n afy ',

'm Til mw VAFTT AL immﬂm&um rlgiaans ﬂ uvfl
ummm‘lw v 1, 1l'm‘n |

L sV uWu.me&. cMos CUH‘&!RENF'C(WVE:’YORS

gikqu LTIk |

5 - ¢q o I £
Rt m'l‘ﬁ‘uﬁtmmm }m -0 T I TSR ?Tllhfl 3 illru ¥ MII ‘}T)‘Ji ‘JHWIEWWW‘WMI ¥

ERITIHTN rwwa am PO
nﬂmm;nmm |
) TRPTE | ‘;' ¥y W o ; \ @
mlsmm?.mmmfhﬂﬁtgrmm:m:mara-mm"ﬁa@mammmn-m;rm%m
el i UL 8B4 ‘ :
ISBN 074:324.801-3



dninvieayana1s NszoRNINMAIANTLY

= =\ ] a wa b4 k4
NmmﬂwmﬂﬁxummumuawuﬂmaﬂQummmnma‘lm

urasneIn + 1.172an

JURTAN

N NNEIY

SUTHEP THUPTHAWASH

{ “‘T;‘w‘
namm ................................. .,
C C )
aun: T 33]3/ y " _
4
} 34, 1Dy, 1}.1..5....9..].!'.....2.‘.5.{* "

= =) d’:‘; | 1 d! =1 o =) = o ~
'J"ﬂEﬂuWHﬁu!ﬂuﬁ’)uﬂu@ﬂlﬂﬁﬂ'l‘iﬁﬂH'IFI'I‘N‘H'ﬂﬂEIWI‘5‘1]ﬁﬁuuﬂlu1?ﬁ3ﬂ‘iiuﬂ1ﬁﬂ‘iﬂﬁ1ﬂﬁ!“nﬂ
a a a o = d
MUY NIAINTINDLANNIDUNT
UenaInenag
o = v Y @
m:nuumﬂiuiaﬂmmﬂmnaumﬂmnmmmﬂizm
W.A. 2546

ISBN 974-324-801-3



T 1.1V RAIL-TO-RAIL CMOS CURRENT CONVEYORS

SUTHEP THUPTHAWASH

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRONIC ENGINEERING
SCHOOL OF GRAUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2003

ISBN 974-324-801-3



COPYRIGHT 2003
SCHOOL OF GRAUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



v A A s

UaHMNAINgae
s =) 2. . A %
ﬂ'ﬂ'l‘l.lumﬂIHIﬂﬂW‘igﬂBulﬂ'ﬂ1!ﬂ1ﬂﬁuﬂﬁﬁﬂ1ﬂﬂi$ﬂd

r d
TuSuseInentinus

v Y a = d =) a ' a wa 9 9/ UL
HIAVDINNTUNWUD awsa‘lﬂwluﬂﬁwtﬂm‘uwaﬁmuﬂﬁmaﬂgummmwma“lmmmma”lvl
o
+ 1.1 Than

+ 1.1 V RAIL-TO-RAIL CMOS CURRENT CONVEYORS

¥ornank WPNN INEIY
stadszdn 42061302
WSy IINTTUANAATUMI AN
a a ad a o
MU IAINTINBANNTOUNT
CY =y a d o
919158AIUNPAMNNHUNUS  57.A5.95103 NHUYITI
a a d & A
AMZNITUMTADUINGIHNWUT CITETLLT)
a o 4 s ‘)
S AL O hunang ) /W
aow o I'd
HALAS. BATUN FUBIUUN O
CLATEERROb YITINE g 2
HALWANS HRanA p g_);
o -
LS
T.AT.951N3 INHNFITIA Y N

Sunfouil faeu 23 Ausieu 2546 1991 10.30-12.30 1.

[ ¥ Y
aoudlgey o 9113 12 U FU 4 (W9 E12-403)
TanaInenasSuseauan

s d
(3.0 TN BAY)
= s =) o
AMUAT NN INENAE

-----------------------------------------------------




o Y A =Y

d a 1 a wa
VINYIUNWUT TMEIIUNSEIaBUENeaaagel juRnunianeld

URAIDINS U + 1.1 T0an

DOEN WWPNH NG T
sraiszad 42061302

3eyan AINTIUAAATUH T UAG
a1V Aranssudiannseding
WA 2546

d = a J o
mmsmj’muammmwuﬁ If1.99.731N9 INHNTITIU
Y 1
UNANED

§ a a ¢ 1 & o a1 a va
iemvedineiwusiaudl hiauensooniuuITIIERIUNTZIABTATIRfTTROY
kY
nhauuy cMos  mndunnilsznoudleissganuuand1eniasia NMOS Laz PMOS ¢a
ISR

@ Y '8 3| A w W 3 @ '
°1uaﬂymwumﬂu ﬂ'lﬂL@’]‘l’W;leJu'J\flﬁ]ﬁ‘ﬂﬂﬂcl.uﬂﬂklmﬁﬂﬁ'lﬁ AB ﬂﬂuu‘)&ﬁ]iﬂﬂﬂﬁ"l'ﬁﬁﬂ‘lﬂ\‘l

£
LY

a wa 9 3 g) a 9/ o A o dy o 9= d
Uuanunheansduaunnuazaemyn wesimiuauetainsaiinulade+ 11oanm
9 = o 9 L o r'd =y ::iy - UL
AMudunniazmMunaeldunasiiousaqu + 1.1Tan anuAaiisuuuye Iuininioy

1 { o o ! 1w
191 0.3%(R,=0.5kQ , f=100kHz) ANNAIUMUANDIA X Hagweia Z TAWNIAY 0.13Q ,
3.63MQ awday  2eesesaninulasiinnudanooni 28.5MHz Mdagaydus1uves

FTMIAY 226u4W LAZAINTONUNTLUA IR 2mA



Thesis Title 1 1.1V Rail-to-Rail CMOS Current Conveyors

Student Mr. Suthep Thupthawash

Student ID. 42061302

Degree Master Engineering

Programme Electronic Engineering

Year 2003

Thesis Advisor Assoc. Prof. Dr. Varakorn Kasemsuwan
ABSTRACT

This thesis proposes the design of a rail-to-rail CMOS current-conveyor. The input consists
of NMOS and PMOS differential pairs connected in parallel while the output is connected in the
class-AB configuration enabling the circuit to have rail-to-rail swing capability at both input and
output. The circuit can operate with input/output swing of + Ivolts under the + 1.1volt supply
voltages. The harmonic distortion of the proposed circuit is less than 0.3%(R, = 500Q2, f =
100kHz). The resistance at terminals X and Z are found to be 0.13 Q2 and 3.63M Q) respectively.
The cut off frequency is 28.5MHz. The total power dis-sipation is 226uW and the maximum

output current is 2mA.



=y oy
naanssudszmea

a a d w dyo = " 9 9/ o o o =2
'33’1511!1/‘11!'ﬁﬂ‘l]“l_luﬁ‘]ﬁi]Qﬁ'N"lﬂﬂ']Uﬂ’]&!ugu’lllﬁ&’ﬂ']ﬂﬁﬂﬁ']‘lﬂﬂ IA.AT.ITINT INHY

¢ & g ¢y - . ¢ Yoo Y= & ¢ '
’c;f';'i'u‘m WQL‘IJN'E)‘]%’I?U&!FI'JU'F;I?J?WEnuWHﬁ @'Ji]ﬂiﬂﬂﬂﬁ‘]ﬂ‘?ﬂq‘luﬂfln\lﬂklLﬂﬁ']%'ﬁﬁ]']ﬂrﬂ"!uu'ﬁz

Y

3| 1
YOATIVVOUNI LA UL

A v Aq @ Y ' A ¥y oy =
%ﬂﬂ@ﬂﬂ'mlwauuﬂﬁﬂyqﬂcl‘ﬁﬂ'ﬂll!ﬂ]TGlmlﬂg“]f'JUl'ﬁa@“ﬂ'Nﬂ']u'ilﬂHﬁVl'Nﬂﬂﬁé;]'}ﬂﬂﬂmu']

s

a 4 I~ 1 ° a
aenn2 il edluaiudszneulunisiiauise

L) Y @ 1

o
1 d a = o .~ '
Aufwazyss lvyinnmenidwusaiiui gIsvvoneunaginiznumnniu

PN NG



Y
N
A ATDITE Y N e I
UNAATDITHIOINNH .. oee oot ee e e et et e et e e e et e e e e e e e eee e e e e e I
AN TTHU TN e 11
I sssnmmesmcossosoneomors D Y O S S R T U S S v
T TR T N Lo, VII
T R Y S O USRS S VIII
4
T N 50 o S T i s Bk saern M i 1
L L DB e et 1
[ @ o
1.2 ANUIEHINEUAZ IAGUTZAIRUBINITANHY . ..o, 1
1.3 ARG IHUBINITANIE Y. ottt ettt ee e e et e et e ees et e et e e e e 2
1.4 NOHRUAzIUINTNARRTFIUAITIN . ..o 2
1.5 UDUBURNTT IV e e ee et e e e e e e e e e e e e e e e e en e e e e e e e e s e 3
9
1.6 S10REDUATUADUUDINIT IV oo eeeeeeee e, 3
UNT 2 QU HOANUG AT TIIWIUDTEIT cv.vereereeerereseerereseeereseessesesesesesessesesenns 5
2L LTI et e e 5
2.2 TATIa U DU D AN T I B TIRIDT .. ve e 5
Qs o o = '3
o T I T B R — 6
w A a P g sd o
2.4 HANMTNUTIUUDILDANTIUFAADTUUUDUBTUBIUN ..., 7
o = o
2.4.1 NI TUUDIUDANTIHEELRADT . vvvveeeeeeeeeeeeeeee e e e e e e e 7
o =Y 4
242 THUAMI TR I UUD AN D AN T IUB AT oo eeeeeeeeeeeeeeeee e et ee e, 9
o a ¢ o @ a g A 1o
243 LUDTIR0IUBINEANTIUFMADT AT UTYANUVIAGANATINAA. ... 11
o a d o YY) =] { !
2.4.4 1uuSapsvesNeanIuFmaesdmiudyauvaEnnaualuna1e.12
a o 1 a Saq Y .
2.4.5 ¥UAVOUVDIIA0IA 9 VBINOANTIUT @3N 19 11 T1)5unsy Hspice..... 16
WS T conmrmesrssammmnsmmensassmmmammssmaaes s sissibe ks SRR PSS OEiR38 18
d' = =Y 1 a wa b7
VNN 3 290IMIHIUATTHIUU DTN A HAY NUGUANUN N e 19
R 115 TR TUOTPTRPSRRN 19



3.2

3.3

3.4

3:5

3.6

a151eY (A0)

kY
G
FAVTEWWTUNTEL oot ee e 19
321 TS TN TUNS SR ICED cvnmasiaimssiaisauisis e 20
ol R R s £ b N RO b.3]
= = 1 s owa 9/ 9/ 1 '
WITMWHIUNTEUTDUTNR ATl fROun TameTdimastie
£+ LATIAMRRCCID. ... 24
= d wa
MIWATIEHAUANTAVDIIIIT RRCCIL. ..o 27
a a1 a a a
34.1 MIUATIEHYWUQUAIUUTIAU. oo 27
" a ua @ a 3
3.4.1.1 ¥NUPTANUUTIAUNBUNNWOTA Y oo 28
3.4.1.2 99U §UTRNULTIRNUNIBUNNNOTA X .o e, 29
1 a wa @ o
3.4.1.3 U §UIANULTINUNIUOIWNANDTA Z ..o, 32
a da A {
3.4.2 MIUATIZHDURUAUTANOTA X.ovovovovoeiees e, 33
a da ol ¢
3.4.3 MIUATIEHOUNUAUFTAMOTA Yoot 35
a da o o o
Siddd I amT I BANEIINOTH L oo s A 36
345 MIBATIZHOATIVBUSIAN v, /v, tazdnanudUfifou ... 37
3.4.6 MIINTROATIEINTEU i, /i, uazgennuliacu..... .. v
a 4 v A
3.4.7 MIWATIZHUTAUTUNNDONYN (Vg) ovrevrerrerrereiriirereerrereeaee e, 43
a @ a .
3.4.8 MIAATIBNAYYNUTUNIUNAIUBUNN (Input Refered Noise)............... 47
a ¢ o 3 .
HANTNAABININMTANTIZHIROULD UM THINUYDI2995A0 1151053 Hspice... 52
1 a o a d LY
3.5.1 929U UANUITIAUNIIATUB UYMW NIaZA NN IO TuM STy
= ¢
ATZUATAWOTA X UAZ Z ooooveieeceeeeeeee e 53
a a ol ¢
350 DR BETPHTINOTN T s vsuimrsinsnsmens i sEs  es SSR Ay 56
a a ol ¢
3.5.3 DURLAUBAWOTO Y.ovovreerisieieienieeeese et 57
a a ol '3
354 DuUEHENNDEN 2 isonmismamaivs s s s 58
3.5.5 BATIOWUTIU v, /v, 10N WAUGIROU 60
3.5.6 SRSIEIUNTIUA £, /i, uazFRANMAUGUANU oo 61
3.5.7 UTIAUDUKNDOYA (Fpg).everiorrrrriiiiriiriiiiiiiiei e 62
3.5.8 FYYIUTUNIUNWATUBUNN (Input Refered NOISE). . .ovvrvreeerrereniin 65
Layout UDAVT RRCCIL. .o vommmmmimivvonosmmmasimsrrmensesammns stanmsms s pre on o samsn s 67



asiiny (A9)

E
M
3.7 UNATU. oo, SRR RR 67

= v
UNT 4 MIUTzgnAIFOIU I TIEWIUATIUE . ovcveeereeereeeeee e, 69
Bl UM T tiniis iiosmsomemmmmmnmpamss s ST AR SRS B SRR S RRESIS 69
4.2 PSR Multiplier Clremit). .cvvvsimmvnimumis i svatanss s 69

b

4.2.1 NANMTITORUVOIIIVTAM. ..oveeereeeeeeeecceeeeeeeeee e 69

422 19959uN0OANDVAI82995 RRCCII Hagnan1Inaassdo 11sunsuHspice. 71

4.3 ’NiJ‘5’ﬁ‘?"lQﬂ’JTﬂJiglJWuﬂiuﬁim‘U(Negative Resistance Converter; NIC): oviusininz 79
3

4.3.1 NANMIEI0IAUUDINDT AT A MUE UM IUAIAU oo 75

43.2 'N%'iﬁ%}’1ﬂﬂ’J’I‘JJ@S’IJ'IM‘VI’IUﬂl']ﬁU‘I?I’E'J’EJﬂLL'UUF?{’JU’Nﬂ‘i RRCCII tiagnaninaaed

AT TUNTU HSPICE. vt eeee et 78
IR 17 o)) R 82

dr 1 9/ 9 o A
VNN 5 UNAIMEUAZ VDT UDUUZUUINIINITINIVE e eerreeerreeeerreeeerreeerreecrneeeenns 83
5.1 UNTIMI. .ot 83
5.2 VOIAUDIUZUAZUUINIINITIVY. c.ve et 83
5.2.1 29sEoNUNTEIANUUFUAUTag U TR 83
Bi000: DT cvos o v 5 A A S SR SR SR 84
5.2.3 2MATATIANIUAUNTUAIAL .o ove et 84

9/ =

EDMEITTOTIDL. oottt ettt et e eeeete e e ie e ee e et s ae e et eeseae e e s aeee et e e e e e e e e e e et e e 85
AVPIHU AN Pl e et e e e e e et e e et e e et e e et e e ia e e e tt e e e b e e e enn e e 88
AR AN W ettt 97
FETRIRRIEER Bl nmromaces mmieememsesss e s oS 5 SRR NS 108
| R TR e emcrsomvsssmscrmessmpmem s s i 56 S A S BB 475 121

