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Abstract: 
This work presents the functionality of some unique Schmitt trigger circuits designed on the basis of the impact 

of load capacitance and supply voltages together with hysteresis width, propagation delay and average power 
dissipation. All the simulation results are performed for 0.18 µm CMOS process technology. It is found that 

through the recommended design a larger hysteresis width can be attained by modifying the arrangement and 

organization of transistors as well as the ratio of width to length of channel. The results of our analysis reveal 

that the designed Schmitt trigger can be driven using low voltage of 0.8-1.5 V and the power dissipation is 

reduced to only 47.24 pW. The total active area of our suggested trigger circuit is 10.80 × 10.65 µm2. The 

proposed Schmitt trigger will be suitable and useful where large hysteresis width is required to improve the 

noise margin. Therefore, it may be propounded that our designed Schmitt trigger have low power dissipation, 

large hysteresis width and plausibly be operated with lower voltage compared to earlier designs found in 

literature. 
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I. Introduction  
The CMOS Schmitt triggers are one of the pertinent components of various emerging applications in 

the field of electronic devices. They serve as solid state comparators those are extensively employed to raise the 

noise immunity of circuit and unwanted perturbations. In general, it works as an inverter which consists of two 

PMOS transistors, two NMOS transistors, one feedback PMOS transistor and one feedback NMOS transistor1. It 

accepts slow-changing signals and produces an output that has oscillation-free transitions. The output is high 

when the input is below the negative threshold voltage, while the output is low if the input exceeds the positive 

threshold voltage2. The value of the two threshold voltages can be varied and regulated by calibrating the 

performances and dimensions of the transistors (PMOS and NMOS). Fig.1 shows a typical Schmitt trigger 

circuit. The performance and uniqueness of Schmitt trigger circuits can be best evaluated through their 

propagation delay, hysteresis width and average power dissipation. The reduction of propagation delay is one of 

the crucial challenges for the realization of an intricate Schmitt trigger. It is defined as the delay time from input 

source to output source4 and is symbolically depicted by the term, tp = 0.69RCL = (tPHL+tPLH)/2.  

Hysteresis is another important parameter which helps eliminating the noise and thus produces fairer 
and reliable signal. The hysteresis voltage-width is defined as the voltage difference between the switching 

threshold voltages VIH and VIL at output5. The stable output logic level is retained by eliminating this voltage 

from the VIL or adding with the VIH
6. Larger the width of hysteresis better the improvement in noise margin can 

be achieved. On this regard, we can see that Kumar et al.6 used two layers of feedback devices to increase the 

hysteresis width, while Sapawi et al7 achieved a large hysteresis width by proposing a circuit using NAND gate. 

In line with these, limiting the power dissipation is another crucial aspect to improve the design efficiency 

which concerns three factors. These are dynamic power dissipation (DPD), static power dissipation (SPD) and 

the sub-threshold leakage channel. The dynamic power dissipation is controlled by the factors, namely 

switching power consumption and short circuit power consumption. 
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Figure 1: Typical Schmitt Trigger Circuit3. 

The short circuit power is consumed when both the pull-up and pull-down networks are simultaneously 
active and thus serves a direct-path current flowing between VDD and ground and eventually the power 

consumed become large8,9.The short circuit power and switching power dissipation are typically depicted in Fig. 

2. 

 

 
Figure 2: Short circuit power and switching power dissipation8 . 

The switching power dissipation occurs during the switchover of input that causes NMOS transistor 

turned ON and PMOS transistor turned OFF. The energy is consumed during charging/discharging of CL. The 

energy drawn from one rise and following fall transition of the output4.8.12.13 is, DDDDL
VVCE  . By lowering the 

switching activity and clock frequency, DPD can be lowered but it deteriorates the performance8. Seemingly 

reduction of supply voltage degrades the data stability. Hence, DPD can be lowered by reducing load 

capacitance without degrading the performance. The SPD consumption is, in general, ignored in static CMOS. 

However, most of these mechanisms are indirectly or directly governed by the device geometries8, 12, 13. 

Substantial research works have been carried out over the recent years to design some novel low power 

trigger circuits3-19. Some recommended construction of a logical threshold voltage control circuit incorporating 

tunable size of channel in MOS transistors that require demanding mask design, although this tunability is 

restricted to very small range1. In some of the reports we see the implementation of body biasing method to 

confirm separate switching thresholds for (+ve) and (–ve) going input signals18, and some reported the use of 

static inverters to achieve the desired thresholds19. Thereafter, Yuan et al. offered a design of adjustable 
hysteresis where differential duos with tail currents were adopted, however this designs seem unfitting for low 

voltage manoeuvre20. The majority of the previous research on Schmitt trigger did not emphasize on the aspect 

of low power operation. This is because most of the applications have been using the medium power supply. 

