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ABSTRACT

This thesis presents the design of Integrable CMOS multiplied capacitance RMS-to-DC
converters, where full-wave rectifiers are not required. Two types of CMOS multiplied-
capacitance RMS-to-DC converters are proposed. There are the RMS-to-DC converters that are
using a class AB amplifier circuit and the current mode RMS-to-DC converter. In order to reduce
the size of the capacitor suitable for monolithic integration, capacitance multiplier circuits that
can multiply the value of the capacitance are also incorporated in the RMS-to-DC converter
circuits. The performance of the proposed circuits are studied through SPICE and Cadence
simulation results. The experimental and PSPICE simulation results confirm the performances of

the designed circuit.
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11n31l1 2.6 ugAnTAERBUNITIAILUTgARBNHALYALUYRLF U Mwemrann
fatianuaunafunnlizms nauns (2.5) gunsamanmuduiu sz Ienssuayaeen
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F) o
I, Haznszuaga I, et

Jl LW,
IR =R (2.21)
Im W’;L{

(/L)
(W, /L,)

o = o 1 1 ar " _ as
ATUNMTHUDINITUBTIADIUIABNIINULIN 9 ﬂzﬁﬂﬂﬁﬂﬂﬁﬂﬂ'ﬂ TUDIVDINNUDVDITYY I

4 -3 = 1 r ar LA L)
dio i Aeswaugavenvesaess mulda 7,/7, danslddasidomves ota'lsh

4 =
YuaIan 317 2.6 WIHUAININT AUYaY09T AT ROUNITTUAILLYABBNHA YA

: g 5 :
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4 a o 2
ieninsan Tnsmsiszyna ldnanmsnszuavounesyon ( KirchofPs current law W30 KCL)
11 node 14 9 nana lane

W913a31UN 2.7 1 node 1

1, (5) = (8,0 +5C, +5(C, +C, +..+C))V, (2.22)

e Iin(s)
s Zno +5(C,+C +C, +...4C))

(2.23)

W13 node i 18

1, =gk, (2.24)

]
@ A

o i=1,2,3,..,n  fAed1nuNvesyasonuosasieunsie

s

v
unuauns (2.23) u 2.24) sz l8fensums daruaail

ik b 2.25)
I'." (S) g"'o+s(co+c1 +C2 +...+C'.) 3§
n3o
1"" (S) = Smi 7
1.(5) " 8wl 3(CHG+C, %G, (2.26)
Emo

o ~ o o Tt ) M 3/ =)

uuﬂammsmma4'Wqmmn1‘5mmu“luzﬂm'lﬂuanavmzmuﬂszummuuqaaan
naYALUURUF A WaNMST (2.25) e 7, iWunszuagaeendidula q fauls uazein
TUMIN (2.26) wm'ﬁﬂﬁ'lfTﬂmsv‘imuﬁ’mmwﬁﬂanw5ﬂzﬁaunizuﬂuuuﬁqnaanuaw

vanuuugm lugli 2.6 faen 1 Tna fisdsaunisi 2.27)

gmo
= 2.27
S-san 27(Cy+C, +Cy+...+C,) gl

49608
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2.3 NITMUWIUNIZUT

nvsmerunssuaiaeglunguasesivihauluglvesnszua [11-14] QniAIAY
weduntausnlid .a. 1968 T A, Sedra A2 K.C. Smith A luona1sdradaii [15]
li'flunqma%swnﬁﬂyzu...Tﬂﬂﬁmlﬂuqﬂmmuunmuwam Taoft Swosndunn 2 woim
(WoiN X Uazwein Y) uaz wesvioning 1 wesa (woin ) Awmanalugilii 2.8 Taoiindn
mshauiiddgde ﬁm1i'1ﬁ“lumsa’amunmmﬁlﬁﬂﬁumqﬁ'mﬁuwn'lﬂﬁ’aﬁ’mmﬁvm
(current conveyor) Nv‘smumun‘mmxi'lumiﬁmu1m°1ﬁ’f'ﬁ'agfmmﬂszuﬂmﬂszmaNa'lé'
TAtATa(Current Mode) Tuvaisdiginsaioaiiuonil liaunsorild tﬁmmﬂﬁ’tyrmmﬁ%zmm
Uszuaannszaeseylugilvesdognanssdi (Voltage Mode) 2395memmnssuaiieanse
i hldszgndldlunudie 4 Widuesiunn wu wesmudadaygunnudsed 2sue
dyapauuuduangiind wesdunednudummuay uaensisanssug Hudy

WITTMeMUNszuaesmieenldidy 2 uuy ADNITAWAINTZUATULSN (first
generation current conveyor n3v CCI) %mi’lmws muwwmzumﬁgnﬁ'mu*ﬁfna%’?;:s N UaE9
asmuwmnmmiuﬁﬂm (second generation current conveyor ¥se ccu)émflmwsﬁﬂi’u
Ugannmevsmewnszuaiuusn [16] - Tnogaeuifveaaesmeoniunszuase 2wy
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AUANIAYEI TN ILNIIA{UNIN uaAdauaums leusadiunTng (Hybrid matix) 16
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uaIRILauMs leusasuASd (Hybrid

i,]1 [oe o o],
=11 0 ol|i (2.29)
i, | |0 1 0|V,
\Y% X
Y O—py .
celr Z—‘—izo
Vx HX
Ix

Ui 2.8 dydnwslvesrsvsmenunssua

Taoidh k Saufunszionasesmenunszuaiifnessmewns suaiuyan uazd K
rnfuauszionassmewnszuanuuay e K fesamvoonszid 299smenunszug
wuuusnziimshunszgnd ldaniosnn Wiosnnnssue i, wwulsmunszue i, Mlina
anuganlumsesnuuussdmimlszgnaldam dnnssmemunszauiine i, 9

- d M dA 3 Y Aa 3 ar o = o o Vv
3Jﬂ'|I.‘{]'HﬂuU?ﬁﬂﬂﬂﬂﬂ'ﬂﬂﬂ'lu‘l‘l']uqﬂm1ﬂ“‘n'ﬁﬂnl'lﬂﬂ~lﬂﬂiﬂ y ‘uzumnfluauuﬂ Tl'ﬂﬂﬂ'l‘l'

o' ' a
Uszgndldan  vesrssiinnundesdig

v'v (@] 'Y Vz v\’ O Y VZ
cci+ Z “*—Oiz cclr- Z _Miz
Vx ) x VK O——*—)—- x
Ix Ix
2.9 (n) 2.9 (v)

3N 29 dydnuavesisesmomunszuaiuiioes
2.9 (n) CCIl+
2.9 (v) CCII-
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‘lu?‘nmﬁwuﬁ’fri]:“l%"nimﬂmeﬂszuﬂiuﬁﬁﬂwﬁﬂmn (CCII+) uazyhaay
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finesn X fodnseue i lwadh co nszua i, ey Inah con dusuiy usduduane
yunszuawiinay (CCIL) Ammevesnszuainaiith z sz nansedhufunssuaiidn x
fie nszue i Inardh cc nszua i, Avzlvasenin ccn
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¥
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2.3.1 MHMNNUYBNNVTNLWIUNIZUA (CCII+ Haz CCII-)

U0 210 uaRwHUMMYBLINTNIUATZUA MY WUy CCI+ auuAld
NsUFNA0T M, M, , M, Liag M, 33Ma M, oz M, figaesniatinidousunniszns uaz
vhaeylusaesuda 2esazReunssua M, - M, uaz M, - M, T8RSN AR IUASZUAININDY
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flouusedu v, Whilga Y usedy v, i’rﬂsQﬂﬁadm'lﬂéTaigﬂ X stamiudr (v,= V) dmiy
nimFaned M, szaoludnuuzveanesmunizua desimihiidehunszuasinuisen
mdwuasu uazdaiilianudmmyadiiigs X s sy V, >0 uaz R fin A
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Y LR NI [ o o o A = .
vaznounszue M, - M, awinulldsmesn z TastlidaAsnszuanai 1, Asminszue 1, oon

=

4 2 3 e - Vo 1 =
INWBIN Z cnwzvlﬂ'n NITUTTADON 1, ISUAUNINVUADAINUBINITSLLE L+iuagl, Iﬂﬂ%mj

b
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AunD i vziuldinszua i weliiemafvaduiunszud i w3e i, =i dafuleslugn
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511 2.1 299seewIUDS UV UNABLAY (CCILY)
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= s ‘; - at d -
Anszimguauidveeslugdii 210 Tasmsinnzidyanavinadn (small signal
analysis) Tag29935 Tugali 2.12 Whinsesiiaiounionsesauya (Equivalent circuit) ¥892993

td
o w o v a a
@Iz CCI+ 93 14 anuduiusserhaussiu v, ez v, fal

= Eu v, (230)
(gmz tg,t g:u)

X
4 ' o o o 4 .
lﬂﬂ 4 laz B ﬁﬂ ﬂ.lﬂ'l'luuuﬁsullﬁzfi1ﬂ'31nu11]8Qﬂ51u“ﬁﬂlﬁﬂi IV[i ﬂ'lﬂffllﬂ'lﬁﬁ (230) b
o 9 @ o Y= A W L R T
l‘"uvlﬂ'l']uiQﬂu Vx 333Jﬂ1’1ﬂaiﬂﬂ\3'ﬂiﬂlﬂ']ﬂu Vy 1ﬂﬂﬂﬂlﬂﬂﬂ1ﬂlu‘lﬁ‘llm B >> (gd2 =+ gd4) 51

-3 A a0 e
Amuald g, =33x10° AV 9214 v, = 0.99v, Gauziimdanainysyinm 1 %

dmsuanudmumugaeenifivisananweim X aunsav 1dTaomstlounssdu v_idh

{ = 4 . { ar o & ar Y
finesn X uazAinrsanmuesnszua i flnadhldamesn X dmnusumugaeensem 1ddail

A =£‘_‘___!:(gmi+gm2)(gd2+gd4):|l/ (2.31)
II

9 gmlgngm.f 4

dmuald g, =g, =33x 10" AVuaz g, =47 x 10°A/V 9z ldmanudmmu r_ Uszunm
4 4 Yy s A ' Y o a o

40 Q e lATHMAM dauANUAUNTUYABENINNTANNANDIN Z szauninszan

Tdhiiswhdumsvinuiuvesanuduniugaesnyeesasiounssid M, - M, 1azda

e .
Aenszuand L Faannsanzidondii

1
e (2.32)
st 8a,

= A ° o & P ' Y P & o
Tagi g, Ao MANiATUYIMIAINIZHARTN I, Manudumu r, slimgann dalaoyia
[ ' EE N 1 a A P s il - n:i
Tvzlszainalavdumsuiuausnyadyguoenyeanessunassensuanai I, (alay
o - 1 8 4 i L AL Y. | o 1
m'lﬂwumqamﬂﬂizmm 10 TG‘HN) ADUVUTUDYN UM DUWUAULIZHINVUAT ULAS VDT

E
voauaAmn M, uazANuA LN r, dannsodszna ldvhdumduiuaudveauedmin M,
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ar L] 1 o -4 U 3
fotaru sdmuald g, =53.16 x 10°A/V azldmmnudunii r, Uszanm 19 MQ uag
s ar = 1 df; g .
anudumu r, daensaliulgaldlisgeteinlaTasldsesazdounssumuiuy Wilson
A ¥
¥39 LU IAUNUIT AL RoURTZUE MM, Faiiuunuiiugm
ar P ar 3 o 9 ar o [ o
wazusaueavian v, Wedeuussdugadt v, Mihldusedu v, Iawhdugudes

s

Y £ a d ¥ o -] 3 =
ansam 1a lasldmsdnsziesdedaanuvuna lvg) e lagei

(ﬂl "ﬂz)
(B +5)

Ve = (le 7 sz)" (2.33)

e Vy, B, oz I, Ao threshold voltage, AMMIMADIUBIANMMWOIMILTaIADTLAL
NITUAIATUYBINTWEMADS M, awddy vinaumsi 221) mevusnaziiuail
AUNI A UVDUITIAY threshold 49 i]::ﬁ‘ﬂ'111mﬁ‘%‘aﬁaﬂ'ﬁuag'ﬁ'wmumwﬁmﬁ'a'lﬂ% Tumoewi
geafannany launssumedm Inssad umasnadimiiosnnmmaniinesvesnny
W B = KWL WUN9Ingums (2.33) aunsoinsaausedudunnesrian (V,,) 18 233
M3 fip FEMIUSNILABIAIRUYLIUMS (Process) M3a§1a i I Inssadraneluvesued
winfisweasadudaicy (¥, ) wasmwomsndaoudaumi () hu M, oz M, Taumey
funnfiga 33msfines aaTaomsldunastionszuansit 7, fandes 9 Frvinneesiigrld
I, =400p4 wuh ¥, fisegsgningaslulasTaan (wr) sefisdesunnnaiess1dm

@ A o = [ @ A 14 & o @ a
UFIAUANDTN X UAWMAVLTIAUNA Woin Y Fudluussauaunm (V) 092993

2.4 29958nMA3ad4 (Squaring Circuit)

'Nilmﬂf'iﬁaﬁam‘juﬁqﬁ‘ﬁ'uﬁuyu (Basic Function) TuneanldgaTamu (Amplitude
Domain) iilusssnilsiifinnudingeiann lumshlidszenalfandmmsdszuaona
Foyaunszuaan 9 dreiusu luesn3anud (frequency doubler) NITUTYRIUOU
a0 (current analog multiplie) n30lursesiitimsusua1lddru38msmaedidnnseding
(electronically tunable) tazlun309nULUI9T RMS 2esoniidsasaduacesiidanuiuiiy
Tumsdansizifladdun RMs e ld Iddyanameninnensaiy m RMs Feluinen
{Iwufnﬁuﬁy"lﬁ’aﬂmmn'mmﬂmﬁ'agﬂgm rRMS 1iudayanathnszuansefisamlszaey
yonslszneudaninnsenidiaes fnfusandnissenmdaaes 2 iy Alddhines

' < > CARR AL &
UBEJGluﬂ’Ii'EJEJﬂLLUﬂ'Ni)'Siu‘UYm 4 11ag UNN 5 ﬂﬂﬂﬂl’lﬂu
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W5 U0TUNAAITDI IHUANTZUANOBNIUUIININT CMOS Class ABluzIM

A — o 1 1 s 3 =y
2.13%31/5zn0udIonsuFmans M, D9 M, Msmauvesaduan 9 Wudsil nsugmaes

M uaz M, gnludalasunassionszuansiis, laodl 1, =1, =1, auyAIMIUTmaes

Qs as Y o [ a w s & Ad o Y o @
woaannaagn ludalihaulugiadud) (Saturation region) Tunsdifdaymnauduiludaain

aszuaz, dowdiyaB(Taoi 1y, =0)ddmuald 7, uaz 1 unszumasuves

= o o o "
NIUFAADT M, 102 M, MUMAL 51 NSOUAAIMVOINTZUA 1, LA 7, 1ARD [MAFUIN 0]

31 2.13 29950nA1d9ADIVY CMOS Class AB

4 ) 4
ralthil) do  |L|<4,
161,
145 b+
fDd :M yf}g ]I" S4Ib

161,

(2.34)

(2.35)
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- Al o 3 1 A
NIUFAAS M, uaz M, Aetuiiunesasieunszumuuuay wio oM, Aimvsoiiuni

]
o

o wimsaziounszua 1, mswdunssua 7, sazfailunisud 7o Aimveanseue

L'ﬁ‘l‘l

: Je
I..=1 7 F5 2[ + 2.36
20 tng P (2.36)

b

! . ! A = d‘d ) L.
MINAUMS (2.36) IIEWUNNIEIT 7, Ysznoudsdmndlunszuadd niisuiiy 21, og

nszuanimoniasaesvesdyanu 7, Mfouduniiye B

2.4.1.2 2Nasgnmasaeamanlulnuausaiu
Tunsdivosdgapaudnthuundygranssiuiidmsilouussdudoenondr 7, fisn

A uaziinnudumu R Asenings B funs ol auadiidygnoussdudin A gndioTew

E
etraniudlldege B wie ¥, =¥, aniu 1, fiauilu

I,=V,/R (2.37)

4
=t

NAUMS (2.36) M1 lunsditl I's Hanuilu

: Vs
Lig =24, 52 (2.38)
b

1NAUMS (2.36) taz (2.38) fusrcunson3atindanszuaaad 2, oon 1114 290sfeziie
1 o e é -]
oglugthivuves  2eesenidedes  Fusreerirl)ldlse Tonilumseenuuulssslag

dyg RMS luuni 4

2.4.2 23930 ITUABNNAITVILBNUVVINAVANTANY M TENMBIeeq
2.4.2.1 MIMOUYDINVINTZUTLNMTITDS
mmwsﬁﬁuﬁua"lugﬂﬁ 2.14 m'iv‘hamﬂmwiﬁmﬁ'uv‘ifugmumqmﬂnﬁ'ﬁ‘umng
M30NMAIAD3  (square law characteristic) YoauoamsuFaaei fignlusalivauegly
$295u8 [5.6] Taviinsudmaes M, 83 M, Mamiuassonidasoslu Tnuanszue e

M,, M, uaz I,  wanuiluaaesluda
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4 A
]mlﬁ i |
M, M,

UM 214 299snszUAENMALEDN

Tunstindyanuddudyanunizua 1, owdhiive A Simuald 1, uaz 1,

WUNTLUMATUYEINT T AADT M, Uaz M, AMNAIAY 910 NSOUTAIMYBINTIUT [, Ay

1,, 18fie [manu3n n.)

(45, ~1,) A
= A NG 1948 . 1< 8% 2.39
Dl IGIb in b ( )
(41, +14,)
b in A
Eo s, e 1G] ot <4] 2.40
i 161, i oy il

dienszua £, uaz 1, Wunszuaduwnuaznszualudaamddy niudmans M,
uaz M, aenudhnsazdounszuauuuuin wie oM, lldasvnndlu 1w wims

agMounszud 7, mswiunszud 7, vasiailunszua 7, fswesnszumilu

I, =1, /81, +2I, (2.41)
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' ¥ A P e T
VINAUMT (2.41) 1EHUTINIENA 7, Usgnoudsdmiiiunszuadd Adawiiy 27, uay
{ ] o o ol 1 ﬂ' A L]
nszuanlmeniddesvesdygin 7, itoudwiiga A vzl 1915 Tomilumseon

LHUVI995 RMS

2.5 199509A31011a94 (Square-Root Circuit)

. é ﬂ:ﬂ o @ o o ar
2vsneasInhaeuiiusesnilsntianuddgydmiunssamsuaznisilszulana
dyaraluszuudidonselind  uazlmswanuanitauenseenuuysnensINfians
AUBINABILDY Taviinanmseenuuuianai ssedenimsitaue Bu msldesil
uowi (Operational Amplifier: Op-Amp) ABIWAVFIAUNUNALIINIYYU (Multiplier Circuits)
[18), M3 4o usnilaosmAuduiuiszy eurnonaing (Analog Switch) [19], n15oanuuy
TaverAundnnsveees nsudadiosguuon Iy Tnainswdmaes (201, msesnuuyTas
P a .{A = o v --m (,nlo i

1Fueansudmasigaimaiianulududadunesyu (Weak Inversion) [11] Uaznisosn
uvuTavlduemmanimsiamlugiahiduda (Nonsaturation Region) Avsaufuseiluouil

UAZITEAWWIUNTEIE (Current Conveyor) [21] iNoiumsdaunsiziianFunoasnfiaes
= a n’-: o '3 o ar - s s ar
Tuinoiwus didunsdansiziilnsuooasiniaes  Taverdonanmsilounsy
voIdayR) 194 (Feedback) - Aawaavsaziounszud ludeesilasdayanne RMs Hudayann 'y

Hinszuanss dsgesuwlundnmsthiamvenies luuni 4 uazuni 5

U
2.6 239399329 ( C-multiplier)

a v i) Ll o
TumaTuTagmsa3192995590 (Integrated Circuit ¥30 IC ) Wy Ao lums
EY) = 8 > a AY o A 2 oY o 4 9k ol
ponuuy s swlinnadnigaiiuiudiidosmiistauiluediads esnnmsFiuig
Y (Chip area) Mnazi vl ldwsoresge sniulunmsesnuuudU Idiidunidnastaiu

- w ¥ a Y o W Ao q Wy vd
dadAnezAeansan  uazdesinavesilgminilddesldiviunlumsesnuuuadie

- & - = ' ¥ = <
NIITIWH YUeY ummuﬂs:qmi‘lumuﬂsznawanwsmu (W3 INIT NN Iy

pudunUszania

F 4 ]
199 9 wdealdRuNiveadanou (Silicon Area) Tumsadiann una
= - =4 L | .3 4 a
Tallvnalng dviudsldiinseiesssquamduiulszyuuiiie Ifaninaaunada

4 : o 4 &
nudszanldluasesas i ldianumuzanlunsaiesssubeiu
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:id! ]

Taona 11 luma TuTadmsadrasssamludmvesduinlszy Misnnand1 100pF

¥ "
LY -

s liemnsai1d 22) dlesnniidesifaluns 4 Taodafulszgiidannn q 219y
fvosdanounn uazlumaluTaduvyduomiy UAUANAUSEQUUI  (Parallel plate
capacitor) 9zgnad1aTauns 19 Inadaneu 2 $u ondedamy Fufuilszqitiien 1 fF/pm®
o 92181 C=100pF vedpalduiszana 0.1mm2[22] #20619v092995700NILY
TauiioanilsznovvesduniuLlsey 19U Integrated lock-in amplifier, Sampled-data systems Hag

