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Proposed manuscript includes the analysis and design of compact all-optical 1-bit binary full adder using microring 
resonator. Large-scale optical integrated circuits are being taken into account as a substitute for conventional CMOS 
technology in the field because to the growing demand for ultra-fast terahertz data transfer and processing. Furthermore, 
circuits that use less energy are becoming more and more important. The architecture is designed and analyzed at about 
260 Gbps using MATLAB. The proposed design is simulated also in “Ansys Lumerical finite difference time domain (FDTD)” 

software. The footprint of the design in FTDD is only 34.1  32.2 μm
2
. This proposed 1-bit full adder is particularly useful for 

digital signal processing because of its small architecture and faster response times. The evaluation and analysis of a few 
performance-indicating variables includes “extinction ratio”, “contrast ratio”, “amplitude modulation”, “on-off ratio”, “quality 
factor”, “photon cavity lifetime”, and “relative eye opening”. Optimized design parameters chosen to implement the design 
practically. 
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1. Introduction 
 

Data rates approaching terabits per second are being 

investigated by researchers due to the advancement of 

contemporary digital signal processing and 

communication networks. The promise of optical 

processing has encouraged a lot of recent efforts to get 

over fundamental performance limitations of 

semiconductor devices, which include considerable heat 

generation and inherent delay. The transition from 

conventional carrier electron to photon is required in 

devices intended for logic and switching operations in 

order to achieve high data rates. All-optical (AO) 

approaches have been the subject of extensive research 

and development in the photonics sector during the past 

few decades. This includes different kinds of designs, 

algorithms, and mathematical and logical procedures. 

Recently developed AO technologies are “Mach Zehnder 

interferometer (MZI)”, “semiconductor-optical amplifier 

(SOA)”, “quantum-dot SOA (QD-SOA)”, “terahertz-

optical asymmetric de-multiplexers (TOAD)”, “non-linear 

material (NLM)” and “microring resonator (MRR)” etc. 

[1-11] which are utilized to implement various logic 

circuits. 

One of the most important mathematical operations 

for creating a central processing unit is the sum operation. 

A variety of photonics technologies were examined by 

researchers in an effort to develop an all-optical full adder 

(FA). Two-dimensional photonic crystal (PhC) has been 

used to implement 1-bit FA [12-14]. AO 1-bit FAhas been 

shown using MZI based on SOA [15-16]. Also, AO 1-bit 

FA has been developed using MRR with 100 Gbps data 

rate only [17]. PhC-based devices exhibit a 

smaller contrast ratio, which can arise when coupling 

strength is inadequate and loss is large [18]. Furthermore, 

PhC-based waveguides are more complex to fabricate in 

three dimensions, resulting in a much higher propagation 

loss than typical dielectric photonic waveguides [19]. 

Devices based on SOA have a restricted speed [20]. In the 

present manuscript, all-optical 1-bit FA has been designed 

employing two silicon MRRs only that has appealing 

aspects like large "quality factor", "ultrafast switching", 

"compact size", "improved bandwidth", "low power 

consumption", "ease in fabrication" etc. [21-22]. MRR-

based devices work faster as the "carrier lifetime" is in 

picoseconds [23]. 

This is how the proposed manuscript is arranged. 

Section 1 describes the importance of AO technology and 

the previous work of AO 1-bit FA. The operation of the 
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MRR-based AO switch is demonstrated in section 2. One-

bit FA based on MRR is elaborated in section 3. Section 4 

covers MATLAB and FDTD simulation results of 1-bit 

FA. Section 5 assesses the important operational factors of 

the design and the conclusion is given in section 6. 

 

 

2. Switching behaviour in MRR 
 

An MRR includes 1 or 2 straight waveguides 

connected to a circle waveguide that is composed of 4 

ports as depicted in Fig. 1 [22]. Optical input (I/P) is 

applied to “add port (AP)” and “input port (IP)”. Optical 

output (O/P) is received from “through port (TP)” and 

“drop port (DP)” of the MRR. A “continuous wave (CW) 

probe signal” (optical) is applied to IP of the MRR. “Probe 

signal” has no impact on the silicon as the strength is low. 

