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Abstract:Recent advancements in all optical reversible computing have made it a viable alternative for future 
computing systems. Microring Resonators (MRRs) due to its high speed and more area efficient design is being 

explored as all optical switch. Reversible logic is proved to allow the heat dissipation much lower than the Landauer 

limit of kTln2. In this paper, a new design of all optical Peres gate has been presented using 2x2 MRR. The MRR has 

been modeled theoretically and simulated using the experimental parameters. The switching is done by free carrier 
injection induced by two-photon absorption. The time domain coupled mode theory has been used for the modeling 

equations. The proposed design has been further used for making all optical reversible full adder using Peres full adder 

gate (PFAG). The proposed design provides the foundation for silicon based high speed all optical computing circuits 

which are compatible with CMOS. 
Keywords: Microring Resonator (MRR), Peres full adder gate (PFAG),Reversible gates, Two photon absorption(TPA), 

 
 

I. Introduction 

 
Optical computing, one of the most promising area of research with the capability of providing ultrafast 
computation and excessively large bandwidth. Optical Microring Resonators (MRRs) have shown some 
appealing characteristics as a switching element to be used as a core component in the integrated photonic 
circuits[1]. Various other components which are also used for switching are ultrafast nonlinear 
interferometers (UNI) [2],Mach-Zehnder Interferometer (MZI) [3], Terahertz optical asymmetric 
demultiplexer (TOAD) [4] etc. MRR are widely investigated due to its various advantages like smaller foot 
print, minimum per unit area power consumption, compatibility with CMOS, constructed using silica and 
very high Q- factor (Q ~ 10

6
).  

With the ever-growing demand for high speed computation and small unit size of the devices have pushed 
the CMOS based logic circuits to the boundaries. CMOS based devices have been at the core of all the latest 
technologies. But due to extremely small size of the transistors to achieve high packaging factor researchers 
are facing the problem of huge heat dissipation per transistor[5][6]. The power dissipated is directly 
proportional to the number of bits lost during computation. Thus, power dissipation is one of major hurdles 
faced during the design of integrated circuits. In 1961, Landauer [7] proved that if a circuit performs data 
processing in the classical trend, KBTln2 is the amount of heat which will be dissipated for every bit of 
information lost during computation. Since reversible gates are free from information loss, power dissipation 
during computation is theoretically zero. In 1973, Bennett [8] established that no internal power will be 
dissipated due to information loss if the circuit is constructed using reversible logic. Reversible logic has its 
application in Quantum computing, CMOS Design, DNA computing and optical computing etc.  A Boolean 
function f: B

n
→B

m
 over the variables X := {x1,……, xn} is reversible if: 

(1) its number of inputs is equal to the number of outputs (i.e. n = m) and 

(2) it maps each input pattern to a unique output pattern. Reversible functions are realized by reversible 
circuits. 

Researchers have recently reported the first experimental proof of the Landauer’s principle[9], in which they 
have observed energy dissipation of less than KBTln2 only for the reversible circuit contrary to its irreversible 
counterpart. Few other experiments also states the fundamental lower limit on the heat dissipation of 
irreversible systems [10][11]. Although current CMOS based technology is far from the Landauer limit but it 
has become difficult for the researchers to decrease the power dissipation significantly. Optical computing on 
the other hand is a viable solution for the high-speed computing and data transmission. It also suffers from 
the heat dissipation because of the erasure of bits in conventional systems to store new ones. These 
limitations can be removed by using reversible and conservative logic. Various new methodologies like BDD 
(Binary Decision Diagram)[12] and DL (Directed Logic)[13] paves a new path for the designing of optical 
logic circuits using MRR as optical switch. 

Organization of this paper is as follows: Section II describes the theoretical modeling of the 2x2 MRR 
including the all optical switching mechanism. Section III presents the proposed design of all optical 
reversible Peres gate. Section IV contains the proposed all optical reversible full adder using PFAG gate, 
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specially designed for adders and section V presents the results of the simulation of the proposed design and 
the discussion based on the results. Finally, the Section VI contains the conclusion. 

