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a b s t r a c t

Schmitt triggers (ST) are well known and very widely used in the field of communications and signal
processing techniques. It is robust, less sensitive to noise and is a building block in analog to digital
converters. This work concentrates on all-optical Schmitt trigger for the purpose of using it in the field of
optical modulation and signal processing. As the size of ring lasers is small these devices are best to use
on a single integrated photonic chip. In this paper various dynamic effects of a binary Schmitt trigger is
simulated and discussed. Control on various properties such as size of the ring, gain of SOA of a Schmitt
trigger enables one to use it in developing all-optical devices.

© 2011 Published by Elsevier GmbH.

1. Introduction18

Micro-ring lasers attracted a lot of research work to develop19

integrated photonic devices as the size was reduced to micrometer20

level [1–3]. A various all-optical devices using ring lasers such as21

Flip-flops, filters, reflectors have been proposed [4–6]. In line with22

this an all optical Schmitt trigger was also proposed and designed23

[7]. As the output of conventional Schmitt trigger is bipolar (1,24

−1), it is almost not possible to use for optical purposes. Taking25

the difference of the phase values of light is also a current day26

challenge which was been attempted before. Binary Schmitt trig-27

ger can be applied and used for optical purposes such as analog28

to digital converters as it has to deal with only positive signals29

(0, 1). In our previous work [7], an all-optical Schmitt trigger was30

designed and simulated using ring lasers of 12 �m diameter. The31

advantages involve low power consumption and small size of the32

devices to be mounted on a single photonic integrated chip. Phe-33

nomenon of injecting locking was used for the purpose of building34

Schmitt trigger. In this phenomenon, a strong light beam from35

the master laser is injected into a slave laser. If this injected light36

is close to the resonant peak of the slave laser, injection locking37

occurs which means that light emits at the frequency of mas-38

ter laser. In order to extinguish lasing of any laser, an external39

light with frequency other than lasing frequency of the slave laser40

should be injected in the cavity of ring laser [8–10]. As the pro-41

cess of coupling is used to inject light in the cavity, study on42

coupling characteristics and switching behavior of the semicon-43

∗ Corresponding author. Tel.: +91 40 66531150, fax: +91 40 66531413.
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ductor ring lasers [11–13] was very useful in designing of all-optical 44

devices. 45

Through reduction of switching times and having control on 46

coupling between lasers many devices can be designed and devel- 47

oped. Role of various parameters such as gain of Semiconductor 48

Optical Amplifier (SOA), size of the ring, carrier life-time is very 49

essential in order the Schmitt trigger to be used in ADCs and other 50

all optical devices. Also, to boost up the performance of Schmitt 51

trigger, it is important to know the impact of factors effecting the 52

working of it, so that they can be controlled. Therefore in this work 53

the effect of process parameters and external factors on the work- 54

ing of schmitt trigger is studied and simulation results of the same 55

are presented. 56

2. Design and simulation of Schmitt trigger 57

A schematic of Schmitt trigger employed with two coupled ring 58

lasers is shown in Fig. 1. Two ring lasers, ring A and ring B each con- 59

tain a single mode laser beam in uni-direction. This can be achieved 60

by placing a directional isolator inside the passive part of ring laser. 61

Let the single mode in ring A be denoted by SA and in ring B by SB 62

where S is a notation of photon numbers. The electric field asso- 63

ciated with the modes inside the rings E0 is normalized with the 64

photon numbers S as E2
0 = S. 65

2.1. Operation 66

By definition, when the input to the Schmitt trigger is higher 67

than a threshold value, the output will be at a maximum value and 68

if the input is less than another lower threshold value the output 69

jumps to a minimum value. In terms of two ring lasers coupled with 70
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Fig. 1. All-optical Schmitt trigger using two ring lasers.

