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Abstract 

The mechanics of the Mach-Zehnder interferometer (MZI) and the 

beam propagation technique (BPM) has been covered. The cascade of 

MZIs has been proposed here as a means of designing certain 

photonics devices. As photonics integrated circuits rely on optical 

waveguides and switching devices, these elements must be carefully 

designed. In this article, design of decoder and encoder device has 

been discussed. 
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INTRODUCTION: 

In the field of (optical) communications, 

they play a role in both multiplexing and de-

multiplexing signals. These technologies 

have recently found practical use in a wide 

variety of contexts, including but not limited 

to optical communication, data transmission, 

video transmission, and optical networking. 

As optical waveguides and switching 

devices are so important to wavelength 

division multiplexing (WDM) systems, they 

have recently received a lot of research 

interest. 

Design of Decoder Circuit Using Mzis: 

The decoder is designed using the electro-

optic action within the lithium niobate of 

MZI. We begin by developing a 2-to-4-line 

decoder, and then we suggest a 3-to-8-line 

decoder that uses MZI cascading. 

Design of 2-4 line decoder: 

Figure 1 (a) depicts the digital circuit of a 2-

4 line decoder, whereas Figure1 (b) displays 

the design of an optical 2-4 line decoder 

based on MZIs. The optical signal is given 

as a continuous waveform to the MZI1 

receiver. Next-stage MZIs have their input 



 

July /August 2020 

ISSN: 0193-4120 Page No. 6801-6817 

May-June 2020 

ISSN: 0193-4120 Page No. 1 - 08 

 

 

6802 

 
Published by: The Mattingley Publishing Co., Inc. 

terminals connected to the output terminals 

of the prior stages (seen from Figure 1 b). 

Terminals 1 and 2 of MZI2's output are 

connected to terminal 1 of MZI4 and 

terminal 1 of MZI3, respectively. Electrode 

2 of MZI1 receives the enable control signal 

(𝐸), whereas electrode 2 of MZI2 receives 

the 𝐴 signal, and electrodes 3 and 4 of MZI4 

receive the 𝐵 signal. The output of the 

decoder circuit is taken from the terminals 

labelled as "output" on MZI3 and MZI4 as 

𝑂0, 𝑂1, 𝑂2, and 𝑂3. 

 

 

Figure 1 (a): Digital circuit of 2-4 line decoder 

 

Figure 2 (b): Design of 2-4 line optical decoder 

Table 1 Truth table of 2-4 line decoder 

 

Mathematical formulation for 2-4 line 

decoder circuit: 

The output terminals of MZI3 and MZI4 

must be connected to power in order for the 

2-4 line decoder to function. This means that 

the power at the terminals (𝑂0, 𝑂1, 𝑂2, and 

𝑂3) is determined by applying the formula 

for a single stage of MZI (Eqs. (12) and 

(13). We can write the output 𝑂0at output 

terminal two of MZI3 as; 
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Assume that 𝑂1 is the signal coming out of 

MZI3's first output terminal. 

 

 

 

The 𝑂2 output from MZI4's second terminal 

 

 

 

The MZI4 output 𝑂3 at terminal one as; 

 

 

 

The formula for determining the phase 

difference in MZI is: 

 

The results of MATLAB simulations of a 2-

4 line decoder with various „𝐴𝐵‟ (i.e. 00, 01, 

10, and 11) control signal combinations are 

displayed in Figure2. When the 𝐴 and 

𝐵 control signals are both zero, the output 

𝑂0 is achieved. Similarly, Table 1 displays 

the outputs 𝑂1, 𝑂2, and 𝑂3 that are generated 

by varying the control signals. The first 

column displays the active enable signal, 

while the second and third columns display 

the active 𝐴 and 𝐵 control signals. The 

decoder's output at its various ends is shown 

in the final four columns. 
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Figure 3. MATLAB simulation result of 2-4 line decoder 

Design of 2-4 line decoder using BPM: 

The design of a 2-4 line decoder circuit is 

shown in Figure 3. The circuit architecture 

here makes use of four MZIs. MZI1 receives 

an optical signal at its input terminal 1. One 

of MZI2 input terminals is connected to 

MZI1's output terminal 1. First input 

terminals of MZI4 and MZI3 are connected 

to MZI2's first and second inputs, 

respectively. For MZI1, 𝐸 is sent, for MZI2 

𝐴, and for MZI3 and MZI4 𝐵 is supplied. 

