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ABSTRACT

A piecewise-linear circuit elements for nonlinear function syntheses, termed a current
limiter, is presented in this thesis. The realization method makes use of the CMOS transistor
operating in the saturation region which has the small configuration. The proposed circuit
comprises the class B CMOS configuration and the current mirrors. The limit-point and break-
point of the current limiter can be electronically varied that employed to synthesize accurately a
large class of nonlinear function circuit. The proposed circuit can be applicability current input
signals and current output signals. From this feature of designing technique and a good
performance of MOS transistors, it have suited with integrable circuit forms. Simulation results

showing the accuracy and linearity of the proposed circuits are also included.
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Source Source
Drain Drain

Gate —|f—>—Substrate Gate —|H—Subsirate Enhancement
Source Source
Drain Drain

Gate _|[# Gate —”i Enhancement
Source Source

A =] o '3 aa 3w ' 1 '
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uuyanayu vua  vazitunuunldmeluineidwusi auiuiatefisznanasde laiily
a &4 A = a ° a d o o a
IWADIAFIDTUVIUDINGYYMIMNNUVDINDMHUNTUADUSUSIIUN IHUA  TAgazADITHN

P [ a = o [~ [ o ') a a1 w a

Nodnlusramaaunszuayiadulundn dmsurianozlafna Vs HAZNANIIVO
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nsenaaswdlu ) lunanmsadhy vaziennunszdulunisnangis 131 "weamn® e
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3.4 AMANUANINNY

= wa 0 = =4 P a o
TumsesneguauiamsiauvewemvnyiadumuIsofvreTuenisiaula
9 ;d’ Aé = o ] 1 d‘
awlaseasnlugiin 3.3 daanananisiianlugiwineg ves v uaz v, 910317 3.3 ()
T o dcz’d 9 a & o 9 @ w9
YOA IATU HAZFINTOINDAINTIINA Tunsditilinalinudmaeshaundenudunuilsey
2 an L aa ¢ o = L]
Taonnuagivesdaneuldnuiudanou laven laaimihierdouuiuszuiy (plate) vos
v o &4 Aan ¢ o Y A d o 1 By a1 O
Aunulszy daliddnoulavenleaimihndusuiuauszninas & v, fisutuay
Uszgwmzyilavannie lanssgnasgad unazauuinauyauua naldusnauauua
“+ ! a { o k
amudlu p’ uazBend urauuadLe (accumulated channel) U3 NMaALAZIATUMETY n an
usnfiudoursauua p enesludnymziesauyaud wwuhianvazueslaloadesda
YV [l
AOHUNGIVUA (back-to-back diodes) Aariudazifanszualva’ld ussdunwomuazasuaz
) a & A a d:]u o) W & A s
ADINMWINT FanszuannaIusztlunszuaia Ina (leakage current) N30ATANUTITY 1T
[ o =Y o 4
oalnunIui Idn ugmaesiusaaiil [18]
{ s a0 d 1 9 [ o 3
Tunsdifussdunniiautuuanluunn dszgdaldinnezgandnoenld wilduva-
P g a = y @ A A
unanlon i p" uazitluuSinaasawine (depletion region) Tuga aussdunnnmy
& A ad =] ) A a
wInAU UszeaunTeiannIeuIzgRAIgAIiINNUTOUMLYALLEA  LazuyauuadzLlTANIW
I~ a P & A 1 a 9 g @ F=) [
Wuusne o mugdn 3.3 FaFoureuSHuFRILAZIATUINIAEAY LazFunIuyanua
as . a { o 1 a o = vow
AT (inverted channel) usaauANHIIFAMUMUNRILVRIBENAsouldinnIA N UAY
' a 4 a @ -~ a o
MU U9 TaausIug U5 od ITulouvoaus Id U uvo NI IUTAADS  (transistor
Y o oY) d o ] 1 @ 1 a =
threshold voltage) 15daydnual v,, dAmiuAwssdunnaeauinni v, sxiiusanuayiaby
9 "
a &K a o 1 o v o @
ey uazasonam i ihsennauesunazaea’ld  dwmsunsaiausduinn-so
9 1 = ' :':‘ =1 1 = "o & 1o
dosnd v, 9¢ ludinszua naszriveauaziasy Faezdoimaudames lsaunsely

a1y

o d a v = 4 v A o )
HINTSUT (ﬂ’lllﬂ’ﬂlllﬂui]'i\umjﬂﬁillﬂﬁmLfTLlTTamﬂu@Umﬂﬁﬂﬂuﬂﬂ-"]ﬁﬂﬂﬂﬂ’u”mlﬂﬁ VTH)

E '
LY =)

