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ABSTRACT
This paper proposes an improved cunent conveyor of
non-irwerting type especiatty suitable for active filter
applications. The cuneat oorveyor employs a high
performance operational amplifier which is the key
element of good filter characteristics. The device
characteristics and filter performance simulations
show that the proposd cirsnit exhibits very good
performance and offers new opportunities to be used
iu analog circuit design.

l.INTRODUCTION
The current ooweyor can potentially provide the high
accuracy, wide bandwidh, low inprt int@nce and
high ou@rrt impedance chanct€ristiqs needed for
marry curr€nt donain signal prooessing appucations.
Since its frs prqosal in 1968 and its reformulation
named as the second generation curr€Nrt conveyor in
l97O Ul, this circuit element continues to receive a
great deal of attention and find nurnenous

4pphcations. It would be apopiate to consider the
current convEyor as bing one of the basic building
blocks of current-mode design, dle to its frvorable
balance of operational flodbility and simplicity,
givlng it a similar role of the operational amplifier in
voltage-mode operation. However, high performmce
implementations have emerged only in tbe last decade
and has enabled qurent coweyors to challenge
traditional voltage oper:ational amplifier aplications
such as active filters, amplifiers, oscillators and
immitance simulators.

In active filters, the performanoe of the actile
element, of which here the current conv€yor is of our
concern, plays an important role in the werall
performance of the fiIter. ln this paper, we propose
an improved curent conveyor cilcuit which is
suitable for continuous time active filters, and ofters
new oppofiunities to be used in analog circuit design.

2. TEE CIIRRENT CONVEYORCIRCT'IT
Current conv€yor configurations have been developecl
based on severd techniques such as uqing translinear
loops and unique design nrcthods [24]. How6rer,
thce examples sbow unsatisfaclory performances of
either terminal ,g y or z impedanccs and cnrrent
transfer ratios drc to the inherent pr,operties of the
oells used. An alternative implemenution of current
oonveyors is the use of qerational amplifiers and is
bosed on the suply current sensing tec'hdqtrc [5,6].
An operational amplifier ori*s as the main eain
block and current mirrors arc used to
sense the oufil curr€nt of the amplifier via its power
supply rails. This pro'vides srnell vftss 6f iryrt error
curents and oftet voltages, a voltage trander
firnction close to unity and also enables large outpl
swing low terminal x resistance values and high
terminal y resistance values. However, the low
bandwi&h of the amplifier is a mein draqfoecl of
curr€nt corwEyors using this technique. The
traditional use of tb circuit by conventional
operational anrplifien generally yield moderate
performance chancteristics for the current oonveyor
F,tl. The characteristic values of the currenr
corweyor ar€ very important h ottaining trlt€r
performances n€ar to ideal case [9-lll. Therefore,
srrch circtis r€quir€ high perfornance operational
amplifiers which mainly deternine the perfornance
of the current conveyor.

In this paper, a simple trrt hig[ perfornance
operational amplifier has b€en introduced into the
circrrit configuration given in Fig,la. Transiston
Ml-M4 and M5-M8 s€rve as the complemenrary
cascod€ curent mirrors which enable high ou$tt
im@nce and accurate current transf,er performance.
Fig.lb dcpicts the tull circuit schematic, whereas
Tahle I @icts the transistor dimensions. The
operational amplifier has b€€Nl us€d in unity gain
configuration which contrihles to a high
performance voltage transfer characteristic. MIE-
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ilf2l and Ql{2 form the ouqut stage to ottain a low
otilprtr in@rce [2]. Fig 2a andbd€Nronstraxe tb
dc volage trander characterfutic and tbe rmity gain
mqn€nsy rcsponse of the olput voltage for the
operational arylifiet, respoctive$. Sryply voltagps
wse choscn as +5 V, c/h€reas R=l lfl and C=E pF.
Similation resrlts given in Fig2a yields the ofiprt
voltagp clipping limits as Vo'-= 3.51 V and V6"6= -
5 V, Th€ unity gin bandwi&h of th operational
amplifier was oblained as favf48 MIIz fton Fig. 2b,
while the open-loop grin is K=56.5 dB. The iryrt
atrd oufn resistanes te 872 GO and 8 C4
reqpectively, whereas tfte related capacitarces can be
neglected