3 * :oﬂw Yo o e o e ]
Capacitive sensor interfaces U uﬂmhmmuﬂizwumf_ﬂ | ﬂ\'lll'l-l‘iNl.lﬂ'liT‘H NUTFU

) 4 [ - § " o L - | { ' & «3 [
dailszy Reusaguamduiulszymd Wiadamnlseyaiouniinigeld dsvudy

4 ]
&

o w - o A 3 o o 14
unmesfnuinimua emmnsoaaiun lumsainnesrvesdunulszy ldmunzey
4 4
GRLTY

a c’: vl g ' i 4

Aiu299s AR AN UsEY(C-multiplier) Talidse Tomilumsdivaaiiunluns

9 4- | 3 va 4
a$191u2993390  (Implementation) waziumsnaninssnnudesmsldiumng 4 wea
aa o q ¥ ad dg A g w ¥ a a St
Fanou M1 1eessainumianas e ldimnzaulumsadinneesso uazluinoiinusi

° - | o as as
nldinsssgumdanudszgunliodye uasdszyndl9fussesulasdyana rRMs (il
» ' ¥
dyanu Iihnszuanse e liaesianmuminganlumsatraiiuessm 14dswu Taod

¥
AUAVTALAZHANMINNUYBINISAWD [T

2.6.1 nanmslumsesnuuysgumanivlszg

MINNANMsveIM IR NIy (Capacitive multiplier principle) [24] Yuszadia
2vsguadaiullszy lesldduiiuaudiailon (equivalent input impedance) ¥892993A4TAY
Tuguit 2.15 Taodi 7 dluuinnoidas w01 (gain factor) ¥992993 HemnsorlfuAvesdaufiv
dszgdomsisuar n 14 Fulmpoisasvnviionsoafinldomsesniuniees
gunsaivey (Amplifying Device) MHmsniimsinanoatnssiversuuuniugudaons iy
(Voltage Controlled) ﬁm%’n“lufiwmﬁwuﬁf:ﬂzﬁnﬁ‘uaqﬂﬂsa'i'ijmuﬁﬂunuﬂffaﬁﬁ‘luE;Uﬂiﬂf

VWLUVUAIUANAIINTZIA (Current Controlled)
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1 |==r=e=a s ]
e 1 !
- TCRERE Reg
oO— : ;
A J
e
s-nC

UM 215 ndanMsveeesnuAIR ULy (Capacitive multiplier principle)

2.6.2 203RMA NVl szgNARNTIBNI I [22], [23 ], [24), [25]
Ain ldidinauessesgumdaiulszqussdunlugu . (Voltage-controlled C-
multiplier) ¥1auAY  A0H19v0RIUMANNUYsERUTIRUR VN uaas lddourIn W

o a 1 ﬂy
NIINHNIUVDINT ﬂ\'iﬁ?]llllu

IR s N IAYAYATAYAA ™ e ety 31 = 81— =
|
|

v
Y ;I A :
Y : 48 :
) |
|
Cro :

—x -
a
=

N
F 3

Sl
Q
s

N

zﬂ‘ﬁ 2.16 ’N%ﬁﬁ]ﬂ&ﬁhﬁ"llﬁ‘lﬂitglﬁ aﬁumuqu (Voltage-Controlled C-multiplier)

i o 'owd [ o
1 2.16 Ahumsuaaarun e ssuamdanuYszusadunIugy Taoliduiulizy
1 L4 ) o Y o " e as o o M
G, onnein X, undudgaannaangniloudninesn v, uazdeiulfmedn X, wiufe

s a ¢ L4 ar <] . ) p
Vy, =V, uazddmumuiwesn X, mounsimiszinlaassdu ¥, dunseue i, Imdail
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(2.42)

uaznnRuaNTAvesmewIunIzud CCIl- 9214 i), = —i,, uaznnaumsn (2.42) 1@

V2 =iy R, =—iy R, = sz

(2.43)

¥
vInaNtAconIuMsua e+ 9e1d i, =i,, anfueeld

iz; = Vrz/Xcs

] ] L4 ¥
W3an 314 2.16 wuhnssua 7, =i,, wagnnaumsi (2.44) datiuse X, fimdail

V.
XEQ=_Y_1=Q=
L <
Y5®
o e Y
EQ Rz cs

3
o o

R
Cpg =it Lo = }iCS

(2.44)

o

1 o i - o = s d’
wiusmdunulseyaiiouditing fiwesn ¥ iounsnd Ussuna i

Vi

—X 2.45

Vi 7 ( :
(2.46)
2.47)

4 o Ve g ar
e n, fiv urlninesdRs1IvIBYBIIIRUIMA AT QUs IFUAIUAY

" v o o A a d? tar @ 9§ @ A
wunmaunulseyaiion luaumsh (2.47) Jusgivdrdiumu R, uaz R, Hude

o o 1w d Y w9 @ = [
’d‘m'ISﬂﬂ‘l":’iuﬂﬂﬂ'ﬂﬂ15ﬂﬂ!ﬂ‘IGI’JI.ﬂiJﬂ‘:'S'nhlﬂﬁ')Uﬁ'lGl’]uﬂ‘m 2 AAITUNITN (2.47) llﬂﬂl’_nﬂuls

a3

s

o o

-~

< Y, ¢ N oy ad ¢ i
aau M3z lemivennnvamaniudalidedina Aelunsdinuamesmsguinsivoove

=1

- o gy = ar l ar - 3
1siang s linaussduanaseudanulszatinigeniu laoe
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2.63 2esguMAIRUYIzgnszIanIUAN
2.63.1 Fohinavenisesgumduiulszqusaduniugy
gﬂﬁ 2.17(n) wag 2.17(8) uaAInvINIsdMANNARIHINSuAUNT I Tnua
N3eud (Current-mode integrable first-order low pass filter) 'IumﬂTuTa?l'lnTwmﬁmz
maTuladGuoa muddy [1,3] Taviinnwdsnesw (cut off frequency) ®, uaz M, Y992

30303 1ugUN 2.17(n) uaz 2.17(v) annsaudas lddadl
(2.48)

: I ' b (2 =
e g =t Tao v, Ao AUMSIAUYIQUNAY ( thermal voltage)

v,
£, = [2K,13 (W/L)S]

= 1

o [ W = )
g, 0D AMIUTABUARUAUAYIUNNANYDINI T ANADT M, 1Az M,

|-

K fiD Process transconductance parameter YBINT UG A3 NMOS

(W/L)S Ao f‘)’mﬂfhuuaam1un5’1wmwuuua Giam'mtn'mmmmuumm

NIWFAADS M, LDz M,

& o 1A ar 1 v o 4 1 @ o =

FLHUIUNAUTIAY DC ANASBUAUNLISEY C, uaz C, iosnndwssauBagungil (v,)
) a o = o = o o ar [V 3

wazusuIaGy (v) lunsdily InainsudamesuazueansuGames mwdisy  duiu

A a ~ o T a .

diewinsanlunsdiinesguadinulszqussiunivuny wumudafiulszy ¢, lugl 2.17
‘é ar r Q‘ 4 4 ar ar ar

(M) FWTIAU DC ADUTIAUAATY (V,) 1aZ1H1DIINYUIUNMIUMBINIMIAMVDUITIAY Fa

3

¥ ]
iudimualiunamesmsgailigann wu  n>> 1,000 92 ¥usadu e Agnguiida

Ha 1H2995141gn1120WA7 (Saturated)
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Vce Vop

lA IA [B= ImA
i 1 q—l ji
—_— —_
M
QtB_‘—E Q, . _'
€, C,=10nF
T o, A i
4
2.17 (M) 2.17 (V)

y o R gt V Ceelind
3N 217 29vsnsesdanmamimiruouauiivis
2.17(muuuma I las lulwats

2.17 () wuwna luTatFuon

2.6.3.2 uHunIRmaaRulszgnITianIugu
nnnanmsiihldgmsesnuuy - aavsgamdaiuilsey 1dTasldeesaenu
AIZIE 2 2993 AD CCII+ uag CCI- Whmswdnoudnuaud o uanuduiussznig
s & o 3 o o (Y ' o o
USIRUIAZNIZUE 1HDIIN Z=V/T uazdamun R, M R, Wudnlfusuvneessasves

¥0a2995 azdyanoudngaees udygunszua dgii 2.18
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51 2.18 ununmvesRumANRUYIzy Taelavsaemunsse (CCIls)

d‘ 1 s d L5 ' d.
st 218 dhunsusesmunmvennsgumduiuliyy Tasiidafulszy C,, don
P v " ar o {
Wosn  Z, vaizfinein Z, Avegiunwein Y, A1u nszuadygpunnain gnileudhinesy
X, wazdsrlddawein z, ile i, =i, usaduanadeudidiumiu R, dauviidu

. d'i ar 1 Voas
Var =i R, UaBIU0ININ V, =¥V nszuaagonn i, 1inmny

[
I

)

7 g'- (2.49)

A 3 = o e ' o o P
wamioann i, =i, ussunanasoudunlszy C,, veiiauil

Iy L R/R,
SCo  SCuy

P = (2.50)

u’: o o ' o d o LY o o o o :
wennIMiu ussunanasexaumlszy C,, dulounduuiiuussdunnesyn X, A daniu

¥
=4

- 1 - ' o - o« @
maunulszyailou Msingsznitmein X, ovunsiniilszineldas

R, ;
Ceo=ncCyy = (—”—JC,W (2.51)

oA Rz
UUAD n, =—
R

1

A & o o v o d
e n. A UNNWETBNTIVLILYDIIRIRUAIA ANV IZINTZUAAIVAY
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ilosnnpuaniianyliiflugaund ( non-ideal ) voIRVIMEWIMATZIA HazdriTom 1y
& unay A ABABATINEIUN1Y TOULSRU(Voltage transfer gain) AZOATIVIWE TOUnsZIT
(Current transfer gain) ¥B9MVTHOWILATTUARAUT i awdrdy FaTaoialudaezgn
Uszanaldiiswidu 1 uazmanudumuiinesn X uas Z fler, uay r, vovmesme

@ o - o o o u’;’ o o = [ d”
WIHATELUAAIN 1 AUAIAD muuuﬂnmaimﬂm n nmiﬂumu

,,:i. e, L1+ (2.52)
yo | R, SC 7y

1D Y= acafif:
VINANNS (2.52) Swenuuuld ¥ = 1, R, >> ro, Ry << ryy, aza Cy Midon

¥
@ o

L} 4 é ' 1 o ﬂ'
ogluftouly sCpr;>>1  Aniu n = R/R; Fazwuinesgumduilszyii ldeen

¥ s as i ] & 1 a = J
wppiidiumsofondnnmsmsvesnszua it CCII- *azﬁmfx’aumnmni‘]ummqﬁm‘lﬁ’mﬁm
- s n’l’ [ a e 9 o ar
ANUAANDIA ANIUFNURUATIU 4992395 CCII- AIs9zasnuuy IHaunIdnUszADYeY

NIguadyY I
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5.0
0.0
=500
7~
=
m
o
~ —10
=
3
;é..
< =I5
C:
: C-multiplier R "&
—20 T -

198m 1 19 7 R 1K w_K 1@@!’(:
frequency ( Hz )
31t 2.19 AN IRBYAUBATINILEUDNINTBITYYIUMMARFIUS S UM Tugy

2.17(w)

2.6.3.3 HAMIBEUUV UM TINNHUYDIIID3

naaouRuANTAYIINs  Tasmsdeuuuumsiauueansslugliz. zw) Ta
14 Tsunsy SPICE Tu Cadence simulator #260m3Fainon1515n07 SCN 2 Level 2 ¥4
MosIs il mualinszudlusa (1) HAWMAY 1mA UMaInous i iy +15V uagld
ns:uﬁﬁ'mutgmmmmﬁﬂ 1, =200ud,,,, Uag93@WNIUNTIE CCII+ Liag CCII- mﬂgﬂﬁ
2.10 uaz 2.11 MUAIAY NONANSIAGULUMIIINUYe9s 9218 r, uaz r, Sauiu
54.4Qung 8.78MQmuﬁ*nﬁ'w%&«flu"l':Jmnfgmﬁuﬁﬁmmmﬁmuwmns:uff uazlionsi
YN0 louveIIWUIALNTNT @, @,, £, oz B, UAuilu 0.992, 0.997, 1.002 A 1.002
AUAIAY Tﬂﬂg'ﬂﬁ 2.19 1mmwamuaum:.fﬁamm?;mm’msniﬂﬁﬂgmmnﬁﬂ‘li’s’qwsﬂmﬁl
dufuszy uazldiufulseese dedmuald C,, nax R, fifnadi 7 10nF uaz 100kQ

amuddy Taoldmanudiunu R ulsamin 100Q, 1kQ, 10kQ uag 100kQ muEIEY

=

4 ' a = ) Y A gias |l ) g
“']NﬂSWUTINaﬂﬁ]'ﬂff'lnl'EN!‘]Nﬂ'J'I?Jﬂ‘\Jﬂﬁ?ﬂiliﬂﬁf]\’ﬁiyiy']ﬂlﬂvlﬂ Nﬂ'lslﬂfllﬂU‘Iﬂ'l.lﬂ']‘ﬂllﬁﬂﬂﬂll.Iﬂ'N
P |

NQuf Asumsh (2.47) iedunuilsey ¢, IAAaiu Ao o C~100F, 0.1 uF , 1 uF uag

10 uF

1M
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WITMONIUNTTUATUN DY 29950nA1T80S 2a93A0ATINTIADS 1AZIIVTRUAAUAY
dszanszuanivgu fiduisesdesdmsvlFlunseonuuuasesilaadygia RMs i
Foaaliinszuanss  udlunsnsosasniigniu dhuifissmseSueneuiiauazns
WaomTasigld  daluldesuomsinuvesaees tieseinluinoiinuis 118
Funszvaeesoonsniiaeslaoass siifumserdionanmstlounduvesdoyana e lild
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Nosuasdyana RMS iudanalwvhnszuanss

=i4=l o Vv
AumMsaue

3.1 uni

nosulasdyane RMS udgygiaiifhnszuaase Wunsemilalinnudny
o [ LY [ a d =Y o - 9 ar 1 -
dwmfumsdamsuazilszvanadygaluszuudidanseiing  Taniureesnldiasunae
ypandsnuiussuiudyga eonuududyapunaniauivuifivesn RMS veadayanm
vineAnvudsilepiuldtinmsiannuasinaueranlasdygna RMs Wudyananih

fat ok v 4 q 9 a wada 1 oA 4 v o
nIzUAAIIBLNABIEBY WD TV Iseslinguaudangd wulinaneuausaneanuinde fany
T - =] 3 ] v o

wiudige nesivwadn dudu e ldduimamealumsiannnisesnuuuisesutas

doanu RMS Wudaanaivdinscuansedelyl Sainsdnsuazinud londnns
m L

o o~

M uazinsandeduazdoifovesisesulasdyanu RMS Wudgaafhnszuanss
o =t PAL, A o v @ i) b o
nfimseonuuy 13lueda AniluymiBaiunsnantieimssenuuuasi/asdayan
RMS FhidaygnaIddnszuanss dmsudyanueinoon Tanniseonihs 3 Uszan 7 18Tmsh
A ' o 1] 4
wueld #aldud nmaodvestuoniifudinlszaoulines  amsesnuuylaoldnuguues
- o vdf ) = = 1
maTuTadluTwars msesnuuuTaeldwuguveunaTuTadduea Taviiswaziduaveuras

¥
sznnasse 114

3.2 oanfasdyana RMS ihidaanallvhnszuanse lnserrestiewil
mseenuuusasdyens RMS hidana iwthasuieass Taverdvestluoui
duoslsznouluiesii dnlngpziiumseenuuulyleding 1 dweetueuileziud
U32neuve9I9INTBAdIUANNARIHI LazdIMYDINTEUINTILA FIDE19UDIIINTN
ordvoeduont 1dud leFiwes AD637 [26] Fuilumsimamlaverdondnmsidann
(Logarithmic) 1A HouAREN (Antilogarithmic) 1n59831999929931)52n0UA0 29935 0anTLE
uumﬁmﬁ"u (full wave rectifier) 299300NUASINMAINDI (log and squarer) 193113 (divier) 2993
uevRaEn (antilog) HAZEIMYDININTOITYIY M50IVIMIAURAY (flter)  AaLAAITIU

Uszneuvesnnvsmoumunw Tugili 3.
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Avsmduysel WIABA-WITNHIAITDT 2393 IIUBUAABN 20INIRAT YR I
4
(s vanszumuuuRuAIL)
Ve — V.

IN Vl LOG v,:‘ v, LDG-\-,: V, i V, V_,,, out
e |le - Vir > Vo )

(QLOGV ) QLOGY,_LOGY ) '

s :

Vo f% |

nk.'r'v—m 'J‘TT- E
LOG Vyyy o
AMsBunn

g3 wwunminssadrevesises luled ADes7

I SQUARER
™ DIVIDER

3 o ol { 1 A
z'ljﬁ 3.2 xmumwmimnwm’minsadﬂmmwmu%'awsmmnu

e 3y o ¥ ° & o a Y00 @ 1
Mg 31 weaslvimu lnssaauasmamanveaes dadyanadunnedahuindsey
= o 4 i o - d o ' 1
YOINIELINTTUAUVUIANAIY NhmDiTuassmduysel (Absolute value Circuit) dIuiiaea
=1 (] a =1 o o o ' ar
withidauvesmsuasiu (Converter) hiilanduvesissgu dyanuszeylugivesilaiduon

o

Mdaeres Tavefvnuauiivessesasn uazdiui 3 HudmvonesmsdeilaiduiFaen i
¥

.
=) ar

wuiledygnuruisaeniz 1 ¥, limdsaums (G.1)

Vi

V,=log (3.1)

our

» ¥ v b
uaziioru ldsduveanvsueudaen aniuee 14 v, fimdail
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(3.2)

' o v ' “ A [ o { o (Y
HazdURTIoY992993 sxilud v TMAIRDY (Averaging) daraslugiii 3.2 fiewdondn

nsvhauvesnesnsssdyan 92 18 ussiueninm ¥, veeees e

e
our
VOUT

(3.3)
: — 17
< 2 _ L1 (2

Taon V) = = 6[ V2 dt

& o o o U o o n’: =
wieannmstlounduves Widuasnyes Vom‘lumum‘mwmanws AIUUNNTUNMIN (3.3)

¥
wldmwdniusvesdaanu 7, dhideil

xRy ¥ (i
VOUT— = Vm 3.4
VOUT
vufe
Vouor=~Vi (.5)

lé ' A; U 1 ci
Faaziud aumsi 3.5) sglugliuyesm RMS Aidoens

A ar o o o =
weannnanmssenuuTlaadygia RMS Whidaanalwihnszuanss fisen
as o " as LY = ¥ dy
uuyTaserdvesuenilithidiuiliznouvonees uazerfondnmsiFaaenuazueudnonii Inse
L4
aduneluverenlsznoudeeduend  duhuiaiuamalidasitansiamadm
= o w ﬁ’ o ﬂ ﬂ 4 o flv o o é. ai-:hl '
anwBvesavigninadlsdleetuonl Fahliasesiidamsianmaedmniudiliqe
uagdamliestiviaing it minafaduressudeldiuinlumsadrouudnun
luduvensrsSunszumizlsznoudinlalon uaz'lalenssian1ddeslfusaduannson
o . ar d  w : i o =) L 1; o W p
adiulszanu 0.6 Tami dnhilunsdindygnuduwniadm q i lddygoneninni
t 4 o
= ' o ol s 4 s aren
anuAmdon Jumaldnmnsiudwenssasas  dniudedumsiulisgumniaves

wlasdygna RMS illudyapalihnszuanss Seldinmsihemendnnsoeniuuiaes
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wlasdgyann RMS dudyanuIiihnszuaasai hiodvoeueuiifiuduisznenlules

uaz luodomaauverIesuanssuauuuiiuany dafvenanluitens 'l

3.3 2esuasdyana RMS dudganalvdhnszuanss Insordendnmsnsiud

a4 ¢ o & ¢
e nuuldnugrweanalulad lulnans
o g o P & 7

vsuasdyana RMS dhidyana IWihnszuanse Neenuunlaverdendnmsnsud
- 2o 3 Tk -
aiflos (Translinear Principle) tuulduguvouna Tulad Ty Twarsil Ieimshieounudmany
uuudniu [4], [6], [26-27] inetiwusativiiszendehasesilasdaenu RMS Wudagnw

Sy Y & A o e da s &
Idhnszuaasalszianil 13 3 iuudonu e wuusn dhnssiedondnmsmsudaiiod uas
a o o - = d 4 o oo da
199M)5zNeUYDINTIFINTUAULLIANATU[A]-26] LuTAaeY iThisesieRonanmInsuda
iesn hiewendnmsminuvenesoenszuauuuiRuaaulsndnmsvesmsuasusadu
o o o . : = o @ o o
dayanauilunseuddagna (V-1 Conversion) [4] uaziuuiie ithinsvshefsvaneifondnmsy
swdailes lumslumsadeaumsavinesisudva lithidadu (ontinear differential equation)
1

