawmas M,
Fesailunsasnannautefadnaliuseduniun a nsuldeunasties

douaruiunsasildanusrasiiudszqudana-sefa nasinandalunig
NMuIeRTaInsan lalasnsiunssualudaeedneas [26] faidaredizsinarafend
Winsasiinndsnugodenin dniunisiuaauiiasadsiaclillss@ansnainfiags
Y o - o [ o o & v ! o .
da@sandsznsuiefanisldainszualudagainlfmnuadessiaasninzanas (Mobility

. L o F i 4: o ' 4’!‘
degradation) [27] SwilunanaInusasuna-1afa (V) Ngaausisalilil

1
=4 |} ———fi . —FE 46
H /u,,[ E Ve ,)} (4.6)

Crox

e g, AoAupAsessareawsiAau Wi wludud, , Aepnamngesdanlafuas

' tox

E., PeawnIniIngs (Critical electrical field)
wauitlgmidanars Ineninusatiuillilduesnsudames M -m, Jagnlusals

alugmudaduiwihiduddunusarenanuisesynsudifudaifulsze
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weling-1aia (C ) 10eupansuiamed M, -M,, fadunmuaiioudanaraiawinfitiesiu
Lilitue v, seasiudaiudssqueaina-gafalae pradanalfpuiing (@,) 1899937 3 1A
funansnulaeasaanaiulszqueaina-gefa (C ) usi'%uﬁ’uﬁqLﬁuﬂs‘:audamm-umu
(Cyo) VRINDANTIUTALADT M, -M Wit [26, 28-29]
doufididunsasilduiuAussdueandalifiddin aingl 4.1 ueansdames
M,, UaT M, qn'luﬁ’ﬂ'lﬁﬁqmulusjmﬁaLﬁumm:ﬁ' M,, 48z M, Usznauduitluasiuea

Bunefimed aunawas M, war M, gnaadideiuieansodiuantateusafLean

p1
o ] ar o = v ar : - v ar lﬂl
FAUAIUNIUTIAU V,,  N19RNU899985a Ns0eBune laaell annslrussiulnpsah
L L1 ﬂl j ' - i L o H J
B INe999a7 (Tum e) WRNgIIund g (eradissanusaduludainius d gaaudame
1o fAmnu) aunsolFuAusesuilun e Wenasgarnesnuuulilataanisuiu v, 1l
P oa X | a & o - a o
ANRNTUANTRY INzddie V,,, IRNTUAILSIAWNG-985aT89 M| aziiuvinIinszua
X Y o ° a2 e o -
WATUTDI M, HINTUAINAITILIIAUNTUA e 8RR TUNUBUABINULSIAUNA-TRTATRI M|

ABARY (Ve = Vop-Vap,) NITUALATUTIE M, 238A8IM IWUTsAuium e anaason

452 NFIATITNINAST
Tlun1sisziaeasnsazuivasFaumsunssuanuuliulgeeanidulasieny
4 nasauanalugui 4.12 FadsznaudassasdiuntingesnsasuFauiisunsuauyy

UFuilgansidnssnamniy Z, 29as1Fuent] (Preamp) ARSRSITIOBWNAL A, 2935891

q

=l

W19 10ABUNBFIABINHEATIT8 1 8INAL A, LATIIRsTNEABWIASIABFANNATA

'
t alal o 3

AANUNUDATITEBNINU A,

l
: Var Voo
|
|
I
l Lo Me kM
I Voo >
Iy, My
| Ves ‘la..s, My out
I
:Mnmm TVB? — —ﬂ-,————ivc'
| T \2
M B4
I lrer s |—°
| M | @n—
1
i
I
I
|
I
|
I

= = o
3U% 4.12 2anfFoumsunsruanuuliuly
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usaAuRYINIBNRs FaufisunssuawuuliuliiAumini
H Vl')n')
l/nm‘ = ZI Avl ArlArl(IRM- - Im ) + —_2_" (47)

lransiiemsinanaiiesudyyrusnmdnldsnseeny Z, dawviniy

1 1
L N
Z| = gml.l ng.Z (48)
1+s/w,
- 1
nen o, =
1 1
( U ] Cort + Ce +cm{1 +g'"f’J
gm!.l grm’.! gml.]
lunueuReNUa R I8 8L AUII9asUTUEN] (Preamp) HAWNAL
~ 8o/ 8
gy e (4.9)
1+5s/m,,
Tneh
1
[0S
;" {C;:JO it cgd[.d +(cg,m2 * Cg\p:)[l + (gmnz +gmp2)x (’:mZ(l +gnm212(1nl)// ’:!pl(l + gm,uZRHp1 ))]}
ml.3
AR TLIULIIAUTBITHOABWIO FIRRTYAUIN (4,.,) TR
gn;n? gmpZ
w2y o Ay (p (I+g,,R, ) (1+g R )
on 2 mn2 I ) Smp2
A = (1 + gnmlRUnI 1 + gnrp.?R(J,nl ( e " reen )
v 1+s/w,,
(4.10)
Taew
@, = !

(':url (I & gmni R{Jul )// ’:;;-2(' + grrrp:Rfj‘pl ))[Cg\uj + C,_-\p_l + (ngnl + Cg\ip} )(gnml + gmp} )( ’:uﬂ // f:;.u‘ )]
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BATITUNLUNIAUTBITNERBUIBTAINNIAGAYNE (CMOS inverter 3 stages) 31An

Wiy
(gmm + gmpr )(rnm /" ’:;,m ) ,
A, = 1_[ (4.11)
Y3 l+s/w,
lned
1
@, = >
(’:Jr:_l / ':np] ) [cgmd & cg.\pd +* (Cpu’n-t & cp:dpd )(gmnd & gm,n-i )(’:m-l / ,:Jp-l )]
1
o, = .
(’:m4 f/ ’:1,14 ) [Cgmi + cg\ps * (ngns £ chlpi )(g.ums + gmpS )(’;urj // ’:lpS ):I
1
@5

(’:mﬁ // rupS )(C;;JMS + cmipS)

9 v o o, o o o o oy [
ﬂ']’mfv‘muﬂ’]u‘i}’u'ﬂ’miuﬂ b uﬂﬂEI’]Lu’ﬂ\!“ﬂnﬂ’]?{]@uﬂﬂULLUUﬂumﬂimnﬂ’]'ﬂﬂLLﬂ"J

luiadie 4.3.2 luidelianilunisndraianisaanausiumiuniednuduwndnaaniis (i

q

=
97 a) 1BINATTHUTLUNTIUA

Voo
M
Vaias - vasz Vo
i, —» | @

Ms ”—-o ©

|
Vi M3 j}_ @l | M4

02

' L ® |
M, L

.||_.

< 2
919 4.13 29sdiumiesssssulFauifiaunszua
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]
-l

Taunisdiassidgy qrsuradnazldnudiuniuedangs a winfdu (g

sEazBuAlUNANUIN 1)

R _ 2('::5 + ’:ml) (412)

m(a)
ng [2’:112 + ’::5(2 + gm_x’:mz)]

WBRIN g, 7,7, HAININAMINATLTENNWI8IAMNUN NG N WA a 3N

Wiy
2
R = (4.13)
n(a)
" gm_'%gms (’:35 // ’:m!)
e r,, AeANsTuIMATL-9esaTeINaansuTamein Idlusanssua |,

v >
Wangnfinusatuilainisaanwuuldarusiuniudunniiaesan (lun a uaz
TuA b) HANWNNURBAINNANNIATUALAANAUDINTLLADENTR8999as TR N SUNUAT 19
ANAUNIUN LA 2 Tuannig (4.13) windumausAIunIunlus b luaunis (4.5) azla
Naulvsra il
2 1

= (4.14)
gan’:rS gmrul

laed g, ARAMSIUARBUAALAUTIDINBANT IUTAIADT M,-M,

NNFIAPITIMIANFIFIUNIUTALTENINAINT (R-R,) MnuzanTaInsasFueny]

Az Inan1e399asdaunin (317 4.14 waz 4.15 RNS1AL) leaanaasiafiudszauds

nA-1efared M -M,, assanlalaanisieszsiainainauasiiseneas
Vi3 Voo Voo Voo Voo
Mys

Vi
% Mis B5

I
VXO“'I Me lCL
I

-
51N 4.14 233915uani] (Preamp)
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gﬂﬁ 4.14 fhursasmefuaa (Preamp) Baldinalinaanagassafiulszautang-
sefareneansudames M, launisseneansudamed M, faluases  fafuniur,
UNUAINANUNBANDUIATU- TR 5ATINRaNTWTAmRT M, uasfaiudseq C| uyusn
inulseaivaneenles 29857R8 NUULET ANusIAuLATU-Te FATa B AN WT A L0 F M.,
Indidseaudlaadiesannszuainaresuaansuiameiaszunuaud Taonis
AR Y Y TUIAAN IATATITLIBUTIAUTBINATHAYINAL (AF8azIBEANTS

ATV LUNNAKWIN 2)

(gm() - chdﬁ )[1 + SR3 (chl..‘ + cgdf..\ )]

3
Ems T S(ng.JRJC;:dl.J FCoys T Chpe T Coys t C.)+s RC,,

A =-

v

(4.15)

Tﬂtm ¢, = Coun ( Cotts T Cotra T Ce + C, ) +Cons (ng.r,4 + €y +C r.)

InannIg (4.15) Tunsaalaidl R, Tu29as (R, = 0) uazALiulszautanm-1nsuees
Neansudawmeiynda (C,,) fAieaning Taunisunudn C,, anaunas (4.15) avls

ARTITLILUTIAULAZANNDANBBNWINAUANNIT (4.16) UAE (4.17) AMNAIAU

A = gmﬁ

CT (Cors +C1) s
gm.f,.‘ {] t+s- ;‘\.'j o }
gmf,i
o, = ——g"’:c (4.17)

,g\l 3

AINANNIT (4.15) nscifawiulszquilinm-iasurasnaansudameiynsa (C ) &

ﬂ’lu’ﬂﬂu’]ﬂ'] LAZUNUAN C“ RMNANNIT (4.15) .,'Im'ﬂms"\'nﬂ'mui*qmum'mu

A = e (] + SR3C£”,'3)

) v
i A 2 (C).'\J’J +* ( [ ) gnn’ 3
R]Lg,u'._‘(/ N ST+ 5 k ‘— ,(,‘ L T R .
-."('L'\I‘R i C C

(4.18)

usl3

AINANNTT (4.18) AmnsnasIziuIAIANDTlTuazArasnul inadstay

(Complex poles pair) IAAIANNNT (4.19) WA (4.20) AUAAL
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1

7 (4.19)
Ry
_(Cg.\f..‘ + ("!.) o3 \/(Cgv.l,} + C‘I. )2 - 4ng.JR3Cg\I.3("J"
Wy, = R C (4.20)
= 3cgll.3 1;

INANNNT (4.19) UAT (4.20) AINITONATIVIMIAT R, Nimunzanldlasniiwuald

P e e

o, uaz |@,,,| 9neuns (4.19) uaz (4.20) FArvindudaannis (4.21)

. —(Ceus +C))E \/(C,_-.u.a + C:,)z - 4gm,.,R3cm,_,C,_ (4.21)
RJC;:\I.] 2R}ng.lcf,
Taunnstihednaannis (4.21) aunsoman R, iy
1
R, = (4.22)

grr;l.3

dunaladuile R, HAvinAy 1/ g,,, axilinaresnnuinasanilsgnindneiu
¥

AuDdlswed wazlpanisunudn R, anaunns (4.22) aaluaunis (4.20) azla

AANTANaaNLTY
@, = —2nid (4.23)

AINANNIS (4.17) uaz (4.23) danmlddnisldsasiumiu R, luaeassilil 4.14 vl
i o 5 ar ar < i | ::' 15 ar ar a
A mdiAeentuiuffulszqRTnanvetasas (C) Wiy liaududfullszqudans-

1954 (C,) 10MBANTINTFAIRET M,

v 1 i
UBNAINUAINITOAATI ST AT e B UsIAUR AN DA IERA NaNNIT (4.15) i)

AN

(4.24)

4 - Ems _ NUZIe :\/ W /L),

Y s WL, NWVIL), (e -1,,)
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v
fanaldindnsrensusanureanasiarbiganndnwszlifeinisiidiaiing

IAHTus d HAmIniliesaInuaeasianes (Miler effect) 189 M,

o
T,’
'w—u—%
g
i

Rinb Rino

) > o e o 2
51U 4.15 n1raanasesativdszqudaina-gafaninantee09asdauniingednsas

wFsusunszua

917 4.15 unsasaruwihassnsasnBaunsunszuawuufunlgedldisannaes
Aoiuszaudsina-gesanluanrssnasdiuninlposansansudames M, uaz M, sl
99T AIFIUNIU R, UAT R, WNUAIAINAIUNIUANBUATU-TDFATINDANTIUTALADT

o ar | 2 v =i o <
M, WAL M, ANRIAL R, WiNANNFIIMILIIEN189asfouisunszuauaziaiy
szq C, unuwiufiudszainaneadneas AusaAuIATU- 105 a19INaaN W Ao I I TG,
AU (M, uaz M) HArlndirssgudlaasidwssaiulunanfuen] Taanisdimmod

Ayuurnaldn lFaRMIEnBus AU AL (ABaziBuANTIATIETlNIANULIN 1)

(gm = 85Cpus ) I:] +8R, 5 (Coiz ¥ Connz )]
: 2 3
28,15 +5(28,12 Rlzcm.'.tz + 2Cg.\f.|,2 +Ca T C,)+s°R,,Cy,

A =-

e

(4.25)

Jd ;
lai¥i ¢ r2 = Con (2",4.::1.2 +Cpia +C, ) *+ Counr2 (C,,-‘.u

+C,_)
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nanns (4.25) lunsdilifl R,, 1429as (R, = 0) uszdafiulssquelains-iasy

reneanTIwIaIRNea (C ) lAeunng Taunisunud C,, aanaunis (4.25) a1k
o o
q

DRTIVLIBUTIAULAE AN DANDANINALANNNT (4.26) UAE (4.27) ATNAIAL

gm-l
A =- - (4.26)
( (2"'.r.|.2 + Cr.)]
2grm’.l‘3 l L A —
zgml_l.Z
28,112
@, = - Bz _ (4.27)
2Cgu,|.z +C,

AINANNTT (4.27) nediiiiudszquiaina-iasuansneansudameiynea (C )

(= ' | o [
ANUBEININT UAUNUAY C,, AINANNT (4.25) azladnsaentussaumingy

P g4 (1 + SRn.zcg\.'.Lz) (4.28)

X 2¢,,,,+C 2 N
RiyeosCydst +s ezt ) | 28uia
R, ;¢ Lo Ri.zc;.-.\f.l.?. C,

esl2

AINANNIT (4.28) AIN1T0AATITINIAIANT TS UATATaIA D Ina T Tau

(Complex poles pair) l##AIa1A1T (4.29) uae (4.30) AIUATAY

1
W, =——— (4.29)
Rl 2 cg.v!. 1,2

—(2¢,,,,+C))E \/(zcg.d.l,2 +C, ¥ 881 2R 2€0012C..

@Dy > =
2R‘I‘2C;{\'I.I,2CL

(4.30)

= ar ar

nuuali o, | wsz ]cu FINANNIG (4.29) UAZ (4.30) HAUNIAUAIANNT

P2

(4.31) WhawA1 R, , Muanzay

1 B (2 +C )% \/(26',,“-:,1,2 +E) - 88,112R 2€,12C,
12C 112 2R, 5€,.1,C

PR

(4.31)
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lnunnstinadnaannis (4.31) annsowd R, Wiviniu

1
gnrl.l.!

R, = (4.32)

dunmlddnudie R, HAwiiu 1/g,,,, ssilinasesnanudinasanilagningna
fuanidlsnen waslaunisunudAi R, AInaunas (4.32) asluaunns (4.30) azlé

ANANDANEENLITIY

(4.33)

AINAUNIT (4.27) war (4.33) Funalddanislddasumiu R, , 1ua9asg1ln 4.15 win
i i ar ¥ o ar (=3 i ] :’ n: o o =3
WanutAveswauiusfiudszaiiluanresasas () i litusudafulszqudang-

1954 (C,,) 10ImBanTINFARLT M,

4.5.3 HANNTAIIADINITINNIUTDI2935A28T15UNSH Hspice

Lﬁ"amsfmaauﬂszﬁw'ﬁmmqunﬁauLﬁﬂuns‘:uﬂLmuﬂs*uﬂa;qﬁmaqsﬁmuﬂiﬂﬂ
(20, 22-23] wlaldTisunsn Hspice A1889n19%197118929a5 a8 I TnAanI s TRe Fraa
Alcatel 0.5 lupseu (level 49) nnelFusssulniaes 3 laas luganssualiinsasasiow
NIZWAWINTY 23 4 usznszudluda I, Wiy 1 g4 eresNesnsudaneignuans
Tupnsei 4.4 wazAsIsulLgasingg gmmmlummﬁi 4.5

nMsufeuiioulssanininaasnsasiiauaiusasiauelag (20, 22-23] (cggﬂ"i‘i
4.1) annsai lalaeldlumanimiiwefidsauasldaua (WL) 1emsudamesan
IndiFesiu manissiefunATeneussfudafumn 31 4.16 Tunameuauemnaaa
(Transient) 18329951 fFouiFaunszuanuutiulgs Taafloudygyin@wmasuauns
+0.1 44 Fraafivinfy 25 MHz Liﬁﬁ%uwwﬂmqws‘ﬁmm ALIATNUIN (Propagation
delay time) TFTANIAINY 1.67 ns FannnndnaeasuBendiounssuaildiaue$lusade
4.3 73818 1.02 ns f»hmmumai‘ﬁﬁu%uf’:ﬁmmﬁ]mmnmnﬁuqﬂnsniumﬂﬁa 11 flaaas
anpuEImNIETun 8 asasfumusssueedafiTuesdunefines Wy 31l
4.17 meﬂ'ﬁﬂqmlq°1rmfaaqﬂfjm’]faummﬂ%uwwgﬂmumﬁ'ﬂu‘?iﬁmma‘whﬁu 12.5 MHz

WAZIWIAWINAL + 0.1 24 Taedadranlalawingu 0.8 nA
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JUN 4.18-4.21 &uanwoiqm (ee) AMAN (D) A1UWMABY (A) uaziduiiy
WAAILANITINABINITNINUTB2395 U [20] [22] [23) unzaashidiauamuasy  sUe
4.18 uamAaMinadiatlaunssuaBuUWNAIAIUIA 0.01 #A4-10 A A nnsuanall
Wi inszuaBunnilA1en A8 IMITe9ssilaueipeNd1 1999943 [20] ustiA1en

0 @ L% [ =3 ' [ = v =l o a'
NI11899937 [22-23] W@nde atlsAniuAIaIMinNranaasiat indiAssiulie

