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INTERNATIONAL ELECTROTECHNICAL COMMISSION

IMPLEMENTATION OF BALL GRID ARRAY
AND OTHER HIGH DENSITY TECHNOLOGY

FOREWORD

A PAS is a technical specification not fulfilling the requirements for a standard, but made available to the
public and established in an organization operating under given procedures.

IEC-PAS 62085 was submitted by the IPC (The Institute for Interconnecting and Packagi
has been processed by IEC technical committee 91: Surface mounting technology.

lectronic Circuits) and

The text of this PAS is based on the This PAS was appr,
following document: publication by the P-
committee concerned

the followixg

Draft PAS Repc:\o\\vot\\g\ \
91/140/PAS “9/15HRYD\ >

Following publication of this PAS, the technical committeg or( sybcomui cerned will investigate the

The following statement has been made 5 i necting and Packaging Electronic
Circuits):

J-STD-013  Implement
under the PAS proﬁ

1

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all interested
National Committees.

3) The documents produced have the form of recommendations for international use and are published in the form of
standards, technical reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International Standards
transparently to the maximum extent possible in their national and regional standards. Any divergence between the
IEC Standard and the corresponding national or regional standard shall be clearly indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The
IEC shall not be held responsible for identifying any or all such patent rights.
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Materid in this standad was voluntarily coordinaté by the Surfa@ Mount Coun-
cil (SMC), ard establishd by Technich Committes of IPC ard EIA.

Final Ballot E

The Surfae@ Mount Cou has authorize the specié printing of this documenin orde to make the information available
to industy expers for final ballot approval.

The official publication will be releasd for full industy circulation after the final editorid revision and completion of the
balloting proces by representativeof JEDEC The resuls of thos processs may initiate some changesOncge concensus
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
selection boad fabrication assemb} technology, testing
stratey, and reliability expectatios basel on end-ug envi-
ronments.

The focus 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 Purpose
The purpo of this documen is to provide confidene in
the Design throuch Testirg processe to ensue tha the
final assembt will mee the intendel goak
performance Reliability is establishd thro

tronics ard the cust(@ 3
1.2 Categorization

*BGA
e CB&
* CCGA
* TBGA
* MBGA ¥'Ball Grid Array
* PPGA 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

«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
accordane to the speeifc_processs (i.e. Design-

d'packags to arrey type pack-
0.5 mm pitch on the peripheral

able 1-1 Choic e of Packages

Seﬁicgp;nu.}o(or Number of Pins,

Integration Leads or Balls Package Types

N\, ssl 16-48 soIC
MSI 48-156 QFP/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 this standad are
expressé in metric units, with millimeters being the main
form of dimension& expressioninches may be shown in
brackes as appropria¢ and are not always adired conve-
sion dependig on the round-df concep or the required
precision Usess are cautionel to employ a single dimen-
sioning systen and not intermix millimeters and inches.
Referene information is shown in parenthese( ).

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

Through-hole [
] | | | ] ]
PLCC
‘_H__I_i CHIP COMPONENT  SOIC
sMT B | R =
FLec cHIP solIC
SOLDER COMPONENT
PASTE m —d —1 DIP DIP
SMT/TH [ : — ( ]
if N
PLCC CHIP
"H_-Fi COMPONENT
THT : : :I BGA bIP FPT\PKG)
THT IR -—) —\
Mo PN NN
BGA Similar, with additional o)
Y Z . \
.&.(notshown)a descrihed i

2R Components (mounted) on both sides of the board

2-Sided Thru-hole (NOT RECOMMENDED)
SOLDER
PASTI\: T Adhesive (Optional)
SMT
FPT B | : : |
N—/
SMT
DIP
TH/SMT
|| — ] ]
COMPONENT
Wire bond or
T COM?—SEENT SOIC fah IC chip
attachment
SCP m - J: DIP DIP
THT i : P ; i [:h [l:h 22
UFTP = =2 : - ! N
COB - T — g — T = —
TAB : ! FLIP
Flip Chi - ‘ CHIP / UFPT PKG.
P P EF LHIP (selectively attached)
soic COMPONENT
& 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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DIP
PGA
P BGA
A CCGA
C
PLCC
K LCCC
G TSOP
E MQFP
F FQFP
A
M
| HBGA
L
: O

(MM) -
UBGA: Micro Ball Grid Array
MQFP: Metric Quad Flat Pack
TSOP: Thin Small Outline Package
DIP: Dual Inline Package
PLCC: Plastic Leaded Chip Carrier
LCCC: Leadless Ceramic Chip Carrier

Clas A =Jhr neh mountirg only
omponerg only

ing intermiXed assembly

Class X = Comple intermixed assemby, through-hole,
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-

bly types where Type One has componerg mountal only
on onre side while Type Two has componerg mountal on
both sides The definition of assemb} types discussd in
this publication would be Type 1X, 1Y, 2X and 2Y.

