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ABSTRACT

In this paper, a new CMOS low-voltage balanced output second generation current
conveyor (BOCCII) with rail-to-rail input stage is proposed. The rail-to-rail
operation can be achieved by placing an n-channel and a p-channel differential input
pair connected in parallel. PSpice simulations of the proposed balanced output
current conveyor are given using 0.25um CMOS technology and +1.2V supply
voltage to verify the results. The balanced output current conveyor exhibits a wide
dynamic input range and a voltage transfer bandwidth of nearly 31.2MHz.

Keywords: CMOS, balanced output current conveyor (BOCCII), low-voltage, rail-
to-rail.

1. Introduction

The second generation current conveyor (CCII) proposed by Sedra and
Smith has become a very versatile circuit building block in analog and mixed signal
circuit design [1,2]. The CCII is unity gain (current gain) active block exhibiting
high linearity, wide dynamic range and high frequency performance where the
opamps can not be used, because the opamps are limited by their gain bandwidth
product. Some applications where current conveyors have been used include high
frequency precision rectifiers, filters, current-mode oscillators, sensors and medical
applications, such as electrical impedance tomography (EIT) [3-13].

The CCII has both low and high impedance input port. An ideal CCII has
infinite impedance at port Y and zero impedance at port X. The input voltage Vy
applied across Y terminal is conveyed to the voltage Vx across the X terminal. The
current at port Z follows the current at port X. The Z terminal is high impedance
output port suitable for current output. The direction of the current at port Z relative
to that at port X defines whether CCII is positive (CCII+); i.e., (I;=+Ix) or negative
(CCII_), i.e., (IZ:_I)().
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The general representation of the balanced output current conveyor is shown
in figure 1. This provides both the positive and negative Z terminal output. The
input/output relation could be defined by the following equation [14-15].
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Figure 1 General representation of the BOCCII.

In this paper, a new CMOS low-voltage balanced output current conveyor
with rail-to-rail input stage is proposed. This paper is organized as follows. The rail-
to-rail input stage is described in section 2. The circuit description of the proposed
low-voltage BOCCII is described in section 3. PSpice simulations are presented in
section 4 to verify the performance of the proposed BOCCII and some conclusions
are drawn in section 5.

2. The Rail-to-Rail Input Stage

The input stage is the key part of a current conveyor. To obtain a large
dynamic range, the input common mode voltage should extend from the negative
supply rail to the positive supply rail i.e., rail-to-rail [16-17]. This can be achieved
by using an n-channel and a p-channel differential pair connected in parallel as
shown in figure 2.
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Figure 2 Rail-to-rail input stage with input common mode range.
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The input common mode range of a p-channel differential pair is restricted
from the negative supply rail voltage to the level of positive rail voltage minus the
gate source voltage V, of p-channel differential pair and the saturation voltage V4,
of the tail current source. The common mode input range of an n-channel differential
pair is restricted from the positive supply rail voltage down to Vg, and V4, above
the negative rail voltage.

When the input voltage at port Y is low only p-channel differential pair (M;
and M,) operates, when the input voltage at port Y is high only n-channel
differential pair (M; and M,) operates and in the middle range of the input voltage
both the differential pairs (M, M,, M; and My) operate.

3. Circuit Description of the Proposed CMOS BOCCII

The proposed CMOS based BOCCII circuit is shown in figure 3. The
structure of the CMOS BOCCII is quite similar to the CMOS CCII in [18]. Here the
groups of transistors M; and M,; M3 and My; M; and Mg; My and M, as well as M3,
My, My7, Mg and My;; and M;s, Mg, Mz, Moy and M,, are well matched. The
current mirrors have a unity gain and all the transistors operate in the saturation
region. Here Ms and Mg serve as dc current source. The current mirror formed by M,
and Mg forces equal currents in the transistors M; and M,. This drives the gate-
source voltages Vs equal to Vgsp. Similarly the current mirror formed by My and
M, forces equal currents in the transistors M; and M,. This drives the gate-source
voltages Vgs3 equal to Vgss. Thus the voltage at port X follows the voltage at port Y,
or Vx=Vy. Transistors M;; and M, are connected in the form of source follower,
function as current follower stages and provide low output resistance at port X. If
Vy>0 and Ry is a resistance connected at port X, the signal current Ix=(Vy/Rx) will
flow out of port X.
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Figure 3 CMOS realization of the proposed low voltage BOCCII.
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Now the Z+ terminal output current Iz is equal to +Ix and flows out of port
Z+. It is clearly seen from figure 3 that the current Iz, is in the same direction as the
current Iy, i.e., [;;=+Ix. Similarly, the Z— terminal output current I;_ is equal to —Ix
and flows in the opposite direction of Iy, i.e., [;-=—Ix.

The output impedance at port Z+ is approximately equal to the output
resistance of the current mirror M3-M,4 in parallel with the output resistance of the
transistor My, and may be expressed as

Vo, r
_ "ol4 0l6
Ry, = Lo lowe. @)
Tora T 116

Similarly the output impedance at port Z— may be expressed as

V., °r
RZ_ — 021 "022 (3)
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4. Simulation Results

The performance of the proposed low-voltage balanced output current
conveyor, as shown in figure 3, have been simulated using level-2 PSpice analog
simulation program with 0.25um CMOS technology. In order to have low power
consumption, the supply voltages and the biasing current are decreased down to
+1.2V and 15pA, respectively. In order to reduce the mismatch between transistors,
channel lengths are selected as 0.5um. The aspect ratios of the MOSFETs for the
proposed BOCCII is shown in Table I. Voltage transfers of the current conveyor, as
shown in figure 4, are determined with high load Ry connected at port X with output
ports Z+ and Z— grounded. The frequency response between the port X and port Y is
shown in figure 5, where Vv is the ac-varying signal with 1V magnitude, the X, Z+
and Z- ports terminated with resistances 1k€. The bandwidth is around 31.2MHz.
The input current transfer for the proposed BOCCII is shown in figure 6 for port Z+
and Z—, respectively. Current transfers are determined with an input current applied
on port X. The currents Iz, and I;_ are then the currents that flows through the port
Z+ and Z- to the ground and port Y is also grounded. The summary of the simulated
results are given in Table II.

Table I: The Proposed BOCCII Transistor Aspect Ratios

Transistors (W/L) (um/pm)
M, M,, M; 21/0.5
M;, My, Mg 48/0.5
My, Mg, Mp, 24/0.5
My, My, My, 10.5/0.5
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Figure 4 Voltage transfer characteristics from port Y to port X.
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Figure 5 The X terminal frequency response of the proposed BOCCII.
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Figure 6 Current transfer characteristics from port X to port Z+ and port Z—.

Table II: PSpice Simulation Results of the Proposed BOCCII.

Parameters Values
CMOS technology 0.25um
Power supply +1.2V
Input voltage dynamic range Rail-to-rail
Current driving capability (Rx=Rz.=Rz =1kQ) -ImA to +ImA
Current gain 1.0
Voltage gain 0.98
Voltage transfer bandwidth 31.2MHz
Power dissipation 225uW
Output noise 270V / \/E

5. Conclusion

In this paper, a new low-voltage CMOS BOCCII with rail-to-rail input stage
is proposed. The proposed circuit performance has confirmed by using PSpice
simulations with 0.25um CMOS technology and supply voltage +£1.2V. It shows a

good overall performance. The most important advantage of the proposed CMOS
BOCCII is the increase of the dynamic range.
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