- o ¥ ; . S e .
NTTULABUNYLANTUTN 10 #4 ANMATEIBIRINANNAIMUNATTUTLNATTENBUTIFULARE
NMANINNINRTEUMINDINATTHLRELNTZUA

- - o o - a ' - o

$UN 4.19 uamnraufFauiisuindsugoydadistlounssuaduwn lutuidaa i
U 4.18 M ugderensasiiauaiiArdenndnneas [22-23] ualiAINNd12494s
[20] atinalaimuAtingaaugydueednsas (20, 22-23] delildsaunindsaugyidssns

d. ] v e = = ar - L
WATAUNTEUATIABLINTUNIABUNNIB99asuFauReunssua fasuneliluiade 4.2

7U% 4.20 WunsufauWsuAinaguesainaenugdaiudiaaimiog (Power

delay product, PDP) W91/ PDP 18329asiauaiiAntiasndneasianalae [20, 22-23]
1y 3 dl - - i
HINUANATNINNGIAT [20] LUBNTEUADUWNNANNINNDT 1 A

7U7 4.21 wamanisuFouifisudiausunuaditue b aesasuFaudiey
nszuauuuUiulganaueiuaeas (20, 22-23]) wiulddadnAraufunIuedned9asi
WAUBNAIBNIN1985BUNN ABtNaTy 299siauel AN AN UNILEIEY 126 Ty

finszuaBuwm 0.1 x4 snurfinsasiuBauiisudaaiian 36.4Q T [20], 124Q T [20]

' '
o =

uazaaning 54Q Tu [23) ﬂqaﬁuﬁqmiﬁﬁmauﬂé’qmﬁ ANANFNUNIUNT AN TIgA

N34T 4.6 UARIAIANENUININTIEN T899 sTaue i TuR a uaz b neld
AMITHAeTluNsELIUNITHARANN U (Process corner) WUIAI AN BTN 9884
lundansiidrananauasininaeuulaemanisfimeflunssusunisudatenuin

N9 4.7 uaneliifiuinnasdaumineenasiiaueilinauamusanszLaung
uﬁm%mmﬁmﬂ{ﬁmq nu 0«@?‘71‘11’1Lﬂuﬂﬁmﬂﬂ%‘uuuﬂmqqqmmu?aﬁutmvﬁ‘!mmqqqa‘
dauntiies 1.9 % Wiy anusiinsasaufiauslag [20, 22-23] finsulasuuilas 62.8 %
28.5% WAY 22.7 % AINATAL

A1NuAN1531883N1991191u8 U IHd e sFauifsunsruanuulfulgeaanunsn

b

L
14 =4

° e P a - - o
?‘I'Nﬁ‘lﬂ.mﬂEl’]:i%’ﬂ@ﬂLLUULLﬂ:']Lﬂ?’]:iﬂ') 'ﬂQQQQTUWﬁNqu'}qF}ﬂQQQ‘Tlﬂ?‘ﬂULWUU NTTLAN

wualuiade 4.3 Tasldfmatianseenuuudanlinanalidesiu ausuifressasuansly

A5V 4.8
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1281 (ns)

<l = ar =
39 4.17 AnnlirensasufBoudounszuawuuliilgs (— : nszuaBunm; ——:
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ANIRIMUN (ns)

T T T TTrIT

Proposed "o ?
— A —  Circuit by [23]
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My cr My e 22 2
Mg s 0.7 1
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M99 4.6 ﬂ’J'mmuwﬂu‘lﬂL'I'l'ﬁ'li’a\i'lx‘mi‘mﬂuﬂ [37) Tuﬂ alfrb ﬂﬂ"]ﬂ']?’\ulﬂ’ﬂﬂu

NTZUIUNITHE ﬂﬁi’lﬂ Ay (Process corner)

ITRATRINTIUIUNITHAR |  ANEUMNLTTYA a ANFLNTTYA b
(Process corner) (Rasy) (Rincoy)
T 126.34 122.64
FF 124.84 129.25
85 151.29 141.16
FS 252.18 232.99
SF 135,53 143.66

o ' o o o . x
A1519N 4.7 nsasuulsereusasiuiniue v, 19923asiianasenisilasuilaees
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NTZUIWNITEAR
TUATBINIZUIUNTHAR | qsfiiaue | 2943 [23) 19379 [22] 1947 [20]
(Process corner)
TT 1.511 1.492 1.500 1.515
FF 1.508 1.481 1.208 1.458
SS 1.507 1.596 1.908 2.175
FS 1.539 1.268 1.286 0.655
SF 1.493 1.832 1.926 2.467
nalanuunlasgagn (%) 19 22.8 28.4 62.8
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A1999 4.8 AruantTFresanBuuWsunsruauuLlfulseiiniaueainnisinaeenis

nnusqe llsinsa Hspice

Process technology 0.5 um CMOS
Supply voltage Single supply +3 V
Propagation delay time (+0.1 uA4 input) 1.67 ns
Average power consumption 0.63 mW
Power delay product (£0.1 uA4 input) 1.05 pd
Input resistance at node a 126 Q
Input resistance at node b 123 Q
Minimum input range +0.01 u4
Maximum V,, variation for different process corner 1.9%
Bandwidth of front-end circuit 1.02 GHz
Input offset current 0.5 nA
Sensitivity (12.5 MHz triangle input) 0.8 nA

454 \afi@ (Layout) maqqaﬁitﬂ?auLﬁﬂunszuauuuﬂ%'uﬂqe
1 73
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31 4.22 WugiadienfreansnsuBoudeunszuauuuyiulgs AuRdaulvilide
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P | i - W ar Ca
AN919N 4.9 ATANFAIUNIUTIENT999351AUD 0 TUA 2 WAT b NBULATUAINITLAL

WA AT uNTELAUNNTHARANST (74 (Process comner)

TUATDINTEUIVNITHAR Rina R
(Process corner) nawatia | MAURIDY | nauatiey | Mauagey
TT 126.34 126.36 122.64 122.65
EF 124.84 124.84 129.25 129.25
SS 151.29 152.31 141.16 141.66
FS 252.18 252.39 232.99 233.09
SF 135.53 135.53 143.66 143.66

< o o o = o
A1919% 4.10  maiAsundasreusaduiiug v, 199asufiauiisunssusuuuiliuly

FANITUAL UL AI18INTTUIUNTUA AN ULA S UAINITIALIOY

PUATBINTZUIUNITHAR NBLLALLETN PAILALILAN

(Process corner)

1T 1.511 1.511
FF 1.508 1.508
SS 1.507 1.506
FS 1.539 1.539
SF 1.493 1.493

nsulasuulasgean (%) 1.9 1.9
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<l e o ' o~ o« e
19190 4.11 ﬂmﬂuum'ﬂfN'JQr‘lTL'LE'HULﬁﬂun?:uﬁlLUUﬂ?Uﬂﬁ:\j NABULKRSURINITIRBLBIN

nIsHmes (Parameters) NOURELEY | WANAEY
Propagation delay time (£ 0.1 A4 input) 1.67 ns 2.07 ns
Average power consumption 0.63 mW 0.63 mW
Power delay product (£ 0.1 uz4 input) 1.05 pJ 1.306 pJ
Input resistance at node a 126 Q 126 Q
Input resistance at node b 123 Q 123 Q
Maximum Vo variation for different process corner 1.9 % 1.9%
Transimpedance gain (front-end circuit) 90.3 dB 90.18 dB
Bandwidth of front-end circuit 1.02 GHz 777 MHz
Input offset current 0.5 nA 6.51 nA
Sensitivity (12.5 MHz triangle input) 0.8 nA 0.9 nA
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aeasfFauWsunssuanuunennundualuinde 4.3 tTultesnldaUnsoitey 19as

q

lddudeu nrsludassasaruisanlsdinenduazaruisaniaulenusesulviasaningn

v
e L

wmazliiaasaaaudiunIuedn annedaliAnaiminatdesndinsasfFuuiiey
nszuauULLFlgeEndan athslsfinnadaaaduniuisumiteaeiu (aadoyood
1894n7UAT1NEIMAzNIzuABUNN) AT Tal Ty sasteliaunsoUfuusediuean inly
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29933 ansTuauLLNARY (Precision full-wave rectifiers, PFWR) Lﬂmws'ﬁug’m
(Building blocks) Al4luaudnulszananadymyin nmsdadygimuay/mianisasaadu
Fryoytw Wu easesadurwadyuradluniageilnaesanialasn [30] uanannieadl
nsldaumnnlunisinesgiaaiitiiunduiiang (RF demodulator) [31, 32-33) 3219970
puszuulAITtiiagas (Neural network) [34] %n%ﬁﬂﬁuﬁ?nl‘iﬂ?:qnﬁai‘wLﬂmwrmm
15181108 (RMS-to-DC converters) [14]  2945R399905sALERAT83A Nl WINUATY
ANEwilades (Ultrasonic) [15] WATATINRTIIAR Yy IuUULTIEY (Piecewise
linear function generator) [33] lusnuziFoafuasasuBuuieudmy i onfludnoasmileis
unumdrAnylunisasasduawaresdyyrnediiasnviavias ndrguivsaliu ooy
AR Y I B UNN LR uE98s Bunldanulunsasudasdunineuiaaniilu
Aamaa (A/D converter) [20] ?'J}nyfqmﬁ‘ﬁuhu'ﬂ”ﬂ:gﬂ (Data transmission) 2997uuava¢ W
LLU‘]Jﬂ?JYl%Q (Switching power regulators) qafwﬁ'uﬁmﬁryn&nm (Oscillator) ATUAY
TATa1189999991 U A M NINKLLTI98S (VLS| neural network) waznasuszgnsilgiunag
Uszurananaidoyuiod (Signal processing)

luniliflunininnsasFuanssusuazasannSouidiounszualilszgnidanudy
’N"Iﬁ‘%‘luj Tmﬂmwimw‘n?‘mni‘:uaLLUULﬁuﬂﬁmﬂu'Nﬂs‘mf-iﬁmﬁﬂ'nmﬁ'rutmmns:uﬂ
(Averaging current value circuit) uanqqnﬁlm%’qmiuqFima%"mmﬁn;rmmns':uﬂﬁ
'aimLLuuﬁﬁﬂéouﬁuoaq?LﬁﬂULﬁﬂun?:LmLﬁﬂl'i’a%wwmmQué’mﬁ‘wmﬂﬁm‘imﬁ (AGC)
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5.2 WATHIATARAVBIACUUITUNSGS LLﬂTsﬂﬂ'ﬂ'\ ARIIATLIEINTE AL LULAN

al
AAU
Voo
Voo N -]: Cav
Msa, Msp . -_‘”j_‘ﬂi Me
Ve -
Maa M |i.m| ¢ lav
:“—‘L{ Msa = Mg ‘—”_“: @ laco RLT

in1 @ @ fin2 -

el ik,

< ' i : ; ;
gﬂw 5.1 292sUNANRRLTRIR U QUNUNTEUA (Averaging current value circuit)

521 WANNITINIUBRINAG

m?ﬂ?:ﬂ.nEﬂﬁfmmmsﬁmn?:mLLUULE:Jﬂ%‘tsﬁ'lﬁi"Umwﬁﬂmmuuﬁdﬁﬂmm%q
29951 mm%ﬁmzmﬁ':yryﬂmeﬂmsﬂ@uﬁ'tytyﬂmmnmLﬁuﬂﬁul.%"lzjqq'wmmm'm?{é’h
rnuduUuil [14] ﬁauﬂmlugﬂﬁ 5.1 AAUNATIANFIUNILBINNTBIIATTEN uad
TinaueiiAngs (Aeuuuuaalan) Aslifatymlunisdunssuannfadunnaeaa9asnsns
ANEAN LS ST (1 order low-pass filter)

NaanNIIgaRes M, -M,,, 'Lugﬂi’n: 5.1 UszneuiiluasasFoensruanuuiiinpin
Faildnanaliudnluviode 3.3 weansndawmed M, uaz M, tsznauiutsasarfiounszua
Tnesiasaufusiafiulseg C,, viiiiflunsasnsesrauiatususuuils (1° order low-
pass filter) diainunsefanfasBenssuanLLEuAauiazld9amn A an e

Atytunou (Averaging circuit)
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i
1, =——2 (5.1)
1+ S(Car / &me)

lnantseanuuul sc . /g, >>1 atld 1, Wlawuniapud (s-domain) uaz

TAUNI12a1 (Time domain) WINALANNIT (5.2) WAT (5.3) AMNAIAL

Eme
IAV = ‘I- . (5-2)
” S(VA‘I'
1 T
Ly =7 [liin|de (5.3)
0

Toed 7 luArAsianan(RC-time constant) fidwiniu €, / g, ,

MIATBIRNNUUFE] C,, HAMNAIATYTUNITIIMUATUNALTIAUNTZINAN (Ripple

voltage) aatiuAlsaanuuuly C,, HAwviniu [14, 35)

= - o — . &
laen £, AeANdRAIgaresdyyIunssuadunnieudngaasnseananubsciou

o e e

- i s
UALWUILAT g, ¢ oo HAUNINY J2ﬂf,u-("’f L), |"...¢m.x,

5.2.3 WANITINADINITYINNUBDIIIRTAETITUNTH Hspice

Wailunisfufunaniminaueesnsas ﬁﬂmﬁwuéﬁlﬁuﬁ‘lﬁﬂanuumwﬂugﬂﬁ
5.1 lnel4laimanisniiimnesans Alcatel 0.5 lunseu (level 49) neldunasansinaum 3
had fMvunATeseansuTamefftneed 5.1 uarlddn C,, windu 1 nF ietleu
nszuaBuNNIEngsasFaInsILaTUIAWINAY £100 44 wazANEvIIAL 4 MHZ 149n
Foyryr e inandssasuAau AU 5.2 mngﬂ@nﬁudwqqsmmm‘éﬂﬁa’nmm

WaulsatinagnsisslpeiianuBanaiaminiu 1.7 %
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2‘1]'“ 52 ANLARLUBINTZUALDN v!wwmum?wmm:uﬂLLm_lLmuﬂamu@ﬂfaun?:umuww

1899985 8anszuasw1a £100 24 Tawiiaaud 4 MHz uazld@n C,, = 1nF

) a i
19719 5.1 mmmmmmmmwmmaﬂugﬂﬁ 51

UOANITUTALRDT YUNA WIL ( m)
M., - My 0.5/0.5
M, 712
M., M, 10/2

s

5.3 2995NUARUINUTNEN

o o

L4

5.3.1 WANNISRANUUUIRINTAR YN

sasnuiiadoycyrnd (Oscillator) WwnasiWirfansaldiudliadoyunumiasii

wiyniludgyrusianiu (Periodic Signal) Taelddiusiasdidyqgrnmisdiudunm

o = :', =3 5 ] dl el‘ } 73 = = v ]
Q\?Q?ﬂ’ltuﬁﬁ’m ﬂpruuouu’N'wwujﬂuﬂmwm'nL‘immuuwmwluwm AINTTH ATURAINT

1y luszuuesesiiadauazszuvdeansinsanunan Iaagnldifluseasafrandunad

(Carrier Signal) Weldlunisueaguandtyuins (Modulation) vrea¥radtyayrosuifng

£1984 (Reference Clock Signal) WuAszuy 29asifiadyyrninasldanuiolulu

gunsaflwinaiins1e wiu neviend Ang vaadumy AenRamesuazingfuds iusu
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uﬂnmnﬁqwa‘ﬁmﬁmﬁmrmmu.i'ludfmﬁ'\ﬁ'cu'l.umm'i"mmnﬂaﬁ-an@ﬂ (Phase-locked
loop) Lkazoaﬁi‘ﬁatﬂﬁ"\:ﬁmam’mﬁ (Frequency synthesizer)

3107 5.3 uanBIflszneundnesasindiadtyqnaidalsznaudan (36)

(1) unaariianaaau (Energy source) ldurunaasneInmsafindnan AL

(2) 2935 MMuAAINATRINSANTIAd YN (Frequency determining circuit)
Hhuneasfildidenanutivesdyoynos

(3) 29951818 (Amplifier  circuit) L'T]mm?ﬁﬁﬁuﬁqﬁmﬂqad’mmqmtﬂmm-nﬂ
wasauludauiigoy el lunsasinnunpaud

(4) 29astlaunauuuuuan (Positive feedback circuit) WIB3LAULUBLTIADS
(Regenerator) Lﬂmmsﬁﬁﬁmm'\mw\qﬁnuumﬁﬂmmqw?ﬁﬂuummmﬁﬂauna’u'.-ia"\qu
ﬁm‘ﬁuvm’nmawﬂmﬂﬁtycgﬂmimuLﬂammﬁ’mmﬂmﬁﬂﬂunﬁuﬁmﬁquMﬂﬂﬂﬁuﬁu

&y umnaBunnaatassenaiatiunisiainaw aeasd o

Energy source

Frequency | Output
Amplifier | determining circuit T -
A(s) B(s)

Positive
feedback circuit

A

< - s =
ﬁﬂﬂ 5.3 1@9:““ THLAAIDIALSY ﬂﬂUﬂQQQQQTﬂ'}Luﬁﬁqgl Ul

dan nuATaIuIFALET (Barkhausen Criterion) Bailunsaniusluni1saaniu

U

wasnilladeyyruslaesunelidinisaiedygyrneminisgnsuanainantusiasldnig
taunduuuuunudaAuaauesdnsaeeileundu (A(s)) Audnsmaenaglidla ( B(s))
Y =

| = ' <, . ' P e = Y =y
wsalsananatanildgiiny (Loop gain) AealANALNLILAZINAT9IgLINUABINAT

WU 2nr (n TR IRIUINAN) AIANNIS (5.5)
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|[4()B(s)|=1 is= jw
ANGT8 A(s)A(s) = 2n7 loefin=0,1,2, .. (5.5)
Tt A(s) AeANERTMIETL18923RsTNBUAE A(s) ABABASILNLTB929AT A MUAAINT
532 2ssniiiadyaiumeiuuuanivasuidsaminaus

2asnlad gy yrutadluaneninusatiuiifunissesaniueeansasiaaung

WATILNLNTTUAUATNATATLANSATITEN 8B A IWTHTITENBUAILIRTEHINTTUALATINAT

wWiauWeunsoua
2" order u £ = 2" order
Phase shifter A Current Phase shifter_B
amplifier
+ -
A
e — 71
| Y |
| |
| I
: st | I
: PFWR - 1%t order Ve Current = |
| LPF comparator | :
| AGC |
I | . |
| REF |
| e e e e e e e o e _
- AGC

<l -3 °o o - a i o
519 5.4 vdenlaszunsuaensasuliadyyrnsasuuinasudoanldeaniuy

1 ¥ i
N19Y119149892933 431N 5.4 arursoesunelifiell aasaewnasusuaas (2
order phase shifter) NantnlluRINIMUAAIND224TALAR (Frequency determining
. . =l :’r ar d‘u ° !/nil dir t:’i‘
circuit)  AnviansUFuquANtfiausant ldinaasideuaiiies 29asa818nsTUA
(Current amplifier) Mutihreunseuainesaranaungdslilussasiimuannud
waldiArdnsasnosnesszuuvinfunildaiudeulalunnsairansasindiadoyoyio

