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ABSTRACT

In this thesis, a methodology for the realization of generalized multi-output current
conveyor is proposed, where a first generation current conveyor (CCI), a second generation
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Tude 1, =150 pA aszualuda 1,=1,=150A uaz @anvszqildluaaes c=C=1.5pF
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uzivuaveant W uaz L luueansudmnesuaazdigniimualunisiai 3.1 e

WD DINIAIVD I IAUDBUNNBOVIFA(Input offsct voltage) N30 V,, DATIAIUUDILTIAY
= ¢ ¢ s ' °

V/V, ANUAUMUTARETA Y WO3A X 1Az WA Z A1A2111119097995(Transconductance)

s 1 o = B . . . 1 a wa ar
H30 G, 6AIIAIUVDINTLUMDIMWNUASDUNN i, /iy 1Az i/, FINPIROMN N5 98U

¥
=

HATNTZUAVDINVTAIMITONINGUAT wﬂﬂlé’fﬁm

Y a < o o i
M311 3.1 VAUDINDANT IUFAADI T IMTVIDI TN 3.5

nIuTmaes W (m) L (um)
M1, M2, MIA, M2A 50 I
M3, M4 100 1
M2B 75 l
M4B 37.5 1
M3A, M4A, M1B, M5(A), M6(A), 5 l

M7(A), M8(A), M13(A), M14(A),
MI15(A), M16(A)

M3B, M9(A), M10(A), M11(A), M12(A),
2.5 1

MI17(A), M18(A), M19(A), M20(A)

=Y dn o o =1
3.3.1 ﬂTﬂ!ﬂi13?1?11‘1]?]\11!‘5\19]1!6“?!7]9%)7"5‘5?1 (Input offset voltage) 70 Vos

13129939 3.5 A Iweamin MIA nag M2A finwauweriulduinigauda

oA ar

' [ i o =) [ - .
v Vv ‘r‘i%‘ﬂﬂ'ﬁ]ﬂa13ul[3{']'lilﬂ1‘llﬂﬂi3‘.-@]"1]115Qﬂﬂﬁ“@iﬂ ¥ Mﬂ'llﬂ'lﬂﬂﬁﬂﬂ{ﬂ X

GSIA~ Y GS2A

4 ' " "o o ' = i1 (]
1ID901N1 AV=V, -V, Iainogud ualuauiluase M1A nay M2A finerusglu

GSIA™ Y GS2A

1 1 = ) = H : o Y a ' &
5UARANUUANAI VAANMWIANANUDA Vi, UAE Vg, 11ATU a1 1HiIRAf1v0e AV &4

o ' @ e
Wuvoans IduBUHNoDNIYA

[ 1

=Y 1 = =Y o { 1 1
WOTININAIUDUNNUDANT IUFAADT MIA Haz M2A Naenuagluzlgniy
LANATY

V.=V =V

in Y GSIA — v(:.m + vx (3-1)

o U
fruali

AV =Vioia = Visaa (3.2)
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INANNITVOI MOSFET NINISMI9IMT10UAT (Saturated region) inus luaunis

(3.2) Tadaaums (3.3)

AV =AV. + 2'..HI.-\ ~ 2"#2:\
! Klr\ KZ/\

¥ o :
mmualn

V.

T2A

AV, =V,

1A~

0 o a f o A - L . .
AININNVDINDANT UFAADIAIN | UAIAIAUNIS (3.5) o= 1,2,

. #,C oW,
L

K

NAUMSI (3.5) 32 1dauns (3.6) uaz (3.7)

AHUA
I=ip,+ip

Al =iy, =iy,

INAUMSN (3.6) uaz (3.7) 14

2K +2AK
1A~ 2

2K -2AK

K2A= )

HAZIINAUMSTN (3.8) 1AL (3.9) 14

(3.3)

(3.4)

(3.5)

(3.6)

(3.7

(3.8)
(3.9

(3.10)

(3.11)

(3.12)

(3.13)



HNUALNIIN (3.10) waz (3.11) aalu (3.3)

4ipyi ST

AV =AV,+ J -
2K +2AK

2i
=8V ¥ |
! [[K(HAK!K)

I

J?_K—EAK

K(1-AK/K)

|

2"”1.4

(3.14)

/)

1INANNS (3.14) aunsanszaomeniegmelumventids 12 T8 Taenvrsanvineynsy

IN1aB3 (Taylor’s series) AD (14X)"=1 + X/2 - X'/8 + X /16 -

T -1<x<t i lAd

(1+AK /K)= (2K + AK) /2K (3.15)
(1+AK 1 K)= (2K - AK) 1 2K (3.16)
UNUANNS (3.15) 1A (3.16) aalu (3.14)
AV AV 22, K (2K - AK) - 2,/2:;,,2AK(2K +AK) (3:17)
! 4K —(AKY
e AK Tismiesundaszana (AKY wihdugud minaumsi (3.17) w18
AV = AV. + 2K(\f£nm _\‘inzn)_ AK(\J‘EHIA +Vi112,\) (3.]8)
! K*J2K Kk
HNUAELATN (3.12) 1ag (3.13) adlu (3.18)
2K[ ’I+2AI_ ’!;AIJ M[ f:+2m+ fl—zAl]
AV = AV, + - (3.19)
i yiar K*V2K
MnauNs (19) awnsonszaemeniiegnielusiniidesla
112 1/2
(I+A1J _(I—AIJ _ A (3.20)
2 2 NeT
1/2 1/2 1/12 2
(1+Al +(!—Al] _(L p AL (3.21)
2 2 2 41
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UNUADNITN (3.20) uaz (3.21) aalu (3.19)

12 2
o) %)
= ) 2
AV =AV, + =

oLE (3.22)
K2k K2V2K

Tumsmaveaussauduwneerisanio v, mlaninAiivesaunis (3.22) yugniinives
¥
Al=0 A91Y

(Kl.'\ - K:A )\I'.m,\ + i:):A

2
i =AV. - £
T K:JF T [

(3.23)
Kl.‘. + K'.’A J‘Iz

2

L ]
Auiuanaunsn (3.23) uaaahiiuineesansoaamussauduynooriva
(Vo) adladromsauguuuiunisaiueamin 1 lassadeliswssduiacy (v,) naza

A (K) ¥0au0ams udmans MIA uaz M2A Indifestuinniiga 1sznmsiassions

- 9 "o “ . . A ﬂ o 3 o ] =
onlFumassionszuanai I, =iy, +ip,, Futunszua lusalinuaesvoonnuuanaiad
ANToUY

3.3.2 MIANTIZHADAT VBN N HYB I3 VRUzd hidimsiloundv (A,,,)
TuMmsAMINAIBATWOIENITIauTeT Y d llinstloundu Tdden 14

a ¢ o d o gy i ' a v
MSARTIEH AR IMVNAEN WA TAaunsh Tnuaaeg ¥032395 Tugii 3.6 dail

“

T Zmial V-V

|

Cra

JUN 3.6 2095 auyadIARILITIAUYEIITMIENIUNTEIAYA T Ao LT aRAID NN
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Tnua |
aaVa=V) = g iV, = Vo) = (5Cpy + g0V, =0 (3.24)

Tnua 2
SCa(Vy =Va)=5CoVy + 2oiaVy = Vi) = goaaVa = 8na(Va = Vi) = g0 a(Va =V3) =0 (3.25)

Tnua 3
Zu2as + 8a2a Vs = V1) = sVl — BasaVs =0 (3.26)

NAUNIIN (3.24) D1 (3.26) 92 14 [MARUIN A)

Vi _ 8m2a8man (3.27)
vy (8.12,1 + &’.JMX&’»M + 5(C.\A +Cy, )) i

Tviun 4
(8wt 8m + sC, + sC, )V.; =(gm + SC: )vx g chvx (328)

Trua s
2 Vi =V )+ (8t 82 +5C Vs =g,.Vx (3.29)

Triua X
BuiVa +3CV, 4+ 2, Vi =(C, + 8,0+ 82V (3.30)

DINAVNITN (3.28) D4 (3.30) 92 1@ [MARUIN 0]

(.\' + Eﬂ'—I\ Em2 J
X G, (3.31)

=

T/;“ .81 ((Lml-}'&ﬂ‘") ((’\m +ERXC+ J ((gﬂl|+gﬂ1lg +gm2)}

¢

VINAUNSIN (3.27) uaz (3.31) M1 Iasasveronanssnuvearesvaz i liimstleunay

AITUNITN (3.32)

ngAgm-lA gml gmz
g2l | gqomd
A —K‘t_ = {(gf‘4+gnl4AXC1A +C4A)I CI I Cl ] (3‘32)
= Yy open 54 B uida i (gml B Km) (F- m2 ¥ SR)(C +C,) (gml e gm)(gn +8 )
(C,,+C.) & C,C, Ge.

fmualii=1.2.3,.
ilo g AeAnuihvemiuFanes

mi

o o
B ﬂEJﬂ'lﬂ']"lll'IJ'l‘lfl‘IJ']lﬂi'LI“dﬂﬂYli'I'I.J‘Hfﬂﬂﬂi
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- 1 1 = ::a o " a ot
uas C, ﬂamﬂs:qsz14’nw1|.nmuaz'u1cnaﬁmmuﬂﬂmmmmma{vmmsmam'lwmeanm

(Saturation region) GRIN RN
5
C=Co=7CM (3.33)

i

DN INANTAUATIEHATANNIIN (3.32) NAWDAVEWUN

ﬁ =( Buioa I EmEm2 ] (3-34)
v open ga2a T 8a4a (gnll + 8p Xgn + J,’,,,g)

¥

Avor =

e mualdanszualudaldsurveniiu 1, =150TuTasueud %114 1441
DA VLN UG IUABUMIToUNdUTAUMIAY 30 dB '
Py Y :iqlc! o o 9 c; A
INEuNIsN (3.32) 12 1dA1 A (HNTTATITANINAIUAIUDITDININHAVD
' - o -
A1NVDNADONVDITDIIID5AD
¥

4:; & Aa a A d'i = o o o 9y c;
AATHDUTN HID f: Lﬁummnmnmummmn'umnﬂm;mmimammqmummmm

299FUBBANVLUANAN (M1A-M4A) 189

_ S 8 man (3.35)
/ 2 [(CM +C-M)J

o

1INMIAIIUAINNIARRENWLI £, UAUNINY 15.2 MHz

c;c; =] I~ HA4 a A & A o w o 3 Py
AUINADI HID f2 Ll]‘l—lﬂ’ﬂllﬂﬂl.ﬂﬂ‘ll‘Lll‘uﬂﬁﬂ1ﬂ‘llﬂ‘ﬂ1ﬂﬂ1|‘fNﬂWiﬂ'N"lHﬂNﬂ']uﬂ']"mﬂﬂlﬂﬂ

