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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROADMAP OF OPTICAL CIRCUIT BOARDS AND
THEIR RELATED PACKAGING TECHNOLOGIES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
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this end and in_addition to other activities
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IEC
ical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred tg
ation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee.-if

ublications have the form of recommendations for international use and are accepted by IEC
ittees in that sense. While all reasonable efforts are made to ensute-that the technical conter]
ations is accurate, IEC cannot be held responsible for the way in” which they are used or

der to promote international uniformity, IEC National Commijttees undertake to apply IEC Puj
parently to the maximum extent possible in their national yand regional publications. Any di
ben any [EC Publication and the corresponding national or/egional publication shall be clearly ind
tter.

tself does not provide any attestation of conformity Independent certification bodies provide cd
5sment services and, in some areas, access to_IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies:

ers should ensure that they have the latest-edition of this publication.

Bbility shall attach to IEC or its directors, ‘employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property d3

damage of any nature whatsoeven.Wwhether direct or indirect, or for costs (including legal fq
hses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to the Normative references cited in this publication. Use of the referenced public]
bensable for the correct @pplication of this publication.

tion is drawn to the/ pessibility that some of the elements of this IEC Publication may be the s
t rights. IEC shall(not™be held responsible for identifying any or all such patent rights.

The main task of1/EC technical committees is to prepare International Standards. How
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a different kind from that which is normally published as an International Standard, for

e "state of the art".

IEC 62658, which is a technical report, has been prepared by IEC technical committee 86:
Fibre optics.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86/442/DTR 86/453/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication.ind|cates
that if contains colours which are considered to be useful for) the cprrect
undergtanding of its contents. Users should therefore print this docament uging a
colour|printer.
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ROADMAP OF OPTICAL CIRCUIT BOARDS AND
THEIR RELATED PACKAGING TECHNOLOGIES

1 Scope

This Technical Report covers the roadmap of optical circuit boards, and its related packaging
technologies including optical circuit board connectors and optical modules on boards.

2 Ggneral

2.1 Background of optical packaging technology road map

The vdlume of network traffic is dramatically increasing due to the ampunt of datg being
capturgd, processed, conveyed and stored as digital information.(This informaftion is
generated from many sources, including critical business applications¥email communidations,
the Infernet and multimedia applications which have collectively*fuelled an incrj’ase in
demanf for data networking and storage capacity. In addition,/he’ proliferation of medlia rich
applicdtions, such as digital music and video sharing services is fuelling a conpurrent
increade in data processing in data centres [1]1. The growth in network traffic attriblited to
personplized content is 20 % per month, giving rise tola doubling of network traffig¢ every
1,5 yegdrs. However, this is out of step with the Jmnput/output (1/O) performance |or 1/O
throughput of servers, which doubles every 2 years. “Therefore, there is an increasipng gap
betwegn the performance evolution of network equipment such as servers, and the grpwth in
network traffic (Figure 1) [2].

1 Figures in square brackets refer to the Bibliography.
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Figure 1 — Data transmission speéd and capability trends
for network traffic and’server systems [2]

By 2020, power consumption in network routers in Japan will reach the gross|power
generation of Japan in 2005. An en€érgy saving by 3 to 4 orders of magnitude in rletwork
router fechnology is required in 2030 to meet the stipulated targets in the Kyoto protocol [3]
(Figurg 2).

In gen;Eral, system power consumption wilkincrease as the volume of internet traffic epands.

In addition, the bandwidth and density requirements for interconnects within high-perfofmance
computfing systems areecoming unmanageable, due to increasing chip speeds, widelf buses
and lafger numbers Ofyprocessors per system [4]. The increase in system bandwidth and
required to_satisfy this demand would impose unmanageable cost and perfofmance
burdenfs on futuré’data networking and storage technologies.

rnative to the current electrical printed circuit board (PCB) interconnect technqglogy is
d @cross multiple hlgh speed application spaces to mitigate this common trend Optical
intercorre " dwdre and
traffic, and grve rise to a reduction in hardware power consumptron while increasing
bandwidth density by over two orders of magnitude.
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Figure 2 — Internet traffic and router powerconsumption in Japan [5]

2.2 Advantages of optical interconnects

Optical interconnects will be fundamental in“further scaling the performance of netwlorking,
server,[router, data storage and high perforimance computing technologies.

