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of a Program-and-Place
Surfac.Mount-Assembly Machine

As circuit-pack designs migrate to surface-mount-technology components
thathave finer and higher lead counts, the manufacturing processes and
assembly techniques used must be enhanced. This paper describes the
research and development efforts undertaken atAT&Ts little Rock Opera­
tions Center to design and introduce anassembly workstation thatpicks,
programs, verifies, and places programmable, surface-mount devices ona
printed-wiring board during the circuit-pack manufacturing process. This
program-and-place machine combines the convenience ofa pick-and-place
machine with the capability ofa device programmer. It gives circuit-pack
manufacturers a robust and flexible assembly tool thatiscapable ofrespond­
ing to the.dynamics ofa fast and volatile product-introduction environment.
Background

Several yearsago, AT&Ts little Rock
Operations CenterinArkansas wasallocated
the manufacturing responsibility forthe
AT&T StarServer® E computer-a symmetri­
cal, multiprocessing serverbasedon an
Intel80486 processor with an EISA bus. (EISA
standsforExtended Industry Standard Archi­
tecture. Thisbus architecture standard for
Intel80386 and higherprocessors is an exten­
sionofIBM's Industry Standard Architecture
or lSA bus, andprovides upward compatibility
with earlierlSA-bus systems. Panel 1defines
acronyms and termsused in this paper.)

During an earlydesign review, it
became apparent that the product introduc­
tionandprocessdevelopment would be a
major challenge. Ofparticular concern was
that the circuit-pack products wereheavily
laden with surface-mount technology (SMT)
components that required programming prior
to assembly. Frompreliminary discussions
with the developers, welearned that a circuit­
packassembly could have 100 or morediffer­
entlyprogrammed parts.

To ensure the shortestproduct­
introduction intervals, the little Rock Opera­
tions Centerwasalsogiven the responsibility
forbuilding all the earlydevelopment models
(Le., preproduction prototypes). This meant
that the microcode (i.e., the programming) for

these 100 partsper circuit packcould change
many timesduringproduct development The
challenge that wefaced washow to handle
largenumbers ofprogrammable, surface­
mount devices andcope with constantly chang­
ing microcode throughout the product's life
cycle. (The life cycle startswith the initial con­
ceptforthe product andendswith itsexten­
sionor replacement by a newer product.)

Hendll ... p ...............med Devices. The
mostwidely used method ofhandling pro­
grammable devices has beento program the
devices individually off-line andmarkandstore
thembefore the circuit-pack assembly process
begins. This method createsa different device
foreachpreprogrammed part. Forinstance,
oneblankdevice type that is programmed with
ten different microcodes becomes ten distinct
partsat the assembly process.

Preprogramming the partsresults in
problems in several areas:
- Control andidentification ofthe different

parts
- Maintaining adequate inventories ofeach

preprogrammed part
- Loss ofassembly efficiency
- Added handling.

Control and Identification. Tomaintain
control, all preprogrammed devices mustbe
marked. Eachpartmusthave eithera part
identification (e.g., IC22) andmicrocode-
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Panel 1. Abbreviations, Acronyms, and Terms

alignment nest- a physical fixture with several open­
ingsofdifferent sizes; enables the manipulator to
pickup a partat its centerbefore placing the partin
a programming nestor on the circuit pack

COMCODE - the nine-digit partnumberthat is assigned
to a component within AT&T andusedforplanning
andordering material

EISA - Extended Industry Standard Architecture, a bus
architecture standard for80386 andhigherproces­
sors.Thisextension ofthe lSA bus provides upward
compatibility with earlierlSA bus systems.