] Y v ¥
ilousadunn-son vy, Iawnnnd v, sldusaunamediy dafuie v, iy
1 a d =3 a 4 o '
ANuMILLNYeIdnaTeu IuurauuatvzmnIude nazaslldimnnunuuiuyes
o 4 a o @ a o .
Usggmmzazidsiumuy Vg - vy, oty ussdunn-vemilsz@niuar (effective gate-

9w @ 4 @ qu ' [} ad g)
source voltage) T¥dfaydnual v, Avdumanunuuvelszydidnasen uansldlae [19]
Q=Cox(Vgs = Vi) =Co Veir (3.1

- | i S U s
Tagh ¢, Wumann llihiinndeniomiseiug
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P-Substrate \

7 \

Accumulation layer Depletion region

Vgs <0

3.3(n)

o Sm— :
i 1
P-Substrate \
£ \
Inversion layer Depletion region
VGS > VTH
Vps < VGS - VTH

3.3(v)

45882
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P-Substrate

VGS # VTH

Vs = Vas - Vi

3.3(m)

_________ 4

P-Substrate \

\

Pinched off channel Vis > Vi widened depletion region

v v,

DS>VGS' H

3.30)
= 0 2 ¢ ¢ a g
31U 3.3 mamhavsaemnuuBUEUBILUN InuasiaduuraLTa
4 o a ' o - o q ¥a b dal
Wounssauiasuiaunnigue laaanios  ildinaanuddniiseauaziasu

a v w  d 1 o
dnaldiAanszualnaninesuliaoa anuduiussening v, nazaszua 1, swmiloudy

~ Vv = v o do x:;‘
ATUUDIAMUATHUNIU Iﬂﬂllﬂ']’]llffliwu'ﬁﬂﬁu
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W
Ip =PnQTVDS (3.2)

i ' ' a ad ia aa 1 3
‘Uﬂ!&ﬁ LL, l'ﬂuﬂ'lﬂ’.nl!ﬂaE)ﬂﬂ’J‘ll’E)\‘if‘)mﬂGli'ﬂ‘l‘!ﬁN'J“Uﬁﬂﬂu uae Q L‘i‘lummmwmuuu

i =§ i ¥V '
vz lumrauuaneniianiieiun vineuns (3.1) uaz (3.2) 9z 14
W
Ip =, Cox T(Vcs = V11 )Vps (33)
{ yd LY v o P=1 w P
aunsn (3.3) duanudunusnausols idimoansaius wuasu-seaiand1lng

o a o' a = i y
NININUVBIMIUFMADT lud Tnseardeesuie Idagdi 3.3 () Taoidle v, 1nn
1 & d” P o Y a d?} 1 (7=} 2
NV, 102 Vg = 0V Favagiiuyanuagninilonh ldineduue hifinszuda Ivna ilosninis
s ' = O~ o d A 9 o vy 1 & o Ya o
ausznIeraauazasuiautlugui o vazidie 1iusedu v, anlesn amilsagshliifad
' P o = o [} cl’J =] =] a9
aszue Iaduuranua’ld Famsmhauseseaniudaass luaeil wiowduddunu
v w o d §
uanuduiustuldamannsi (3.3)
' ' ¥ 1
WousIuAsU- s aNNNINTY  ANUHLIILYEI ST IME NLYauLa L AR IR
= b Y]
uuyanuannged linsy awgln 33 (@) msaaawenlszynme luusauuaiiiing v
INALTIAUANAS BULTALUANA IMYIA19  Tdsidy naife auydAdussduiimsuiien
' ' ¥ ]
WInATmsIANATed  wlimamniuvowussiuanaed insusdaaiiosnielunauuall
wa lussduanasausnammaguanuazimgeganiiny vy Adumidiureanas
usaRunuyanualimagand wmialmedwasy  uazussaunnihi ldifauraunane
A ' 1 a & A A ° 9
V= VeV (1500 V<V, nazuave I lnauag lufinrauuaifiaiu) iiohegs Iduvauuase
9/ Ao g = o Y a dy = d o 1 1 1A
apadfnditluuan ez iifauyauua Tagluvaziniudmmesiaunazegluyis oy

LY A0 A 3 A ) 1 1 g a9
A NITUAPTH I, SUAUWHUUAIUNITINUUDIALUITIAU Vo ama"lmﬂuwamummsMclugﬂ

'
= at

Ed
o =) o 1 1 1 1 .
3.3 (A) MINNUVDINTIUTAADS TG (V <V Vi) (30071 529 100UAT (nonsaturation

' '
w Al 7 a Y =

' ¥
region) 1119 Vo, HAMINTU aunIznaliin Vo = V-V, NIUSamesEsudigan1igdun

L

ar a o T ¥ 3 ar {
nazanuae 1asead1avemsudanes luaadiuaas1ddesli 3.3 (@)