The dgsign and development of futuré) higher capacity network hardware will be hindgred by
high-frequency electronic constraimts” such as crosstalk, dielectric loss, skin effect, g¢lectro-
magnetic interference (EMI) ahd’ high sensitivity to impedance matching. The maximum
permisgible density of electronic transmission lines is determined by the crosstalk incurred
betwedn electronic channels: The higher the signal frequency, the greater the sepjaration
betwegn electronic channgls required to keep crosstalk within acceptable levels. For edample,
the ling pitch between-adjacent electronic channels required to convey a signal data |rate of
10 Gbps is 3 timestlarger than that required to convey a signal data rate of 3 Gbppg. This
makes|it more diffictlt to design and manufacture a high-capacity printed circuit board,[as the
electropic transmission line density must decrease as the signal speeds increasp. The
adoptign of eptical interconnects will mitigate these design constraints. Optical wavgguides
neither| prodice nor are affected by electro-magnetic interference, and are therefgre not
constrgingd by electromagnetic compatibility regulations that impose a severe cost burden on
the design of high-speed copper printed circuit boards (PCBs) and supporiing interconnect
technologies, such as connectors. The layout advantages offered by optical waveguides will
give rise to a reduction in the functional area and layer count of the PCB. The level of
reduction will strongly depend on the application, with the more I/O intensive applications
subject to the greatest potential reduction in PCB volume.

Another advantage of the adoption of embedded optical interconnects in high-capacity
networking, server, router, data storage and high performance computing technologies is a
reduction in power consumption.

As the network traffic increases, the power consumption of network hardware is expected to
increase 5 fold by 2025 and 12 fold by 2050 [6]. For data transmission at speeds greater than
10 Gbps, current electrical interconnects will need to be enhanced by active signal
conditioning devices such as pre-emphasis and equaliser circuitry to ensure that the signal
distortion or degradation due to the mitigating factors described above remains within


https://iecnorm.com/api/?name=eaa3864c1e2aae0f8c840ee049b6920b

- 8- TR 62658 © IEC:2013(E)

acceptable levels. In addition, the power consumption of electronic signal drivers will also
increase. As signal frequencies increase, an electronic signal driver will need to ramp up the
signal power in order to overcome the fundamental loss mechanisms on a copper
transmission line. These loss mechanisms include dielectric loss, skin effect, and the surface
roughness of the copper trace, which accentuates skin effect by increasing the effective
surface area. Dielectric loss effects can be mitigated to some extent by using specially high
frequency printed circuit board laminate materials, however at mounting cost to the system.
Long distance optical interconnects such as single mode optical fibres for multi-kilometre data
transfer also require adaptive equalisation, but for very short distances, such over a system
backplane this is certainly not required (Figure 3).

Increase of Power consumption from 2006 to 2025 )
Internet-traffic: 190 times larger (21Tbps)
Power consumption: 5 times larger (2000 billion KWH)
12 times larger in 2050!

NN

Extrp power consumption devices

\
LSI .

Backplane
drniver with pre-

‘{S‘ . . . Backplane

emphasis syEsckelane: el
= ;“!L‘\ C i - -
t:‘ - -:’ LS
Parallel e . Parallel
optical Tx optical Rx

IEC | 1590/13

Figure 3 — Increase of power consumption in future network

Thougl optical intercennects will require active devices to convert electronic signals tofoptical
signalg and vice versa, it is expected that the power consumption due to these conyersion
technologies will’be"less than those due to electronic signal driver and signal cond|tioning
technology for ‘interconnects over a given length. Cisco’'s green story [7] provides a
breakdpwn of-power consumption in network technology systems. Among prevailing rletwork
technologies! servers are the most power consumptive accounting for 50 % of all| power
consumption in the network systems space, followed by data storage systems, which dccount
for 35 % [8]. This Indicates that the adoption of optical interconnects in network server and
storage systems would be an effective path to realizing green information and communication
technology [9]. Figure 4 shows the comparative power consumption profiles of a 10 Thps
electrical router and a 10 Tbhps optical router, whereby the optical router consumes 20 % less
power than the electrical router.
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Figure 4 — Comparison of power consumption of 10 Thps electrical and optical rquters
2.3 Planar embedded optical waveguides

