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ABSTRACT

A novel technique to realize a wide dynamic range OTA with low temperature
sensitivity is proposed. The configuration is based on translinear second-generation current
conveyor (translinear CCII) and includes mixed translinear circuit as a voltage buffer for X port
of current conveyor. The variation of transconductance can be carried out by adjusting an external
resistor. The presented architecture can eliminate the temperature effect on the transconductance.
In addition, and it has wide dynamic range and significantly higher frequency response than
conventional OTAs. Furthermore, the differential input voltage swing is rail-to-rail. Simulation

results show good agreement with analytical predictions.
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Iy 0 1 Oflw
ve |=|1 0 0} 7 (3.1)
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: 42 2
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WReaaaalugildi 3.2

3N 3.2 2995 TUYAVEIITMIININTZIATUN 1
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3.2.2 N‘wmﬂwmnﬁzuﬂ‘iuﬁ 2 (Second generation current conveyor : CCII)
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(instrument amplifier)[37-38] 2305 IR utladynm[39-40] 1esFunTiAIAMmMTENN
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J " o 1 1 1 o 4 1 L
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v o d
3.3 anN1IN31Uaales (Translinear Principle)

wa o 1

il AR.1975 Barric Gilbert W0i@Afi1d1 “nmadifiod Suwiiteldesunois
nquasesiianuas BiduGadu 9y 29930 multiplier) 2995115 (divider) 102299300189
avd(squarer) 1Hudu(s1] TaelddszTomivinauduius ludnwaiduFadudinear)
TENINAMIUTABUAANAUS (transconductance)¥a Tu Tnarsns S ame s funsziadh Ina
WUV IRBAINAIABS (transconductance linear with current) [52] %«mnamﬂuﬁﬁﬁmﬁnﬁ‘lﬁ
gmih i uidenlvwerisesmsadifles ndnfe 2vvmsmadiiefidursesilszney
TU&onguuesginsaifignaeidsafuludnunzqiioop) Tavgduuuvesgunselezdesil
mwdniui ludnvusiiduBadutussninamsidneudauaudiusnszue

P aa o S o P Y A o
ﬂ'lﬂNﬂu‘lﬂJ‘Uﬂﬂ'Jﬂﬂi'Tli'luﬂﬁluﬂ'iqﬂﬂim'ﬂ'l-l1“11ﬁfﬁzﬂﬂ~l'ﬂﬂmﬁuﬂﬂ“ﬂiﬂ1‘ln

dl

=—=aqal 3.6
av 3.6)

g

Tagn g Ao ﬂ'T‘nﬂuffﬂﬂuﬁﬁ!lﬂﬂ%(lransconductance)

A P

a 19 AN

A4 A a P
IUABUNINTA TUNITIN 3.6

dl

e J‘ al (3.7)
1
j ?df =ajdV (3.8)
In/=aV +C (3.9
= b-exp(aV) (3.10)
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lunsesnuuualeluInarsnsudaiaes HoN1TUIDIANUTURNUTIENIN

nszuaneamames (/,)uazussdua-diames (V,,)

I.=lI, [exp[%ﬁ]—l} (3.11)
T

(iie I, fis  mnszuadu@2fioundu(saturation current)
V. fle  AwseduiFguuyii(thermal voltage) AUy k7/q wiedszanu 26
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fnrsaneilaclosed-loop) Hiiseudeiisuil Idiun1zlusanssegiluimaug
Taouvsseesemariiooniiu 2 nqudaviude sosdefudud 18iuns lusaoudiusedu
anasenlufienaaiinnin(cockwise: CW) nazesdeiisui 18sums lusasuilus sy
anaseluAMUEINAN (counterclockwise: CCW) vasamigalii4.3

dmfusesdeit-lBuiinanumditeduernvuiusesdea-slianesves
YuTnarins e iniouiulaTendld o fiie:19sesdowa-iames vingulias

demmssususss A iamesseuinunguednes ¥ (Kirchoff Voltage Law: KVL)

= v 1 o 4
sifuiugud
N
> Veg =0 (3.13)
j=1
-
n3e
zngj =¥, Ves, (3.14)
cw cCwW
4
(il
/-
Veg, =VrIn _IJ_ (3.15)
5,
J
-
wie
kT, | Le;
Ve, =—In : (3.16)
q |1
J
o Vg, Aoussduannieusasaeiua-slameivemudmaniaan j (V)
Ly fonszuanennamesveansudmaniaan j (A)
v, AUTAAUIFIRUN I
k AosnafiveaTuaduuni(Boltzann’s constant)iifuniiiu1.38x 107 (I/K)
T Aof1veguuil (K)
q AoAnlszy i wesdlannseu iy 1.62x107"° (C)