\



AIUYAITN

v
=

A13199 i
@ N o =Y o o d o d a

2.1 dYaN¥AYRINDANIIUTAADTUL DU UTHUNYUA NMOS 11ag PMOS................ 6
4 o = oo 5

2.2 FORWIZVOILUUT1009UDINOANTIUTAADT T 1% 1U HSPICE. .. vevvremsreeeereererere 16

3.1 AMAUTAUBIIIDT RRCCIT ..o, 68

a a o
U.1 W131HM8T(Netlist) MINHANITIIADIUDIIIT RRCCIL. ..o, 106

VII



a5vusd

er qj

g1 Wi
9/ = a

2.1 TASI03 19000 aNT UTARS LD U URTURYTAUBU. ..., 5
9/ 1 a ExY) = o =] o o a d

2.2 MIATNFBIMAUAUNTZUA TRTUNOANTIUTAADS UL DD USUTIUN TnuayTaDw. 7
° o Y = ¢ A

2.3 msfmuagamaihnuldueansudames o Vg >V, uaz v, Aoy . ... 7

[P T . v o o { !
2.4 ATILAAINNUTURUTIZNINATZUNATUANVNTIAU V) NHATIO0 (oo a8

2.5 matmuagamsiaultueansudmnes e Vg > 7, uazilfusd v,

SR TR TP =W om0 s S e S 8
2.6 AUANTANTZUA-UTIRU(I-V characteristic) YDIUDANTIUFAADT WA NMOS........... 10
o ol d = ] .Q.
2.7 uDUAIT YA IUVUIARNYDINOANTIUTAADTNANUDAT. ..o 11

o o/ [~ = d | 1 5
2.8 Ll‘flJ‘IJi]"lﬁ’ﬂﬁﬁfgﬁy'lﬂ!mu'lﬂLﬂﬂ“UE]Qllﬂffﬂ51u°lfﬁmﬂ‘§ﬂﬁiﬁﬁj'miﬂﬂquﬁﬂﬂgﬂﬂcﬁﬂﬁ ...... 12

o =y o {
2.9 HUUTIADINITANYAVOIWDANTIUFAADTNANUDLIUNAN. .o 13
2.10 NITHIOAT VN TETUME A TI0T oot 15
. .
3.1 uden laezinIuINTENeRIUNTZUAYALSN(CCT) LAZgANADI(CCID. ... 19

3.2 (a) 2eseemunszuagausnyia lu Twars

(b) 'N%'iT;T'IEJ‘W’]‘Hﬂ‘izLL’C\’QﬂLLSﬂ‘Kﬁﬂg]}S\I@ﬂ ................................................... 21
3.3 The class A T.ow-Voltage I.ow-Power CMOS Current Conveyor Cireuit.........ovennvnnes 22
3.4 The class AB Low-Voltage Low-Power CMOS Current Conveyor circuit.................. 23
3.5 A Novel Fully Differential Current Conveyor CirCuit.........ovveuviinirinniirereieaneenenn 23
3.6 Low-Voltage Low-Power High Performance Current Conveyor circuit..................... 24
3.7 VAN IABLUATUYDIIINT RRCCIL. ... 25

= = I a wa 9 YV L I'd
3.8 ’J\3fl]iﬁ”lﬂw1uﬂi$uﬁi.mﬂ°h’u6ﬁ°b'uﬂ‘]f’N'lJ;]iJﬂﬂ'luﬂ’JNﬂ'lEJcLﬂl.LWﬁQﬁ]’]Elllﬂi l.li’Jmﬂ. 26

3.9 2evsafiondyansvnadnlunmssuaamaBuitauFANesA X ... 33
3.10 'm'sﬁmﬁfmﬁfgtuummmmﬁn“luﬂﬁﬁwmmmmﬁuﬁmuﬁwa{ﬂ SRR 36
3.11 2avsiadlendygravmadnlumsdamasavneusdu v /v, .........37
3.12 2esiafondyanaunadalumsmuumMAea s I@IUATIU i, /i, ... 40
3.13 “JINANSUE YD ITUNIMVOIAINS RRCCIL . ouiismnavsnsssisossissssses sussassmonasons 48

g

s =

3 '8 = o a ay
3.14 vaen laogunsudaassunIuniadunnuaziomyn (n) nidiguita (v) ndigilila

o

(M) msawTeudgyanusuniumadunnlugll ¥ 1nddunnved993 RRCCIL...... 51

g g

3.15 299319089319 HUANUUTIAUVDIIDT RRCCIL. oo, 53

VI



51l W
3.16 FIURUANUUTIAUNBUNNNOTA X ..o, 54
3.17 FIUGTROUUTITUNMIUOIINNNOTA Z. .o 55
3.18 #An311a09N MU MUEN0 TUMITUNTEUETNOSA X () v 55
3.19 wamsdiaosmamauanuannse lumstunszuafinesa z /8 —— 56
3.20 1VTNANDITARIBURUAUTANOTA X, 56
321 HAMTIIABINIMIIUVDIBURUAUTANOTA Koo 57
322 NVTNADDLIAMIBURUAUTANOTA Yoo, 58
323 HANII$I009MIIIUVOBURHAUFITNOTA Y ..o 58
3.24 1VINANDVIARIBURUAUTANOTA Z.coo..oveoe oo 59
325 HAMITSIADINITTINUVDIBUTUAUTANOTA Z ..o 59
3,08 2903 aDI IRAIBRTENBIIAU Vil ssumammmsmmremmmnssiseioss 60
3.27 FOMINIBINTIANUBIBAT IV IOUIIAN Ve, oo cvesivrcmcmenimrissessenmesnssonn 60
3.28 WITNAADITAMOATVATUNTELD 4, /1 oveviireieeeieiei e 61
3.29 WAMITIADIMITNUYDIBATIAWNTEND £, [ v 62
3.30 JVINAABS TAR WLIAFUBUNNDOWIBI . .....ooriiireirrerreirieiene e 62
3.31 us9AUBUNNEONIBAINMTUTURINTZUATUBE Ty oo 63
3.32 useauduNNeoImARINMTUTURINTZUATUBE Ly oo 64
3.33 useauduNNEoImARINMTUTUAINTZUAIUBE Ly oo 64
3.34 usaAUDUNNOONIAINMITUSURINTZUT IS Ty oot 65
3.35 MINARDLIATYAIHUTUATUN WA TUBUNI....ooveviieeeereeeieeeee e 66
86 Mo DO TN B emssssnmrn s R R 66
3.37 Layout YDAV BRCCIL.....omammimmmmmmsmnmms san musm s sneisssieissimms o ns s sy 67
4.1 Foydnyoiue9I90 T QUTYRIBUBUIABN . ...ovoeeerreieerreeeisceeer e 70
4.2 aanAv1993 A FYRNUIDUIABAULL 4 AIDALUATUR. ....oovorere e 70
&3 »eymmnnunn i s n NMOS sommmmarmomesssmomsmis s 71
4.4 Wams31aeIMIAFIUIDUATUD995RM TG 43, 73
4.5 2vsguiuueniv Inaariia NMOS 1agungiusednony Vg oo 73
4.6 WAM39100INTARIUUVVATUDIIITMTIUTY 4.5, o 74



=h.
=
=
)

31

4.7 wmauauaamdmmﬁmm?wmm .............................................................. 75
v w d ' [ =)

4.8 ﬂ"ﬂllﬁllwu’ﬁﬁﬁ’i’JNLL‘E\?WL&LL'ﬁzﬂﬁﬂNﬂﬁulﬁﬂ‘i]ﬁ]\‘lﬂ'igjuﬁ (n) ﬂ')’lllﬁ?“lal‘ﬂ’mﬂﬁ)ﬂ

(V) ATV VU oo, 76

= L4 1 1 4
ONRUAUY (Z ) HOBUTIDER T2 svsissssusssass sossuninsiniioissinarssssonssoainsninssnsivss 76
a o o
4.10 JUHVVYDI h WITWABTUUU 2 WOT.cee v, 77
4.11 29958519 WAUMUAIALTAYBIHII99T RRCCIL. ..o 78
4.12 25 HoU099995 TUGUN 411 oo 79
a 3 ) Y L
4.13 UUUY h W15 1R0I V09299 TS ANUATUMIUAIAY .o, 80
g ¥ Y | 9 !

4.14 199TNAABINTFATAIATIUAUMIUAIDL oo 81

4.15 HANINABDINVTATANNAIUMUMALALA R MAD 1kQ 2kQ 4kQ LAz

BKEY A THEIAU o eeree e e oo e e e e 81
4.16 WARDUAUBININANIUDVDIIVTATNAVIUITUNTUATAY — oo, 82
V.1 H0av5297 node MB1U995 RRCCIL. oovveeee oo 97



1.1 nan

Y &S oy K

Tagiiuddannmsanuiniveuna luTadsessauuuudves HuudTiunyaiuds

Q

ot =

¥ o T o ° !
mseenuuuRITINlimms o ldneldunasnie Ind Tael¥isdsgadedosige
Y " ~ [ =<1
uudy Tiudenanlaunguininilade 2 dszars Uszasusmilumannmisansuinvos
a o o 9 U . @ ow
WOANIIUFAMDIOU lALA AN (Width, W) 1agAueII(Length, L) lavsiinadugd
o 1 v o T 1
gUnsallasnsaNiFeniudl “Hot Electron Effect” msaaszauunasse llannsagivaawna
o ; 1.15)' ‘]J e A ﬂ o ] a X ¥y a ] ' o
asnanasla Uszmsnaeutlumaninnstinneesulsausidadesins l5auswnuves
Ed
NITUDUIADNNVIVIAINDA (Mixed Analog-Digital System) 19930000 luilagiiuiaiuisn
vq ¥ o i o Y, St A )
ponuuu v lFnunuumasse IldwnnuazosnuuuiesarvgUnsalFuoadiiodensaiig
o3| o w A e @ 3 2 o o v oA A £ A
Wunassuuasdegyded auiudsuduesdeganiesieuiaondesiinnuauiinly

nsldundanie dwazesnuuyTayldginsaiduaadie

o d
1.2 AnuanIneaz IngUszaanueamsany

13 ﬁ)@ﬂLm‘]J‘Nil'imUW’luﬂ'izumm‘ut;ﬂﬁﬁm(Second Generation Current Conveyor) ‘H?ﬁ

'
' -

a a o Y, £ o . .
ccn lumntinusiigaymanoionsenis 112995gnas1uiluia9s59u (Integrated Circuit)

Q q

] 9 ¥
nUdszdnsam saialdnnuisaasadunisiaumuguauifvesasesaeniunssue

a kY T ci 1 T . . .:i 1 Il o
duldun  anwhnosasslumsdaiiunszua (G, /i, =1) anuisnsslumsdaiiunsdy

1
I

v /vy =1)Lmmﬁ'mmuuamwﬁwzﬁuﬂwﬁwﬁmmam cc wazmsdszynaldarud
narnnate Tudnefinusi ezfumsthiauo99s enun TR AR IOUILIE
UF1Remn419(Rail to Rail Operation) nazansaldfuunasind 18 (£ 1.1Taa) s
ponuuLIsatunsaniuanvesginsaineliuag wumsaniuauvesdunuilsey
w 9

[ a o P = o 9 Yt o 9 P o w
AINTUNTIH AUV UEIUT LUAZTIUDINTTIUNTLADIAIY clﬂﬂJi]'Iu'JHﬂﬂUﬂq@ AIUITUNTT

5 & T | v ea d a o
DOALULUINVT CCIIL GIU'JWUTUWH'ﬁﬂ‘]J‘U‘L!ﬂ&’ﬂﬁzﬂ'ﬂﬂﬂ'[]ﬂq‘ﬂﬂimﬂlﬂuﬂi'luch'ﬁmﬂ'ﬂ“ﬂ'luu



1.3 auNAGIUVDINIANY

Tayfunudtamenanimieniseonuuuisesdugaudulumsiinlse@nsami
Y a o ] 1 o w o o
viannaieiduesaelulesites @ediuru  aadidigaude  aasiuiuvesginsal
A 9 =) o A 1 Hq o a u '
e lsesiiviadn ivaeanudldau uanuanselumsdoIvan@onszum)
c‘:'\ ) a wa 9 = 9/ 9/ s 1] T g
wnaelgidauldamunsaaialdlndszduunasse e Iuan (7)) uag Iwau (V)
v v a A  2d g i
AWIMAWAAING1INITOBNLLVINYS TuInetinusiesusamanudu ) 1dn1eesifiveases
a = waw A vy aw 19 Y] o T ° 1
weresaliguanaannamdedy msiteyudumsldaunuurasnie ldwazgia
a wa =% o L] ) 4
Ugianuueesmewiunszualalianueinialumsiauvessiusadulane + 1 Tradn
£ 1 1 o 4 1 ] a va at o' i
amuldunasiie £ 1.172a9 mauailiwadsvesal §ianunsifugeganazdigaila

s 9 "

[ 1.t T Jd o
imresnNuazuinnnmvesunasiie i Vpp uaz Ve 191160 0.119a% 1ilumauiain

=3

o w [ a o = o & a3 18 a
ﬂﬁnﬂmamsaﬂmmu-m@ﬁaum(VDS(M,))ﬂumnaﬁmmmmmwuﬂummqﬂﬂ
= o @ o " a o @ 11 w T Qs
NIUFAADTEIANIU TN LazMgHAYDINITIHDNTZAVUD N9 INAINE1209
R ) o & v i i i &
tmggalannnuumaesTus iy 121980 detednthuumassie Idhawsam ey lana i
a A [ { o 1w
LUININITRBNUUVIIITUIIANANNITAIIs U Tl Anesa X Adsimifiy
[ = o 4 9 2 W 1 (Y as Jd
ussau Iihiinesa Y FendrondsdunmsdonsssestueuilludnunysivivesBuffer) Tay
YA Y o PR o =t a1 a wa 9 = [V a
1dtidinaneunanuiniduisrsestuenidn il fidaulndifesiuszavvos
[ ) o Y ol 1 a wa [
unaeeny Ind[1-3] uazreesivieshilsslfuiReuus siunag4-s]
a @ " =] | {
nnauuagdanaraiumgualsznovvesnnuilull ldnzeonuuulrsesmeniu
nszuaLUUFueaniiaalfiiAaundie(Rail to Rail CMOS Current Conveyor) 1Agiiae
a wa =y 7] s { By 1w as T 1
UHiiRaunie vunedls msadvesdyanauswwui lndifsaniomdussduvounasny

a P <A
BI9AY H9NAD Common Mode Range(CMR)

=) =Y a:-'l = o
1.4 nguuazuuInnufanlyluanisy

~ =] [ =Y o § 9/ 9 1 9 [ s s
naurzdunsnandmguiueweaniudamesidosdu ldud Inseade dydnuel
v ar 1 o = o i 9
AUATNUANITSUN-LLIIAU IUNITNIHNIUVYDINDTNITULTLAD T mewaﬁugﬁﬁ%ﬂumi
= ot =) . =l
‘W"ﬂ’]';TﬂJ,']’Nﬁ]ﬁﬁﬂgiuu’]ﬂ!ﬁ]HWImﬂ(Small Signal) NOHHINITTIYWNIUNTSUTYALIN LUASIDT

P i aw 1 Y 3/ ¥
TN IUNTEUTYANT DI ﬂ[‘uﬁ’JLI‘II’ENN'Iu’liltligﬁlﬁuﬂ']‘iﬂﬂﬂuﬂ?ﬁﬁ]‘ﬂﬂﬁ'lll’lﬁﬂﬁl“]ﬂ11-!31181?]