27] Taeliswazibvaverazuuuade T

33.1 20smnfosdyana RMS Shidaanallvivhaszuanss iedwannisnnudadiod

a o o = as w (=) 1

vslasdyanm RMS dhudyapawihnszuanss fordovanmsnsudaiio Taof

TnssadeveansesilsznendioduyessesGomnszuauuudundy Ansaninsaadueians

Tuginaa

)

recifier

current mirror

y 1:1
mn out

1 I

Ty =1,=4T,

4 [~ ar — [ ar - o
3133 Taseadevesnees RMsS dhudaana lihnssuanssiowondnmansudaiios
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nngui 3.3 Aszuadyanuduwn 7, ook limswdaees O uaz O, fineith
) [ & - il ] = &
laTona uazdesawiy Q,uaz Q, ¥nwiun Q. Q,, 0,120, Aohunsdaitiosqy & i
= o o ar o W =4 =i ar L4
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v o a et 1 d
mved 7, TuluTwaninsudamesianiiiu

1
V=V, lnI_C (3.7

h

mﬂmmﬂnwuﬁs"mmLsaﬂui"ﬂ314111mmm°manﬂmas (V) funszuaneaannes (1)
Fofunneunisit (3.6) 3214
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3.8) 914
Toy Toy =1y ey (3.9)

[ 3/
w32 I, =1 =1, Ip, = I, wog I, = I, fufuseldh

L=I-I (3.10)

A o/ U i P . - o 3 Y
HBIINAYYIUAIUNITHIAURAY (Averaging) 9214 7, = 7, dariu mnaums (3.10) 92 18

P=I.1=r 3.11)
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X L 3 EE ] T
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4 — = LB = 1 '
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I, =——=\/I] (3.14)
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YorNsBEINsTIEIIUALAIY Tlladiiamshausuamudvesesimgeiuiioioudiy

et o = = A
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DIINANNIINIIUFALIYS

11 3.6 2vsulasdaans RMS Thidaana thnszuaass fodvannisniudadios
F) Y

(A nonlinear-dynamical translinear rms-dc converter)

— ¥ ¥ o dor A o ° o o
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fumdvvesdyan 717 /1, vufe

out

Iy, =5k (3.15)
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VInaumsh (3.15) oz ldnnuduiusves 7, eglugtiuuvesi RMS dsaunsi (3.7)

d \ﬁ’_; (3.16)
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11 3.7 2395 RMS 1#iua (Pseudo RMS Current Converter)
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Tugilves i RMS Audeans

nnnanmseonuuuRslasdyana RMs Wudagaiiihnszuaass fionh

= d’ = o o
{Wuaees RMS Wowii  Wumaiinmseenuuuisvnnlasdyana RMs Hudayanalnih



48

aa A A y.g = 9/ o g
AIzuanIIIsMie Neenuuulasldnugiuveuna luladdued Tnsearavesdses lududon

’
o v =

HAZAUANTTOUZMIMNUAUANLD 299s8eemnsoiau 1dlugennuduinnin 100kHz

] v
I A4 1 o

iedgyaudunnamntng (eglunie nd)

3.5 Yanfspunsuszrnnsesnlasdyaa RMsifudyanalivhaszuanss

o A o
HUBAN NUMDUN YD
o lv s @ o = = o
dmsvasvsilasdygn RMS Wudyanadiinszuansaiivaueluineriinug
¥ ¥
atufl Wlumsesnuuuasesasdayaa RMs Wudayanaiiihnszuanss Taoldiugm
Bkl ) ST =
vouna Tulaodued 2 35 Tava39sna 2 354 adevulaverfondnmsadiony fie 1szney
AWNANMIMNNUVBITINMNIFDY 299505 ITYRIUANUDA I 1Z99500A5INT
) ¥
d03 Ins30i199092995 MilidmuesnesiFoanszuaiumaunay  vennnidaitaueaens
[ - | . o as @
g anulszynetinnlszgnaldlutes wasdygn rRvs iWudyanavihnssua
A o A o o ° 9 = ° £
asesimiuaue eldaavnaduiulszglules midaesianummezilunsataiiug
vas &
9559 1AATIT

& =1 ' ar — = ) o ar ¢ ar 1 = o '
Faezmunnanmsminave ludnoninusatui dalimeiimsiuaueinneuy uaz
i v v
WeanfSsumouiundanmsi laimainauenudluedia aunsoagd1ddad
A o a a s v o - o
1. 2vsminaueluineimuseenunulasldNuguveuna TuTadduea  29957nuh
¥
wuelueda daulngazesnuuy Tasldnuguveauna TuTad luTnars
o o a a o v o Ay v w o
2. sminausludnotinusesnuu IaslsRugiuveunaTuladdvea M'luerdondn
o = 4 4 =t o o
N15INUVDINIB oINS TUAUDUANATY 1937 laimainaueluefaneenuuy Tay
o4 a4 4 o Vet o W a0 4 o q A o
lanuguveunaluloguvugven delufimsinauondnmsil Gzl
F 4 1 ¥ 3
taue ludnnfinus dfidamsiiauduanudvensesigani denSoufonly

ma lu lad@uemmilouny

3.6 unargi
dy ' =2 a o ar
Tuuniiifunisnandmdnmsesnuuuinnasdyana RMs udyananih
1 ya o 3 =t A o a =t e o
nszuaasy A ldimadueaue ilueda wanfiovimsinsannSouiougaanianmsiinm
YDI2993 IHUAAZMANMITIEWYT MseenuuynsHasdya i RMS iludaana nih
nszuans s laverdventueniihuiudiuneuvesns luride 32 uay 3.3.1 Jaditams

o { o @ 9 o ] = a
'YlN']Uﬂ'lﬁﬁg’ll’luﬂ']"ma‘llin‘)ﬁ)igﬂ‘i]']ﬂﬂﬂ’)Uﬂ'?l’EI’Elﬂl!.i]'llﬂiu’d')uﬂlﬂ»ﬂ’lﬁliﬁUiﬂiguﬁuﬂ'ﬁ!ﬂﬂ

A &4 s ) o ° 9 Adn 1 o o 9 o BTk o et
fAau mﬁ‘nﬂ‘ﬂ‘)wii.l%?Qﬂ1iﬂ1ﬂ1uﬂ1uﬂ11uﬂﬂ1uq0 llﬁzﬂqﬂ11ﬂ1\1‘}in”u’]ﬂ1“mu AIHUIIY



49
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NOONUVVDINIIDG CMOS Class AB
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4.2 Wvsmlaadeyanas RMS iludanaihnszuanssfioennuueiniaes

Class AB 1UU C 18Un5123

4.2.1 MIMNUVDIIID3T

4.2.1.1 2 smlosdyana RMS iudyanafd

711 4.1 209sulasdygni RMS iudyana iihnssuaassiiveniuunnisesves cMos
Class AB

gﬂﬁ 4.1 Humainauersulaadayga RMS iy Toyna Ifhnszuans i ldi
MSDBNLUUNNNITINMAIBIIAMA AB 2995307 2.13 Taolumsilszneusamdaiy
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i v
doymna RMS iWudyana ithnszuansg diedyanaBunmiudyaansurasyi 1
85119 3 lunanuan v, TaoldmnnuRawainvessh rvs AITUMIT (4.10) uay (4.11)
MUR ALY
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: 16(1+ 40°T?)
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fothau &1 K, =4.2121x10°, W=100um, L=>5um Wz I,,=I, Wie I, dum
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Ed
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(source) Y09 M, Noanan 1 lur199uA2 1R (saturation region) TaeNmveaussau ¥, il
At

iy = Vg~V (4.17)

4 w ' o
1 Vg, AD UTIAUTIHINVUIN (gate) UAZVIWOA (source) YOINOA M, LAz V;, A0 U5IAY

VAT (Threshold voltage) YDINDH M, LilpunumININaus (4.17) Tu 4.16) 1214

Vie =Vop = Vin ~Vos: Vi (4.18)
Tavit ¥, fauilu
ID

(Ko /2L,)

. +V, (4.19)

unuAeunsh (@.19) naglW 7, = 7, asluoums (4.18) 92’14

I
V.=V, —V.—#—-,—-"—-— 4.20
in DD min (KPW;/ZLI) ( )

-] o ' @ : 1 . o anes J L
mueudvadud ¥, dauiluaunie 7, <0 suiushaseiulfinausziuegio

ksl o 1 1 A 1 1 nll
yeaNIMFMADT M, Auuvasswnszuanih 7, uazimasswld v, ufe

V:'n < VSS i Vmin x VSD3 (421)

. Ed
WerimsaneHaums ¢.21) Tuimeafoduaunis (4.16) faaunis (4.19) aniuezld

1,

Vi Bl g Vi o et
(K, W,/2L,)

(4.22)

» ¥
IWSIZRLUUNINAUMS (4.20) 0z (4.22) Wansaaglldhdwewsdulfidnuimua

‘UBQ"J\‘HJSI.{]N

Vs + Vi + —Ig— SV SVop Vi = "‘““12““““ (4.23)
(K, /2L,) (K ,/2L,)
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dredau i wmuald I =1md, W =W, =400um, L =L, =5um,
bl
K, =1.8169x107* AV V.. =0.8V uazV,, =V, =10V aa1au AuuInaums (4.23)

2" min

vz 1daussduil fiiRennlszunanmiy 8.8V <, <8.8¥

4.2.2.1.2 ¥aanszua) iR
11199971N29930NMBITOUUY CMOS Class AB 1TAIUYDI95VW CMOS Class
AB iflueafsznouunanaes 1031l 4.1 0150129959070 CMOS Class AB Srarsndlid
nswdmaes M,, M,, M, uaz M, fquaniamieusuymlszmsuazgnluueald
daeglugeduda  anuduiussenhavunmuasnseda ¥, vemswdmasi M,

¥
M,, M, uaz M, ssamnsoioulddail

Vasi TVoss = Vesa T Vs (4.24)

M l—'r—”__,Mz
SN B IS L B
Msjf—'r—itm

3U% 4.2 2995908R01d AB LU CMOS

110 Vs Vasy s Voss W03 Vg, IMUSWUIZH IR IAMMOZNYDI AUBIMTMTMADT M,
M,, M, waz M, awdnu diilounszua 7, hnge B Taulviussdu 7, fye A asi vz
18nszuai Inorunswdames M, uaz M, fwgumsi (2.34) uaz (2.35) Tavi 7, 1ilu

nszua lude Nz ludalirensvalunaa AB s 1naunish (2.34) uazaumish (2.35) 33
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a g 1 3 1 o o
MARTIEHILEAIN [Masuan alvzwiuldhnszua 7, Wuezegluzdves aumside
09 ANIaNNISN (2.34) uazaun1sn (2.35) uandusz ldn

16I‘, ]2 fz

Iy +1p, =—2—2=2] + OTE * 5 £ F A
8, 81,

(4.25)

PINAUMST (4.25) Wasmvesnszua 1,,uae 7, wldnszua 7, Wuddsdessoy
funszualusa 27, wuhezlisesendidsresianidwamuiieenunld  szdeeld
nimdamesueaia M,, M,, M, uaz M, mamlugaeduia dafunsvszihan 13
mnvnavesnszuadyanaud 7, mawaums

|z

ml_

(4.26)

4222 mywnednneimudnnuAanmadmSumnaudneudauaus
Y9903

' ¢ o o - o o Y 4 o o °

AnlefiFudnnuAanaiadmivamiudasuanuaugve AN ITof I 14
o a o o . -
Tﬂumfni‘Jm'nz'rfﬁfyﬂ;mﬂmﬂmﬂ (Small ~Signal  Analysis) Tﬂﬂﬂmmmwsﬁuum
" 4
(Equivalent circuit) ¥DIUDaNIMFAADTFHA NMOS, PMOS HAZUnaswnszianii faviy
winnEimamnuRanmad mIuAmMImdRudAuALEY299331 4.3(M) AnavTauya
i "

51 43w) delil Tauhld g, w0z g, mumsanvuvanmhvesdyanuvnadnues

- o v o o = o @
NINUBTADT M, llﬂzﬂ"ﬂ'J'm!ﬂﬁ'll"llﬂiu'llﬂiﬂi"Iu"!fﬂlﬂﬂg M, amuaay
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&
‘;‘K BnsY's
Bma(Vy-Va)
:'VB) R

4.3(M) 4.3(v)
11 4.3 20vsauyan 1§ lumsTinsedim g, vesaaes

1 a d 4 ﬁ; 4
g1l 43(0) N Y, =V, =V, (7, A0 1599unanAsoNi node i 1B iAo A, B, 1,2,3..)
e # o ¢ 4 A
aaiudiennsanlaomsilszyna lgmanmsnizuaveunoised (Kirchoff's Current Law 139
KCL) fi1) node #1399 nan'lane

W1300191031UN 4.3 (1)

‘ﬁ node 5 15
(grnS +gd2)V5 *Sl = 8% (VI = Vs) (4.27)
i node 12 vlﬁ
(ngJ t8ut gdﬂ)Vu BV s =B (VA' 'VB)“‘gmsVs (4.28)
1 node B 15
(gR +&8a +gd¢)Vs ~8uVs -8V = 8w (VA = VB)+gm4 (VA _VB) (4.29)

' o R o : - P ot
Tumsilszanam wimualia g, >> g, wue Anhudounuaumsi 4.27) aaluaunisn

(4.29) 9214
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i (gngm = &na8ms ] v, _(MJ v, (4.30)
Ems&mi2 Ems&m2

unuauMs (4.27) uazaumsin@.30) asluaumsih @.29) wagldv, =v,, ¥, = I, R uazim

MsuAaUMIHIA Gm 18

Gm -~ I"” = i 1 (4.31)
R[(gml +gm4‘) +(gd4gm2/gml2 ):l
& ' 4 o a o ar ™\ b o ar o )
“UQ“31#’]11ﬂﬂil°ﬂuﬂﬂ'nnﬂﬂ“ﬂ‘lﬁﬂ‘l“5Uﬂ1n51u%ﬂﬂuﬂﬂllﬂu°ﬁﬂﬂ~l')\1“5nﬂ1lﬂu
g / %100% (4.32)

Gm i R[(gmz +gmt)+(gdlgm2/gmll):|

A08191TY g, =4.606x10° 4V', g ,=2377x10" AV’ g..=2.112x10" 4V’ unz
m2 mi2

E
o o o i L4 =
g,,=161.1x 10° 4V’ unzdudenld R= 50kQ Aniuszoiuldhmmlesimuaniudanain

- J 1 A W ' q’ =< o o =
Y41 Gm INAVUINGY 0.28% "'JNﬂ"I'FNﬂﬁ‘l'J‘Nllﬁﬂﬁﬂﬂlﬂﬂil%uﬂﬂﬁ?ﬂﬂﬂﬂﬁ']ﬂ1'uﬂ'lill.l.]fl\‘lll.iﬁ'l

@ o

o = 1 = ﬂr x

udyanad v, ludlunszuadyga 7, sxlinniostidonldnnudmmu R lidngeuy
4.2.23 mamnzianunlfiiRauvesates

Tumsieseisannulfinou  aunsaildTasnsimseidyguvnedn

2 a - a -; 1 =Y (n’: A
Fatinnuy Ifhudsiifaduszn e inauaznseavesueanuFmaesiy 9  uaziie
nnnseanuuulasdyana RMS  Wudyanaliihnssuaass feenuuuninaees
Y0 CMOS Class AB luzili 4.1 Taohesndsznouvesisnsisznoudan 2vsunhdsdes
LYY Class AB Uazlnsaeviounszuadn 5 ya (CM,aCM,) aniulumsdnsizden

o) o «

1 ¥
anunlfiiRanuesiees sgRnaIneisznouves 299stoy Awie li

4.2.2.3.1 9151910 INVBIIIDIBNMAIaDY Class AB
N15M19IUYD373995 Class AB rf]un15ﬂa"umiv‘imuizn'iwuﬂﬂm1u=?ﬂma§‘qﬁvu
v
o - o 0 o e =y
(M,uagM,) AUNDANIIUFMADIYAAIN (M, LazM,) AU NATIZH 2993 1A

-~ = o = o = 4 duyy &4 a o
man'w1115m1msma1wawaﬁniwmﬁmawn%mﬂnmn"lﬂ TINITUININNITNIANY
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TTHINUANTIIUTMADIYAAN (M, uaz M, ) NOMMITINTIEHMIA g, Y992907 AINS

- a a’
Jinsrzvae il

F LS,
1
J
i 0N
Ag °
~

< &
®
©
-

4.4(%)

4.4(n)
71 44 MsdezEmainwdl§iRNuIe g, (s) TudnuneIansuniAene Class AB

NsangUn 4.4(v)
Taumsiszyndld KCL# node 318

[g.,,,; +g,+5(C, +C4)] V(g +5C,)V, -sC¥V; =0 (4.33)
Taomsilszgndld KCL #i node B 14
(240 + 22 + TCYaSC VY 2V, = 2. VoY, ) (4.34)
Taomsalszgnald KCL i node 12 14
(4.35)

[gmu Ty +S(C!2 +C13)] Vis-8a¥p = "Bni (V; _VB)

¥ ¥
dszmnamaums lassmualimues g >> g, @ue daniuunuaumsi (4.34) aaluaums

#i 4.33) 9214
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2 C,

v,
yeadzs (4.36)
Vs = @_‘_@_*_gk(cz.""ct) +gm3(gk+gm4)
G G GG, GG,
unuEuMsH (4.34) asluaunsi @.35) 14
= gm4gR
%= C,(C,+Cy,) 4.37)
A g
C, G+ G,
Taomstszyndld KCL i node 13 18
8urVis T 8misVi2 Higg =0 (4.38)
vnaumsh @38)ssnah g, >> ¢, dudell ¢, =098
iso =81V 12 (4.39)
unuens i 4.37) aaluaumsi 4.39) vaii g, =-‘f§- wld
Ema&mis
“:;__Q‘: : RC4 (C12+(:!3) (440)
» (H Ent ][H Za J
C4 Cl2 + Cl]

Vierumsi (4.40) gauiuaunsi (4.36) 9z 14

; [S+h:||is+_g_gij| [ EniEmis -‘
ﬁ.’ﬁ= G C, A RC, (Crz +Cu)_j

VJ VB sz_'_s g_.._;_'_h_i_c_q'*‘c.; +gnj(]+gn4R) S'{’&'— s+ gnﬂ
G, G, RCC, RC,C, y CptCy
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|VS+Q_:| |: EmiEmis ]
Gm(S) i IS_QS C,I Rc‘ (CIZ +Cn'3) (4 41)
v, {sz +s|:&+§£+cj +C,i|+gm3(f+ng)} liS'*' Emi2

Gf i C, ROC;] | GGy

demmual¥ €= C+ Coy. Ci= Cuit Cpip Cis= Cpurt Coups W02 Cpy= Gt Cpyyy T

dmualtlumsesnuuulesiin g, = 2.375x 107 AV’ , g,,=2.377x10" 4V', g,,,=2.112
- =1 -3 =1

x 10° AV', g,,,=2.126x10" AV, C,,= C,,, = 4.815 PF, C,;y= C,,, = 0.08504 pF, C,,,= C,,,,

= 1.23pF, C = C,,, = 0.04092 pF

Vufevnaumsf (4.40) seiiAwes Gm(s) MLTaSINAMAIANAGY  1HiBInInm Ing

(pole) Ao 2 A2 fe

awdusn wie £ iuanudfifiaiionindaiiiavesmsiinudunudvesasns Class

| 4§ AR
= —Y ’——— 4.42
’ pi ) = - 2o v

nnmsimusmuh 7 fimanuiigegaiansna AB o Idszanaiini 77 MHz

AB WU

niq' ) d'd' an M s o a o P
ANUDNADI H‘iﬂfz l“ﬂ'uﬂ'J'“Jmﬂlﬂﬁﬂlfmﬂﬂﬂﬂi]']ﬂﬁ‘llENﬂ'ﬁ1’11@11&%’]“?}11”0‘[’3\1’)405

azRouUNTTUALUVAL (CM,) WUN

gml"
= — 4.43
f: 2 (Gt Cr) s

. [l
=t =

nMaumuAmUN f linnmdgegeaniesazveunssumiuuay (CM,) Heu

T8szuauviiniy 132 MHz

4.2.2.3.2 N0130N19INAIUVDIIDTANOUNTZUTUVVLINUAZ A

msinszimmamdl§ianuludmsessssaztounszuauuuuinuazavi
fuasesdevversulasdaanu rRMs dudganaivfnszuaass feenuuueinas
Y CMOS Class AB Tawfinnsaneinasssueansmdamesimmhiduasssaziou
nIzuauuilyapeAnaugAULAY (CM,) HagINsaERouNIZIaNYVLUDIYADENHAIYA

ﬂ. s o 1 - 4
Huwan (CM,) 3 ldssmuyailflunsinszidwanslugias il
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4.5(n) 4.5(%)
51 4.5 msTnszimannuilfianuludiuvesnssazieunszuauuvauiuniiyn

2ONMANUYA (CM,)

dloRasannszuadunmuoarnsaziounssua (CM,) fe nszud I, Aszumemiymne

Ly, 10317450 Tavmsilszyndld KCL At node 17 18

AV14

I:gm” +8&an +S(C17 +Cie+Cis + CM)] Vir =iy (4.44)
Taoms1lszyn@ 19 KCL At node 14 14

8aiVis =1 AV, “&mdi (4.45)

v
Mueudvanulumsdszinamaums  Amualnawes ¢ >> g, @ue nnuunum ¥,
NNAUMITN (4.45) aaluaumsh 4.44) 9214

e Emia
[AV,, (S) =) (Cl7+C16+C15+C14)

AV (S) [S Emiz )
(CI? + Cl6 i ClS +CF4)

