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ABSTRACT

An operational transconductance amplifier (OTA) based wide-tunable-range piecewise-
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OTA-based piecewise-linear circuit for nonlinear function syntheses -

Amiphawan Chaikla, Vanchai Riewruje,
Wanlop Surakampontorn and Prasit Julsereewong

Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang,

Ladkrabang, Bangkok 10520, Thailand.

Abstract : An opcrational transconductance amplifier (OTA) based wide-tunsble-range piecewise-linear circuit, where
mebxuk-poim.lhelhnh-pohtmddopcmhclw&odmﬂyvmie@kpmposdh&isarﬁde.lhwopqsedcﬁwhm
beemployedtosynﬂ:uizemmlyalargechssofnon-linwcﬁuﬁt Simulation results showing the accuracy and

lincarity of the circuits are also included.

1. INTRODUCTION

In general, a circuit clement that possesses a nonlinear
charactcﬁsticmayﬁndapplieaﬁonasabasicacﬁvc
clement in the implementstion of a negative-resistance
oscillator [1], a frequency doubler, a high-speed A/D
converter [2,3]. One fundamental approach that can
usuaﬂybeemployedmrealiunonlinarcircuitis
throughﬂxeuseofaninhermﬂynonﬁnwchzncteﬁsﬁc
of semiconductor devices such as the tunnel diode, FET
or UJT [4,5). However, the dynamic range schicved by
thiswchniqucﬁlimitedtoamallsizz,sincethc

characteristic are dependent on the device
approach based on a

'nmeappmochuarebsedonthemeofopcmﬁoml
amplifiers (op-amps), transistors and diodes as circuit
building blocks. However, the high frequency
performances achieved by these approaches are- Jimited
byﬂ\enmowbandwid‘hofmop-amp.Reoenﬂy,dm
hasbemagreatdealéfmmintthTA.Thisisdnc
to the fact that OTAs are low-cost devices and their
transconductance gain g, can be lincary controlled
overmoreﬂ:mfomdecadwbymeansofanextanal
bias current. In this article, a piecewise-linear circuit
realized using OTAs is presented. Although cmphasis is
placed on. the OTA-based circuit, the proposcd
fealization scheme is also suitable for implementation in
monolithic integrated form.

2. CIRCUIT DESCRIPTION

The proposed circuit (sbbreviated as PL) is shown in
figure 1. It is desirable that OTAs with closcly matched
characteristics are used for the OTAs Ay-A; and As-As.
From the circuit, the OTAS A;, A; and the resistance R,
mdtthTAsA.,A;andthcmistanceRzﬁmcﬁonasa
differential voltage-to-current converter converting a
differential inptnvoltagc(V,,,—V;)and(Vh—-Vz)into
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Fig. 1. The propose circuit

the currents [, and I ﬂowhgﬂnoughdmmdétorsk,
and R,, respectively. Then the voltage ¥4 and ¥V can
be written as

V= V1) "

gm2Ry +2 ()

and

yp=nta) +¥2

gm3R2 +2 (1v)

where g,,,:l,,/Vr.isﬁ:etnnscondxmgainof
the OTA'A; and V7 is the thermal voltage, If we design
such that g,oR) >>2, gm3R2>>2 and g2 =€m3
=g /2. The OTAs A;, A; and A, will act as high



voltage followers {8] for the inputs ¥y, ¥F{™
and Vz.'l‘hemitygaincmmnmithrQ;mdQ.-
Q¢ aliow only one direction current flowing through
them. Therefore, the OTA A, the current mirror Q1-Qs
and the OTA A, the current mirror Q-Q; function as
limiting circuit, Then the current /3 and I can be

given by

0 Jor Vp<h
I (29)
- I
(Fi~Yi) 2 for Vu>
1152
and
0 fOf V‘" < Vz
Io= (2b)
Vi —¥2) RI? Jor Vin>Vy
2/ p3

Bq.2(a)md2(b)showﬂ1ﬂﬂ1cﬁempmﬂnedcpendenee
of the transconductance gain of the OTAs Ar-As are

compensated. The slope of the cument I3 and Iy is
determined by the value of the bias current ratio, Gj,
134/132 and 135/133, mpectively. If Vz)Vl,
Zw3 =8m2> Ems =8ms 804 Ry =R the output
current I, , which is a finction of the voltage ¥, V3
and the slope G;, can be expressed as

0 Jor¥, <N

Ips
I

fOfV] <V‘,, <Vz
Rylpy

Vy, =7
rm(n,Vz.G,)m( w=¥1)

Ipy
Rilp;

2-n) JorVy >V,

x

(€)

For the case of ¥} > V3, the output current [, is equal
to

0 forVin<¥y

Ips
(Vi -Na)=BL fora<Vp<h
Toue("1,¥2,G1) = ( Rlg;

~(h-Vo)BA for V> Wi
{ Rilpy

“
-Where Fyand ¥; are the voltages to control the break-
point and the limit-point of the proposed circuit,

mpeciﬁvely.ltcanbenotedthztthcannntgainofthe
circuit can be electronically adjusted by the bias
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currents Fpy and Ips. Futher, we will name the
proposed circuit for the output current of Eq. 3 and 4
PLy(V.,V5,G) a0d PLy(V3V,,G)). respectively.

3. SIMULATION RESULTS
AND APPLICATION EXAMPLES

The ce of circuit was studied by the use of the
PSPICE analogue simulation program. The simulation
was carried out using bipolar transistor persmeter of
2N2905 and 2N3904 for PNP and NPN transistors,
respecﬁvely.!hebiqsammtofﬂerTAsh.n:d
Ig=Tns=Ip¢=lps are set to 2mA and 1mA, respectively,
R;=Ry=10kQ} and Vec=Viee=10V. The simulation
results of the transfer characteristic are shown in Figure
2(a) and 2(b) for PLA0.5,11) and. PLW0.5,1-1),
respectively. Figure 3 shows the parallel connection of
PLp and PLy for synthesis of nonlinear functions.

62

Figure 4(a) and 4(b) show the synthesis examples of the

trapezoidal and triangular fuzzy membership function.
In this case can be casily synthesized from parallel

comections of two proposed circuits.
b K
20ub.
‘. (R ] .. e
o Jo)

» * ..
» out)

= (®)
Fig. 2. The transfes characteristic

) for PL,(0.5.0.1)
() forPLy(0.5,1-1) .

. !
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Fig. 3. Block disgram of synthesis cxample
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Fig. 4. Simulation rosalts
(a) foc PLA0S,1,]) snd PLA1.5.2.-1)
(b) for PL0.5,1,1) wnd PLu1,1.5-1)

4. CONCLUSION

An OTA-based piccewise-linear circuit has been
introduced in this article. The proposed circuit was
employed as circuit building blocks to form a non-linear
circuit. The temperature dependence of the OTA
transconductance gain has been reduced. The simulation
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results-dotifirm that the circuit performance is highly
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