195AmeelnInsae Tvaa R 18

" - 8t 8m | &2t &r (3.36)
! CrHG c,
= o8t 8 | 8uzt &k (3.37)
T\ G +C, &

o 1 d. as C" = ] o
ﬂ'lﬂﬂ'\‘iﬂ“Iu'Jiuﬂ"lﬂ'ﬂﬁJﬂﬂ‘F)'E]DﬂiJm:‘ﬂiﬂﬁﬂ R= 10 k€2 ¥AUNINY 5.06 MHz

3
@ e 1

A o o 4 1o as L4 Y
ﬂﬂuuﬂ'lﬂ')']11ﬂﬂﬂﬁﬂﬂﬂlﬂﬂ?ﬂﬂi’ﬂuLﬁﬂdﬂ1ﬂ1ﬂﬂ’]ifNH'll‘!LL'i\?ﬂuil'mWB'iﬂ Y ‘lﬂUJWEJﬁ(V”I X :':]2\1

a o ' e 9 o !
QﬂWi)Ti‘Eu'IL‘]Juﬂ"HI?N fz mwa“iwamwmwﬂnqmaﬂm;ﬂumumn (fu)
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3.3.3 mmsadudarm Vv, vaiimstlenndy

AWITIAUTENIN VYV, 1Az V, manms‘lugﬂﬁ 3.5 vaziimstloundu uanda
UM (3.38)
I I (3.38)

et 14— |+["'fl_+"fﬂ_J

Ay 1D BATIVYIWUTIAUYDINITTWWIUNTZUAYANTDILDUTAAIDIMNNIIN

vor

wosm Y midanesa X vz luiimstleundu (Open-loop)
v ¥
LT o ar -

gaiudasweemansaauiioninstlounduuuvavudl Tasndas1voousadu

gzt lifinistloundu (A, Ty 30 dB 9xlAUMIAY 0.987 naziiioanInnls

L] 3
= =

ar o 1 - e e d Al 4 '
Pounduuvvavihr Idanfiaaumennudnmuunndu [maruan v daez ldduilen

mMstloundu(F) =1 uag f, = 5.06 MHz 92 18 anwddneea Inumiiy 157 MHz

3.3.4 9ATVEEMINTZUFVEITVEH IuTimstleundy
5@swuwﬂi:umm'zwsmuwmn5xuﬁqaﬁffmuuuﬂaﬁnmﬁﬁmmwﬂ% X 1184
< & o v ¢ ¢ o o ‘e o
wosa X mmmunimﬂuwammmvmn‘j:uﬁvmzmq'lnnmiﬂaunau (open-loop)

aunsadnsedavanmsaeunszualugli 3.7 18dsaums (3.39)

23

é FLETH ) ra

r L 4
" o5
Fas "

314 3.7 2995 AUYAAINVLIBNTZUAVBINITNWWIUNTZHAYA T AB A UTAAD NN

Ly

A

ior =

Em2s I (gm‘.lA i '\.CJA) 88 mya J

i -[.‘a’mm +5(Cp+Cpp +Cy) (gnll'.'A ¥ "'CI:A) (S:(Cu +3- CI:)C-H +“(Cu +3 C]:)gnﬂ.-l +gn|‘)gmﬁm)

.((gmlu'*'scl.‘a) a8 mian ] (3.39)
(gmlu +35C 4, (—"'_(Cn +3-C, )Cn,\ + -‘{Cln +3 CM)“\’»-IJA + é’mugmna)

X
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Ay 1D BATIVOINTTUAYDINITAOWIUNSZUAYA AU AR M WNIINNDITA
X mdanesa X vazdga luiinistloundu (Open-loop)

INAUNT (3.39) INAUIIU(Dy) VOINVTAINVEWNTEUANIMUA TaD

®,, =+I180 —lan‘(E A(:m"[!m - tan '[‘IE —mn"[lm ~ tan[ 1m
Re f, Re }f, Re /,, Re Re f,

P

—lan‘[—l—l]l1 —lun"[H] -l;ln"(lﬂ] —mn"(Lm—J (3.40)
Re A Re b Re /. Re b

o |

p, Ao Twatiiosninassaziounszuaiiisnsworonszu n i

b, p, p, i Tna waz z, HudTsiloanniesafounszuania Tnauuwl i il
Thwmiwnilunszuaiiiamans sdwiv i

P, P, P, HuTna uaz 2, FudTsiieanninsazteunszuania Tnauuuliuei

T mymilunszuaiifemadoriuny i

¥
o £ A

INMITNITVIAUMT (3.40) WUIAT INANANVDIIIV5BGN p, Aariududen i p,
= Y = ] A o ady 'y =
Hudumu Tnavearnsnenir hlesnuuunieimssame wazlunsaindoans 1ieesl

= v 4 o " 9 as PR
Maduannnai 45 saruive Iiiuledmeesveliadosnm laasaunis (3.41) (Tashiiie
Twauazd1siiloannisaziounszuamalaauuulivlyuaazgaim Iiinansidouma

25 DA INNITNATDUINUAITUNIT(3.40))

85 = 1an"(::1)— mn‘[——c‘" Hlaytila ) (3.41)
(o Emin

INAUMST (3.41) AAINAN ALY 45 DI WITAIUVIENTZUFIZIMT @MW e
" oa 4 o " v o "o
W 85 9ar B9 19 lamaunulsegwauming 1.5 pF

Sasveenszuaniums 1yauauaduiudiaums (3.42)

Aj()f.- = ganBgmHgml‘i (342)
Bup8msEma

MIANTIZHAIANUDIE DD ANT FAADT 119U TURIBUAT 1 INaNNITR (3.39)

1 1dm A (s) ATAaTTan1edIuaNudondasinaresns i unILdve 11993
w =] H

A3198A51EONANT LI (MIB-M2B) nazfdaunulszysae C, = C, = 1.5 pF 71 1d91n

TUNIT (3.41)



P N R T (3.43)
MG e+ Oy #C)

o 1 o o = "o & ¥ y °
NAMIAIINmIANNRRReeW £, TAUNINY 10.2 MHz F99zwud Heving
Hounaulasiinidasinmistoundu®) miny 1z laaianudniendinisiloundumiiy

170 MHz

3.3.5 ANSTUAERU i /i 10 i, /i, yaeiinsdeundy

amsasiunszualudiuvesisazieunszuama laauuulsulgees 1d

A‘ - i& =( (grn\JA 2 ‘SC‘)A) ll”mtllgmlllr‘ ] (3.44)
- iu (g miva-T SCNIA) (Sz(cq +n- ka“m + A‘(C‘, +n- Clu )gm‘m ¥ gmvgmim)
e e _ ((gmlfm + JClm) 8s8misa J (3.45)
“ Iy (gmm + “'Cm)(“-(cn +n-Cs )Cm + “'(Cu +n: CU)ngJA + gmmgml.m)

n A uaMDMYNIsAZRDUNTEIama laALuUT U

i, Ao neTAouNNVBIITAZAOUNSTHama AAuULYT U

s

& 3 > e o ¥
A, 710 BATWNTZUAVBINITAEROUNTEIAME InauuYUT U a0l n e Wiynuaz T

a

s =

PIHNTIAANIIAT WA iy

"

=} [ Y [ == o« s
A, A0 BATIVLNTTHAVBINIIAENOUNTEHamd Inauuul Ul TanT n o mynuag 1

MWD RAMAIRE I iy

Rorsanmsdarunszianuauag Ui 3.8 92 l1daums (3.46)

gml('!/u" V\)
)

ene(VeVy)
0\

~1

i

gmasl‘:r
fonl

CiptCestCez

%°|\
&
— 1
- s

i

41 3.8 29esAuyavesazieunszua litewiymih 1,



W
[ )

MIAIHIUNTEUAIVAUMEHAIM T OUNAUN T HAAIAIAUNIS (3.46)

iy Ao (3.46)
iy I (AGANAL)
wueudtulumsinsannsdrunszuauuINAIgln 3.9 vz 1dauns (3.47)
'A — (AmA.m'A.?J-) (3.47)

iy 1+ (AUJA?NA\?J')

zp

iH

4 = ¢
U7 3.9 2vseuyavesvsazteunszuai iionivymiu 1,,

a {1 a a o P
3.3.6 NTAUATZHADHNUAHBTNINDIA X

L L

EmiB

s
L

Vi

gV
{2\

8l VsV

U7 3.10 1995 AUyavRINRTAMADL]
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o ' ] o ° = d's s &
‘lumimmmmmmé’fmmuﬁwmm X NINMSAATIEH 1ﬂUﬂ15ﬁ%‘1d1di}‘iﬂﬂlﬁUH°ﬂ
a ar ] o = Y as 4 '
auuanisfloudygrunszuadiiinesa X TasAinsanlinwsduiinesa v auilugud
& " Vi ¥ o o 4 o o . a 3 - D '
cmazm'lw"lmnaﬂummmnwam X ﬁ‘lu Vx AIHUAINNUATUNIUNNDIA X NOUNIT

ﬂﬂunﬁuﬁﬂ'mmmms (3.48) [MIAHUIN N]

-

re=—%= : (3.48)
Iy (g2t 8 t3(C+C,))

A1NUATUNMUN AN 10HAIINATNITDOUN T VUTIAULAZNTZUAUAD LAAIA
AUMS (3.49)
V| 1@y + g + 5(C, +C,)
A A

X ¢losed 1OP “ VOP

(3.49)

rX (new) =

INAUMS (3.49) ANNTORINUARIDATIVEIUNIATIAULASNTZHA IADINAIN WA TUNIUN
' ¥
@13 1aoN TUNIMMUAADAT VLN T IAULAE AT SUHIY ﬁaqmﬁqﬁwwﬂgﬁmm

o A 1 1 o
M5 IAULAZNT ZUAUDIIIIA0FE Tananas 11U Turade (3.3.10) uaz (3.3.11)

3.3.7 MINSAININAININYD 923995 (Transconductance)

o 1 [ ' o - o o g A
ﬂ'l'i'JlﬂTi'ltﬁﬂ'lﬂﬁ’cNN'luﬂTIIJu'HJEN’Ni)iIﬂﬂﬂ’lﬁ’)iﬂi1$ﬂ WY IUVUIALDBNUA

'V ow W [ R [ by <0 ¥ 3 { o o
IMNUBATIAIUVDINITSUT iy, NUAWTIAU V,, mnmnm‘iwnnﬂﬂ"lﬂmmsmmummm

ﬂﬂi?dﬁiﬁﬂﬂﬁ@ﬂﬁﬂﬁ@jm

‘;x__[ | | (3.50)
Vi \R+ry. |+{M]

824

P ' ' w o T o ' ™
Fanud R>> r,. nazAmsaiuannesa Y iaadu ldmesa X i lndifoaiu
Aolioasveemanssauiialnames 1 sz ldamsaderiua i we 919950811521

