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In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should: Standards Should Not:
« Show relationship to Design for Manufacturability * Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
e Minimize time to market » Keep people out
 Contain simple (simplified) language * Increase cycle time
« Just include spec information * Tell you how to make something
* Focus on end product performance  Contain anything that cannot
¢ Include a feedback system on use and be defended with data

problems for future improvement

IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment of products, and assisting the purchaser in selecting and obtaining with minimum delay the
proper product for his particular need. Existence of such Standards and Publications shall not in
any respect preclude any member or nonmember of IPC from manufacturing or selling products
not conforming to such Standards and Publication, nor shall the existence of such Standards and
Publications preclude their voluntary use by those other than IPC members, whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their adop-
tion may involve patents on articles, materials, or processes. By such action, IPC does not assume
any liability to any patent owner, nor do they assume any obligation whatever to parties adopting

the Recommended Standard or Publication. Users are also wholly responsible for protecting them-
selves against all claims of liabilities for patent infringement.

It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
implementation of IPC publications is voluntary and is part of a relationship entered into by
customer and supplier. When an IPC publication is updated and a new revision is published, it
is the opinion of the TAEC that the use of the new revision as part of an existing relationship
is not automatic unless required by the contract. The TAEC recommends the use of the latest
revision. Adopted October 6. 1998

Your purchase of this document contributes to the ongoing development of new and updated indus-
try standards and publications. Standards allow manufacturers, customers, and suppliers to under-
stand one another better. Standards allow manufacturers greater efficiencies when they can set

up their processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the standards
and publications development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and par-
ticipates in committee activities, typesets and circulates document drafts, and follows all necessary
procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low to allow as many companies as possible to participate.
Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, why not take advantage of this and the many other benefits of IPC membership as
well? For more information on membership in IPC, please visit www.ipc.org or call 847/790-5372.

Thank you for your continued support.
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Optoelectronic Assembly and Packaging Technology

1 SCOPE There are four levels of optoelectronic packaging. These
This document addresses the implementation of optical andlevels have been established to mirror previous packaging
optoelectronic packaging technologies. levels assigned to electronic equipment. They are intended

to make a clear demarcation between manufacturing prod-

The areas dlscussedllnclude: tt_echnology choices, de§'grljcts intended for the optoelectronic market. The four levels
considerations, material properties, component mounting are:

and interconnecting structures, assembly processes, testing, )

application, rework, and reliability of completed optoelec- * OPTO Level 0:Uncased device (e.g., lenses. Isolator,
tronic products. Optoelectronic packaging technologies laser diode, waveguide beam splitters, etc.)

include active and passive components and discrete fibere OPTO Level 1:Single device or multiple devices in a
cable, their characteristics, and the manner that these parts package (Multi-Device Subassembly (MpPSa package
will become an integral part of the functioning module, integrating optical, optoelectronic components and IC
board or subassembly. components)

¢ OPTO Level 2: Modules and product boards (Transpon-

1.1 Purpose This document is intended to provide gen- der on a daughter card)

eral information on implementing optical and optoelec- .
tronic packaging technologies, for creating component * OPTO Level 3:Mother board with product boards or
mounting structures and assemblies that may be exclu- cabling (Transponder mounted on a mother board)

sively optically oriented or that are to perform a combina-

i . : . It should be recognized that there are also levels of com-
tion of optical and electronic functions.

plexity included in each of the levels of optoelectronic

packages. Level 0 complexity deals with unpackaged
devices complexity primarily relating to the complexity or

ydifﬁculty in the manufacturing process.

1.2 Categorization Optoelectronic components are cat-
egorized by function (i.e., modulators, lasers, switches,
detectors); optoelectronic assemblies are categorized b
higher level functions (i.e., transmitters, receivers, amplifi- Levels 1 through 3 complexities relate to the assembly
ers, transponders). See Figures 1-1 through 1-3. process(s) necessary to produce a quality optoelectronic

Input

Defractive
Reflective

Transmitter

I > Fiber > Fiber >
Optical Regenerator Optical

Amplifier Amplifier

Fiber

— -
- NN ——
Output

Photodetector .
Recelver
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Figure 1-1 Optoelectronic Communication System Structure Documents
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Figure 1-2 Typical Optoelectronic Assembly Hierarchy
A) Metallized Plastic Bottom Support

B) Optoelectronics Board Assembly

C) Electronic Board Assembly

Ceramic
Ceramic Feed Through (1)

Feed Through (2)
Seal Ring Lead

Lead

Holder

Glass Ball Lens
Sapphire Window

Glass Window

IPC-0040-1-003

Figure 1-3 Typical Optoelectronic Components

1.2.1 Complexity or Producibility Level When appropri-

ate this document will provide three design and manufac-
turing complexity/producibility levels. Each level describes
features, tolerances, measurements, assembly, and testing
of completed products. Also included is the verification of
the manufacturing process that reflects progressive
increases in sophistication of tooling, materials or process-
ing and therefore progressive increases in fabrication cost.

These levels are:

Level A: General Complexity/Producibility — Preferred

For low-density optoelectronic product applications, where
the component assembly conditions have been developed
to accommodate ease of assembly or high levels of auto-
mation.

The geometry of the parts being assembled are furnished
devices that fit easily into the standard assembly processes
for attachment and interconnection. These may include
through hole and surface mount application all of which
provide a wide process window for attachment and align-
ment processes.

Level B: Moderate Complexity/Producibility — Standard
Optoelectronic products with a moderate level of compo-
nent density where the components and mounting patterns
are furnished for all device families and provide a robust
attachment condition for one or more attachment processes.

The condition should be suitable for solder reflow, or adhe-
sive attachment, and may go through several processes to
achieve a fully functional tested assembly.

Level C: High Complexity/Producibility — Reduced

High component density typical of portable and hand-held
product applications. This level has the ‘minimum’ space
available for attachment, has the least clearance between

product. Level 1 represents the first level of combining part_s and offers the greatest challenge to incorporate auto-

optical and electronic parts. Parts assembled may be amation.

Level O device or may already be in some packaged form. The techniques used for assembly and alignment may not

Essentially Level 1 is a simple or complex component, be suitable for all product use categories. Attachment fea-

consisting of many parts, which is intended to be further tures are minimal and the component count is high. Prod-

interconnected with other parts on the next level. uct packages in the BGA or FBGA format require Level C
categorization.

Level 2 represents product board or module where the

entire assembly performs a specific function in an optoelec- _ ) :
yp P P fast design or manufacturing requirement, but a method of

tronic system. Both Level 0 and Level 1 devices/ . .
communicating the degree of difficulty of a feature

components are mounted and interconnected on the Leve . e o
. etween design and fabrication/assembly facilities. The use
2 assembly. The Level 2 products form the foundation and o
of one level for a specific feature does not mean that other

buﬂfdmg blocks of .thz zysttﬁ m thatt establish the bandwidth features must be of the same level. Selection should always
performance required by the customer. be based on the minimum need, while recognizing that the

Level 3 is dedicated to combining and interconnecting the Precision, performance, conductive pattern density, laser/
Level 2 products. This packaging may include the cabin- optical fiber integration, equipment, assembly and testing

etry, the backplane into which product boards are inserted requirements determine the design producibility level.

or the cabling (both optical fiber or wire) needed to inter- The specific requirement for any feature _that must be con-
connect the Level 2 products. trolled on the end itenshall be_speciiet D@ @ MeAtS
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drawing of the optoelectronic printed board or the opto- (four to six years) and the environment in which they must
electronic printed board assembly drawing. operate consists of reasonable temperature limits and tem-

Optoelectronic levels are combined in the categorization perature change.

description using the package level and complexity level Class 3: High Reliability Optoelectronic Products

designator to describe the characteristics of the part. Thus|ncludes the equipment for commercial and military prod-
Level 1B describes a component that has moderate com-ycts where continued performance or performance on
plexity where a Level 1C would be a very high dense and demand is critical. Equipment downtime cannot be toler-
complex product. ated, and must function when required such as for life sup-

Wherever possible the products shown in the illustrations POt items, or critical weapons systems. Printed boards and

have been designated as fitting into a specific category. printed board assemblies in this class are suitable for appli-
cations where high levels of assurance are required and

1.3 Classification of Products This document recog-  service is essential.
nizes that optoelectronic products (components, modules,Combining Levels and Classes

and assemblies) are subject to classifications by intendedI icating b desi q ‘ . h
end item use. Classification of producibility is related to n csrr:jmlumcatmgldeftwelzeg esign arr]l manu a(_:turlnlg, tle
complexity of the design and the precision required to pro- metho ology would Include using the a_ppropnate evel,
duce the particular component, mounting structure, module manufacturing complexity, and the class in which the final
or optoelectronic assembly. Any producibility level or pro- pro_duct must perform. Unde.r this structurg, a ,1C.3 ,WOUId
indicate a Level 1 product wita C complexity signifying

ducibility design characteristic may be applied to any end- g " h hiah reliabil
product equipment category. Therefore, a high-reliability a very dense pac age that must perform as a high reliabil-
ity optoelectronic product.

product designated as Class “3,” could require Level “A”
design complexity (preferred producibility) for many of the

attributes of the optoelectronic product. 1.4 Applicable Documentst Documents of the issue cur-

rently in effect form a part of this standard to the extent

1.3.1 Performance Classes Three general end-product specified herein.
classes have been established to reflect progressive T d Definiti In addition to the t
increases in sophistication, functional performance require- IPC-T-50 Terms and Detinitions — [n addition fo the terms

ments and testing/inspection frequency. It should be recog—on e_Iectrom(_: 'Fe_chnology shown in IPC_T_'SO' Appendix B
nized that there may be an overlap of equipment betweenprov'des definitions and acronyms on optical and optoelec-

classes. The optoelectronic product user has the responsi'EronIC packaging.

bility to determine the cIa;s to which his product belongs. IPC-9701 Performance Test Methods and Qualification
The contract should specify the performance class requ'redRequirementS for Surface Mount Solder Attachments
and indicate any exceptions to specific parameters, where

appropriate. J-STD-003 Solderability Tests for Printed Boards

Class 1. General Optoelectronic Products J-STD-006 Requirements for Electronic Grade Solder
Includes consumer products, some computer and computern|ioys and Fluxed and Non-Fluxed Solid Solders
peripherals, as well as general military hardware suitable

for applications where cosmetic imperfections are not 1 4 1 Reference Documents Many specific standards on
important and the major requirement is function of the the syubject of optoelectronics have already been developed.
completed optoelectronic product. Components, modulesThese standards are listed as a reference in the appendices
and assemblies have a short product life (two to four years) ynder the following organizational structure. Where appro-

and the environment in which they must operate is fairly priate, the URL of the organization has been included.
benign.
International  Electrotechnical Commission Standards

(IEC)2 IEC standards are developed by technical commit-

Includes communications equipment, sophisticated busi-tees of the International Electrotechnical Commission (see
ness machines, instruments and military equipment whereappendix D).

high performance and extended life is required, and for

which uninterrupted service is desired but is not critical. Telcordia Standards 3 Telcordia standards are developed
Certain cosmetic imperfections are allowed. Components, by the telecommunications Telcordia consortia (see Appen-
modules and assemblies have a mid-range product lifedix E).

Class 2: Dedicated Service Optoelectronic Products

1. www.ipc.org
2. www.iec.ch

3. www.telcordia.com Documents
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Japan Industrial Standards (JIS) 4 Japan Industrial stan- nected with relatively low bandwidth optical pipes to the
dards are developed by the member company representabackbone. Most home users are connected to the backbone
tives participating in JIS standards development (see through extremely low bandwidth modems due to service
Appendix F). provider limitations in making high bandwidth connections
to local neighborhoods, to “the curb,” or to the home. The
Military Standards © Military standards were developed 10 ,5ers at these access points in the business complexes, edu-
assess the _capability of products that primaril_y performed 4iional campuses, and the neighborhoods will supply the
as electronic components. These methods included teStya1a gemand-pull if given the local capability. This local
COﬂdI'FIOﬂS fo_r stressing the component tp ensure its robust-capability could be provided by extensions of fiberoptic
ness in the final assembly (see Appendix G). networks to provide convenient and low cost broadband to
> TECHNOLOGY OVERVIEW th_ese users. If individual computer users were prpvided
with real broadband (e.g., 1 Gbit Ethernet) connections to
At the end of 2001, much of the buried optical fiber which iheir offices or homes, the expected data demand-pull
comprises the global telecommunication, and internet- |4 pe tremendous. Assessments of electronic and opto-
worldwide web network is carrying no traffic. Itis ‘dark,”  gjectronic equipment demands for various telecommunica-

or ‘unlit(’) fiber. It is widely reported that somewhat less  jon network segments predict that the value of the equip-
than 20% of buried fiber, which makes up the backbone, or ot needed for each mile of deployed fiber will increase

superhighway, of this long hau_l (or long reach) ne_twork is radially from the backbone to the access rim. Equipment
actually _b_e|_ng used_. Me_anwhlle, advancements n Wave- values per mile of fiber may be 100 times, or more, the
Ieng_th DIVISIF)n Multlp_lexmg (WPM) are rapld_ly adding to value of backbone optoelectronics.

the information carrying capacity, or bandwidth, of much
of this buried fiber. Parallel advancements in laser trans- |t js apparent that demand from the network rim will drive
mission and receiver technology promise the near term growth in the telecommunications industry. Other sources
deployment of 10 Gb/s transmitters and receivers. Early 40 of data demand are promised by the expected growth of
Gb/s transmit/receive systems are in evaluation or latter remote storage service providers, and remote application
stages of development. service providers. But the promise of these emerging busi-

Approximately 20 million miles of advanced fiber was N€ss opportunities is also limited by availability of real
added to the long haul backbone in the past two to three broadband connectivity to these users at the rim. These
years. This fiber, and most of the fiber deployed since emerging services will certainly face other obstacles, but
1995, has the chemistry and characteristics to support theséisers are unlikely to show wide support until use of remote
new technologies. The growing use of Dense WDM application software and remote hard drives is as seamless
(DWDM) systems, and the advanced Erbium Doped Fiber and quick as the use of local hard drives and the applica-
Amplifiers, and Raman amplifiers, will vastly increase the tion software installed upon them. If the broadband service
bandwidth of the existing backbone, especially when usedis supplied to these users, true exploitation will drive
with the emerging 10 and 40 Gb/s transmitter-receiver demand for personal or very local broadband transmit-
technologies. receive hardware. This may take the form of laser
transmitter-receiver hardware in local network nodes or

While it is true that much of the fiber buried before 1995 ) . . .
mav not be able to subport these new DWDM and hubs, or it may result in optical network interconnect cards
y PP (ONIC) with laser transmit-receive hardware being

10-40Gb/s technologies, this legacy fiber is performing installed in personal computers, just like video cards. This

well in the healthy and busy internet-telecommunication
. : . enormous volume demand that these markets could repre-
backbone of today. It is projected that the telephony will . . . .
sent will require very low cost laser transmit-receive hard-

consume a continually diminishing portion of network o . .
. o . ware. Most of the optoelectronic industry is focusing on the
capacity, as data transmission demands continue to esca- . : .
. cost reduction of backbone optoelectronic hardware. While
late. In five years, or less, telephony may consume IEESSthis iS necessary, success in this area will not light up the
than 5% of network bandwidth, so telephony markets will Y, ght up

. . . . network, consume existing bandwidth, begin to consume
not “.ght up the dark fiber. The dgta _bandmdth demanc_j 'S the bandwidth of promised 40 Gb/s DWDM systems, and
required to push the telecommunications industry back into

growth mode provide a growth stimulan_t to the _te_lecommunication

' industry. Focus needs to shift to providing real broadband
It is expected that individual users in the office, or campus connectivity to the network rim, and to manufacture of
networks, and users at home will create this data demand-truly low cost optoelectronic hardware for individual users
pull. Currently the datacom or premise networks are con- and the local area networks.

