
Ensuring Structural Testability
of High-Density SMT Circuit Packs

Robert W. Allen, Jr. Thispaper overviews a "next generation," end-to-end realization process
Robert L. Calaflore for circuit packs thatenables reliable test access for structural testing of
WIlliam W. Dyer, III aggressive, surface-mount technology (SMT) designs. New test-access

Michael V. Febo alternatives, suchas boundary scan (B-S) and new fixturing techniques,
Timothy K. Sinclair are reviewed. Each stageofthe process is examined relative to how final

testability canbe influenced. An overview ofthe software systems and fea­
tures needed to support this process, including computer-aided engineer­
ing/computer-aided design (CAE/CAD) tools, boundary scan tools, and
manufacturing/test data management systems, are presented.

Introduction
Duringthe early1980's, the process

ofdesigning tests for circuitpacks (cps)
experienced a metamorphosis. The practice
ofdesigning a productand then "handing it
overthe wall," for testingby manufacturing
test engineers, wasbeingchallenged. BothCP
designand manufacturing engineersrealized
that testingneeded to move from a reaction
mode,designing testingtechniques in the fac­
tory, to an interaction mode, where testing
issues are included in the designphase.This
changewasbrought aboutboth by the needs
ofthe business and by the explosive increases
in circuitpackdensity.

Overthe past 15years,with the appli­
cation ofsurface-mount technology (SMT) , the
density ofCPs has more than quadrupled,
including fine-pitch andvery-fine-pitch SMT.
This exemplifies howcomplex and dense
designshavebecome, and the challenge that
liesaheadfor structuraltesting.

Until the early1980's, the majority of
circuitpacktesting wasperformed onfunc­
tional test systems, in which physical access
wasachieved through the circuitpack'sedge
connector (that is, the part ofthe circuitpack
that connectsto the back plane), and the qual­
ityofthe packwasassured whenthe pack
functioned properly. Asthe density and com­
plexity ofcomponents increased, however, so
did the cost offunctional testing. The finer
the SMTpackaging geometries, the greater
the chancefor assembly defects, such as
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soldershorts and opens, misloaded compo­
nents (eitherwrongcomponents, improper
mounting, or missing components), or electri­
cally damaged components. Enter, then, in­
circuittesting (ICT): a method used to verify
the properphysical structure ofassembled
CPs usinga rapid and accurate technique of
fault isolation ofallmanufacturing defects.

Although automated test equipment
(ATE) vendorsoffered ICTequipment in the
early1970's, the initial systems lacked the
robustness required to test the mostsophisti­
cateddigital circuits. It wasn'tuntilthe late
1970's and early1980's that ICTsystems began
to offer a level offunctionality that met or
exceededtesting requirements. This enabled
manyAT&T manufacturing locations to imple­
ment test strategiesbased on ICT.

Design for In-Circuit Testability. The
success of ICTreliesheavily on the coopera­
tionbetween designand manufacturing engi­
neering. In ICT, testingeach component while
it is electrically isolated from other circuit ele­
ments removes manyofthe pitfalls offunc­
tional testing. The benefits of ICT, however,
are weighed againstthe need to adhere to a
specific set ofdesign-for-testability (DIT)
guidelines. 1 Two such guidelines are illus­
trated in Figure 1. For eachnode on the cir­
cuitpack, physical test accessis required
through a bed-of-nails (thatis, a set of
probes), alongwith the requirementthat the
test systemmust stimulate the device viaa test
signal input, and observe the responseby the



device's outputsignal. These requirements are imple­
mentedduringthe circuit and layout design (when the
physical attributes ofthe circuit are designed), thus
becoming a part ofthe design.

For many years, the amount ofCP realestate
available fortest accesswasnota significant issue.
Designs had "inherent" DFTtest accessat the leadsof
through-hole mounted components-a condition not
available in SMT.

