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Abstract: In photonic coordinated systems on chip (NoCs), microrings are generally utilized for 

including or dropping a solitary optical flag to be exchanged in the NoC. This paper exhibits the 

achievability of including or dropping two optical signs at a similar wavelength in the same 

microring of NoCs with transport and ring topology. All the more particularly, the same 

microring can be utilized to bolster synchronous bidirectional transmissions of two signs to be 

coupled in the NoC topology, prompting two unique arrangements, called shared source-

microring and shared goal microring. Unearthly portrayal indicates great assertion amongst 

reenactments and estimations gone up against silicon-based incorporated NoC. Bit-blunder rate 

(BER) estimations demonstrate that the mutual source microring setup performs better, 

accomplishing a punishment as low as 1.5 dB for a BER of at 10 Gb/s in the transport NoC. A 

higher punishment in the ring NoC for both setups is because of higher crosstalk in the 

interconnecting ring.  

File Terms: Silicon nano photonics, coordinated photonic frameworks, optical interconnect.  

1. Introduction 

In present day multi-center figuring 

frameworks, the trading of information 

between processors requires quick electronic 

systems on chip (NoC). Different NoC 

topologies are utilized, going from transport, 

to ring, and to more intricate multi-arrange 

topologies, exchanging unpredictability for 

versatility and inactivity. In the course of 

recent years, photonic coordinated NoC 

have been proposed and researched, with the 

point of exhibiting the plausibility and 

favorable circumstances of optics in beating 

the constraints of electronic NoCs. Photonic 

coordinated circuits (PIC) of NoC empower 

the trading of information utilizing optical 

signs that are produced at the NoC ports and 

coupled into the NoC topology (e.g., 

transport, ring, and crossbar). Coupling of 

the optical flag is regularly accomplished by 
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misusing the add/drop behavior of 

resonating microrings. 

 

Fig. 1. Photonic integrated circuits 

implementing the NoCs. (a) Bus NoC. (b) 

Ring NoC. 

Up until now, tunable microrings have been 

commonly abused in NoCs for including or 

dropping a solitary optical flag at a given 

reverberating wavelength or, in the end, a 

brush of optical signs at various resounding 

wavelengths (i.e., isolated by different of 

free-ghostly range). For example, coupling 

through microrings was utilized as a part of 

coordinated optical PICs of the NoCs 

utilizing transport and ring topologies. A 

decent execution as far as bit mistake rate 

(BER) was accomplished in those PICs 

when transmitting a solitary optical flag or 

two optical signs at a similar wavelength 

between particular sets of I/O ports co 

propagating in the topology. The likelihood 

to bolster just a solitary transmission or 

various co-engendering transmissions in a 

NoC on a given wavelength can be a 

confinement for a few topologies and when 

high throughput is required. For example, 

for transport topologies, an extra counter-

proliferating transport is required, which 

may require hence a bigger impression and a 

few waveguide intersections. Couple of past 

works conquers this constraint by 

considering bidirectional optical 

transmissions utilizing either an alternate 

wavelength for every heading or non-equal 

microrings. This paper proposes and surveys 

the utilization of bidirectional transmissions 

in NoCs with transport and ring topology, 

which were beforehand tried with 

unidirectional transmissions as it were. 

Despite the fact that the referred to NoCs 

can bolster WDM transmissions, this paper 

concentrates on their execution at the point 

when concurrent counter-spreading 

transmissions happen on a similar 

wavelength and are coupled from or to the 

same microring. Framework level execution 

are measured for two information designs at 

10 Gb/s created and optically transmitted on 
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PICs acknowledged with Silicon-on 

Insulator (SOI) innovation. Infusion or 

expulsion of the two optical signs happens at 

same coupling microring, prompting two 

arrangements: shared source-microring and 

shared destination microring. Framework 

portrayal distinguishes the best performing 

designs and topologies, showing the 

attainability of the approach. To the best of 

the creators' information, this is the first 

occasion when those bidirectional 

information transmissions are tried in PIC 

NoCs, making ready for abuse of 

bidirectional transmission in other 

comparative PIC plans and topologies. 

2. Photonic Integrated NoC Architecture 

and Design 

The considered photonic integrated NoCs 

are realized with either bus or ring 

topologies as shown in Fig. 1(a) and (b), 

respectively. They enable the bidirectional 

communication between  

 

Fig. 2. Diagram of the experimental setup. 

