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IMPLEMENTATION OF FLIP CHIP AND CHIP SCALE 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| 62084 was submitted by the IPC (The Institute for Interconnecting and Packaging ctronicC
has been processed by IEC technical committee 91: Surface mounting technology.
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4) In order to promote international unification, IEC National Committees undertake to apply IEC International Standards
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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.
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Implementation of Flip Chip
and Chip Scale Technology

1 SCOPE

This documen describs the implementatio of flip chip
ard relatal chip scak semiconducto packagilg technolo-
gies The area discussd include desigh considerations,
assemby} processestechnoloy choices application and

cally sealel metd cars with glas sealel wires emeging
from a heade upon which the germaniun or silicon chip
was metallugically backbondedManud thermocompres-
sion wire bondirg to the chip was the comma technique.

Although transisto technoloy was mudh more reliable

reliability rdata—Chip—scatpackagiyvariatiorsinctude:
flip chip, [High Densiy Interconnet (HDI), Micro Ball
Grid Arrgy (UBGA), Micro Surfa@ Mount Technology
(MSMT) ard Slightly Larger than Integratel Circuit Car-
rier (SLIQC).

1.1 Purpgse

This docymen is intendel to provide generd information
on implementiry flip chip and chip scak technologis for
creatirg gingle chip or multichip modules (MCM), IC
cards memoy cards and very den® surfae mourt assem-
blies.

1.2 Categorization
Flip chip |is categorize as versiors of a tin-legd

solde bujrp process and alternative solutiofs tha-use
othe forms of chip bord site bumping.

Chip scaRtechnology is categorizd as
structure|that havwe been matke

chip handling testirg and
technologis hawe c@\
more than 1.2X the ared of

direa surf

2 TECHN
Flip chip
to providg
conducto
nology has gro
generc alea ofchip
new techpique for mountirg bare die were also estab-

than vacuum tube technolog.tha preced
ing and interconnectia (technolQgig we

etshifg via holes in the glas where elect
ere to be made ard hermeticaly reseali

typically chromium was usel to creae
glass ard aluminum.

Subsequenmetd films, typically coppe
deposité to provide wettability and solde

it, the packag-
weak Faulty

Jaluminum inter-

5ion of thin film
mett packages,
hanufacturability

assivatd at the
bm the environ-
re fused on the
num wiring was
for a hermetic
blel at the chip

sistehwith maintainirg a hermetc sed was the idea of

ricd connections
|y the holes with

an overlapping larger pad of metd filmg. The first film,

a goad bord to

ard gold, were
rabiliy for a ball

of metd alloy tha was to be melted on thg pad Originally,

the bal was an alloy of Au-Sn eutectc

which melted at

360°C therefore the pad was called the ball-limiting met-

allurgy becaus the melted bal would n
beyord the area of the pad Later the ball
a solde burmp with an embeddd coppe

nt wet the glass
Dr burmp became
bal ‘‘stand-df,”

shown in figure 2-1.

The packagimg concep requiral that thick film electrodes

lished Tqut, enhancementof—the—semicondueto-die;
which ruggediz the produd to facilitate ea® of handling
ard testing hawe establishd anothe levd of packaging
technolog in which mary companis can participate.

2.1 History of Flip Chip

Flip chip solde bunyp interconnectia technolog is over
30 yeas old. It was first conceivel and developd in

1960-6L by IBM for the Solid Logic Technolog (SLT)

hybrid electrong circuitry in IBM’s Systen 360 computers
introducel in April 1964.

At tha time, standad transisto packagilg usal hermeti-

Or wites be screend-ard-firedomaturmirersubstratesOrigi-
nally, the thick film was glass fritted Au-Pt paste later it
becane Ag-Pd The wiring was hot dip tinned with 90Pb-
10 solde to improve conductane and to interconnect
the active ard passie components For ead transista,
three of the screend wires were to terminag in a spd that
would be the mirror image of the chip bumps.

After ead chip site was fluxed with a drople of sticky
wate white rosin flux, the chip was picked up and placed
on the solde coatal electrods face down or “flipped”
compare to norma chip placementSubsequeny| the sub-
strake was heatel in afurnace to remet the solde coating,

1
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Copper Ball

(Ni and Au Plated) _Cr-Cu-Au

Terminal Pad
- Al-Si

. AI-Si Stripe

This positive stand-df solution was usal for all of the SLT

ard SLT extensim designsThe secoml solution developed
by Delco Electronis (Genera Motors) in the late 605 was
similar to embeddig coppe balls excep tha the design
employel a rigid silver bump The bunp provided a posi-
tive stand-d&f and was attaché to a thick film ceramc sub-
strat by mears of solde tha was screen-printé onto the

Metallurgy

substrateas shown in figure 2-3.

