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Abstract—Schmitt triggers are electronic comparators circuit 

which are generally used to help improve the circuit immunity 

towards noise and disturbance. They had become significant 

components of various emerging applications. However, they 

are still facing a problem in term the noise problem in the output 

signal of the Schmitt Trigger which is do not able to operate at 

low voltage. In this research a Schmitt Trigger is design to 

function at low voltage. This design is realized based on 0.18µm 

CMOS technology by using Cadence simulation software. A few 

voltage values have been tested in this circuit and the optimized 

voltage for this project is 0.8 V to 1.5 V. Therefore this circuit 

design is applicable for various low voltage analogue or digital 

applications. 

 

Index Terms—Inverting; Hysteresis; Non-inverting; Schmitt 

Trigger. 

 

I. INTRODUCTION 

 

Schmitt Trigger is a circuit that used in the microprocessor in 

electronics device such as computer, mobile phone and all 

other electronics devices that have a microprocessor. The 

main function of Schmitt Trigger inside a microprocessor is 

to reduce the noise signal, so that the device can perform 

faster in processing data [1]. It is a comparator circuit that has 

a hysteresis which is realized by giving positive feedback bias 

to the non-inverting input of a comparator or differential 

amplifier. A Schmitt Trigger is an active device that are able 

to turn an analogue input signal into a digital output signal.  

Nowadays, there are many types of Schmitt Trigger 

invented in electronic industry, however, they are still facing 

problems in term the noise problem in the output signal of the 

Schmitt Trigger, having large static power and high dynamic 

power dissipation, operate at high voltage which is do not 

able to operate at low voltage and this will cause in the use of 

high power consumption and also having low speed in data 

processing. Hence the idea comes out in implementing the 

new design circuit of Schmitt Trigger to overcome these 

problems. 

In this research a Schmitt Trigger is designed to function at 

low voltage. The low voltage is optimized for 0.8V to 1.5V. 

Furthermore, to verify the performance of the constructed 

circuit, in term of functionality and also to reduce noise of the 

Schmitt Trigger circuit. The simulation result must be in 

square form for both input voltage and output voltage. Hence, 

design a layout circuit in 2D graphic which is the final design 

for circuit to be implemented. 

This design is based on 0.18µm CMOS technology using 

Cadence simulation software. The design circuit will then be 

simulated in the Cadence simulator application. 

 

II. METHODOLOGY 

 

Figure 1 shows the proposed design circuit for this project 

[3]. This design circuit is based on 0.18µm CMOS 

technology.  

 

 
 

Figure 1: The proposed schmitt trigger circuit 

 

This design has been selected because this circuit will not 

have static power consumption. It is due to no connection 

path directly in between of the source voltage and the ground 

[2]. In order to implement this feature, P sub-circuit has a path 

connection between output and source voltage path, at the 

same time the N sub-circuit has a path connection between 

the ground and output path [2,3]. Then, the result and 

simulation will be done using Cadence simulation software. 

This CMOS Schmitt Trigger was confirmed to be able to 

operate at low voltage of 0.8 V to 1.5 V. 

Figure 1 shows the proposed design of Schmitt Trigger 

which can be divided into two parts which are Part 1 and Part 
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2 [2]. The proposed design is similar to the conventional 

circuit Schmitt Trigger, where it combines two sub-circuit, 

which are P sub-circuit (containing of P3, P2 and P1 PMOS 

device) and N sub-circuit (containing of N3, N2 and N1 

NMOS devices) [4]. In this proposed design the P sub-circuit 

has a path connection between the output and the source 

voltage, at the same time the N sub-circuit has a path 

connection between the ground and output path [5]. 

Accordingly there will be no direct path between source 

voltage and ground giving no static power consumption [6, 

7]. 

Part 1 circuit has NAND gates which are designed based 

on the De Morgan Theorem. Part 1 is formed by P1 and P2 

PMOS devices which have parallel connection, while N1 and 

N2 NMOS devices have series connection. By having this 

design of PMOS connected in parallel the P sub-circuit 

resistance is expected to be reduced by halves [8]. It is rather 

to lower the PMOS noise because noise is more intensive in 

PMOS as it has high mobility in the PMOS in contrast to the 

NMOS.  

Part 2 circuit has P3 PMOS device and N3 NMOS device. 

Both MOSFET are connected directly through each gate 

terminal. As for the output of each case, the P3 will operate 

as a pull up, in the same time the N3 will operate as a pull 

down. The size of the transistors can be determined by finding 

each sub-circuit minimum component path. Furthermore, the 

size of each transistors are estimated according to their 

distribution [9]. As for the transistors which are connected in 

parallel, the scales are by the factor of 1. Whereas the 

transistors which are in series connection, have a scale by the 

factor of 2 [10]. 