A strong optical signal is applied, either from upper side of 

MRR or through the AP, to achieve the switching. The 

"ON resonance" of MRR takes place when the round-trip 

“optical path-length difference (OPD)” is equal to an 

integer multiple of resonant wavelength (λres) of MRR. 

This moment, only DP gets the signal which was applied 

to IP. In the MRR, “two-photon absorption (TPA)” causes 

the generation of free carriers in response to a powerful 

pump signal. The “refractive index (RI)” of silicon MRR 

is changed by the “plasma-dispersion” effect [23]. The 

MRR will undergo a phase shift, causing the I/P signal to 

move from DP to TP. “Logic 0” (LOW) or “1” (HIGH) 

denote the absence or presence of a pump, respectively. 

Logically, DP and TP O/Pare indicated by ‘ Y ’and ‘Y’, 

respectively, where pump is considered as variable ‘Y’. TP 

and DP intensities are defined as below [22], 
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 is “wave propagation 

constant”, “intensity attenuation factor” is α, “intensity 

insertion loss coefficient” of coupler is γ, ring length is L 

(=29.845 μm), Ei1 is IP intensity and Ei2 is AP intensity. 

 

 

Fig. 1. Configuration of MRR (colour online) 

 

The changing of RI of MRR upon powerful pump 

usage is shown by Eq. 3 and Eq. 4 [24], 
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Pav is “average pump power”, tp (=3.75 ps) is “pulse 

separation”,  (=200 fs) is “pulse width”, hυ is the “photon 

energy”, “TPA coefficient” is β. Change of phase vs 

“average power” of pump is shown in Fig. 2. Required 

average power is 0.97 mW for an MRR to cause π-phase 

shift. Alteration in DP and TP intensity w.r.t. wavelength 

are displayed in Fig. 3 in order to establish the connection 

between the output and Eqs.1-4. 
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Fig. 2. Phase change vs Pav (colour online) 

 

 
 

Fig. 3. DP, TP intensity against wavelength (colour online) 

 

 

3. MRR-based 1-bit full adder 
 

An 1-bit FA has 3 I/Ps i.e. A, B and I/P carry (Cin). 

Mathematically, the sum (SUM) and O/P carry (Cout) can 

be expressed as [16], 

 

inSUM A B C ⊕ ⊕   (5) 

 

out inC AB C (A B)  ⊕  (6) 

 

The related table for 1-bit FA is included in Table 1. 

 

Table 1. Logic table of 1-bit FA 

 

Inputs Outputs 

A B 
Input carry, 

Cin 
Sum (SUM) 

Output carry, 

Cout 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 0 1 

1 1 0 0 1 

1 1 1 1 1 
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One-bit FA is designed using MRR-based 2-I/P XOR 

and AND gate that is covered in 3.1. 

 

 

3.1. XOR and AND gate based on MRR 

 

An essential part of implementing 1-bit FA is the 

XOR gate. O/P is “logic 0” when 2-I/Ps (A and B) are 

logically similar, else “logic 1”. Our previous work [22, 

25] already demonstrated this, and it is depicted in Fig.4. 

Here, optical I/P works as “pseudo-pump”. The 

“resonance” of the MRR cannot be modified by a single 

I/P. Thus, “logic 0” is displayed by MRR's TP, and “logic 

1” by MRR's DP. When, A and B are “logic 1”, MRR's 

resonance shifts as the overall power of the I/Ps will be 

doubled. At this point, TP displays “logic 1” and DP 

displays “logic 0”. This operation satisfies the XOR and 

AND gate operation at DP and TP, respectively. Table 2 

displays the associated truth table. 

 

 

Fig. 4. XOR, AND gate based on MRR (colour online) 

 
 

Table 2. Truth table of XOR and AND gate 

 

Input A Input B Output at 

DP (XOR) 

Output at TP 

(AND) 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

 

 

3.2. Implementation of 1-bit FA using MRR 

 

MRR-based AO 1-bit FA has been depicted in Fig. 5. 

