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Abstract—Second Generation Current Controlled Conveyor 
(CCCII) based tunable Dual Output Sinusoidal Oscillator (MSO) 
is proposed. It consists of three CCCIIs, a resistor and two ground-
ed capacitors. By tuning external DC bias current, the oscillator 
frequency and commencement of its oscillations are controlled 
electronically. The proposed circuit is verified using PSPICE sim-
ulator and also on laboratory breadboard using commercially 
available integrated circuits Current Feedback Operational Am-
plifier (AD844AN) and Operational Transconductance Amplifier 
(LM13600) at a supply rail voltage of ±6 V. Further its nonlin-
earities, sensitivities, performance characteristics are also verified. 
Comparison of the proposed topology with the ongoing methods 
are also undertaken. PSPICE simulation results are verified with a 
low supply voltage of ±1 V, temperature analysis, analysis by using 
Montecarlo method and finally Total Harmonic Distortion (THD) 
is also demonstrated. 

Keywords—Dual Output Sinusoidal Oscillator (MSO), Current 
Feedback Operational Amplifier (CFOA), Operational Transcon-
ductance Amplifier (OTA) and Current mode oscillators.
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I. Introduction

DUAL Output Sinusoidal Oscillators play an important role 
in many applications especially in the areas like commu-

nication systems, power electronics and measurement, instru-
mentation and Bio-medical fields etc. Specific applications of 
MSO include decoupled dynamic control of six phase two-mo-
tor drive system, vector control of single-phase to three-phase 
pulse width modulation converter and control schemes for five-
phase induction motor drives. In literature several methods are 

innovated and explained to design MSO but they are prone to 
encounter with the problem of utilizing more number of active 
and passive devices for their realization. The likely features of 
interest are that floating resistors seldom control the frequency, 
further floating capacitors however restrict the high frequency 
operation, and also in this case, electronic tunability may not be 
possible [1-3]. M.S. Ansari et al [4] had proposed mixed mode 
of three phase sinusoidal oscillator realized with Dual-X Cur-
rent Conveyor (DXCCII) as an active element. Its design de-
pends on the first order inverter low pass filter, which contains 
DXCCII, resistors and capacitors. It involves twelve passive 
components and is really a complex structure for monolithic 
IC fabrication besides offering the benefit of grounded passive 
components. S. Maheshwari and R. Verma [5], have developed 
several oscillator circuits and drew comparison between third 
order and second order sinusoidal oscillator circuits. It is ob-
served that the third order oscillator, however, has low harmon-
ic distortion over second order. The design is involved with four 
CCCIIs to develop three low pass filters and one gain block 
in feedback. It has the drawback of requiring four CCCIIs and 
four passive components. In order to obviate the above restric-
tions, translinear based Dual Output Sinusoidal Oscillator has 
been proposed.     

Proposed design is entailed with the following features:
1. Single grounded external resistor is required for realiza-

tion of the design.
2. Utilizes grounded capacitors that are worthwhile for IC 

fabrication, also the chip area is reduced effectively in 
comparison with floating capacitor configuration and also 
preferred in high frequency applications.

3. Oscillator frequency and commencement of oscillations 
are independent of each other and thus enhances the elec-
tronic tunability.

4. Possess low passive sensitivities [6]. 
The design consists of three CCCIIs, a resistor and two 

grounded capacitors only. By varying the external DC bias cur-
rent, the oscillator frequency and the oscillatory condition of 
the proposed circuit are tuned separately.

II. Current Conveyor

A. Current Mode Circuits
For the past few decades, analog designers have been trust-

ed current-mode circuits as necessary building blocks for ana-
log circuits design. Smith and Sedra [1] had invented the first 
generation current conveyor (CCI), employing bipolar junction 
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transistors. It has the drawback of low input impedance, which 
is not feasible to apply in many applications. The modified CCI, 
called as Second Generation Current Conveyor (CCII) was in-
troduced by the same duo in 1970. It has high input impedance 
and is preferred in many applications. CCCII, a series of CCII, 
has the parasitic resistance at input port X which is current 
controlled. Thus, it has introduced the concept of Current Con-
trolled Conveyor (CCCII) [7-10].

