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ABSTRACT
All optical frequency encoded logic gates NOT, OR,
AND, NOR and NAND are proposed using
semiconductor optical amplifier based ring lasers with
frequency filtering by fiber Bragg grating. The output
states are controlled by the injection of proper input
signals into the ring laser via fiber Bragg grating. The
three gates NOT, OR, AND are fundamental
amental and the
other two NOR and NAND are universal gates. So
any logic processors can be possible to design and
integrate.
Keywords: Frequency encoding; Semiconductor
optical amplifier; Ring laser; logic gates.
1. INTRODUCTION
All optical logic gates are very important for future all
optical communication and computation technology
for high speed data processing. A large number of
scheme of implementation of all optical logic gates
are there [1 – 10], some of which are based on
intensity encoding and some are based on frequency
encoding. The frequency encoding for representation
of the states ‘0’ and ‘1’ is very much advantageous
compared to other conventional encoding technique.
In last few years frequency encoding technique has
established itself as a promising candidate for future
all optical logic operations [5 – 10]. Frequency is a
fundamental property of light and it does not change
due to transmission, reflection, refraction etc. This
advantage is utilized for presenting (e
(encoding or
decoding) the states of information. In a
communication system based on non linear medium,
intensity variation may cause problem in channel
selection but if the states are represented by

frequencies then this problem related to intensity
variations
ons does not exists. Further for encoding or
decoding the input or output a particular intensity
levels should be maintained otherwise extinction ratio
will be reduced. But in frequency encoding since
frequency is measured at the input or output there is
no
o problem like that because the distinction between
two frequencies is sufficient to get the desired
extinction ratio whatever may be the power levels.
The essence of frequency (wavelength) encoding is
found from the work represented in [11] where the
states
es of a flip flop is represented by two different
wavelengths λ1 and λ2. This frequency encoding for
representation of the states ‘0’ and ‘1’ by two
different frequencies is properly utilized in the
proposals presented in [5 – 10, 12] for logic gate
implementations.
entations. In the frequency encoding
technique, the states of information ‘0’ and ‘1’are
represented by two different frequencies υ1 and υ2
respectively. The proposals presented so far in
frequency encoded format are either complex in
hardware due to several
al components joined together
like semiconductor optical amplifiers (SOA), add
drop multiplexer etc or based on relatively low
efficient non linear processes like difference
frequency generation or sum frequency generation
etc. In this communication a relatively
rela
simpler design
of frequency encoded logic gates are proposed using
fiber Bragg grating (FBG), and SOA based ring lasers
only.
2. Working principle: The basic principle of the
proposed logic gates are based on frequency
conversion by SOA based ring
ri
laser (RL) and
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frequency multiplexing based on optical filtering
property of fiber Bragg grating (FBG).
2.1 Operation of the ring laser: The ring laser using
SOA is shown in the figure 1. It uses an SOA acting
as laser gain medium, Fabry – Perot filter (FPF) used
for frequency selection, and isolator. The working of
this type of ring laser is explained in [13] and is used
to implement flip flop in [14]. The laser starts lasing if
the gain of the SOA is higher than the lasing threshold
of the ring laser. A high intensity external light is
injection causes the gain to be saturated and thus a
reduction of the gain below the threshold value causes
the lasing to stop. An external light of sufficient
intensity (~ 2 mW) can suppress the lasing [14].