4. http://www.jisc.go.jp

5. ww dod. gov Documents
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Telecommunications has embraced photonics as the highlyCity access products. Businesses as well as home commod
preferred mode for terrestrial and undersea communication.ity products will find the capability of optoelectronic prod-
The packaging and assembly industry are learning the newucts providing more services. Figure 2-2 shows examples
rules of light as the new technology is being added to elec- of optoelectronic components and modules in such sys-
tronics. tems. As optical communication systems continue to
As the industry and its customers become accustomed to€V0Ive, optoelectronic products will play an increasingly
the freedom of portable electronics, the trend to wireless is Important part in their development.

accelerating. With cellular phones and Internet laptops talk-

¢ : At ” “f7 2.2 History of Optoelectronic Packaging Optical fiber
ing to each other, fiber optics, its components, its design

e > ! appears throughout the systems, and an optoelectronic
characteristics, and all of its system issues become yangmitter converts an electrical data signal into an optical
extremely important and are growing at a hectic pace.  gng which is amplified over larger distances wherever nec-
essary, and finally reaches an optoelectronic receiver which
converts from optical back to electrical signals. Various
packages have been created that help accomplish this,
although many of them do not require hermetic sealing,
their characteristics are such that they fit into a metal can
(TO can), or have the butterfly characteristics with the
Optical transmission is moving closer to the home and leads extending that can then be easily assembled into the
business, moving from the long haul lines to Metro and standard electronic printed board.

2.1 Optoelectronics in Optical Communication Sys-
tems Figure 2-1 shows characteristics of Long-Haul Net-
works and how these are tied into the multiple regional
backbone providers for residential, cellular, and corporate
networks.

Long-Haul Networks

Multiple regional
and backbone
providers

Optical WDM cross-
connect mesh

Long-haul

metro
Intra-metro Intra-metro {
t connections Inter-metro t connections

connections
Access Networks/Clients / \
Frame
\ Relay

Metropolitan Networks

ﬁ IP Router ESCON
’ / | Fiber
ATM Ethernet Channel
N\ Switch LAN
> i 0 ) Gigabit
Ethernet
(A
] . PSTN/cellular .
Residential x-DSL or Regional ISP Corporate
cable modem networks enterprise clients
IPC-0040-2-001
Figure 2-1 Network Example
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Figure 2-2 Optoelectronic in Fiber Optic Systems
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At the moment there are few standards around to help pro-mation into the CAD library for proper assembly place-
mote optoelectronic packaging. The main players have notment and interconnection with the remaining electronic
really cooperated to make their proprietary data open to the parts.
industry and encourage competition. It is very similar to
the early days of surface mount technology, where those Test equipment is a big challenge. With the variety of dif-
companies who had invested heavily in the research toferent parts that exist, it is not easy to have one piece of
make surface mounting a reality were not ready to divulge equipment that will handle all the different products that
those process secrets that gave them a competitive advanare needed for the optoelectronics assembly. This will
tage. This is the same issue today with fiber optics. change as devices in systems become more uniform, how-
ever the drivers must be cooperative and moving in the
As manufacturing becomes more outsourced, it will direction of standard mechanical outlines for the parts, and
become more and more important to have an industry standard features for the interconnection products.
infrastructure that is ready to manage and adopt the condi-
t@ons for the fib_er optic _cult_ure. This includes the fabrica- 5 Optoelectronic Modules Optoelectronic systems and
tion of the device, fabrication of the package or compo- g psystems are typically based upon products that are com-
nent, fabrication of the board assembly, and tying all of yriseq of optoelectronic modules that are assembled on
that into the total system configuration. printed circuit boards with other electronic components,

hod q hand interconnected with optical fibers and copper circuitry.
Test methods and measurement systems are necessary tha},oqe optoelectronic modules may be broadly grouped into

will help evaluate the quality of the component; software o major categories: Active Modules and Passive Mod-
must be made available to help both design and simulation o5 Active Modules are generally defined as “Active” if

in the testing arena. At the moment, the mechanical out- the module contains at least a component which generates
lines of components are provided on data sheets rather thamn gptical output due to the application of an electrical sig-
by a standards organization such as JEDEC, which givesna| (laser diode, light emitting diode), or if the module
the mechanical standards for semiconductor integrated Cif-generates an electrical output due to the application of an
cuit packages. Designers who handle library symbols mustoptical signal (photodiode, etc.). In both cases, either an
scramble to interpret the conditions described on compo- optical-to-electronic (OE) or electronic-to-optical (EO)
nent manufacturers data sheets in order to encode the inforconversion is performed. ocuments
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Passive Modules are generally defined as “Passive” if the
function performed by the module is optical in nature,

involving no OE or EO conversion. The components con-

tained in the module may be exclusively optical elements
(lenses, etalons, isolators, optical fibers, fused optical
fibers, planar waveguides, gratings, etc.) that are optically
interconnected upon a mechanical substrate. In many case
a passive module incorporates electronic circuitry (e.g.,
temperature sensing device with feedback to regulate a
heater, or a thermoelectric cooler/heater), but no OE or EO IPC-0040-2-003

conversion occurs. Figure 2-3 Example of Hermetic TO Can Package

It is quite common for some of the optical functions pro- ithin the hermetic housing or through an optical window
vided by Passive Modules to be incorporated into Active jnto the hermetically sealed housing.

Modules using discrete components, resulting in an

increase in the Active Module functionality through Alternatively, the unpackaged active photonic device may
“hybrid integration.” Technological advances are also be assembled onto a submount and then attached to a larger
allowing some of the optical functions provided in Passive base, which provides heat sinking and areas for subsequent
Modules to be incorporated into individual components, optical component and fiber attachment. This assembled
along with integrated circuitry and an OE or EO conver- ynit comprises an optical subassembly, measuring only a
sion through “monolithic optoelectronic integration.” few millimeters on an edge. Figure 2-4 provides an
Since the resulting module provides an OE or EO conver- example of an optical subassembly (ref. ADC Telecommu-
sion, it is referred to as an active module. nications Inc.). The optical subassembly is then attached to

Advancements in monolithic optoelectronics may reduce & substrate, to a housing floor, or to a thermoelectric cooler
the occurrence of existing passive modules, reducing theWhich is bonded to the housing floor. The optical sub-
incidence of optical-optical interfaces, and improving opti- assembly may perform a Transmit or Receive function if it
cal signal integrity. Optical material research promises interconnects a laser diode or photodiode, respectively.
development of optical analogs of transistors and integrated These Transmit and Receive subassemblies are often
circuits, predicting that future modules may provide most referred to as TOSA (Transmitter Optical Sub-Assembly)
active and passive functions via monolithic optical integra- and ROSA (Receiver Optical Sub-Assembly) units.

tion. Ongoing innovations in passive optical signal process-
ing suggest that new generations of passive modules are
likely to continue to emerge.

2.4 Packaging and Hermeticity Optoelectronic packages
can be divided in two distinct categories. These are her-
metically sealed packages and those that are protected fro
the environment but are not hermetically sealed.

2.4.1 Hermetic Packaging Active photonic devices
(laser diodes, photodiode detectors, etc.) are commonly 4--
assembled in hermetic packages. This may be accom-
plished by use of a package dedicated to the individual
active device or the active device may be part of a more
complex assembly comprised of multiple elements and
packaged in a larger hermetic housing. A dedicated active
device package is most commonly a TO (Transistor Out-
line) can with a lensed lid, and glass-to-metal sealed con-
nection pins (see Figure 2-3).

Figure 2-4 Example of an Optical Subassembly

The metal, ceramic, or hybrid/composite metal-ceramic
The TO can unit may be interconnected to passive optical housing containing the OSA may also provide interconnec-
components and electrical components (ICs and passives}ion with an electrical subassembly, and other optical ele-
using a ceramic substrate, and hermetically sealed in aments. Coupling of the optical signal to or from the bare or

larger metal, ceramic, or hybrid/composite metal-ceramic packaged active device to an optical fiber may be accom-
housing. Coupling of the optical signal to or from the pack- plished within the hermetic housing or through an optlcal

aged active device to an optical fiber may be accomplishedwindow into the hermetically seale wments
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2.4.2 Nonhermetic Packaging Low cost, nonhermetic  polymer with the desired refractive index, and a lens is
active optoelectronic modules will similarly include a light simultaneously formed in the molding process. After
source or a receiver, and electronic components. While all assembly, the leadframe unit is overmolded with another
optoelectronic devices may not be suited for nonhermetic, polymer based (typically epoxy) compound.
organic polymer-based packaging, where it is possible,
nonhermetic packaging promises very significant cost
reductions. Low cost, honhermetic optoelectronic packag-
ing has the greatest application opportunity in the campus, : , ; .
enterprise/premise, and general access network segment&.ous'ng flgor. Assem?'y of photomc, optical, and electronic
Optoelectronic systems installed in these environments can®/€MeNts in the housing cavity then follows. The assembly
be expected to require a much shorter application lifetime YO!UME is then sealed with a housing lid, or via encapsula-
than systems servicing the long haul backbone due to shorto" with appropriate polymer-based materials.
periods of innovation that can be expected following this
high volume exploitation of high bandwidth optical com- 2.5 Theory of Optical Fiber Fiber optics is based on a
munication. Several nonhermetic packaging methodologiesprinciple known as refraction. As light passes through vari-
may be followed. ous materials it refracts, or changes its speed and direction.
) ) , ) This change in velocity is also dependent upon the wave-
In the first configuration, the nonhermetic module may length of the light. Thus, light at different wavelengths

lntercan:lect ?] hermgtlt;,;ellly Selfled actllve deylce N a TO yavels at different speeds and directions in the same mate-
can with nonhermetically packaged electronics (ICs and rial (the way a rainbow is created from white light passing

passive componer;ts). Here, the Igads of the TO Ean unl'tthrough a prism, every color of the rainbow represents a
may be bent anlfl qrmed t'o a' desired geomgtry, then SOl gifferent wavelength). The change in direction of light
gﬁgi?r;?eal‘gga gge: dCIir:usltmt; ?Iagdorgi;?e't?éer(;%lgeisgoing from one material into another is also affected by the
i ' P 9 . packag angle at which the light approaches the new medium. At
and nonhermetic passive components (typically reSIStorScertain angles, the light is refracted so much that it is actu-

and capacitors) may also be soldered to the PCB. ally reflected back into the first material. This is known as

In a second Conﬁguration, the TO Can-packaged photonicthe fiber's acceptance angle. The index of refraction of a
device may be soldered to a PCB substrate, where the ICgnaterial is the ratio of the velocity of light in a vacuum to
are attached in a chip on board (COB) mode. These the velocity of light in the material. Using 1.0 as a base, the
unpackaged ICs are attached to the substrate using converbigher the number, the slower light travels. The index of
tional die attach adhesives and wire-bonded to the sub-refraction can be controlled and changed by adding dopants
strate, or the ICs may be flip chip bonded to the substrate.to the fiber material. The material used in conventional
The wire-bonded devices are then covered with a liquid optical fiber is silica glass. It has a refractive index around
encapsulant (typically epoxy or silicone-based). Flip chip 1.5

bonded ICs are generally underfilled with a similar encap-
sulant. Passive electronic components are soldered to th
substrate.

In a second leadframe configuration, the leadframe is pre-
molded with an epoxy compound to form a housing, leav-
ing the surface of the leadframe segments exposed in the

The materials used in optical fiber must be very pure and
%ree of defects. If a fiber has defects, the light passing
through it will lose power, or be attenuated. Intrinsic
In a final configuration, an unpackaged (no TO can) active attenuation is caused by impurities in the fiber that result in
photonic device (light source, or receiver) may be used in light scattering or light absorption. 96% of total intrinsic
the module, along with the unpackaged ICs just described.loss is caused by scattering, while 3-5% is caused by
In this case, the photonic component may be wire-bonded absorption. Extrinsic attenuation is caused by cracks in the
or flip chip attached to the PCB substrate. These photonic fiber material. Macrobending is a visible bend in the fiber
devices may then be encapsulated with a suitable refractivethat causes cracks, while microbending is cracks due to
index polymer material. This type of nonhermetic packag- pressure on the fiber.

ing is most suitable for photonic devices that are well pas-
sivated so as to allow the device to perform for the required
application lifetime without failure.

At a minimum, optical fiber has three layers: core, clad-
ding, and coating. The core is the center layer where most
of the light in the fiber travels. The cladding surrounds the
Numerous variations of these nonhermetic packages arecore and acts as a boundary to the light in the core. Core
emerging. One class of package that offers significant costsize varies depending on fiber type while the most common
reduction is based upon a metal leadframe. In this first cladding diameter is 125 um. Other sizes exist for specialty
leadframe configuration, the electrical and optical compo- fibers. The refractive index of the cladding is slightly lower
nents are bonded to the leadframe, and electrical connecthan that of the core. Depending on the angle of the light
tions are made with wire bonding or via flip chip bonding. traveling through the core of the fiber, most of the light will

In some cases the active photonic device is molded with abe reflected off of the inner surface. of )N LS
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it simply then, light, travels through a fiber core by bounc- the 50 um fiber, so that from a packaging perspective the
ing back and forth within the boundary the cladding pro- latter fiber can not generally accept as much light from a
vides. For some angles, the light is not reflected by the large-angle source.

cladding and is therefore not transmitted down the fiber,
causing the light signal to become attenuated as it travels.
A general cross-section and depiction of how fiber optics
works is shown in Figure 2-5. Coating (also known as
jacket or buffer) layers surround the cladding and provide
strength and flexibility to the fiber. The first coating diam-
eter may be from 240 pm to almost 1 mm. Depending on
ruggedness requirements and application, extra jacket lay-

ers and st.r(.'-:ng.th member; may be “Seo'; There are t‘_NO 9€™he overall effect of these different modes of propagation

eral classifications of optical fiber: multimode and single- gives rise to modal (also known as temporal or spatial) dis-

mode. persion and produces a superposition of many light patterns
one on top of the other (see Figure 2-7).