TUURAINANNIT (5.5) WATAILANERTTE88RATWTR (AGC) UstnausaniiasGaanssua
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ﬁ [ o ar 4‘ st o

wuLARY (PFWR) ARBYNTNBLNLNATNIBIAIN fntiududunils (1° order LPF) in
wihfifluasasmAeRsready oo fhmﬁmmﬁ’mm'\mﬁ‘lﬁq:gnﬁﬁlﬂtﬂ?‘ﬂmﬁﬂuﬁu
Foyryrounszuasnad (I..,) TaeldasasuFaumaunssua (Current comparator) d’mmqmﬁ'
lFanasasufiauimisunszuaazgninluaupuénsaenenszua (A(s)) e lwideulaly

ANNTT (5.5) 1luase

o d o <
5321 993901 UAAMNDBRINITANUAF M (Frequency
determining circuit)
= a e o da o - LA nd . ki
aeniinusatiuilldnasaeunasuiuass (2 order phase shifter) Huaeas
nuueANTlaeasasgnaanuuulivinauludneizaasing  (Differential)  gulasinisvialyl

PRINATABUNATUALABIAD [12]

a)ﬂ
g gLt

i

T,,(s) = a, — (5.6)

P +5—2+ @}

0

e a, ARANERITIEIB9092937 (Flat gain), @, ABATAIINDNINATS (Center frequency)

(AgU% 5.5 (1) Usznay) uar @ AematlsznauAmNIw (Quality Factor)

aun1s (5.6) amsaiinlila¥nsansuiitesasandeurasusuaesldfagyi
5.5 317 5.5 (n) Lﬂuﬁmwmmmqwﬂﬁlauma%ﬂmﬂf‘mﬂuﬁqﬁngﬂaaﬂLLuuhﬁ’ﬁ
Anlszinomiie Fafunsasdeuadeiifadundnatnamiiiinasesnsespuitinunasn
(All-pass filter) TmﬂNﬁwauaummwmmmmﬁ'mryﬁmﬁ::mﬁlm'amnnmmai (Flat gain)
gﬂ?i 5.5 (1) uAAUNATDI9AR AN TUF AR mngﬂﬁ’am"{ﬁdqmmmﬁ'ﬁanmq ()
maaqafm?vlfaumaé’uﬁuﬂmﬁmmqﬁ’u:guwlﬂﬁ' 180 asmmantadudpaadnldlunis
ﬁmumﬂmuﬁmfaqﬁmmflmﬂm%marﬂLﬁﬂa%"mﬂmmsﬁnﬁmﬁmryﬁmmaﬁ g'ﬂ?; 5.5 (P)
uansdliansindgnsinanaesssuiuauildeden (splane) lneazeAumiinsadnu

¥

ar o P 5% : =l ar o :go 2
nu‘[waammmﬂmuﬂwqm@w:muwm 'anﬁmzmmiwaLLamT,wnuum’Lumamu-aum

U

[ [l

NNIUNALBIA Y WAINARBANNATNT
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|a°| ‘j(l)
S
I\ 7
w I @ | W0~ |
(n) I \\ // | :
! / | o
¢ ; l a
I
A i« D0 5 V0
1 2Q | 2 :
0 L __ | __g
0
-180 (A)
o]
-360

< on ' . o o ¥ .
319 5.5 AR89 7R UIAHATUALASY (N) SRTIT8T8TDIIRTIRDUNADTUALAD

(7) Hana (4) (A) Aumisaaalnauasdislussurumauiidatau (s-plane)

VDD

| G . By —— |j’__—”:¢2(|x+|m) o

_.. . > o]
O IX + in .
¢ IX + [

M, i i—jMz “: M, I
i

=i ' PR A
519 5.6 29asReuHadusUnTlalanldasasaziaunszua

7UM 5.6 luasanaawanldinaueluineinusil udnnisinaueesnsasi
ARaiuasiaeumanaualae [(37] n1sineusesaasluglii 5.6 usil seasavvieu

nrzuadlsznavdanaansudawmed M -M, Wusasazfiounsruagafiniiadaiawiasy

B

AUIUNTTUATUNNLA ENIMUA LIRS A UNTTUA UTIERTIN TR LB UN T UALYIN TLINTL
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'lu'nm:ﬁaqqi‘ﬁ:ﬁaum‘:ummﬁ'ﬂﬂﬁ;mi‘:nﬂuﬁwuaawﬂu‘immﬂ% MM, H8@sInsg
azvisunszuaiduassvirlavasnuuuldnsansiudamas M, dauraluginign
NAANTITAADT M, BV mnﬁuﬁ'\qwsﬂ:ﬁauns‘:uﬂqm-ﬁammﬁiaéquﬁuﬁmﬁuﬂ?:'ﬂ
£, dWenmiiiluseasnsesruinntiie deninisiamsimauduiussemdng

nszualYINNLaTnsTuLABun ldanunsineTaufiannig (5.7)

i 2 1 1-57
o = - =— 2 (5.7)
i, f(l1+sr)l+sr) Lesr, o070 +8(0+70:)+]
-l -y e 1 a | e C,+cg‘4+cg‘,5
laeW 7, HAwindu —(c,, +c,, +¢,.) W8T 7, HAWNL - :
Bl Jia) Ly
gml gm4
dnwmuali 7, << 7, auMs (5.7) azangiiily
i 1-57
fo _ (1=57,) (5.8)

i (1+s7,)

m

Tran133iAsIsMannIg (5.8) AIMITOMANNINATINA TR UINASUA LU LA
Winnu [38]

O =2 tan'](2n'ft2) (5.9)

d i ar ar t 4
3% 5.7 2sndeuadusuanslanldtasasiiaunseua

Wia1129951u3U7 5.6 a899asunseaynINAgf 5.7 azldsandeunadusuass

Tnanvuali 7, = 7 Tuaunns (5.8) azldaunnsiraleumindy
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2

2 $ — 2 v =
in;z(‘"“'T) = g I (5.10)
T

i 1+sT

"

aun1g (5.10) Wduannisgluuuidsaiuannig (5.6) #ldnanaliuda annis
ARATITdaNNg (5.6) uaT (5.10) IHAIAINDNANGN (@,) wWarAUsENaUAININIVNAY

ANNIT (5.11) WAz (5.12) AMNAIAL

(5.11)

(5.12)

5.3.2.2 23995ueN8NsTLd (Current amplifier circuit)
= “a l‘d" p o } 7 dd" i
wmuwuﬁu"lml’mwwmum:uﬂTmuuwuﬁmmmqumﬂmwLLmnma

(Differential amplifier) Nin1ABUWNAIZUN 5.8

V)D
Mag Myi10 Mgy
| | |
:ll — |
Voo 0_71 i__’,__o Voo
l8D1 louts lout- l8D4
My, M
d4
. M M :]
e l_; d2 d3 - Vi
—_— —
o—4 S
Mge1 i |TAIL; + )
= VB(dr1) — (Y
| —| T [ |
:‘l | . 1
My Mge M7 Mas

=i .
1% 5.8 29asnanszualasendutsasrenaauuansing

23973100 5.8 Andnnsineudall neansudamed M, uaz M, seuuylnleniive

o L % ﬁl‘ =il = ar = i dl b4
mummﬂaﬂum:u,ﬂ@wqwLﬂuummuﬂmw WATVENEAMNURANANITIUTEnB LAY Md?—
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M,, wifeesussdiudunniaeiiivanduduynaesnsasasieunszualussanaeuna
susuanaluglil 5.7 ueansudames MM, iwiilusanszualinsasaeiuasn
uansialuauiineansdames M,, glusaliituluddaduienwiiun
Fruniu msldfaduniuaseniinntefareneaniuiames M, WaTM,, i1
Faraeiresastanauuanseiiaaiudaduinniu naiildAesasasiinanm
Amieusaamn9a13Tadin (Total harmonic distortion, THD) tietad mngﬂﬁ 5.8 A1U1TOMN

fasITEnanszualivinnu

Emda2
A=
Emdra (I + a3 Ronan /2)

(5.13)

ot R, AoANFUWATIBUATU-TefaT9INaansuTaInes M,

ANgUN 5.8 NTTUA |, HUNUIMIUNITATMUARINIIUARBUAALAUT YD
NRANTIUTAIABT My, WAL M, ANUERTII8189899937a 1305 uAN laTanns U5y

' 4‘ = o V¥ e
ANszuA |, .. Wazesuraluiadadaly

5.3.2.3 2935AMLANDATIVENBDHLUNG (AGC)

I | IAGC
iNn(AGC) AV
1storder Current
—» PFWR |—» e = .
LPF comparator
o
Irer

d =3 ar ar ey
5% 5.9 vdenlaszunsneasAILANERTTENSRTWIR (AGC)

2937RUANERSINEERTTR (Automatic gain control, AGC) flurvasildauax
Tnnresdiynnieeadaanling NATAIANDATITENLEAUTR (AGC) Usznausae
2983 Feanszuanuufiuaiu (PFWR) seeynsuegiuaasnseanamtmeiuudumiie (1°
order LPF) ﬁwﬁﬁﬁ"Lﬂmmsmﬁuagmmﬁmq;mm ﬂ"]Lﬂﬁ‘ﬂmmﬁﬂgfg']m‘?{‘lﬁﬁ:gﬂﬁﬂﬂ
wWiauwisuiudgiunszuaseda ()  TeeldasasuFouifaunssua (Current
comparator)lugufi 5.10 ﬁfyrgqm?i"l.é’mmwawﬁﬂuLﬁﬂum:um:gnﬂﬁ‘lﬂmuau

ﬁ[ﬂﬁ‘ﬁ‘ﬂﬂ?ﬂ‘ﬂﬂd’]x‘]"ﬁ‘ﬁﬂqﬂﬂﬁ‘:tm
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aswANadu ety unszuatuldasasiildeanuuuliluguy 5.1 (Weausse
- - ° Ve
BunnanasFouinisunszualugun 5,10 unuswwniasfiumuiuan (R, ) 1839293510
ANARLIDIR Y QY IUNTLUALALADDUNNTBINATMIANARLTDIR QU QYIUNTEUA (3ABUNN

= & A & i | A i 1] :'
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NATULUL AN BT T S AT LR TN T EUALA TR TIFHINTEUALULLAN AR U LA

0 lace

o _":J o ‘_”___ Mhs

o
[; N . Voo o—"; i

1 "|__|_

< i ° = a =
51U 5.10 2sulFsuwsunssuaililunasinfiadyrnaasiuuannesudes

qU% 5.10 usasuFauiaunszuanldluasasinfiadyyrouaned wannas
naurenasasmilauluiade 4.3 aasuFauifsunszualuhihildldasasnFouiiay
nrzuanuuliulguiiesainasasiuinda 4.3 daonudalunisinaugandiuas ldusaduln
WeasIndy nMesesusadulszneudttaRsItIEAsNNeuTesa (M, uar M) uazies
a e - [ Y o o G o - °
Buneiines (M, uaz M) dunalddnnsasldnirrenausssuiiesaniniafiilaananazsin
9/ o o -l - a o=l - ¥ ' o ‘:{
Wiussdueinnresinesdunefineiiinisaildnasnturecusiduliides  anwvg
AanaaNins1zdry i asaunneednaslFauiiaunszuanldanasasuiAiadn 1
&yaraiiawialug weansudawes M, gnlusaliinnulutiudadulaenissesing
¥ ar o -;I' a; = & o v o ' a o
dinfuusasulniaes vy, Tuasineansudawmad M, gnlusaliinauludiudusa
NTLUALATUIDINBANIINTALRET M,, UaziAtaeiliausasuininsuresneansudawas
M., fAUszurunanateresusesulvifes uAdlelafimuiusaduiianinsuaas
Naansdamai M, HAINALUWAIENY V) (1H9NTEUuaR N N189293 I MAR AL T AN

nINNdINszuageBaresasiouiiounszua) azinli M, vnaulutiudaduuasass
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NIEUAINALTUNAANITUTALADT M, WAL M,, Antuinldnsualufaresnsastenunsua
ﬂmmLm:ﬂ"mfmmnm*:umammwmﬂn?maammluﬁqﬁ Tunanduiuiioussfuiio
LATUTDINDANTIUTAIRDT M, fiAnteundniananssesussdulwides (nadifinszuaianyinm
99929931 ARAniiATTeund nszuag1eBereenaslFouifounsrua) va
ueansuiames M, wganiaudanslfbifinnshanszuaesnainniaeunszua Fatiu
FAsrenEnITLA ALY
Lﬁmmmm?ﬁﬂLﬁmﬁq,tmﬂmmaﬁﬁafanuumﬂmmuﬁﬂLﬂm‘ruﬁﬂﬂ Fraviu
f%']Li‘]us”mql'ij’amﬂ%‘ﬂuLﬂﬂﬁuﬁumw%mummqm 31 5.11 Wursandeumasudvasge
wsnildlunsasiniadyorumoditdeanuuy lugdlduansqasedyyinliiduwn
18929373LINTTUATA A (PFWR_A input) Thta9asBoansuanuLA AR A B aBITAUAE

. & o - T 4 ali i
qasniazgnaalifdunmaasasfaenssuauuusiinauusiazganues lususnansal

a U

dalnanvesnsasintadyrugied (R) Aslua v Tnadyuruiinantaziilu

out(osc)+

wuuAWawdss Hlua v, Mdeadiiuseenceunasuduassganaas Nlum X uas

out(osc)-

Y sassfinlsza C, uaz C, Maadnaninsursaeansidaines M, uas M, 28999351504

= | e

WASUALABITANABIAHNANAU NTZUALUDA |, HAWIAUNsualuda I, HesRnnsee
WATATHBUNTEUA M_-M_,  UWAT M_-M,,  7id1uIagssusans udaineivinduling
a I's ° L e e o A a -
HAANTWTAIADT My, WA My, MMENTAINTZUARTILEA |, MAUBANNIAINIIRTIABUNA
susuaaanalsililsunounisinausesssassenanssualuniadall nsUiuaunaes

easnuadtyeynased (f ) aunsaliuldlanande |, Aaunis (5.14)

OSC)

Jose = S = : —— (5.14)

4nC,, 22C,\ 2

Tped K Ae uC, W/ L19ausansiuiainas M

o o

URALIAB

a . <
o e ARANTZUAILAATDI2IATIRE NG
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5.3.3 HANITINRBINIINNUBRIRTA8TTUNTH Hspice

P (% o ° - [ 3 )
et udunisinanuresnasinlad il 2995A3N81939QNA1883N13

nausaslsunsu Hspice Tanldluimanisfiimesaes Alcatel 0.5 luaseu (level 49)

Muliiusaiulniaes 2.5 1af TUIATDINDANTINTARBTATNANTIAN 5.2 NITUALATZUTIAY

o ] ] ' -J 1 o o ’
ludalunsazosastaalfAlumn9199 5.3 uaL 5.4 MUAIAL NMuAAT C,, 1W3IRTMN

ANRdBd Y UIINAL 1.5 nF, C, uss C, lunasiaaunasuauaaeiiAnyiniu 10 pF Tae

nsdadyrunszuaiinnuuuaiiiasuisaresssinliad gy runisasuniuinan

(R) ldnadawsuanalilugin 512 04 5.15

d - L5 1 L3 - -
A13190 5.2 1usraneansudame i lflusasiidady i utsivuuanmeswdes

ATEDe LI PRV RIS A WIL (um)
nvasiABuHasuALde] M, 5 Meg Moaos Mosia 5/1
1%;:1]171 5.11 Mg Mgion Mgyoa Moo s 18/1
qusmmmimﬂlugﬂﬁ My, . My, 2/0.5
5.8 s 18/0.5
M., ; 26.5/1
Myr s 25/1
My, 30/1
qumdmﬂﬁ‘aﬁmmﬂm Mo Mioo 0.5/0.5
ug1fdi 5.1 o 212
M, 20/1
waruFaufisunszualy M., 2/0.5
g‘ﬂﬁ' 5.10 M, 0.5/0.5
M., 0.75/0.5
M. M., 0.5/0.6
M., 2.5/0.5
M., 1/0.5
M 0.5/2
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NAstnt funsal nszualuda (uA)
'qumﬂn?:ualugﬂ# 5.8 (. 205
Vaiina 100
995U Fi'uﬂé"nd’rytuﬁmlugﬂﬁ} 5.1 laiaso 1
':ﬂmﬁﬂmﬁﬂum:ua'lugﬂﬁ 5.10 Fige 20

< o o =) o a - -
A15199 5.4 usasiuluganlilurasinfiadyyrumsduuuanasudos

29a3ting funsal usasuluda (v)
2aswANadudy Il 5.1 A 1.8
asrenanszualugli 5.8 Vo 1.4
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LADDATNLAR
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N | :
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g'd?i 5.12 Lﬂuﬁrucmmm-ﬁvm-nmqw?ﬁ'\Lﬁmﬁrymﬁmmnﬁunuﬁﬂtﬂmmﬁﬂﬂﬁ
eanuuy Auiieaadaien (f,) SAWIAL 1.85 MHz swadyonuessiaaniian
Wiy + 30 uA uaEAN AN AAEsIINIE alin (Total harmonic distortion) 1Ay
065 % lAnszualuda |, wnasdeuWasuFuaainfy 50 x4 mngﬂﬁ" 5.12
ﬁqmmiﬁdwmmﬁmru']ruaﬂa'-imam:r?v'u‘%uﬁﬂm auwinfunszualuda |, {1y
AryunniRananT AARANTIIUNAAITIT + 30 1A Lﬁmmnmmmﬁmmﬁmﬂﬁﬂ%mmgnﬁqﬁm
W +30 14 TaunapauAEAs LSRR 31U 5.13 Wugtlaensaingd 5.12 el
WiusuarBuadnurady I eesiaanitle

1 5.14 Hudnsuzresdyyruaoildainaasiiied gy ameduuuan
wairwFsalaeiadoyqruisafumiuinan fuuasinszua | one W29RTERDUINAS UL
3147 50 u4 Lwif-iﬁﬁm-nmmﬁrumqmam%mamqwgmﬁﬁmnndq 50 uA v Widoyoynod
Lﬁu%uﬁam AUATTAWIIRY 1, W3BAL 50 14 FalunsiifasinldAnAanRindey

o =

saun e flnliniiAngailiasainausidyyiuesadaaniauinnaiiuqasentes

u

v
v

dryryrauesadamaiasiuuanuazauazgnadlesndnten WWiisaAANEaREuTY
naFluunlea 3.72 %

gﬂ*?i' 5.15 meﬁnmmﬁmmﬁmﬁ@faa%mamL'Lﬁ'fﬂuLﬁﬂuﬁummﬂuﬁmﬁuumuma
afuinfinszualugaresnsasdeumadusuas (lhune) AENN (40 uA-70 uA) Toelden
C, , Wiy 10 pF mnnmﬂﬁqmcﬂﬁdﬂﬁnﬁ‘:umﬂa%mmFiﬁz_gq'-w:ﬁmﬂfrmﬁmﬁaumqu
lufingsndnfinszuadsn Ansruannadaiangandiliaziim hifiuAnszualusaeesnias
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Anszualudatessan@euasusuasfiasiuTugos

