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Low-Voltage Low-Power CMOS Current Conveyors
Hassan O. Elwan and Ahmed M. Soliman
Abstract—New CMOS rail to rail second generation current conveyor
circuits are proposed. First a class A current conveyor circuit which
operates from a single supply of 1.5 V with a rail to rail voltage swing
capability is given. The circuit is then modified to work as a class AB
while maintaining the rail to rail swing capability. The class AB circuit
works from supply voltages down to +1.1 V with standby current of
56 A. These new current conveyor realizations are insensitive to the
threshold voltage variation caused by the body effect, which minimizes
the layout area and makes both circuits a valuable addition to the analog
VLSI libraries. PSpice simulation confirms the attractive properties of
the proposed circuits.
Index Terms—Current conveyors.

I. INTRODUCTION
Recently the demand for ever smaller and cheaper electronic
systems has led manufacturers to integrate entire systems on a single
chip, therefore systems employing digital and analog circuits on the
same chip are common [1]. Analog cells used with digital systems
must operate from low voltage and dissipate as little power as
possible. The main reason behind this requirement is the large number
of digital gates employed in most of today’s integrated circuits applications. The more gates integrated, the more important it is to reduce
the power consumption. Therefore a low supply voltage is required
to decrease the power consumption of the digital portion of the chip
enabling more functions to be integrated. Op amps operating from
low supply voltages have been proposed [2]. These op amps require
complicated input stages to guarantee a rail to rail input common
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mode operation while maintaining a constant transconductance, this
is important to allow optimal frequency compensation. The use of
compensating capacitors results in a finite gain bandwidth product for
the op amp hence the bandwidth is not utilized effectively for higher
gain values. Recently, current mode circuits have been receiving
significant attention in analog signal processing [3], [4]. A useful
block for high frequency current mode applications is the second
generation current conveyor (CCII) proposed by Sedra and Smith [5].
Although CMOS realizations of the CCII are available, they usually
operate in a class A mode with a limited voltage swing capability
[6], [7].
In this brief new CMOS CCII circuits operating from low supply
voltages with a rail to rail swing capability are proposed. The first
CCII circuit operates from a single supply voltage of 1.5 V in a class
A mode. The second proposed CCII circuit operates in a class AB
mode with a rail to rail voltage swing and a low standby current.
PSpice simulations based on the SCN 2 level-2 parameters obtained
through MOSIS are presented. The SPICE model parameters are
listed in Table I.
II. THE CLASS A CCII CIRCUIT
The proposed class A current conveyor circuit is shown in Fig. 1,
where two differential pairs are used to provide a rail to rail operation
at the Y and the X terminals. Transistors M1 and M4 conduct till the
positive supply rail, while transistors M2 and M3 conduct for signal
swing down to the negative supply rail. By the current mirroring
action of transistors M5, M6 and M7, M8 the currents are summed at
the drains of transistors M1 and M4 as shown in Fig. 1. Transistors
M9 and M10 force these currents to be equal and hence Vx = Vy . To
provide a low impedance at the X terminal a suitable buffer circuit
should be used. It is worth noting that the traditional source follower
which has been used in [7] is not suitable since it will not provide a
rail to rail swing capability. In the proposed circuit transistors M11
and M14 provide the necessary buffering action with a rail to rail
swing capability. The X terminal current is then mirrored to the Z
terminal by the action of transistors M12 and M15.
It is worth noting that the circuit operation is insensitive to the
threshold voltage variation due to the body effect, since transistors
M1, M4 and M2, M3 have the same source voltages, their threshold
voltages cancel out. On the other hand, since transistors M5 to M16
have their sources connected to one of the two supply rails, they
exhibt no body effect. This independence of the body effect allows
the circuit to be implemented effectively on any standard CMOS
process.

1057–7122/97$10.00  1997 IEEE

IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS—I: FUNDAMENTAL THEORY AND APPLICATIONS, VOL. 44, NO. 9, SEPTEMBER 1997

829

Fig. 1. The class A current conveyor circuit.