 

 

Figure 3 Design of 2-4 line decoder 

In order to simulate the performance of the suggested device, the following simulation 

parameters have been obtained in Opti-BPM software. 

Table 2 Simulation parameters for 2-4 line decoder (Raghuwanshi et al. 2013) 

 

The possible permutations of the three 

control signals (𝐸, 𝐴 and 𝐵) shown in Figure 

1 are considered and analyzed in detail in 

the following section on the proposed 

design: 

Case 1: 𝐸 = 0, 𝐴 = 𝑋 and 𝐵 = 𝑋 

Signal (optical) is applied at MZI1 as shown 

in Figure 4. An enable (𝐸) signal is applied 

to MZI1's electrode 2, a control (𝐴) signal is 

applied to MZI2's electrode 2, and a bias (𝐵) 

signal is applied to MZI2 and MZI4. Signal 

(optical) appears at output terminal two of 

MZI1 when zero voltage is applied at 

electrode two (𝐸 = 0). That's why the signal 

doesn't go on to the subsequent MZIs. This 
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indicates that the control signals 𝐴 and 

𝐵 have no effect on the decoder's output 

because the output at terminals 𝑂0 through 

𝑂3 is 0 (Figure 4). 

Case 2: 𝐸 = 1, 𝐴 = 0 and 𝐵 = 0 

In this case, the signal (optical) will be sent 

at MZI2 when the voltage is high at 

electrode two (control signal 𝐸 = 1). Output 

appears at output terminal two, which is 

linked to input terminal one of MZI3, when 

control signal 𝐴 is zero (voltage zero at 

electrode two of MZI2). Signal (optical) 

transfer occurs at terminal 𝑂0, where the 

control signal 𝐵 is also 0. Hence, all but the 

𝑂0 terminal will have a zero output (Figure 

4). 

 

 

Figure 4. Verification of truth table of decoder using beam propagation method 

Case 3: 𝐸 = 1, 𝐴 = 0 and 𝐵 = 1 

By definition, when control signal 𝐴 is low, 

signal arrives at output terminal two of 

MZI2, and vice versa when enable signal 

𝐸 is high, indicating that output will be 

received at output terminal one of MZI1. To 

advance the optical signal at terminal 𝑂1 

from MZI2, a control signal (𝐵 = 1) is 

provided to electrode two of MZI3. By 

doing so, we make it such that just the 𝑂1 

output terminal is getting the signal 

(optical), while the other endpoints are not. 

Case 4: 𝐸 = 1, 𝐴 = 1 and 𝐵 = 0 

Since enable signal 𝐸 is high, the output will 

be sent to MZI1's terminal one, and since 

control signal 𝐴 is likewise high, MZI2's 

terminal one will receive the signal as well. 

When the 𝐵 control signal is at its minimum 

at electrode two of MZI4, the optical signal 

is sent to terminal 𝑂2. It causes a rise in 𝑂2 

at the terminal output. 

Case 5: 𝐸 = 1, 𝐴 = 1 and 𝐵 = 1 

Signal is provided to input terminal one of 

MZI2 while enable signal 𝐸 = 1 is applied to 

electrode two of MZI1. A High signal is 

received from MZI2's first output terminal 

when control signal is 𝐴 high. When an 

input signal is applied to MZI4's control 

signal 𝐵 with a high level, the output signal 

is sent to terminal 𝑂3. We use a truth table to 

back up our findings. 
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Design of 3-8 Line Decoder: 

Both the digital circuit of a 3-8 line decoder 

(Figure 5 (a)) and its optical counterpart 

(Figure 5 (b)) are depicted. To create the 3-8 

line decoder, eight MZIs are utilised. Power 

is sent from a CW optical source using 

MZI1's terminal one input. After this, MZI2 

takes the optical data sent from MZI1 and 

transfers it to MZI3 and MZI4. The MZI3 

outputs are connected to the MZI6 and 

MZI5 inputs. The MZI4 outputs are 

connected to the first inputs of the MZI8 and 

MZI7. 