Q

s

Lo A DT IR V, ity B naunsz i Vs > VsV Tunsdifius i
anaseunrauuafidmedmuasufimgand Vv, sufurzilfiAan g iudoon (pinch
off) nAID uvauLAFuTuTeIMURUNsHIEIEIIABEN BUIINITUE AT ATIIDY
vin oy thFasnmienh iinsasauvenlsegan ot mehfiduisauna &

@V v
U'L!“]I'E]\‘]’V]'NL@UHS&L?(%Q{I‘U'IQBﬂﬂfﬁ'lﬂﬁu Llﬁﬂx‘iﬁﬂj‘ﬂ% 3.3 () UaEZUNILUEUNG (diffusion



20

kY

current) I IUVDIYEE TTuATH YoamuAunIzLd AR InUENTRANUA NN LAY

H] '
= " =t Y

a [~/ ] 1 - =
AMOA UMM AN TEUAAIN (constant current source) NSzLAATH UM TS TA R 1)
1 P a ; d P o = L L] s‘ay
N Ve vziiauinvunmuuaaslunslamgdi 3.3 (1) mshauvemiudmans luddl

1567719290UA 7 (saturation region)

]
Non-saturation ! -
. ! Vos > Vs = Vi
region i
Vos = VGS - VTH !

,Jf VDS VGS - VTH B
IDsat -+ - r')/ _________ T v
,’: Channel Modulation Gs
/ Effect
S|
i \_\ _____
g I
| h\ idea
|
|
5 I " Vns
0 VDS(sat) \ Cutoff
VGS <= VTH

A s o g o p
E‘IJTI 3.4 ﬂ51ﬂﬂmt1ﬂﬂﬂﬂ1iﬂ’l\‘]WH‘U’ENIJ’BE’fL‘Vh‘I!L‘U‘]JL@H@'IH“]J’LﬂJM‘VIIﬂMﬂ

3.5 fmm‘suammmﬁ'uﬁ'uﬁﬁm%’né’agmgmwm‘lmj [11], [13], [14], [20]

wa = g4 A ! = ' o
nngaauidvesvsamnsiadui ldnauwdiaunsafvzagy Taouiamsiau
o3| 1 = ' 1 4 =

oon Wit 3 32 TauRNTIININM VeV, 1azAT Vo Szamnsaidouaumsuaainiy

[ Qs

@ o @ [} i Yo zﬂy
qu“ﬁﬁ‘lﬂﬁﬂﬁfgﬂlﬂmﬂmmclﬂiy (large -signal model) 1Adane il

1. F29nuemn luthnszue (cutoff region) vz 10

Ip = 0 1o Vi SV, (3.4)
2. athnszua lududinsorasudu (non-saturation region or triode region)

w21d

paC W Vis 4
lD = __LC')K__ (VGS - VTH )VDS - 5 L'JJ'E'J VGS'V.

> Vg (3.5)

'H



3. B UINTLUADUA (saturation region) 1219

TH—

) ) a
Ip = —Q'L—(VCS i VTH) o V V = Vr}s

Tao 1, AD AINTZUAATY (drain current)
L Ao MANAIANAI DUV UAN-FOA (gate-source voltage)
Voo D AIANAIANATONYUATU-1DT (drain-source voltage)

21

(3.6)

1 ] as a d
L A9 AIANINAINAADIAIVRI 18T OBIANATON (surface mobility of
u, y

carrier)

A ' 1 dy ~ o . 5
e T8 mmm*g“lwﬁmawummmman“lmw (capacitance per unit area of

the gate oxide)
W fio AnuaalseAnTnavewalua (effective channel width)
L fio anwelszanfnavosuvauna (effective channel length)

vy, o adnan lWihdaisu (threshold voltage)

3.6 manu i lunean [13), (14), [21], [22)

\
s O C

G
S
7 /////);///////////////////////////////////A
|, [pp——
i A G”T T

w o—§

51N 3.5 ﬂm:ntufu”M‘ﬁmmﬂmumﬂiﬂmﬁﬁwamamﬂm

i ¥
dmsumnnuy lihnnedueinInssadumoluvesweamn awnsafaswn1d

' ¥
auTasaadelugii 3.5 Taofiadase il
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=} 1 1 :b s " oA
1. Cg fin mnrmy lihsausening innuazyed dafinumiy
Cas =Chs +Cs 3.7)

= % . i 2 5
1D Cis RO gate‘iomdc capacitance associated with the source region of the
intrinsic transistot strure

Cgs o parasitic capacitance resulting from the overlap of the gate and source

r

Voo =~ Vo, =V
G Wl 1~ = = non — saturation region
Taoft cL_ = 2(Vos = Vay )m Vos (3.8)
2 . .
e WL saturation region
3
MoE  EL=Co WX, (3.9)

