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Abstract—A new voltage mode Schmitt trigger and its application using Differential Difference Current Conveyor (DDCC) is presented in this 
paper. The proposed circuit has a single DDCC block & two passive components. This circuit does not have any matching conditions. Here two 
passive components are used and one of them is grounded .The proposed circuit is simulated on SPICE platform. 
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I.  INTRODUCTION  

To generate different waveform such as square wave, 
triangular wave the Schmitt trigger circuits are widely used in 
communication and instrumentation [1-4,7-18]. Schmitt trigger 
circuit can be designed by operational amplifier, current mode 
circuits such as current conveyor, differential difference current 
conveyor have advantages such as higher slew rate wider 
bandwidth [19-21]. By using current conveyor and 3 resistor a 
Schmitt trigger circuit was developed by Di-Cataldo in 1995   
[7], this circuit can be used in square wave and triangular wave 
generator but this circuit suffers from constant high and low 
output state levels and use of floating resistor. Another Schmitt 
trigger circuit designed by current conveyor uses two CCII and 
4 resistor was proposed in [18]. In this circuit one of the 
resistor is floating which is not suitable for IC implementation. 
By using two OTA and two grounded resistor another Schmitt 
trigger circuit was proposed by Chung [9].This circuit 
saturation level and threshold level can be controlled by 
changing the resistor  and / or external biasing currents. By 
using two OTA in this design this circuits power consumption, 
cost chip area is increased. 

Recently another Schmitt trigger circuit was proposed 
where one OTRA, one floating resistor  and a switch was used  
[12]. This circuit can be used in square wave and triangular 
wave generator and switch controllable bi-stable multivibrator. 
depending on the position of the switch the circuit provides 
counter clock wise and clock wise hysteresis. By the voltage of 
OTRA its saturation voltage are determined. 

By using CMOS a no of Schmitt trigger circuit can also be 
found in the literature [22]. This circuits hysteresis is set by 
process parameters and device dimensions. Here a simple 
voltage mode Schmitt trigger circuit using single DDCC and 
two resistors is proposed .further more a new square/triangular 
wave generator using Schmitt trigger is proposed .the circuit 
does not have any matching conditions for realization. These 
circuits are theoretically studied and also verified on PSPICE 
platform. 

II. CIRCUIT DESCRIPTION 

The new proposed circuit topology for realizing analogue 
functions, based on a DDCC (differential difference current 
conveyor) with only Z+ output (Figure. 1) is shown in Figure. 
3. 

 

Figure 1: Symbol of DDCC 

In the DDCC, Y1, Y2, and Y3 are voltage input terminals 
with high input impedance. Terminal X is a low impedance 
current input terminal. There is a high impedance current 
output terminal Z. It can be characterized by the following 
matrix relations between various voltage and current variables. 
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The port relationship in (1) may also be represented as 

Y1 Y2 Y3 X 1 Y1 2 Y2 3 Y3,I =I =I =0,V =β V -β V +β V    (1) 

And 
Z XI =αI                                                     (2) 

 
where α represents the current tracking error from X to Z  

terminal. β 1 , β 2  and β 3  represent the voltage tracking 

errors from Y
1
, Y

2
, Y

3
 to X terminal. Ideally   β

1
= β

2
 

= β 3  = α = 1. The source of these tracking errors are the 

parasitic capacitance and resistance of the DDCC. The 

internal structure of this device is shown in Figure. 2 
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Figure. 2:Internal structure of DDCC 

The proposed Schmitt trigger circuit using single DDCC and 

two resistor is shown in Figure. 3. 