(4.46)

e MURI €= O s €= €t Cle B ot € UOE Cii= @+

vl gsl7

G

g!l§

C, i mualdlumseenuuueesiin g, = 2.112x 10° 4V'.C

gtH

=C,,,= 1.231 pF,

Cy= 2:461 PF, Cyy1i= Cons = Gy =0.04092 pF ti0 C, s = 0.08184 pF

Ilﬁ
Huﬂﬂﬂ1ﬂﬁ1‘ﬂ'ﬁﬂ (4.46) 'Ni)'ii]vll‘llﬂ‘iﬂﬂﬂﬂ'liél"lllﬂ'ﬂllﬂﬁ\‘l luaﬁ“'lﬂﬂ'ﬂ'ﬂﬂ 1 W]ﬂf)
7 |yﬁ'ﬁg1u 'HSE) f3 l'ﬂuﬂ')'lllﬂﬂlﬂﬂ{uﬂqil'lﬂ'\lﬂﬂ'lﬂﬁ'llﬂ\iﬂ'ﬁﬂ'l\'l'“-lﬁ'luﬂ']'luﬂ‘llf)Q'Ni)'J'

ALNOUNITTUALVVAY (CM,) WUN
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gml?
", 4.47)
2 27(C,, +Ci6 +Ci5 +C,) (

NAMIUNUANLT £, Timanudgeganissazsieunsuduuuay (CM,) a1

1815z uauniiy 53 MHz

]
=

uazmInnsammanudlfidnuvesesazeunszuasuuuin - (CM) W
=Y o o
UszneudioueamsuFames M, M, uaz M, lawiidwmuald 1, =81, =1, uaz

¥ ¥
I, = I, TaoTnevsauyainldlumsiinsizd danansdo i

2 oo
Mg'— My My :L ]
1
- b‘m ® = En Em7Vs
llav @ ‘ irms

4.6(M) 4.6(%)
31 4.6 msTswimmauBYFIR L Iudmvensessazieunszuauuviiyaoonnay

90 UUVVIN (CM,)

(IONNTUNTTUATUNNUOINITALN DU (CM,) D NIZUT [, ATZUMDIHNAD

Lnys 10317 4.6 @) TgM31524na 19 KCL # node 8 14

[gma + 84 +S(C3 + \/Ecs +G, )] Vs =iy (4.48)

Taoms1lszgnals KCL # node 7 18

Invs = &arVs + 8V (4.49)

¥
viuesdsanu lumsdszmnamaums  dmualddwes g, >> g, 1o naiuunum 7,

NNAUNTITN (4.49) aaluaumsn (4.48) 9218
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= gm'?
s (3) _ (Cs it Cg) (4.50)
Lgts) £
s+ m3
(G +V8C,+G,)

iledmuald C,=C,,+ C,. C= C,,+ C,, 02 C= Cut C,p, MUATHIuMsBONIY

8s7

23%M g, = 1.574x 10" AV',C,= C,,~ 1.204 pF, C,~ J8C, = 3.407 pF, CLamiCy

8BS

=0.02126 pF Waz C,,, = \I8 C,,, = 0.06017 pF

UM (4.50) 29s9ziiTadinansdmanudguiiossinai ina 1 Aafe

" I |
A

- e a & = o o o a 3
ANUDNT N30 f; lﬂ'uﬂ'J'lllﬂ'ﬂlﬂﬁl‘Uﬂ»1ﬁnﬂ'llﬁﬁl'lﬂﬂﬂlﬂ\iﬂ'liﬂ'lﬂuﬁ']uﬂ’nuﬂ'llﬂ\'l’Nﬂ'J'ﬂZﬂﬂu

ATTUAUVVVIN (CM,) WU

Ems
If= P (4.51)
" 2m(G+BG+Gy)

pnmsunusmYh £, Sinamdqegaiinesasiounssumiuuman (€M) Hau
dlszanauin 42 MHz

iefinsannsdnnzimamil§iamsvensesmlaedyenu RMs udyan
Ithnszuanse fivonuuunInaaesue CMOS Class AB filamsinizrooniiudan
AUBINTTNDUYBINIITLDY ADIWTUNAIAIABY Class AB HazIsaziounTZIALINIAL
au wuineesiidasidamednnuiige diesnnming 4 Sdwiude £, £, /£ uazf,
AITUNT (4.42), (4.43), (4.47) 1T (4.51) MUAIAY

dafusznuh fi< il fufledasinanismiaumaeduauiveas 2ees
aziluegiuesaERBuRsTIAIILLIN (CM,) uuvilyasennatoga uazeenuuy i iinssu

4 ; M
I, =8I, Famnsananldnanudgegamios 42 MHz

4.2.2.4 MIMAANUAANMIATINANINIILNMEITEI Class AB

fip491n9930n/Aecea Class AB 'ﬁmﬁ"tﬁnﬂuddu%‘uﬁtymmﬁuummawsme
dyana RMs dludaenaiviinszuanss feenuuunninsues CMOS Class AB i
mmsni’m’fammﬁuvm‘lﬁ'ﬁ:msqé'mmxﬂszuﬂﬁq;iy‘tm Taoiidayanausadudunnitou
iWhiinesa A szgadarinlganesn B

a s o w o ' [ [ o
HAZINMIINTIEHANUTURUTIS NI ¥, fuussau ¥, Tu masuan n
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NITUAUNTAI

NAVNTN (N.18)

Vy=V,+ L
4KI,
gty v, -V, = (4.52)
it :
iile K =ik (4.53)
2L
oz 1, Aonszualuda

' i ~ C: - 1 dyg 1o \
NUNAIANUAANAIATNIAAIINAIUYDI9S Class AB HVUogAUM K uaz 7, lav
¥
aJKI, > 1, suhuzlinesiinwdanmaliooasszdoseeniuuld K uaznszualuda
1, Sannn dmuald K isunnldTasimualii WL vesweamsmdameiiiinnng uag
@ ar q' o cl’ ' = 1 ¥ ar
Tursesuasdayann RS dudyann ihnsznanseanheueluunii a1 7, wldwiiy

NITUNDIMHNYDINITMIAURAY (Averaging circuit) NAIAD 1, =1,

423 HamsagUIuUMIMNUYe9305mallsunsy SPICE 493 Cadence

simulator
nngaauianazmamanvessssnasdea RMs idudganaIiinszuanss
ar & o o ~ or Y = T
UY CMOS Class AB fagil 4.1 tieRsziinnnfouiisuivwanlannmslnserinan 9
13 gauaasluriade 4.2.2 Milarmgndeusiuduiiuldemimannsnnleuiivsladundn
- o =2 ks . o = o
msnldineue 391911s5un5u SPICE 493 Cadence Simulator ¥MSAUULLUNITHINUYE
as ~ =) o a o
32995 A9 4.1 AWNIMFAABIMITINADITYBI SCNOSHT Technology 0.5 microns UDA
= = ' a o = o e
MosIs danwluginsaivesweansudmasiudazda ladmualdiisn w uag L imda
: ; 4
uaaa131ua1s1an 4.1 1ao W Ao Channel width 11a¢ L fi® Channel Length %4 laoonuuy 1y
$asidauseniin W M L (W/L) veweansudmaes M, 09 M, iawnn (W/L=
400um /S pm ) 1110AINMIUNTIEN UMD 4.2.2.4 WuNmANUHANAIANIAIANINAINYD929
J 1o " o :r A £ =t ' ]
93 Class AB uegniua K aaiuiiseenuuuld K Isunsgannsoaaminnuranaiave

37993 14 11999 1naush 4.60 A1 K szlismnndeimuald /L Iammives



MM 4.1 VIAYBINIUTAABTd M UNTIugUN 4.1

R LG LH W(pm) L(um)
M1,M2,M3,M4 400 5
M5,M6,M8 M9,M10,M11, 100 5
M12, M13,M14 M15M17
M7 283 5
M16 200 5

68

wamsfnEdansulfiRnunamsidenldim R Mfe 1kQ, 2kQ, 5k, 10kQ,

25k Q, 50kQuaz100kQ UsnghwaamswuiljiRnunsaidend R 1Ay 25kQ, 50kQ

= = 9y (] [ IJ s 1 F a:i
1Haz 100k Q ‘Dzllﬂ']‘li!lﬁunﬁlﬂuﬂﬁﬂﬂ‘H?Qllﬂﬂﬂﬂi:ﬂ'lm +8V Tﬂu'lmmﬂummmmumun

dwnaelda dagili 47 vasidmualiz, =imd, W, =W, =400um, L =L,=5um,

K, =1.8169x10* AV Vo =08V WAV, =V =107 @WAAY  92RUIN0INM3
@ounuuMININYe9sdaeTIsunsy  Cadence 92 Idnavessaussdulfiidaunlngd
Ruatuiaansel Ponaumsi (4.23)

400u

300u ¢

200u L

180u

0.00

I, (A)

—1@0u

—200u

1

R=25kQ

50

i Y
A

b

g 4.7 usamnvowsdulfiROniige A verreeslugilii 4.1 nsdiidenldm R g
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7.0m -
5.0m | R=1k€)
3.0mf

1.8m i

I, (&)

—1.0mt

~3.0mf

—5.0m |
—7.m: ......... I R e ol N R I 1
-1 —5.8 6.9 5.0 1@
V., (V)

" ar - ey ﬂ' A Ll ‘!.
JUN 4.8 uammavesURIANUNYA A ¥892993 U310 4.1 nsaliden]dal R Miovas

uazlunsaifenlds R Hillar 1kQ, 2kQ, 5kQ uaz1okQ smuhanuihuFady
o a wa o  ar 4 ¥ = 2 ¥ &
voausaul A szgniiadaonszue I, tiiesnnanudmuiinnlosyildnszua 1 #
1 o v
Tnadnesa B fifwn diosninaeesezdaiemailu Class AB udesiitonlvi |7, | < 41,
¥ ) 1
wie —4I, <1, <4l aniuiledimuald 7, =1ma uansineesezdviemldgndedied
nszud 1, oglugae —dmd <l <4md nn3Ui 4.8 wwituih sanszua 1 awinnd

' ) L - o i g
4mA uaz Yound —4ma wan liiflududuveausemnlfifauiy



70

iedumstuduinsulasdyana RMs dudygaWfhnszuansay Class
AB ﬁeammu'ﬁmmsnuﬂaaﬁmm‘lmﬂizuﬁﬁﬁ'ﬂugﬂ rRMS iiumdayana Inihnszuanss
TR ndudaeu 'lxiﬁﬁmumzﬂﬁuﬁ'fgtym‘lﬂﬁmmmuﬁuﬁnfu udounuumshiau
Tﬂuﬂauﬁtymmﬁuvgmﬂuﬁ’mmmﬂﬁiumuﬁ ﬁ'tyapmﬂﬁiuﬁmﬁuu wozdayaunau
mumaos amddy Taolddygusunnudazadudyaadinuirimy 1 kbdz Sve
ASIEIAY ImA  uazfmuald ¥, =V =10V, R =1kQ uag C,, =2uF ezl
Fyraenwiyniludyanuifvesm RMs vesdgyanunausod dyyundudmaoy ua
Foyaandumumaoy Sanlsznouifu 0.73mA, 1.05mA uas 0.62mA MUHIFY Fauans
“lu;ﬂ'?i (4.9), (4.10) uaz (4.11) muddy dadauiiuldaws rRMS 1ummqu§ﬁntin'l’5"lu
aumsi (4.7), (4.8) Uaz (4.9) MUMAY

----- 1 RMS 910N ¥3)

dyananeniynoiniaeilugyl 4.1

AL A A LA A L
60QAu fna" .
_//
200u L //
< : il T
~ —20Qul[
& ; |
—Bﬁﬁu:.
TR
2.9 5.0m 18m 15m 28m

time ( 5 )

i o a ! 4§ a s 4
3N 4.9 dyanauemiynueadaeslugili 4.1 dedunniudyapamnauynd
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2.0m =y DGR el S St e 1 RMS 9100
_ dgygpueniymnmailuplaa
1.80m . A,\?.\ B ey e~
. [
_§ 2.6 L[
—1.0m L o
6.9 5.0m 10m 15m 20m
time (s )

31 4.10 Foyanaueninnveadsslugilii 4.1 deduyniludyanundudimaou

1.80m

600u |

11 RMS 910w

fyaueniynnnaeslugl 4.1

20@u

—260u [

IRMS ( A }

—660u [

Ltk
o.

P & RN T (P AT | T P PR SR 1Y

quf 411 Fyanaueniynuesiaesluglii 4.1 Wedunnidludygrundumumaoy

1@m
time ( s )

|

2@0m
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] ¥
Wuinsh ldeenuuussnaniicnnsomasdyaa RMS  iudaaaIdih
3 A o A A a o A 4 A A =
nszuaase ldnnglniudyans Teodeliduanauduywniludyananiused adudmaoy
. o o d . v ' a
uazAdUmIMIMAY damnauemuniidlua RMS dannuAawainlszanm 3.25% , 5% uag
o o é ’ = d' - 3 dy =
6.9% MU IR FarnnuAanmaNiiadulin1ufanInHaveIsaisanisTuIes
LA RNIANNUAVTRYDIMINUIIA (time delay) ¥0929951)asdRyaia RMS 1§l
oo Ifnszuanss Weneasaldoud c,, Wiiauilu s00nF, 1 uF, 7.5 uF uaz 10
. g/ a = A d Ao = =t ' oo
uF uartoudaanadunnaduae AIAMUNNAY 1kHz JVUIANSZUAINY ImA 1Az
o 1 1o o U T
fmuald v, =V =10VuazR =1kQ  wwmunndygnauemyneziinmuisnm
1523794 2ms, 8ms, 28ms LAY 35ms MUAAD Auaaslugli 4.12 Fnanldnmsdenldan
aa 1 o 9 o - - . 1d o Y ]
C,, niannn 9 luaees aunsemhindyapasddlatianies uanildmmamiswaive
1 J é ’ ' ﬂ; ' o s < ' T
Pl Sawseagdldihiic,, idunn middyapasiidaianies uad
U [] Ai‘:l = Q 3 as = - LT N ] £
AIMINUAWN Hag C,, Nianies MindyapasUilelininn udtimmsnilananioy
s : =) - U | 3 = = ’ Vet [ o
aaiulumsivsaudens c,, mlglusestsmaaeni C,, Mianumnzauiumsn

2995 lih)szgnaldam

1.am Co
600U a5

200u I

—20@u L

has (A)

—B@du

—tem Bl il it et sl B
0.0 2@0m 4@m 8@m 80m
time {( s )

= ' ' = P B - 1 a
5U% 4.12 nanInIMInLIaa1vesees izl 4.1 Amaunulszmeny
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dlofmuald I, =1mA4 mm"lthﬂuﬁm’f'umﬂﬁqﬂ (maximum conversion nonlinearity)
dmsuduyanadunnlugn 104 B 1maTanlszana 2% MsReunuNMNILYeIN
ssdmumIdnngiidnidmivdyanasunniiunssuadyanusiod fiflvuiaves
Fygraudlu 1, 10, 20, 50, 90 uaz 100 wefiFuAvesFyYINITUTTUYNIA
vl

in(max)

E 1 = ¥ P or
=1mA) vlﬁﬂﬁ‘ﬂﬁllﬂﬂi‘l!‘ls‘lﬂ'lmﬂ’cﬁ’(’!ﬂ (Maximum Frequency) ﬂ’lﬂillﬂﬁdt’fiyiy'lﬂl
rMs Wudnyaa Iifhaszuanse Saaansevenldidu 1, 5, 10, 20, 40, uaz 40 MHz A1

¥ ] td
&y Taomanwdgegaissfimusahaou1di mildvamsmageumsinuuesies
ﬂ' ﬁ. ar =) l; 4‘. - 1 ' dl : o
Taoiuaudvesdyanadunn uldSesn udrfingand a manuiiug 29sdsdnse
damuihneslasdyana Rus Wudyane Iihnszuansseguio i uazasesdiania
Aenidetaiiszaninmllandiammidgegaiiumls  Tasaunsoaglwamsiiouve

32995 18 aluasnah 4.2

M 42 maugudnrazmnhauazmsnladgauveneszlii 4l

winiiaes HANSIAIULDUMITRINIUYDINDT
usaduIMAIsIE Fiivua) +3V to 15V
F¥ANTTUATYUNUTUNN (FI7A) 1mA
ANUAANDIAYBIOATIVYIY mm"lﬁtﬂm%mﬁumﬂﬁqn voad I

nyzualuY10 LA to ImA IMAY 2%

uowilayaniven manudgene
I, =10 BA(1:0% of Tyyup) 1 MHz
Iy= 100 PA (10% 0f Jpger) 5 MHz
I, = 200 PA (20% Of Lpyzgey) 10 MHz
Iy = 500 PA (50% of Iypyeyy) 20 MHz
Iy= 900 A (90% of Lyp,0) 40 MHz

' =1000 LA(100% f Ty sey) 40 MHz
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HAMSREULUUNMTMITUVDI90S “lugil'ﬁ 49,4.10 4z 4.11 uarasliviud 2993u)as
Yoyanat RMS ihudganar Idhnszuanseuny CMOS Class AB e hmiiannsomas
fanar AC Sudayana RMS 1Annguntudayene uosmeiiiumsuaasdiiiugumnians
Famwednees dledyanudunniia dlsznoumoon (Crest factor W3sveiSunde CF) i
e Taofidadsznoumeean3e Crest Factor it Hudasdiuvesdweaueundgaves
doyani(peak signal amplitude)ADARMSYBITYYIN (CF =V/Vyyo) Taovia o 1$lunsm
MANULLNUE (accuracy) VBIMTIATYY YU AC

SmeaeyTasdoumuumshanwenaesluglit 41 TaoldTusunsy Cadence ting
fmualddyanudunnuesies dmanlssnoumoenman 9 s 18910 (CF=1 81 10) 910
Yhummaifianaiauesdyana RMS (Conversion error) fimdasznousioensisng 9 uid
Suhai Idndounsmiauduiuiszrdie ManuRawmevesdaans RMS fuAnlszaeu
Moo
iledayanaduyitudayanauuiuiad (Rectangular pulse train) snsafmua Iideya aiim

CF mana 13 Taeinisanan /1 CF deiludyanavuiuiad fede T

J TR aR'sdd,

Jn
I l{}ﬂ 17=dutycycle=%l
1+ AL e T filo Mua)

Fuhusvhmsounuumshanveaes uglit 4.1 Sedgmpuvumiiod vwaniiiuima
dmiumdnszneumeeanndy 1 89 10 AIUNBANIUFMADI WS WNOTUEY SCNOSHT
Technology 0.5 microns Y84 MOSIS uazfimualddganudunniimailsznoumueaninig 9
TaoWdygnanssuadmaouiimmunm (M asfivhdy 1ms uﬁmﬂsﬁﬁgﬁ'ﬂmﬁlﬁ(duty

cycle) tve Iisi)szneumueatiauiiu lmummua (18410)
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2.6m .

Output signal
1.6m ;=mwmqwnﬂwmﬂww*ﬁ"-«j“-w“-wﬂ--q--«.---,-«--T-JﬁAT-s-.-u.

p: e Inout sienal
=
fg*' 2.0
6]

-1.6m A

0.0 4.0m B8.6m 12m 16m 20m

i 4.13 dygnunszumeniynuereslugili 4.1 o CF vosdygnuduym dawiiug

waznglii 413 Wumsuansiootie dograteminnvenseslugi 41 die
fmualddunnvesdayanasian cF nhivaes sz 1ddyg aueninniiniinlszinm imA uaas

Wiy TeesBeausavinan ldedalidssdnsnm

=
—8— Cav=1uF !