 

II. Background 

 
Most of the all optical reversible gates which are constructed have used MZI as optic switch.  All optical 
Fredkin gate, Feynman gate, Toffoli gate, Peres gate, double Feynman gate, HNG gate, TR gate, DRG gate, 
ORG-1 and ORG-2 gates are the few which are designed using MZI. Terahertz optical asymmetric 
demultiplexer (TOAD) is also another alternative for all optical circuit design. All optical Feynman and 
Toffoli gate have been proposed using the TOAD gate[4]. MRR have been also used for many logic circuits 
earlier because it was available as electro-optical switch for a long time[13]. But the research works related to 
reversible circuits only contains MRR based all optical Feynman gate, double Feynman gate, Toffoli gate and 
Fredkin gate[14]. Design of Peres gate proposed by P. Sethi and S. Roy in[15] using 2 MRR is partially 
correct as it does not verify the complete truth table of Peres gate. The outputs O1 and O2 were correct but 
the output O3 can be followed correctly upto the half way. This problem has been rectified in this paper by 
presenting an improved design. 

 

III. Theoretical modeling of basic 2x2 MRR 
 

Ring resonators are tunable and active devices constructed as waveguide structures. The fabrication of these 
microstructures has become feasible with the latest technology. Typical ring diameter of MRR is around 1- 5 
µm. The effective refractive index is changed in MRR to modulate the incoming signal. Due to weak optical 
Kerr effect in silicon[16], the plasma dispersion effect is more suitable for making changes in effective 
refractive index. Free carrier generation in a waveguide can be done either by single photon (linear) 
absorption or by two photon absorption (TPA). TPA is a nonlinear phenomenon in which a molecule absorbs 
two photons simultaneously resulting in large number of free carrier generation. TPA is a better option 
because its effect become more prominent around 1550nm and results in free carrier excitation with 
minimum amount of energy (< bandgap) of the photons of pump signal. Now this free carrier generation due 
to plasma dispersion effect will change the refractive index of the ring[17]. Resulting in the change in 
resonance wavelength of the ring. If the input probe signal is applied at resonant wavelength and pump signal 
is applied simultaneously, it will result in decoupling of the ring with the waveguide due to TPA and plasma 
dispersion effect. 

Time domain coupled mode theory (TDCMT) is used to model the Microring Resonator(MRR) [18]. The 
schematic of MRR shown in Figure 1 Taking Pi and Pa (input ports) as add and drop port respectively and Pt 
and Pd 

 

Figure1 All optical 2x2 MRR 

(output ports) as transmission and drop ports respectively. The mode amplitude of the MRR corresponding to 
ports 𝑃𝑖 , 𝑃𝑎 , 𝑃𝑡  and 𝑃𝑑  are 𝐸𝑖 , 𝐸𝑎 , 𝐸𝑡  and 𝐸𝑑 . The power of waveguide mode is |𝐸𝑥 |

2
(where x = i, a, t and d) 

and the amplitude of the travelling wave inside the ring cross-section is denoted by 𝐸𝑟  which is normalized so 
that |𝐸𝑟  |

2
 gives the power of wave. The ring has cross-section area A and radius R. So, the circumference 

(total round-trip length) of the ring cavity is L = 2πR. Another important parameter is the total power stored 

in the ring |𝑒𝑟 |
2
having field amplitude 𝑒𝑟 . The relation between 𝑒𝑟  and 𝐸𝑟  is given by|𝑒𝑟|2 =   

2𝜋𝑅

𝑣𝑔
|𝐸𝑟  |2. 

In a basic 1x1 configuration of MRR the beam is coupling unidirectionally with the ring of radius R. 
Considering the single polarization, lossless coupling, unidirectional mode and taking attenuation constant α 
to account for the propagation losses of light in the ring. The relation between input and output is described 
in the matrix form as 
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𝐸𝑡1

𝐸𝑡2
 =   

𝑡 𝑘
−𝑘∗ 𝑡∗

  
𝐸𝑖1

𝐸𝑖2
    (1) 

The network defined above is symmetric as it is reciprocal in nature, so that 

|k|
2
 + |t|

2 
= 1    (2) 

If we take 𝐸𝑖1 = 1 (for simplicity), then the round trip in the ring is given by 

𝐸𝑖2 =  𝛼𝑒𝑖𝜃𝐸𝑡2    (3) 

 

 

Figure2 Model of basic 2x2 MRR filter[19] 

A basic model of 2x2 MRR is shown in Figure 2[19]. Modifying the equations of 1x1 MRR and considering 
the inputs at both input and add port at the same time we can get the equations for the field amplitude at 
various ports of 2x2 MRR. The field amplitude equations at the output ports are[19] 

