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Hardware design for AT&T's 5ESS® digital switch is
governed bya methodology thatprovides a common
design approach for all hardware development engineers
onthe 5ESS switch project. It enables engineers topro­
duce quality hardware designs thatarecompleted ina
timely way, arecosteffective, and areeasily introduced
into manufacturing. Themethodology usesthe concept
ofa design team thataddresses all issues ofproduct
design and manufacturing. It streamlines the design pro­
cess byeliminating redundant tasks and paperwork. The
methodology focuses onearly reviews and minimizing
changes late inthe development process. Although the
framework ofthe methodology is shared among all 5ESS
switch organizations, it still allows flexibility toencourage
engineers to apply theirown initiative and creativity tothe
design process.

Introduction
In an ever-increasing competitive environment for digital cen­

tral office switching equipment, timely, reliable, and cost-effective qual­
itydesignsare essential to customersatisfaction. AT&T's candidate for
digital centraloffice switching equipment is the 5ESS switch. During
the development ofthe 5ESS switch, a newhardware development
methodology wasimplemented that enhancedAT&T's ability to respond
to the demandsofthe competitive switching market. The methodology
focuses on improved communication and well-defined parallel efforts
amonghardware development, manufacturing, and software develop­
mentorganizations. Asa result,mosthardware faults are identified
earlyin the development cycle, significantly improving overall product
quality, availability, andcost.

The newmethodology improves the designdevelopment pro­
cess to maximize quality, cost-effectiveness, innovation, and produc­
tivity, while minimizing development time. The keyelementsofthis
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Panel 1. Terms and Acronyms In This Paper
DFM designfor manufacturability
DFT designfor testability
POI productdesigninformation
PQMI processquality management and

improvement
RTB ready-to-build

methodology, the 5ESS Switch Hardware Development
Methodology, are:
- Design teams that include alldisciplines from design

conception to productrealization.
- A test team to manage allaspectsofboth design

verification testingduringdevelopment, and initial
producttestingduring manufacture and deployment.

- Requirements anddesign reviews that are early, fre­
quent, and thorough to minimize change activity late
in the productdevelopment cycle.

- Development phases andbenchmarks that are well
defined to allow detailed and common project tracking.

- A formal hardware-software interface definition
reviewed and documented earlyin the process.

- A project notebook that uses informal documentation to
allow parallel designand documentation while ensur­
ingcomplete final productdocumentation.

These key elementsform the framework ofthe new
methodology used by all5ESS switch hardware develop­
mentorganizations. The methodology is flexible to
encourage initiative and creativity by development
engineers. This creativity is critical to the designrealiza­
tionoftechnically advanced switching products.

Team Concept
The designteamconceptis essential to providing

quality switching products. In this era ofcomplex designs,
a team approach to design, and extensive use ofdesign
reviews, can greatlyreduce designiterations late in the
development cycle. The team approach to designdevelop­
mentfosters cooperation amongdesignersofvarious dis­
ciplines because the entire team shares developmental
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responsibilities. This open-communication approach
requires the earlyinvolvement ofallteam members, and
reduces the risk ofmisunderstanding and error. Design
teamsare formed for each ofthe following functional
5ESS switch hardware project partitions:
- Project teams
- Multilevel designteams (all levels named below may

notbe required)
- Cabinet level
- Unit level
- Circuit packlevel
- Device level
- Test teams
Figure 1 shows the hierarchyofthe development teams.

Project Teams. The project teamis the first team
formed. Asproject requirements are received and under­
stood, the project is partitioned intofunctional elements,
e.g.,cabinets, units, circuitpacks, and devices. The pro­
ject teamforms the designand test teamrosters, and
ensures opencommunication within and among these
teams. Membersofthis team develop and track the pro­
ject schedule, and serve as development project
managers.

Project team membership is project-dependent
and includes representatives from allaffected disciplines.
Atypical project teamconsistsofmanagement represen­
tatives fromthe following areas:
- Hardware design
- Software design
- Manufacturing
- Highesthierarchical designteamleader (non-

management member)
- Test leader (non-management member)
Membersmaybe addedas requiredby the scopeof
the project.