Clearly, the proliferation ofSMTandfiner
device-packaging geometries indicates it will notbe
possible in the future to support the current ICTaccess
andcontrollability requirements without exhausting all
test-access options. In a word, we'rerunning outof
spacefor physical access.

Advances in Structural Test Acce..
Traditional design-rule requirements for in­

circuit testability call forat leastone accessible test
point, or probesite,for each signal net (agrouping of
terminals ofcomponents that need to be intercon­
nected). Onesuch example is a through-hole lead, or
test pad,foreach signal net that canbe accessed from
the bottom sideofthe board. Adistinction is madehere
between a via (aplated holeaddedto the boardevery
timea printed wire needs to traverseto a different
layer) and a test pad (acircular copperarea specifically
for test access). Almost without exception, the mini­
mumprobe-to-probe clearance requirement has been
100 mils. This conveniently aligns with earlier­
generation circuit packs, which had been laid outon a
lOQ-mil grid. In addition, test-probe suppliers offer
robust, cost-effective probesthat canbe usedwithin
these geometric constraints.

With finerpitch, higher input/output (I/o) den­
sity, andSMTpackages proliferating in newdesigns, lay­
outgrids mustbecome moregranular (50 mils) to
makesignal routing plausible. This needputspressure
on the lOQ-mil probe-to-probe clearance requirement
and other design rules. Fortunately, newmethods for
circuit packtest accesshave surfaced to helprelieve
the situation.

Boundary Scan and Other Alternatives. In 1990, the
IEEE approved and published the boundary scan (B-S)
standard (IEEE Standard 1149.1-1990). This newtest
technique, developed to addresshigh-density testing
issues,offers a meansto electronically accessinternal

Panel 1. Acronyms and Terms Used in This Paper

ASIC - Application-specific integrated-eircuit
ATE - Automated test equipment
ATIDFT/ICT- AT&Tssystemfor design-for-

testability, in-eircuit testing
B-S - Boundary scan
BSNA - Boundary scannet analyzer
CAD - Computer-aided design
CAE - Computer-aided engineering
CP- Circuit pack
DORA2 - An AT&T toolthat supports the design

transferto manufacturing
DFT- Design for testability
EEPROM - Electronically erasable programmable

read-only memory
FOCUS - An AT&T toolthat provides an integrated

software environment to manage circuit pack
information spanning the product-realization pro­
cess (PRP) interval.

ICT- In-eircuit testing
I/O - Input/output
MRP - Materials-resource planning
PRP - Productrealization process
Shift register- Memory systemthat allows datato

be transfered from cellto adjacent cells, on com­
mand, as maytimesas desired.

SMD - Surface-mount devices
SMT- Surface-mount technology
TAP - Test-access port
TCK - Test clock
TDI - Test datainput
IDO - Test dataoutput
TMS- Test mode select
TRST - Test reset
UDIF - Universal DORA interface file
UNICAD/IDS - AT&Tsinternal computer-aided

design/IDS

test points ofa circuit packthrough its edgeconnector.
Even thoughmoreboundary "scanable" digital devices
are appearing in newdesigns, it is reasonable to assume
that notallupcoming circuit packs will be fully testable
with B-S, at leastnot for the nextfew years. Conse­
quently, our nextgeneration structural-test strategy and
process should leverage whatever B-S capability is avail­
able to relieve the physical probing issuesresulting from
boardreal-estate constraints and automated test equip­
ment resource limitations. Wemust also intelligently pro­
vide physical probesites to ensure that complete
structural-test coverage is achieved.
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Figure 1. For each node on the circuit pack,
physical test access is required through a bed­
of-nails (that Is, a set of probes), along with the
requirement that the test system must stimu­
late the device via a test signal Input, and
observe the response by the device's output sig­
nal. These requirements are Implemented dur­
Ing the circuit and layout design (schematic at
bottom) when the physical attributes of the cir­
cuit are designed. The test requirements thus
become a part of the design.

