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IMPLEMENTATION OF BALL GRID ARRAY
AND OTHER HIGH DENSITY TECHNOLOGY
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has bee reachedthe official -STD-0B will be printed and be supporté by the three organizationsEIA, IPC, and JEDEC,
ard endorsd by Sematelh and MCNC whos representative participatel and contributel to the developmenh of this
document.
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Implementation of Ball Grid Array
and Other High Density Technology

1 SCOPE

This documen establishe the requiremerg and interac-
tions necessar for Printed Board Assemby processs for
interconnectig high performancéhigh pin court I/C pack-
ages Included is information on desig principles material

«FQFP
«LQFP
*SVP

Fine Pitch Quad Flat Pack

Low Profile Qual Flat Pack

Surfae Verticd Packag (Pog Stand/
Lead Stand)

Organization of the information is initially provided in

selection jpoad—fabricatioassemiytechnotoy,testing
strategy, ajd reliability expectatios basel on end-ug envi-
ronments

The focuq of the documen is on desig throudh testing
issues related to Ball Grid Array and othe high perfar-
mane packags including fine pitch, ultra fine pitch and
thru-hoke PGA.

1.1 Purpdgse
The purpg® of this documen is to provide confidene in
the Desigh throuch Testirg processe to ensue tha the
final assgmbt will mee the intendel goak rod
performance Reliability is establishd thro
environmeng tha conside the performane requirement
of assemplis that are usal in electronc prodycs in suc
markes as consume compute, telecommunigatio 2
mercid alrcraft industrid & aufo Jass ge%
partment |military grourd & shi S an
GEO), military avionics a

tronics anfl the cust(@ 3
1.2 Catedorization
The detaik contain@l hetel

variouws ispues and
count high perfgrm

accordane to the speeifc_processg (i.e. Design-
information is
type packages.
eripherdformat,
bces that forces
Array type pack-
hoice in various
sually the trade-
d'packags to arrey type pack-
0.5 mm pitch gn the peripheral

able 1-1 Choic e of Packages

Seﬁicgp;nty(or Number of Pins,

Integration Leads or Balls Fackage Types

N\, ssl 16-48 soIC
MSI 48-156 DFP/PGA/BGA
LSI 156-256 BGA/QFP (0.5,

0.4+, 0.3 mm pitch)
and PGA

VLSI 256-500 BGA/PGA
ULSI >500 BGA

1.3 Presentation

All dimensiors and tolerances in thi
expressé in metric units with millimetery
form of dimension& expressioninches n
brackes as appropria¢ and are not always

s standad are
b being the main
ay be shown in
adired conve-

sion dependig on the round-df concep

or the required

precision Usess are caution@ to employ [a single dimen-
sioning systen and not intermix millimeters and inches.
Referene information is shown in parenthese( ).

*TB
* MBGA ¥'Ball Grid Array
* PHGA Plastt Pin Grid Array
* PGA Pin Grid Array (Standad and Stag-
gera Pins)
* SGA Stud Grid Array (Surfa@ Mount Ver-
sion of PGA)
*LGA Land Grid Array
* Plastic
* Ceramic
* QFP Qual Flat Pack
* CQFP Cerame Qua Flat Pack
* SSOP Shrirk Smal Outline Package
* TSOP Thin Smal Outline Package

* TQFP Thin Quad Flat Pack

1.4 Producibility Levels

The Surfa@ Mount Council in their *‘Status of the Tech-
nology, Industry Activities and Action Plani’ identified sev-
erd levels of complexiy basel on manufacturig and
assembyl processe for electronc assembl. A differentia-
tion was developéd tha correlatel the eag with which an
assembl proces could place and attad all the parts and
teg the final product Letters were assignd to refled pro-
gressie increass in sophisticatio of tooling, materiat or
numbe of processig steps.
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Type 1 Components (mounted) on only one side of the board

‘-H_—I—i CHIP COMPONENT Solc

Through-hole [

sMT B |
CHIP
SOLDER COMPONENT SOIC
PASTE | — DIP DIP
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W2 Components (mounted) on both sides of the board

2-Sided Thru-hole (NOT RECOMMENDED)
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& See Legend
Legend:

Class A = Through-hole component mounting only

Class B = Surface mounted components only

Class C = Simplistic through-hole and surface mounting intermixed assembly

Class X = Complex intermixed assembly, through-hole, surface mount, fine pitch BGA

Class Y = Complex intermixed assembly, through-hole, surface mount, ultra fine pitch, chip scale

Class Z = Complex intermixed assembly, through-hole, ultra fine pitch, COB, flip chip, TAB

Figure 1-1 Electroni ¢ Assembl y Types
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UBGA: Micro Ball Grid Array
MQFP: Metric Quad Flat Pgck
TSOP: Thin Small Outline Package
DIP: Dual Inline Packag
PLCC: Plastic Leaded Chip Carrier
LCCC: Leadless Ceramic Chip Carrier
Figure 2-1
The six clps bly types where Type One has componefg mountal only
Class A nehmountirg only on onre side while Type Two has comporjerg mountal on
Clas B omponerg only both sides The definition of assemb} types discussd in
ing’intermiXed assembly
CIaS = (‘nmplﬂ( intermixed a':qpml'!l, fhrnllgh-hnlc{ 2 FECHNOFO S-SV R EW-OFBOARD

surfa@ mount fine pitch BGA
Clas Y = Comple intermixed assemby, through-hole,
surfa@ mount ultra fine pitch, chip scale
Class Z = Complec intermixed assemb}, through-hole,
ultra fine pitch, COB, flip chip, TAB

It shoutl be noted tha mog of the applicatiors for compo-
nens in this documehn fall into the Class X or Y categoy.

In addition atype designatio signifies further sophistica-
tion describirg whethe componerg are mountel on one or

both sides of the printed circuit boad or interconnecting
structure Figure 1-1 shows some of the electront assem-

Z T CT N T OO T OvVENVIC VY O DOy

AND ASSEMBLY REQUIREMENTS

Continuel emphass on faste, smalle and lighter electron-
ics systens is making componentboad and systen pack-
aging more complex The complexiy is increasd due to
increasilyg use of surfa@ mourt packageswhich are the
key to miniaturization of electronis products Most of the
componerg on a typicd mothe boad for deskt@ systems
are 1.27 mm [0.050 in] pitch surfa@ mourt components
with increasig use of fine pitch [0.65 mm and 0.5 mm
pitch] packagesSee figure 2-1 for various types of pack-
ages commony usal today on a typicd printed board.
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Package Requirements |

Perf. Driven High-End

Pkg. Regs

* High electrical &
thermal performance
« Higher lead count
e Larger die

Package Requirements

* Narrow pad pitches

« Decoupling capacitor

* Options: PGA,

LGAs, MCMs, MPMs

/

Cost/Per]. Driven
Mid-Range
* SMT technology...

« High perf. and lower cost packages

inexpensive assy. cost to OEM

Cost Driven

Entry Leviel * Low Cost Package

» Thin and small outline packages for notebook and Chjpset'a

e Low cost plastic

* Optiond:
QFPS, TSOP,

COT, Molded
TAB, BGA

licati

\

O )

Figure 2-2 Componen t Packagin g Requirement s for Different Type s ORSyste

Lead pitch play
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pick-and-plae 4
precise And s
automation for
hundred of ass
discovered Usq
problem in boa
plexity, yields d
cult or ImpOSSI

conS|de Cross
ages.

The combinatiqn of variows drivers describé in 2.1, will
establi® a dynamtc(cross-ovepoint basel on assembly
capabiliyy (i.e. ¢quipmen precision) ard relative stae of

stare therma vias hed slugs hed sink and
examples
kage and
in-packa@ capacitanceGeneraly hermetc ceramc pack-
age are usal for this application For mid-range systems,
performane is importart but so is cog (not that [cod is not
importart for high enrd systems. Thermally enhgancedmul-
tilayer package (Plastt PGA or QFP, BGA) may be
appropria¢ for this application For low end entiy leve and
portabk systems cog and form factors are cyitical and
generaly surfa@ mourt packags suc as QFP, [TSOP and
TAB are used.

2.1.1 The Thermal Drivers

With the introductian of new generatios of microproces-
sors powe dissipatin has continualy moveal upward.

the art, for eath compaly mountirg BGAs or QFPs.

2.1 The Drivers for Component Packaging

Componeh packagimg in general and microprocessor
packagimg in particula, drive the red of boad packaging
issues The driving forces for componeh packagilg are

thermd and electrica performancered estaé constraint
ard cost As shown in Figure 2-2, the componeh packag-
ing requiremen varies for differert types of systems For

example the high erd microprocessa run at highe fre-

quencis ard require thermally and electricaly enhanced
packages.

There is ever indication that this will be true in the future.
As speel increasespowe goes up. This problen is some-
what mitigated fortunatey becaus die shrirk is made pos-
sible by finer featue semi-conducto processg and the
trend towards lower powe supply voltages For higher
wattage packagesceramc PGA (CPGA) packags have
been commony used howeve, TBGA, Metd BGA and
enhancd TBGA packags are gaining sone attention For
the mid range systems thermally enhancd plastic pack-
ages are being evaluate by the industy. An exampe of a
thermally enhancd SMT plastc packag is shown in Fig-
ure 2-3.
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Q P Grourd Plane - 2
Power Plane -2
Signal Layer
Figure 2-3 nced Péls&a/ge
212 TheE processp tha has 168 pins in a cerampc PGA, might
Increasing function speel requires more powe, a require 196 pins in a plastic surfa@ mourf package.
highe numbe‘\of bord péds on the die and more pins on
the packgdgeFortunatey, even with the increag in bond 2.1.3 The Real Estate Drivers

pads the pin court is kept to a minimum by using
de-coupliy capacitos in the packag ard on the die. In

addition by addirg powe and grourd planes in the pack-
age the numbe of pins can be further reduced For
example if no electricd enhancemenis used the number
of packa@ pins will equd the numbe of die bord pads If

this was the case the numbe of pins for sone micropro-
cessos would be staggering By using in-packa@ capaci-
tane and multi-layer packagesthe pin court is kept to a
minimum In enhancd plastic packagesthe pin court is

highe since addition of too mary layers ard in-package
capacitaneis generaly not feasible For example a micro-

The red estaé constrain is also one of the importart driv-
ing forces in componeh packaging This has bee one of
the main reasoms for wide sprea usag of surfa@ mount
devices which are not only smalle in size but facilitate
componeh mountirg on both sides of the board Above
certah pin counts the pitch mug drop to kegy the body
size within a practicd range for manufacturing For
example when the pin court increass abowe 84 pins the
pitches drop from 1.27 mm to 0.65 mm. Howeva, if the
pin court goes beyord 200 pins finer pitches sud as 0.4/
0.3nm TAB or fine pitch QFPFs becone necessar which
complicates the manufacturig process An alternatie to

5
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Figure 2-4 1/O |Pitch Mountin g Area Comparisons
finer pitches is {th 21.5 mm ball pitch occupies lessred pstae than
estaé penalties Thus the move to g pitch QFP with 300 pins The secoml|advantage
where the proc g the BGA is easie to assemld than an |equivalent
blies with highg first pas yields. [See figure 2 fing pitch high lead court package.
2.1.4 Specific Package Dyitexs The complexily of the boad assemby} increasp dramati-
There are genelfc packag : cally with areduction in lead pitch. Even at 0.5|mm pitch,
electrica enha considerat®# problems sud as lead bend gwee and
red estaé cons coplanariy are encountered.
:Ee abﬂgyé)f the Absene of fragile leads susceptil® to handlilg damage

€ produd ass helps make the BGA a much more robug packpgeHence
Although not eye it provides much bette manufacturig yield. Ther have
packa@ style been repors by sone uses tha even today the|yield of a
application becone paramwount\Packag performane in BGA packa@ is much bette than that of 0.63 apd 0.5 mm
both assemb} ard ability to with$tard the end use environ- fine pitch peripherd lead packagesCurrenty BGAs are
mert are the main eriteria for the selection It is incumbent being useal by severd compute companis with very high
on the use to determire the requiremers of the products T
erd use environmentard seled the prope combinatio of )

The BGA allows the use of convention& surfae@ mount

packa@ styles and the interconnectig substrag to be used.

The relationshp of substra¢ and packa@ is extremely
importart becaus the reliability of the joint, using alead
from a peripher& package a bal for an array package or
a pin from athroudh hole package determins the cyclic
predictal failure rate tha can be achieved.

2.1.4.1 Ball Grid Array (BGA) Drivers

A packag known as the Ball Grid Array (BGA) has two
main advantage over peripher& leadal packagesFirst, a

placemen equipment solde dispensig and reflow pro-

cesses.

Companis using BGA are reportirg major improvemenin
manufacturig efficiency. For example a large multina-
tiond compaty using 0.5 mm pitch qual flat pad devices
could nat improve the assemby proces defed ratio below
200 to 300 ppm When the sane produd was redesigned
using bal grid array packagesthe defed factar droppel to
3 ppm (parts per million).
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2.1.4.2 PGA Drivers

The Pin Grid Array (PGA) was the first area array package
adapte for high pin court ard high performane applica-

tions Most packags are basel on inch grid spacirg [0.100

in].

Sone of the advantage of a PGA are thd it can eithe be

sockete or directly solder& with minimum reliability con-

cerns Many OEMs directly solde PGAs to achiewe lower

cog even thoudh they use sockes during development
stages Most importart of all, socketiry allows system
upgracak by the end use without buying a whole new sys-

sidess the alternatie of using an ultra fine pitch package.
A quantum jump in surfa@ mourt manufacturig technol-
ogy is required to establi® a complee infrastructue for

0.4 mm ard smalle pitch packages.

The maja issue with fine pitch QFFs will be handling,
lead coplanariy, pase printing and placementAvailability
of board with an even thicknes of solde may also be a
problem It shoul be noted tha there are issues with every
packa@ option Issues include packag assembl, repar,
susceptibiliy to moistue absorptiom and inspectabiliy of
the final solde joint. Companis are still going throudh the

tem Tarifff on the imported mothe boad also plays arole
in favor of socketig PGAs To minimize tariff on mother
board assembld overseasprocessa (the mog expensive
componepon the board) are insertal in the home countty.

2.1.4.3 Fine Pitch Plastic Drivers

The primdly driver for fine pitch isred estae constraintIn
addition there is significart cod savirg in using FQFPsin
sonme cages well abowe 50 percen over PGA. In other
cases fing pitch plastic package provide alower profile
packa@ necessar for portabk electronics This fine pitch
plastc packa@ is also a comma packag for™igh pj
court (ovégr 100 ASIC (application specift integratel
cuit) deviges In mary casesASICs are usel forxeduci
thermd Idad by combinirg 10 to 20 programyhal® logic
array devices which would consune 5 to 10 watts eaf

a 2to 4 at single ASIC devi¢eNThegpa

thermd apd electricd enhanceestb

ard multijlayer boards while i

Howeve, |packa@ reljability
are sone [of the co
using thernmally ard eleetr;

2.2 Issue|
It shoud

* Susceptibiliy~to mojsture absorption
* Ingpectabiliy of firfal solde joint
» Handlirg of part prior to assembly

[earnirg curve with moist usceptabilijf of sone plastic
packages.

e applied by the
or use of a pro-
r|Even if sud a
tid betwea fine

bar solderirg of
gl trimmed and
or othe equivalen prpcesse may be
e package are susceptjpd to moisture
ka@ cracking Additiond handlirg incurred in
ue protectel package during baking and bagging
urther compounl the costs assocjatéd with using

Finer pitches (belov 0.4 mm) of high pi
may require the use of tape carrig pac
wire bondirg of the chip to the device Ig
hawe suggestd skipping the QFP or plas
gethe and moving directly to dired chip g
Tape carrier package will require the r
sane boad and assemby related issues &
In addition the technolog for chip encag
be defined The lack of industy infrastru
one of the majar issues.

The Pin Grid Array has sone problens 4
has serval well for lower pin counts it
packag of choiee for highe pin couns

n court devices
agig (TCP) or
ad frame Some
lic packa@ alto-
ttad using TCP.
bsolution of the
fine pitch QFP.
sulatio need to
ctue for TCP is

s well. While it
may not be the
with large heat

» Handling of part during assembly

Dependig on pitch and contat¢ densiy, BGA packages
may require additiona layers for conducte routing since it

is more difficult to route area array land patterrs than
peripher& land patterns Raisirg layer court will raise
boad cost.

Repar of BGAs may also be difficult. BGAs canna be
solderel by lase or hat bar processesSine BGA solder
joints cannd be inspectedone mud primarily depem upon
proces control The lack of inspectabiliy of BGAs may
not be asignificart barrieg for using the BGA if one con-

H | it balta i+ Tlg Lol H Do
SHiho AttiavTiv tu It Triernygrryinreuurt ™

packags used

for high performane processa canna afford to use ahigh
inductane socket The LGA packa@ has aconcen with

socketimg reliability since the LGA may requite selectively
gold plated lands on the PCB for connection This adds to

the cog of the board.

2.2.1 Future Considerations

Additiond work is necessar for full acceptane of the
processeg-igure 2-5 summarize the issues tha neel to be
resolvel before new package sut as QFP, TCP and BGA
are widely usel by the industy. Ther is a matue infra-
structue in place for dealirg with PGA and QFP (0.65 mm

-
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A

B Yield Reliability

|

L

| Reliability

T Infrastructure

Y

PQ FP/PGA‘ Infrastructure, lead co-planarity,
handling ILB/OLB technology
PRESENT
Time
Figure 2-5 Thg Move from Present to Futur e Requirements
pitch and abovp packagesThey do not addres & ely from a
needs so we hawe to explore high pin court CF Lich solder
enhancd plastics BGAs, TCP ard QFP. In turning oplanarity
vision into realily, there is mud to be done Here are ¢ vetting In
specift optiond ious other
form of thermg enhancemenis ne
devices mog likely to be packagd i bptiors for
multilayer theqmally and electr
packa@ is neede for a lo
eithe in fine pitth QFP or & The othe concen tha the boad industy mug addres are
over fine pitch QFP packages. building four to six layer boards while keepirg bpad thick-
Asth ; - nes undeg 0.5 mm for PCMCIA (Personk|Computer
_s € per qrmane a sp Memoly Card Information Associatiof) applicat|ors for the

pin couns incre : . o L .
fad tha thes mobile market It is also difficult to maintan bo and twist
using multilavet to a minimum in thin boards Even for standad 1.5 mm
dec:gu lin gor thick boardswarpag need to be kept unde 0.5|percen as
enhan?:d glastc opposeé to 1 perce now common.
common. The use of differert package impad layer court|ard board

To redue boad
yield, bal grid'a
place Despie mcreasel complexny in packaglrg and
assemby, the primary driver will be cost The winneis will
be those supplies who nat only meé the technic& chal-
lenge to provide a solution but do so at a continuously
decreasig price.

2.3 Impact on Interconnecting (Printed Board)
Technology

Printed boards mug accommodat building intermixed
componehtechnoloy assembliesHot air solde leveling
(HASL) is acommony usel proces for applying solde to
the top layers The solde thicknes on the lands of various

area For example perlphera fine pltch packags sud as

count PGA ard BGA package require less boad area but
highe layer count One shoull also take into accoun the
totd area neede for routing A BGA occupies less real
estate but could require additiond layers for routing.

In addition to the type of packag and its pin counts con-
ducta densiy also impacs layer court requirement The
numbe of conductos mears the numbe of lines tha can
be routed betweea lands of a PGA on 2.5 mm centes with

1.2 mm lands leaving 1.3 mm for routing betweea lands.
Fou conductos for PGA mears four lines can be routed
betwea two lands This is equivalen for a BGA that uses

o3
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0.66 mm via lands on 1.5 mm centers allowing three con-
ductorss to be routed betwee the lands.

Effect of pin court on numbe of layers needé for routing
(assumig only 10 percen for powe and grourd pins) for
a BGA and PGA is shown in Figure 2-6. Note tha using
four conducto densiy (0.15 mm conductos ard spacepa
PGA with 280 pins can be interconnectd in four layers,
but a BGA with the sane pin court will require six layers.

expected defed rates climb dramaticaly. The majar con-
tributors to assemhy defect are PCB (solderabiliy, bow
ard twist, warpag and uneven solde on lands) compo-
nens (lead coplanariy, lead pitch, solderability) and inca-
pabke assemb} processes.

The effect of QFP lead pitch on solde defecs is dramatic.
As the lead pitch decreaseslefecs go up, due to the prob-
lems associaté with a fragile lead (coplanariy, sweep,

TOTAL BOARD AREA, square inches

PITCH —® 0.5mm
LEADS —p» 208
PKG TYPE—m» QFP

COND R ROUTING AREA
.LA PATYERN AREA

1.25mm 1.25mm 0.2|mm
296 240 3p2
BGA BGA TCP
Full Array Partial Array

Figure 2-4 Board Routin g

Via hole sjze condu Y
tart to kefp i i
determire
shoos up
below .4
yields begi
that very fi
One mud
via hole reli

nes divided<by, preplatel or drilled hole size.

ince they
boad cost

bend) This resuls in solde defect (shorg and opens) As
the lead pitches drop belowv 0.66 mm, it hecome difficult
or impossibk to provide soldermak bethel lands adding
to solde bridging if a pase printing proc¢s is used Also,
for extremey fine pitch devices it is difficlilt or impossible
to determire how far off the leads are fron) target, even for
the supplig. It is neary impossibé for Jonme uses since
they are generaly not se up with a methal of determining
lead or bal array coplanariy.

For the fine pitch packag at or belov 0.65 mm pitch, there

As shown in figure 2-8, the layer court and conducte den-
sity impad boad cost Board cog dramaticaly increass if
the layer court goes abowe 8. But in a very competitive

market layer court is kept as low as possible For example,

there is distind shift from 6 to 4 layer boards Existing 6
layer desigrs are being redesignd into 4 layers to lower
cost.

2.4 Impact on Assembly

Componeh packagig not only affects the printed board
design its impad on the boad assemb} proces is even
more significant With increasd boad complexily, as

may be significart soldg opers primarily due to lead
coplanariy as shown in Figure 2-9. The finer the contact
pitch of a peripher& or area array packagethe more sus-
ceptibke it isto lead or bal damagesud as lack of copla-
narity. And greate coplanariy deviatiom mears more sol-
der opers as shown in Figure 2-9, which shows how a
minor coplanariy deviatil cause an orde of magnitude
increag in solde defects.

Speci solde pase with finer particles (20 to 45 microns),
with highe viscosiy and slowe printing speel is needed
for fine pitch packagesNew method of solde printing
(slowe speedl ard lase cut stencik may be necessar

¢]
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Figure 2-7 Typ|cal Cost Curves — Cost vs. Finishe d
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Figure 2-8 Typical Cost Curves — Cost vs. Number of Layers
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QFP Soider Open Detect Rates (Component)%

30+t

Sampile Size:
2.5 Card Assemblies - 200K +
207 Note:

0.65mm & 0.8 pitch components

1.5-1 are on the same card

2.53%

1.01
0.48%

051
024%

S 0.65mm Pitch

2

The 3 lowest leads ine the zero ref
leads are measured from this plane.

s re
.1 mm Coplanarity 1.25 mm Coplanarity 1.5 mm Coplanarity

<\r —
Ry

Coplgriarity

Source:bpa

Qmﬁ:cqc] 2

bbb )
?

e ]

/ N

Figure 2-9

Thes var
than 0.5

Sorme packagesespecialy EIAJ (Japanesgepackags have
zem stand-df. One cannd perform adequad cleaning
unde thes packages.

Specid cleanirg consideratia is required for a mixed
assembt (one requiring wave solderirg for through-hole
componentsafter surfa@ mourt componerg hawe been
reflow soldered) Cleanabiliyy can be assurd only if vias
unde the package are filled, or tented to prevert seepage
of flux during wave soldering Filling of vias is accom-
plished by temporay solvert soluabé mag in the via or

permanentt by permaneh solde mask gr plating in the
hole Tenting is usually accomplishd usirg a dry film sol-
dermask.

2.5 Future Implementation Strategies

Increasd performane ard sped@ also mgan tha thermal
enhancemeatsudw as hea sinks hed spreade ard heat

A common-Despie thee thermal
enhancemen1$1|gher airflow even in deskt@ systens will
be neededTo ensue quietnes in an office or home envi-
ronment noise dampenig technologie may become
essentihfor systems.

For cod reduction thermally and electricaly enhanced
plastc packags will becone common For this to happen,
howevae, the reliability concers in such package mug be
addressed The complexiy of boad assemblie will

increag becaus the packags of varying lead pitches,
including through-ho¢ will be used Increasingy wider
usag of finer pitch package will compoum this problem.
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Figure 2-11 Componen t Packages with Leads A
Perimeter

Around
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Std. Pitch
2.54 mm

Ultra Std.
1.0mm

Fine Pitch
Pin .63/.5mm

Count

ery Ultra

Fine Pitch

25 & Less
mm

The complexiy
etess for definiti

Tatrices could hefp estabti$r the pararm-
on of high pin court ard fine pitch. Com-

plexity is judged on ascak of 1 to 10, where 1liseay and

10 is vetry diffic

ult. The first numbe reflecs design com-

plexity. Although sone desigrs are eay, others are more
difficult becaus of the numbe of 1/0’s tha are needé to
be interconnectd or the boad red estaé availabk for
accomplishig the interconnection.

A secom numbe in the matrices reflecs the difficulty of
manufacturing Manufacturiig includes both the manufac-

ture and testirg

of the bar boad as well as the manufac-

turing and testirg of the completa assemby.

1-1 1-1 11 11

11

70- 136 1-1 1-1 1-1 11

11

138 - 406 2-1

410-720 44 44 44

720 - 1000 77 77 77 PRAC|T
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Figure 2-12 Componen t Package s with Leads
Underneat h in Array Format
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3 COMPONENT PACKAGES

Packagse are essential} only one link in the varied and
comple electrc interconnet chan tha has its beginning
at the semiconducto wafer, where transisto featue size
defines the first metd interconnectig process Industry
packagiy interconnet scheme are varied to med the
electrica] mechanical manufacturing cog and reliability
expectatio of the I/C manufacture ard use applications.

The industrys first I/C package were simple six-to-eight

lead hermetc glass/ceranti or metal/cerant packages.

The assemb} processe were restrictel to socketing ther-

mad insertion wave solderirg or welding to the circuit
board Since tha time, amultitude of packa@ conceps and
severd agsemb} technologis and techniqus hawe been
developeglincluding the mog recert developmeh of sur-
face mouit technolog. The options are adired reflection
of the manufacturing application performane and reli-
ability expectatios of both the devices and the circuits to
which they are interconnected.