1
A a

1 T e' @ T { o =Y A
unaenedr Taserfuninversanuuana1eiisie NMos uaz PMOS iudunniaelu

a aa s

Y] a o 1 o o = 9 3 o
ANHMUSUVHIHUNU NﬁﬂﬁﬂﬁW'31’]'!11*?’3&‘ﬂill‘li’)ﬂﬂ{]i!ﬂ\ﬂuuﬁﬂﬂu'VINi’J‘LJT!VlulﬂGlﬂﬂ'iZﬂll

[P | 1 1w [ {q ¥ @
unasniwly luduvesmneiinnazdeiuludnyng class AB N14190370AULTIAIAN



{ a [ da o < o " a wva
woaiofunannInudaiios Tavldioniyneonnisvuasudai iyl fiaa

a o Pl Y [ 9 = = o)dy 3 a
ussaumuomunlndszdvuvasseld Meganiseonuuuiesluinorinusi ldeide

a @ . 4 T A o a . 4
nanmstloundunUUAL(Negative Feedback) tiasauiiunnuiuigaudu(Linearity)

1.5 YoUIUANISIVY

awv o a 1 a wa
nuATsilumsesnuuuITEMIUNITUaFNOAYIATI AU I9(Rail to Rail
CMOS current conveyor, RRCCII) Tasgaiauiialndifisiuatasaoniunszualugaund e

) { o [ @ H o ~ 1 H o v 4
USIAUNNOTA X WAUUSIAUNNOIA Y NIZUannese Z imdunszuannesa X 39anud

]
u =

ﬂﬁﬁ'ﬁamuazmmTcmma‘lum's%'wmwﬁqﬂummzﬁﬁmaqmmﬂ& Tudnerinuii 14
onuuuliiaudFnogi 28MHz (-3dB) FuTnaadadumu 500Q anwaunsaluns
110N UAGITADYN 2mA(0.3%THD) iagfdsgaudeiawidy 226pw ludaudedu
#0d19m5152ynA 19911992995 RRCCIT Tudnuaiz2993ai(Multiplier Circuit) Az 2493
LL‘]J’QQﬂ?1n¢’fiuﬂ1uﬁmu(Negative Impedance Converter, NIC) w%’awﬁqﬁwmmammu

Layout ¥99995E18WIUATLUAAING?

1.6 518aZRYATUADUVDINTIDY

d'l a a o a dy# a1 a owa 9
Wesnn luanedwusatiuitdumsesnuusmenIunszuanisral jinaunig
y o ¢ & A s oA W e wa o
Tavldueanswdmaes luduneuusniesuilunzdsshimstnuquantifnasdnbuzms
o = I 3 ] I~ = = L 1
MNUVDINDANTIUTAADS Vuasuae hhiun1sAne1Dadulsznounie 9 v99I939
A 3 . 1 P
WWIUNTEUD TAUTUDINAITANEII9TAENOUNTLUA(Current Mirror) LUDA 9 AHUNE
o @ oo r‘, ¥ a w Au o 9 d o
Auns ldnunuavasne ldduagsemsadsveanseauniseenigeritlvgasaiiiam
1 1 a’n a g = = 1 T ol t!‘ o 9 = =1
aglureduda MinduRnsannaduynasae ludnyazlaiezilininduyniaig
N ¥V
a wa Y] @ 1 1 9/ o 9 W
Ufideuussauldlndszauunasae Muazifenldsmammyniununzan wioumis
o e 5 i r T d'l. 9
BinsinyInaauyan1s Toud1o(Transfer  Characteristic) ¥942993A4AA17 iold
1 1 Fl =) 1 ' 1
a1u15noUgpnd995 RRCCI AsUAMNADINITHAT Ne1aIulsenouunelensvosnd
I o = o T wa 9 =} ]
q 1swiwuaes RRecl udimstinngiinniiguauifnsuaudoanisnielu
3 o | 4 =] 1 g/ @ a 4
nnfuees Rreen #1d Tlsggnd ldauiiuasesdsznndie g wieuduinnevuas
@ o -4 3 9 d o o 3
nAABIANEAUNITNINUV0ITYsZYnANY 9 MeganiimIasUmsiinunimuayes

Y 9o P = w 1
1997 RRCCII "ﬂllﬂ‘VI']ﬂ'lﬁai’]ﬂ!ﬂ_fl'l1ﬁ3ﬂﬂy’]ﬂﬂllu?ﬂ']ﬁaluﬂqﬁwwuﬁlﬂ@ulﬂ



a =) a’.:c? 9 ] dy o T =} =
Tuaneniwusi ldudaiovieenidlu 5 un uag 3 Mmanuan Tasuaazuniisivazides
LY dy
31
a o o o " S ' = = = = ar
unii 1 Wuymihnnandaieglszaed auudgiu ngufuuinnuAnsuiananng
] o a = o q’: aw
vy vowalunisiInetinus uazswaz@sadunouunauise
P v add P o a e
YN 2 NANINNHEHNINEIVDINVNDANTIUFMINDT
= " =] ) 1 ~ 9 g =]
Uni 3 nAMNIMannn1ee NHduunamalunseenuuuI T EWIUN TS LA LE-
a ] a wa [ 1 s o
woarHarelfiAcuniie (Rrecm) meldunasiie v + 11Tas uazranisiiasenis
¥V
197U WEDUNI Layout ¥843993
- "= 79 ¥ A qu v Y
uni 4 NaININIYIzgna 14910992995 RRCCI Ve 14319999590 uaza99saing
ANVAUNIUAIAL
a ] AN Yoo = a u’c?.’ o maw |
ynit 5 nanagUwaaun lfiurueluineidwusi wazuwamalumsiiidvde
MAHUIN N 318AZDBAVDIITNMIMUINAUTUTAVDI493
=Y o a o o o
MANLIN U TUAAWIT MBI VDINDANIIUTA@DT tax 15unTuT1a09n1TiIaIUUes
197 RRCCII

aw A s a a o
MIAAUIN 7 Bﬂﬂ'J'lli'?l‘ﬂﬂﬁhlﬁillﬂ"liwTl'l'iﬂﬂaWMeruTliﬁ'l'i



UNN 2

=

A d
‘V]E]‘H{,]‘IN‘HQ11—!‘!]?)331?)@’7!‘311!‘%?;7!6]?)‘5

2.1 Unin

= o i 3 : W =
HOTANIIUYTADT (Metal Oxide Semiconductor Field Effect Transisitor, MOSFET) 1
4 £ o o { o ar 4 o =] |
gunsainsnsanihnimshauluanyasiudawssiudunszua Tavaszuainldiinan
i1 N " ad 3 Ta 1 @ @ ' [~ =
MIAWIMEV19NIN (Majority Carrier) Dianasou n3e lea yusgnugunsaidenaruiuwiia
o w ar 5 = o w T o & o °
NMOS %38 PMOS mud1au deruneanswddnessssnogluglnsaismanaisnedni
= . "
s £33 (Unipolar Device)
g t:ly ' = ddy = J ' -2 9
domluuniisznandmguRiugvvoweansiudmass laonainnilnsiainewes
= d o o d 0 wva [ ~
YoANIIUImMART deydnyel H1uMITHY gaaNtAnszua-uTeY uazaeesauyanlyly

= ar :‘
NTTNITTUTNITUUUTYYIUUVUIALAN

ki = d
2.2 Iﬂﬁ\?ﬂﬁ'\ﬂ‘“ﬂﬂﬂ@ﬂﬂi'lumﬁlﬂﬂﬁ

voanswFmans aunsoue1dilu 2 Useinndledufie veaniwuFmaesuuuanadu
(Depletion) AT UDANIIUTAADTLULDUEIUFHUN (Enhancement) MOANTIUTAADIUADY
Usziandsaunsautsdes]ddn 2 viiade NMos (szawmeidnnsowdudninszum)
uaz PMOS (Uszqnme Teadudrvhnssum) Sneoniinusatuilldldueansudamesuuy

o ¢ d o 2 1 =& - s d TN
l,'ﬂu511«!“ﬁ!ﬂuﬂa‘luﬂ'!'iflrt)ﬂLHJ".lJV]ﬁ“Hllﬂ%ﬂﬂﬁW?ﬂﬂﬂJ@ﬁﬂﬁW‘l«!“h’ﬁmﬂillﬂﬂLﬂua'luclﬂ‘lJurﬂL“ﬂ']uu

p-substrate

Y a ¢ g dd o a o
g‘l.lﬁ 2.1 Tﬂiﬂﬁ%’wwmmﬁm‘imcﬁﬁmamumauammmuﬂwmau



{ - o sd o a g £
7U% 2.1 waaslassaisvesueans wdmaosuUBUB LR UR KA UNMOS) i
' o o , g & i A a 3 da
AIUVIDOT (Source) LUAZUIATU (Drain) Qﬂﬁi'}\‘l‘U‘l—lﬁ]’]ﬂﬂ’]ﬂ!W'ﬁﬂ%ﬂ'ﬁ]uf’f’ﬁﬁ]ﬂ“ﬁuﬂmuﬂu
' & & 2 o o
ANUHUILUUNIN(Heavily Doped n-type Region) L%'w"lﬂiugmsm (Substrate) UDIAITNIAIUN
a Ada ] X £ g 1 a2 aa o
FUAWNUANUHUILUUUDY (Lightly Doped p-type Substrate) ma;ﬂuumumaﬂmaﬂﬂu;ﬂmm
. :j o3| 1 usj o ay
(Single-crystal) ~ UUAN (Gate) 21 UAIUVDI lane (Metal) H30%UVDI INAFANOY (Poly-
T = U g d 1 1 asj 3
Silicon) m%’au@guu‘ﬁumaaﬂﬂﬂulcﬁmmm‘mﬂgmdﬂaNszﬁﬂwamsuua:mmaaiﬂUﬁ
3 o
1 1 LYY 3 5
5201195211190 970 UA214817 (Channel Length, L) 1agil5 02 n1ad114419(Side-wall)
o3
111un211n 319 (Channel Width, W)
1 a d =] d o d a A g - w £ =2 w
TIUUDTNITUSTIADTUU D UITUNIUUNYUANW (PMOS) HUITUANHUSADIUADINDY
a d 1 @ w a d o a o
FYUALBLULAVETAUNU ﬁi".] 3J?Jﬂﬂi‘lu‘]ﬁﬁm@iﬂfﬂﬂﬁ%gﬂigﬂﬂﬂﬁ?ﬂﬂﬁﬂg']‘I-ﬁ'f)\i"]fuﬂmu (ﬂ-type)
d'd ] 9 = 1 = = cid'd. 1 Y
ﬂﬂﬂ??u'ﬂu’]iluuu@mm:uﬂ‘l'ii,lW'J"E]S@]E]llff']ﬂi]@"BHQW‘I’]Mﬂ?’]llWH’ILLHUM']ﬂLﬂJTLIﬂi’]Hﬁaﬁ

g & &
Lﬂuﬂ]?“ﬁﬂﬁllﬁgﬂlf}miu

o d

2.3 dgydnyalvesean uImnes

| v W o a o o St & 9

M13199 2.1 HAAITYAN YA VDIWOANTIUTAADT UV VIO UIIUFIHUN Fosdoiiouas
[ ar [ o a o [~ o o d a
FOIUNIDUAAIRYANHAUVDIUDANIUTAAOTUULIDUE UG UN¥TIA NMOS 11ag PMOS

o o d| = 4
A8 Tuuamsnilumsians NMOS tay PMOS N1 Bulk Haza4ea (Source) 103

a o [ 1 3 3 1 " w o =]

e 1A 1AuTEn 1999909511509 (Bulk) Lazdavea AuMfugud (¥, - 0) 1auaal
3 =\ = 9 = g 3 |h1y! =S o
Trpmeonuuiisav1der lumslFaussaiuvireauazan bulk v1ansa lulddedany wad

heaowansdydnyaiuns NMOS 1z PMOS lunsdidana

Y o w P & ¢ o sd o a
ﬂ]iN‘ﬁ 2.1 UANYUVDINDANTTUSTADTLUULDUITURHUNTUA NMOS ltag PMOS

NMOS PMOS
D D
G G
o—| o—|
S S
D D
. :
o—| j«—e B o—| F>—o B
. ]




o & a d o ¢ o d
2.4 ‘Hflﬂﬂ1Twuﬁ114“1]ﬂQlli’]i‘?l"n‘i11!“159’!9]95!!‘1]‘]]!’(‘)143114“5!311!7]

241 MyhauveweansmuFmnes

.—:{ <] i 1 = = dy Y] i 9/ r:{ =
103N 2.2 wwwiuhyesmadunszuamiadu lasmsilounssaumuandifuunnifoy
Aunwen (Vgg) Avedussduasnaniivanenazildinasosniauduvesnszuagn

] 1 ¥

(TUNIUIIAUTASY (Threshold Voltage, ¥,) Taoaingilii 2.2 fidslifinszualnariuves
= y 1 1 a o 1 o @ a
mudAunszuaiionn lulanudedndsenitnvuasuuazaiged lukusaduanumsiia

T a a d a A =] =1 o o Y
YDIFRIMUAUNTZUA TUNB NI TR 0T FHANUFUUUADUSUFHIUN 15091 14 Lag

s " 9 t:i I=1 [ Y 0 1T W =1 9/ i w é
ﬂ814LLis‘iﬂuﬂ1ﬂﬂlﬁl11ﬂlﬂﬂmﬂﬂﬂﬂcﬂﬂﬁ1ﬂNﬂ'lm'lﬂ‘lﬁ’l‘SEIH‘EIEJﬂ’J'lLLNﬂuﬂIﬂLﬂJ

Vos
Vil %
e A channel
G
—_— 8 D —
ﬁ.L/ = = \ n+
depletion_—4%" Seaz ey
region
P(N,)
B
+ody
v,

v ip
GS g
- m =+

channel

depletion_~
region

g o o = ¢ & a0 9
511 2.3 mssmuagamshauldueansudames e Veg >V, uag 7, ianioy



D

ﬁ'i v @ 1 [y w { 1
gﬂ‘ﬂ 2.4 ANLAAIANUTUNUTIEHINNTLUAATUNVUTIAY VDS ﬁﬁﬂ’lﬁﬂﬂ

= d:l Qs " = Y YA 1 " @ A
110317 2.3 iWefleuussduninsznivunniivuduvised v isunniuswwuia
A A'( ) [ g) ~ =1 o o 3 a 1 ) a‘d? 1 usj
5y wazlotlouussiumuindhnvuasuisusuviaseai ldinannuaeinddusynineg
Vv
M0 (Vy, < Voo —V,) nizumasueg lnaiiugesmadunssudainyuasy lldsson
lasguaniifvesnssumasu (I,) oo uAuLsIaunanAI oI TN 11U UATULAS YO o
o { v o d LY %) 1 ! '
(Vps) UerRIAgUi 2.4 ANUaNRUTURINIsuanTUNVITIAUNANATENTE NIV UATULIAE
td
o) a W o a a1 =1
o9z ULUDITUdY (Lincar  Region) ANHMZNITRINIUYBINOANT T AADTHIINT

[ o Y =Y 9 - v A ~ Y
ansaziuaNumuMFUgURgnaIugy TasussAu VI IRELN LN R (V)

\_/ channel

depletion_
region

! o 3 = ¢ A @ 1 IS
51 2.5 msfmuagamsiauldueaniudmans o Vg > 7, nagdium v, i

U

MM Vg -V



103U 2.5 Wt uusIauNaNAToNTTN IV UATULBZHOR V) HAININIUNTEIN
Vps 2 Vg - Ve 8n¥Iz¥pI¥0amaaunszudzianysuznatnnes ldnisdiuvounsy
v

= { ' a o H
wdgaiiFendigaiiudeon (Pinched Off) Tasdnar IdnyaiiasTniicy v, =

a o 1 o @ o 1 A
VGS = VT naﬁm‘mm’mﬂm%Qﬂﬁﬂﬂ’nmmmamiufnu’ﬂ:um (Saturation Region)

o =3 <
2.4.2 Tﬁuﬂﬂ1iﬂ131u‘|ﬁﬂﬂuﬂﬁﬂﬁ’lu“ﬁﬁ!ﬂai
o [ o @ = o ' =) 1 o
ﬂ’]ﬁﬂﬂull]ﬂﬁﬂ'l'j‘vnq-|unlﬁﬂﬂl|ﬂﬁ‘ﬂi1u“]5ﬁlm@5 AIITOUUINTITUWITITUIBIINTITNINU
3 y 9/ w cg dyél 1w ar YR} nly
pomilu 3 voUIA (Region) AuAY NITVUBERULSITY Vg, Vg waz Py fanelilil
1. ¥29AM09W (Cutoff Region) ; Vs <Vp)
-4