I/R

a i1 a A e ¢
3.3.8 MTAUATIEHMDUNUAHENNDTA Y
o o A A 4 dy - e I'd
nesa Y niefivunavesuomin M1A noluadniuninauiudanousen laq
. 4 $ o ¥ < ¢ ' 4
(Si0,) Failnnudumugs Falinalinnudmmuinesa Y s igaiieannnszuadd (DC
" ] n’.: ny .. [V 3 4 '
Current) Tiennsarmdunavesuoavn 1114 (,z0) Aniunesa Y Sadeinlumadives

[ 9 u‘:
wiaau lamnmiu
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3.3.9 MIIATISHADUNUAUBNNDIA ZN Haz ZP

0 d' o 1 A 1

AAUAUMUNNDTA ZN 1Az ZP 1992993 2215z 1dmiduainnuauniu
1ADONVDINITAZTNBUNTZUAMA INAYHANADVUIUAYI AR OUNTZIAA 1 InAYiIA
d a7 e
OULAIAITUNST

MANUAIUNIUNNDS A ZN Hautlu

v = 8uasalusraalucas 1 8mmralusmialusm Q (3.51)

' Y o s a
ANANUATUNIUNND A ZP l.lﬂ'llﬂu

Tp = Bmizalumralun I 8uaiaTucniaun Q (3.52)

& A ' = 9 v — o “
PUUDUNUAIMIUAUNITN (3.51) LA (3.52) 92 1AAIANUAUNIUNNDS @ ZN 1Ay ZP 1M

N 222 kQ |, 220 kQ AR

3.3.10 M3z fiRnumanssduduynnesa v

91029935 WIHUI MIA taz M2A aenueglugdgnnuuanais Taoil M3A uay
MaA 12995 azRounszuaimiinIugunsudiasy vos MIA uay M2A 1¥ii
Indifvaiu nazrasuveasns o svziisumiiy 1, Fuiluundssonszuansii

o ' @ w o
Gl.'l}lJﬂ"U'Ni]i‘UU'IUﬂ’J'IIJuFIﬂWN ﬂ’]'lllﬁi]ﬂﬂﬁlﬂuﬂ\‘lﬂllﬂ’li

Ipin = i3y = 1pi2 (3.53)
Ipta tipy = Iy, (3.54)

1

WumwewssiuljiRnugeganazdigaitiaiu

Y o

fdmuali v, uag v

=b.

Ymin

é IU o o U 1 :'\ ar
no3A Y Fnfevunaves MIA hdanaild MIA uaz M2A insihauegluyiedudi1a

ol
LY

AMTUAINIOAMIUMIAINDD V,,_ 91ND95 1AAIANNTS
VYmru’ = VDD- Vtﬂ'(;'}.—l + VD.WA _V(:'.\'I,~l (3'55)

daulumsmiumal v, us3duazed Iuaaued Vo 1azunainnonssiuanai
° = e ) dy o o A
1B1 Tumsfinnuauualiunassionszuanainadniunnms ludausdunvunauazyod
a o " Vo
YDINDANT UFAIADI UAWNINY Vg,

GS1A4 * V[)SB! (356)

Ymin "' 8§
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&4 ¢ o w v & )
1o V= 2.5 T1aa V= -2.5 Toad nszualuda = 150 pA dauszld v, =116

vV =

Ymin

Trad uaz v, = -1.434 Toaa Ml Id0lfuidanumansadu iauvidy v

Ymax

«
2.594 Ta@

3.3.11 msniasanyanszualjunau

A o 3 9/ e o & o Vv =
detmuali 1, =1, =1, Mmudieenvenszugegnnesa X saimualinseuai

9/ = .7
DDNUAUMINU [ (MAKUIN D)

(41!: - ll'il )2
n2 161" ¥

I,|<41, (3.57)

9 " P Vv ] - o &
Mnaumi(3.57) venlinswinszuane: lvadmSesoniinesa X duilu
¥ ’
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K,=K,=K =K, =K 9031wy 1, =1, =1, fludaaums (n.3)
2\/’7:\”1;1 +\}Im (n.3)
Haums (n.3) enMaIaeInIanItg

Lo+ 2413500 s + 1, =41, (N.4)

n2



-~ o w  d "
vngdii nl ldnnuduiussenannssud 1, 1, uaz 1, 11y

1

na " Lin

ly=1
Im = ln: + ’m
4
unUaNNsn (n.5) aalu (n.4)
2 ll-’N - ’m[lM = 4Ih + lln = 2’.’)4

¥ '
pnmasaoandaostnaluaunisn (n.7) wlé

161} +81,1, +1;,
N4 16 Ih

=)
HIDIT LA

<4]

= h

_ (4"})+]in)2 |l
Da l6f,, ’ n

WA Iy, TABNITINDIAUNIT (N.8) UNUaNMS (0.5) 9214

h"in

161,

161 =811, +1;

n

- 9
3oz 14N

I“" :M; ’ |lmls4lh
2 161,

Tunsaineesianuluaaiaiine ie |1 [>>41, [34] vz 189

1,,=0 wazl,, =1, WI,>0

D= D4 =

84

(n.5)

(n.6)

(n.7)

(n.8)

(n.9)

(n.10)

(n.11)

(n.12)

(n.13)
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n.2 PIHUANIUMansIduveIsesnamei
Tunsainusadutinesa v duuinseiiundannuanioiimssssuus g 1duntes

g Ve o o v - "o ar
ﬁuﬂgﬂunaﬂmmmmmm M1 BHRINTEUTARNN 1, HAZHUAIOUTIAU V

ph
Vi =Vy = Vi + Vi (n.14)

4 - o o ¢ o ' a
mnﬁ'a‘u"l‘\mnﬂﬁua‘c'ms1umﬂmaimam1u‘mmnm

V.=V (n.15)

Y nn

v,

IR2

-V

G5l

+V.

Tl

V=V -
"\ KW, 12L,)

Y [

¥
ar

o = w Y Y i o = 1 s @
11—”’]11&8%?\U?ﬂ“ﬂTlliQﬂUﬁWDiﬂ Y lﬂuﬁ'll ﬂjﬂﬂ']’lllﬁ’lll’liﬂﬁ’lxﬁlﬁi)xil]ll'i\]ﬂ'u"lﬁ%uﬂﬂ

UOANTIUFAADT M3 UHAITIWNTTUANIN 1, HAZUNAITIBUTIAY Vg
Vy = Vis = Vipa + Vo (n.17)

4 4:: o =Y d o [ ‘;' o
naau lvni Iueamiudmas i lugduai

!
V, =V aV, o+ |—b (N.18)
¥ 55 IR} (KW‘IZL‘)

¥
@ o

¥
AUl fianunmua

I I
Voo +V. + ‘——’L—-SV <V, =V, - /—’._. (n.19)
55 IB3 (KW,sz‘) Y Db IR2 (KWII'?.L])
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o  ar d L) LY s
n.3 ﬂ?1ﬂﬂﬂ““ﬁ§$ﬁ'j1ﬂlliﬂﬂu V, DUISIAU V,
g Nl

Vin +Vy =V +Vy (n.20)

unuaums (n.2) aalu (n.20) imuald v, =v, = v, naz K =K, =K

JMH/Y: ’ﬁﬂ/\. (n.21)
K K

unu I, =1, uaz 1, = 4(1,-1,)/161, aaluaums (n.21)

VI, @41,-1,)
Nob M Cind _yo_y (n.22)
JE aJm, 7
=}
HIo
41;, - (4Ih - ia'u) s vx o vy (ﬂ.23)
4,/K1,
S v
aaiuvyla
v, =V, + I (n.24)
ron

MnaumM3 (n.24) annsam i v, s v, 1aTaemsTaanssualuda 1, age uas

o a s A q V o 4 o q Y ¥
ﬂ15ﬂﬁﬂﬂuTﬂ‘\lﬂiuﬂﬂ“51u’!{ﬁLﬂﬂ5 LWﬂclHﬂ'l K ufMun “Ul‘ﬂz'ﬂ'ﬂ'ﬂqﬂ

V.=V, . 4JKI, >1, (n.25)
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N.4 MITINIHUTINUNSUNUANNOVDIIIDIVENBA DD

(n) (v)

Ui n.2 (M) nesamed ludmmsuFmaosaiiai (v) 2vsauya

MINATIEN T AIHIULTIRURBUAVANND

Tvua |
(8 + Eps +5C, +5C,)WV, =(gu +SC IV, +5C,V, (n.26)
Tvua 2 |
2V, =V )+ (8ip + 82 +5Cp Vs = 80V y (n.27)
Trua X
gV +sCV, + gV, =(sC,+g,,+8:)WVy (n.28)

HNUAUNS (1.28) 831U (n.26)

V_,\' = (gml + '\'C‘I Xgml i SCI) (ﬂ29)
V.'l‘ (gml + gh‘: + '\.Cl + 'TCZ Xgm! + g.‘f * '\.(:2)
v, ¢ c (n.30)

K

T (gml + guz) 4 (g,..z +gR)(CI+C2) + gg..,u +gaz)(g.q + &,2)
S C, Gic, GC,
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1.5 NS INTIZHANUIUMUNNDIA Y

M2B

Zp '

L| 148
il <',.T[E'JT
Fh3 Kwmilt

() (v)

MIIATIZHANNATUMUANDTA Y ausam Jdnnyeansudmans M1 uag M3

uazuMAIENITIAAN 1,=1,, Wudaaums (n.31)

B3

,;,=(¢+;J,,(;+_LJ (n31)
g2 Em Em Km.‘

e g, Humanniheanmasnionszuanai I, uag 1, 8 g, uas g 1unamni

‘uamaﬁmm%mm{f M1 11ag M3 Mua A

a ¢ 4 d
.6 ﬂ1‘§’3!ﬂ51$1’i‘ﬂ1ﬁ1ﬂ31ﬂﬁ1ﬂﬂ1ﬂﬁ“?}iﬂ X

= P y 9 a
TumMsNITIANUAUNIUIIA X W30 r, Fudumadivenszuadunaz

= () o o ¢ O A 3
wnsaniussdui 9a Y hugud tiudeszh i v,=v,=v,=0

Trua 2
(8,2+ 842)Vx =(8up +5Cip +5Co5 + 842V, (n.32)

Tnua X
BV ¥ B Vi=(80+SC, ¥ 8oy ¥SC, 4 8ys+ 8u)Vy + 1y (n.33)

Trun 4

(8mat+ 8u4a)Vx = (8map +5C35 +5Cp + 8,4V, (n.34)



INTUNT (N.32)

V _ (gm'.’ + -“Jdl)
= X
(8mp+5C 5 +5C+8,,)

