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Abstract — A vast number of diverse analog circuit blocks
have been arosed in the past few decades. A various active
devices are Operational Amplifier (Op-Amp), Current
Conveyor (CC), Operational Transconductance Amplifier
(OTA), Differential Difference Current Conveyor (DDCC),
Differential Difference Current Conveyor Transconductnace
Amplifier (DDCCTA), Z-Copy Current Differencing
Transconductance ~ Amplifier ~ (ZC-CDTA), Voltage
Difference Transconductance Amplifier (VDTA) and so on.
A review on Schmitt trigger circuits by using different active
devices are presented in this paper since Schmitt trigger
circuits are widely used in numerous applications such as in
waveform generators, wave-shaping circuits, comparators,
Bio-medical applications, analog processing systems,
communication and instrumentation systems.

Keywords- Schmitt Trigger; Op-Amp; CC; OTA; DDCC;
ZC-CDTA; DDCCTA; VDTA.

I. INTRODUCTION

As technology is improving day-by-day, the demand
has increased on fabrication of analogue and digital
circuits on a chip. This creates an attention for the
designers to do research in these domains. Some of the
analogue and digital circuits are devised availing
MOSFETSs rather than BJTs since they have small size,
less noise and low power dissipation. One such circuit
amid those is the Schmitt trigger. A Schmitt trigger
circuit has the property of converting any analog signal
into a digital signal, i.e., a square signal. In 1938, Otto H
Schmitt [1] developed a Schmitt trigger namely, the
Thermionic Trigger. By using various active devices,
the Schmitt trigger circuits are designed. Those are,
Operational Amplifier (Op-Amp), Current Conveyor
(CC), Operational Transconductance Amplifier (OTA),

Differential Difference Current Conveyor (DDCC),
Differential Difference Current Conveyor
Transconductnace Amplifier (DDCCTA), Z- Copy

Current Differencing Transconductance Amplifier (ZC-
CDTA), Voltage Difference Transconductance Amplifier
(VDTA) and so on.
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This paper presents a literature review on the designed
Schmitt triggers [1-14] and their applications in
different wave-shaping circuits, comparators, waveform
generators, analog processing systems,  Bio-medical
systems and communication systems.

Il. REVIEW OF EXISTING SCHMITT
TRIGGERS

By depending upon the avail of technology and the
power consumption of circuit with the use of supply
voltage, various number of Schmitt triggers are designed
with different active devices.

A. Schmitt Trigger using Operational Amplifier
(Op-Amp)

A Schmitt trigger is designed using Operational
Amplifier with the use of resistors [2] and is shown in
Figure 1. The output voltage can be mathematically
expressed as,
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Figure. 1 Schmitt trigger uses Op-Amp
The triggering points can be varied by varying the
resistor values which provides an advantage where as
the disadvantage is, it avails three passive elements to
obtain Schmitt trigger operation and uses high supply
voltage.

B. Schmitt  Trigger using
Transconductance Amplifier (OTA)

Operational

Figure 2 presents a Schmitt trigger circuit [3] availing
two OTA’s. These two OTA’s are connected in positive
feedback loop. The output voltage of Schmitt trigger can
be expressed as,
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Figure. 2 Current controllable OTA-R Schmitt
trigger
The upper triggering point (V1) and the lower
triggering point (V1v) is given as,

Vi =1g2R; (3)
Vi =lgiRy

The advantage of this circuit is hysteresis curve can
be adjustable with the help of bias currents. The
disadvantage of the circuit is usage of two active blocks,
two resistors and avails £10V supply voltage.

C. Schmitt trigger uses Current Conveyors (CC)

A Schmitt trigger circuit [4] is implemented with the
use of Second generation Current Conveyor (CCII+).
The circuit is shown in Figure 3.
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Figure. 3 CCII+ based Schmitt trigger
The output state of this circuit will have two stable
states which is Vs, and Vsa. The upper triggering
point and the lower triggering point are given as,

Rl — Rs
Vi = == Vaa
R+ R, @)
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The advantage of this dircuit is hysteresis curve can
be adjustable with the help of bias currents. The
disadvantage of the circuit is usage of three resistors and
avails +5V supply voltage.