Furthermore, multimode fiber allows several propagation
modes for the light, some of the light passes straight down
the core and rarely bounces off the interface between the
core and cladding - these are called the low-order modes -
while other parts of the light rapidly bounce back and forth
off the interface as they travel through the fiber - these are
called the high-order modes.

Cladding
(low refractive index)

jacket | ’
Light

Core
(high refractive index)

IPC-0040-2-005 Intensity
\

Figure 2-5 Operational Principles of Optical Fiber

2.5.1 Multimode Fiber Multimode fiber (MMF) has a
core diameter most commonly of either 62.5 pm or 50 pm
and guides the light by forcing it to “bounce around”
inside the core region of the fiber as it travels along the
length of the fiber (see Figure 2-6).

It is the difference in the index of refraction between the x(y) axis
core and the cladding that keeps the light from escaping IPC-0040-2-007a/007b
because of total-internal-reflection at the interface. This
difference also determines the numerical aperture (NA) that
relates to the maximum angle of incident light accepted by The modes occur because part of the light takes a longer
the fiber. The NA of the 62.5 pm fiber is larger than that of path than other (see Figure 2-8).

Figure 2-7 Output Pattern of Light of MMF

Index of Input
refraction pulse Output pulse
T *
125 pm 62.5 um }n , l E E :: E : E \
IPC-0040-2-006
Figure 2-6 Dimensions and Propagation of Multimode Step-Index Fiber Documents
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2.5.2 Single-Mode Fiber The fundamental operation of a
single-mode optical fiber is quite different from a multi-
mode optical fiber. Single-mode fiber (SMF) uses a very
small core, usually around 8 microns in diameter, and with
a smaller core-clad index difference. Here core size is not
well defined, since the refractive index profiles of single-
mode fibers can be very complicated, and then it is diffi-
cult to say where the core ends and the cladding begins.
Differences in the indices of refraction, between the core
and the cladding allow only one propagation mode in the
fiber for wavelengths greater than the cut-off wavelength,
usually 1260 nm or less (see Figure 2-11). But as light
refracts it also exists outside the core; this is called the
evanescent wave and results in a mode field diameter larger
than that of the core. The mode field diameter ends up to

the more dlregt light and the reflected light increases and be about 11 um for an 8 pm diameter core, but this depends
the pulse begins to stretch-out. If the pulses are sent at
upon wavelength.

greater than a particular rate, subsequent pulses begin to
blend into one another and the individual pulses cannot be The wavelengths typically used in single-mode optical
detected. This is why, for example, multimode fiber is lim- fiber were originally chosen to match either the lowest pos-
ited to about 500 m, though the exact limit depends upon sible attenuation of glass at 1550 nm or the point of zero
the signal bit-rate (see Figure 2-9). For these step-indexwavelength dispersion at 1310 nm.

fibers, a smaller NA also means less modal dispersion.

IPC-0040-2-008

Figure 2-8 Propagation Modes of MMF

As the light pulses travel down the fiber, the delay between

As light propagates through an optical fiber it becomes
Another type of multimode fiber is called Graded Index attenuated by a number of processes that depend on the
Fiber. In graded index fiber, the refractive index is not con- wavelength of the light. Attenuation is due to scattering of
stant within the core but decreases from the center, as athe light by the glass structure (mostly Rayleigh scattering)
power law, to the cladding. The refractive index profile and absorption due to chemical impurities and water con-
across the core is close to being parabolic, and the rays ardent. Absorption has been almost eliminated in modern pro-
curved trajectories (see Figure 2-10). Such a refractive cessing procedures. Chromatic dispersion causes a broad-
index is capable of minimizing modal dispersion. ening of the light pulses, like modal dispersion, except this

Intensity Intensity
L, @ I ——
- Input Output I b >
Time P P Time
Mode 1 = L/cos (6)
Mode 2 =L

IPC-0040-2-009

Figure 2-9 Effect of Modal Dispersion on Optical Pulses
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Figure 2-10 Dimensions and Propagation of Graded Index Multimode Fiber
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Diameter

IPC-0040-2-011

Figure 2-11 Dimensions and Propagation of SMF

phenomenon affects the individual wavelengths that com- They were essentially the same processes that were used in
prise the light pulses. Just as a prism separates out the colthe laboratory to develop the products. When demand
ors of the rainbow from white light, when a pulse is sent grew, these processes were replicated on a large scale.
down an optical fiber, the wavelengths that make up that Large numbers of people were employed, utilizing manual
pulse travel at different speeds. Although the wavelengths laboratory equipment in production. Yields were generally
that comprise the pulse start out together, they begin tolow and product quality was inconsistent. Second, the
separate as they travel along the fiber (see Figure 2-12). capabilities of the suppliers of materials and equipment to
the component manufacturers were sorely taxed. Many of
these suppliers had little experience with high-volume
manufacturing. The material suppliers lacked the process
control required for high yields and repeatable perfor-
mance. The equipment suppliers had no experience supply-
ing equipment that could be operated on a 24x7 schedule
with low down time and low mean time to repair.

To limit the amount of this chromatic dispersion, the 1310
nm wavelength band is used with the most common single-
mode fiber. Other fiber types, such as the non-zero
dispersion-shifted fiber, shift the low chromatic dispersion
out towards 1550 nm, where attenuation is lower and some
optical fiber amplifiers are more readily available.

The graph in Figure 2-13 shows that single-mode fiber has
a capability of carrying signals over very long distances at
very high bit rates - up to 400 km at 10 Gbps or greater.
Multimode graded index fiber can carry signals up to 30 or
40 km, but only at bit rates less than 1 Gbps. Copper and
multimode step index fiber are even less capable.

Many industry observers recognized that the fiber optic
industry needed to automate its manufacturing processes to
obtain the yield and quality control needed for manufactur-
ing products in high volume economically. The semicon-
ductor industry was held up as an example of a similar
industry that had successfully gone through this transition.
There are also other types of fiber like polarization main- The semiconductor equipment industry had grown up to
taining fibers or active doped fibers that are not described support the semiconductor component business and pro-
here. The intent was not to be exhaustive but to give anvide integrated solutions for high-volume component
explanation on how basic fibers function. manufacturing. Many standards were developed to insure

equipment compatibility, process control, ergonomics, and
2.6 Automation Requirements As the demand for fiber  systematic installation and maintenance. This allowed
optic components increased in the late 1990s and 2000,semiconductor component manufacturers to purchase virtu-
manufacturers focused on expanding capacity to meet it.ally everything they needed to build a fabrication or assem-
This need for a rapid increase in manufacturing capacity bly facility. However, in the fiber optic industry, little of
exposed two fundamental problems with the component this infrastructure exists. The manufacturing experience
industry. First, virtually all of the manufacturing processes and discipline needed to facilitate the conversion from
were performed manually and were not well characterized. manual processes to automated ones is lacking.

Intensity Intensity

Q ) iy,

Time Time
IPC-0040-2-012

Figure 2-12 Chromatic Dispersion Effect on Optical Pulses Documents
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Figure 2-13 Single-Mode and Multimode Fiber Capability

Both component and equipment manufacturers recognizeHence the level of automation and process control is very
these shortcomings and are working to develop a fiber well developed, particularly when compared to the manu-
optic component manufacturing equipment industry and facturing processes in the fiber optic component industry.
the standards needed to support it. Development of this
infrastructure has slowed with the negative revenue growth
in 2001, but most industry participants realize that this
development is key to the future success of the fiber optic
communications business.

Plastic optical fiber (POF) is another kind of multimode
fiber. It is difficult to make single mode fiber using plastic
material as it is very difficult to control the refractive index
of the material in order to construct the structure used in
single mode fibers. Attenuation of the optical signal is
2.6.1 Fiber Manufacturing Glass optical fiber is manu-  rather high and dispersion is significant. Plastic optical
factured by drawing it from glass preform whose structure fibers may be used to transmit optical signals over a very
has the same aspect ratio and index of refraction profile aslimited distance, generally within 50 meters or less at
the finished fiber. The preform is melted near one end andPresent. Future technology may be able to overcome this
that end is pu”ed away, drawing the melted g|ass down to limitation by prOdUCing POF that can be used over several
the desired diameter. By controlling the temperature of the 100 meters, as in applications for networks within a house
melt and the speed with which the fiber is drawn, the diam- or a small group of buildings.
eter of the resulting fiber can be tightly controlled. This, in
turn, controls the diameter of the core. The drawn fiber is 2.6.2 Component Manufacturing Fiberoptic component
spooled on to a large drum. Then it is proof tested to insure manufacturing can be divided into several processes. These
it meets a minimum tensile strength and coated with a are listed in Table 2-1.
plastic buffer jacket. These processes are continuous flow
processes, as an individual preform will be drawn into sev-
eral tens of kilometers of 125 pm fiber. At this point, the |__Processes Components
fiber is tested to insure it meets the required optical perfor- | Wafer Semiconductor laser diodes, photodiodes,
. . fabrication lithium niobate modulators, MEMS
mance. Then it may be further processed, adding more

. . . . . : structures, arrayed waveguide structures
protective coatings, including in some cases, fibrous Semiconductor | Semiconductor laser diodes, photodiodes,

Table 2-1 Optical Component Manufacturing Processes

strength members, or metal armor. Fibers are also bundled assembly lithium niobate modulators
into cables and in some cases, combined with copper conq riper Fiber Bragg gratings, fused fiber couplers
ductors. Fibers are also combined into arrays in a flat rib- | processing
bon format. Micro-optic Pigtail assemblies, lens assemblies,

. . L . . . assembly collimators, Isolators, thin-film filters,
Since fiber fabrication is essentially a continuous flow pro- circulators, modules

cess, it is amendable to automation. Also, the necessary
process control required to maintain the dimensional toler- Wafer fabrication processes for optoelectronics use much
ances needed for high performance single mode fiberof the same equipment and processes as silicon wafer fab-
require automated control of the drawing and coating pro- rication. However, there are key differences, particularly in
cesses. Fiber manufacture is one of the older and moreepitaxy. Optoelectronic wafer fabrication is also compli-
highly developed manufacturing processes in the fiber optic cated by the fact that the exotic compound semiconductor
industry. Both glass and plastic fiber manufacturing began wafers used for optical devices are much smaller and more
in the 1970s. They have had nearly 30 years to mature.fragile than their silicon counterparts. Pecumends
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material handing equipment used in silicon wafer fabrica- Many of the steps in the assembly processes for optical
tion cannot be applied to optical wafer fabrication. Also, semiconductor devices are similar to those found in silicon,
the process requirements are different. Silicon technology but have unique needs that prevent directly using silicon
has focused on decreasing the size of the surface featuresassembly equipment. The packages used for optical semi-
This allows higher performance and increased functional conductor devices are unique as they are designed to
density. In optical semiconductor structures, the emphasisaccommodate the optical fiber. Thus, the automated mate-
is more on controlling dimensions in the vertical direction; rial handling systems used for lead frames, TAB, or flip
the thickness, chemical composition, and uniformity of chip silicon devices cannot be applied to the optical
semiconductor layers. Thus the process control issues tendlevices. Typically, die placement in the optical devices is
to be different. much more accurate than silicon, since the die must even-

The semiconductor material commonly used in optoelec- tally be coupled to an optical fiber.

tronic applications is a combination of a Group Ill element There is a whole group of optical components that are
and a Group V element. These groups refer to the columnmade from fiber itself. Two of the most common examples
in the periodic table of elements. Group Ill elements com- are fiber Bragg gratings and fused fiber couplers. Fiber
monly used in semiconductors are Al, Ga, and In. Group V Bragg gratings are made by optically imprinting a pattern
elements commonly used include N, P, As, Sb or Bi. The on a specially doped and prepared optical fiber. The optical
very first laser was made of gallium arsenide which could printing slightly increases the index of refraction of the
generate near-IR light. Using these materials compoundsexposed regions along the length of the fiber. The result is
with various compositions are now being used for a wide a fiber that has alternating regions of high and low refrac-
variety of applications in the optoelectronic arena. They are tive indices along a portion of its length. This creates a
usually grown using the technique of Chemical Vapor Bragg grating structure. The number and size of each of the
Deposition (CVD). CVD is a process that causes an regions of different refractive index determines the spectral
organo-metallic material to decompose into a vapor at high performance of the grating. Thus gratings can be made that
temperatures, and then be deposited onto a surface to grovare narrow band-pass filters, broad band filters, gain-
a very thin layer (atomic thickness) of the desired compo- flattening structures, dispersion compensators, and any
sition. other function that can be achieved with a multi-cavity

Since the volume of wafers needed for optical components filter.

has been low compared to silicon wafer volumes, the pro- Fysed fiber couplers are made by taking two parallel
cess equipment industry has generally ignored the opticaljengths of bare fiber, twisting them together, applying ten-
component industry until recently. Now, much of the tech- sjon along their lengths, and then fusing them together with
nology that was developed for handling and processing high temperature. The resulting device is a four-port opti-
silicon is being modified to handle the smaller and more ca structure (each fiber creates a port at each of its ends)
fragile Compound semiconductor wafers used for Optical Where the Coupling Of Optica' power between ports iS a
devices. This is essential to imprOVing the y|e|dS in wafer function of Wave|ength_ These devices can be used as Sig-

fabrication. The manual handling of wafers is a large ng| splitters, power monitors, and directional couplers.

source of damage and defects. N .
Components with fiber attached present special problems to