 

(
𝑊

𝐿𝑒𝑓𝑓
)𝑃𝑀𝑂𝑆 = 𝑟 (

𝑊

𝐿𝑒𝑓𝑓
)𝑁𝑀𝑂𝑆 (1) 

 

where: 

W : Width 

Leff : Effective length 

R : Ratio 

 

The PMOS and NMOS ratio are set by deriving from 

equation 1, with the Leff (effective length) in considering of 

0.18µm CMOS technologies, gives Leff = 0.18 µm. It is 

suggested to extend the PMOS device to permit the resistance 

that is in line with NMOS device pull down. Table 1 shows 

the dimensions of respective transistors. 

 
Table 1 

The Dimension of Transistors 
 

NMOS 
𝑊

𝐿𝑒𝑓𝑓
 PMOS 

𝑊

𝐿𝑒𝑓𝑓
 

N1 
0.35

0.18
 P1 

0.55

0.18
 

N2 
0.35

0.18
 P2 

0.55

0.18
 

N3 
0.22

0.18
 P3 

0.55

0.18
 

 

The ratio is set to be three maximize the noise margin and 

to create a circuit with symmetrical voltage-transfer 

characteristic (VTC), [11]. Through expanding the PMOS 

width, it shift the switching threshold voltage further. This 

will produce the width of hysteresis becomes more rectangles 

which are preferable in designing a Schmitt Trigger circuit. 

On occasion of low input signal, the P sub-circuit alone will 

be treated and this will make the output signal increases until 

match the VDD [12]. At this situation both PMOS of P2 and 

P1 are turned on, while P3 are turned off. Accordingly the 

output voltage will be pulled to the VDD. Then after it has 

increased to VDD, both N2 and N1 are switch on while the 

other is switch off. As a result, the output voltage will be 

pulled down to the GND. The schematic circuit design is then 

drawn accordingly in simulation software. 

 

 
 

Figure 2: Layout circuit 

 

The layout of the circuit at Figure 2 is the drawn result in 

Cadence simulation software. This layout is the result of 

exploiting the distribution of transistors based on the 

proposed circuit in Figure 1 and the transistors ratio of the 

width-length followed the dimension in Table 1. The voltage 

source Vdd is placed at the top and ground GND is placed at 

the bottom of the layout. Then a few voltage values have been 

tested in this layout circuit. The optimized value of voltage 

for this layout was 0.8 V to 1.5 V. 

 

III. RESULT AND DISCUSSION 

 

This proposed design results are compared with another 

design that have a variation in width-length ratio of PMOS 

and NMOS. For comparison here, the 1st design is our 

propose design circuit and the 2nd design [2] is the compared 

design. The 2nd design is a low voltage Schmitt trigger circuit 

of 0.18µm but differ in width-length ratio from the 1st design 

(proposed design). The construction of the circuit is almost 

the same. The result of this 2nd design is simulated by using 

Mentor Graphic simulation software [2].  The specification 

data for both design is tabulated as in Table 2. The difference 

between these circuits is that they have a different in width 

length ratio of PMOS and NMOS component. 
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Table 2 

The Specification Data of Compared Design 

 
𝑊

𝐿𝑒𝑓𝑓
 1st design (µm) 2nd design (µm) 

P1 
0.55

0.18
 

0.54

0.18
 

P2 
0.55

0.18
 

0.54

0.18
 

P3 
0.55

0.18
 

0.54

0.18
 

N1 
0.35

0.18
 

0.22

0.18
 

N2 
0.35

0.18
 

0.22

0.18
 

N3 
0.22

0.18
 

0.18

0.18
 

 

The simulation results of 2nd design was compared with the 

1st design (proposed design). Figures below are the results of 

both design. The input signal for 1st design (proposed design) 

is at the bottom while output signal is at the top. In contrast, 

the input signal for the 2nd design is at the top, while the 

output signal is at the bottom. Figures below show the 

simulation results operation of 0.8 V, 1.0 V, 1.2 V and 1.5 V 

respectively. 

 

 
 

Figure 3: Simulation of 0.8 V for 1st design (proposed design) 

 

 
 

Figure 4: Simulation of 0.8 V for 2nd design [2] 

 

 
 

Figure 5: Simulation of 1.0 V for 1st design (proposed design) 

 

 
 

Figure 6: Simulation of 1.0 V for 2nd design [2] 

 

 
 

Figure 7: Simulation of 1.2 V for 1st design (proposed design) 
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Figure 8: Simulation of 1.2 V for 2nd design [2] 

 

 
 

Figure 9: Simulation of 1.5 V for 1st design (propose design) 

 

 
 

Figure 10: Simulation of 1.5 V for 2nd design 

 

 
 

Figure 11: Propagation delay 

 

In order to analyze the performance of the 1st design 

(proposed design), the speed of the CMOS Schmitt Trigger is 

analyzed by estimating the propagation delay of an output 

signal from input signal. Figure 11 shows the comparison of 

the propagation delay for both 1st design (proposed design) 

and 2nd design. From this result, we understand that the 1st 

design (proposed design) has better response. Thus, it shows 

that the 1st design (proposed design) has better performance 

compared to the 2nd design for low application. Since the 

width-length ratio of the 1st design (proposed design) is 

smaller compared to the 2nd design, it shows that the smaller 

the width-length ratio can give better performance to the 

circuit. 