 

 

Figure 5 (a): Digital circuit of 3-8 line decoder 

Decoder functioning is determined by an 

enable (𝐸) signal applied to MZI1. MZI2 

receives control signal 𝐴, MZI3 and MZI4 

get signal 𝐵, while MZI5, MZI6, MZI7, and 

MZI8 get signal 𝐶. For the sake of this 

discussion, the output terminals of MZI5, 

MZI6, MZI7, and MZI8 will be referred to 

as 𝑂0 through 𝑂7. Table 3 displays the truth 

table for the 3-8 line decoder.

 

 

Figure 6 (b): Schematic diagram of 3-8 line optical decoder 

Table 3 Truth table of 3-8-line decoder 
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Mathematical formulation of 3-8 line 

decoder: 

In order to analytically derive the 

normalized power at the output terminals of 

MZIs, the expression of a single stage MZI 

is used. The MZI5 normalized output power 

at terminal two is calculated as: 

 

 

 

Below is the formula for MZI5's normalized 

power output at terminal one: 

 

 

 

Using terminal two of MZI6's output, we 

can calculate the power normalized output 

as: 

 

 

 

The MZI6 normalized power at terminal one 

of the device's output is calculated as: 

 

 

 

In order to calculate the normalized power at 

MZI7's terminal two, we have: 
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The output power, normalized, from MZI7's 

terminal one is as follows: 

 

 

 

The MZI8 normalized power at terminal two 

of the device's output is calculated as: 

 

 

 

MZI8's terminal one output power is 

normalized as follows: 

 

 

 

A 3-8 line decoder with comparable results 

to those in Figure 2 may be built in 

MATLAB. 

Design of 3-8 line decoder using BPM: 

The circuit configuration of a 3-8 line 

decoder is shown in Figure 6. This 

suggested gadget is designed with eight 

MZIs. An optical signal is applied to MZI1's 

first input terminal. The first MZI output 

terminal is connected to the second MZI 

input terminal. In this configuration, MZI2's 

output terminals (1 and 2) are connected to 

MZI4 and MZI3, respectively. Signal 𝐴 is 

connected to MZI1, signal 𝐵 is applied to 

MZI2, signal C is applied to MZI3, MZI4, 

and signal D is applied to MZI5, MZI6, 

MZI7, and MZI8. Enable 𝐸 is supplied to 

electrode two of MZI1. 

The suggested 3-8line decoder circuit is 

provided with all conceivable permutations 

of control signals. Detailed descriptions of 

the associated replies are provided below; 
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Figure 7 Layout figure of 3-8 line decoder 

Case 1: 𝐸 = 0, 𝐴 = 𝑋, 𝐵 = 𝑋, and 𝐶 = 𝑋 

As the voltage at MZI1's electrode two is 0 

while enable signal 𝐸 is also 0 in this 

situation, the device is in its off state. The 

results are shown at MZI1's terminal two for 

output. Currently, there are no MZIs 

attached to this terminal's output (Figure 6). 

Thus, none of terminals 𝑂0–𝑂7 provides an 

optical signal (Figure 7a). The output is 

unaffected by the 𝐴, 𝐵 and 𝐶 control signals 

𝑋 is indifferent; it will be either 0 or 1). 

Case 2: 𝐸 = 1, 𝐴 = 0, 𝐵 = 0, and 𝐶 = 0 

When input signal 𝐸 is high, MZI1 sends a 

signal to terminal 1. Signal transmission 

occurs at MZI2's second output terminal 

because control signal 𝐴 is also low. The 

first input terminal of MZI3 is connected to 

the output of MZI2. When the voltage of 

control signal 𝐵 is 0, the MZI3's second 

output terminal is used. MZI3's output is 

connected to MZI5's input first. Because 

control is zero (𝐶 = 0), MZI5's output 

appears at terminal 𝑂0. 

