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Abstract Inthe start of this paper, a novel second generation current conveyor (CCII) with simple structure is presented.
The proposed circuit has a rail to rail dynamic range in output and input terminals. Moreover, it is highly capable of driving
currents in node z. This circuit works in class AB mode and is able to sink and source current in output node z+ and z-
respectively. The CCII circuit was simulated in the standard 0.18um CMOS TSMC technology with minimal count of
CMOS transistors. The proposed circuit can be suitable for RF analogue structures such as filters, oscillators and
sigma-delta modulators because of the high frequency performance for current and voltage transfer functions. In this circuit,
the -3d B cut-off frequency of voltage and current transfer functions have been measured 3.8 GHz and 3.2GHz respectively.
In the remainder of the article a universal current mode filter is designed and simulated by sub base structure of the
suggested CCII circuit. This universal filter can employ low pass, high pass and band pass which can adjust the cut-off
frequencies and quality factors by variation of grounded resistor values. The cut-off frequencies of filters are about

300MegHz Another good characteristic of filters is a low sensitivity to variation of passive component.
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1. Introduction

The basic structure of second generation current conveyor
(CCII) was first expanded by Sedra and Smith in 1970[1]and
today, one of the state-of-the-art subjects which is
considered by analog current mode circuit researchers is
development in performance parameters of CCII circuits.
The results of their investigations have led to resolution
increasing in current and voltage transfer functions,
compensation ofoffset[2], improvement in transfer functions
linearity[3] and high frequency features[4], optimization
circuit toward low power and low voltage design[5] and
trend for differential circuitry. Among these goals, the low
power and low voltage circuitry and improvement the
linearity range of CCII transfer functions are widely
applicable for VLSI and current mode circuit design.
Moreover, high frequency performances of CCII can be
applied greatly in mobile communication analog structures.

In this paper, the classical unity gain current conveyor
with symmetric current direction in output nodes has been
presented. The parameters of linearity boundary, frequency
response and low voltage requirements have been improved
in comparison with other similar works. Moreover, the
simp le and differential structure of proposed CCII is another
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advantage of offered circuit[6].

Current conveyors often use both current mode and
voltage mode analog structures. However they present a
wider dynamic range, better frequency performances and
especially a lower voltage and power consumption in current
mode structures as compared to voltage mode counterparts.
Thus the recent developed circuits of CCII are more
applicable as one of the basic active elements in current
mode analog interfaces such as filters, VCOs and data
converters[7]. Especially one of the common usages of
CClIs is current-mode universal filters[8, 9]. Classical unity
gain current conveyor can be used for the formation of
universal filters to achieve a simpler structure and lower
power dissipation[10]. Employment of double negative and
positive output current nodes can be a better choice for the
flexibility sufficiency in imp lementation of universal current
mode universal filters[11].

In the remainder o f paper the universal current mode filter
is implemented by two CClIs and five passive elements. The
number of active has been optimized element in proposed
circuit and as can be seen in simulation result, the cut-off
frequencies and quality factors can be simply changed by
variation of R1 and R2. This feature can establish digitally
programmable implement capability by switches and logic
pins. The proposed universal filter exhibits high frequency
performances. As shown in simulation result, the high and
low cut-off frequencies around several hundreds of MHz
frequency.
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2. The Proposed CCII Circuit

Current conveyors are basic and applied active
components in analogue interfaces and elementary signal
processing cells especially with the current mode
configuration. Basic construction ofideal CCII is formed by
three ports, X, y and z. The model of CCII can be introduced
by negative or positive styles with regard to output current
direction which can be internal orexternal at node z. Figure 1
shows the blocked style of dual positive and negative
imple mentation.
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Figure 1. The block diagram scheme of the positive CCII