each other the operation of Schmitt trigger is as follows. Initially,71

the injection current of laser A is kept higher than that of laser B so72

that laser A is master and laser B is slave. With no input or zero input,73

the master laser A suppresses the slave laser B so that the Schmitt74

trigger output is low (at a minimum value). When an input is given75

to master laser or injected into master laser, the mode inside it76

gradually reduces and finally extinguishes. If the power of master77

laser suppressing the slave laser B reduces and becomes less than78

that of slave laser, then laser B starts lasing and the output jumps79

to a maximum value. Similarly as the input injected into laser A80

starts reducing (as in sinusoidal signal) and reaches below a lower81

threshold value, master laser starts to laze and suppress back the82

slave laser, hence the output of Schmitt trigger will be low again.83

Rate equations of the Schmitt trigger with a single mode in one84

direction are given below.85

ṄA = �iIA
q

− NA

�e
− VgGA(SA + SB + Sinput) (1)86

GA = (a/Vp)(NA − VNo)
1 + (ε/Vp)(SA + SB + Sinput)

(2)87

ṠA =
(

VgGA − 1
�p

)
SA + 1

�p
(3)88

�̇A = −˛

2

(
VgGA − 1

�p

)
(4)89

ṄB = �iIB
q

− NB

�e
− VgGB(SA + SB) (5)90

GB = (a/Vp)(NB − VNo)
1 + (ε/Vp)(SA + SB)

(6)91

ṠB =
(

VgGB − 1
�p

)
SB + 1

�p
(7)92

�̇B = −˛

2

(
VgGB − 1

�p

)
(8)93

The explanations of symbols and values used in the above rate94

equations are explained in Table 1. The device parameters selected95

are realistic using which fabrication and theoretical study is done96

[14].97

2.2. Working98

A sinusoidal input at frequency 300 MHz is applied to the99

Schmitt trigger and the transfer function is observed which is100

shown in Fig. 2. Hysterises occurs as expected which shows that101

the two coupled ring lasers are operating as Schmitt trigger. The102

transfer function shows that as input increases, output (SB) is at its103

low state until the input reaches a threshold value of 8 × 105 pho-104

ton numbers at which the output jumps to the high state. As the105

injected input decreases the output maintains at high state until the106

Table 1
Symbol and its significance.

Symbol Explanation

S Photon numbers
� Phase associated with E field Vg Group velocity (8.57e9 cm/s)
�e Carrier lifetime
�p Photon lifetime
NA , NB Number of carriers in laser
GA , GB Gain of the SOA
IA , IB Injection currents
q Charge of electron (1.6e−19 C)
a Differential gain
ε Non linear gain suppression factor

(6.3e−7)
No No. of carriers at transparency

(9.05e6)
�i Internal quantum efficiency
Vp Photon reservoir volume

(3e−11 cm3)

input reaches another threshold value of 4.2 × 105 photon numbers 107

at which the output jumps back to the low state. 108

3. Effect of various parameters on the performance of 109

Schmitt trigger 110

In designing all optical devices employing ring lasers it is essen- 111

tial to know the operation and effects of a variety of parameters. 112

In this section effect of parameters such as gain, injection current, 113

frequency of external input, carrier lifetime, size of the ring laser, 114

and group velocity on the Schmitt trigger is discussed. 115

3.1. Effect of differential gain (a) 116

The relation between the differential gain of the ring lasers and 117

the hysterises loop of Schmitt trigger is presented in this section. 118

Initially the gain of the ring laser was set at 10−5. The output photon 119

numbers of the ST is plotted with respect to input photon numbers 120

at different gains viz. gain being twice (black) and then for halved 121

(red) (for interpretation of the references to color in the text, the 122

reader is referred to the web version of the article) the initial gain. Q1 123

It is observed from Fig. 3, when the differential gain is increased 124

Fig. 2. Transfer function of Schmitt trigger showing hysterises.
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Fig. 3. Transfer function plot with varying SOA gains.

