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ABSTRACT 

A simple and low-cost circuit for controlling hysteresis of 

Schmitt trigger is proposed in this paper. The hysteresis of the 

circuit is digitally tuned by employing binary-weighted 

resistors in place of feedback resistor. The behavior of 

proposed circuit has been tested experimentally in hardware. 

The results obtainedare satisfactory and are also presented. 
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1. INTRODUCTION 
Schmitt triggers are widely used for enhancing noise 

immunity in various circuits. They find applications in 

medical instruments, sub-threshold SRAM, buffer, image 

sensors and pulse width modulation applications [1]-[2].  The 

Schmitt trigger with adjustable hysteresis can be used for 

different environments with different noise levels. Therefore 

the demand for variable hysteresis of Schmitt trigger has 

increased in many systems [3]. Several circuits with variable 

hysteresis using few components, offering high speed and 

high accuracy, have been reported in the literature, but are not 

digitally tunable [1], [4]-[5]. There are situations where 

accuracy and high speed are not only considerations but their 

compatibility with digital systems is essential. Fei introduced 

a high speed adjustable hysteresis circuit but the curcuit is not 

digitally programmable [1].The circuits proposed with 

digitally tunable hysteresis are complex. Jiri Misurec et al 

proposed a circuit with digitally programmable hysteresis [6]. 

The circuit employs current conveyors, operational amplifiers 

and A/D converter to achieve digitally controllable hysteresis. 

Though the circuit offers high speed and accuracy, but can’t 

prove economical keeping in view the hardware 

requirement.In 2001 Prodanov et alpresented a circuit,using 

two operational amplifiers, Logic gates and Mosfet-Only-

Current-Divider(MOCD) [7]. The circuit is compatible with 

VLSI fabrication but requires more hardware.There are 

situations where simplicity and low cost of circuits are 

desirable. In this paper a very simple and low-cost circuit with 

digitally variable hysteresis is proposed. The circuit uses only 

one operational amplifier and a few components. The 

remaining part of this paper is organized as follows.  In 

Section 2, the back ground of schmitt trigger is discussed. 

Section 3 discusses the proposed circuit with programmable 

hysteresis. Finally in Sections 4 and 5 experimental results 

and conclusion are respectively presented.   

2. TRADITIONAL SCHMITT TRIGGER  
A Schmitt trigger is basically constructed by using operational 

amplifier with positive feedback. In a Schmitt trigger circuit 

the output changes when the input signal coincide a 

certainvoltage level known as threshold voltage [8]. A simple 

schmitt trigger circuit using operational amplifier is shown in 

Fig. 1 (a).  

 

Fig 1(a):A Non-programmable Schmitt trigger 

 

Fig.1(b ): Hysteresis Curve 

 

Fig 1(c): Waveform of Traditional Schmitt trigger  

The output of this circuit switches from one saturation to 

another when the input signal coincides with the threshold 

viltage VT as shown in hysteresis curve (Fig. 1(b)). The 

behaviour of output with respect to input signal, as 

experimented out in Laboratory,  is also shown in Fig. 1(c). It 

can be seen from the waveform that whenever the input 

sinusoidal signal reaches a certain level, the output swings 

from positive to negative saturation.  

The threshold voltage (VT) is known as Upper threshold (Vut) 

and Lower threshold (Vlt) respectively for positive and 

negative output (Vo) of the schmitt trigger. Consider Vo is 

positive,  threshold voltage  is +VT and is given by 

               Vut = β(+Vo)                    (1) 
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where     β =R1/(R1+R2)  

Now when the input signal slightly becomes greater than Vut, 

the output switches from +Vo to –Vo and the threshold voltge 

becomes -VT and is givenby 

                 Vlt = β(-Vo)                    (2) 

The hysteresis voltage (Vhy) is given by  

                Vhy=2β(Vo)                     (3) 

Thus the hysteresis of a schimtt trigger depends upon its β. In 

the proposed circuit the β of the circuit is varied by a binary 

code as discussed in the next section.   

3. PROPOSED CIRCUIT 
Fig.2(a) shows the proposed circuit for digitally 

programmable Schmitt trigger, wherein eight different 

hysteresis voltages are achieved.  It is a modification of circuit 

shown in Fig.1 (a) with R1 replaced with a resistor array. The 

resistors have different range of values which are chosen 

according to the requirement of threshold voltages. Any one 

of the resistors R1a through R1h can be connected to ground by 

turning on a particular FET switch connected in series with 

the resistors. 

 

Fig.2(a): Proposed digitally tunable Schmitt trigger with 

resistor array feedback arrangement 

 

Fig.2(b): Proposed digitally tunable Schmitt trigger with 

binary weighted resistors feedback arrangement 

When a particular binary code is applied to the input bits 

b2b1bo, the corresponding output of the decoder goes high thus 

turning on one of the FETs, which in turn connects only one 

of the resistors to ground. Thus the hysteresis voltage levels 

achieved is equal to 2n, where n is the binary code length. It 

can be seen that the number of resistors and FETs required is 

also 2n. In order to reduce the hardware complexity and 

achieve almost same number of hysteresis levels, the resistor 

array is replaced by a binary weighted resistor network 

whereas resistor R2 is fixed, as shown in Fig. 2(b). Let Rebe 

the effective resistance achieved by the different binary 

numbers applied to binary weighted network,then β of the 

circuit is given 

β = Re/(Re+R2) (4) 

The effective resistance can be calculated by 

Re= 1/[(b2/R)+(b1/2R)+(b0/4R)](5)  

where bi =0     OFF 

and     bi =1     ON 

When all the FET switches are off i.e., b0=0, b1=0 and b2=0, 

the total resistance Re becomes infinity. Therefore, binary 

word 000 is avoided and number of hysteresis voltage levels 

achieved is 2n-1. 

4. EXPERIMENTAL RESULTS 
The workability of the circuit was tested in hardware using 

operational amplifier IC741. The binary weighted network 

was implemented by series parallel combination of 4.7K 

resistors, i.e., 2.35K, 4.7K and 9.4K. Three different 

hysteresis levels were tested at different code words are 

shown in Fig.3. In Fig 3(a) the binary code applied to binary 

inputs b2, b1 b0, is 111. In 3(b) the code is 001 and in 3(c) 100. 

The threshold voltage levels are shown by dashed lines on the 

waveform. It is clear that Vo changes wherever the Vin 

coincides these dashed lines. 

 

Fig. 3(a) :Hysteresis with binary code 111 

 

Fig.3(b): Hysteresis with binary code 100 

 

Fig. 3(c): Hysteresis with binary code 001 
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5. CONCLUSION 
A simple digitally tunable hysteresis Schmitt trigger with 

minimum hardware is presented. The circuit uses only one 

operational amplifier which makes it economical for low cost 

systems.  
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