The CCII can be explained by two sub-circuits: voltage
followers and current-mirrors.Both current mirrors’ gain and
voltage followers’ gain are one in the unity gain CCIL As a
result, the equations of unity gain dual output current nodes
type of CCII are given by:
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Currents and voltages that are applied in above equations
have distinguished in schematic of figure 1. The offered
circuit of CCII which its dimensions are optimized for high
frequency and can be used in RF analog structures is shown
in the figure 2. The proposed circuit is implemented in the
standard 0.18 x m CMOS TSMC technology. Furthermore
its configuration presents low voltage, rail to rail and high
linearity features. Therefore dual differential pair of PMOS
and NMOS transistors has been chosen for the input stage
(M8, M9, M10 and M 11) that can provide the rail to rail
specification. As Figure 2 shows, the M8 and M 11transistors
prepare the input positive amplitude;besides, the M9 and
MI0transistors prepare the negative one. In this design
active load of voltage follower stage is created by NMOS
transistors (M 14, M 15) and PMOS transistors (M2, M4) as
current mirrors. Consequently, the bias currents in dual lines
of voltage follower stage are equal and it lead to same
voltages at nodes xand y.

As shown in Figure 2, the M5, M6, M 16, M17 current
mirrors use for equalization of current at node x with node
z+ ; furthermore, the M18, M19, M20, M21, M22, M23
current mirrors use for the same currents with opposite
direction at node z.
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Figure 2. The schematic of suggested CCII circuit
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The proposed low voltage and high frequency CCII is
simulated in the standard 0.18 ¢ m CMOS TSMC
technology. The HSPICE software has been used for
simulation and the dimensions of CMOS transistors which
are used in simulation, has been set in the table 1. The
suggested CCII is composed of dual symmetric supply
voltages +0.75 V that it indicates the low voltage
characteristic. Figure 3 shows the linear relation between
voltages of terminals x and y, which identified the linearity
specification of voltage transfer function. As shown in this
figure, voltage in node x tracks the voltage in node y from
-0.7Volt to +0.7Volt with linear curvature. Thus, the rail to
rail dynamic range of voltage variation can be employed.

Table 1. the dimensions of CMOS transistor of proposed CCII

Transistors W/I( ,um/,wn)
M12 (0.5/0.18)
M14M15 (10.18)
M1 (15/0.18)
M8,MI1 (200.18)
M2,M4 (30.18)
MI16M17 M19,M21,M23 (4/0.18)
M9,M10 (6/0.18)
M5,M6 M 18 M20 M22 (12/0.18)
M1 (24/0.18)
M7,M13 (30/0.18)
M3 (90/0.18)
0.75
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Figure 3. the voltage at node x versus the nput voltage of node y
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Figure 4 shows the linear relation between internal and
external output current of terminals z" and Z versus the
internal current of terminal x. these current trans fer functions
prove the capability of current drive in output stage of
proposed CCII. The voltage and current transfer function
carves according to the Figures 3 and 4 have unit slope
Because of the unity gain design. As calculated the voltage
and current transfer function variations errors are less than
1%.

In this circuit, the -3d B cut-off frequencies for voltage and
current transfer functions are 3.87GHz and 3.23GHz
respectively. Figure 5 shows the frequency response of
voltage transfer function. Since, the high frequency
performances feature of proposed CCII, it has been able to
use in analog RF components.
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Figure 5. frequency response of voltagetransfer function

3. The Proposed Universal Filter

Nowadays, One of the most attractive analog RF
component are filters which can employ a higher frequency
performance and lower power consumption, For reaching to
this goal a current-mode circuitry is a better choice structure
method than the voltage-mode counterpart. In this research,
the second order analog current-mode universal filter has
been designed and imp lemented in new structure as shown in
figure 6. It employs low-pass (LP), high-pass (HP) and

band-pass (BP) filters by single-input current [n and

1.

triple-output current /,,, 1,

As shown in figure 6, the presented circuit current-mode
universal filter has been realized from two CClls, two
capacitors and two resistors. Consequently it has simple
structure with minimal count of transistors. In addition the
structure presents low power and high-frequency respond
because of minimal active and passive elements and
optimization of CCII’s circuit for a high frequency
performance.