2 TECHNOLOGY OVERVIEW OF BOARD
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 usel todas on a tﬁﬂmeﬂtﬁ
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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/Perf. Driven
Mid-Range

« High perf. and lower cost packages

* SMT technology...inexpensive assy. cost to OEM

Cost Driven

Entry Level * Low Cost Package

« Thin and small outline packages for notebook and Chjpset applicati

e Low cost plastic
* Options:
QFPS, TSOP,
COT, Molded
TAB, BGA

L\ )

Figure 2-2 Componen t Packagin g Requirement s for Different Types ok Syste

ages.

The combination of variows drivers describé in 2.1, will
establi® a dynamt cross-ove/point basel on assembly
capabiliyy (i.e. equipmen precision) ard relative stae of
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.

in-packa@ capacitanceGeneraly hermetc ceramc pack-
age are usal for this application For mid-rang systems,
performane is importart but so is cog (not that cod is not

importart for high enrd systems. Thermally enhancedmul-

tilayer package (Plastt PGA or QFP, BGA) may be
appropria¢ for this application For low end ently leved and
portabk systems cog and form factors are critical 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 dissipation has continualy moved upward.
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. Documents

A
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nk + Ground Plane

Ground Plane 1

i_ pover Plane -
\

/

\— Ground Plane - 2
Power Plane -2
Signal Layer

nced Pal

Increasiny functionak spee requires more powse, a
higher numbe of bord péds on the die and more pins on
the package Fortunatey, even with the increag in bond
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-

processp that has 168 pins in a ceram¢ PGA, might
require 196 pins in a plastic surfa@ mourt package.

2.1.3 The Real Estate Drivers

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 procaﬂﬁ:um&tls
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FINE PITCH PACKAGE BODY SIZE, mm

0.5 mm Pitch

0.65 mm Pitch

0.4 mm HD Peripheral

0.3 mm Pitch

LEAD COUNT

Ay

ray Package (Fully Populated)
QFP Peripheral Leaded Package

Figure 2-4 1/O Pitch Mountin g Area Comparisons

2.1.4 Specific Package Dyivexs
There are generc packa@ S

electricd enhancemenjsassg

application becone paramount\Packag performane in
both assembt and ability to withsStard the end use environ-
mert are the main criteria for the selection It is incumbent
on the use to determire the requiremerg of the products
erd use environmentard seled the prope combinatio of
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

i{th 21.5 mm ball pitch occupies lessred estae than
pitch QFP with 300 pins The secom advantage
the BGA is easie to assemld than an equivalent
fing pitch high lead court package.

The complexily of the boad assemby} increass dramati-
cally with areductio in lead pitch. Even a 0.5 mm pitch,
considerat® problems sudc as lead bend swee and
coplanariy are encountered.

Absene of fragile leads susceptil® to handlig damage
helps make the BGA a mudh more robug package Hence
it provides much bette manufacturig yield. Ther have
been repors by sone uses tha even today the yield of a
BGA packa@ is much bette than that of 0.63 and 0.5 mm
fine pitch peripher& lead packagesCurrenty BGAs are
being usal by severé compute companis with very high
assemby yields.

The BGA allows the use of convention& surfae@ mount
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 (pars per million). Documents

R
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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].

Sore of the advantage of a PGA are tha 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
upgraca by the end use without buying a whole new sys-

tem Tariff on the imported mothe boad also plays arole

in favor of socketig PGAs To minimize tariff on mother
board assembld overseasprocessa (the mog expensive
componehon the board) are insertal in the home county.