IMUANNTN3.16 aaluaunisni.14 ldanuduiusuaasamaunisng.17

I I
Il a3 =Z£ln —L (3.17)
cw 4 Aj cew 4 Aj
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kT | 1, I,
Enl L =Y =] L (3.18)
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nazende 1815 sudndsznsnilavenvessauiidensumaesnndagnadevu

) = [ ar AJ‘I i - a A ° 9
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cw

J CcCW J

~

a ‘o ' v -
Taoh —L~ ﬁﬂ ﬂ'}ﬂ'31111'111'llluuﬂ')'8llﬂﬂﬂﬂlﬂﬂlﬁ9{ﬂﬂsl‘l‘l?'lu‘h'ﬁlﬁﬂ;

4;

HAZIINTUNITNI.19

ln(ﬁJHn(I"—ZJh.Hn(iJ = ln[-ﬂJ+ln[£J+...+ln —L (3.20)
Ai A2 AJ oW Al A2 Aj

CCW

s s =R A
D1AOAMANUAVBINDN1ITNU(logarithm) Inm-n=Inm+Inn

L )
faiuaumsis.20 Weulvegluzveswaguussnumuuniuvesnszua ldasiife

I
H H A— 3.21)
J CcCW

CwW
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wuN sEuaTuRANIaN UV [51]
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LI, =11, (3.22)

sngdifuniiundssionszuandi 2 @nmideunmimiiiiludaliniugaees uaz

dmualinsuFamesdanud qand1 1 1nq woft1&ide

7 =g wl, (3.23)
amnsa@puenisia.22 18l

R F i (3.24)

finsandiga B wldanuduiutszuin 7, waz 7,7, Wul)awaumss.as uay 3.26

ARy
L=I,-1I, (3.25)
I,=1,+1, (3.26)
unuemsiz.2saslu aunsig.24 189
(14 _lin)]" =1
k=l =i

12-1,0,-1:=0 (3.28)

in
nuannsni.26asluaumsni.24 seiiauiullawaunish 3.28

(L1, ) =13

12 + L1 =i}
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1}+L1, -I2=0 (3.28)

ufaun1si3.27 uazaunsni.28 ievan 1,7,

114 =—;—li(f;+41;)l§ "'Im1 (329

o

i

_ 1 2 2 3
Jyi= 5[(1,.,, +41) -1, (3.30)

i o o P s e ¥ < = ¥ o
2905118 2 wWeim fe wesmRilimnwdwumuganga 4 uaziinnuamumudma B
azlsengAdauaaesmunsaduvoliage followen)[30] hiiAnAanaseuiiyn 4 uaz B

wlsfuawnszue 7, filnaidhga B Taoiinawdiuiiiulawannsnssi
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5.5 2995N30OVANDHIY (Bandpass Filter)
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*NR100N-1X NPN Transistor

MODEL NX1 NPN RB=524.6 IRB=0 RBM=25 RC=50 RE=1
+IS=121E-18 EG=1.206 XTI=2 XTB=1.538 BF=137.5
+IKF=6.974E-3 NF=1 VAF=159.4 ISE=36E-16 NE=1.713
+BR=0.7258 IKR=2.198E-3 NR=1 VAR=10.73 ISC=0 NC=2
+TF=0.425E-9 TR=0.425E-8 CJE=0.214E-12 VJE=0.5
+MJE=0.28 CJC=0.983E-13 VIJC=0.5 MJC=0.3 XCJC=0.034
+CJS=0.913E-12 VIS=0.64 MIS=0.4 FC=0.5

*NR200ON-2X NPN Transistor

MODEL NX2 NPN RB=262.5 IRB=0 RBM=12.5 RC=25 RE=0.5
+IS=242E-18 EG=1.206 XTI=2 XTB=1.538 BF=137.5
+IKF=13.94E-3 NF=1 VAF=159.4 ISE=72E-16 NE=1.713
+BR=0.7258 IKR=4.396E-3 NR=1 VAR=10.73 ISC=0 NC=2
+TF=0.425E-9 TR=0.425E-8 CJE=0.428E-12 VJE=0.5