=) 1 ! é!! o 1 1 r
2. Cgp Ao Mang IWvhsmwsznaunnuaziasy Fallaumny
_il 0
Cep =Cop +Cap (3.10)
1o 3 8 o gate-oxide capacitance associated with the drain region of the

intrinsic transistot strure

A - . . .
Cgp D parasitic capacitance resulting from the overlap of the gate and drain

V.. -V ]
£ € WL 1~ s non — saturation region
Tavh C,, =1 2(Vgg = Vi ) = Vi (3.11)
~0 saturation region
.
CGp =Cox WX, (3.12)

= J o a é’ ' o w 4=§ =N 1o
3. Cg, Ao Ay Iihiifediusgnineasuduaen allauidy
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Cep (0
CSB(VSB):—‘—*‘EEQ"“ (3.13)

(1+VSB¢)

o C <5(0) A the zero-bias capacitance of the source-body pn junctions

Py, A9 the barrier potential

=) 1 o a d? ! 2 Qs .:§ = [
4. C, 0 mmmqqﬂﬁmmﬂﬂuunmmﬂiumﬁnumm FINAUNINU

C DB (O)

(1+VDB¢ )

o]

Cpg(Vpg) = (3.14)

1o C ol f1D the zero-bias capacitance of the drain-body pn junctions

L

3.7 Nmaajgauaxaumsuammmﬁuﬁuﬁﬁm VY IVIAIEAN [20]-[22]

P o v W o 1 o " A
Tu319 3.6 uaarrvsauyadmsudyraviadnvesodmniasieu Turoy

s 1A @ ey @ o ' [ o o oy
daunz ludud Tavhlimvesaunulszauaazdszlauiiuluauaunisi 3.7)- G.14) uay
AR (transconductance) UDII9IAWITAAIUIN IADINFUNITN (3.5) LAzAUAITH

&
(3.6) a0z 14

ne WV
i non — saturation region
dl L
e [ S (3.15)
dv H .
& |y, =0 —&(VGS =N ) saturation region
L

NAUNITN (3.15) FMTUMIMUIUB DU AI1AIVHIVDIITAIUITDVEUAIY

ar o’

wius g lugivesnszualdiilu

21 Coe WI
gm=]/—m—_“” ‘:‘ 9 (3.16)
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| B 4
310 3.6 29vsauyad msudyauvinadnuesemy

¥
o =)

) a ' | o o a  d
dmfumanudumuiyeesnvesrsannsamuamm lamuanuduiuideiine

TH DS ) ; .
1 dId non —saturation region

ey = . L (3.17)

ds DS v, =0

HHCOX(VGS —V. -V

& saturation region

11/ A 9 channel length moduration parameter (volts ™)

ci 3 2 o g o o A A

1IN2995 gl 3.6 lasmdaduAulszydman 4 dafle ¢, C, C, wez C,, Faou
LY 1 @ Y ) o a d = o 3 o [ = o' 9/
PegennuazFureudmiumsinngiatelouazingn ladmsulunmsimaz laoldns
o o 9 a d 3 A a a o o
tavsmsinudelisunsuneuiunesviniy [11], [21] wWesanluInerinusidhunsg
ponuUIITFuFuLIE NG mSvdyyIaewaen Tavldueammniiinisiaeg lugaedy
s ﬁ [N é ﬁ g = = a 1 = 4 ﬂ ] a
adundngeziunaliineanziugood nafeusaunaduluyoamudunszua
vinalawdumsuviaeenuieuauin uazAnmnuuasuIzsUMIULALYAILANS 8152

a0 Y 1

{ A 1 1 1 ) s 1
Aviantiooinn dsansananldhimanugsznhanniuesy () Tanferun diud
¥
ANUYIEMINRANLFUMAN (C,) uazmIUNUTFUIAN (C,) 1u denllatesiinlay
4 4 1 a ﬂé “u ] 1 r ‘é
mmzilewaagnieudoiugINIes FazRinsammzmnnugssnhanmiuyed (C,)
wilfinlszanm 2/3C,WL wazdmiumanudumuiiosnnfivinnueaueamngnaudae
s g 1 i = d?’ 1 s ar
Aua AufusmwdnmuiiAadussninvunniused (R,) uazvunniiu wsu ®,) 393
T T 9 ' s 1 3 s u’j 4
AN TRWILMANVAIUMUIENINVUATUA YT (R,) Winiu daiuieniiuazain
6w a fY A 9 A o v o
dmiumsansizvaaeiie wlmiauyavesoamnlasiidmuald ¢, c, uaz c,, fim

1w ¢ & g P
INUAUY matﬂmwsmuamauaiﬂu Gray IL©ie Meyer [21]
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= U o d a
3.8 WSsumaudenuazdaidusznnaneaindululwansnsuGmnes [23]-24]