Another complicating factor for laser diode manufacturing manufacturing. First, many of the process variables that
is that most of the high performance laser structures emit yotermine product performance are not completely under-
light from the edge of the die, not from the surface. This gio04. This puts severe limits on the ability to improve
greatly complicates the testing of these devices, since nop ocesses, since it is not clear how much certain process
meaningful optical tests can be performed at the wafer qngitions can vary without detrimentally affecting yield.
scale. Thus, a wafer of lasers must be segregated into dicegecong, these products require that fibers a few meters in
the dice edges coated with the needed reflective coatings*ength be carried through the required processes. Also, in
and then each mounted on a substrate (called a submount)y, 3y cases, the optical performance varies with the tension
before each die can be tested. As there are no equivalenyy, the fiber. Thus the handling and packaging used must
processes in the silicon world, these segregation, edge coatspply this constant tension. Currently there is little off-
ing and submounting processes are highly manual. the-shelf equipment that can be used for these processes.
A technique has been developed to emit light from a semi- Most optoelectronic fiber component manufacturers have
conductor laser not from its side but from its front surface. developed their own. Developing an equipment infrastruc-
This type of laser is called Vertical Cavity Surface Emitting ture is a complicated issue. Not only is the equipment
laser (VCSEL). Development of this type of laser makes it highly specialized and unique to these fiber-based products,
very promising to assemble optoelectronic modules on abut the technology for making products that perform the
printed circuit board, as a daughter board, or as a same optical functions is continuing to evolve. As alterna-
subassembly/subsystem of an optoelectronic system. tive methods for providing passiv Mldmﬁlﬁitﬁng
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are developed, the long-term potential for fiber Bragg and 2.6.3 Connectorization The problem of connecting opti-
fused coupler devices is unclear. Thus it is difficult for cal fibers and efficiently coupling light from one to the
equipment suppliers to develop a long-term strategy to sup-other has received an enormous amount of attention for
port these products. nearly 30 years. It is a difficult problem because of the
. . . . close tolerances required to insure optimum coupling effi-
The next class of products is micro-optical assemblies. . . .
. ciency. The problem became even more difficult as single
These products utilize small glass components, such as , . . ) .
S . L ) . ““mode fiber became available. Single-mode fiber requires a
lenses, thin-film filters, fiber pigtail assemblies, and similar .
small optical components. They also often have small connector system that can align the 10 um cores of two
P P ' y fibers with sub-um accuracy. The ends of the fibers must

metal parts as well. These components and subassembheglso be held in intimate contact so that there is no change

are bonded together to form assemblies that perform spe-. o . .
" . . . , . in refractive index (which leads to reflection) caused by an
cific passive optical functions, such as filters or isolators.

_air gap.
Usually these components are then connected together in gap

modules to perform more complex functions, such as mul- Several connector designs are available and in common use
tiplexers or dispersion compensators. In other cases theyin the industry today. Most of them use precision ceramic
are combined with active components to build devices such parts to align the fibers. Most often organic adhesives are
as optical amplifiers or signal monitors. Devices such as used to bond the fiber to the metal parts. In most cases, the
MEMS switches and arrayed waveguides are also fiber ends must also be polished to obtain a good optical
assembled with micro-optic components to provide their finish. The preferred profile for the polished ends is a con-
optical interconnects. vex surface with the core of the fiber at the apex of the
curve. This insures that the core of the fiber will come into
contact with its counterpart in the mating fiber when the
two connectors are mated.

The manufacture of micro-optic components requires the
precision placement of small glass or metal parts and bond-
ing them with solder, welding, or adhesives. In many cases,
the parts must be optically aligned. Often the mechanical One of the biggest issues with optical connectors is the
precision of the parts is not sufficient to insure that the requirements for the fiber ends. The optical coupling effi-
parts will be in optimum optical alignment when they are ciency is reduced if there are defects in the surface of the
in mechanical alignment. Thus the alignment must be per- fiber end, particularly in the core area. Scratches, dirt, and
formed actively, with the device being tested while it is other defects can attenuate the light as it passes from one
assembled. Then when optical alignment is achieved, thefiber to the other. Dirt particles outside of the core region
parts are bonded together to maintain the optical alignmentcan also prevent the two fiber cores from coming into inti-
in the finished component. In many cases, the optimum mate contact. The resulting air layer between the fiber
optical alignment requires that the position of the parts be cores causes reflections that reduce the coupling efficiency.

adjusted in increments of 10 to 100 nm. Once the optimum geera) of the common connectors are designed for auto-
alignment is achieved, it must be maintained through the matic assembly with fiber and much of the connector

bonding process. assembly process is automated. However, there remains a

The vast majority of micro-optic assembly is performed large percentage of connectors that are assembled by hand.
manually with the aid of specialized jigs and fixtures. The The polishing processes to prepare the fiber ends after
active alignment process has received a great deal of attenassembly are usually a combination of manual and semi-
tion from both the components manufacturers and the automatic processing. Inspection of the resulting fiber sur-
equipment Suppiiersl There are several Supp|iers who pro_face is often manual, thOUgh there are automatic visual
vide automated capability for this process step. Also, fiber inspection systems becoming available. However, until the
pigtaiiing (that is, inserting the end of a fiber in a giass or industry settles on standard inspection criteria, optlmlsmg
metal ferrule and bonding it in p|ace) and fusion spiicing the automated inspection is difficult. Each manufacturer

are micro_optic assembiy processes where Supp|iers areand customer has its own inspection criteria. Optlmlzmg an
beginning to offer automated solutions. automated inspection system for all of these is a daunting

ask.
The single biggest complication in the assembly of fiber

optic components is the fiber itself. Virtually all of the parts 2.6.4 Optical Testing At this time, the state of the art for
used in fiber optic component assembly are rigid bodies testing optical components is a mix of automated and
and can be transported and positioned with conventional manual processes. For the most part, the tests themselves,
methods. The fiber is a non-rigid material. It must be pro- that is, supplying a known optical signal to the device
tected from damage, captured to keep it from tangling, and under test and measuring the resulting output can be done
its ends accurately positioned for assembly. Techniques forcompletely automatically. The fiber optic industry is the
handling fiber in both manual and automated assembly andbeneficiary of several decades of electronic test automa-
test are being developed. tion. Virtually all optical test eq'lipmentDQﬂibbmﬁmtS
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computer control interfaces, such as GPIB or VME. Soft- nections such as fiber aligners with refractive index match-
ware drivers for controlling the test instruments and the ing gels or solutions to improve coupling efficiency.

interface hardware to connect it to computers are readily If the optical testing process is to be more fully automated,

available. There are also a variety of programming lan- . X .
. . the component handling and optical connection problem
guages and test development environments designed to e
> : . must be addressed. This is a complex problem due to the
facilitate test development that can be easily applied to

optical testing. \év;]dees range of products and the equally wide range of pack-

;I;]he rlan::]hngt;] Otff.trle comp:jonen;; u?:er test, presentt.mglAnother important area of active component testing is
em 1o Ihe test fixiure, and maxing the hecessary opticaly, |, iy Currently, most laser diodes and many photo-

and ele;cttr:mal coknnecuonsdf aImc;;t (Ientlrely mantual. Sm_cgdiodes are subjected to extended operation before final
none ot the packages used for optical components are SIm"packaging to insure their reliability. The burn-in times

Iartto those ?fﬁ d r|]n Etarr:jlconlductgrhor glrllnted c(:jlrcwttpr?_d— range from several hours to several days. This adds signifi-
ucts, none ot the highly developed handiing and contacting cantly to the manufacturing cycle time. Burn-in results are

systems used by these industries are applicable. often lot-dependent, so the yield loss for this step can vary

Furthermore, many users of fiber optic components are over a wide range. Since the burn-in times are long, exten-
becoming increasingly demanding in their test require- Sive assets are required in this process for high volume
ments. As communication system performance increased,products. As wafer fab processes become more controlled,
the design margins for optical networks are reduced. There-the need for burn-in will be reduced. Also the drive to
fore, to insure successful operation under all operating con-lower cost will reduce this need. However, it is still a
ditions, system manufacturers need components that argequirement on the majority of active components.
guaranteed to operate over the entire operating range. Usu-
ally there is insufficient characterization data on products to 2-6-5 Fusion Splicing, Other Optical Coupling Tech-
allow testing at a limited set of operating conditions. naues Making repeatable low-loss optical connections is
Therefore the system manufacturer requires the Componenf" mgjor |ssue. m fiber 9pt|c gomponent mgnufacturmg.. For
supplier to fully test the product for all its specifications devices requiring active a"g”me”t’ optical connectlor?s
over the full operating temperature range. This presents amqst be.made so that the optical performance of the device
heavy test load to the component manufacturer. bglng aligned can be measurgd and used as feedback tq the
alignment systems. All optical test processes require
The component manufacturer must develop the full suite of repeatable optical connections. Since the wavelength of
tests for the product. This requires a broad range of optical light is short, making efficient optical connections requires
measurement equipment. This equipment can be organizedyreat precision.
into several different test stations, each testing a separate , , i ,
set of parameters, or into one large system capable of mak_F.ortunatgly some optical gonnecnons do not require preci-
ing all measurements. The component under test must peSion positioning of the fiber. Power measurements, for

connected to each of these test systems. Since the connechample' can be made with a large-area detector or an inte-

tions are manually made, this significantly reduces test grating fsphere: These methods o_nly reqqire that the fiber be
throughput. The number of connections can be significantly placed in proximity to the detecting device so that all the
reduced with the large test system that can perform all of light can be collected.

the required tests. However, such a system also requires &oupling light from a source into a fiber is another matter.
large optical switch that must be calibrated to insure con- Here, particularly if the input power into the device under
sistent test results. Also, if not all components require all test must be known, coupling efficiency must be repeatable.
the tests that the system is capable of performing, some ofFusion splicing is the best method for obtaining a repeat-
the equipment in the large test system will be under uti- able low-loss connection. Its main drawback is that the
lized. fiber ends must be correctly prepared or the yield of the
splicing process would not be as high as desired. Semi-
automatic fusion splicers are readily available. After the
prepared fibers are loaded, the splicing is performed auto-
matically. The main drawback is that the equipment is
expensive and the process is time consuming. In many
cases, the time taken to make all of the optical connections
exceeds the test time of the device.

There are a variety of methods for making the optical con-
nections for testing. The most common is to use fusion
splices to connect the fibers of the component under test to
the test system. Fusion splices provide a low-loss, repeat-
able optical connection. However, they are time consum-
ing. Another method is to temporarily splice on connec-
tored pigtails to the component under test. This is
particularly advantageous if the component must pass There are alternatives to fusion splicing that can be used
through several test steps, each one requiring optical con-for making the temporary optical connections for active
nections. A third technique is to use temporary fiber con- alignment and testing. Ore com mentse a
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fiber aligner. This device takes the two fibers and moves Some component users are very concerned about this kind
one with respect to the other until an optimum amount of of potential reliability problem and therefore inspect all of
light is coupled from the source to the device under test. the fiber that is visible to them for buffer jacket damage,
Often an index matching fluid or gel is used to improve the rejecting any defects they find.

coupling efficiency and eliminate back reflections. To

obtain the input power level, the fiber downstream from the 2.6.8 Bend Radius Optical fiber is a cylindrical
fiber aligner is cleaved and its output power measured. Thiswaveguide and its optical performance is degraded when it
gives the reference power level that can be used for calcu-is deformed from the ideal cylindrical structure. Bending it
lating insertion loss or other optical characteristics. This is such a deformation. For standard single-mode fiber, as
technique is called the cutback method. the radius of bending decreases to below 30 mm, the
attenuation due to the bending starts to become measur-
able. For bend radii of less than 5 mm, the attenuation
becomes severe. At radii below 2 mm, mechanical damage
to the silica fiber can begin to occur. This is a time-
dependent phenomenon in that the longer the fiber is main-

Along with fiber handling, automating the optical connec-
tion process is a key to automating fiber optic component
assembly and test. At this time several equipment suppliers
are beginning to offer equipment to automate these steps.
However, these systems are very expensive, have IImIteoltained in a tight bend, the more likely it is to incur
throughput, and are not readily integrated into the assem-

: mechanical damage. This damage is in the form of micro-
bly and test processes. Much development remains to be . ) N .
done in this area cracks that can compromise fiber reliability, as described

above in the section on Buffer Jacket Damage.

2.6.6 Fiber Handling The care in handling and sensitiv- _ ) ) )

ity of optical fiber offers one of the greatest challenges 2:6-9 Fiber Ends The ends of optical fibers are stripped,
toward improving the assembly process and reducing cost cleaned _and cleaved in preparation for splicing or testing.
Understanding the characterisitcs of the fiber provides The optical performance of the cleaved surface can be

insight into what can be accomplished through the use of Severely degraded by subsequent mechanical damage or
assembly equipment. from particles or other contamination. In most cases, these

degrading influences are avoided by minimizing the time
2.6.7 Buffer Jacket Damage The acrylic buffer jacket between cleaving the fiber end and splicing it or mating it
enclosing the silica fiber provides protection to the fiber, with optical measurement equipment. However, even if this
preventing damage to the silica itself and reducing the rate time can be minimized, the cleaved surface must be kept as
of moisture ingress to the silica surface. Damage to the clean as possible. Glass is a good carrier of static electric
buffer jacket can occur from contact with hard and/or sharp charge, which in turn attracts dust. Cleaving should be per-
objects. The resulting damage to the jacket can compro-formed in a dust-free environment. If the optical connec-
mise the reliability of the fiber. The damaged buffer jacket tion cannot be made immediately, the fiber end should be
can indicate the possibility of damage to the silica fiber covered to protect it from possible contamination. Care
itself. Micro-cracks in the silica can propagate under must be taken that the system used to cover the end of the
mechanical stress or in the presence of moisture. When thefiber does not itself contaminate the fiber end.
cracks intrude into the core area of the fiber, they cause the
fiber's attenuation to increase dramatically. The crack 2.6.10 Summary The status and opportunities for automa-
propagation can take a substantial period of time to occur tion in optoelectronic assembly are summarized in Table
and thus will not usually show up in component testing. 2-2.

Table 2-2 Automation Implementation Opportunities

Process Class Automated Steps Steps Needing Automation
Fiber Manufacturing Fiber drawing, coating, measurements Fiber connections for testing
Wafer Fabrication Process cells, recipes Wafer transfer, handling
Semiconductor Assembly | Some die attach, wire bond, optical alignment Bar handling, substrate assembly, package
assembly
Fiber Processing Power monitor for fused couplers, test Fiber prep, fiber handling, packaging
measurements
Micro-optic Assembly Active alignment Fiber handling, parts handling, cleaning,
inspection
Connectorization Connector assembly, fiber polishing Inspection
Testing, Burn-in Test measurements Device handling, loading and unloading, fiber
handling, fiber prep, optical connections
Splicing, Fiber Handling Splicing, active alignment Fiber handling, fiber prep o s i
pocuments
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3 APPLICATIONS OF OPTOELECTRONIC PRODUCTS d. Consumer products.