Nowadays, there are varieties of applications which are mostly relied on either battery or rectified RF signal as 

the source of energy21. This trend is intensifying the need for further research on how to produce the circuits 

with low power.  
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 Based on all these aforementioned aspects, we intend to look into the design of a better low power 

Schmitt trigger circuit that should have improved noise immunity, less propagation delay and better hysteresis 

width. It’s worth mentioning that our developed circuits are compared with previous designs of6 and7, 
particularly. At this juncture, our suggested Schmitt trigger circuits are comprehensively analysed in various 

plausible means: such as by optimizing the width-length ratio of transistors and also by the variation of 

capacitive loads. As a result of our analysis, we show that our proposed circuit eventuates a large hysteresis 

width which can be attained by the combination of NAND gate (six transistors), one layer of PMOS feedback 

and two layers of NMOS feedback. 

 

II. Methodologies 
Based on the probe and explorations of the preceding works and theories proposed by Kumar et al.6 and 

Sapawi et al.7 we designed our Schmitt trigger circuit in this paper. The consolidation of these two theories can 
ensure the construction of Schmitt Trigger with low propagation delay and large hysteresis width. Corollary the 

basic structure of the Schmitt trigger circuit proffered in our paper is mainly based on the Schmitt trigger 

designed by Sapawi et al.7 , where their design are categorized into two parts as follows: 

In Part 1, the circuit can be viewed as a NAND gate design. Two p-channel MOSFET (PMOS) 

transistors (Q1 and Q2) are connected in parallel and two n-channel MOSFET (NMOS) transistors (Q3 and Q4) 

are connected in series. The propagation delay can be minimized because the total resistances in PMOS circuit 

are reduced by half with connecting PMOS transistor in parallel. Since, the delay in PMOS transistor is due to 

its low hole mobility, the circuit proposed by Sapawi et al.
7
 is preferred to minimize the delay in PMOS 

transistor.  

In Part 2, the design looks like a feedback circuit for a conventional Schmitt trigger.  It consists of two 

transistors (one PMOS and one NMOS) where both gate terminals are connected together6. The Schmitt trigger 
circuit purposed by Sapawi et al.7 is shown in Fig. 3. 

 

 
Figure 3: Schmitt trigger circuit7. 

Based on Ref. [6,7], the first proposed Schmitt trigger circuit is designed and analysed to increase 

hysteresis width. The design has three PMOS transistors (M1, M2, and M3), that are connected in parallel and 
three NMOS transistors (M4, M5, and M6) connected in series.  The first proposed Schmitt trigger circuit is 

shown in Fig. 4.  

Kumar et al.6 suggested that two layers of a feedback device increases the hysteresis width. This design 

is same as conventional Schmitt trigger but it has three PMOS transistors, three NMOS transistors and four 

transistors for feedback circuit. The hysteresis width is increased with increasing switching threshold. It can be 

done with ‘successive tapping’ of NMOS and PMOS feedback devices4. The Schmitt trigger circuit proposed by 

Kumar et al.6 is shown in Fig. 5. 
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Figure 4: The first proposed Schmitt trigger circuit. 

 

Figure 5: Schmitt trigger circuit with two layers feedback 6. 
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Figure 6: The second proposed Schmitt trigger circuit. 

Based on previous works, the second proposed Schmitt trigger circuit is designed and analysed to get 
better hysteresis width which is compared with the first proposed Schmitt trigger. 

The circuit is same as NAND gate by using three PMOS transistors, three NMOS transistors, one layer 

PMOS feedback and two layer NMOS feedback. The second proposed Schmitt trigger produces large hysteresis 

width and low power dissipation. The second proposed Schmitt trigger is shown in Fig. 6 and the stick diagram 

for this proposed Schmitt trigger is shown in Fig. 7. The layout of the second proposed Schmitt trigger is 

prepared by using the IC Station software and it is shown in Fig. 8. The total area of the proposed Schmitt 

trigger design is 10.80 × 10.65 µm2. 

 
Figure 7: Stick diagram for second proposed Schmitt trigger. 
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Figure 8: Layout of second proposed Schmitt trigger. 

 

III. Results and Discussion 

A conventional Schmitt trigger, two Schmitt triggers from previous research works6.7 and two of our 

proposed Schmitt triggers were designed and simulated using Silterra's 0.18 µm standard CMOS process Mentor 

Graphics IC Design. All these five circuit designs and the respective transistor dimensions are shown in Fig. 9 

and Table 1. The first design represents the typical Schmitt trigger with the ratio W/L of transistors as shown in 

the column (a) of Table 1. The second design represents the Schmitt trigger proposed by Sapawi et al.7 with the 

ratio W/L of transistors as depicted in the column (b) of Table 1. While, the third design represents the circuit 

for Schmitt trigger proposed by Kumar et al.6 with the ratio W/L of transistors as given in the column (c) of 

Table 1. The fourth and fifth designs represent our two proposed Schmitt triggers with the ratios W/L of 
transistors as depicted in the (d) and (e) columns of Table 1, respectively. All circuits are analysed and the 

results are compared in terms of the pertinent features such as propagation delay, hysteresis width and power 

dissipation. All designs are also analysed using variable load capacitances ranging from 0.0 pF to 0.0015 pF. 