TABLE II

PSpice simulations of the class A CCII circuit with the transistors
aspect ratios as given in Table II and a single supply voltage of 1.5
V have been carried out. Fig. 2(a) shows the voltage swing at the X
and the Z terminal of the CCII cell of Fig. 1 when used to realize a
voltage amplifier of gain two. The values of the grounded resistors
used at the X terminal and the Z terminal are 10 K and 20 K
respectively. The frequency response of the amplifier is shown in
Fig. 2(b). Small signal simulation results indicate an output resistance
of 27 at the X terminal and a voltage gain of 0.996 between the
Y and the X terminals indicating an error of 0.4%.
III. THE CLASS AB CCII CIRCUIT
Although the circuit of Fig. 1 operates from a low supply voltage,
it withdraws large standby currents. This is due to the class A
mode of operation where the constant current sources formed from
transistors M14 and M15 result in unnecessary power dissipation
in the standby mode. Applications demanding low power dissipation
makes it essential to use class AB stages at the X and the Z terminals.
Fig. 3 represents the proposed class AB CCII circuit where transistors
M15 and M16 form the push pull X terminal output stage. Transistors
M13 and M14 are level shifting transistors, providing proper biasing
for transistor M15. If current is withdrawn from the X terminal then

the gate voltages of transistors M15 and M16 are lowered. Thus the
current through transistor M16 increases while that through transistor
M15 decreases. Similarly if the X terminal is required to sink current,
then the gate voltages of M15 and M16 increase causing the current
through transistor M16 to decrease and that through transistor M15
to increase. This push pull action of transistors M15 and M16 help
in reducing the power dissipation. To prevent cross-over distortion
both transistors M15 and M16 must remain ON when no current is
withdrawn from the X terminal (standby), yet this current should be
small to decrease the standby power dissipation. This is achieved by
using a suitable gate voltage for transistor M13 which sets the voltage
level shift between the gates of M15 and M16. In the standby mode,
no current is withdrawn from the X terminal, hence M15 and M16
have equal currents. Assuming that both transistors are operating in
the saturation region, therefore
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Since the two matched transistors M13 and M14 have equal currents
the voltage level shift between the gates of M15 and M16 is given by
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Fig. 2. (a) The
terminal and the
terminal voltages when the CCII circuit of Fig. 1 is used to realize an amplifier with gain 2. (b) The frequency
response of the CCII based amplifier.
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Fig. 3. The class AB current conveyor circuit.

TABLE III

From (3) and (5), the standby current is given by

ISB

= 12 Ke 1 (VDD 0 VB 0 VT 0 jVT j)2:

(6)

The biasing voltage V B obtained from the biasing circuit formed
from M11, M12 and the current source Ib formed from M20 is given
by

VB

= VDD 0 VT 0 jVT j 0 K2Ib
e 2

(7)

and

Ke

2

= p K11 Kp12 2 :
( K11 + K12 )

(8)

From (6) and (7), therefore

ISB

e 1
=K
Ib :
K
e 2

(9)

It is seen that the standby current can be controlled by the biasing
current source and the aspect ratios of the appropriate transistors.
Transistors M17 and M18 convey the current from the X terminal
to the Z terminal.

PSpice simulations of the class AB circuit with the transistors
aspect ratios as given in Table III and supply voltages of 61.5 V
have been carried out.
Fig. 4(a) shows the voltage swing at the X and the Z terminals of
the class AB CCII circuit, when used to realize a voltage amplifier
of gain two. The values of the grounded resistors used at the X
terminal and the Z terminal are 10 and 20 K , respectively. The
biasing currents through transistors M19, M20, and M21 are adjusted
to 6 A.
Fig. 4(b) shows the X terminal voltage offset variation versus the
current IX ; with the Y terminal being grounded. The variation of the
X terminal offset voltage versus the biasing current Ib is shown in
Fig. 4(c). Fig. 4(d) shows the currents through the output transistors
M15 and M16 indicating the push pull action. The supply current
is less than 56 A and the X terminal output resistance is 29 :
PSpice simulations indicate that the circuit can function from supply
voltages as low as 61.1 V with a reduced current driving capability.
It is worth noting that all PSpice simulations have been carried out
with the source of each transistor connected to the appropriate supply
rail which reflects the fact that all transistors are in the same well.
Although the body effect causes no distortion in the class AB circuit
it results in a standby current which is dependent on the supply
voltage. Equation (9) assumes that the threshold voltages of the
NMOS transistors M13, M14 and M12, M15 are equal. The sources
of the NMOS transistors M12 and M14 are not connected to the
negative supply rail, hence the threshold voltages of transistors M12,
M15 and M13, M14 are not equal. Since the mismatch in the threshold
voltages is in the biasing circuit, it causes no distortion. However,
this mismatch results in a standby current which is dependent on the
supply voltage.
Fig. 5(a) shows the variation of the standby current versus the supply voltage for different values of Ib : This simulation has been carried
out with the body of all transistors connected to the appropriate supply
voltage.
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(a)