Electrical stimulus and response by the
in-circuit test system

Recently, 75-mil probeshave become an
accepted alternative to lOo-mil probesforverydense CP
designs. While 50-mil probeshavebeen available for sev­
eralyears, they have a track record of:
- High cost, in terms ofpiece-part costsand ongoing

maintenance, and
- Unreliable contacting, including flimsy construction

andlow springforce.
Weshouldkeepin mind, however, that lOo-mil probes
are still preferred whenlayout and routing permit.

Innovations in fixture-fabrication (themanufac­
turingprocessforcreating the physical test device)

techniques have led to improvements in mechanical
robustness and registration, as well as electrical perfor­
mance. Requirements on test-target size may be reduced
as a result, andfinerprobesizesmay be usedwith more
confidence. Agoodexample isTII-Testron's newUltra­
Lign • probeandfixture technology.f More recently,
impressive innovations, suchas Testjet' from Hewlett­
Packard," andthe Safecracker' PatternService from Ter­
adyne," offer alternative meansto detectpinfaults with­
out requiring the generation and application ofvectors
(input patterns) to digital devices. These methods are
particularly promising forapplication-specific integrated-
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Figure 2. Following schematic capture, testa­
bility review, and component placement of an
integrated circuit, a suite of AT&T OFT tools is
used for ICT(ATTOFTjICT) to aid designers in
choosing test sites from existing interconnec­
tion sites, and in determining when new test­
access pads need to be created. The results of
the ATTOFTjlCT process-the selected test
points-are passed on to manufacturing by
means of the AT&T software tools FOCUS and
OORA2. The FOCUS tool provides an integrated
software environment that manages circuit pack
information spanning the product realization pro­
cess (PRP) interval. The OORA2 tool is a UNIX­
based system that translates AT&T circuit­
testing information from the design to
the manufacturing process.

ATE- Automated test equipment
ATTDFT/ICT- AT&T's design for testability/in-circuit testing
CAD - Computer-aided design
IDS - Interconnection design system

circuit (ASIC) pinfault detection, but they also require
physical nodal access.

Next Generation CP Design-To-Test Flow
To address the structural-testability challenges

posedby high-density SMT circuitpacks, an SMT Circuit
Pack Testability Team wasformed inAT&T in early1992.
Membersincluded representatives ofbare-board test,
computer-aided-design (CAD) tooldevelopment, Network
Systems test engineering, and layout-design organiza­
tions. Atthat time, the major topic ofdiscussion wasthe
current ICT designprocess,or processes, used in AT&T.
Within this process,a newtest designmayoccurat
manypoints, from schematic capturethrough

manufacturing. In other words, the inclusion oftest infor­
mation in a CP designdoes not always occurat a speci­
fied pointin time. Additionally, designdatamayprogress
viadifferent computer-aided design, layout, andtest-point
selection tools, ultimately hampering the smooth transfer
ofdesignand test information.

Seeingthe current andfuturestructural-test needs
ofthe newhigh-density CP designsdescribed above, the
SMT CP Testability Teamformulated a newCAD-to-test pro­
cess flow, shown in Figure2, and specified that the next
generation of CAD toolrequirements should be ableto use
this newprocess. The principal feature ofthis process
flow, which distinguishes it from the moretraditional
flow, is the earlyconsideration oftest information.
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cycles mustbe considered. The technique oftestingcon­
ventional circuitry throughthe boundary scanchain is
known as Silicon Nails.7*

Beyond specific practices recommended for B-S
implementation at schematic capture, adhering to DFT
guidelines will makeit simpler for ICf engineers, in the
laboratories and in manufacturing, to develop testing. 1
These guidelines, not discussed at lengthhere, would
include handling clock signals bythe ATE, including pull­
up or pull-down resistorson device inputs (especially
logic cellarrays), digital guarding, and instructions for

Specifically, decisions on howto best leverage available
B-S resourcesare madeimmediately afterschematic cap­
ture. Similarly, physical CP design rulesfor ICf testability
can be considered in real timeduringCP layout.