2.1.4.3 Fine Pitch Plastic Drivers

The primaly driver for fine pitch isred estae constraintIn
addition there is significart cod savirg in using FQFPsin
sonme case well abowe 50 percen over PGA. In other
cases fine 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 (over 100 ASIC (application specift integratel

Howeve, packa@ reljability
are sone of the co
using thermally ard eleetr;

* Susceptibili~to mojsture absorption
* Inspectabiliy of firfal solde joint

» Handling of part prior to assembly
» 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-

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
learnirg curve with moist usceptabilit of sone plastic
packages.

or othe equivalen processe may be
e package are susceptibd to moisture
ka@ cracking Additiond handlirg incurred in
ue protectel package during baking and bagging

Finer pitches (belowv 0.4 mm) of high pin court devices
may require the use of tape carrie packagigy (TCP) or
wire bondirg of the chip to the devicee lead frame Some
hawe suggestd skipping the QFP or plastc packag alto-
gethe and moving directly to dired chip attad using TCP.
Tape carrig package will require the resolution of the
sane boad and assemby relatal issues as fine pitch QFP.
In addition the technolog for chip encapsulatio need to
be defined The lack of industy infrastructue for TCP is
one of the majar issues.

The Pin Grid Array has sonre problens as well. While it
has serval well for lower pin counts it may nat be the
packag of choiee for highe pin couns with large heat
sinks attache to it. The high pin court PGA 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 P
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PQFP/PGA
PRESENT

FUTURE
P.G.A.
L.G.A.
A ~~ Enhanced
. aFP

Yield Reliability

Reliability
Infrastructure

Infrastructure, lead co-planarity,
handling ILB/OLB technology

B.G.A.

Time

Figure 2-5 The Move from Present to Futur e Requirements

packa@ is neede for a lower
eithe in fine pitch QFP or '
ove fine pitch QFP packages.
As the performane and speé

pin couns increase Thjs tre
fact tha thee package wi

common.

To redue@ boad complexiy ard to increag manufacturing
yield, bal grid array packag@ use will becone common-
place Despie increasd complexiy in packagig 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 othe concen tha the boad industy mud addres are
building four to six layer board while keepirg boad thick-

nes undeg 0.5 mm for PCMCIA (Personh Computer
Memory Cad Information Association applicatiors for the
mobile market It is also difficult to maintan bow and twist

to a minimum in thin boards Even for standad 1.5 mm

thick boardswarpag need to be kept unde 0.5 percen as
opposeé to 1 perce now common.

The use of differert packags impad layer court and board
area For example peripheré fine pitch packags sud as
FQMP and TCP require more boad area but lower layer
count PGA and BGA packags requite 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 betwee 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 equivaler for ments
————Pocument-Sharing Hub

the top layers The solde thicknes on the lands of various

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 0.2mm
296 240 352
BGA BGA TCP
Full Array Partial Array

Figure 2-6 Board Routin g

Viahole size conducﬁ ASi
shoos up rapid
belcw 4 mm.

ince they
boad cost

N
One mud maintaik_an aspet ratio of abou 4:1 to ensure
via hole reliability. ASped ratio is definal as boad thick-
nes divided by preplatel or drilled hole size.

Q

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

bend) This resuls in solde defect (shors and opens) As
the lead pitches drop belowv 0.656 mm, it become difficult
or impossibe to provide soldermak betwea lands adding
to solde bridging if a pase printing proces is used Also,
for extremey fine pitch devices it is difficult or impossible
to determire how far off the leads are from target, even for
the supplig. It is neary impossibé for sone 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
may be significart solde 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 speed and lase cut stenci Mmenis
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Figure 2-7 Typical Cost Curves — Cost vs. Finishe d
Conductor
Width
Costs
0 f
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Number of Layers (1.5 mm thick board)
Figure 2-8 Typical Cost Curves — Cost vs. Number of Layers
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QFP Solider Open Detect Rates (Component)%
301 2.53%
Sampile Size:
2.5 ] Card Assemblies - 200K +
20 Note:
0.65mm & 0.8 pitch components
1.54 are on the same card
1.01
0.48%
051}
0.24% %
0.11%
; ; R §
.1 mm Coplanarity 1.25 mm Coplanarity 1.5 mm Coplanarity \ C‘c\a@:érity
S 0.65mm Pitch Sourca:bpa
i ¥
U HHHHHHHHHHEI Oz )
1 2 —3 . bbb )
The 3 lowest leads ine the zero J plane. }
All leads are measured from this plane.
Al ]— )-_L
\* 00 IO O L O g = v e T
cs y ]
ADLSEATING PLANE &

as nitrogen to achigwe goad sotderirg results It is difficult
to clean unde the® packagessinee mary hawe very low
stand-df. Figure 2-10 shows the ability to clean unde a
packa@ is determiné by its area and stand-déf from the
board.

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
components after 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 or plating in the
hole Tenting is usually accomplishd using a dry film sol-
dermask.