(b)
Fig. 4. (a) The X terminal and the Z terminal voltages when the CCII cell of Fig. 3 is used to realize an amplifier with gain 2. (b) The
voltage offset variation versus the current IX :
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(c)

(d)
Fig. 4. (Continued.) (c) The variation of the
M16 (push-pull action).

X

terminal offset voltage versus the biasing current Ib : (d) The currents through transistors M15 and
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(a)

(b)
Fig. 5. (a) The standby current variation versus the supply voltages when all transistors are in the same well. (b) The standby current variation versus
the supply voltages when transistors M12 and M14 are isolated in two P -wells.
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Fig. 5(b) shows the variation of the standby current versus the
supply voltage when the sources of transistors M12 and M14 are
connected to the body. This can be easily achieved in any standard
P -well CMOS process.

A New Approach to Design Cellular Neural
Networks for Associative Memories

IV. CONCLUSION

Abstract— In this brief, a synthesis procedure of cellular neural networks for associative memories is presented. The proposed method,
by assuring the global asymptotic stability of the equilibrium point,
generates networks where the input data are fed via external inputs
rather than initial conditions. This new approach enables to design both
heteroassociative and autoassociative memories and reveals particularly
suitable for VLSI implementation techniques.

New CMOS CCII realizations are given. The proposed circuits
provide a rail to rail swinging capability with excellent linearity.
The class A circuit operates from a single supply voltage of 1.5
V, while the class AB circuit operates from supply voltages as low
as 61.1 V with small standby current. Since the proposed circuits
require no compensating capacitors, they have a wide bandwidth
which is independent of the gain. The operation of the given circuits
is insensitive to the threshold voltage variation resulting from the
body effect. PSpice simulations based on level-2 parameters obtained
through MOSIS are in excellent agreement with the expected results.
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Index Terms—Associative memories, cellular neural networks, design
methods, neural circuits.

I. INTRODUCTION
Very recently, a new idea regarding an analogic array computer,
called cellular neural network (CNN) universal machine, has been
introduced [1]. The importance of the universal machine is related
to its ability to implement any CNN application and has led to a
hardware realization in the form of a CNN universal chip [2]. As a
consequence, many researchers have focused their attention on VLSIoriented design methods of CNN’s for image processing, pattern
recognition and associative memories [3]–[6].
When designing CNN’s to perform any task, it is always of interest
to study the stability properties of the network [7]. In particular, some
studies have been devoted to find the conditions which assure the
asymptotic stability of the equilibrium points as well as those which
assure that each network trajectory converges to an equilibrium point.
In these cases, the input data are fed via initial conditions and the
outputs reach their steady state values at an equilibrium point which
depends on the initial conditions. As regard with the design of CNN’s
for associative memories, all the methods developed until now follow
the abovementioned theoretical approach. In particular, these methods
are based on singular value decomposition techniques [5], on iterative
algorithms [6] or on pseudo-inverse matrices [8] and enable to design
autoassociative memories only.
Differently from the above mentioned approach, the idea underlying this brief is to design a CNN where the input data are fed via
external inputs and each trajectory converges to a unique equilibrium
point which depends only on the input and not on the initial state.
These networks define a nonlinear mapping from the space of external
inputs to the space of steady state outputs, which can be exploited for
the design of both heteroassociative and autoassociative memories.
This new approach reveals particularly suitable for CNN’s running
in real time [7] and, consequently, represents a tool which can be
exploited for the CNN universal chip.
The brief is organized as follows. In Section II, a CNN model
suitable for associative memories is presented, whereas in Section III,
some results which assure the global asymptotic stability of the
equilibrium point are reported. In Section IV, a synthesis procedure is
developed, which assures the CNN stability properties via a suitable
choice of the interconnection matrix. Finally, in Section V, some
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