(a) Bus NoC. (b) Ring NoC. Multiple tiles 

on a single chip (e.g., CPUs or shared 

memories). Every NoC is manufactured in 

silicon photonics and comprises of small 

scale ring-based exchanging components, 

acting either as transmitters or as recipients 

(marked as Ti or Rj, 1≤ i, j ≤ 4, 

individually). Every transmitter 

(beneficiary) smaller scale ring has two 

entrance (departure) ports, marked a and b in 

the figure, empowering bidirectional 

information transmission (gathering). What's 

more, each miniaturized scale ring is 

associated with neighboring small scale 

rings in a transport or ring topology by 

methods for two different ports.  

Every entrance (departure) port is associated 

with the transmitters (recipients), which are 

to be connected to CPUs or shared memory. 

In this silicon photonic exhibition, every 

transmitter (beneficiary) comprises of an 

off-chip laser source and modulator (an off-

chip photograph recipient). Wavelength 

selectivity to perform includes and drop 

operations are empowered by thermally 

tuning the small scale rings at the proposed 

entrance and departure ports, separately.  

The silicon photonic PICs were created 

through CMC Microsystems by the Institute 
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of Microelectronics (IME) on 220-nm SOI 

wafers. Created PICs are shown in Fig. 1. 

The waveguides bolster single-mode TE 

transmission. The ring NoC comprises of the 

nearby smaller scale rings that include 

(drop) the optical signs from (to) the 

information (yield) ports and a focal 

miniaturized scale ring that interfaces every 

one of the ports, understanding the ring 

topology. The nearby smaller scale rings 

have a sweep of 10 µm and are intended to 

accomplish a coupling coefficient of 10% in 

every coupler. The engendering loss of the 

created silicon waveguides is 2 dB/cm, 

while the bowing misfortune for a bowing 

range bigger than 5 m are evaluated 

immaterial. In the ring NoC topology, the 

length of the focal ring has been set so that 

the proportion between the free unearthly 

scope of each miniaturized scale ring and of 

the focal ring. Single-polarization grinding 

couplers are associated with the end ports 

empowering the optical I/O to and from the 

PIC. To tune the miniaturized scale ring 

resonances, each small scale ring 

exchanging component is thermally 

controlled utilizing coplanar n-doped 

resistive silicon radiators inside each smaller 

scale ring. Extra outline points of interest of 

the manufactured PIC are accessible.  

3. Tested for Bidirectional Transmission  

Framework level testing of bidirectional 

transmissions in the microring is done 

utilizing the setups appeared in Fig. 2. For 

the transport PIC, the test setup is appeared 

in Fig. 2(a). An optical flag at around 1550 

nm with an optical energy of 10 dBm is 

created by an outside hole tunable laser 

(TL). The line width is set to 100 MHz by 

enacting the intelligibility control that 

decreases the effect of conceivable lingering 

sound crosstalk. This flag is part into two 

arms by a 3-dB optical splitter. In each arm, 

the flag is balanced by a Mach–Zehnder 

Interferometer (MZI) sustained by a 

 pseudo random binary sequence 

at 10 Gb/s with a bit pattern generator 

(BPG). 

  

Fig. 3. Spectra of the through, dropped, and 

backscattered signal in a single microring 

test structure. 
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A 50 µm single mode fiber (SMF) spool is 

embedded in one arm (the lower arm in the 

figure) to decorrelate the bit surges of the 

two signs. Each flag is then opened up by 

two diverse erbium doped fiber enhancer 

(EDFA), sifted by an optical band pass 

channel (OBPF) and after that power-

controlled utilizing a variable optical 

attenuator (VOA). Two polarization 

controllers (PC) are then used to boost the 

optical coupling of each flag into the gadget 

under test (DUT). The most extreme info 

flag control coupled to the grinding coupler 

is 16 dBm. Since the coupling loss of the 

created grinding coupler is around 5 dB, the 

optical power coupled to the silicon 

waveguide is well beneath the non-straight 

power edge. An eight-port fiber exhibit is 

utilized to couple light into up to eight 

grinding couplers of the DUT. A six-stick 

electrical DC test is utilized to 

autonomously tune each microring. At the 

beneficiary side, one of the signs (see flag 1 

in Fig. 2) leaving from the DUT is opened 

up by an EDFA and sifted by an optical 

band pass channel (OBPF).  