Design Teams. Asthe project is partitioned into
functional elements, the designteams are formed for
each level ofhardware partitioning. The design teams
translatethe high-level requirements generatedby the
hierarchical teams intodetailed designrequirements.
Each design teammanages the design, development,
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manufacturing, and testing of its portion ofthe hardware
project. Requirements and design reviews are held regu­
larlyto verify that the design meets the specified require­
ments.These teams alsoensure that detailed require­
ments, hardwareand software interface information,
design, and test results are documented in a projectnote­
book that will be described later in this paper.

The design team consists ofthe development dis­
ciplines needed to design,test, and manufacture the pro­
duct.While a design team is being formed, the composi­
tionofany subordinateteam is also being considered.
Team leaders fromthe subordinateteams and membersof
the test team are both members ofthe design teams;this

Figure 1. The hierarchy of development teams as used in
AT&T's 5ESS® switch development organizations.

dual role fosters interteamcommunications. The follow­
ing areas typically are represented on the design team:
- Hardware design
- Software design
- Designsupport
- Test design
- Subordinate design team leaders
Membership disciplines mayvaryamongthe different
levels ofhardware design dependingon the specific
expertiseneeded.
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Figure 2. A high-level view of the hardware development pro­
cess for SESS® switch development organizations. Note
that exit criteria have been established for each phase to
identify the phase status of the project, and to ensure that
critical quality activities within the phase are completed.
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Test Teams. Eachnewdevelopment project re­
quires a test team. The team membersmustbe familiar
withthe cabinet, unit, circuitpack, and device require­
ments,and musthavetechnical knowledge ofthe hard­
ware. This knowledge is necessary to develop effective
and efficient tests.The main function ofthe test team is
to develop and executetwo critical testingfunctions in
the project: design verification andproduct verification.



Test strategies and test scriptsfor both typesoftesting
are developed and documented in test plans. The test
team ensures that these test plansare executedand the
results documented in the projectnotebook.

To ensure earlydevelopment of rigorous test
strategiesand the availability of resources to execute
them, the test team leader is alsoa memberofthe pro­
ject team. Individuals responsible for designpartition
level testingare membersofthe designteams.The fol­
lowing areas are typically represented on the test teams:
- Diagnostic design
- Designpartition level testing
- Factory testing
- Simulated customeroffice testing
- Environmental testing
- Reliability testing

Hardware Reviews
Hardware reviews are an essentialpart ofthis

methodology. Although reviews add effort at the busiest
part ofthe development process,their downstream
result-e.g., reduced designchange and improved pro­
ductquality-is worth the investment.

The following typesofhardware reviews are
conducted:
- Project-partition requirements
- Functional design
- Hardware-software interface
- Designverification test plan
- Designfor manufacturability (DFM)
- Designfor testability (DFf)
- Productverification test plan.
The projectteam leader is responsible for ensuring the
completion of individual reviews for a project. This
includes schedulingthe reviews in the overall project
plan, identifying and allocating resources for the reviews,
selectingreview moderators, and assisting them to
ensure the reviews are conducted as planned.

There are six basicsteps in the review process.
They occur in each review, although specific entrance

and exitcriteriadetails maydiffer. The six steps are:
- Planning
- Overview
- Preparation
- Review Meeting
- Rework
- Follow-up.

Each review requires different inputs, amounts
ofpreparation, review time, and numbersofparticipants
and reviewers. Hardware reviews also are an important
source ofdatafor in-process metrics to manage the
current project and provide inputto processmanage­
ment for processimprovement.