I~ ] P = o " o == T =Y =2 o 3
Lﬂu“]f’.lﬂﬂllﬂﬂ‘ﬂi']u“h’ﬁmﬂiulll"ﬂ']ﬂ"lu cl‘uﬂimuil$ulﬂJiJ“]ﬁJ\‘l‘l"INLﬂuﬂﬁgllﬁiN‘l’lﬂﬁ

wemmsdmasinszumaTy (I,) 114
2. FIUTUFY (Linear Region) ; (Vpg <Vgs -Vr)

o 1 { o @ | 1 ' w a o
Wugaehusu ludanvunnaeainminniusiuiaby (Ve >Vy) 1azisa

1 [ 1 ' o3|
TENINVUATUNVNINON (Vg) fianlosni Voo - Vp DISUAATU (1) Wuldawaunis

(2.2)
2
w 4
L 2
Taoh k' = dwilsz@nBA21uiin (Transconductance Parameter) HAWNINY 1,Cpy (A/V7)
Ly = ARWATINARDIAIYDIDIANATOU (Electron Mobility) (cm’/V-sec)
¥ v
Cor = Ay ilfhdeniiseiiuiivounneonlud (Oxide Capacitance) (F/em’)
= sy 2 o 2Ny o qun
NIBN ¥, NA0NIN INONYDY Vps/2 Tuaums (2.2) @aunsadanald sildan

a o [~ a 9w 1 dci‘ a 4 a w A [
wed I, NanvuitluFuduiuaives v, TunsditineaniugawmesUsznganuaiioua

1 =1
Arumulaviimanudumu () 1y

Vs _ g - L (2.3)



10

3. ¥299UA7 (Saturation Region) ; Vps 2Vgs -Vy)
d L} { a H ] 1 o’ Q' Q
Wursiussauivinnuazgealidmwinniwssdulaby (7, >V, ) uazusaiy
F
TENINVUATUAVNIGDT (Ve ) BAMIANIHToMNY Vg -V, lunsaliinszuaiasu (1)

dulauauns .4)

Ip = (Vs =V ¥ (144 5¢) 2.4)

0| X
~ |

Tau A fio uwuuua 19ud uegIa%i(Channel Length Modulation ) (V™)

{ e [ a d =
‘iﬂﬁ 2.6 UTAIAMANUANTLUT-LLTIAY (I-V characteristic) UYDINDHANIIUBAINDIVUA

a q

=1 ' o a o - o T A o 3
NMOS ﬁwmumluﬂmmﬂu%5qué”;mu‘mqmﬂjawaﬂmmGﬁﬁmaﬂumueumuu%zﬁ

] = LV~ 1 4 o [ 3
AVEVDIYDINUAUNTEUAAAAY DU UHNANIVIN UFULUA 1aUT HORQYH AIUUNTSLUN

=

T A @ = a g A Ag v  w
IDGLNW’NE]NW'MNJ?]HWM"UHLN@ VDS3J']ﬂ‘Uuﬂ’lﬂJﬂ’J'liJfﬁJWNﬁiuﬂ3JﬂTﬁ (2.4) Tﬂﬂﬂ'ﬂﬁ

a =]

Fumutaiiouvesduanauuiadnnuuas U oeus UIEDE UAUNIAY

o g

74
g4 = |: o = Al (2.5)

0 VDS i|V,33 =Cons tant

Vps =Vos =¥r

actual

Triode

{ Dsar

» Vg

Visary

i wa Y s =Y d =
51N 2.6 AnAUITANTEUE-L5IAY (I-V characteristic) UDINDANIIUFNAD TV UA NMOS

U q



11

° = d o v o 5 A a .
2.4.3 HUUINDVRINANTIIUT MO ST IS UT YN AUVNIARANA NN
o ) [ ) =1 { { o
MUV NI UTYINVUIAANNAINIA (Low Frequency Small Signal Equivalent
. w = 4 o a
Circuit Models) ¥paupansiudmaes Wumsunugilnsaiveaniudmaosalvasas i

A o 9/ a o Toa g w =
wemnanii 14 lumsIinszrinavesnsaeuauesdedyainvinamnsuaaalugii

2.7

G o i

& Em vgs 1

d
il 2.7 mwhaesdapannadnveseansudmaniinnui

- o o s | o A - o Y g
N@ﬁ‘ﬂi'm“ﬁﬁmﬁ)’il‘ﬂu’]‘ﬂﬂim“ﬂl‘l]ﬁUull’iﬂﬁuﬂﬂiuﬂ‘m‘WUUﬂ“U‘U']"‘]iE)’CT(v )“l,mﬂuﬂsmm
VUATU (gm gs) mmmumuﬂmmmmaamncﬁﬂumwaﬂnﬂ ﬂfj'l fiuﬂuauuﬁ RPN

@ A a c& :ih 5 = 'y
1 lunsiagey

f
1 ERERIERREE W"l’iﬂl!.ﬁ]@‘i“l‘]ﬂ'lﬂtfgﬂﬂﬁ?ﬂu

TunIuRUIATY § 51 )ﬂu
ﬁ’agiuuwmwmmﬂ fio AT ABUAALALG (2:,) FallAumaasuauns (2.6)

En = a]D (2.6)
Vg

{ a o o 1 A o 1 [ o [ 1w
Tunsainuean I UTAm 03911911 11F190UH? A unoUAALANS TANIAL

/
2KW11D|(1+,1VDS) = 0 @7)

11

Em =

o o { 1 o3 o {0 W Ya =&
uuuHassdyavinaidni ldnandadiedu Wunuudwesidshildfinsanmae

Y 1 ¥ 1
gl Tyl ldnendduviyee (oI IUNAVDS

& A
YDIFI1UIT09 (Body Effect) ¥UNAVUINDFIUIDIUY ¢

o ) a o w {
guseseih If lduuudaesdygnuvinatnAgi 2.8



12

0D
Go—— ———O0B
+ +
Vs EmVes <¢> H ¥, EmbVbs Vi
o . °
O
S

g9

A o o o a A T T
gﬂ‘n 2.8 LUBUD1009 milﬂfl!‘ll‘!—ﬂﬁlﬁﬂﬂuﬂﬁll@ﬁﬂi']u“]iﬁm‘@{ﬂiﬂ!ﬂg']uiﬂﬁulllﬂﬂﬂgﬂﬂﬂﬂ“ﬁﬂﬁ

@ =] i a 3 1 o a 1w
ﬁ'iym']ﬂl‘llu']ﬂmﬂﬁlﬂﬁ‘uu3$H?Tﬂﬂ1u§ﬂﬂlm$ﬂﬂ°ﬂﬂﬁ (Vbs) i]%“ﬂ'liﬁlﬂﬂﬂﬁﬂlﬁkﬂiﬂLﬂTﬂU

7]

< 1 ar o
Ve 100 g 1TUAMIMNBUAALALGNFIUT04 (Body Transconductance)

ol
g = D (28)
mb ai
BS |Vgs=Constant
¥V pg=Constant
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Yo
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~ 1A g 3| . .
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i Em vgs EmbVhs
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Cep—— - T =Cps
b i,
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é

o
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y o = o a
517 2.9 nuvuinenvsauyaveseanuFameiinnual N

1 1 3| 1 d
Arnuy Iufhszndnannuazginses (Cgp)tduarnaug Idfwudevoseanlag
RPN | .2 — .
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Tumalfiiasminamng Cgy Gedvasiuwavesnnuy lvhnAainmnanugeen Tadird
A 3 a v A 9 @ 1 1 = a o e 1 Y
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puudiaeslausa-1w (Hybrid-T0) veawoansmFmaefludaazrsseasmmieui
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1 o_ A i { y & 9 i i = (Y
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I = gmvgs _SCGDvgs (2'15)

A 4

{1 1 o 4 3 Y
nafinandedu Cgp Innioann sldwaigaievesauns (2.15) Saudrlnagud

[l [~
v ldaumansziuaaiean vy Tanilu

i = EuVs (2.16)
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14 Siemans Level =4
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16 Not used
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20 GE _CRD FRANZ
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23 Siliconix
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MATUMS (3.24) LAz (3.26) 9% Il fiiRnuussauinesa Z dfuiiu
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1AgeTfuNng Kirchoff's Current Law (KCL) a3nsnaieauminnuduiusszning

3
nszuaazdna T 1adadl
'ﬁ Node 1 %"lﬁ)

(gdl 842t 80t 8&m +ng)V3 'gleZ 'gd2V3 - &miVx =0 (3.28)

1 Node 2 %11??1’

“(&mt +8a1)Vi +(&ms + 8a1) V2 + e =0 (3.29)

‘T’;I Node 3 9218
~(&m2 + 8a2)V1 + EmaVs +(8u2 + Bas + 8ua + &ma ) V3 - 8udV7 =0 (330)

‘ﬁ Node 4 1218
(gds +8u46+8o+8&mst gmG)V4 -8usVs - 8a6Vs - EmsVx =0 (3.31)

‘ﬁ Node 5 9214
-(&ms + 8as)Va +(8m7 + 8us)Vs + 8msVy =0 (3.32)

‘ffil Node 6 92 1¢
-(&mo + a6 )Va + &msVs +(8us + Las + &av + &ms ) Vs - 8asPs =0 (3.33)

‘ﬁ Node 7 32 18

‘(gda +gma)V3 +(gda + 8413 T a16 +gm]3)V7 '(gd]3 + 8416 +gmlﬁ)V8
-&m13Vo + &mie’10 =0 (3.34)
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1 Node 8 v1@

'(gdb + gmb)V() +(gdb + 8413+ 8416 + gmm)Vs ‘(gdm + 816t gnm)V7
+8m3Vo = &miVo =0 (3.35)

“ﬁ Node 9 3z 1@

(g1+8,)Vs=0 (3.36)
i Node 10 918

(82+80)Vi0=0 (3.37)
‘ﬁ Node X 92 18

(gdc) +gd10)vx + 8mo¥7 + EmioVs —ix =0 (3.38)

=2 o 1A A o o (Y a
INTUNIT (3.28) D9 (3.38) AINITOATUINHIADUNUAULTNNDIN X R AR FATRRETREST]

3/ a0 1w
NIAWUIN N °lufmm'§ (n.1.5) Tl%llﬂ Fy UMDY

_ 8da (gdz +gd4) (3.39)
8da (gdz * gd4)(gd9 + 8410 ) +28,28m9 (gda " gm(.')

Fx

910 Netlist ¥oaWan1ss1aeamsitaiulunianuan v szldnisiiines g,,=
147.7“.AN, gm,g: ZOI.GHA/V, gdZ: 153IJ.A/V, gd4= 1.62].«LAN, gdg: 137.86nAN, gd]O:
137.430A/V, g, = 118.54nANV, g, = 44.76uA/V unuasluauns (3.39) v ladufnaudn

WOSA X (ry) WAL 0.139Q)

a da d
3.4.3 MIAATZHONNUAUTANDIN Y
4 @ g & Y g &
Anesa Y Huannmn (Gate) vowoanitudaaes M2 uay M6 a1 lua19uainauau
& A 9 1 w Qs ﬁ’;D‘ = " o Yt
Fannanudumuaonsadu Iaswazdyanaunnuddigannisiansoi 1dinssua

1 9 3 o kY . a A o o a [
"l‘ﬂﬁﬂ’mklﬂ Tauns91a99M5HI9IUAY Hspice DUNWHAHFNWOTA Y UAUNINU
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o= 101'GQ (3.40)

3.4.4 MIUNTIZHONNUAUTNINDIA Z

o

a d = o o = T
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E
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@ v oa i o ° .
Az 3.10 vozloudryananssduduyniivesa z (v,) Mmiudaum v, /i,

gurIZVS

Y Y w g g o L T ot o’
E‘l.lﬁ 3.10 jqiﬂiﬂﬂlﬁﬂu fUuﬂJquJu']ﬂ!ﬁﬂluﬂ']3ﬂ1u3mﬂ1ﬂ]@uwuﬂu°ﬁﬂwaiﬁ Z

T
=

110317 3.10 Tavo1dung Kirchof’s Current Law (KCL) A 1viua Z 9z ldaunis

v w ' @ @ dy
'ﬂ'TliJﬁﬂJWUﬁ551’]'Tl\clﬂiguﬁllﬁgﬁﬂﬂ'l]lﬂﬁﬁlulﬁﬂﬂu

(gdll+gd12)vz +8m1P7 + Em12Vs =1; (3.41)

a 1A A L4 '8 J a | 1
ﬂ']i’llﬂﬁ'lgﬁﬂ?ﬂT@NWLLﬂM%ﬂNLB']ﬂV!WW@iﬂ Z i]Sﬁwi]'!'im"lLﬂW'Wﬂiguﬁ“ﬁulWﬁN'IUﬂ'J']ll

y ¥
Aumunieluves M11 uag M12 ‘ﬂzulﬂ

(a1 +8&a12) V. =1 (3.42)

9
Y

1T a A ot 4 a1 1w
AIUUTINITOVIATDUNLUAUBNWOIA Z UAUNINU

_ W 1 (3.43)

r .
? I (ga11+8&a12)
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o = o o o
INANNIT (3.43) IW151ABT I Netlist  91IHANITIIABINITHINUYB 2995 U
MANUIN v Tag g, = 137.86nA/V Uaz gy, =137.43nA/V unuas I luaumsdanaiiog

lamduRuaudinesa 2 (r,) mifiv 3.6337MQ

a d s Y] 1 A a wua
3.4.5 MYINTHOATVNBUTITY v, /v, uozr ARl FIROM
o 1w o o a o o
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]
o
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dm i uaz C Aeanuy Iihudssznhsvunnuassedvesueaniudmaeiaan i law
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01/tng Kirchoff's Current Law (KCL) 3¢ ldaumsanuduiussendnanszuduazdna I

v
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a4 N Tnua (Node) A4 9 14da



‘ﬁ Node 1 ﬁlxu],{égf

(gdl T8i2 T8 T &mt Em +S(C1 &3 Cz))V1 -8aV2 - 842Vs
'(gml +SC1)‘VX _(ng +SC2)vy =0

i Node 2 9214
'(8»:1 +ean)N +(gms T 841 +S(C3 + C4))V2 + 8 pi=1

 Node 3 3218

'(gmz +gd2)Vl + L pals +(gd2 + 844+ 8dat Bma '*‘Sca)Vz
_gdaV',’ +g1112vy =1

1 Node 4 %ll@s{

(gds +8u6 T80+ 8mst+ &ms +S(C5 * C6))V4 = Basts = Biels
'(ng +SC5)vx —(gmﬁ +SC6)vy =0

'FllNode 5 %3"151’
‘(gms +gd5)V4 +(gm7 + 845 +S(C7 £y Cs))Vs + sV =0
‘ﬁ Node 6 214

(8o + &a6 ) Va + EmsVs +(8as + Sas + Cap + &mp +5Cp ) Vs
'gdeS +gm6vy =0

 Node 7 2214

’(ga’a + gma)VB + (gda + 8413t 8416+t 8mzt S(2C9 it Clz))V'/
'(8413 +8a16 + gmm)Vs -8m13Vo + &misV10 =0
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(3.44)

(3.45)

(3.46)

(3.47)

(3.48)

(3.49)

(3.50)
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i Node 8 i]zvlfvi‘i,

-(&as + &mb) Vs +(8ap + 8a13 + Ear6 + Gmig + (2C0 + Cis)) Vs
-(8a13 + 8a16+ &m13) V7 + &m13¥o — mig¥io =0 (3.51)

i Node 9 9318

(80 + & +SC13)V9 -5C3V7 =0 (3.52)
i Node 10 9214

(g, + & +5Ci6) Vo -5CiV5 =0 (3.53)
i Node X 9218

(gd9 810t &t S(Cl e C’S))le -SC -SCiVy + 8oV 7+ 8oV =0 (3.54)

[ 1w o { d 1 o
INTUNIT (3.44) ﬁd (3.54) fT'IﬁJ'I'iﬂﬂiu’Jﬂ-Wi"Iﬂ'I'E]Flﬂ‘UUWEJLI,'NﬂuﬁW’E)Eﬁ X Aonesn Y

o = P ~ "o
aamsiosanlumanuin n luauns (n.2.8) 12 1@ v, /v, Hanlszanamin

v 2838 mid (ga'a +gma) 1 (3.55)

Vy  8da (gdz + 8d4)(3d9 T &a10 T & ) +28 58 mo (gda e gma) . [1+ 5T ][1+ ST?.]