Supply rottages were chosen to be tlO V and
Alcatel Mietcc 2 pm HBitvtOS pfiocess param€ters
have been used for th€ SPICE simularions of the
cull€,nt com'eyor. The voltage trmder charactedstics
Vrr Vx(Vv) for open+irwited t€rndnet x and V;
Vz(Vt) for opentiroited t€minal z, are given in
Figs.3a and b, re+ec'tiwly. The voltage clipping
limits at terninal x and terminal z were ohained as
V:<.-=4.75 V, Vx'i"= '7.52 V, Yz*=9.52 Y afr
Yi.a= -9.42 Y. Fig.3c illusFabs the Ix= Ix(Vv)
characteristic for slprt+ilcuited temioal r The
lower and uper borndaries of current 11 fi€r€
determind as Loa= 49.7 FA and Ip*=1.$7 mA.
The Ir Ix(Vv) and ls= Il\Iy) clmrac*eristics for
terminal loa& of Rx= Rz=l kfl are given in Fig3d

The frequ€ncy re.lponses of lbe voltage gan v* fuy
and cunent ggin i"/i* are sborn in Fig.3e, We ottain
the values of tlrc voltage and current transfer
functions at lorrr Ae.qtilsncies as k6.996 *U
kF1.019, respectively, for terminal loads of Rfl0
k(l and Ru=1q kO. The 3 dB bandwi&h vahre for tbe
voltage transfer firnction is 61 MlIz, while for tbe
curglrt transfer fruction it is 37 MHz.

Fig3f shows that the inpedance Zyhas a value of
3.4 O at low frequencies ard shows a ma:<imum of
4132 O at a r€somnt Aequency of 15.8 MI{z. TIE
variation of the im@nce Zy with frequensy is given
in Fig.3g. Values of ry=18.9 TO and Crd F are
otnained Fig.4h showingthc outtrtt irydaw,Taat
terminal z, gives the values of rf788.4 Ivffl and
Cz=151.9 tr'

ThB characteristic values are sufimarized in Tabl€
2. The results p'ruve that the circuit ofiers a very
good choice for high performaw analog cirodt
designs.

b)

Fig.l. a) Current coffeyor configuratim b) Circuit
diagram of the operatioral anplifier

Fig.2. Device charrcteristics of the op€rational
amplifier a) & voltage ttander characted$ic b) The
unity gain fi€qu€ncy esponse dtbe ouptroltage
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Fig.3. Dwice characteristics of the cufrent @nvsyor a) V:eVx(Vv) for RSco b) Vz=Vz(Vv) for Rz=o c)

f*=f*V"l for Rx=O O lx=Ixffv), lz= Iz(Yy) for RfRz=l l() e) Freguency responses of v* fu, and i" /i* for

R*=pr=19 1d-) f) Frequency response ofZyg) Frequency response ofZy h) The ftequency response ofZ2
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Table l. Transisor dimeruions of the curr€nt
conveyor given in Fig. lb

Table 2. Charaaeristic values of the pnoposed cur€nt
@nvcyor

The transfer function of the filter in terms of ciroit
components can be given as follows:

I- s
12 = 

CtR2

L  ,  R ,+R .  I- '&&q - '  c,&&co

The component values for the filter have been
otfiained for a maximally flat Butterworth filter, with
unig gain; thus q =y12 andll=1. For fo =1691tO,

tbe compone,nt values are Cr =100 pF, Rz =tO kO, R3
=10 kCr, Cr =200 pF. Tte simulation resdts for the
freqwncy r€sponse of the filter d€monstrated in
Fig.Sa shows that tlrc proposed current convsyor
provides a very good performance. The largFsigml
bebavior of the filter is simulated for an iryrt
sinusoidal signal of l0O ldlz, which yields a
maxitnun inprt signal mplittlde of 70 pA provi&d
that lvo distortion for the ouFrt signat is @abb.
The result is depicted in Fig.5b.

Fig4. The bandpass filter configuration
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Fig.5. a) The frequency response of the filter b) The
large+ignal behavior ofthe filter
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3. APPLICATION OF TEE. CIIRRD,NT
COIWEYORTO A XILTER
In this section, tbe current ulrrv€,yor proposed wilf be
introdrced to a curr€nt-mode active filter in order to
demonstrate the filter performance [13]. Fig.4
depicts the filter circuit in ban@ss contrguration.
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4. CONCLUSTON
An inrfov€d cun€nt cxmveyor especidb suitable for
active fiIter aplications is proposed in ihis Inper'
An operational amplifer exists as the main gain
block and complenrentary cascode cunEnt mirrors are
used to sense the outtril curent of the anplifier via
its powel srpply rails. This ptrovides saell values of
irput error curents arri ofrset voltages, a voltagp
trander function clooe to rmity and alrc euables large
oufil swin& low tcrminal x r€sistance values and
high termind y resistance values. The
cornplenartary cascodc curr€nt mirrors enabte high
ouFrt im@nce and acgurate curr€nt transfer
pcrfornancc. The device charact€ristics and filter
performance simulations shon' that the poposed
cirurit prrovcs o be an ofret for high perforrtaloe
analog ciradt designs.
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