ERC - Engineering Research Center
FDR - the feeder location number (i:e., 1through10)

ona magazine
FWS - flexible workstation
I/O- input!output
ICXX - part designation foran integrated circuit
lett - numberofthe integrated circuit currently being

processed
lSA - Industry Standard Architecture, a bus architec­

ture thatmM developed forthe ATversion ofits
personal computer

JEDEC - JointElectron Device Engineering Council;
composed ofmanufacturers andusers ofsolid-state
products whoare concerned with developing stan­
dards,test methods, specifications, andother
engineering matters

life cycle - the life ofa product or service; startswith
the initial concept forthe product or service, and

version control number or a distinct partnumber that
changes eachtimethe microcode changes. The chal­
lenge in marking small surface-mount partscanonly
be overcome with expensive part-handling andmark­
ingequipment.

Inventory. To assureavailability formanufacture,
the various partsmustbe programmed andstoredbefore
circuit-pack assembly starts. Thiscould result in signifi­
cantquantities ofpreprogrammed parts in inventory,
depending on the assembly schedule andthe leadtime
ofthe off-line programming process. If a microcode
changes, disposing ofthese inventories or reworking the
devices could be expensive.
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endswith extension or replacement bya newer
product or service

M2L - AT&Ts modular manufacturing language; an
interpretive, multitasking software language used
to control industrial machines andprocesses

MAG - magazine; i.e., a groupoffeeders located at
eitherthe rightside,leftside, or rear ofthe
machine. Eachmagazine has a maximum often
locations forfeederplacement.

PNP machine - program-and-place machine; com­
binesthe convenience ofa pick-and-place machine
with the capability ofa device programmer

preprogrammed - the component receives additional
functionality or capability viainformation added
before its assembly, i.e., while the partis loose
(notattached)

programmable - the device canreceive additional
functionality or capability via someinformation
added to it

programmed - the device has additional functionality
or capability viainformation added to the part,or
this information is beingadded to the part

programming nest- a physical fixture with electrical
contacts wherepartsare positioned to be pro­
grammed. Unlike a socket, which is usually part­
type dependent, thisfixture will accommodate
morethan one type ofdevice.

SEQ# - numberofthe currentsequence
SUB - sublocation on the feeder. Some feeders have

morethan onepresentation location.

Assembly efficiency. The manufacturing equipment
that assembles the circuit packs musthave an input sta­
tion or feeder foreachdistinct part.

If the circuit packhas ten different preprogram­
medparts, then the machine has to have tendifferent
input stations. Because thisequipment may also pick and
place other nonprogrammable partson the same circuit
pack, someofthe machine's input space usually is not
available forpreprogrammed parts. (Pick and place
means to remove a partfrom the appropriate input sta­
tion andinsertthe partin the correctposition on the cir­
cuitpack.) Depending on the method usedto convey the
partsto the machine (e.g., bytapeandreelor tubes), a



machine's available input spacecaneasily be exceeded.
The typical, off-the-shelf workstation will accommodate
from 20to 60different partsofthis size.

Attempts to sequencepreprogrammed devices
in their order ofassembly and feed them in at one input
station fail becausethe machine does not or cannot pro­
vide intelligent feedback. Mostequipment on the market
today workswith a simple processing procedure. First,
the machine picks a part from an inputstation that con­
tainsmany ofthe sameparts. It then centers the part on
the placement tooling (using a machine-vision system,
physical means, etc.), and placesthe part on the circuit
pack. Should the machine dropor rejecta device before
placing it on the circuit pack, it will return to the input
station to pick again. If the parts in the inputstation were
arranged in an assembly sequence, the machine will get
outofsequenceand place devices in the wrong locations.

Handling. The additional handling steps required
for the preprogrammed parts ina productcan result in
greater defects.

Ifpartsare programmed correctly but have the
wrong markings and are placed on the circuit pack, then
the packis defective. Ifpartsare not programmed but
are marked and placed on the circuit pack, again the
packis defective. Ifpartsare marked and programmed
correctly but are placed in the wrong input station ofthe
machine, then the machine will populate the wrong com­
ponentlocation, resulting ina defective circuit pack.
Thus, the probability ofdefects increases dramatically
becauseofthe almost limitless permutations forerrors.