Here, we have employed two MRRs only, one beam 

combiner (BC) and one Erbium-doped waveguide 

amplifiers (EDWA). 

 

3.2.1. MRR1 

 

The IP of MRR1 is optical data A and B. TP and DP 

outputs of MRR1 are AB and A B⊕ , respectively, in 

accordance with sub-section 3.1. 

 

3.2.2. MRR2 

 

The XOR O/P of MRR1 acts as one of the I/P for 

MRR2. The other I/P for MRR2 is Cin. The DP of MRR1 

is decreased due to some losses. In order to compensate 

for O/P of DP of MRR1, an EDWA, of the order of 3 dB, 

is employed in its path, and it makes use of silicon, the 

same WG material [26–27]. TP and DP of MRR2 are 

inC (A B)⊕ and in(A B C )⊕ ⊕ , respectively. BC is 

employed to combine optical TP output of MRR2 and 

MRR1, which is logically 
out inC AB C (A B)  ⊕ .

 
 

 

Fig. 5. MRR based 1-bit FA (colour online) 
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3.3. FDTD design of 1-bit FA using MRR 

 

The MATLAB and FDTD simulation platforms have 

been used to implement 1-bit FA. Fig. 6 provides the 

equivalent FDTD simulation of the 1-bit FA. The footprint 

of the FDTD design is 34.1 μm  32.2 μm. Below is a 

detailed discussion of how the MRR-based 1-bit FA 

operates. 

 

Case 1: (A, B, Cin = 0, 0, 0) 

 

Here, all I/Ps are "off". So, there is no signal at the 

O/P of MRR2 and MRR1. As a result, SUM = “logic 0” 

and Cout = “logic 0”. 

 

 

 
 

Fig. 6. FDTD schematics of 1-bit FA (colour online) 

 

 

Case 2: (A, B, Cin = 0, 0, 1) 

 

Input A and B are “off” for MRR1. Input signal Cin is 

“on” for MRR2. Both TP and DP of MRR1 are “logic 0” 

as I/P is absent to the MRR1. MRR2 has only one I/P. 

Respective TP and DP O/P of MRR2 are “logic 0” and 

“logic 1”. So, SUM = “logic 1” and Cout = “logic 0”. 

 

Case 3: (A, B, Cin = 0, 1, 0) 

 

Input A is “off” and B is “on” for MRR1. Input signal 

Cin is “off” for MRR2. TP of MRR1 is “logic 0” and DP of 

MRR1 is “logic 1”. Only one input is there for MRR2. 

Respective TP and DP of MRR2 are “logic 0” and “logic 

1”. So, SUM = “logic 1” and Cout = “logic 0”. 

 

Case 4: (A, B, Cin = 0,1, 1) 

 

Input signal A is “off” and B is “on” for MRR1. Input 

signal Cin is “on” for MRR2. TP of MRR1 is “logic 0”. DP 

of MRR1 is “logic 1”. Here, both I/Ps are present for 

MRR2, so TP is “logic 1”. DP of MRR2 is “logic 0”. BC 

O/P is “logic 1”. So, SUM = “logic 0” and Cout = “logic 

1”. 

Case 5: (A, B, Cin = 1, 0, 0) 

 

Input signal A is “on” and B is “off” for MRR1. Input 

signal Cin is “off” for MRR2. Respective TP and DP of 

MRR1 are “logic 0” and “logic 1”. Only one input is there 

for MRR2. TP is “logic 0” and DP is “logic 1” for MRR2. 

So, SUM = “logic 1” and Cout = “logic 0”. 

 

Case 6: (A, B, Cin = 1, 0, 1) 

 

Input signal A is “on” and B is “off” for MRR1. Input 

signal Cin is “on” for MRR2. Respective TP and DP are 

“logic 0” and “logic 1” for MRR1. As both I/Ps are present 

for MRR2, the respective TP and DP are “logic 1” and 

“logic 0” for MRR2. The BC O/P is “logic 1”. So, SUM = 

“logic 0” and Cout = “logic 1”. 