INAUNIG (N.34)

v _ (gn|4+gu'-i)
=
(8msn +5C35 +5C, 5+ 844)

X

UNUAUNIG (N.35) uag (n.36) aslu (ﬂ.33)‘1ﬁ’

V, |

rx= =

IX (gm2+gm4+s(c2+cd))

89

(n.35)

(n.36)

(n.37)
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MANUIN U

ngqugmstoundunvvaunlilinses

v.1 nqumstloundunuvay (Negative feedback)

matloundunuvaugminmlszgnaldedranvnalunisesnuuuisewiaen

Wumsihnduvesdyanaviesnntleundusmiudyaiuvitweees

X(s H(s) ¥(s)

G(s)

gﬂﬁ v.1 nanmsteundunuvay
2031 0.1 eFremsthan Iddsaums (v.1)
Y(s)= H(s{ X ()= G(s)Y(5)] (v.1)
dagiaums @.1) Wudeauns (1.2)

Y(s) _ H®) (v.2)
X(s) 1+ H($G(s)

VINAUNT (¥.2) NA1IAD 1191117995810 TABATIVOI(Open loop gain) 1111
H(s) = A waetleunduuuyay Tash Amstounau(Feedback factor) G(s) =F A19A3 10810

a o
wlmanauily Ap AUTUMS (v.3)

x__A (2.3)
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v.2 Unvumsteundunuudunmiluus sy nazlounaunuunsadu (Voltage-

voltage feedback )

@ = = ar a o o o
sdnvumistlounduuuusuwnmiluussdu vazdoundunuunssfunmasdsgi v.2

11
o X +0

Ry

- @ a o as ar as
E‘lj'ﬂ V.2 m‘iﬁauﬂammueuwmﬂuuimu uazﬂauﬂammuuiaﬂu

1IngUN v.2 29esglilaiisinnudumudunn R, 8A51900MINY A uaga
(- 4 o @ o Y 4 o v oo
Aumue My R, iemimstlouusaqudunniingreesiiisasveeminy A oz
o Y o o« = a J A o o o “oa a0
wldawsadwe s uiuiu deiinistleunavieriynuiisunwn Tashains

@ ' e A
ﬁauﬂannmmmu F ’llzhlﬂ’ﬂ

V, =V R=V,-FV, (v.4)

n

i v
oV, = AV, a9y
izv ~FV, (u.5)
[ o Y ¥ = " 1 o " a d
vagtauns (.5) i daums (v.5) nansdamsdaiuus W sznIBuyMIaZIo Ay
Menaanstounay

V.. A (1.6)
V. 1+FA

"

= ' a y " Vv = [ o
Tumswnsananudumusuwn e R, AoAnumunmusunnnenaimstloundy

LEHANANTNNIT (V.7)

L =(1+ FAR, (v.7)
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¥ v ¥ ¥
MINauNs (1.7) Welimsteundunuuaumanuimmuduwneziaunuiu Taoiisni

AUMUANAVIZAUN (1+FA)

Ror

sessmes =

" o [ [
UM v.3 anwdummeminnve i snendinsileundu
1 =) " L s [ - £ - [
AIUMITNITAMANUMUMUBIMHNUTAIAIgUN .3 Tagld R  Aefindw
3/ o o [ Y 's =N [ o 9
AMUMUILMANYD995 tazihimstlounsuliduieiynvesisssiisuniiy v, il
a o s o a Yoy A ' T x ¥
anszud I Ao mun Tasinnsanideduynasainiiua laainnnudiuniy

WMWNMenaINsaunaulaaRITuMs (1.8)

Vi (4.8)

ROTUIWAVDINTIAUITLDININBUNN 1A V=-FV = -FAV, 1NUA1aaauns (v.8)

ViR 2 (1.9)

"0 "

KJ,': =
V+AFV  1+AF

o o Y 9 o - Y l
wamnmsf]auﬂauwﬂwmmmu‘nmmqmmwwumaﬂmmam 1+AF
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v.3 jupumsteundunvudunndunszua uaztloundunvunszua (Current-

current feedback)
sunvumstounaunuuduwnilunszua wazfloundunvunszumuaaiagi v.a

1,
-

‘ri
p—O-
+ Al R, L
Iin v R3 2
R.[ #[I 4& Rnf
1P

U v.4 msteunduuuuduwnilunszua uaztoundunuunszua

1n3U% v.4 299591ilalin A unIuduyn R, 9A51U0MIAY A Lazaw
Amumuemwnn R, Wenstlounszuadunnidigrnsiiionswnomii A v

" s P lal y 4 o s 'd o 'q d' 0
Timnszumemmwniinunuiu Wenhimstloundunszumeomnnnauiniiounn Tasiia
@ " @ VY
mstlounduiiaumiiy F v 1an

]irr: F]u + [i ("IJ.l 1)

Wio 1 = AL Mldla
(v.12)

vagaunis (v.12) lTadsauns (.13)

o_ A (1.13)

I 1+ FA

in

HDITUIAINNUATUNMUBUNY 1D R, ADAIANudumuduynnionaimsiloundy

v Vi R (V.14)

—_ i i

TFL+1 (I+FAY 1+ FA

if

Y
lin

VINANMS (.14 ) uaasliimiuinnonainstlounduanumumusuynuesisesziim

AAAIAIBA1 1+FA
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.
]
I 'L: ' Ry

4 o o ar
JUf ¥.5 AnumumuemynversmMenaImstleundy

daumsinsamInuA N IEINMAIUR 1.5 fmualid R Aoanudmimu

o o [ o 9 L4
Lﬂ’lﬂ‘lﬁ'ﬂ‘“ﬂﬂ?qﬂﬁﬂ1ﬂﬂﬁ~1ﬂ1§{]ﬂuﬂﬁﬂ ua:mm‘;‘ﬂauﬂizuﬁ I GlHﬂUlE)']ﬂT!VI“UBQ'Niﬁﬂxul{:{

. W (1.15)

MMnsanmInszuadunmidinaaomwni i 18 1=-F1 unumasauns (v.15) 1ada
AUMs (V.16)

(v.16)

o v @ o 8 ) 9/ I'd s
MInaums (.16) Mlnlainstleunavunvavildmanudmmiunmaemiyniia

A 4w '
INHUVUHRAIYAT 1 +AF

L (Y] da d ]
V.4 Ni.’lﬂTiﬂi‘]UﬁuﬂQ‘igﬂ’j'Nﬂﬂﬁﬁlﬂ]mﬁﬂﬂuﬁiﬂl!ﬂ‘l—&ﬂ?ﬂﬁ (Bandwidth) lﬁ@?}ﬂ‘i]‘i

= [
amstleunavuuvay

»
>

Ay .
A 1 _\
14FA, F ; \
! 3 .

®, (1+FA)a, »

= o w a ] ar o N =t
JUN 2.6 nandanuFuRusYIdATIVNEEUAUAILD TunTaiNeesi | Tna
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N91301299393 1 TwaTasiineumsileunduiisnsivoremiiu A, muzIi v.6

Mevdansteunauaz 1da1dasveea vy Falaanas LaAIRITUNS (V.17)

Aish= A“\' (u.17)
1+
@,

AnsaHaveImsilounduaend e o, AemnuddneeriFaunionassin

mstloundy vz ladaauns (v.18)

Y(s) - @,

X(5)

- . s
I+ FA, +—
@,

AU
I+ FA, (v.18)
0y

+ ——————————
(I + FAH }U()

as [ ' A A wa a H Vv ' o s -
mstleundudenalidrsnnudlfiaamumuiuds 1+FA, 1135 UN5 09957

2 Twa (Multiple pole) BTN F UM AIHUUFAIAT TUNIT (V.19)

o (¥.19)
I+‘—v I+—L
w, @,
Ha NI touNdUR I HHINFUN T I IULEAIAIaNNST (V.20)
Y(S): An
X(: : .
DI IR R e
wpl wril)
Aw,®, (1.20)

e (@, +a@, Js+(1+ FA o, 0,

wetimstloundui l¥aivesial §iidaunien1uived1 s UANNLIUA LA I+AF
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¥.5 msaannnuaanainvesszuulaslyimasianistdeundunaznisiiig
DN IVENEB(A)

- = 9/ 1 v ar l ] o
lavdnanar Tuszyumsderiussaumionsdadiunszua dauaaagiuunis

A UAIZUN 2.7

V, v, :
—| Ar=1 > > Ai=1 o

(m) (V)

JUN 4.7 Mmaderiu (0) UsIRULEL(Y) NIEUANNEATWIIBIMINY |

| & 1 V. I; 1 A
- 1 +& - » 1+s

>

(n) (V)

U ¥.8 msdearussRuIaEnITLaRisnveeIAY | ilelinnuAanaIn e, 1Az ¢

a &
INAYU

3/ = o T w o~ q; P a =Y n'» = "9
f11993onT 1Ny 1 Taeda luinannuAanaia WU V=V, uag =L uann

¥
MIAFIUNTEIANS o AT I UTANUAaNaIamaT Uz THA LR U5 2119
v, 1 Vi 1A L amnsosaas Tuaums (v.21) uaz (v.22) Mud ey 1aoi e, uaz ¢, Ao

" 14 '
manuEanaaiinatu lumsdaiuusuLasnszuanIunaL msmﬂﬂugﬂﬁ .8

L. (v.21)
V. l+g,
L__1 (1.22)
I, l+g

kY
s

a ~ " a — Y Y o A o YV = " oo

auﬂumswi}:aﬂmmmwﬁwam Ne oz E:icl‘ﬁuﬂﬁlfﬂﬂ H‘Hﬂﬂ‘ﬂflﬂ Vv, uaunmny V. uag
= [ ~ @ ar ' Vo 3 < o A @

I, BAumny 1 nniiga aunsonaaananmsaina laasgi 0.9 Tashimsmudas e

uazadeguuumsflounduniisnmsileunduiny |
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Ui v.9 msaamianuAanaavesszuy Tasldmatianiseundunaziiunmsadh

ATV (A)

= k4 ar a - A 4 = -~
1In3UN 1.9 MIAVVANDUNN 17D V, M50 [ 1AW O Av V, w3ie I laz
1
o 1 o o ' o @ o 1 ' = o ™
ﬂ"l‘ﬁ'u@ﬂﬂ g, =g, =& AUUMANVANNUTISHINUDINNWN O HaZouUNm | Tﬂﬂf]']ﬂ'tl'ﬂﬁﬂﬂ'ﬁ

anglvesestlounduaums (v.2) wun

|
[E}A | (v.23)

-
Hio

O Lt g DB (v.24)
I

S v Y 4

¥ " "
aniueziu IdmnmanmszUi 4.9 snnuranmaiifadu lminio e ianfooniie vu

»
< A

vauziaenl¥nr A>>1 FanuoanunaianuaanaiaauluszuuMneduae « g1150

v " b4
= L 1] o =}
anaaliianiooad iy e Taonisidenlda A Ay
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MARUIN A

