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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. Introduction

Micro-ring lasers attracted a lot of research work to develop
integrated photonic devices as the size was reduced to micrometer
level [1-3]. A various all-optical devices using ring lasers such as
Flip-flops, filters, reflectors have been proposed [4-6]. In line with
this an all optical Schmitt trigger was also proposed and designed
[7]. As the output of conventional Schmitt trigger is bipolar (1,
—1), it is almost not possible to use for optical purposes. Taking
the difference of the phase values of light is also a current day
challenge which was been attempted before. Binary Schmitt trig-
ger can be applied and used for optical purposes such as analog
to digital converters as it has to deal with only positive signals
(0, 1). In our previous work [7], an all-optical Schmitt trigger was
designed and simulated using ring lasers of 12 um diameter. The
advantages involve low power consumption and small size of the
devices to be mounted on a single photonic integrated chip. Phe-
nomenon of injectiaglocking was used for the purpose of building
Schmitt trigger. In this phenomenon, a strong light beam from
the master laser is injected into a slave laser. If this injected light
is close to the resonant peak of the slave laser, injection locking
occurs which means that light emits at the frequency of mas-
ter laser. In order to extinguish lasing of any laser, an external
light with frequency other than lasing frequency of the slave laser
should be injected in the cavity of ring laser [8-10]. As the pro-
cess of coupling is used to inject light in the cavity, study on
coupling characteristics and switching behavior of the semicon-
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ductor ring lasers [11-13] was very useful in designing of all-optical
devices.

Through reduction of switching times and having control on
coupling between lasers many devices can be designed and devel-
oped. Role of various parameters such as gain of Semiconductor
Optical Amplifier (SOA), size of the ring, carrier life-time is very
essential in order the Schmitt trigger to be used in ADCs and other
all optical devices. Also, to boost up the performance of Schmitt
trigger, it is important to know the impact of factors effecting the
working of it, so that they can be controlled. Therefore in this work
the effect of process parameters and external factors on the work-
ing of schmitt trigger is studied and simulation results of the same
are presented.

2. Design and simulation of Schmitt trigger

A schematic of Schmitt trigger employed with two coupled ring
lasers is shown in Fig. 1. Two ring lasers, ring A and ring B each con-
tain a single mode laser beam in uni-direction. This can be achieved
by placing a directional isolator inside the passive part of ring laser.
Let the single mode in ring A be denoted by S, and in ring B by Sp
where S is a notation of photon numbers. The electric field asso-
ciated with the modes inside the rings Ey is normalized with the
photon numbers S as E2 = S.

2.1. Operation

By definition, when the input to the Schmitt trigger is higher
than a threshold value, the output will be at a maximum value and
if the input is less than another lower threshold value the output
jumps to a minimum value. In terms of two ring lasers coupled with
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Laser A Laser B Table1
Symbol and its significance.
SB Symbol  Explanation
S Photon numbers
y Phase associated with E field Vg Group velocity (8.57e9 cm/s)
Te Carrier lifetime
T Photon lifetime
Na, Np Number of carriers in laser
Ga, Gp Gain of the SOA
SA — Ia, Ip Injection currents
Iﬂpl.l Output q Charge of electron (1.6e—19 C)
a Differential gain
) . . i i i e Non linear gain suppression factor
Fig. 1. All-optical Schmitt trigger using two ring lasers. (6.3e~7)

N, No. of carriers at transparency

each other the operation of Schmitt trigger is as follows. Initially, (9.05¢6) .

RS . : i Internal quantum efficiency
the injection current of laser A is kept hlgl}er thgn that of lasgr B so v, Photon reservoir volume
thatlaser Ais master and laser Bis slave. With no input or zero input, (3e—11cm?)

the master laser A suppresses the slave laser B so that the Schmitt
trigger output is low (at a minimum value). When an input is given
to master laser or injected into master laser, the mode inside it
gradually reduces and finally extinguishes. If the power of master
laser suppressing the slave laser B reduces and becomes less than
that of slave laser, then laser B starts lasing and the output jumps
to a maximum value. Similarly as the input injected into laser A
starts reducing (as in sinusoidal signal) and reaches below a lower
threshold value, master laser starts to laze and suppress back the
slave laser, hence the output of Schmitt trigger will be low again.
Rate equations of the Schmitt trigger with a single mode in one
direction are given below.

. il N
Ny = mTA - T—A - VgGA(SA +Sp +Sinput) (1)
e

(a/Vp)(Na — VNo)

Gy = 2
A= T3 (e/Vp)Sa + 55 + Spuc) )
. 1 1
SA= (VgG Tp) SA+?p (3)
o 1
va= -2 VeGa— — (4)
" 2 ( ¢ " Tp)
. N N
Np = T8 _ 2B v, Gy(Sy + Sp) (5)
q Te
(a/Vp)(Ng — VNo)
Gp=—LPL 5 07 6
B = 14 (e/Vp)Sa + 55) (6)
. 1 1
SB: (VgGB— Tp> SB+?p (7)
. o 1
=—= VeGg— — (8)
VB 2 ( gLB Tp)

The explanations of symbols and values used in the above rate
equations are explained in Table 1. The device parameters selected
are realistic using which fabrication and theoretical study is done
[14].