31 5.16 uamanszualusaresanieumasufians () WRBLTBLAUAINE
lunseeadaianlaelden C, , Wiy 10 pF AAuTeasdamuanulydous 1 MHz -

2.44 MHz WRUFUAINTZUE 1, FOUS 10 124100 124
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54 @51
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Taeriaani9astiinugIuniaInaasasieaunssuauuuns1udawnes 4 52 (Improved
Wilson current mirror) n1seanuuuasiuniIsldnufuwmangIvauarauisonianuls
= = o - o v o o ' o v
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N ANRRETRIdTYYINITUA wananTifinslsegnaldasasFoanssuawuuiBnaa
uazaaasuFauiinunszuasesaniuIRTIENEnsUALATIIaTIAe N AT uAUA LB A T

wasnulliadyrasiuuuainivesudeg
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6.2.3 'N'asmmmam'aaim,m'\mnszua (Averaging current value circuit)
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6.24 2sasnuladyyrudeusuunnineisuiBea (Differential sinusoidal

oscillator)
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(Simple Current Mirror)
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n. 1.2 manamziauauiamanszualnaaudygiueuiaan (Small

signal analysis)
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N. 2 2935AZNAUNTZUARLUNGIUBALARS 3 A9 (Wilson Current Mirror)
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gu.lrr ~ 1 — 2'2]1:\’ — A.Z h
I’N - gmrnz ]fN gm zK
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(n.2.1.6)
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2K
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signal analysis)
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angUi n. 2.2 Awualv R, =(1/g,,)//r, uaz C, =c¢

AAs1=ilum (Nodal analysis) azléwsand (n. 2.1.10)
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RANUATNT (0. 2.1.10) ANNITONIATPINDFH UL LA



121

guri + l + l

Ryr,,  rars

ol 20

A = gmlgm} +

€, i€ C.e -t g R
§ . . 31T pd 2 e 3 gl 3T wd 1 d 3
+§ (g.uﬂ"ml'l + gurlcg\l + gm.'icgdl + R + + ]
2 ) Fa
2 C.c C C‘ N . .
+s§ ( A€ T OSC L FC ) Cn TLHC G T (';:\.‘cg«f.‘)

(n.2.1.11)

AIMNFEINS (N, 2.1.10) aAmsamAusadunius (1) wazlua (2) lnal438 Cramer's

rule TewinAuannis (0. 2.1.12) uaz (0. 2.1.13) AMNAAL

1 1
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Toed A Tuaunis (0. 2.1.12) waz (0. 2.1.13) HAwinduaunis (0. 2.1.11)
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. 1
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TALNITUNUAT A a9naunas (n. 2.1.11) aalu (0. 2.1.15) ldsmseenanseua
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) Bx . . & Carr (Cpa + Con +C3)
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+5° (c‘m,: + SL'NCL,‘ + 2(:_”\2)
(n. 2:1.17)
AnaNnIs (n. 2.1.17) laanisunudn R, sag 1/g, wasidesann »’ HA1IgININ
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AINAUNTT (N. 2.1.16) AMWITOATIEIMI A ATITENENTEUANADAT LA

o = Ems (n. 2.1.19)
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Auualdueansudamesynaalugui n. 2.1 HauaniRviauiunlsznisazla

ARTIVLNENTZUANAITNDA WU
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Zm = {gnl.\ + _!-\1,_ + L + S(CZ * ch] * C;:dl )}/
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< o Ralyy Tl 2 HCaFHCun Coa T Cu T Cny
-} +
r:ll r;.}
+S° (( s T G + CyCpuz + €Coi€oan + Cgu'lc;:d:!)
(n. 2.1.24)
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gm T T + R r + f‘z +3 gmcg\ +2gmc;:d +

o 2%0 0

3 bl 2
N Ko PR 2
+8 (._c_m +5cg\cm, il )

(n. 2.1.25)

anaung (0. 2.1.25) IENITUNUAT R, #ae 1/g, uasiliesann r’ HAIGININ

AaduleANFA U LI
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(n. 2.1.26)
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el
Z, = R, ':'] (n. 2.1.27)
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+ il L2 + g
B T TRy,
Taun1sunuan R, =L/fr“2 -T2 aqlusunis (n. 2.1.27) azldaann
ng l + gm2’:12
Frunue g winfu
i Ei'"r“z—g Ei (n. 2.1.28)
2 _om gm
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(Wilson current mirror) WalduiAuAIunIYIIean
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2 sl
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i 1 11 Yin (0]
r_+s(c""’ + oy +Can) (=8 +5Cy +5Co) —SCos
ol
T 1 v, | |0
-'(gml +SC;(\) +Sc;zd|) gml +_+r_+S(C2 +Cg.\'.\ +cx:ll) _r_ =
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n. 32 msiaseiauduiananssualnaRuygIuTuIaEn (Small

signal analysis)

lin1 1 "y ‘iout

- . — 1
Rsé Cgs3 -
. ‘ == Cgs4 g log

ro —Cgd (3) .

BlAS% T C9dBias  (2) Cady gm 4 (V(1)V(3)

i l qa—
lin2
oF @ R T

L

d 1Za a o d’ o
51U n. 32 seasaiieuresisasaziieunszuauuLnIWIaIResF 4 Aoliialimdnansene

NITLALATAINNENUNIWLEN

= = =4 1 4 = 3 ar = 2/
’Q’]ﬂgﬂ‘ﬂ N, 3.2 WU9asaNau1a9NaTasNauNIZLALLUNI T UIALGRT 4 sl 1

o v 3 = P
WAL NTLURARALANENUNIUIIEN T8I lugL 0. 3.1 Taeh £, WBT ¢

ABAIINENUNIUATU- TR FAUAZFTLLU LN A-LATULBINEANTIUTARBINATIIUNA-

y s % . 1 1 .
ananszualuda (1, ) MWUARIR, = —//r,,, R, =—//1, uaz C, =c,, +C,,
ng gm]

a1ngUit n. 3.2 Tnamsarseailus (Nodal analysis) azléiwsand (n. 3.1.1)

I ] 1 |
b Sy €0 FCopamay T ) | = +5C,, —5C,.,
F s 3 3
1 i | 1
- F-F‘S(’g\.\ _+_+S(c,,-n +cgu'l) i — €
3 o 3
» 1 | .
~( 8y F505) —S5C. B +T?— B :—— +35(C, +ce,, o)
2 od
Vin .
rm
v(I) e 0
vl 3 O

(n. 3.1.6)



AINWETNT (0. 3.1.6) AMWTaNIATRINBSHURUT LAY

133

A = gmlg.nM + gmd 1 + gmd + 1 4 gmd s l + l
R, RiFome: BBl Kby ReRBy Tl Rt iastor  RalopasTig
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r, FoprasTo

cm(3cw +4c,,)

2 2
gm (4cg.\ + ch\c;;dﬂ.’rl\ + 1 ](' & T 4(";,JBM\C5,(1 + 4C5.¢I ) +

s gd

3 Fosras

+5
2(3(, rdege,, + CMIHM\(ZL G r il )
+
s

3 L2

+s'c,, (2(, # 3, Camas T8 FC 4 )

(0. 3.1.8)

ANFEENT (1. 3.1.6) ArmnsaAszim ALsesuilun (1) Wewindu

1 1 1 1 ,
S im (;—+F+S(C""” +Cg(”)J[gm4 +F+r+5(cz +CK-‘4 +C¥[“)J
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_ T Cgsy § Tog
ro o B (3)
T Tms ) e a0V V)
g (§) Imve é R, TG

T

al =4 (=3 = o
su#n n. 33 NIATLATIBUA Y UTUN ALANTDI29AT ALV OUNTEUALLILNSWTALRET 4 F7

(Improved Wilson current mirror) W8 ®1AMNFAIUNIUIIDBNTBINAT LY

Ui n. 3.1

angUd n. 3.3 uaeasiaiieud 1 IuIadn 199999 sAT A UN T UA LU

nedawmes 4 sanalduiasusnuniueiean taaldignnsawmseiiug (Nodal analysis)

aelswssnd (n. 3.1.22)



139

1 ! 1
$o— A S{C A E L C i FE ) = ;—+sc__, =S, -=$C .
r.-".ll.\ 3 1
1 ] I 1 ) 0
| gCL —+?+s(cm,+cﬂ,) 8. -5,
Al ,:JI A
| 1 : 1
_(8.... - -“'m) =S —+—+g. ,+8(C,+c,, +c,,) ==
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(Differential Improved Wilson Current Mirror)

Voo
OVOUT
lin1 + In
o ¢ lout +iout
| M
M3:ll I[: M,
iin2
(2) )
M, F“ (3) ”:l M,
. v .

SS

=l ; a = - o
5U% n. 4.1 seasazvipunszuAANNLANANAIRTY U LIILLMSWTAReT 4 A9

A1ngUn n. 4.1 iuasasanvisunsruan I nuAnNF1Ided I gL

nsudanes 4 s Tus (1) Wiasdygradrinisuazun (3) Wuasdyyroudiians

PBINTTUABUNN i, WAT i, FINAIAL

3U% n. 4.2 Wureasalaud oy I alaNa999A AL UNIZUAAIMNIANFY

QU

apddryyInaduuunTIudaAes 4 Ao linnansaaansTuALAZANFATUN WD

o a v o Y o A ' v 2
Watleunszuadunnidriaadraadainiafun 1) Ararudiuniuadiuay

o k3

Sasamansruaidietleunsuadunnidnfiaadyadiivils (fua 1) TAwinfuasnis
(M. 3.1.7) WAz (n. 3.1.14) 18999994 NBUNTLUALLLNTIUTAIAST 4 Aaluiada n. 3.1
ATNATG

317 n. 4.3 ussaniailoudyInauadn189999 5T FRUNTELARINLANGN

andtyyruduuuvsudawmes 4 sialdmansirenansuanazaustun ueudule

'
= L i

taunszuadunnidiqsdyunaudnviaas (flus 3)

n. 4.1 mMsaaseiAuantamanszudlwmnss (DC analysis)
= P " a & s Ly =
ANNEaNAIaLLBIaInA N liianmAM T I Rsua AN s AnBusesuenyiwniian
winuaaaslugdy n. 3.1 undsznisifiasanidluasasimaniu uansineiuiesiinistley

NITUABUNMTIABIALYINIY



146

- o a ar =3
n. 4.2 MsIATIERANENTANIINTE LA IWAAUATUYINTUIALAN (Small

signal analysis)

iin1 Cad iout

4
> (1) 1l
o l iF ! _L
R3 Cgs3 -
- | —— Cgs4 r04

lo = Cqgd = ;

BIAS% T Cadgias  (2) Cody gm 4 (V(1)-v(3))

1 l 40—
lin2
r01§ Gb gm4V(3) § R2 "‘ C2

1

- v o \
FUN N 4.2 3 laud U INIUIALENTBINATATNAUNTEULARAITNUANFNNAD
Aoyurandiuuuvnsudamas 4 danelduians1181aNTTULALA LAY

¥ v oo a ¥ & e v o o
swvudalaunssuasunniinnqady oo (fua 1)

C .
(1) 9d4 < o

3 T Cgs3 ” —L
1ol ® ot

3)

Il

- Cadpias (2) Cgd,

1]
I

ﬁ
o
o
>
w
A
1]

gm4(V(1)-v(3))

O
-
lin2

fo12 G) amve 2 R C2
L

SUN n. 4.3 3R9ANBUAYYIUIUIALANTDINATASTOUNTTUAAITNUANFIIAD

AUUNDUIULLLUNTUTAEDT 4 69 1 TWIBRTITEINTEUALASAIINFIUNIUTY

'
= @ k3

datleunssustunnidiaad i audrvians (Tlus 3)



147

angUii n. 4.3 Taeldmsdiassilusazldwming (n. 4.1.1)

1 1 1
. + ? +5(Coppras * Cpy T Ca ¥ Cpats) =| 5 5 —5Cn
DHIAS 3 3
1 . 1 1
| = +5¢,.; _+_+5(C.,-‘3 +Cg|11) & ~SCan
R, R, 1,
1 1
~(&s +scw) =$Cop1 g+ :{Jr—+.s(C2 Flun +CN|)
2 ’:hl
L .
Yin -‘ 0
Vin |=|0
Ve | Lin:

(n.4.1.1)

ANmmasiuuLTresmaIng (0. 4.1.1) HAnwinfuanunas (n. 3.1.3) Tuviada n. 3

AINIAESNT (0. 4.1.1) Au190aAsIzmnALTasui lua (1) Taviniu

1 1 1
1V’(ll = A - ? + ‘Sc‘u\." (gml - chdl ) - _ch,\'d F +—+ S(Cg\] h ngl)

3 i K

ol

(n.4.1.2)

AuualiauauiFreseansudaneilugli n. 4.1 wilaufugmlszns (@nidu

LRANTIUT AT M aF1aunasannszud) azldAuseaauiiua (1) winiu

im? ] ] 1
Voy = 1 E_+SC”‘ (g, — 5Ce) +5C, R_+-r_+s(c""‘ +Cy)
3 3 0

(n.4.1.3)



148

AINWFEINT (N, 4.1.1) a1xrsannAusasuinlua (3) lawinfiu

(1 1 11 ‘
" ? * S(cxu'me * C;:sl + cp:\d * cm!-! ) R_ toors (Ck'*r‘ * ck’t“ )
3

FosLs 3 P

_ w2 | ' ' !

v(-‘) A 1 2
— E—+ SC‘:‘]
3

AvualianauiFresneansudamelugi n. 4.1 wileuiuynlsznis (eniiy

(n. 4.1.4)

waansudairefildaisunadsinonszug)  arlddiusaduiiiun (3) uaznszuaenying

WINAUANNNT (N, 4.1.5) WAZ (N. 4.1.6) AMNAIAL

] 1 1 1
( e S(cgdm.ll.\' + ch i )](R— +—+5 ((_'g‘ +Co )J

’:,H.'A.\' 3 3 ’:J

mf—A_‘ , 2
—| —+sc,,
[R\ :

(n.4.1.5)

: 1
’uu.' = (grm! - chd-i )v(l) - (gmtt E3 r_] v(3) = (gm - Scx:i )V“) - gmvl]l (n' 416)

o4

TABNSUNUAT v, UAZ v, AINANNIST (N 4.1.3) uaT (n. 4.1.5) A3l (n. 4.1.6)

pAnatfuazldiannig (n. 4.1.7)

il)lflA l 1 ]
A oA =22 = (gm ~ 58 ) {— (? + scg_‘_](gm —SCy }+sc,, (-R— +—+ s(cm +Cyy )J}

lm 2 3 3 o

I 1o 1 3
—g. [— +—+ 5(Cprpay + 2¢,, + C”J)][E_ +—+ s(cm *E, )] - [? + 5, ]

r:JH.'.-l.\' R] 3 rn 3



149

A,z'A — En = Em s Em _ Em
R, Ry, Riyus  Tlhwas
2 + gmcmﬂﬁ.—f:{ & gm(cg,\' + cgd w cgdHMS) 4 gm(c;,'\ + C;:d)
=S5 gm Cg.\' R
3 r, Fonias
, cxd(cm +€y) €l
+5 1 8w (_ng (€a + Coamras )~ CoumtasCrs ) - R P
3 0

K}
~se e o, +2cy,)

(n.4.1.7)

Tanisunudn R, = R, =1/ g, aaluannis (n. 4.1.7) ladnsaensnszuadiaileou

= a!' b 3 :i. [
NITUABVWNNARTY YU NABUNIAL

2 2
3 3
g+ Bn  Em | Em +sa, ,+s'a, ,+5'a;
I Fosas N Toprash
j2 = 2 2
207 1 2 3
3 b 3
g f—"t g"; + s+ Em_ +Ag-”—’-— +ish 5 +8°0; 35D, 5
Bopras 1o VonrasTo r; Fosiaso '

(n. 4.1.8)

: _ 2o, gm (C,t:.\ + ng) Em (ch + cgd.HM.\' + Cj,’d')
ul 2 gm (('_u\ + ng.'f.’.—l‘\') + *

Fosias r,

c..C
= . g xd
- grn [CngHiA.\'(C'u\ * C;:d) ¥ cgd (Cg.\ T 2('5,'(1 )] +

Q
-
t

[

ay 2 = C,‘;\Cgu' (Cg.\ + 2‘:;::!)

2 . gm (ch.\' * 46;.:41') 2Cg,\ ks cgdHJ’AS + Cg.:l
gm (3C;:.\ + 2(‘x¢[HM.\' b 4ng) i + 3

F.B1as r

=)
0% ]
1]

gm (70,&:.\ + 36;::1HM.\' + chxi) 4 2(2Cg.\ + de)

L Foprasto

o



150

¢ (3., + 4c,,)

gm (4LNIHI1\CMI + 4(' + SLL\('),IHH\ A l lc C*d * 46},& )

Fontas

) . 2( Cot® +4C,,C +30,7 +Cpus(2¢,, + de.))

