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Abstract—In this paper, we propose a current-mode based
solution suitable for triangular/square wave generator using
second generation current conveyor. The proposed oscillator,
which utilizes two second generation current conveyor (CClI) as
active elements, three resistors and a capacitor, is based on
resistance-capacitance (RC) cell and found to be effective
alternate of voltage-mode based oscillators. Experimental results
were obtained by implementing the proposed circuit using
commercially available CCIl (AD844) and passive components.
Simulation and experimental results have confirmed the
theoretical expectations, showing good linearity in wide
oscillation frequency range. The sensitivity and operating
frequency of the proposed oscillator can be adjusted using
passive components. The proposed configuration finds useful
applications in wide range capacitive/resistive sensor front end.

Keywords—Waveform generator, Current conveyor (CCIl),
Current mode oscillator, Wide frequency range, AD844, RC circuits

I. INTRODUCTION

Oscillators are most useful electronic circuits that generates
periodic AC waveforms (e.g., sinusoidal, square or triangular.
Square/triangular waveform generators of variable frequency
has a wide range of applications in the field of signal
processing, telecommunication, control systems, measurement
system and sensor interfacing, particularly depending on their
operating frequency range [1]- [3]. A number of
square/triangular wave generator circuits using voltage- mode
operational amplifier (OA) as active element are available in
the literature [4]-[6]. These circuits generate the waveform by
charging and discharging effect of resistance-capacitance (R-C)
cell, followed by a hysteresis comparator.

It is well known that the dynamic range of voltage-mode
oscillators is dictated by frequency- dependent gain of
operational amplifier. This problem can be solved using current
mode (CM) approach of signal processing, second generation
current conveyor (CCII), which shows large dynamic range,
wide bandwidth, high linearity, possibility of design using low
power consumption and simple analog circuit designing [6]-
[8]. Variety of different oscillator has been proposed in the
literature based on CM approach, the present focus of
researchers is to decrease the number of active and passive
components while maintaining wide operating frequency range

[9]-[12].

In this paper, a novel CM based square/ triangular
generator wave using two CClls, three grounded resistor and a
grounded capacitance is proposed which neglect the effect of
voltage/current saturation thus provide wide dynamic range.
Its main operation is basically adopted from voltage mode
approach of current integration, and the configuration is
designed in such a specific way that minimizes the effect of
parasitic components of CClls. The effect of parasitic
component at node X is reduced by avoiding capacitive loads,
keeping only grounded resistive load of slightly higher value
than parasitic resistance at the same terminal. In this way, there
is no limitation in wide frequency range and it is also possible
to set the circuit sensitivity and operating frequency range
externally using passive  components.  Experimental
measurements have been performed by implementing the
proposed circuit on fabricated PCB using AD844
(commercially available CCIl) and passive components.
Simulation and experimental results shows a good agreement
with theoretical expectations with good linearity in wide
dynamic frequency range for both resistance and capacitance
variations. Resultant, the proposed scheme can be used as
resistive/capacitive interface, performing impedance to
frequency conversion with good precision and linearity in wide
range.

In comparison to other solutions proposed in literature [9]-
[12], the benefits of our proposal are following: capability of
providing wide oscillating frequency range with acceptable
non-linearity, required less number of active and passive
components, architecture simplicity and easiness of adjusting
oscillation frequency and sensitivity through external
components.

Il. CCll BASIC THEORY

The current conveyor was first presented by sedra and
smith in 1968, named as first generation current conveyor
(CCI); however the effectiveness of current mode design was
realized only after the introduction of CCII, two years later
than CCII [13]-[14]. Due to its unique and useful ways of
realizing complex circuit functions, CCII is sometimes claimed
to be the standard building block for CM operations as far as
signal processing applications are concerned [8] [14].
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Fig. 1. Symbol for second-generation current conveyor

Fig. 1 shows the symbol of CCII, whose characteristics can
be described by following set of equations.

i= ;i V= Vy, iy=0 1)

The ‘+* symbol of current transfer ratio «; indicates whether
the conveyor is framed as non-inverting or inverting circuits,
labelled as CCll+ and CCII-, respectively. The output current i,
depends on input current i, which may be directly injected by
applying voltage at X node, or by copy the input voltage from
terminal Y.
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Fig. 2. IC 844 with parasitic elements.

ADB844 from Analog Devices can be implemented as practical
CCIl, having unity current gain, parasitic input-output
impedance and a unity gain voltage buffer [15]. Fig. 2 Shows
the schematic diagram of practical model of AD844, having
parasitic components values C,= 4.5pF, C,= 2pF, R, = 3MQ, R,
=10MQ and R, = 50Q.

I11. THE PROPOSED OSCILLATOR: ANALYSIS AND SIMULATION

Fig. 3 shows the proposed square/ triangular wave
generator at block level. Basically, it consists of a voltage to
current converter (CCII+'A") and a hysteresis comparator
(CClI+'B).
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Fig. 3 Proposed square/triangular wave generator.