D. Schmitt trigger uses Differential Difference
Current Conveyor (DDCC)

With the use of active device namely, Differential
Difference Current Conveyor (DDCC) a Schmitt trigger
circuit [10] is constructed by availing single DDCC with
use of two resistors and is shown in Figure 4. The
saturated output voltage is equal to V. The upper
threshold voltage and lower threshold voltage is given
as,
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Figure. 4 Schmitt trigger using DDCC
The circuit is examined using PSPICE Level-3
parameters in 0.5um MIETEC process. It uses a supply
voltage of + 2.5V. The main drawback of this circuit is
the threshold voltage depends on the use of resistor
values

E. Schmitt trigger uses Differential Difference
Current Conveyor Transconductance Amplifier
(DDCCTA)

A Schmitt trigger circuit [11] is devised by availing
the active device, namely, Differential Difference
Current  Conveyor  Transconductnace  Amplifier
(DDCCTA) and is shown in Figure 5. For the devised
circuit, the triggering points are given as,

—IB forl. >0
|0:{ : } 6)

+IB forli <0
The devised circuit is simulated in Cadence Virtuoso by
using a 180nm CMOQOS process and operates with 2V
supply voltage. The advantage of this circuit is the
output amplitudes can be adjustable with the help of bias
currents which in turn changes the transconductance

value. The disadvantage of this circuit is usage of +2V
supply voltage along with the power dissipation is more.
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Figure. 5 Schmitt trigger using DDCCTA
F. Schmitt trigger uses Z-Copy Current
Differencing Transconductance Amplifier (ZC-
CDTA)

Figure 6 shows a ZC-CDTA based Schmitt trigger
circuit [13]. The circuit shown in Figure 6 has only one
ZC- CDTA along with current directions of all port
terminals. The output current of Schmitt trigger is given
as
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The designed Schmitt trigger circuit is simulated in
Cadence Virtuoso tool with the use of gpdk 180nm
technology.
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Figure. 6 ZC-CDTA based Schmitt trigger
The advantage of this circuit is operated at low
voltage i.e., + 0.85 V. The disadvantage of the circuit is
usage of two resistors; the circuit is complex in nature.

G. Schmitt trigger uses Voltage
Transconductance Amplifier (VDTA)

A Schmitt trigger circuit [14] using the VDTA active
device is shown in Figure 7. The circuit is implemented
by using one VDTA block along with single resistor.

The output voltage of Schmitt trigger is given as

—1g,R when Vi, >V,
Vo=1 | R when V. <V (8)
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Figure. 7 VDTA based Schmitt trigger
The upper triggering point and the lower triggering
point are given as,

Bl (9)
2V.
VTL = T IZ - IBZR
B1

The advantage of this circuit is the output amplitudes
can be adjustable with the help of bias currents which in
turn changes the transconductance value. The
disadvantage of the circuit is usage of single resistor and
avails +1.5V along with the power dissipation is more.

I11. RESULT DESCRIPTION

In this paper, a numerous Schmitt trigger circuits are
provided and are implemented with different active
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devices. The internal circuit of active devices is
structured by using transistor technology. The primary
criteria is, the designed Schmitt circuit must use less
number of passive elements either resistor or capacitor
along with the use of minimum active devices. The
circuits which are implemented without the use of
resistor provide a major advantage is that, the fabrication
is easy in VLSI design. Table | provides the state-of-the-
art Schmitt triggers in the literature.
TABLE I: Comparitive Analysis Of Candidate

Designs

Ref Type of No. of No. of

Active Active Passive

Element Blocks Elements

[2] Op-Amp 1 3
[3] OTA 2 2
[4] CClI+ 1 3
[10] DDCC 1 2
[11] DDCCTA 1 0
[13] ZC-CDTA 1 2
[14] VDTA 1 1

1VV. CONCLUSION

This paper represents an overview of designed Schmitt
trigger circuits with the use of various active devices
along with resistors. Some of the Schmitt trigger circuits
are designed without using passive elements i.e.,
resistor. This makes an advantageous feature for easy
implementation and manufacturing of integrated circuits
in VLSI design. Schmitt trigger circuits are used in

various applications such as, in analog signal
processing, communication systems, wave-shaping
circuits, Biomedical instrumentation, Waveform

generators and so on.
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