Ead of the packag optiors fulfills a unique circuit
requiremenwith respetto I/C device and the interconnec-
tion application The factois hawe therefoe led to a pro-
liferation f packagimy options Uniquely, as
optiors afe added old ones hawe not becont
resultirg ih an eve increasig numbe of availabk

This sectjo defines the interrelationstp of the packa
optiors tg the deviee and asse

ments.

3.1 Component Identificatio
I/C package are desgxibe
classifications. <f>
» Arga Array
* Pefripheral

Sinee thig
performal
ered for p
mum of 4

3.1.1 Are
Array leajl packags are those types where the emanating

package have

desirable Also
of the intercon-
interconnections

ove from through-hot technology, su-

ackage sud as Land Grid Array, Ball Grid

um Grid Array hawe evolved Ball grid and

g grid-arfey are intendel to be close of solderd to the
ace The land grid array may also bg soldered how-
In mog instances it is a pressue bgndabé intercon-
ectin systen tha works well for connectos and other
electricd and electronc parts.

The spacimg of matrix or grid output land$ is more forgiv-
ing than in the fine pitch periphera type packagesthere-
fore, the processgare achievirg a highe yield (less solder
bridging or solde skipping).

Area arrgy packags offer sone high densiy interconnec-
tion conceps$ without the penalties of dgnsiy pitch. Six-
sigma solderirg can be achieve although prod through
visud inspectiom is not possible The desie to do visual
inspection could be adetrimen to future gcceptane of the
arrgy type packagsin eithe Ball Grid Array, Colurm Grid
Array or Land Grid Array formats.

terminatios-orteacs-are-baseron-sorre-form—of ylid fret
work tha positiors the I/0 into the outpu matrix. Origi-
nally startig as pins emanatig from the package this
concep was an extensim of the terminatiors of the chip
containel in the package.

Beginnirg with four ses of rows arourd the periphey of

the packag or nea the edge of packageit som became
appareh tha additiond rows could be addel moving

toward the cente of the device The concep continued
until all availabk positiors in the pin outpu matrix were
occupied thus the tem pin grid array becane synonymous
with the image of the outpu pins See figure 3-1.

3.1.2 Peripheral Leaded Device Packages

Peripheradevice packags are semiconductodevice pack-
ages with terminak extendirg from one or more of the four

sides of the packageThe leads are formed in a shage that
is compatibe with printed boad surfae mourt land pat-

tern Historically, the deviee packagig has been an evolu-

tionaty proces that depend heaviy upon the installed
manufacturig base materials infrastructue of assembly
equipmemn ard cog effective piece-par suppliers Periph-
erd lead packagig is mog effective for smalleg parts with

alow lead count.

12


https://iecnorm.com/api/?name=1da7cb5a666592bad70a46fc3673cfba

J-STD-013

Copyright © 1996, IPC; 1998, IEC

July 1996

3.1.3 Component Marking

Most semiconductol/C Packags are marked with a com-
pary logo ard pat numbe identification The marking
characteristis are extremey importart and mary times are
relatad to the compaly who makes the part The marking
is significart advertisementha the produd belong to a
particula compary. Pat numbe identificaticn provides
correlation to orderirg or replacemenof the part.

In addition if the pat family mees a standad suct as
definal by the Joirt Electran Device Engineeriig Council
(JEDEC) mary _times the registeré and standad outline

3.2 Component Materials

The materid ard proces technoloy steps useal to manu-

facture or assemld the bast types of componehpackages
differ only in detail Packag families in area array or

peripher&format provide the functiond specializatio and

diversity requirad for the use.

Materid and constructim attributes of individud family
membes are provided by the following packa@ technolo-
gies:

« Cofired (Multilayer) Ceramics

for the solid stae and related produd is identified by its
particula standad numbe. Thus as an exampé MS-016
might indicake that a particula pat mees astandad out-
line. This assigs in the evaluation of the land patten in
which the patt Qelongs.

Anothe importhrt elemen of marking is the location of
pin #1 in the packa@ device The Peripherh packages
mary times hale pin #1 identified with a smal circle.
Sometimes theg marks are molded into the plastc body,
thus assistiy in the inspection ard identification of prop-
erly placed ard interconnectd devices.

Sometimespin
sometime pin #
is an importart
numbe, there i
associatd with
exist for the An
#1 is locatal in|
differen@ betw

v Plcoaé CCIQIIIIL
» Molded Plastic
* Laminatel Printed Boar(

, fit, func-
vailabk in
le usal the
bs this has
ip carriers
well.

e pressed
cka@ fam-
type pack-
ckags and
new ideas are being explorgl tha use
e Jayer and multilayer organic substfate in the
{ the molded plastc family.

Sqre casesBall Grid Arrays are being packiagd using
dad organtc materid substratessud as BJT resh or
modified polyimide interconnectia substrats systens and

and the pin wi glass reinforcement Thes standad printed bpad tech-
origin. nologies provide a codficient of thermd expansion
) / l*—C A
__l S ON |
Ko Y7 B c =
FIN, A D
INDICAT D
X 2
A — D
.
D
D
») Pin.ﬂ
X - indicator
\ / >
N v/ U ‘ B L o
L[UECTOTTO‘UO’U‘UU"O\" " A }:\J
Poe—s ——

Figure 3-2 Exampl e of Device Package Marking
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betwea tha of the componeh and the interconnecting
structue resultirg in a greaty reducel CTE mismatch.

During the developmetpha® of the interconnectig strat-
egy, it is importart to conside all the variables such as
temperature materid characteristics packag@ moisture
contert and packag reliability unde environmenthstress
due to the materiat selected.

Componeh materiab mug be completey characterized
before introductian to the assemby productio line. Many
experimens are necesszyrln the validation stage to provide
cost-dfecti

3.2.1 Bal|/Column Termination

The soldqg balls or solde columrs form the electrica and
mechanidhbridge betwee the area array packag and the
nex levd |assemb). The solde absorls the stres between
the packd@ and the nex levd assemby cause by varia-
tions in the relative thermd expansio rates.

The sold
accordiny
Comma

compositiomn of the area array bumps varies
to required mechanichard therma properties.
olde compositiors include:

90 Pb+Sn
97 Pb4Sn
63 Sn+Pb
50 In-IPb
95 Pb+Sn

3.2.1.1 Bpmp Preparation
Bumps can be assembld infona solk
They may| e

be separatgl pra
fusing processor th e
the rourd .

Usually a
ard the b

represeh
find rour$

Electrodg
tions than
mechanid 4
produce $smatleg diamete balls.

face mourt packagesand straigh form for throuch hole
mounting During the forming proces extrene car is
taken to expo® the tin plating or solde coatal leads to
minimum stres and abrasion thus ensurirg maximum
strengh ard reliability.

The lead finishes usel on componeh package are usually
one of five bast lead finishes Thes are:

« gold plate
e tin plate
« solde coating

« palladium plating

Ead type of lead f
applicatiors and f;

13 )rocessmg

socke applica-
involved are the
d arrays (PGA),
Sins.

sd superia lead
ctricd and non-
determind that
irgctly into printed

xces gold in solde joints can resut in the formation of
a brittle alloy, causimg the joints to fail ovg time and under
high-vibration or board-flexirg environments Currenty,
requiremerg demaunl tha a solde cod replae gold and
direda solderirg usal for both leadles anjl leadel compo-
nents Gold plating remairs the lead finish of choice how-
eva, for sockete units.

3.2.3.2 Tin Plate
Sone leadal componerg are offered with(tin plating This
is usually for selectel ceramc type leaddl packagesThe
tin-plating finish can be eithe directly soldera or socketed
with non-goH socke contad finishes.

Tin offers the advantag of a slightly highe melting point

A variely of solde past compositiors can be screen-
printed Here bumps are reflowed at lower processig tem-
peratures and improved complian@ and failure life in
some instance may result.

3.2.2 Termination Leads

Leads emanat from the I/C packag and periphera pack-
ages and mug be formed in orde to med the final configu-
ration Lead forming is atwo-fold assemb} operatia that
bends and trims plated or solde dipped-lead to meet
specifi@l dimensionhaccurag. Leads can be formed into
three standad configurationsgull wing, “J"" leads for su-

{232—°C)thansotde—<186—"C);arc-t—can be burnal in at
highe temperature without melting Howeve, when com-
parel to solde coating tin plating does not age as well in

long term storage from the stand-poih of solderabiliy.

This may occu becaus tin plating is more porows than
solde coating In general pure tin plating is more suscep-
tible to tin whiske growth unde certan mechanichand

environmenthconditions.

3.2.3.3 Solder Coat

Solde cod componenhleads offer the distind advantag of
the low melting point (183 °C), and resistane to aging A
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typicd compositio of solde coa is the eutectc alloy of
63% tin and 37% lead.

Bas coating are normally applied in the following
sequence:

1. Clean the leads
2. Apply flux

4, Finish with hot wate rinse.

leads that hawe bee solda coated As can be sea from
figure 3-3 there are severh more stefs in the solde coat
process.

SOLDER PLATE

SOLDER COAT

Package Assembly

Package Assembly

ing of the unit gfter coating.

Fixturing Fixturing
3. Dip the leads into molten solder Pretreatment Pretreatment
Rinse Rinse
Gred car is taken to minimize ary therma shod to the Plate Dry
packa@ and die during solde joint processig ard clean- Rinse Fluxing
Dry Preheat
Quality Assurance ( \Sqlder codt

The solde cod|lead finish is usualy availabke to mod of
the plastc and ¢erame packag family format as well as
all military packagesSolde cod lead finish is compatible
with mary typ¢s of assembt processs including wave
soldering infrafed hot air, and vapa pha® reflow solder
technologies.

3.2.3.4 Tin-Ledd Plate

Tin-lead alloy is usel extensivey for plating leads The
plated elementgwhen reflowed form an alloyed composi-
tion of approximatef 85% tin and 15% lead or 63% ti
ard 37% lead
frames with thq thicknes of 5 pm minimum, provides
covera@ of thecoppe without exposirg any formed [nter-
metalics to air.
very solderabg|finish with a melting/poist fg
approximatey 220 °C and for the 63(37

183 °C.

Leads plated with tin-Ie
using conventipné reflow.\Sdne
socketed.

3.2.3.5 Palladigim Platg
A palladiun plated lead is
metal alayer of pickd a
The key role of
nickd plate from oxidati@
well as storag priorA0USe~A

mack directly td the'nickd surface through the palladium,
insteal of to silker-al-silveris-eliminatal-from-thepack

qnce

parison

o maintan mechanich integrity off the bulk

5 and interfaces betwea them.

aus of the differert rates of expansio ard cpntraction,
stresseconcentrat at the interface betwea majterias dur-
ing the temperatue excursiors typicd of acceleratd reli-
ability testirg and circuit-boad mounting When these
stresse excedl interfacid strengh betwe@ maferials loss
of adhesio can occu. The presene of absorb@ moisture
in the molding compounl exacerbatethis pherfomenon.

In orde to preven failure of the encapsulanduring pro-
cessing testing ard end use mary differert approaches
are taken From the materid prospective the gupplig of
the molding compoun synthesize the polymelto exhibit
minimum moistuie absorptionIn addition coupling agents
are usal to maximize adhesio betwea the eppx matrix

age This eliminates the risk of silver migration causing
extraneos electricd contacts.

Since palladium has a more consistan plating thickness,
the advantage of fine pitch (0.5 mm or les9 packaging
become more obvious The use can more accuratef con-
trol the solde volume in the joint, thus solde bridging
contrd is more easil obtained.

3.2.4 Process Comparisons

The information in figure 3-3 illustrates the proces steps
that usually occu for leads tha are solde plated vs. those

ard silica filler to limit moistue ingress.

Optimization of othe materid properties such as flexure
strength moduk and toughnessensurs tha the material
can perfom unde sevee moistuie and temperatug cycling
conditiors without the occurrene of cracking which can
lead to ingres of corrosion-causig contaminants The
molding compoum contairs the elastomeg toughening
agens tha curtai the growth of cracks shoutl they begin.
The® low stres materiab also provide protectio to the
fragile chip surfa@ for preventig crackirg and shear
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deformatia of the thin film structure tha make up the
circuitry.

Carefd packa@ and proces desigrs also ensue integrity
of the molded package Packag enginees employ design
features that provide robustnesto the componehby creat-
ing mechanichlocks betwea the molding compounl and
chip lead frame The materid flows are designeé to maxi-
mize adhesio and limit exposue to moistue during the
manufacturgshippirg and boad mountirg of the compo-
nent.

materia is chose for its stiffness and becaus the thermal
expansio of alloy 42 is close to tha of aluminum oxide
ceramic.

3.2.6.2 Glass-Sealed Ceramic Packages

In glass-seakkpackagesa cerame lid is seal@ to the base
cerame with avitreous (non-crystallizing lead basel glass
having a low melting temperatureThe glasss chosa for

hermetc sealirg are lead-zirc borates that generaly sea in

the 415/4%) °C range.

The glasss usel in the mdustly hawe compositios in this

3.2.6 Ceramic Packages

Ceramt pgackags are normally used when hermetc seal-
ing is requiired Hermett sealirg of I/C packagsis usal to
sed the gilicon electronc componenh from the external
environmentspecificaly from wate vapa and contamina-
tion tha fan shorten the lifetime of sensitive electronic
devices.

3.2.6.1 Metal-filled Ceramic Packages

Two typeqd of hermett seak are normally used One uses a
had solde preciows metd brazing alloy (laminated
ceramc packag family) and the othe a low

The metal-seald packags are of the laminak ce
and involve the brazirg of a metd lid to gold-

platel thick
film sed fi d pas
ssehceramio

utilize glapsto creae the seas b
piece parfs The hermetici
shows th
imperme
lowed opportuniy q
seak proVfide the highesdevehof R
glasse argd ceramics

biliy, whe

The meta|
solde to ¢
alloy is 8(% geld nd has amelting point of
280°C THis s excellen wetting cha-

acteristis|to the ad materials and is highly
resistamt)therma fatigue/’Seas creata by the Au-Sn as
well as itp. tin alloy can withstard thousand of thermal
cycles withottfai

The gold-tin eutectc sed is made to a sed ring in the su-
face of aluminum oxide ceramic The sed ring is composed
of atungste thick-film that is fired to the ceramc material
ard plated with a thin nickd diffusion barrie ard a gold
over-plate The gold over-plate prevens oxidation and pro-
vides a wettabk surfae for the solde.

The lid materid is a gold-platel alloy 42 (a nickel-iron
alloy with low therma expansiol to which is attache an
80% gold arnd 20% tin alloy (eutectc composition pre-
form. The sed prefom is attache by spa welding The lid

tainirg the low-
result the most
similar compo-
chemicé plating
resistance The

to the ceramic.
ssesit is neces-
he glass by add-
. The= fillers are
lass and do not

Sition they have
n can be sea to
commony used
esThe fractural toughnes is also found to be quite
imilar. It is expecte tha mechanich[performane of
seale glas will be equivalen to othe [commony used
glasses.

3.2.7 Die Attach

Die attadh is an importart patt of the com
proces tha ensue the part performane
the use. There are usually two types of d

ponehassembly
requiremerx for
e attad materi-

als adhesive (organc and in-organig gnd had solders
(gold-silicon eutectic).

The choice of die attach materiab depen@ on the specific
applicatiors and is compatibé with the particula packag-
ing technologis to insute the highes levd of performance
ard reI|ab|I|ty Table 3-1 shows the relationshp between
hrmeh materid used

ard its type.

3.3 Heat Dissipation Techniques

Thermd managemenof the electront systen encom-
passe all the thermd processeand technologis tha must
be utilized to remowe ard transpot hea from individual
componerg to the systen thermd sink in a controlled
manne.

Therma managemerrhas two primaty objectives The first
is to insure tha the temperature of all componerg are
maintainel within both ther functiond and maximum
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Table 3-1 therefore reliability conceris are a significart factar in
Package Die Attachment Material Type therma deS|gn.
Pressed Aluminum Silver-Filled Inorganic
Ceramic (Cerdip, Glass Adhesive
Cerquad) 10° I I I
Laminated Aluminum Gold Silicon Hard Solder Surface
Ceramic (PGA, CQFP, Eutectic Organic of sun */
Side Brazed) Silver-filled Adhesive II
Cyanate Ester 10" ;)
Silver-filled /
Glass /
Molded Plastic (Aloyed | Siver-filed Organic RIS
42 Lead Frame) Epoxy Adhesive 5 " .
0 F NOclear —
Molded Plastic (Copper | Silver-filled Organic Bipolar Chig [ Blast
Lead Frame) Epoxy Adhesive < id”’ at
£ 1.4 Km)
S
allowed limits. [Function&d temperatue limits provide the 3 10°F hips |
temperatue range within which the electrica circuits are "g (MN/80s)
expecte to medt their specifie performane requirements. T
Operation outside the range may resut in degraded 10° -
machire perforinane or logic errors The maximun allow-
able temperatug limit is the highes temperatue to which
a componeh ¢r part of a componeh may be safely 0° . Solar Heatfng  —
exposed Operdtim abowe the allowablke temperatug Jii @ ' ,/ .
. os on Devices
may resut in agtud physicad destructia of the co + Heat Loss
or irreversibe ¢ | IFrom B°dy|
10
The secoml obj¢ 10 100 1000 10000
that distribution|of componen operati Temperature (K)
isfies reliability [ objectives Althoug
objective may hot be as readily app ren = Figure 3-4 Temperatur e Difference s Attainabl e jas a
reman within maximum temperafugi ctio n of Heat Flux
it can be equaly costly.
: . . Hed transfe throudh agiven packa@ can occulin various
Failure mecharjisra encou . . .
L modes dependig on the systen environment|In mobile
are kinetic in n e . o
operatios tem systems fans are naot typicd and the hea mug be dissi-
failure rate ard patel from the componenthrough hed flow chpnnes that
. are narrow. In desktg environmentstypically a pysten fan
materias and ; :
. L and apowe suppy fan exig and low air flow leyels can be
operation This el (for changes ) . .
) ! ; . expecte to aid more in the cooling process |n servers,
in device charg chemicé or diffu- - . )
. additiond degres of freedan are availabke fo provide
sion processes ailure rate equation . . ! ..
room ard increasd airflow to addres highe powe dissi-
Relative hea flux levels of~vgrious devices ard natural pation.
henomea are shiewn in Figure 3-4. As sea from the fig- . .
P i 9 9 The cooling technoloy selection mud be mace gt an early

ure, the hea flu

athediefeveTsomly abodtwoorders
of magnituek less than tha on the surfa@ of the sun But
the suris surfa@ temperatug is 6000 °C, compare to a
maximum chip operatirg temperatue of 100°C for typical
semiconductodevices The challeng of therma desiq is
to contine to maintan die temperature at acceptable
operationd temperatue levels regardles of the increased
powe densiy. Operatio of a device outsice the specified
temperatue range can resut in degradd machire perfa-
mane or logic errors Failure rates increag by a factar of
two for evely 10 °C increag in operatig temperature;

stag of the design Shown in figure 3-5 is a mgp that

reflecs the temperatue differen@ necessarto s

uppot dis-

sipation of heda (hea flux is definad as hea pe unit
exposéd surfae area of the packagé to cooling technology
assumig no enhancemesthave bean mack to the package

(e.g, by addition of hed sink).

The temperatue mappirg in figure 3-5 can be

useal as a

rouch estimae to provide the designe with a startirg point
so tha thermad requiremerg be accommodat# in the

design.

1R


https://iecnorm.com/api/?name=1da7cb5a666592bad70a46fc3673cfba

Copyright © 1996, IPC; 1998, IEC

July 1996 J-STD-013

9

[}

(8}

c

o

()

=

2

]

@

[}

o

£

()

|_

1 1 1 L1111 1 /1 | 111
4 68, \) 4\/6 8 2
10 10

Surface heat flux (Q Q Wicm?
Figure 3-4 Heat Flux vs. Temperatur e Level
Example contact Multilayer printed board withl metd cores are
mode of g xcellert way to remowe the hed from| the component.
25 mm x herma vias are positiona unde the conpponehand pro-

watts The ca® temperatug/is

ard the aif temperatug.in the vici
°C. The tgmperatug 2
- 45) = 40|°C. The pa

sides of th
pak as it
Packag he

Then fromn fi
it is eay fo see K
naturd convectio enwironpment.

It mug beF noted that thee estimate are base on gross

vide the therma pah to the hed sinking glanes.

The fundamenthfeatue of conductim is the transmission
of thermd enegy by dired molecula fFommunications
without appreciale displacemenof the molecules.

In a one dimensia form the Fouria law| governirg con-
duction can be representa by:

q =kA AT/L
where q = Hed flow rate (W)
k = Materid thermd conductiviy (W/m°C)
A = Cross sectionh area (m?)
AT/L =temperatue gradien (°C/m)

simplificatiors and refinemerdg are necessar in the later
phase of implementation.

Hed transfe from a packa@ assemblé onto an intercon-
nectirg structue (e.g, printed board can occu through
various modes Thes are describé in the following para-
graphs.

3.3.1 Conduction

Conductian is aproces by which hed flows from aregion
of highe temperatue to one of lower temperatug within a
medium (solid, liquid or gag or mediuns in dired physi-

The temperatug diiferen@ resultrg irom the flow of a
specifial hea rate from afixed cross sectio is thus related
to the thermd conductivity of the materiad (k) and the path
lengh (L). From an electrica analog, if q and AT repre-
sert currert and voltage respectivel, L/KA istherma resis-
tane of the conduction path While packags are mack of
awide variety of materia and shapesthe proces of heat
dissipatian from the junction to the surface(¥ of the pack-
ace is by conduction.

While the manufacture ses the maximum or junction tem-
peratue limits, the componet mountel on a boad needs

10
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to hawe amicroenvironmehtha can satisfy the necessary
condition for therma control Componerg are typically
coolda by air and the hed transfeé phenomenn for cooling
the cas of a packag is describé by convection.

3.3.2 Convection

Convectim is a proces of enagy transpot by the com-
bined action of hea conduction enegy storag and mixing
motion It is acomplex mechanim of enegy transfe from
a packa@ surfa@ to surroundilg air. This proces takes
place in severa steps First, hea will flow by conduction

participats in the cooling of the packagse via the convec-
tion currens se up due to densiy difference that arise in
hat ard cold air. This proces is called naturd convection.
Unde naturd convection conditions orientation of the
heatel surfa@ with respet to gravity plays a significant
role in the cooling In genera verticd surface are to be
preferral to horizonta orientation The hed transfe coef-
ficient indicatel abowe encompassethe naturd convection
regime.

3.3.3 Radiation

from the pack = gy emitted

ecules The endgy thus transferre will increag the tem- by a mediun by virtue of its t G put the aid

peratue ard infernd enagy of the air molecules Due to of any intervenirg medig/1 icd/medhanisn of
nderstond Radjart

the ability of aiffmolecules to move more freely, the heated
air molecules will mowve to a region of lower temperature
of air where thay will mix with the colde air ard transfer
patt of the theirlenegy to the colde fluid molecules Note
that unlike conduction the flow in this cas is of air aswell
as enagy. The |hed enegy transferre from the package
surfae is stora] in the fluid ard is carried away as aresult
of mas motion| The effectivenes of hed transfe by con-
vection depend) largely upan the mixing motion of the air.
The simplified relationshp tha capture this phenogfeay
commony referfred to as Newtoris law of cooling as gi
below.

q° =hcA(Ts - Ta)

where g° = corfvective hea flow ra
ambiert (W).

A =surfa@ area (m?)

Ts =Surfa® temperattg

Ta= Ampiert tempe

h® = ave

(W

The aboe equg

The role of cony
surfae at thed \ ,
it is the ultimatg sink forthe hea\dissipate from the com-
ponent Obsene in(the definition of the resistance the
effect of the sunfa@.area of the packageln orde to maxi-

radiatian is not compleje enggy is
omagnetic
fewpoirt com-
rvel phenomena.
radiation bdtwea two

by the fol-

radiation

emissivily (0<el)
= Stefan-Boltzma constant5.67x1
(W/m?K%)

08

= Shape facta betwea surface 1 and 2
(A fraction of surfae radiation s¢en by
surfa@ 2)

T4, T, = surfa@ temperaturs of radiatirg

12

surfaces

While radiatian is an importart cooling for spag vehicles,
naturd convectiomm environmeng can also beneft from
radiation To estimae the magnitua of radiatiohd cooling
to the convective cooling describé earlie a radiatian heat
transfe codficient can be calculatel as follows:

h, = GGFlz(T21+T22)(T1+T2)

be of the sane orde as convective cooling eqpecial in

It is not uncomma to find the radiationd conﬂributim to
naturd convectim cooled packages Oversigh of this

mize the efficiency of hed remova from the packag su-
face the produd¢ of the hea transfe codficient and the
surfa@ area has to be maximized The determinatio of h®
requires the knowledge of fluid flow ard is the focus of
thermd researchThe typicd range of hed transfe codfi-
cients as afunction of fluid choice is presentd in Table
3-2. Note tha althoudh the magnituds for air are not as
high as in liquids, the ea® of use combineal with simplic-
ity in desigh promotes the use of air cooling as the primary
mechanim in personhcomputers.

In the absene of a system fan to force air through air still

aspet can resut in expensie over-desiq of equipment.
Note that the radiation& proces is nonlinea and the above
definition of h, linearizes the phenomeno ard is applicable
within modera¢ temperatue ranges.

3.3.4 Thermal Impedance

The complex materia tradedfs for differert packa@ fami-
lies makes it rathe difficult for analyzirg component
detaik by simple 1D conductim analysis In orde to pro-
vide dat for a wide variely of packagesthe industy has
adoptel lumping the effects of materias within the package
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Table 3-2 Transfe r Coefficient as a Functio n of Fluid Choice

Typical HTC Range Relative Complexit y of
Primary Coolin g Mechanism (W/m2K) Effectiveness Achievabl e Density Implementation
Natural Convection(air) 10 0.1 Low Very Low
Forced Convection (air) 100 1.0 Medium Low
Natural Convection (liquid) 100 1.0 Medium Medium
Forced Convection (liquid) 1000 10.0 High High
Boiling (liquid) 5000 50.0 High High

by defining therma |mpedane values Unde identical
conditiong-the-packag-w C

vides a bette therma solutlon The most commonj/ used
ones are definel by the following relations:

0, F(Tj] - Ta)/P
O, F (Tj = Te)/P
eja B ejc + eCa
where:
Oj, F Junction to ambien therma resistane (°C/W)
Ojc F Junction to case therma resistane (°C/W)

O, F Ca® to ambien therma resistane (°C)

Tj F Maximum die temperatug (°C)

= Ca® temperatue at a predefind location (°@
P [ Device powe dissipatian (W)
Ta F Ambiernt temperatue (°C)

As can bg

For the ch
paramete
uses spec
device c(
usal to g
diodes log
vide junct
tha the Iu

e

ture Howeve, a cavity-up packa@ at the sane Iocat|on
would resut in lower temperatue due to the longe path to
the device.