CCII+ ‘A’ generates square wave by converting the saturation
current iz, into saturation voltage vy, (vy;= £V;). The same
signal is applied to input terminal of CCII+’B’ which generates
the AC current for capacitor.
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Fig. 4 Graphical representation of node waveform

Assuming ideal condition, and referring to the notation in Fig.
3, one can write the network equation as

ixa = iza @
ixp = iz 3)
ixg = —VmR_l _— 4)
ixp = %1 ®)
Vo1 = iZA'RZ (6)

Manipulating equation (2) to (6) we can write the voltage vq, as

Vo2 = Vo1 (RZR_ZRl) (7)

Vo1 1S the saturated output voltage of CCII+ ‘A’ as shown in
Fig. 4. The saturated level is +V for positive going ramp and
-V for negative going ramp. Thus the peak to peak voltage at
output of CCII+ ‘A’ is

_ Ry—Rq
Yo20-m = % ( % ) ®)

A portion of voltage vy, is applied at Y node of CCII+ ‘B’,
which generates current iyp that flows through capacitor C, at
node Z. The voltage across capacitor due to current iyz can be
expressed as

T
1 v
Voz(p-p) = mfgz Vop.dt = 2%, C, T ©)

From equation (8) and (9) we can conclude the expression of T
as

T= 4R, C, 21 (10)
2

Considering the parasitic resistance of CClls available on node
X of CCII+'A" and CCII+'B', namely Ry and Ryg, respectively,
equation (10) can be modified as



Ry—(R1+R
T=4(R, + Ryp) G 2 (12)

More in detail, time domain simulation was performed to
verify the oscillation period variation with respect to passive
components R, and C, while keeping R;=6.8kQ and R,=10k<;
the related results and waveform are presented in table I, Il and
fig. 5, respectively.

Table |
Theoretical and measured time Period for C Variation
Cy Theoretical Measured Period | Relative Error
Period [s] [s] (%)
50pF 1.08u 1.14u 5.56
500pF 10.81p 10.42 3.74
5nF 0.108m 0.102m 5.80
50nF 1.08m 1.02m 5.54
500nF 10.8m 10.10m 6.48
Table 11

Theoretical and measured time Period for Ry Variation

R; Theoretical Measured Period | Relative Error
[Q] Period [us] [us] (%)

10k 2.56 2.70 5.18
100k 5.31 5.40 1.67
500k 27.54 27.01 1.96

1M 57.57 54.05 6.11

2M 119.47 107.41 10.09
5.7 10.0

CClI+'B' Output
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Fig. 5 Simulated waveform of square and triangular signal

In particular, for the R, variation, C, has been set to 50pF, while
Ry has been varied from 10KQ to 2MQ, obtain a frequency
range of 9 kHz to 372 kHz. On other hand, oscillation
frequency range from 850 kHz down to 99Hz was obtained by
varying C, from 50pF to 500nF; keeping Ry fixed to 20kQ.
Simulation results confirm the validity of proposed circuit,
showing good linearity for both resistances R, and Capacitance
C, variation in wide range of frequency.

IV. EXPERIMENTAL RESULTS

For experimental purpose, the proposed circuit was first
implemented on bread board and then fabricated over copper
PCB using chemical etching process. AD844 and passive
samples of resistance/ capacitance was used for experimental
purpose. All the passive components (resistors and capacitor)
have been first measured using LCR meter (Agilent 4294A)

and found to be in the form of +1% tolerance. A typical
waveform of square/ triangular wave from the oscilloscope
screen is presented in Fig. 6, which have been obtained with
R1=8.2kQ, R2=10kQ, Rx= 100k, Cx = 1nF and a supply
voltage of +9V.
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Fig. 6 An example of generated square and triangular wave signal on
oscilloscope screen
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Fig. 7 Variation of time period for variation in capacitance

In order to test the tunability of the oscillator against passive
components Rx and Cx, the variation in oscillation frequency
was observed. For capacitance C,, the parameters selected were
R;=6.8kQ, R,=10kQ and R,= 40kQ. Oscillation frequency
range of DC to 250 KHz was observed on the screen of
oscilloscope by varying C, from 100pF to 200nF, which is
presented in Fig. 7.
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Fig. 8 Variation of time period for variation in capacitance Ry



Similarly, for R,, the parameters selected were R;=7.4kQ, [2]
R,=10kQ and C, = 100pF. A linear oscillation frequency range
of 8 KHz to 238 KHz was obtained by varying R, from 1.5MQ [3]
to 50kQ, plotted in Fig. 8.

Finally, a detailed comparison with other oscillator circuits [4]
presented in the literature was performed in order to show the
advantages and validity of the proposed circuit as reported in
table I11. In specific, the point that can be highlighted from [5]
table 111 are: The proposed system requires only two CClls and
four passive components, provide wide oscillation frequency
with little non-linearity.