Figure 1. Ring Laser
When the input is not present the laser lases at its
lasing frequency say at υ. But if there is an input light
of sufficient intensity to cause gain saturation at a
different frequency from υ (say υ’), the lasing stops.
In this communication this property is utilized to
implement frequency encoded logic gates.
2.2 Operation of Fiber Bragg Grating: A fiber
Bragg grating has a periodical perturbation of the
refractive index in the fiber core, acts as a frequency
selective filter [15]. Fiber Bragg gratings are made
using an ultraviolet source and electron beam phase
mask [16] or by irradiating two ultraviolet beams
transversely in the fiber core to produce interference
pattern in the fiber core. When signals of more than
one frequency encounters the grating, the frequency
which is phase matched to the Bragg reflection
condition is reflected and the rest are transmitted. The
Bragg condition for reflection is given by λB = 2 neff Δ,
where Δ is the grating period and neff is the effective
refractive index of the core. The reflectance at the
Bragg wavelength λB is given by R = tanh2(kL) where
kL is the coupling strength is the product of coupling
coefficient k and grating length L [15, 17]. For kL =
3, the value of R is 0.98 and for kL = 5, R = 0.999 etc.
So by adjusting Δ, kL one can achieve the reflection
of the desired frequency. In this communication the
FBG is used for such frequency multiplexing i.e. a

desired frequency is reflected and other frequencies
are transmitted in a different path. In the figure 2 the
FBG based multiplexer is shown. For proper
frequency routing (multiplexing) the position of the
circulator is very important.

Figure 2. FBG based Multiplexer
In the figure 2, the grating period Δ and neff satisfy the
Bragg condition for the frequency υ4. So the
corresponding wavelength λ4 = 2 neff Δ will be
reflected and the other signals are transmitted.
3. Implementation of different logic gates: The
frequency encoded logic gates recently finds
applications in varieties of applications like designing
logic gates, half adder and full adder [7, 18],
encryption/decryption system [19], ROM [20],
Multiplexer [21], etc. So designing frequency encoded
logic is very important in all optical communication
and computation. In this section the implementation
of frequency encoded logic gates are presented using
SOA based ring laser for the first time.
The basic element for the implementation of the logic
gate is the ring laser shown in the figure1 which lases
at a particular frequency. For the routing of the
frequencies the FBG filter based multiplexer as shown
in the figure 2 will be used. The frequency encoding
technique for the representation of the states ‘0’ and
‘1’ is used. The ‘0’ state is represented by a frequency
υ1, and ‘1’ state is represented by another frequency
υ2. The truth table for the frequency encoded different
logic gates are shown in the table 1.
Table 1: Truth table of the NOT gate
Input Output
A
υ1 (0)
υ2 (1)

Ã
υ2(1)
υ1(0)
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Table 2: Truth table of OR, AND, NOR, NAND gates
Inputs
A
0(υ1 )
0(υ1 )
1(υ2 )
1(υ2 )

B
0(υ1 )
1(υ2 )
0(υ1 )
1(υ2 )

Outputs
OR
AND
0(υ1 ) 0(υ1)
1(υ2 ) 0(υ1)
1(υ2 ) 0(υ1)
1(υ2 ) 1(υ2)

NOR
1(υ2 )
0(υ1 )
0(υ1 )
0(υ1 )

NAND
1(υ2 )
1(υ2 )
1(υ2 )
0(υ1 )

3.1 NOT gate: The frequency encoded NOT gate
shown in the figure 3 consists of four ring laser RL1,
RL2, RL3 and RL4, one FBG selected to reflect
frequency υ1, and a circulator. The ring lasers RL1
and RL3 lase at frequency υ3, the ring laser RL2 at
frequency υ1and RL4 at υ2.The output of the ring laser
RL1 is coupled to the input of the ring laser RL2 and
the output of the ring laser RL3 is coupled to the input
of the ring laser RL4. So when the ring laser RL1
lases, the ring laser RL2 does not lase. Similarly when
the ring laser RL3 lases, RL4 does not. If the ring
lasers RL1 and RL3 receive input signals then they
stop lasing and as a result RL2 and RL4 start lasing.
The circuit is so designed that both the ring lasers
RL2 and RL4 does not lase simultaneously and this is
possible due to the presence of circulator and FBG. In
the circuit A is input and A is the inverted output.
The circuit will give output at frequency υ2 (i.e. ‘1’)
when the input is a signal of frequency υ1 (i.e. ‘0’)
and will give output at frequency υ1 when the input is
a frequency υ2. When there is no input signal applied,
i.e. A is neither a signal of frequency υ1 nor a signal of
frequency υ2, ring lasers RL1 and RL3 lase nor thus
RL2 and RL4 stop lasing. So there is no output.