 

 
(a) 
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(b) 

 
(c) 
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(d) 

 
(e) 

Figure 9: The Schmitt trigger circuits: (a) 1st Design, (b) 2nd Design, (c) 3rd Design, (d) 4th Design, and (e) 5th 

Design. 

Table no 1: The transistor dimensions:  for 1st Design, 2nd Design,3rd Design,4th Design,5th Design. 
(a) 1st Design (b) 2

nd
 Design (c) 3rd Design (d) 4th Design (e) 5

th
 Design 

Transistor W/L(µm) Transistor W/L(µm) Transistor W/L(µm) Transistor W/L(µm) Transistor W/L(µm) 

M1-PMOS 1.44/0.18 M1-PMOS 0.54/0.18 M1-PMOS 0.54/0.18 M1-PMOS 1.14/0.18 M1-PMOS 0.54/0.18 

M2-PMOS 1.44/0.18 M2-PMOS 0.54/0.18 M2-PMOS 0.54/0.18 M2-PMOS 1.14/0.18 M2-PMOS 0.54/0.18 

M3-NMOS 1.8/0.18 M3-NMOS 0.36/0.18 M3-PMOS 0.54/0.18 M3-PMOS 1.14/0.18 M3-PMOS 0.54/0.18 

M4-NMOS 1.8/0.18 M4-NMOS 0.36/0.18 M4-NMOS 0.54/0.18 M4-

NMOS 
1.8/0.18 

M4-NMOS 0.54/0.18 
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M5-PMOS 0.18/0.18 M5-PMOS 0.54/0.18 M5-NMOS 0.54/0.18 M5-

NMOS 
1.8/0.18 

M5-NMOS 0.54/0.18 

M6-NMOS 1.44/0.18 M6-NMOS 0.18/0.18 M6-NMOS 0.54/0.18 M6-

NMOS 
1.8/0.18 

M6-NMOS 0.54/0.18 

 

To determine the propagation and hysteresis width of the proposed Schmitt trigger, the pulse voltage is 

set to 0.8 -1.5 V, rise time to 1 ms, fall time to 1 ms, period to 2 ms and load capacitor to 0 pF. The input and 

output waveform are shown in Fig. 10. 

 

 
(a) 

 
(b) 
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(c) 

 
(d)  

Figure 10:  Input and output waveforms of proposed Schmitt trigger circuit without load for different voltage 

sources: (a) 0.8 V, (b) 1.0 V, (c) 1.2V, and (d) 1.5V. 

It is discerned from Fig. 10 that the proposed Schmitt trigger produces better output waveform at 

voltage source ranging from 1.0 V to 1.5 V. The results of VIH, VIL, hysteresis width, tPLH, tPHL and Propagation 

Delay for operating voltage over the range of 0.8V to 1.5V (without load) are shown in Table 2 and Table 3. 

 

Table no 2: The results of VIH, VIL and Hysteresis width. 
Voltage source (V) VIH (mV) VIL (mV) Hysteresis width (mV) 

0.8 573.21 419.88 153.33 

1.0  714.75 539.09 175.66 
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1.2 870.25 659.4 210.85 

1.5 1116.4 844.78 271.62 

 

Table no 3: The results of VIH, VIL and Hysteresis width. 
Voltage source (V) tPLH (ns) tPHL (ns) Propagation Delay (ns) 

0.8 217.715 25.825 191.89 

1.0 215.425 39.805 175.62 

1.2 225.79 50.256 175.534 

1.5 244.827 63.722 181.105 

 

To analyse the effect of the DC transfer curve of the proposed Schmitt trigger, the VDD voltage is set to 

0.8V-1.5 V and load capacitor to 0 pF. The input and output waveforms are shown in Fig. 11. The waveform 

DC transfer is found smooth for all VDD voltages and it reveals that the suggested Schmitt trigger is able to 

function properly for 0.8 V to 1.5 V. 

 

 
(a) 
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(b) 

 
(c) 
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(d) 

Figure 11: Input and output DC transfer curve waveforms of proposed Schmitt trigger circuit without 
load for different VDD voltages: (a) 0.8 VDD, (b) 1.0 VDD, (c) 1.2 VDD and, (d) 1.5 VDD. 