Project Development Phases
The hardware development process is composed

ofmanysubprocessesin a complex interdependent rela­
tionship. To helpprojects proceed effectively through all
necessaryprocesses in an efficient and effective way, six
high-level hardware development phasesare defined.
Each phasefocuses on a primary productrealization
objective. Individual benchmarkswithin each phasealso
are defined to measureprogress toward the phase'spri­
maryand secondary objectives. Every 5ESS switch
hardware project conforms to the following six phases:
1. Planning and requirements
2. Functional design
3. Prototype development
4. Preproduction development
5. Ready-to-build (RTB)
6. Manufacturing and deployment support
Figure2 represents a high-level view ofthe hardware
development process.Exitcriteriahavebeen established
for each phase to identify the phase status ofthe project,
and to ensure that critical quality activities within the
phase are completed. They emphasize localized defect
identification and resolution within the current phase.
However, the transition between phases is not serial, and
phase overlap existsfor non-dependent subprocesses of
different phases.
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Both in-process and end-process metrics have
been defined to help managehardwareprojects and pro­
cesses within the structure ofthis methodology. In­
process metrics provide quality measures of intermedi­
ate design deliverables and process steps that affect end­
productquality. End-process metricsof the final design
and productare used withthe in-process metricsof mul­
tiple projectsto measure and improve the process and
methodology.

Planning and Requirements. The planning and
requirements phase begins after a project has been
approved. Initially, the high-level project requirements are
supplied by systems engineeringand architecturedesign
organizations. Projectrequirements consistof the custo­
mer feature requirements, switch architectureevolution
requirements, high-level system interface requirements,
and anygeneral requirements necessaryfor the project.

Duringthis phase, the hardwareprojectteam is
established. This team is responsible for managing the
entire hardwaredevelopment project. After the project
team is establishedand projectrequirementsare avail­
able, the projectis partitioned into physical hardwareele­
ments (i.e., units,circuitpacks,customdevices). As this
partitioning progresses, design andtest teamsare formed.

The project, design, and test teams meet to deter­
mineappropriate benchmarks,staffing, and schedules for
the overall project. This meetinghas becomeknown as
an estimeeting. It allows the developers to have input
into the project'sstaffing and scheduling. Atthis time,
partition-level schedules are alsodeveloped by the design
and test teams.

The partition design requirements are derived
from the project, the next higher hierarchical level
design team, and general design practice requirements.
Reviews are held for each design partition to ensure that
the design team understands and can producedetailed
design requirements from the projectand general
requirements. Requirements issues and defectsare
identified, and responsibility for resolution is assigned.
Issues and defectsare tracked to resolution by using a
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computerized design configuration management system.
The designrequirementsform the foundation

ofprojectsuccess. Early resolution ofallrequirement
issues will eliminate design changes in later phases
because of incomplete or inaccurate requirements. This
will lead to on-time delivery ofhigh quality hardware.

Functional Design. In this phase, the electrical
design processbegins. It maybeginbeforethe previous
phase is completed, but all requirementsissues must be
resolved beforeanyPhase 2 review activity.

Duringthe initial part of this phase, the design
requirementsare converted intofunctional blocks. As
the design progresses, computer-aided design toolsare
used to synthesize and simulate the design. Electrical
schematics, waveforms, and timing diagrams are gen­
erated. Functional design reviews rigorously evaluate
and examine the designfor possible designfaults. The
interfaces betweenhardwareand software are identified,
documented, and reviewed. Bydetailed analysis ofthese
interfaces, designchanges are minimized during
hardware-software integration testing.

The design is alsoreviewed for manufacturing
testability (DFT) through formal reviews by factory test
engineers and test developers. All testability improve­
ment ideasgenerated at this review are tracked to reso­
lution during prototype or preproduction development.

Athorough designverification testingstrategy is
developed to ensure that the implementation ofthe
design meets or exceeds allrequirements. Documented
test plansare the foundation ofthe test strategy. They
are developed by the test team to provide a set of tests
used to verify each prototype and preproduction model.
Aformal review ofthe test planis conducted witheach
design team to ensure that complete and robust tests
havebeen defined for each test environment where the
modelswill be tested.Test environments include the
device laboratory, circuitlaboratory, hardware-software
system integration, environmental testing,electromag­
neticcompatibility testing,and others.Acomprehensive
test plan, provided earlyin the hardware development



process, shortens test intervals and maximizes fault
detection beforemanufacturing begins.