N

C (8d9 +&a10 T grx)

Taoh 7, =
ngngQ
. Ci84, (gdz ‘f‘g(m)
2
Em28m9 (gda +gma)

VINTUMS (3.55) 1HBUNUAIMIITADTIN Netlist 7 1491A0158189m3 M1 YD
2993838 150053 Hspice 71814 Process 0.5um Y84 Alcatel HAZYUIAYBINT UM IADIAS
uaae 13 lunanuan v TaoldInananudiuniu R, uag R, wiius500Q wld
wisilmefdwansBlunanuan v Taefl g,,= 147.70AV, g,0= 20L6UAN, g4=

153HAJ[V, Baa= 162HAN, ga9= l3786nA/V, gd410= 13743I1A./V, B = 11854HAN,
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i Node 1 9214

(gdl +8i2 8t Emt+&m2 +S(Cl + Cz))Vl -841V2 - 8425
—(gml +SC])vx:O

1 Node 2 i]zulf:{

(gm + gdl)Vl +(gm3 +ga1+5(C5+ C4))V2 + gy =0

 Node 3 ﬁ]&’"lﬁ}

'(gmz + gdZ)VI +gm4V2 + (gd2 +gd4 +gda + Ema +SCa)V3
_gdaV7 =0

1 Node 4 ﬂz"lﬂy

(gds * Bigp Fle By Pt Co))V4 —8asVs —8aeVs
'(ng +SC5)vx =0

“I?'I Node 5 9 18
-(8ms +8as)Va +(gm7 +gqs +5(Cp + Cs))Vs sl =l
‘ﬁ Node 6 218

'(gmﬁ +gd6)V4 +Lmabs "'(gdé +848t 8apt+ Emp +5Cb)V6

“ZaVs =0
1 Node 7 "ﬂzul,ﬁ

(8da + &ma) V3 + (gda + 8413+ 8416+ 8m13 +5(2C9 i C13))V7
'(gd13 + 8a16t gmlﬁ)VS -Zm13Vo + Emi6¥10 =0

41

(3.56)

(3.57)

(3.58)

(3.59)

(3.60)

(3.61)

(3.62)
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1 Node 8 %ulﬁ

'(gdb g grnb)V6 +(gdb + 8413+ &a16 + &mie +5(2C)o + CIG))VB
‘(8413 +8a16t gmla)V7 + &3V — &migho =0 (3.63)

fi Node 9 9214

(g, + 81 +5Cp3)V5-5Ci3; =0 (3.64)
i Node 10 9314

(go+g2 +5C16)V10'SC16V8=0 (3.65)
ﬁ Node X 92 1¢

(,ng + 8410 +5(C + CS)) v, -G -5CsVy + go¥7 + mioVs = —ix (3.66)
‘ﬁ Node Z 3% 1@

(gd9+gd10+grx)VZ+gm11V7+gm12V8 =0 (3.67)

o 1 o 1 1 o
ANAUNT (3.56) ﬁa (3.67) UITIMUIUNINIDATITIUNTEUTTIEHINNDIA Z LA

o Y] = = - | 1 o
wosa X damsAnsanlumanuan n Tuaums (0.3.9) 9214 4, /i, iadszanainiy

i 1 1
14 8da (842 +844)(8ao + 8a10) [1+s7,][1+57, ]
2gm2gm9 (gda +gnm)

(3.68)

n

for-8
Iy

a 1o w 1 . . a1 1w £ & &
NAANNT (3.68) aziriu ldArvesdasiaiu i, /i, Iadszuiauninunie el

1 + + = 1 Cé ar = 1 A 1
sz unon £% (842 + 842) (849 g‘“o)am Hoonimiianng wazdawudniilnasy 2

2gm2gm9 (ga’a +gma)
Twa Mlieesiidaialumseeuaussmennudedh £ =1/2z7 uas f, =1/27r, laoi

7, uay 7, dnReasusuiuaas 1 luaums (3.55)
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3.4.7 MIIRTZHNTINUBUNNREVIN (V) )
mM3snTziuswusumeevian afinisandaufunszumoiunnawesaz (Z,)
Taylunsdived2995 RRCCII maqﬁmﬁifuﬁma{m v lifiamsflouussduunnnszuei
wosn z (1,) fawiifugud ednlsfe 7, lumal§iaia hivhduquiudesfinssua
vomlian (Iy)  ussduBuynidloudmoesn v udwihldnszudesvimafinesn z Wugud
[FunTussudUNNoaNn (V)

a

o { a ' =) =1
lumsfaum Vo ussduiifannanuuanaavosgounn (7,) szgnldiu

]

Y a W v A a T Ca a °
usaud BT B U eHaiiianna L llaunasvesgnsel 11n3EmsAuaw

Tumanuan n 7, awnsad s ldninmaniave s sdunnaeduss M1 iU M2 1az M5

AU M6 A9aUNIT (R.4.2) 1AL (R.4.4) MUY ANy

Vio =Vas1 —Vas2

[ (9

:\/ /21}31 _\/ ,2[D2 +Vr1 =V
K,Ww/L)y, \K,W/L),

= At (Fos =Vr)m I:ASNI Al } (3.69n)

2 Svi Im
A
Vib =Vess —Vose
27 27
" i e 7 DS Vs~V
KiW/Lys \K,W/L)

AV + Vs =Vr)p |:ASPI _Alp } (3.60%)

2 Spr - Ip

AVrpy =Vps — Vi

Alyy=1Ip —1Ip,, Alpy =1Ips—1Ipg
7 _Ipitipy _ Iy _Ips+Ips _Ipy
N 2 3" i 2 2
ASy =W /L) -(W/IL),, ASp=(W/L)s—(W /L)
/L), +(V/L), (W I L)s +(W I L)
Sy1 = 2 . Spp = 5
[21 G
Fas =Vr)m = N (Vs Vg =
! KII;SNI K;;Sm
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TUnsANTAIIUEANAIUDAULTIFUTE UV UATUUAZ U IF DT VDI IIVT AL ROUNT LU

M3, M4 ltagM7, M8 Tasfimua ldanuuanaedanaiiawiiny v, ppuag ¥,y audidy

1NITNITAIUINIUMANUIN A AITNNIT (N.4.6) 1AL (n.4.8) 14

o w = B~
MUAIAD WAL

Vior =Vps3 —Vpsa

VippthaeV;py

= /2ID3 B /ZIM +¥rg =Vr4
Kw/L)y; \K,WiL),
— APy VGs =Vr)pa [-’—\sz _ Mpz} (3.70)
2 Spr Ip
GE
Vion =Vps7 —Vpss
- /2[D7 - /ZIDE +Vr7 = Vrg
K,(W/L); NK,(W/L)
— AV, + VGs —Vr)na [ASNZ iy MNz} 3.71)
2 Sva Iys
Taeh  AVipy =Vp3—Vpy AVina =V =Vrs
Alpy =1Ipy—1Ip; Alyy =1Ip7 —Ips
Iny+1 Inq +1
By i B9 T2 7. =2p1*1pg
P2 7 N2 >
ASpy =(W/L);—(W/L), ASyn,=(W/L); —(W /L),
W /L), +(W /L) W /Ly, +(W /L),
Spy = Sn2 =
2 2
27 s
Vos —Vr)p2 = £2 Vos =VrInz =,|—
K:,sz K,Sn2
fioanin Ipy=Ip; W0z Ipy=Ip, —Ip, T Ips=Ip; UagIpg=1Ipg —1Ip, ASHU
Ay, _ Alpy
Iy Ipy
oy
% — %’_2_ (3.72)

Ipy

INZ
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Al Al P g
INANMT (3.70) uaz (3.71) 9218 —L2 az =2 jyidy
P2 INZ

Alpy _ _ 2(Vipp = AVipy) @ ASpy

Ipy Vs =Vr)p Sp2

(3.73)

Luag
AINZ __Z(VLDN _AVTN2)+ ASN2

INZ (VGS "“VT)Nz SNZ

(3.74)

VINAUMST (3.72) UNUTUNS (3.73) U (3.74) adluauns (3.690), (3.69%), a2 18 7,

a1 g
UAUIU

Vo = AV, + Fas =V [2(pr ~AVip) _ASp, | ASy, } s
2 Ves —Vr)p2 Spr Smi

Hag

Vip = AVipy + (Vs =Vr)pi {2(VLDN ~AVryz) _ASyz |, ASpy } (3.750)
2 Vos=Vrdva  Sva Sk

UIIAUNNYOAVDI Ma (Vg,) taz Mb (VGSb)ﬂsﬁNanswmmmm”lﬂﬁwmmmm

29asazNoUNIIUE 1A0 Vg, UAZ Vg, HAUNINY

VGS(: - VGSa(ma.fch) ® VLDP

Hag

Vaso =Vasbmateny +Vion (3.76)

20,
K, (7/1),

2L
Vesy = f—/ b — v,
K,(w/L),

VGSa(mmch) =Vpp— VGSB

=
Tae Vg, = +Vr,

VGSb(marc/z) = |VSS‘ - VGS7
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v @ d 1 "
VINTUMNST (3.76) AWIDUAMIANUTURUTTZNIN V) ppiaz V,py 16

27 27
Venp = Da__ _ Bl e W i W =W P 75
o JK;’ (W/L)a JKJ‘: (W/L)b Ta =710 T¥GS3~VGs1 TV LDN

Tao1d KVL dwSvuseiunnaea Ve nwlugifiszneudas M1, M13, M14 1ag
MI15 uagguussqunnyed M12, M16, M17 uag M18 (Mseenuuuiiliviig WL veq
M14 WU M15 U118 W/L 483 M17 (M0 M18) 15181150fUIanmInssud I, ; uag

e ] at
1 pg HAUMNY

Ip;3 =W /L); 4y _4 Ip3lpiy L Ton
W/ Lhays NV ILGW/L)ys W/L),
g
Ipig =W/ L) Mg -4 Tbalpr2 W Ipip (3.68)
(W /L) 7,8 WL ,(W/L)7:8 (WIL),

LI V) 3 Y a
Hav A lumfureInsumasuYes M1 uazMi2 mlvinanssudoeian ({os)
o 4 a1 r "o
NNDINMHNNOIA Z UAUNINY
(3.69)

los =1p —1pp
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Parameter Description Conditions Value Units
Current-buffer transfer accuracy I {1 @ f =100kHz, R;=0.5kQ2 0.025 %
-3dB bandwidth (i, /iy ) LS R, =0.5kQ 285 | MHz
Voltage-buffer transfer accuracy V.V, @ f =100kHz, R, =0.5kQ2 0.06 %
-3dB bandwidth (v, /v, ) L0, /v,) R, =0.5kQ2 285 | MHz
Quiescent supply current Ieg + 1.1V supply 102 uA
Output offset current, node-Z I3 05) Ve=V,=0 16.5 uA
Input offset voltage, +(V, =V, ) n(os) L. =0 +:36 nV
[nput resistance (node-X) B @ f =100kHz, Y (Gnd) 0.13 Q
Input resistance (node-Y) R v @ f =100kHz, X (Gnd) 10" GQ
Output resistance (node-Z) R @ f =100kHz, inputs (Gnd) 3.63 MQ
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W1V, ngums (0.1.1) uag ¥, 1naums (0.1.2) unuasluaunis (3.30) w1a v, i

v, = Vet Bl (n.1.3)
(g,;z +8q4F 8aa +gma)

MNAUNIT (3.34) Unu V5 91nauni(n.1.3) uazanmsoonuuu Iy MW=V, Va=Vs,

Vo=V, Vo =V,y e V=V, 921 ¥, fawminiy

V7 = gml(gda +gma)vx (n.1.4)
8ia(8a2 + 8a4)

v
WU 5 9naums (0.1.4) asluauns 3.38) uazanmsesnuuuli g0 =g,.10 %
18 v, /i, Sawminuy
xXi°x

Vy 84a(8a2 *+ 8as) (n.1.5)

Lo 8aa(8a2 + 844 )49+ 8410) + 28m28m9(&da + &ma)
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1.2 IEMIMIAMOATIAIUVBINTIAY Vy V),

4 | A & ! P &

Aoulvlumsdszinaualumenni g, uae g, o g, < g, (100 w11) 92 1Hmeutiv

E [l 1

azlaemInnsan g, wmaniu  uaziu@ernumeniiiatesinn (doondt 100 ) e
q a o A QY 1w o
afSeumounumendu q azilszanaa Iiniugud

v =) 3/
nnaums G44) M C = C,, €,= &ma» &u = &up NTUIM V] 12 14 Y

sz

” (gml &) Scl)(vx _vy)+ gleZ 23 ga'ZVB
b 2(gm +5C1)

(Vx _vy) L 8aVa 4 ga2V3 (n.2.1)
2 2(gml +SC1) 2(gﬂ1] +SC1)

n

W 7, minaums (n.2.1) unuasluaums (3.45) ivedmaam ¥, 1 la

Em84q1 Em&d2 Eml
L ——tmbdl . c(coic) | = v, —Enl(y —y (1.2.2)
[g & 2(gm +5C)) ( ; 4)} . 2(gm +5C)) R (x y)

E
VINEUMT (1.2.2) o —2mEdl_ « o Farfuagld ¥, Hanlszana
2(gml +SC1)

Emi18d2 I Eml
z(gm{ +SC1) 2 ( ) y)

Em3 +S(C3 e C4)

(1.2.3)

Vy =

1INANNIT (N.2.1) 1AL (N.2.3) unu V) wagh, Mud1ay adluaums (3.46) 1o

RTELRY A A )
¥, =¥
gmzvy - ng (VX + Vy)-i-( 2 = )|: gn!]glergdl _ gmigm4 :|
2 2 2(gm] +SC] )(gm?} +S(C3 +C4)) 2(gm'3 +S(C3 +C4 ))
—g +{ EmEmiEar _ Zm&an __ Bm8ar
da” 7
2(gml +SC])(g1173 +S(C3 i C4 )) 4(gn11 +SC1)2 2(gml +SC1)

+(gd2 = grfti + gdu +gma +SC{:)]I/3' = 0 (ﬂ24)
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IPAUATT (ﬂ24) NOUUDY gmlnggdl < gmlgnm
2(gml +SC1)(gm3 +S(C3 +C4 )) z(ng + S(CS +C4 ))
2 2
Hasiney EmEa < 8m8a EmEma8az < (g + 8

L SC])Z 2(g, +5C)) - 2(g +5C )83 +5(C;+Cy))

Y
+gda +gma) ﬂﬁuﬂﬂﬁqﬁ V3 ﬁﬂ']‘]_]‘izl_l']m

. = gfrzl(vx_vy)+ga'aV7
3=
(gd2 + 84+ 8ia +gnm‘)

(r1.2.5)

VINTUNT (0.2.5) unu 5 aaluaunis(3.50) Tasnsoenuuy i Ve=V; uag

v
Vo =V, farinazld 1 fisumnu

i v, —V
B e B\ gma)( x y) (n.2.6)

Ealgas+ gd4)|:1 +5 (2Cy+ € Ngus + 8 + 8™ Bis)
' 8ia(8a2 + 8a4)