Need for a Solution. Ashopthat has a high
throughput, low product mix-where the program code
forpreprogrammed devices is stable-may be ableto
manage these problems and limit their effect on product
quality. Butfora high mix, low volume assemblerwhose
products are constantly beingupgraded, the manage­
mentofthese issuescanbe costly. (High throughput, low
product mixmeansthe shopassembles many circuit
packs ofa few stabledesigns, while high mix, low volume
refers to a shop that assembles a few circuit packs of
many different designs.)

The uttle Rock Solution
Weknew that mostofthe programmed devices

on a circuit pack wereobtained by programming only a
few typesofblankparts. Forexample, to produce 50pro­
grammed devices may requireprogramming only 10sets

of5 different typesofthe blankcomponents. Therefore,
our solution wasto do the programming at the time the
circuit packwasassembled.

The timerequired to pick and place a nonpro­
grammed component is 2 to 4 seconds. The time needed
to program a device is 3 to 5 secondsfora program­
mable logic arrayand slightly longerfora programmable
read-only memory. Most ofthe programmable devices
weare usingfall intothe 3- to 5-second range. By tolerat­
ingthe additional secondsrequired to program each
device duringassembly, wecancombine the two opera­
tions. Because the devices are programmed at the last
possible moment before assembly ofa circuit pack, we
caneasily handlelast-minute microcode changesfrom
the ongoing development andforincreased product cus­
tomization. (Customization meansthat wecanaccommo­
date many different versions ofmicrocode fora pack, as
customers require.)

Throughdesign-for-manufacturability reviews
with our product developers, weobtained agreement to
eliminate the individual part-marking requirements.
Revised part numbersand issuecontrol are still main­
tained, but we no longerhave the requirement to mark
the actual component. Issuecontrol at the circuit-pack
level provides allthe information neededto associate the
microcodes ofthe programmed devices for repairs in the
field, so the correct issueor version is used.

To accommodate our needs, wefirst asked the
machine vendorsto design a workstation that integrates
the pick-and-place operations andthe programming.
After several discussions, it became apparent that the
vendors' interestwasminimal or that their development
costsor leadtimeswould notaccommodate our time
requirements forproduct introduction. Wethen decided
to develop the workstation locally.

Hardware Components
Mostpick-and-place equipment on the market

operatesby usingan inflexible, proprietary, machine­
control program. This inflexible controlling program, or
machine-eontrol software as it is referred to in the indus­
try, wasthe major problem weencountered inchoosing
an automation platform. Most vendors had the spaceand
capability to incorporate a device programmer into their
machine's workspace but their operating software
required extensive rework. (By device programmer, we
mean the equipment with fixture, cables, andsoftware

AT&TTECHNICALJOURNAL.JULY/AUGU~T 1992 53



Manipulator
controllers 0 Air and vacuum 0

gauges

o Ii II II II! 0

p;=ll
con~ I I

1 2 Touch screen
(operator
console)

Part feeder

(a) PNP machine, front view

Figure 1. Machine configuration of the program­
and-place (PNP) Implementation. The work­
station's upper and lower cabinets house the
controllers, power supplies, and device program­
mers. Two manipulators are located on the top
ceiling of the workspace. Each manipulator has
Its own device programmer and part-alignment
nest, and will process each part In the Input
feeders closest to It. The work platform In the
center of the lower worktable supports the cir­
cuit pack being assembled. Because the plat­
form slides forward, the operator can easily load
a blank printed-wiring board for assembly and,
later, remove the assembled circuit pack. He or
she chooses the assembly program on the touch
screen of the operator's console.
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neededto program the devices.)
Therefore, weselected the flexible workstation

(FWS) ,1 developed and manufactured by the AT&T Bell
Laboratories Engineering Research Center (ERe) in
Princeton, New Jersey.The FWS is a four-axis (X, Y, Z,
andeor tiltangle), gantry-style workstation that can pre­
cisely position light- to moderate-weight workpieces. It
supports multiple manipulators within a common work­
space (Figure la) and canfunction as a standalone unit
or as an integrated partofan existing assembly line. The
system'sX-Ymotion is produced bya linearstepper
motorthat rideson an air bearing. Our reasonsfor
choosing the FWS include:
- Access to low-level functions in the software allowed

the control neededto handlecomplex parts require­
mentsandhandling exceptions.
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(b) Lower worktable, top view

- The machine controller supports accessto our local­
area network (i.e, the AT&T StarLAN network), thus
providing easiermachine-program storage, microcode
storage, backup administration, and system support.