Case 3: 𝐸 = 1, 𝐴 = 0, 𝐵 = 0, and 𝐶 = 1 

In the second scenario, when 𝐸 = 1, 𝐴 = 0, 𝐵 

= 0, the signal at MZI3's second output 

terminal was acquired, and as a result, the 

control signal 𝐶 is high, and the second 

output 𝑂2 also rose to its high state (Figure 

7a). 

Case 4: 𝐸 = 1, 𝐴 = 0, 𝐵 = 1, and 𝐶 = 0 

The optical signal from MZI2 is acquired at 

MZI3's first input terminal when the control 

signal 𝐴 is at zero. The first input terminal 

of MZI6 is connected to the third output 

terminal of MZI3. When MZI6's control 

signal C is at a low level, an optical signal is 

being transmitted to the output terminal 𝑂2. 

Case 5: 𝐸 = 1, 𝐴 = 0, 𝐵 = 1, and 𝐶 = 1 

Signal (optical) obtained at MZI1 terminal 

one when control signal 𝐸 is strong. When 

terminal two of MZI2's output is active due 

to a low value of control signal 𝐴, optical 

signals are sent. When the control signals 

𝐵 and 𝐶 are high, the optical signal from 

MZI3 is sent to the output terminal 𝑂3 of 

MZI6. 

Case 6: 𝐸 = 1, 𝐴 = 1, 𝐵 = 0, and 𝐶 = 0 

When input terminal one of MZI2 receives a 

signal, the enable signal 𝐸 is high. If input 

signal A is high, the MZI4 will switch to its 
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first input. MZI7 output terminal 𝑂4 is the 

signal transfer point when control signals 𝐵 

and 𝐶 are both 0. 

Case 7: 𝐸 = 1, 𝐴 = 1, 𝐵 = 0, and 𝐶 = 1 

In this scenario, both the 𝐸 and 𝐴 control 

signals are high, and the optical signal is 

extracted from the MZI2's first output 

terminal through the inverter. A connection 

is made between MZI2's first output 

terminal and MZI4's second input terminal. 

With control signal 𝐵 set to zero, the MZI7's 

input terminal one will begin to receive an 

optical signal. When the control signal 𝐶 is 

high, the signal is sent optically to the fifth 

output terminal (𝑂5). 

Case 8: 𝐸 = 1, 𝐴 = 1, 𝐵 = 1, and 𝐶 = 0 

Due to the high levels of 𝐸, 𝐴 and 𝐵, the 

optical signal from MZI1 is sent to terminal 

one of MZI4. Using MZI8, this terminal 

may connect to the internet. This signal 

(optical) at output terminal 𝑂6, causes 

control signal 𝐶 to be low. 

 

 

(a) 

 

(b) 

Figure 8. Simulation results of 3-8 line decoder for control signals 𝐸, 𝐴, 𝐵 and 𝐶 is (a): 1000 

𝑡𝑜 1011 (b): 1100 𝑡𝑜 1111 obtained through beam propagation method 

Case 9: 𝐸 = 1, 𝐴 = 1, 𝐵 = 1, and 𝐶 = 1 

With all four inputs active (𝐸, 𝐴, 𝐵 and 𝐶), 

the optical signal is fed into MZI1's first 

input terminal and outputs from MZI8's 

seventh output terminal (𝑂7). When 

compared to the truth table shown in Table 

3, our findings (Figure 7 b) hold up as 

expected. 

Design of 4 To 2 Line Encoder Using 

Mzis: 
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A 4 to 2 line encoder employing MZIs is 

seen in Figure 8. First inputs of MZI1, 

MZI2, MZI3, and MZI4 are concurrently fed 

CW (optical) signals. That is possible 

because MZI1's output terminal one is 

connected to MZI5's input terminal one. 