W7, nnauns (01.2.6) unuasluawnis G54 Teveenuuulid ), = Y uaz

. L N SO
Emo = &mio V% WA v, [y, Uszinauniny

2gn?2gm9(gda +gmcz)
Ve _ 8aa(8a2 +84a) (a9 + &aro + &)l +s4][1+ sB]

(n.2.7)
Vy 14 2gn12gm9 (gda +gma)
8aa(&ar + &aa)(&ao + &ar0 + &)1 +54][1+ 58]
T A4 = (2Cy +Ci3)(8a2 + 8us + 8o + &ma)
S8z +844)
B = S
(849 + 8a10 + &rx)
NnaumI (0.2.7) faguuuln w4 v, /v, iy
V_: 2grn2g1719 (gda +gma) 1 (n.2.8)

vy 8da (gdZ 5 ga’4)(gd9 +8a10F grx) = 2gn12gn19(gda L gma) . [1 + STI][I “* STZ]
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(2Cy +C13) (22 + aa + 8o+ 8ma ) &ao + &mio + &)
28m38mo e + &)
(€1 +C5)84.(8ar + 8aa)
AL i Bt B )

Taon 7, =

LI

1.3 ITMINIMBATNTIUNTZD i, /i, HazaI9nNudU{ROY

A | = A ; v b4

Qoulvlumsdsymnmmlumendd g, uae g, il g, < g, (100 1111) v Iinewiy

9 [ T

az@IMINIU g, WMamu  uazrudsnumoniianiosunn (Hesadn 100 ) e
= = o Al 1 Y 1w o
wWSeuinsuiumendu 9 szlszmam Idmitugue

vnaums (3.56) W Ci = Gy, g1 = 8> &u = &pn W10 7 2214 7] il

malszun

_ (8 +5C)Vs +8aiV2 + 8405
2(g +5C1)

=
Il

e Ve ga"s & 842V (M.3.1)

2 2(gm+sCl) 2(g,, +sCl)

W 7 anaums (0.3.1) inuasluaums 3.57) iefaun 7, agld

EmEa Em 82 Eml
Bg ——— e — | O +C }V = V;—="v, (n3.2)
? (g +5C)) (G+G) 2gm+sC) ° 2

EmEa

¥
< g,; fuiuld ¥, Sanlszuna
Z(gml +SC1)

INTUNIT (0.3.2) (NDV

Em&d2 V. — Eml

3
et 2‘(gml +SC1) 2
B gm +S(C3 +C4)

Vx

8 (n.3.3)

VINAUMs (1.3.1) uag (n3.3) unu ¥ wazl, awdeu asluauns 3.58) e

A V3 ez la
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L!: EmEmEar _ EmEma i Ema v
2 Q(gur] + SCI)(ng +S(C3 +C4 )) 2(g;)13 + S(C3 s C4)) 2 )
+|: gmlgmdgd? _ g‘i]g?“ _ gmlgdl
2(gml + Sc’wl )(gm3 + S(C3 + C4 )) 4(gml + SC} )2 2(gml i SCI)
+(ga'2+gd4+gtia+gnra+sca)]I/3_gdaV:;’ :0 (ﬂ34)
NANNIT (0.3.4) INONVDY EmEm2Ear < EmEms
2(8,; +5C N8 +5(C5+C,))  2(g,; +5(C+C)))
2 2
UAZINDU EmEa «_ Em8n EmEma&ar < (g4 + &us

4(gml + SCI )2 2(gml + SC}) - z(gml +SC])(ng + S(C3 + C4))

Vv
+g, +g,) auiuazld 75 an)szunn

V3 — EmVy t+ gdaVT (n.3.5)
(gdZ t+8a4 T 8 & gma)

MNANAT (7.3.5) und V5 asluawmsG.62) Taemseenuuuld V=V, uay

¥
v 9 = 1w
Vo =V, Aariuvz 18 1, daumau

V7 = Em2 (gda +gma)vx (ﬂ.3.6)
(2C +Ci3)(8ur + 8a4 + 8aa + gma)j|
£42(842 + 8a4)

Laa(8an + 8d4){] +s

und 7, 11nauns (n.3.6) asluaums (3.66) 9z 141 iy 1AL

. ligda(gdZ + 844) (a0 + 8aro) (1+54) (1+5B) + 28,1289 (s + gina)} F37)
. ' 2aa(8a2 + Laa) (1 +54)

(2C9 + C13)(gd2 +8u4 t 8da +gma)
84a(8a2 + 8au)

Taofi A=

G

B=—7F>"—
&ga9 T &a10

UK 5 3nauns (.3.6) asluaums (3.67) vinmsesnuuul Em9 = Emi1 = Em12

V1 5 " w
vz laa i, iy
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e ZgrrJngQ(gda +gma)g,v-z "
2ua(8a2 +84a) (a1 + 8a1a + &2 ) (1+54) 7

1, =

Zz

e 2gm2gf119(gda+gma) v (n.3.8)

8aa(8ar +8aa)(1+354)

o P 3/ . a ! . .
W1 i, 1NAUMST (1.3.8) MISAW 7y INAUMNT (7.3.7) 92 1RoRs1dUnTYNE iy [iy 3]

Aty
' 1 1
Z . (3.9)
iy 14 8ia(8a2 + 844)(&ao + &ar0) [1+s7,][1+57,]
2gm2gm9(gda +gnm)
Tavit 7, = (2Co +Ci3) (82 + 8aa + 8uta + Ema)(8a5 + Emio + &)

zgngmQ(gda +gma)
(C,+C5)8aa (842 + 8as)
4g1112gm9 (gd(z + gnm)

ad Y U
n.4 IEMIMMusIaUaYneevlisn (v,

117299531 3.8 THueans wFanos M1 uag M2 fu M5 uaz M6 aunwsdiu na1dld
Srivessduiineda v fwhfuussduiinedn x dufunadiausaduveesanaesd
Aumidu AV Tumalfididesnnanu Iiaunsdves M1 fu M2 uag M5 fu M6 wld Av
Ha hiwhwogudldiiauid v,

VINTAUNTT (3.690) AIWNTALTAIITAIAIUIN IAINHAA LT IAUNNYDTYDIY M1 LD

M2 HAUNIN

27 27
Vesi—Vegs = Bl L2y, -V,
sallin \jk,ﬁ(W/L)1 \jf{,ﬁ(mmz)2 B

_ i [Nl _ J!TNl +MN1 +AVTN]
K,f, (W1 L) (W /L)y +AW [ L)y,

=\/ 24y {1*\/ 1+ &/ dy, i|+AVTN1 (n.4.1)

KWLy, 1+ AW / LYy /(W L)y
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109910 ALy, /Ty Wag AV /L)y, /(W /L)y, <1 @0funinaums (n.4.1) amnsa

A 9 ' o o A 9w
nsznomensniiaesliedluglinaddmilalddeaums

VGS] _VGS2 = —/QJL{I—[l-F MNI ]|:1_ A(W/L)Nl }}—}'AVTNl
\ K, (7 [ L)y 21y, 2W L)y
_ 21y _ ALy ALy, + Ay
Ky /Dy | 20n 207/ L)y,

- (Vos = V1) [:_ Aly, /—\(W/L)Nl}_

AV 1.4.2)
2 Toi D | ™ (

MNAUMT (3.69%) ANTOUEALITMIMUIN IR9INHAMILT ITINNTO A YDA M5 Lay

M6 UAUNINY

27 21
Vass —Vese = \/ 22 —\/ DS Vs —Vig

K,WiLs \K,W /L

_ |2 Ipy Ip) +Alp -
KL (N /IL)py NOV/L)p+AW [ L)p

K, (W /L)p 1+ AW I L)p /(W ! L)p

3
o/

o900 Alpy [ 1oy W02 AW [ LY py [W [ L)py <1 $9UUINAUNT (N.4.3) AW150)

~ Y o  w £ Y o
asznomensniaeslieglugimuidmileladeaums

Vass =Vase = | 2rmm o 2L 1_[1 v 2l J[l Rty }} +AVrp)
K,(W/IL)p 21py 2W 1 L)p
_ 2y {ﬁ Alp AW /L)py } AV,
K,WILp | 20y 20V /L)p
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_ s =)y, {_ ALy AGY L),
2 I /D)

} +AVppy (n.4.4)

TunsAiANUUANANN 1T IAUYDIG AL NOUNTLUTATIIADDN T YYIDUDIIIVTAIAVEY
AMUUANAT NMOS  92IAUNAANYDULTIAUANYOTUDI M3 LAZUTIAUATU- SO TVUD
Ma (Vpgy =Vggq) HAZATINUANANININUSIAUYDIGAZROUNTZUANTIPADONT Y 10IVDS
1ITMAVHIWANNUANAT PMOS  22MIAUHAANUDUTIAUANYOTUDY M7 LAZITIAY
PTU-HDAVDI M8 (Vg =Visg) Ba1n3ndnsedi lddeauns (n.4.6) uaz (n.4.8)
AUAIAY  JAUHAAIUDIUTIAUNNTOAUDS M3 UAZUSIAUIATU-YOAUDI M4 @11150

wosan ldaaTuns

21 21
Visas =Viga = o8 D _ ., -V,
GS3 DS4 \/K;(W/Lh \/K;(W/L)t; 73 T4
2‘[193 _ Z(HID:J;) + VT3 _’VT4
K,WILy; \K,(n(W/L)s)

i Ipy Ipy +Alpy LAV
K/ (W/L)P2 (W1 L)py+ AW | L) p, Hige

_ /2[”2 1—\/ L Ay L +AVppy  (N4.5)
KL /D)y, | NT+AW /LD)py [0V I D)y

4 I~ o 1
Taen n Gy wruwhusamsasnounszue

fioenn Alpy [Ipy @2 AW [ L)py [(W /1 L)p, <1 $9UUINANNT (R.4.5) 1150

d’ 1 o o é o
nszvemeusnidesinegluglmudidmitel&dsauns

Voss =Vpsa =, [~ =le 1- 1+MP2 1_A(W/L)P2 +AVrp)
KLO7 1 L), 2, )| 200/ L),
oy - 21py |:_MP2 +A(W/L)P2J+AVTP2
KL ILypy | 20y 20V /L),
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Ve =V
_ (Vos =V1) ps [_ Alpy AW /L)py }_ Bls (.4.6)
2 Ipz (W/L)P2

HAZIUIAEINUHAAUDILTIAUNNYDETUDI MT LAZLTIAUATU-YDAUDI M T35

Ansan lddeaums

21 21
Vs —Vpss = b7 D8y, -V,
Gs7 " Ds8 \/KL(W/LL \/;,(W/L)g P77 Yo
_ /2ID7 B /?.(nlm) TV
K,(W /L) K, (n(W /L))
_ _2;‘ Iyg Iny + Ay, + AV
K, (NOV/L)yy NW /L)y + AW /L)y,
= |— 2Lz 1,,\/ L+ Alya/ Iy +AVpy, (04.7)
K, (W /L)y L+ AW T L) o /(W 1 L)y

iioanin Alyy [Tyy 402 AV 1 L)y /W 1 L)y <1 9UNAUNST (0.4.7) 913150

asznemensniaesliegluglinusidmialddeaums
A
Vaos1—Vpss = #’2— Lo g | E e + AV,
K,(W /L)y, 21y, 2W 1 LYya
_ : 21y, [_MNZ +A(W/L)N2i|+AVTN2
K,W /1Ly, | 2Uya 200/ L)y,

Vg =V,
:( GS T)Nz {_ Aly, +A(W/L)N2}+AVTN2 (n.4.8)
2 sz (W/L)NZ




MARNUHIN U

VDD

M3 M4 T MIS_I ’4_—’\ ? T
Tam |
@ "T | @ E | | Mb4
—] @ |_ _‘__| e e M9 M1

= 7
M1 M2 I

I wl—3G)
®] w ® |®

o—e O o

TIE
__T —

Mi16 '__. M10 Mi12

i s E—HE

- @ -
di=~ | 5
“Ho Jolr
—6M}:L® M;'_l M:ﬂ,:o ® M]sc *—

Vss

719 v.1 vemvilsedn node n1oluens RRCCII

2.1 Tuaamisitines

.model en nmos level =2

+tox =0.94e-8 nsub =4el6 vt0=0.5097457 u0=1588.4312781 delta =0.01 pb =0.7556
+rsh = 1.60 js=7.05e-04 jsw =4.3e-9 wmin =0 wmax =1 Imin=0 Imax =1
+cgdo = 1.42e-10 cgso =1.42e-10 cgbo =3.67e-10 kf =3.67e-28 af =0.91

toj =7.7587e-4 mj =0.35297 cjsw =3.4485¢-10 mjsw =0.26477

.model ep pmos level =2

+tox = 0.94e-8 nsub =4e16 wt0 =-0.5103469 u0 = 148.6428164 delta=0.01 pb = 0.78469

+rsh =140 js =80e4 jsw =4.0e9 wmn=0 wmax =1 Imin =0 Imax =1
+cgsl =0  cgdo = 1.42e-10 cgso = 1.42e-10 cgbo =3.67e-10  kf =1.20e-28 af=1.1

+cj =8.1577e-4 mj =0.36667 cjsw =3.5456e-10 mjsw =0.27422
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U @ o ¢ :
v.2 Wenduinmafifnuussduduyn-eminn, aszuafivesa X uaz Z

HAZ TR IMIUNIY

) o 1 @ = A a A oA 3 4
I3 Ma llag Mb ma°luaﬂym$ cascade L‘]Juﬂ’]'ilW‘JJE]iJWLLﬂ‘LJ“HW‘I‘Huﬂ‘u‘ulmgﬂﬁﬁ

1w =) = o = ] "W
@on L, iy 1u i IR 188ufiuaudigandins1d L, wivu 0.5

.option captab numdgt=5

.option tnom=27

*Mb3 13 6 VSS Vss en w=2u I=4u

*Mb4 15 3 vdd vdd ep w=8u l=4u

Ml 2 X 1 1 en w=1u 1=0.5u
M2 3 y 1 1 en w=1u 1=0.5u
M3 2 2 vdd vdd ep w=20u 1=0.5u
M4 3 2 vdd vdd ep w=26u 1=0.5u
M5 5 X 4 4 ep w=4u 1=0.5u
M6 6 y 4 4 ep w=4u 1=0.5u
M7 5 5 Vss Vss en w=5u 1=0.5u
M8 6 5 Vss Vss en w=6.5u 1=0.5u
M14 9 9 11 11 ep w=34.5u 1=0.5u
M15 11 11 vdd vdd ep w=34.5u 1=0.5u
M17 10 10 12 12 en w=9%u 1=0.5u
M18 12 12 vss vss en w=%u 1=0.5u
Ma 7 0 3 vdd  ep w=4u I=1u
Mb 8 0 6 Vss en w=lu I=1u
M13 8 9 7 7 ep w=6u 1=0.5u
Ml6 7 10 8 8 en w=1.5u 1=0.5u
M9 X 7 vdd vdd ep w=7%u 1=0.5u
MI10 x 8 Vss VsS en w=20u 1=0.5u
M1l  z 7 vdd vdd ep w=7% 1=0.5u
Ml12 z 8 Vss Vss en w=20u 1=0.5u

K 2k 2k ok ok 3K ok ok o ok ok sk ok ok ok ok ok 3K sk ok oK ok ok ok ok ok sk ok Function Test s sk ke ok sk sk sk ok sk ok sk ok ok ok ok ok sk ok ok ok sk ok ok sk ok sk ok ok sk ok ok sk ok ok ok



Ibl vdd 2 DC 35u
Ib2 1 Vss DC 35u
Ib3 13 Vss DC 4.5u
1b4 vdd 15 DC 4.8u

VDD  wvdd 0 DC 1.1V

VSS 0 Vss DC 1.1V

Vy y 0 AC SIN(0 1 100k 0 0 0)
Rz % 0 1kQ

Rx X 0 1kQ

.OP

DC  Vy “1 1 0.1

.PRINT DC par(‘I(Rx)’) par(‘I(Rx)")