- The machine-vision feature is easily programmed for
setupand placement-eompensation capability.

- The systemprovides discrete I/O (input/output) for
control ofperipheral equipment, as well as user­
definable control displays forthe operator interface.

- It supports individual bit manipulation ofthe parallel
ports, allowing control forpart feeders.

- AT&Ts modular manufacturing language-Le., the
M2L machine language-that is provided as partof
the FWS supplies machine-eontrol andgeometry­
control functions. (M2L, a product ofthe AT&T
Engineering Research Center, is an interpretive,



multitasking software language- that is used to control
industrial machines and processes.)

- The workstation has dual-manipulator capability and a
largework-surface area.Bothmanipulators canaccess
allareas ofthe workspace.

- Ample Z-axis down pressure is provided to position
andholdthe partsduringdevice programming.

- Because the FWS is anAT&T product, the technical
supportand integration assistance we may need are
easily accessible. Thisfostersa teamdevelopment
environment between ERe and little Rock personnel.

Wechosea leading device-programmer vendor
to supply the two integrated, device-programming sta­
tionsneededfor the application, onefor each machine
manipulator. Ourconcernswerefocused on obtaining
broaddevice coverage, goodreliability, and remote­
communications capability. Our experience with this
vendor's device programmers in other areas in the little
Rock factory determined our selection.

For the tape-and-reel feeders, weselected a stan­
dard module that wasalready beingsupplied byone of
our equipment manufacturers. This choice wasmainly a
resultofour familiarity with maintenance and floor­
supportissues. These feeders alsorequiredminimal
interface supportfrom the placement machine.

Oncethe major components ofthe machine had
been selected, weturned our attention to the larger task
ofintegrating the system'scomponents andcontrolling
the operating sequence. Figure I shows the various com­
ponentsofthe program-and-place (PNP) implementation.

The manipulators are located on the topceiling
ofthe workspace. Asliding workplatform is in the center
ofthe lower worktable. The operatorslidesthe platform
forward, positions the printed-wiring boardto be assem­
bledon this surface, and then slidesthe platform with
the boardintothe workspace forprocessing.

Feedercontrol and the device-programming
equipment are housed in the lower frame. The physical
interface or nest for the device programmer is located at
the rear ofthe workspace, behindthe circuit packto be
assembled. (Thenest is a physical fixture with electrical
contacts wherepartsare positioned to be programmed.
Weuse the term nest becausethe fixture will accommo­
date more than one typeofdevice, as opposed to a
socket, which is usually part-type dependent.) Wiring
from this interface to the device programmers is keptas
short as possible. Parts feeders are positioned around

the sidesand rear ofthe machine.
Following delivery ofthe flexible workstation

and the programming stations, westarteddevelopment
usinga temporary fixture and skeleton programs. (Pro­
gramming station refersto the main bulkofthe device
programmer. Eachstation has a nest onboardforpro­
gramming the devices, but remotenests canalso be
used.) To determine earlyfeasibility forthe project, we
put a programming station inside the workspace ofthe
FWS. (Later, wejust placed remotenests in the work­
spaceand put the main unitintothe lower cabinet.) The
manipulator would place andholda part in the program­
mingnest ofthe device programmer. Within a month
afterinitial equipment delivery, this temporary system
wasbeingused to produce earlyproduction models of
the StarServer E circuit packs.