B. Second Generation  Current Controlled Conveyor
Basically, CCII is the current mode active structural element. 

It is a mixed translinear loop that has considerable amount of 
intrinsic resistance RB at the input node X. It is varied by tuning 
the external bias current.

The state space representation, by considering the intrinsic 
resistance RB of an ideal CCCII is given below in (1).
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From (1), if the direction of current at input port X and out-
put port Z are the same, it becomes a positive current conveyor 
(CCCII+). If the direction of current is opposite to each other 
then it is a negative current conveyor (CCCII-).  At node X, RB 
denotes the input intrinsic resistance, tuned with bias current, 
(RB=VT/2IB), where  VT ≈ 26 mV is the voltage equivalent of 
room temperature, and IB ≥ 0 is the external bias current of the 
CCCII [5]. At node Y, the current IY is zero since the impedance 
at the input of node Y is infinite. So, the current applied at input 
node X is transformed to high impedance output node Z. Sever-
al applications have been presented by applying bias current to 
the CCCII [9-13]. Fig. 1 shows the symbol of CCCII. 

 

 
 
 
 
 
 
 
 

 
 
Fig. 1 Symbol of CCCII± 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Internal structure of CCCII± 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 3 Proposed electronically tunable MSO using CCCIIs 

 
  
 

 

 
  

 
 
Fig. 4 The simulated output waveform of Fig.3, selected: IB=100µA and C1=8 
nF C2=0.21nF and R=10kΩ. 

 

 
 
Fig. 5 Simulated output spectrums of Fig. 3, selected IB=100 µA and C1=8 nF, 
C2=0.21 nF and R=10 kΩ. 
 
 

 
 
Fig. 6. Simulated results of the proposed MSO for variation in temperatures 
from 0° C to 100° C. 
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Fig. 1.  Symbol of CCCII±
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Fig. 2.  Internal structure of CCCII±

CCCII is a three terminal device, two input terminals X and 
Y along with an output terminal Z, as shown in Fig. 2 [11]. The 
device is characterized by IY = 0, VX = VY + RBIX and IZ = ± IX, 
shown in the matrix form in (1). The device has an infinite input 
impedance at terminal Y and Z, whereas, the input terminal X 
has intrinsic resistance RB which is tuned by the external bias 
current IB, given as
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where gmi is the transconductance of the MOS tran-
sistor, assuming that both the transistors are matched, 
gm2=gm4, then 

 

 




















































Z

X

Y

B

Z

X

Y

V
I
V

R
I
V
I

010
01
000

                     

 
 (1) 

 
 

42

1

mm
B gg

R


                    

 
                (2) 

 
 
 

BOX

B

I
L

WC
R











8

1
                   

 
          (3) 

 
  02 3323113121

2  BBeqBBBeqB RRRCRRCsRRRCCS   
 

(4) 
 
 

eqB RCRC 211                         
               (5) 

 
 
 

eqB RRCC 121

2
          

                      (6) 
 
 
 
IB1=IB2=IB3                                   

       (7) 
 
 
 

211

2 1

BRsCV
V

                         

             (8) 
 
 
 


















































Z

X

Y

B

Z

X

Y

V
I
V

R
I
V
I

00
0
000


           

              (9) 
 

 

 
  

   
 

02 3211

32223113121
2





B

BeqBBBeqB

R

RRCRRCsRRRCCs




   

 
(10) 

 
 

22211 CRRC eqB         
                       (11)     

 
 

eqB RRCC 121

2112 
                        

        (12) 
 

 
2/1

21


CCS                                    
  (13) 

 
2/1

BRS                                    
     (14) 

 
2/1

21, 
IBIBS                               

       (15) 
 

1
TVS                                        

      (16) 
 

 
TABLE II  

SIMULATION CONDITIONS AND THE PERFORMANCE CHARACTERISTICS OF  
CCCII  

S.No Transistor Count PDP (aJ) 

1.  Supply Voltage ±1 V 
2.  Power Dissipation 1.7065 mW 
3.  Input Bias Current Linear Range 1 µA-500 µA 
4.  RB Ranges 26 Ω to 1300 Ω 
5.  RO 4.68 kΩ 
6.  RZ 1.176 kΩ 
7.  RY 7.273 MΩ 
8.  Total Harmonic Distortion (THD) 1.97 % 

 
 

TABLE III 
COMPARISON OF EXISTING TOPOLOGIES WITH PROPOSED MSO.  