—— Cav=7.5uF

+C!U=|UUFJ

CONVERSION ERROR - %

CREST FACTOR (CF)

Ui 414 nsmlugasndiiuiszninednnudanaavesri RMS fuf CF
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MNNIIMANUFURUBIENIMANUAANAIAYEIA1T RMS AUMIAIUIZNBUAILDAYDIINTS
wlasdoymna RS dhudygnaIninssuaasauy cMOS Class AB Tugilit 4.1 dauaaa
Tug1/ 4.14 szituinavsdansiinanuniug (accuracy) ilodayanuduyniin cF faud 1 8
3 udedhalsia Hdyanaduwniis CF 1and 3 2esdaunsedam RMs 18 nswl
amudiiuisn et uRianaaves RMS Heudu CF fifumsuaasliitudenom
aunsalumsuasdayana RMS dudganalwiinszuansaveaises xﬂaﬁ'ﬂgmmﬁuunﬁ
amuARMREY (distorted waveform) aziiipInINHAvEIATOEHIEA (DC offset) Mnamylug
wlugilit 4.1 Seildiia cF v 1 ddnomAanaavesdt RMs hiviiugud waziile
AmualidygudunniianICF g A Rawaauee RMS Srufindu duil

ﬂ'ﬁﬂ'lﬂﬂ')'l'l.lNﬂlﬁﬂuﬂﬂﬁﬂfgﬂ[lﬂluinﬂ'lmuuiEN

4.3 2993u)asdeyna RMS Hudyanaiihnszuansaiieeniuuenases Class
AB n3dilFas0sgumdaivlszg

iiipannmsidenmdunulszy (C,,) Wavsulasdaygna RMs dudgyanolnih
nszuansavzdouiihullmudenluseannsi @.10) ielidygnoueninnisiidlod e
duhsddnlszaiics uF Yhimnzasdmivadinihinnudaiufeannaves
tﬁuﬂszqm’luﬁ’n’fﬂfrﬁqﬁimumaMﬂmfhﬁ’mﬁuﬂszquuumuanﬁ"aunszuﬂ (Current-
Controlled C-multiplier) 101290 2.63.2 wszgnaldfvssulasdyapu RMs 1y

a = et J
doyana Ithnszuaasadtinmnzaulunsadadiunes s 1838y
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4.3.1 MIMINUVDIDT

10 415 2evsiaadygno RMs iludaanahifhnssuanssheenuuuanaes Class AB

adq ¥ 1o o
nstinlgeesgumAnnnlszy

msmauenesiasdayaa RMS dludygialiihnssuaass Neenuuuanig
g 9 Ve d @ - o o
95 Class AB nififildasvsquadnnuilszy dwamslugihn 4158 Imsiauveddss
mileunisiauvessesTuiade 4.2.1 ndunudamnlszy c,, iz 4.1 Awnavsguain
o4 A £ ° v wod = ° v a
Wudszy uzdin 2,18 Famsiiauyesansgumannlszgiininureswsaesuy
Budrluiate 2.6.3.2 Wumsmhanuiiofondnnsves s e UnNsEuaUULIN (CCIH)
: 4 =
LazauIIURIZUALLYAY (CCI-) Jassmualiudnmeinisgm n =R, /R, Fewniodsy
' 1 - e 'd 3 =
arldonmsidend R, uaz R, wldduiulszynifadusendn wesn B iflounsind nie
c,, Hiauilu
cq
C. = 0:C 5 = (R R)C (4.54)
4.3.2 HAMSREUIUUM MO8 933930811 5Un3534 SPICE 494 Cadence simulator
welumsnageunaziutuinesiisenuuudinanaunsoiiau ldamundannish
e’ namfumsuaasinasguamdaiuilszyannsadssgnd ldiuasesudasdoyanu
rRMs dudaaliihnszuanse Mernsaaavnavesduiulszg1d Seldimszvuas
@Bounuunsniaueesrsss laold Tusunsudusegyl “Cadence” Tavldvuiaves

= 7 Ve b 4 T
NIuFmansnadlvergumadunulssylugdn 2.8 Wudeil W =50umuay
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L=5um MSAOULLUNITNINUY02995 1F N5 uFamnos W13 101ADT Y99 SCNOSHT
Technology 0.5 microns 489 MOSIS 151971 4.3 LAAIHADINMSIABULLUMTINAILYDINDS
Tugilit 4.1 Taouanslefaudidofifaunndyaunszia RMS () e
dne dedmuald C,, =7.54F Vi = £15V U 1, =1, =1mA nSouieniunsdin
i C,, dansesqumdaiulszgnngi 2.8 Tavdeya B luaeesguit 2.18 Whiuga A
"lmwsgﬂ'ﬁ 4.1Tausmualvn1 R, /R, =1,000 (R, =50Q UaZ R, = 50kQ),C,, =7.5nF Fartune
18 Copp =7.50F W@MIIMTADUIVIMIMIIMYENNS  udmAuleTidunsdilanin g,
MINATeR 4.3 nuimeesgaisdiulszpihauiuiuseslasdyana RMs dudyane
MWthnszuansald TaemwefisuasdTlannnsdiumumduiulszy ¢, Mvasguimdany
Usznngulit 3 siimnnniuesfisussdalunsdiitdauiulszgse Famfanaann
dMYpINYIURRINUYsEY HRNINEINYBINITIUNIUNTLUIAIVULIN LAZNITAUNIY
nssuenaudsina 3hiinde 2632 Tumims 2.52) sufulumswannitelesqaimin
1ﬁuﬂszqﬁﬂssﬁn§mwmfﬁ{uTﬂﬂﬂfi“ammﬁﬂwmmaﬂwn’fnum owh ldlauidonldeeseny

l:;d ) =
w1uﬂ‘sxumm1jizﬁmquq

a dd da = o P
39N 4.3 alesisuasidlavesms@uuupumsiinuvesnesiugili 4.1

Ad (H2) wefiguaiihila wefiduasditla
dloc,, =75uF (i1e14495 C-multiplier
100 11.56 11.70
500 2.30 2.54
1k 1.23 1.43
5k 0.29 0.39
10k 0.24 0.25
20k 0.20 0.23
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4.4 vnaqy

nnfiyﬂﬁnﬁqms’ims1:171mzaanuvmwmﬂmﬁtymm RMS Wudgygna sz
HULBIFE2195 CMOS Class AB i Taomsimsizraussouzuesans luTnuausedu uoz
Tnuanszud msdinaeisennuilfifnuvesass Foresudasdygn RMs (i
ﬁ'mumum"lﬂﬁmi:uﬁmsﬂuwﬁ 'NirsQﬂﬁ%’ﬁﬁfmmwﬁﬂmwmuw Class AB 2993n3La
snfidades wazansazReunszud i lorfsaesSoanszuaiuady ldeesawn
wiasdyga RMS ﬁmsqmﬁ'uﬁtytymﬂszuﬂﬁﬁu"lunngﬂuunﬁ'tgtym dlusmdyauad
18 uazdainesguisdaiulszgi Idinaueluumiz ynlszgnd1duuassulasdoyen
rRMS ludoanslwihnszuanss rﬁammsnaﬂuumﬁ'mﬁuﬂsmﬁ‘!%’“lmws'lﬁ 1,000 1M
mldesiianummzanlumsadrauiuaeess dmSvaanmsnaaen 1814 1sunsw
SPICE 11 Cadence Simulator ioutunnsiauvesssstiteiiunstuiudeaussous ms
FuunzguauiAvessesh idesnuvuiy Fwai EnnmsEouumsiauueaes

#10Talsunsy sPICE wu'liamnannsi ldiuaus’ld



ll‘ﬂ‘?; 5
2o mlasayanan RMS iWudaanaliihnszuanss

U IHuAnNS e

5.1 unin
M30BNIUYN9TTIMMILIMA I Taddueavensrsuasdyan RMS hidaygna
d 3

Iihnszuaassuuy Tnuanszuail dumsiauemsesnuuuaesumasdyars RMS Hhy

o a4 ad & a ' s o = as
dyanaIwthnszuanssdniiniia fnmmmmndrsninasesihieueluumd 4 Taogaauifvess
P o B -t "o - o 9 ) ' =
whieue luumilssvhaoluInuanszuaissoiado uazrnssziinnududoutiosnh Tavil
wanmseenuuuainenu Taoldfnyuazilveonuunsesilasdaano Rvs dhidayano'iih
v & o et EUREN -~ e o
nizansy TaoldugveanaTulatduea  #hididuvesnsGunssuauuuduniy uan

P & o w o id

M3vesHeenluuIUsENOUANINsZIAENAAIABY. 10InIIFURIMANUTR NI

L) 24 4 ° v e o ar o
OUALNTIY  1AZN9300ATINARDY  Lozievsgaumduiudsey  inldfunseslasdgya

ar o o o - o
RMS dhidgyaneifhnssianse ihifemnsoaannadifulszyidesldlnssuasdyg
RMs hidegnuinihnssuaass dielilammnzauiomsadeiiuaessnld gamoie
dunstududaursouzlumshauuasgudnsazsenasi dheve d@oumumsiha
ar ar _— é 1 d'
¥0929937110 T51N33 SPICE T Cadence Simulator 1oz 1Anaasafiuaensea dalsingualimii

AOARABDINUNANNIN Imitaue

5.2 nNslasdyana RMS dhdanallwihaszuansamulnuanszua nsdi

Weuns
5.2.1 MINMAIUYRIIDT
5.2.1.1 29smasdans RMS udaana@d
mn'msﬁﬁnﬁua‘lugﬂﬁ 5.1 MIMNUYBINIIATANANTAY0INYNITUNAINS
#03( Square law characteristic) ¥9IUDANTIUFAADT ﬁgn'lué’a‘lﬁﬁnma;ﬁmhqﬁ'nﬁa [5,6]
Taviinsmdaned M, da m, dadluasesnssuaenddiaes e M,, M, wag I,

¥
ﬁmmﬂmwi‘luaﬁni:uﬂmuqu (current controlled bias circuit ) ASHUNTZUA T, Hiauilu

[MARUIN N]

I, =1I./8I, +2I, (5.1)
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A o o o _ @ A

ienszue 7, uaz 1, Wunszuadyapauduaznszua lusamuddy iesnnsesnuuy 1y
i A o J

NITUANATUYDI NIWFNADT M, Twnszud 27, inesa A e indamnszuaad 1in

¥
nsEue I, AsiunInaums s.1 nszud ¢ dnszue 7, dauily

Isg =I;/8]b (5.2)

31U 5.1 29vsi)asdryapen RMS iWudaygnaidnssuens wwn Twusnssue

esaziounssua oM, Mlsznoudronsudaiaes a,une M, szasiounszun I, @9

1] s ' ar AI‘ " s ar & J

A ldadmvesiesnsesdyarunnuddrususuniluy Tnue  dnlsznoudises
¥ o o = o 4 r 3/

agneunszud (M,uazM,) wazdunulszyiiounsnd ¢, Fdevuiuduieesasieu

nszud vz 1dnszua 7, Wudaaums

oud 1 2
L G |13t (5.3)

4 1 ar ar .t; ' L. d
Taoh 7=C,,/,, Humndinm venawsnsesdygiunidarususunilag o

o o a o o as
Wi namdnoudauaud veamswdmaes M, dutulszy C,, Wudaifulszquuudens
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A3 119991n9AT V070 1 1ﬁ1ﬂﬂ@7«ﬂsﬁ~ﬁeuﬂs"umm (M, uag M,) uazved (M, uay

M, ), nszuerlude 7, gadudoe nszue 1, fafu

5, =1, (5.4)

mmmm ditmualiniugmney M,, Wivnanihiu V8 mwesnavemsudames
M“muunmm‘mswamnwmﬂas M, mni'luﬂs"uammﬂn Toys V092993 A 750)

warasn lédne
T = ‘/Efb (5.5)

UaTNNANNS (5.2), (5.3) 10 (5.4) uddumsiNowim 7,,, 1daez1d

f}
f oy 3 1. dt (5.6)

WNUIINTE ummm:nag‘lugﬂuummﬂmanﬂnnﬂawmmmammaermywmunmmﬁm
M3iof1 RMS VIFINﬂ'ﬁ mawsuﬂmﬁmfgm RMS iludygna I nszuaasaiun Tnua
nszuer Tugalii 5.1 mmimulmﬂﬂgmmnszuﬁaﬁmﬁuﬁtymm RMS ldnnadudoana

5.2.1.2 N9 138NMANNAANIADINAT RMS
Wesnnmanuramaluniseus RMs vimaslasdyanu RMs iudyanu
> - 4 by a ol il <y
Tfhnszuanss wINBYNUMANUHANAIARAY TasimA NuARNIAmAY Faina1n13uda
H L l& U “« IS. =) 4 - T o [
i avide 4212 FadudmRawaaiidann MANUHANDIANINAIAY Aauerag
Tuaums @.10) uog uazmnuAanaaiifanndyanusUidla faaasluaunsi (4.11)

MUAIAL

5.2.1.3 M3aenm C

¥
~ a

¥ b
wesnnlumaidensr ¢ vudeaden ¢ @i A lnginnioaweiivzi isUidaves

dyanaueninngnirnaliiismudesns iudedeudonlii |ZC|<<— Tugrennuin

m

4 £ o d vl !
auls e |Z.|= s Toohf=f., f.Aenumgelusniisimls wauie
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o L] o o 1 a' J A ar o o e’: y d‘.
dyaranseniidsresinh fautmuiuiuaeswivesdygusunn  dnfuitod
wliasasdyana RMs Wudyanaiihnszuams Sdyapaadienimmitinng

¥0331i)a (ripple) oo lugnannudisdeamsulasi madenldan ¢, mwsaduanld

90
1
I << (5.10)
27[(2f) CAV gm?(mn.t)
& '
mszaziiulan
gﬂl ‘max;
C,, >> =220 (5.11)
4T fionin)
Tavh £, Wumanudigalusasnnuinauls ua

gm’(rmx) £y V 2Kmem/LA VJ (512)

A0t 0 K, = 1.8169x10° | W =100um, L=5um wo L, =1, e I, fhmuna

b
@ o

voe uowldyavonvesnsruadoayin (peak amplitude current) My

Gy = 8325 x10° [T, 4V szmununsditiszdeadonsh

-3
N 6.78% 1071,
f;'mr'n)

(5.13)

ardoyapuduynadulsi Al 7, =1 md uaz £, =100 Hz vxdesudonan)szunaduiy

iszy C,, >>2uF Fniuernidenln C,, =7.5xF viowmnan'la

Taslinanmsinin q lumsmfe ¢ astimunnhmdmnduvesslilafveysy
18 dedruzu SdeamsIHETUA ssans 1% (1 percent=0.01) N3 1znziiu C,, A3vziia
1/0.01 %3 100 IveANBNMIA MY NITDYBITUMS (5.13) 1ufe inwa Sy =100 Hz,

I,, =1 mdvgdoudonld C,, =100x2uF =200 uF wolisidlagnirwamiitszann 1%

an laeenuuuly
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5.2.2 AUIIOUZUDIIIDG
¥ ' 1l v
ez 1dnswanesildeenuuuyniuianuansotaziasnavedseans
i 3/ 4 S a S - wa
amuazaussouz lumsl¥anumnieoiosla Savnsantaral§inauvesnses Tasaes
[l ¥
wlasdygna RMS iWludgygnaiiihnszuaasawy Tnuanszuaioonuuuil wzfinisen

¥
¥ fuRnuvesnszuadygiu aamsanizvae li

5.2.2.1 ¥rulfiRam

1n9eslugli 214 nowdmees M, §1 M,duzduuuvesinszuaeniida
aoy Taull nawdmaes M,, M uoz nszud 1, nnundanionszuanai ugiuuume

3/ o = - o Yoo = o ar : A - =
afauseaud et e ludadivinnueansmdames M, auniudieilinszuadunn I,

] . ' ¥

Hloudnnign 4 vevuvsnszuavnmdeaes el ludunssuaduda dniudes
Tinswdmassveamanndaga ludalihanlududus enszlieeshanuiiuaees
. 4 b &
snMdsdesnudesns Fezldaumsvesnszumasuvemsmdoaes M, uaz M, uds

dlf
U [AIARUIN 0]

(4]b -[in )2

= ,
oo 1, |<41 5.14
D1 ]6Ib e I ml b ( )
uaz
(41, +1,Y 4
=A< £ | <41 5:15
D2 ]6Ib ) I rnl b ( )

uaznITUMOMYNYBINTIRfdaes I, ogluzivesaumsonmidades Asauns (5.1)
£
Aaiusseshaoiuluawaunisendidenesld dwnavesnszuadygnandh 7, i

ATUAUNIT

o

<41, nie -4l <I, <4I, (5.16)

4 o ' { o ) o o 1
doulvdwnardlunaii ldniwdmasiuoaa M, 89 M, daomlugranszua

as

ﬂ. J o o e o ey i
auia Feezih liaseseniidedes haumuguauianesnuuy’ld
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= d ci a ey
5.2.2.2 fni'Jlﬂ'j]3ﬂﬂ']]uﬂﬂnﬂﬂﬂ1“ﬂﬂ~r}‘lﬂ1

o

msdnszidmmaUFiaou aunsomldlamsiinaesidgaamnondn S
mmq'lﬂﬁmph‘ﬁnﬁni‘fu‘iznhwuﬂmm:mmammuaamm%ma{fu 9 INMIBBNIY
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52.2.2.1 RN INAIMYBIINDINTUTBNMAITB1
2esnszuANiIAI@ey Usznevdtsueansmdmans M, 81 M, Fairanuilu
Wedduonidades Tavfivoansdmnes M, , M, uay 1, vawhinduaees luneanssue
AUAN (Current Controlled bias Circuit) #4317 2.14 Tavinrsamavsauya o dins 1z

AR v TR il

r

l Isa b )
M, ga t’ Emi(V V)

1, 'Dut

0]

©
®
L

Ip2

e [ ® N
- : 5 Mg : k AR/
w |

il
.

-

‘lbf In

3

Vss l =

5.2(n) 52 ()

i 52 msdmszimmmwiyfiRouluduesnssnszuaeniidares

§ a a o ar o
oNsRNTZIEDUNYBIININTIABNMIdTes A NSzua 7, nszumeniynde 7, 1n

3N 5.2(9) Taomsiszyn@ld KCL # node 2 14

Ly +[ 80 (N =12)+ gm (Ve =V2)]=[2m +5(C +C, +C) W, (5.17)
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Taums1lszynals KCL # node 1 14

Ig, zgdl(V;_V2)+gml(V:|—V2)+gm3V2+gd3V3 (5.18)

lumsiszunamaums Mrualiawes ¢ >> ¢, 1@uo waznnauMs (5.18) uag (5.17)
gm gd

¥
wld I, /I, imdail

gm) _gmi
Iy(s) _ (G +C,+C) i
Ii" (S) s+ gml +gm2

(C+C,+C,)

detmuald €= C,+ C,;, Co= C,.+ Cpy WAZ C,=C, 1+ C,p MMualilums

g2 2

DOANUUNINM g, = 1.267x 10° AV', g, = 1.213x10° AV', g .= 1.214x 10" aV', C =

gsl
C,.=C,,=492.3x 10" F,u0g C,; = C,;; = C,yy = 16.37x 10"° pF
WuAenINauMsN (5.19) 29959zlivaiitan A uANDge 1BI9IAA1 Tna 1 Aafe
::d' .-.i ) ad a P - o & o a
pudnnis wie £ iumindadisaniniafitavesmninudnininveaees
NITUAUNMAITDI WU

= Em +Em
" 27(C +C, +Cy)

VAMSUNUAMUN £, Timaamdgeganlesnssuduniaass vamldlszunm

(5.20)

W 258 MHz

5.2.2.2.2 91709 1N IHYBII D TAZTOUNILUT

fiosnmsdinsgimmaumlfiReusesnestes irmanluumii 4 ade 4223.1
wuhahiamshaumeuamaveses {"i’uag’ﬁmqMﬂ:ﬁaunmtmmuﬁQﬂaaﬂﬂmum
lmz'n'iﬁﬁsﬁauﬂszllﬁﬁi‘ié‘m1'c'hu11aqmzummﬁ'v!mianmmﬁmw (1,,/1,) \pAN 1 1M
thnsunesilasdaans RMS Shidaana wthnszuans sy Tnuanszie ﬁuﬁﬂﬂugﬂ s1il
wilszneudimavstesfidhnsazfounsaua fie CM, 1 CM, uavrssenddeaesd
Yszneudrwrsesasdounszua oM, Taoii 2sesasfounszud CM,, CM, uaz CM, i
vsazHeunszuanisandumsazfounszuanindy 1 duhlumsinszimaand
YiiRmuenns Tugli 5. fiSseusoiinsannndmvensaziounszua CM; uaz

as L) o q"
CM, famsansizae 11l
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Toue
| T
M, ® = 3
[——4>—{ Bas
M, M,
Vss A1
5.3(n) 53(v)

i 5.3 msTiansimmmwBl§iaeuludiuvenssasfeunszuauuuay (€M,)

nngl 53 () Whnsesazieunssummuay (CM,) fszneudsueamnsudmans
M, oz M, tieinsannssuaBunnvossssaziounsie (€M) Ao nssua 7 nsvue

in6

s =)
lmMynae 7,

ngalii 5.3 (W) 1nems1)segnald KCL i node 6 18

[gm6+S(C6 +2€6):|V, =-I, (5.21)
Taums1szyndld KCL i node 5 14

Lous = 8asVs + & sV (5.22)

¥
sk lumalsmnumaums  Amualiawes ¢ >> g, U NMiuunum ¥,

VINANNITN (5.22) a3 luerumsn (5.21) 1214

A gms
Lanlp) | (C.+3C))

Is (s) (s+(q,%éﬁJ

(5.23)
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wedmuald ¢,= ¢+ € w0z C,= C, .+ C,,, Srimualilumseenuuy 2vsilm g, =

85

f CKJ-‘ 5

1.213x 10° AV',C = 492.3x 10"F, C,,=2C,= 984.6x 10"°F,C,,;= 16.37x 10"F uaz
2C,,, =32.74x 10"F

M
o o b 4 =

NUNNINAUMIAN (5.23) Wseziivadiianeduanudgaiiossina Ina 1 dafe

o 4 =

amwdiges wie £, Wusnudndaiisanniaiiiavesmshauduanuiivesisns
ALNOUNTZUAUVVAY (CM,) WUN

gmﬁ
* 7 2x(C,+2C)

VIMIUNUANUDT £, UfNudgeganaesasiounszuauuuay (CM,) 11

(5.24)

Ta1szuauminy 127 MHz

uazmIAnsamManuflicnuvesesaseunszuaunyiynesnnaioga
WuUYIN (CM,) AegY 5.4 (M) Nlszneudsneamsudmnes M,,, M,, uaz M,, Taoidmua

9 = P - ¢ o 1 4"
M 1, = VBl = Iy W0E Iy, =1, TaoTavsauyanldlumsiingiey dansde Ui

5.4 (n) 5.4 (%)
1 = o 1 a (& wa T -
g‘ﬂﬁ 54 m‘nms1:14'rr1ﬂ1ﬂ'nunﬂgwmu“lumuﬂmwwsﬁzv’faunszummunqﬂeﬂﬂﬂmu

YAUVVVIN (CM,)

WeNnsaNnIzIABUNNYINITALHOUNTEUT (CM,) fie nszud 7, NSTUADMYNAD

inll

Lys 910317 5.4 (1) Taons1ls2gnald KCL i node 11 14

[gmll +S(CH +C, +‘/§CH):|VH =l (5.25)
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Tavm31seyndld KCL i node 13 14