>k 3k 3k de 2k 2k ok ok ok sk ok ok sk sk ok ke e sk ok ok ok sk ok sk ok ok sk TRAN TEST e she 3k 3k 3k sk ok 3k ok 3k Sk sk sk ke sk ok sk 3k sk s ok ok ok e ok ok K ok skok sk koK ROk kR
.TRAN 0.1u 30u

PRINT TRAN

FOUR 100k V() 10

AC DEC 100 1 100meg

PRINT AC

NOISE V(6) Vy 10

.probe

.end

Fas:  w a d ot d
1.3 WINTUIAMDdNNUAUTNNDIA X
.option captab numdgt=5 cd=130

.option tnom=27

Rdl 3 1 0.692meg
Rd2 4 1 0.651meg
Rd3 3 0 0.748meg
Rd4 4 0 0.617meg
Rd5 5 2 0.692meg
Rd6 6 2 0.651meg
Rd7 5 0 0.749meg



Rd8
Rd9
Rd10
Rdll
Rd12
Rd13
Rd14
Rd15
Rd16
Rd17
Rd18
Rda
Rdb
Rol
Ro2
Ro3
Ro4
gml
gm2
gm3
gmé
gm5
gmob
gm7

gma
gmb
gm9
gmll
gml3
gml4

gml5

11

10
10

11

11

0.617meg
7.25%9meg
7.271meg
7.259meg
7.271meg
5.578meg
2.881meg
2.881meg
5.421meg
2.701meg
2.701meg
8.436meg
8.437meg
50meg

50meg

50meg

50meg

X 1

11 0

147.997u
149.419u
322.275u
410.403u
146.768u
150.214u
320.588u
408.264u
44.763u

44.527u

201.556u
201.556u
63.330u

215.934u
215.934u

100



gml0 x 0 8 0 201.619u
gml2 z 0 8 0 201.619u
gmlé 7 8 1 8 63.905u

gml7 10 12 10 12 226.626u
gml8 12 0 12 0 226.626u

3k sk sk s Sk s Sk e ke ke ke Sk ok Sk Sk sk ok ok ok K sk kR Kok koK Function TESt EEEE LRSS EEEEEEEEE LR LR

Vx X 0 AC SIN(0 1 100k 0 0 0)
Ry y 0 0
.OP

.TF V(x) Vx

.DC Vx -1 1 0.1
.PRINT DC PAR(-I(Vx)")
.PROBE

.END

JQ'J [¥] a d " d
V.4 WaNFuIandUNUAUTNNDTA Y

EEEE S SRR EE R E LT TS Function Test 3he 3k 3 3k 34 Sk i Sk Sk 3k 3k 3 3k ok Sk 3k 3k ok sk 3 S Sk e Sk ke e Sk e e She ke ke ok ok ok

Vy z 0 AC SIN(0 1 100k 00 0)
Ry y 0 0
P

.TF V(y) Vy

DC vy -l 1 0.1
PRINTDC  PAR(-I(Vy))
PROBE

END

v.5 Hadiudamauiiuausinetn z

sk 3k 3k 3k ok 3k 3K 3k ok 3k ok sk sk ok 3k sk ok sk ok 3k sk ok ok sk ok sk sk ke Function Test sk sk S 3k 3k 3k ok 3k ok sk ok sk ok ok sk ok ok ok ok ok ok sk sk ok sk ok sk sk ok ok sk ok sk ok ok
Vz oz 0 AC  SIN(01100k000)

Ry y 0 0

OP

101
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JIF V(2 Vz

DC Vz -1 1 0.1
.PRINT DC PAR(-I(Vz))
.PROBE

.END

QA

JQ:' w1 o 1 (Y T 4‘ =
1.6 WaNFUIamonsaIuusIny NV !!ﬁz‘b"Nﬂ’J“lNﬂ‘lJ{]‘U NU
.option captab numdgt=5 c¢d=130

.option tnom=27

Rdl 3 1 0.692meg
Rd2 4 1 0.651meg
Rd3 3 0 0.748meg
Rd4 4 0 0.617meg
Rd5 5 2 0.692meg
Rd6 6 2 0.651meg
Rd7 5 0 0.749meg
Rd8 6 0 0.617meg
Rd9 X 0 7.259meg
RdI0 «x 0 7.271meg
RdIl =z 0 7.259meg
Rd12 z 0 7.271meg
Rd13 8§ 7 5.578meg
Rdl4 9 11 2.881meg
Rdl5 11 0 2.881meg
Rdle 7 8 5.421meg

Rd17 10 12 2.701meg

Rd18 10 0 2.701meg
Rda 7 < 8.436meg
Rdb 8 6 8.437meg
Rol 1 0 50meg
Ro2 2 0 50meg
Ro3 9 0 50meg



10

= -

~1

10
12

=

o o kA A~ O

11

o

A~ O O NN

50meg
1.3665f
1.3665¢f
27.3305f
35.5297f
5.4661f
5.4661f
6.8326f
8.8824f
10.3505f
2.5866f
107.9555f
107.9555f
8.1992f
47.1451f
47.1451f
27.3305f
27.3305f
2.0498f
12.2987f
12.2987f

X 1

b
—

(=T ] 9.1
L= e . N =T S T O S e B e

147.997u
149.419u
322.275u
410.403u
146.768u
150.214u
320.588u
408.264u
44.763u

44.527u

201.556u
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gmll =z 0 7 0 201.556u
gml3 8 7 9 7 63.330u

gml4 9 11 9 11 215.934u
gml5 11 0 11 0 215.934u
gml0 x 0 8 0 201.619u
gml2 z 0 8 0 201.619u
gml6 7 8 1 8 63.905u

egml7 10 12 10 12 226.626u

gml8 12 0 12 0 226.626u

sk stk s sk ok ook kR sROK OOk Ok Rk ko Fnction Tt % s sk sk ok ks ko skt sk ok sk sk ks ok ok kb ok ook

Vy vy 0 AC  SIN(0 1100k 000)
Rx  x 0 0.5k
.OP

AC DEC 100 100 200Meg
.PRINT AC PAR(*20*logl0(V(x)/V(y))’)
.PROBE

.END

dor w o i (& wa
v.7 WanFuIamonnaIunszud i fi, tazyasnnuadfuaau

3k ok 3 2k 3k ok ok ok ok ok ok ok ok ok o sk ok ok ok ok ok ok ok ok ok sk ok ok FunCtiOl’l Test sk sk sk ok ok ke sk ok ok ok e sk sk ok ok sk sk ok ok ok sk sk ok ok sk sk sk ok ok sk ok ok skok ok

Vy y 0 AC SIN(0O 1 100k 0 0 0)
Rx X 0 0.5k€2

Rz z 0 0.5kQ

.OP

AC DEC 100 1 400meg

PRINT AC PAR((I(Rz)/1(Rx))")
.PROBE
.END

1.8 WanFuianmsaiusuynesvlian

.option captab numdgt=5
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.option tnom=27

*Mb3 13 6 Vss vss en w=2u I=4u

*Mb4 15 3 vdd  vdd ep w=8u [=4u

Ml 2 X 1 1 en w=1u 1=0.5u
M2 3 y 1 1 en w=1u 1=0.5u
M3 2 2 vdd vdd ep w=20u 1=0.5u
M4 3 2 vdd vdd ep w=26u 1=0.5u
M5 5 X 4 4 ep w=4u 1=0.5u
M6 6 y 4 4 ep w=4u 1=0.5u
M7 5 5 Vss vss en w=5u 1=0.5u
M8 6 5 Vss Vss cn w=6.5u 1=0.5u
Ml14 9 9 11 11 ep w=34.5u 1=0.5u
M1s5 11 11 vdd  vdd ep w=34.5u 1=0.5u
M17 10 10 12 12 en w=%u 1=0.5u
MI18 12 12 Vss VSs en w=9%u 1=0.5u
Ma 7 0 3 vdd ep w=4u I=1u
Mb 8 0 6 vsS en w=lu I=1u
MI13 8 9 7 7 ep w=6u 1=0.5u
Ml6 7 10 8 8 en w=1.5u 1=0.5u
M9 X 7 vdd vdd ep w=7%u 1=0.5u
M10  x 8 Vss VSs en w=20u 1=0.5u
M1l z 7 vdd vdd  ep w=7%u 1=0.5u
M12 =z 8 Vss vss en w=20u 1=0.5u

sk ok sk ok Rk Kok sk Rk R kR kR RSk Rk R kR kR Fnction Test ¥ %% %k sk sk ok ootk skl ok ok skok sk ook ok

Ibl vdd 2 DC 35u
Ib2 1 vss DC 35u
Ib3 13 vss DC 4.5u

Tb4 vdd 15 DC 4.8u

VDD  vdd 0 DC L1V
VSS 0 Vss DC 1AM
Vy y 0 AC SIN(0 1 100k 00 0)

Rz z 0 0
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.OpP
.DC  Vy -10u  10u 0.1u sweep Ibl 34.95u 35.00u .025u
.PRINT DC V(y,x) I(Rz)
.probe
.end
ﬂTi'I\iﬁ .1 WT?TﬁLﬁﬁ{(NCﬁiST) INHANTIVIADIVDIIIDT RRCCII
element Ml M2 M3 M4 M5 M6 M7 M8 M9 MI10
model EN EN EP EP EP EP EN EN EP EN
id 17.29u 17.71u -17.2%u | -22.02u | -17.2%u | -17.71u 17.2%u 22.02u -1.63u 1.63v
ibs 0 0 0 0 0 0 0 0 0 0
ibd -12.28f | -15.04f 6.17f 3.41f 12.27f 15.04f | -6.1743f | -3.41f 11.00f 11.00f
vegs 745.49m | 745.48m | -617.4m | -617.4m | -744.7m | -744.7m | 617.43m | 617.43m | -526.6m | 525.93m
vds 1:23 1.5041 -617.4m | -341.4m | -1.2273 | -1.5038 | 617.43m | 340.90m -1.1 1.1
vbs 0 0 0 0 0 0 0 0 0 0
vth 509.91m | 509.92m | -510.4m | -510.4m | -510.4m | -510.4m | 509.78m | 509.77m | -510.4m | 509.75m
vdsat 201.53m | 201.53m | -91.21m | -91.22m | -200.5m | -200.5m | 91.69m | 91.69m | -13.77m | 13.73m
beta 730.63u | 748.01u | 3.5457m | 4.5144m | 738.27u | 755.87u | 3.5089m | 4.4674m | 14.65m | 14.680m
gam eff | 313.68m | 313.68m | 313.68m | 313.68m | 313.68m | 313.68m | 313.68m | 313.68m | 313.68m | 313.68m
gm 146.00u | 149.42u | 322.27u | 410.40u | 146.77u | 150.22u | 320.59u | 408.26u | 201.64u | 201.54u
gds 1.44u 1.54u 1.34u 1.62u 1.44u 1.54u 1.34u 1.62u 137.86n | 137.43n
gmb 24.67u 25.25u 56.12u 71.46u 24.78u 25.37u 55.82u 71.09u 35.96u 35.94u
cdtot 0.145f 0.146f | 2.8702f | 3.7137f | 0.580f 0.583f | 0.7176f | 0.9284f | 11.4308f | 2.8939f
cgtot 1.7169f | 1.7175f | 31.2625f | 40.5686f | 6.3174f | 6.3201f | 7.9523f | 10.2785f | 131.74f | 33.49f
cstot 1.3665f | 1.3665f | 27.3305f | 35.5297f | 5.4661f | 5.4661f | 6.8326f | 8.8824f | 107.955f | 27.3305f
cbtot 0.205f 0.205f 1.0617f | 1.3252f | 0.2713f | 0.2713f | 0.4021f | 0.4677f | 12.3550f | 3.2686f
cgs 1.3665f | 1.3665f | 27.3305f | 35.5297f | 5.4661f | 5.4661f | 6.8326f | 8.8824f | 107.955f | 27.3305f
cgd 0.145f 0.146f | 2.8702f | 3.7137f | 0.580f | 0.5827f | 0.7176f | 0.9284f | 11.4308f | 2.8939f
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15197 .1 (MD)

clement MI11 MI12 M13 M14 M15 MI16 M17 MI18 Ma Mb

model EP EN EP EP EP EN EN EN EP EN
id -1.63u 1.63u -2.1261u -4.5u -4.5u 2.1888u 4.8u 4.8u -4.3149u | -4.314%u
ibs 0 0 0 0 0 0 0 O 3.4142f | -3.4090f
ibd 11.00f 11.00f | 11.4749f | 5.5200f | 5.5200f | -11.475f | -5.521f | -5.521f | 5.2657f | -5.2593f
vas -526.6m | 525.93m | -577.4m | -551.9m | -551.9m | 578.2m | -551.9m | -351.9m | -758.5m | 759.10m
vds =1l 1l -1.1475 | -551.9m | -551.9m 1.1475 -551.9m | -551.9m | -185.1m | 185.03m
vbs 0 0 0 0 0 0 0 0 341.42m | -340.9m
vth -510.4m | 509.75m | -510.4m | -510.3m | -510.3m | 509.85m | -510.3m | -310.3m | -565.9m | 565.45m

vdsat -13.77m | 13.73m | -57.0lm | -35.37m | -35.37m | 58.152m | -35.37m | -35.37m | -168.4m | 169.27m

beta 14.65m | 14.680m | 1.1133m | 6.1117m | 6.1117m | 1.1017m | 6.1117m | 6.1117m | 266.42u | 263.66u

gam eff | 313.68m | 313.68m | 313.67m | 313.67m | 313.67m | 313.67m | 313.67m 313.67m | 313.67m | 313.67m

gm 201.64u | 201.54u | 63.324u | 21593u | 215.93u | 63.911u | 226.62u | 226.62u | 44.763u | 44.527u

ads 137.86n | 137.43n | 179.25n | 347.06n | 347.06n | 184.50n | 370.17n | 370.17n | 118.53n | 118.52n

gmb 35.96u 35.94u 11.143u | 38.247u | 38.247u | 11.249u | 40.138u | 40.138u | 6.4370u | 6.4107u

cdtot 11.4308f | 2.8939f | 0.8689f | 4.9456f | 4.9456f | 0.2172f | 1.2902f | 1.2902f | 1.2862f | 0.3460f

cgtot 131.74f | 33.49f | 9.6362f | 55.3976f | 55.3976f | 2.5452f | 14.5783f | 14.5783f | 12.1830f | 3.3443f

cstot 107.955f | 27.3305f | 8.1992f | 47.1451f | 47.1451f | 2.0498f | 12.2987f | 12.2987f | 10.3505f | 2.5866f

cbtot 12.3550f | 3.2686f | 0.5682f | 3.3069f | 3.3069f | 0.2782f | 0.9894f | 0.9894f | 0.5462f | 0.4116f

cgs 107.955fF | 27.3305f | 8.1992f | 47.1451f | 47.1451f | 2.0498f | 12.2987f | 12.2987f | 10.3505f | 2.5866f

cgd 11.4308f | 2.8939f | 0.8689f | 4.9456f | 4.9456f | 0.2172f | 1.2902f | 1.2902f | 1.2862f | 0.3460f
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+ 1.1 Volts Rail to Rail CMOS Current Conveyors

S. Thupthawash and V. Kasemsuwan
Department of Electronics, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang(KMITL)
Chalongkrung Rd., Ladkrabang District, Bangkok 10520, Thailand.
Phone (66-2) 326-9968 Ext.102, Fax. (66-2) 739-2398, Email: kkvarako@kmitlac.th

Abstract

A simple configuration for the realization of the
ratl to rail current conveyors in CMOS technology is
proposed. The input consists of NMOS and PMOS
differential pair connected in parallel. The output stage
is in the class-AB configuration enabling the circuit to
have rail to rail swing capability at both input and
output. The circuit can operate with input/output swing

harmonic distortion is less than 0.5%. The resistance at
terminal X is found to be 1.2, The total power
dissipation is S6uW. and the maximum output current of
2mA.