The voltage transfer function of the non-ideal unity gain
second generation CCII can be supposed by equation (2) as
flowing:

and [p,.

V. =Vy+RXIx 2)
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Figure 6. Proposed current-mode universal filter with single-input three-output

In above equation,

Rx’ Ix

resistance, current and voltage at port X respectively. The

and V_ are parasitic

effect of Rx has been considered in equation (2), which
leads to decrease voltage at node xand makes a parameter to
form the filter transfer functions. The proposed universal
filter was composed from three current trans fer functions and

it can produce LP, HP and BP filters by simple structure.

By applying small signal analysis of the proposed
universal filter, the theoretical expressions of triple current
transfer functions can be approximately given by:

oo o (R, +R,)C,S
Ly (R, +R )R, +R,)C,C,S* +MS+1 (3)
(R,|Ry)
IH_P ~ (Rl + RX)(R2 + Rx )Czclsz
Ln (R, +R)(R,+R,)C,C,S? LSRR o @)
z y
Lip 1
L, +R,

. R
in (R2+RX)(R1+RX)C1CZSZ+(R"7R)S+1 ®)

z y

In above equations Rx,Ry and Rz are parasitic

resistance at port x, y and z of CCII respectively. These
Equations can verify the implementation of band pass, high
pass and low pass current-mode filters theoretically. Also,the
natural frequency and the quality factor of the proposed
universal filter can be obtained as:

1
So= 27J(R, + R )(R, +R,)C,C,

(6)

Q — \/(RZ +Rx)(R1 +RX)C1C2
R, +R, (7)
(R,|R,)

From equations (6) and (7), can be realized that the
parameters fo and () can be electronically tuned by
digital varying R, and R, for all filter responses. This
feature can produces an adjustable universal filter by use of

digital calibration logic and external pins.

4. Simulation Result

In order to investigate the theoretical results of the
proposed universal filter, Hspise simulations have been
performed. At the first, the unity gain translinear CCII in
figure 2 has been simulated with the transistor parameters
ofthe standard 0.18 x m CMOS TSMC technology.
Afterward it was used to configure the universal filter in
figure 5. The circuit in figure 6, was biased with +0.75V

R, =50Q2 ,
R, =300Q2, C, =1.5pF ., C, =1.5pF . These values

obtain unity gain transfer functions for universal filter
approximately. Figure 7 shows the frequency responses of
lowpass (LP), highpass (HP) and bandpass (BP) filters. The
band widths of LP and BP filters have been evaluated
282.3M Hz and 308M Hz respectively. As well as, the central
frequency of BP filterhas been measured 278.3MHz
Similarly, simulation results exhibit the low cut-off
frequency 351MHz for HP filter.

Figure 8 shows the transient response of band pass filter
for a sinusoidal input of 300MHz. as it has been shown the
gain response of BP filter is approximately equal to 1 in
300M Hz.

supply voltages and element values
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Figure 7. Simulated frequency characteristics of LP, BP and HP ofthe proposed universal filter
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Figure 8. Input andoutputs of BP filter at 300MHz

The total power consumption of proposed circuit is 1.5mw
which it confirms a lower power implementation in
comparison with other same work. Also By variation of

resistos R, and R, in figure 6 by digital calibration

logic, we can change the cut-off frequencies and bandwidths
of filters. Figure 9 shows the simulated frequency response

of a BP filter when the resistances R, were simultaneously
adjusted for the values 50, 150, 250, 350 and 400 Q).

circuits, current mode analog components, and RF
telecommunication circuits. In the remainder of paper the
current-mode universal filter has been implemented by use
of CClls as active elements. The circuit show highly
performance in feature of low-power, high-frequency and
low comp lexity. It employs lowpass, highpass and bandpass
filters in en bloc structure with minimum count of transistors
and specially can be useful for current-mode analog
interfaces and RF applications.
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