𝐸𝑡 =  
𝑡1−𝑡2

∗𝑎𝑒 𝑖𝜃

1−𝑡1
∗𝑡2

∗𝑎𝑒 𝑖𝜃
𝐸𝑖 +

−𝑘1
∗𝑘2𝑎1 2 𝑒

𝑖𝜃1 2 

1−𝑡1
∗𝑡2

∗𝑎𝑒 𝑖𝜃
𝐸𝑎       (4) 

 

𝐸𝑑 =  
𝑡1−𝑡2

∗𝑎𝑒 𝑖𝜃

1−𝑡1
∗𝑡2

∗𝑎𝑒 𝑖𝜃
𝐸𝑎 +

−𝑘1
∗𝑘2𝑎1 2 𝑒

𝑖𝜃1 2 

1−𝑡1
∗𝑡2

∗𝑎𝑒 𝑖𝜃
𝐸𝑖       (5) 

𝑡 =   1 − 𝑘2   (6) 

where 𝑘1 =  𝑘2 = 0.3, α and 𝛼1 2  is the full and half round-trip loss (loss while covering full revolution of 

the ring) taking the loss of 1.2 db/mm[20]. 

 

Switching mechanism of the MRR 

Initially, the probe pulse is completely transmitted to 𝑃𝑡 , when there is no pump pulse. Due to the application 
of pump pulse, the process of TPA takes place inside MRR resulting in blue shift in the resonance 
wavelength. Two photon absorption (TPA) will generate free carriers which then produce plasma dispersion 
effect which in turn will reduce the refractive index of the waveguide core, 

If 𝜔𝑜  is the resonant frequency of the MRR, the rate of change in energy is given by 

𝑑𝑒𝑟

𝑑𝑡
=  𝑗𝜔0 +

1

𝜏
 𝑎𝑟 − 𝑗𝜇𝑒𝐸𝑖   (7) 

Solving (7) for weak coupling (k≪1), frequencies 𝜔 −𝜔𝑜 ≪ 𝜔𝑜 , and small round-trip loss (𝛼𝑜𝐿 ≪ 1 ), we 
get 

𝑒𝑟 =  
−𝑗 2𝑟𝑒

𝑗  𝜔−𝜔 𝑜 +𝑟
𝐸𝑖    (8) 

where complex resonance frequency can be described as 𝜔 𝑜 =  𝜔𝑜 + 𝑗𝑟𝑜 . The total decay rate of the energy 
in the ring is 𝑟 = 𝑟𝑜 + 𝑟𝑒 + 𝑟𝑑 , where 𝑟𝑜  is due to internal effects such as surface scattering, absorption, 𝑟𝑒  and 
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𝑟𝑑  are the decay rates due to extrinsic effects because of coupling of ring with input waveguide and drop 
waveguide respectively. They can be calculated as 

𝑟𝑜 =
𝛼𝑜𝑣𝑔

2
, 𝑟𝑒 =

𝜇𝑒
2

2
=

𝑘𝑒
2𝑣𝑔

2𝐿
 and  𝑟𝑑 =

𝜇𝑑
2

2
=

𝑘𝑑
2𝑣𝑔

2𝐿
 

where 𝜇𝑒and 𝜇𝑑  are mutual coupling coefficients and 𝑘𝑒  and 𝑘𝑑  are power coupling coefficients with input 
and drop waveguides respectively and 𝑣𝑔  is the group velocity. So, the total decay time will be  𝜏 = 𝑟−1. 

Two important coupling conditions are 𝑟𝑒 = 𝑟𝑑 + 𝑟𝑜  and 𝑟𝑒 = 𝑟𝑑 = (𝑟 − 𝑟𝑜) 2 . The former is the critical 
coupling condition for providing extraction of all signal power from MRR and the latter one is the optimal 
coupling condition for maximum transmission to the drop port. As due to TPA, the free carriers generated 
which will reduce the refractive index of silicon ring. The electric field inside ring can be defined as 

𝐸  = 𝑒𝑟𝑒 (𝑥,𝑦)𝑒−𝑗𝛽𝑧    (9) 

where 𝛽 is the complex propagation constant. After normalizing the energy, (9) can be written as 

1

2
𝜖𝑜  𝑛2

∞
|𝐸  |2𝑑𝑥𝑑𝑦𝑑𝑧 = |𝑒𝑟|2  (10) 

The complex resonance frequency 𝜔 𝑜   consist of two parts, the resonance frequency and the energy decay 
rate. The linear change in them can be written as 