2
by 3 =€ (A€ upasCou + 4C;.d + 3¢, Cotptas + 1CCou + 2c,.")

aIN@aNNIg (n. 4.1.8) iilaeann Bl ummmnmuummsmLﬂm,um
Fhﬂ?:mm-nma"mwmﬂn?:uaﬁm’mﬁﬁﬂLuﬂﬂaun?:ua‘ﬁuwwwﬂﬁﬁ’mtgﬁmrmmm“lm

Winnu

2
gm rgm + *g"':i"
P OBIAS 0 (n.4.1.9)
i2 »)g 2 2g 2
3 “=Sm
w
’::H.’A.\' ’:J

aunng (n. 4.1.5) Wuaunisusaduilua (3) Faduqadyyinidizeanszuadunni

a3 (i,,) saduldanusdumuadigadygindiasaindu

1 1 5 1 1 o
+—4 s(c}‘,‘,,m dle ey ) R_ +—+5 (cg\ = cm,)
Vis, 1 |\ Tonus 3 L L
ik _———a—
“mn2 . 2
Imz A [ 1 ]
—| —+sc
jis
L R~‘
1 1 1
+ 0
Rilas Rt T,
1 €, T Ciic T 20,5 &, F &y 2, FC e F L
- . I LIER { g < £y 2dBIAS wd
Z ,=—4+s| —F Ly My ‘ L
R, FoBras r,
3 2 » > »
+5 (—cm + (r._m 6y )(2(.‘”\ + Comas + cg“,))

(N.4.1.10)



151

TauNITUNLAY A annaums (0. 3.1.3) uee R, = R, =1/g, &alu(n. 4.1.10) 14

L 1 d‘ 1 ﬂ‘ | e
AHATUNIUDTY L‘ﬂ'\ﬂ’iﬂﬁm UIINARININY

4 . 3.
En | Em +8i 5 + 50y ,
F Fowras "o TonrasTo i
" 2g,° g 1 2.2  3g ;
2 .
gl +om 422y S+ S 2m g shy , +5°hy , + by
Fosas 1o Foniashs T, FoprasTo
(n.4.1.11)
-
oen
c,.+¢ 2c, +c .+
. _ o sd L pdBIAS szl
’I 2 gm(c,u\ i C;::J’BM.\‘ + zcgd) + *

Fonras L

i , =—c,’ +(c

2 2 s

us + cgd )(ZC;:- + CL’”’”“-\' ¥ C*-'“')

b, , —b, , Wauns (n. 4.1.11) fidwviaiy b, , - b, , Wauns (n. 4.1.8) ymlsznns
AINANNTT (N, 4.1.11) ArmnsaaaziMaaAt AN unue g iaed oo

aaanANIA FwnAY

(1 + gm oBIAS o5 gm )/ oBIAN u
(1 + gnr oBIAS + 3gmra + 2gm oBIAS n K+ 2gm o + gm oRIAN n )/’:’BM\ n

(n.4.1.12)

m2

2

BN g7 e + 8,7, >> 1 WAT 7y, o1, HANGININT A3UANNTT (1. 4.1.12) A2

fAnlsesn oy
i
1+—°
A ToBias
n2 —
gA2+mn)
(n. 4.1.13)
Touvinld g, r, >>2 Fathuaanas (n. 4.1.13) Az
; 1
n2 = (n- 4114)

gm2 (’:} // ruBf/lS )



182

l (1) c?l:d, - (4)
R3 % Cgs3 i Iy
. ‘ == Cgs, Tog
(3)
r =C ;
°BIAS§ T “9dBIAS  (2) C?ld1 am4(V(1)-Y(3))
i

o2 v) 9mVe) Ry T €2

<l e 3 ' 3
E\JVI n.44 'J\"q?LﬁNﬂu’Bﬂ\l'}QQ?ﬂ:ﬂ'ﬂuﬂﬁ‘:uﬂﬂqqulllﬂnﬂqqfﬂ’ﬂ\i'gﬂ‘jly']mL‘ll']LL‘U'U

nevdawmas 4 saialdmannusiuniunqadyyinean

s n. 4.4 Hlu0995183 e 1u189998 AT aUNTERA A HUAN ANSABR (U asd LY

- P i X " o
neFawes 4 sanalduAnuiun uiaeduiuesn  ANNAUNIUNARTYYIBEN
SAWNALANNNT (0. 3.1.22) T8999R5ASVIRUNTIMALLLNIIMTAIRET 4 A7 (Improved

Wilson current mirror) lutiadia n. 3 Nnisenig



NIANUILN 1

n1sAtAgzsasifFauvisunseuauuulsulgs

a1 NISILASIZTAIINATIUNIUTILTIUDINIATAIUNUIVDIVIASG
wisuiisunszuauuulsuilss

Voo

MBIAS2

Veias lgias2
s o |y .

Il—,‘

W ol @}c’m O,
£ ®

|
M1 l% M2

- -

7 Vo

=t o
U7 2. 1 2asdaumiizesnasnffoudisunszuanuufuly
i 2. 1 JwnsasdaumizessasuBouifisunszusuuulinlg awnsodnsd

v v ;3 el’ g ' o v ﬂil ‘.3
wAANEIUNIBIIE9a a Tdlaanistliauunadnausasu v, Wiluaa aaniu

ATIIMNAN v, /§,

(2. 1.1)

= . o o a0 W
AMNFUT 2. 1 Aussiunium ¢ HAWAY

v(c] = gmﬁvgnﬁ(rnﬁ /'/ ';mz) = vg.\}_d + vg\],z (’ﬂ 12)

Toed r,, AeANFIUINATU- TR aTBILMAIRENTTLA ],

\Hiesannusasuine-1efarasuaanudamas M,-M, SAuiiuaeiuusasunium c

ity



154

Vi, = 2V, (.1.3)
AINANNIT (2. 1.1) (2. 1.2) WAz (1. 1.3) AIWITOMAMTIAY v, iy

2v,,
v, = = (1. 1.4)
gmsvg.\s(':.s I ’:»::2)

o i o
angUN 2.1 nszua i, Alvadntua a HAwindu

il = ganV,L:\J + gn:ivgsi (‘H' 15)

AINANNIT (2. 1.1) UAT (3. 1.4) WNUAT v, Tuannis (1. 1.5) nszua i, aziAn

2v£
AP .. T (1. 1.6)
' gm3 PR & 5 g,,,5(rr15 // r,,,,z )

AINANNIT (1. 1.4) uas (1. 1.6) leAanusuniuandnlus a wnhiu

2v
m(a) = XL = = (‘ﬂ 17)
',l' [gm}vg.\l(’:)s /f ’:NQ) + 2\1'”_‘:]

R

WHaRINUMAUINA-TaFATaINRANIIUTARAT M -M, HAWNIN ATUANNIT (1.
1.7) azitlu

R 2(’;15 & '.:MZ) (1] 18)

in(a) =
ng [2’1302 + r;)5(2 4 gm_‘rrmz )]

AMANNTT (3. 1.8) \UBRIN g, .7 AUANNT (3.

o2 > 2 WRT g o or o >> 2,
1.8) Azl

002" oS 002

2
Rm 3 = (‘ﬂ. 19)
@ gm_"&gms (rrJS // ";mz )




155

- as o
a0 2 msqmﬂzﬁmmﬂnmlmmsﬁ'uﬂszqudunm-mma (C,) wa3
NeEANTUTAARS IusRsFausunszuauuulsulgs

VDD

i
Cgdy 4 ¢

|
|
i| Cgs| 3 : | C
1 :LCD for3 grOqu

;
gma\l’x 06 r_.‘ R g
I m3%sL3
Tcgd L3 3%

]
1
[¢]
Q
[’d
[e2]
P
-
N/
AN~
+

Vx

-
==l

o

=i -~ o - - 9 o o
51U 2. 3 2vanadioudyIneuAEnTeasUn 9. 2 el ERmTENtusIsY

¥ 2. 2 JuwreasiBuentd (Preamp) MdluasasunfouiaunssuanuuyFutlgatald
WALARANATRAINLUsTUEINA-9RTaTRINRaANIWTaAIReT M, lauseNeanI udanes
M, 1AN112937 F2FUNIU R, WNUAINAIUNIUALAULATU-TESATBINDANTINTALAST M,

uarsiulsza C wnusaiulszaluanteaneas

L

3% 2. 3 lwrsenadieuduyiurunaldaneasnsasilin 4. 2 iwaldiaszim
FRTIVEIUUTIAU ANBUAUAUT Z  UATATUTIAUINA-TEFATDINDANTINTALEIDS M, HAN

WNALANNIT (1. 2.1) WAL (9. 2.2) AMUKRIAL

1 + R, _ 1+ SRy (€pys + Curs)

F : -
!
5Coyy  1HSRiC 3 5C 5+ S RC 5C 5

(2. 2.1)



156

L+ SRyCs

Vosz =V, X (9.2.2)
‘ l + SR] (cg.\l_l F ck(”.})
Taunisaessilualugi 9. 3 laannas (2. 2.3) uas (1. 2.4)
V,28(Cp T Cris) — ¥y *5Coss =1, (2.2.3)

r

1 1 1 1 :
Vol — chds) Wy '[_" + + + E + S(ng4 *+Cie T € il Vs = 0
we  Tas Tora

(2. 2.4)

AINANNNT (3. 2.3) WAL (9. 2.4) IneN1TUNUAT Ve WAT ZAINAUNIT (3. 2.2) uaz

(2. 2.3) Auansuadlu (. 2.4) Wwsasnd (2. 2.5)

'\-(Cg.\{: + C;:n’()) _chdﬁ
» | 1 | e S(gm.'.}R}CmH 3T Chs T Ce T Cua T C,)+s RCy,
gmfs B 's(’ydb —=# ; + + I R -
L e Tus  Tua + SR (s + Conrs)
v, i
V. 0
(0. 2.5)

t@lﬂﬁ C,. =€ + +c¢ .. +C, J+c C...+C +C)
71 = Caa3\Coar3 T Coura T Cous L wdr3 \ Cpara T Cuue L

-

QNNATN (1. 2.5) AWITONATITIUIAT v Use v, IAMNALANNIT (1. 2.6) WAL

(4. 2.7) AHAGL

—t—+—

L ’:n'.] r:)l‘-l 1+ SRE(CH'J,S i c,t,’di.i)

. : 2
I, |: 1 1 1 N izt S(ZaRaCospn + Cpys +Crue +Cpaa + C.)+s R,

i
v, = —X”(gmb —5C,y6) (u. 2.7)



157

- -
AINAUNTT (2. 2.6) AL (1. 2.7) IR INAIINATUNIULATU-TDTATD
-l
by

veanswdamesd (r, . r,, WL r,,) dArgedaiuansomdnsaeiousedulivindy

(8ms — 5C0us) l:l + SRy (Cyn + Cpns )jl
2
v, Emis ¥ (83 RsCous + Couty + Cputs + Cpua + C)+s RCy,

(2.2.8)

aqnaunns (1. 2.8) Wnsdllifl R, lwaeas (R, = 0) wazAaiuUszqusdaunm-1asuses
uaansdawmeinda (C ) fAlesnng Tansunudr C,, aanaunis (1. 2.8) azlal

ARTITHILUTIAULAZAINUDANDBNWINALANNIT (1. 2.9) WA (1. 2.10) ATNAAL

A =- L — (1. 2.9)
g {1 +s&1’£ +(J:.)}
ml.3
gmf,}
Wy = ——Sm (1. 2.10)
&y C,

ANANNTT (9. 2.8) neisiaiuszqudainm-iasuassnaansdaineivynsa (C ) i

ARENANT LaTUNLAN C,, ANaNNTg (3. 2.5) azladRsaanausamuviniy

1+ sR,c,.
A == s 1) (2. 2.11)

(C w3 + Cf )
Ric.:C, 3 Ay B
R, Cgu.ac L Racg\.'._wC.',

AINANNIT (1. 2.11) ANT0AATITIMIAIANNDT IS LATATIBIAND NG T TR

(Complex poles pair) IAAIANNNT (2. 2.12) ez (2. 2.13) ANAIAL

B 1
R.c

g3

W, = (9. 2.12)

(e s FEYE (5 +C,) ~8g R C
@, = 2sl.3 1 \/( asl3 / Emi31GC 34 (1.2.13)
' 2R.e. €

asl.3% 1.




158

AINANNIT (3. 2.12) WAL (1. 2.13) AMMITONATIZHUIAT R,  imunzanlalae

I e e

Al o, | uaz |o,,,| Anaums (1. 2.12) uaz (2. 2.13) FAwiAuABUNT (2. 2.14)

1 ~(Cpus +Cp) 2 \/ (cers +C,, )’ —-4g,,:Rc,.,.C, (2. 2.14)
Ric.s 2Ryc,1C,
Tpunisfinedreannng (2. 2.14) anansonnan R, Laviniu
1
R =—— (2. 2.15)
gmf..‘

Funmlddndie R, fAmindu 1/ g, awinlnaesspaudinasdouilagniindnaiu

AuDdlsnes uarlpunisunuAl R, Annaunis (9. 2.15) aaluaunis (2. 2.13) axla
ArANDAnaanilu

W, =— i (. 216)

C a3

ANANNIT (2. 2.10) WAz (1. 2.16) Aunalddnnisldsasiumiu R, lwaeasgi 1. 2
vnldannutanesnaunusifiulsraiinanaesasas (C) winlu Tdaudusadiulszquds
nA-1854 (C ) TBINDANTUTAIRDT M,

& - e ol oo Wy e
uﬂﬂqqﬂl‘lﬂquq?ﬂqlﬂ?'l:““"l'ﬂﬂ?'nlﬂqﬂu?\iﬁuﬂﬂ')'u»]ﬂ[ﬂ'ﬂmqqnﬁunqﬁ' (’Il. 2.8) T9H

ANV

A4 = Eme _ J(W/L)alns _\/ (W/L)elm (4. 2,17)

- (”’r / L)f‘.‘(].'_)b - ]nm)

' i3 \/(W 1LY 315

dunalddndnsensusssiurasasasiarhiganninnszlidesnisiidiaciug

R MTus d HAmnitisssinuaaasiiames (Miller effect) 183 M,



169

Va1 Voo Voo
M R2
M2 L2 . —'\M——i My 2 Vy
y Z O
ey
Mr
M

L iCL R4 | Mo icl.

Rio Rino

<l ar o o« eil L
sUn 2.4 nisaanareaivdszqulainA- e faninanee9293589UNUIT092349

uwRsuisunsua
i
ix Cody vy i __________ N— |
= i — r . T
[ 1 | I *
L R — | \gsL I *
Tog | 1 CQdU: 1:- Cgsiz : CL
Ow 1o @ | N L i O
9mgVx YgsL1 | == Cgs| 4 || 9mp1vgsL ] = || 9m2sLz l
i : ] [
L [ ] i |

[
)

o =5 o o o g - ar
UM 1. 5 2easaleudyyInauIaan1899as3Un 9. 4 ineldlirsziwnansaene

usp (ANNAL R, HAnfluaudidasaindaAniun)

710 2. 4 Huraasdauniinaemas Fouisunssuawuuliuldaldisanuaes
ﬁ’mﬁuﬂszﬁumLﬂcﬂ—mfa?'ﬂﬁiuammmqqqm’quuﬁﬁmaﬁiauﬂawmu%Lm'a§ M,, U8z M, sl
WAT  FIFIUNIU R, UAE R, WNUATAINANUNILIANSWIATI-125a18INEaNTIuTAIRDT
M, UAT M, AINAIAL R, WLA2INFIUNIUIE198929Rs T UNEUN ST UALAT AN
Uszq C_ unuAniulseqnaneeaneas

Eﬂ“?ll 9.5 Lﬂuows‘mﬁﬂuﬁmmﬂmmmmﬁnmﬂmmsgﬂﬁ 9.4 ieldiasziu

fnsnrensusasulnanns Al R, fandududitiasaniidifisan @n

Bunuaud Z, uar Z, TAnvinfuannis (2. 2.18) Uax (1. 2.19) AMNAIAL



160

1 1 1+ 3R(Coyi * Coiii)
E, = +R = Dol e (1.2.18)
SCtt SCouy SCpn + S R\€.011 € ar
1 1 L+ sR: (0 .5 F€ 05)
Z s +R, 1 = e (9. 2.19)
Sc;:wll chcﬁ,.? SC;.{\I,Z +s R2cg.\l.lcxd!.2

Azl 9. 5 usadupsaNTINA-TefaTRINeANsINTAIRLT M, WAz M, AN

ANNTT (1. 2.20) WA (2. 2.21) ANAAL

1+sRc
Verr =V, el (1. 2.20)
1+ SRI (Cg'.f.l + cgdf.l)
1+ sR,c,
v‘:\f‘_’ = _vv 2% gdl.2 (‘]_I, 221)
. T 14 SRy (cpn + Cpurn)
TnansaiaseiiuanasTuglly 9. 5 Mdannas (3. 2.22) uaz (1. 2.23)
V,o8(€ 4 €y ) —¥,25C, =1, (2. 2.22)
1 1 | 1
v_r (gm«l - Scml-i) tr vy .{ i R e a2 S(ngd + C.l', )] =+ gm!,lvg.\'l.l - gmf.ng\‘l.l = 0
Fiv T2 T 4
(9. 2.23)

o =4 ar

Wesannuaansuiames M, war M, HanaudRmiauiuynlsznisuas

—v,,, PRuANNIT (1. 2.23) auiilu

A

1 2
+—+——45(cyy +C,) |+ 28,12V =0 (2.224)

’:14 1.2

vl (t"{m-l - SCmH) + vr.

T2

AINANNIT (3. 2.22) ua (2. 2.24) IALNITUNUA Z, Uar v, 99naNN17 (1.

JLTA |

2.18) WA (1. 2.20) mua1suadlu (1. 2.24) IHwssnd (2. 2.25)



161

S((,'”N +Cw,4) _Scx!“
2
g, —sc 2 L_’_ 28012+ 5(2800 2R 202 F2C0002 s +C )+ 7R G,
md ol 4
L " P2 Lo 1=k SRI_Z (Cg-.:l.l.z + ngn’.I.Z)
o y
L 0

(2. 2.25)

-
loed C,, =c ol12 (zcmﬁ.l.z +Cpuy +C, ) * Coarn 2 (Cma + Cl.)

AINWNATN (1. 2.25) AIMITOTATIZINIAT v, Uaz v, LAinAuannag (1. 2.26)

WA (2. 2.27) AINATAY

o W12 1 N 28112 + (2811 2R 22 +2€0000 + Cua +C) ) + 5 & .G
' For  Tos L+ SR, 5 (Couy + Cany)
(2. 2.26)
i
v, = —X‘(gm —S5C.y4) (1. 2.27)

AINANNIT (2. 2.26) waz (2. 2.27) HAIAINAMNATUNIULATU- TR T A28

NRANTITADT (7, UAT 7, ,) NAIGY Aniuamsomdnsaensussulsimaiy

A = Yy _ (gm — 5Cyua )[1 + SR, 5 (Coun2 + Counn2 ):|

v - 2
v, 28112 + 528012 Rl,zcgdl.l,z +2¢,,,t Cois T C,)+s°R,Cp,

(1. 2.28)

Ananng (1. 2.28) lunsallaifl R, w2943 (R, , = 0) uazsfurlszquiainm-iasuy
TINDANTTARBITYNGA (C ) HAatnIng Taansunun C,, AINaNNT3 (1. 2.28) Az

ARSI TENBUsIAULATANNDANEaWIMNTLANNNT (1. 2.29) Uas (1. 2.30) ANATSU



162

gm4

A =- 2 C;) (1. 2.29)
Corna
2 (1 - (_g_,i_,J
2gml.l,2
2
- Tl rC (2. 2.30)
2cg.xi.l_2 G = Cl.

RINANNIT (1. 2.28) nsalsiuszaueinA-LasuTeINpansWTaRaIYNGY (C )

HAMRLNINT UBTUNUAY C,, AINANMT (1. 2.28) AzlFdnsnaensusefuminiy

~ Ema (1 + sR,.,cg,,,.‘z) (2. 2.31)

, 2c,,,,+C 28,12
R 2¢12C {S" +5 (212 + C1) 4Gz —--}

R, cg.\.f.I,ZC L R, ,2";:\.'.1‘2( /.