During the functional designphase,components
are selectedand approved for project use.The com­
ponentmanagement processused for this is rigorous to
ensure the availability and reliability ofthe components
used in the 5ESS switch.

Prototype Development. Prototype hardware
models are an important methodofdesignverification.
Prototypes offer the first opportunity to examine the
functional designconverted intoa physical and electrical
reality. They supply an extra level ofrequirements valida­
tionandverify the results ofearlierreviews and simula­
tion. Any designchanges requiredduringmodel testing
are formally documented for inclusion duringthe next
designphase. The prototype designalsoprovides the
basisforan initial OFM review. The design team's manu­
facturing productengineerprovides a comprehensive
OFM review from an established set ofmanufacturability
requirements. All OFM issues identified are formally
tracked to resolution duringthe next phase. Mer design
verification testing is complete, operational prototypes
are given to software development for integration with
initial software.

Preproduction Development. Preproduction devel­
opmentis the nextphase in the development process.
Where the functional designphaseconcentrated on the
electrical attributesofthe design, the preproduction
phaseconcentrates on the physical attributesofthe
design, including component layout, reliability, power
consumption, aesthetics, manufacturability, testability,
and the projects's other physical requirements. Asthe
electrical designwasdependenton stablerequirements,
preproduction development (physical design) is depen­
dent on stableelectrical designfrom phases2 and 3.

To ensure that manufacturability and factory
testability issues are resolved before manufacture, final
OFM andOFf reviews are held at the end ofthis phase.
AlIOFM andOFf issues identified earliermust be
resolved to complete this phase.

Preproduction hardware is produced from initial
versions ofthe samedesigninformation that will be used
forproduction. Any designfaults identified duringdesign
verification testingofpreproduction hardware are formally
captured and trackedto resolution. All design changes
necessary to resolve these faults are introduced intoboth
the designsourceand the model with formal changepro­
cedures. The proven hardware is then delivered to the
appropriate systemlaboratory to beginhardware-software
integration testing. This fully functional preproduction
hardware is alsoused to validate the factory tests devel­
opedin parallel with design.

Ready-Yo-Build. During the ready-to-build phase,
allassembly and test information used for preproduction
is reviewed and updated to reflect the final design esta­
blishedduringthe preproduction phase. All production
design, test, and shopassembly information is then
officially released to the manufacturing organizations.
The processfor releasing information primarily consists
ofcertifying computer-based information stored ina
shared design and manufacturing database system. Most
computerized designinformation is transferred viawide
area networks, although sometraditional paperdocu­
ments are alsoused.The official releaseofthe produc­
tiondesign is documented in a ready-to-build POI (pro­
ductdesigninformation) package. The releaseofthis
information package requiresdesign teamconsensus
and project team (management) approvals. Since manu­
facturing representatives werepart ofthe design teams,
this official releaserepresentsa consensus view byboth
development and manufacturing that the design is "ready
to build." Including the manufacturing representatives in
the designteamsalsoallows the manufacturing location
to get an earlystart on anycritical pathtasks (e.g., com­
ponentprocurement, processmodifications) necessary
to supportmanufacture ofthe design.

Manufacturing and Deployment Support. Atthis
point, the design is completed and documented. Produc­
tionsamples are builtto verify that the design informa­
tionhas been successfully transferred to andcorrectly
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Figure 3. Typical
hardware develop­
ment staffing profile,
showing the activities
of the various devel­
opment teams.
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processed bythe manufacturing systems. Thesesamples
are used to verify the capability ofthe manufacturing
processesto buildproductsthat accurately reflect the
designintent.

Mer the production samples are approved by
the designteam, initial manufacture can begin. The first
products madeare intendedfor performance verification
testingand earlyproductshipmentsto supportfirst­
office application. Performance verification testingis a
combined hardware-software operation that uses initial
production hardware and production software to ensure
that the performance requirementsofboth the customer
andAT&T are satisfied. This testing is performed by a
test team separatefrom earlierhardware or software
development teams.
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Productyield is continuously monitored during
initial manufacturing. In addition, productperformance is
monitored throughoutboth manufacturing testingand
customerfield use. If productyields or performance are
inadequate, the designteamswill be notified to take
appropriate corrective action. Whenthe performance
verification test requirementsare met,manufacturing
yieldsare acceptable, and the first customerapplication
is operating, approval for full production is granted.