Anothe variabk of importane is the definition of ambient
temperatureFor the da@ tha is measurd in air, it is typi-
cally definal as the unchangig temperatue at a distance
awgy from the packag tes section Componeh daf in
earlie days hawe reportel using a constant-temperature
agitatel bath The applicability of sudh information to air
coolad systen environmen is poa. In using component

Ievel data the appllcabllny of teg conditiors to the end
s becarefully eva uatedThe best

feristics

ided by a manufactuife can be utilized
ironmentsard it is not| possibé for the
data relating to all apglication configu-
eve, certan information in th¢ form of imped-
ansg are provided Thes are typically] provided both
Mnde>conditiors with still air and air velgcities tha cover
a broad spectrum As indicatal in the dgscription of the
gonvectian processthe area of a packag jhas asignificant
impad on the therma resistane of a package.

Shown in figure 3-6 are the typicd jungction-to-ambient
resistane for differert packag families gs a function of
lead count Note tha packags of smalle gize ard mack of
lower conductiviy materid hawe highe resistane to heat
flow unde identicd conditions Obsere ftha for a given

packa@ style with bette performane can be selected.

Packag styles are numeros and the hea flow patts from
the die are essentiall differert on eat one of them Use
of coppe lead frames spreades ard slugs influence the
packa@ characteristicsln the use of dat publishal by the
componeh manufacturg the effect of boad conductance
on the measuremestprovided mug be considered.

This is particularl importart for fine pitch parts with cop-
per lead frames Basal on layer court and coppe content

21


https://iecnorm.com/api/?name=1da7cb5a666592bad70a46fc3673cfba

J-STD-013

Copyright © 1996, IPC; 1998, IEC

July 1996

70

60 |- —o— PLCC
—o— PQFP

50 |+ =—a— PGA
40 |
30 -

20 -

JUNCTION=TO=~AMBIENT
THERMAL RESISTANCE (C/W)

0 I 1 L L

20

—o=— #Ja, WITHOUT FIN
et $j0, WITH FIN

—o— #jc, WITHOUT FIN
e jc, WITH FIN

et
w

wm
T

THERMAL RESISTANCE {C/W)
=
T

0 50 100 150 200 250 1000
PACKAGE TEADCOUNT

Figure 3-6 Effgct of Package on Thermal Resistanc e of
PLCC, PQFP, and PGA Packages
in the boad theleffective therma conductiviy can be com-
puted for a specifc design Shown in figure 3-7 is the In the context of{a s onerg are
effect of boad gonductiviy on the measurd therma resis- assemblée to n moving
tance for PQFP [packageAs the effective boad conductiv- from a compenen ve analy-
ity increasesthe spreadig resistane throudh the board S the oa|d is employel has a
reduce and the|boad participate to an increasimg levd in s the need

the hed remové from the package.

o

1 0
PC BOARD ?KX&AG REA \/S

Figure 3-7 Effgct of P erlaNSize_on Thermal
Resistanc e of 13

luene on the inter-
da1a is commony pub-

sentel in figure 3-8. In sone casesre3|stane values W|th

hed sinks attachd to the part are also presentedA well

designé hea sink in conjuncti;n with interfae (attach
materia) can redu® the externa resistane of the package
by decreasig the externa case-to-ambierresistanceThis

allows the designe to dissipaé additiond powe from a

deviee while maintainirg the device temperatug within

prescribe limits. Howeve, the penaly is increasd vol-

ume While datatypically extend to high air flow rates the
acoustt limits establishd at the systen levd do not nor-

mally permt high air velocities to be attained.

60
e~ =G K =0.64(w/m c)
;b —— K=2.2{w/m ¢}
[FTR s
g3
b
P
Rin SOF
15 R
f &
= L (\ .
ox
zZx
S
= w
T
40

e separatia distane between
minimum within manufacturing
hap contras to the teg configuratio in

dconvectiom environmens the locd effects play
ofe. Factos sudh as separatio of cancs and the
% tempera-
alues for a given board Recirculation patferrs result
comple flow and thermd interactiors when[combined
with nonunifom packag@ geometriesand powe dissipa-
tion is not amenal# to generalize calculationg Howevae,
the correlatiors for plates having uniform spredl out load-
ing can sene as arough guide to calculae tempgratue and
hed transfe capabilities.

It mug be noted that thes correlatiors do naot include the
effects of radiation It is often instructive to compue radia-
tiond contributian of the hed transfe codficient to asce-
tain tha an importart effect is not ignored Ngrmally the
radiationd hed transfe betwea identicd bodrds placed
parallé and powerei on (close apprOX|mat|an o the sys-
gmperature

dlfference betweem the board? is negllglble

3.4 Handling and Storage

3.4.1 ESD

Electrostatt Dischage (ESD) protectio is essentik for
handlirg almog all high performane packagesDamag to
sensiti\e devices can resut from failure to contrd the static
electricity generatd in simple human and machire move-
ments High voltages in exces of 5,00 volts, can be gen-
eratal by the rubbing of comman materials wood, plastics,
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fabrics in normd activities on the manufacturig floor.
This electricd chage mug be controlled becaus many
componerg can be damage by as littl e as 30 volts.

The threshatl voltage where ESD dama@ can be sustained
by a device has bea divided into five categoris by the
Electricd Overstress/ElectrostatiDischage Association,
Inc.

ClassO0 0to 199 volts

Class| 200 to 499 volts
Class |l 500 to 199 volts
ClagsHH—-2080-volts-ard-abeve

Contrd devices include statc dissipative jackes or suits,
groundirg foot strags or foot wea, conductie floor finish,
ard wrist strags electrically connectd to ground It is pref-
erabk to hawe statc dissipatie (10° to <10'? ohms per
squarg surfa@ resistivity rathe than conductie surfaces
(0 to <10° ohms per square) Conductive surfaces may
contribue to componeh damag by providing an exces-
sively rapid dischage of an electrostatt chage It is pref-
erabk to have the componehin conta¢ with static dissipa-
tive surface during handling storage and assemby. In
addition maintainirg a moderae room humidily (30% to

Clags IV no ESD sensitivity

Most highl performane package require clas 0 ESD pro-
tection The deviee manufacture defines the ESD con-
strains or] the device and an ESD specificatio shoul be
provided with the produd data.

A standad symbd for ESD protectiln requirements a
hard supg¢rimpose on a triangle with a yellow/blad for-
mat, prov|des universa recognition of this surfa@ mount
proces requirementThe ESD Class can be printed on the
hard nea|the wrist. This symbd can be usel to identify
area and [proces machiney tha mug be ESY protecte
Use of th i
marking s

Printed bd
compone
containirg
may be n
label abl
coppe on

For Racks, For Printed
Enclosufes oard Assemblies
and Progess

Maching]

MIL-STD-1285

Figur e 3—9 “Standard ESD Symbols

ntibfor working
for monitoring
tha detecs and
associatéd with
d people Addi-
istivity metesto
N equipmen and
air ionizers and
effectivenes of
nnkin the area.

static chag €
tiond te

iNe training that
rocedurse neces-
be taken in han-
ersois shout be
ivities procedures,
o facility. This
persam or committee mug hawe the regponsibiliy and
authoriy to enfore ESD controls.

3.4.1.2 Shipping Media

ESD-sensitie componerg mug be shippel and storel in
ESD-approvd statc dissipative containes and packing
materials The packag@ mug be opena on a statc dissipa-
tive surfa@ and ESD-controllel area Componerg should
be removal from the containe with propg regad to ESD
contrd in the work surface containers implements and
personnel (Sees EIA-583 ard EIA-541)

Prope labeling on shippirg containes muf be an essential

pait of the contra¢ betwee the supplie gnd use. Internal
pait-numbersif used mug be assignd ar clearly labeled

3.4.1.1 ESD Control

ESD contrd consiss of bleedirg off any electrostatic
chage through conductiwe paths to grourd in all portions
of the proces equipmentpatt containersand in the human
interface Many area of the proces equipmeh mud be

alterad in constructio or provided with asurfae treatment
to provide aconductie pat for static chages Air ionizers
strategicaly located in the proces area redue statcc build-

up. The human interfa is asignificart problem due to the

statc generatig natuie of mog clothing, shoes etc.

at incoming inspection Transfe of the pat identification
from the stok location reel tube or tray to the feeder
location on the proces equipmen is a prime sour@ of
errar. Requirirg tha a seconl persam ched ard sign off on
all stok room transactionsmachire set-upsand pat han-
dling activities has proven effective in controlling these
errors.

Moisture-sensitie componerg mug be shippel in sealed
moisture-resistancontaines with an effective desiccant
materid included in the package IPC-SM-7& provides
information on handlirg moisture-sensitie componentsin
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mary instance alabd is provided as shown in figure 3-10
to indicatke the effectivenes of the moistue resistamh con-
taing.

One option is to bake at high temperaturgtypically 125 °C
+5 °C for 24 hours at less then 50% Relative Humidity.
This is the mog expedieh mears of removirg moisture
from componentsbut it canna be performel on part in
reek or othea packagig that canna withstard the tempera-

HUMIDITY INDICATOR ture In addition componerg are limited to two bake

D(Il;::‘NE cycles to preven excessie growth of intermetallic and

IF PINK consequenreduction of solderabiliy of the leads Compo-

CHANGE nent mug be cooled to room temperatue prior to assem-

ng'gﬁ::* bly to preven viscosily reduction of the solde pase and

~ subsequensolde bridges.

IF PINK U The seconl alternatie is a low temperatue bake at 40 °C

Humidity.

AVOID METAL CONTACT n reek or

of compo-

Figure 3-10 Mgistur e Level Indicator nens to this tempey, atue bake,

componerg mug U prior to

3.4.1.3 Storagg¢ Environments assemby.

ESD considergtion dictae tha the stok room shelves bmour of
mug be static d|ssipative and propery groundedAll carts, measuring
benchesard wqrk statiors shoul be statc dissipative and Veight loss

hawe groundirg [devices This will ensue tha all ESD sen- bycles the
sitive componerg will be protectel while being unpacked, mestmust

counted handlgd and issuel to the proces station. Eh weight.
easonable

Plastt packag
At reflow temI

An acceptal#
ponens (plastc
at room atmosp

usal for the chambe atmospherfA compresw air supply
often has very low humidity when brough to atmospheric
pressue but shoutl be calibrated A desiccato can be used
but is nat preferrel becaus ther is no circulation of the
dry atmospheg to purge the chambe

Pars tha hawe moistue presemh becaues of improper
shipment/storag or havwe been openel and allowed to
absob atmosphed wate mug be bakel to remowe mois-
ture Table 3-3 provides information ard classification to
six levels for floor lif e of desiccahpackel components.

gtmosphere
2 in room

bm humid-
ity, temperatue ard the characteristis of the ¢omponent
package Since mog proces area are controllejl at a rela-
tive humidity of betwea 30% and 50% to minimize static
problems a typicd allowabk time for a componeh at
room conditiors is 8days At highe relative humidity, this
time mug be reduced Exad limits can be det¢rmine by
perceih moistue measuremestwith the criterioh of main-
taining componeh moistue belov 0.1%.

3.4.1.4 In-Process Handling and Control

ESD precautios mud be taken during the handlirg of
componentsloading feederstrays etc.

A criticdl isste s patt numbe control Accidentaly placing
the incorred¢ componehis avery comma erra. With fine
pitch and high densiy componerg this errar becomes
increasingy seriots due to difficulty in reworking these
parts Often amisplace&l componetmug be scrappd dur-
ing rework or, in the worg case the entire assembl may
be damagé by the additionad therma exposue incurred by
attemps to remowe the incorred¢ part A very effective
methal is to hawe a secom persa chedk and sign-df on all
stockroan issues feede loads ard machire set-ups The
additiond confirmatio time is insignificart compare to
the loss incurred by scrg of a fine pitch, high density
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Table 3-3 Classificatio n and Floor Life of Desiccan t Packed Components
FLOOR LIFE (OUT OF BAG) MOISTURE EXPOSURE
LEVEL AT BOARD ASSEMBLY SITE °C/%RH TIME (HRS)
1 UNLIMITED at <85% RH 85/85 168
2 1 YEAR at <30°C/60% RH 85/60 168
3 1 WEEK at <30°C/60% RH 30/60 168 + MET
4 72 HOURS at <30°C/60% RH 30/60 72 + MET
5 As Specified on Label: 24 or 48 hours at <30°C/60% RH 30/60 time on
label + MET
6 Mandatory Bake 30/60 time on label
Bake before use and once baked must be reflowed within the time limit
specified o the tabet

componepor board.

Lead inte@rity and coplanariy mug be retainel in all han-
dling opefationsKey area are the suppot given in feed-
ers trays|and work areas Suppot mug be placal on the
body of the component neve the leads (Ses paragraph
4.3.2)

In the cas of plastc bodied componentspatt of the han-
dling progedue mug be to ensue that only moistue free
componeld are assembled.

4 PACKA[GE DETAILS

IC packagi
ible with
multi-fundti
cult to hal

flat paclks
having bo
mm)

Plastt am
hard haw
scak ard
0.5 mm &g
As agengra
ged and rpk
processelyield oriitems like the BGA has proven to be
superia t¢ tha-of.thegull wing fine leadel counterpart.

4.1 Area Array Package Description

4.1.1 Physical Propefti

he and rectangu-
in eithe plastic
rves as amount-

of materid for
wire bord tech-
hentBecaus the

rel with the con-
bm the dye bond
ebal contat¢ array matrix. Fighre 4-1 provides
ampe of the plastc and ceramc BGA in top surface

he interfae conta¢ or grid is arrangé ip a uniform col-
umn and row format The three standad pastc spacimg or
pitch for the contacs are 1.0 mm, 1.25 npm and 1.5 mm.
The contacs accommodat the electricd|and mechanical
interfae betwea device ard hog intercornectig structure
(PCB). The conta¢ materid will allow conventionareflow
solde or othe attachmehprocesses.

The bal or column array device familigs are generally
marked with the manufacturgs nane or symbol part num-
ber, dak code and an orientation maik in| the corng near
contat 1-A. Methad of marking is not defined.

Devices may be furnishel in tube magazine partitioned
tray carrig or tape and red packagesTape and red pack-

aging is generaly preferrel for high volunie assemy pro-

The area array packag is typically smalle, pin for pin,
than the leadel alternativesIn addition the bal contad is
not easily damaged during assemby processesBoth BGA
ard micro BGA devices allow for depopulatio of contacts
to med specift I/O requirementshoweve, the grid loca-
tion conventiors mud be observed Becaus of the higher
lead densiy on the BGA and micro BGA componehfami-
lies, assembl specialiss hawe found tha both printed
boad quality and surfa@ finish will directly affect the
overal manufacturig proces yields.

cessing Howeve, if plastc array devices are specified,
reek mug be transportd and storel in moisture-prob con-
tainers For example when plastic materiak are expose to
the environmen for a period of time, sonme plastics and
laminates allow moistue absorption The moistue may
expard during reflow soldeg processe causig internal
crackirg ard othe physicd damage.

The grid array devices are typically attache to the host
interface structue using eutectc solde alloy. Howeve,

optiond method of attachmeh may include electrically
conductive epoxy or polymea. Array packag@ assembly
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Figure 4-1 Bal

shou not req

uire specializel equipmen or processes

beyord tha curfenty in use for surfa@ mourt assembl.

4.1.2 Bump/Tefrmination Layout

Both ball (or by

array packa@ tjarmination The bal conta¢ may be

formed sphee
face by applying
tic solde alloy
position when |
tad bunp suitq
structure.

Column array ¢
to the array pal
step Columm ¢
packags provig
the device to 4
codficient of eX

umn style packqgse she

than the ball co

mp and columm contacs are standad for

ard reflowing auniform volume of e
paste The past materid at ead cq

structue
pansio (T
i ereral greater

Ball contacs

Theé the etchal coppe patten v
outsice the pad paramete or so

When using the mak definal attachmen site,
patten size mug be mace slightly larger than
opening Also note tha physica shage of the sol

packages
pliane or

dttachd to

pmmended
b diameter

ith solder
da mask

the etched
the mask
de fillet at

the attachmensite will be affected The land paFl)ten that is

free of mak materid will promot auniform ta
or column profile while the mask definel land p
motes a controlled collap of the ball profile du
processing Column contad patterrs shoutl |
mak material.

erel slope
atten pro-
ing reflow
pe free of

Solder Ball

Figure 4-2 Stal

nd Off Height
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Etched Copper (open) Solder Mask Defined
Land Pattern Land Pattern
Solder Mask
N
Figure 4-3 Land Pattern Comparisons
Becaus the land patten array typically occupies mod of (CBGA)
the surfa® area unde the device signd routing for most rray (CCGA)
of the comtact mud be transferre to othe layers of the all Grid Array

hod interface structue typicd of tha shown in figure 4-4.

4.1.3 Stahdardization

Array corlta¢ identificatian is standardizd and i
by the colunn and row location For example A
is always jat an outsice corna position with al
ters arrarjgel in a verticd pat
Numeric ¢haractes are assign
shown in figure 4-5.

Rectangula Ceramc Ball Grid Array
(R-CBGA)
155 Rectangula Ceramg Column Grid
Array (R-CCGA)

terd outlines hawe been developé for a wide range
of packa@ configurationsMost of the repisterel package
outlines defire the features and physica linits related to a

s

Via Hole

1

Contact Land
Via Hole

Figur e 4-4

Figure 4- : i
the contact patten when V|ewed from the bottcm surface
with A-1 at the uppe right hard corne. The land pattern
provided on the hod substrag is opposie with A-1 contact
to the left.

Sources for BGA armd CGA standad documentatio are
provided by the Electront Industries Association EIA and
JEDEC hawe registeré outlines tha ded with thes docu-
mens ard are publishal in JEDEC Publicatian 95. Sone of
the registeré outlines for solid stak ard relatal products
are:

* MO-151 Plastc Ball Grid Array (PBGA)

iz at patten array.
The JEDEC MO 151 PBGA (plastc bal grid array) outline
furnishe in figure 4-6 specifies dimension&limits and tol-
erancs for all physicd features controlling the package.

4.2. BGA Types

Ball Grid Arrays cone in a variety of configurationsEach
has its purpog and application Sone are performance-
driven to matd the environmenmtha they serve Others are
cost-dfective to addres the marke sales profile.

The BGA deviee family includes squae and rectangular
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Figure 4-5 Contact Patterns
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N u 30
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T Yy 2253
/ ‘;g S3eRI N N Figure 4-7 Cavity-u p and Cavity-dow n Chip Mdunting
s A TR *\k
p WA G R AR )
e \g\ 3\ 4.2.1 Plastic BGA
t’ RV RO SCERPENFS RN ; . : L
Az b N 2 Do S bown This plastc BGA has the following characterisfics:
RN ViaN . . .
* PCB laminak with highe TG (over 240[°C) epoxy
JEDEC THIS| REGISTERED OUTLWEN PREPARED BY THE JEDEC JC-11i . .
e ST s | SOUITSE A LLCTS, ASPRODUCT WTH ATIGPATED Usnoe resn (e.g BT resin) ,
— eoio sraomaron s L oare o * Wire bord or flip chip interconnection
PLASIIC BALL CRID ARRAY | PBGA-B / PBGA | D | s /97 Mo-151] 1/8 * Cavity up or down with fully populatel or partially
depopulatd (cavity down) solde balls
Figure 4-6 Physica | Outlin e of BGA Package * With or without hea slug (SuperB@&\ from Amkor
Specification s (Ref. JEDEC Publicatio n No. 95) as an example)
¢ 0.030 inch dia eutectt (63Sn/37B or 62Sn/36Pb/
packa@ configuratios and is furnished in eithe plastc or 2AQ) solde balls

ceramc bas materials Bas materid serves as amounting
structue for attachirg the die. Dependig on the physical
characteristis of materia for the plastc or ceramc BGA,
flip-chip or wire bord technologis may be employeal for
die attachmentBecaus the die attachmenstructue is a

Figure 4-8 shows the cross sectia on the plastc BGA. The
advantage of the plastc BGA are:

» Low cog ard low profile package
* Eutectt solde balls “‘controlled collaps€ ard self
align during reflow compensatig for misplacement

2R
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Silicon Die
Ag-Filled Die Attach Au Bond Wires

Epoxy
Overmold

BT/Glass PCB
62/36/2 Sn/Pb/Ag

Solder Balls @

Figure 4-4 Plastic BGA Cross Section

anyl package/boar coplanarity
* Unlike CBGA, non existert CTE mismatd prob-
lem betwea packag and FR 4 PCB
* Unlike CBGA, depopulatio of solde balls does yp chip or TAB interconnectia to
nof affect CTE mismatd related reliability ie pittH than is possibe in|wire bond This

p straips IBM reported
therma cycling or 22,0 of

4.2.2 Thgrmally Enhanced BGA 7[.025 in] dia balls (90 Pb{10SH welded to
Figure 4-9 shows a cross secti;m view of the i & a 1.25 mm pitch in 21 ffo 40 mm body
enhancd BGA. The hea side addel to the cavily dow

construct|m provides the therma dissapatior$> 4-10 shows a cross section of the TBGA. Some

3 .
4.2.3 TalQ BGA nceris are

Tab BGA has the following * Single wiring plare in substra¢ g@ssential limits

TBGA to be asingle chip packagée

* TBGA is a lowsQ t Qw profije R « Requires gold bumpel die
* Uges low die S i ,

metd layer TAB

e CTE mismat
\k‘ \ 71 Extended ¢
|\\ a y Surface d
— Heat Sink |
(Optlonal) Copper
}daminate
Solder
Balls
Next-level
Board

\
Lid/ Diel Chip
Attach

Figure 4-9 Thermall y Enhance d BGA
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Adhesive
TN
5%Sn/95%Pb Solder Ball (C4)
Cu/Upilex/Cu (Carrier)
10%S0/90%Pb Sold al

Figure 4-10 Crpss-Sectio n of a TBGA Package

» Moisturg sensitive packa@ sina polyimide absorbs nsiy with-

moisture

Typicd electrich characteristis include: P problem

* Totd Cqpacitane (pF) 0.39t0 2.41 5 in TAB,

* Resistane (mOhm) 102-360 b array of

 Sef Indyctane (nH) 1.26-2.49

e Impedane (Ohm) 45-60
4.2.4 Mini BGA . )
The mini BGA Was develope b 6 Ceramic Ball Grid Array (CBGA)

b€ Dy The ceram¢ BGA has the following characteristics:
ure 4-11 shows|the on-chip re
BGA. « Flip chip or wire bondel die
e Cavity up (for cooling through board|or cavity

4.2.5 Micro BG
The micro BGA

* The mic

A down (air cooling)

mils in diameter

e High temperatue (90 Ph 10 Sn) Sold¢ balls 35

Layer #1
Silicon IC
Existing Existing
Passivation Wire
Bond Pad

Figure 4-11 On

-Chip Pad Redistributio n (Sandia Mini BGA)
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Handling
(optional)
lAluminum pad \
A
Silicon Flex Circuit
Encapsulant /\
Figure 4-12 Micro BGA \ N \
N\ \s
Thermal Grease \ \)
3%Sn/97%Pb Solder Ball
.
l;
.Iﬁl.ls\ltl.l
//// A ”/7/”//// ”//////
whi o sy /
/ /,. /// i ///// N
§ %0) 0 .
(\ 10%S51/90%Pb Solder Ball
Figure 4-1 s } GA
* B 18 to\32 mm SLICC (slightly larger than IC cjarrier)
’ :;Ltj ypronly) or custon depopu Sone of the issues for BGA are:
_ Wwe PC isin 21 mm body size * Plastt packag extremey moistug sensitive (PCB
at 0,27 mm pitch BGA package basel substrag susceptil® to delamination)
—No-vistd ;llapcbtiun (c/\bcﬁ otte OW)
Figure 4-13 shows a cross sectio of the CBGA « Potentialy difficult to rework
) o * Balls cannda be “‘dressed for rewoik by mog users
4.3 Material Decisions (progres being mack in this area)
The materid checklig for BGA ress with the environment « Lack of industy infrastructue especialy in the
in which the pait will be used Characteristis include: area of inspectio and rework
« Cerami BGA (CBGA)  Proces capabiliy only a few OEMs and limited
aka SBC (solde bal connectio (IBM) packag suppliers
» Ceramt Colum Grid Array (CCGA) * Unresolvel patert issues

e Concerms in large packag planarity
e Popcon related problens in PBGA (but not much
differert from PQHMP bake and bag issue)

aka SCC (solde colunm connector)
* Plastt BGA (PBGA)
aka OMPAC (over moldal plastic pad array)

21
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* Relatively unknown data and reliability limits
* New ard expensie especial in low pin count
* Increass boad layers court and hen@ cost

4.3.1 Thin Film Redistribution

« Redistributim of the peripher& bondirg sizes must
be resolved This is sometims accomplishd by
addirg an insulatirg layer(9 and rewiring the lands
to an array location.

4.3.2 Coplanar

Coplanariy is gcritical parametein achievirg sourd sol-
der joints. The maximum variation in coplanariy through-
out a componefis lead configuratian is generaly accepted
to be 0.1 mm. A solde pase heigh for fine pitch compo-
nens is usualy| abou 0.15 mm. This provides very little
margin of errar[for lead coplanariy with an avera@ pen-
etratin of the |ead into the solde pase of 65% When
leads are out of [plane unsolderd joints resut becaus the
solde pase cahna contad the high leads or weakened
joints may resut from low solde joint cross-sectiorlearea.
Coplanariy mugt be an acceptane criterion for compg
procurementargd incoming inspectim of componekg ma
include AQL inlspectian for coplanariy characteristis

the supplie mpy be certified Capabiliy of placeme
machina to ins &
ture to accept{rejec componerg on a

level.
A contributirg facta to patt copl
the circuit boad pads The finish
key factar in aghievirg afl ou
levd (HASL) qurfae hes \
planarit of the pads varies with
coating This V|
dependig on b
characteristics

Solde or tin pl
the underlyirg (
ard tin coatingy :
per antitarnid Jurfacs are han bHecomig available This
finish retairs thef planariy of the coppe surfae with good

coppe-tin intermetallc per day. When the intermetallic
thicknes approachs the solde thickness solderabiliy is
degradedThe high tin contert on componehleads being
suppliel by mary manufacturesis more susceptile to this
problem and often requires aggressie flux to achieve
acceptald solde joints.