Both MZI2 and MZI4's first output 

terminals are connected to MZI5's second 

input terminal, while MZI3 and MZI4's first 

output terminals are connected to MZI6's 

second input terminal. For the sake of this 

discussion, terminal two of MZI5 and MZI6 

will be referred to as 𝑂0 and 𝑂1, 

respectively, for output. MZIs are controlled 

by the signals sent via the select lines (𝐼0, 𝐼1, 

𝐼2, 𝐼3 and 𝐸). The second electrodes of 

MZI1, MZI2, MZI3, and MZI4 get the 

control signals (𝐼0, 𝐼1, 𝐼2, 𝐼3), whereas the 

second electrodes of MZI5 and MZI6 

receive the enable control signal (E). Table 4 

displays the truth table for the 4 to 2 line 

encoder. 

 

 

Figure 9 Conceptual diagram of 4 to 2 line encoder 

Table 4 Truth table of 4 to 2 line Encoder 

 

Mathematical formulation of 4 to 2 line 

encoder: 

The power for the 4 to 2 line encoder is 

provided by MZI5 and MZI6's terminal two 

output. As a result, the following equation 

may be used to get the normalized power at 

terminal two of the output: 

 

 

The formula for determining the phase 

difference in MZI is: 

 

The MATLAB simulation result for an 

optical 4 to 2 line encoder is shown in 

Figure 9. The first five rows detail the many 
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permutations of the enable signal and the 

input signals 𝐼0, 𝐼1, 𝐼2, and 𝐼3. The final two 

columns display the encoded output from 

the 4 to 2 line encoder for each of the input 

states. 

 

Figure 10 MATLAB simulation result of 4 to 2 line encoder 

Design of 4 to 2 line encoder using BPM: 

Encoder layout schematic showing 4 lines 

reduced to 2. One of the four MZIs receives 

a signal (optical) at its input terminal (MZI1, 

MZI2, MZI3, and MZI4). That is possible 

because MZI1's output terminal one is 

connected to MZI5's input terminal 1. Both 

MZI2 and MZI4's first output terminals are 

connected to MZI5's second input terminal, 

while MZI3 and MZI4's first output 

terminals are connected to MZI6's second 

input terminal. For the sake of this 

discussion, terminal two of MZI5 and MZI6 

will be referred to as 𝑂0 and 𝑂1, 

respectively, for output. The second 

electrodes of MZI1, MZI2, MZI3, and MZI4 

get the control signals (𝐼0, 𝐼1, 𝐼2, 𝐼3), whereas 

the second electrodes of MZI5 and MZI6 

receive the enable control signal (𝐸). 

 

 

Figure 11 BPM Layout figure  of 4 to 2 encoder using Mach-Zehnder interferometers 
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Figure 12 Results of the 4 to 2 encoder for the different combinations of the control signals 

(𝐼0, 𝐼1, 𝐼2, 𝐼3 and 𝐸) obtained through the beam propagation method 

In this section, we detail the proposed 

device's responses to the many permutations 

of control signals. 

Case 1: 𝐸 = 1, 𝐼0 = 1, 𝐼1 = 0, 𝐼2 = 0, 𝐼3 = 0 

Input terminals of MZI1, MZI2, MZI3, and 

MZI4 receive optical signals, as shown in 

Figure 10. The MZI1's output appears at the 

MZI5's output terminal one, while terminal 

two is really the 𝑂0 output. The optical 

signal may be controlled to go from one 

condition to another and then emerge at the 

correct output terminal with the aid of an 

enable signal. Signal (optical) at terminals 

𝑂0 and 𝑂1 are found to be zero when high 

voltage is given to the center electrode of the 

MZI1 (control signal 𝐼0 = 1). In the same 

way, a low voltage applied to the center 

electrode of MZI2, MZI3, and MZI4 

(control signal 𝐼1 = 0, 𝐼2 = 0, 𝐼3 = 0) does not 

affect the voltage at the output terminals 𝑂0 

and 𝑂1, hence there is no output (Figure 11). 