Toris = 8uisVis + 8umisi (5.26)

3
ueadvanulumsdsznamaums fmualdiwes g, >> g, wWue nmiuunusm 7,

VINAUMSN (5.26) s luaumisn (5.25) vz la

Emia

_ (cu+Ga+BG,) e

Emi
(Ci+Gi+48C, )

S+

Wofmuald C,= C,.,;* Cuyys Cpi= Cpppt Cpapa WE €= Cypt Cppy Simualilums

OONUVUNIITUAY g, = 2.351x 107 AV, C,,=C,,;= 1.204 pF, C,,,=\8 C,,,= 3.407 pF,
Coupy=Cu1y=0.02126 pF 0% C,; = \/8 C,,, = 0.06017 pF

' P Ml o e ¥ a A ' o A
WUINAUNITN (5.27) 7Qﬁ5ﬂ$ﬂﬂﬁ91ﬂﬂn14ﬂ‘|uﬂ3‘luﬁq@luﬂqinﬂﬂ‘ﬂ“ﬁ 1 AR89

[}

& A A ada A ale e s v o
ANUONTIY 1O f; ﬂuﬂ'Jmt‘l'nmﬂl'umil‘lﬂ'tlﬁﬂ‘lﬂﬂ'llmﬂ‘liVl1~11uﬁ1uﬂ')1nnilﬂ\1')4ﬁli
ﬂzﬁa'uﬂ‘531lﬂlluuﬂgﬂﬂaﬂﬂaqulmvv’m (CMS) 'W‘D'i'l

fi= Emii
27(C+ C, +48C,)

(5.28)

VINNMIUNUAMUN £, TAIANNDGIZANITALHOUNSLUALDVLIN (CM,) 197U
18alszainaumiiny 64 MHz
A a = o A |a va o o
ienesanmMsInzimnuljiansvenssslasdygu RMs Wudaya
| ] < a "
Thnszuaasnuy Tvuanszug Mubsmsinngieonitiuadin 4 muesnlsznouvealns
6oy ADIVINTTUAUNMAINDY LazINTATNDUNTZUAVINUAZAY WUTIITHUATIAAMS
4 A ' ot @ o
AuANudge Wesnnmina 3 Mdwiufe £, £, uaz £, Asaums (5.20), (5.24) uay
(5.28) MUAIAY
o e’: ' n'; A = 2w o ¥ - J ¥
AIUUWNWUN fi< £, < f; HUADYATINANMININUNNATUANIUDUBINTIZVUDY
AuesazRounszuaUULIN  (CM,) uvvligaeenvaiya  uazesnuuylWinszua

4 " YUU0NL 2
Iy =8I, Fsemnsomau lananudgagaimios 64 MHz
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5.2.3 PMINAADY HANINAADY HAZMSIBEHUVUMINNHVR5alY

SPICE lu Cadence simulator
sy ¥ @ < o & A A o o
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5.2.3.1 MINAABIATHANTNANDA

vhimsnaaesad1nnesessgy 51 Tavhmsdevunsamensnsesduuny Tasued
winildithudu-wed uaz #-we thimnueamnmulu 1 wed cp4007 Fameluilszneude
1DU-ued 1oz H-ued othaz 3 i

INNINARBININNUYDINDT Tﬂuﬂauﬁ'tytmmﬁuvgmﬂuﬁ'a;mﬂmﬂﬁ"umuﬁ GRIGTLY
AdudAMAnYy uasdyananiumumaoy muddy Taolidyanaduwnusazadudygnaiin
AW 1 KHZ Snnanssuaindy 10 u4 uazdmuald v, =V, =10V, R =1kQ uay
C, =1uF éwz"lﬁﬁ'mqnmmﬁvmﬁ'luﬁ'agqnmﬁ?ﬁvmfh RMS 'umﬁ'mutymm%umuﬁ Ay
adudmaoy uozdyanunadudumaoy Smsznanhdy 75 44, 12 44 uay 45 uA o
i dagUii 5.5, 5.6, oz 5.7 mudAy uamslfithmessensofivasdyane Ac Tug
Fyananaumnd doyananaudmaes uazdyananduamumaos dhidyya De Aimuhiy
M RMS vouwazatudyanaduym Tasiimanuaanainlunsdivesdyanadurmaduannd
ﬁ'iyﬂpmﬂﬁ'uémﬁuu ua:ﬁ’rgmgmﬂﬁ"umumﬁ;uu i 10% , 20% waz 22% awdAy many
RewaefiRanansnaassiievfnmneedisnmelines Wemnmmmmaifuvewsamin
fhinsefuuuuianin vz hisunsomineess Avhfunsdnuuumahmmens &

¥ »
Tulah inamn uRaNeIENNANINISIAIULLIIN SNINYe 995320 1151n5 Y SPICE



CHI=SmV CHZ=SmV - : i 2ms{div
oC k1 . DG E1 : ; . (2msydiv)

CHI=SmV . CHz=smV : ¥ ; i : 200us/dv
oc oCc 1 : - : : (200us /div)
: o Y~ : RPN, iy

i

91 5.5 ()

s 5.5 dygraseninnuesiaeslugdi 5.1 diedayanaduyniudyanumnd
5.5 (M) ANUDVRIT Y IUBUNNINIAY 500 Hz
5.5 (¥) ANUDVBITYYIUBURNINIADY 1 kHz

5.5 (1) ANUDVOITYYIUDUWNIIIAY 10 kHz
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DC 11 DC 11

CH1=5mV CH2=5mV o 200us/dv
oC 11 oC 11 : (200us/dv)
b PR T WL Y ;lAlLl;L]?L.l
""r"‘ﬂ"""'ﬂ"r‘ﬂ'ﬁr"”'ﬂ""
S8
-
L.u.‘ g,.b_.u..bj.h-n_.-..q. Ld.h..-l.n_._.u

1
|

;ﬂ'?i 5.6 (M)
i 5.6 Fyaaueninnuearseslugilii 5.1 dedyapasuwndudyguimion
5.6 (M) mwuﬁvmﬁugmmﬁuwmﬁ]ﬁu 500 Hz
5.6 (¥) ANWDVDIFYANUBUNNIINAY 1 kHz

5.6 () ANVDVBITYYIUBUNNINNY 10 kHz



CHI®SmV : CHz=5mV - : : . 2ms/dv
[ 3 H B v : : o (2msydiv)
: : : 1 : IR it

31 5.7 (M)

3
CHI=5mV @ CHZ=SmV t i Imsfdiv
Dc 1. DG 1 : : i (Imsydiv)

g
CHI=SmV ©  CH2=SmV : : i 200ug/div
oG 1 (15 bc 1 2 : i (200us/div)

R &

31 5.7 ()

H ar i 4 4 s = s i
Ui 5.7 dygnanemivnvesisesluzih s disdyapasuwniludyapaamaoy

5.7 (1) ANUDVDITYYIUDUNNININY 500 Hz
5.7 (¥) ANUDVOITYIUBUWNHNAY 1 kHz

5.7 (M) ANUDYDITYRIUBUWNINNDY 10 kHz
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uaznIRaMINAaDy Aeglii 5.5, 5.6 oz 5.7 uansldiud dewlsmaimidves
nszuardayanesunn il 500 Hz, 1 kHz uaz 10 kHz 2993 g1l 5.1 Seemnsamauiung
asudaadeynnen RMs udygnaifinszuanseld Tavs RMs i lnndaanaeniyn
dafidned hinsawnai uaninnﬁ’&'mU’hﬁfhmmﬁﬁmmmﬁunnqq'fu wesiduasyl
Wavesdyy i RMS 12anad éqﬁaﬂﬂf’{mﬁ’unqyﬁ Faeums (5.13) dennuanismnniy
yaizidmualidufudszefimned udne 13 ulesisudsdaimana

NaMINARDiidiaeandeafuRAMsIATULYUMITINYeI99s AauTsunsy
SPICE W Cadence Simulator i 19W151iia0 489 CMOS CD4007 #2v Humstuduinans

[ ¥
wlasdyana RMS Wudyana Ithnszuanase Tugdi 5.1 dawnsaou1dg

5.2.3.2 m3lmouuuumsnauveses laoliTilsunsy SPICE lu Cadence
Simulator
o a - 'S - 3 o o =
dmiumsanszikanouaueamanunezlslysunsuduiegl “Cadence” iHou
o 4 A - ' ) o A
HUVUATRIUYE999s 1B dlumsnaseslidnlszqudiroudianduiiionn
INUHINANDINTIAULVY MWITNDIA1E 9 Y93 CMOS CD4007 lanadouuazfiiuin
4 - 3
Tao19357 1dlauotuluenais 81384 [10]
& 1 = o o ; ’ A
Faozlgmmnsliinesastl K =33.78 ud/V , ¥, =12V wag W/L=20 ety
@ 1 { 5y o a P )
mMsnadauLAziuiuINwITRtenuuuRInanannsaau ldanmanmsiiaue 13 Fane
Tugunselveswpansmdmaeiudazaa Tadmualiiial w uaz L Tadaeas1iluasei
5.1 1At W D Channel {12 L 10 Channel Length Han15(@0ULUUM MU dziaaalumss
o ar 1 A ~ ) 4 -y
HAPINIANHAUZYDY 2997 AIMIIR 5.2 Fudumsdinszimyrennutl§iRaueases
% % 4 % A/ g &
wlasdyana RMS Wudygyaiilthaszuaasei ldeonnuuiu wesmualiiidyaudu
e :‘ el
wniilunszuadyanuanni Alvnavesdygnoauiiu 1, 10,20, 50, 90 uaz 100 Wesrudvsa

o = 4 & ] - =
ayauNITUAOUNNIgA (7, =1md) ldwaduaaarnnnudgegqa  Nassulas

in(max)

Ay RMS Wudyana lihnszuanss Sarunsavian &y 10, 30, 60, 100, 150, uaz

150 MHz @ ua1au



M319N 5.1 VuIAveINTIFmAes dmi s Tugili 5.1

NIUTNADT W(pm) L(um)
M1,M2,M3,M4,M6,M7,M8 40 5
M9,M10,M11,M12 100 5
M5 80 5
M13 283 5

Mm31eN 5.2 Msnguanvusmahauesmulasdyaaveaeslugili 5.1 nsdily

=Y = o
NIIUTAADI WIS INADS VD3 CD4007
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wsimes HANSIAUUIUUAITHINYYD905
HIIAULNAINY (RH1HUA) 3V to 5V
FRNTSUTTYYIUDUNN (IgA) 1mA

ANURANDIAVDIDATIVENY

A hifhuFaduinniige veedaan

NSZUATUSIG10 22 A to ImA 1NV 2%

uonilsyanien
Iy =10 PA(1.0% 0f L)
I, = 100 LA (10%0f Ly0)
I, = 200 LLA (20% Of I,))
Iy = 500 LA (50% Of L s,0,)
I = 900 LLA (90% Of Ty
Iy =1000 LLA(100% OF fpygsr)

MANUDYIYA

10 MHz
30 MHz
60 MHz
100 MHz
150 MHz
150 MHz
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5.2.4 HAMSPEHILUMIMNUYBI393 Inaldimaluladl SCNOSHT 0.5 microns 68
Tﬂmn'm SPICE 4194 Cadence simulator

iinsnnmseenuuuisssuasdyga RMS iudgygnaindhnszuansaluinen

¥
=i

a o 9 %J ﬂ 1& a ar u’: & ﬂ I
UAUTU ADINTODNLUVLUASAIIUUUNITIW IADTI AU IWBILUMTNATDULAZUUIUTN

.
Lo el 4

2evsieenuuudsnaansahe ldammanmsiiauel? TavldTusunsy SPICE wes
Cadence Simulator WINSAUULVUMITIINUYDIINT ﬁ'q;ﬂfr"r 5.1 AWNTIUFAADIWII
finosues SCNOSHT Technology 0.5 microns ¥ MOSIS Famwluginsaiveswes
ninFameiuaazad s mualiia wuas L Smdwana13lumsai 5.1
Weiilumstuduinesmlasdyga rRvs dudganaiithszuaaswuyTnua
nszua ﬁaammuﬁmmsnuﬂmﬁmmmnszuﬁﬂﬁu’luzﬂ RMS iiumdayans Infhnszue
aseldnngundudag 'hiiwﬁ’ﬂmm:ﬂﬁuﬁq;fmm"lﬂﬁfgﬂpmnﬁqm'11fu Judouupums
v Taefleudaapadunniludygpanduanl dyaundudmion tasdyyundy
aumaon mudidy Taslidgyenadupnudasatudygnadimanutivhiy 1 kaz e
AsTuAAY 1mA uasdmuald ¥, =V =10V, R =1kQ uazy C,, =2uF #ezld
Foyaaeniymiludyanadfvesd RMS vesdamandusioy dyaandudivao oy
ﬁtgapmﬂn"'umumﬁun AN 0.73 mA, 0.98 mA 1A% 0.6mA AWAIAY AILAAT
Tuzalfi (5.8), (5.9) uaz (5.10) audriy Fedanihlumud RMs lummguiinan 13

AUMSIN (4.7), (4.8) 1Az (4.9) MUAIAY

----- i1 RMS 90N

ar 4
1.0m g uemMyNINes lugl 5.1

L A A ] .

6¢0u "' 1 Ll

200u |

Irms »

<200u|

—6G0u [

o R

0.9 5.0m 10m 15m 20m
Time, (S)

71 5.8 doygrmueniynveeeslugili 5.1 esunnidudaanunauan




1.9m

6@0u [

IR.MS ’ (A)

—6@3u

—1.8m

0.9

200u |

—208u [

T T
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----- 11 RMS 91N ui)

dygrueniymeinieslugl 5.1

e e 3 ey

5.8m

Tom 15m ii’r}m
Time, (S)

511 5.9 Foygraueniynvesisesluzili 5.1 Weduwniludyananaudivaoy

1.0m

600u

Irms 5 (A)

—6@8u |

s

51 5.10 dygrauem

U v

—200u [

- - A1 RMS 91nnqui)

___ dygraueninmeinaeslugy 5.1

20Qu |

.........

WNUBINVG

N revhaoatlos o
19m 15m 20m

Time,

Tugili 5.1 diedunmiludyananauamioy
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1 AN ¥ as ' d,’ @ a
wudnesildeenuuudananiannsouasdyga RS ifludaanaliih
3 A'I @ A Ao a ar d'i 'd A A -
nszuaaseldnngndudyen Teodieliduygnasuyniiudyapunaumenl aaudmasy
uazadua ALy dyanauemyniidum RMS fimanuAawaiaszun 1.8%, 2% uaz
o _ @ A ' = cia J dy -
3.44% MUMAY FamanuRanaaiinaduiio1nnannnavesearivan 1o luIIes
uazfinsanguauiAvesmsnizanawenssifasdygia RMS Hudyaovl
Thnszuanse ienaasadeua C,, Wiiauilu s00nF , 1 uF |, 7.5 uF uag 10 pF udailou
ar = & ¢ A - v = oar o v
Fyanudunnaduaned Nianudmdy 1kHz  Tvwnanssudniy lmA uasimua i
V=V =10V UAE R, =1kQ  sxiunfidyansueninneziimmizwanlszane  2ms,
5ms, 27ms LA 35ms MUAIAY Awaaslugzli 5.1 Tenanldhmsidenldn c,, Alian
o 3 o = =y g o 91 1 a0 2
q Tuaees ensamiddaanasiillainanios uaniinaimsniauna1vesesinunniu
é L) { ' © ar - - 1 ]
dw deaseagl1dndc,, wisnn mlddygrasddaisdes ualismniaaam
' £
nn uaz C,, niianies middygresiitlaiidunn ualimnmsmiwanios  dniulums
#nsandena C,, wiFlunestmsdonsr c,, MWlanuminzauiumsinesly

o'
Uszynaldau

i,

it

...". HIAF RN
Li J it g)
3
q

3 o o

5UM 5.11 uaAImINMsNLa9a11992995 1ugUN 5.1 Amdanulsegaeiu
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dofmuald 1, =1ma s lidhuaduinniiqe dmiudygrusuwnluge 10 u4 o
LmAfialszna 2% Ms@ouuuummauYensdmiumsInseiiFmnuidmiy
Fyanasunndunszuadaygumnnd idvnavesdyanandu 1, 10, 20, 50, 90 uag 100
nlesirudvesdyananszuadunngaga (1 oy =1mA) 'lé'naffauﬁmiwm‘mﬁqqqnﬁu
viuasdgyapa RMs Wudggnaiwihnszuanss dsaansovan 1@y 3, 18, 30, 40, 60,
uaz 60 MHz mw@1ay Tavausaagilnanmsiauyesnses Iddslumsied 5.3

MM 5.3 ArsnfuanEazmsihnuezmlasdyyinuedanszi ¢.1)

Wsines HOMSIREULLUNSTHIIUYD92905
UsIUINGIDIE (i) 3Vio 15V
FNNTUATYYIUTUNN(FIYA) 1mA
AINNUHANDIAVDIDAT 1YY s lidhadaduinniiqe veadayear

ATZUTTUFIN0 1 A to TmA 1NN 2%

uow/aganiven Mnigaa
Iy =10 PA(1.0% of L) 3 MHz
Iy= 100 BA (10% of Ijp,0) 18 MHz
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MANUIN A

aluslannaveansiusdainos nis I neninus

- wsieed veaueansuFaaes malulad SCNOSH 0.5 luaseu ves MOSIS

* N72A SPICE LEVEL 3 PARAMETERS

.MODEL CMOSN NMOS LEVEL=3

+PHI =0.700000 TOX =9.6000E-09 XJ =0.200000U TPG =1E+00
+VTO =0.6573E+00 DELTA =5.9880E-01 LD =1.9240E-08 KP =1.8169E-04
+UO =505.1E+00 THETA =1.8930E-01 RSH =8.7930E+00 GAMMA =0.5569E+00
+NSUB =1.2090E+17 NFS = =59090E+11 VMAX =2.7440E+05 ETA  =2.4370E-02
+KAPPA=3.2050E-01 CGDO =4.0920E-10 ~CGSO =4.0920E-10 CGBO =3.8892E-10
HES =5.6415E-04 MJ =7.3366E-01 CJSW =2.0000E-11

+MJSW =6.7865E-01 PB =9.9999E-01

.MODEL CMOSP PMOS LEVEL=3

+PHI =0.700000E+00 TOX =0.6000E-09 XIJ =0.200000U TPG = =-1E+00
+VTO =-0.9269E+00 DELTA =5.0100E-01 LD =3.4410E-08 KP =4.2121E-05
+UO =117.1E+00 THETA =4.2150E-02 RSH =9.0910E-02 GAMMA =0.4354E-+00
+NSUB =7.3890E+16 NFS =6.4990E+11 VMAX =1.0000E+06 ETA =2.7270E-02
+KAPPA=1.0000E+01 CGDO =2.1260E-10 CGSO =2.1260E-10 CGBO =3.7864E-10
T =9.2997E-04 MJ =4 9086E-01 CISW =2.2251E-10

+MJISW =1.6669E-01 PB =8.7837E-01
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- WSR3 VRWRANTIUTAADS TI CD4007

* TI CD4007 SPICE LEVEL1 PARAMETERS

.MODEL MNMOS NMOS Level=1

+GAMMA =0E+00 XJ  =0E+00 TOX =1200E-9 PHI =0.6E+00
+RS =0E+00 Kp =111E-6 VTO =2.0E+00 LAMDA =0.01E+00
+RD =0E+00 CBD =2.0E-12 EBS. " =20E=12 PB =0.8E+00
+CGSO =0.1E-12 CGDO =0.1E-12 IS =16.64E-12 N =1E+00

*The default W and L is 30 and 10 um respectively and AD and AS should not be included.

.MODEL MPMOS PMOS Level=I1

+GAMMA =0E+00 ~ XJ  =0E+00 TOX =1200E-9 PHI =0.6E+00
+RS =0E+00 Kp  =55E-6 VTO =-1.5E+00 LAMDA =0.04E+00
+RD =0E+00 - CBD =4.0E-12 CBS =4.0E-12 PB =0.8E+00
+CGSO =02F~12.€GDO2E*12 IS =16.64E-12 N =1E+00

*The default W and L is 60 and 10 um respectively and AD and AS should not be included.
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SEMICONDUCTOR ™

CD4007C

Dual Complementary Pair Plus Inverter

General Descripﬁon For proper operation the voltages at all pins must be con-
strained to be between Vgg — 0.3V and Vpp + 0.3V at all

The CD4007C consists of three complementary pairs of N-
and P-channel enhancement mode MOS transistors suit-
able for series/shunt applications. All inputs are protected
from static discharge by diode clamps to Vpp and Vgg. Features

W Wide supply voltage range: 3.0V to 15V

A High noise immunity: 0.45 Ve (typ.)

times.

Ordering Code:

Order Number | Package Number Package Description
CD4007CM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150" Narrow
CD4007CN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS~001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appanding the suffix letter “X" 1o the ordering code.
Connection Diagram

Pin Assignments for DIP and SOIC
Voo

‘u l13 12 |n in 9 8

1.
e

I
e 1 S
I]'I- \ -le ) |H‘- : ‘HIS 6 7

Note: All P-channel substrates are connacted 1o Vpp and all N-channel substrates are connected to Vgs.