2.5 Future Implementation Strategies

Increasd performane ard sped@ also mean tha thermal
enhancemestsud as hed sinks hed spreade ard heat
slugs will becone more common Despie thes thermal
enhancementhighe airflow even in deskt@ systens will

be needed To 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 wi!l COIBM uinents
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ZBLDDIP O Through-Hole Components
‘ Surface Mount Components
CLEARANCE
UNDER 0.75 — —
COMPONENT 20L PLCC 44L PLCC 68L PLCC 84L PLCC
(STAND OFF o o
HEIGHT), mm
L J L J (
05 — 100 PQFP 132 PQFP 164 PQFP ]
14L DIP Easier to CI
D asier to Clean
D Header Connector LIF socket
@ 23L soic
0.25 |—14LsoIC —]
Difficult to Clean
20LLCC , 44LLCC 68L LCC
o *
Chip Components | |
0 200 400 06 N\ \ 890 1000
AREA UNDER CO PO E T SQUAR
Figure 2-10 Stand-o ff vs. Cleanability <\ % < Q )\>
Sone relief may be possibe becaus ball grid array pack- le o ui
H H ra Fine .e’y .’a
ages will becone common since they redue@ proces gom- \Q Sgpich | uwasa | rine pich U:ff's‘{ﬁ‘m bt
plexity for the use. The effect of complexiy in gener Cont il
will be felt by the supplies ard users RNEE
2.5.1 Complexity Matrix Me 11 14 17 39 510
138408 [ 4 &7 69 Pracical
410 - 720 10-3 10-4 NOT
720 - 1000 P A CTIC|IAL

Figure 2-11 Componen t Packages with Leads Around

Perimeter

their leads or terminatiors bR theuindersi@ of the package Pich | on | uwas | Fmeien | UtraFine | yeryula
f Pin 2.54mm 1.0mm . 63/5mm Pitch 258 Less
in an arrey format. B 413 mm &L
The complexiy matrices could help establi$ the param- <68 11 11 11 11 11
etess for definition of high pin court and fine pitch. Com- o o - - o o
plexity is judged on ascak of 1 to 10, where 1liseay and
10 is very difficult. The first numbe reflecs design com- 138 - 406 - - 21 - -
plexity. Although sone desigrs are eay, others are more
difficult becaus of the numbe of 1/O’s that are needé to 410720 ” 2 » N olt
be interconnecté or the boad red estaé availabk for
accomplishig the interconnection.

X i . 720 - 1000 77 77 77 PRAC|ITICAL
A secom numbe in the matrices reflecs the difficulty of

manufacturing Manufacturiig includes both the manufac-
ture and testirg of the bare boad as well as the manufac-

) ? Underneat h in Array Format
turing and testirg of the completa assemby.
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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 assembyf processe were restrictal to socketing ther-
mad insertion wave solderirg or welding to the circuit
board Since tha time, amultitude of packa@ conceps and
severd assemb} technologis and techniqus hawe been
developedincluding the mog recert developmeh of sur-
face mourt 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 of packagimy options Uniquely, as
optiors are added old ones hawe not becont

optiors to the deviee and asse
ments.

3.1 Component Identificatio
I/C package are desgxibée
classifications. <f>
* Area Array
* Peripheral

ered for pa

3.1.1 Area Array Compongnt Types

Array lead packags are thos types where the emanating
terminatiors or leads are base& on sorre form of grid net-
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.

In mog instances it is a pressue bondabé intercon-
ectin systen tha works well for connectos and other
electricd and electronc parts.

The spacimg of matrix or grid output lands 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 densiy pitch. Six-

sigma solderirg can be achieve althoud prod through
visud inspectiom is not possible The desie to do visual

inspection could be adetrimen to future acceptane of the

arrgy type packagsin eithe Ball Grid Array, Colurm Grid

Array or Land Grid Array formats.

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 smalle parts with

alow lead count. Documents
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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 arnd standad outline
for the solid stake and relatad produd is identified by its
particula standad numbe. Thus as an exampé MS-016
might indicake that a particula part mees astandad out-
line. This assis$ in the evaluation of the land patten in
which the patt belongs.

Anothe importart elemen of marking is the location of
pin #1 in the packa@ device The Peripherh packages
mary times hawe pin #1 identified with a smal circle.
Sometime thes marks are molded into the plastc body,
thus assistilg in the inspection ard identificatin of prop-
erly placed ard interconnectd devices.

origin.

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 required for the use.

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

« Cofired (Multilayer) Ceramics
* Pressd Ceramic

» Molded Plastic

e Laminatel Printed Board

new ideas are being exploral tha use
e Jayer and multilayer organic substrate in the
{ the molded plastc family.