 

Case 7: (A, B, Cin = 1, 1, 0) 

 

Input signal A and B are “on” for MRR1. Input signal 

Cin is “off” for MRR2. Here, both the I/Ps are present for 

MRR1. TP and DP of that ring are “logic 1” and “logic 0”, 

respectively. Both I/Ps are absent for MRR2, both TP and 
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DP are “logic 1”for MRR2. BC O/P is “logic 1”. So, SUM 

= “logic 0” and Cout = “logic 1”. 

 

Case 8: (A, B, Cin = 1, 1, 1) 

 

Input signals A and B are “on” for MRR1. Input 

signal Cin is also “on” for MRR2. Here, both I/Ps are 

present for MRR1. Respective TP and DP are “logic 1” 

and “logic 0” for MRR1. In this case, only one input is 

present for MRR2. TP of MRR2 is “logic 0”. DP of MRR2 

is “logic 1”. BC O/P is “logic 1”. So, SUM = “logic 1” and 

Cout = “logic 1”. 

 

 

4. Simulation 
 

The MATLAB is utilized for simulation. Except for 

the MRR radius (4.75 µm), the optimal settings are similar 

to those in [28]. Simulation of XOR, AND gate is 

represented in Fig. 7. One-bit FA simulation is depicted in 

Fig. 8. Ansys Lumerical FDTD is also used for the 

simulation of 1-bit FA. The intensity profile obtained in 

FDTD for different values of A, B and Cin is presented in 

Fig. 9. 

 

 
 

Fig. 7. XOR, AND gate simulation (colour online) 

 

 
 

Fig. 8. Results of the simulation of 1-bit FA (colour online) 
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Fig. 9. Intensity profile of 1-bit FA (colour online) 

 

 

5. Discussion 
 

The CC and MRR radius should be suitably selected 

to operate an MRR as a switch. To select the value of CC, 

the value of the MRR radius and resonant wavelength (λ = 

1.55 μm) is kept at fixed values. Then, the CC is varied 

and check the difference between the maximum and 

minimum intensity for logic ‘1’ and it has noticed that the 

smallest variation is obtained at the CC of 0.22 (k1, k2). 

Also, the value of ER and CR is maximum at CC of 0.22 

[29]. In the similar way, MRR radius (r = 4.75 µm) is 

chosen where the CC is fixed at 0.22. So, the length of the 

MRR is L (2πr =29.845 μm). 

The "pulse width" and "pulse period" of the utilized 

signal decide how fast the proposed operates. This design 

uses "picosecond mode-locked fibre laser". Its “pulse 

duration” is 3.75 ps [30-31]. This is often referred to as the 

3.75 ps MRR delay. The computed “switching speed” of 

the proposed design is (1/3.75) ps, or around 260 Gbps. By 
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employing various “femtosecond lasers”, data speed can 

be improved [32-33]. 

Additionally, operational speed is influenced by “free 

carrier (photon) lifetime" in MRR. The “carrier lifetime 

(cav)” is expressed as [23], 

 

 cav = Qλres/(2c)             (7) 

 

where, c is “speed of light” (in vacuum), Q denotes 

“quality factor” of MRR, and λres denotes the “resonant 

wavelength”. The “full width at half maximum (FWHM)” 

and λres values are used to find Q. For the circuit we've 

described, the FWHM and λres values are 1.6 nm and 1550 

nm, respectively. Attained value of Q is 968. cav is 0.8 ps, 

which is lesser than the “pulse duration” (3.75 ps). Quality 

factor, Q can be defined by, 

 

             Q = λ/δλ                   (8) 

 

where, λ is the resonant wavelength and δλ is the full 

width at half maximum (FWHM). If MRR length is 

increased, FWHM will be decreased and as a result, Q will 

be increased. But the optimized MRR length for the 

proposed design is of low value and that is why the quality 

factor is too low. However, we are not concerned about the 

Q for the proposed design. 