RL4 will not receive any signal from the ring laser
RL2. Therefore RL4 will lase at frequency υ2 in this
condition indicating an output ‘1’or high. This
corresponds to the NOT operation from’0’ to ‘1’.
Case 2: When the input A is a signal of frequency υ2 it
is directed towards the FBG tuned to reflect frequency
υ1. So in this condition the signal of frequency υ2 will
pass through the FBG and stop lasing of the ring laser
RL1. At the same time the ring laser RL3 receives no
signal and hence lase to suppress the lasing of the ring
laser RL4. Since RL1 stops lasing RL2 will lase at
frequency υ1. So the final output is a signal of
frequency υ1. This corresponds to the frequency NOT
operation from ‘1’ to ‘0’ i.e. from high to low.
3.2 OR gate: The implementation of the OR gate
requires five ring lasers RL1, RL2, RL3, RL4, RL5
and two fiber Bragg grating FBG1 and FBG2 both
designed to reflect frequency υ1. Among these RL1
and RL2 lase at frequencies υ2 and υ1 respectively, and
all the other ring lasers RL3, RL4 and RL5 lase at
frequency υ3. A and B are two frequency encoded
inputs and are coupled through circulators and FBGs
(both FBG1 and FBG2 are selected to reflected
frequency υ1). The coupled signal is injected into the
ring laser RL3. The output of the ring laser RL3 is
coupled to ring laser RL1. The signals emerging from
other ports of the circulator are injected into the ring
lasers RL4 and RL5 and output of them are coupled
and injected into the ring laser RL2. The outputs of
RL1 and RL2 are coupled to get the final OR output.
The circuit is so designed that the ring lasers RL1 and
RL2 do not lase simultaneously. In the figure 4, the
circuit diagram of the OR gate is shown.

3. NOT gate Figure
Let us now explain the operation of the Not gate.
Case 1: When the input A is a signal of frequency υ 1,
it is directed towards the FBG by the circulator. The
FBG is tuned to reflect the frequency υ1 so the signal
will be reflected back to the circulator and will be
directed towards the ring laser RL3 by the circulator.
So in this condition the ring laser RL1 will receive no
signal but the ring laser RL3 will receive a signal of
frequency υ1. Therefore the RL1 will lase at
frequency υ3 and cause RL2 to get gain saturated. So
there is no signal at frequency υ1 at the output. But
since RL3 receives a signal it stops lasing and hence