4.3.3 *“*Popcorning Effect” Failure

The plastc body BGA is arelatively open desiqn that isfar
from hermetc and can readily take up wate, etc The
“popcom effect’ is the term usal to descrile acatastrophic
i i porization
component
materials
\,gs should
\S are pre-
movel and
er 200°C).
100 hours
Bs voltage
the results
oth stored
protection

of entrappd wate in anonherfmet packa@or
during a reflow solderirg i
choices exercisé in deye

gd design
desiq of
S or extremey large chips whete the problem of
TE Wismatt is compoundd by size It appeps tha the
ice&s of materias and desigh of an overmoldf package
3 contribue to goad long-tem reliability, a§ measured
in both correspondig reliability and thermad ¢ycle tests
ard as will be experiencd in service.

4.4 Area Array Selection Process
The decisio proces for the type of array to pe usal is
basel on mary factors performane of the padkag in its
environment relationshp of the chip size to the|BGA pro-
file; the numbe of I/Os; and the routing of th¢ intercon-
nectirg structure.

Table 4-1 shows an exampé from JEDEC 95, MO-151.

4.4.1 Device Outlines

shef life but mey—requitsomreadjustmetrof-the-ftux—or
solde pase to ensue solderabiliy.

Solderabiliy of componerg mug be maintainel by avoid-
ing storag in corrosive atmospherg or excessie heat.
Sevee oxidation of the lead finish or formation of exces-
sive intermetallis resuls in we& or incomplee solder
joints. Humidity, in addition to causimg plastc component
body cracking accelerats the degradatia of the lead sol-
derability.

In the ca of leads with a solde finish over coppe, expo-
sure to temperaturg of 125 °C adds approximatef 0.5 um

The area array packag outlines are documentd and fur-

nishal in JEDEC publicatian 95. The overal outline speci-
fication for the array deviee allows agrea ded of flexibil-

ity in lead pitch, conta¢ matrix patten and construction.
The exampé shown in figure 4-14 illustrates two 225 1/0

devices with acomman packag@ outline but with the varia-
tion of contad pitch and matrix.

Figure 4-14 illustrates comparisos betwe@ BGA devices
having the same physica size ard /0 count One has afull
conta¢ array matrix, the othe is furnished with a depopu-
lated array with smalle contact-to-cont&apitch.
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Table 4-1

Array Populatio n Exampl e 1.50 mm Pitch

Ref. JEDEC Publicatio n No. 95

There terminatiors typically spa the body of the package
from the interconnectig structue for reasos of cleaning,
inspectiny or accommodatig difference in therma expan-

4.4.2 Array Population

Contacs may be distributed in a uniform pattenwit

or odd nu
shown in

permittad gt the discretian of the

Both even
in the JEPEC standardsFip
depopulald array patten tg
conta¢ pgsition 1-A
agesthe qtaggerd pa
numbe of| contacs on

4.5 Peripheral Lead

Leada I/C
terminatip

a\exterdhdeyyrd the packag outlines.

E/E [£1 = 150 sion The leads may be attache to the packag body either
e T oy T before or after chip attachment.
8.00 5 25 |0.000 CBB—1 4 9 0.750 CBB-2
9.00 6 36 |0.750 CAB-1 S 25 |0.000 CAB-2 ¥ : H oo
L o T o oo e I n p!astr: leadel compc?ne_nt,sthg primary pgckagng dis
11.00 | 7 | 49 Joooo] oac—1 | 6 [ 36 [o7sol cac-2 tinction concers the point in which achip is incorporated
12.00 8 64 |0.750 CBD-1 7 49 |0.000 CBD-2 . . )
1500 | 8 6+ Jo7s0] cab-1_| 7 | 4o [0.000] cab-2 into the package A premoldel packag is supplied as a
X 9 81 |0.000 CBE-1 8 64 |0.750 CBE-2 . . .
O e s 8T Tosol aes leadel body with an open cavity for chip attachmentA
7.00 11 121 [0.000 CAF—1 10 100 10.750 CAF-2 _ H .
19.00 12 144 |0.750 CAG—1 1" 121 [0.000 CAG—2 pOSt mOIdd bOd/ paIt typlcally h$ the Chlp attaChd to a
2100 |14 | 196 Jo750] CAi-1 15 | 169 |0.000] CAH-2 lead frame with an insulatirg plastc body molded around
ey e e e o v i i _ .
2500 |[ 16 [ 256 Jo7sol cax—1 15 ] 225 Jo.ooo| cax-2 the assembl. It is suppljes the manifacture without
27.00 18 | 324 |0.750 CAL-1 17 | 289 |0.000 CAL—-2
20.00 || 19 | 361 [0.000] CAM-—1 18 | 324 |0.750] cam-2 apertures_
31.00 20 | 400 0.750 CAN—1 19 [ 381 |0.000 CAN-2
33.00 22 | 484 10.750 CAP—-1 21 441 10.000 CAP=2 e
35.00 || 23 | 529 {0.000] cAR—1 | 22 | 484 |0.750] caAR-2 'rly classifial but
37.50 25 | 625 {0.000 CAT-1 24 | 576 10.750 CAT-2 ion conceris the
40.00 26 | 676 |0.750 CAU—1 25 | 625 [0.000 CAU-2 )
42.50 28 | 784 {0.750 CAV-1 27 | 729 {0.000 CAV-2 to the ceramic
45.00 30 900 }0.750 CAW-1 29 841 [0.000 CAW-2 A .
47.50 || 31 | 961 |0.000| CcAY—1 30 | 900 10.750] CAY-2 S SUpp'IGj Wlth
. - 750[  CBA-2 . i
Nso;oo 343 1;»18;; 0 10200 CBA—1 342 1;1234 o12 ion |ntegrd with
otes: i i
Ref. 2 1511-489 | 11489 a@ Is supplled
Tssue B [ b d or ceramc lid
Variation s - 1.50 Pitch s frit to provide

thee steps the
board.

y has leads sol-
cka@ after chip
of edge dips or
deg columns Incorporation of leads into the assembly
pically occuls immediatey prior to boaf attachment.

High lead-em coplanariy in surface-mpuni lead chip
carriess is an importart factar in reliable splder attachment
to the printed board Coplanariy may bg measurd from
the lowed three leads of a leadal packagelComplanariy of
0.1 mm [0.004 in] maximum is recomrmjenda with 0.05
mm [0.002 in] preferred.

PIN #1 2% 24 2
\)}14 131211109 8 7 6 54 3 2 1 CORNER 25‘23 221211!“171515"131111“.Bu7 8 S‘ 3 z1 ::?H:“EH
/ /900000 0000000000 00000000 00] 4
000000 0000000000 0000 0000 00| 8
20000 0QQQO000000CO0 £00000Q00000000Q000000Q00AQ00L1C
0O0O0DODOOOOO0000O 338300000 000022929 8
0000000000000 0O0 8000 o000 £
0000000000000 0O 3999 89838| &
0000000000000 00 0060 0969 J
0000000000 00000 883 983| «
00000 0CCOO0OO0O0QOQOO0OO 000 QOO M
0000000000000 00 338 888l
DIJ 0000000000000 00 600 gooln
000000C00000000 T
—1T— 0000000000000 00 1 §§§8 08%3
T—1—900000000000000 0000
1 1600 00 69| ¥
t 0000000000000 0O0 18000 0000 m
ggggggggggggggg ! 288800000 000000009 &
= 000000 0000000000 0000 A00A 00 | Ad
| | 000000 0000000000 0000 0000 00 | At
\_ ) 860000 9000C00000 0000 § 900 00/ AF
EEI—~| L— ] —| |-

Figure 4-14 BGA Devices Having the Same Physica | Size and 1/O Count
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0000000000000 00C
000Q000000000Q00
000000Q000000000
0000000000000 000
000000000000 QO0O0
O00000Q00000000O0V
OCOQO0O00000000000
VY0000 DQCO0000000
2000000000000 00
00000 VQ0V0000DO
220000000QCO0000
TR0000Q000C0000000
TO0CQO0QQ00D000000
VLCNO000Q00O00000Q00

0000000000000 00
0Q0000QO00000000
0000000000000 00
0000000000000 00
O00000000000000
0000000000000 00
000000000000 00
——OOOOOOO%OOOOOOO——
0000000000000 00
0000000000000 00
000000000000 000
0000000000000 00
Q0000000000000 0

OO0 0Q00000000000
OLrOOTO0QOO00000000

Even Row/Column
Array Pattern

OO000CO000000 000
0000000000000

000D Q000Q000 000
Q0P 00000000 000
oop 00000000 000
o0p 0000Q000 000
o0p C000Q000 Q00
oCcp [oXeXo]
o0p Q00
oop 000
200 000
o o

[¢)

QCO00GCOCOOOO00000000
COO00CO000YON000000000

000QO0COCO
00C00CTL0OCINQO00000000

OO0

Figure 4-15 Bdth Even and Odd Colum n and Row Patterns Are Permitte d in@%@rdﬁ

N

0O 0O 0O O O

o O O O O

Staggered Pattern
Array

Figure 4-16 D4

4.5.1 Lead Pitg

The four-sided gult, wing famity is characterizeé by gull
wing leads on fpur'Sides of a squae or rectangula pack-

nanme or symbol and a pin #1 indicata. Sone|pars may
hawe apin #1 featue in the cae shage insteal| of pin #1
marking Additiona markings may include date code/

age The family includes both molded plastc and ceramic
ca® styles The acronyns PQFP, Plastc Qual Flat Pack
and CQR°, Ceramc Quad Flat Pack are also usel to
descrile the family.

There are severd lead pitches within the family from 1.0
mm to 0.30 ram High lead-coumh packags are availabk in

this family tha accommoda complex high lead-count
chips.

The PFQP and CQFP families of parts are generally
marked with manufacturgs pat numbers manufacturgs

manufacturig lot and/a manufacturig location.

Componerg may be providel in tubes but packagiry tray
carries are preferral for bed handlirg and high volume
applications Bulk packagig is not acceptat# becaus of
lead coplanariy required for placemehand soldering.

4.5.2 Standard SMT

Plastt leadal chip carrieis are employel where a hermetic
sed is nat required Othe constraing include limited tem-
peratue range (typically 0 °C or 70 °C) ard homind envi-
ronmenth protection As with plastc DIPs they haw the
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advantag of low cog as compare to ceramc packages.
(See figure 4-17)

Premolded Plastic. The premoldel plastc chip carrier was

designe to be connectd to the interconnectig substrate
by mears of a socket Spring pressue on both sides of the

packa@ is intendel to constran movemem as well as

allow for substrag¢ warpag as high as 0.5% Solde attach
to the substrat is also possible The desi is also intended
to make use of silicone encapsulantechnoloy for chip

covera@ and protection.

The Joint

Type AL

wrappel

packa@ cpn be eithe directly mountel to a p
boad or ysed with asocket It is availabk with

[0.050 in] lead pitch. The origind mechanjch qatline
drawing of this packa@ was defint bas on a re %@

iON $ ecCifielard
Postmoldi packag

2 etha h
8‘@
52-, 68-, §4-, 100- and 124

JEDEC sfandad M
ing.

solde. The tin/
D.00@B in] thick.

ea developd for applications
High densiy. The TQFP, along
usal in memory
squae TQFP famjly comes in 13

es ead of which sizes can qone in eithe a
mm pitch. Ther are thergfoe 39 configu-
dquae TQFPs (See figure 4-19)

differert pin count are allowed fof ead package,

tof which comply with the standad (¢.g, a 5x5 pack-
with a 0.3 mm pitch can hawe eithe 56 or 48 pins and
still mee EIAJ-7404-1).

QFPs are alo squae ard rectangula ang cone in larger
pitches Whereve applicable the body sizgs of the compo-
nenst ard lead pitch usualy dictates the relationshig and
pin numbes for SQFR and QFPs tha have the sane body
size.

Leads shoull be solde-coatal with a tinflead alloy. The
solde shoutl contaih 58 to 90% tin. Soldg may be applied
to the leads by hot dipping or by plating from solution.
Platad solde terminatiors shoutl be subjgctel to postplat-
ing reflow operatio to fuse the solde. The tin/lead finish
shout be at leag 0.00% mm [0.00B in] thick.

Figure 4-17 PLCC (Square)

4.5.3 Fine Pitch Packages

Flatpacls are widely usal in a variely of applicatiors for
commercial industrial or military electronics.

See figure 4-18 PQFR hawe leads on a 0.63 mm pitch.

Leads shoul be solde-coatel with a tin/lead alloy. The
solde shoutl contaih from 58 to 90% tin. Solde may be
applied to the leads by hat dipping or by plating from solu-
tion. Platad solde terminatiors shoutl be subjecte to

4.6 Sockets

Sockes for PGA package can be broady classifial in two
categories i.e., Zero-Insertion-Fore (ZIF) and Low-
Insertion-Fore (LIF) sockets.

4.6.1 ZIF Sockets

Zero insertin force (ZIF) sockes usualy depem on a
lever- activatel can mechanim to engag and disengage
the socket The socke has two positions i.e., actuatel and
open dependig on the position of the levd mechanism.
Sone sockes use atod insteal of a lever to actuae the
socket Thee sockes occupy minimum area and are

W


https://iecnorm.com/api/?name=1da7cb5a666592bad70a46fc3673cfba

J-STD-013

Copyright © 1996, IPC; 1998, IEC

July 1996

which sometims also has abur at its end requires a sig-

nificantly highe insertin force than the roundel pin tip

shage or the conicd pin tip shape In the cas of the more

complex contad¢ desigrs in the scrav machine sockets,
the effect of pin tip shag on insertia is not as apparent
becaus it depend on othe factors suc as barrd diameter
ard the design and layou of the contact The extraction
forces requiral to remo\e the packag from the socke are
not a function of the pin tip shape but depeml on the con-

tad design.

Earlier PGA package had low pin couns and low power

Figure 4-19 TQFP & QFP (Square)

known as todl |actuatel ZIF sockes or TAZ. The user
insers the Pin [Grid Array packa@ into the open socket
using negligible force The lever or the tod is usel to
eithe slide the packa@ pins into the contacs or slide the
contacs over the packa@ pins This operation requires a
minimum of force This socke type has been usel in test/
burn-in applicatiors and for end use applicatiors for
upgradesTraditionally the drawback associaté with this
type socke are[the additionad red estaé required on the
boad (this is lefss of a problem with the TAZ socket) th
greate socke dod ard the occasionhapplicatiors
the movemehn qgf the lever may be obstructe by the
sink design.

4.6.2 LIF Sockets

The secomnl cafegoy is the LIF s
main variatiors |n this socke type|i.ext
type ard the stampe and forfaed ty
to as the true Ly F sockets;
two categoris i tha in the stag
single contad g
comparel to the
piece is atwo-|
ing. The LIF sq
vide adequat réd
the pin progres
As a consequencesone

inset the packge in\the socke

3N& open the contact.
5 required to completely

Differert manuf
difference being the conta¢ materia) the surfa@ finish
ard the numbe of tines that constitue the conta¢ ard the
desiqn of the socket The totd insertian force depend on a
numbe of interactirg factors sud as the numbe of pinson
the package the alignmen difference betwea the pack-
age and socket the conta¢ desigrs and the pin tip shape.
The pin tip shap affects the insertia force in tha differ-
ert shaps encounte differert forces during their progress
into the contact This effect of pin tip is mog apparent
when insertian force is measurd for a stampe and formed
socke with a two tine contad¢ piece The flat tipped pin,

ntad forceywas usually
Qcke d\leng shock

COb ard the
has of the

ntat¢ alone
ard vibra-
nechanical
socket.

active and
connection
tRyCty his “‘interconnectia structuré is thelconductor
instlate” backbom that provides the bast infrastructural
ehicke for interfacing and interconnectig the|electronic
ens componeh parts Typically the complexiy of a
systen is reflectal in both its componerg and their inter-
connectiry structures.

The interconnectig structue function has been perceived
primarily as a simple electrica interconneg and was
designeé from a conducte routability (phob tdoling) and
schematt documentatin perspective Howeve} as speed
ard frequeng increase the intrinsic electricd |functional
characteristis of the conducte-insulata structye become
velry significant.

Also, the interconnectig structue functiond r¢le to pro-
vide thermal mechanical chemicé and opticg require-
mens in addition to electricad functionali no longer
be trivialized.

Although grea advancemenin semiconductotechnology
has occurral in the pag decadeit is of little consequence
unles thes sophisticatd chips can work and talk to one
anothe. To do this electronc communicatio economically
ard reliably requires a recognition of the importane of
substrag design and the multifacetal interrelationships
containg therein and a viable industy infrastructue that
can implemen the desiqn using state-of-the-dr environ-
mentally benigh materias and processes.

R


https://iecnorm.com/api/?name=1da7cb5a666592bad70a46fc3673cfba

July 1996

Copyright © 1996, IPC; 1998, IEC

J-STD-013

Interconnectig structures can range from simple single-
sided board (one layer conductie pattern) to a double-
sided (two layers of conductive patterrs having ead side
interconnecte by plated through-holes)to a multilayer (an

intricate multiple three dimension& conducto - insulator
netwok having thousand of plated through-hols along
with blind and buried vias). Usually as performance
demand increase so does the densiy and complexiy of

the entire structure.

The steag advancemenof electront packagig technol-
ogy continues to hawe asignificart technologichimpad on

assembt methal tha can be employed Which intercon-
nectin structure-bas materid combinatian is the correct
oneisvery much a matte of individud productian require-
ments and the final choice is normally arrived at by con-
siderirg the trade-dfs of conflicting needs Following are
brief descriptiors of commony used printed boards.

5.1.1 Rigid Printed Boards

Rigid printed boards (printed wiring and printed circuit) are
the standad of the interconnectia industy and as suc are
the mog Wldely availabk interconnectio method These

the subsfrate useal to interconnet todays electronic
assembligsThis advane has createl atechnologichneed
for finer gircuit lines and spacessmallg interconnection
vias and glated thru-holes lower dielectric constah mate-
rials, and| more strenuos thermd managemenrequire-
mens as Well as mary othe considerations.

The intefrconnectio structures supportirg todays
advancedfirst leve electront packags hawe becone key
limiting elemens to the realization of the packagés maxi-
mum performane potential This section will review, in
brief fashjon the choices tha are availabk as packaging
and intergonnectio structurs from both maten 7

manufacturig technoloy perspectives.

Interconnectia structure for electront pac
evolval from the very simple to the extrem
Early circuits often employei metd
devices W i
point-to-poi
increasin
bette suit
em manu
pat of th
1940 ard

Continue
given rise
interconn
existing s
moden p
evea, song aré of grea
applicatigns:

@ value than othes in differing

interconnectio—structurs—are—avaitabkyin an alrray of
i itles from simple

noloy is by far
interconnecting

fructureshaving
Waer 1I.

the single-sided
pplications The

ek it possibe to

ipns.

netd layers nor-

ally interconnecté by mears of plate
houdh eyeles ard “Z” wires hawe alg
capaciy. As with single-sidel boards the f
ing capabilities of today can in certan ca
neeal for multilayer constructions.

Multilaye r Printe d Boards

Multilayer board hawe three or more lay
Thes are commony useal as the primanj
tronic interconnectia in todays sophisti
MLB s of more than 50 layels hawe been ¢

throuch holes;
servel in this
ne line process-
se preemp the

ers of circuitry.

mears of elec-
catd computers.
eatel to achieve

the desirel degree of interconnection.

Metal Core Printe d Boards

Metd core printed board hawe historically been usal in
casa where high powe devices were emiployal and ther-

The decisim as to which of thes technologis to use can
be facilitated if the use has abette understandig of both
the fundamentad tha goven ead of the technologis and
of the individud strengthsweaknessesand coss of each.
The balane of this section is devotel to a discussio of the
tradedfs in the use of ead technoloy throuch more
detailed review.

There are a numbe of viable approachgto creatirg inter-
connectio substratesEad of thes choices comes with its
own sd of advantage and disadvantagesard ead sub-
strakt has its own se of constraing with respet to the

ma managemenwas of paramouh importance Such
structures were commony enameld or porcelan coated
steé onto which the circuit patten was applied Howeve,

in the late 197G and early 198G with the advernt of surface
mourt technolog, the technige bega to be useal as a

mears of both extractirg hea ard managimg the codficient

of thermd expansim of standad multilayer boards.
Coppe-clad invar and coppe-clad molybdenum are two of

the more commony usel core metals They can also serve
as functiond grourd and powe layers when designed
properl, increasiiy their utility.
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MCM-L Constructions

MCM-L circuits have mudh in commam with standard
printed boards The maja difference lie in the feature
sizes (0.06 mm line and spacé and the finish (wire bond-
able gold). MCM-L board tend also to be smal and use
highe temperatue laminates They are arguabl/ the most
viable MCM alternatiwe today becaus of the large poten-
tial vendo base.

The resirs ard reinforcemerg can be, and normally are,
mixed and matchel to creae laminates tha med the spe-
cific need of the circuit designe and use, an important

throuch the berd areas) Platal through holes are com-
monly used to provide connectio from side to side.

Multilaye r Flex

Multilayer flex circuits are mog commony found in more

comple applications Military applicatiors are common.
Specid understandig of desiq is requiral to take greatest
advantag of this usefd technolog. As with double-sided
flex, multilayer flex desigrs can provide sone dynamic
capabilit, howeve, it is beg reserve for intermittert flex-

ing applications.

advantag in thg creation of todays comple circuits Table
5-1 compars properties of sone rigid substrates.

Table 5-1 Compariso n of Selected Material Properties

Coefficien t of

Thermal Glass
Expansion Transition
Substrate (X-Y) Dielectric | Temperature
Material (PPM/°C) Constant °C
Epoxy-Glass 17 - 18 42-50 120 - 130
High 17 - 18 43-46 150 - 180
Temperature
Epoxy-Glass
BT/Epoxy-Glass 15

Cyanate-Ester 12 - 14
Glass
Epoxy-Aramid 6-9
Polyimide-Glass 14
Polyimide-Quartz 6-8

5.1.2 Flexible Rrinted Wiring Board

A technologichjvariart of
flexible printed|board (alss

interconnectia
materials Like

from simple sin
tures of gred cq

Single-Side d Fl
Single-side fle
nology. A sing ;
nectel from ong side-With a cdve layer in place they are
mog commony| usél for dynamt flex applications.

Rigid-Flex

ted board
Like mul-

EMms.

avid users
can offer

cally been
hawe been
tesaramid
es suc as
it applica-
nhuch more

5.1.2.2 Polyester Films

Polyeste films are the mog widely usel for flexjble circuit
applicatiors in terms of materid volume thoudgh not nec-
essariy numbe of designs They are pervasie in con-
sume producs sud as printers membrae switches cal-
culatos ard das pané displays A typicd polyeste film
consiss of two joined layers the bas film, and a thin
coatirg of uncurel polyeste adhesive This mdterid is in
turn useal to creae the metal-clal laminat from|which the
flexible circuit is made.

Polyeste is significanty lower in cog than polyimide.

Doubl e Acces s Flex

Double acces flex circuits like single flex, hawe only a
single metd layer but the circuitry can be accesse from
both sides due to speci& processig tha provides opening
throuch the bas film.

Double-Side d Flex

Double-side flex circuits allow greate densiy without
greatly sacrificirg eithe flexibility or addirg greaty to
substrag height They can be usel in certan dynamic
applicatiors if designeé propery (e.g, single metd layer

Whitetravingthe reedeefectricaardmecharnichperfa-
mane characteristi for mog applicationspolyeste is lim-
ited only by its inability to offer continuos service at tem-
perature much abow 115 °C. While this may at first
glane appea to eliminak polyeste as acandidag for sol-
dering applications cleve manufacturig processg have
enablel certan OEM'’s to produ@ solderel polyeste flex-
ible circuits in mas quantities.
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5.1.2.3 Polyimide Films

Polyimide films are normally viewed as the materid of
choice for high-end high performane flex circuit applica-
tions Polyimide films are usel in sudh diverse applications
as disk drives camerasmissile systemsyvideo tape play-
ers and compute mice Like polyeste films, polyimide
films for flex circuit applicatiors normally consis of base
film and adhesive althoudh adhesiveles forms are also
available Unlike polyeste, mary more adhesie choices
are available suc as epoy, acrylic, and polyimide The
mog commony useal are acrylic-basd thermosettig adhe-

redue produd cost Relatel to comman rigid printed wir-
ing technolog, flexible circuits can provide advantages
othe technologis are unabk to offer. While flexible cir-
cuits shae mary of the sane manufacturig processs as
are usel to produe rigid printed boards ard thus are sub-
ject to mary of the sane limits, they require an increased
sensitiviy on the patt of the designe to mechanichcon-
cerns sud as bending folding, flexurd cycling, and strain
relieving.

Machining chemic& processig ard imaging of flexible
circuits are substantialf the sane as for rigid boards thus

sives Sug¢radhesiveattow potyimide flexibtetircuitsto
be soldergl with relative ease.

Polyimide films offer excellert performane over a wide
range of femperaturesfrom cryogenc to solderirg tem-
perature§While the materid tends to absob more mois-
ture than [polyeste, polyimide is at leag equivale in
nearly evey othe performane categoy, from flexural
endurang to tea strength In addition polyimide films
offer a urligue advantagein tha they can be chemically
milled; an| advantag well understod by manufactures of
TAB tapg This mears tha it is possibe to creae the
equivalet] of TAB bondirg sites directly in i
Admittedl, othe method can be useal to crea
effect, mog notaby eX|mer CO, lasers but su
normally

Table 5-2[ compare properties of comma fléxibl >
strates.

Tablg 5-
Comparido n of Selected PerQtie
Substrate

Coefficign t of
The ensile
Expahsio Dielectric Strepgt
Materig| (PPM/C/\ stant (KPSI)

Polyester 2(7/\ 3.
Polyimide

Aramid Paper
FEP 'R0 - {050\

5124 F cuit Technology
Flexible c iS one of the more interestirg of
the interd onnectug substrate avallabb for electronlc

assembli
from the othe technologlesThls is due to severa factors.
The substrag is flexible, normally quite thin, and almost
always unreinforced The combination of the® elements
provides the foundation for some rathe unusué design
capabilities as will be pointed out shortly.