The result is a processthat maximizes con­
currentengineering and reducesdesign iterations. Addi­
tionally, it blendsthe optimal use ofnewtest technolo­
gies, such as B-S, moreintelligently with traditional ICf
designrules.

Eachmajor stageofthis processis subsequently
described:

Structural Test Issues at Design Capture. Recent
advances in SMThave creatednewchallenges for ICf of
high-density circuit packs. In complex digital designs,
wheretestingproblems are mostdifficult, newdesign
techniques and testability standards mustbe applied
earlyin the designprocess. The cooperation ofthe
design community is essential forearlyimplementation
ofthe 1149.1 B-S standard techniques and the DFTstan­
dards forconventional circuitry-" in device- andboard­
level designs. With such techniques, test development is
simpler and moreeconomical.

Boundary-Scan Testability. The B-S technique
involves the inclusion ofa shift-register stagecontained
in a B-S cell, adjacent to eachcomponent pin, so that sig­
nalsat component boundaries canbe controlled and
observed usingscan-testing principles. The test-access
port (TAP) pinsprovide accessto the component, and are
composed ofthree inputconnections: test clock (TCK) ,
test-mode select (TMS) , and test datainput (TDI); and one
outputconnection, test dataoutput (TDO). Anoptional
fourth inputconnection, test reset (TRST) , provides for
asynchronous initialization ofthe test logic defined by
the standard.

Once wehave les with robust implementation of
the 1149.1 standard, and the boundary scandescription
language (used to describe the features ofa B-S device)
has been certified, the DFTproblems canbe addressed at
the board-level, schematic-capture phase. Asimple
board-level B-S "chain" has a single TCK andTMS signal
broadcast to allthe components involved in the test.The
TDO signal ofthe firstcomponent to be tested becomes
the TDI ofthe nextcomponent, and so on, until allcompo­
nents have been chained together.

To incorporate B-S at the board-level design,
interfaces with conventional circuitry, mixed-logic fami­
lies, and dynamic digital devices requiring quickrefresh
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programmable logicdevices. Tri-stating devices that sink
or source high current (greater than 500rnA), as well as
electrically erasable programmable read-only memories
(EEPROMS), will preventpotential backdrive stresses.

For the immediate future, OFTin high-density
SMT CP designs will likely involve makinguse ofexisting
B-S-device and board capabilities. In addition, the earlier
in the design process that testability issues are consid­
ered, even at schematiccapture, the less painful test
development will be after layoutand in manufacturing.

Test Considerations at CP Layout Phase. The circuit
pack layoutphase of the CAD-to-test process is where the
physical attributes of the circuitare designed. Features
are placedon board layers to allow componentlocation,
interconnection, and test at variousCP-fabrication stages,
and to ensure full circuit functionality. One of the pri­
maryconcerns in this process is to layout allof the fea­
tures so that their "region of influence" is not violated,
that is, the physical requirements of the feature are not
adversely affected by adjacent features that are alsocom­
peting for space on the board.

Past Approach. In the past, all interconnection fea­
tures that were potential test-access pointswere located
on the lOa-mil grid required for through-hole technology
and bare-board test. Withthis approach, no specialtools
were needed to generate test points. The test-access
pointscould merelybe chosen at the end of the layout
process, or even at the factory, from manypotential test
sites that were made available by the interconnection
generation. Furthermore, the number of test points
needed to test the entire CP was smallenough that test­
pointdensitywas rarelya concern.

SMT Impact and Up-Front ICT Generation. Now, how­
ever, the terminalsofsurface-mounted devices (SMO) are
not accessiblefor testing, and do not fall on a lOa-mil
grid. Forcingviason lOa-mil grid no longer results in the
smooth channels (straight"highways" allowed by rout­
ing interconnection) that previously simplified the inter­
connection process. Bare-board test no longer requires
terminalsand viason a lOa-mil grid. Finally, as a result of
the high-density SMT, it is no longer affordable to make
all interconnection vias large enough to automatically
qualify as potential test-point sites, since they will reduce
the space available for other interconnections. Withcom­
ponent and board miniaturization has come an increasing
demandfor features, especially on the external layers.
On the test-access side, the space not used by device

terminalpads and their region of influence must be
shared by interconnection features and test-access pads,
and their respective regions of influence. It is, therefore,
imperative that the allocation ofspace be properly man­
aged, and that the tools that generate the interconnec­
tion and test features complement, rather than compete
with, each other for this space.