Figure 4. OR gate
Let us explain the operation of the OR gate.
Depending on the frequencies in the inputs A and B
there may be four different cases:
Case 1: When both the inputs A and B are signals of
frequency υ1, they will be reflected by the FBG1 and
FBG2 respectively. The circulators will direct them
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towards the ring lasers RL4 and RL5. These signals
suppress the ring lasers RL4 and RL5. So the ring
laser receives no input and hence lases at frequency
υ1. At this time the ring laser RL3 does not receives
any input so lases at a frequency υ3 and this signal of
frequency υ3 suppresses the laser RL2. So from the
output of the ring laser RL1, the final output is υ1.
This corresponds to the OR operation ‘0’ OR ‘0’ = ‘0’
in frequency encoded format.
Case 2: When the input A is a signal of frequency υ1
and B is a signal of frequency υ2, the signal of
frequency υ1 after reflecting back from FBG1 is
directed towards the ring laser RL4 and suppress the
lasing of RL4. The signal of frequency of υ2 in the
input B passes through the FBG2 and suppresses the
lasing of RL3. So in this condition RL3 and RL4 stop
lasing and RL5 lases. The output of the ring laser RL5
suppresses the lasing of RL2. The laser RL1 lases at
frequency υ2 and hence the final output is υ2 i.e. high.
Case 3: When the input A is a signal of frequency υ2
and B is a signal of frequency υ1, the signal of
frequency υ1 after reflecting back from FBG2 is
directed towards the ring laser RL5 and suppress the
lasing of RL5. The signal of frequency of υ2 in the
input A passes through the FBG1 and suppresses the
lasing of RL3. So in this condition RL3 and RL5 stop
lasing and RL4 lases. The output of the ring laser RL4
suppresses the lasing of RL2. The laser RL1 lases at
frequency υ2 and hence the final output is υ2 i.e. high.
Case 4: When both the inputs A and B are signals of
frequency υ2, both of them pass through the FBG1
and FBG2 and stop the lasing of RL3. On the other
hand since ring lasers RL4 and RL5 do not receive
signals, they will lase at frequency υ3 and
correspondingly the lasing of RL2 is stopped. At this
time RL3 does not lase and hence RL1 lases at
frequency υ2. So the output is high in this condition.
3.3 AND gate: In the figure 5, the ring laser based
AND gate is shown. It requires five ring lasers RL1,
RL2, RL3, RL4, RL5 and two fiber Bragg gratings
FBG1 and FBG2 both designed to reflect frequency
υ2. Among these RL1 and RL2 lase at frequencies υ1
and υ2 respectively, and all the other ring lasers RL3,
RL4 and RL5 lase at frequency υ3. A and B are two
frequency encoded inputs and are coupled through
circulators and FBGs (both FBG1 and FBG2 are
selected to reflected frequency υ2). The coupled signal
is injected into the ring laser RL3. The output of the
ring laser RL3 is injected into the ring laser RL1. The

signals emerging from other ports of the circulator are
injected into the ring lasers RL4 and RL5 and output
of them are coupled and injected into the ring laser
RL2. The outputs of RL1 and RL2 are coupled to get
the final AND output. The circuit is so designed that
the ring lasers RL1 and RL2 do not lase
simultaneously.

Figure 5.AND gate
Let us explain the operation of the AND gate by
considering four different input conditions in A and
B.
Case 1: When both the inputs A and B are signals of
frequency υ1, both of them pass through the FBG1
and FBG2 and stop the lasing of RL3. On the other
hand since ring lasers RL4 and RL5 do not receive
any signals, they will lase at frequency υ3 and
correspondingly the lasing of RL2 is stopped. At this
time RL3 does not lase and hence RL1 lases at
frequency υ1. So the output is low in this condition.
Case 2: When the input A is a signal of frequency υ1
and B is a signal of frequency υ2, the signal of
frequency υ2 after reflecting back from FBG2 is
directed towards the ring laser RL5 and suppress the
lasing of RL5. The signal of frequency of υ1 in the
input A passes through the FBG1 and suppresses the
lasing of RL3. So in this condition RL3 and RL5 stop
lasing and RL4 lases. The output of the ring laser RL4
suppresses the lasing of RL2. The laser RL1 lases at
frequency υ1 and hence the final output is υ1 i.e. low.
Case 3: When the input A is a signal of frequency υ2
and B is a signal of frequency υ1, the signal of
frequency υ2 after reflecting back from FBG1 is
directed towards the ring laser RL4 and suppress the
lasing of RL4. The signal of frequency of υ1 in the
input B passes through the FBG2 and suppresses the
lasing of RL3. So in this condition RL3 and RL4 stop
lasing and RL5 lases. The output of the ring laser RL5
suppresses the lasing of RL2. The laser RL1 lases at
frequency υ1 and hence the final output is υ1 i.e. low.
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Case 4: When both the inputs A and B are signals of
frequency υ2, they will be reflected by the FBG1 and
FBG2 respectively. The circulators will direct them
towards the ring lasers RL4 and RL5. These signals
suppress the ring lasers RL4 and RL5. So the ring
laser RL2 receives no input and hence lases at
frequency υ2. At this time the ring laser RL3 does not
receive any input so lases at a frequency υ3 and this
signal of frequency υ3 suppresses the laser RL1. So
from the output of the ring laser RL2, the final output
is υ2 i.e. high.
3.4 NOR gate: The implementation of the NOR gate
also requires five ring lasers RL1, RL2, RL3, RL4,
RL5 and two fiber Bragg grating FBG1 and FBG2
both designed to reflect frequency υ1. Among these
RL1 and RL2 lase at frequencies υ1 and υ2
respectively, and all the other ring lasers RL3, RL4
and RL5 lase at frequency υ3. A and B are two
frequency encoded inputs and are coupled through
circulators and FBGs (both FBG1 and FBG2 are
selected to reflected frequency υ1). The coupled signal
is injected into the ring laser RL3. The output of the
ring laser RL3 is coupled to the ring laser RL1. The
signals emerging from other ports of the circulator are
injected into the ring lasers RL4 and RL5 and output
of them are coupled and injected into the ring laser
RL2. The outputs of RL1 and RL2 are coupled to get
the final NOR output. The circuit is so designed that
the ring lasers RL1 and RL2 do not lase
simultaneously. In the figure 6, the circuit diagram of
the NOR gate is shown.