∆𝜔𝑜
𝐿 =  −𝜔𝑜Γ

Δ𝑛

𝑛𝑟
    𝑎𝑛𝑑    ∆𝑟𝑜

𝐿 =  Γ
cΔ𝛼

2𝑛𝑟
 (11) 

where Γ is the confinement factor and 𝑛𝑟  is the refractive index of the ring waveguide. The variations in 
original refractive index and absorption coefficients are denoted by ∆𝑛 and ∆𝛼. Around 1.55 µm, they can be 
calculated as 

∆𝑛 =  ∆𝑛𝑒 +  ∆𝑛 =  −[8.8 × 10−22∆𝑁𝑒 + 8.5 × 10−18(∆𝑁)0.8]   (12) 

∆𝛼 =  ∆𝛼𝑒 +  ∆𝛼 =  −[8.5 × 10−18∆𝑁𝑒 + 6 × 10−18(∆𝑁)]   (13) 

where ∆𝑛𝑒  and ∆𝛼𝑒  are the changes due to electron concentration ∆𝑁𝑒  (𝑐𝑚−1) and ∆𝑛  and ∆𝛼  are the 
changes due to hole concentration ∆𝑁  (𝑐𝑚−1) . The relation between change in phase and change in 
refractive index is defined as follows: 

∆𝜃 = ∆𝑛. 2𝜋.𝐿/𝜆   (14) 

It also produces some nonlinear changes, which, assuming the core refractive index to be uniform can be 
written as: 

∆𝜔𝑜
𝑁𝐿 =  −𝜔𝑜

𝑐𝑛21

𝑛𝑟
2

 𝑎𝑟
𝑝𝑢𝑚𝑝  

2

𝑉𝑒𝑓𝑓
   𝑎𝑛𝑑 

∆𝑟𝑜
𝑁𝐿 =  𝛽

𝑐2

2𝑛𝑟
2

 𝑎𝑟
𝑝𝑢𝑚𝑝

 
2

𝑉𝑒𝑓𝑓
  (15) 

where 𝑉𝑒𝑓𝑓 = 𝐿𝐴𝑒𝑓𝑓 , is the effective volume of the ring waveguide and 𝐴𝑒𝑓𝑓  is the effective area, 𝑛21 is the 

Kerr coefficient and 𝛽 is the TPA coefficient. These nonlinear changes are due to changes in refractive index 

and absorption coefficients of the ring due to Kerr effect and which can be written as ∆𝑛𝑁𝐿 = 𝑛21𝐼𝑝𝑢𝑚𝑝  and 

∆𝛼𝑁𝐿 = 𝛽𝐼𝑝𝑢𝑚𝑝 . The intensity of pump which is coupled as input into the MRR can be written as 𝐼𝑝𝑢𝑚𝑝 =
1

2
𝑐𝜖0𝑛|𝐸  𝑝𝑢𝑚𝑝 |2. In opposite to the changes due to TPA, the Kerr effect produces a red shift in the resonance 

wavelength but its value is very small. So, the blue shift is dominating in MRR which will be used to 

modulate the output signal. The change in free carrier concentration due to TPA is given as  
𝑑𝑁 𝑡 

𝑑𝑡
=

𝛽𝐼𝑝𝑢𝑚𝑝
2

2𝑣
−

𝑁(𝑡)

𝜏𝑓𝑐
, can also be written as 

 
𝑑𝑁 𝑡 

𝑑𝑡
=

∆𝑟𝑜
𝑁𝐿

2𝑣

|𝑎𝑟
𝑝𝑢𝑚𝑝

 |2

𝑉
−

𝑁(𝑡)

𝜏𝑓𝑐
  (16) 

The rate equations for the energy normalized pump and probe amplitude 𝑒𝑟
𝑝𝑢𝑚𝑝

 and 𝑒𝑟
𝑝𝑟𝑜𝑏𝑒

 can be 

determined by substituting  𝑗(𝜔 − 𝜔𝑝𝑢𝑚𝑝 ) →
𝑑

𝑑𝑡
  and 𝑗(𝜔 − 𝜔𝑝𝑟𝑜𝑏𝑒 ) →

𝑑

𝑑𝑡
, respectively and 𝜔 𝑜 =  𝜔𝑜 +

∆𝜔𝑜
𝐿 + ∆𝜔𝑜

𝑁𝐿 + 𝑗(𝑟𝑜 + ∆𝑟𝑜
𝐿 + ∆𝑟𝑜

𝑁𝐿) . Modifying the equations for 1x1 MRR configuration to take into 
account the additional drop waveguide for 1x2 configuration and are given by 
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𝑑𝑒𝑟
𝑝𝑢𝑚𝑝