Keyvword: Current conveyor, Rail to rail

1. Introduction

The first generation current convevor(CCl) is one
of the most powerful analogue sub-circuits which is
introduced in 1968[1.2]. CCI has been mainly motivated
by the higher operating speed possible with current mode
circuits as compared to their voltage mode counterparts.
The versatility of the CCI has been Increased by
enhancing the input impedance at the input terminal Y
and known as the second generation current conveyor
(CCHY[3]. The CCII is a three terminal device usually
labeled with X, Y and Z as show in Fig. 1, and has the
following port relation.

I 0 0 0 Iz
Fei=l1t 0 0 Ix
fe 0 +1 0 Vz
Y O}
e {z+
Iy -
CcCit b 7
ix ';""'
s z-
X O]

Fig. 1 Block diagram of CCil

A number of circuit configurations of CCIH have
been developed towards their 1C realization[1-53], vet
most of them required large supply voltage to operate
and thus not suitable for the low voltage operation which
is the technology of the present. Hassan O, Elwan and

Ahmed M. Soliman{6] proposed the low voltage CCIL
FHowever, the circuit requires the supply voltages of
+ 1.5volts, an output resistance of 272 at the X
terminal and the maximum output current of 300pA.

In this paper, a rail to rail second generation
current conveyor(RRCCII) is proposed. The operation
of this circuit is based on a high gain differential closed
loop structure, Simulation results have shown remark-
able performance characteristics, namely high frequency
of operation, large swing capability and low power
dissipation. The proposed RRCCII is then connected as
a negative impedance and multiplier. The simulation
results show good performance in both dynamic range
and frequency response,

2. Circuit description

The proposed RRCCII is shown in Fig.2. The
circuit composes of NMOS(M1-M4) and PMOS(MS5-
MB) differential amplifiers connected in  parallel
allowing rail to rail operation at the terminals Y and X
Ma and Mb are connected as common gates to form a
cascoded structure. M13-M15 and Mb3 are used to bias
M9 to have their gate source voltages close w the
threshold voltage(V ) using translinear loop while M16-
M18 and Mb4 are used to bias MIO in the same way
using the same principle. It is instructive to note that
although the parallel connection of the NMOS and
PMOS differential pair at the input of the proposed
RRCCH does not give constant transconductance(G,,)
especially when the input signal is large, a good linearity
of the circuit can still be obtained due to two reasons.
Firstly, the output stage of the proposed RRCCII is
connected in the class AB configuration(Transistor
coupled feedforward class AB control(TCFF)){7] and
thus the transistors M9 and M10 alternatively operate.
The low distortion part of the differential amplifier is
transferred to terminal X while the high distortion part is
suppressed. The distortion level can be adjusted with the
trade of power dissipation by varying the bias cusrent in
the transistors Mb3 and Mb4. Secondly, the feedback
connection from the drains of transistors M9 and M10 to
terminal X helps improving the linearity between
terminal Y and X. As seen, terminal Z is connected in
the class-AB configuration and thus also enabling the
true rail to rail operation at the output terminal Z. The
dynamic range of each terminal of the proposed RRCCII
are given by

e ('le — Vst + Vn)S Vy < (Voo - Vspagueer + Vr:) .

mnlsryguivinamadmniniiiih afafl 24 (BECON-24) 2223 warSniou 2544
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Fig. 2 The proposed rail to rail second generation current conveyor(RRCCIL).

- GV\\E - Vosr -+ Vn) <kx < (;";za - Vsas + Vm)
and
- (]V\-\i - V;m:(xé‘a()) < Vz = (V.:,am : If'.a':.w.'(_s‘h’{))

It is noted that the voltage swing range at terminals
X and 7 are actually determine by the smaller one.

3. Circuit simulation

The proposed RRCCIHI is simulated with HSPICE
using a 0.6 micron CMOS process parameters. The
transistor aspect ratios are shown in Table 1.

Table 1 Transistor aspect ratios of the proposed RRCCII

Transistor W/l
MI1-M2, M8 Mb3 8/2
M3 15.9/2
M4, Mb4, M5-M6 31.872
M7 472
M9, M1l 398.5/1
M10, M12 100/1
MI13, 23.6/2
Mid, MI13 9.5/2
M16 6/2
M17, MI8 2.4/2
Ma 13.9/2
Mb 3.5/2

The bias currents bl and b2 are set to be 4pA and
the supply voltage Vpp and Vs are 1.1volt and -1.1volt
respectively. The proposed circuit shows two widely
separated poles with the phase margin of 45°  This
phase margin can be increased to optimize the settling
time by connecting additional capacitors between the
gates and the drains of M9 and M10. We have found
that capacitor of 0.1pF will give phase margin of 60°.
Fig. 3 shows the dynamic range at terminals X and Z
(5000 and 5 kQ at terminals X and Z respectively).
One can see that the curve shows linear relation between
the signal at the input port Y and the other ports in the
range of & 1volts. Figs. 4 and 5 show the frequency
response of the voltage transfer between terminals Y and
X and current transfer between termimals X and Z
respectively.

}
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Fig. 3 Dynamic Range at terminals X and Z
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Fig. 4 Voltage gain(Vx/Vy)
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Fig. 5 Current gain(1z/1x)

The tracking of Vy and Vy shows good agreement
over a wide frequency range(-3dB at 40MHz). The
linearity analysis has been tested by applying the large
signal at terminal Y(2V,.,) and the harmonic distortion is
shown 10 be less than 0.5% at terminals X and Z. The
mismatch of the voltage and current transfer between
terminals X and Y and terminals Z and X in the mid-
band Irequency are less than 1%. The offset voltage and
offset current are found to be 40uA 2nA
respectively.

From the simulation result, it is found that good
himearity is maintained between the output voltage at
terminal Z with minimum load of 500< and the input
voltage at terminal Y for the rail o rail operation{ +
IV.). - Therefore we conclude that the maximum output
current 1S 2ZmA. The impedance at terminals Y. X, and Z
are found to be 107 Q0 1.2Q and 3.5MQ respectively.

and

4. Applications

The proposed RRCCH has been connected o work
as a negative impedance converter NIC[R] with R, of 10
k) as shown in Fig. 6. The negative impedance
converter is a two-port network whose input impedance
Is the negative of the load impedance. It can be used
to  provide voltage- or current-controlled negative
resistance for oscillators, or to obtain extremely low

o - W
amsdazgpinmemadoansiu i afd 24
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resistance for certain applications such as current
sensing. It can also be used to form a simple wide-band
integrator with load capacitor, a basic building block of
active filters. It has not been wildly used because of
difficulties in realizing adequate linearity and bandwidth.
Figs. 7 and 8 show the negative impedance seen at
terminal Y and the frequency response of negative
impedance converter circuit. The frequency of operation
is up to 20MHz. Fig. 9 show the multiplier circuit using
the proposed RRCCIL The circuit is modified from Liu
et.al{9] for rail to rail operation. Figs. 10 and 11 show
the dc transfer curves and the frequency response. As
seen, a good linearity is obtained over a wide range of
input voltages and the frequency of operation of the
circuit is bevond 10MHz.

Vin © ¥

con Z

Fig. 6 Current Conveyor as a negative impedance
converter (NIC)
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Fig. 7 Transfer characteristics of Ry (-10k Q)
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Fig. 8 Frequency Response of negative impedance
converter{NIC) using the proposed RRCCII
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Fig. 11 Frequency response of the multiplier circuit

5. Conclusion

A rail to rail second generation current convevor is
proposed. The circuit is simulated using HSPICE. The
simulation results show good linearity(Jess than 0.5%
distortion) and good frequency response(-3dB at 40
MHz). The circuit can operate with input/output swings
of # Pvolts under the % i.lvolts supply voltage. The
resistance at terminal X is found to be 1.202 while the
standby power dissipation of the proposed RRCCII is
S6uW.  The maximum output current of 2ZmA. Two
applications based on our RRCCII, which are negative
impedance converter and-multiplier, are presented. The
simulation results show good performance in both
dynamic range and frequency response.
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* 1.1 Volts Rail to Rail CMOS Current Conveyors

S. Thupthawash and V. Kasemswuwan
Department of Electronics, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang(KXMITL)
Chalongkrung Rd., Ladkrabang District, Bangkok 10520, Thailand.
Phone (66-2) 326-9968 Ext.102, Fax. (66-2) 739-2398, Email: kkvarako@kmitl.ac.th

ABSTRACT
A simple configuration for the realization of
the rail to rail current conveyors in CMOS

technology is proposed. The input consists of
NMOS and PMOS differential pair connected in
parallel.  The output stage is in the class-AB
configuration enabling the circuit to have rail 1o rail
swing capability at both input and output. The
circuit can operate with input/output swing of +
ivolts under the =+ 1.lvolts supply voltage, the
harmonic distortion is less than 0.5%. The
resistance at terminal X is found to be less than 0.1
€2. The total power dissipation is 56 uW and the

maximum output current of 2maA.

1. INTRODUCTION

The first generation current conveyor(CCI) is
one of the most powerful analogue sub-circuits
which is introduced in 1968[1,2]. CCI has been
mainly motivated by the higher operating speed
passible with current mode circuits as compared to
their voltage mode counterparts. The versatility of
the CCI has been increased by enhancing the input
impedance at the input terminal Y and known as
the second generation current conveyor{CCII[3].
The CCII is a three terminal device usually labeled
with X, Y and Z as show in Fig. 1, and has the
following port relation.

Iy a 0o o0 Py

Vv { = { 0O 0 Ix

Iz 0 +1 0 V2
R

— tz+

iy e

CcCHl - —r
ix 7
z-

X o]

Fig. 1 Block diagram of CCIlI

A number of circuit configurations of CCII
have been developed towards their [C realization
[1-5], yet most of them required large supply
voltage to operate and thus not suitable for the low
voltage operation which is the technology of the
present. In this paper, a rail to rail second

Tl

generation current conveyor{ RRCCI1)} is proposed.
The operation of this circuit is based on a high gain

differential closed loop structure, Simulation
results have shown remarkable performance
characteristics, namely  high frequency of

operation, large swing capability and low power
dissipation. The proposed RRCCII is then
connected as a negative impedance and multiplier.
The simulation results show good performance in
both dynamic range and frequency response.

2. CIRCUIT DESCRIPTION

The proposed RRCCII is shown in Fig.2. The
circuit composes of NMOS(M1-M4)} and PMOS
(M5-M8) differential amplifiers connected in
parallel allowing rail to rail operalion at the
terminals Y and X. Ma and Mb are connected as
common gates to form a cascoded structure. M13-
M15 and Mb3 are used to bias M9 to have their
gate source voltages close to the threshold voltage
{(V+) using translinear loop while M16-M18 and
Mb4 are used to bias M10 in the same way using
the same principle. It 1s wstructive to note that
although the parallel connection of the NMOS and
PMOS differential pair at the input of the proposed
RRCCII does not give constant transconductance
{Gp) especially when the input signal is large, a
good linearity of the circuit can still be obtained
due to two reasons. Firstly, the output stage of the
proposed RRCCII is connected in the class AB
configuration and thus the transistors M9 and M10
alternatively operate. The low distortion part of the
differential amplifier is transferred to terminal X
while the high distortion part is suppressed. The
distortion level can be adjusted with the trade of
power dissipation by varying the bias current in the
transistors Mb3 and Mb4. Secondly, the feedback
connection from the drains of transistors M9 and
M10 to terminal X helps improving the linearity
between terminal Y and X. Maa and Mbb work
similarly to Ma and Mb while M11, Mi13a work
similarly to M9 and M13 and the same for M12,
Ml6a to M10 and M16. As seen, terminal Z is
connected in the class-AB configuration and thus
also enabling the true rail to rail operation at the
output terminal Z. The dynamic range of each
terminal of the proposed RRCCII are given by.

= QV&‘; — Vosscay + Vn) ¥y s (Vm — Vipagsas + VT:)
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It is noted that the voltage swing range at
terminals X and Z are actually determine by the
smalier one.

3. CIRCUIT SIMULATION
The proposed RRCCII is simulated with

*\V
‘L M5 : 4 . (e
R p— A
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X O o 3 O — * Oz
b2 E Miga
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Fig. 2 The proposed rail to rail second generation current conveyor{ RRCCII).

HSPICE wusing a 0.6 micron CMOS process
parameters. The transistor aspect ratios are shown
in Table 1. The bias currents 1bl and Ib2 are set to
be 4pA and the supply voltage +V and -V are
+1.1velt and -1.1volt respectively. The proposed
circuit shows two widely separated poles with the
phase margin of 45°, This phase margin can be
increased to optimize the settling time by
connecting additional capacitors between the gates
and the drains of M9 and M10. We have found
that capacitor of 0.1pF will give phase margin of
60°. Fig. 3 shows the dynamic range at port X and
Z(500C and 5k at terminals X and Z
respectively). One can see that the curve shows
linear relation between the signal at the input port
Y and the other ports in the range of =+ 1Volts.
Figs. 4 and 5 show the frequency response of the
voltage transfer between terminals Y and X and
current transfer between terminal X and terminal Z
respectively.

The tracking of Vy and Vy shows good
agreement over a wide frequency range(-3dB at
40MIz). The linearity analysis has been tested by
applying the large signal at terminal Y(2V,.,) and
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the harmonic distortion is shown to be less than
0.5% at terminals X and Z. The mismaich of the
voltage and current transfer between terminals X
and Y and terminals Z and X in the mid-band
frequency are less than 1%.

Table 1 Transistor aspect ratios of the proposed
RRCCII

Transistor W/L
MI1-M2, M8, Mb3 8/2
M3 15.9/2
M4, Mb4, M5-M6 31.8/22
M7 4/2
M9, M1 398.5/1
MI0, MI12 100/1
M13, Mli3a 23.6/2
Mi4, MIS 9.5/2
M16, M16a 6/2
M17, MI18 2.4/2
Ma, Maa 13.9/2
Mb, Mbb 3.5/2
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4. APPLICATIONS

The proposed RRCCII has been connected to
work as a negative impedance converter NIC[6]
with R, of 10k€) as shown in Fig. 6. The negative
impedance converter is a two-port network whose
input impedance is the negative of the load
impedance. It can be used  to provide voltage- or
current-controlled  negative  resistances  for
oscillators, or to obtain extremely low resistances
for certain applications such as current sensing. It
can also be used to form a simple wide-band
integrator with load capacitor, a basic building
block of active filters. It has not been wildly used
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because of difficulties in realizing adequate
linearity and bandwidth. Figs. 7 and 8 show the
negative impedance seen at terminal Y and the
frequency response of negative impedance
converter circuit. The frequency of operation is up
to 20 MHz. Fig. 9 show the muliiplier circuit[7]
using the proposed RRCCIL. As known, multiplier
circuit is one of the most essential circunt building
block in the communication circuit. Figs. 10 and 11
show the de transfer curves and the frequency
response. The frequency of operation of the circuit
is beyond 10 MHz.

Vin © Y

CCHl Z

Rx

Fig. 6 Current Conveyor as a negative impedance
converter (NIC)
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Fig. 7 Transfer characteristics of ~Ry (-10k (2 )
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Fig. 8 Frequency Response of negative impedance
converter(NIC) using the proposed RRCCII
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5. CONCLUSION

A rail to rail second generation current
conveyor is proposed. The circuit is simulated
using HSPICE. The simulation results show good
linearity(less than 0.5% distortion) and good
frequency response(-3dB at 40MHz). The circuit
can operate with input/output swings of X 1 volis
under the 4 1.1 wvolts supply voltage. The
resistance at terminal X is found to be less than
0.1Q2 while the standby power dissipation of the
proposed RRCCIL is 56uW, The maximum output
current of 2 mA. Two applications based on our
RRCCII, which are negative impedance converter
and multiplier, are presented. The simulation
resufts show good performance in both dynamic
range and frequency response.
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