+MJE=0.28 CIC=1.97E-13 VIC=0.5 MJC=0.3 XCJC=0.065
+CJS=1.17E-12 VIS=0.64 MJS=0.4 FC=0.5

*PRI0OON-1X PNP Transistor

MODEL PX1 PNP RB=327 IRB=0 RBM=24.55 RC=50 RE=3
+1S=73.5E-18 EG=1.206 XTI=1.7 XTB=1.866 BF=110
+IKF=2.359E-3 NF=1 VAF=51.8 ISE=25.1E-16 NE=1.650
+BR=0.4745 1IKR=6.478E-3 NR=1 VAR=9.96 ISC=0 NC=2
+TF=0.610E-9 TR=0.610E-8 CJE=0.180E-12 VIJE=0.5
+MJE=0.28 CJC=0.164E-12 VJC=0.8 MJC=0.4 XCJC=0.037
+CJS=1.03E-12 VJS=0.55 MJS=0.35 FC=0.5

*PR200ON-1X PNP Transistor

MODEL PX2 PNP RB=163.5 IRB=0 RBM=12.27 RC=25 RE=1.5
+IS=147E-18 EG=1.206 XTI=1.7 XTR=1.866 BF=110
+]KF=4.718E-3 NF=1 VAF=51.8 ISE=50.2E-16 NE=1.650
+BR=0.4745 IKR=12.96E-3 NR=1 VAR=9.96 ISC=0 NC=2
+TF=0.610E-9 TR=0.610E-8 CJE=0.36E-12 VJE=0.5

+MJE=0.28 CJC=0.328E-12 VIC=0.8 MJC=0.4 XCJC=0.074
+CJS=1.39E-12 VJS=0.55 MJS=0.35 FC=0.5
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An Independently Temperature Translinear OTA

WTIne 535A waz Unlumd Madiou

Benjawon Thummawut and Pramote Wadkiean

unaaga

UNANNINLERENIRI99STEAMNN (Operational Transconductance Amplifier: OTA)
IﬂU‘l‘ﬁ"ld‘iﬁr’mw\um‘:uﬂjuﬁam (The Second Generation Current Conveyor: CCll) ﬁ'ﬁﬁuﬁ’mayzuu
wanmMITuFaLios mﬁﬁ'r"'ivlﬂ”ﬁ’]tﬂuai{ﬁiaﬁmﬁaninwwmmmmi.'\ﬁﬁ'lvﬁﬁmﬂuﬁ"ﬂﬂ'lu{hqﬁu
na1lfe e (Transconductance:g,,) manaw’lﬂmﬁuuuﬂmmuqmv\qﬁ figr9nnudlumsley
aunina (wide bandwidth) I52911TR9mni19 (wide dynamic range) uazEWNINUIVAIRNNIIVDY
2997 L@ANAINMVATUNUABUEN Nﬁﬁ'?immuaimmmﬂs:qnm"l’a’tﬂmwi-uﬁmﬂ“snma'af (Schmitt
Trigger) ff'lmmmmue)‘umwmé'ma'lﬁm (output voltage) WAZWIIAUINTTLER (threshold voltage) 16t
Tay daszupnainnu wamsiaasmanaulaslysunsualud (spice) Wnamsianzvraansaniu

Tanunanmsvamnuiaind

ABSTRACT
An Independently Temperature Translinear OTA is described. The goal of this implementaion
is to eliminate the temperature affecting on the transconductance of the conventional OTA. This circuit
enable the advantage characteristics to be excellently wide bandwidth, wide dynamic range and
moreover the various transconductance vary according to the external resistance. The application
presented a Schmitt Trigger with a marvelous capability for adjusting the hysteresis and output levels

independently. Spice simulation result confirms the theoretical analysis are given.
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Faculty of Engineering, King Mongkut's Institue of Technology Ladkrabang.
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HufinTuiudnlwisssmmsssfidwnnssnanasyanadulwuanszug (current mode)
IaaniunumunuiinisUszuaanasypimuuuidnlulnuaussdu (voltage mode) (Toumazou waz
Az,  1990) ﬁaiﬁﬁmmnqmauﬁﬁﬁm asmsnasdszuaanady gl s lulnuensuaifinianin
mstszanalulnuausian luuizasanugndasuivtlumaiing §anmsuee (gain) fignaenad
T4mIYnawng (wide bandwidth) ninasasussnnideanuiivhnululnuausadu (Wilson, 1990)
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Figure 3 Principle of a proposed scheme.

