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Abstract Compared to the conventional electrical interconnects, the optical interconnects has the advantages of
higher speed, higher bandwidth, lower power, lower propagation loss and anti-electromagnetic interference. This
make the optical interconnects have the potential application prospects in many fields, such as high performance
computer, high speed switching system, wavelength division multiplex (WDM) terminal and so on. The board-level
circuits play a leading role in the electronic systems. Hence, the state of the art of waveguide-based board-level optical
interconnects is introduced and analyzed. Moreover, through comparing the development status of the optical-electrical
printed circuit board (EOPCB) in domestic and abroad, a reference of the main research direction and focus is provided for
our country. Finally, the future development of the board-level optical interconnect technology is prospected.
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Fig. 1 Working schematic diagram of optical-electrical interconnects
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Table 1 Classification according to the interconnected components and distance

Level Interconnected component Interconnected distance
Chip Intra-chip 0~10 mm
Multi-chip-module(MCM) Intra-MCM or chip-to-chip 1~100 mm
Board MCM-to-MCM or chip-to-chip 10~300 mm
Backplane Board-to-board 0.1~1m
Cabinet Rack-to-rack 0.3~5 m
System Cabinet-to-cabinet 1~100 m
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Fig. 2 Schematic diagram for board-level free space optical interconnect
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Fig. 3 Schematic diagram for board-level fiber optical interconnects
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Fig. 4 Schematic diagram for EOPCB embedded fibers
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Fig. 5 Schematic diagram for waveguide-embedded board-level optical interconnect
R AR WA E I P S AR B R R A S LR L A RS R B e I ) 45
FEAR, Honl B E R FR4 AR b A BIE G800 PCB VR GAE 5 1 i 2, i Tl i A, 25 5 52 9
SAEGEH) PCB il 1 H AR K 10 20 24 H R (SMT) FOR e 4

3 MR T o't HE E K [ P9 AMUE T BHR

S H BB A AR ELAT TE AT G R 3, Ry T AR AN T T ) R A A B R R H AR SR A ik
SRR AL 2 B Z BRI #2560 IR % EOPCB R T IR AR5 .

H T R AT i BB R M58 R h e L PR JF 22 L H AR i R b A SR Hh
X, 23 3 L AF AR WA 9, BCSR S 35. T T AR O L I B R 1 [ 9 AN BIE 5 R SE AT A0 A 5 )
Fb S 434 3 7R % B AR U A Sk B 9 1) B R A
3.1 ESMARIR

Bl LB R B AN W & i, JT AR R 3t e T 200K A4S i 35t i B BEE SMT $ AR i A, PCB %< it
BAB R KL, 2003 4F, HA NTT RS LAEB LTSI T 5 SMT # AR %8241 OptoBump”
1/ O 5245 9 2 o0 [ A% T 156 M 110 36 26 R 2 JE I A L B 181 6 Cad B 7R 90920 L R R 4 A (LS G 4 I 26 7 B Bk
MRS 51 (BG A B 24 1 36K 2 1, VCSEL ' H 4G 0 21 00 25 = J:L RS PN 308 o 66 I IV 350 0 4 3310 U 26 Wi % R 6 0 ik
BHIES, ) — 4B B S AE PCB AR 1A, SR X G H#EAT e B 42 T SMT Wi iR 22 45 B N [&] 5 FFR .
Z1/0 EHEERSF A 15 mm X 15 mm X 2.4 mm, 40K 6 (b) Fr /R, 5 H Al 8 8 B —FE AT [ 30 26 00 2 T A
e SR PCB MR . BEWBFR SN 50 pm X 50 pm, Ho i EA 45°4 N RS (TIR) B S & WL, %
FH 90°V BY <5 Wi A3 7] 9] F i B

@ i () solder ball
R transparent polymer
transparent &“‘Q 5 VCSEL array
polymer
S%lflaﬁ’r optical beam microlens
—_— olymer microlens
TIR mirror optical waveguide L arra;c 5 plastic packagel

Kl 6 (a) OptBump /RiEEl; (b) 4 1/0 HH3EKE
Fig. 6 (a) Schematic diagram of OptBump; (b) optical I/O packaging diagram
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Fig. 7 Schematic illustration of an active interposer assembled on EOPCB
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Fig. 8 Board-level optical interconnect of Korea. (a) Architecture using 90° bent fiber bundle connector and EOPCB;

(b) schematic of the fiber bundle connector; (c) fabrication process of the connector
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Fig. 9 Schematic of PCB integrated optical interconnects
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Fig. 10 (a) Schematic of the indirect coupling element; (b) 1X12 array of coupling rods
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Fig. 11 (a) Schematic view of optical interconnect with the Terabus package; (b) photo of the silicon carrier
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Fig. 12 (a) Picture of transceiver Optochip showing the flip-chip attached VCSEL and PD arrays on the CMOS IC;

(b) optomodule with BGA packaging; (c) optocard with integrated polymer waveguides and waveguide lens array
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Fig. 13 Optical interconnect demonstrator on PCB of VTT. (a) Photo of the EOPCB;

(b) schematics of the optical coupling and module structures
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Fig. 14 Schematic diagram of EOPCB with embedded thin glass based optical waveguide layer
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Fig. 15 3D routing for the EOPCB
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Fig. 16 Three types of 45° waveguide mirrors. (a) Lateral mirror; (b) upward coupling mirror;
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Fig. 18 Schematic illustration for EOPCB with grating coupler of National University of Defense Technology
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Fig. 19 Micro steering devices of National University of Defense Technology. (a) Architecture schematic diagram;

(b) physical photo; (c¢) schematic view of optical interconnect for PCB
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Fig. 20 (a) Schematic of single optical interconnect layer on PCB of
Zhejiang University; (b) working photo of the waveguide on the PCB
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Fig. 21 Multi-layer optical interconnect of Zhejiang University. (a) Architecture of multi-layer coupler with S shape;
(b) schematic diagram of EOPCB with a multi-layer optical interconnects using S shape coupler;

(¢) photo and experiment of the S shape multi-layer coupler
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Fig. 22 PCB embedded waveguide of Meadville
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