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Abstract— In this paper the current mode approach called 
“Current Conveyor (CCII+)” has been incorporated to design 
and simulate the circuit for producing two amplitude matched 
anti-phase sine waveforms which are frequently used in various 
communication and instrumentation systems. PSpice simulation 
has been used to depict the output waveforms. The power supply 
used is ±2.5 V which can be easily incorporated with CMOS IC 
technology. The designed circuit has been simulated at various 
frequency ranges and the waveforms are obtained after the 
circuit is optimized. 
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I. INTRODUCTION 

The sinusoidal waveform is fed to the proposed circuit 
which then produces two amplitude matched anti-phase 
(exactly 180º out of phase) sine waveforms over a large 
frequency range with a gain factor of unity. The characteristics 
of the circuit make it suitable for various applications like 
balanced signal transmission of analog signals in the presence 
of unwanted common-mode voltages, lock-in-based systems to 
eliminate the effects of offset, synchronous detection [2], phase 
comparator circuits [3] and bridge measuring circuits for 
increasing the sensitivity of bridge circuits such as a 
Wheatstone bridge [4]. For its realization in the beginning a 
very simple and common approach was given by Golnabi and 
Ashrafi [4] as shown in Fig.1. 

 

Fig. 1: Circuit of Golnabi and Ashrafi [4]. 

   But this circuit has few disadvantages: (i) The gain for 
both the outputs are different as the closed loop gain of 
amplifiers A1 and A2 are (1+a1) and (-a2) respectively as 
mentioned by Baert [3]. (ii) It has a small gain-bandwidth 
product due to the use of conventional voltage-mode 
operational amplifier. (iii) This circuit demands the precise 
matching of the poles of the amplifiers if a low error is to be 
required (The transistor should be perfectly matched).  Baert 
[3] has discussed another circuit as shown in Fig. 2, which 
exhibits an improvement in the performance of the previous 
circuit in that it has closed loop gains of the two amplifiers 
equal to one. If required a gain factor can be achieved by 
amplification of the output voltages Vout-1 and Vout-2 with the 
help of matched amplifier circuits. Thus in this circuit both the 
parameters i.e. 1800 phase inversion and the amplification 
functions are separated and a wide bandwidth can be achieved. 
But the limitations of the circuits are precise matching of the 
poles of the amplifiers for achieving low error and the 
restricted gain. 
 

 

Fig. 2:  Circuit of Baert for Generating the Antiphase Signals. [3] 

In order to further improve the performance of the 
existing systems a new scheme was introduced by Gift [2]. 
This circuit has the advantages of large frequency range of 
operation, not requiring the precise matching of the amplifier 
poles, also it does not have any gain restriction, which was a 
critical requirement of the circuit of Baert. This circuit is 
designed with the help of two operational conveyors (OCs). 
An OC is a block structured device consisting of an Op. Amp. 
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and a second-generation current conveyor, CCII+ as shown in 
Fig.3. 
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Fig. 3: OC Consisting of an Op-Amp and a CCII+ 

In this circuit the feedback loop of the op-amp, consists of the 
input circuit (Port-X and Port-Y) of the current conveyor. The 
effect of this is the virtual elimination of the resistor seen at 
the inverting input of the current conveyor so that the current 
through this component is fully determined by external 
components and the input voltage. This technique gives a 
well-defined system transfer function.  

II. PROPOSED CIRCUIT 

The basic structure of the proposed model is presented in Fig. 
4. It consists of two op. amps. working in combination with 
two CCII+, two-grounded loads (RL), a current and gain 
determining resistor (RG), and the two feedback loops around 
the operational amplifiers. The input circuit of the CCII+ 
forms a part of the feedback loop of the op. amp. This results 
in virtual elimination of the register seen at the inverting input 
of the CCII+, so that the current through this component is 
fully determined by external components and the input voltage. 
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Fig. 4: Proposed Model for producing two Amplitude Matched  Anti – phase 

Sine waveforms 

          This technique gives a well-defined system transfer 
function. In this Fig.4 the two sets, each consisting of an op 
amp with a CCII+, are arranged in a differential-input mode 
and the output signal currents (which are equal and anti-phase) 
are flowing into the resistors RL1 and RL2. The input signals V1 
and V2 are applied at the non-inverting terminals of the op 
amps and the two inverting terminals are connected through a 
resistor RG called the gain setting resistor. C1 and C2 are the 

parasitic capacitances at the inverting inputs while RZ1, CZ1 
and RZ2, CZ2 are the respective output impedance parameters. 
For using the circuit in single-ended input-mode, one of the 
input terminal (say V2) is grounded. As per definition and 
internal construction of the ideal CCII+, VX should be equal to 
VY and IZ be equal to IX.  However in actual operation an error 
ЄV (voltage transfer error) occurs in transferring the voltage 
from terminal Y to X, as well as ЄC (current transfer error) due 
to the action of CCII+ component in transferring the current 
from terminal Z to X [5,6,7]. Hence we can write 

          VX1=VY1(1-ЄV1)=V1(1-ЄV1)                     (1) 

                        VX2=VY2(1-ЄV2)=V2(1-ЄV2)                     (2) 

                               IZ1=IX1(1-ЄC1)                                    (3) 

                                Iz2=X2(1-ЄC2)                                    (4) 

The phase difference (ΔØ) of the output signal can be 
calculated as: 

ΔØ = tan–1(ωC1 RG)-tan–1(ωCZ1 RL1) -tan–1(ωCZ2RL2)+1800 

                                                                                                 (5)            
and                           fT=1/2πC1RG                                     (6) 

Hence we can conclude that the amplitude difference between 
the two output signals (Vout-1  & Vout -2) increases with 
frequency and the phase shift between them can only be 
minimized by keeping the value of RG as low as possible. 