5.1.2.5 Flexible Circuit Capabilities

Flexible circuits are unique amorg interconnectia meth-
ods They can at one time, offer weight ard size reduction,
elimination of wiring errors and increasd reliability, pro-
vide a three dimensioné interconnectio system and

the process- impogek limita S for flex|ble circuits are
n addition new
ng covercoating
lv related matter
g brief introduc-
acilitate ently to

pf a flexible sol-
€ serves to pro-
the environment Howeve, with flex-

#ould occu in the coverlaye’s absence.

Opening for interconnectia in the cover
producel by drilling, routing cutting, pun
The mod comma methods especialy i
are drilling and routing Thes processsd

aye film can be
ching or lasing.

smal quantiy,
efine certan fea-

ture desiq limits. For example squae cprnes are not a
reasonald possibility for a round tod prpcess Howeve,
flexible circuit manufactures often hawe aptod of creative
solutiors that can be applied to the droblem if it is
necessar

Finally, exime lasers though somewha dostly to operate,
can be usal to photo-ablag the coverlaye from the surface
of the lands Sud a proces would yield a well-defined
cllitate assembly

processes.

5.1.2.7 Bending and Flexing Limitations

While only a relatively smal numbe of flexible circuits
are designe for dynamt flexurd applications the vast
majority (if not all) of flex circuits are bent folded or
flexed at some time during therr life. This featue is usually
taken advantag of during installation when the circuit is
transitional from a 2-dimensioné& circuit to a
3-dimensionkinterconnectia system thus understanding

20
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of the desim rules for bendirg and flexing is of conside-
able importane to the designe.

If the designe adhers to the practie of placing the cop-
per circuit in the neutrd axis (i.e. equivalen thicknes of
film are placal on both sides of the coppe} then the fol-
lowing guidelines will serve For single metd layer flexible
circuits, the minimum berd radius shoutl be 3 to 6 times
the thicknes of the circuit. For example a typicd single
metd layer flexible circuit is approximate) 0.15 mm thick,
thus the minimum berd radius would be roughly 0.4-0.8
mm. With double-sidd circuits and their addel thickness,

5.1.3.2 Bonding Material

The bondirg interlaye materiad for boards is also specified
on the maste drawing ard is in accordane with IPC-L-
109 Othe bondirg materiab may be utilized providing
they confom to the performane requiremerg of IPC-L-
109 Suficient bondirg materid mug be usel to provide
for a minimum dielectrc layer thicknes specifia between
adjacen etchal conducto layers.

5.1.3.3 Composite Metallic Material
When specifi@l on the maste drawing composie metallic

the factar is raij;ed to 6-10 times the circuit thickness and
for multilayer, 10 or more times the thickness.

Obviousy, as the packag becoms thicker the stiffness of
the circuit incieasesAccordingly, the designe should
attemp to keep|layer couns down if bendirg is required.
Thisis especial true for dynamt flexing, whete minimiz-
ing both coppd thicknes and overal materid thickness
are key to creatirg a viable product Dynamc flexurd life
is alo very muth influencel by berd radius Bed practice
allows tha the larged possibé radius be provided but that
it not be less then 40 or so times the circuit thickness.

Mainframe and [supercomputemanufactures thus p
for a packagim|technoloy tha would incorporate:

e Low diejectrc constam (<4.0) insulatirg ma
* Low resjstivity conductors
« Tight tolerane line widths s

impedancs (Z°)

* Fine ling width and pitch to obtainhig
nectin iring der@l
 Multilaygr structure 9 fu ingrea®

sity and|to creae traf
high dath speed

5.1.3 Encapst
Boards

Discree wiring
an embeddd ne
tors with platedtthroug holea
hole terminatiofs.0rf connections.

materia | type des-
ignation mug g.

5.1.3.4 Adhesives

e the same
ik provide
ifiel on the

following

Lifae type

pe plating

ensike Strength—24818 KPa [36000 Ib/[n?] mini-
mum.

When testeal the full build electroles coppe dgposi must
med the following requirements:
Purity—99.8%6 Cu minimum.
Elongation—6.86 minimum.

Tensie Strength—24818 KPa [36000 Ib/|n?] mini-
mum.

5.1.4 Nonorganic (Ceramic) Structures

The materid mod suitabk for the particula application
shoutl be determiné by examinirg the foIIowi]:g prope-

5.1.3.1 Wire Materials

The wire usal is an insulatel wire which mees or exceeds
all of the requiremerg of J\W-1177/15 ard has its size
specifiel on the maste drawing The core conducto is

composd of eithe coppe conformirg to the material
requiremerg of QQ-W-343 coppe-cadmiun alloy con-

forming to the materid requiremerg of MIL-W-82598 or

as specifi@ on the maste drawing The insulatian is com-

poseal of cured aromatc polyimide which exhibits a ther-

md rating of Class 220 when evaluate in accordane with

ASTM D-2307.

ties of substra¢ materials:

Thermal Conductivit y. The ability of a materid to conduct
hed away from critical circuit componentsNormally mea-
sura as cal-cm/s-cmd ‘C. High therma conductiviy is
desired.

Electrica | Insulation . The ability of the materia to insulate
variows circuit componerg from one anothe. Normally
measurd in ohm/cm High resistivily is desired.

Mechanica | Strength . The ability to withstard mechanical
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shock Younds modulus flexular strength tensike strength,
and compressie strengh are considerd measure of
mechanichstrength High strengh is desired.

Refractor y Property. The ability of a materid to withstand
high temperaturesMelting point is an indicata of this
propery. This propery is usually desirabé ard absolutely
mandatoy for processerequiring hed treatment.

Chemica | Susceptibilit y. The ability to withstard exposure
to chemicals It is very desirabé for substrate to be inert
to processig chemicals.

rangirg from 0.25 to 1.25 mm or greate, and in a variety
of shaps and designslt is refractoy, and the finished sub-
strak can be drilled or cut with diamord tools or lasers.

5.1.4.2 Beryllia Substrates

Beryllia (polycrystallire BeO), with impurities for physical

propertiesis primarily usel in applicatiors requiring rapid

hed remova from the circuit. Like aluming beryllia sub-

strates are availabk in alarge variely of sizes thicknesses,
shaps and designs Beryllia is less widely usel then alu-

mina due to its toxic natue in the powde form and its

Weight. Weight may or may not be aconsideratia based
on the application.

Metallizabilit y. The ability of the materid to be successfully
metalizel jwith thick-film, thin-film, or othe metallization
techniqug.

Cost. Thdre are wide variatiors in the cod of substrate
materials

Table 5-3|provides information on some of the physical
characterjstis of non-aganic substrates.

5.1.4.1 AJlumina Substrates

Alumina qubstrate are mack of polycrystallire A
smal ampuns of metd oxide glasse to achiewe
physicd pgroperties Aluminais t
materid hecaus it is readily
from tiny| chips to large a

ool "
rmyria CUSL

[-coe substrates,
strength shock
atively low cost
ing the metd can
ow it to be used

mponeh mount-
n withstard such
b compartments.
B requires a low
with that condi-

Thermal Thermal
Conductivity Expansion
charjcal (Cal-cm/Secm 2- Coefficient Environmental Dielectric

Matenal Integyit (X 10°%/°C) Compatibility Constant

Alumina Hermetje Brittle 0.08-0.09 7.5-8.0 No Limit K =9-10
-50K PSI
Beryllia fnetic Brittle 0.59 8.5 No Limit* K=6.5
33K PSI
Coated JHermetic Shock 0.005 5.5 to 6.5** No Limit K=54
metal-corg Resistant
Cofired Hermetic Brittle 0.035 6.0-7.4 No Limit >10'* ohm-cm
multilayer| 55K PSI K =7-9
ceramic
Glass Hermetic Brittle 0.0018-0.0028 3.2-9.0 No Limit K =4.0-7.2
Quartz Hermetic Brittle 0.0045 8.0 No Limit K=3.8
Oxidized Hermetic Brittle — No Limit —
silicone
Sapphire Hermetic Brittle 0.0095 5.0 No Limit K =11-13
Ferrite Hermetic Brittle — Dry —
atmosphere

Organic film Non-Hermetic Flexible 0.00037 20 No High K=35
polyimides Temperatures

*Material is very toxic.
**For coating only.
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5.1.4.4 Glass Substrates
Glass substrate hawe limited applicatiors due to their rela-

tively low reliability and low processig temperatures.

Their chief application is in display devices specifically
gas-dischege types They are typically usal in applications
where cog is an importart factar.

Glasss are mechanicall sound but brittle, and are subject
to breakag if exposd to high impad forces Glasss are
usualy not goad thermd conductos and are not used
where high hed dissipatia is required Glasss hawe very
goad surfae finishes very low warpags and cambers.

The materid is relatively strorg but is apoa conducto of

heat The dielectrc constant as well as othe mechanical
ard physica propertieswil | vary dependig upan the crys-

tal orientation Therefore care mug be exercisé to specify
the prope crystd orientation.

5.1.4.8 Ferrite Substrates

Ferrites are typically usal in microwawe applicatiors where
a magnetc materid is required Circulatois are one
exampe of this application.

The materid maintairs a uniformity of substrag properties,

5.1.4.5 Quartz |Substrates

Quart is availapbk in two forms (1) fused quartz or silica,
ard (2) single-grystaquartz.

Fused Quartz. Huseal quart is similar to glas ard is used
in microwa\e applicatiors becaus of its consistenhdielec-
tric constam ang low rms surfae finish. As with glass it is

a poa therma ¢conducte and cannd be usel in high heat
dissipatio appljcationslt is very fragile, and extrene care
mug be exercigel when it is handled Its cod is moderate
and the materid is readily availabk from mary sources.

Single-crysta | Q
catiors whetre ar
in acoustt wa
varies according

silicon layer, caf
ating speed.

The primary use of this materid is for thin-film precision
resista chips and networks.

5.1.4.7 Sapphire Substrates

Sapphie is usa in microwawe applicatiors as areplace-
mert for alumina substrate when a superia surfa@ finish
ard low cambe are required Sapphie is an expensive
single-crystamaterid (AL,0;) and is limited in size to the
diamete of the boule from which it is cut.

e.g, dielectrc constah and dissipatign factapHerrites can
be obtainal with goad surfag 2 low cam-
ber. Howeve, they are hritle a W susceptibd to

5.2 Material Sel
Printed wiring™
creata on am

organic
ten with a
s of both
ailabk for

an hawe a
shed prod-
pad is of
portance.

2.1 Reinforcement Material Properties

Reinforcemehmateriat are the ““backboné of ja laminate
structure They provide the strengh and dimensionastabil-
ity required to make the laminat aviable intergonnection
structure They also contribue to the electricd|properties
of the laminae and can influene manufacturapbiliy if not
selectel with care The following are sore of| the more
comma reinforcemen materiab used in making printed
wiring laminates.

5.2.1.1 Fiberglass Cloth

Fiberglass cloth is the mog comma reinforceneh mate-
rial in use today. E-glas or electricd glass is th¢ mog fre-
qguently employel for this purpose due to its very low
contert of solubk ionic componentsE-glas is availabk in
a variety of weawe styles and thicknesse in orde to meet
the varied requiremerg of multilayer printed wiring prod-
ucts In addition to E-glass anothe type, S-glas or high
strengh glass is alo available S-glas is lower in dielec-
tric constam (values of 35 - 5.2 hawe been reportal for
S-glas versts values of 5.8 - 6.3 for E-glas$ and may
prove usefu in certah high speel applications.
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5.2.1.2 Quartz Cloth

Quart cloth has been usal as areinforcemeh materid in
certan high performane applications especialy when
tightly controlled dimension&atolerance ard alow codfi-
ciert of therma expansio is sought Quart cloth material
is, howeve, very expensie and extremey difficult to drill,
normally requiring diamord drill bits to process.

5.2.1.3 Aramid Fiber

Aramid fibers suc as DuPort Kevlar® hawe been used
eithe in woven cloth or choppé filler form when low

intermedia¢ betwe@ epoxy and polyimide yet their cost
does nat usualy justify the addal expensg associate with
the increasd temperatue capabiliy of polyimide The
electricd properties of the resirs are nearl identicd to
those of normd epoxy.

5.2.2.3 BT-Epoxy Blends

BT or bismalimice triazine/epoy is anothe high tempera-
ture resih systen with the addel advantags of a relatively
low codficient of therma expansio (approximatef 70%
of tha for epoxy ard a lower dielectrc constah when

thermd egRpansior rates N e X ard Y axes are sougnt.
The low djelectrc constai of the materid and light weight
when conpare to glass cloths makes it an attractiwe alter-
native for|those applicatiors where suc a mix of prope-
ties is adyantageousA disadvantag of aramd fiber rein-
forced larhinates is tha they hawe a fairly high rate of
thermd expansia in the Z direction below glass transition
(~90 ppm/C vs. ~60 ppm/C for FR-4), consequentyi
plated through-ho reliability could be at risk if care is not
exercisé |n design manufactue and assemb}. In addition,
drilling ard routing of the laminat can be difficult and thus
costly dug to the toughnes of the aramd fibers whic
leave smal fibers on cut surfaces.

5.2.1.4 Fluoropolymer Fiber Cloths

Fluoropolyme fiber cloths are al availabk as
mert for |Jaminates The fibers ip
actualy h
much low
available
mace with
3.0 versis
laminates.

5.2.2 Redi
The choid
performal
mechanidE
comman 1

both electricd and

5221 E

Flame ret X
printed boad resirs for mary years A thermose resin
(requiring hed to cure and harden) flame retardaih epoxy
has an excellen blend of properties that make it well suited
to mog electronc applications.

5.2.2.2 High Performance Epoxies

Thes resirs were developd to fill a niche betwe@ more
expensie high performane resirs ard the lower cod regu-
lar epoxies Thes resirs are often employel when higher
temperatue performane is required but cod is important
as well. The operationh temperaturg of thes resirs are

(e o H V2= = 2 AN
LUNMPare tu Tiutiia TPUAIG (0.0 Vo o.U).

5.2.2.4 Polyimide

ratug resistance
sirg for prlnted Cir-

i tha a product
th the attendant
ct.

d more demand-
@ resins it is well suited for ther-
ad bondirg of TAB deyvices The only
of polyimide is tha it hps agreate ten-

hangs in electricd propertiesbut itsladvantagetend

3.2.2.5 Exotic Blends

Exotic blends are thoe materia tha sef\e very specific
application ard thus see mud lower usage Thes materi-
als tend to be more expensie thouch there are many
exceptionsIn sone cases materiat are cpnsiderd exotic
only becaus of their more limited availability.

5.2.2.6 Cyanate ester

Cyanae estersthough somewhacostly, appea well suited
to sene in applicatiors where goad elegtrica properties
and goad thermd performane are soughf simultaneougl.
This is evidencé by the resiris low codficient of thermal
expansio (which is roughly equivalen td tha of polyim-
ide) and its Iow dlelectrc constam (2 9 VB 3.0 for epoxy

: #5 alwo tend to be
toughe to oﬁer better adhesmnard to be easie to process
than sone of the alternatives.

5.2.2.7 Fluoropolymers

Fluoropolymers such as DuPonts Teflor®, offer the low-
ed dielectrc constamnvalues (2.0) of all normally available
resh systens for printed wiring laminates The materid is
alsq howeve, quite soft, has alow Tg and also has afairly
large codficient of thermad expansion requiring extra
effort in circuit design to accommodat its weaknesses.
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5.2.3 Permanent Polymers (Solder Resist)

Permanenpolymess are materias tha becone pat of the
printed board They are usualy usel as aresig to protect
the boad from the action of a manufacturig or assembly
processThey may also be usal as adeteremh of damaging
the circuitry during the lif e of the equipment.

While technicaly not a substra¢ materia) solde resig can
play a substantibrole in defining the properties of the fin-
ished product Solde resist or solde mak as it is also
commony known is applied to the printed boad both to
prote¢ the conductos from being solderel as the nhame

Tradedfs with manufacturigg mug be realized in that thin
cores with thin coppe are difficult to hande and may affect
yields.

Printed boards are availabk in an array of complexities
from simple single-metal-layecircuits to high-laye-count
multilayer interconnectia structures The processig of
thes producst entaik the use of mary differert manufac-
turing technologiesincluding numericaly controlled drill-

ing and routing, lase imaging electroles and electrolytic
plating laminating scree printing ard pho imaging The
manufactue of printed boards can be extremey involved,

implies and alg to physicaly prote¢ the surfa@ from
environmenthdamag after the assembl proces has taken
place The matgria is availabk in both liquid ard dry film
forms Printed boad manufactures differ in manufacturing
approab ard thus the type of solde resig usel can vary
betwea suppligrs Liquid, screa printed types are the ones
mod commonif specifiel and used Howeve, when the
featule size requiiremerg becone more demandingsud as
for BGA or fing pitch surfae mourt packagingthe use of
photoimageable-tygosolde masls is often mandated.

5.2.4 Metallic Foils and Films

Coppe is the mog comma metallic coatirg for pxinted
boad laminates
Among foils the
coppe. Thexe a

are often applig
sud applicatio
required.

coppe coatingd
processg sud

(i.e. lessthan 1
desiral thickne
the productio d

5.3 Manufactufi
The constructi%/of the:printed boad will more than likely

be determiné by the-electricd¥mpedane contrd required
for the applicafonif arny, and the nea for moduk inter-

and yields are sensiti\e to proces-sgmplexity:

and can be
e Thus it
tations of

Hivere set
tographic.
itations In
me unde-
turig pro-
mod help-
ncen that
ed wiring

Machinal features consis primarily of holes |slots and
physica profiling of the board In general alll machined
features shoull be as large as possible without violating
the designs function Holes for instance shout| not create
an aspet ratio greate then 3- 35 : 1 (thickneiof board
to hole diametey for greatesea® of manufactue and best
overal reliability. In specid situations holes wWith aspect
ratios greate than 3.5 : 1 hawe been createl byt this will

greatly increag cost Also of note is the fact that plated
through-hols with aspet ratios greate than 3|5 1 have
bee shown to be more susceptild to damag during ther-

md cycling.

In addition to minimizing the aspet ratio, mg¢chanically

connectionsWith the increag in high lead court compo-
nent and complicatel suppot chips six-ard eight-layer
structurs with highe layer thicknes tolerane can be
expected Thin ard light wiring board for portabke com-
putels and telecommunicatios are linked to thin cloth
applications.

Six-laye structure on the orde of 0.66 mm are in the
marke today in card form, and also provide aplatform for
emeaging MCM-L technolog. Conducte thicknesss and
spacirg contrd becone more of an isste with thin cores
becaus of the tight tolerancs in the construction.

drilled holes should if possible be kept greate than 0.35
mm with 0.25 mm beirg considerd a preferrel minimum.
Smalle drills are more delicat and less amenal# to pro-
viding the economis tha can be enjoyel by stadk drilling.

Additionally, very smal drill bits are more expensie than
larger diamete bits. Howeve, with lase drilling,

microvias of <0.125 mm [0.005 in] diamete are common
but there are a limited numbe of supplies with sud capa-
bility.

Warp is an importart concen for thoe attemptig to
mourt todays mod advance electronc componerg onto
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printed wiring substratesWarp is measurd by holding

down three cornes of the printed wiring boad on a flat

granie or othe suitabk surfae and measurig the distance
the fourth corne rises off the surface The levd of toler-

ane is an importart consideratio becaus of assembly
conditiors and for the reliability of the finished product as
residua stran from warp can fatigue the miniature solder
joints createl on todays micro devices.

5.3.2 Image Transfer
From the perspectie of the designe and use, photoimag-

5.4.1 Wiring Via Densities

The fundamenthquestio to ask when trying to rout finer
pitch componergis whethe or not there is a deng enough
via grid to accep the required I/O and referene (or
power) The ned to increag via density belov 2.5 mm to
interstitid grids and mowve into the future to a 1.25 mm grid
ard less is adired resut of high lead court components.

The convention& plated through hole (usel to escape
straigh 2.54 mm through hole componentsis too large in
diamete and has too large aland to allow enoudn wiring
paths to escag mary of the new fine pitch perimete com-

ing is perirasthemosmportartmanufacturigprocesin
printed wiring production It is the photoimagily process
that normglly holds the key to succes or failure of the fine
featural irfterconnetstructure that today's high lead count
compongnd normally demand Creatirg the images
requira fpr fine-line circuits is a highly demandig task
ard mandats scrupulog attention to detal and extreme
cleanline$sThe modg successfuprinted boad manufactu
ers hawe dean roons for their imaging processes.

Recen aglvancs in processig technoloy hawe led to
breakthrpughs New electrophoreti photoresiss are
capabé of producirg very fine resolution of gircui ~
tures Thdudh thes processeg are known to bs
producirg| features of less than 25 um, currert
limitationg on featue size are approximatel 75 pm line
ard 75 um space (though sore OEM's hawe d

the ability| to produe circuits wjth\| z

pm in limjted production) This'will be

cem for sprre time to come 3
certainy demauwl eve finer
5.3.3 Fedture chareé>s i

(Size, Shd

Featurs
array or [l
assembt
valry. Lang
to allow f
discourag

5.4 Condpctor Routing Methodologies

ponentsand mary of the pembal gridartay (BGA) pack-
ages.

iamete permits
ensiy, and there-
mponeh escape.
of the art are
eplating difficul-

ith decreasgin

ill allow smaller
ard spacesthus

hen pitch in that
escap rate per
via densiy will

ate miniaturization in both supportirg highe function
somponerg with more I/O, and also in compactig the I/O
iciently to the limits of the assemby tedhnoloy usel on
high lead components(See sectin 6)

Blind vias are a usefud tool, especial
desigrs and memoy applications where
togethe memoy modules can be achie
blind vias Benefit are the ability to free

in pad master
h patten to link
vel easily using
up wiring chan-

nels opposie the blind via, where normally there would be

a hole and land.

In addition back-to-bak blind vias allow|
for surfa@ wiring than a single throuch
blind via can hawe a distind circuit assog
blind via is not particulary usefu in cas
numbe of signak mud be escapd in mar

more flexibility
via in tha each
jaté with it. The
s where a large
y layers sudh as

with BGA pnhl{ngneThn fhrmlsh viais g

goad choice in

High lead court componerg creag challenge In the
desigqh of printed wiring board in two principd areas:
componeh escag and componeh pitch. Component
escap can be definal as the task of finding accessil# con-
nectiors to the printed boad plated-throu@ hole (PTH)
grid. Componen pitch helps to determire how close
togethe high lead court componerg can be placed Both
area array and perimete package creat desig challenges
for escap ard pitch. The principd problan is one of a
competition of printed boad features in limited space.

thes cases(See figure 5-1)

Buried vias hawe vely little impad on the escag problem.
They may increag wiring opportunities module to module
by allowing 90° turns within the laminate and in tha way
may allow tighter componeh spacing than with conven-
tiond throudh or blind vias For throudh vias to be effec-
tive, they mug be smal enoudh to allow suficient wiring,
a diamete .3-5 mm ard lower in the future.

The ultimate in via structue is the stackel via, where bur-
ied, blind ard throudh vias may be placel as neededand
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Figure 5-1 Mulfilaye r Construction

0.65 mm Land

0.84 mm copper lan

—,  Solder mask over

solder land
1 —

E Via
Cross Section

v p
minate

per

3

0.3 mm finished plated through hole

0.3 mm wide line between lands
Photoimageable Solder Mask

0.72 +0.037 mm opening in solder mas|
0.75 mm nominal design point

Ider Mask Defined Land for PBGA

Finished Dimension
0.3 mm finished plated throughihole

Solder Mask Defined Land forCBGA

Finished Dimension

2N

<&

0.65 mm Land
0.3 mm wide line between land$

Photoimageable SolderjMask

Opening in solder mask
0.65 mm for 1.5 mm pitch PBGA]
0.58 mm for 1.25 mm pitch PBG

P

0.79-0.89 mm copper land

— Solder mask over copper land

solder land
2

ARV

laminate

Cross Section

Figure 5-2 Sol

ler“Mask Defined Land Patterns for CBGA and PBGA

layers can be joined togethe at the composite depending
on the requiremerg of the particula design The process
challengs are for this kind of technolog, as are the CAD/

CAM systens needé to suppot randan via placemenand
wiring.

Signad routing for high 1/0 BGA ard uBGA device mug be

transferre throuch via holes to othe circuit layers Via

holes drilled and plated in the attachmensite, are acon-

sideration but, unles plugged or plated closed will draw a

significart volume of solde from the attachmensite when

liquified. It may be possibé to compensat for the solder
materid migration but the strengh of the solde fillet will
be compromisd if a significart volume of the solde alloy
is displacel from the attachmeharea.

Adding circuit layers to the rigid printed boad adds cost.
Howeve, multilayer constructio with via holes drilled and
plated throuch all circuit layers is more economich than
the sequentibproces steps neede for blind or buried via
holes.

The boad designe mug weigh the efficiency gains of
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sequentiblaminatia versts the cosk associate with fab-
rication proces yield.

5.4.2 Conductors Geometries

The next desigh and manufacturig challeng is the con-
nectin of the chose via grid. Internd lines and spaces
will trend towards 100 um, from todays standad of 125
pum, ard in the future to 75 um to take full advantag of the
tighter via grids. Three lines per channé betwea vias area
is a desirabé desigqh point becaus it permis flexibility in
connectio to the via or bypas to anothe point In order
to maintaj -yt s i i
ner foils g
cesss or
to execug

As highei
mon, high

5 low as¥4 oz will be required Electroles pro-
ery thin foils with coppe plate may be required
thee fine line designs.

performane componerg becone more com-
performane or electricaly controlled carriers
will alo He needé to maintan communicationsDesigners
will neal [to be concernd not only with conducte width
ard spacifg but also with the tolerance associaté with the
desigq sypten and the artwoik and circuitizing technolo-
gies.

Conductq spacings less than 2X the line wjdth)\xcan be
noisy if ysal in high spee applications Mahufac

yields will also beneft by greate conducte spacing The
god is to achiee three lines pe channé with maximum
spacimg and velry tight via densities.