It is pfoposed that the resulting performancg(bottieneck due to the electrical con
descrijed above be substantially reduced by\conveying high-speed data optically ins
electropically. This requires that optical .€¢hannels be incorporated into the system

printed

commgdrcially deployed to support embedding conventional optical fibres onto printed
boards| there has been a great deal“of research and development activity centred in
looking at the fabrication and deployment of planar optical waveguide channels on/ in

circuit
optical
Univer

board substrates[10] t0 [18]. The key academic contributors to research into

bitaet Brussels, University of Ghent, Loughborough University, Heriot-Watt Un

and Frpunhofer Institute 1ZM, while the key industrial contributors include IBM Rese

Zurich,

Cornin

.

btraints
ead of
at the

circuit board (PCB) level. While_ many technology solutions have been put forwgrd and

circuit
Europe
printed
planar

waveguides include  University of Cambridge, University College London|, Vrije

versity
arch in

Xyratex Technelogy, TTM Technologies, Vario-optics, TE Connectivity, FCI arjd Dow

Collectjvely_research and development activities in this field have included a wide rgnge of

planar

wavegduide fabrication techniques, in-plane and out-of-plane waveguide coupli

connedtorvsolutions. Though this activity has been mostly centred on polymer wave
some research and development has been carried out on embedded planar glass waveguides
as well.

3 St

3.1

ng and
juides,

andardization of board-level optical packaging

Role of IEC TC86/JWGY (with TC91)

Broadband technologies and services using optical networking systems have come into
widespread use, not only at the backbone level but also at the access level. As data
bandwidths continue to increase, the optical interconnect must be driven even further down,
to the system level, which requires the development of suitable opto-electronic packaging and

interco

nnect solutions to accommodate the system environment.
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Within the system, packaging and interconnect solutions are being developed to

accommodate the multiple levels of system embedded optical interconnect including:
a) System level where daughter cards communicate optically with one another acr
optical backplane [19];

b) Board level where individual chip sets or mid-board transceivers communicate o
with one another across an optical PCB [4];

c) Chip level where different components within a chip or multichip module are o
connected to each other;

0Ss an
ptically

ptically

These technologies naturally shall include optical or electro-optical PCBs, opto-electronic

modul

To promote the proliferation of these technologies, their interfaces, test and measu
procedures, and performances should be standardized. The standardization of fibre
optical| network connectors, and fibre interconnecting devices and passive,campone
within the purview of the relevant working groups in TC86 subcommittees:\NG task gro
been assigned to look at system-level optical packaging and interconnect’technologie
the establishment of the IEC TC86/JWG9 (with TC91) in 2009, which was specifically
with the standardization of in-system optical circuit board packaging, including perfo
and reliability requirements, optical interconnect interfaces, and their test methods as
in Figuye 5.

Suppoiting technologies such as optical PCB connectors and board-level optoele
modulgs are being considered in other parallel working./groups in TC86 with the sup
JWGHI.

IEC TC86field
3 for standardisatio

Opto electegni€ module

: Fibre cable

Optical connect

rement
cables,
nts fall
up had
ps until
tasked
mance
shown

ctronic
port of

iscussion field in JWG9

&ptical circuit board

Figure 5 — Discussion field in IEC TC86/JWG9 (with TC91)

3.2  Optical circuit boards [20]

IEC 1592/13

Optical circuit boards have arbitrary optical transmit patterns with straight / crossing / bent /
tapered optical channels with input/ output optical ports. The optical channels would comprise
optical fibres (glass, polymer) and/or planar optical waveguides (glass [21], polymer [10]). The
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boards can be categorized as flexible or rigid according to the supporting substrate (Figure 6).
Optical boards can also fall into a third category, flexi-rigid, whereby the optical channels are
housed on a flexible substrate, part of which is fastened to a rigid substrate and another part
of which is free to float. This category of optical board would be suitable for direct passive
board-to-board optical connects where one or each of the connecting boards would typically
need a compliant section to mitigate board misalignment and vibrations.

The supporting substrate may comprise a single or multilayer printed circuit board in one
embodiment. A circuit board consisting of an optical circuit board and electrical circuit board
is defined as an electro-optic circuit board (EOCB).