MIAATIZHAMANTANTTINIUNTINY

‘llﬁ](‘l'N‘ili‘llEl"lElﬂ'ﬂN!!ﬂﬂﬂHﬁ

~
PR

&

oy
¢
.
rar
(n) (v)

3UN .1 (M) 2395V018ANVUANAI (V) 2WITAUYA

° 4 = o a Y
Amuali C,,=C, +C,, 1110 C,,= C,, HAZNOANTIUFAADTNNAITIANMAUNINTY

AATIZTNTAINTUUTIAUVDINIVTVOIWAIUUANMANOUAVAID
Tvual

w‘\’i.'u(v: - Vl)_ gmu(vr - V: Y= (.\‘Cm + 8h3a )VI =0 (ﬂ‘ l)
Tvua2
SCAVy =V5) +5C,,(Vy = V) + 8 a(Vy = Vo) + 8uas(Vy =Va) = 841a(Va = V) = 8,5, (V, - V;) =0 (n.2)
Tvua 3
LuaaVy =V2)+ 8,0, (Vo =Vi) - 8,44V — 84V =0 (n.3)

NI g, i =Brin=Bons  Eensn=Bman=Bempas

Bain=Ba2aBanr Basa=Baan=8upa U0 C,=C,,=C,
INANMT (7.2) 9216

Vi = (Vr+vx)+ gV +V3)

2 2(g,.*+5C,)

(n.4)
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HNUAUNIT (0.4) d3auNs (a.1)

Vo= L V’. + Sma V“. ¥ sz'l Rnt'l v] (ﬂ_s)
208, +5Cp) 2(8,pa +5Cpy) 208,00 +3C N8 +5C )

HNUANMS (A.4) uag (A.5) aalu (R.3)

V] — gmdgm.".-l (ﬂﬁ)
(Vy =Vy) (8 + Lura N 8oura +35C 1)
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MARUIN 3

mMsInzHAMaNDAveITaE O UN TSI

3.1 2905aZNOUNIZUTUVVNWUG M (Simple current mirror)
2TAZNOUNTLUAUVUNUT M (Simple current mirro)15ZNOUAIUOANT1UF e

@ o = o : o o o
I.ﬂf]i( 297 TﬂU'ﬂ‘lJEl'dVI'i11.!"5?{1?185ﬂiﬂ'ﬂiﬂ’]ﬁﬂ’ﬂljﬁuﬂﬁ'ﬂﬂ‘unﬂll'izﬂ'l'i

(n) (V)

H 3 =Y [~
gﬂﬁ 1.1(n) 'Jmiﬁ:ﬁﬂuns:uﬁuuuﬁugm‘ﬁuﬂmuwuuuua (v) "Ni]‘iﬁﬂlq.!ﬁ

AANuAUNIuYaINsad ldiga 1 vessesinuniny

P L (2.1)
Emi ?*J“ncnx Wl lm

dmiumnnudunugaoeninnsauudn lldege 2 veanvsiaumny

o et (1.2)

oul

od2

4 1 o [ =Y o
Lﬁf) L4 lﬁuﬂ1ﬂ31ﬂu’1551‘7')’13%11?\5“[!33%1‘59“%34Nﬂﬁ“i1u°ﬁﬂlﬂﬂ§ M,

o o ' 9 @ A o
AMUANIUFIZHINNTZIAYADDN [, naznszuaga I, dAmMSudyguuaan

l = -Qmi‘ ] (3.3)

at in

m

— Voo o o o -
Tawii g, AvA1oRs1vowAIMhvesdyauvaanluueans ugmans M,



o o @ o o
DAIVNWNITUATIHIT VA IUVUIALAN

il A _“’_, m2l - 8m2 I
/ Em +85(C,+Cy) g i s(C, +C,)

in ml
g ml

o C=C,+C

gl

' a do .
C,, ionnwy Ifhszninvunauazwedveasans MFNADIAIN i (Farad)

4 a fo A -
C,,, oAy Ihszniavunanaz v ias oo aN MFMADTAIM i (Farad)

~
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(2.4)

¥ .
Tupsdl 29sazRounszuaLUUAUgIURIMa0YAoBNIE IAMsasNounsEIAIaA

o/

fa51U 4.2 Baumsmsderunszuamiludaaums Q.5)

Y

Iul Iu"; [unrn
1 2
M prec. LI (7,

] b "
51 9.2 2vsazdeunszuauuuiuguiiigaesntaiga

out gulln - gm!n ]

!m gm] * S(CI + ”CZn) - gml ] + M._)
gml

(1.5)

d‘! o Y L ! d o M o
Lllf)ﬂ']'Huﬂ:11‘?Nﬂﬁlﬂ‘ﬂnﬂﬁ?llﬂ'l’fllﬁll‘“-l'ﬂﬂuﬂﬂﬂi:ﬂ'ﬁ uag n=1, 2,3, ... 1I9IUIU

g
VDIYADONUDINITATNOUNTZI

1.2 2903a=NOUNIZHAMAIAA

1995 azNouUNszuAna 1AA (Cascode current mirror) 111U295 A= ROUNTZLATI)

' '
At A

¥ H
AMUAIUMUYADBNNNAIFY HBEUANITAZNBUNTTUTIUUNUT IUIAAIAIF1N 0.3



i 4.3 2avsaziounszuamalna lavlduoansmdmans

manudmumuyannnsaut lldga 1 vesesiiauminy

St 8
rr'n' = 5
EmEm2

dmsumanudumugaseninonsund ldiga 2 veanesiidumii

Tt = Tax F st 8onaluslus = 8maluilua

ar

o o o 1 o o
ANuANIUTIEHINNszUAYAReN I uaznszuagad I, AmSudygnuuina@n

U o

_ gm}gm-i I
ot~ in

EmEm

/

[

AnszieaTmeenszuadmiudyanauna@n
nngUii a3 9214
Tvual
1, =(g,,+5C)V,=V,)+5C,(V,-V,)
Tnua2
(8 +5C)V,=V,) = (g, +S(C,+C))V, =0

INAUNS (9.10) 14

. (81 +5C))
? (8 + 8 ) +5(C,+C,+C,) :

Tvua 3

EmaV =V3)+5C,(V,-V))—g,.V, — (8, + £4)V5 =0

102

(3.6)

(1.7)

(4.8)

(4.9

(2.10)

(N.11)

(4.12)
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NAUNIN (A.11) tag 2.12) 18

v-‘=( (‘Qm|+.V(C|+C3+C})) }/I 1)
("‘,ml + u‘:'"g)"' .'l'(Cl + C: +C])

HNUAIAUNSN (A.11) uag (1.13) aalu (1.14)

§ e (C|(C3 +C3))-\’2 +(8m(Cy +Cy)+8,,(C+C))s+g,,8.. (2.14)
" (8o T8 ) FS(C,+C, +C;) :

nszudyaeon 1, w1 lann

Lo = 8w Vi = Vad—84i¥s (3.15)

INAUMIN (A.11) (2.13) 1ag (4.15) 18

I'” - gmlgm-l }/' (Q.IG)
" (gml+gm2)+‘v(ci+cl+c.‘)

HNUAUMTN(.16) 83 (4.14)
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ATEUAIATU (Drain current)

usaau Ivhszuananassed (Gate-source voltage)

19 aﬁu"lﬂﬂﬁ:Hinmsuuamaﬁ (Drain-source voltage)
113 ﬁu%m’éu (Threshold voltage)

ANun sz aninavoasuua (Effective channel width)
AMWE15ZANTHAVD B (Effective channel length)
AAMNIIVDINBANT UFMADS (Transconductance)
anhfiviasy (Drain conductance)

W59 03 AN (Transconductance parameter)
mmq”lﬂﬁﬁzwimﬂﬂﬁwmﬂ (Gate-source capacitance)
Ay Ifhiidanneenlas (Oxide capacitance)

ﬂ’nuu‘l’awuuuaTuﬂsa%’u (Channel length modulation)
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o
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JH

fanls NMOS PMOS WU
VT 0.75 -1.0 \Y

NSUB 4E16 4E16 em”

vo 635.61 240.06 em’/(V.s)
TOX 1.75E-8 1.75E-8 m
LAMBDA 0.05 0.06 v

2.3 MAannl¥lumsniuIn

Boltzmann’s constant 1.381x10™
Intrinsic carrier concentration (27 © C) 1.5x10"
Permittivity of free space 8.854x10 "
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Permittivity of SiO, 3.9,

J/K
cm
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A Compounded Second-Generation Current Conveyor
Using Only NMOS Transistors

Patra Pienchob, Kiattisak Kumwachara and Wanlop Surakampontorn
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ABSTRACT

In this paper. A CMOS Compounded Second-
Generation Current Conveyor using only N-Channel
MOSFET, the signal path consists of only NMOS
transistors. is introduced. The circuit has the advantages
of providing two symmetrical outputs, presenting the high
impedance at ports Y. Z~ and Z'. and a low impedance at
port X. Furthermore, based on differential amplifier and
current follower cells, a voltage to curent converter. with
low offset voltage, is obtained. The performance of the
proposed circuit is smdied through the PSPICE
simulations.

Keywords: current conveyor. current mode signal
processing. cascode current mirror, differential amplifier

1. INTRODUCTION

A simple and useful analog circnit building block
named as Second Generation Current Conveyor (CCII) is
developed and introduced by A. Sedra and K.C. Smith in
1970 [1]. However. in some applications, a compounded
CCII or CCII+ which can produce both CCII+ and CCII-
is required [2-5). The CCIlz based structure has a
potential to employ a minimum number of passive
components [3]. The block diagram of the CClI= is
shown in figure 1. Basically. a CCII= is a four-port
network which can be explained by a hybrid matrix as:

—_—¥ Z+
PP
ccnr 5
X Z- >
I by I,

Fig. 1: Compounded CCII

Y, Iy Iy By Iy 4
ol sy |V, 6]
i. - Iy Iy By Iy | V.
f. Dy I Irys g | V.

For an ideal CCII%: hy,=1. h;;= 1 and hy;= -1, where the
sign specifies the direction of the current. and the other
elements are zero. Therefore. a compounded CCII can be
considered as a device composed of voltage follower

TFelecommumivalions, and ibenadion Technology (ECT) Al Conderence

placed between port Y and port X. and a positive (CCII+)
and negative (CCII-) current followers which replicate in
ports Z~ and Z. respectively. It can be finther inferred
that impedance at port Y. Z~ and Z mwst be high, while
the impedance at port X must be low. In the reference 5. a
method to implement the CCII+ is introduced. But,
however. the input impedance at port X is high and the
implementation method requires PMOS transistors.

