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Abstract

In recent years, three-dimensional Networks-on-Chip (3D NoCs) have been recognized as an effective solution
to overcome the bandwidth limitations of electrical interconnects in multi-core processors. The adoption of
optical communication technologies in these networks has significantly enhanced the performance of multi-core
architectures. In 3D Optical NoC structures, 4-port and 5-port routers are typically deployed at the network
corners, while 6-port and 7-port routers are employed for data transmission across the network. In this paper, we
propose a non-blocking 7-port optical router based on microring resonators. The proposed router achieves
substantial reductions in power consumption and energy loss by minimizing the number of optical switching
elements. Furthermore, a novel routing algorithm is introduced, aiming to determine the optimal data path while
reducing energy dissipation and power consumption for 3D Optical NoCs. This algorithm is implemented on the
proposed router and dynamically selects the most efficient path between the source and destination processing
cores by leveraging the router’s architecture and rotational models, ensuring minimal energy and power usage
compared to other available paths. The evaluation of energy loss and power consumption parameters has been
conducted through simulations on the Omnet++ platform. The obtained results demonstrate that the proposed
design significantly improves the performance of 3D Optical NoCs compared to existing architectures.

Keywords: 3D Optical Network-on-Chip (3D ONoC), Optical Router, Microring Resonator, Insertion
Loss, Power Consumption.
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Number of | Number of
Router Type of PSE microring | waveguide
resonator crossing
7*7 Optical
Router in [] 1*2 cross PSE 49 67
7*7 Optical
Router in [Yf] 1*2 cross PSE 30 47
6*6 Optical 1*2 cross & 1*2
Router in [vo] parallel PSE 18 19
7*7 Optical 1*2 cross & 1*2
Router in [vo] parallel PSE 26 21
7*7 Optical
Router in [¥#] 1*2 cross PSE 36 57
6*6 Optical 1*2 cross & 1*2
Router in [\#] parallel PSE 16 17
6*6 Optical
Router in [YV] 272 PSE 12 o
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Routing algorithm | Pseudo-codes
phases

Determine the source node (xs, ys, zs) and
destination node (xq, yd, zd)

If (zs# z4) then change source node to (xs,
ys, zd)

Phase 1

Phase 2

Running one of the turning model

Phase 3 algorithms on our proposed router

Reserved path between the source and
destination nodes in our proposed router
with a circuit switching technique

Phase 4

Check current node with the destination
node, if (Xs, ¥S) # (Xq, yd) then repeat phase
3 and phase 4, else path reservation end

Phase 5

Evaluate insertion loss at each path our
proposed

Summing insertion loss values in phase 6,
will be obtained insertion loss for each path
Evaluate power consumption at each path
our proposed

Phase 6

Phase 7

Phase 8

Summing power consumption values in
phase 7, will be obtained power
consumption for each path

Repeat phase 2 to phase 9 for each other
paths

Compare values of phase 10 (the most of
insertion loss and power consumption is
worst-case path, the least of insertion loss
and power consumption is best-case path)
Choose best-case path to transfer optical
data and choose turning model for our
proposed router

Phase 9

Phase 10

Phase 11

Phase 12
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Simulation Parameter Value
Laser power 20 db/m
Detector sensitivity Index -15
Bandwidth 2.5Gb/s
Message size 1024 bit
Router buffer size 64 bits
Number of wavelength channels 16
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S 20 W 7*7 proposed
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Network Size router in [27]
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Parameters Value Ref
waveguide crossing 0.15db [¥y]
waveguide bending 0.005db/90° AR
drop into a MRR 0.5db AR
pass by a MRR 0.005 db ARY
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Parameter Value
Modulator (dynamic energy) 85 fl/bit
Modulator (static energy) 30pw
Photo detector 50fJ/bit
PSEs (dynamic energy) 375f)/bit
PSEs (static energy) 400pw
Thermal ring tuning 100pw/ring

% Best Case
10 Average Case
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