4 =1 =1 Y] ' =Y o
n. Yof veaoamndoSououdulu TnarsniuGames

¥ 1
Y = =% s '3
ADIMITUADUMIHANU I 25% ameununszuiumsaialyTnans

=

= ¢ o A ' 4
NITUBTLADT ﬂL'Ll@Qﬁnﬂ'ﬂﬂ']ﬁ@@ﬂllUﬂﬁ%H\']Naﬁlw‘ﬂfﬁiﬂi3ﬂ§1\?&la$ﬂ§$']_l’.]u

A o 0 U YY a o
15N M leaunulunissand

q

¥ Ed
o = as

= = 9 ' i ] ‘u
avlszAvggnaiduldnnniuazannsoussynsegnla Iy luiuaing e
9 a a a o o
18 TuFmann uazilgiumungauieziniuases vis
. . Ty 4
YUATH (drain) UAZVIWOH (source) VOINDENNAINTOATUUNUNAL 1S
Msnaugens lasunlasuinin msiziesoiniweainiaiiy
X X 4 W s = dalyy
AUNINT  (bilaterally symmetric) Fauane1any luIwa1snsuGamosn )
Y 4 aa o . [ o
MUITNVSTAUVITHINVIOUAADST (emitter) NUVINDALAAADT (collector) 14
a dl:‘ w o das o w s ] 1 oar
wszdsuans ladarsnadaiindtmmes funoaanines oz 1 v1Hu

o

& Aaa ¢ A A a | 4 v o i
Tavmsfsdanimdiamesazivimuns Taliigand Fadwihmsaduuis

0

#1119 0R51A 150818 (gain) aAIDH13UIN
] = o i o = a
Puriawime lumsthnseua Tasueaminezlglumsiinszumiveyiia
a g @ 3
iAe7 Ao Tan (hole) Tu PMOS n30BlanAToau (clectron) T NMOS @ariuss
= a a L4 & o o a dyl o o a a .
Sendalseavgmsnsd et gilwa1snsudmaes (unipolar
. - o a o i . 9
transistor) G]NGINmﬂﬂ'ﬁﬁul'iJIWﬁWS‘lfl‘j‘luWﬁm@S (bipolar transistor) 2z 149
dnuwizlumahinszua 2 wia wailunszuavoswmedulng
R . & = o @ =t =1 o as =t
(majority carrier) Guiludianasoud miunsal npn naztulea dmiunsel
! . . ) 4 o 0w
pnp LAZATZUAVDINIHE AU BY (minority carrier) @ululaadiniy npn
Qg ad o [ =
wazudianAsoud IS unsal pnp
0 = ¢ o Y] o =
MIMnu veaniugmaes i laeldussduluniugunszuannisoen

=Y

HAZAIANNATUMUNBUNN (input impedance) VOINDAHNTAIING 1109

=y

= ' 1 aa o o Y
nniiduwnvunndsagiunual (Fanou lavenlad) Mlilsnmsgande

Masimn uazamsah ldduseamnatdug Tas v vazd'lu Tn-
o a o o
Minmdamedin Tasldnszuamadiniugunsziamasen tazau

.

Y P Y da i =t o Y w =
ATUNMIUNMIUVINUATIU ﬂﬂﬂ?Wﬂsm‘Ua\juﬂﬁlW'ﬂ ﬂjiﬁﬁﬂﬂﬁ]iﬂﬂqiqm‘llﬁﬂ
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o ifpsnnueamninisiinulaonisldussduniugy TedIdauisady

o A o 4 1 o n
(drive) woenrngIdue Tatisuanmn Faliaumueiga (high fan-out) uag
= W = o w a ::i = g S o‘
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' o @ a 1
®  MUDINTIUTADUAALAUN (transconductance) N30 g A
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dugy lulsunsuduSegd SPICE 2G.6 uiamsviamwes MOSFET 1ilu 3 szdu fo

LEVELI], LEVEL2 ung LEVEL3
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! a a i
NI NIFluInenfinusil

4.1 nanh

a 1 o o e = a o y
MIBeAIUUMNINFUdUIIUT IS UdyyImeuaon luinniinutl wsznou
J " 4 A o A v o [ o a o @ a '
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A CMOS PIECEWISE-LINEAR CIRCUIT FOR NONLINEAR
FUNCTION SYNTHESES

Wandee Petchmaneelumka, Amphawan Chaikla, Pittaya Pannil,
Attaya Julprapa and Vanchai Riewruja

The Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Ladkrabang, Bangkok 10520, Thailand.
(Tel: 66-2-739-0757; Fax: 66-2-739-07537; E-mail: vanchai@cs.eng.kmitl.ac.th)

Abstract: A piccewise-linear circuit element, termed a current limiter, is proposed in this paper. The limit-point and

break-point of the current limiter can be electronically varied. The proposed circuits can be employed to synthesize
accurately a large class of nonlinear function circuit. The proposed principle is suitable for implementation in a standard
CMOS process. Simulation results showing the accuracy and linearity of the proposed circuits are also included.