Embedded optical Sben -
o
Y

NSRS R
Figure 6a- Flexible optical circuit board Figure 6b gid optical circuit boarfl
using optical fibres O\ using optical fibres

)

N\
Figure 6¢- Flexible optical C@:ﬁit board Figure 6d- Rigid optical circuit board
using opticaLg’%veguides using optical waveguidgs
\\O IEC | 1593/13

Figu§6,— Classification of optical circuit boards

3.3 Dptical backp [22]

An opti¢al backpl@h circuit board, which supports optical connectors, to which two qr more
a

daughter card n be connected, and optical channels forming an optical pathyay or
pathwgys be@n the at least two daughter cards.

Daugh e\%’ards are usually connected orthogonally to the plane of the backplane giving| rise to
a bookshelf-type board arrangement. Optical backplanes will often include electrical layers to
accommodate power distribution, control signals and low-speed communication bus signals
along with optical layers to convey high-speed optical signals between the daughter cards
attached to the backplane. Optical backplanes could also be typically referred to as optical
motherboards or optical midplanes.

Optical backplanes can be divided into four categories based on optical interconnect type,
electrical/optical connector topology and daughter card arrangement as shown in Figure 7.
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Daughter board
\ Optical backplane
Optoelectronic connector
Optical connector IEC 1594/13

Figure 7a — Type A

Daughter board

Optical backplané

Optoelectronic connector

Flexible optical circuit/
optical cables with connector

Optical connegtor IEC 1595/13
Figure 7b — Type B
Daughter board
\ Optical backplane
Optoelectronic connector
Optical connector IEC 1596/13

Figure 7¢c — Type C
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3.4

Optica
board

conned

two op
each o
techno
planar

the saimhe type of optical waveguide is used in both connécting sections in order to m

optical

connedtors are well known and commercially available. Waveguide based MT ferrule

been d

The right-angled bend in the connector can bg ‘achieved by an optical fibre or flexible
wavegliide bent by 90°, such that the radius-of curvature does not exceed the bend limi

fibre/w

In one
elastic

optic ¢

assem

Modulg-to-module or module-to-board connector type PT (photonic/electronic tied) is

angled
emittin

IEC 1597/13

Figure 7d — Type D

Figure 7 — Four types of optical backplane applications

Dptical circuit board connectors [23]

circuit board connectors include board-to-board optical connecterS)y and mog
pr module-to-module on board optical connectors (Figure 8). A~right-angled
tor or RAO connector is a multi-channel parallel optical connector, which can @
her. The optical connection interface is typically based onlor compliant with MT
waveguides (polymer on a flexible substrate) are connected to each other. Pre

losses due to numerical aperture or size mismatches. Fibre-based MT parallel

pmonstrated [10].

hveguide. This technology is commercially available.

example, an optical board. connector of the type SF (sagged fibre) makes use
force (or buckling force). 6f*sagged fibre to enable an effectively spring-loads
bnnection between boards or between on-board modules. The bare fibres are t
bled in a micro-hole or V-groove. The technology is commercially available.

fibore optic._.connector, which can be plugged or unplugged from
h/receiving)opto-electronic modules mounted on the board.

ogy, whereby two MT ferrules incorporating either circular fibres (glass or pon:lner) or

ule-to-
optical
onnect

fical circuit boards or an optical circuit board and optical ribboh cable orthogonpally to

ferrule
erably,
nimize
optical
s have

planar

I of the

of the
d fibre
pically

b right-
surface
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Mother board

:y'}gred optical @ldm
D

[ [] alalal= - =taall
'RAO conneclor: Right

L

BGA package PT connector
Type PT connector family o
*FT connector. Photonic/Electronic Tied Interface connector Q *SF connector: Sagged five connecto
QO IEC 1598/13

A
Figure 8 — Classification of optiéﬁpcircuit board connectors

3.5 OQpto-electronic modules on board$\'

Two types of on-board optoelectronic (Q&module are hereby defined (Figure 9).
O

a) In the first type, the modules\%’a\\ be mounted onto a standard electrical printed| circuit

board with provision to accnga optical PT type connector.

b) In the second type, the,r@dules are mounted onto an electro-optical circuit bogrd and

corjnected both elec Illy and optically to the board, whereby optical signals é¢mitted
from the module ar nched directly into optical channels embedded in the circuif board

and vice versa. 1@9 optical interface will preferably make use of lenses or othef beam
shgping device@o mitigate the effects of beam diversion over free space.