A

1t

AMNANNT (2. 2.31) AINITOANATIZHMNIAIANDF T UA T AraANT INaTaTau

(Complex poles pair) 1AAIANNIT (3. 2.32) Uz (2. 2.33) ANAIAU

@, = —ﬁ (9..2.32}
1,2

usll.2

—~(2¢,,,2 +C )X J(2C, 01, +C )Z—ng ,R ¢, ,C
D = asl.12 L \/ PRAR) L 112884 201 2% (9. 2.33)
. 2Rl.zcg.~—f.|.2c.n

fmualil |o,,| uaz |o,,,| 9naunis (1. 2.32) uax (3. 2.33) HAwinfudaaunis

(. 2.34) (WOWIAN R, , Mnunzan

] _(2Cgtl.1.2 * C.f) * \j(zcg.\f.l,:’ + C‘f. )2 - Sg.ulf.l.lRl.}Cg\.'.|.2C’1f.
_ _ (0. 2.34)
RI,Zan..'.]_Z 2R!_2Cg.\n'.l_2Cn'.
lnensdnedreannis (2. 2.34) awnsaman R, Towinfu
1
R, = (1. 2.35)



163

" J U 1 - o i o’ : -
Fanalddnde R, dAiniu 1/g,,,, svinlinaraspaudinasdouiiagningng
. b ;
fuANddlsned uarlaunisunud R,, a1naunis (2. 2.35) aaluannis (1. 2.33) Al

ArANDAMaENITIY

(2. 2.36)

AINANNTS (1. 2.30) waz (1. 2.36) Aunmalddnnsldsiasumiu R, , wasasgii 2. 4
o J o j ar o =3 i 1 'V‘ lz ar -
WiAnnutAneanIuiufmfiulszainanresnsas (C) wintu Tdauiusiudszquids

\nA-1e§a (C,) 1emeanswianei M, ,



NARUIN A
¢

a ar o as o a
UNAMNIEN LASLNITANNN

1. “High Speed Low Input Impedance CMOS Current Comparator,” IEICE
Transactions on Fundamentals of Electronics, vol. E88-A, no. 6, pp. 1549-1553, June

2005, Japan.

2. "A 3V Robust High-Speed Low Input Impedance CMOS Current
Comparator,” 2004 |EEE Asia-Pacific Conference on Circuits and Systems (APCCAS
2004), vol. 2, pp. 1041-1044, Dec. 6-9, 2004, Tainan, Taiwan.

3. "Robust High Speed Low Input Impedance CMOS Current Comparator,”
IEEE International Midwest Symposium on Circuits and Systems 47" (MWSCAS 2004),
vol. 1, pp. 1-93 - 1-96, July 25-28, 2004, Hiroshima, Japan.

4. "High Performance CMOS Current-Mode Precision Full-Wave Rectifier
(PFWR),” IEEE Inter. Symposium on Circuits and Systems (ISCAS'03), vol. 1, pp. I-41-1-
44, May 25-28, 2003, Bangkok, Thailand.

5. “High-Speed Low Input Impedance CMOS Current Comparator,” IEEE Inter.
Symposium on Circuits and Systems (ISCAS'03), vol. 1, pp. I-141 - 1-144, May 25-28,
2003, Bangkok, Thailand.

6. “A 3V High Frequency and Low Input Impedance CMQOS Current-Mode
Precision Full-Wave Rectifier,” |EEE International Conference on Semiconductor

Electronics (ICSE 2002), pp. 239-242, Dec. 19-21, 2002, Penang, Malaysia.



IiiE‘IZﬂZBﬁEﬂﬂﬂwwﬂ FEI7ESASBHE FR17F6R1ART W4028 (mAIENBERD) / >5M0916-850

/

on Fundamentals of Electronics,
Communications and Computer Sciences

M Special Section on Papers Selected from 2004 International Technical Conference on
Circuits/Systems, C@zputers and Communications (ITC-CSCC 2004)

Special Section on Papers Selected from 2004 International Technical Conference on
Circuits/Systems, Computers and Communications (ITC-CSCC 2004)
1393 FORBWORD <=y st i s v et 1 e s s s S s s S e e o el Hisakazu KIKUCH]I

PAPERS

1394 A Basic Study on a Very Low-Level DC Current Amplifier Using a Switched-Capacitor Circuit
--------------------------------------------------------- Hiroki HIGA, Naoki NAKAMURA . and Ikuo NAKAMURA
1401 A Basic Study on Noise Source Modehng for a Very Low-Level DC Current Amplifier

......................................................................... Hiroki HIGA, Jun IWAKI, and lkuo NAKAMURA
1408 TMR-Based Logic-in-Memory Circuit for Low-Power VLSI

---------------------------------- -+ Akira MOCHIZUKI, Hiromitsu KIMURA, Mitsuru IBUKI, and Takahiro HANYU
1416 Clock-Free MTCMOS Flip-Flops with High Speed and Low Power

......................................................... ----- Bong Hyun LEE, Young Hwan KIM, and Kwang-Ok JEONG

1425 A New Application-Specific PLD Architecture ----- -~ Jae-Jin LEE and Gi-Yong SONG
1434 A Method of Guaranteeing Image-Quality for Quantization-Based Watermarking Using a Nonorthogonal
Transfamation :«-ssmsase s sepmmirens v s s Masaaki FUJIYOSHI, Osamu WATANABE, and Hitoshi KIYA

1443 A Design of Real-Time JPEG Encoder for 1.4 Mega Pixel CMOS Image Sensor SoC
................................................................................. Kyeong-Yuk MIN and Jona Wha CHONG
1448 The Efficient and Robust Error Resilient Entropy Coding of Compressed Image for Wireless
COMMUNCALIONS < ocsmrs oo smmmis s s o s s s Jeong-Sig KIM, Ju-Do KIM, and Keun-Young LEE
1455 Proposal of a Simple Synchronlzatlon Method for CSK/SS
--------------------------------------------------------------------- Azumi ITO. Hiromasa HABUCHL, and Fumie ONO
1462 A Reasonable Throughput Analysis of the CSK/SSMA Unslotted ALOHA System with Nonorthogonal
SEQUENCES «---- v vt ettt e Nobuyoshi KOMURO and Hiromasa HABUCH]I
1469 Analysis on Channel Estimation for the Equalization in ATSC DTV Receivers
----------------------------------------------------------------- Hyoung-Nam KIM. Sung Ik PARK, and Seung Won KIM
1476 New Method of Moving Control for Wireless Endoscopic Capsule Using Electrical Stimuli
--------------------------- Hee-Joon PARK. Jyung-Hyun LEE. Yeon-Kwan MOON. Young-Ho YOON, Chul-Ho WON,
Hyun-Chul CHOI, and Jin-Ho CHO
1481 An Optimization Method for Investment and Maintenance Planning of Power Plants under Uncertain
Environments --............ Kenichi HANDA. Shigeru MATSUMOTO, Masashi NAKAMOTQ, and Naoshi UCHIHIRA
1487 A Flexible and Efficient Workflow Change Type: Selective Shift
-------------------------------------------- Shingo YAMAGUCHI, Akira MISHIMA, Qi-Wei GE, and Minoru TANAKA

(continued over leal)
=e A PUBLICATION OF THE ENGINEERING SCIENCES SOCIETY VOL E88-A NO
- 4 The Institute of Electronics, Information and Communication Engineers
Kikai-Shinko-Kaikan Bldg., 5-8, Shibakoen 3 chome, Minato-ku, TOKYO, 105-0011 JAPAN

URL:http://search.ieice.org/



166

* LETTERS

1497 Enhanced RBF Network by Using ART2 Algorithm and Fuzzy Contral Method

-------------------------------------------------------------------- Kwang-Baek KIM. Sung-Kwan JE. and Young-Ju KIM
1502 Performance Evaluation of a Two-Processor Scheduling Method for Acyclic SWITCH-less Program Nets

................................................................................ Qi-Wei GE. Chen LI, and Mitsuru NAKATA
1507 A Simple Estimation of the Rotation Parameter for the 2-Axes Stabilization System

-------------------------------------------------- Dong-Noh KIM. Ki-Hong KIM. Tae-Yeon JUNG. and Duk-Gyoo KIM
1512 Complex EGI Based 3D-Mesh Watermarking

-------------------------------------------------- Jong-Won LEE. Suk-Hwan LEE, Ki-Ryong KWON. and Kuhn-1l LEE
1520 A Novel Image Enhancement Algorithm for a Small Target Detection of Panoramic Infrared Imagery

------------------------------------------------- Ju-Young KIM. Ki-Hong KIM. Hee-Chul HWANG, and Duk-Gyoo KIM
1525 Anchor Frame Detection in News Video Using Anchor Object Extraction

---------------------------------------------------------------- Ki-tac PARK. Doo Sun HWANG, and Young Shik MOON
1529 Background-Adjusted Weber-Fechner Fraction Considering Crispening Effect

----------------------------------------------------------------------- Dong-Ha LEE. Chan-Ho HAN, and Kyu-Ik SOHNG
1533 A Simple Bit Allocation Scheme Based on Adaptlve Coding for MIMO-OFDM Systems with V-BLAST

Detector ------oovvvnen Jongwon KIM. Sanhac KIM, Min-Cheol HONG. and Yoan SHIN
1538 A Rapid and Reliable Slgnal Acqunsatlon Scheme for Indoor UWB Systems

------------------------------------------------------------------------------ Suckchel YANG, Jongok OH. and Yoan SHIN

Regular Section
PAPERS
= Engineering Acoustics

1543 A New Method for Solving the Permutatlon Problem of Frequency-Domain Blind Source Separation

.................................................................................. Xuebin HU and Hidetunu KOBATAKE
= Analog Signal Processing

1549 High-Speed Low Input |mpedance CMOS Current Comparator

---------------------------------------------------------- Varakorn KASEMSUWAN and Surachet KHUCHAROENSIN
s Systems and Control

1554 New Encoding/Converting Methods of Binary GA/Real-Coded GA

..................................................................................... Jong-Wook KIM and Sang Woo KIM
= Circuit Theory

1565 Crosstalk and Congestion Driven Layer Assignment Algorithm

------------------------------------------------------------------ Bin LIU. Yici CAL Qiang ZHOU. and Xianlone HONG
= Algorithms and Data Structures

[573 A Distributed Task Assignment Algorithm with the FCFS Policy in a Logical Ring ---------- Atsushi SASAKI
= Graphs and Networks
1583 On the Orthogonal Drawing of Outerplanar Graphs

----------------------------------------------------------- - Kumiko NOMURA. Satoshi TAYU. arnd Shuichi UENO
= Information Security

1589 An Addition Algorithm in Jacobian of C34 Curve - -
= Coding Theory
1599 A Cycle Search Algonthm Based on a Message-Passing for the Design of Good LDPC Codes

------------------------------ s Sang Hyun LEE. Kwang Soon KIM. Yun Hee KIM. and Jae Young AHN
= Communication Theory and Signals

1605 Apphcat:on of Successive Interference Cancellation to a Packet- Recognition/Code-Acquisition Scheme
in CDMA Unslotted ALOHA Systems

- Yukihiro TADOKORO. Hiraku OKADA. Takaya YAMAZATO. and Masaaki KATAYAMA

............................................ Seigo ARITA

LETTERS
= Speech and Hearing

1613 Interface for Barge-in Free Spoken Dnalogue System Combining Adaptive Sound Field Control and
Microphone Array -- x : - Tatsunort ASAL Hiroshi SARUWATARIL and Kivohiro SHIKANO
9 Fuzzy Tralnlng Algorlthm for Wavelet Codebook Based Text-Independent Speaker Identification

.......................................................... Shung-Yune LUNG

161

Vom g e = s



IEICE TRANS. FUNDAMENTALS, VOL ES%-A. NO.6 JUNE 2005

167

1549

(PAPER

]

High-Speed Low Input Impedance CMOS Current Comparator

Varakorn KASEMSUWAN'®, Member and Surachet KHUCHAROENSIN', Nonmember

SUMMARY A simple high-speed low input impedance CMOS current
comparator is presented. The circuit uses improved Wilson current-mirror
to perform subtraction. Negative feedback is employed to reduce the input
impedance of the circuit. HSPICE is used to verify the circuit performance
with standard 0.5 gm CMOS technology. Simulation results demonstrate
propagation delay of 1.02ns, average power consumption of 0.9 mW, and
input impedance of 137 € for +0.1 4A input current at the supply voltage
of 3V.

key words: current-mode, current comparaior. low input impedance
1. Introduction

In recent years, current-mode circuits have become in-
creasingly popular among analog circuit designers. This
is mainly attributed to higher speed, larger bandwidth and
lower supply voltage requirement compared to its voltage
mode circuit counterpart. Current comparator is widely used
as a building block for analog systems including A/D con-
verters, oscillator, VLSI neural network and other signal
processing applications.

Several approaches have been proposed to implement
current comparators |1]-[5]. Current mirror current com-
parator was first proposed by [1]. The circuit consists of two
cascode current mirrors. The circuit cannot operate at high
frequency due to high impedance at the output node. To
increase frequency of the operation and, at the same time,
to reduce the input impedance of the circuit, source fol-
lower input stage current comparator as shown in Fig. I(a)
is then proposed [2]. The input part of the circuit consists of
two transistors (M, and M3) connected as source follower
to lower the input impedance while two transistors at the
output (M- and M,) are connected as complementary com-
mon source. The circuit however shows deadband region
where the input impedance is quite high during input tran-
sition and thus limiting the speed of operation. A biasing
method using current source [3] is proposed to alleviate this
deadband problem. The circuit needs very accurate current
sources in addition to the requirement of a twin well pro-
cess because the substrate of two diode connected transis-
tors have to be tied to their sources. The input and output
impedances of the current comparator arc further reduced
by using a negative feedback approach [4], [5]. The front
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Fig.1  Current comparator by (a) H. Triff [2], (b) B.M. Min, et al. [4]
and (c) L. Chen, et al. [5]).

end preamplifier circuit by [4] shown in Fig. I(b) is current
source inverting amplificr with M, operating as a resistive
feedback element while the front end preamplificr circuit by
[5] shown in Fig. I(c) is a cascode current source inverting
amplifier with M5 serving as a resistive feedback element.
Their circuits exhibit low input and output impedances and
the delay time is less than 1.5 ns for £0.1 A input current.

Up to present, most proposed current comparators [2]-
[5] assumed input current /i, as a result of the subtraction
between the reference current (/rgg) and the actual input
current (to be compared with Irgr). None of them shows
the circuit that performs such subtraction. It is instructive
to note that the subtraction circuit is also part of the current
comparator and therefore previously reported simulation re-
sults, i.e., power dissipation, speed of operation and power
delay product, are too optimistic as the subtraction circuit
also consumes certain amount of power and exhibits certain
delay time.

In this paper, a simple high speed and low input
impedance CMOS current comparator is presented. The
circuit employs an improved Wilson current mirror which
serves two purposes; 1) itis used to perform current subtrac-

Copyright © 2005 The Institute of Electronics, Information and Communication Engineers
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tion between the actual input current /i, and the reference
current (/rgx) and 2) it is used to reduce input impedance of
the circuit via negative feedback within the improved Wil-
son current mirror itself. HSPICE is used to verify the cir-
cuit performance and the results show the propagation de-
lay of 1.02 ns with an average power dissipation of 0.9 mW
using a standard 0.5pym CMOS technology for an input
current of +0.1 uA at the supply voltage of 3V. The input
impedance of the circuit is 137 Q.

2. Circuit Description

Figure 2 shows the proposed current comparator circuit.
M,-M, are connected as an improved Wilson current mir-
ror and M5 is a diode connected load. My _n3 and My, _p3 are
three resistive load amplifiers (M, _p3 operating in the lin-
ear region) and are used to amplify the voltage signal at node
¢. Mys_ns and Mpy_s are two CMOS inverters and they are
used to amplify the signal for rail to rail operation at the out-
put. Igg is referred to the reference current to be compared
with the input current /;,. The operation of the circuit can
be explained as follows: The reference current /rgr llows
to M, making the drain current of M, and M equal to /rgr
provided that M; and M, have the same aspect ratio. The
output current (drain current of My) is then the subtraction
between the reference current fxgr and the input current fi,.
If the input current /;, is increased and greater than the ref-
erence current frgg, the output current /o decreases pulling
up the voltage at node ¢. The same situation is applied when
input current /;, is decreased and less than the reference cur-
rent /ggg. the voltage at node ¢ is pulled down. The signal at
node ¢ is amplified by three resistive load common source
(Mpi-n3 and My, _53) and two CMOS inverters (Mps-qs and
Mps_ps) for rail-to-rail operation.

The small signal current to voltage gain of the circuit is
given by

Vouwr = AAx (Irer — fin) ()]

where A, is the transimpedance gain from the input to the
output at node C (see Fig. 2) and A, is the voltage gain from
the node C to the output node.

By using small signal analysis, A is given by

l m
A = (1/gums) (2)
1 +5/w,
where
v %

Mpa Mps

vﬂ.ll

Mns Mns

Fig.2  Proposed current comparator.
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-1
Wwp= (( 1 /ng)(thﬁ +Cgm| +qun! (l +nm (Fon //R()pl )))

and g, sy Ro, Cy4s and Cyy are transconductance, drain to

source resistance of MOSFET in the saturation region, drain

to source resistance of MOSFET in the linear region, gate to

source and gate to drain capacitances respectively.
Similarly, A; can be shown as

3 5
gmn,(rﬂn,//R()p,) I_[ (gnm, + gmp,)(run,//rup,)

A: =
1 +5/w,, | +5/w)p,

5
i=1 =4

3
where

wp12 = ((Fon 2/ /Rop, ;)

[Comis+ ngn._ggmn.‘:(rnm_:J’/ROpI.Z)])_I
wp3 = ((romy/ IRop, NCysny + Cysp,

+(Cyany + Codpa ) Gmns + Gmp)Fom/ [Top))) ™"
Wpy = ((Fona /1 Top N Cysng + Cysps

it ¥ C e, Kbboss+ G Wi [ s )™
s = ((Faus/ 17aps XCopatns + Coptp )™

In the design of My;_,3 and M3, one has to con-
sider both gain and speed of operation. Although CMOS
inverter has high gain, it suffers from large input capaci-
tance. We have found that direct connection of CMOS in-
verter at node C will drastically degrade the overall speed
of the circuit. Common source with resistive load is there-
fore chosen because it has smaller input capacitance with
moderately high gain. However common source with re-
sistive load has non-zero output low voltage (Vo) and, in
addition, its output current sourcing capability is poor. As
a result, CMOS inverter is employed at the last output stage
because CMOS inverter has true rail-to-rail operation at the
output and its output current sourcing capability is superior
to common source. We have found that different combina-
tion of common sources and CMOS inverters can achieve
rail-to-rail signal at the output but with different power de-
lay product (to be discussed later).

The input impedance of the circuit at node b is low
due to the negative feedback (shunt input) within the loop
of the improved Wilson current mirror. For example, when
I, flows into node b, voltage at node b (V,) is pulled high.
The signal V,, is amplified via M; (common source) causing
voltage at the drain of M, and at the gate of M; to go low.
As a result, the source voltage of My is forced to be low.
Straightforward circuit analysis shows the input impedance
of the circuit given by

Rin = 1 (4)

Gm2 + Gma + gnilgn|4(raal //rnBMS)
where r,ga5 is output impedance of the biasing current
source Igjas. It can be easily shown that when g, of M|—
M; are of the same value, Eq. (4) can be reduced to

1

- g (ro1/ [Tomias)

(5)

n
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3. Simulation Results

To verify the circuit performance, HSPICE is used to simu-
late the proposed circuit using standard 0.5 um CMOS pro-
cess with 3V supply voltage. Bias current [gjas is set o
20 uA while the reference current /ggr is 20 uA. This bias
current value is chosen to optimize both speed and power
dissipation of the circuit. The transistor dimensions of the
proposed circuit are summarized in Table 1. The aspect ra-
tios of M, -M,;5 are selected to be of minimum size to en-
hance the speed of the circuit and to have a good symme-
try for the CMOS inverter. The aspect ratios of M|-M, are
chosen to reduce the input impedance while the speed is still
maintained. Mpas is selected to be quite large to reduce the
effect of channel length modulation and Ms is selected to
set the DC voltage at node C (see Fig. 2) to Vpp/2. It is in-
structive to note that the conventional input current used in
[2].[4).[5] is the difference between the actual input current
and the reference current. This current is in fact equivalent
to the drain current of transistor My of our proposed circuit.
To compare our circuit performance with others, we have
assigned the input current to mean the drain current of My.
The same set of M, -Mgs is also used to amplify the sig-
nals from comparators by [4],[5] for rail-to-rail operation.
In addition, the same standard 0.5 gm CMOS technology is
employed and transistor dimensions of [2], [4], [5] are cho-
sen to be comparable with ours.