3 — A o - [ 3 L a 1 " a
mnuaan"lna:unm‘lugﬂns Lann n’l'i'llﬂ'i’l:“ﬂ']ﬂ‘]']11ﬂ'l.lwuﬁ'ﬂﬂd@l?tlﬂ'}'ﬂﬁdiﬂﬁﬁit“'ﬂ JATLTINW
a ' 3 v ' A
1ﬂﬁ’18u?!€tllﬂ:ﬂ’\ﬂ‘)':I.LNLEn(ﬂV!GI mmmuam‘lmmuaumwa'lﬂuﬂa



105

¥ .
292 mnlinﬁmN%mnmmwwﬁnummnummﬂﬂfﬂwﬁ 39

A IAINTIUMAAT

(2)

j(]:gm(‘VZ_’Vl) (3)

| R .
lan g, =— fefmh QY

“ v o €49 v a & . v iV o ° a '

'INﬂ'mJauwuﬁﬂ1ﬂaﬁﬂnﬁiﬁtﬂﬂ“1§uwu1‘1 FDAARDINUINN ‘iﬁ"l@l‘-a’lmww HIHUANUWILLULAN LA
U?J ﬂ‘ﬂlﬂ?UUﬂﬂi}u‘lN“Naaﬂnam“ﬂNSQUTW\Iu’]iU NIUATAHUUN ﬂnﬂﬂmu"l'iﬂﬂiﬂﬂ'\ﬂ']']“u’l‘lﬂinn
ﬂ1ﬂ11”@|"uﬂ'\ WAPUANLRZIN nIﬂT\'I ﬂi“hrfl ﬂﬂ\"ﬂ"lﬂ?\?ﬂsm UW'mni"u.a‘mﬂ 2 uﬂ"ﬂqlﬂ‘]ﬂaw HigHL3le b
'Lh'n‘lﬂl.ﬂuaﬂuu’\uu‘ﬁ?\!nqimun'nn'l"lﬂ'ﬂumupﬁnmi'lu\mﬂﬁﬂ DALNUANY nuﬂ:l.lﬂ'ﬂmﬂm'ﬁal.ﬂugm‘ﬂ
Iﬂ?d FINVDINNTVEN pRNUN WU

-« o ) d o v "
N ﬂIﬂf-ﬂ FTIUDINITVUIUANUUN LlUUtL“IJrLHEIJﬂ 3 Qnu"l ”'laﬂnllUU‘l“ Q] %1“31]'1!8«]']\1'\]771”

Taumsifinrsasniuaaiiofimifduladieaiviwasitnlan 1 ‘qmé’atmmlugﬂﬁ 4

Figure 4 Schematic implementation.

nsUszgna i

neesrseanuihiieuelunataiz m'lﬁ'ﬁ'lmﬂi:uné'l-io‘lmﬂmws'ﬁﬁmn‘%nma{ﬁ
mminﬂmﬂummmma‘mwmua.u‘saﬂumiﬂaﬂ'lﬁ'[mnafﬁ.mnnu. u.ammmﬂ'n 5 &alsznauday
‘mawmummm 2 5@ gausnUsEnaudy OTAUAZR, a’awﬂm'ﬂz Usznauaag OTA, u.a.RB Tas99s
PppaNUiINg 2 70 feamuuuiaunduuuuuan muumu'swutmﬂwm.ummumnmmnma
sraudnladnils afiaz ‘lﬂmmﬂmauummsmuiam.mwm V,URS Vi, ﬁuum‘lﬁm v, aum,mﬂlm
usseudumenladmile mﬂuﬁuum'lnaum LsssuBudaduaniiszey L Tanfl L= Ry, eatiu 61V,
= Ryl, Twutuzdt v, fidnfiuiinan 0 v wmﬂuumnﬂauuuﬂmmwu nsenaen v, Bendalng Vi,
4 asfidnszunmussawinauileulinuaees e v, Sawanni Vi, 61V, arfapwilunsssududa

AUaY L LLa:LLsaﬁume\mn;mminmi:muuwﬂuag‘nmu @MUYIT V, 0037 Vi,



106

¥ .
=) 9 « o
msUsEgunTNIMTvean Ineaunuasmans AN 39 283
MUIMINTTUMANT
" e A | = oAl
e g | R Vo
I Ry Z LS
Yy | |
_________ L !
[~ T == —y+ 0TA2
| I Y 1] VTH
N —— | i Rp Vil |
Al 2 Z VW
LR B L |

Figure 5 Threshold and output voltage controllable Schmitt Trigger.