Early on,wediscovered that the physical con­
nection between the part to be programmed and the
programming nest wasa constant sourceoffailures. By
design, mostprogramming nests are tight to provide
goodelectrical contactwith the part beingprogrammed.
Mechanical interference problems with these part con­
nections causedmechanical fatigue problems with the
programming nests.

To eliminate these problems, weswitched to a
conductive polymer material forthe mechanical inter­
face.' This material allows current to flow only in the
vertical direction, not in the horizontal direction. The
polymer material is laidatopa special circuit pack, sup­
plied by the vendorofthe device programmer. This
circuit packprovides the connection to the program­
mingstation and is etchedwith a universal pattern that
matchesthe device-lead profile ofseveral device types.
Sandwiched between the partandthis special circuit
pack, the polymer provides a compliant medium that
conforms to the device leadsand the etchedsurface
ofthe pack, thus supplying a conduction pathforpro­
gramming. (See Figure2.)

This changeeliminated allinterference problems
and madethe whole program-and-place project feasible.
The polymer alsoallowed us to use a common site to
program allparts, regardless oftheir size. Before we
beganto use the polymer material, different nest sites
wererequiredforeach size.

The polymer material-which is used as conduc­
tive, l-inch by l-inchpads-ean be removed andcleaned.
During the courseofa day's programming, the machine
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(b) Side view

(.) Programming nest, top view

automatically changesthe padswhenit detectsfrequent
programming errors.The machine operatorthen cleans
the oldpadsand places them backina stackat the
machine for reuse.

The original design called foreach device to
be aligned bya machine-vision system. Butin our early
attempts with its use, the machine-vision method proved
slow and unreliable.

An alternative approach-and the onewe
adopted-was to use a part-alignment nest designed by
the ERe.The nest (Figure 3b) has several tapered open­
ingsto fit the various sizesofcomponents beingaligned.
Each manipulator has its own nest foralignment. A
manipulator places the part in the appropriate tapered
opening ofthe nest and releasesthe vacuum, so the part
settlesand is automatically centered. Then, the manipu­
latorpicks up the device from the centerofthe nest
opening, acquiring the partat its center.Alignment is
required before programming ofthe device because the
feeder is unable to presenta centeredpart and, again,
afterprogramming becausethe part shifts slightly when
it is raisedfrom the polymer pad.

The photograph sequencein Figure 3 shows a
partbeingremoved from a feederlocation (here,a tape­
and-reel slot), aligned, programmed, and placed.

System Operation
The circuit-pack developers provide the micro­

codefor the programmable devices electronically in
JEDEC Standard 3-Aformat. (JEDEC is the JointElectron
Device Engineering Council, composed ofmanufacturers
andusers ofsolid-state products who are concerned with
developing standards, test methods, specifications, and
other engineering matters.) This format provides forthe
transferoffuse, test, identification, and comment infor­
mation and defines the "intermediate code" between
device programmers and data-preparation systems.

The device microcodes foreachcircuit pack to
be assembled are grouped togetheranddelivered as a
set.The microcode foreachdevice in the set is identified
by the appropriate device-component identification (e.g.,
1C244, 1C002). This grouping ofmicrocode is referenced
byan identifier that consistsofthe:
- Packnameor code- a four-eharacter identification

codeassigned by the circuit-pack designer
- Artmaster- a numberthat refersto the revision

level ofthe artwork used to makethe printed-wiring
boardfor the circuit pack

- Serieslevel- a numberand lettercombination that
indicates the revision level ofthe circuit pack.

Any changein the microcode forone or moredevices on
the circuit packwill result ina series-level changeat the
packlevel. Regardless ofhowmany device microcodes
changed, the developers mustdeliver a complete group
ofmicrocodes foreach newseries update.

