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Abstract: In this paper, we deal with a ultra Low voltage Rail to Rail high performance second

generation current conveyor (CCII). The proposed circuit is able to operate at low supply voltage

(±0.75V).  An optimum transistor sizing was done applying a C++ software. The current and voltage

bandwidths are respectively 1.4834GHz and 2.035GHz, and the parasitic resistance at port X has a value

of 87.65Ù  for a control voltage of 0.35V. These performances and the low power consumption are quite

satisfactory for most RF applications. The improved CCII was used to realize a new current-mode

Programmable band pass filter and a Universal filter. PSPICE simulations for a 0.35µm CMOS technology

results are included to demonstrate the results.
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INTRODUCTION

Current conveyor is a basic building block of

current mode circuits. Current conveyors are active

elements exhibiting higher linearity, wider dynamic

range and better high frequency performances compared

to their voltage mode counterparts, operational

amplifiers. In the literature there are in addition to the

classical unity gain current conveyors, variable gain

current conveyors . differential difference current[1]

conveyors . and differential voltage current conveyors[2]

. We can also distinguish three generations of current[3 ]

conveyors, from first to third generation . with[4 ,5 ,6]

positive and negative types. All these types of CCII

have similar structures but different characteristics.

Some of them utilize translinear principles, others are

based on voltage follower techniques and others

employ operational amplifiers and current sensing

approaches. This active circuit comprises three input-

output ports: X, Y and Z. The current conveyor, with

its one input high impedance (ideally infinite) on port

Y, one input low impedance (ideally zero) on port X

and one high output impedance on port Z is a suitable

element for current mode circuits. Voltage at terminal

X follows that of terminal Y and current at terminal Z

is a replica of current at terminal X. Chiu, Liu, Ivan

and Chen . introduced a new active building block[2]

called a "differential difference current conveyor". This

DDCC was used to realize voltage mode and current

mode low pass band pass filters. So far, Ahmed El

adawy and als . propose a novel fully differential[7]

second generation current conveyor (FDCCII). The

proposed block can be used to realize MOSFET-C

filters, that has a band width of about 10MHz and can

operate from low supply voltage down to (± 1.5V).

Recently, Hesham F A Hamed . propose a wide[8]

bandwidth BiCMOS differential voltage second

generation current conveyors (DVCCII). It is a useful

building block for analog circuits, especially for

application demanding differential input. This DVCCII

was used to realize programmable OTA and four

quadrant analog multipliers. In this paper, we consider

the design of an ultra low voltage rail to rail high

performance second generation current conveyors

(CCII). Hence, the effect of sizing and supply voltage

on the circuit is extensively considered. We try to

introduce a precise model to optimize transistor sizing

and voltage swing of the rail to rail second generation

current conveyor. Then, we applied the optimized CCII

in the design of a new current-mode Programmable

band pass filter and a Universal filter with grounded

passive elements. 

Our paper is organized as follows: After presenting

the general introduction in section I, we will give, in
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section II, the block diagram and the design of CMOS

rail to rail low voltage second generation current

conveyor. We introduce an algorithmic driven

methodology for its optimization. Performance

characteristics of the optimized CCII are obtained. In

this last section, some results of PSPICE simulations

using CMOS 0.35µm technology parameters are

included. In section III, the improved configuration is

used as a building block of high frequency: current-

mode Programmable band pass filter and a universal

filter. Finally, conclusion is done in section IV.

II. Optimization Of The Proposed CMOS And Its

Characterisation:

A. The Proposed CMOS Implementation of CCII:

Schematic symbols and a description of the behaviours

of the ideal current conveyor . are presented[9]

respectively in Figure 1 and the following matrix

relation:

                (1)

The non-ideal CCII is characterized by some

parasitic impedances. This actual CCII is characterized

by the following matrix:

         (2)

Y Y Z Zwhere (R , C ) and (R , C ) are parasitic

resistances and capacitances respectively at port Y and

XZ. R  is the series parasitic resistance at port X. á and

â are static current and voltage gains of the CCII. In

(1) and (2) the positive sign denotes a positive CCII

(CCII+) and the negative sign denotes a negative CCII

(CCII-).