 
Propagation Delay 

The delay times of these analyses are measured in terms of the average of the response time of the gate 

for rising and falling wave output transitions. As shown in Fig. 12, the propagation delay is increased when the 

source voltage is decreased. At voltage 1.0-1.5 V and for all the values of the load capacitance ranging from 

0.00-0.015 pF, the second (2nd) design exhibits better performance than those of the other four designs. 

Meanwhile, for lower voltage and reduced load capacitance, the first design shows satisfactory performance. 

The fourth (4th) and fifth (5th) designs depict improved tPLH but poor tPHL owing to the enhanced stray 

capacitance. The performance of propagation delay for 5th design is observed 10% larger than that of the 2nd 

design but it is still acceptable. 
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Figure 12:  Propagation delay versus VDD for variable load capacitance. 

 

Hysteresis Width 
It is observed from Fig. 13 that the hysteresis width is increased insignificantly for all designs except for 

third design when the load capacitance is increased. For all these designs the hysteresis width almost remains 

stable with the variation of load capacitance. 

An overall observation for the fifth design is that it renders the maximum hysteresis width for VDD of 0.8 
V to 1.5 V. It is also found from Fig. 13 that the hysteresis performance of 4th design follows almost the same 

trend as 5th design. It may be noticed that all the three designs (2nd, 4th and 5th) have achieved the almost same 

hysteresis width at the VDD of 0.8V. 

 



Design and Performance Analysis of Low Voltage and Low Power Schmitt .. 

DOI: 10.9790/4200-1103010117                                www.iosrjournals.org                                              15 | Page 

 

 

 

 

Figure 13: Hysteresis width versus load capacitance for variable VDD. 

 

Power Dissipation  
In terms of power dissipation, the 2nd design attains the smallest power dissipation followed by the 4th 

and 5th design. All designs are simulated with varying VDD so as to analyse the effect of the variation of voltage 

supply to power dissipation. The power dissipation is found to be increased when the VDD voltage is increased. 
The value of power dissipation is shown in Table 4. 

The power dissipation of proposed Schmitt trigger is observed lower compared to the circuits projected 

in references2  and6. The area of the layout is reduced approximately by 30% compared to the circuits reported by 

Chen et al18. The hysteresis width is seen large when compared to the circuits of preceding reports which uses 

lower voltages of 0.8 V to 1.5 V. The propagation delay for proposed Schmitt trigger is perceived high compared 

to the circuits projected by Sapawi et al.7 whereas it is spotted lower as compared to the circuit described by 

kumar et al.6 

 

Table no 4: Summary of the values of power dissipation. 
Design Type VDD (V) 

0.8 1 1.2 1.5 

1st Design 4.3165µW 12.0144µW 24.473µW 53.013µW 

2nd Design 13.593pW 19.5911pW 26.733pW 39.126pW 

3rd Design 3.6309µW 10.2538µW 21.057µW 45.985µW 

4th Design 11.911pW 17.193pW 23.452pW 35.582pW 

5th Design 16.729pW 22.951pW 31.252pW 47.241pW 
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Table no 5: Summary of the performance parameters for proposed Schmitt trigger. 
Parameters Values in relevant units 

Technology 0.18 µm CMOS 

Number of transistor 9 

Supply Voltage 0.8 V - 1.5 V 

Power Dissipation 16.7295 pW 

Hysteresis width 172.68 mV-286.77 mV 

Propagation Delay 124.71 ns-156.5 ns 

Area 10.80 × 10.65 µm
2
 

 

Table no 6: Summary of comparison among proposed Schmitt trigger and previous works. 
Mode Ref. [18] Ref. [19] Ref. [2] Ref. [6] Ref. [7] This work 

Technology (μm) 0.13 0.5 0.18 0.18 0.35 0.18 

Number of Transistor 1 6 15 10 6 9 

Supply Voltage (V) 3.3 3.3 0.8-1.5 0.8-1.5 0.8-1.5 0.8-1.5 

Hysteresis width (mV) 1500 790 - 100 200 286.77 

Power dissipation - - 189µW 45.984µW 39.126pW 47.241pW 

Propagation Delay - - - 65ns-180ns 80ns-135ns 124.71ns-156.5ns 

Area (µm
2
) (8.7 × 19) - - - - (10.80×10.65) 

Year 2005 2005 2013 2012 2008 - 

 

IV. Conclusion  
In this paper, a low voltage, large hysteresis width Schmitt trigger is proposed and it is analysed over a 

wider range of pertinent parameters as appropriate. Our investigation reveals that the proposed designs have 

advantages of low power dissipation, large hysteresis width and may be operated with lower voltage (0.8-1.5 V). 

The power dissipation and propagation delay of one of the proposed circuit are attained as 47.24 pW and 

124.71-156.5 ns, respectively. The total area of this proposed Schmitt trigger is 10.80 × 10.65 µm2. It is 
expected that our proposed circuit would be suitable where large hysteresis width is required to ameliorate the 

noise margin. 
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