Figure3 demonstrates this witha simple exam­
ple. Figure 3a shows two SMO pads that need to be inter­
connectedalongwitha test pad. Figure3b showsan
inefficient wayto achieve these goals. Figure3c shows a
more efficient way to achieve these goals using toolsthat
cooperatewith each other by makingan optimal use of
the limited space.

Asuite ofAT&T OFTtoolshas been introduced
for ICT (ATTOFT/ICT) to aid designers in choosingtest
sites fromexistinginterconnection sites, and in deter­
miningwhen newtest-access pads need to be created. In
the past, either the designer used larger-than-necessary
viasfor all interconnections-at the expense ofhaving to
use more layers for interconnection-or a significant
design effort wasadded at the "backend" ofthe layout
process, either to add ICT access pads or to enlargeexist­
ing vias. As design density increases,however, this
back-end approachwill be totally untenable.

One of the majorfeatures ofATTOFT/ICT has,
therefore, been an up-front ICT generator. With the gen­
erator, one can ensure that the needed test pointsare
there from the start of the layout. If there are tradeoffs
that need to be made in terms ofclearance, test-point
density, and the maximum number oftest pointshandled
by the test fixture, etc., they can be addressed up-front.
Further, by havingsome familiarity with the interconnec­
tiongoal, the ICT generator ensures that the test pointsit
creates can also be used effectively by the interconnection
tools that are applied later in the layoutprocess. Oncethe
test-access pointsare generated and approved, and the
design is frozen fromchanges, one can begin the test­
fixture generationprocess before the layout is complete.

Design Changes and Fixture Reuse. Due to circuit
pack densityand complexity, the cost of test fixtures
(now rangingfrom$5,000 to $15,000) has increased.
Thus, it is importantthat test-design toolsaid the
designer in makingchanges and in reusing the test
fixture wheneverpossible, thereby saving both money
and fabrication time.To this end, ATTOFT/ICT includes
not onlythe capabilities to regenerate test pointsin
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local areas that haveundergone designchanges, but also
the ability to generatespare test points to helpmakethe
test fixture, whenit is initially built, moreadaptable to
design changes.

Design Rules and Boundary Scan. For a CAD toolto be
effective, it mustcaptureand apply allofthe design
restrictions and tradeoffs that impact pertinent features,
thus ensuringthat:
- Featuresare designed right the first time,
- Any tradeoffs canbe resolved up-front, and
- All features are verified before layout completion.
For ICf, designrules include clearances between test
points, components, andboardedge;component density;
the distance from circuit drivers; andthe maximum num­
ber oftest channels available on the ATE beingused.
ATIDFT/ICf includes a set ofdesignrules,as well as an
interface to the B-S net analyzer (BSNA). This allows it to
helpthe designerinchoosing from different alternatives
for test-point sizes, clearances, density, and test methods.

Generic Capability. Asalready mentioned, AT&T
designersuse a multiplicity ofCAD toolsin the layout of
CPs. Theyalsouse a variety oftools, including several
stand-alone, ad hoc,andoften manually implemented
tools, in test-point selection and test-fixture design.
ATIDFT/ICf has been designed as a generic ICfdesign
subsystem that executes inAT&Tsinternal UNICAD/IDS
computer-aided design environment, as well as "ontop of'
vendor's CAD systems. This is madepossible by a two-way
interface that canbe extended to communicate with any
vendorCAD system. It takes ICfdesignfeatures that are
currently available in UNICAD/IDS, including the interface
to FOCUS and DORA2 (two key internal AT&T systemssup­
porting designtransferto manufacturing, anddescribed
below), and addsnewfeatures and the capability to handle
newhigh-density SMT designs. Thus, it provides a single
ICfdesign facility that canbe used byalldesigners in
AT&T, no matterwhich CAD systemthey are currently
usingor plan to use. Because it provides full functionality,
as well as interfaces to CAD systems, BSNA, FOCUS, and
DORA2, as shown in Figure2,the CAD-to-test processis
standardized andsignificantly streamlined.