Top View

© 1999 Fairchild Semiconductor Corporation DS005943.prf www.fairchildsemi.com

JalaAu] shid Jied Aiejuswajdwo) jeng 2200vAD
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CD4007C

Absolute Maximum

Voltage at Any Pin

Operating Temperature Range
Storage Temperature Range
Power Dissipation (Pp)

Ratingsmote 1)
Vgg —0.3V to Vpp +0.3V
—40°C 10 +85°C
-65°C to +150°C

Operating Vpp Range
Lead Temperature
(Soldering, 10 seconds)

Vgg +3.0V to Vgg +15V

260°C

Duakin-Ling O e 4+ This deion ikl ok 16 Corwotad o dladts: Wit the powe on
Small Outline 500 mW  because high transient voltages may cause permanent damage.
DC Electrical Characteristics
Limits
Symbol Parameter Conditions —40°C +25°C +85°C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

I Quiescent Device Vpo = 5.0V 0.5 0.005 | 0.05 15 | pA
Current Vpp =10V 1.0 0.005| 1.0 30 HA

Po Quiescent Device Vpp = 5.0V 25 0.025| 25 75 | pW
Dissipation Package Vpp = 10V 10 0.05| 10 300 | pw

Vo Output Voltage Voo = 5.0V 0.05 0 oo 005| V
LOW Level Vpp = 10V 0.05 0o | oot 005 | V

Vo Output Voltage Vpp = 5.0V 4.95 495 | 5.0 4.95 v
HIGH Level Vpp = 10V 9.95 9.95 | 10 9.95 v

Vi Noise Immunity Vpp = 5.0V, Vo = 3.6V 15 225 | 15 1.4 | V
(All inputs) Vpo =10V, Vo =72V 3.0 45 | 3.0 29 | V

Vin Noise Immunity Vpp = 5.0V, Vg =0.95V 36 35 | 225 35 v
(ANl Inputs) Voo = 10V, Vg = 2.9V 7.1 7.0 | 45 7.0 v

IpN Output Drive Current Vpp = 5.0V, Vg = 0.4V, V; = Vpp | 0.35 03 | 1.0 0.24 mA
N-Channel Vpp =10V, Vg =05V, Vi=Vpp | 1.2 10 | 25 08 mA

IoP Output Drive Current Vpp= 5.0V, Vo=25V,Vj=Vss | -1.3 =11 [ -0 0.9 mA
P-Channel Vpo= 10V, Vg = 9.5V, V= Vg5 | -0.65 -0.55| -2.5 -0.45 mA

Iy Input Current 10 pA

AC Electrical Characteristics (Note 2)
Ta =25°C and Cy = 15 pF and rise and fall times = 20 ns. Typical temperature coefficient for all values of Vpp = 0.3%/°C

Symbol Parameter Conditions Min Typ Max Units

tpuy=tpy. | Propagation Delay Time Vpp =5.0V 35 75 ns
Vpp =10V 20 50 ns

triw = trho Transition Time Vop=5.0V 50 100 ns
Vpp = 10V 30 50 ns

C Input Capacitance Any Input 5 pF

Note 2: AC Paramelers are guaranteed by DC correlaled testing.
www.fairchildsemi.com 2
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O
AC Test Circuits E
[ =]
Voo Vop 3
u " |_1 " 9]
| »
INPUT o jTIIImT INPUT : }T“UH"IH
| » 150

INPUT — ST ouTPUT

DUTFU’

50%
1% 1%
l-—*’rm. ——[ LK
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CD4007C

0.150 —-0.157
= (3.810 -3.588)
0.010-0.020 . .
'_—_m.m Z0.508) HA5®
8" MAX TYP
ALL LEADS
()
0.008 —-0.010 T
(0.203—D.254) le 0.016 -0.050
TYP ALL LEADS 0.004 {0,406 - 1.270)
[0.102) TYP ALL LEADS
ALL LEAD TIPS

Physical Dimensions inches (millimeters) unless otherwise noted

0.228-0.244 =
Brsr—saem | -
v
IO /
LEAD NO. 1
mcuri gugodugy
e e
0.010 yay
10.254)
0.053-0.089
-1.75)
0.004-0.000
r 1 w\nz 0.254)

MI4A BEY

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow
Package Number M14A

www.fairchildsemi.com
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

0.740-0.7TT0
(18.80 —19.55)
0.090
)
‘ INDEX
I AREA
0.25040.010
@) {63500 254)
PNNO. 1 . T PN ND. 1
IDENT LI 2] [T Ta] [s]AsT 1] IDENT
0.082 0.030 MAX
(2.337) (0.762) DEPTH
OPTION 1 DPTION 02
0.135 £0.008
Bamz0.17 0.300-0.320
0.145-0.200 i £ 0060 {T.620-8.128) N
Bl it . L 4* _0.065
[.583-5.080) _"'| s /'\l'"a,.,m 11.851)
+ 4 A —
] 0.008 -0.015
0.020 90° +4° TYP T
(0.508) L
MiN 0.125-0.150 gl g N
P15 -3.810) e SR IEa ”m
0.014 0,023 {7 112)~=|
TEC T A 0.100£0.010 11 N
2540 0.250)
0.0500.010
11.270-0.254) n,m:;:;
+1.018
(lﬁ_o‘m MIAA (REY F)

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N14A

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user,

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com
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AN INTEGRABLE CMOS-BASED GROUNDED-CAPACITOR TRUE RMS-
TO-DC CONVERTER

K. Kaewdang, K. Kumwachara, C. Fongsamut, A. Jiraseree-amornkun and
W. Surakampontorn

Faculty of Engineering and Research Center for Communication and Information Technology
King Mongkut’s Institute of Technology Ladkrabang
Ladkrabang, Bangkok 10520, Thailand.
Phone: (662)326-9968, Fax: (662)739-2398
Email: s3061304 @kmitl.ac.th

Abstract

A simple integrable CMOS circuit design technique to realize a grounded-capacitor true rms-to-dc converter is
described in this paper. The conversion circuit consists of a squarer circuit, a low-pass filter and current mirrors and
does not require a full-wave rectifier circuit. In order to reduce the value of the capacitor suitable for monolithic
integration, a capacitance multiplier circuit that can multiply the value of the capacitance for the order of 1,000 time is
also incorporated. The performance of the proposed circuit is studied through PSPICE and Cadence simulation results.

Keywords: True RMS-to-DC Converter, Capacitance multipliers, Analog VLSI

1. Introduction

It is well accepted that a true rms-to-dc converter,
which is used for measuring the average energy content
in an electrical signal, is found useful in the fields of
instrumentation, communication and display systems.
Many true rms-to-dc cenverters are available. Ilowever,
these design methods are based on bi-polar integrated
circuit technology and the rms-to-de conversions are
performed through the use of a full-wave rectifier and a
multiplier/divider = circuits employing a log-antilog
principle[1-3]. Due to the bandwidth and the slew-rate
of the full-wave rectifiers, the useful frequency range of
these converters are limited. = Although, a design
technique for a true rms-to-de converter based on the
use of a dual translinear loop have been proposed
recently [4]. However, the implementation scheme is
suitable for bipolar technology. As more and more
CMOS
technology, the purpose of this paper is to present a
CMOS circuit technique for the realization of a true
rms-to-dc converter, where a grounded capacitor is
used. A full-wave rectifier is not required by the
proposed realization scheme. The conversion circuit is
simple, suitable for implementing in monolithic
integrated form, and can be readily integrated as part of
a larger system. The performance of the conversion

clectronic systcms are implemented using
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circuit is studied from PSPICE and Cadence IC circuit
design systems simulation results.

2. Conversion Circuit

The proposed grounded-capacitor true rms-to-dc
converter is shown in Fig 1. The operation of the circuit
is based on the square law characteristic of MOS
transistors biased in the strong inversion region [5,6).
Transistors M, through M; function as a current squarer
circuit, where My and Mg and the current Ip form the
current-controlled bias circuit, and the current /54 can be
written as

Isy Thip /8808% 21, (1)
where the currents 4;y and [ are the input and the bias
currents, respectively. Due to we design such that the
drain of transistor Ms sources the current 2/, at point A,
then the current /5p can be expressed as

)

Isg =1y /81,

(2)
The current Iy passes through the firsi-order current-
mode low-pass filter, which is consisting of the current
mirror (formed by transistors M; and Mjg) and the
grounded capacitor Cuy connected parallel to the mirror
input. The current o, can be written as



I

Ilder 3)

lg; =
81,T

where T = Caw/gmy is the time constant of the filter and
gmy is the transconductance of the transistor M;. Due to
the unity gain current mirrors of (M; and M 3 ) and of
(M,, and M, ), the bias current I, is driving by I, such
that

1o =1g; 4)

At the output, since we set the transistor channel widths

as Wy; =‘J§ W,,, this means the output current

Then, from egns. (2).(3) and (4) and solving for [gas, we

get
¥ 2
I pps :\‘:J’md‘

It is clearly seen that the output current fguys is in the
form of the root-mean-square value as required. It
should be noted that, for a sinusoidal signal, the circuit
can be easily modified to also measure the average
value o1 the signal by using the method of the r:ference
7:

(6)

However, in order that the proposed rms-lo-d¢
converter give a good performance in the required
frequency range, the value of the capacitor Cay must be
chosen such that [4]

Cv 2> Boremaxy 2 Somn) (7

where fauw is the lower end of the freonency range of
interest. For example, for Kp= 2.226x10° A/V, then
gmzasax) €an be given by

-1
=2984X10 Ly ALV (8)

Em7¢ MAX )

where Iy is the peak amplitude of the input signal. In
this case C4y must be chosen such that

C oy >>(237%107° 1y )/ foaum) 9)
If a sinusoidal input signal with lyy = 1 mA and fium =
100 Hz, the averaging capacitance must be chosen such
that Cyy >> 0.75 uF. For example, Cav = 7.5 UE must
be employed. It is well accepted that this value of
capacitance is not suitable for monolithic integration.
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To reduce the size of the capacitor used, a current-
controlled C-multiplier as shown in the Fig. 2 is
presented, where the current conveyors (CCllIs) that
reported in reference 9 have been used. The current-
controlled C-multiplier, which is composed of two CCII
(CCIl+ and CCII-), is similar to the voltage-controlled
C-multiplier proposed in the reference 8. But, in this
case, the input signal is a current signal that injected
into port X; and the capacitor Cay is connected at the
port Y,. If weletn= R#/R,, the value of the capacitance
that appeared at the port B to ground or Crqv will be
equaled to

Cor=nC,, =R IR (10)

3. Simulation results

The characteristics of the converter were studied
through the simulation results using PSPICE [10]. The
transistor dimensions of the circuit in Fig.1 are in
micron and are listed in the Table 1, where W is channel
width and L is channel length, and the dimensions of all
the transistor of the circuit in Fig 2 are W=50um and
L=5um. The simulation was carried out using the
transistor parameter of the 0.35-um CMOS TSMC
process.  Therefore, the simulation results were listed
in the Table II.  Note that the circuit exhibits the
bandwidth of 200 MHz at I,y = | MAys The maximum
conversion nonlinearity, for the input signal in the range
from 2 WA 10 | MA .y, of about 0.8 % was achieved.
The simulation for the frequency response for the sine
wave input current signal with the amplitude of 20, 50
and 90 percents of the full scale current (Iiveptaxy=1mA)
was alsocarried out. The results show the bandwidth of
about 30 MHz, 80 MHz and 100 MHz, respectively.
Fig. 3(a) shows the plot of the percent rippic of the Tgas
versus frequency. The simulation results demonstrate
that_the percent ripple is small for high value of Cav.
such as, for example, for the case of Cav= 2.5 UF and
C.v = 5 uF. Fig. 3(b) shows the plot of the percent
ripple of the [gys versus frequency for the case that Cyv
has been replaced by the C-multiplier circuit of the
Fig.2, where port B is connected to point A of the Fig.
1. In order to compare with the plot in the Fig. 3(a),
Cav and R, are kept constant at 0.5 nF and 10 €,
respectively, and n is varied by varying the value of the
resistor Ry, for n=100, 500 and 1,000, respectively.
From the Fig. 3(b), it is demonstrated that the percent
ripple for the case of n=100, 500 and 1000 are quite in
good agreement with the percent ripple for the case



Cav=50nF, 250nF, and 500nF, respectively, of the Fig.
3(a). But, however, we found that for larger value of n,
the percent ripples for the case of C-multiplicr are larger
than the percent ripples of the circuit in Fig.l,
particularly for the high frequency range. This is due to
that for large value of n the offset of the CClIs have also
been multiplied and cause the value of Cgqy deviated
from the value predicted from the eqn. (10).

However, the simulation performance of the circuit
using PSPICE is much depending on the chosen
transistor parameters. Therefore, in order to test for the
circuit workability, the performance of the rms-to-dc
converter circuit and the C-multiplier circuit will be
further studied through the layout by using Cadence's
IC Circuit Design Systems, which is an integrated
circuit design software running on Workstation [11],
The layout in a 0.35 um TSMC CMOS rrocess was

drawn by using Virtuoso Layout Eduor of Cadence'’s

system.  Fig. 4 shows the layout of the C-multiplier
circuit. The Diva interactive Electrical Rules Checker
program, which is the layout extractor in the Cadence
program, was then employed to translate the layout
drawing into the SPICE-compatible text file for the

simulation. Then  the Analog  Arust  Design
Environment is used to simulation the C-multiplier
characlteristic. Table I shows the effective

capacitances of the layout circuit of the Fig. 4, where for
n = 1, Cay = 100 pF. Further mvestigation for the
performance of the circuit for a large value of nand also
the rms-to-de converter will be reported.

4. Conclusion

We have developed a simple grounded-capacitor
true rms-to-de conversion circuit.For a more suntable for
monolithic integration, the capacitance multiplier circuit
has been used in order to reduce the wvulue of  the
capacitor.  The realization scheme is o surtable for
implemented in a standard CMOS process: The circuit
has been fully simulated, through the use ot PSPICE

simulation program, and the charactenisties of the
conversion circuit have been reported.  The circuit

characteristic studied from Cadence IC circuit design
systems is also included.
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Table I Transistors dimension

Transistors W(m) L(pm)
M1,M2 M3 M4 M6M7 M8 40 5
MY MIOMI1IMI2 100 5
M5 80 5
MI13 283 5

Table II Summary of the characteristics of the circuit of Fig. 1

Parameters Simulated results
Supply voltage (rated) 3V e 15V
Input current range(max) ImA
Gain error 0.8% Max. nonlincarity,

2pA to ImA input

Peak amplitude value -3dB bandwidth
Iy =2, N ( 0.5% Of Linsiax)) 450 kHz
Iw =10 pA (1.0% 0 Ivovax)) 4 MHz
Iy =100 pA  (10% Of Iiuax) - 50 MHz
I = 1000 pA (90% Of 1pxuaxy) 200 MHz

Table 111 Equivalent Capacitances of the Fig. 4

n Expeeted Capacitance Equivalent Capacitance
(F) (F)
1 100pF 96.81pF
10 InF 0.973nF
100 10nF 9.542nF
1000 100nF 82.25nF
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2vsmasdyana RMS iudaanalwihnszuanss
Tael¥2395v8n8 CMOS Class AB fimnansaaiiailursessiula
An Integrable CMOS-Based True RMS-to-DC Converter
Using Class AB Amplifier

=3 - - - ﬂ’ - - .
Y ufiauaa mnunmv‘i ﬂmm;m INUTAANA ANIYIE LDEIDAN PITNINATT

mninBamIsiing ausimnsumani

aonfumaTuTadnszseundudrnunmsarnnszia ngammuming 10520

Tns: 02)739-1362 E-mail: s3061304@kmitl.ac.th

unAALe i
ynanuihinruemaiinlumsesanuues sy
FueamaTuTadvernesmlnadygnu  RMS  dudyanuTith
NIZUAAT Tﬂu1u'11’hwm:mﬁtynpmﬁungu (full-wave rectifier)
2eslasdynm RMS tﬂuﬂmmm'lvlﬂms;unmai‘faammuhu
14 2v3vnonmia AB feiuaasseniidanes, 2esazRounTTI
s 4 uaz Auiulsqiienansini (grounded capacitor) 2vsil
mmthm"'uﬂ171'§a1uﬁuﬁtgqnmfa'luztluuuﬁlﬂuﬁnmﬁq;npm
uaznszuadyonuld uazmusnosdwesRaiuY sy Moz
audmiumsadaihness Taomaeieseiquawaiulszy
LUUNIZUTAIAN(Current-controlled  capacitance  multiplier) Tt
ausoguiwaiulszg14 1,000 o AumNiAYeIIHEB MUY

#nun Taul4T1)sunsy SPICE nae Cadence

Abstract

In this paper, a new integrable CMOS circuit designs
technique to realize a grounded-capacitor true RMS-to-DC converter is
described. The true RMS-to-DC converter uses a squarer circuit, but
does not require a full-wave circuit. The conversion circuit consists of a
class AB amplifier circuit, five simple current mirrors and a grounded
capacitor. The circuit is suitable for input waveforms of both voltage or
current inputs. In order to reduce the value of the capacitor suitable for
monolithic integration, a capacitance multiplier circuit that can multiply
the value of the capacitance for the order of 1,000 time is also
presented. The performance of the proposed circuit is studied through

SPICE and Cadence simulation results.

Keywords: True RMS-to-DC converter, Capacitance multiplier,

Class AB Amplifier.
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Tao ludam eriiBues nie RMS (Root Mean Square)
vosdganandudiiSnmmnilalums ¥ iannavoadygiama
W SFufumsiadnfnumdovemdsnuisspnidyg e
Wuq Tnuﬁ'lﬂlﬁa-funmms":'ﬂﬂmr'lnmwnzﬁriuﬁuuwhﬁmmn
vosdanaiiuanuihuimdd (DC) (1] 2495 True RMS-o-DC converter
dhursssitennsanasdyepunszuaedyldegluuudyonuen
1 RMS dhuidgonudd Taohiddammzdygnoaiiudygugy
pRusnmivinin s IS iuReueiimsoeniunies
RMS Hedraihiatess I8 mawdsng 2-4] usduIngjesnuuy
'Iau'liv‘;upu-umlm'iuhﬁ bi-polar 1huimdn Taamzilduledi
HanBoNYIBIMAIIET usiimseenuuaz e Taoma TuTod
bi-polar AIHANMIAMBTUMLARE dauusnveInesesnuun Tauld
s sansEnauLLEuAAL (Full-wave rectifier) waz ludouiiaes
oonuuihin9IuUaETS (Multiplier/ Divider) 7i14ndnmsves
2993 Log i8¢ Antilog

FufufalEinminauamainmses nuuuaImYes
2397 true RMS-t0-DC converter 10192993 translinear loop 2493iiA1
A Am s 1T alssann 120 MHz (5] et lsimunsesds
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UsznouAIuI9sunfIasemes (squarer) Nusnsmﬁ'mmmmﬁﬁ'whu
(Low-pass filter) W0Z9700ATINATD (square root) AUTVTAVDA
2993 WWeenuuuezAmnTaol¥Tlsunsy  SPICE 1w Cadence

simulator

matszpuinnsmaimngsu i afif 24 (EECON-24) r9n. 22.23 moeemou 2544

540



- . - ' a ¢
z’lj'ﬂ 1 1:nsur‘mmmamuﬂmtﬂunwmmzuamamnﬂ

2. $WOZBEAAZMIMNIUYBINDT
2.1 23938NMAINOIINIDINAIT AB
ﬁmsmnwsuﬂmﬁmm'lu;ﬂi‘i 1 dalszneudas
niwdmaed M, 01 M, mihanveidudn 9 il
niwdmaei M, uazx M, qn'lué’ﬂ'[nuuuﬁqiwmzuﬂm'ﬁI,
Tawit 1, = I,, = I, eugdimandmaeiuemiagndagnluds
Tiianlusadudn (sawration  region) Tunsdindyaneud iy

fygnunazua 1, smsondasmveanseud [, uaz 1, 1ane (6]

(41, -1,) 4

= =T die |1,]<41, m
4, +1.YA\\s

Ee =£;_61,,_ o |1:..|541a (2)

nsmdmaod M,uaz M, defuiursssazfounszuauyvoy
da 4 4 .