2.2. Working

A sinusoidal input at frequency 300 MHz is applied to the
Schmitt trigger and the transfer function is observed which is
shown in Fig. 2. Hysterises occurs as expected which shows that
the two coupled ring lasers are operating as Schmitt trigger. The
transfer function shows that as input increases, output (Sg) is at its
low state until the input reaches a threshold value of 8 x 10° pho-
ton numbers at which the output jumps to the high state. As the
injected input decreases the output maintains at high state until the

input reaches another threshold value of 4.2 x 10° photon numbers
at which the output jumps back to the low state.

3. Effect of various parameters on the performance of
Schmitt trigger

In designing all optical devices employing ring lasers it is essen-
tial to know the operation and effects of a variety of parameters.
In this section effect of parameters such as gain, injection current,
frequency of external input, carrier lifetime, size of the ring laser,
and group velocity on the Schmitt trigger is discussed.

3.1. Effect of differential gain (a)

The relation between the differential gain of the ring lasers and
the hysterises loop of Schmitt trigger is presented in this section.
Initially the gain of the ring laser was set at 10~>. The output photon
numbers of the ST is plotted with respect to input photon numbers
at different gains viz. gain being twice (black) and then for halved
(red) (for interpretation of the references to color in the text, the
reader is referred to the web version of the article) the initial gain.
It is observed from Fig. 3, when the differential gain is increased

x105

Output of ST (Photon No.)
w

. : ] .
0 5 10 15
Sine Input of ST (Photon No.) x108

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 upper
threshold value and increase in amplitude of the output. On the
other hand, the upper threshold value of Schmitt trigger with low
gain is at a higher value than that of high gain making the loop
wider. There is no effect on lower threshold value in any case.

3.2. Effect of injection current

A comparison is made by varying the injection currents given to
the ring lasers. The ratio of the injection currents between the ring
lasers A and B is kept constant at 10. The injection currents given to
lasers Aand Bare I, =2.5Iand Iz =0.25I respectively. Three cases are
studied and presented viz. with I=60 mA, 90 mA and 120 mA which
isshown below in Fig. 4. The blue color graphis the transfer function
with current at 90 mA. With increase in injection current to 120 mA,
the hysterises loop shifts towards right (black). The Schmitt trigger
with higher value of injection current switches on and off later than
that with a smaller value of injection current, shifting the hysterises
loop towards the right. In this case both upper and lower threshold
values got affected.

3.3. Effect of frequency of the external input

The frequency of the external input also affects the hysterises
loop of the Schmitt trigger. In order to observe this effect, the fre-

x10%
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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
can be seen in Fig. 5, the increase in frequency, broadens the hys-
terises loop. When the input sinusoidal wave frequency is 0.32 GHz,
the hysterises loop (red) starts later than that when the frequency is
0.96 GHz (black). At the lower frequency the upper threshold value
is at a lower value than that at higher frequency making the loop
narrower. This broadening of hysterises loop is due to the delay
in the ring lasers with respect to high frequency input signal. This
effect helps to find the frequency limit of a Schmitt trigger.

3.4. Effect of carrier lifetime (te)

The effect of Carrier lifetime, denoted by 7., on the performance
of Schmitt trigger is shown in Fig. 6. As the value of . increases
(black) the upper threshold value decreases but the lower threshold
value remains same. With decrease of 7. value (red), the amplitude
of the output decreases and the upper threshold value changes to
a higher value. The effect of the carrier lifetime is looks similar to
the effect of differential gain.

3.5. Effect of size of the ring lasers
As the diameter of the ring laser increases the hysterises loop

shifts to the right with increase in amplitude. This effect is shown
in Fig. 7. With increase in size, the lower and upper threshold

105
3 X
—— taue=500e-12s
—+— taue=500e-12s
257 | taue=100e-11s 1
o
Z 2t ]
[ =4
[=]
L
2 15t ]
5 \
2 1 Ja ]
= \‘/ P
o v g
0.5 1

0 05 1 15 2 25 3
Input (Photon No.) x108

Fig. 6. Transfer function plot with varying carrier life-times.
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Fig. 7. Transfer function plot with varying ring diameters. Fig. 9. Transfer function plot with varying group velocities.
4. Conclusion
X105 . . . . . .
2 D The design of the Schmitt trigger which is a building block of
g i a;z'o ADCs along with its rate equations is presented. Effect of different
. -gama=0:5 parameters of ring laser on dynamics of Schmitt trigger is dis-
15k cussed which gives future designers a direction to design various
2‘ all-optical devices.
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