Concurrent Team Development. ATIDFT/ICf is also
available as a stand-alone systemwith a full or limited set
offeatures. This allows the test engineer, test designer,
and layout designerto workas a team, usingtheir exper­
tise to ensure that ICffeatures are designed optimally.
Forexample, the test engineercould set up the design
rulesor verify theirvalues before the beginning ofthe
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design layout. The layout designergenerates, selects,
and audits the ICftest points. The test designer gener­
ates reports, plots, and other outputs, andtransfers the
neededdesignandtest information through DORA2 for
ATE circuit packtest design andfixture generation. Fur­
thermore, by usingthe ATIDFT/ICfconferencing capabil­
ity, teammemberswho are not co-located can simultane­
ously view the process, observe the impact ofdesign
tradeoffs, then auditandfinalize the accepted features
on-line. This permits the final designto be approved by
the entireteamin real time.

Transferring Test Information to Manufacturing.

The resultsofthe ATIDFT/ICf process-the selected test
points-are passedon to manufacturing bymeansofthe
AT&T software toolsFOCUS andDORA2, shown in Fig­
ure 2.The FOCUS toolprovides an integrated software
environment that manages CP information spanning the
productrealization process (PRP) interval. The DORA2
toolis a UNIX-based* systemthat translates AT&T
circuit-testing information from the design to the
manufacturing process.

Traditionally, the test engineer working on a
specified ATE would receive selected test points from
DORA2. There wasno defined process, however, to cap­
ture the final test points selected and reuse themfor
future artmasterrevisions. (Artmaster is the creation ofa
photographic film ofthe circuit foretching.) With the
ATTDFT/ICf enhancements to the FOCUS and DORA2 tools,
test points selected byATTDFT/ICf are preserved and
migrated to the ATE. The final selected test-point informa­
tionfrom the ATE is migrated backtoATIDFT/ICf to be
usedforfuture artmasterrevisions.

The DORA2 algorithm andthe test engineer will
still be ableto modify the selected test points, but now
that information will be preserved forfuture artmaster
revisions ofthat circuit. Existing test fixtures canbe
reusedwith modifications, therebysaving a considerable
amount ofmoney per artmasterrevision.

FOCUS-PrimeDescription. Asnoted, the FOCUS­
Prime/-'' toolprovides an integrated software environ­
mentthat manages CP information spanning the product
realization processinterval, from early design-data acqui­
sition to the definition andmanagement ofthe CP assem­
blyprocess. Within the Focus-Prime environment,
designandfactory personnel workcooperatively to
acquire andcorrelate CP designdata, createthe requisite
assembly processes, andtransmit material-ordering
information to a material-resource planning (MRP)



system. This resultsin a higher-quality product, realized
in the leastamount oftime, at the lowest possible cost

FOCU5-Prlme In 1~lrcult Test. The FOcus-Prime role
relative to in-eircuit test beginswith the acquisition ofthe
physical andin-eircuit probedatafrom a CAD workstation,
andthe correlation andverification ofthese objects with
the product definition. These objects are then placed
underversion-and-ehange control, andare usedby FOCUS­
Prime to generatethe ICf datafile, called the universal
DORA interface file (UDIF) , for the DORAZ test system.

Focus-Prime will addnewfields to the UDIF file,
consistent with the newATIDIT/ICf output data, to indi­
cate the test-point typeofeachaccessible device pin, via,
or pad. This newinformation is processed bythe DORAZ
software duringits test-point selection process, which can
addor modify selected test points as theyare needed.