(negative current mirror) EL) CM, ananmodluniiani szims

shounszua [, mamiunszua [, uaziadluiivesnszun

I'sp noauilu

2

Iy =1py + 1, =21, +—2 3)
5 D2 D4 8],,

' . [ |
msnhnssue L dszneudwdniidunszuadd wie 24,

A b4 ; 4
uaznszuaiimoniifaesvesdygn /7, Atloudunigs B

137

Tunsdlvosdygudhidunndygadne  fmstleu
finendygandh ¥, fiyn A unzdnaudumu & doga B ausAh
finmiiga A gnawleusdamiui i B dafulunsdiil 7'so
Auilu

Vl

1 81 }2 i
b

Lo =21,

nnaums (3) uaz @) Suneunsoindanszua@d 27, eenld1d
i g

nustinmeglugluuuvenssonidanes

Usz ToniluTemanel

1.2 M589nlYUIING True RMS-to-DC Converter
Ui 2 Wumaiumie393 True RMS-to-DC Converter Hi
. -
Thihmsesntuunimasonmdageaiuuama AB 1Nzl 1
Tandhinmlszaeus i asieunszuadn 4 ya fie CM,
fla CM, fsiuama Pavsasieunszua CM, gnesnuuy¥inszuema
a - A o 3
suveanswdmaes M,, finszumilu 27, ialdluns lihvindram
d b , 2N
nzueridhinvesnsausAFvnnszie Iy, Andueneums (3) nszud
I, iy
12

ISQ =-8-}-": (5)

NesazRounszun CM, ilsznoudaomswdmans M, uox
M,; srazvoudygpunszue [, inllis 2einsesdynu
TnuanszuenImBmAneudumile (firstorder current mode low-
pass filter) M30i30AN 209IMAURAD (Averaging circuit) M3znoY
dw nesasiountzu CM, wozduinlsany C,, Fufunzihi
wadlumnszua 1, dauiiu

I —i-—l-rfdz (6)
AV gfb Tu in

4 1 . i
we T'=C,, /gm, FailuAwrnnad (time constant) taL gmy,

dlufAmsdnoudauAus  (Transconductance) YOAMTMFaA0T
e o v _d '

M, Tavianiulszy C,, iludaivlszquuuaeaansiod

(grounded capacitor) THYMZIABINU  NITUMATUVDINTIUTAADT

M, swinszualudaifuesvewnaa AB Taoh 1, =1,

uaznizumasuveanswImaed M,, unszuadunmyeansns

aznounszuauvuay CM, mhinszumaiuveaniwdmani M,

iy, =1, dwveminudanes M, Himualiiivia

nuﬂsz-[uinnunuimmw'lii'-l fdail 24 (EECON-24) rwn. 2223 nodniou 2544

541



‘- ' - s o 1

oy /8 phwesnnaveamiwdmaei M, Aniumnszumaiy
- 4 . 4

voaniwdmand M, Faszdlusinszumoninm L, v092997 59

anNTIUARIRINeINIZUN [ 1AR0
Ts =81, =~/81, )

A ' -
vInauns (6) ieannh 1, =1, yld 7, du

J‘I dt ®)

J‘

wazoINuNs (7) uaz (8) 92 1Aminszua

1T
I... = kK= Vr2de (@)
RMS T'! in

' s ' -
ninaums (9) senudhinssuaeniymegluglivuvesdinsasini
A0IVBIRURADYEIAY Y IUUNAIAIT03 NT8 A1 RMS TiABINT

ada o a o
nsdinsuymiuuyn Tnuadna Aetlow ¥, figa A unz
w el Ve '
fanwdmmm R dhuindaousdnedyape ¥, dusinssue
Fygw 7, ATeNMIANIUNN Vo 9I088M3 (4) uaz (9)

de R, = R #siindrnudn:1d
1 T
- g - 2
Vae=Tue R, T!V,ﬂd: (10)

o

R
iloftes 1993 RMS- to-de converter Ndaapuidanion

- - " o '
ynitnnavesiilla (rpple) Yoo usranamidiisdosmsiniam

mudenldi1 C,, awnsodmonldnn

B e = (1

i . e ' ot ol
Taud . Wudnwdsgaluseanudiols uas

My = ,jzxpwzo,,, ILAV™  (12)

flo K, =44927x10", W=50um, L=5um ua
= (3} o I, Ghfmwinavesuomifyavesdyann  Anfu
Mgy = 29.98%107° 1, AV ™" szwrilunsdiilszdoudontn

138

2.39x10° I,
fim'ﬂ'l)

i di da
drdyapuduwnadulnl 78 7, =1 mA uar £, =100 Hz 92

P (13)

feadendnlsznuduivlizy C,, >>0.75uF #ufusrndon
W, =7.5uF

Wuiinswiudrieniymyeaaeslugli 2 usaaily
1 RMS Avafine wio Ve uonszud wie Lo, wazaeesil
ansodandasfugass uiuandvyesviadnadggu
(Average value) M30  V,, uasnszuadyanu 1, nndowm

| '
vosrundovesnnafnadyg e 1éh

Vg = j |V(’)l dt (14)

uaz

0 o
o '?L |1w)] at (15)
dnfunmudmiudsendam Vg tazm Ve unzawdiniug
I Ly OEAY £ 0 WD

Vg =09V s (16)
[ pe =008 an

Taolunsdiilmmusodanas laodmualiwninavomsudaaes
M, Swinaniiy 0,948 niwesvinaveanswdames M,

13 0sgumfaiulszgrivguaasnssie

wneuns (13) uama it i 1y, i Sudad 14
shoudonl¥wuivseqiiiaing uozsmainlszyil hivnnsay
dmfumsafraihuaaessy é’ufulﬂnnmu1n'umﬁ'1|ﬁuﬂs=qm
Saveriuaue 2esgumd Itz UURILRUAILNIZUA (Current-
controlled  C-multiplier) Tasniseanuuuszidenld 2vsmonu
nszue (CCI) aenansénads (7] Mundn Asituana 1 lupli 3
NesgumdIiulszgumunuiIonszue wilkzneudne nesmy
WNTE 2 M CCTH+ oz CCIl- ilouriu Respumanmnlszyi
ALRELANA (vohage-controlied C-multiplier) Twerio 13 uteneséna
8 [8] nm'lunmuao;npmaunnnﬂaurﬁ"rmau-'lﬂuﬁtmrmm et
fitlewdhiinein B i X, uazrimmalivinmoinsgu n =R, /R,

' v d a4 - ) -
maamnlsz vumw-:-'ummm B mmunsminie CEQ,, fiandh

Ceor =nC,, =(R,/R,)C,, (18)

msszgdnmamadmnssu i afif 24 (EECON-24) a9n. 2223 woadnon 2544

542



1iz]
[nf.':
2

- ‘_‘

cM,

®%

ceI + Ve cci -

% Ripple

——SuF

—a— T.5uF

—a— 10uF

T L) Ll v
100 s00 1000 5000 10000

Fraquency (Mz)

3 w . id e ¥/ ]
117 4 nawlawduiuissnianlefidudidladunnuifimdui vz yaaiu

mutlszgudnmamedmna syl aiaf 24 (BECON-24) awa. 22-23 noaSmou 2544

139

543



3. Namnﬁummunnﬁ 'N'!‘Il"ﬂﬂ?\l“ié’?ﬂiﬂﬂlﬂ'lﬂ
SPICE lu Cadence simulator

M3ANMIAUMNTAYOII9T true RMS-10-DC converter 9%
AnyrumsideuuuuminuvessdeTsunsy sPIcE lu
Cadence simulator 1AUYMIAYDIMNINUTHADIAN i‘md‘lunu"m
Tunsou ( um weoareslugilil 2 MW mua3lumsaeil 1 31 wie
channel width 11z L A9 channel length fuvIAvBIMI T MABIYNA
1u'm':;1]‘r"13 el W =50 Wm Wz L=5 Um Msidounuums
e ldmindmmeinaiineiues  SCNOSH  Technology
0.5 microns Y84 MOSIS  HOZHAYEIMT@UMILUNTTUYEA03 A
agUBlumsd 2 dormmual tin = 1 ma aowhidhuFadunniian
(maximum conversion nonlinearity) dmiudyUdUYNIUYN2 1 A
e ImA TAndsznm 2% uarglit 4 uemansawduiud
seniandedisuaiuillaves 1y, fumnnud ninromsidounuy
maiauversesluplit 2 FweaaWiiuinlefiSudsydass
Vewasiidufulszyiiga q ﬁnfuiq'lﬁ'ﬁnusgm#ﬁ‘nﬁuﬂ's:ﬂu
N m'lﬁ’ﬁﬁanﬂ-\lu"msm-lé"uﬁuﬂwq'lmw:

a3 duseniemsdeuumaiauee s
2 2 uazAnoumdedisudiiieiidatusndeuns s
RMS (/s ) A0 9 dledmuald €, =7.5uF ,
Vegpy =15V uaz I, =1, =1mA
i C,, Turaesgit 2 Froasquewainbszeenglil 3 Tao

naznfFoudouiunsdin

Aoga B Tunaesqili 3 Whiuga A Wasesgalil 2 Taoimualid
R, /R, =1,000( R, =50Quaz R, = 50kQ),C,, =7.5nF
Faifuez 14 Crop = 7.5¢F udmims@ouuuun1minmmvenass
udamsnlediSudiuillann 7,,, o Mesgumiaiuley
M 180993 e RMS-40DC converter Tnsfiiimmmuniuiniing
Asiviailszg uassbidunmnsooannasaiulsei Was
WA mniinmihnaesguawaimlzpumbzgndlduazhinne
Tunsahathneesswld  ednlsiaunnmsimnifedunah s
uAifuszdoldfine Iineiiimga  Smnunnedmsgaiim

4 A ol e e
wn Failymilithnlszduisshnsiioie )

- - ' - -
310 1| avean uFmeeidmiues lugin 2

Transistors W([Lm) L(HMm)
MI1,M2,M3 M4, 250 S
M5.M6 M8 MO MIOMII MI12, 50 5
MI3MI4MI5M17
M7 141 5
Mil6 100 5

140

MmN 2 aplpudnyazmaihautaznsadyguveanss

Tugihit 2
Parameters Simulated results
Supply voltage (rated) +5Vio £ 15V
Input current range(max) ImA
Gain error 2% Max. nonlinearity,
2HA to ImA input

2 3 .
ATTNN 3 Percent Ripple VBIMIBOUUDUMITNNINYI9T

Tugilit2
Frequency % Ripple of % Ripple of

(Hz) Co=1.50F Capacitance multiplier
100 11.56 11.70

500 2.30 3.54

1k 123 1.63

5k 029 0.39

10k 9 0.24 0.25

20k 020 0.23
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AN INTEGRABLE CMOS-BASED TRUE RMS-TO-DC CONVERTER
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ABSTRACT

In this paper, a new integrable CMOS circuit
designs technique to realize a grounded-capacitor true
RMS-to-DC converter is described. The true RMS-to-
DC converter does not require a full-wave rectifier and
is implemented using a low-pass filter and squarer
circuits. The conversion circuit consists of a class AB
amplifier circuit, five simple current mirrors and a grounded
capacitor. The circuit is suitable for many input waveforms
of both voltage and current inputs. In order to reduce the
value of the capacitor suitable for monolithic integration, a
capacitance multiplier circuit that can multiply the value of
the capacitance for the order of 1,000 time is also presented.
The performance of the proposed circuit and the Layout is
studied through SPICE and Cadence simulation results.

1. INTRODUCTION

A true RMS-to-DC converter, that is able to convert
an AC signal into the DC signal in the RMS value, is
usually used for measuring the average energy content
in an electrical signal [1). The true RMS to DC
converter is found useful in the fields of
instrumentation, communication and display system,
for example, thermal RMS-to-DC converter automatic
gain control and zero mean random signal etc. [1].
Many true-RMS-to DC converter circuits do exit in
the literature [2-4]. However, their design methods are
based on bi-polar integrated circuit technology and the
RMS-to-DC conversions are mostly performed
through the use of a full-wave rectifier and a
multiplier/divider circuits employing a log-antilog
principle. Due to the bandwidth and the slew-rate of
the full-wave rectifiers, the accuracy and the useful
frequency range of the converters are limited. And the
size of the circuit is quite large, because the design
methods are based of the use of OP-AMPs
(Operational Amplifiers)[5]. The purpose of this paper
is to present a CMOS circuit design technique for the
realization of a true RMS-to-DC converter, where a
grounded capacitor is used. A full-wave rectifier is not
require for this realization scheme. The conversion
circuit is simple, suitable for implementing in
monolithic integrated form. The performances of the
conversion circuit are studied from SPICE of Cadence
simulation results.

Fig. 1 A Squaring circuit

2. CIRCUIT DESCIRPTION

2.1 The Class AB squaring circuit

Consider the schematic diagram of the squaring
circuit in Fig.1. Transistors M, through M, function
as a class AB amplifier circuit. The transistors M, and
M are biased by the bias current I and Ip; = Ip3 =
Ip. Assuming that all the MOSFET transistors are
biased in the strong inversion region, an input signal
current [y is injected into point B, then the currents
Ip2 and Ip4can be respectively written as

2
41, -1
Dz =%‘:)_ for  |la|S 4, (0]
b
and
41, +1,)
mz'(_‘]g}*h)_ for |lu|5‘”5 (2)
]

Since transistors Ms; and Ms form the negative
current mirror (CM,) that reflects the current /p2
(current transfer ratio of 1:1) in order to add with the
current /D4, then the output current 1 sp becomes

. e
I_,Q—ID,+ID,—ZI,+F';- 3)

b

We can see that the current / SQ consists of the DC

current 2/, and the signal current that is the squaring
of the input signal Ij,.

For a voltage mode, the input voltage Vi, will
applied at port A and the conversion resistance R, that
convert the input voltage Vjy in to the input current
Iin , is connected at port B. By assuming the voltage at



port A is accurately transformed to port B, where
I,, =V, /R [6), then in this case the current Iso can

be expressed as

' v?

L =2l,+—"2>
0 =2k g @
From the eqns. (3) and (4), if the DC currents 2/

can be compensated, the circuit will be functioned as a
squaring circuit. This class AB current squaring circuit
will be the key circuit building block to realize the true
RMS-to-DC converter.

M, M, ml
(USRS
Ihte i o,
"aL: M M Lﬂ- = ﬁ M,
[ LA 1= QN

Fig.2 Schematic diagram of true RMS-to-DC converter

2.2 The Proposed True RMS-to-DC converter

The proposed true RMS-to-DC converter circuit is
shown in the Fig.2, where the circuit is composed of
the class AB squaring circuit in the Fig.1 in
combination with four current mirrors (CM; through
CM;). From the circuit of Fig.2 and from the eqn.
(3), since the drain current of the transistor M, of the

current mirror CMs sources the current 275, from the

current 5o, the current /s can be expressed as

I i

[, = =%

By the reflection of the current mimor CM,
formed by transistors M and Mis, the current /s
is injected into the first-order current mode low-pass
filter or the averaging circuit, which is formed by the
current mirror CM; and the capacitor Cur that
connected in parallel to the current mirror input. Then
the current /4 can be written as

oo dpes
Ly = 'a—l——féphdf 6)

b

Cu
where 7 =—"— is the time constant of the filter and

gmy,
gm,, is the transconductance of the transistor My,
Noting that the capacitor Ca» is a grounded capacitor. We
design the current mirror CM s such that: the drain current
of the transistor M,s sources to compensated the bias
current 2/p, and the bias current passes through the class
AB amplifier circuit I = I4y. The drain current of the
transistor M, Ipg = I4y is the input current of the
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negative current mirror CM; . If we set the dimension of
the transistor M equal to V8 times of the dimension of
the transistor Ms,ﬂ\mﬂleoumammtlgmwnbe
expressed as

I =81, =81, ™
From the eqn. (6), by setting I = 4y and solving for
14y, we can write

Ly = [ 12 ®)
va\T;
And from the eqns. (7) and (8) and sotving for /s , we get
1
?Ilf,dt )

We can see from the eqn. (9) that the output current
is in the form of the root-mean-square value as
required. For the voltage input mode, Vjp, is applied at
port A. Similar to the calculation of /Rpgs, from the
eqns. (4) and (9) with R;=R, the output voltage VRMS
can be expressed as

I
Vas = Tnas * R, = ;f"f:df (10)

However, in order that the proposed rms-to-dc
converter give a good performance in the required
frequency range, the value of the capacitor C4y must
be chosen such that

EM 0 fmay)
Cls > 11
Ay - fr-w (n
where f(min) is the lower end of the frequency range
of interest, and
Moy = 2K Wl o/ LAV 12)

For example, when Kp, = 4.4927%X 10" AV?, W=50
um 1, =54m and Ip;o = I), wWhere I)gis the peak
amplitude of the input signal. Then gmg(max) can be
given by &M jomay = 29-98%1 0°J1,, AV 1n this case
C 4y must be chosen such that

5 x
b M 2.39x10° I, an
Jowim

If a sinusoidal input signal with /o7 = 1 mA and f(MIN)
= 100 Hz, the averaging capacitance must be chosen such
that Cqy >> 0.75 #F. Therefore, C4y = I HF must be
employed.

It should be noted that, although, the output of the
circuit of the figure 2 is in the form of the root-mean-
square values, VRpS or IRpMs. The circuit can be
easily modified to provide the output in the form of
the average values lr’m,g or Igyg , where

I

Vew = IV} (14)
)

Iy =7 i) a (15)

From the relation between VRafs and Vgyg and
between Ipps and Igyg, we get
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Vi =0.9¥ s (16)

and

I =099 s an
In this case, we will set the dimension of the transistor M
equaltoOBJE times of the dimension of the transistor M .

YI
ccu+z,
B_|x,

ccir- z,

CA?
n {H

Fig.3 Block diagram of C-multiplier circuit

23 A Current-Controlled Capacitance Multiplier

From the eqn. (13), it is indicated that, for an /gp4s with
low ripple, a large capacitance is required. This value of
capacitance is not suitable for monolithic integration. To
reduce the size of the capacitor used, a current-controlled C-
multiplier as shown in the Fig. 3 is presented, where the
current conveyors (CCIls) that reported in reference 7 have
been used. The current-controlled C-multiplier, which is
composed of two CCII (CCII+ and CCII-), is similar to the
voltage-controlled C-multiplier proposed in the reference 8.
But, in this case, the input signal is a current signal that
injected into port X; and the capacitor C4y is connected at
the port Y,. If we let n = R2/Rj, the value of the
capacitance that appeared at the port B to ground or CEQy
will be equaled to

Cror =NCyp =(R/R,)Cy (18)
Table.1 Transistors dimension
Transistors W(um) | L{um)

MI1,M2,M3,M4, 200 5
M5,M6,M8, M9, M10,M11, 100 5
MI12 MI13M14MI15M17

M7 283

M16 200 5

Table.2 Summary of the characteristics of the circuit of Fig. 2

Parameters Simulated results

Supply voltage (rated)
Input current range(max)

Gain error

+3V _to %15V
ImA

2%Max. nonlinearity,
10yA to ImA _input

Peak amplitude value -3dB bandwidth
Iv =10 pA (1.0%0f Iivadaxy)) 1 MHz
Ipv= 100 A (10% Of IINpAX) ) 5 MHz
IIN = 200 pA 0% Of IvpAx)) 10 MHz
I = 500 pA (50% Of IIN(AY)) 20 MHz
Ipy= 900 pA (90% Of Ipnaiax)) 40 MHz
Iy = 1000 pA(100% Of IINMAY) ) 45 MHz
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Table.3 Equivalent capacitance of C-multiplier circuit.

n Expected Equivalent
Capacitance (F) Capacitance (F)

1 InF 0.983nF

10 10nF 9.731nF

100 100nF 96.73nF

1000 1uF 0.955uF

3. SIMULATION RESULTS

The characteristics of the converter were studied
through the simulation results using SPICE and
cadence simulation results. The transistor dimensions
of the circuit in Fig.2 are in micron and are listed in
the Table 1. The dimensions of all the transistor of the
circuit in Fig.3 are W=50Mm and L=5Mm. The
simulation was carried out using the transistor
parameter of the 0.5 microns SCNOSH Technology
MOSIS process. The simulation characteristics were
listed in the Table 2. Note that the circuit exhibits the
bandwidth of 45 MHz at /jy = 1 mA,,. The maximum
conversion nonlinearity, for the input signal in the
range from 10 HA,, to 1 mA,, of about 2 % was
achieved. The simulation for the frequency responses
for the sine wave input current signal with the
amplitude of 1, 10, 20, 50, 90 and 100 percents of the
full scale current (//N(M4.x)=1mA) were also carried
out. The results show the bandwidth of about 1 MHz,
5 MHz 10 MHz, 20 MHz, 40 MHz and 45 MHz,
respectively. Fig.4 shows the plots of the percent
ripple of Taus versus frequency of the circuit in Fig.2.
The percent ripple of /s versus frequency, simulated
from the SPICE-compatible text file that extracted
from the Layout in the Fig.5 by using the Layout
extractor of the Cadence program, is also plotted in the
Fig.4. The simulation results demonstrate that the percent
ripple is small for high value of C.r . To reduce the size of

capacitor suitable for monolithic integration the C-
multiplier circuit is incorporated in the true RMS-to-DC
converter. The Analog Artist Design Environment is used
to simulation the C-multiplier characteristic. Table.3
shows the C,v of the C-multiplier circuit of Fig.3

Fig.6 shows the /aus of the triangular input signal from
the circuit in Fig.2, when input signal is a triangular
waveform with the amplitude of ImA, f= 1kHz The result
shows the DC signal with the amplitude is 0.577V. The
circuit is also able to convert the square-wave AC signal
into the DC signal in the RMS value.

However, the simulation performance of the circuit
using SPICE is much depending on the chosen
transistor parameters. Therefore, in order to test for the



circuit workability, the performance of the true RMS-
to-DC converter circuit and the C-multiplier circuit
will be further studied through the layout by using
Cadence’s IC Circuit Design Systems, which is an
integrated circuit design software running on
Workstation. Using the Virtuoso Layout Editor of
Cadence’s system drew the layout. Fig. 5 shows the
layout of the RMS-to-DC converter. The Diva
interactive Electrical Rules Checker program, which is
the layout extractor in the Cadence program, was then
employed to translate the layout drawing into the
SPICE-compatible text file for the simulation.

—— 0.5uF

== 1.00F

—a— 2 0uf
0. 60F Layoud

—m—1.0uF Liyout
== 2.0uF Layout

DT S T i,

Fig.4 Plots of percent ripple versus frequency for
difference value of C.y

Fig.5 Layout of the true RMS-to-DC converter

(a)

RERERNENEE;

Fig.6 The output current of the true RMS-to-DC converter.

4. CONCLUSIONS

The true RMS-to-DC converter that is more
suitable for monolithic integration is proposed. In
order to reduce the value of the capacitor, the
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capacitance multiplier circuit has been used. The
realization scheme is suitable for implemented in
standard CMOS process. The characteristics of the
proposed are confirm from SPICE and Cadence
simulation results.
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