L. INTRODUCTION

A nonlinear function circuit is a basic active element in
communication, instrumentation, fuzzy and neural
computation. It can be found in many applications such
as a negative-resistance oscillator [1], a frequency
doubler, a high-speed ADC [2]-[3] and a membership
function in luzzy inference system. One fundamental
approach that can usually be employed to realize a
nonlinear circuit is through the use of an inherently
nonlinear characteristic of semiconductor devices such
as the tunnel diode, FET or UJT [4]-[5]. However. the
dynamic range achieved by this technique is limited 1o
a small size, since the component characteristics are
dependent on the device parameters. Alternatively, the
approach based on a piecewise-linear approximation,
where  precision  piecewise-linear  networks  are
combined and proportioned to produce a desired
function, has been shown to give a dependable
nonlinear circuit [6]-[7]. These approaches are based
on the use of operational amplifiers (op-amps),
transistors and diodes as circuit building blocks.
However, the high frequency performances achieved
by these approaches are limited by the narrow
bandwidth  of  op-aaps.  Recently, OTA-based
piecewise-linear circuit has been proposed [8]. This
approach is laid on bipolar technology. The purpose of
this paper is to propose a method for realizing a
piecewise-linear  eircuit, which is suitable for
CMOS  technology. A CMOS
piecewise-linear circuit element, named a current
limiter, is introduced. The current limiter can be
employed to generate a large class of nonlincar

implementing  in

[unction circuit.
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2. CIRCUIT DESCRIPTION

The basic principle of the proposed current limiter
(abbreviated as CL) circuit is shown in figure 1(a).
Transistors M;-M> and MM, is a class B
configuration to form a current switch. Transistors
M;-My, M2-My and M ,-M;; form a unity gain current
mirror. If Lip<len. the current (L,-1en) flows through
transistor M, and transistor M, is forced to cutolT. On
the other hand. if Ly <lin<(len* o). the current
(Lin=)renr) flowvs through transistor My and transter to the
output node. Then the output current can be written as

0 for  lig Sleepy
m _ - . .
Lout = b = trert 101 Trepy <lipy <Upery + hrepa) (1)
lror2 for Ty 2Upery +lper2?
and
0 for iy S0
4 - - 3
Lout == Uin =lrep))  1or Dpepy <hip <Cepy +ler) ()

= lper2 for iy 2tery +lpep2)

here (D [CI . - .
where lou[ and Eou[ are the output current in the first

and fourth quadrant of the transfer curve, respectively.
in figure [(b). By using the same principle. the circuit
in figure 2(a) gives the output current in the second and
third quadrant as shown in figure 2(b). which can be
stated as
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Figure 1(a). The proposed circuit for 1D g 1)

Figure |(b). Transfer characteristic of Fig. 1(a)

0 for [l;n\gm”
@ _ ; J
lout = I'iuf"'mr! for Tpepy <|lin] < Opepy +1eer2) (3)

leer2 for |'m|3“rcr| *ler2)

and

v

[E13]

out out

0 tor Illlll S et

(3) :
low = ’(,Winf‘[ml'l) for Ircﬂ‘i‘inl‘“rul‘l *leer) (4)

out =
=lrer2 for ‘!kzll zlhepy + lrer2)

(3)

out
second and third quadrant of the transfer curve.
respectively, in figure 2(b). It should be noted that the
slopes of the transfer characteristics of both circuits in
figure | and 2 are restricted to 1. In practice, this is the
limitation on the current limiter. This restriction can be
alleviated by varying the ratio of channel width and
length (W/L) of transistors Mz-M, in the figure 1(a)
and 2(a). The slopes of the transfer characteristics are
now determined by the value of the current gain of the
current mirror Ms-M,. In addition, the circuit providing
two output currents that flow in the opposite direction

where Igzu)l and I are the output current in the

of each other can be implemented a floating nonlinear
clements.

(&3]
out

g

FFigure 2(a). The proposed circuit for ]gﬂ and 1

91

oul



(R3]
out

74

out

retl

-H)
F i
r

- 1 -

) Ioat —-;:,/
B ;
il } P

-]
it w:,>.}
20 e N
S
S
b TR R e oer et |
-7 T R TR TR TR
Lin HA

Figure 3 Transfer characteristic of the propose circuil

(a) for circuit in Fig. 1(a). leq -
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3. SIMULATION RESULTS AND
APPLICATION EXAMPLES.