Sqre casesBall Grid Arrays are being packagd using
dad organtc materid substratessud as BT resih or
modified polyimide interconnectia substrats systens and
glass reinforcement Thee standad printed boad tech-
nologies provide a coeficient of thermd expansion

i Vil &\\\J N |

’
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LT |
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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
experimend are necessarin the validation stage to provide
cost-dfective manufacturig processes.

3.2.1 Ball/Column Termination

The solde balls or solde columrs form the electricd and
mechanichbridge betwee the area array packag and the
nex levd assembh). The solde absorls the stres between
the packag and the nex levd assemby cause by varia-
tions in the relative thermd expansiao rates.

The solde composition of the area array bumps varies
accordimg to required mechanichand thermd properties.
Comma solde compositios include:

90 Pb-Sn
97 Pb-Sn
63 Sn—-Pb
50 In-Pb
95 Pb-Sn

3.2.1.1 Bump Preparation

They may be separat )
fusing processor th
the round shape.

Usually abal mas i
ard the bums are pl

tions than evaporatio andthus affords greate contrd over
mechanichand thermd_préperties Electrodepositin also
produce smalle diamete balls.

A variely of solde past compositios 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-

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

« tin-lead plate

« palladium plating

Ead type of lead f
applicatiors and f;

xces gold in solde joints can resut in the formation of
a brittle alloy, causimg the joints to fail over time ard under
high-vibration or board-flexirg environments Currenty,
requiremerg demaul tha a solde cod replae gold and
direda solderirg usal for both leadles and leadal 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 leadal 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

(232 °C) than solde (180 °C), ard it can be burnel in at

highe temperature without melting Howeve, when com-
paral 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 poirt (183 °C), and Eyigeela el ts
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typicd compositio of solde coa is the eutectc alloy of
63% tin ard 37% lead.

Bas coating are normally applied in the following
sequence:

1. Clean the leads

2. Apply flux

3. Dip the leads into molten solder
4. Finish with hot wate rinse.

Grea car is taken to minimize ary therma shod to the
packa@ and die during solde joint processig and clean-
ing of the unit after coating.

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

3.2.3.4 Tin-Lead Plate

Tin-lead alloy is usel extensivey for plating leads The
plated elementswhen reflowed form an alloyed composi-
tion of approximatef 85% tin and 15% lead or 63% ti

183 °C.

Leacs plated with tin—Ie
using convention& reflow.\Sdne
socketed.

3.2.3.5 Palladium Plate

mack directly to the nickd surface through the palladium,
insteal of to silver, all silver is eliminated from the pack-
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

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

Fixturing Fixturing
Pretreatment Pretreatment
Rinse Rinse
Plate Dry
Rinse Fluxing
Dry Preheat
Quality Assurance ( \Sqlder Coat

p’to maintan mechanich integrity of the bulk
5 and interface betwea them.

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

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

3.2.6 Ceramic Packages

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

3.2.6.1 Metal-filled Ceramic Packages

Two types of hermett seak are normally used One uses a
had solde precios metd brazing alloy (laminated

i i -platel thick
film sed ring on the ceramic T - h pas
utilize glassto creae the seas b & ssekceramid

impermeabiliy, whe
lowed opportuniy

nd has amelting point of

S 5 s excellen wetting cha-
acteristis to the a ring and [éad materials and is highly
resistamh to therma fatigue/Seas createl by the Au-Sn as
well as its tin alloy can withstard thousand of thermal
cycles without failure.

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

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 usal in the industy have compositios in this
tiohasel on obtainirg the low-

esThe fractural toughnes is also found to be quite
imilar. It is expectel tha mechanich performane of
seale glas will be equivalen to othe commony used
glasses.

3.2.7 Die Attach

Die attad is an importart patt of the componehassembly
proces tha ensue the part performane requiremers for

the use. There are usually two types of die attad materi-
als adhesive (organc and in-organig arnd had solders
(gold-silicon eutectic).