Figure 6.NOR gate
Let us explain the operation of the NOR gate.
Depending on the frequencies in the inputs A and B
there may be four different cases:
Case 1: When both the inputs A and B are signals of
frequency υ1, they will be reflected by the FBG1 and
FBG2 respectively. The circulators will direct them
towards the ring lasers RL4 and RL5. These signals
suppress the ring lasers RL4 and RL5. So the ring
laser RL2 receives no input and hence lases at

frequency υ2. At this time the ring laser RL3 does not
receives any input so lases at a frequency υ3 and this
signal of frequency υ3 suppresses the lasing of RL2.
So from the output of the ring laser RL1, the final
output is υ2. This corresponds to the NOR operation
‘0’ NOR ‘0’ = ‘1’ in frequency encoded format.
Case 2: When the input A is a signal of frequency υ1
and B is a signal of frequency υ2, the signal of
frequency υ1 after reflecting back from FBG1 is
directed towards the ring laser RL4 and suppress the
lasing of RL4. The signal of frequency of υ2 in the
input B passes through the FBG2 and suppresses the
lasing of RL3. So in this condition RL3 and RL4 stop
lasing and RL5 lases. The output of the ring laser RL5
suppresses the lasing of RL2. The laser RL1 lases at
frequency υ1 and hence the final output is υ1 i.e. low.
Case 3: When the input A is a signal of frequency υ2
and B is a signal of frequency υ1, the signal of
frequency υ1 after reflecting back from FBG2 is
directed towards the ring laser RL5 and suppress the
lasing of RL5. The signal of frequency of υ2 in the
input A passes through the FBG1 and suppresses the
lasing of RL3. So in this condition RL3 and RL5 stop
lasing and RL4 lases. The output of the ring laser RL4
suppresses the lasing of RL2. The laser RL1 lases at
frequency υ1 and hence the final output is υ1 i.e. low.
Case 4: When both the inputs A and B are signals of
frequency υ2, both of them pass through the FBG1
and FBG2 and stop the lasing of RL3. On the other
hand since ring lasers RL4 and RL5 do not receive
signals, they will lase at frequency υ3 and
correspondingly the lasing of RL2 is stopped. At this
time RL3 does not lase and hence RL1 lases at
frequency υ1. So the output is low in this condition.
3.7 NAND gate: In the figure 5, the ring laser based
NAND gate is shown. It requires five ring lasers RL1,
RL2, RL3, RL4, RL5 and two fiber Bragg gratings
FBG1 and FBG2 both designed to reflect frequency
υ2. Among these RL1 and RL2 lase at frequencies υ2
and υ1 respectively, and all the other ring lasers RL3,
RL4 and RL5 lase at frequency υ3. A and B are two
frequency encoded inputs and are coupled through
circulators and FBGs (both FBG1 and FBG2 are
selected to reflected frequency υ2). The coupled signal
is injected into the ring laser RL3. The output of the
ring laser RL3 is injected into the ring laser RL1. The
signals emerging from other ports of the circulator are
injected into the ring lasers RL4 and RL5 and output
of them are coupled and injected into the ring laser
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RL2. The outputs of RL1 and RL2 are coupled to get
the final AND output. The circuit is so designed that
the ring lasers RL1 and RL2 do not lase
simultaneously.