IC Device

hermal Oxide
1Pp05-S102)

FIR$T FLIP CHIP (SLT - 1964)

Figur e 2-1-~ Bagic Metallurgy/Glas s Design for SLT
Transistors

therely reflow polderirg the device bunmp asperitis and
joining the chip|to the substrate.

Howeve, there were problerns with the origind gold 2
balls in tha they would alloy ard melt with the higk
solde at arelatively low temperatue (Pb-Au eutectc me
at 215°C) The |bal would alloy and flow into the
lands therely “‘qollapsing’ and allowing solde to shot t
the raw edges af the chip (Figure 2- here
solutiors to the [problem. [\

O \NX

SHORT—\ ;;; i ; \J>\)
SOLDER| £ N \

PROBLEM : COLLAP C\RKP mcs\ﬂgpwc
A
SOLDER

a—
o ()|

n
Silver Bump _ i i
- o f\@oldew
N

NES

p-df’” to prevert th
he electrode The silver

This system shown in figure 2-4, becane knd
controlled collaps chip connectim (C* or C4
grated circuit fabrication whete the 1/0O court W
from 3 pads to 20 or 30, the proces for fabricat
uniformity of C4 bumps was superio to pre
coppe bal design.

—

M nea the
e ball sol-
palladium
ictiviyy for
Metallurgy

was sim-
5 extended
roximately

wn as the
For inte-
ould grow
@ and the
iows IBM

SOLUTION #1: COPPER BALL STAND-OFF

SOLDER

[BASEN 2

SOLUTION #2: CONTROLLED COLLAPSE CONNECTION

SOLDER

Figur e 2—2- Chip Collaps e and Edge Shortin g Problem
Durin g Solder Reflow Joinin g and Two Solutions

The first was to embeal coppe balls in the solde bumps.

Figur e 2—-4- Thick Film Glass Dam Preventin g Solder Flow

and Collaps e in First C4 Application

2
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There was a long era of thick film hybrid technolog from

the early 60s to late 70s at IBM using thick film screened
ard tinned conductos ard thick film trimmabk resistors
with flip chips Discree transisto and diode chips used
coppe bal solde bumps while early integratel circuits

had C4 solde balls Sometims both were mixed on the

same substratesshown in figure 2-5.

Figure 2-§
Copper Bg
(12 mm)

Contemp
did not re
Delco Ele|
der bunp
ability on
low temp
sition of 3
time peri
tin-lead b

As the ny
interconn
necessar
This led fi
(1 inch) S
The thin fllm metallizatior was evaporatedlater sputtered,
Chromium-Coppe amiL > _uppe chromium fi
was left intad excep at pin interconnetsite head and C4
finger tips. The chromium (or chromiun oxide surface)
then replacel the glass dam as *'stop-df”, shown in figure
2-6.

Later, using cofired multilayer alumina substrateselectri-
cd connectios were brough to the surfa@ throuch a
molybdenun stud-cappé nickel/god vias Sinae solder
does nat wet to the aluming the neal for glass or chro-
mium dans disappearedas shown in figure 2-7.

Early integrat@ circuits had solde bumps arourd the
perimete of the chip becaus of concers that the passiva-

iMe 2-7- Cross-Sectio n of Cofire d Alunin a Multilayer
eramic Package

tion vias openirg proces or the bunp stregsewould affect
underlyirg transistors Later, it was discovere tha there
was no problan putting solde bumgs difectly over inte-
grated circuits, transistos and diodes THis permittad the
staggerig of bumps arourd the perimetg with an occa-
siond inboad powe pad for single leyd substrate of

thick or thin film designs Thin film sybstrate enabled
finer pitches and more escap channet hetwea pads so
tha depopulatd area arrays could be accqmmodatedMul-

tilayer ceramc substrate with buried redistribution wires
allowed full area arrays and highe 1/O cafabiliy than TAB

or wire bord periphera connectionsshoyn in figure 2-8.