[6]
V. CONCLUSION

CCIl (+) based square/ triangular waveform generator is [7]
designed, developed, tested and compared with other solutions
available in the literature. It is based on charging/discharging
effect of resistance-capacitance (RC) cell, having a simple
circuit topology, implemented using two CCII and four passive [8]
components. The theoretical expression of time period is
verified using both SPICE simulation and experimentally. The 9]
proposed circuit found is working faithfully in wide oscillation
frequency range with acceptable linearity for both capacitive [10]
and resistive load variation. The sensitivity and operating
frequency range of oscillator can be adjusted externally using
passive components. The proposed configuration can be used [11]
as alternate of voltage-mode interface for capacitive and
resistive sensor because of its wide dynamic range. Another
important area of its applications is in folding ADCs, tuneable [12]
oscillators and analog and mixed mode designing.

ACKNOWLEDGMENT [13]

The authors would like to thanks director CSIR-CEERI for ~ [14]
his guidance, support and inspiration. Authors would also like
to thank Prof. S.A Khan and members of electronic control
system lab for the fruitful discussion during experimentation. [15]

REFERENCES
[1] J.Millman and A. Grabel, Microelectronics, New Delhi, Tata McGraw-
Hill, 1988, pp. 684-686.
Table 111

V. B.R. and R. G.W., “Delta-sigma oscillators: versatile building
blocks,” Int. J. Circuit Theory Appl., vol. 25, pp. 407-418, 1997.

D. A. Bell, Operational Amplifiers and Linear ICs, New Delhi: Oxford
University Press, 2011.

T. Islam, L. Kumar, Z. Uddin and A. Ganguly, “Relaxation Oscillator-
Based Active Bridge Circuit for Linearly Converting Resistance to
Frequency for Resistive Sensor,” IEEE Sensor Journal, vol. 13, pp.
1507-1513, May 2013.

A. D. Marcellis, A. Depar, G. Ferri, A. Flammini, D. Marioli, V.
Stornelli and A. Taroni, “A CMOS Integrable Oscillator-Based Front
End for High-Dynamic-Range  Resistive  Sensors,” IEEE
Trans.Instrum.Meas. , vol. 57, no. 8, pp. 1596-1604, Aug. 2008.

A. D. Marcellis and G. Ferri, Analog Circuits and System for Voltage-
Mode and Current-Mode Sensor Interfacing Applications, New York,
Springer, 2011.

G. Ferri, A. D. Marcellis, C. D. Carlo, V. Stornelli, A. Flammini, A.
Depari, D. Marioli and E. Sisinni, “A CCII-Based Low-Voltage Low-
Power Read-Out Circuit for DC-Excited Resistive Gas Sensors,” IEEE
Sensors Journal, vol. 9, no. 12, pp. 2035-2041, Dec. 2009.

G. Ferri and N. C. Guerrini, Low Volatge Low Power CMOS Current
Conveyor, New york: Kluwer Academic Publisher, 2003.

M. Abuelmaatti and S. Al-Shahrani, “New CFOA-based
trinagular/square wave generator,” Int. J. Electron., vol. 84, pp. 583-588,
Jun 1998.

A. D. Marcellis, C. D. Carlo, G. Ferri and V. Stornelli, “A CCII-based
wide frequency range square waveform generator,” Int. J. Circuit Theory
Appl., vol. 41, pp. 1-13, March 2013.

S. D. Re, A. D. Marecellis, G. Ferri and V. Stornelli , “Low voltage
integrated astable multivibrator based on a single CCIL” in IEEE
Proceedings—Prime, Bordeaux, France, 2007.

D. pal, A. Srinivasulu , B. B. Pal, A. Demosthenous and B. N. Das,
“Current Conveyor-Based Square/Triangular Waveform Generators
With Improved Linearity,” IEEE Trans. Instrum.Meas., vol. 58, no. 7,
pp. 2174-2180, July 2009.

K. Smith and A. Sedra, “The Current Conveyor- A New Circuit
Building Block,” IEEE Proc., vol. 56, pp. 1368-1369, May 1968.

A. Sedra and K. Smith, “A second Generation Current Conveyor and its
Applications,” IEEE Trans. Circuit Theory, Vols. CT-17, pp. 132-134,
Feb. 1970.

“AD844 Current Feedback Operational Amplifier Data Sheet,” Analog
Devices, 1990. [Online]. Available: www.analog.com/static/imported-
files/data_sheets/AD844.pdf.

Comparative analysis of the proposed circuit with another solution presented in literature

. Number of active Number of passive . Prototyping and
Characteristics Frequency range Output signal A
components components Experimental
Proposed Design 100Hz to 850kHz Two Four Square awn;:ivterlangular Yes
S d tri |
CClI(+) based design [12] 25Hz to 225kHz Two Four quare awnav:angu ar Yes
CMOS/CCII(+) .

differentiation Based [10] 128mHz to 737 kHz Two Six Square Yes
CMOS based design [11] 25Hz to 260 kHz Two Two Square No
CClI(+) based design [9] 100Hz to 100 kHz One Four Square/triangular yes