Figure 3 shows frequency response of the tran-

Table 1  Transistor’s geometrical dimensions.

Devices W (pum) L (pm)
Muias 8 2
M,-M, 2 0.5
Ms 0.5 0.6
Mn,-Mng 0.5 0.5
Mp-Mps 0.5 0.6
Mps-Mps 2.5 0.5
100
% R0 1 =
<
% 60
FAE L
(=9
E
E 204
Simutation
=== Theoretical
0 it e
10" 10" 107 100 100 105 100 107 10* 10* 10 10" 10"

Frequency (Hz)

Fig.3  Frequency response of the transimpedance gain A).
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simpedance gain A,. The bandwidth of the circuit is 3 GHz.
As seen, the simulation results (solid line) and the theoret-
ical predictions from Eq.(2) (dash line) agree well over a
wide range of operating frequencies. Figure 4 shows DC
transfer characteristic of the proposed circuit for ditferent
combination of common sources (CS) and CMOS inverters.
It is instructive to note that, although four CMOS invert-
ers show largest gain, its corresponding rise and fall times
are poor. The simulated transimpedance gain (solid line) is
equal to 166 dB while the theoretical prediction in Eq. (1) is
171 dB. This difference is mainly due to short channel ef-
fects in the submicron MOSFET which are neglected in the
calculation of Eq. (1).

Table 2 summarizes the power delay products for dif-
ferent combination of common sources and CMOS invert-
ers. As seen, three common sources and two CMOS invert-
ers give lowest power delay product while CMOS inverters
only results in largest power delay product. Other combina-
tions that are not shown in Table 2 give either larger power
dissipation or slower speed (larger rise and fall times) when
compared to the combination of three common sources and
two CMOS inverters.

Figure 5 shows transient response of the input current
signal (solid line) and output voltage signal (dash line) from
our circuit. The input current is +0.1 A square wave at the
frequency of 25 MHz. The output signal shows rail-to-rail
operation with propagation delay time of 1.02ns. Figure 6
shows the sensitivity of the proposed circuit. The input cur-

30 000
/’—’-'
-~
% Vd
4
20 1
>
5 15
3
-
10
5 i — 0= 1CS+3CMOS Inverters
- // — — — - 2CS+2CMOS Inverters
> 3CS5+2 CMOS Inverters
e 1| ——&—= 4cMOS inverters
0.0 A
-100 -50 0 50 100
Tin (nA)

Fig.4  DC transfer characteristic of the proposed circuit.

Table 2  Delay and power for different combination of common sources
(CS) and CMOS inverters.

Power
‘;"‘“"“’f‘ CcMOS | Delay | Power | Delay
OUrCes | Inverters (ns) (mW) Product
(CS) hor
0 4 262 | 047 1.12
1 3 2.2 0.55 1.50
2 2 1.41 0.61 0.86
3 p. 1.02 0.74 0.76
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Fig.7  Delay time versus input current.

rent signal is a 12.5 MHz triangular waveform varying from
—100nA to 100nA (solid line). The output voltage signal
(dash line) shows rail-to-rail operation with the sensitivity
of 2nA.

Figure 7 shows a comparison of the average delay time
as a function of the input current ranging from +0.01 pA to
+10uA for current comparators by [2] (dot), [4] (square),
[5] (triangle) and our proposed circuit (solid line). From
Fig. 7, it can be seen that, for low input current, the delay
time of the proposed comparator is much lower than that of
[2] and is comparable with those of [4] and [5]. However,
the delay time of all comparators become comparable when
the input current increases up to 10uA. This is attributed
to the fact that the delay time is mainly determined by the
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Fig.9 Input impedance versus input current.

rail-to-rail amplifiers for high input current.

Figure 8 shows a comparison of power consumption as
a function of the input current in the same range of Fig. 5 for
current comparators by [2] (dot), [4] (square), [5] (triangle)
and our proposed circuit (solid line). Although the power
consumption of our circuit is comparable with that in [5]
but more than those in [2] and [4], it is noted that the power
consumption of the circuit by [2] and [4], [5] exclude the
power consumption taken by the subtraction circuit. In ad-
dition, the input impedance of our proposed circuit is much
lower for the same input current.

Figure 9 shows a comparison of input impedance for
current comparator by [2] (dot), [4] (square), [5] (triangle)
and our proposed circuit (solid line). As seen, the input
impedance of our proposed circuit is much smaller. For ex-
ample, our circuit shows input impedance of 137 at the
input current of 0.1 #A while the input impedance are found
tobe 36.8kQ2in [2], 12k in [4] and 5kQ in [5]. To the best
of our knowledge, our circuit gives lowest input impedance
for the same biasing current.

Figure 10 shows a comparison of power delay prod-
uct for current comparator by [2] (dot), [4] (square), [5]
(triangle) and our proposed circuit (solid line). As scen,
our power delay product is superior to [2] and comparable
to [4].[5]. Again, the delay, the power consumption and
the power delay product in Figs.7, 8 and 10 assume that
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the subtraction circuit in [2],[4], [5] gives zero delay and
has zero power consumption which are not true. The input
referred offset current of the proposed circuit can be min-
imized by either increasing the channel length of M, and
M, with the penalty of the speed reduction or increasing the
drain-source resistance of the transistor Mgjas so that the
input impedance of the circuit can be further reduced and
the input current [;, can thus be effectively transferred to the
circuit,

4. Conclusion

In this paper, an improved Wilson current mirror is used as
a circuit building block to design the CMOS current com-
parator. The circuit exhibits a large DC voltage gain. The
simulation results show propagation delay of 1.02 ns, aver-
age power dissipation of 0.9 mW and input impedance of
137 Q. The circuit can operate under the supply voltage of
3V.
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ABSTRACT

In this paper, a 3V robust high speed low input
impedance CMOS current comparator is proposed. The
circuit uses modified Wilson current-mirror 1o perform &
current subtraction. Negative feedback is employed to
reduce input impedances of the circuit. The diode
connected transistors of the same type(NMOS) are used
at the output making the circuit immune to the process
variation. HSPICE is used to verify the circuit
performance and the results show the propagation delay
of 1.67 nsec with an average power dissipation of 0.63
mW using a standard 0.5um CMOS technology for an
input current of $0.1pA at the supply voltage of 3V.
The input impedances of the proposed current
comparator are (23 Q and 126 Q while the maximum
output voltage variation is only 1.9%.

L. INTRODUCTION

In recent years, current-mode circuits become
increasingly popular among analog circuit designers.
This is mainly attributed to higher speed, larger
bandwidth and lower supply voltage requirement
compared to the voltage mode circuit counterpart.
Current comparator is widely used as a building block of
analog systems including A/D converters, oscillator,
VLSI neural network and other signal processing
applications. Several approaches have been proposed
to implement current comparator [1-5]. Current mirror
current comparator has been firstly proposed by [1].
The circuit consists of two cascode current mirrors,
The circuit can not operate at high frequency due to high
impedance at the output node. To increase frequency
of the operation and, at the same time, to reduce the
input impedance of the circuit, source follower input
stage current comparator as shown in Fig. 1a) is then
proposed[2). The input part of the circuit consists of
two transistors(M,; and M;) connected as source follower
to lower the input impedance while two transistors at the
output(M; and M) are connected as complementary
common source. The circuit however shows deadband
region where the input impedance is quite high during
input transition and thus limiting the speed of operation.
A biasing method using current source[3] is proposed to

0-7803-8660-4/04/$20.00 ©2004 IEEE
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alleviate this deadband problem. The circuit needs very
well controlled current sources in addition to the
requirement of a twin well process as the substrate of
two diode connected transistors have to be tied to their
sources. The input and output impedances of current
comparator are further reduced by using a negative
feedback approach[4-5). The core part of the current
comparator by[4] shown in Fig. Ib) is current source
inverting amplifier with M, operating as a resistive
feedback clement while core part by[5] shown in Fig. 1¢)
is a cascode current source inverting amplifier with Mg
serving as a resistive feedback element.  Their circuits
exhibit low input and output impedances and the delay
time is less than 2.3 ns for +0.1pA input current. It is
also noticed that the output voltages V, by(2, 4-5] are
taken from the node with the active pull up via the
PMOS and active pull down via the NMOS. This
structure can pose a serious problem to the operating
point voltage at node V, when the process variation
takes place. Such process variation, cspecially for the
FS and SF comers, can result in a large intolerable
variation of biasing voltage V,, which could easily
saturate or cut off the subsequent high gain rail to rail
amplifier stage even before the input current signal being
applied, and completely fail the circuit operation.
\/ v,

My M, Voo

% e
Vs
1o —]
My

Fig. 1 Current Comparator by 1a) H. Traff (2], 1b) B.M.
Min, et al.[4] and Ic) L. Chen, et al.[5]
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Up ta  present, most proposed current
comparators{2-5] assumed input current [, as a
subtraction(or difference) of the reference current(lper)
and the actual input current(to be compared with Ings).
None of them shows the circuit that performs such
subtraction. It is instructive to note that the subtraction
circuit is also part of the current comparator and
therefore previously reported simulation results(2 4-5),
i.e., power dissipation, speed of operation and power
delay product, are too optimistic as the subtraction
circuit also consumes certain amount of power and
exhibits certain delay time.

In this paper, a robust high speed low input
impedance CMOS current comparator is proposed. The
circuit employs a modified Wilson current mirror which
serves two duties; 1) it is used to perform a current
subtraction between the actual input current I, and the
reference current(Iggs) and 2) it is used to reduce both
input impedances of the circuit via negative feedback.
In addition, the output node is taken from the node
which has two transistors of the same type(NMOS) in
the diode connected fashion and consequently making
the circuit immune to the process variation. HSPICE is
used to verify the circuit performance and the results
show the propagation delay of 1.67 nsec with an average
power dissipation of 0.63 mW using a standard 0.5pm
CMOS technology for an input current of +0.1pA at the
supply voltage of 3V. The input impedances of the
proposed current comparator are 123 Q and 126 Q while
the maximum output voltage variation is only 1.9%.

II. CIRCUIT DESCRIPTION

Fig. 2 shows the proposed current comparator circuit.
Ingr is referred to the reference current to be compared
with the input current I,. I, and I; are current sources
and implemented using a conventional single MOS
transistor in this work. M,-M, are connected as an
improved Wilson current mirror and M, .12 are diode
connected load. MS and I,; form a negative feedback
to reduce the input impedance at the input node a.
M,;;and M,; are biased in the linear region operate as
resistors to reduce the delay time of the signals at nodes
Vo and d respectively. M, My, and M, form a high
speed preamplifier stage where its voltage gain depends
on the aspect ratios and the bias currents of Mg, M.
Mayas and My, ;¢ form a multistage high gain inverter
and are used to amplify the signal for rail to rail
operation at the output. The adjusting voltage, V,y; in
the first inverter stage is to be adjusted to minimize any
offset voltage. The operation of the circuit can be
explained as follows: The reference current Ingr flows to
M; making the drain current of M, and M, equal to Ipgr
provided that M, and M; have the samc aspect ratio.
The drain current of M,(or 1) is then the subtraction
between the reference current Ingr and the input current
La.  If the input current I, is increased and greater than
the reference current Iggs, the current I, decreases pulling
up the voltage at node V, The same situation is
applied when input current I, is decreased and less than

the reference current Ipgr, the voltage at node V, is
pulled down.

The input impedances of the circuit st both nodes a

“and b are low due to the negative feedback. To

demonstrate this fact, let us first consider node a.
When Iper flows into node a, voltage at node ¢ is pulled
high. The signal at node ¢ is then amplified via
M;(common source) causing voltage at node a to go low.
Similarly, when [, flows into node b, voltage at node
b(V}) is pulled high. The signal V, is amplified via
M,(common source} causing voltages at the drain of M,
and at node c to go low. As a result, the source voltage
of M, at node b is forced to be low. Straightforward
circuit analysis shows the input impedances at nodes a
and b as
2
Ry —m— —— )]
e Em1Ems 02 ”'ai)

1
R 2
()
T BB Uy 1 opias)
respectively where g is the transconductance of

MOS transistor, r,, Foos Fos and roayus; are drain-source
resistances of transistors M,, My, M;s and Mg,
respectively.

In this work, the input impedances at nodes a and b
are designed to be low and also to have the same value
so that reference input current, Ipgr, and the input
current, I, can be transferred into both inputs of the
circuit effectively and equally. This way, the current
comparison can be processed properly and the output
offset voltage can be partly reduced.

The robustness of the circuit is achieved by having
the bias voltage at node V, taken from the point between
two diode connected transistors(My, and My;) of the
same type(NMOS). One can view these diode
connected My, as a voltage divider configuration.
These My, and M, arc designed to have the same aspect
ratio and the same bias current so that their equivalent
resistances are the same. Using this fact, any process
variation will result in the same variation for both
equivalent resistances of M, and M, and consequently
the bias voltage at node V, is kept unchanged and equal
to Vpp/2. In this design, Mgusy and I, play an
important role in keeping the currents of both My, and
My, the same value regardless of process variation by
forcing I, and L(sec Fig. 2) to be equal. Mas; is
biased in the linear region and used to adjust the drain
source voltage of Maws; to be the same as that of Mg,
so that Igasy and lgusy are the same. The current
source I, is taken out from Ipws: for the negative
feedback purpose and thus the actual input current(lp;)
and output current of the Wilson current mirror is the
difference between Ips and Iz or just simply I, By
setting I, to be the same as I3, 1,, which is also the
difference between lgs) and I, is therefore the same
with I,. It is noticed that the transistors used for
biasing(PMOS) and for the Wilson current
mirror(NMOS) are of the same type.  As a result, any

and
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process variation should result in the same variations in
both the bias currents and in the input/output currents of
the Wilson current mirror and the completed cancellation
between I, and I, can thus be ensured.

Fig. 2 Schematic diagram of proposed circuit.

LII. EXPERIMENTAL RESULTS

To verify the circuit performance, HSPICE is used to
simulate the proposed circuit using a standard 0.5pm
CMOS process with 3V supply voltage, The bias
current set by Mpjas) and Mpias; are set to 23 pA.  The
transistor dimensions of the proposed circuit are
summarized in Table 1. It is instructive to note that the
conventional input current used in [2,4-5) is the
difference between the actual input current and the
reference current.  This current is in fact equivalent to
the drain current of transistor M, of our proposed
circuit(see Fig. 2). To compare our circuit performance
with others, the input current, when referred to, means
the drain current of M,.  The circuit by [2] is connected
to the multistage high gain amplifier similar to ours
except that only three inverters(M,,-M,. and M;-M,.)
are required.  This is because the gain of [2] is quite
high due to its inherent one inverter. However, the
circuits by [4,5] employ the samé set of M,;-M,s and
M,1-M;s to amplify the signals from the core parts for
rail to rail operation. The same standard 0.5pm CMOS
technology is also employed during simulation for all
current comparators.  In addition, transistor dimensions
of others are chosen to be comparable with ours. Fig. 3
shows transient response of the input current signal
(solid line) and output voltage signal (dash line) from
our circuit.  The input current is +0.]pA square wave at
the frequency of 25 MHz.  The output signal shows rail
to rail operation (0V-3V) with a propagation delay time
of 1.67 ns. Fig. 4 shows a comparison of an average
delay time as a function of the input current ranging
from +0.0lpA to +10pA for current comparators by
(2](dot), [4](square), (S)(triangle) and our proposed
circuit(solid linc). From Fig. 4, it can be seen that for
low input current, the delay time of the proposed
comparator is much lower than that of [2] and is slightly
smaller than those of [4] and [5]. However, the delay

time of all comparators become comparable when the
input current increases up to 10pA.  This is attributed to
the fact that the delay time is mainly determined by the
multistage high gain amplifier at high input current.
Fig. 5 shows a comparison of power consumption as a
function of the input current in the same range of Fig. 4
for current comparator by [2)(dot), [4](square),
[5)triangle)  and  our

circuit(solid
line). As seen, the power
consumption of  our
circuit is smaller than
Ms  those in [4-5] but more
than those in [2], it is noted
that the power consumption of the
circuit by [2] and [4-5] exclude the power consumption
taken by the subtraction circuit which is also part of the
current comparator. Fig. 6 shows a comparison of
power delay product for current comparators by [2)(dot),
[4)(square), [S](triangle) and our proposed circuit(solid
line). As seen, our power delay product is superior to
[2,4-5] but more than (2] for the input current more than
IpA.  Fig. 7 shows a comparison of input impedance at
node b for current comparators by [2](dot), [4)(square),
[S)(triangle) and our proposed circuit(solid line). As
seen, the input impedance of our proposed circuit is
smaller with an order of magnitude. For example, our
circuit shows input impedance of 126 Q at 0.IpA while
the input impedance are found to be 36.4 kQ in (2], 12
k2 in [4] and 5 kQ in[5]. To the best of authors’
knowledge, our circuit gives lowest input impedance for
the same biasing current. Table 2 shows the simulation
results of the input impedance at nodes a and b for
different process comer. It is noticed that not only both
input impedances at node a and b are very small but their
impedance are also around the same for different process
comer. To prove that our proposed circuit has the
output voltage robust to process variation, Table 3 shows
the voltage variation at node V, for all process comers.
Our proposed circuit shows only 1.9% maximum
variation while the circuits by [2,4-5] show maximum
variation of 62.8%, 28.5% and 22.7% variation
respectively.