The products produced by Original Equipment Manufactur- & ©Officé systems.

ers (OEMSs) fall into eight basic market segments as Figure 3-1 shows the relationship of the eight basic mar-
defined by the U.S. Department of Commerce. Technology kets and their technology driver counter-coordinates
drivers within various market segments set different reflecting the five technology sectors. In most instances,
requirements. In 1995, the National Electronic Manufactur- €lectronic products have at least one product that fits into
ing Initiative (NEMI) identified five basic technology driv- one of the technology sectors/market intersections. As
ers within the eight basic markets. optoelectronic products increase in usage, they will also

) have products at each of the intersections. The figure illus-
These technology drivers were: trates where the initial emphases will be placed on opto-
a. Handheld portable — cellular phones, sub-notebooks, electronic products. A circle has been placed at the juncture

PDAs. of a basic market and a technology driver to symbolize the
b. High performance — supercomputers, high-end worksta- fact that OEMs are projecting products that fit within that
tions. particular segment interconnect.

c. Harsh environment — automotive under-the-hood, mili-

o . 3.1 Consumer Products (Previously Low Cost) Con-
tary, avionics electronics.

sumer products span the spectrum of high demand prod-
d. Low cost/high volume — camera, entertainment, mini- ucts, and include low cost cell phones, personal computers,
cam. internet appliances, personal digital assistants (PDAS),

e. Cost performance — high end personal computers, serv-video games, etc. The emulator characteristics for this sec-

ers, high-end games, networking telecommunications. tor are lowest possible cost abetted by high production vol-
umes. Although cost is paramount (typical product is

In 2002 NEMI recognized the changing marketplace and <$500), the level of technology may be quite high. The

modified the technology driver names. The 2002 drivers typical useful life of these products is two to four years.

are
The product categories can be further divided into two

a. Portable products. domains; that of home optoelectronics that provide addi-

b. Large business systems. tional services or home functions, and entertainment
c. Harsh environment systems. related products including optoelectronic games.
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Figure 3-1 Market to Technology Driver Correlation with Optoelectronics Intersection Focus
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The home optoelectronics segment includes home functioncal alignment is not required, facilitating high volume

controllers (built in) as well as portable MiniCAMS, Digi- assembly. The output format is two channel quadrature (X
tal cameras, CD and DVD players. The characteristics rep-and Y direction) which emulate encoder phototransistors.
resent: The current X and Y information are also available in reg-

« Interconnecting substrates that are low layer count, den-isters accessed via a serial port. Default resolution is speci-

sity is accommodated through use of High Density Inter- fied as 400 counts per inch, with rates of motion up to 14
connection (HDI). inches per second. Resolution can also be programmed to

800 cpi. The part is programmed via a two wire serial port,

« A move to remote access through laser beaming or wire- . .
via registers.

less technology.
* Atwo- to four-year life cycle with attention to recycle or 3 1 > Board Assembly Issues

disassembly.
» Consumer demand that will require longer battery life or 3.1.2.1 Computer-to-Peripheral Many computer sys-
fuel cells. tems become servers for activities such as Local Area Net-

The entertainment or games optoelectronics segmentWorks (LAN) serving multiple users and multiple periph-
includes controllers for entertainment units and other por- eral devices. Use of optoelectronic components to facilitate

tables that are not necessarily size driven. The characteristhese actions requires a methodology to move data from
tics represent: and to the server between all the peripherals that are the

users. In many instances, these functions are handled by

¢ Interconnecting substrate sizes about 250 x 300 mm. ] -
g optical connectors as shown in Figure 3-2. The hardware

* Better human interface, e.g., voice recognition. required consists of an optoelectronic Sub-Rack which fits
* Recycling requirements at end of life of the product. into the computer/server or switching system. Data is fed
« Using low cost interconnecting substrates. usually from a multichannel optical connector that receives

information from the various peripheral product optoelec-

e Data exchange over electronic and optical lines and ) .
tronic assemblies.

remote/wireless.

e Large processors with big memory to support character

. . 3.1.2.2 Barcode Sensors The board assembly combines
and voice recognition.

a range of tips to be used in conjunction with optical reflec-

* Better networking of game sets for multiuser linking. tive sensors and as replacement tips for the wand products.

« Connector methods that are used for high speed links, This combination results in a high performance optical sys-
require RF, and optical interfacing. tem, which is unique in its size and precision. In addition

« Better battery life or fuel cells. to the optical performance, the tips protect the sensors and

act as mechanical holders. With a rugged sapphire front

* Single large level one components both l/Cs and lasers, end, these tips are generally self cleaning and should last

* Islands of density and use of sockets. for many years under normal use. The bar code reader
* Products that are upgradeable during life cycle. optical nest assembly is for custom applications and con-

sists of a rugged sapphire ball bonded to a transparent
3.1.1 Component Characteristics polycarbonate assembly. A Bar Code Decoder IC is

included in the assembly and offers flexible bar code
3.1.1.1 Optical Communication Links Components are  decoding capability that is designed to give OEMs the abil-
designed to provide cost effective, high performance fiber ity to address a large number of industry segments and
optic communication links for information systems and applications. Flexibility is made possible through sophisti-
industrial applications with link distances of up to 2.7 kilo- cated firmware, which allows the ICs to accept data from a
meters. Some components, such as a 125 MHz analogwide variety of scanners and to automatically recognize
receiver, can achieve data rates of up to 160 megabaud. and decode the most popular bar code symbologies.

3.1.1.2 Mouse Sensing Low cost optical sensors are 3.1.2.3 Displays Display optoelectronic board assem-
used to implement a non-mechanical tracking engine for blies consist of lasers, LEDs, and microelectronic compo-
computer mice. It is based on optical navigation technol- nents intended to actuate the display functions in a manner
ogy, which measures changes in position by optically befitting the end-user’s concepts. These functions are dedi-
acquiring sequential surface images (frames) and math-cated to information displays, warning indicators, and spe-
ematically determining the direction and magnitude of cific advertisement for various products. The assembly is
movement. The sensor is in a 16 pin optical package thatisdesigned to function either stand alone or in a manner
designed to be used with the HDNS-2100 Lens and HDNS- where data is received from external sensors. The elec-
2200 Clip. There are no moving parts, and precision opti- tronic portion segregates optical eignaDGGddmemtS
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Figure 3-2 Optoelectronic Peripheral Exchange Functions

appropriate display function. Since some of these products-« Maximum use of HDI, with high layer count using a
must work externally, the assembly must be protected from minimum of two layers of HDI material on either side of
environment influence. This is especially critical for the a multilayer core.

laser(s) to function properly. Large Business System ProductsThese products are

3.2 High Performance (Office and Large Business Sys- characterized by designs that trade pure performance for
tems) The high performance driven products fall into two cost. Typical applications are supercomputers, the most
categories. Those categories represent Office System andgpowerful servers, central switching systems and high data
Large Business System products. In addition there is a dif- transmission rate routers that are at or near State-of-the-Art
ferent goal for products that are continually operational performance. High performance requirements drive the
monitoring data on a twenty-four hour basis, versus those need for more expensive packaging, advanced interconnec-
systems that are functional on-demand. tions, and highest performance devices. Production vol-

Office System Products: These products are character- umes are low to moderaFe._ The typlcz_il useful I|fe_|s up to
20 years. The characteristics break into two major func-

ized by designs that aspire to maximize performance, while
. . tions:

restraining costs to a few thousand dollars (typically $1K - _ _

5K). This emulator encompasses low-end servers, telecom-* High Performance Systems (Mainframe/server/mass

munication line cards and high end personal computers - Storage):

both desktop and portable. Volumes may be high, but are — Emulator is based on Super Computers and Telecom

moderate compared to Consumer Products. Typical useful  Switching systems.

life is four to six years. The characteristics are: — Higher layer count, use of micro vias with slight thick-

* Emulator includes Office system products, small router, ness increases.

low end router. — High frequency requirements increase impacting Dk

* |/O explosion; ceramic array packages with high 1/0 and Df properties.

count. — Limited size reduction.

— Higher thermal requirements.
— Patches of High density printed boards for large BGA

» Heat increase requirements for active cooling.
* Fiber optic interfaces a must.

* Embedded passives required for performance reasons. (45 mm sq) escapes.
* Size will vary; some will become bigger, some smaller.  _ pejiapility stays constant with those used in present
e Little RF requirements for the electronic assembly. equipments (circuit redundancy).
» Power usage will increase. — PWB conductor width and spacing down to 75 pm and
« Large processors will be needed with a great deal of 60 um with controlled impedance.
memory capability. « RF and Microwave (10 GHz and greater):
*Many systems will make use of daughter board (super _ Emulator is based on high speed routers and switches:;
component) concepts. board size of 450 mm by 600 mm for Revenue Center
» Connectors will require High 1/0 and high frequency of Gravity (RCG), and by 300 mm x 450 mm for State-
capabilities. of-the-Art (SoA) products. Documents
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— Massive fiber optic input. nal desired link distance is one-third or two-thirds of the
— Special materials to handle impedance control with full IrDA link. The module comes with a front view pack-
good Dk and Df properties. aging option. It has an integrated shield that helps to ensure

_ Active heat removal technology needed. low EMI emission and high immunity to EMI fields.

—Large array packages with some ceramic packaging32 2 Board Assembly Issues
requirements.

— High 1/0 and High Speed connectors. 3.2.2.1 Optical Transmitter Board The optical transmit-

— More layers and more voltage variations. ter boards are intended to combine optical interconnection
tied to electronic segmentation of the optical signals. In
most instances, a multichannel optical connector is used to
organize optical signals coming from waveguides into

— Additional shielding at both the board level and the
equipment level.

— Performance driven materials at higher cost. appropriate bandwidth channels commensurate with the
— Thick boards in excess of 6.00 mm. functions being performed. Figure 3-3 shows an example
— High aspect ratio through holes of a typical optical transmitter board assembly. This prod-
uct functions slightly different than an optical electronic
3.2.1 Component Characteristics assembly in that the main function is to transmit optical

signals to the user’s end product equipment.
3.2.1.1 Optical Transceiver Optical transceivers are
designed for use in short-reach multimode fiber optic links 3.3 Portable Products Portable products are usually
between Gigabit Ethernet networking equipment and is hand-held systems and, at the moment, are not candidates
interoperable with all equipment meeting the Gigabit Eth- for optoelectronic packaging. Their future functions may
ernet industry standard. They are usually compliant with become a trend toward the sending of optical signals
Small Form Factor Multisource agreements and requires athroughout an office or home environment. Their present
3.3 V dc power supply. The electrical interface follows the characteristics are mostly electronic-based and have the
2 x 5 format while the optical interface uses the LC-Duplex following features:

connector. .
Portable Products: Portable — Although manufacturing

3.2.1.2 Optical Receiver An optical receiver provides COStS are extrgmelyimpo_rtant, pro_ducts_inthis emulator are
optical signal conversion and processing. These compo-d”Ve”_ by_ weight and_s_lze cons_lderatlons. Products_are
nents typically contain InGaAs PIN photodiodes or APD’s, Small in size and of minimum weight, but may have high

and high sensitivity, wide dynamic range, transimpedance |€Vels of function. Examples are cell phones (1G-voice,
amplifiers, capacitively coupled to limiting amplifier stages 2CG-voice/data, 3G-voice/data/video) wireless personal
with Positive/Pseudo Emitter Coupled Logic (PECL) out- d!gltal assistants (PDA), notebook computers, nawga'gonal
put drivers. These photodiodes operate in the 1200 nm to@ids, etc. Volumes may be large but lower th_an 'Fhose in the
1600 nm wavelength band for telecommunication applica- Onsumer Products category. The useful life is typically
tions and 850 nm for datacom applications. three to five years.

3.2.1.3 Infrared Detector The Infrared detector module 3.4 Harsh Environments Harsh environment products

is a low-height infrared transceiver that provides interface must be protected from severe temperature and moisture
between logic and IR signals for through-air, serial, half- swings. They are dedicated to work in automotive under-
duplex IR data link. The module is compliant to IrDA Data the-hood applications, severe aerospace, and below surface
Physical Layer Specifications 1.1 and IEC60825-Class 1 mechanical drilling and mining sensing operations. There
Eye Safety Standard. The module contains a high speedare relatively little applications for optoelectronics in these
and high-efficiency 870 nm LED, a silicon PIN diode, and severe environments, however as greater need arises for the
an integrated circuit. The IC contains an LED driver and a benefit of either optical fiber or laser transmission, these
receiver providing a single output (RXD) for all data rates products may become candidates for the optoelectronic
supported. technology.

The module can be completely shut down to achieve very Harsh Environment: Harsh environment is divided into
low power consumption. In the shut down mode, the PIN two segments: Automotive and Aerospace products. The
diode is inactive, thus producing very little photo-current environmental extremes for products in this sector are var-
even under very bright ambient light. The module also ied and harsh. Both the moderate volumes of the automo-
incorporates the capability for adjustable optical power. tive sector and the low production volumes of custom
With two programming pins; MODE 0 and MODE 1, the designs found in aerospace applications must reflect the
optical power output can be adjusted lower when the nomi- unrelenting demand for lowest cost. The dianeil
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Figure 3-3 Typical Optical Transmitter Board Assembly

achieve the required quality and reliability with an

4 DESIGN CONSIDERATIONS

expected useful life of up to 20 years. Defense Products areThere are various levels of optoelectronic packaging. Fig-
a subset of this sector that requires the highest levels ofure 4-1 provides an illustration that highlights these levels.

reliability and durability over a useful life of up to 40 years
while they are built in low to modest volumes.

e Harsh Environments — Auto:
— Emulator is based on engine controller.
— Getting to deal with higher temperatures.

— Increased distributive functions (more place in the auto-
mobile).

— Smaller board assemblies; higher thermal, higher fre-
quency and higher performance.

— Multilayer increase.

— Use of MEMS is included.

— Safety and reliability become major goals.

— Must accommodate the concept of intelligent vehicles.

—Not clear whether fiber optics will be needed for the
future.

* Harsh Environments — Aerospace:

— Emulator is based on ATR communication module
board type.

— Higher frequency impacting Dk and Df.
— Requires fiber optical interfacing.
— There will be a move to commercial devices.