Case 2: 𝐸 = 1, 𝐼0 = 0, 𝐼1 = 1, 𝐼2 = 0, 𝐼3 = 0 

As can be seen in Figure 10, the output of 

MZI1, MZI3, and MZI4 is unaffected by the 

optical signal's termination within the 

encoder when a low voltage is given at the 

middle electrode (control signal 𝐼0 = 0, 𝐼2 = 

0, 𝐼3 = 0). As there is no connection between 

MZI2 and MZI6, applying a high voltage 

(6.75 V) to the centre electrode causes an 

optical signal to arise at terminal 𝑂0 while 

the optical power at terminal 𝑂1 drops to 

zero (Figure 11). 

Case 3: 𝐸 = 1, 𝐼0 = 0, 𝐼1 = 0, 𝐼2 = 1, 𝐼3 = 0 

Here, the signal (optical) from MZI1, MZI2, 

and MZI4 is lost within the encoder in 

response to the control signal supplied to the 

second electrodes of MZI1, MZI2, MZI3, 

and MZI4. The control signal is 𝐼0 = 0, 𝐼1 = 

1, 𝐼2 = 0, 𝐼3 = 0. When MZI3 is present, it 

causes the optical signal to be sent to the 𝑂1 

output terminal, but the 𝑂0 terminal receives 

no power due to the fact that MZI3 is not 

linked to MZI5 (Figure 11). 

Case 4: 𝐸 = 1, 𝐼0 = 0, 𝐼1 = 0, 𝐼2 = 0, 𝐼3 = 1 

In this scenario, the inputs can be configured 

such that electrode two of MZI1, MZI2, and 

MZI3 get a low voltage while electrode two 

of MZI4 receives a high voltage. Since 

MZI4 uses an optical transfer signal at its 𝑂0 

and 𝑂1 terminals, this is the case. The truth 

table of the 4 to 2 line encoder is displayed 
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in Table 4, which verifies our results (Figure 

11). 

Result and Discussion: 

For decoders with 2–4 lines, several 

performance parameters are suggested. They 

include the extinction ratio (ER) and the 

insertion loss (IL), for example. A definition 

of ER is: 

 

Optical switches with a high ER value can 

be toggled with ease. The relationship 

between the extinction ratio (ER) and the 

coupling ratio (CR) is shown in Figure 13, 

whereas Figure 12 shows the ER as a 

function of wavelength. The maximum 

extinction ratio (15.48 dB) is reached at a 

wavelength of 1.3 microns and a coupling 

ratio of 0.5. 

 

Figure 13 Extinction ratio vs. wavelength 

 

 

 

Figure 14 Extinction ratio vs. coupling ratio 

The efficiency of a terminal is said to have an insertion loss if the amount of power it receives is 

less than the amount of power that is provided to it. Formalized Here: 

 

The 2 to 4 line decoder's ER and IL values are listed in Table 5. 

Table 5 ER and IL for 2 to 4 line decoder 
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Parameters such as ER and IL for decoders with 3-8 lines are listed in Table6 

Table 6 ER and ILfor 3 to 8 line decoder 

 

Table 7. displays estimated values for ER and IL for a 4 to 2 line encoder. 

Table 7. Performance paramters for 4 to 2 Encoder 

 

CONCLUSION: 

An encoder and decoder designed using a 

combinational circuit are demonstrated. 

Here, we have a look at the stats for the 2-4 

line encoders and decoder, as well as the 4-2 

line device. Losses inside the system must 

be kept to a minimum, and other critical 

parameters must also be maintained, for the 

system to be considered successful. Optical 

communication system factors including 

extinction ratio, cross talk, and insertion loss 

are computed and analyzed in the findings 

and discussion section. The similar 

calculation for a 2–4 line decoder yields the 

number 16.7218 for the extinction ratio, 

which should be high. As compared to logic 

devices based on SOA-MZI, this ER value is 

rather high. The insertion loss was also 

determined to be 0.0274 dB and was found 

to be optimally low. The ER and IL of a 3-8 

line decoder are similarly determined to be 

15.25 dB and 0.0235 dB, respectively. For 

the encoder, we get an ER of 16.7218 dB 

and an IL of 0.05551 dB. It is shown how 

the proposed devices would be laid out and 

analyzed mathematically and positive 

findings from MATLAB simulations are 

presented as well. 
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