The proposed circuit . has been considered for[9]

optimization in a standard CMOS technology (AMS

0.35µm) and its schematic is shown in Figure 2. It is

a rail to rail low voltage CCII configuration. The term

low voltage CMOS was initially coined for circuits

working under 3V. The proposed circuit is able to

operate at low supply voltage (± 0.75V). Two

differential pairs are used to provide a rail to rail

1 4operation at Y and X terminals. Transistors M  and M

conduct till the positive supply rail, while transistors

2 3M  and M  conduct for signal swing down to the

negative supply rail. By the current mirrors action 

5 6 7 8(transistors M , M  and M , M ) current is summed at

1 4the drains of transistors M  and M  as shown in Figure

9 102. Transistors M  and M  force these currents to be

equal and, consequently, force the voltage at port X to

follow the voltage at port Y . In the proposed[10]

11 14circuit, transistors M  and M  provide the necessary

buffering action. The X terminal current is then

mirrored to the Z terminal by the action of transistors

12 15M  and M  .[10]

Fig. 2: Simplified schematic of the proposed CCII.

In the same way small signal analysis of the

proposed CCII leads to the theoretical expressions of

the parasitic resistances at port X and Z, given

respectively in the following equations:

         (3)

         (4)

According to these theoretical expressions,

X Zvariations of R and R  with respect to the control

ds14voltage Vb1 can be observed. In fact, both r  and

ds15r  are dependant on Vb1. Power dissipation is a very

important constraint when designing a high

performance circuit . For achieving this goal, the[11]

effect of sizing and supply voltage on the circuit is

extensively considered and several analytical models

are proposed for circuit optimization. In the following

section we try to introduce a precise model to optimize

transistor sizing and voltage swing of the rail to rail

low voltage second generation current conveyor.

B. Optimization of the proposed CCII and its

characterization: To optimize our circuit, we use a
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Heuristic methodology . The heuristic used for[12]

optimizing current conveyor consists on the following

steps:

• The building of mathematical models for both

constraints and preliminary conditions to satisfy.

This program gives all possible quiescent

parameters which are candidate fo r  the

optimization.

• Performance criteria and error sources are

mathematically modelled. These models are then

taken into consideration in the program and

optimal parameters can be randomly selected

between the already calculated quiescent

parameters.

• The optimization approach follows the plot

depicted in figure 3.

Fig. 3: The proposed optimization approach.

In fact, the proposed Heuristic, programmed with

C++ software is an algorithm driven methodology. We

used in the CCII optimization the following series of

criteria:

• The cut-off frequency of the voltage follower FCv

between terminals Y and X is maximized.

• The cut-off frequency of the current follower FCi

between terminals X and Z is maximized.

• The parasitic impedance at port X is minimized.

• The parasitic impedance at port Y and Z are

maximized.

• The silicon area of the whole CCII is minimized.

• The objective function to maximize can thus be

formulated as follows:

                  (5)

1 5Where á ,…,á  are positive coefficients used for

normalization. The supply voltage of the proposed

CMOS CCII is (±0.75V) and the controls voltages are

respectively Vb2=0.5V and Vb1=-0.5V. We notice that

the optimization process can be done in the same way

for other simulation conditions. The obtained optimal

transistors sizes are reported in table I.

Table I: Device Deometry.

Transistors W(µm) L(µm)

9 10 11 12 16M , M , M , M , M , 154 0.35

2 3M , M 77 0.35

1 4 13 14 15M , M , M , M , M 51 0.35

5 6 7 8M , M ,  M , M 0.3525

Let's first evaluate static and dynamic performances

of this current conveyor. With the control voltages of

Vb2=0.5V and Vb1=-0.5V, the input output current

between nodes X and Z of the second generation

current conveyor is plotted in Fig. 4. Accordingly, an

excellent current-following action can be seen over a

wide current range.

Moreover, the large signal transfer characteristic

between terminals Y and X is shown in Fig. 5. It

exhibits one to one voltage following characteristic

over voltage range between -0.75V and +0.75V.