III. SOFTWARE USED 

Most of the simulators are based on various versions of SPICE 
(Simulation Program with Integrated Circuits Emphasis). 
PSpice is THE choice of professionals for simulation. "PSpice 
is the de facto standard for analog and mixed-signal 
simulation... includes a powerful and robust simulation engine 
and works with Orcad Capture or PSpice Schematics in an 
integrated environment. In this project the Simulation and 
Analysis of the circuit has been carried out mainly with the 
help of OrCAD 10.0 software. The name OrCAD is a 
portmanteau, reflecting the software's origins: Oregon + CAD.  
The OrCAD is a software tool produced by “Cadence Design 
Systems” for electronic design automation. 
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IV.   CIRCUIT DESIGN AND SIMULATION 

First of all we have designed and verified the CMOS two stage 
un-buffered Op amp as shown in Fig.5.  
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Fig. 5: CMOS Two Stage Un-buffered Op-Amp 

After this circuit is verified it can be used further to construct a 
unity gain voltage buffer, which will be used in the 
implementation of the RC sine waveform circuit with variable 
frequency. Later its signal output will be fed to the balanced 
output signal circuit. The aspect ratio (W/L) parameter of all 
the transistors from M1 to M7 has been calculated as 
mentioned in table 1. Transistor M8 is used to provide the 
biasing. 

TABLE 1: TRANSISTOR DIMENSIONS OF TWO STAGE OP. AMP. 

Transistors Aspect ratio W (µm)/L (µm) 

M1- M2 27/6 

M3- M4 6/6 

M5 24/6 

M6 159/6 

M7 333/6 

M8 24/6 

In Fig. 6 we have shown the schematic of a CMOS voltage 
buffer derived from the already made op amp mentioned in 
Fig. 5. The input transconductance stage provides high input 

impedance and is the major contributor to the op amp dc gain 
while the output stage determines output impedance; output 
voltage swing and the powered delivered to the load.  

 

 
Fig. 6: Schematic of the CMOS Voltage Buffer 

The circuit is simulated with Pspice and the results were found 
very satisfactory. In the simulation we checked the circuit by 
feeding a sine waveform signal of 1volt amplitude with a 
frequency of 1MHz. The RL was taken as 12 K. The input and 
output waveforms were found perfectly matched in amplitude 
as well as in phase as shown in Fig. 8. 
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Fig. 7:  Response of the CMOS Unity Gain Buffer to a Sine waveform Signal 
at 1MHz 

The circuit schematic of the CMOS CCII+ is shown in Fig. 8. 
It uses ± 2.5V supply for Vdd and Vss respectively and an 
external resistor R1 for proper biasing which gives a bias 
current of 25µA [9]. The complete proposed circuit using  
CMOS CCII+ is shown in Fig. 9 
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Fig. 8: Circuit Schematic of CMOS CCII+ 
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Fig. 9: The Proposed Circuit Using CMOS CCII+ 

Case-1:    The sine waveform outputs (Vout-1 and Vout-2) with 
the input sine waveform signal at frequency 34 MHz are 
shown in Fig. 10. Both the outputs are perfectly balanced and 
exactly Anti-f phase as expected. 
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Fig. 10: The Simulated Balanced Output Waveforms at 34 MHz with input 

waveform. 

Case-2:  The sine waveform outputs at maximum frequency of 
98 MHz are shown in Fig. 11. 

           Time

0s 10ns 20ns 30ns 40ns 50ns 60ns 70ns 80ns 90ns 100ns
V(R104:2) V(M152:d)

-1.5mV

-1.0mV

-0.5mV

0V

0.5mV

1.0mV

1.5mV

 
Fig. 11 : The Simulated Balanced output Waveforms at Frequency 98 MHz 

With input waveform 

 

V. CONCLUSION 

 
The CMOS CCII+ based circuit for producing two anti-phase 
Sine waveforms has been simulated successfully and the 
results are found satisfactory. The accurate amplitude matched 
antiphase signals are produced upto the frequencies of 84 
MHz without using any matched devices. Above this 
frequency and upto the 98 MHz, the two outputs are little 
distorted, in that the amplitudes of the first half cycles of the 
two waveforms are bit exceeding than their sustained output 
voltages, otherwise both the waveforms are perfect and 
without the loss of significant gain. The main advantage of the 
circuit is the use of CMOS CCII+ instead of conventional op. 
amp. with the present trend towards the design of current-
mode circuits and because the ground capacitors structures are 
compatible with the CMOS technology, the proposed 
conFiguration will be more suitable for adaption to monolithic 
IC form. The circuit can provide the voltage as well as the 
current outputs.This circuit also does not require the precise 
matching of the amplifier poles. Changing the resistance RG 
connected between the two negative terminals of the OC1 and 
OC2 can vary the gain of the circuit. The performance is 
superior to the previously discussed circuits by Golnabi [3], 
Baert [2] and Gift [1], where the maximum frequency of 
operation was limited upto 400KHz, 1.5 MHz and 1 MHz 
respectively and here the frequency range is upto 98 MHz. 

 

VI. FUTURE SCOPE 

The further work can be taken up to increase the frequency in 
the order of GHz. and removal of the distortions produced in 
the first half cycle at 98 MHz, also the work can be extended 
to verified the circuit for other waveforms like square, 
triangular, ramp, pulse, exponential etc, and to implement the 
whole circuit into a single IC/chip using CMOS design 
technology. 
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