Lm*munaﬂummmﬂuaummuau LV, = Ryl U8z Vo= -Ryl, aziiuladaindussauiandwa
manaﬁmmmmum‘lﬂmnm R, 'lwummmﬁnmm'sﬂaammmmmu'lm‘mﬂ'\ R, esnsniiu
BRTEADNULAZ a“nn'nnm.ﬂ'mﬂu"l,@'ﬂﬂumamnmmmmummmaaumuuan LAZODWINGDINITNIT
ﬁmmmnmnumamﬂm%ﬁ (hysteresis) tLuumuL'uumwmnmmmmm'\‘lﬂnu Tmumnﬂauum

'uaaqﬂnsm"lmﬂwmmﬂ‘:w'mnun'lﬂmLau.au

L =R, "

Vig =Rl oo Vi =-Rol

L ="K,

Vi =-Ryl, Vo =Ral; Y

L =-R],

Figure 6 Transfer characteristic of Schmitt trigger.

o o v = I3
HANITINADINITN N IUABIWITAIYADNNILADS
A o - = va o v = g
Watudumsdiesmziaunmge]  3eldinaasmaitnuuensasdauneuinaailasliiees
o o & fa o € e P o
spnpanaiafidsznapiusnssmudaiisfuszasesmorunsuaiun2  usaawglii 4 laold
lwinainudaiaasiuas PR100 uaz NR100 nszusluds (lo) 2892993361 600 WA (Fabre and
Mustapha.,1997., Fabre uazamz, 1996) uazlidns +15 v lasilaw v, iudygroloiawie 500 mv
- & A o . = | AW n -
A2uE 100 kHz uaz V, Wwldass 0 v dedadianuilunmangeiuazdfldaanmadouiuueiy
a [ v - . aa = a W - o a
ﬂanmmamam‘lﬂmuzﬂn7LLa:uzmamsmmwnaauaﬁ'nusmmﬂmmmugﬂﬂ‘%nmsﬂau.au.v;mnu
[ i - & A 4 & e a v ey .o Al
wwadug 5 v B 12 V ugasnaauUin 8 wenaniiafivsiudwirgungiseutnebiiinasies
. » = ad o, v P A o
aMawe92993 IvimsiAougmnaiiaoud 20°-120°C usasnaldaugh 9 uazgui 10 uaaalw

- ] dd w = . Y 3
L“uﬂﬁﬂ”ifnu:'ﬁaﬂqdﬂiﬂu”ﬂnq'smaUﬁuﬂOﬂ’]dﬂ’J’]unﬂn’J’NIﬂﬂLﬂUuuuun"i“']ﬂqumqUIU?[LNS”HVLLI‘H



107

¥ .
¢ w

284 M3z n N TVIMTVaINH I NG EINEASATAT ATIN 39

AIIrINTIUMAAT

mmaaﬂugﬂﬁﬂ Wafiazsrassmaiinuressasiianinined -?'immsnmuqumt,mé'u
m‘sﬂﬂatm:ﬁimwéful,mﬁﬁﬂ‘lm‘%u5ﬁi:uunmnﬁ‘uﬁ‘lﬁmmuaﬁ'ﬂeﬂﬂum'sﬁ'muﬂfi't Ry=Rg fi1
1k Wellouduwmbudygndloiume 8 v ANl 100 kHz  TRFUTIAMaNTHALAZUTIIN
wsrlaa 'lé’mugﬂﬁ 12uauilariivualien R, = 1kHz uastU3ouen R0 5000 fi9 20kQ wazintues
Eoatulansiinuel R ity 1 kHzussaoudn R, 90 500Q s 20kQ arldausuius
LLam“l@Tmugﬂ%3|.m:14@1'ms'n€fu ﬁnnmsmaaaﬁttamlﬁtﬁui'\mLl.'sa@'\’ma’m'vmua:fhuwﬁu
myslasvasiasrianinina mmmmuau‘leﬂmﬂﬁm:LLunmnﬁuT@ﬂm‘:ﬂ%’uﬁﬁh R,u82 R, AuAL

v Aduvrread

4 comarsvgrmend momal s

i
=
4
i
e GuAd

o

(a) (b)

(a) Figure 7 Theoretical and simulated values for transconductance.
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(c) Figure 9  Variation of transconductance against temperature.

(d) Figure 10 Frequency response
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(e) Figure 12 Measured threshold,output voltage of Fig. 11 for 100 kHz sinewave input.
(f) Figure 13 Measured threshold,output voltage against resistance. (fixed R, varied R,)
(g) Figure 14 Measured threshold,output voltage against resistance. (fixed R,,varied R,)
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Abstract

A Technigue for amplitude control of the current mode
oscillator by using dc output response to discipline initial condition is
proposed. The scheme obtains , amplitude and frequency of oscillation
are independently and they don't affect to condition of oscillation.
Initial condition of oscillation is set up by force response which
controlled by a dc current source. Simulation results show good

agreement with analytical predictions.
Keywords : amplitude control , oscillator ,current mode oscillator
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