After presenting static performances, a frequency

characterization of this current conveyor is done with

the following simulation conditions: The control

voltages are Vb2 = 0.5V  and Vb1 = 0.35V. The small

signal current gain characteristic (the frequency

characteristics of the current transfer gain), between

terminals Z and X is simulated. It should be noted that

a bandwidth exceeding one GHz is observed. The 3dB

gain reduction is approximately at 1.4834GHz.

The last point of our interest in the CCII

characterization is both the small signal voltage gain

between terminals X and Y when node Z is grounded

Xand the resistance at terminal X (R ) against frequency.

The 3dB gain-reduction occurs at frequency 2.03GHz.

XAccording to Figure 6 the resistance R  shows a

value of 87.65 Ù  for frequencies below 100MHz and

it increases at high frequencies. Figure 7 shows the

Xparasitic resistance R  versus the control voltage Vb1

for the optimized configuration. For these parameters,

Xthe parasitic resistance R  can be tuned in the range

[84.54  Ù ,  286.613 Ù], by varying Vb1 in the range

[-0.04V, 0.4V].
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Fig. 4: The current input-output characteristic between terminals X and Z

Fig. 5: The voltage input-output characteristic between terminals Y and X

XFig. 6: Resistance R  against frequency.
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Fig. 7: Parasitic resistance at port X versus the control
voltage Vb1 for the optimized CCII.

III-Radio Frequency Applications:
II-A. CCII Based current-mode band pass filter.

A number of current-mode Universal filters
employing the CCII have been suggested .[13, 14, 15]

However most of these realizations employ floating
capacitors and resistors which require a large area to
be implemented by MOS transistors. We apply here the
configuration of a programmable band pass filter
working in the current mode, shown in Figure 8 ,[15, 16]

which employs only grounded capacitors and three
CCII+. It is worth noting that the current mode means
that both the driving and the output circuit quantity is
the current.

In this implementation of current mode band pass
filter, we used the topology of the CCII based
grounded inductance connected to a capacitor. The
architecture of a grounded inductance is given in
Figure 9 .[15]

Considering an actual (real) CCII in the grounded
inductance of Figure 9, the equivalent impedance is

X1made with an inductance Leq in parallel with R  and

X2R . Hence Leq is given by:

      (6)

1 where C is the sum of the capacitor C and the
shunt parasitic capacitances on port Y1 and Z2 of the
CCII+. Finally, to implement a complete RLC shunt
circuit, the inductor has been connected to a capacitor.
The resulting improved current mode band pass filter
is depicted in Figure 8, where CCII1, CCII2 and C1
implements the simulated inductance, C2 implement the
shunt capacitor and CCII3 build an output current
source with attenuation capabilities to fix overall filter
gain around unity.

The transfer function of the band pass filter is
given by:

      (7)

Equation (7) shows that the proposed filter
produces BP responses at its output. The natural

frequency and the quality factor of the proposed circuit
can be obtained as:

      (8)

      (9)

To verify the theoretical predictions, the filter
circuit shown in Figure 8 was simulated in PSPICE

using CMOS 0.35µm technology parameters. The
measured frequency responses are shown in Figure 10.

For these simulations, the parasitic components
were chosen as C1= 0.01pF C2 = 0.01pF. The supplies

voltage were taken as VDD=0.75V and VSS=-0.75V.
The simulation results for Vb1b=0.05V and

Vb1a=0.25V, Vb1c=-0.2V where Vb1b is the bias
voltage of CCII1+, Vb1a is the bias voltage of CCII2+

and Vb1c is the bias voltage of CCII3+ are shown in
Figure 8. From equations (8) and (9), it can be seen

0 X1that the value of W  is tunable by controlling the R

X2or (and) R  by varying either Vb1b or (and) Vb1a

because it is not allowed to change the capacitor's
values. Besides, the Q-factor can be tuned by means of

X3R  by varying Vb1c without disturbing the resonance
frequency.