(𝑡)

𝑑𝑡
=  𝑗 𝜔𝑝𝑢𝑚𝑝 −𝜔𝑜 − ∆𝜔𝑜

𝐿 − ∆𝜔𝑜
𝑁𝐿 𝑒𝑟

𝑝𝑢𝑚𝑝  𝑡 −  𝑟𝑜 + 𝑟𝑜
𝐿 𝑡 + 𝑟𝑜

𝑁𝐿 𝑡  𝑒𝑟
𝑝𝑢𝑚𝑝  𝑡 −  𝑟𝑒 +

𝑟𝑑𝑒𝑟𝑝𝑢𝑚𝑝𝑡−𝑗2𝑟𝑒𝐸𝑖𝑝𝑢𝑚𝑝(𝑡) (17a) 

𝑑𝑒𝑟
𝑝𝑟𝑜𝑏𝑒

(𝑡)

𝑑𝑡
=  𝑗 𝜔𝑝𝑟𝑜𝑏𝑒 −𝜔𝑜 − ∆𝜔𝑜

𝐿 − ∆𝜔𝑜
𝑁𝐿 𝑒𝑟

𝑝𝑟𝑜𝑏𝑒  𝑡 −  𝑟𝑜 + 𝑟𝑜
𝐿 𝑡 + 𝑟𝑜

𝑁𝐿 𝑡  𝑒𝑟
𝑝𝑟𝑜𝑏𝑒  𝑡 −  𝑟𝑒 +

𝑟𝑑𝑒𝑟𝑝𝑢𝑚𝑝𝑡−𝑗2𝑟𝑒𝐸𝑖𝑝𝑟𝑜𝑏𝑒(𝑡) (17b) 

The transmission response and complex resonance frequency can be calculated by numerically integrating 
(17) with (11) – (16) 

 

IV. Design of all optical Peres gate 

 

Peres gate is a 3x3 reversible gate having 3 inputs (𝐼1, 𝐼2, 𝐼3) and 3 outputs (𝑂1,𝑂2,𝑂3)[21][22]. The relation 
between input and output is as follows: 

𝑂1 = 𝐼1, 

𝑂2= 𝐼1 ⊕ 𝐼2, and 

𝑂3 = 𝐼1. 𝐼2 ⊕ 𝐼3; 

The schematic of proposed all optical 3x3 Peres Gate is shown in Figure 1. It consists of four MRRs denoted 
as M1, M2, M3 and M4 and has two pump signals 𝐼1 and 𝐼2  and  one probe signal 𝐼3 as inputs. The input 𝐼1 
activates microcavities of ring resonator M1 and M4 and input 𝐼2 activates microcavities of ring resonator 
M2 and M3 which will modulate the corresponding input pump signal to get desired outputs. The output 𝑂2 
taken from the drop port of M4 and output 𝑂3 is taken from the through port of M2. This design includes ring 
resonator M3 for a special purpose. It is used for converting pump signal 𝐼2  into probe signal which is 
required by the next ring resonator M4. M3 act as a simple all optical buffer by providing 0 (low) signal at its 
add port and 1(high) signal at the through port and using 𝐼2 as pump signal which is considered as input to 
the buffer. This can also be achieved using a wavelength converter and an attenuator but using an MRR will 
be much more efficient in terms of speed, area and ease in fabrication. This can be used for designing other 
complex structures which requires such type of conversions. All the inputs are given at resonant frequency of 
the MRR. So, the MRR is initially at resonance and get decoupled (off resonance) after the application of the 
pump pulse. The resulting outputs for various combinations of inputs from the proposed design of all optical 
Peres Gate have be shown in Table 2. Here one input of the Peres Gate 𝐼1 is directly mapped to one output𝑂1. 
The other outputs are mapped corresponding to different inputs as; Case (i): when 𝐼1 = 𝐼2 = 𝐼3 = 0; there is 
no output and 𝑂2 =  𝑂3 = 0. Case (ii): when 𝐼1 = 𝐼2 = 0, 𝐼3 = 1; here the second pump is off so the output 
𝑂3 is equal to 𝐼3 = 1, because the inputs are applied at resonant frequency and 𝑂2 = 0. Case (iii): when 
𝐼1 = 0, 𝐼2 =1,𝐼3 = 0; the output 𝑂3 = 0 and output 𝑂2 = 1 because the inputs are initially at resonance so 
the output at drop port of M4 is 𝐼2 . Case (iv): 𝐼1 = 0, 𝐼2 = 𝐼3 = 1; the output 𝑂2 = 1 as 𝑂2 = 𝐼2  when 
𝐼1 = 0 and the output 𝑂3 is also equal to 1. Case (v):𝐼1 = 1, 𝐼2 = 𝐼3 = 0; the output is high only for 𝑂2, as 
the pump signal of M4 is high making the output at drop port equal to the input at through port. Case (vi): 