Early solde burmp flip chip package usel thick films of

glass fritted preciols metak tinned with 90% lead-10% tin

solde. Cod reduction favorel silver-palladium pase but
reliability issues with silver causeé later use of ternary
paste of silver-palladium-gold A typicd packagesee fig-

ure 2-5, shows the bottom-sie view of thick film resistors
tha were dynamicaly trimmabk with abrasie jets and
later with lasers.

Equally importart to the elimination of hermett packaging
ard manu# wire bondirg was the profourd improvement
in manufacturabilig of circuits Glass passivatd transistors

el
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with highe pin capaciy ard grew in size as the need

developed Also, thick film screenig was supplemented
with thin film chromium-coppechromium depositions
(Metallized Ceramc or MC). The® films were subtrac-
tively etched using photolithographé processesto form

finer lines and pitches than their thick film counterpar (20

um lines, 60 um pitches minimum).

Thin film processig maximized the wireability of the sub-
strake and allowed more wires per channé betwee pins or
C4 bumps Subsequeny] polyimide thin films were used in

i 1
i m ol e

Figur e 2-8- Full Area Array C4 Configuratio n Micro-
processo r with 762 Solder Bump s in a 29x29 Array.

ard diode chipg were so robug they could withstard ran-
dom mechanichhandlirg in vibratory bowl feeders Test-
ing ard chip placemen were highly automated attaining
proces rates off 3 to 6 chips pe second Chip joining to
substrate was ( i
mack in reflow

Thos factors al
flip chip attract
erd Motors (th
high volume us
regulatos ard ignition modles.

thick film

Completion of
core gd arou
metd can for

rubbe for a ba

Solde bump
changesFired 1
SiO, films tha

matel goad en
metallization.

combinatio with metd thin films to allow a buried ground
plare ard atwo levd wiring capabiliyy with viasland cross-
overs [Metallized Ceram¢ with Polyimide'(MQP)]

ntinuel to
Frlenbecame
discovere that
circuits with no
were not
ikeothe chip jolning tech-

pecaus chip testeg were best
multi-row
apabilities
- new chip
$kriown as depopulatd arrays wefe possible
figure 2-9. Solde bumps over the active area
éval the I/O constraint Chips could pe smaller
gl accommoda agreate numbe of circlits, as the

- e Bl F
a2

{

lare

f Tool

Ty

i
£

¥

[
‘

As the numbe of circuits grew from three to four to tens
of circuits the numbe of 1/0 bumps on logic chips grew
as did the demar for pins in the substratelnterstitid pins
were put in the pin grid arrey to increag the 1/0O count.
Rents rule was found to apply to logic chips as well as
logic cards (empiricd observatios showel tha cad /O
termind court is directly related to the numbe of logic
circuits).

2.1.2 Hybrid Thin Film Packages

Due to the continua of logic chips large ceramc sub-
strates were required Thes were approximatel 25 mn?

N

Figur e 2-9- Depopulate d C4 Array on Chip

2.1.3 Multilayer Ceramic Substrate (MLC)

A full area array C4 chip footprint required the high 1/0
redistribution capability of multilayer ceramc technology.

A
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For example the top five layers of green sheé¢ in the
cofired cerame packags introducel by IBM in 1978 were
necessarto fan out an 11x11 array of C4 pads shown in
figure 2-10.

The packag body was alumina with glass binde and

Improved thermd cycle solde joint performance by
reducirg distance-to-neutral-pointvas shot lived as chip
circuit densiy was growing rapidly and larger chips were
imminent The fatigue lif e vs. CTE relationshp is shown in
figure 2-14.

It is clearly shown tha fatigue life is nat a problem if the
expansio rate of the chip could be matchel with a silicon
substrag (see figure 2-15 or a man-mae substrag sud as
glass-ceranai (cordeirite-likg which matche silicon.

2.1.4 Thin Film on Multilayer Ceramic

Figure 2-10-~ Area Array C4 Configuratio n (a) 11x11 Full
Array wit h| Cantilevere d Silicon , (b) SEM View

molybderjum conductors The surfae finish of/the\g
denun styds emeging from the top ard bott
packag@ was nickd ard gold film for soldera
brazeabilfy.

Othe mahufacturerssud as Hitagh and-NT T\ be

but also for thin film flip cl
shown in|fi
telecommjunicatios appli

Becaus of the codficievf of
matd in p
and silicop (CTE=3
tilevered heyord i

Nis Cause fatigue fracture and
of those pads in the corners.