Circuit pack
with etched

universal-fanout
pattem

RobOt
manipulator

0;rectionof ~oe"' to
travel be programmed

1 / l'
§ <22 Etched circuit pack from manuf:urer

Pack connects to programming station

Conductive
polymer pad

Figure 2. A polymer pad allowed us to use a common site to
program all parts, regardless of their size. The conductive
polymer material Is sandwiched between the part and a spe­
cial circuit pack whose surface Is etched with a universal
pattern that matches the device-lead profile of several device
types. With the 1-lnch square polymer pad In place, current
flows only In the vertical direction. The compliant polymer
conforms to the device leads and the circuit pack's etched
surface, thus supplying a conduction path for programming.

56 AT&TTECHNICALJOURNAL.JULY/AUGU~'T 1992



(.)

(c)

In addition to the microcode, allcircuit-pack
assembly information is alsotransmitted electronically
from the developers to engineering minicomputers at
Little Rock. Software routines on this computer automati­
cally intercept this information and translate it intoa file
structurethat the PNP machine understands. The place­
ment datais correlated with the microcode information
viathe component identification for the device that is
beingprogrammed and placed. To optimize the device­
programming process, parts that use the sameblank­
device typesare groupedtogether, which minimizes the
numberoftimesthe device programmers must switch
between part types.

All preprocessing ofdataandgeneration of
machine-processing routines are doneat the engineering­
computer level, wherea complete picture ofthe circuit­
packprocessing environment is maintained. Oncegener­
ated,this data is deposited in a common storagearea of
the minicomputer foraccessby the PNP machine, using
the local-area network.

Whenthe microcode transmittal from the
designersis received, local routines generate unique test
vectors for each device. The PNP machine uses these

(b)

(d)

Figure 3. The PNP machine allows devices to be pro­
grammed Just before they are placed. (a) The manipUlator
removes a component, either programmable or nonpro­
grammed, from the feeder. (b) Because a feeder cannot
present a centered part, the component then Is centered
using the manipulator'S alignment nest. The nest's tapered
openings accommodate parts of different sizes. (c) If the
component Is a blank device to be programmed, the manipu­
lator uses Its programming nest. (d) Finally, the manipulator
places the component In the proper location on the clrult
pack being assembled.

vectors to verify that the devices have beenprogrammed
correctly and are functional before the devices are placed
on the circuit pack. Bychecking at this point, wenotonly
guarantee that a part is functional but alsoensure that
the device matchesthe characteristics needed at the
component location on the circuit pack. With other place­
mentequipment, such a test usually is notpossible anda
visual checkofdevice markings must suffice.

To initiate assembly, the operatormanually
loads the printed-wiring boardsontothe work platform,
choosesthe applicable assembly program onthe touch
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Figure 4. Process flow for the PNP machine. Each manipula­
tor processes parts In the feeders closest to It. Both manI­
pUlators work Independently overthe entire area of the work
surface, except whentheir paths physically cross. Dynamic
path-control software keeps the manipulators from colliding.

screen ofthe operator's console, and pushes the start but­
ton.Figure4 showsthe processflow ofthe PNPmachine.

Before the placement cycle begins, fiducials (i.e.,
reference marks) on the printed-wiring boardare read
optically to determine if a board is misaligned. Ifneeded,

boardalignment is then corrected. The equipment can
accommodate coupons ofmultiple circuit packs. (A
coupon allows multiple circuit packsto be grouped physi­
cally intoone larger, moreeasily assembled circuit-pack
outline. The packsare separated later, afterthe assembly
processis completed.)

The placement task is divided between two robot
manipulators. The physical placement ofthe part feeders
around the machine dictates which ofthe manipulators
will processeach part.For example, parts that are posi­
tioned closestto manipulator 1will be placed by manipu­
lator1. Eachmanipulator has its own device programmer
and part-alignment nest.The manipulators work indepen­
dently overthe entirearea ofthe worksurface, except
whentheir pathsphysically cross.Dynamic path-eontrol
software that the EReprovided keeps the manipulators
from colliding.

Whenthe machine has finished placing allthe
devices, it signals the operator. Heor she then removes
the assembled circuit packand loadsthe nextprinted­
wiring board intothe workstation.