𝐼1 = 1, 𝐼2 =0,𝐼3 = 1; here both the outputs are high 𝑂2 = 𝑂3 = 1. The output at the drop port of M1 is 𝐼3
  

due to high pump signal 𝐼1 but the pump of M2 is low so output at the drop port will be equal to 𝐼3 which is 
high. Case (vii): 𝐼1 = 𝐼2 = 1,𝐼3 = 0; here the output is detected only at through port of M2. This is due to 

high inputs as both 𝐼1and 𝐼2 are high, causing the switching action in both M1 and M2 making input 𝐼3
  to 

reach at the output port 𝑃𝑡  of M2. Case (viii): when 𝐼1 = 𝐼2 = 𝐼3 = 1; no output is detected making 𝑂1 =
𝑂2 = 0. Unlike the Fredkin gate as proposed in [23], none of the MRR is provided with two different 
wavelength probe signals simultaneously. This will minimize cross talk within the ring and need of the 
multistage ring resonators have been excluded which would have increased the complexity of the design. 

Table 1 Truth table for the proposed all optical Peres gate 

Pump inputs Probe 

input 

Peres gate outputs 

𝐼1 
(𝑚𝑊) 

𝐼2 

(𝑚𝑊) 

𝐼3 

(𝑚𝑊) 

𝑂1 

(𝑚𝑊) 

𝑂2 

(𝑚𝑊) 

𝑂3 

(𝑚𝑊) 

0 0 0 0 0 0 

0 0 1(1.5) 0 0 1(1.4) 

0 1(25) 0 0 1(1.3) 0 
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Figure3 Schematic of MRR based all optical Peres Gate 

 

V. Full adder implementation using all optical Peres gate 

 
A. Half Adder implementation 

Adder is the basic block for any computational circuit. The proposed all optical Peres Gate using MRR in the 
above section can be implemented as a half adder. This can be done by giving input at only first two ports of 
gate, the third input is set as low (0). This will result in  the outputs as 𝑋 = 𝐴, 𝑌 = 𝐴⊕ 𝐵and 𝑍 = 𝐴.𝐵. So, 
the Y output is the sum of A and B and Z output is the carry. The output Y is the garbage output and the third 
input C = 0 is called as ancilla input or constant input. These two, garbage outputs and ancilla inputs are 
considered as parameters of efficient reversible circuit designs. They should be minimized for better 
performance. Figure 5 shows the single Peres gate implemented as a half adder. 

 

Figure4 Half adder implementation of all optical Peres Gate[24] 

B. Full adder implementation 

Now after obtaining a half adder using a single Peres gate, here we will look at its implementation as a full 
adder. A basic full adder is made by combining two half adder, the same approach is followed here. Two all 
optical Peres gates are cascaded together to form another reversible gate. The full adder implementation here 
is done by using Peres full adder gate (PFAG) which is very efficient for making adders with minimum 
quantum cost[24][25]. 

0 1(25) 1(1.5) 0 1(1.3) 1(1.3) 

1(25) 0 0 1(4.5) 1(1.3) 0(0.2) 

1(25) 0 1(1.5) 1(4.5) 1(1.3) 1(1.3) 

1(25) 1(25) 0 1(4.5) 0(0.2) 1(1.3) 

1(25) 1(25) 1(1.5) 1(4.5) 0(0.2) 0(0.2) 
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PFAG is a 4x4 reversible gate having 4 inputs and 4 outputs shown in Fig 6, whose reversibility can be 
verified by seeing one to one correspondence between input and output vectors from the truth table. The 
relations between input and output is as follows: 

 

P = 𝐴, 

Q = 𝐴⊕ 𝐵, 

R = 𝐴⊕ 𝐵⊕ 𝐶, and 

S = (𝐴⊕𝐵)𝐶 ⊕ 𝐴𝐵⊕𝐷; 

 

Figure5 Reversible PFAG gate[25] 

 