The choice of die attach materiab depend on the specific
applicatiors and is compatibé with the particula packag-
ing technologis to insute the highes levd of performance
ard reliability. Table 3-1 shows the relationshp between
the various package and the die attachmehmaterid 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

maintaine within both their functEh®@ @GdMmenis
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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 10° " Nuclear -
Molded Plastic (Copper | Silver-filled Organic Bipolar Chig / Blast
Lead Frame) Epoxy Adhesive < (at
g / 1.5Km)
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 med their specifi@ performane requirements. T
Operation outsice the range may resut in degraded 10° -
machire performane or logic errors The maximun allow-
able temperatue limit is the highes temperatue to which
a componen or_ part of a componeh may be sa_fe_ly 0° ]+ Solar Heating
exposed Operation abowe the allowablke temperatus @ ' /.
. . . os on Devices
may resut in actud physica destructia of the co + Heat Loss
or irreversibk changs in its operationh characteristi | IFrom B°dy|
10
The secom objective of thermd managemenis to efisure 10 100 1000 10000
that distribution of componen operati Temperature (K)
isfies reliability objectives Althoug

it can be equaly costly.
Failure mechanisra enco@ i

e (for changes
chemicé or diffu-

Relative hed flux levels of~griows devices ard natural
phenomea are shown in Figure 3-4. As sea from the fig-
ure the hed flux at the die levd is only abou two orders
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;

Figure 3—-4 Temperatur e Difference s Attainabl e as a
ctio n of Heat Flux

Hed transfe throudh agiven packa@ can occu in various
modes dependig on the systen environment In mobile
systems fans are naot typicd and the hea mug be dissi-
pated from the componenhthrough hed flow channes that
are narrow. In desktg environmentstypically a systen fan
ard apowe suppl fan exig and low air flow levels can be
expecte to aid more in the cooling process In servers,
additiond degres of freedan are availabke to provide
room ard increasd airflow to addres highe powe dissi-
pation.

The cooling technoloy selectiom mug be mack at an early

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

reflecs the temperatue differen® necessarto suppot 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 usal as a
rouch estimae to provide the designe with a startirg point
so tha thermad requiremerg be accommodat# in the
design.
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Temperature Difference °C

1

| | |
4 68, \) s 2
10 10
Surface heat flux (Q Q Wicm?

Figure 3-5 Heat Flux vs. Temperatur e Level

°C. The temperatug
- 45) =40 °C. The pa

It mug be notal tha thes estimats are base on gross
simplificatiors ard refinemerd 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-

contact Multilayer printed board with metd cores are
xcellert way to remowe the hed from the component.
herma vias are positiona unde the componehand pro-

vide the therma pah to the hed sinking planes.

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

In a one dimensia form the Fourie 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)

The temperatue differene resulting from 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 componeh mou on a boad_ne
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Full document details: IEC PAS 62085 1998

——Boctrmern*l—ﬁ'rarm%Hub
1


http://www.avadocuments.com/doc/iec-pas-62085-1998
http://www.avadocuments.com/doc/iec-pas-62085-1998

J-STD-013

Copyright © 1996, IPC; 1998, IEC

July 1996

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
from the packa@ surfa® to immediat adjacem air mol-
ecules The enagy thus transferre will increag the tem-
peratue ard internd enagy of the air molecules Due to
the ability of air molecules to move more freely, the heated
air molecules will mowve to a region of lower temperature
of air where they will mix with the colde air and transfer
patt of the their enegy to the colde fluid molecules Note
that unlike conduction the flow in this cas is of air aswell
as enagy. The hed enegy transferré from the package
surfa@ is stored in the fluid and 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 referred to as Newtoris law of cooling as gi
below.

q° =hcA(Ts - Ta)

where ° = convective hea flow ra
ambiert (W).

A =surfa@ area (m?)

Ts =Surfa@ temperattg

it is the ultimate sink forthe hed\dissipate from the com-
ponent Obsenre in the definition of the resistance the
effect of the surfae area of the packageln orde to maxi-
mize the efficiency of hed remova from the packag sur-
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 nat 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

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

Therma radiatian is definel as the radiart enegy emitted
by a medium by virtue of itst 3
of ary intervenirg medig/1
radiatian is not compleje

emissivily (0<el)
= Stefan-Boltzma constant5.67x10°
(W/m?K%)

1> = Sha facta betwea surfaces 1and 2
(A fraction of surfae radiation seen by
surfa@ 2)

T,, T, = surfae temperaturg of radiatirg surfaces

While radiatian is an importart cooling for spae vehicles,
naturd convectiom environmeng can also beneft from
radiation To estimaé the magnitue of radiation cooling
to the convective cooling describe earlie a radiatian heat
transfe codficient can be calculatel as follows:

h, = €0F12(T21+T22)(T1+T2)

It is not uncomma to find the radiation& contributian to

be of the sane orde as convective cooling especial in

naturd convection cooled packages Oversigh of this
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 withip the package
ocuments
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