Hardware Development Phase Staffing
Duringtypical hardware development, the activi­

ties ofthe project, design, and test teams increaserapidly
after the requirements review phase. The activities of
these teams decrease rapidly afterthe ready-to-build
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phase as the design movesinto manufacturing. When
the productmeets or exceeds customerexpectations,
the staffing ofthe teams can be reduced to a level com­
mensuratewithproduct support activity. A typical
staffing profile is shownin Figure 3.

Hardware-Software Interface
The detail-level interface betweenhardware

and software is a critical design element that must be
establishedearly in the project. This interface shouldbe
an outputof the functional design process and shouldbe
formally documented and reviewed during Phase 2.This
allows parallel development ofhardwareand software
to occurwithminimal designchange whenhardware­
software integration testing is begun at the end of
Phase 4.The projectteam is responsible for ensuring
that the interface is documented and reviewed on
schedule.

Project Notebook
The projectnotebookis a key design file or docu­

ment associated withthis methodology. All requirements
and design decisions associated withthe projectare con­
tained in this notebook. An advantage ofthe projectnote­
book method ofdocumentation is that alldesign informa­
tion fora givenprojectis centrally locatedand maintained.
The projectnotebook approach allows team members to
record pertinent information while the design is progress­
ing.Bydocumenting alldesign actions as they occur,all

Figure 4. A representation of the project notebook structure
and its various tabbed divisions.

team members and other interestedpersons havean up­
to-date accountof the project.

Akey feature of the projectnotebook is the inclu­
sionof"informal documents." Informal designdata, such
as graphs, pictures, drawings, flow charts, text,or other
piecesof information describing part ofthe design, can
be entered as they are created.

Astandardized two-level tab structure is used to
create a common information structure for allproject
notebooks. Figure 4 showsthe high-level tab structure
for each project. This primary tab structure closely paral­
lels the team structure.The project notebook approach
to documentation guarantees that important information
is completely and accurately documented without the
delays associated withformal documentation.

Methodology Evolution
This methodology wasdeveloped by many indivi­

dualswhoparticipated in hardware development during
the 5ESS switch project. Their experience and knowl­
edge fromearly5ESS switch projects is the foundation of
this methodology. Although the methodology has seen
four revisions, it is not final. Continual development pro­
cess improvement through PQMI (process quality man­
agement and improvement) techniqueswill both evolve
and re-engineer its key elements. 1 The continuing
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improvement ofthis methodology is a commitment by the
people involved in 5ESS switch hardware development.

Conclusions
AT&T has a fundamental commitment to be the

highest quality supplier ofcentraloffice switching equip­
ment. To continually improve the quality and reduce the
costofchange activity ofthe 5ESS switch, a newmetho­
dology wasimplemented for 5ESS switch hardware devel­
opment. The key elementsofthe newmethodology are:
- Usingcross-functional designteams
- Early, frequent, and thorough requirementsand

designreviews
- Well-defined development phases and benchmarks
- Detailed hardware-software interface document
- Structuredproject notebook.
The framework ofthis methodology is sufficiently flexi­
ble to foster innovation and creativity by designers.

This methodology has proven to be an effective
structure to ensure quality during 5ESS switch develop­
ment, and has met withgreat success.Significant reduc­
tions in changeactivity havebeen achieved by usingthis
methodology. Recent projectauditssupportthe contribu­
tionthis methodology has provided to achieving the
demands ofproject scheduleand productquality.

Anattitudethat we all own the product andpro­
duct quality is becoming prevalent in 5ESS switch devel­
opment. AT&T will continually improve this hardware
development methodology to satisfy the changingneeds
ofthe competitive switching equipment marketplace.
Customer satisfaction is paramount to the quality com­
mitment ofAT&T.
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