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Abstract— In this paper a new Operational transresistance amplifier (OTRA) based sinusoidal oscillator is proposed. It uses two resistors, two 

capacitors and a single OTRA. Sensitivity analysis and non-ideality analysis behavior of OTRA on oscillator operation is also investigated. The 

proposed oscillator circuit is designed using PSPICE simulation and 0.18µm AGILENT CMOS process parameters. PSPICE simulation results 

agree well with the theoretical analysis of the proposed circuit. 
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I.  INTRODUCTION  

       In electronic signal processing, control system and 

communication sinusoidal oscillators has gained attention. 

Using op-amp there are a verity of oscillators and these 

oscillators suffer from gain bandwidth product, limited slew 

rate [1]. In the literature there is also a verity of sinusoidal 

oscillators using current mode building blocks such as: 

Differential difference current conveyor (DDCC) [2-3], 

Current differencing buffered amplifier (CDBA) [4-6], 

operational transconductance amplifier (OTA) [7-11], second 

generation current conveyor (CCII) [12-14], current feedback 

operational amplifier (CFOA) [15-16], Four terminal floating 

nullator (FTFN) [17-18] etc. These oscillators suffer from 

large number of active and passive components. 

   In analog IC design OTRA has received considerable 

attention in last decade. It has high gain current input and 

voltage output. OTRA can be commercially available by the 

name NORTON amplifier but it has current input in one 

direction and it does not have ground in the input terminal. 

These can be eliminated by CMOS realization of OTRA [19-

21]. There are various circuits which have been designed using 

OTRA [22-26]. 

  This paper is organized as follows in section II fundamentals 

of OTRA and the proposed oscillator circuit is given, section 

II gives non-ideality analysis, sensitivity analysis w.r.t passive 

components are discussed in section III, simulation results 

using PSPICE are given in section IV. Finally conclusion is 

given in section V. 

II. OTRA FUNDAMENTAL 

Block diagram, equivalent circuit diagram and CMOS 
circuit diagram of OTRA are given in Fig.1, Fig.2 and Fig.3 
respectively. It is a three terminal device with two input and 
one output terminal.   

 
Fig.1:Block diagram of OTRA 

 
Fig.2:Equivalent circuit diagram of OTRA 

 
Fig.3:CMOS circuit diagram of OTRA 
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      Input and output relation of OTRA can be given by the 

following matrix: 

 

p P

n n

o m m o

V 0 0 0 I

V = 0 0 0 I

V R -R 0 I

     
     
     
          

   (1) 

 

Vp=Vn=0     (2) 

 

V0=Rm(Ip-In)     (3) 

 

III. PROPOSEDE OSCILLATOR CIRCUIT 

     The proposed sinusoidal oscillator circuit is shown in Fig.4. 

It uses one OTRA, two resistors and two capacitors. Routine 

analysis of the circuit gives the characteristics equation: 

 
2

1 2 1 1 2 2 2 1 2s c c +s[c (G +G ) - c G ]+ G G =0  (4) 

 

 

 
Fig.4: Proposed oscillator circuit 

 

     

     From the characteristics equation the condition of 

oscillation and frequency of oscillation can be derived as 

 

CO: 1 1 2 2 2c (G +G )=c G     (5) 

FO: 1 2

1 2

G G1
f=

2 c c
    (6) 

 

IV. NONIDEALITY & SENSITIVITY ANALYSIS 

      In ideally the transresistance gain (Rm) approaches to 

infinity but practically Rm has finite value and its effect is to 

be considered. In single pole model of OTRA the 

transresistance gain can be expressed as  

 

0
m

0

R
R (s)=

s
1+

ω

     (7) 

 

 

 

 

Where R0 = DC transresistance gain. For high frequency the 

transresistance gain (Rm(s)) reduces to 

 

m

p

1
R (s)=

sc
     (8) 

p

0 0

1
c =

R ω
     (9) 

        

      The output of oscillator can be deviated from its ideal 

value due to non ideality of OTRA. Considering non-ideality 

the characteristics equation (4) changes to equation (10) 

 

        (10) 

 

The modified condition of oscillation and frequency of 

oscillation are: 

 

CO: 1 1 2 2 2c (G +G )=c G     (11) 

FO: 1 2

1 2

G G1
f =

2 c c
    (12) 

 

SENSITIVITY ANALYSIS: 

 

       In analog circuit sensitivity can be defined as small 

changes in the parameters of the circuit due to mathematical 

variation of performance characteristics. Sensitivity can be 

defined as 

 

f

x

f f
s =

x x




     (13) 

 

Where x= different circuit parameters 

 

Sensitivity of f w.r.t C1, C2, R1, R2 are 

1 2

f f

C C

1
s = s =

2
     (14) 

1 2

f f

R R

1
s = s =-

2
    (15) 

 

V. SIMULATION RESULTS 

       The proposed circuit is simulated in PSPICE design 

environment using CMOS based schematic of OTRA and 

0.18µm MOSIS (AGILENT) process parameter. The supply 

voltage used here is ±1.5v. Simulation is performed by 

selecting R1=10KΩ, R2=1KΩ, C1=100pf, C2=1pf. The 

corresponding transient response and frequency spectrum are 

shown in Fig.5, Fig.6 and Fig.7 respectively. Theoretical 

oscillation frequency calculated as 15.92MHz and from 

simulation we obtained the practical frequency 15.27 MHz  

 

 

 

2

1 2 1 1 2 2 2 1 2s c c +s[c (G +G ) - c G ]+ G G =0
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Fig.5.Simulated output of oscillator 

 

 
Fig.6. Simulated output of oscillator 

 

 
Fig.7.Frequency spectrum of oscillator 

 

VI. CONCLUSION 

In this paper a new sinusoidal oscillator using OTRA is 

presented. The proposed circuit uses only two resistors, two 

capacitors and a single OTRA. The proposed circuit posses a 

minimum number of passive components. The non-ideality 

analysis and sensitivity analysis are also carried out here. The 

 

 

 

 

circuit is simulated using PSPICE software and 0.18µm 

MOSIS (AGILENT) process parameter. 
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