The optical flag to-commotion proportion is 

kept consistent at 38 dB at the EDFA yield 

and the optical power at the photograph 

indicator of the BER analyzer (BERT) is 

controlled by a VOA.  

For the ring PIC, the trial setup has been 

later recreated with minor adjustments, as 

appeared in Fig. 2(b). The setup in Fig. 2(b) 

acts as the one in Fig. 2(a). Since the 

execution estimations are constrained to 

same-wavelength transmissions, a solitary 

laser source and a solitary modulator are 

utilized for both channels, which are then 

decorrelated with a 1 km SMF spool.  

4. Bidirectional Transmission 

Performance  

Before describing the NoCs, a solitary 

microring (indistinguishable to the 

exchanging components in the transport and 

ring NoCs) is chosen as reference and 

surveyed regarding otherworldly reaction. 

The estimation is taken by infusing the flag 

at the information port by a tunable laser and 

measuring the spectra by a power meter at 

the distinctive yield ports: through, drop, 

and include ports (the last is called 

backscattering port). The spectra are 

appeared in Fig. 3. At the reverberation 

recurrence, the flag control at the 

backscattering port is beneath 20 dB of the 

dropped flag. In the accompanying 

subsections, the unearthly portrayal and the 

transmission execution of transport and ring 
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photonic coordinated NoCs are accounted 

for. The free ghastly range (FSR) of the 

nearby ring resonator is around 9.6 nm, 

while the one of the focal microring is 

around 2.4 nm.  

4.1. Bus NoC The spectral portrayal of the 

transport PIC is performed and contrasted 

and the recreation comes about. Reenacted 

and measured spectra of the transmission 

from the port T 1b to the port R1a (T 1b 

R1a) are accounted for in Fig. 4 (top and 

base subfigures, separately). The 

reenactments are gotten utilizing the 

exchange lattice technique [8] and accepting 

indistinguishable and lossless coupling 

amongst microrings and waveguides. 

Reenactments are set by tuning the 

reverberation recurrence of the microrings at 

the same operating wavelength (i.e., 1548.21 

nm) and the results predict the measured 

spectra with good accuracy, as shown in Fig. 

4. 

 

Fig. 4. Simulated (top) and measured 

(bottom) transmission spectra of the network 

on chip based on bus topology, including the 

backscattering noise. 

 

Fig. 5. Tested configurations in the bus and 

ring NoC. (a) Shared source-microring. (b) 

Shared destination-microring. 

 

 

Fig. 6. BER vs. received power at the output 

port R1b in the bus topology for two 

different configurations. (a) Shared source-
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microring and (b) shared destination-

microring. 

The reenacted and measured 3-dB transfer 

speeds are, separately, 25.5 GHz and 27.88 

GHz, and the error between the reproduced 

and measured qualities can be 

predominantly credited to the creation 

resilience. Trial consequences of 

backscattering commotion (T 1b R1b) 

demonstrate a crosstalk underneath −20 dB. 

Fig. 6 demonstrates the bit blunder rate 

(BER) as a component of the got control for 

the transmission of two unmistakable 10 

Gb/s information streams at the same 

working wavelength of 1548.21 nm in two 

distinctive tried arrangements: shared 

source-microring and shared goal microring 

as appeared in Fig. 5(a) and (b), 

individually. In the common source-

microring setup, the two regulated optical 

signs are infused from the two information 

ports a and b of the same microring (e.g., T 

2) and are steered to an upstream yield port 

and a downstream yield port, i.e., on 

unmistakable goal microrings (e.g., R1 and 

R2). Fig. 6(a) demonstrates the BER 

measured at port R1b with and without the 

synchronous transmission T 2b R2a. The 

BER of the transmission T 2a R1b beats the 

consecutive BER for low mistake rates, on 

account of the separating impacts of the 

microrings. The comparing eye charts are 

accounted for in Fig. 7: (a) Back-to-back 

and (b) shared source-microring. At the 

point when the concurrent transmission T 2b 

R2a at a similar wavelength is included, the 

BER debasement is 0.5 dB at a BER of 

 

 

Fig. 7. Eye diagrams for shared source 

microring. (a) Back-to-back. (b) T 1a  

R2b. 