Ref No. of 
active 
elements 
and type 

No. of 
passive 
elements 

Supply 
Voltage 
(Volts) 

THD 
(%) 

†PCG *H/S 
Results 

[4] 3, DXCCII 12 ±1.25 ---- Yes S 
[5] 4, CCCII 4 ±1.25 2.9 Yes S 
[14] 3, ZCCDU 6 ±1.5 0.24 No H 
[15] 3, CCCII 3 ±2.5 ---- Yes S 
[16] 4, CBTA 4 ±1.5 2.1 Yes S 
[17] 4, CCDU 5 ±1.5 2.2 Yes S 
This 
work 3, CCCII 3 ±1 (±6 V) 1.97 Yes S (H) 

†PCG: Passive Components Grounded, *H: Hardware, S: Simulation  

       
(3)

where µ is the mobility of the carrier, COX is the oxide capac-
itance, W is the channel width and L is the channel length of 
the MOS transistors (M2 and M4). The schematic of CCCII is 
realized with MOS transistors [11], as shown in Fig. 2. The cir-
cuit has translinear loop involving the transistors M1 to M4, DC 
biased by using the current mirrors M6-M7 and M8-M9. The input 
current IX is duplicated to produce IZ+ and IZ- using translinear 
loops. The current is replicated using additional current mirrors 
M10-M13, M14-M16 and M17-M19. The transistor aspect ratios of 
Fig. 2 are shown in Table. I. For IZ = +IX, the device is termed 
as positive current conveyor and for IZ = -IX it is called negative 
current conveyor [1]. In bipolar CCCII, the intrinsic resistance 
RB is inversely proportional to the bias current IB whereas, RB is 
inversely proportional to the square root of IB for CMOS based 
CCCIIs.

TABLE I
Aspect Ratios Of Fig. 2 Transistors

Transistor Width (µm) Length (µm)

M1, M2 2 0.5

M3, M4 4 0.5

M5, M8, M9, M10, M11, M15, M16, 
M17

5 0.5

M6, M7, M13, M14, M18, M19 15 0.5

M12 14.2 0.5

C. Electronically Tunable MSO using CCCII
Figure. 3 shows the proposed electronically tunable MSO 

involving CCCII as an active device. Using routine analysis and 
current-voltage characteristics of the CCCII in (1), the charac-
teristic equation of the proposed design is given as:
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  (4)

where   Req = R + RB2
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Fig. 3.  Proposed electronically tunable MSO using CCCIIs

The oscillation condition and the oscillation frequency ex-
pression are realized by equating real and imaginary compo-
nents of (4) to zeros and are given by

C1RB1 = C2Req   (5)

and
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where RB (RB=RB1=RB2=RB3) refers to the parasitic resistance at 
the input terminals X of CCCII1, CCCII2 and CCCII3 due to its 
bias current.

Circuit as mentioned in Fig. 3 can also be inhibited to oscil-
late using this condition:

IB1= IB2 = IB3      (7)

The oscillator frequency and commencement of oscillation 
are controlled using bias currents.

The multiphase outputs V2 and V1 of Fig. 3, can be related as
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where the phase shift is -90o.

III. Non Ideal Analysis

In practice, due to presence of non-ideal current and voltage 
transfer, CCCII ideal characteristics are affected that causes er-
ror to occur. Taking the non-idealities into consideration, the 
nodal voltages and branch currents are related as
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where α = 1-ε, |ε| << 1 defines the tracking error of voltage and 
β =1-δ,  |δ| << 1 is the tracking error of current.

The characteristic equation of Fig. 3, using (9), is written as 
shown under
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Therefore, the condition for commencement of oscillation 
and oscillation frequency are modified respectively, as 
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Referring to (11) and (12), the tracking errors thus slightly 
effect the oscillator frequency and condition of oscillation re-
spectively. But, this effect can be minimized by improving the 
current gain.  