Table 2. Truth table of all optical full adder implementation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The input configuration of PFAG gate to make a full adder and internal connections between two Peres gates 
is shown in Figure 7. Here the first input is mapped as output 𝐺1. Third output of the all optical Peres gate-1 
is connected as third input of the all optical Peres gate-2 and fourth input 𝐶𝑖𝑛  is directly given as second input 
to the all optical Peres gate-2 which is a pump signal of wavelength,𝜆𝑝𝑢𝑚𝑝  = 1550.55 nm. The problem in the 

interconnection comes while connecting second input of gate 1 to the first input of gate 2 because the output 
of gate 1 is at probe wavelength with low power and the required input for the second gate should be at pump 
wavelength with more power. So, it is resolved by using wavelength 

Inputs Outputs 

𝐴 𝐵 𝐶𝑖𝑛  𝑆 𝐶𝑜𝑢𝑡  

0 0 0 0 0 

0 0 1 0 0 

0 1 0 0 1 

0 1 1 0 1 

1 0 0 1 1 

1 0 1 1 1 

1 1 0 1 0 

1 1 1 1 0 
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Figure6 All optical reversible Full adder implementation using MRR based all optical Peres Gate 

converter represented by WC and an Erbium doped fiber amplifier (EDFA) to increase the intensity of the 
amplifier shown in Figure 7. Other solution could be the use of DFB laser section to produce the output of 
desired amplitude and wavelength. Outputs 𝐺1 and 𝐺2 are the garbage values for the full adder, 𝐺2 can be 
used as half adder’s sum output. The outputs S and 𝐶𝑜𝑢𝑡  are the sum and carry of the full adder respectively. 
The output produced by the above circuit of full adder are written in Table 2. 

 

VI. Full adder implementation using all optical Peres gate 

 
Micro ring resonators used in previous section have been modeled by using the equations (4)(5)(7)(11)-
(17)stated in this paper. The modeled device has the same characteristics as used by the Xu and Lipson[1] in 
their experiment. All the relevant parameters used for simulation are given in Table 3. These parameters are 
taken from the experimental values of past researches. The simulated output of all optical Peres gate has been 
shown in Figure 7. The practical power of the circuit is estimated by considering the conditional values used 
by Xu et al. in his experiment. They have used 5mW laser as a probe signal and pump input laser of power 
25mW. Only 1.5mW of the probe signal gets coupled through the tapered waveguide. Out of which 1.4(92%) 
gets coupled from 

Table 3 Various simulation Parameters[1],[26] 

Simulation Parameters Values 

Radius (R) 5 𝜇𝑚 

Rectangular cross-section 
area (A) 

450 x 250 𝑛𝑚 

𝝀𝒑𝒖𝒎𝒑(𝝀𝒓𝒆𝒔𝟏) 1550.5 𝑛𝑚 

𝚫𝝀𝑭𝑾𝑯𝑴𝟏 0.14 𝑛𝑚 

𝑸𝒓𝒆𝒔𝟏(𝝀𝒓𝒆𝒔𝟏 𝚫𝝀𝑭𝑾𝑯𝑴𝟏 ) 11,076 

𝝉𝒄𝒂𝒗𝟏(𝝀𝒓𝒆𝒔𝟏
𝟐 𝟐𝝅𝒄 𝚫𝝀𝑭𝑾𝑯𝑴𝟏) 9.1 𝑝𝑠 

𝝀𝒑𝒓𝒐𝒃𝒆(𝝀𝒓𝒆𝒔𝟐) 1568.75 𝑛𝑚 

𝚫𝝀𝑭𝑾𝑯𝑴𝟐 0.16 𝑛𝑚 

𝑸𝒓𝒆𝒔𝟐(𝝀𝒓𝒆𝒔𝟐 𝚫𝝀𝑭𝑾𝑯𝑴𝟐 ) 9804 

𝝉𝒄𝒂𝒗𝟐(𝝀𝒓𝒆𝒔𝟐
𝟐 𝟐𝝅𝒄 𝚫𝝀𝑭𝑾𝑯𝑴𝟐) 8.1 𝑝𝑠 

Free carrier lifetime (𝝉𝒇𝒄) 15 𝑝𝑠 

Pump pulse width 0.1 𝑝𝑠 

Probe pulse width 5 𝑝𝑠 
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Pump probe delay 6 𝑝𝑠 

𝑷𝒄(𝑬𝒑𝒖𝒎𝒑) 25 𝑚𝑊 (2.6 pJ) 