For a typical n-well CMOS process. the uity gain
frequency f; of NMOS devices are approximately two
times higher than the f; of PMOS devices, due to electrons
have a higher saturation velocity compare to holes [6]. In
addition. to realize the same transconductance for
transistors with the same length, a PMOS must be 3 times
wider than a NMOS. This is because the junction
capacitance per unit area is approximately 2 times larger
for PMOS than for NMOS [7]. Therefore. in order to
avoid the PMOS to limit the high frequency operation.
the CCII= should be designed such that signals pass
through only NMOS transistors.

The purpose of this paper is to present a CMOS
circuit technique using only NMOS transistors and based
on differential pair for the realization of both the CCII+
and CCII-. The circuit is small and also offers low offset
voltage. low offset current and high speed frequency

response.

2. CIRCUIT DESCRIPTION

2.1 The Compounded CCII (CCIIx)

The proposed CCII+ is shown in Figure 2. Asswuning
that the pairs of transistor M1 and M2. and the cascode
current mirror cells are well matched. the current mirror
also have a unity gain. and all transistors operate in their
saturation regions. The cumrent iy is approximately zero.
because the input impedance at the gate. of the MOSFET.
is very high. The transistor M1 and M2 form the
differential pair with the biascurrent I, The current
source [, forces the drain current of M2 equal to 1,/2 thus
the drain current of M1 also approximates to I,/2. This
operation drives the gate source voltage Vg, = Vs, and.
consequently. forces the voltage at port X to follow the
voltage at port Y or V,=V,. Ifgs, and g.; denotes the
drain conductance and the conductance of MI.
respectively. the relationship between V, and V, can be
expressed as
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Transistor M3 functions as a current follower stage and
also provides a low resistance (r,) at port X. The result of
1, can be expressed as

7= Lo Q 3
S =

Fig. 2: CClI= circuit diagram

From small signal analysis. if R; is a given resistance
comnected at port X. the transconducrance (G,) between
iy and V, can be approximately given by

G.= ei' =.L —————— N
"oev, Rl . Bagm R,

‘ g-l(gnl +gdl}

For V,, is positive, there is a small signal current i,
flow out of port X. The drain cwrent of M3 is then equal
to I;+i, = I+i,. Since I; 1s constant and I; = 21 the current
will force the drain current of MB to be equal 1o I-i;. The
cascode current mirror (M4, MS5. M6 and M7) and (M4.
M5, M8 and M9) will copy the current I-i, flow into the
drain curent of M6 and M8. Owing to Is is constant and
Is=1. then at port Z~, the output curent I,. is equal to i,
and flows out of port Z~. The other cascode current mirror
(M4, M5, M8 and M9) also reflect the current I-i, to be
the drain current of M8. Since I; = 2I. then the cascode
current muror (M10, M11. M12 and M13) will mirror
current of M10 equal to I+i, to be the drain current of
M12. Since I; = L. then the output current I,. is equal to i,
and flowing into port Z". It is clearly seen that the output
signal current at port Z” (i,-) and port Z° (1,.) are equal to
i, . which i,- is in the same direction and i, is in the
opposite direction with respect to the direction of i,.

The output resistance at port Z° and Z° 1s
approximately equal to the output resistance of the
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cascode current mirror in parallel with the ourput
resistance of the constant current source I, and Is.
respectively. By small signal analysis. the cwrent
transfers 1,./i, and i,/i, can be approximately written as

' = 8es (5.1)
I, Eus
I o Bui (5.2)
b B

2.2 Current-mode universal filter

CClI= are proved to be very useful active elements in the
current-mode filter. The current-mode single-input three-
output universal filter structure is used to confirm the
practical validity of the proposed CCII circuit [3]. Figure
3 shows a single-input three-outputs filter using CCII£,
which simultaneously realize second-order lowpass(LP).
bandpass(BP) and highpass(HP) filter responses without
any passive component matching conditions. The filter
requires a nuninnun passive element, has very low
passive and active sensitivity and produces the filters
responses at high impedance outputs.

i |._z_]‘
’-
Ay % T T
cen ccu
Y Z- > 1y, I—{:)— X :
RJ

z-—»1,,

— I,

X ~ 1]
R,

Fig. 3: The current-mode iniversal filter

The transfer functions of the circuit are given as

Lp $212 Iy s/2C,R,

I, D(s)' 1, D(s)
Iip _172CRG\R, (6)
1. D(s)
where
D(s)=s'+ I ! )
2C,R, 2C,CyR\R,

The natural angular frequency and the quality factor of
the circuit are

1 o- ).‘!C‘,R~ (8)

) 'JzClRlC!R] - V CIRl

@



3. SIMULATION RESULTS

The characteristics of the current conveyor were
studied through the simulation results using PSPICE [8].
with NMOS transistor model for 0.7 micron CMOS
process. The transistor dimensions of the circuit in figure
2 are listed in Tablel, where W is channel width and L is
channel length in micron unit. Table2 shows a summary
results of the simulations. The bias current sources I,. I,.
I5 and I, are set to 300 pA, I; and I are set to 600 pA and
I, is set to 150 pA. The supply voltage Vpp = +2.0 Volt
and Vgg =-2.0 Volt.

Table 1: Transistor Dimensions

Transistors W(um) | L(pm)
M1, M2 70 5

M3 100 5

M4, M5. M6. M7, M8, 31 5

M9. M10. M11. M12. M13

Table 2: Summary of the simulation results

Parameters Results
Technology 0.7 um n-well CMOS process
Supply Voltage +2.0 V or higher
Power dissipation 8.40 mW
Impedance

: 1Q
at terminal x
Impedance | 1m0
at terminal z and z
voltage offset
(Vy vs Vy) 450 pv
cwrrent offset
(v i and Govsi) | 918 1A
Vokage -1.5V102V
dynamic range
Ste! -300uA to 300uA
dynamic range
Bandwidth (V/V,) 60 MHz
Bandwidth (i,/V,) 55 MHz
Bandwidth (i,./iy) 30 MHz
Bandwidth (i,/i) 20 MHz

Figure 4 shows the large signal voltage transfer
characteristic berween V, and V, . The offset voltage at
port X when Y is connected virtual grounded is
approximately 450 pV. The DC cumrent transfer
characteristics from port X to port Z~ and Z is illustrated
in figure 5. The maximum current operation is iy < I or
-300pA < iy < 300pA. A good cwrent following behavior
can be seen over the current range when vary input
cuwrrent at port X from -300pA to 300 pA. The offset
cwrrent i,- and 1,. 1o i are 0.18 pA.
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Fig. 4: The DC voltage transfer characteristics
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Fig. 5: The DC current transfer characteristics

For the high frequency response, the major high
frequency limitation is due to the parasitic capacitances at
port Z', Z" and X. Figure 6, 7, 8 and 9 show the frequency
characteristics of the proposed circuit.

]

A

vV, iR
>

g 17
I

10KH:

100KH; LOMH:

Frequency

1oMH: 100MH:

Fig. 6: The frequency characteristic of the voltage
transfer

The frequency characteristics of the voltage transfer
function is shown in figure 6. The simulation result shows
good voltage transfer over a wide frequency range. The
frequency operation is about 60 MHz.
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Fig. 7: The frequency characieristic of the
Transconductance gain

Figure 7 shows that the transconductance (Gg) is
approximate 1/R,. according to equation 4 when R, =
10kQ thenG,, is equal 100 pA/V. The frequency of
operation is about 55 MHz. The current gain of the
circuit is shown in figure 8, where the frequency of
operation of i,./iy and i,./i, are observed to be at 30 MHz
and 20 MHz, respectively.

30

2 — K
1
§ - ; e -‘——~/ —
{ | -/
i w7 \
-10 1
20 - ' -
1oKH; JOKH:  1e0KH:  1OMH:  JOMH:  100MH: S00MH:
Freguency

Fig. 8: The frequency characteristics of current transfer

20K ‘
|
i
|
i |
N |
108 1 \
:.oi%: TOKH:  100EH:  LOMH:  10MH:  10°H:

Frequency
Fig.9: Inpur characteristic at port X

Finally. for the current-voltage characteristic at port X
against frequency, the input impedance (Z,) at port X is
approximated 1 € at DC at quiescent point.

The universal filter in figure 3 is designed with
natural frequency of fo=113kHz by choosing the passive
component values as follows: C1=200pF. C2=100pF.
R1=10kQ2 and R2=5k€. The simmulated responses are
shown in Figure 10. in comparison with the theoretical
prediction, dashed line.

Fig. 10: Simulated characteristics for the normalized
frequency response of the universal filter with fo=113.37
kH:=

4. CONCLUSION

We have developed NMOS only compounded
current conveyor which have both CCII+ and CCII- in the
same circuit. By using differential amplifier and current
follower cells as a voltage to current converter the low
voltage offset is achieved. The NMOS only structure
gives high frequency response. The CCII+ also offers a
low input resistance due to use of negative feedback at
port X. The simulation results through PSPICE show the
circuit has high efficiency working.
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ABSTRACT

A multi-output second generation current conveyor
(MOCCII), that can be used to realized first, second and
third generations current conveyors, is proposed. The
MOCCII consists of a CMOS differential stage for the
voltage input, push-pull stage and the improved cascode
current mirros for the current ocutput. Feedback
techniques are proposed in order to provide a voltage gain
of 0.991, a current gain of 0.992 and low impedance at
the current input node of about 1 ohm, with + 2.5 supply
voltage.

Keywords: current conveyor, current mode signal
processing, cascode current mirror, differential amplifier

1. INTRODUCTION

A curreni conveyor is an active circuit element that
very useful in analog domain, which can widely used to
implement significant number of high performance signal
processing functions. The first generation current
conveyor (CCI) and the second generation current
conveyor (CCII) was introduced by sedra and smith in
1968 and 1970 [1,2], respectively. Since the introduction,
the conveyors have been shown to be a very versatile and
important building block used for realize, for examples,
amplifiers, integrators, negative impedance converters,
voltage to current and current to voltage converters and
filters. Later, in 1995, a third generation current conveyor
(CCIII) was introduced as a new active clement by
Fabre{3] and Piovaccari[4]. This new active element can
be considered as a current controlled current source with
unity gain. It provides the advantage of taking out the
current flowing through a floating branch of a circuit
which can easily be utilized in the realization of various
immittance functions. Some application examples using
CCIII have been reported in technical literature [5]-[6]. It
should be noted that each type of the conveyors has its
own limitation on the applicaticns and on realization. In
addition, most of the proposed current conveyor
realization methods have been concentrated on realizing
each individual type only. In the absence of commercially
available integrated circuit current conveyor, if a building
block that can implement the first, the second and the
third gencration current conveyor in the same circuit is
available then clearly this is an attractive feature.