Tables 4-1 and 4-2 provide information on the technology
trends in both the physical characteristics and capability of
optoelectronic parts and packaging. Table 4-1 shows the
physical characteristics of the components and modules up
to 2005, while Table 4-2 is an optical communication tech-
nology roadmap view of optoelectronics through 2011.

4.1 Level 1 Design Consideration

4.1.1 Optical Design This section briefly describes the
design requirements for optical alignment in optoelectronic
packages and gives a couple of examples of the processes
used in industry.

The objective of the optical interconnect package design is
to efficiently couple the light between two optical inter-
faces (being either passive or active components) such as

« Laser Diode and Fiber

* Fiber and Photodiode

e Modulator and Fiber

e Optical Multiplexer/Demultiplexer and Fiber

The two primary package design considerations for optical
alignment are the placement accuracy of the components
(relative position of different components) and the align-

ment sensitivity of each component (displacement corre-

—As heat goes up emphases on passive removal (asponding to a given insertion loss) i.e., how good is our

opposed to active heat removal).
— Requirements for dust immunity.

assembly equipment and when does it matter.

The primary goal in designing coupling interfaces is to

— Size stays much the same but looks toward smaller andpinimize power loss. The goal for fiber to laser coupling is

lighter products.

— More use of area array type components: CSP or flip
chip with underfill.

to ensure that the fiber acceptance area is as large as pos-
sible compared to the active area and Numerical

A%gture
(NA) of the LED or Laser. For thd IR CHlIMeBtSu-
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Figure 4-1 Design Configuration Hierarchy

Table 4-1 Physical Characteristics of Optoelectronic Packages

Characteristic 1996 1998 2000 2005
Pin Centerlines mm 254 2.0 15 <15
Signals/Inch (25 mm) 80 100 150 >150
Data Rates (Gbs/channel) 0.622 1.0 2.4 25
Connector Type (Copper) HM/8R FB HM12R HS3 HS4 HSIS
Connector Type (Fiber) SC HM/MPX HS/MPS Wave guide
B/P Construction FR-4d/ Getek 4350/25N PPE/PTFE

Cyanate Ester FR-4m/f PPE Optical Polymer
Via Holes Plated Hole - THS & Microvia - Microvia
(Compliant Pin) (Combination)

pling the goal is to insure that all of the light emerging tip used to couple lasers with a waveguide or optical fiber.
from the fiber falls in the active region of the detector. Table 4-4 provides the capability and expense for several

Waveguides and optical components may be characterizecIIber tip conditions.

by a set of parameters and examples. The values used for.1.2.1 One Lens System Usually a lens is used to

this characterization are shown below in Table 4-3. These decrease the divergence of the laser light output in order to

values are important and need to be known when couplingfocus it and to couple the light more efficiently into the

differing optical elements in a single package. waveguide or other optical item in the light path, or optical
train (see Figure 4-2).

4.1.2 Coupling Between Lensed Fiber and Laser

Waveguide There are several characteristics for the fiber
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————Pocument-Sharing Hub

22

Full document details: IPC 0040-2003


http://www.avadocuments.com/doc/ipc-0040-2003
http://www.avadocuments.com/doc/ipc-0040-2003

May 2003 IPC-0040

Table 4-2 Optical Communication Technology Roadmap

Technology/Components

Commercial Availability 1998 2000 2003 2005 2011
Laser Sources: edge-emitters Single A DFBs 40 channels 100 channels 1000 channels
(tunable) (tunable)
VCSELs | 850 nm discrete 850 nm arrays 1300/1550 nm discrete
Optical Detectors WDM detector w/ filter

Lower cost APDs
Organic Photodetectors

Transceivers: packaging Discrete Components Hybrid Integration (with CMOS VLSI) Lower Cost, LSI OEICs
Lan price $25 LED datacom $15 LED datacom
$75 VCSEL datacom $45 VCSEL datacom
$700 ONU $175 ONU $100 ONU?
$1 T/R for board to board links

Optical Amplifiers <80 nm 100 nm Ultra-wideband OAs, 80-345 nm

EDFA/Raman hybrid Channel Gain Compens. Price <$10007?
Optical Switches 16 x 16 128 x 128 1024 x 1024 4096x4096

Optical Packet Switching

Dispersion Compensators Disp. comp.fiber  Bragg grating devices

Slope management
Dynamic dispersion compensation?
Dynamic PMD compensation

Wavelength Converters Optoelectronic all-optical
(transducers)
Connectors Single-mode very low cost (Access and Datacom)
Array large array (for ~100 channel DWDM, Routers, Switches)
Multimode & POF very low cost for premises networks
Optical Fibers Dispersion flattened

large core for DWDM
ultra wideband (no OH peak @1385 nm)
ultra low loss, low cost/high speed plastic optical fiber

Optical Packages & Assembly Low cost packaging and fiber coupling

Automated surface mount assembly

Table 4-3 Spot Size for Various Optoelectronic Components

Numerical Aperture Guiding/Active Area
Single Mode Fiber 0.1-0.15 8-11 um
Multimode Fiber Large Core Step Index >0.3 50 - 110 pm
Multimode Fiber Graded Index 0.2-0.3 50 - 62.5 um
Laser Diode 0.3 - 1.0 often asymmetric 1-3um
VCSEL 0.1-0.3 3-20 um
2.5 Gb/s PIN receiver - 40 - 80 um
10 Gb/s PIN receiver - 15 - 40 pm
40 Gb/s PIN receiver - 2 -15 um
Documents
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Table 4-4 Fiber Tip Characteristics bench (SiOB) technology and have very stringent require-
Fiber Tip Description ments for part placement accuracy (within 3 microns, 3
Flat cleave Cheap sigma).

Angle cleave | Cheap, no issue with back reflection 4.1.4 Active Alignment For single-mode fiber, the align-

ment requires a sub-micron positioning accuracy. The main
Edge fiber | High coupling efficiency for asymmetric beam advantage of this method is the relaxation of the tight
mechanical tolerance required for passive alignment.

Conical fiber | High coupling efficiency

4.1.2.2 Two-Lens System In a two-lens system, a first
lens is used to collimate the light beam; a second is usedThe principle of this method is as follows.

to focus the light into the fiber (see Figure 4-3). « The laser diode is biased during the alignment.

The main advantage of using multiple lenses is to split the * The optical output power coupled into the waveguide or
tolerances. The displacement of each component can be OPtical device is continuously monitored and provides a
larger than using a single optical component. feedback for the optimization of the alignment process.

* When the target power has been reached the optical
4.1.3 Passive Alignment Passive alignment is a tech-  device is locked in place.
nique used for assembling optical or optoelectronic compo- The algorithm and the locking of the fiber in place can be

other, or known positions within the package. Since most prgcesses.

piece parts are assembled this way, it almost always refers

to the positioning of the waveguide (fiber, etc.) relative to 4.1.5 Optical Microsubmounts

the active device (laser, detector, SOA). This technique ) . .
4.1.5.1 Design for Waferprocessing In several applica-

does not use the performance of the system to determinet_ h ical ; tb di for f t
the optimal position for any of the parts in the assembly 'ons the optical part must be prepared in a waier format.

but, instead, attempts to place all parts accurately enoughProgessmg can thus_become more automated and the man-
so that after assembly, the device will function correctly. nerin Wh'C_h the_ dewp es are as_semb_led becomes very cost
The extreme accuracies required to couple light into the effective with high y|e_ld potential. _F|_gure 4.'4 shows an
waveguides used in optical communications generally pre- example of the technique .O.f combining optical and elec-
vent this technique from being used in applications that tronic components at the silicon wafer stage.

require high coupling efficiencies. The Process consists of
Most components that are assembled using passive align- Die-Bonding on Si or Glass-Wafer

ment utilize silicon v-groove (Si-V) or silicon optical e« Wirebonding

—E=

Laser Lens Isolator Fiber

IPC-0040-4-002

Figure 4-2 One Lens Coupling System Diagram

— @

Laser Ball Lens Isolator Lens Fiber

> —
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Figure 4-3 Two Lens Coupling System Diagram Documents
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2. Then the most sensitive degrees of freedom are locked
in place using a much finer alignment method.

4.1.6.1 TO Can Alignment - Newport Technology The
following characteristics, shown in Figure 4-6, highlight
the processing steps to align the laser to the coaxial cable
(see Appendix A ref. 8).

4.1.6.2 TO Can Alignment for Module The laser align-
ment process is a critical step in producing the detector
Module. The concept can be applied using other than the
TO can shown, however it must be stable in order to pro-
vide the necessary focus at the next assembly level (see
Figure 4-7).

3 4.1.6.3 Two-Lens System Using a Lens in the Wall of the
Figure 4-4 Wafer Optical/Electronic Combination Butterfly Can Figure 4-8 shows the steps and characteris-
tics for alignment of the two-lens system in the wall of a

* Active or Passive Alignment of Si-Lens
butterfly can.

* Electro-Optical Test

* Burn-In (a few thousand simultaneously)
* Electro-Optical Test

» Depanelization by Wafersaw

The Alignment-Process consists of the following steps:
« Active Alignment of TO-Laser.
« Active Alignment of Fiber.

* Active Alignment of TO-Detector.
4.1.5.2 Example of Laser Diode - Microsubmount on ) ) )
TO-Header At the next assembly level the laser diode is 4-1.6-4 Use of Clips or Flexure for Alignment Figure

mounted to a TO header so that it can be handled and4-9 depicts the optical module assembly principle. The
packaged properly. Figure 4-5 shows the details of the module is assembled on a ceramic substrate with a metal

mounting process. platform. Optical chips (laser, photodiodes...) and elec-
tronic components (RF matching circuitry, drivers, amplifi-
B _ ers...) are mounted on the ceramic by pick and place tech-
Mirror Sﬂ'é'}%%” 'éﬁigr '\’I'D(i’g('jtgr niques commqnly used in the electr.on.ic industry, using

_ - fluxless soldering processes, and within an accuracy of
about 10 microns. Pick and place automation using
machine vision is greatly facilitated by the quasi-planar
design.

Optical components such as lenses and fibers are mounted
on micro-machined flexible metallic elements (flexures).
Micro-optical components such as fibers, lenses, isolators,
and filters are preassembled on the flexure. This preassem-
bly is then picked and placed in coarse optical alignment
on the metallic platform using machine vision. Fine active
alignment is obtained by an automated process which
slightly deforms the flexure. After alignment, the flexure is
Wafer Batch Assembly then rigidly laser welded to the metallic platform (see Fig-

* High volume production ure 4-10).
Figure 4-5 Mirror and Lens Alignment Figure 4-11 provides the process step information to hold

the micromachined flexure in alignment prior to welding.
4.1.6 Alignment Technology Here are several examples

of alignment techniques used in the industry (see Appendix Similar methods are used in the industry for this alignment
A references 1 to 9 for more details). process. Figure 4-12 shows two different clips used in the

o ) . ) industry for high accuracy alignment process.
The principle of high accuracy alignment is as follows:

1. The least sensitive degrees of freedom are locked first4.1.6.5 Alignment of AWG with Fiber Array Arrayed
either by design, by passive alignment or by a rough Waveguide Gratings (AWG) are passive components (see
active alignment. Appendix A, ref. 10). Multi Wavelenmumentﬁut
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Loading of the device into
the laser welding machine

v

Welding together of the laser diode
package and assembly housing

v

Initial light coupling and a coarse 2-dimensional alignment
of the optical fiber to the laser diode waveguide

v

3-dimensional fiber to waveguide
alignment optimization

'

Pre-welding metrology

v

Attachment of the fiber assembly to the laser
diode, using the welding technique

v

Optical
Fiber =

TO-Can \
Post-welding metrology Laﬁc’?rlelode Viglgits
odule

'

Unloading of the completed module
from the laser welding machine
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Figure 4-6 Coaxial Module Assembly

WDM Beam Splitter

Glass Lens
TO- o R
B —— e —] —_——
Laser
g r‘

Laser in TO-Can _ | Fiber
Level 1A T
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Figure 4-7 TO-Can Alignment
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1. Placement of laser on substrate

|

2. Passive or active alignment of a
ball lens in front of the laser

|

3. Fine X-Y alignment of the fiber
after a second lens placed in
the wall of the butterfly can

|

4. Welding of fiber in place

IPC-0040-4-008

Figure 4-8 Two Lens System Alignment
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w' - 2. Component <
‘-\h"’“‘\_‘_»—""’ placement

by pick and
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3. Automated
alignment of
optical
elements
fiber
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Figure 4-9 Quasi-Planar Optoelectronic Package
Assembly Principle

side are distributed on separated waveguides on the outpufigure 4-10 Micromachined Flexures and Mini-Module
side of the AWG. The fiber alignment on the input side of Platform with Aligned Fiber
the AWG requires detection of light from the output side of

the AWG by aid of a magnifying lens and an infrared cam-  After alignment, the fiber array will be fixed by gluing with
era (see Figure 4-13). UV curing epoxy and the aid of a glass lid (see Figure

4-14).
If a fiber array is connected to the input side of the AWG, )

then the alignment system should have five axes of move-If there are lensed fibers in the array, the fixing will be
ment, at a minimum. The desired output channel is selecteddone with two glass lids at the sides of the array giving an
by a tunable laser source. For exact balancing of the light air gap between fiber tip and AWG front facet (see Figure
intensities between different waveguides on the output side4-15). The final packaged AWG configuration is shown in
of the AWG, two detectors are used in place of the camera. Figure 4-16. Documents
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1.Placement of laser on
substrate

v

2.Initial alignment of

flexure in X-Y-Z position Q
3
L .q [

3.Weld flexure AN

IPC-0040-4-011

Figure 4-11 Flexure Alignment Process Steps

A
X 4

Optical Axis

s

Flexible Back

IPC-0040-4-012

Figure 4-12 Example of Industry Alignment Clips

4.1.7 Design/Process for Rework Generally, the align- match when cooling down the components to room tem-
ment can shift during the subsequent process step. It is then perature.

required to rework the alignment to gain back the loss of 3 |mpact of potential contaminants needs to be considered

coupling efficiency. This is commonly done in welding when selecting solders, fluxes, cleaners, and other mate-
using a “hammering” method. The hammering method rials.