Figure 5.AND gate
Let us explain the operation of the AND gate by
considering four different input conditions in A and
B.
Case 1: When both the inputs A and B are signals of
frequency υ1, both of them pass through the FBG1
and FBG2 and stop the lasing of RL3. On the other
hand since ring lasers RL4 and RL5 do not receive
any signals, they will lase at frequency υ3 and
correspondingly the lasing of RL2 is stopped. At this
time RL3 does not lase and hence RL1 lases at
frequency υ2. So the output is high in this condition.
Case 2: When the input A is a signal of frequency υ1
and B is a signal of frequency υ2, the signal of
frequency υ2 after reflecting back from FBG2 is
directed towards the ring laser RL5 and suppress the
lasing of RL5. The signal of frequency of υ1 in the
input A passes through the FBG1 and suppresses the
lasing of RL3. So in this condition RL3 and RL5 stop
lasing and RL4 lases. The output of the ring laser RL4
suppresses the lasing of RL2. The laser RL1 lases at
frequency υ2 and hence the final output is υ2 i.e. low.
Case 3: When the input A is a signal of frequency υ2
and B is a signal of frequency υ1, the signal of
frequency υ2 after reflecting back from FBG1 is
directed towards the ring laser RL4 and suppress the
lasing of RL4. The signal of frequency of υ1 in the
input B passes through the FBG2 and suppresses the
lasing of RL3. So in this condition RL3 and RL4 stop
lasing and RL5 lases. The output of the ring laser RL5
suppresses the lasing of RL2. The laser RL1 lases at
frequency υ2 and hence the final output is υ2 i.e. high.

Case 4: When both the inputs A and B are signals of
frequency υ2, they will be reflected by the FBG1 and
FBG2 respectively. The circulators will direct them
towards the ring lasers RL4 and RL5. These signals
suppress the ring lasers RL4 and RL5. So the ring
laser RL2 receives no input and hence lases at
frequency υ1. At this time the ring laser RL3 does not
receive any input so lases at a frequency υ3 and this
signal of frequency υ3 suppresses the laser RL1. So
from the output of the ring laser RL2, the final output
is υ1 i.e. low.
4. Conclusions and discussions: All optical
frequency encoded logic gates NOT, OR, AND, NOR
and NAND in frequency encoded format are proposed
using SOA based ring lasers and FBG based
frequency routing. Among the proposed logic gates
NOT, OR, AND are three basic logic gates and the
other gates NOR, NAND are universal. Any logic
gates or processors using these as building blocks can
be designed. The main features of these processors are
the frequency encoding technique and are based on
well established experimental facts. A coupled ring
lase based memory unit is implemented in [11]
successfully. So this types of memory unit and logic
processors may become the potential candidate for
future all optical computational and communication
systems. The switching of the ring lasers depends on
gain saturation and to achieve this external light of
sufficient intensity should be used [11, 13] to suppress
the gain and for this SOA or EDFA (Erbium doped
fiber amplifier) can be used for amplification. The
SOAs used in the ring lasers should be biased in such
a way that the frequencies lies in the C band of optical
communication. The extinction ratio of the order of
40 dB can be achieved in this type of devices as
reported in [13]. This is another advantage of
representing the states by two different frequencies
i.e. of frequency encoding technique. The SOAs used
in the ring lasers are polarization insensitive so the
input signals may be of arbitrary polarization state.
The speed of the logic gates are determined by the
cavity length of the ring lasers and the propagation
distance between each ring laser and in the integrated
version of the proposals one can achieve speed up to
GHz [13]. It is interesting to note that all the
components used in this communication to design the
logic gates are integrable and both the distances
between the lasers and laser cavity lengths can be
made smaller to achieve greater speed in the
integrated version.
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