DORA2 Description. The DORAZ lO,ll toolis a UNIX­
basedsystemthat translates AT&T circuit-testing infor­
mation from the design to the manufacturing process.
DORAZ automatically translatescircuit-eonnectivity data
andsimulation resultsintotest programs, circuit­
description files, and ICffixturing layout files for many
models ofATE.

DORA2 Enhancements. The DORAZ systemwas
enhanced to align with the newprocess, taking advan­
tageofthe newinformation beingsupplied to the UDIF.
Circuit description information inputfor DORAZ has come
from the UDIF file sincethe mid-1980's. The UDIF file was
createdbythe DORA project as a standard format to spe­
cify circuit-description information.

Test·PolntSelection. The DORAZ test-point selection
process analyzes allaccessible points ona net to deter­
mine which point(s) should be selected to representthat
net on the ATE test fixture. Currently, DORAZ does test­
pointselection for the following ATE: Teradyne L2XX and
L3xx, Factron 333X, Hewlett Packard 3065 andHP3070,
and GenRad 227X. However, withthe newATIDIT/ICf­
derived test-point information in the FOCus-created UDIF
inputfile, the DORAZ test-point selection processwill now
be by-passed forthose netswith ATIDFT/ICf-selected
test points.

DORAZ users canoverride the ATIDIT/ICf­
selected test points by supplying a user-eontrol (con­
straints) inputfile. Various DORAZ outputreportsalso
have been updated to showthe origination ofthe
selected test points, ATIDIT/ICfor others.

Test Data File Updates. New software has been
addedto the DORAZ systemto update the ATIDIT/ICf

test-data file. The test-data file is the main output ofthe
ATIDIT/ICftools. It contains information aboutall acces­
sible points in the circuit

DORAZ customers are now requesting the UDIF
andthe test-data file from their suppliers, suchas the lay­
outgroup. Previously, only the UDIF wasrequired. The
DORAZ software will update this file so that its contents
reflect the final selection oftest points onthe ATE test
fixture. The updates to the ATIDIT/ICf-selected test
points occurbymeansofthe DORAZ algorithm, or new
selections madebythe test engineer.

ProbeStyle Utility. Anewutility has beenadded to
the DORAZ systemto determine whattype ofprobe is
neededper selected test point. Thissoftware uses the
newtest-point diameter information thatwasadded to
the UDIF file by the FOCUS tool. With this information,
anda user-supplied probepreference file, DORAZ can
accurately pickthe type (needle, star,crown, tri-needle,
etc.) and size (100 mil, 75mil, etc.) ofa probe, per
selected test point With this probeinformation, the test
engineerhas a goodestimate ofhowmuchitwill costto
build a test fixture.

Sum....,
The evolution ofstructured testinghas, until

recently, followed at armslengththe technology ofthe
product tested. Significant stridesinfunctionality at the
device and CP level have ledto largeinvestments intest
development andhardware. AT&T, however, has
improved the quality ofstructured testing ofitshigh­
density SMT CP designs. Recent emphasis onsuch
designs has createda definite needfornew test tech­
niquesanddesign processes, especially at ICf, which is
still the mosteconomical andthorough assembly test in
termsofdevelopment andequipment cost.

Incorporation ofstrongDIT practices during all
phasesofCP design, along with alternate techniques of
test access, suchas 80S (device andboardinternal),
finer-pitch (closer spacing of) test probing, andnewtest­
fixturing methods (external, physical access), serveto
increase test coverage anddecrease time-to-market
Structured-test accessconcerns are becoming an earlier
partofdesign phases. Likewise, additional layout tool
packages, suchas ATIDIT/ICf andmodifications of
DORAZ to supplement test information transferto the fac­
tories, are settingthe stagefora morestreamlined prod­
uctdesign-to-test process. This applies especially to
future, high-density SMT designs.
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