According to (6) the sensitivities of passive and active com-
ponents using partial derivative method with respect to the fre-
quency are given as:
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It is apparent that all parametric sensitivities of ω are low, 
only 0.5 in magnitude. Thus, the design exhibits good and ap-
pealing low sensitivity value [19-21].

IV. Simulation Results

The proposed MSO of Fig. 3 has been simulated using 
PSPICE simulator. The internal schematic of CCCII was re-
alized as shown in Fig. 2. The voltages ±VCC = 1V and the 
value of dc for all the CCCIIs are same, IB = 100 µA (RB = 260 
Ω) along with C1=8 nF, C2=0.21 nF and R=10 kΩ are applied. 
The distinctive output simulation results of Fig. 3 is illustrat-
ed in Fig. 4, the theoretical time period is 6.608 μs, and the 
simulated time period is 5.9999 μs. The maximum oscillation 
frequency of 500 kHz is obtained by tuning the bias current 
and passive component values that are kept constant. In addi-
tion, Fig. 5 represents the simulated frequency spectrums of 
the output. 



ELECTRONICS, VOL. 23, NO. 2, DECEMBER 2019 63

Fig. 4.  The simulated output waveform of Fig.3, selected: IB=100µA and C1=8 
nF C2=0.21nF and R=10kΩ.

Fig. 5.  Simulated output spectrums of Fig. 3, selected IB=100 µA and C1=8 nF, 
C2=0.21 nF and R=10 kΩ.

Figure 6 shows the graphic representation of variations in 
amplitudes of output voltages over the variation of temperature 
from 0° C to 100° C, keeping the bias currents and passive com-
ponent values constant.

Figure 7 illustrate the simulation results of the proposed to-
pology of Fig. 3, by varying the values of bias currents IB (i.e., 
IB=IB1=IB2=IB3) verses frequency. The bias current is varied 
from 5 µA to 250 µA by maintaining C1=8 nF, C2=0.21 nF and 
R=10 kΩ are constant. The plot specifies the linear variation of 
frequency with bias current, the non-idealities may be due to 
the ignored tracking errors.

The simulation conditions and the performance character-
istics of CCCII configuration are summarized in Table II. The 
circuit is structured with low supply voltage of ±1 V and has 
low power dissipation of the order of 1.7 mW. The total har-
monic distortion is good and it is 1.97%. The input and output 
resistances are also measured which has exerted some influence 
on the performance of the circuit. 

Figure 8 is the graphic representation of the Montecarlo 
analysis for the proposed configuration as shown in Fig. 3. The 
graph is produced for the 50 iterations for both the output sig-
nals. The histogram for the output signal 1 and 2 are represented 
in Figures 9 and 10 respectively. The mean and standard devi-
ation values are 0.977, 0.351 and 0.0097, 0.00037 for the two 
signals, which are quite low and acceptable. 

Fig. 6.  Simulated results of the proposed MSO for variation in temperatures 
from 0° C to 100° C.
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Fig.7. Simulated results of the oscillation frequency Vs bias current of Fig. 3.

Fig. 8.  Montecarlo analysis of proposed MSO

Figure 11 is the worst case analysis where as Figure 12 and 
13 are the worst case sensitivities for the designed configura-
tions. The worst case and sensitivity analysis is to identify the 
uncertainty in the output of a mathematical model or system. 
The graphs specify the insensitivity of the output and reflects 
the analysis as derived previously. The phase margin between 
the two output signals is 180 degrees and is graphically shown 
in Figure 14. The simulation conditions and the performance 
characteristics of CCCII configuration are summarized in Table 
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II. The input and output resistances are also measured which 
have exerted some influence on the performance of the circuit.

 Fig. 9.  Histogram for the output signal VO1 of the proposed MSO

Fig. 10.  Histogram for the output signal VO2 of the proposed MSO

Fig. 11.  Worst case analysis for the proposed MSO

Fig. 12.  Worst case sensitivity for output signal VO1

Fig. 13.  Worst case sensitivity for output signal VO2 

Fig. 14.  Phase margin between the output signals.