IV. CONCLUSIONS

In this paper, a 3V robust high speed low input
impedance CMOS current comparator is proposed.
The circuit uses modified Wilson current-mirror to
perform a cumrent subtraction.  Negative feedback is
cmployed to reduce both input impedances of the circuit.
The diode connected transistors of the same
type(NMOS) are used at the output making the circuit
immune to the process variation. HSPICE is used to
verify the circuit performance and the results show the
propagation delay of 1.67 nsec with an average power
dissipation of 0.63 mW using a standard 0.5um CMOS
technology for an input current of +0.1pA at the supply
voltage of 3V.  The input impedances of the proposed
current comparator are 126 Q and 123 Q while the
maximum output voltage variation is only 1.9 %.
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Table 1: Transistor’s geometrical dimensions
Device Wipm) | Lipm) |
Mapeass. Matasy n 2
Mausy 07 1
Meuy 0.9 1.5
Mi-M, 3 05
My 09 0.7
M -Muy 0s 3s
My 05 2
My 25 05
Mg, MMy, Moy, Mor-Mos 05 05
My 12 05
My 5 0.5
M, 28 05
M,s-M,s 24 05
G0 FEIITET 3.0
- 25 ~
g 051 [
3 s 20 &
4 .
E 000 {e=—f) 15 3
b 10
-10 0.0
0 10 20 30 40 50 60
Time (ns)
Fig. 3 Transicnt response of the proposed circuit.
L
z
g
)
&
[| #ssesee Cocaiwy (1)
1 = PPN
(1] 1 1 10
Input Current (pA)
Fig. 4 Delay time versus input current.
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Table 2: Simulation results of the input impedance at node a
and b for different process corner.
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1]

{2]

Bl

4

(51

Process Rin(a) Rin(b)
(NMOS PMOS)

™ 126.3417 1226390

FF 124.3379 129.2494

S8 151.2933 141.1632

FS 252.1746 2329897

SF 135.5296 143.6598

Table 3: Voltage variation at node V, for all process corners.
jrcuitby | Proposed (5) [4] 21
Process
T 1.5106 1.4924 1.4598 1.5152
FF 15076 1.4811 1.2082 | 14584
Ss 1.5074 1.5961 1.9082 2.1750
FS 1.5391 1.2683 1.2857 0.655
SF 1.4931 1.8317 1.9275 | 2.4665
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High-Speed Low Input Impedance CMOS Current Comparator
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ABSTRACT in Fig. lc) is a cascode current source inverting amplifier

A simple high-speed low input impedance CMOS current
comparator is proposed. The circuit uses improved Wilson
current-mirror to perform a subtraction. Negative feedback is
employed to reduce the input impedance of the circuit
HSPICE is used to verify the circuit performance with a
standard 0.5um CMOS technology.  Simulation results
demonstrate the propagation delay of 1.02 ns, average power
consumption of 0.911 mW and input impedance of 137 Q for
10.1pA input current:at the supply voltage of 3V.

LINTRODUCTION

In recent years, current-mode circuits become increasingly
popular among analog circuit designers. This is mainly
attributed to higher speed, larger bandwidth and lower supply
voltage requirement’ compared to the voltage mode circuit
counterpart. Current.comparator is widely used as a building
block of analog systems.including A/D converters, oscillator,
‘"VLSI' neural network and other signal processing
applications.  Several approaches have been proposed to
implement current comparator [1-5]. Current mirror current
comparator has been firstly proposed by [1]. * The circuit
consists of two cascode current mirrors. The circuit can not
operate at high frequency due to high impedance at the output
node. To increase frequency of the operation and, at the
same time, to reduce the input impedance of the circuit,
source follower input stage current comparator as shown in
Fig. 1a) is then proposed[2). The input part of the circuit
consists of two transistors(M, and M,) connected as source
follower to lower the input impedance while two transistors
at the output(M, and M,) are connected as complementary
common source. The circuit however shows deadband region
where the input impedance is quite high during input
transition and thus limiting the speed of operation. A biasing
method using current source[3] is proposed to alleviate this
deadband problem. The circuit needs very well controlled
current sources in addition to the requirement of a twin well
process as the substrate of two diode connected transistors
have to be tied to their sources. The input and output
impedances of current comparator are further reduced by
using a negative feedback approach[4-5]. The front end
preamplifier circuit by [4] shown in Fig. 1b) is current source
inverting amplifier with M, operating as a resistive feedback
element while the front end preamplifier circuit by [5] shown

0-7803-7761-3/03/$17.00 ©2003 [EEE

with My serving as a resistive feedback element. Their
circuits exhibit low input and output impedances and the
delay time is less than 1.5 ns for £0.1pA input current.

v, Voo
"l M,
- " Veo
o T -
Fo=
I —[j{ Voo
My M,
(®) i
o M
<> Voo —e
Lo | Y M
__{ M,
(c)

(b)

Fig. 1 Current Comparator by 1a) H. Triff [2], 1b) B.M. Min,
et al.[4] and 1c) L. Chen, ct al.[5]

Up to present, most proposed current comparators[2-5]
assumed input current I;, as a subtraction(or difference) of the
reference current(lger) and the actual input current(to be
compared with Izgr). None of them shows the circuit that
performs such subtraction. It is instructive to note that the
subtraction circuit is also part of the current comparator and
therefore previously reported simulation results, i.e., power
dissipation, speed of operation and power delay product, are
too optimistic as the subtraction circuit also consumes certain
amount of power and exhibits certain delay time.

In this paper, a simple high speed and low input impedance
CMOS current comparator is proposed. The circuit employs
an improved Wilson current mirror which serves two duties;
1) it is used to perform a current subtraction between the
actual input current I, and the reference current(lggr) and 2)
it is used to reduce an input impedance of the circuit via
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negative feedback within an improved Wilson current mirror
itself. HSPICE is used to verify the circuit performance and
the results show the propagation delay of 1.02 ns with an
average power dissipation of 0.911 mW using a standard
0.5pm CMOS technology for an input current of $0.1pA at
the supply voltage of 3V. The input impedance of the circuit
is 137 00

I1. CIRCUIT DESCRIPTION

Fig. 2 shows the proposed current comparator circuit. M;-
M, arc connected as an improved Wilson current mirror and
M; is a diode connected load. My.n; and M, are three
resistive load amplifiers(M,,, ;3 operating in the linear region)
and are used to amplify the voltage signal at node ¢. Myqas
and M5 are two CMOS inverters and used to amplify the
signal for rail to rail operation at the output. Ipgr is referred
to the reference current to be compared with the input current
I... The operation of the circuit can be explained as follows:
The reference current Ipgr flows to M; making the drain
current of M, and M; equal to Iz provided that M, and M,
have the same aspect ratio. The output current(drain current
of M,) is then the subtraction between the reference current
Ipgr and the input current I, If the input current I, is
increased and greater than the reference current Iggp, the
output current Iy decreases pulling up the voltage at node c.
The same situation is applied when input current I, is
decreased and less than the reference current Iggr, the voltage
at node c is pulled down. The signal at node c is amplified by
three resistive load common source (Mgy.ay and M) and
two CMOS inverters(Mus.s and Mp,s) for rail to rail
operation.

The input impedance of the circuit at node b is low due to
the negative fecdback(shunt input) within the loop on an
improved Wilson current mirror consisting of M;-M,. To
demonstrate this fact, when I, flows into node b, voltage at
node b(Vy) is pulled high. The signal V, is amplified via
M, (common source) causing voltage at the drain of M, and at
the gate of M, to go low. As a result, the source voltage of
M, is forced to be low. Straghtforward circuit analysis
shows the input impedance of the circuit given by

Rl'n

(1)
Em2 * Ema * EmiEmalip) 7))
where g, is the transconductance of MOS transistor, r,; is

drain-source resistance of transistor M, and r,; is output
impedance of the biasing current source Igas. It can be

easily shown that if g _ of M,-M, are of the same value,
Eq.(1) can be reduced to

2
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Fig. 2 Schematic diagram of proposed circuit.

IIL. EXPERIMENTAL RESULTS

To verify the circuit performance, HSPICE is used to
simulate the proposed circuit using a standard 0.5um CMOS
process with 3V supply voltage. Bias current Igiss is set to
20 pA while the reference current Ipgr is 20 pA. The
transistor dimensions of the proposed circuit are summarized
in Table 1. It is instructive to note that the conventional input
current used in [2], [4-5] is the difference between the actual
input current and the reference current. This current is in fact
equivalent to the drain current of transistor M, of our
proposed circuit(see Fig. 2). To compare our circuit
performance with others, the input current, when referred to,
means the drain current of M,. [n addition, transistor
dimensions of others are chosen to be comparable with ours.
Fig. 3 shows transient response of the input current signal
(solid line) and output voltage signal (dash line) from our
circuit.  The input current is £0.1pA square wave at the
frequency of 25 MHz, The output signal shows rail to rail
operation (0V-3V) with a propagation delay time of 1.02 ns.
Fig. 4 shows a comparison of an average delay time as a
function of the input current ranging from +0.01pA to +10pA
for current comparator by [2](dot), [4](square), [5](triangle)
and our proposed circuit(solid line). It is noted that we use
the same standard 0.5um CMOS technology during
simulation for all current comparators. From Fig. 4, it can be
seen that for low input current, the delay time of the proposed
comparator is much lower than that of [2] and is comparable
with those of [4] and [5]. However, the delay time of all
comparators become comparable when the input current
increases up to 10pA. This is attributed to the fact that the
delay time is mainly determined by the rail to rail amplifiers
for high input current. Fig. 5 shows a comparison of power
consumption as a function of the input current in the same
range of Fig. 4 for current comparator by [2](dot),
[4](square), [5](triangle) and our proposed circuit(solid line).
Although the power consumption of our circuit is comparable
with those in [5] but more than those in [2] and [4]), it is
instructive to note that the power consumption of the circuit
by [2] and [4-5] exclude the power consumption taken by the
subtraction circuit which is also part of the curmrent
comparator.  In addition, the input impedance of our
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proposed circuit is much lower for the same input current.
Fig. 6 shows a comparison of input impedance for current
comparator by [2](dot), [4](square), [5](uriangle) and our
proposed circuit(solid line). As seen, the input impedance of
our proposed circuit is smaller with an order of magnitude.
For example, our circuit shows input impedance of 137 Q at
0.1pA input current while the input impedance are found to
be 36.8 kQ in [2], 12 kQ2 in [4] and 5 kQ in[5]. To the best of
authors’ knowledge, our circuit gives lowest input impedance
for the same biasing current. Fig. 7 shows a comparison of
power delay product for current comparator by [2](dot),
[4](square), [5](triangle) and our proposed circuit(solid line).
As seen, our power delay product is superior to (2] and
comparable to [4-5]). Again, the power consumption and the
delay of [2] and [4-5] as shown in Fig. 6 assume zero power
consumption and zero delay for the subtraction circuit which
is not true. For a fair comparison, this additional power
consumption and delay are to be included. We have
implemented a simple current subtraction circuit and found
the power consumption of 60 uW for biasing current of
10pA. By assuming the delay of the subtraction circuit is
negligible, the power delay products of circuit by [2], [4], [5]
and our circuit are 4.987pJ, 1.097pJ, 0.9307pJ and 0.9278pJ
respectively.  The input referred offset current of the
proposed circuit can be minimized by increasing the drain-
source resistance of the transistor Mgas.

IV. CONCLUSIONS

A simple high-speed and low input impedance CMOS
current comparator is proposed. The circuit employs an
improved Wilson current mirror to perform a current
subtraction between the input current I, and the reference
current Ipge. Negative feedback has been employed to reduce
the input impedance of the circuit. HSPICE is used to verify
the circuit performance. The simulation results show the
propagation delay of 1.02 ns, an average power dissipation of
0.911 mW and input impedance of 137 Q using a standard
0.5um CMOS technology for an input current of £0.1pA at
the supply voltage of 3V,

Table 1: Transistor’s geometrical dimensions

Device W (um) L (pm)
Mgias 8 2
M-M, 2 0.5
M; 0.5 0.65
Mn-Mns 0.5 0.5
Mp,-Mp; 05 0.6
Mps-Mps 24 05 -
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Abstract This paper presents a 3Volt high
frequency and low input impedance CMOS
current mode precision full-wave rectifier.
The circuit is designed based on an improved
Wilson current miller. All MOS transistors

~ are biased at low current resulting in small

power dissipation. Negative feedback has
been employed to reduce the input impedance
of the circoit(236Q). HSPICE is used to
perform the simulation and the result shows
the frequency of operation as high as 100
MHz with a standard 0.5um CMOS
technology. The mismatch obtained from the
input and rectifier’s output is 0.21% for an
input current of +150pA. The DC transfer
characteristic shows good linearity, very
sharp cormer at zero crossing point and good
symmetry during positive and negative input
cycle while power dissipation is S.8uW.

I. INTRODUCTION

PRECISION Full-Wave Rectifiers (PFWRs) are
one among very important circuit building blocks
for analog and digital signal processing,
conditioning and instrumentation especially for
low level signals. Applications include RMS to
DC conversions and peak detectors. Several
approaches have been proposed[1-5] to build
precision rectifiers.  Conventionally, precision
rectifiers are based on diodes and opamps(1-2].
The rectifier however has a problem with a high
distortion during the zero crossing of the input
signal due to that the opamps have to recover
during  non-conduction/conduction  transition
with a finite small signal d¥/di(slew rate). The
rectifiers are thus limited to a frequency
performance well below the gain bandwidth
product fr of the amplifier. An improvement of
the rectifier design was to use current conveyors
and diodes[3-4]. The resulting circuits can
operate at high frequency. However, the circuits
are power hungry and quite large making them
unsuitable for implementing in the large scale

0-7803-7578-5/02/$17.00 ©2002 JEEE

integrated circuit. Recently, a high performance
precision ‘rectifier has been proposed[S]). The
circuit consists of only three transistors and are
biased with low current resulting in low total
power dissipation(4.8uW). The circuit can also
operate at high frequency(100 MHz). However,
the input impedance of the circuit is quite
high(7.2kQ-47kC2) posing a problem in the
current mode circuit design. In addition, the
output signal is not symmetry during positive
and negative input cycle.

In this paper, a high frequency low input
impedance CMOS current mode precision full-
wave rectifier is proposed. The circuit is
designed based on an improved Wilson current
miller. All MOS transistors are biased at low
current resulting in small power dissipation.
Negative feedback has been employed to reduce
the input impedance of the circuit. The DC
transfer characteristic shows good linearity, very
sharp comer at zero crossing point and good
symmetry during positive and negative input

“cycle.

[1. PRECISION FULL-WAVE RECTIFIER (PFWR)

Fig. 1 shows the proposed precision rectifier.
The circuit is designed based on two precision
half wave rectifiers(M,,-Ms, and Mip-Mgp)
operating altematively during positive and
negative input cycle. I, and I,;; are the input
currents with the same magnitude but 180 degree
out of phase. My, are used to biased M p-Maas
on the edge of conduction. When I, and I,
flows into node a and out of node b respectively,
M3, cuts off while My, which is connected as a
common gate, allows the input current Iy to
flows through the load R;. Same explanation is
applied when [, and I,; flows out of node a and
into node b respectively. As a result, the circuit
works as a full-wave rectifier. The input
impedance of the circuit(node a and b) are very
low due to the negative feedback(shunt input)
with in the loop My,5-My,. To demonstrate this
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fact, when I, flows into node a, Voltage at node
a, V,, is pulled high. The signal V, is amplified
via M,,(common source) causing voltage at the
drain of M;, and at the gate of My, to go low. As
a result, the source voltage of My, is forced to be
low. Straightforward circuit analysis shows the
input impedance of the circuit given by

" 1
R =

Emiab T Emiat * EmiabBmia s o2an " osab)
¢}

while the output impedance is given as

Rout 3734 [1+lm2a,b("02a.b ”"oSa,b)]' )

Fig. 1 Schematic diagram of the proposed precision
full-wave rectifier(PFWR).

II1. APPLICATION

There are many applications of the precision
full-wave rectifier circuit such as RMS-to-DC
converters and averaging circuits [6]. In this
section, averaging current circuit is presented
based on our proposed full-wave rectifier. This
can be done by passing the output current after
rectified to the first order low-pass filter. Fig. 2
shows a simple first order low-pass filter which
consists of a current miller(Ms and M,) and a
capacitor Cav to control the ripple of the output
c urr e n t s 1. g n al

The averaging output current signal [,y of the
first order low-pass filter in Fig. 2 is given by

I
=t
1+ 5(Cav ' 2ms)

(3)

o
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Fig 2. First order Low-pass filter.

If sCyy / gmg >> 1, then Ly in the s-domain and
time-domain are

Lar =22 @
AV
1¢r
Lo [NIAL ©)

respectively and T is the RC time constant equal
to CAV fsm‘ ¥ .
The criterion for selecting the value of Cuy is
that the capacitor has to be large enough to keep
the residual output ripple within specified limits
[6] or
Em

Cov > 6&(max)

(6)
4Jrf(m‘-n)

where f_., is the low end of input frequency
range of interest. Because g.s varies as a
function of the drain current Ip, £,¢my OF

,/zpc,,(-m).p__,[ should be employed. Cy»

should exceed the right-hand term by the inverse
of the fractional ripple error that can be tolerated
at the output current,

[V. PERFORMANCE OF THE PROPOSED PFWR

To verify the circuits performance, HSPICE is
used to simulate the proposed circuit using a
standard 0.5pm CMOS process. In this work,
the bias voltage ¥y is used to bias Ms, and Mg, to
have the drain currents of 0.5uA. Table | shows
all transistors’ aspect ratio. Fig. 3 shows input
impedance of the proposed PFWR(solid line) and
that by[5](dash line). As seen, our proposed
circuit has relatively much lower input
impedance. To the best of authors’ knowledge,
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our circuit offers lowest input impedance(23602).
Fig. 4 shows the comparison of the DC transfer
characteristic of our circuit (solid line) and
[5)(dash line). As seen, the proposed circuit
shows a sharp comer at zero crossing point and
good symmetny during positive and negative
input cycle while the circuit by [5] shows
mismatch during positive input cycle as a result
of channel length modulation of the transistor.
The mismatch obtained from the input and
rectifier’s output in this PFWR are 0.21% for an
mput current of £150pA. Fig. 5 shows transient
simulation of input signal(dot), our circuit(solid
line) and [5)(dash line) for the input frequency of
100MHz. The results show that our circuit gives
a good symmetry for both positive and negative
input cycle at high frequency. The total power
dissipation is 5.8uW. Fig. 6 shows averaging
current as a function of time. As seen, at steady
state, our output current shows 64.75pA while
the theoretical output current should read
63.66uA or 1.7% error. This error is a direct
result of the drain source vohage mismatch
between Mg and M, and can be solved by
increasing the channel length of the transistors
Ms and M, or using cascode technique to
enhance the output impedance at the output node.

Table 1. Transistor's geometrical dimensions
4

Device W(um) L(um)
Mip — Masp 0.5 0.5
Miab 7 2
M;, M, 10 2
5e+4
— ! —— Cruatyls)
g de+4 —— Proposed arcud
g H
g Jet4 I
< ]
x i
E 2c+4 | I\
3 F N
2 le+d ol o
E b : S
T - — -
-150 -100 -50 0 50 100 150
Input currept (pA)

Fig. 3 Input Impedance.
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Fig. 4 DC Transfer Characteristic.
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Fig. 5 Transient response (100 MHz input current).

i

Output current 1,y (HA)
5888853
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’ . s '
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Time(ps)

Fig. 6 Averaging current (input frequency of full-

wave rectifier at 4 MHz with amplitude +100pA,
usmg C,.r-ln.F),

V. CONCLUSION

A high performance current mode precision
full-wave rectifier based on an improved Wilson
current miller is proposed. All transistors are
biased at Jow current resulting in small power
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dissipation (5.8uW). The-input impedance of the
circuit is small(236£2) and the circuit can operate
at 100 MHz with only 0.21% mismatch between

input and. output signals for +150pA input
current.
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