Drilling via holes ard plating in the attachmen site are
possibe but, unles the hole is pluggeal or plated closed,
the hole will draw a significant volume of solde from the
attachmensite when the solde is liquified. It may be pos-
sible to compensag for the materid migration but the uni-
form strengh of the solde joint shout not be compro-
mised.

of an offset via
ventiona multi-
rovided between
ia pad and hole.
)@ via pads and
ble covera@ by

nd and hole are
device land pat-

jne may choose

03 mm finished Iateh ho

0.3 mm finished plated through hole

Finished Dimension

0.65 mm Land
0.3 mm wide line between lands

Photoimageabie Sotder Mask

0.65 mm for 1.25 mm pitch PBGA
0.58 mm for 1.5 mm pitch PBGA

0.76 mm £.025 mm
Clearance between land and solder mask

N <

——

— Solder mask away from copper land

solderland

=

v Land for PBGA

Cross Section

PWB

laminate Finished Dimension

Figure 5-3 Land Defined Land Patterns for CBGA and PBGA
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the maximun clearanceswided signd conductos and
largeg spacingstherely maximizing fabricatian yield and
controlling PCB costs If the desigh demand highe den-
sity circuit routing with finer conducte width and closer
spacing the boad will be more difficult to manufacture,
increasilyg overal produd cost The examples shown in

Figure 5-4 and 5-5 compae routing patts possibé by

adjustirg via land geomety and via hole size.

If a solde mak definal land patten is preferred the land

patten diamete can be enlaged by 0.25 mm (.010 in) to

facilitate registration of the smalleg mas opening-to-land
diamete.

5.5 Test Methodology

5.5.1 Electrical Continuity

Electrica | Probin g - Continuity testirg shoul be capabé of
testirg peripheré package with pitches as fine as 0.3 mm.
Automatel opticd inspectio of both inner and oute lay-

it

o |
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o
QO
?

.b
3
3

?

)

Xy
enpee
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e peiee
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”*
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21mm BGA

Figure 5-4 PWB Top Surfac e Inclyich

Figures 5-4 ard 5-5 shcw
ard holes that 3llow for thefal
of specift suf
escapse possible.

Rigid multilaye
primaly mater|
designe mug c[s
the impad of th
substra¢ and th S
will permt lowér circuit densiy; but the addel layers will
increag the subpstta¢ thicknes of the substrag ard fabri-

ersis requirel for high densiy cieuits.

b measure
erifies an
Coupa on
circuit.

iability is of
cterization.
&nts especiay when evaluatirg the

rhaterials processg and strudture used.
meaningfll acceleratd tess pertainirg to the specific

cation complexity.

5.4.4 Fine Line/Circuit Layer Trade-offs

Finer lines and spaces althoudh reducirg the neal for
addel circuit layers may prove to be more costly due to
the lower fabrication yield. Alternative fabricatin tech-
niques are availabk for preparimg the interconnectig struc-
ture, ard they may prove more economicéa for specific
applications The data furnishel in table 5-5 may assis the
designe in specifyirg signd routing complexiy for con-
ventiond etcheal coppe multilayer circuit structures.
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0.76 mm(30 mil) pads
\ &&&Lﬂf& yyyﬂfw* ./ 0.2 mm (8 mil) lines
= =
—owvvoeceoeececeddo— O |
—00000000/000000 00— pad I
—..Q....C..Q..Q‘O—\\ N
“eveocceoovoecoees o O
—00000000000000 ¢ 00—
—00 000000000000 00—
___‘_’..OQ....‘Q..QE
T 0900000000000 000
TON200000 QQ....?Szinz
T 9000000000000 00Q oA
+es00000000000000o— ' only
T80 00000000000 000—
Sheees N
| i nininielipa
21mm CBGA 16x16array
Figure 5-5 First Two Rows of the Array Escape on the Top Sur@
Table 5-4 Number omapes Aersis Arra’y on Two PWB Layers
Two signal layer PWB’s will be Sl}gﬁm B\ckkangor properl y planne d pinouts,
ev or v ighinlead counts:
=N \Number of Traces betwee n Vias
NRZ 2 3
Ary Size éal\m@(\ NS ollo ollo
1} x 14 N 196 [N 12 196 196
1p x 16 [ VRN \( N\ 236 256 256
1px19 2 36l 272 316 352
21 x 21 AN AN 304 356 400
2p x 25 o) 368 436 496
3f x 31 A\ N\ D61 464 556 640
3p x35¢" NON1225y 528 638 736
<\\ \ %Ie 5-5 Ball/Colum n Grid Array Signal Routin g Guidelines
Contact Pjtch A\ P 1.0 1.25 15 1.0 1.25 15
Contact Lhnd A 0.55 0.65 0.75 0.55 0.65 0.75
(.022) (.026) (.029) (.022) (.026) (.029)
Via Land B 0.61 0.61 0.61 0.50 0.50 0.50
t624) t024) t024) 0205 6265 (.020)
Via Hole C 0.33 0.33 0.33 0.25 0.25 0.25
(.013) (.013) (.013) (.010) (.010) (.010)
Annular Ring R 0.14 0.14 0.14 0.12 0.12 0.12
(.006) (.006) (.006) (.005) (.005) (.005)
Signal Line L 0.13 0.13 0.13 0.10 0.10 0.10
(.005) (.005) (.005) (.004) (.004) (.004)
Air Gap G 0.13 0.13 0.13 0.10 0.10 0.10
(.005) (.005) (.005) (.004) (.004) (.004)
Signal Track T 1 2 3 2 3 4

Note: Inches shown in () are approximate.
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6 ASSEMBLY PROCESSES

Substrag levd assemby of advancedhigh pin court com-
ponens is challenging It requires a disciplined manufac-
turing organization an establishd proces capabiliy, and
excellert proces control A “Design for Excellencé& phi-
losoply is also essential.

Carefd handlirg of the substrate and componerg during
assemby is critical. An organized clean ard controlled
factory is requirad for manufacturig thee advanced
assemblies Various levels of cleanlines are required

dependig on the type of componehbeing assembledNot
all factories mug hawe clean room capabiliy, but cleanli-

nes and enviro

Equipmen with
adequat proce

UBGA — microbal grid array components.

Figure 6-1 shows example of Type 1 and Type 2 assem-
blies.

6.1.1 Process Flow, Type 1

The ided printed circuit assemb} would be single sided

ard 100% surfa@ mount Howevae, thisis nat reality. Most

assemblis are mixed technolog, with 70% to 90% of the

componerg surfa@ mount The throuch hole components
are usualy high pin count high powe package and con-

nectors.

hmet contrd are important.

environmemn contrd may be required if an
5 capabiliy is to be achievel and main-

tained For example temperatue and humidity contrd will

enhane solde

A goad mater

pase or adhesie performance.

d handling systen is also required As

assembl densiy and componeh complexily increases

prope handlirg

of assemblie betwea processs becomes

more critical. Imprope handlirg can cau® quality ard reli-

ability problems Operato handlirg of assemblis du
processig shoyd be kept to a minimum.

A continuos fl

high or low mi
ciernt processiqg

betwea procegseawill ensue th

are kept to a m|
not possibleit i

5 still nece
for the transpgrtatia of Al

Thisis typically

carts containirg the assemblies

factoly to ead

6.1 Assembly (

Advancel asse

as follows:
Single sided
e Type 1x (S
* Type 1y (S

dore with hig

equired progess

MT, FP) BGANTH)
MTUFP, UBGA, TH)

desirable
5 soldered

assembly
P required.
op off dur-
a@ mount
L in place.
be compo-

't include
icate fix-
s applying
it to point

Figure 6-2 illustrates Type 1 and 2 surfa@ moyrt process
flow.

6.2 Assembly Materials

6.2.1 Surface Mount Adhesives

Surfae mourt adhesivs are useal to hold surfae mount
componerg in place during reflow or wave soldering pa-
ticulary if the assemby is doublel sided (type 2) . Careful
evaluatia is required to ensue that the prope adhesie is
selectedThe glass transition temperatue (Tg) of the adhe-
sive is akey elementAttaching componerg with adhesive

« Type 1z (SMT, UFP, pBGA, TH)

Double sided

* Type 2x (SMT, FR, BGA, TH)

* Type 2y (SMT, UFP, uBGA, TH)
* Type 2z (SMT, UFR, uBGA, TH)

Legend:

SMT - standad surfa@ mourt components.

FP

- fine pitch components.

BGA -bal grid array components.

TH

- through hole components.

UFP - ultra fine pitch components.

alo makes them difficult to rework.

Adhesives may alo be usal for othe functiors as well,
sud as improving therma conductivity, to achiee certain
dielectrc propertiesand encapsulation.

Surfa@ mourt adhesive are detailed in IPC-SM-817
“Generd Requiremerd for Surfa@ Mount Adhesives,
which classifies adhesivs by grace of cure hea only, UV
or visible light and ambien cure Ted method are
describe which detal method for determinirg viscosity,
working life, shea strength ped strength spread/slump,
chemicé resistane and mary othe characteristicsThese
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Ex le

Figure 6-1 Assembl y Classificatio n Examples

adhesive

Surfa@
printing

6.2.2 Con

Conducti
agg are b
nents Ho
bee use
mountel
sives The
relatively which prevens the adhesive
from wickjng into-pla oud holes On the othe hand,
surfae n ents which primarily use lap
joints, arg well’ suited to attachmenhwith adhesive Con-

hich can be applied using standad printjng and dispens-
iNg processes(See 6.3). Anisotropc adhesive are also
availabk as films, which can be applied manualy or with

customize equipment.

6.2.3 Soldering Fluxes

The flux type has adirea effect on soldefirg and cleaning
capabili. Solderirg fluxes are usel to prepae surface for
solderirg by removirg minor surfa@ coptaminatio and
oxidation Two differert flux systens arelavailable those
tha require cleanirg ard thos tha do naf (no-cleans).

Flux systens tha requite cleanirg include standad rosin
chemistris tha are cleanel with solvents semi-aqueous
solutiors or agueous/saponifiesolutions gnd wate soluble
chemistris tha are cleanel with pure wate or aqueous/

ductive adhesive are apossibé replacemenfor lead sol-
ders Howeve, rewolk capability and long temrm reliability
reman concerns.

Conductive adhesivs are usually classifiel by their electri-
cd conductivi, of which there are two classificationsiso-
tropic and anisotropic Isotropic adhesive condud equally
in all directiors (the sane as solder) Anisotropic adhesives
conduc in only one direction (Z-axis).

Additiond sub-classification can be used including ther-
mosettig versts thermoplastic and flexible versts rigid.
Isotroptc and anisotropt adhesive are availabk as pastes,

saponifie solutions No-clean (low solids/lov residue)
fluxes comprie anew generatio of materials.

The amoun of residwe varies dependig on the soldering
processWave solderirg tends to leawe the leag amour of
residwe becaus the solde wave scruts mod of the flux off
the bottam of the substrag or printed board Reflow solde-
ing leaves smal amouns of residue while hard soldering
can leave moderat to excessie amouns of residue.
No-clean fluxes leawe a film on the substra¢ tha may
cau® electricd teg probe conta¢ problems Testability
issues mud be addresseé when considerilg ano-clean flux.
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T

Figure 6-2 Sim

The surfaces to
determire wha
prepae the surf
three bast clag
the corrosive and-conductive properties of the flu
residwe in the uncleand and/ao cleanel condition.

Type “L” fluxes hawe alow activity level, type “M " fluxes
hawe amoderag activity level, and type “H"’ fluxes hawe a
high activity level. Type “H” fluxes mug be usel with
some caution the cleanirg proces mud guarante com-
plete flux removal.

Fluxes are describé in ANSI/J-STD-0@ *“Requirements
for Solderirg Fluxes”’ This standad provides tes methods

for determinirg the corrosive and conductive properties of
the flux or flux residue.

The requiremenrd for liquid flux, pase flux, splde paste
flux, solde prefom flux adhesie ard flux-cured solde are

detailed so that ead flux may be characterizeé by the
manufacture or use in orde to determire itsimpad on

s amd nraoduct
5 B -

In addition the new ANSI/J-STD-0@ standad has added
alor OtothelL, M or H descriptios to indicae the
absene or presene of halides Also, fluxes are further
classifi@ by theirr chemicé constituers as an aid in pur-
chasimg requiremerd for military applications Thus they
can be listed as RO (rosin), RE (resin) OR (organiq or IN
(inorganic).

6.2.4 Solder Alloys

Solde alloys tha are eutectc or nea eutectc are preferred
for reflow solderirg with the 63Sn/37Pb 60Sn/40B and
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625n/36Pb/24 alloys mog commony used The addition
of 2% silver (Ag) helps limit silver migration (leaching)
during reflow when silver bearirg componerg and/a sub-
strates are used.

Solde alloys tha are eutectc or nea eutectc are also pre-
ferred for wave soldering The solde alloys 63Sn/37B and
60Sn/40B are the mog commony used The 62Sn/
36Pb/Ag alloy is not commony usal for wave soldering.
Table 6-1 shows the melting, reflow ard temperatue cha-
acteristis of the three solde alloys.

Reflow Wave Solder
Melting Temperature Temperature
Solder Allpy Temperature°C Range°C Range°C
Sn63 183 208-223 245-260
Sn60 183-189 214-229 245-260
Sn62 179 204-219 N/A

Othe solde alloys would be considerd if a stgp soldering
proces were to be used or if it becoms necessarto limit
the use of lead Low temperatug alloys usually contain
bismut (Bi) or indium (In). High temperatue ajloys usu-
ally contgn higha amouns of lead.

TD-Q0
“Generd Requiremerd ard Ted Methods for 3
Alloys anjl Fluxed and Non-Fluxed Solid Sold
tronic Solferirg Applications’.
QQ-S-571.

For info:;Fatim on solde alloys see ANSI/J-

6.2.5 Solger Paste

Solde pgst is a
metd alloy, aflux systes
der particles are of a spe

Flux syste
include aqditi

coSiyy modifiers
ackinessslunp and

a high melting temperatum ard one with a Iow meltlng
temperaturgcan be usal for double-sidd surfa@ mount
assembl. This two st solde approat eliminates the
neel for adhesive but increass the demand on the print-
ing, reflow and hard solderirg processes.

Severd companis hawe developé a proces to ‘“solder
bump’ selective are& on a substrag¢ using a solde paste
processSolde past is applied to the substrag at the fab-
rication stage The solde pase is then reflowed forming
the solde bump The substrag¢ now contairs suficient sol-
der to produe a solde joint. A flux pase is depositéel on

the land patterrs during assembl. The componerg are
placal into the flux paste which holds the componerg in
place on the bumpel solde land patterns The substrag is
then reflowed and the solde joints are formed.

Solde past is describé in ANSI/J-STD-0® ‘“‘General
Requiremers and Tes Methods for Electront Grade Sol-
der Paste! Ted method are defined to determire viscos-
ity, slump tackinesswetting, resistane to solde bal for-
mation and shef life.

Solde pasta are applied using one of two methods dis-

icqtion
adhesive and

advantage and
low in table 6-2.

parisons

Ad\)antages Dlsadvantages

\P/ribti g Fas%cess Flat qurfaces only
>Iume control Matefial is exposed
Thickness limitations
)\ Stengil fabrication

Both method can be usel to apply adhesie and solder
paste but dispensig has evolvel as the greferrel method
for adhesie application and printing hag evolved as the
preferrel methal for solde pase application Factos that
influene the selectia of an application prpces include the
following:

Irregular surfaces Slow|process
Volume control Dot dize limitations
Material is enclosed Progfam generation

« volume of materid tha need to b¢ applied

* size and sha of materid tha ne¢d to be applied
« volume repeatabiliy and control
* proces cycle time

« flexibility

6.3.1.1 Dispensing

Dispensimg_is accomplishd with equipmen that ranges
from simple hard held units to fully automatt dispensing
systems The dispensig equipmei can be table mounted,
stard alone in-line with othe equipmentor integratel into
a placemenh system Most automatt dispensig systems
offer vision alignmern using fiducid targets (See 6.3.3).
Materid is usually dispensd from a preloadel 10 cc
syringe.

6.3.1.2 Printing

Printing systens are availabk in three configurations:
manua) semi-automaticand fully automatic The printing
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equipmen can be table mounted stard alone or in-line
with othe equipment Many semi-automat printers offer
manud or semi-automat vision alignmer capability
using fiducid targets (See 6.3.3) Metd squeege blades
are recommende for fine pitch, ultra fine pitch and BGA
printing.

Stencik are preferral over screel becaus of bette image
accurag, volume contrd and longe servie life. Stainless
steé is the mog widely usal stenci material Three meth-
ods are usal to creae stencl apertureschemicé etching,
lase cutting and electroforming Chemicé etchirg is the

6.3.1.4 Solder Paste and Conductive Adhesive Applica-

tion

Materid registration and thicknes variation are two impor-

tart elemens of this processIf the materid is not applied
to the corred location bridges or opers may result If the
materid is not thick enough or if the thicknes varies from
location to location opers may result especialy when
dealirg with componerg noted for lead coplanariy prob-
lems.

6.3.2 Placement

mod comma methal usel in stenci fabrication Laser
cutting and eleftroformiry are used when small precise
aperturs are required Electropolishiig is useal with all
three method tp produe avery smooh wall in the ape-
ture Table 6-3 gompars the capabilities of the three fabri-
cation methodg,

Table 6-3 [Stencil Creatio n Method Comparison

Chemical
Capability Laser Electroformed Etch
Aperture size | k% *kkk *kk
Aperture k F*kkk *kkk
smoothness
Aperture o Kk *kk x
shape
Stencil - *% Kk <
strength
Legend:

*Least Desirahy
****Most desirabld

)

Stenci apertug|desiq is
pitch and BGA fompone
maintan a minjmum aspet ra
15 (W) to 1 (T).
pase from the
6-3.

Steppe thickngs
past volume T
othe words maki
tern.

Two importan variables apply for SMT adhesie applica-
tion: adhesie quantity and location Excessie adhesive
and/a patten misplacemenwill contamina¢ the solde-

able areato preven goad solde joint formation during sol-

dering Too little adhesie can allow componerd to move
prior to the curing processor allow componerg to move
or fall off during the solderirg process resulting in mis-

placal or missirg componentsSurfa@ condition is very
important as adhesive will not adhee to dirty, contami-
nated surfaces.

strates is ademandig procesglt requires equipmen with
This eqU|

men con-
hsystems.

Ptacemetrof-comptexhighpincourt-compongra on sub-
atabili, }

excellert accuray and repg

mog stan-
handling
QFRsand
g down to
systems
m. If the
/ ing placemen the table movement
ard controlled Componefjpackaging
format.| tube carrig tape and matrix tray. Feedes capable
\lineNlead forming are available Placemen rates
froon approximatet 1,000 to 8,00 per hotr for stan-
ad camponentsard 400 to 2,50 per hou fgr complex
components Vision alignmer is the comma] and pre-
fred choice for complex high lead court components.

Globd ard locd fiducid target are recommenda with this
equipmen (see 6.3.2.4).

6.3.2.2 Dedicated Placement Systems

This overhed ganty equipmen is dedicate tp handling
complex high pin count fine pitch and array cpmponents
sud as QFPs BGAs, TAB ard flip chip. Use of|thes sys-
tens stars at a lead pitch of 0.4 mm, with sorfe systems
capabé of handlirg lead pitches of 0.2 mm. Th@s compo-
nens require the mod accura¢ and repeatal® pquipment
avallable with excellen proces control Componen han-
omponent
packagmy formd is tube carrig tape ard matrix tray.
Feedes capabé of on-line lead forming are available.
Ther is a limited selectim of systens available with
placemen rates rangirg from sever& hundral to several
thousad per hou. Componeh alignmert is vision based.
In addition to placementsone systens hawe the ability to
do on-line solderirg using ahot bar or lase process.

Globd and locd fiducid target are recommenda with this
equipmen (see 6.3.3).
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Width

Stencil
Land

Figure 6-3 Stencil Opening Aspect Ratio

6.3.2.3 Vision Alignment Systems

Vision alignment using eithe binary or gray scak imag-
ing, detemins the offset betwe@& the componenh center,
and the placemen nozzk cente. Figure 6-
binary an

Binary impging uses bad lighting, which projees

well with peripher&lead compoperd
projectal ps patt of the outlineNdo
componefd the camean see
it does ngt see the balls
componepedee a

becaus this errar wil

Gray scah
that is tyfi
imaging
tures on tff
ommendé
allows alig
location Thisisj

tion of the balls relativetothe outsice edge is not accurate
enoudh fof teliable placemenusing a binaly system.

e camea mud be compatib
jze of the component.

vision alignment Howeve, binaly vision
limited value with BGA componentsThe
to the position of the balls relative to the ¢
age In mog case the allowabk errar (tol
the packa@ edge and the cente of the bal
reliable placemenusing a binaty system (
allows the use to directly align the bal
eliminating the errar cause by edge align
tolerane analysis suct as the one sho
shout be dore to determire if the bal to g
will allow reliable placemenwith binary

On gray scak imaging systens lighting is
cally, plastc BGA componerg can use st
lighting. Howeve, to obtan the prope

using a reliable
stens work well
ak systens can

P with the pitch

Ball” grid array componerg mug also e placal using

systens are of

problem relates
dee of the pack-
erancg between
is too gred for
bray scak vision

Is to the lands,
ment A detailed
\n in table 6-4,
utline tolerances
maging.

important Typi-
andad fine pitch
substrag to ball

Importart vision systen issues are field of view (FOV),
resolution levels of gray scak (gray scak systens only),
componehlighting and processig speedLead coplanarity
inspectian capabilityy is also recommended.

A third vision alignmen method which images acompo-
nert from the side is being introducel on sone placement
systems Primarily intendal for standad surfa@ mount
componentsat thistime it is not known whethe thes sys-
tems will be compatibé with fine pitch and array type
components.

contras on tape amd ceramc BGA com

ponert different

lighting may be necessat Standad lighting illuminates
from directly belov the component When contras prob-
lems occu it is usually necessar to illuminate from an
angk as well as from below.

6.3.3 Fiducial Targets

Globd ard locd fiducid targets are recommende for
placemenapplications SMEMA 3.1 “Fiducial Mark Stan-
dard’ describs a recommende fiducial.
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Light Ring

CCD Camera

Binary Camera System

N
Gragy S¢ale Camera System

Camera Image

Figure 6-4 Binary<and Gray Scale Image Comparison

6.3.3.1 Fiducial Marks

A Fiducid Mark is aprinted artwoik featuie which is cre-
ated in the sane proces as the circuit artwork The fidu-
cial and a circuit patten artwok mug be etcha in the
sane step.

The Fiducid Marks provide comma) measurald points for

all steps in the assemby processThis allows ead piece of

equipmenm useal for assemb} to accurate} locate the cir-

cuit pattern There are two types of Fiducid Marks These
are:

. Globd Fiducials

Fiducid marks usal to locat the position of all cir-
cuit features on an individud board When a multi
image circuit is processe in pané form, the Global
Fiduciak are referra to as Pané Fiduciak when
presen for the panel.

. Locd Fiducials

Fiducid marks usal to locat the position of an indi-
viduad component.

A minimum of two globd fiducid marks is required for

RAR
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Table 6-4 Placement Capability - markings shal exig arourd the fiducid mark The
Binary Verses Gray Scale clearane area shoutl be at leag 2 times the radius of

Description Binary Vision Gray Scale Vision the fiducid mark.

Machine error

30 pm [0.0012 in]

30 um [0.0012 in]

PCB error

56 um [0.0022 in]

56 um [0.0022 in]

Component error

447 pm [0.0176 in]

117 pm [0.0046 in]

3 Sigma process
error

452 pm [0.0178 in]

132 pm [0.0052 in]

D. Material

The fiducid may be bare coppe, bare coppe pro-
tectad by a clea anti-oxidation coating nickd or tin
plated or solde coatal (hot air leveled).

The preferral thicknes of plating or solde coatirg is
5 to 10 microns [0.00@ to 0.00G4 in]. Solde coating
shoutl neve exceel 25 microns [0.001 in]. If solder
mag is used it shoutl nat cove the fiducid or the

Maximum 297 pm [0.0117 in] | 297 pum [0.0117 in]
allowable error

CP 0.66 2.25

CPK 8-59 2-02
Notes:

1. Root-meapn-square method of calculation.
2. Componelft type: tape ball grid array, 1.27 mm pitch.

correction| of translation& offsess (x ard y positio) and
rotationd offsets (theta position) Thes shoul be located
diagonall oppose ard as far apat as possibé on the cir-

cuit or pahel.

A minimym of two locd fiducid marks are requirel for

correction| of non linear distortiors (scaling stretd and
twist). The® shoutl be locatal in atriangula position as
far apat gs possibé on the circuit or panel.

A minimym of two locd fiducid marks are reguire
correction| of translation& offses (x and y positic
rotationd |offsets (thefa position) This can be {two

pattern.

If spae iglimited, aminimu
usal to cqrred tran

slationa
single fidycid shou s@o &l insid
n with a preférgne 1o

land pattg

mm. Somg

1.5 mm) for pang

fiducials the sa

6.3.3.2 F

The Surfg
(SMEMA
cials The|

hés standardi

e on the desiq rules for fidu-
rules are supporté by the IPC and consis of:

clearane area It shouthhe notedthgt oxidation of a
its readabiliy.

e fiducid mark
in].

@ to the printed
mm [0.200 in]

S aranceg and the
um.fiducid clearane requiredl.

high contras is
presen betwea the fiducid maik |ard the printed
oad bas material.

i$'goad desig practie to locake globd gr pané fiducials
ih a three point grid base datun systen ps shown in fig-
ure 6-5. The first fiducid is locatel at the (.0 location The
secoml ard third fiducials are located in the x and y direc-
tions from 0.0 in the positive quadrantThe globd fiducials
shout be located on the top and bottgn layers of all
printed boards that contan surfa@ mqgurt as well as
through hole componerg since even throluch hole assem-
bly systens are beginnirg to utilize visiop alignmert sys-
tems.

All fine pitch componerg shoutl hawe two locd fiducials
systen designe into the componenland patten to insure
tha enoudn fiducials are availabk evel {ime the compo-
nert is placed removeal and/a replacel gn the board All

fiducials shoutl have asoldermak openirg large enoudn to

A. Shape

The optimum fiducid maik is asolid filled circle.

B. Size

The minimum diamete of the fiducid maik is 1 mm
[0.040 in]. The maximum diamete of the mak is 3
mm [0.120 in]. Fiducid marks shoutl nat vary in
size on the sane printed boad more than 25 microns

[0.00L in].

C. Clearance

A clea area devod of any othe circuit features or

keep the opticd targe absolutey free of soldermask If
soldermak shoull get onto the opticd target somne vision
alignmern systens may be rendere useles due to insuffi-
ciert contras at the target site.