TABLE II 
Simulation Conditions And The Performance Characteristics Of Cccii 

S. No Transistor Count PDP (aJ)

1. Supply Voltage ±1 V

2. Power Dissipation 1.7065 mW

3. Input Bias Current Linear Range 1 µA-500 µA

4. RB Ranges 26 Ω to 1300 Ω

5. RO 4.68 kΩ

6. RZ 1.176 kΩ

7. RY 7.273 MΩ

8. Total Harmonic Distortion (THD) 1.97 %

TABLE III
Comparison Of Existing Topologies With Proposed MSO. 

Ref No. of active 
elements
and type

No. of 
passive 
elements

Supply 
Voltage
(Volts)

THD
(%)

†PCG *H/S
Results

[4] 3, DXCCII 12 ±1.25 ---- Yes S

[5] 4, CCCII 4 ±1.25 2.9 Yes S

[14] 3, ZCCDU 6 ±1.5 0.24 No H

[15] 3, CCCII 3 ±2.5 ---- Yes S

[16] 4, CBTA 4 ±1.5 2.1 Yes S

[17] 4, CCDU 5 ±1.5 2.2 Yes S

This 
work 3, CCCII 3 ±1 (±6 V) 1.97 Yes S (H)

†PCG: Passive Components Grounded, *H: Hardware, S: Simulation 
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The comparative analysis of the proposed circuit is given in 
Table III. The proposed model employs less number of active 
devices and passive components for realization and are ground-
ed. The circuits in [4] have the drawback of using more passive 
components. The circuit of [5] has the advantage of using less 
passive components but at the cost of 2.9% of the Total Har-
monic Distortion (THD). The circuit in [14] has low THD of 
0.24% but has the drawback that the passive components are 
not grounded. The grounded capacitor provides the feature such 
as reduced noise and low parasitic effects. The circuit of [15] 
has less number of active and passive devices and are ground-
ed. Though the supply voltage as mentioned in [16] and [17] is 
low, but it suffers from the distortion levels of 2.1% and 2.2% 
respectively. While comparing the above circuits, the proposed 
method has the advantage of requiring less supply voltage with 
satisfactory THD of 1.97% and also hardware results are ver-
ified.  

V. Measured Results

CCCII equivalent model has been put to implementation 
using the structure shown in Fig. 15 [18]. The hardware im-
plementation on laboratory breadboard with external passive 
components of proposed MSO of Figure 3 is realized with 
commercially available Current Feedback Operational Ampli-
fiers (CFOAs) of IC AD844AN [22] and Operational Transcon-
ductance Amplifiers (OTAs) of IC LM31600 [23] that produces 
the waveform as shown in Figure 16. For C1 = C2 = 0.01 µF, IB 
= 100 µA, R=10 kΩ and supply voltage of ±6 V are selected to 
produce the experimentally measured time period of 54.79 μs, 
whereas, the theoretical time period is 50.99 μs and the results 
are found to be close to each other. The experimental results 
of output voltages in X-Y mode measured on oscilloscope and 
able to produce 180° phase shift as shown in Figure 17. As the 
tunability plot obtained for the measured results is more or less 
replica of the simulated ones which are already presented, and 
not included here.
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Fig. 15. Implementation of CCCII+ using CFOA and OTAs 

 
 

 
 
 
Fig. 16. Experimental results of the proposed MSO in Fig. 3.  
Scale X-axis: 10 µs/div and Y-axis: 2 V/div. 

 
 

 
 

Fig. 17.  Experimental results of the Fig. 3 output voltages Vo1 Vs Vo2. 
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VI. Conclusion

In this manuscript, a current mode electronically tunable 
Dual Output Sinusoidal Oscillator using three CCCIIs is pre-
sented. The oscillation frequency can be tuned to a maximum 
of 500 kHz by tuning the external bias currents of CCCIIs. The 
circuit has one resistor and two capacitors that are grounded, 
which is more advantageous in IC fabrication. Simulation re-
sults verifying the theoretical analysis are included along with 
frequency spectrums. Sensitivity parameters and performance 
characteristics are also determined. Hardware results of the pro-
posed MSO are in agreement with the software results. Tem-
perature analysis with respect to the variation of amplitudes and 
THD are also determined. The comparative analysis drawn for 
the proposed topology is made with the existing methods. The 
reported electronically tunable MSO has a simple structure that 
is requiring less area, dissipating at low power of 1.7065 mW 
and low THD of 1.97%.
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