 

IV. CONCLUSIONS  

 

Schmitt triggers are electronic comparators circuit which 

are generally used to help improve the circuit immunity 

towards noise and disturbance. They had become significant 

components of various emerging applications. For this 

project, the Schmitt trigger circuit was designed and 

constructed for low voltage application. The proposed design 

of the Schmitt trigger was successfully constructed by using 

the Cadence software application. The simulation results 

showed that this proposed design was able to run at a low 

voltage which is 0.8 V. The performance of the circuit was 

determined in term of speed of data processing by finding the 

propagation delay. Compared to the other design of Schmitt 

Trigger, this design gave a better response for low voltage 

application. Therefore, this circuit design is applicable in 

numerous low voltage analogue as well as digital 

applications.  

 

ACKNOWLEDGMENT 

 

Special thanks of gratitude to the Ministry of Higher 

Education Malaysia for sponsoring the fund under the 

Research Acculturation Grant Scheme (RAGS) with the 

reference number: RAGS/1/2014/ICT02/FTK/B00082. A 

high appreciation to Universiti Teknikal Malaysia Melaka 

(UTeM) and Faculty of Engineering Technology (FTK) for 

providing facilities and support to this research. An 

acknowledgment to Faculty of Electronic and Computer 

Engineering (FKEKK) for collaboration work in this study. 

 

0

10

20

30

40

50

60

70

80

90

0.6 0.8 1.0 1.2 1.4 1.6

D
e

la
y 

(p
s)

Source Voltage (Vdd)

2nd
design



Design of CMOS Schmitt Triggers Circuit For Low Application Device 

 e-ISSN: 2289-8131   Vol. 10 No. 1-8 77 

REFERENCES 
 

[1] C. Cockrill, “Understanding Schmitt Triggers,” no. September, pp. 1–

5, 2011. 

[2] F. Arith, M. I. Idris, M. N. S. Zainudin, and S. A. M. Chachuli, “Low 
voltage CMOS Schmitt Trigger in 0 . 18 μ m technology,” vol. 3, no. 

3, pp. 8–15, 2013. 

[3] R. Sapawi, R. L. . Chee, S. . Sahari, and N. Julai, “Performance of 
CMOS Schmitt Trigger,” 2008 Int. Conf. Comput. Commun. Eng., pp. 

1317–1320, May 2008. 

[4] V. A. Pedroni, “Low-voltage high-speed Schmitt trigger and compact 
window comparator,” vol. 41, no. 22, pp. 1–2, 2005. 

[5] T. Mati and A. A. Parameters, “A Method for the Schmitt-Trigger 

Propagation-Delay Compensation in Asynchronous Sigma – Delta 
Modulator,” vol. 59, no. 7, pp. 404–408, 2012. 

[6] S. Saini, S. Veeramachaneni, a. M. Kumar, and M. B. Srinivas, 

“Schmitt trigger as an alternative to buffer insertion for delay and 
power reduction in VLSI interconnects,” TENCON 2009 - 2009 IEEE 

Reg. 10 Conf., pp. 1–5, Nov. 2009. 

[7] C. Process, I. Signals, S. Chen, S. Member, M. Ker, and S. Member, 

“A New Schmitt Trigger Circuit in a 0 . 13- m 1 / 2 . 5-V,” vol. 52, no. 

7, pp. 361–365, 2005. 

[8] A. Saxena and S. Akashe, “Comparative Analysis of Schmitt Trigger 

with AVL (AVLG and AVLS) Technique Using Nanoscale CMOS 
Technology,” 2013 Third Int. Conf. Adv. Comput. Commun. Technol., 

no. 5, pp. 301–306, Apr. 2013. 

[9] Y. Sasaki, K. Namba, and H. Ito, “Soft Error Masking Circuit and Latch 
Using Schmitt Trigger Circuit,” 2006 21st IEEE Int. Symp. Defect 

Fault Toler. VLSI Syst., pp. 327–335, Oct. 2006. 

[10] P. G. Scholar and K. S. R. C. Engineering, “Low Power And Area 
Efficient Static Random Access Memory Design Using Schmitt 

Trigger,” vol. 2. 

[11] W. Tamnupan and V. Kasemsuwan, “A low-voltage low-power 
current-mode differential adjustable Schmitt trigger,” 2012 9th Int. 

Conf. Electr. Eng. Comput. Telecommun. Inf. Technol., pp. 1–4, May 

2012.G. O. Young, “Synthetic structure of industrial plastics (Book 
style with paper title and editor),”  in Plastics, 2nd ed. vol. 3, J. 

Peters, Ed.  New York: McGraw-Hill, 1964, pp. 15–64. 

 