Optional procedures are alsoavailable that allow
the operatorto:
- Skip placement ofa part, if the part is notavailable

or if engineering requires that it be omitted from
the circuit pack.

- Program selected loosecomponents for rework
or repair.

- Drycycle the machine. (That is, do allthe mechani­
calmotions and software transfers, without placing
or programming a part. Usually, dry cycling is used
to test or repairthe machine.)

Also provided are touch-screen menusthat helpthe
operatorconfigure the part-feeder locations andchange
vendorinformation foreach feeder. Foreasyaccess,
touchscreensare located at the frontand rear ofthe
machine. The rear screen is a portable unitthat is teth­
ered bya coiled cable. Figure5gives a generalview of
the runtime screen duringcircuit-pack processing.

Operational Metrics
During each machine cycle, the machine collects

processdatasuch as part-eycle time, part-programming
time, device-failure modes, andcomplete circuit-pack
cycle times. This information proved invaluable during
the machine-development process. Currently, the
machine operators andengineersuse the datato tune

Fail

Yes
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Agure 5. Touch-screen menus help the operator
configure the part-feeder locations and change
vendor Information for each feeder. The machine
needs to know each part's magazine number,
feeder-slot number, and sublocatlon on the
feeder. Here, we show a typical PNP runtime
screen during clrcult-pack processing. The two
areas In the upper right display Information
about the part a manipulator Is currently pro­
cessing, while the area on the upper left con­
tains machlne-status Information and Instruc­
tions to the operator. For easy access, touch
screens are located at the front and rear of the
machine.

the processand scheduleworkin the manufacturing cell.
TableI provides somegeneraloperating information that
has been acquired to date.

Conclusion
Ashas happened with the introduction ofany

leading-edge product, the StarServer E computer pro­
vided many manufacturing challenges. The manufacture
ofa highly customized, quickly evolving productposed
daunting problems and the handling ofnumerous pro­
grammed SMTdevices wascertainly amongthem.The
development efforts discussed here wereundertaken
becauseofour urgent need forsomething better. Origi­
nally, the only goalwasto obtain a machine that could
automatically pick, program, and place SMTdevices
quickly and accurately. Werealized quickly that there
were no off-the-shelf solutions. The project's goalwas
then redefined to include developing the equipment

Table I. PNP Operational Metrics

Metric Value Comment

Totalblank-part types 25 Machine capacity = 30
Totalprogrammed parts 490 Currentconditions
Average part-cycle time 7.5sec Twomanipulators
Maximum part-cycle time 16sec Includes timeto reconfig-

ure the device programmer
Minimum part-cycle time 5 sec
Different parts programmed 2700 1990to present

locally to provide that capability. The PNP machine,
which resulted from this effort, didthis and more.

Ourbasiccalculations showthat,before the PNP
equipment existed, the cost ofattaching a programmed
device to the circuit packwasovera dollar. Byusingthe
program-and-place machine, wecan now do it forless
than 15cents. In addition, this development accom­
plished the following:
- Moved the actual timeofprogramming a device to the

lastpossible moment in the manufacturing process.
Thisgavethe manufacturing processgreater flexibility
and eliminated the need to maintain costly prepro­
grammed devices in stock.

- Made programming ofdevices invisible to the operat­
ingpersonnel, yet highly reliable.

- Gave circuit-pack designers greaterdesign flexibility
and longerdevelopment timebefore theyhad to
"freeze" a design. (Now, changescanbe made upto
five minutes before assembly starts.)

- Made the processofprogramming a highmix ofSMT
devices cost-effective, reliable, andfeasible.

Aswith many manufacturing scenarios, tracking
allthe costscanbe difficult. Some ofthe accomplish­
mentslisted surelyfall outside the normal capabilities of
cost tracking.

Although the solution discussed here is not
appropriate forallmanufacturing environments, wefeel
it will give us the greatest flexibility, while maintaining
the quality standards necessary forAT&T to compete
successfully in the 1990s.
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