  

Fig. 8. Simulated (top) and measured 

(bottom) spectra of the network on chip 

based on ring topology, including the 

backscattering noise.  



RAMESH BABU M, et al, International Journal of Computers Electrical and 
Advanced Communication Engineering [IJCEACE]TM 
Volume 1, Issue 11, PP: 64 - 73, JAN - JUL’ 2017. 
 

 

 
 

International Journal of Computers Electrical and Advanced Communications Engineering 

                                               Vol.1 (11), ISSN: 2250-3129, JAN - JUL’ 2017                                  PP: 64 - 73                                                                                                                                         

    28 

In the mutual goal microring design, the two 

adjusted optical signs are infused from two 

info ports of two unmistakable microrings 

(e.g., port T 1 and port T 2) and are 

coordinated to the two yield ports an and b 

of a similar goal microring (e.g., R1). Fig. 

6(b) demonstrates a correlation of the BER 

values measured at port R1a with and 

without the synchronous transmission T 2a 

R1b. Within the sight of the transmission T 

2a R1b at a similar wavelength, the BER 

corruption is roughly 1.5 dB at a BER of

, which is higher than in the common 

source-microring design. In fact, a more 

grounded flag crosstalk at the recipients R1a 

and R1b is brought about by the 

backscattering at the goal microring and by 

the reflections actuated by the grinding 

couplers of the two approaching counter-

spreading signals.  

4.2. Ring NoC The phantom portrayal of the 

ring PIC is performed and contrasted and the 

reenacted comes about for the transmission 

from the port T 1b to the port R1a (T 1b 

R1a). Concerning the transport PIC, the 

mimicked results are ascertained utilizing 

the exchange grid technique. The ghastly 

reactions - are gotten by tuning the 

reverberation recurrence of the microrings at 

the same working wavelength of 1543.86 

nm. Fig. 8 affirms the great understanding 

amongst measured and recreated spectra. 

The essential pinnacles are because of the 

reverberation recurrence of the microrings, 

while the optional pinnacles are created by 

the focal ring while resounding. The 

reenacted and measured 3-dB data 

transmissions are, individually, 28.7 GHz 

and 22.2 GHz. Trial consequences of 

backscattering clamor (T 1b R1b) 

demonstrate a crosstalk beneath −19 dB. 

The transmission execution for the two 

designs is accounted for in Fig. 9. The BER 

somewhat break down in the ring topology 

contrasted with the transport topology, for 

both transmission setups. The corruption is 

brought on by the nearness of the focal ring 

that goes about as a distribution circle. In the 

common source-microring design, the 

punishment of the bidirectional transmission 

is constrained to 2.5 dB for a BER of . 

In shared destination-microring 

configuration, the transmission penalty is 

higher than in the shared-source 

configuration due to reflections and 

backscattering close to receivers and reaches 

4.5 dB for a BER of . 
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Fig. 9. BER vs. received power at the output 

port R1b and R1a in the ring topology for 

two different configurations. (a) Shared 

source-microring and (b) shared destination-

microring. 

5. Conclusion  

The utilization of microrings for including 

and dropping the optical flag in coordinated 

NoC is entrenched. This paper proposed and 

tentatively showed surprisingly the 

likelihood of bidirectional transmissions at a 

similar wavelength in the include/drop 

microrings of NoC. Bidirectional 

information transmissions were tried on Si-

based PICs acknowledging NoC with either 

transport or ring topology. The created PIC 

NoCs accomplish a backscattering of 20 dB 

beneath the flag, as anticipated through 

reenactments. A fantastic execution was 

accomplished by the transport PIC with a 

BER debasement beneath 1 dB when two 

distinct transmissions have the same 

microring used to couple the signs into the 

transport (shared source-microring). A 

marginally higher BER debasement is 

experienced when having a similar goal 

microring (shared goal microring). A similar 

relative execution between the two 

arrangements holds for the ring PIC, 

however with higher BER punishment 

because of the flag distribution in the focal 

ring bringing on higher crosstalk. These test 

accomplishments show the possibility of 

bidirectional transmissions, empowering a 

more noteworthy adaptability and open door 

for higher throughput in the NoCs, 

particularly when joined with WDM. 

Another potential application would be for 

supporting stream control messages in one 

of the two headings. Every one of these 

advantages can discover abuse in other NoC 

topologies and PIC plans too. 
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