The internd layer backgroun for all fiducials mug be the
same That is, if solid coppe planes are retainel under
fiducials in the layer below the surfae layer, all fiducials
mug hawe coppe retained If coppe is clea unde one
fiducial, all mug be clea.
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.\L Global fiducials

Pitch
Component
Local fiducials

\illlllllllllllll

°
Fine E

= D

.ﬁ 0/o Point of origin 8(
A\

Locate all fiducials and tooling holes on the appropri
Locate fiducials on both primary and secondary s' ofyoard,

Figure 6-5 Fidycia | Location s on a Printe d Circui t Board

6.3.4 Soldering

Surfa@ mourt S
becaus the soldle joint mug provide structura streng
addition to provjdi
solde joint infd

Soldera Electricd and EIectronc Asgeé
610, Acceptabiliyy of Printed Board As:

6.3.4.1 Surface Mount Soldering
Mass reflow so|derirg is @o g
der joints. A reflow systen mug p

» Evaporag s

* Prehe&the
* Melt the sqg

* Cod the cgn
Fou mas reflojv methdshave Bvolved they are:

* Vapa phag (useprimarily in specid applications)
e Lamp infrated\(declining in use)

eratu profile is very jmportant.
sty standard/temperateiprofile has been

Iopel ome comman rules can be applied maintan a
of 0.5 to 2 °C/second flux gctive time
from a minimum of 30 second {o a maxi-
W 0k 120 secondsreman abowe solde liquiflus for 30
econdsachiee a temperatug of 25 to 4Q °C above

e’ liquidus, and avoid being abowe the subsjra¢ Tg for

Profiling equipmem capabiliy has improved cgnsiderably
in recen years Profiling shoutl be dore to engue proper
reflow. Thermocoup location is a critical patt of the pro-
filing processOne thermocoupe shout be placg in alow
densiy area and anothe one shoutl be placed in a high
densiy area The remainirg thermocouple shoull be
placel on critical componerd to ensue they arelwithin the
desira temperatue limits.

6.3.4.2 Through Hole Soldering

Wave solderirg is still the methal of choice fof soldering
throuch hole componerg on single sided assgmbliesOn

» Pané infrared (declining in use)
* Forcal gas convectiom (preferral methal for most
applications)

Forceal gas convectim has becone the preferral choice for
mas reflow becaus of its ability to hed assemblis uni-
formly. This methal transfes greate than 90% of its
enggy to the substrag by convection The rate at which
hed is transferré is directly proportiona to the difference
in temperatug betwea the heatel air and the assembl.
Convectim systen attributes include ea® of profiling and
low sour@ temperatures.

doubk sided assemblis the proces is more complex and
in sone cass wave solderirg is not possible Ther are
creatiwe alternatives.

Wave solderirg can be usal to solde doubk sided assem-
blies. Howeve, plastc componerg may be damagd by
the molten solde. It is recommende tha only ceramic
resistos and capacitos be subjecte to wave contact Sec-
onday side componerg mug be held in place with a su-
face mourt adhesive.

Wave solderirg may be possibé using dedicaté fixtures
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that shield the surfa@ mourt componerg from the wave.
The seconday side of the assembl mug be designé to
allow for this process A clearane area of abou 5 mm
arourd the componenis required.

The wave solderirg time/temperatuwg profile is important.
Although no industly standad time/temperatug profile has
bee developd sone comma rules can be applied main-
tain a heatirg rate of 0.5 to 2 °C/secongpreheasecondary
side componerg to within 100 °C of the solde pot tem-
perature flux active time shoutl range from aminimum of
30 second to a maximun of 120 secondsuse a solder

using thee materiaé at yea end 1995.

Since there is cog associaté with the purchas of new
equipmemn and cleanirg agents manufactures will choose
one or more alternative flux and cleanirg combinations
basel on the produd they are building ard the cost perfar-

mane and environmenthimpad of the possibé options.
The choie of an alternatie cleanirg metha mug be
couplal with an understandig of the flux-type being used
as describé belon. Companis presenty cleanirg their

assemblis primarily to remoe solde balls will be able to

eliminat this proces stg by convertirg their printed

dwel tim¢ of 1 to 2 secondsand avoid being abowe the
substrag Tg for more than abou 3 minutes.

Selectiwe $olderirg using a smal solde pot and adedicated
nozzk is anothe option These systens dired molten sol-
der to specift componen locatiors using the custom
nozzle A tlearane area of abou 3 mm arourd the compo-
nert is required.

Sone companis hawe been successfuat printing solder
pase ove the plated-through-holesand then insertirg the
throudh hple componerg in to the solde paste The solder
pase melfs during reflow and forms a solde joi
eva, prope solde joint formation is directly r¢
hole ard pin diamete, substrag thickness ard
exten the|pin length.

The lag ¢ption is point to point contad soldrln e
eithe by hard or with a robot ghi |te sk

Typically, fit is desirabé only wh i QW.

6.3.5 Clepning (Geneyal)
Cleanirg fhe assem S
remowe afly corrosive résitus

ity ard ing
testing Mfli
ing of acfi
testirg to
the assendyl.
coatirg o
commerc
antee field

performance.

The cleanimppraces has receivel considerals attention in

boad desigrs to solid solde~deposi (SSD designs The
SD process where the solde eedel for assemby is
brication elimi-
issue.

Guidelines for
i¢8 contairs addi-

D.

the reasonable
esignsAs pack-
ile spacimg drops,
decreas asthe
icleanirg in the
hip and similar
omplishd using

ogrganic solvents 1,1,1-trichloroethaa (
deplete)y was often usal to remo\e the
minima activatel flux residue from sud
ods Users implementirg BGA desigrs w
chane for succes by starting with clea
mimic the physicd properties of 1,1,1
Studies conducté to assesthe penetratio

A known ozone
hon-activatd or
solderirg meth-
Il hawe the best
nirg agens that
-trichloroethane.
ard drainag of

cleanirg agens were accomplishd by atfachirg the BGA

devices to glass plates reflowing and th
through a candida¢ cleanirg process V|
allows the various cleanirg agens and att3

N passilg them
isud inspection
chmenfluxes or

solde paste to be rankal in orde of eaf of removal A

shot list of soldering materias and cled
then be developé for long term temperg

nirg agens can
tue - humidity -

bias testirg prior to a decisi; on the m

hteriab and pro-

recen yeass becaus of the internationa effort to eliminate
ozore depletirg chemicat sut as chlorofluorocarbons
(CFC9 ard 1,1,1-trichloroetham (TCA). Thee materials
were usal to remove the post-solderig residue from rosin
ard synthett activatel fluxes Production of these materi-
als ceasd on 31 Decembe 19% in accordane with the
Montred Protocol Usels may continte to use existing
stocks of materiab until they are exhaustedhoweve the
product mug be labela tha they contan or were manu-
factured with an ozore depletirg substanceln addition the
Departmen of Defeng (DoD) ard its contractos stopped

cesse to be implementé on the sha floor.

6.3.5.2 Solvent Cleaning Technology

Low surfa@ tension/lav viscosity organtc solvens prob-
ably offer the greates long tem flexibility for cleaning
presehand future BGA designs Often the pure solvens do
not hawe suficient solveny powe to attadk the baked-on
residues from attachmenhtemperaturg exceedig the stan-
dad tin/lead eutectc alloy. Solvert blends and azeotropes
hawe bee developéd tha do hawe the requirel solvent
powe while retainirg the desiral physicd properties that
enhane penetration rinsing, draining and drying.
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Examples of such materiab are the cychlohexane/2-
propand azeotrop was followed by 2-propand rinsing
ard evaporatie drying, fluorocarbm inerted organc sol-
vert wash rinse ard dry, fluorocarbon/aganc mechanical
emulsion wash followed by fluorocarba rinsing and dry-
ing, in addition to the new HCFC-225/tras dichloroethyl-
ere azeotrop (with and without methand for better
remova of ionicg) vapa defluxing and HydroFluoroCa
bons (HFCs) HydroFluoroEthes (HFE9 or Volatile
Methyl Siloxanes (VMSs) with trars dichloroethylee or
similar solveny enhancig materials An exampé WouId
be the HFE (Hyj
processgtha npw use PerFIuoroCarbtm(PFCs) as elther
inerting or rinsing agens will be convertel to the environ-
mentally preferrel hydrogen containirg fluorocarbons
(HFEs HFC9 &s som as thee materias are commercially
available The cyclohexane/2-propah@azeotrop was fol-
lowed by 2-propandrinse has been found to be very effec-
tive in cleanirg ultra high densiy high spee computer
printed boad agsemblies.

6.3.5.3 Aqueoys BGA Cleaning Technology

As long as stafd-d&fs reman in the 0.1 to 0.5 mm range
(dependig on the packa@ size) and highe, aqueoglean-
ing will be avi i q
the 0.06 mm stg
in-line equipmd
be in the rinsing
solde pasts afe formulated with h 0
active and pote :
Thes formulatiprs provide good g0l
levels but rigofous cleani
agueous/saponifieproce
required AqueqgLs processg
1.25 mm pitch BGA design
pitch desigrs m
ing issues inher

Rosin-basé flu
using either:
1. Semi-&
solvent-i
2. AqueOLs solutlors of a kallne organic or inorganic
saponifie
Synthetc activatel (SA) basel flux and solde pase resi-
dues can be removel with the sane materials excluding
saponifiers The semi-aqueosi proces involves two steps:
(1) an organt liquid is usel to dissolhe and remowe the
rosin or synthetc activatel flux residuesand (2) wate is
usel to rinse away the remainirg organic materia by first
forming a solvent-in-wate emulsian of the cleanirg agent
ard soil, which is then removel along with any soluble
contaminarg in sequentib standad aqueos rinses and
then dried One majar advantag of this methal is the
excellert ability of the semi-aqueosimaterid to get under

low profile componerg and its excellen solvengy for flux
residuesFormulation of the cleanirg agen with the proper
surfactam to enhane rinsing has bea successfull quali-
fied for mainframe CPU-BGA cleanirg on 0.2 mm stand-
off devices incorporatirg three differert solde alloys and
fluxes The early conceris abou flash point and combust-
ability have been deat with by the materias supplies with
secoml and third generatio producs tha hawe flash points
abowe 95 °C ard by the equipmen supplies who have
incorporaté various suppressin devices ard alarms Large
automatel 2- propand) cleanlrg systens are now usal rou-
i d settling
$l systems,
anc semi-
tank and
thus auto-
ert and the

cd oxygen demam (BOD) on the wask treatmph system,
which is regulatel in mog localities The new inorganic
saponifies have more environmentaly bernigh waste
streams(See IPC-AC-&2 and IPC-SA-61).

6.3.5.4 Ultrasonic Cleaning

Ultrasont cleanirg was not accepted for mary ygass due to
early repors of damag to componehwire bonds from the
25 MHz ultrasont cleanirg systens useal to clean metal
ca® transistors The developmen of better wire bonding
technolog, plastc encapsulaidcomponerg (which tended
to dampaﬂ the harmomcﬁ; ard the mowe to the lg¢ss aggres-

g = elithe risk of
dama@ from ultrasonc cleanlrg processesThe virtual
elimination of harmonis by ‘“‘swee frequency ultrason-
ics has now allowed even very delicae componerg and
very high packagilg densiy PWAs to be cleand quickly,
efficiently and without damageAssessmetnof the effect of
ultrasonis on various componerg can be performel using
IPC-TM-650 Methods 2.6.91 and 2.6.92 for components
that are loose in a baské and componerd solderel to the
printed board.
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6.3.5.5 No-Clean BGA Concepts and Processes

In BGA applicatiors wher a non-corrosie rosin based
flux or pase is usel the flux residie may not neal to be
removed Sud no-clean assembt of BGA desigrs will be
mog successfuwhen the printed boad ard the BGA pack-
ace are both solderabé and clean which is definal as free
of any processig residue that could lower the SIR below
10'2 when measurd on the IPC-B-24 SIR conb patten at
85 °C/85%RH The incoming printed board can be easily
testal for polyglycols which are known to degra@ SIR
using IPC-TM- 65Q Methods 2.3.38 ard 2.3.39 Low resi-
due soldeyr i

cess with the beg balane of solderlrg ard freedon of
electrica ¢ffects being achievel when the residie is equal
to or less than 20% of the applied flux.

Anothe approab to eliminating cleanirg has cone in the
form of “¢ontrolled atmosphez soldering’. This category
includes hoth wave and reflow solderirg undeg a nitrogen
or mixed pon-oxyge containirg environmentin addition
to the use| of plasma to pre-clea the surfaces and elimi-
nat the uee of flux and therefoe flux residue altogethe

A cleaning handbod is available IPC-CH-65 Guidelines
for Clean|rg of Printed Boards and Assembligs.

6.3.5.6 C]eanliness Testing

Solvent extractio testirg is the commao metha u
determinify the cleanlines of 8

solution ([? 75% isopropy aI
wate is ugal to remo\e con
the ionic gonductiviy of the/co
resuls in microgra i
(See IPC-TM-65Q

The equig
variationg
ume varig
dues from
nens has
from one

6.3.5.7 S

Stencl clg
agens mate
de paste Sem| -aqueaos! systems elther as pure solvent
followed by a wate rinse or as a5-20% emulsia of the
semi-aqueosicleanirg agen in wate followed by a water
rinse are quite effective in cleanirg rosin or synthett acti-
vated flux solde pase from eithe bras or stainles steel
stencils High pH (alkaling saponifes can attak brass
stencils so their use for this application shoutl be mini-
mized Wate solubk flux solde pase can be removel with
wate systemsalthoudh the emulsian systens can be used
to remowe othea soils sud as fingerprints The effluent
from stenci cleanes of any type shoutl be carefully moni-

tored for heawy metab sud as lead sine solde pase is
washal off the stencik in this process.

6.3.5.8 Maintenance Cleaning

BGA desigrs may often be in high value use producs that
are returnal periodically from the field for engineering
upgrades modifications reconfiguratio or repar. These
printed boad assemblis neal to be cleanel in a mainte-
nane cleanirg systen to remo\e the oils, soot fingerprints
or othe air-borre particulae tha accumulate over time.
Thes contaminarg shoutl be removael prior to any testing
ttes tion data Emul-
i*aqueosicleaning
ning since such
wide range of
pletel assembl.

pdud to make it
prope assembly
iffort shoul be
the first time.
ifficult. Rework
int is completely

ithout removing
omponent If the componeh mug pe removel the
ewolk proces consiss of componehrempval land prepa-
ation, solde ard flux application componen placement
ard solde reflow. Land preparatio is gne of the most
importart aspecs of rework Old solde mug be removed,
ard fresh solde mug be added.

Rewok equipmen is expensie and complex In most
cases compute controlled vision aided rgwok equipment
is recommendedCompute controlled systens allow time/
temperatue profile developmet and stofage The vision
systen is usal to align the leads or balls[to the substrate.
Hot air nozzles are usal to concentrag thg hed needed for
solde flow. Automatc handlirg mechanisra are usal to
remo\e ard repla@ the component.

Operatm tra|n|ng is critical. They mug ke trained to use

Fe rained to unde-
stard Workmanshn standard,ssum as ANSI/J STD-001.
Only trained proficiert operatos shoutl be allowed to
rewolk components.

6.4 Package Attachment Process Details

6.4.1 Substrate Preparation

Substrate mug be handlel carefully. The condition of the
attachmenharea is of prime concern The surfae mud be
kept in a solderabé condition This mears the substrate

A1
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mug be protectel from contaminate suc as dirt and fin-
ger prints Organt coating are more sensitive to contami-
nation especialy acids ard oils from finger prints.

6.4.2 Component Preparation

Componerg mug be packagd properly in eithe matrix
trays or tape and reel Care mug be taken to avoid package
ard lead damage Solderabiliy of attachmen points must
be maintained Moisture sensitie componerg mud be
handlel and storal properl. (See IPC-SM-786 Recom-
mendel Procedurs for Handling of Moisture Sensitive

Currentl, the god is to establit a systen tha encourages
continuos improvemen startirg with at leag a 3 sigma
proces capabiliy, the future god is to establi& and main-
tain a 6 sigma proces capabiliy. A comma mistake
involves statisticd proces contrd (SPC) Gatherirg and
displayirg statistich dat is not all there is to proces con-
trol. SRC is one of the tools usel to help evaluaé processes
ard keep them in control Proces contrd is acombination
of produd specificationsproces capabilify, proces stan-
dardization data collection (SPQ ard failure analysis.

For guidane referene IPC-PC-90 Generd Requirements

Plastt IC Packgges):

for Implementatio of Statisticd—Rroces Cenfrol which

6.4.3 Heat Sinlk Attachment provides guidelines for imple ntrol.
Heatsinls of vafiols sizes ard shaps are attache to com- Iving technol-
plex package to aid in removirg heat Most hea sinks are ree areas:
mack from aluminum which is anodizel to prote¢ the after com-
aluminum surface Thermally conductiwe plastics hawe also wave and reflow
bee used. pitd inten-
. ) o \re becom-
The simplest and beg methal for attachirg heatsink is to
hawe a packag|tha is designé for a clip on heatsink A
thermally cond(ictie greag is applied betwee the heat- ard func-
sink and comppnent The heatsitk is held in place by et (ICT)
metd clip that gan be easiy removal to allow rewo pproaches.
) hufacturing
Attachllrg heat mponents.
more difficult. A flexi _ al o deted device faults on the assemiyt at speed.
required The aflhesie mug be flexibl it teste at

the differen@® |jn the thermad codficie
betwee the hegtsik and the componentThe¥o
faces mug be|very clean The iz
removel from the heatsik di
of the adhesie|mug be céé}l
md characterigtis of the adhg
transfe tha is required.

A third option i
sided tape The
minimum force
ing of the tape {
faces.

Anothe option |s to fil) the aresbetwea the bottam of the
componeh ard |thé.top of the substrag with a thermally

nufacturing
defed analyze (MDA). The produd is testal immmediately
after assembj. Problens are relayed quickly bad to
manufacturig so corrective action can be takal while the
produd is being assembled.

AOI ard electricd ted equipmem shoutl be used to deta-
mine proces capability and as a proces contrd [tool. They
shoutl neve be useal to simply insped¢ prodyct During
production fine pitch solde joints are very difficult to
inspect and bal grid array solde joints are impossibé to
inspect The proces mug be capabé of prdducirg an
acceptald solde joint without visud inspectiof.

6.4.5 Process Comparison

conductive adhesive.

6.4.4 Process Control

Sone levd of proces contrd is recommendeé for each
assemb} process Proces contrd is the stratey that
relates produd specificatios to proces capabiliyy and pro-
ces repeatabiliy. To contrd the processone mug unde-
stard the assemb} proces and how ead variabke contrib-
utes to produd quality. Proces contrd requires a stable
proces tha is performeal exacty the sane way ead time
it is done Ball grid array technoloy forces the implemen-
tation and use of goad proces control.

Surfa@ mourt componen attachmehis a complex pro-
cessAs the componehpin court increass the complexity
of the assemhy} proces increaseslIn generé terms the
complexity of the various surfa@ mourt processg can be
compare as shown in table 6-5.

6.5 Assembled Board Test

Rathe than providing information on assemblé boad test
in general this sectin points out area where testing
board with high performancehigh pin court I/C packages
differs from testirg board with conventiona SMT and
THT packages|t is assumd tha the reade is familiar

R?
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Table 6-5 Surfac e Mount Processe s Comparison

Process SMT FPT BGA
Printing *% *kkk *kk
Placement *% *kk *kkk
Reflow *% *kk *kk
Cleaning *% *% *kk
Rework *% *kkk *kkk

Legend

*Least complex
*%%**Most complex

may resut and caug damag to the board Lower force
spring probes can be usel to alleviake thes problems Pref-
erably, sone of the networks connectd to the throuch hole
mounteal array packa@ can be probeal at acces points
othe than the leads of the device.

6.5.2.2 Surface Mounted Array Packages

The surfa@ mountal array packagessud as BGA and
chip scak packagesseen to require mary more additional
acces points when compare to through hole mounted
array packagessince no patt of the packag protrudes to

with assgmblé boad ted techniquesincluding in-circuit
ATE and functiond test.

6.5.1 Tegt Strategy

High performancehigh pin court I/C packags pos chal-
lenges pgrticulary with accessto existing ted strategies.
Howevae, | their inclusion on boards generaly does not
require a flifferert teg stratey altogethe For example if
in-circuit ATE followed by functiond teg is working suc-
cessfuly ¢n conventionh SMT boards in-circuit ATE fol-

are evolu

6.5.2 In-(

Conventi
points for
acces po
be a THT
(use for
designed
able to log
even add
be accesgi

Differert
package

6.5.2.1 Through)Hole Modnted Array Packages
The throudrhoéle mountal array packagessudc as CPGA

the-secondar-sideHoweve,conductos-from the mount-

othe places on

buting canna be
IS mary layers.
i$ routing usually
visible from the
e vias may be
se they mug be
lar side compo-

lensiy of spring
for throudh hole
@l arfay packagesAgain, it is prefgrabé to use only
p.of the points nea the device ard|find alternative
poipts for the remainirg networks If the device routing
}as canna be usel at all, then alternatiri points mug be
found away from the high pin court device This may
mean finding vias elsewhee on the netwagik and designat-
ing them as ted points If the boad inclu@les through hole
mountel devices or edge finger contactsthen these can be
usal as teg acces points.

6.5.2.3 Peripheral Packages

The impad of peripher& packags sud
CQFPs on ATE acces is very similar to th

as PQFR and
e impad of su-

face mountel array packagesThey often hawe regula pat-

terrs of routing vias, which can be consi
Unlike the surfa@ mountal array packag
packags hawe leads exposé on the prin

derd for access.
esthe peripheral
hary side How-

eve, their smal size rendes them usele$ as ATE access

ard PPGA typically require few additiond acces points.
Ead lead protrudes throuch the board and may be able to
sene as the acces point for its network It may not be
possibe to use evel lead as ated target though because
the concentratia of spring probes on a 2.54 mm (or
smalle) grid may impose a greate force than can be over-
come by atmosphend pressurgin a vacuun actuate fix-
ture.

A mechanichfixture, or a vacuum fixture with a pushdown
lid, may be useal to provide greate down force Howeve,
car mud be taken to avoid excessie boad bowing, which

points even if a double-sidd fixture is considerd for other
reasons.

Packagswith leads on only two sides insteal of four, such
as TSORs and SSOPs generaly do nat hawe regula pat-
terrs of routing vias like PQFR and CQFPs For these
parts all their networks mug be probel at randon vias
found elsewhee on the board.

A
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6.5.3 Locating Open Solder Joints at ATE

Traditiond in-circuit teg techniqueseven with high-fault-
covera@ ICT modek for ead device haw difficulty dis-
tinguishirg betwe@ an open SMT joint and adeviae prob-
lem. This is becaus the respons tha the teste can
observe at the bed-of-nails is identicd for both kinds of

faults On older boards a handhedl probe could be use to

touch ead lead on the device in question to determire if

there was an open The scratt probe is grounded and
whethe the teste does not see the netwok go to ground,
it knows tha the joint is the problem and it can therefore

6.5.5 Manual Access for Debug (at ATE or
Functional Test)

In mog ted strategiesboard that fail at any teg stgp must
be debuggd and repaired Sorre manufacturig defecs can
be found visually. The throuch hole mountel array pack-
ages ard the peripher&packags are easie to inspedc visu-
ally, since the leads ard joints are exposed The surface
mountal array package poe a much greate problem,
becaus the joints are hidden Alternative inspectio meth-
0ods may be needed sud as x-ray radiograply or x-ray
laminograply.

indict only the jpimt;ardTottheentire device:

But scratd probing is impracticd on all high performance,
high pin court packagesEither the leads (if they exid at
all) are not exposed or they are too fragile to consider
scrath probing| Without the scratd probe the teste can
only indict the entire device leaving the debilg persa to
determire whethe the cau® of the ted failure is ajoint or
a device This ¢an resut in goad devices being replaced,
when the red problem is solde joint opens This increases
cosst and hides| assembyt proces information (the opens
defed rate tha might be usal to improve the assembly
process.

The unpowere
be considerd

electricd conngd
leadfrane can be verified separatgl #om the
the silicon chip|in the package This testirg ¥
during the unpgwere portion of
applia to the bpard) ard the fo ; i
high-fault-covefag ICT m develope foriead WC,
just to ched fof open solde jat y g
limitations For Z
minima lead f
coupla from th
the fixture. Alsd
sink abowe the [i€
Despie thee a
can be usefu f
high pin court IfC packages:

Boards tha are nat repaired
manua debug This is usualy

avisud. €hgd require
illed tech-
dcilloscope,
tAll these
e networks
cehigh pin
n manual

S
CPCGA and

houdh the
pins The

implify this.
he second-
ing leads in

PGAs in sockes can also be adaptel with @ breakout
adapte, that insers betwea the packag and the socket.
This allows hands-fre primaly side accessfor glugging in

large numbes of logic analyze probes Breakdu adapters
require a certan amoun of spa@ on the boad gnd system
to use but can usualy be mack to work.

6.5.5.2 Surface Mounted Array Packages

The surfa@ mountel array package presen|the same
problem for manud debug probing tha they do for inspec-
tion: the leads (if any) and the joints are obstrugte by the

device

6.5.4 Functional Test

The GO/NO-QO portion of functiond teg is typically

undfected by the addition of high performance high pin

court I/C packagesbecaus connectim to the teg environ-
mert is usualy macde throuch the products designed-in
interfaces sut as connectos and featue sockets How-

eva, if a boad fails the GO/NO-QO test then it mug be
manualy debuggedThe sane is true if a boad fails ATE

test The following sectimn addresse this manué debug.
The sane concers apply if the GO/NO-QO portion of

functiond ted does require manu accesssud as when a
frequeng mug be measurd and verified.

This mears that the networlks involving the packag@ must
be manualy probel at alternatie points If a netwok goes
to a conventionaSMT componentor aTHMT component,
or a connecto, it can be probal there If not, it mug be
probel at a via. The via identified as an ATE acces point
might be used for this purpose If a map of probe points is
createl for ATE, it might be very usefd for manu& debug.

As describé earlig, the ATE acces point may be aran-
dom via usel in routing the network or it may be patt of
a regula patten of vias placel nea the packageto help

RA
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route all its signab away. Standardizig this regula via
patten for eah packag size ard type will help manual
debugges get familiar with the pattern.

6.5.5.3 Peripheral Packages

Peripherh packages such as PQFB and CQFPs have
exposé leacs tha might be usabé for manu probing.
They are very smal ard fragile, but an experiencd person
may be able to proke an individud pin. Howevae, if the
probe slips a shot may result causiry damag to the
board Also, it is very difficult to locat the corred lead/pad

In the shot term, reliability is threatend by infant mortal-

ity failures due to insuficient produd quality; thes infant

mortalities cause by defecs can be eliminatal prior to

shippirg by the use of appropria¢ screenig procedures.
Long tem failures are the resut of prematue wea-out

damag@ causeé by inadequat desigrs of the assembl.