consists of firing the laser at specific locations to induce

4. The joint needs to be reliable to prevent any displace-
deformation and alignment change. ] P y disp

ment shift during the environmental stress tests and dur-

ing the life of the product.
4.1.7.1 Attachment Methods After the alignment pro- o o _
cess, the optical component is fixed in place using various The following is a brief list of materials and processes used

methods. The main requirements of these process method$0 attach optical components in optoelectronic packages:

are as follows: « Epoxy (UV cured or thermal cure)
1. During the attachment, the mechanical shift has to be , gg|ders

minimized in order to maintain the alignment. « Frit and Low Temperature Glass

2. The temperature of the attachment process has to be low, Welding
enough or very localized in order to avoid overstress on
other optical components placed previously and to pre- * Méchanical Screws
vent displacement induced by thermal expansion mis- « Brazing Process Documents
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Figure 4-13 Magnifying Lens and Infrared Camera Relationship
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Figure 4-14 Multifiber Array Attachment
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Figure 4-15 Glass Lid to Handle Lensed Fibers

AWG chip (HHI)

Fiber array

IPC-0040-4-016

Figure 4-16 Example of AWG Package

4.1.7.2 Solder The advantage of solder attachment tech-
nology is the wide range of process temperatures, the reli-
ability of the joint and the organic free material. Table 4-5
shows a list of commonly used solder in opto-electronic

industry.
Table 4-5 Commonly Used
Solder With Melting Temperature
Solder Melting Temperature (°C)
Au-12Ge 356
Au-10Sn 295
Au-20Sn 280
Sn-37Pb 183
Sn-58Bi 138
Sn-52In 118
In 157
Documents
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4.1.7.3 Frits or Low Temperature Glass This attach- ally symmetric with a radius that can be controlled by
ment method requires special metallization to bond process variables. A typical insertion loss for a tapered
ceramic, glass, or metal. The method is mainly used to fiber coupled to a laser diode is in the range of 2-3 dB.
attach glass to Kovar for hermetic packages. It offers excel- « Removal of excess glass - this produces a lens at the fiber
lent hermetic seals and does not require the metallization of iy byt leaves the fiber core diameter unchanged (the
the glass. The material used for this method is called a frit; taper is produced in fiber cladding only). In this method

it has a relatively low softening point of glass composition  the glass is removed by etching or polishing, and the

(melting temperature 330°C and above). resulting lens may have other than spherical profiles, for

4.1.7.4 Brazing Process Brazing materials and pro- example parabolic. Such fibers produce better coupling -

cesses offer a high temperature range. Table 4-6 shows a the insertion loss can be as low as 0.2-0.4 dB when

list of Cu and Ag based brazing materials. coupled to a laser diode.

Table 4-6 Common Brazing Materials 4.1.8.2 Lensed Coupling Lensed coupling may be done

and Melting Temperature Range °C by single or multiple lenses. The distance between the opti-

Brazing Composition Melting Temperature °C cal device and the fiber tip is governed by the radii of the

Cu-40Zn 890-900 front and back facets of the lens when using a single lens.

Cu-40Zn-10Ni 890-920 In the case of multiple lenses, the light beam is usually

Cu-15Ag-5P 650-800 collimated by the first lens and focused by the second lens.

Ag-Cu-Zn-Cd 620-760 This makes it possible to place an isolator in the collimated

portion of the beam when a tight control of reflections is
4.1.8 Single Fiber Most of the traditional optoelectronic  required.

components interface with a single optical fiber. These
components include such devices as laser diodes an
photo-detectors. The optical train for such components may
be designed for direct coupling between the device and the
fiber, or it may incorporate additional optical elements,
such as lenses and isolators. The selection of the particulaWhen lensed coupling is used, the resulting insertion loss
optical train design depends on the performance require-will depend on the optical characteristics of the lenses. It
ments for the component. is, therefore, possible to tailor the optical train to the
requirements of the particular product. Typically, the opti-
cal train designed for lower insertion loss, will exhibit
greater insertion loss variability.

qLensed coupling provides a possibility to locate one of the
enses at the package wall, in which case the optical fiber
may not have to enter the component package, and the fiber
does not need to be metallized.

4.1.8.1 Direct Coupling Direct coupling may be

executed using a cleaved (flat end) or tapered fiber.
Cleaved fiber is significantly cheaper, and exhibits lower
insertion loss variability than a tapered fiber. However, 4.1.9 Fiber Ribbon Cable New optical components

cleaved fiber suffers a greater nominal insertion loss, and itinclude such devices as optical switches, AWG (Array
also produces greater reflections. Waveguide Gratings), and optical MUX / DeMUX devices.

In the case of direct coupling, the fiber tip is located in A Single optical device of this type contains multiple opti-
very close proximity to the optical device. Therefore, the cal waveguides, and the pitch of these waveguides directly
fiber must enter the component package, and, if the com- affects the size of the device. Since these devices interface
ponent needs to be located in the hermetic environment, theWith multiple fibers, packaged in a ribbon configuration,

fiber has to be metallized to allow for hermetic sealing at the waveguide pitch must be equal to the pitch of fibers in
the package wall. the fiber array. The beam profile for these devices is gov-

. o _ _ erned by the dimensions of the optical waveguides in the
A cleaved fiber tip is produced by cleaving the bare fiber. {eyices, and this makes it possible to obtain acceptable

When coupling to a laser diode, a cleaved fiber produces ajnsertion losses when interfacing them with cleaved fibers.
high insertion loss, typically 9-12 dB. This is due to the ] o ] ) )
fact that the laser diode output beam suffers from two The fiber pitch in a standard fiber ribbon cable is 0.25 mm,

asymmetries: astigmatism and an elliptical beam profile, @ shown in Figure 4-17. Therefore, it is not feasible to
while the fiber beam profile is round. align each fiber individually to the respective waveguide -

there is no space for fiber grippers in a 0.25 mm pitch.
Tapered fiber incorporates a lens at the fiber tip, and it cangyen if the space problem could be resolved, the amount of
be formed by two primary methods: time required to align 8, 16, or 32 fibers makes this
» Melting and pulling the glass tip - this produces a taper approach economically unattractive. Consequently, the
in both the cladding and core of the fiber. In this method, fiber ribbon cable is typically terminated in a V-groove
the heat is applied by an electric arc or by dipping the block. This creates a fiber array assembly that allows it to
fiber tip into molten glass. The resulting lens is rotation- be handled as one unit. Optical align etiments
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Figure 4-17 Multiple Fiber Ribbon Terminated in a |PC-0040-4-018
V-Groove Block

Figure 4-18 V-Groove Substrate
two of the fibers in the array, usually the outermost ones.
Clearly, the alignment of all other fibers to their respective
waveguides depends on the deviation of the fiber from its
nominal position, and this, in turn, depends on the preci-
sion of the V-groove block.

Silica Fiber

45° Deflecting Mirror
These blocks are manufactured in silicon using wafer FAB
technology, and this results in the fiber position being
within 0.5 micrometers or better from its nominal position.
Figure 4-18 shows such a V-groove substrate. Such a sub; HS————t—-a—-—"7-7-—"%------
strate has V-shaped grooves that are etched in silicon. Sili-
con is used because the angle of the groove is precisely
controlled by the material crystalline structure, and this
provides a tight control of the fiber position in the vertical
direction. The grooves are designed to house bare fibers
(125 micrometers in diameter). The organic fiber coating
(buffer) is stripped down to the bare fiber, and the array of
fibers is positioned in the grooves and sandwiched between
the substrate and lid (glass or silicon). The substrate, fibers,
and lid are assembled using adhesive, and the face of therigure 4-19 Example of Couple Axis Change
assembly is pohsh_ed. The typical polish is flat bUt’_'f N€C" the medium for making the connections between various
essary, a_ngled pOI.'Sh can be_L_Jsed o reduce reflections. Th%ptical elements. Figure 4-20 shows an example of these
organic fiber coating is additionally attached to the sub- designs.
strate using structural adhesive to provide mechanical
strength. The fiber array assembly is then aligned and4.1.12 Package Interconnection The optical connection
attached to the optical device using UV cured adhesive. of the package to the next element in the system is made
by means of a fiber pigtail or a connector interface.

Submount

VCSEL / Photodiode Array
Driver / Preamp - IC
IPC-0040-4-019

4.1.10 Axis Change Coupling of Multifioer In some

applications the multifiber is coupled to the next assembly 4.1.12.1 Pigtail Interface A pigtail interface involves
using the concept of bending the photons through the usehaving a fiber pigtail as part of the packaged optical device.
of a reflective mirror. This alternate method to direct cou- The end of the fiber pigtail is usually terminated with a
pling requires a special coupling unit that ensures the accu-required type of an optical connector. At the point of exit
rate alignment of the photonic elements. Figure 4-19 pro- from the package, the fiber jacket is attached to the pipe of
vides an illustration of the process. the package, and in addition a strain relief boot is used to

. - ) . control the bend radius of the fiber pigtail.
4.1.11 Multifiber Termination Using Cost-Efficient

Plastic Parts, Suitable for MT-Connector In order to The length of the fiber pigtail affects the magnitude of sig-
keep cost to a minimum, plastic encapsulation is used asnal reflections that will reach the ofl@GtIIAA eHatSme
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Figure 4-20 Examples of Plastic Encapsulation

a connector ferrule with a short length of fiber may be
mounted into the package wall.

4.1.13 Package Interconnect There are quite a few dif-
ferent Interconnect packages for Optoelectronics modules
in the industry. Mainly they can be subdivided in 2 differ-
ent families: The transmitter or receiver modules and the
transceiver modules (Transmitter and Receiver in the same
module).

Several optoelectronic component suppliers have entered
into multisource agreements (MSAS) in an attempt to pro-
vide assurance that customers are able to purchase parts
from several suppliers. Although not quite the same as a
specification or standard that can be referenced in a pur-
chase order, the MSA concepts provide a certain degree of
procurement flexibility provided the proper safeguards are
in effect, such as dimensional tolerancing, performance,

finish, etc.

of the signal gets reflected at the connector interface. In

most cases, the length of 1 meter is sufficient to eliminate 4.1.13.1 Transmitter and Receiver Modules Transmit-
most of the signal reflections. This length of fiber is also ter and/or receiver modules are provided as independent

needed to manage the fiber cable on the board where thdunctioning modules. Their design functions are dedicated
packaged component is mounted. to one or the other functions and provide additional perfor-

mance of either receiving or transmitting capability.
Figure 4-21 shows an example of an optical component in
the package with a single fiber pigtail prior to the lid seal- 4.1.13.2 Transceiver Modules The transceiver modules
ing. include both the transmitter and the receiver in the same
package. The electronic interconnection between the PCB
board and the optoelectronic device is subdivided in five
different families called pin-out family or footprint family.

4.1.13.3 1x9 Footprint The 1x9 footprint transceivers
have a 9 pin through-hole electrical connection to the host
board. These 1x9 transceivers are basically duplex-SC
transceivers (it can also use FC, ST or any other standard
optical connector). They operate with a single +5V or

-~ +3.3V power supply. They can be AC or DC coupled (see
~ Figure 4-22).
" -.-.____.- ..--.-.-__ ;

:""JH ”~ 4.1.13.4 2x9 Footprint The 2x9 footprint transceivers

have 2 rows of 9 pin through hole electrical connections to
the host board. These 2x9 transceivers are basically
Pigtail duplex-SC transceivers (they can also use FC, ST or any
other standard optical connector). Each 2x9 footprint trans-
ceiver consists of a transmitter optical subassembly, a
4.1.12.2 Connector Interface Clearly, a componentwith  eceiver optical subassembly and an electrical subassembly.
a fiber pigtail cannot be used in the same way as all the A are housed within a plastic/metal package. They oper-

other SMT components. This increases the system cost andyie with a single +5V or +3.3V power supply. They can be
serves as an incentive to use the connector interface insteaghc or pc coupled (see Figure 4-23).

of the fiber pigtail wherever possible.

%

Figure 4-21 Single Fiber Pigtail

Compared to the 1x9 footprint, the 2x9 has additional fea-
An optical component with a connector interface does not tures such as Clock and Data Recovery.
require a fiber outside of the component package. Instead,
the optical connector is built into the package wall. The 4.1.13.5 GBIC Transceiver The Gigabit Interface Con-
optical train may have a lens that focuses the light at a verter (GBIC) is a Hot Pluggable SC Duplex transceiver.
point where the mating connector is located. Alternatively, GBIC conforms to the Gigabit Interface ﬁﬁﬁumeln)ts
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Pin Function 1x9 Pin Out Description
1 VEER Receiver Signal Ground

2 RD+ Receiver Data Out

3 RD- Receiver Data Out Bar

4 SD Signal Detect

5 VCCR Receiver Power Supply Filter Circuit

6 VCCT Transmitter Power Supply Filter

7 TD- Transmitter Data In Bar

8 TD+ Transmitter Data In

9 VEET Transmitter Signal Ground
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; 25.4 Max
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" 12 ——— 391 ——
e 1
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Mounting Studs: The mounting studs are provided for mechanical attachment to the host board.

Figure 4-22 Typical 1x9 SC Duplex Transceiver Footprint

specification and usually meets the height requirement of multisource 2x5 Small Form Factor (SFF) (see Figure
9.8 mm (see Figure 4-24). 4-25) or the multisource 2x10 SFF (see Figure 4-26).

They operate with a single S5V or +3.3V power supply and The 2x5 SFF has 2 rows of 5 pins whereas the 2x10 SFF
are AC coupled to the host board. Each GBIC transceiver 55 2 rows of 10 pins.

consists of a transmitter optical subassembly, a receiver
optical subassembly and an electrical subassembly. All areSFF transceivers have an LC Duplex or an MTRJ optical
housed within a plastic/metal package. interface.

GBIC transceivers use a card edge style electrical connec-This SFF transceiver is about half the size of a duplex SC
tion (20-pin SCA Electrical Connector) to the host board 1x9 transceiver. Thus it allows a higher port density for a
allowing sequential plug-ins. This transceiver includes an given product.

