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Design of passive H-tree network for on-chip optical interconnec-
tion
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(1. School of Communication and Information Engineering, Xi' an University of Science and Technology » Xi' an,
Shaanxi 710054 ,China; 2. School of Electrical and Control Engineering,Xi an University of Science and Technolo-
gy » Xi'an, Shaanxi 710054 ,China)

Abstract ; Traditional on-chip electrical interconnection has been unable to meet the increasing communi-
cation demands of multi-core processing systems. On-chip optical interconnection, which has advantages
in terms of delay,energy consumption, and bandwidth, has gradually attracted attention. In order to re-
duce the hardware overhead of optical network-on-chip (ONoC) and improve the performance of the op-
tical network, this paper proposes a 16-port passive H-tree optical interconnection network based on a
microring resonator. The broadband micro-ring resonators is used to design 4 sets of steering optical
routers, the use of micro-ring resonators is reduced and port selection is completed,and signals is trans-
mitted to 8-port receiving optical routers and 3-level and 4-level optical switches to meet the contention-
free transmission of signals. The experimental results show that compared with passive network struc-
tures such as Crossbar, A-Router, GWOR, LACE, and Light, the passive optical H-tree network only
needs 72 microring resonators at the 16X 16 array scale. The average network insertion loss is 1. 49 dB,
which is reduced by 21.5% ,10. 7% sand 59. 7% respectively compared with A-Router, GWOR,and TA-
ONoC. The average signal-to-noise ratio of each path reaches 17. 48 dB,which is compared with A-Rout-
er, GWOR,and Light respectively,increased by 38.5% ,36.0% ,and 17.1%.
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Fig.1 H-tree optical transmission network modeling
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Fig.2 Schematic diagram of microring resonator
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Fig.3 Level 1 steering optical router
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Tab.1 16-port optical H-tree wavelength allocation table
Output
Input )
O O O, O, O, Os Os O, Os Oy Oho On O O O Ois
IO A‘J All /113 /113 /11 AS A:J A7 AZ /11 A(i A?ﬁ /110 /1]2 A11 Alb’
Il Al A% AS A7 /19 All 113 /113 /110 AIZ Ali AIG AZ A«l /16 AS

I, Az A Az Azz Azs A2z Az Azl Az Az Aso Asz Aug Azo Azz Az
I Azs Az Azg A3l Az Ay Azl Az As Azo Az Az Az Azg Aso Asz
I, Al Ao A1s A1z A3 A Az As Ay Az As As A1z Ao At Au
I; As A A7 As Al Ag A A3 A1z Ao Ats A As Az As As

16 A19 Al7 /123 /121 AZ? AZT) 131 /129 /128 AZG A.%Z ABO /120 /118 AZ\ AZZ

17 A27 AZB /131 /12‘} Alﬂ A]T AZI’; /121 /12() Al& AZrl AZZ 1128 /126 A%Z A.’%[)
IS AII{ /113 AU /\]I AS A’i AI AH /16 /18 /\Z Al /111 A]G AIO AIZ
I As A7 A1 A3 Az A1 Ao An An At Ao A1z As As A2 A4

Ill A29 A3l /123 /127 AZI A23 Al7 /119 /122 AZI AIS AZO /130 /132 Azﬁ AZS

Ill AZ% 121 /\15) /117 A31 AZH AZT /\23 /132 AHO A28 126 /121 /1.72 A2{> A18

IID ASI AZS) /127 /125 A23 A‘Zl Al&) /117 /121 AZZ A‘ZU AIS /132 /13\) AZS AZG




6 MBS .mm A b R ICIE H R4 BT

F2 Aik 8 imOLEAM[ERIFRKSBR

Tab.2 The overall wavelength allocation table

of the left 8-port optical router

Tnput Output
O, O, O, (03 O, O:; Os O,

I, Aoz Asae Asar Az Aees Anar Az Asa
I Aso A Aros As_at Auier Aees Asar Auszo
I, Aso1 Azzs A Asoe Awsae Aisst o Aoz Anner
I, Ar2s Asr Az A At Aisze Az Aoss
I, Agos  Atiar Aisze Aisar Ar o Ase Asiar Az
I Xz Aees Asst Aisae Asae Alar Aras Asa
Is Ais20 Aisst Aeas A Asar Ares ALr Asie
I, Aissr Asee Anzr Ao Are As21 Asiie A
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Tab.3 Steering optical router port connection table

Steering Input

router I() Il 12 II’, Ii IE 16 17 18 ID Il(] Ill 112 113 Ill 113
Output O, Oy O, O, O; O, O, Os Oy Oy Oy Oy O3 O O O3
Left-input I, I, I I, I; I, I, I; Is I, I, I I; I I I;
Output O, O, O O, Os O, O O O On On O Oy, Ors Ors O
Right-input Iy I, I, I I, I Iy I, I Iy I, I I Is Iis I
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Fig. 6 The overall architecture of the left 8-port optical router
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Tab.4 Area consumption of various network structures

Structure Area/pm’

A-Router 19600
LACE 24 500
Light 16 025
H-tree 16 700
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Tab.5 Parameters of different insertion loss

Parameter Value/dB
Liena 0.013
Leioss 0. 050
Loy 0.500

L througn 0.010

WOCHE B HOR I 45 58 15 2 90 % R
i Bl R R A 1 5 e R A R 1 Ol
SR LB R VR REXT L AN 2 6 TR, AL 45 B KA A 5 FE LU
KOV Y4 A BRE. 52 45 R £ W 5 A-Router,
GWOR.TAONoC"™ % Jg Vi ¢ % i #% A L, F 2 4
ALK M BEAR T 21, 5%, 10. 7%.59. 7%. 5
Light A Fb, V-394 A UFEA BT 22 15, A 55 3 A i
FEREAL 4.8%,

RO BEMKLEHFBNIRR

Tab. 6 Insertion loss of various network structures

Insertion loss/dB
Structure

Max Avg

A-Router 1.99 1. 81
GWOR 2.21 1. 65
TAONoC 2.38 2.38
Light 1.75 1.10
H-tree 1. 67 1.49
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Tab.7 SNR of various network structures

SNR/dB

Structure )
Min Avg
A-Router 10.13 10.75
GWOR 7.37 11.19
Light 10.11 14. 49
H-tree 13. 26 17. 48
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