FSR = 𝝀𝒐
𝟐 𝑳𝒏𝒈  18 𝑛𝑚 

Group index (ng) 4.35 

𝚪 0.92 

𝒏𝒓 3.48 

𝑨 𝑨𝒆𝒇𝒇  0.82 

𝜷 0.79 𝑐𝑚 𝐺𝑊  

𝒏𝟐𝟏 0.45 x 
10−13 𝑐𝑚2 𝑊  

 

can be observed by normalized power transmission (NPT), which gives the normalized power that gets 
transmitted through the ring and reached the output. In the all optical Peres gate the minimum NPT is ~87 % 
at 200psin output 𝑂2for a high output. The minimum NPT for low output is ~11.5 % at 300ps in output 𝑂2 
as shown in Table 4. These low values suggest that the switching action of the MRR is quite good. The 
efficient values of NPT are produced due to the appropriate selection of pump pulse energy taken as 2.6 pJ 
suggested by various experimental results.  Another important parameter is pump probe pulse delay which is 
chosen as 6ps. The higher value of delay will decrease the switching contrast resulting lesser transmission 
power. On the other hand, lower pump probe pulse delay will increase the transmission power but it will also 
increase the power transmission in the undesired port. The values of various other parameters of MRR are 
also optimized before prior to their usage in MRR modeling. 

 

 

 

Figure7 Variation of normalized inputs and outputs at various ports of the proposed all optical Peres Gate 
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Table 4 Maximum and minimum normalized output values for all optical Peres Gate; 𝐻𝑚𝑖𝑛 - minimum value 

of High output, 𝐿𝑚𝑎𝑥 – maximum value of low output 

Outputs Normalized output values 

𝐻𝑚𝑖𝑛 (time) 𝐿𝑚𝑎𝑥 (time) 

O1 100% 
(200ps) 

0% (0ps) 

O2 87% 
(200ps) 

11.5% 
(300ps) 

O3 91.7% 
(150ps) 

11.3% 
(200ps) 

 

Table 5 Maximum and minimum normalized output values for all optical full adder;𝐻𝑚𝑖𝑛 - minimum value 

of High output, 𝐿𝑚𝑎𝑥 – maximum value of low output 

Outputs Normalized output values 

𝐻𝑚𝑖𝑛 (time) 𝐿𝑚𝑎𝑥 (time) 

S 87% (50ps) 26% 
(300ps) 

𝐶𝑜𝑢𝑡  87.2% 
(150ps) 

10% 
(200ps) 

 

 

 

Figure8 Simulated Output of the all optical reversible full adder corresponding to various inputs 

 
The all optical reversible full adder using MRR proposed in this paper is simulated by using time domain 
coupled mode theoretical model. The simulation results for proposed design have been shown in Figure 8. 
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Here the minimum NPT ~87.2 % for the high output in output 𝐶𝑜𝑢𝑡  for carry at 150 ps and 250 ps which is 
good but the performance for low output is decreased. The maximum NPT for sum output is ~26 % at 300 
ps and for 𝐶𝑜𝑢𝑡  its value is ~10 % at 200 ps as shown in Table 5. The reason for the increase in the 
maximum value of NPT for sum output is due the increased transmission in the undesired port. It increases 
with the increase in circuit complexity. The wavelength converter denoted as WC in Figure 6 will help in 
converting the wavelength of the incoming signal to the desired pump wavelength. So, for better efficiency of 
wavelength converter the pump and probe signal wavelengths are chosen in a way that the difference 
between them is not very large. So, two neighboring resonant wavelengths of MRR which are also closer to 
telecom wavelength of 1550 nm are chosen. 

 

VII. Conclusion 

 
In this paper a low loss 2x2 MRR have been modeled using simple theoretical model using coupled mode 
Theory (CMT). MRR based circuit have been proposed using this model which realizes all optical Peres 
gate. The functionality of the circuit is verified through simulation. The design presented here is much more 
efficient than those proposed by using other devices in terms of high Q-factor, smaller foot print, lower 
power dissipation due to small size and low input signal power. Design and simulated implementation of all 
optical Full adder using this MRR based Peres gate is also presented. As full adder being the building block 
of every digital computation circuit, the proposed design is very promising and useful in the designing of 
complex optical computing circuits. The new designing methodologies developed for optical circuits such as 
BDD and DL have aided in the designing of MRR based circuits. Optical computing along with reversible 
logic paves the path for the future technologies. 
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