From Figure 11, it can be observed that the central
frequency of the band pass filter can be adjusted

actively by tuning the voltage source Vb1a. The central
frequency of the band pass filter can be controlled in

the range [759.152MHz, 1.1496GHz] by a simple
variation of a control voltage in the range [-0.05V,

0.25V]. 
Another important advantage of this filter is the

possibility of controlling the Q- factor with different
values of the control voltage Vb1c without affecting

0the central frequency f . Figure 12 shows the tuning of

0the central frequency f  with the bias voltage Vb1b.

0Figure 13 shows the tuning of the central frequency f
with the bias voltage Vb1a. Figure 14 shows the tuning

of the Q-factor with the bias voltage Vb1c without
disturbing the resonance frequency.

B. Current-mode Universal Filter Using Minimum

Elements: In the following section, a new universal
filter with single-input and triple-output employing only

two passive elements (capacitors) and two CCII-. The
proposed filter is illustrated in figure 15 .[17]
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Fig. 8: Circuit diagram of proposed current-mode filter realizing  BP responses.

Fig. 9: Implementation of the CCII based grounded inductance.

Fig. 10: Frequency responses of the current-mode band pass filter.

0Fig. 11: Tuning of central frequency f  with bias voltage Vb1a of the current-mode band pass filter.
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0Fig. 12: Tuning of central frequency f  with bias voltage Vb1b of the current-mode band pass filter

0Fig. 13: Tuning of central frequency f  with bias voltage Vb1a of the current-mode band pass filter

0Fig. 14: Tuning of the Q factor with varying Vb1c for the resonance frequency f =676.218MHz.
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Fig. 15: Circuit diagram of universal filter implementing LP, HP and BP responses.

The transfer function of this circuit is given by:

     (10)

     (11)

     (12)

Equations (10), (11) and (12) show that the

proposed filter produces LP, HP and BP responses

simultaneously at its outputs. The natural frequency and

the quality factor of the proposed circuit can be

obtained as:

     (13)

    (14)

Simulation results, are shown in Figure 16,

2 1obtained with C =C =0.5pF.

From Figure 17, it can be observed that the central

frequency can be adjusted actively by tuning the values

of the control voltage in the range [-0.05V, 0.3V]. The

central frequency of the band pass filter can be

controlled in the range [524.8MHz, 1.176GHz] by a

simple variation of the control voltage. The cut-off

frequency of the high pass filter can be controlled in

the range [522.23MHz, 1.37GHz] by a simple variation

of the control voltage in the range [-0.05V, 0.3V].

The cut-off frequency of the low pass filter can be

controlled in the range [422.06MHz, 973.62MHz] by a

simple  variation of the  control  voltage in the range

[-0.05V, 0.3V].

IV-Conclusion: A novel rail to rail ultra low voltage

high performances CMOS realization of the second

generation current conveyor is introduced in this paper.

By applying an algorithm driven methodology, high

frequency performances were obtained in 0.35µm

CMOS technology. The current and voltage bandwidths

are respectively 1.4834GHz and 2.035GHz, and the

parasitic resistance at port X has a value of 87.65Ù  for

a control voltage of 0.35V. The proposed CCII which

is able to operate at (±0.75V) can be substituted in

different applications. The improved configuration is

used as a building block in a high frequency design

applications: a current-mode Programmable band pass

filter and a Universal filter. These filters employ only

grounded capacitors and CCII, hence they can be

integrated on one chip. The simulation results confirm

the excellent performances of the current-mode filters.

The central frequency of the first filter can be

controlled in the range [759.152MHz, 1.176GHz] the

frequency fcH can be controlled in the range

[522.23MHz, 1.37GHz] and the frequency fcL can be

controlled in the range [422.06MHz, 973.62MHz] by

means of a control voltage in the range [-0.05V,

0.25V].

Moreover, the quality factor can be varied with a

simple control of a control voltage Vb1c without

affecting the central frequency. The second application

is a universal filter for which the central frequency can

be tuned in the range [524.8MHz, 973.62MHz] by a

simple variation of the control voltage in the range [-

0.05V, 0.3V].
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Fig. 16: Frequency responses of the current-mode universal filter.

0 cHFig. 17: Tuning of central frequency f , natural frequency f  and natural frequency fcL with bias voltage of the

universal filter.
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