The circuit performances were studied by the use of
PSPICE analogue simulation program. The simulation
was carried out using BSIM 0.7um CMOS process
parameter. The reference current Ly and Ip of the
circuit in Fig. 1(a) and 2(a) arc set to 20uA and 30pA,
respectively, Vpp = -Vgg = 3V. The ratio of channel
widths and lengths (W/L) of the devices used are as
follow: W /L =We/Le=4.3um/ 1 2um, Wik, = Wyl =
3umd1.2um, Wa/lLy=W/Lg=3pm/Sum, W/ Wy/Lg=
WolLlo= 2pm2pm, Wiyl W /Ly 12pomd |.2um for
the circuit in Fig. 1(a) and W /L=W/Le=3um/1.2um,
Wl Wl Lg=d. 3umd 1L.2um W/ L= W/ L= 8umi2um,
WalLa = We/Lg= Wo/Ly = SpmsSpum, Wi/L,o= W il =
2um2um for the circuit in Fig, 2(a). The simulation
results of  the transfer characteristic are shown in
Fig. 3(a) and 3(b).

it
—_— N
204 \\___ 1
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e /;)_—
3
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=20+ /’/"’"'”"”“ Low
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-0 - - « .
=10 -0 -50 40 -30 =20 =10 0
L MA
20pA and 1. = 30pA
S200A and |gp = -300A

1 multiple
"
outpul
o B [
current
Tollower

Figure 4. Block diagram of nonlinear current generator

The application of current linuters for realization of
nonlinear functions can be depicted as in figure 4. The
multiple output current follower is shown in figure 5.
The nonlinear function synthesis example is shown in
figure 6(a) and 6(b). In this case, it can be synthesized
from the proposed circuits, where the input current of
cach circuit is generated from the input current |, using
a multiple output current follower. It is apparent that
the proposed circuits  exhibit

high accuracy and

lincarity.
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Figure 6. Synthesis example
(a) block diagram

{b) simulation result

4. CONCLUSION

A CMOS piceewise-linear circuit has been introduced.
The proposed circuit was employed as circuit building
block to synthesize a nonlinear function circuit. The
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break-point and limit-point can be electronically
tunable by an external current. The simulation results
confirm that the circuit performance is agreed with

theoretical results.
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TEMPERATURE COMPENSATION OF
CMOS TRANSLINEAR CURRENT CONVEYOR AND OTA
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Abstract: In this article, an integrable temperature compensation scheme for CMOS translinear second generation

current conveyor (TCCH) and OTA is presented. The proposed scheme makes use of the new bias circuit, which has a
current that is inversely proportional to the absolute temperature, The transconductance of both TCCII and OTA can

also be lincarly varied with the bias current. Performance of the proposed scheme is confirmed through PSPICE
Y p i

simulation program.

1. INTRODUCTION

An operational transconductance amplifier (OTA) and
a translinear second generation current conveyor
(TCCIl) have been received much attention in the
design and implementation of current mode function
circuits with electronically tunable characteristic. It can
be found in many applications such as oscillator,
converter, multiplier and filter [1]-[4]. In the past. mosl
of OTA and TCCII applications were based on bipolar
technology. However, the characteristic of OTA and
TCCI is rather strongly dependent on the absolute
temperature. The temperature compensation scheme
can be found in [5]-[6]. For CMOS-based OTA and
TCCIH 7], the transconductance gain g, of OTA can
be controlled by an external bias current or

o, = \/m“w )

Where Kp is a transconductance parameter, which is
dependent on an absolute temperature and Iy is a bias
curent, Woand L oare the channel width and length of
the input stage transistor, respeetively, The major
disadvantage of OTA is the fact that the
transconductance gain g, is directly proportional to the
absolute  temperature.  Therefore,  the  temperature
compensation is required for the OTA-based circuit.
Consequently, the transconductance gain g, is the
square-root function of the current 1. In the case of
TCCIL, the parasitic resistance r,,  which appears at

port x of TCCII can be varied by an external bias

current, or

1 L an
2e,  2YKpWagly

(2)

Iy =

Where W and L g are the channel width and length
of MOS transistor in a class AB stage. Many
applications using TCCII employ an advantage of this
parasitic resistance. However the parasitic resistance ry
is inversely proportional to the absolute temperature.
Therefore, the temperature compensation schemes also
need for TCCll-based circuit. It should be noted that
the variation of both g, and r, are the square-root
function of the controlled current 1. The purposed of
this article is to proposed a method to realize a
temperature  compensation scheme, which the bias
current of OTA and TCCI are inversely proportional
1o the absolute temperature.