(black), the hysterises loop gets narrower, with a decrease in upper125

threshold value and increase in amplitude of the output. On the126

other hand, the upper threshold value of Schmitt trigger with low127

gain is at a higher value than that of high gain making the loop128

wider. There is no effect on lower threshold value in any case.129

3.2. Effect of injection current130

A comparison is made by varying the injection currents given to131

the ring lasers. The ratio of the injection currents between the ring132

lasers A and B is kept constant at 10. The injection currents given to133

lasers A and B are IA = 2.5I and IB = 0.25I respectively. Three cases are134

studied and presented viz. with I = 60 mA, 90 mA and 120 mA which135

is shown below in Fig. 4. The blue color graph is the transfer function136

with current at 90 mA. With increase in injection current to 120 mA,137

the hysterises loop shifts towards right (black). The Schmitt trigger138

with higher value of injection current switches on and off later than139

that with a smaller value of injection current, shifting the hysterises140

loop towards the right. In this case both upper and lower threshold141

values got affected.142

3.3. Effect of frequency of the external input143

The frequency of the external input also affects the hysterises144

loop of the Schmitt trigger. In order to observe this effect, the fre-145

Fig. 4. Transfer function plot with varying injection currents.

Fig. 5. Transfer function plot with varying input frequency.

quency of the signal injected into the Schmitt trigger is varied. As 146

can be seen in Fig. 5, the increase in frequency, broadens the hys- 147

terises loop. When the input sinusoidal wave frequency is 0.32 GHz, 148

the hysterises loop (red) starts later than that when the frequency is 149

0.96 GHz (black). At the lower frequency the upper threshold value 150

is at a lower value than that at higher frequency making the loop 151

narrower. This broadening of hysterises loop is due to the delay 152

in the ring lasers with respect to high frequency input signal. This 153

effect helps to find the frequency limit of a Schmitt trigger. 154

3.4. Effect of carrier lifetime (�e) 155

The effect of Carrier lifetime, denoted by �e, on the performance 156

of Schmitt trigger is shown in Fig. 6. As the value of �e increases 157

(black) the upper threshold value decreases but the lower threshold 158

value remains same. With decrease of �e value (red), the amplitude 159

of the output decreases and the upper threshold value changes to 160

a higher value. The effect of the carrier lifetime is looks similar to 161

the effect of differential gain. 162

3.5. Effect of size of the ring lasers 163

As the diameter of the ring laser increases the hysterises loop 164

shifts to the right with increase in amplitude. This effect is shown 165

in Fig. 7. With increase in size, the lower and upper threshold 166

Fig. 6. Transfer function plot with varying carrier life-times.
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Fig. 7. Transfer function plot with varying ring diameters.

Fig. 8. Transfer function plot with varying confinement factors.

values occurs at higher values when compared to that of smaller167

size of ring laser, shifting the hysterises loop (black) towards right.168

Whereas, the reduction in size reduces the amplitude of the out-169

put (red) with a slight shift towards left. This effect is similar to the170

effect of injection currents.171

3.6. Effect of confinement factor (�) and group velocity (vg)172

The ratio of volumes occupied by electrons to that of photons is173

known as confinement factor. As the confinement factor increases,174

the amplitude of the output of the Schmitt trigger (black) also175

increases as shown in Fig. 8. The upper threshold value of the hys-176

terises loop reduces whereas the lower threshold value remains177

same. Therefore it can be said that the hysterises loop widens with178

decrease of confinement factor, an effect similar to that of differ-179

ential gain.180

The hysterises loop of the Schmitt trigger shifts towards left181

and the amplitude of the output decreases with increase in group182

velocity as shown in Fig. 9.

Fig. 9. Transfer function plot with varying group velocities.

4. Conclusion 183

The design of the Schmitt trigger which is a building block of 184

ADCs along with its rate equations is presented. Effect of different 185

parameters of ring laser on dynamics of Schmitt trigger is dis- 186

cussed which gives future designers a direction to design various 187

all-optical devices. 188
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