It is for this reasm tha IPC-D-279 Design Guidelines for
Reliabk Surfa@ Mount Technoloy Printed Board Assem-
blies, is being developed.

7.1 Damage Mechanisms and Failure of

to probe gincetheteadpitchssosmatt:

Sone per|pherd package hawe availabk adaptes tha can
be held againg one whole side of a device with teg probes
attached The® hawe aconb shap on one sidg intended
to preven|shortirg of adjacei pins.

If leads canna be safely probed with eithe of these meth-
ods then plternative points mug be found eithe on other
devices of at the regula patten of routing vias or at ran-
dom vias| just as they were for surfa@ mountel array
packages.

7 DESIGN FOR RELIABILITY (DfR)

The relialility of electront assemblis requires a
desiq effprt tha has to be carried out concurreny wi
the othe

While of pourse consjstehlhig
and all th thisimp|@
ability (DfM), Designfop A
Testabili i

assue the

Thus adH
suficient ;
generaly |[measurgkagaing criteria in both IPC-A-620,
Acceptabjlit,of Electrone’Assemblis with Surfa@ Mount
Technologiesfor overal workmanshp and ANSI/J-STD-

Solder Attachments

The reliability of electragec assemblisdepend on the reli-
i reliability of the
ace (or attach-
; the® interface
nentis junique since the
cd interconnec-
tachmen of the

and often serve

E nor unreliable;
ectronc compo-
ts to the printed

sharacteristis of thes three eleme
ubstrate and solde joint—togethe with
ions the desia life, ard the acceptald f3
for the electronc assembyl determire the
surfa@ mourt solde attachment.

7.1.1 Solder Joints and Attachment Typ
Solde joints are anythirg but a homoger
solde joint consiss of a numbe of quite
als mary of which are only superficialy

nts—component,
the use condi-
ilure probability

reliability of the

PS

eosIstructure A
differert materi-
characterizedA

solde joint consiss of: (1) the bae metd at the printed

board (2) one or more intermetallc com
solid solutions—d a solde constitue
(Sn)—with the boad bag metal (3) a la
the solde constituemn forming the board
been depleted (4) the solde grain structy

poung (IMC)—
ht—typicall tin
yer from which
sié@ IMC(s) has
re consistirg of

at leag two phase containirg differert pjoportiors of the

001, Requiremert for Solderel Electricd and Electronic
Assemblies Howevea, meetirg thes criteria does not
assue reliable solde connectionsonly quality solde con-
nections.

To clarify the differene betwea the two requires an expla-
nation and a definition of reliability. Reliability is defined
in IPC-SM-785 Guidelines for Acceleratel Reliability
Testirg of Surfa@ Mount Solde Attachmentsby:

Reliability is the ability of a produd to function under
given conditiors and for a specifi@ periad of time without
exceedig acceptal# failure levels.

solde constituens as well as ary deliberaé or inadvertent
contaminations(5) a layer from which the solde constitu-
ernt forming the component-sid IMC(s) has been depleted,
(6) one or more IMC layers of a solde constituenwith the
componehbas metal and (7) the bae metd at the com-
ponent.

The grain structue of solde is inherenty unstable The
grairs will grow in size over time as the grain structure
reduce the internd eneagy of a fine-grainel structure This
grain growth proces is enhancd by elevatel temperatures
as well as stran enegy input during cyclic loading The

AR
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grain growth proces is thus an indication of the accumu-
lating fatigue damage At the grain boundaris contami-
nans like lead oxides are concentratedas the grairs grow
thee contaminarg are further concentraté at the grain
boundaries weakeniig thee boundaries After the con-
sumption of ~25% of the fatigue lif e micro-voids can be
found at the grain bounday intersections these micro-
voids grow into micro-cracls after ~40% of the fatigue
life; thee micro-cracls grow and coalese into macro-
craclks leadirg to totd fracture asis schematicait shown in
figure 7-1.

dispara¢ properties causimg globd thermad expansio mis-
matche [Refs A-2: 1-6], and are mack of a materia) sol-
der, tha itself has often properties significanty different
then the bondirg structue materials causimg locd thermal
expansio mismatche [Refs A-2:4, 7].

The severiy of thee thermd expansio mismatchesand
thus the severiy of the reliability threat depend on the
desigqh parametes of the assembyl and the operationhuse
environmentIn table 7-1 guidelines as to the possibk use
environmens for nine of the more comma electronic

MICRO-
VOIDS

—

MICRO-
CRACKS

Figure 7-1 Deqcriptio n of the Effects of the Accumul

Surfa@ mourt Jolde attachmerg exi
designs The majar categoris are lead
der attachmentsAmong the leadles
entiatian has to pe mace betwee
Flip-Chip C4 (Controlled £
der joints, BGAs with C5 (€@
rier Connectig
temperatue sol
high-temperaty
fillets, e.g, chip
nens (MELFs),|3

nens with supe-compliar
Ib/in)}, complianidleats (-9 N/mm<L,<~90 N/mm and
non-compliaml ack {(I I_}>-~Oﬂ N/mm (-J—'\m Ih/in)}

tiors are illustrated [Refs A-2: 8, 9]. Howeve, it
0 be emphasizedtha the information i table 7-1
shgutl sene only as ageneraguideling for so:Lre use cat-
egories the descriptin of the expectd use eqvironment
can be rathe more complex [Ref. A-2: 9].

7.1.2 Global Expansion Mismatch

The globd expansio mismatche resut from gifferential
thermd expansios of an electronc componeh pr connec-
tor and the printed boad to which it is attache via the
surfa@ mourt solde joints. Thee therma exppnsio dif-

ference resut from differences in the CTEs ajd thermal
gradiens as the resut of therma enegy being|dissipated
within active components.

Globd CTE-mismatchs typically range from Aa~2

The differert surfa@ mourt solde attachmen types can
hawe significanty differert failure modes Solde joints
with essentiall uniform load distributions e.g, Flip-Chip,
BGA, CGA, shav behavio as illustrated in figure 7-1].
Solde joints with non-unifom load distributions e.g.,
those on chips componentsMELFs, leadles chip carriers,
ard all leadel solde joints, shav localized dama@ con-
centratiors with the damag shown in Figure 7-1 preceding
an advanciig macro-crack.

The solde joints frequenty connet materias of highly

ppm/C (1 ppm=Ix10) for CTE-tailored high reliability
assemblis to ~14 ppm/<C for ceram¢ componerg on
FR-4 printed boards CTE-mismatche of Aa <2 ppm/~C
are not achievah in reality as aconsequereof the vari-
ability of the CTE values of the materias involved on both
componerg ard printed boards.

Globd thermd expansio mismatche typically are the
largest since all three parametes determinirg the thermal
expansio mismatch—tle CTE-mismatch Aa, the tem-
peratue swing, AT, ard the acting distance L ,—are large.

This globd expansio mismatd will cyclically stressand

AR
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Table 7-1 Realisti c Representativ e Use Environments , Servic e Lives, and Acceptabl e Failur e Probabilitie s for Surface
Mounte d Electronic s by Use Categorie s [Ref. A-2: 10]

WORST - CASE USE ENVIRONMENT Accept
Tmin Tmax ATmax@® Cycles/ Years of Failur e Risk,
Use Category °C °C °C Tp hrs year Service %
1. Consumer 0 +60 35 12 365 1-3 ~1
2. Computers +15 +60 20 2 1460 ~5 ~0.1
3. Telecomm -40 +85 35 12 365 7-20 ~0.01
4. Commercial =55 +95 20 12 365 ~20 ~0.001
Aircraft
5. Industrial & =55 +95 20 12 185 ~10 ~0.1
Automative &40 12 100
Passenger &60 12 60
Compaftment &80 12 20
6. Military |Ground & -55 +95 40 12 o ( ~0.1
Ship &60 12 P
7. Space leo -40 +85 35 1 87 50 ~0.001
geo 12 65
8. Military a -55 +95 40 2 365 410 ~0.01
Avionic b 60 65
c 80 x
Mainterjance &20 y N 385
9. Automdtive -55 +125 60 100 ~5 ~0.1
-Underhood &100 1
8140\ 2\ [\, 40
& = in addijon

(1) AT reprgsents the maximum temperature swing, buth\does
the actyal local temperature swings for components,

thus fatig
fatigue dg
the solde
causirg fu
tent.

7.1.3 Log

The locd
therma e
the electr
The® thq

Locd CTE
with coppe e ~18 ppm/<C with ceramc and ~20 ppm/°C

t Include owwects for components; for reliability estimations

omponehdimension—i the orde of|less than 25 pm
1 mil) [Ref. A-2: 11].

7.1.5 Solder Attachment Failure

The failure of the solde attachmetof a domponehto the
substrag¢ to which it is surfae@ mount@ is commonly
defined as the first complee fracture of gry of the solder
joints of which the componeh solde attgchmehconsists.

Given tha the loading of the solde joints is typically in
shea, rathe than in tension the mechapichk failure of a
solde joint is nat necessanyl the sane ps the electrical
failure. Electricall, the mechanichfailure|of a solde joint
results at leag initially, in the occasiongoccurrene of a
short-duratio (<1 pg high-impedane evert during either
amechanichor therma disturbanceFrom|a practica point

Wlth A“O 42 o.i“d II\UV(.'J.I . Luu’:"l thCl LI} Iél. CAparioiu Illib'

matche typically are smalle than the globd expansion
mismatchessinae the acting distancethe maximun wetted
area dimension is much smaller—n the orde of hundreds
of um (ters of mils).

7.1.4 Internal Expansion Mismatch

An internd CTE-mismatt of ~6 ppm/<C resuls from the
differert CTEs of the Sn-rich and Pb-rich phass of the
solde. Internd thermd expansia mismatchs typically are
the smallest since the acting distance the size of the grain
structure is much smalle than eithe the wetted length or

the first obse-

£ + +lo | PN eatfail + aafia ol
UT VICTVY, U SUTOT JUN T TAaliuT T 1S Uil

vation of sudh an event.

For some applicatiors this failure definition might be inad-

equate For high-sped signak with shap rise times signal
deterioratio prior to the complee mechanichfailure of a

solde joint might require a more stringen failure defini-

tion. Similarly, for applicatiors which subjec the electronic
assemblisto significart mechanichvibration and/a shock
loading a failure definition tha consides the mechanical
weakeniig of the solde joints as the resut of the accumu-
lating fatigue dama@ might be necessat
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7.2 Reliability Prediction Modeling

7.2.1 Creep-Fatigue Modeling

It has bee experimentalf shown [Refs A-2: 2,4, 12, 13]
that the fatigue life of surfa@ mourt solde joints can be
describe by a powe law similar to the Coffin-Manson
low-cycle fatigue equation [Ref. A-2: 14] develope for
more typicd engineerig metals For practicd reasos and
as the dired consequere of the time-dependenstress-
relaxation/crep behavio of the solde at typicd use envi-
ronmens (see table 7-1), the specializel cas of the Coffin-

Manso equatigi—reguires—reversigrto—therrore—general

fatigue damag resultirg from shea displacemerst due to
the globd therma expansioa mismatchs betwee& compo-
nert and substrate Thes shea displacemerst caug time-
independenyielding strairs and time-, temperature-and
stress-dependercreep/stres relaxation strains These
strains on a cyclic basis form avisco-plastt stran enagy
hysteress loop which characterize the solde joint
respone to therma cycling and whos area given as the
damag tem AD, is indicative of the cyclically accumulat-
ing fatigue damage Hysteress loops in the shea stress-
strah plare hawe been experimentall obtainal [Refs A-2:

12 17 .10Q

strain-enegy relationshp of Morrow [Ref. A-2: 15]; it also
requires tha thg cyclic stran enegy be base on the total
possibé thermd expansio mismatd ard that the exponent
is afunction of femperatue and time to provide ameasure
of the completenes of the stress-relaxatio process The
Engelmaie-Wil¢ solde creep-fatige equation [Refs A-2:
1-6, 9, 12], subjec¢ to sone caveats listed later, relates the
cyclic visco-plastt stran enegy, representa by the cyclic
fatigue damag@ ferm AD, to the median cyclic fatigue life
for both isothefmal-mechanitaand therma cycling [Ref.
16]

where
€'; = fatigue dy
60/40 Sn/

Solde, uniquelf amorg the.commony tse
metals readily dqrees ard - »
peraturesthe rate of creg ard s
temperature arf
fatigue damag
basel on the t
stres relaxation
not allow suficigr

is larger than th
and time-depg

C = —0.44 =610 Fe +1 74%102 {1 . 360
A4 10T 1-74x10 R )

IO, LT LTI7

7.2.2 Statistical Failure Di
Probability

bution and Kailufe

ideratlonssolder

for a gQu\of Mefiticd cpmponents
{ e all fatigue resuls which typi-
cally is bexe A\ Weibdll statisticd distribution
[Ref. 20]. GiverNthestatisticd distribution the fatigue life
gi failur probabifity can be predictal|as long as
‘ distribution is known| Thus the
ourt solde attachmerdjat a given
ailure /probability, x, is —assumjig a two-

(2P) Weibul statistica distribution—given by

1
N0 = Ni(500 LD | e g

3 = Weibul shag parameteor slope of the Wejbul prob-
ability plot; typically B=3 for fatigue tests [from low-
acceleratio tess of stiff leadles solde aftachments
3=4 and =2 for compliart leadel attachmepts.

Experimentaly, B can be found to be quite vafiabk with
more severey acceleratd reliability tess rgsulting in
tighter failure distributiors and thus giving larger values
for B. Values of B in the range of 1.8 to 9.0 haw been
observed.

Thete is some unfortunatey as yet inadequateevidence
that for lower failure probabilities a three-paramete(3P)
Weibul distribution postulatiry a failure-free period prior

5}
[Eq #2]
where

Ts, = mean cyclic solde joint temperature
tp = half-cycle dwel time in minutes.

The half-cycle dwel time relates to the cyclic frequency
ard the shape of the cycles and represert the time avail-
able for the stress-relaxation/crpdo take place.

Equatiors #1 and #2 come from agenerc understandig of
the respons of SM solde joints to cyclically accumulating

to first failure [Refs A-2: 21, 22], may be applicable From

physics-of-failue and dama@ mechanim considerationsa

failure threshotl as provided by a 3P\Weibul distribution

makes sense since the fatigue damag in the solde joints

has to accumulag to crad initiation and complee crack

propagation While the 2P\Weibul distribution may be

overly conservatie for desigrs to very smal acceptable
failure probabilities (~x<0.1%) a too liberd choiee of the

failure-free periad is definitely non-conservativeThis area
requires more work.

AR
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Also, when designirg to low failure probabilities the vari-
ability in the quality of the solde joints may no longe be
negligible also solde joints with latert defecs tha made
it into the field will hawe in impad on the actua failure
experiene of a produd in the field.

7.2.3 Damage Modeling

The assessmaeiof the cyclically accumulatig fatigue dam-
ace is nat a straight-forwad task While Eq. #1 is widely
used the questian of how to beg quantify the cyclic fatigue
damag is still hotly debated The choices are primarily

tainties in the parametes in Eqs #1 through
#5, 1.5>F 1.0 for ball/column-like leadless
solde joints (C4, C5, BGAs, CGAs),
1.2>F>07 for leadles solde joints with fillets
(castellatd chip carriels and chip compo-
nents) F=1 for solde attachmert utilizing
compliart leads;

=solde joint height for leada attachments
h=Y%- of solde past stenci deph as arepre-
sentatie dimensio for the averag solder
thickneSS'

=il o o L

betwea more—comptex—finite=etemetanatyss—(FEA);

which can give more detailal information and can include
second-ofde effects but require a large numbe of not

fully-supdortel assumptios [Ref. A-2: 23], and closed-
form empirically-basd relationshig of the first-order
design parameterswhich cannd include second-order
effects angl have use limitations due to their simple nature,
but allow,|due to their simple form, a dired assessmerof

the impaq of the primaly desigh parametes as well as
desiq trafe-dfs.

The followWing cyclic fatigue damag terns are of the sim-
plified clgsed-fom type ard shoutl be utilized c
applicatian caveas tha follow [Refs A-2: 1-
24].

The cycli¢ fatigue damag term for leadles (SM
attachmentsfor which the stregse in the so

exceel the solde yield streng i
of the solgle, is

(O] TS,O

w1 0f constrained,
pmponeh lead,
method [see

cente ard the
F joint measured
jpint pad center;
as the distance
for mog pack-
neh solde joint
E cyclic loading,
form CTEsS e.g.,
4 may be most

—steady-sta operatiig temperatue for compo-
nent substrag (T->Tg for powe dissipatia in
component during high temperatue dwell;

= steady-stat operatirg temperpatue for compo-
nent substrag¢ during low temperatue dwell,
for non-operationla (power [off) half-cycles

TC,O

swing for sub-

clic expansion

AD(le $=
@ Tso = (1/4)(TATstTe o +Ts o), mgan cyclic solder
For soldg attachme i joint temperature;
that the splde joint sfresse a Oc o, = CTEsfor componentsubstrate;
and thus 4 ' AD = potentid cyclic fatigue damp@ at complete
stres relaxation;
ATe = Tc—Tc o Cyclic temperatue swing for compo-
nent;
where for AT =TsTg o cycling temperatug
insteal of b strake (at component);
parametey that have aficgtorde influence on the reliabil- A(QAT) =1agATs—a AT, absolue c
ity of SM[solde attachmentsThey are mismatch accountimy for the gffects of power
A = effective minimum load beariry solde joint dissipatia within the componen as well as
area: temperatue variatiors externa to the compo-
F = empiricd “non-ideal’ factor indicative of A nent;
a

deviatiors of red solde joints from idealizing
assumptioa and accountiig for secondar and
frequenty intractabk effects such as cyclic

warpage cyclic transients non-idea solder
joint geomety, differert solde cradk propaga-
tion distancesbrittle IMCs, Pb-rich boundary
layers and solder/bonded-matetiaexpansion
differencesas well as inaccuracis and unce-

=loc—0d, absolue differene in CTEs of com-
ponert and substrate CTE-mismatch because
of the inheren variability in materid prope-
ties Aa<2x10° shoutl nat be use in calculat-
ing reliability.
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7.2.4 Caveat 1 — Solder Joint Quality

The solde joint fatigue behavia ard the resultirg reliabil-
ity prediction equations Eqs #1 throudh #5, were dete-
mined from thermd cycling resuls of solde joints that
failed as aresut of fracture of the solde, albet sometimes
close to the IMC layers For solde joints for which layered
structure are interpose betwea the bag materid and the
solde joints, thes equatiors could be optimistic upper
bounds if the interpose layera structurs becone the
‘weakes link’ in the surfa@ mourt solde attachments.
Sud layera structurs could be metallization layers that

joint fatigue lives dependig on the properties of the cova-
coa and when ard how it is applied Parylené™ has been
found to increa® the solde joint fatigue life by abou a
factar of three.

In general caution might be indicatad in all instances
whete the predictel life is less than 1000 cycles because
the sevee loading conditiors producirg sud shot lives

are likely to produe differert damag mechanisra or/and

failure modes.

7.2.5 Caveat 2 — Large Temperature Excursions

hawe we& bonpstotheundertyirgbas Tateraor are
wedk themselvesor dissole essentialf completey in the
solder oxide or] contaminatio layers preventirg a proper
metallugicd bgnd of the solde to the underlyirg metal;
brittle IM C laydls too thick due to too mary or improperly
long high temperatue processig steps.

Somre materid
weake solde |q

choices can lead to lower quality and
ints becaus the materid is more difficult
to wet with so|de. The nickel/iron alloys Kovar™ and
Alloy 42, fall Into this materid categoy. The resulting
lower solde joint quality resuls in solde joint pull
strengh values for solde joints to Alloy 42 leads thaare
significantyy belonv those of coppe leads Alloy 42Nead
even when etch
than can be tolerated by the componentsh(w asubs
reduction in the
In the worg ingtance the leads from phe
facture hawe a
more typica All

Early failures of|the solde atfs

Alloy 42 lead flames ard leads
[Refs A-2: 29-B3 and manufé
been documented.

Solde joints whi
h<50 to 75pm
joints tha thin, :
lic compoung grchthos \-oe, \
solution with th
Eqs #1 ard #2
filled with soldeg {Ref. A-2: 35]. Thee materias do not

cree as readily lif-at-all-at-the prevailing-temperatureand

Solde joints experiencig largetemperatue swings which
\e-the temperature
hich the change
& place do
gs #1 and
ifferert than
bendenon
icro-crack
cro-cracks
stres cold
io consid-

region bounde by —20°
from stress to strain-dyive

ratures

<ls eg.,
Te< 0°C,
qolde joint
Yat'the dominart mechanismthe dired appglication of
Coffin-Mansa [Ref. A-2: 14] fatigue rglationship
might be more appropriate This relationshp is

1

1 2er]

o == —1| ¢
Ni(50% Z[Ayp] [Eq #6]

whete Ay, is the cyclic plastc stran range and ¢ = —0.6.

It has to be noted tha the determinatio of Ay, depend on
the expansia mismatd displacemerst and the|separation
of the plastic from the elastt strains.

For loading conditiors of this characte it is pgssibé that

high-cyck fatigue behavie may be observed.

are typically more brittle, but much stronge than solde.
Thus fatigue lives are longe than would be predictel from
Eqs #1 ard #2 unles overstres conditiors occu.

On the othe hand the fatigue lives of solde attachments
can be underestimai by Eqs #1 throuch #4 if the com-
ponert is underfilled with a load-bearig substancee.g.,
epoy [Ref. A-2: 36]. Componerd tha are glued-dow to
the substrag resut in highe solde joint fatigue reliability,
since the solde joints are loadel in compressin when the
adhesie contracs on cooling from the solde reflow tem-
peraturesCovercoas can eithe increag or decreas solder

r.Z.1 CAVEAT 4 — LOCal EXpansion Mismatc

For applicatiors for which the globd thermad expansion
mismatd is very small e.g ceramic-on-ceramior silicon-

on-silican (flip-chip solde joints), the locd thermd expan-
sion mismatd becoms the primaly caug of fatigue dam-
age Equatiors #4 and #5 do not addres the locd thermal
expansio mismatch This reliability problen need to be
assesskusing an interfacid stres analyss [Ref. A-2: 38]

and appropria¢ accelerate testing.

Suhr [Ref. A-2: 38] has shown that the interfacid stresses
resultig from the locd expansia mismath follow

7n
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TOL (uSoIder_ O(BaSI)(Tmax_ Tmin) [Eq #7]

whete L isthe wetted length of the solde joint. In addition,

besides substantihshea stresse at the interfae between
the solde joint ard the base materid to which it is wetted,

evan larger peelirg stresse occu. Both of thes stresses
are proportiona to the parametes given in Eq. #7.

Howeve, since in mog applications the locd expansion
mismatd resuls in contributoy damag to the more
importart dama@ causé by the globd expansio mis-

match this contra-indicatio can be ignored without sufer-
ing catas rnph‘i consequences

enegy, but will not plasticaly defom thermselvesthus,
all the thermd expansio mismatd is assumd to resut in
loading of the solde joints.

The loading conditiors resulting from the plastic deforma-
tion of the leads eithe becaus they are very soft and/or
the therma expansia mismatd is large, are not covered
by thee assumptionsFor very soft, highly-complian leads
(e.g, QFPg and/a for very large thermd expansio mis-
matche (e.g, ceramc MCMs on FR-4) resultirg in strain
ranges Ay>~10% the damag estimats in Eq. #5 can be
substantial} in errar, becaus the assumptioa underlying

From the availabk experimenthdatg the damag term, to
be usal in Eq. #1, for the locd expansia mismatd alone
is
LAGAT

AD(local) = [ [Eq #8]

where the parametes are the sane as in Eq. #8 and
L,=0.0% jn. (0.1 mm), a scalirg wetted length The local
expansiolmismatd is then treatel as an additiona loading
condition [see 7.2.10 & 7.211).

7.2.8 Ca\jeat 5 — Very Stiff Leads

Equatiors|#4 ard #5 differentiae betwea surfa@
solde attachmergthat are leadles ard those withs
ant Ieads Leadles solder attachmerﬁ presune(sub

relaxation] Equation #5 assu

preven stresss in the solde joi
substantihyielding, and thus plastc strairs
ard stres|relaxation tak
For very [stiff, non-w@p'
headerst

ponents)
Ib/in), the

stresse si thevyield strength these
calculatel 2stimat the cyclic fatigue
dama@ gnd thus fesut \n Su bstantialf underpredicted
fatigue liles. Tovpreven this analyticd errar, the stress
range in Hg.45need to be boundel by the yield strength
of solde inshea

Eq. #5 are violated.

Unde thes circumstanigesthe fulkdisplacemerg will not

plormatiors of the
e accommodated
e solde joints can be

e displacemef# resultirg from

ansi@ mismatchg and the cyclic
) WOUN] be significantly| overestimated.
tiore FEA is requwed to determire the
Cemers between

igh thérmd expansio mismatchs|occu primarily
accelerate testig and in extraordingy environments
forage and transpot for producs thet |are designé for
heligh operatilg environments.

7.2.10 Multiple Cyclic Load Histories

The loading histories over the lif e of a prpdud frequently
include mary differert use environmers and loading con-
ditions [Refs. A-2: 39, 40]. Multiple cyclic load histories
(e.g, “Cold” temperatue fatigue cycles| combinal with
highe temperatue creep/fatige cycles|(see table 7-1)
combinal with vibration and locd expansio mismatches)
all make their contributiors to the cumulafive fatigue dam-
ace in solde joints. Unde the assumptiq tha these dam-
age contributiors are linearly cumulative+-ths assumption
underlies Eqs #1 and #2 as well—ard tha the simulta-
neots occurrene or the sequencig ordg of thee load

histories makes no significart difference the Palmgren-
Miner's rule [an A=2: A1] canbe npplin_ .

Unde thes circumstancesEqs #4 and #5 will provide
lower and uppe bound for the reliability estimates,
respectivel. The highe the lead stiffness the close the
expecte resuls will be towards the resuls given by Eq. #4
for the leadless—'infinitey stiff leads’—solde attach-
ments.

7.2.9 Caveat 6 — Very Soft Leads/Very Large Expansion
Mismatches

Equation #5 also assums tha the compliart leads will
store the thermd expansio mismatche as elastt strain

Frequeny the initial reliability objective is statel as an
allowabk net cumulative damag ratio (CDR). The CDR is
calculat@ as the sum of the ratios of the numbe of occu-
ring load cycles to the fatigue lif e at ead loading condition
and is:

[Eq #9]

j
_J
OR=2 R,
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