2. BASIC PRINCIPLE

Generally, a second generation current conveyor
(CClI) is an analog device which provides voltage input
at node Y, a current input and voltage output at node X,
and a current outpu: ~t node Z 1t is characteri~ed in te~mns
of the voltage following between nodes Y and X and the
current following between node X and Z.

In this paper we modify the CCIl to provide both
positive output currents and negative output currents,
called as multi-output second gensration current conveyor
(MOCCII). The MOCCIi can be modified to function as
the three types of the current conveyors as shown in

figure 1.

.:-T'

1(a)

Fig. 1: The modification of MOCCII to function as

(a) MOCCI (b) MOCCIl  (c) MOCCIII
[, fo 1 OT¥,]
Vel=l1 0 o}, , o m
L1:] [0 =1 o}¥, |
[+] [0 o o],
Vel=|t o o}, . ccn @)
LI:] [0 %1 ofj¥;]
(,] [o -1 of¥]
Vel=[1 0 0}y, can ()]
LI ] [0 =1 o}¥,]

As shown in figurel(n), by connecting the port W to
the port Y, the MOCCII is function as the multi-output
first generation current conveyor. The characteristic can
be expressed as in equation (1). If the port Z* or the port
Z is used as the port Z of the conveyor, then it is
functioned as the CCI' or CCT, respectively. Similarly,

ECTI-CON 2008
Internationsl Conferenca

The 2003 ECTT



figure 1(b) and 1{c) show the schematic diagram of the
multi-output second generation current conveyor
(MOCCII) and the multi-output third generation current
conveyor (MOCCIII), where their characteristics can be
described by the matrix equations (2) and (3),
respectively.

3. CIRCUIT DESCRIPTION

3.1 The multi-output second generation current
conveyor (MOCCH)

The proposed MOCCII is shown in figure 2. In this
structure both voltage and current feedback techniques
are applied in order to reduce the input resistance at port
X and further improve an error voltage and current
transfer. The current i, is approximately zero becausc the
input impedance at the gate of the MOSFET is very high.
The voltage follower between Y and X, consists of the
input differential and the push pull stage form the unity
gain ieedback, forces the voltuge =t port X to follow the
voltage at port Y or Vyx= Vy. The voltage transfer
function is given by '

v \ @
]...L l*[!m"'&au Sn"'&c]
Buaa L

1\. I!::

A, is the gain of the differential stage (MIA-M4A)
multiply by the gain of the push pull stage (M1-M4),
where gp) equais 10 1I/R1, g4 and g, denote the drain
conductance and the transconductance of the transistors,
respectively.

Consider if Vin is positive, therc is a small signal
current ix flow out of port X. The current ix is transfer
from port X to port Z° and Z° through the current
amplifier stage and the improved cascode current mirror.
The current feedback, from the cuirent amplifier stage
(M1B-M4B) and the positive current output, is used to
improve the accuracy of the current transfer and can be
expressed as equations (5.1) and (5.2)

& - | (5.1)
iy 1..,.__'._
(2]
: ). 474N
i | (52)
iy 1+ I
A,,[‘ﬂ'g!ﬂ : 8.“§-n]
Buifere BB
when
A"_r'_. Eus _Beis (6)
fx Bus Eau

wherc A, is the gain of the current amplifier (M1B-M4B)
and A; >> 1. It is clearly seen that the output signal
current at port Z' (iz.) and port Z (iz) are equal to iy,

120

which iz. is in the same direction and iz. is in the opposite
direction with respect to the direction of ix. For Vin g
negative, current ix will flow into port X .

Fig. 2: MOCCII circuit diagram

The terminal resistance of the noge X (ry-) can be
reduced by the open loop gain Ay, and A;;. The result can
be express~| 25 '

l -
r .[_‘."’_""_":J Q )
AJIAP'l

In this reclization, to increase ths circuit ourput
resistance, which is approximately equal to the output
resistance of the current mirror in parallel, the improved
cascode current mirror is used [7).

CCI and CCIII can be modified from MOCCH by
connecling the pert W to the port ¥ and the port W0
the port Y, respectively. The current transfer froin port X
to port W as can be expressed as equation (8.1) and (8.2)

iy | 8.1)

I 1+

1

A{!-_gx_‘m__ﬂ___g 'g"-‘]
N\ Butafurs  EarBuay

o @2
feoys :

Aﬂ{x..‘:,;,.)
Ear&mr J

3.2 Application examples of MOCCII

v, %2 - v, K el DR L. -
¥ w Y » | e L 4

F 5 och ocm

gt sk gt gt

)

¥,

F —E
S i | £
Fig. 3: First order low-pass filters using
(a) MOCCI+ (b)) MOCCHI+  (c) MOCCIII+

M)

In order to demonstrate the usefulness of the
proposed GCC circuit, the application example as the first-
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order low-pass filter using a MOCCI, MOCCII and
MOCCIII are shown in the figures 3(a), 3(b) and 3(c),
respectively. The filters use three resistors and only one
c.pdtw.lnallusu.thevolhgakmsfaﬁmﬂim:m

be expressed as
Vs 1

— ®
¥, (+sCR)

4. EXPERIMENTAL AND SIMULATION RESULTS
The characteristics of the current conveyor in figure 2
were studied through the simulation results using PSPICE,

with transistor model for 0.7 pm AMIS CMOS process.
The transistor dimensions are listed in Tablel.

Table I: Transistor Dimensions

s
Transistors

Width (um)

Length (um)

MIA, M2A

50

M3A, M4A

3

Ml

i0

M2, M3, M5

30

M4, M6

90

M2B

300

M4B

o e L L S ] el

100

MIB, M7, MS,
MYA, M11, M13,
M15, M17, M17A,
MI19, M21, M21A,
M23, M25, M27,
M29, M29A

M3B, MS, MI10,
M10A, M12, M14,
M16, M18, M18A,
M20, M22, M22A,

M24, M26, M28,
M30, M30A

Table 2: Summary of the simulation results

Figure 4 shows the large signal voltage transfer
characteristic between V, and V,. The Voltage dynamic
range is from -1.4V to 1.5V. The DC current transfer
characteristics from port X to port Z° and Z is illustrated
in figure 5. A good current following behavior can be
scen over the current range when vary input current at
port X from -100 pA to 100uA.

el

|

/
L 4

1357

-

LI Lo A aw e W
Poduge @ punt X (V)

Fig. 4: The DC voltage transfer characteristics

10 L v L)V

=
1 =
mén i

Crovam i,

Flig. 5: The DC current transfer characteristics

For the high frequency response, the major high
frequency limitation is due to the parasitic capacitances at
port Z', Z and X. Figure 6, 7 and 8 show the Trequency
characteristics of the proposed circuit.

Table2 shows the summary of the simulations resuits.
The bias current 1, is set to 150 pA, I; and I are set to 10

HA.

Parameters Results ‘L
0.7am AMIS CMOS

Technology . \

SI-IH’!Y Voltage +25Vor hiﬁ)ﬂ’ "

Power dissipation 12mW S

[mpedance at terminal x_| 1Q N )
| Voltage gain (Vi/Vy) | 0.991 -

Current gain .
| (iz/ix, iz /ix) 0.992, 0.994 . :
| Voltage dynamic range | -1.4Vio 1.5V T
[ Bandwidth (V/V,) | 270 MHz ..

Bandwidth (i,/V,) 265 MHz Fig. 6: The frequency characteristics of the voltage
[ Bandwidth (i/i,) | 230 MHz transfer

Bandwidth (/i) 250 MHz

The frequency :haracteristic of the voltage transfer
function is shown in figure 6. The simulation result shows
good voltage transfer over a wide frequency range
operation is about 270 MHz. The current gain of the
circuit is shown in figure 7, where the frequency of
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operation of ix/i, nd i,/i, are observed to be at 230 MHz
and 250 MHz, respectively.

Finally, for the current-voltage characteristic at
port X against frequency, the input impedance (Z,) at port
X is illustrated in figure 8 approximated 1.5 Q2 at low
frequency.

N
Ay
e
|
s N
Yaoh  Jeom  Toagh  IAdh  Iadh  JOdE  1auh
Proquesy

Fig. 7: The frequency characteristics of current transfer

23K} +
20 . ‘
e ’ i \

Fig. 8: Input characterisiic at port X

Figure 9 shows the large signal current transfer
characteristic between iy and ix when connecting the port
W* to the port Y for the MOCCI and connecting the port
W to the port Y for the MOCCIII

T

T
d S

-100ud
“JOBad  -Med SO AOud  JOwd Bud  ded  fOud d0nd #0ud /00

Corvass |,

Fig. 9: The DC current transfer between iy and ix of
MOCC! and MOCCIII characteristics

The first order low-pass filter in fig. 3(a), 3(b) and 3(c)
were design for fo = 1kHz. The design values are
C = 0.JuF and R = 1.59 k. The gain plot of the
simulation circuit is shown in fig. 10 which closed
agreement with theory predicted value by the equation
%)

e
Lov
aer \
o

o \
v LD
o \
1orx 100Hs LOKHy * 1KHy 1000

Fig. 10: Plots of the magnitude responses of figurc 3
against frequency.

5. CONCLUSION

We have developed A inulti-output second
generation current conveyor (MCCCIY), that can be used
to realized first, second and third generations current
conveyors. The MOCCII is presenting low voltage offset,
low impedance current input and widcband signal
processing by using tho voltage feedback and current
sensing techniques. The simulahon results through
PSPICE are used to confirm the high efficiency working.

6. ACKNOWLEDGEMENT

This work is partly funded by the Thailand Research
Fund (TRF), under the senior Researcn Scholar Program
grant number RTA4680003.

7. REFERENCES

[1] K.C. Smith, and A. Sedra, “The current conveyor : A
new circuit building block,” Proc. IEEE, vol.56, pp.
1368-1369, 1968. )

A. Sedra, and K.C. Smith, “A sccond generation

current conveyor and its applications,” IEEE Trans.,

vol.17, pp. 132-134, 1970.

A. Fabre, “Third generation current conveyor : A

new helpful active element,” Electronics Letters, vol.

31, pp. 338-339, 1995.

[4) A. Piovaccari, “CMOS integrated third generation
current conveyor,” Electronics Letters, vol. 31, pp.
1228-1229, 1995.

(5] H.Y. Wang, and C.T. Lee, “Systematic synthesis of
R-L and C-D immittances using CCIIL" International
Journal of Electronics, vol.87, pp.293-301, 2000.

(6] S.I Liu, and C.Y. Yang, “Higher order immittance

function synthesis CCIIls,” Electronics Letters, vol.

32, pp. 2295-2296, 1996.

E. Bruun snd P. Shah, * Dynamic Range of Low-

Voltage Cascode Current Mirrors,” IEEE Proc.

ISCAS, pp.1328-1331, 1995.