Performance metrics must be measured for every 

design that is to be assessed for efficacy. “Extinction ratio 

(ER)”, “contrast ratio (CR)”, “amplitude modulation 

(AM)”, “on-off ratio (OOR)” and “pseudo eye diagram 

(PED)” are derived from the simulated results. To avoid 

interference, to improve “SNR”, and make it easier to 

identify resonance, AM must have lower value, while ER 

and CR must be of greater value. To guarantee that most 

of the I/P is transmitted toward the O/P, 10 dB CR and ER 

levels are adequate [34-35]. The AM, however, must be 

less than 1 dB [36]. 

The ER is expressed in dB as [28], 

 

 ER (dB) =10 )log(
0

max

1

min

P

P
                       (9) 

 

where, 
1

minP
 
is “minimum” peak field for “logic 1” and 

0

maxP
 
is “maximum” peak field for “logic 0”. ER vs. CCs 

is plotted at the same radius (4.75 µm) which is 

demonstrated in Fig. 10 (a). Likewise, ER vs. MRR 

radiuses is plotted at the same CC and depicted in Fig. 10 

(b). ER of the design being proposed is 15.26 dB. 

 

 

 

 
 

Fig. 10. ER against (a) CCs (b) MRR radiuses (colour online) 

 

 

Proportion of mean O/P field for “logic 1” (
1

meanP ) 

and mean O/P field for “logic 0” (
0

meanP ) is CR [28], 

 

 CR (dB) = 10 )log(
0

1

mean

mean

P

P
                (10) 

 

Fig. 11 (a) shows the plot CR vs. CCs where radius 

(4.75 µm) is unchanged and Fig. 11 (b) shows the plot CR 

vs. MRR radiuses with unchanged CC (0.22). At optimum 

values, CR is 21.24 dB. 
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Fig. 11. CR against (a) CC (b) MRR radiuses (colour online) 

 

 

The AM is computed as [28] in decibels, 

 

AM (dB) =10 )log(
1

min

1

max

P

P
                 (11) 

where, 
1

maxP
 
is “maximum” O/P for “logic 1”. Fig. 12 (a) 

exhibits AM vs. CCs at the same radius (4.75 µm). AM vs. 

MRR radiuses where CC is fixed and it is plotted in Fig. 

12 (b). AM is 0.026 dB. 

 

 

 

 
 

Fig. 12. AM vs. (a) CC (b) ring radii (colour online) 

 

 

OOR is assessed by the proportion of “drop port” 

(Tmax) and “through port” (Tmin) value at resonance [28], 

 


T
max( DP )

OOR
T
min(TP )

                 (12) 

 

Having an OOR higher than 20 dB is necessary to 

operate with effectiveness for the design [37]. Fig. 13 

shows the OOR, which is 38.43 dB. 
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Fig. 13. On-off ratio (colour online) 

 

 

Another significant parameter is the “pseudo eye 

diagram (PED)” [28]. The PED for 1-bit FA is shown in 

Fig. 14. Every possible O/P for "logic 0" and "logic 1" is 

superimposed to represent PED. The envelopes of “logic 

0” and “logic 1” may clearly be differentiated. “Relative 

eye opening (O)” is an additional component of PED 

quality [28], 

 

O = 

1 0

min max

1

min

( )P P

P


                (13) 

 
O = 97.02% for 1-bit FA. 

 

 

 
 

Fig. 14. PEDfor 1-bit FA (colour online) 

 
 
6. Conclusion 
 

In conclusion, one-bit FA has been deployed using 

two MRRs only. All-optical 1-bit FA is theoretically 

implemented and analyzed. MATLAB and FDTD 

software obey the related table of 1-bit FA. To induce the 

switching phenomena, an MRR needs just 0.97 mW of 

pump power. Moreover, the suggested design might 

operate at around 260 Gbps. CR and ER are 21.24 dB and 

15.26 dB, respectively. AM is 0.026 dB, which is less than 

1 dB. The OOR is 38.43dB. Obtained Q factor is 968. For 

1-bit FA, the “relative eye opening” is 97.02%. 

0.95 

1 
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