 

Figure. 3:Schmitt trigger using DDCC 

As shown in fig 3 the threshold voltage are derived using the 
potential divider R1-R2 . the voltage across R1 is feedback to 

the non inverting terminal input of the DDCC. The voltage 

across R1 depends on the value and polarity of the output 

voltage Vout. When Vout = +Vsat the voltage across R1 is 

called High threshold voltage and it is given by  

th

(+Vsat)R1
V =

R1+R2
                                                           (3) 

On the other hand when Vout= -Vsat, the voltage across R1 is 

called as lower threshold voltage Vtl & it is given by 

(-Vsat)R1
Vtl=

R1+R2
                                                            (4) 

III. APPLICATION 

Using Schmitt trigger several square and triangular wave 
generator circuits can be found in literature [1-4,7-18] . In 
literature survey all reported circuits except [9] employ one or 
more floating resistors/ capacitors which is not desired in IC 
realization .since circuit reported in [9] using passive elements 
are grounded it requires two OTAs. The proposed Schmitt 
trigger based on DDCC can be used to construct 
square/triangular wave oscillator as shown in figure where an 
integrator based on DDCC together with R3 and C is used . 

 

 
Figure. 4:waveform generator  

 

Figure. 5 shows the waveform of Fig 4.Vsat+ is its +ve 
saturation level of Vsquare  and the capacitor is charged with 
its z terminal current Iz2+. This continues until voltage of the 
capacitor (V triangular) reaches Vth of the Schmitt trigger 
circuit. After that Vsquare jumps Vsat- & the capacitor voltage 
discharges until it reaches Vtl. 

 

 
Figure .5: Graphical presentation of the outputs of the proposed 

square/triangular wave generator 

 

For charging and discharging of the capacitor relationship 
can be written 

Vth-Vtl Iz2
=

T1 C
 

Vtl-Vth Iz2
=

T2 C
 

Where Vth and Vtl can be found from eqn (3 ) and (4) .The 
period T=T1+T2 and from here we can easily calculate the 
frequency of the waveform . So the frequency of the oscillation 
can be obtained as 

1
f=

T1+T2
                                                             (5) 

IV. SIMULATION RESULTS 

To verify the theory for the proposed circuits, the circuits 
were simulated using PSPICE. The DDCC is simulated using 
PSPICE level-3 parameters in 0.5µm MIETEC process with 
supply voltage of +/- 2.5v & biasing voltage 0f -1.7v.The 
CMOS structure of the DDCC is shown in Figure. 2. The 
transistor dimensions used in this circuit is shown in TABLE I. 
The simulated voltage characteristics of the proposed Schmitt 
trigger with R1=90k and R2=10k are shown in Fig6 & Figure. 
7.The high and low saturated output voltage of the circuit 
depends on the values of the selected resistor  and are found as 
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Vsat+= 2.1v. Vsat-=-2.1v. The hysteresis curve of the Schmitt 
trigger is shown in Figure.  8. 
      The other passive elements in the circuit of  Figure. 4 are 
selected as R3=20K & C=100n. The results are shown in 
Figure. 9 where the frequency of the output wave form is found 
approximately equal to 1KHz.The discrepancy between the 
results of the theoretical and practical is due to non ideality of 
the DDCC. 

TABLE I.  DIMENTIONS OF MOS TRANSISTORS 

Transistor W(µm) L(µm) 

M1-M4 0.8 0.5 

M5-M6 10 0.5 

M7-M8 4 0.5 

M9-M10 14.4 0.5 

M11-M12 45 0.5 

 

 
Figure. 6: sine wave as input and square wave as output 

 

 
Figure. 7: Triangular wave as input and square wave as output 

 
Figure. 8: sine wave as input and square wave as output 

 

 
Figure. 9: sine wave as input and square wave as output 

V. CONCLUSION 

In this paper a new DDCC based Schmitt trigger circuit was 

proposed and here one of the resistor is grounded and other is 

floating. to construct  a square / triangular wave generator  a 

DDCC based integrator is attached in front of the  Schmitt 
trigger circuit. The proposed circuit was simulated using 0.5 

µm MIETEC process parameters. The obtained results verify 

the theoretical analysis. 
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