O
D
((/C)
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OE module wio optical connector << O IEC 1hoor3

Figure 9 — Classification of optir\ﬁz odules on boards
N
3.6 Originating standards <
X
In Japan, 22 de-facto standards relating t }ftical circuit boards, optical backplanes, |optical
connedtors, and optical modules on bgards have been published by Japan Elegtronics
Packaging and Circuits Association (Figure 10). Based on these de-facto standards, $everal
IEC stgndards have been published.\O

.\0

Optical backplane
- JACA-PED5-02-01S
- JPGA-PE05-02.025

N
;O *
Optical ¢ ctor on board

-
S e
3 =
\VoE-module

S

. JPCA-PED4-01-01S
- JPCA-PE04-02-01-02-01S
. JPCA-PED4-02-03-05G

Module-to-module/board

optical connector * JPCA-PED2S
- JPCA-PED2-01-01S
Others - JPCA-PED3-01.065 - JPCA-PE02-01-055
-leanlﬁdopﬁcdwmm *JPCA-PED3-01-07S - JPCA-PE02-01- 089G
JPCA-PED2-04-025 JPCA-PED2-04-045
«Measurement methods of optical
JPCA-PED2-05-015
JPCA-PE02-05-025 IEC 1600/13

Figure 10 — De facto-standards in Japan [24]
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4 Standardization road map

4.1 Performance trends for optical circuit boards

Figure 11 shows projected board capacity trends for optical circuit boards in terms of data
rate per optical channel and number of optical channels per board.

Board mounted optical transceiver modules will increase in both channel count and data rate.
In 2011, mid-board transceiver modules with 4 duplex or 12 single channels operating at
10 Gbps per channel were commercially available, with array subcomponents such as 4 and
12 channel VCSEL arrays and PIN photodiode arrays operating at up to 25 Gbps and single
channel_components operating at 40 Gbps available from certain vendors to enable 4 duplex
channgl 40 Gbps midboard transceivers and beyond.

According to the board capacity trends shown, current 10 Gbps array technolegies| would
typically require 30 optical channels per board, while the introduction @f(40 Gbps array
technologies in the near future would push this requirement to 100 optical cliannels per{board.

New pgrallel optical engine developments based on integrated silicen-photonics [25]| rather
than multi-chip module technologies will push I/O data rates and capacities even fufther to
Terabif per second (aggregate) modules.

According to the 40 Gbps and 100 Gbps Ethernet standards published in 2010, the |optical
channgl capacity on a circuit board could be driven to ever 1 000 optical channels pef board
to accgmmodate the future interconnect requirementss«

Therefpre, the trend predicted in optical circuit board fabrication will be toward hybrid ¢lectro-
optical|circuit boards with increasing numbers.of¢optical layers.

Optical circuit board fahrication
r'y u
—_ 1000 — e ptical circuit boards
2
g
D 1 rbps
< |
= |
= I
S
- 1
E Laminated Throughput/board
2 optical waveguide
c L circuit boards 0
5 100 prs
[’2]
@
=
=
£ e
3 Waveguide film on
o 7 printed circuit board
IS %05
3
]
o
E . :
g 10 Board-to-boar optical fibre interconnection
| | .
10 40 100

Transmission speed (Gbps/ch)
IEC 1601/13

Figure 11 — Performance trends for optical circuit boards
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5 Standardization road map of optical circuit boards

Based on the performance and packaging trends shown in Figure 11, a standardization
roadmap for optical circuit boards and supporting technologies, was proposed at the
IEC TC86/JWGY (with TC91) Kyoto meeting in October 2008. This roadmap is shown in
Figure 12.

General proposals for the performance and measurement of optical circuit boards have been
completed submitted by JWG9 to be published as international standards.

A NP describing the special case for an optical backplane was proposed in the
IEC TQO883WGS(with- T €&t tocarmo meetimgm2009-

2008 2010 2012 2014 2016
|

| | | |
ﬁ fiber or waveduide
Between equipments
server/router Inter-board level
car server

mobile

> yeap

FA etc. Intr&boelxrd level
< General - séver/router
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Figure 12 — Standardization roadmap of optical circuit board
and its related optical packaging
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