2. CIRCUIT DESCRIPTION

The proposed circuit is shown in figure 1. The
transistors M,-M,, resistor R oand current source |,
function as a reference current generator. It is required
that W /L, and W/L, are equal to 4W,/L;, where Wi/l
is the ratio of channel width and length (W/L) of
transistor M. The drain current of transistor M, ,lp,.
can be expressed as

W
Thi= K,.(r]lz)z,;[.i.. @)

-4



If the ratio of Wy/Ls is set to 8, then a current Iy,
becomes 4Kp(i,R):. Transistors Ms-M, and the current
source Iy form a squaring function circuit [8] and
transistors M>-M,: function as a unily gain current
mirror. If Wy/Ly is equal to Wo/Lo, then the current Ipy
becomes the same magnitude of the current 1pe. The
current mirror Mp-Myy reflects the current lys to the
output current lp;;. It should be noted that the
transconductance parameter K, is dependent on the
absolute temperature. Therefore, the current lp,; is
inversely proportional to the absolute temperature. The
current lpy; can be stated as
Iy i
=] - . ;
Tois =Ty =g A TR )

Where Iy is the external bias current and 1, is fixed 10 a
constant value,

Figure 2 shows the OTA bias currenl. which is
replaced by the proposed circuit in fgure 1. From
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equation (1) and (4), the transconductance gain g, of
OTA can be expressed as

W,

]Il 16 z
B ] 3
S =R Lo (

where WL, is the ratio of width and length of the
transistor M.

Figure 3 shows the circuit diagram of TCCI, which the
bias current uses the proposed circuit in figure 1. From
equation (2) and (4). the resistance r is given by

——
:;ii{{_ | L2t (6)
Iy \( Way

where L,;#W,, is the ratio of length and width of the
transistor My It is  clearly seen  that  the
transconductance gain g, and the resistance r, which
the temperature-dependent are compensated and can be

linearly controlled by an external bias current.

l I[vl]

M i |

MR | M9

Figure 1. The proposed circuit

-~

M
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Figure 2. Temperature compensated CMOS OTA
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3. SIMULATION RESULTS

The performance of the proposed scheme is verified by
the use of PSPICE analogue simulation program. The
simulation was carried out using BSIM 0.7um CMOS
process. The current Iy and 1) of the circuit in figure |
are set to S0uA and 25uA, respectively, R=10k€) and
Vip#-Vgg = 3V. The ratio of channel width and length
WI/L, of the circuit in figure 1 was shown in table 1.

Figure 4 shows the simulation result for the current Ijy)s
against temperature. To compare the performance of
the temperature compensation OTA in figure 2 with the
conventional OTA, both OTAs were used to realize a
controlled resistance [9]. The ratio of W/, of OTA was
shown in table 2. Figure 5 the simulated
resistance against temperature, where the simulated
resistance is set to 10k€2 at 27°C. In figure 3, the cireuit
was simulated by using the ratio of W/L as shown in

shows

table 3 and the simulated results of the output current at
port Z i, against temperature are shown in figure 5. In
this case. the current v, is set to 100mV. It is clearly
seen that the temperature performance of the proposed
circuit is much better than the conventional circuit.

Table 1. The ratio of W/L of circuit in figure |

name WAL . pmium ]
M, 66
Mao M Mo, Min, My, My, 1246
My;
My, M: 246
My, My, M, A8/6

96

Table 2, The rano of WAL of O

TA.
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name WL | pum/pm
Mur, Mye Myse My Mo "
12/6
My My My
Min. My» 240

Table 3. The ratio of WL of TCCH

name Wil . um/um
M. Mis, Mu, Myn M,
Mz Mar. Mae 126
M:s, Mu
Mus. My, Moy M 24/6
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Figure 4. The current ;5 against temperature
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4. CONCLUSION

A method 10 realize a temperature compensation
scheme for CMOS-based OTA and translinear CCII is
presented in this article. Both the tansconductance
gain g, and parasitic resistance r, can also be linearly
controlled by an external current. The simulation
results confirm that the performances of the proposed
scheme are agreed with the theoretical results.
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Abstract

A High-speed Max/Min circuit, using CMOS technology. is
proposed in this article. The proposed circuit comprises current mirror
and switch electronic circuit connected with current minimum circuit.
The circuit can be sclect maximum or minimum value. This circuit
achieves wide dynamic range that is frequency response can be up 1o
10 MHz and uses to low vollage supply 3 Volis. The performance of

circuit have been demonstrated by PSPICE simulation.
Keywords : A Max/Min circuit, Mos Transistor
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ABSTRACT

A current mode two-nput maximum  (Max) and mmimum {(Min} crcut, using CMOS
technolegy, is proposed in this paper. The proposed circutt, which compnsas a MQOS class AB/B
configuration and current mircors, 15 simple and suitable for monolithic integrated circuil, The
performance of the circuit exhibits very sharp transfer charactenstic and high accuracy. The
proposed circuit achieves a high-speed operation and is suitable for real-ime sysiems. The

simulation results veriiied the performances of the circuit are agreed with the expected values,
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