(2]

(3

71

ECTI-CON 20053

The 2003 ECTT.

]
r



)),.".-.ﬁ\

ind 0 Ok

UNIVERSITI SAINS MALAYSIA

s e

School of Electncal & Electronic: Englne

20-22 Wy )Y
2005 e

_ Proceedings of the International Conference’ 4=
PENANG on Robotics. Vision.Information and " g8
® Malaysia Signal Processing

fséN‘983-3391-15-x

1
b \

‘\.‘..\‘_ @ m
—— a

. oo ans
T b

eece K11




124

Proceedings of the InternationalConference on

Robotics, Vision. Information and Signal Processing ROVISP2005

An Improved CMOS Multi-Output Second Generation Current Conveyor

Patra Pienchob, Kiattisak Kumwachara, Wanlop Surakampontorn

Fuculry of Engineering and Research Center for Communication and Information Technology
King Mongkwut's Institute of Technology Ladkrabang, Bangkok, 10520, Thailund
Emuail: S6060317 @kmitl.ac.th, kkkiani@kmirl.ac.th, kswanlop@kmitl.ac.th

Abstract

In this paper, A multi-output second generation current
comveyor (MOCCIl) is developed for using CMOS
technology. The MOCCII, us uctive circuir element. consists
of a CMOS differentiul stuge for the voltage input, push-pull
stage aned the improved cuscode current mirrors for the
current output. The feedback rechnigues provide the exuct
voltuge following action. the exuct current following uction
and the low impedance ar the current inptii node abour |
ohm with 2.5 supply voltage.

Keywords:
current conveyor, current-mode signal processing. voltage
follower, current follower, current feedback

Introduction

A second generation current conveyor (CCID is one of the
most versatile current-mode building block which developed
and introduced by A Sedra and K.C. Smith in 1970 [1]. Itis

widely used by analog designers especially inapplications ol

signal processing and active network synthesis| 2], However,
in some applications. a multi-ouwput CCIH or MOCCIH which
can produce both CClI+ and CCII- is required [3-3]. Much
research has been interested in designing of multiple-input
single-output and single-input multiple-output current-mode
applications due 1o their convenience and versatility, The
block dingram of the MOCCII s shown in Tigure 1. The
characteristic can be expressed as in equation (1)

— ¥ Lt p——
o =
ocn Iy
—_— A e —
’.\' Iz.

Figure 1- Multi-Outpur CCII

i,] [o o o]v,
V.l=|1 0 0fi a
i.| [0 £1 0fV,

MOCCII is consists ol a voltage Tollower (hetween port Y
and X) and a current lollower (between port X and 7). The
main features of MOCCIH are low gain errors. high linearity
and wide frequency response. Inaddition, low internal

(3
N

resistance at port X is usually required. The non zero input
impedance will limit the DC accuracy and modified the
frequency response. Various methods Tor improving the
performance of CCII have been proposed. Voltage lollower
method[6-7] consists of a feedback  stabilized  voltage
follower employing high open loop amplification. which de¢
offset (between Vy and Vy) and impedance at port X are
climinated[8]. Current follower method[9]. negative parallel
current feedback can be applied to port X, is used in order to
reduce its current input impedance. In this paper. a very
promising technique to implement MOCCII consists of a
feedback-stabilized voltage and curremt are used. These
techniques employ a high open-loop amplification in order
(o reduce the DC offset and 1o reduce the input resistance of
MOCCIL

Circuit Description

The multi-output second generation current conveyor
(MOCCID

Figure 2- MOCCH circuit diagram

The proposed MOCCIT is shown in figure 2. In this structure
both voltage and current feedback techniques are applied in
order to reduce the input resistance at port X and further
improve an error voltage and current transfer. The input of
difterential pair allows o have a high impedance at port Y.
given by the gate of a MOS transistor . The voltage follower
between Y and X, consists of the input differential and the
push pull stage form the unity gain feedback. forees the
voltage at port X to follow the voltage at port Y or Vyz= V.
The voltage transler function is given in cquation(2)

When Ay s the gain ol the differential pair  stage
(MIA-M4A) multiply by the gain of the push-pull stage
(M1-M4). where gg, equals to I/R1, g4 and g, denote the



dram  conductance and the transconductance of  the
ransistors, respectively.
N ! (2)

S S

=
| e
3

Suca o

Consider it Vin is positive. there is a small signal current ix
flow out of port X. The current iy is transfer from port X 1o
port Z° and 7 through the current amplifier stage and the
improved cascode current mirror. The current feedback.
from the current amplifier stage (MIB-M4B) and the
positive current mirror output, is used o improve the
accuracy of the current transfer and can be expressed as
equations (3.1) and (3.2)

iz _ ' @3.0)
- I
. QR PSSR S
A, gnﬂ#n}l
1
BmrBms
ize _ ! (3.2)
iy 15 1
A Sw8mw0  Emt1fmas
1
Lmalme  Lm18mo
when
A ’Z0 — Smos = gmﬂ' (_-H
il = =
Ix lopen  Smiz  Smna
where A, is the gain of the current amplifier (M1B-M4B)

and Ay, >> 1. [t is clearly scen that the output signal current
atport Z* (iz.) and port 7 (iz.) are equal to ix , which iz, is in
the same direction and iz is in the opposite direction with
respect to the direction of iy. For Vin is negative, current iy
will fTow into port X .

By applicd both negative voltage and current feedback in the
circuits in figure 2, the terminal resistance of the node X (ry)
can be reduced by the open loop gain Ay, and Ay, The result
can be expressed as

1

Ems T Eme

Py = Q
! AtlAVI

(5)

In this realization, to increase the circuil output resistance,
the improved cascode current mirror is used [10]. The output
impedance at terminal 7. is approximately equal to the
output resistance of the regular cascode currenl mirror in
parallel.

Current-mode universal filter

MOCCII are proved 1o be very uselul active elements in the
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current-mode  filter. The current-mode  universal filter
structure is used 1o confirm the practical validity of the
proposed CCII circuit is shown in figure3 [11]. By using
MOCCIL. It realize  second-order  lowpass(LP),
bandpass(BP). highpass(HP). bandstop(BS) and allpass(AP)
filter responses without any passive component matching
conditions. The filter requires a minimum passive element,
has very low passive and active sensitivity and produces the
lilters responses at high impedance outputs.

The transfer functions of the circuit are given as

’r.r ”C|C2R|R: (6.1)
I D(s)
Iy _SICR, (6.2)
I, D(s)
Iy 3 (6.3)
i, D(s)
L’:Z.— 5° +(”C|C;RlR2l (6.4)
I, D(s)

l_= +(sIC',R,)-—(IIC,C,R,R,) (6.5)

1. D(s)

where
D(s)=s*+—— I (7
CR CC WRR,

The natural angular frequency and the quality factor ol the
circuit are

w, = Q= (8)
:]CC RR, C,RR
r FS z LJ
X woccH I+ F  worTN Ly |,
z z > 1

)
[
I

Figure 3- The current-mode universal filter

"

Simulation Results

The characteristics of the current conveyor in figure 2 were
studied through the simulation results using PSPICE, with
transistor model for 0.7 pm AMIS CMOS process. The
transistor dimensions are listed in Tablel. Table2 shows the
summary of the simulations results. The bias current Iy, is
set 1o 150 pA, I, and [, are set to 15 pA.
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Tuble |- Trunsistor Dimensions

Transistors Width (ran) Length (gun)
MI1A. M2A 50 I
M3A. M4A 3 |
M1 10 |
M2. M3 M3 30 |
M4, M6 90 |
M2B 300 ]
M4B 100 I
MIB, M7, MY,

MYA, M11. MI3.

MI5, MI17. MIT7A, 7 |
MI19. M21. M2IA,

M23, M25. M27,

M29, M2YA

M3B. M8. M10,

MIOA. M12. M14,

MIi6. MI8. MIBA. 5 |
M20, M22. M22A, -

M24, M26, M28,

M30. M30A

Table 2 - Summary of the simulation results

Parameters Results

0.7pm AMIS CMOS

Technology )
process

Supply Voltage +2.5 V or higher

Power dissipation 12 mW
Impedance at terminal X (ry) 10
Voltage gain (Vy/Vy) 0.991

Current gain
0.992, 0.994
lizSix. iz/ix)

Voltage dynamic range l4Vi ISV
Bandwidth (V/Vy) 270 MHz
Bandwidth (i/Vy) 265 MHz
Bandwidth (i,./i;) 230 MHz
Bandwidth (i,/iy) 250 MHz

Figure 4 shows the large signal voltage transfer

charactenistic between Vo and V. The Voltage dynamic
range is from -1.4V to 1.5V. The DC current transfer
characteristics from port X to port 77 and 7 is illustrated in

figure 5. A good current following behavior can be seen over
the current range when vary input current at port X lrom
=100 pA 10 100pA.

Foliage at poct X (¥

C-loF sy 0¥ QSF LoV L3¢ 2or Q5K

Volnnge wt port X'V )

Figure 4 - The DC voltuge trunsfer charucteristics
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Figure 5 - The DC current transfer charucteristics

For the high frequency response., the major high frequency
limitation is due to the parasitic capacitances at port 7%, 2
and X. Figure 6. 7 and 8 show the frequency characteristics
of the proposed circuit.

¥V, (dB;
>
] —1

JooKiE 1.0MYE

Freguency

lage

Figure 6 - The frequency characteristics of the voltuge
transfer

The frequency characteristic of the voltage transfer function
is shown in figure 6. The simulation result shows good
voltage transler over a wide frequency range operation is
about 270 MHz. The current gain of the circuit is shown in
ligure 7. where the frequency of operation ol i,./i, and 1,/i,
are observed 1o be at 230 MHz and 250 MHz. respectively.

Finally. for the current-voltage charactenistic at port X



against frequency, the input impedance (r) at port X is
illustrated in figure 8 approximated 1.5 Q at low lrequency.
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Figure 7 - The frequency charucteristics of current transfer
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Figure 8 - Input characteristic ut port X

The universal filter in figure 3 is designed with natural
lrequency of Iy, =112.5kHz by choosing  the passive
component values as follows: C1 = C2 = 100pF. R1 =R3 =
10K and R2 = 20kQ. The simulated responses are shown
in Figure 9

0.4

Cniput Carrent
&
4

4 b
LOKHz  30KHz 10KM: 30K 10OKHM:  Io0KHz  LOMH: 30MH:  JOMN:
Frequency

Figure 9 - MOCCII us a busic block in u current-mode
universal filter

Conclusion

A realization of multi-output current conveyor (MOCCID
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has been presented. The MOCCID offers  a low inpul
resistance due to the feedback techniques. The voltage and
current transfer also improved. The application as a current
mode filler demonstrates the usefulness of the MOCCIIL
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