EPROM for transceiver information access. They operate with a single 5V or +3.3V power supply and

4.1.13.6 Small Form Factor (SFF) Small Form Factor  are AC or DC coupled to the host board. Each SFF trans-
transceivers are housed in a package style that can be theeiver consists of a transmitter uments, a

———Btrcmﬁeni—ﬁTarhg%Hub
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Pin Function 2X9 Pin Out Description
1 N/C Not Connected
2 N/C Not Connected
3 Clock - Received Recovered Clock Out Bar CLk-
4 Clock + Received Recovered Clock Out CLk+
5 BM- (Bias Monitor -) Laser Bias Monitor Bar LMON-
6 BM+ (Bias Monitor +) Laser Bias Monitor LMON+
7 Tx Disable Transmitter Disable Txdis
8 FM+ (Facet Monitor+) Power Monitor PMON+
9 FM- (Facet Monitor-) Power Monitor PMON+
10 Tx Ground Transmitter Signal Ground VEET
11 Tx Data In + Transmitter Data In TD+
12 Tx Data In - Transmitter Data In Bar TD-
13 Tx Vcc Transmitter Power Supply
14 Rx Vcc Receiver Power Supply
15 Flag (Signal Detect) Signal Detection Flag
16 Rx Data Out- Receiver Data Out RD-
17 Rx Data Out+ Receiver Data Out RD+
18 Rx Ground Receiver Ground

20.3240.1
- T 18%¢0.6
’ r [ 3w
1] 987654321
A o T
T o000
254 18 17 16 15 14 13 12 11 10

2032

— 127 —

S |
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!_—.,._..,.f!" T
P i 9.2
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(TIP 20.32+0.7)
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Figure 4-23 Typical 2x9 SC Duplex Transceiver Footprint

receiver optical subassembly and an electrical subassemblyceiver is about half the size of a duplex SC 1x9 transceiver

All are housed within a plastic/metal package. The trans-
ceiver should meet the height requirement of 9.8 mm.

4.1.13.7 Small Form Factor Pluggable (SFP) The plug-
gable small form factor transceiver is a “Hot Pluggable”
transceiver. They operate with a single +3.3V power sup-
ply. Each SFP transceiver consists of a transmitter optical

(see Figure 4-27). Thus it allows a higher port density for
a given product.

The SFP transceivers use a card edge style electrical con-
nection to the host board allowing sequential plug-ins. This
transceiver includes an EPROM for transceiver information
access.

subassembly, a receiver optical subassembly and an electri4.2 Level 1 Components The characteristics of level 1

cal subassembly. All are housed within a plastic/metal

components vary starting with a relatively simple compo-

package. The package style is the multisource SFP with annent assembly (level 1A) to a very complex assembly of

integrated LC or MTRJ optical interface. This SFP trans-

optical and electronic parts (leve! 1C) ments
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Pin Function Sequence GBIC Card Edge Pin Out Description:
1 RX-LOS 2 Receiver Loss of Signal LOS
2 VeeR 2 Receiver Signal Ground VEER
3 VeeR 2 Receiver Signal Ground VEER
4 MOD_DEF(0) 2 Module Definition and Presence MOD DEF(0)
5 MOD_DEF(1) 2 Module Definition and Presence MOD DEF(1)
6 MOD_DEF(2) 2 Module Definition and Presence MOD DEF(2)
7 Tx-DIS 2 Transmitter Disable Txdis
8 VeeT 2 Transmitter Signal Ground VEET
9 VeeT 2 Transmitter Signal Ground VEER

10 Tx-FAULT 2 Transmitter Fault Tx Fault

11 VeeR 1 Receiver Signal Ground VEER

12 RD- 1 Receiver Data Inverted RD-

13 RD+ 1 Receiver Data Non-Inverted RD+

14 VeeR 1 Receiver Signal Ground VEER

15 VceR 2 Receiver Power Supply Filter VCCT

16 VeeT 2 Transmitter Power Supply Filter VCCT

17 VeeT 1 Transmitter Signal Ground VEET

18 TD+ 1 Transmitter Data Non-Inverted Input TD+

19 TD- 1 Transmitter Data Inverted Input TD-

20 VeeT 1 Transmitter Signal Ground VEET

.33+0.25 ————
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e 127 (= " F8.18
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Figure 4-24 Typical GBIC Transceiver Footprint

products have the same issues except that level 1C compo» Optical train stability.
nents are usually more complex and perform more func- , gectrical feedthrough.

tions.

4.2.1 Component Housings Optical component housing
provides a number of functions:

» Mechanical and environmental protection.

* Optical feedthrough.

Typical housings (shown in Figure 4-28) are constructed of
aluminum, die cast alloys or plastics. Fiber and packaged
components can be mounted within the housings using

« Heat transfer from the component to the outside of com- fasteners, welds or adhesives. Optical fiber is joined to the

ponent housing.

housing using external strain reliefmemgngs
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Pin Symbols Function SFF 2x5 Pin Out Description
1 VEER Receiver Signal Ground Receiver Signal Ground VEER
2 VCCR Receiver Power Supply Receiver Power Supply VCCR
3 SD Signal Detect Signal Detect SD
4 RD- Receiver Data Inverted Differential Output Receiver Data Out Bar RD
5 RD+ Receiver Data Non-Inverted Differential Output Receiver Data Out RD
6 VCCR Transmitter Power Supply Transmitter Power Supply Filter VCCT
7 VEER Transmitter Signal Ground Transmitter Signal Ground VEET
8 Txdis Transmitter Disable Transmitter Disable TXdis
9 TD+ Transmitter Data Non-Inverted Differential Input Transmitter Data In TD

10 TC- Transmitter Data Inverted Differential Input Transmitter Data In Bar TD

<t MmN A<

000000

TOP VIEW

<)
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Mounting Studs: The mounting studs are provided for mechanical attachment to the circuit board. PC-0040-4-025

Figure 4-25 Typical SFF 2x5 Transceiver Footprint

provide environmental immunity and methods for support- must have matching CTE in order to maintain a reliable
ing components in their final applications. Free-space opti- hermetic seal through the full operating temperature range.
cal assemblies may require thermal expansion matched
ceramic, metal or composite materials to prevent unwanted4-2.3 Heat Transfer from the Component to the Outside
motion of internal elements. Kovar, a nickel and cobalt rich ©f Component Housing  For components that dissipate a
iron alloy, is often used because of the excellent thermal 12r9e amount of heat and/or require a stable operating tem-
expansion match to optical fiber. Copper-Tungsten compo- perature, the housings often F:ontaln thgrmo-electrlc cool-
sitions are often used to provide comparable thermal €rS- In such cases the housing base is made of copper-
expansion but higher thermal conductivity than can be tUNgstén composites.
achieved with Kovar housings. Device carriers, fiber com-
ponents, waveguides, filters, lenses, mirrors, prisms and
other components can be secured to metal or metallized " . .

bile or signal loss will result. As a result, for some compo-

ceramic housings. Heat is often transferred directly to the ts that ¢ anificant t of heat ¢
housing, requiring mechanically flat and stable surfaces. nents that generate a significant amount of heat or operate

The housing base often mates to thermally dissipative eIe-:cn antteler\]/ atedttemptetr)ature efn\llllronme_r(;t, thj r;]etht(.)d chr(])_?ten
ments and carries threaded connections for stable bolt-'0 dtachment must be carefully considered. Fosition Shifts

down attachments. Housings must not significantly deform on the order of 1 um during cycling may not be allowed.
when bolted into final enclosures.

4.2.4 Optical Train Stability The individual optical paths
comprising the optical train must remain physically immo-

4.2.5 Electrical Feedthrough Component Housing To
achieve true package hermeticity, the electrical feedthrough
dielectrics may only be made of non-organic materials -

application or environment for which a component is R .
. . . .~ glass or ceramic. Figure 4-29 shows an example with glass
intended, often dictates the type of housing construction : . .

sealed pins emanating from 2 sides of the package.

needed to proylde the necessary mechanical and environy, - ise of this, the seal ring and fiber pipe are typically
mental protection.

made from Kovar. The base is also Kovar, except for com-
In some instances, components use hermetically sealedponents that require low thermal resistance, in which case
housings. These typically consist of a base, seal ring, elec-copper-tungsten composites are used. Sometimes the hous-
trical feedthrough and fiber feedthrough. All of these parts ing is made from a multilayer ceramic. Documents
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Pin Symbols Function SFF 2x10 Pin Out Description
1 Photodetector Bias Photodetector Bias
2 | VEER Receiver Signal Ground Receiver Signal Ground (VEER)
3 | VEER Receiver Signal Ground Receiver Signal Ground (VEER)
4 | Clk- Receiver Recover Clock Out Bar Receiver Recover Clock Out Bar (CIk-)
5 | Clk+ Receiver Signal Clock Out Receiver Recover Clock Out (Clk+)
6 | VEER Receiver Signal Ground Receiver Signal Ground (VEER)
7 |VCCR Receiver Power Supply Receiver Power Supply (VCCR)
8 |SD Signal Detect Signal Detect (SD)
9 RD- Receiver Data Inverted Differential Output Receiver Data Inverted Differential Output (RD-)
10 | RD+ Receiver Data Non-Inverted Differential Ouput Receiver Data Non-Inverted Differential Output (RD+)
11 VCCT Transmitter Power Supply Transmitter Power Supply (VCCT)
12 | VEET Transmitter Signal Ground Transmitter Signal Ground (VEET)
13 | Tdis Transmitter Disable Transmitter Disable (Tdis)
14 | TD+ Transmitter Data Non-Inverted Differential Input Transmitter Data Non-Inverted Differential Input (TD+)
15 | TC- Transmitter Signal Ground Transmitter Data Inverted Differential Input (TD-)
16 | VEET Laser Data Bias Current Monitor Inverted Differential | Transmitter Signal Ground (VEET)
Input
17 Bmon- Laser Diode Bias Current Monitor Inverted Differential | Laser Diode Bias Current Monitor Inverted Differential
Input Input (Bmon-)
18 Bmon+ Laser Diode Bias Current Monitor Non-Inverted Laser Diode Bias Current Monitor Non-Inverted
Differential Input Differential Input (Bmon+)
19 Pmon- Laser Diode Optical Power Monitor Inverted Differen- | Laser Diode Optical Power Monitor Inverted
tial Input Differential Input (Pmon-)
20 Pmon+ Laser Diode Optical Power Monitor Non-Inverted Laser Diode Optical Power Monitor Non-Inverted
Differential Input Differential Input (Pmon+)

Pin 20

QD [T0000000000© ,

D h 00006000004 ¢

A\ 74

-

\

\

Pin 1

AN

Pin 10

IPC-0040-4-026

Figure 4-26 Typical SFF 2x10 Transceiver Footprint
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Pin Function Sequence Function
1 VEET 1 Transmitter Signal Ground VEET
2 Tx Fault 3 Transmitter Fault Tx Fault
3 Tx Disable 3 Transmitter Disable Txdis
4 MOD DEF (2) 3 Module Definition and Presence MOD DEF(2): SDA (Serial Data Signal)
5 MOD_DEF (1) 3 Module Definition and Presence MOD DEF(1): SCL (Serial Clock Signal)
6 MOD_DEF (0) 3 Module Definition and Presence MOD DEF(0): Transmitter Signal Ground
7 Rate Select 3 Rate Select
8 LOS 3 Receiver Loss of Signal LOS
9 VEER 1 Receiver Signal Ground VeeR
10 VEER 1 Receiver Signal Ground VEER
11 VEER 1 Receiver Signal Ground VEER
12 RD- 3 Receiver Data Inverted RD-
13 RD+ 3 Receiver Data Non-Inverted RD+
14 VEER 1 Receiver Signal Ground VeeR
15 VCCR 2 Receiver power supply filter VCCT
16 VCCT 2 Transmitter power supply filter VCCT
17 VEET 1 Transmitter Signal Ground VEET
18 TD+ 3 Transmitter Data Non-Inverted Input TD+
19 TD- 3 Transmitter Data Inverted Input TD-
20 VEET 1 Transmitter Signal Ground VEET
- 53.55 [2.108] N
A )
13.9 ID I]:I 1
[0.547] |:|
Y )
— 8.6 [0.339]
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Figure 4-27 Typical SFP Transceiver
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Figure 4-28 Housings - Application Specific

Figure 4-29 Glass Seal Pins

Depending on the electrical signal speed, the electrical
feedthrough can be structured as:

* Glass-Seal Pins

« Single-Layer Ceramic
e Multilayer Ceramic
 Coaxial Connector

4.2.5.1 Glass-Seal Pins The glass-seal pins shown in

Figure 4-29 are made by sealing the electrical pins in a
glass dielectric within the holes drilled in the package seal-
ring. The pins protrude into the housing, and the electrical
connections are completed by wirebonding from the optical
device to the tips of the package pins. This is the lowest
cost feedthrough, but it is not suitable for electrical signals

over 500-800 MHz. Documents
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4.2.5.2 Single Layer Ceramic The single layer ceramic
feedthrough has the electrical pins brazed in a ceramic sub
strate. Just like in the glass-seal feedthrough, the pins pro-
trude into the housing. Because of the superior electrical
properties of the ceramic, this type of feedthrough can be
used for up to 2 GHz electrical signals. Figure 4-30 shows
a housing with a single layer ceramic feedthrough.

Figure 4-32 Differential Signal Configuration

Therefore, for high data rates the electrical interconnect is
made by means of coaxial cables. For such cases, the com-
ponent housings can incorporate coaxial connectors. (see
Figure 4-33) “V” and “K” type connectors are used, and
the signal pin of the connector is soldered into the housing.

Figure 4-30 Single Layer Ceramic Feedthrough

4.2.5.3 Multilayer Ceramic In the multilayer ceramic
feedthrough, the electrical connection from the outside to
the inside of the housing is created by metallized tracks
that are sandwiched between layers of ceramic. The elec
trical pins are brazed to the external pads on the ceramic,
and the electrical connection to the optical device is made
by wirebonding to the internal pads on the ceramic (see
Figure 4-31). When using this approach, the metallization
tracks can be designed to provide a true controlled imped-
ance transition. This type of feedthrough can be used in a
differential signal configuration to obtain satisfactory per-
formance up to 10 GB/sec. Figure 4-32 shows such a tran-
sition.

Figure 4-33 Coax Connector

4.2.5.4 Optical Feedthrough Where the optical train
consists of direct fiber coupling to the optical device, the
optical feedthrough for single fibers consists of a Kovar
pipe that is hermetically brazed to the component housing
(see Figures 4-29 through 4-33). The fiber is metallized and
then soldered directly into the fiber pipe. The fiber jacket is
attached by adhesive to the fiber pipe in order to provide
mechanical integrity to the fiber feedthrough. Because of
this the hermetic seal to the metallized fiber has to cover a
large clearance between the fiber and fiber pipe, and this
requires a large volume of solder. Sometimes the metal-
Figure 4-31 Wire Bondable Pads lized fiber is soldered into a metal sleeve, and then this
sleeve is soldered into the fiber pipe. This decreases the
In all previous configurations, the electrical leads are volume of solder used, but in this approach two soldering
designed for through-hole or SMT attachment to the circuit operations are required, and the solder hierarchy becomes
board. However, current PCB materials and structures can-more complex (two solders with different melting points
not support signals at data rates higher than 3-5 GB/sec.are required). Documents
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