Multilayef <ceramc technoloy also allowed the use of

during therma cygling.
electrica giscontinui

The glas ceramec MLC
for System/39 also had (a redisttibutionH

efoe extended Chips can be moun

eramc package This technoloy is an e
hip Attach (DCA). Smalle, lighter, less

Anothea exampé of DCA is IBM’s SLC|
using layers of photosensitie epoxy ard
wiring on the epox glass laminat boad 4

tronic applicatiors therefoe are attainable.

ubstrae which|IBM developed

yer of thin film
of buried layers
array of C4's(648

was raisal to a
transfe fluid in

Laminate
solde joint reli-

DX/, as shown in

he stran levd is reduce ard reliability is

lel to a printed
out a plastc or
ampe of Direct
expensie elec-

1)

technoloy. By
coppe thin film
urfaceit is pos-

sible to creae chip bonding sites tha mgtd solde bump

footprints similar to ceramc packages
2-18 By pretinnirg the land patten with
eutecti¢ high-leal bumys can be attache

Application of chip underfil enhancse r

shown in figure
tin lead (SnPb)
to the substrate.

bliability perfar-

mance Epoxy underfil reinforcemenallows use of lower-
compliane eutectt SnFb bumps which eliminates the
neeal to pretin or deposi solde on the qubstrag thereby

raducim-cost
J

Multipl e Chipson the Module (MCM). Figure Z-IZ Shows
an uncappd flip chip multichip module Ead chip had 120
I/O pads supportd a maximun of 704 availabk bipolar
circuits and dissipatel a maximun of 1.5 watts to an air
coold cap.

IBM developé a series of Therma Conduction Modules
(TCMs) startirg in 1981 where the chip court on the sub-
strat grew to 100-130 Ead chip was backel by a spring
loaded piston in a helium atmosphez ard could dissipae 3
watts/chip as shown in figure 2-13 The area array pads
startel as 11x11 arrays but grew to 17x17 arrays in subse-
quert models.

reoorott oSt

2.1.6 Chip on Flexible Printed Board

Chip on flex is anothe dired chip attad technolog. Most
flexible circuits are polyimide-basd substrate with or
without adhesivesThis technology is usal in statc and
dynamt applications Viewed as acompliart substrag this
DCA methal is designé to redue or eliminaie the need
for underfill.

2.1.7 Thin Film on Silicon

An AT&T developé proces places flip chips into an alloy
solde pase tha has been printed onto an active silicon

5
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Thin Film Resistor Chip

Thin Film Cepacitor Chip

Kovar Cap

Monolithic IC
Chip

Glazed Al,0,
Substrate

Multilayered Cerami
Substrate

Ta-N
Ni-Cr

Au
Cr-fh-Au

’\ Al20,

Plated Ni

v

- R - -
COTITIIIIITI IO =8,

A\ L) &

nd Cr

Figur e 2-11~ Stiuctur e of Hybrid IC Using Solder Bu

-s%tions< O

N

cappe d 50 mmKulti-Chi p Modul e (MCM)
interconnectia MCM substrateBoth the dis ard substrate |

hawe matchirg patterrs of solde wettabke connectim pads.

Figur e 2-12- Un

The printing stgp deposis uniform volumes of solde paste
onall theinterconnectia lands on the substrag in one step.

2.1.8 Characteristics of Flip Chip Technology

There are mary advantageto the use of flip chip. Somne of
thes are:

* Reliability without hermeticiy at the chip levd has
been achieva successfull for mary years through
the use of glass sputtere SiO,, CVD oxide or
nitride, or polyimide passivatio films on the face

Figure 2-13- IBM Thermal Conductio n Modul e with
100-130 Flip Chips and Hat with Pisto n Assemblies

of the chip.

* Rugged high strengh interconnection between
chip and packag@ make disturbane unlikely in
sevee mechanich environmens of shodk and
vibration such as automotive aircrat and space
laund applications.

* The highes densiy of packagd circuits currently
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Polyimide-Keviar

0,000 Alumina Ceramic
Glass-Ceramic’

A Epoxy-Kevlar

Polymimide-Glass
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Substrate Coeflicient of Thermal Expansion

Figur e 2-14- Effect of TCE Mismatc h on Solder Fatigue

Life

RQUTING
SIGNAL
LEVELY
ROUTING
SIGNAL

IC CHIP

POWER
CONNECTION

GROUKND CONNECTION DUAL DIELECTRIC
POWER PLANE CAPACITOR

DOPED SILICOR WAFER
GROUND PLANE

Figure 2-1

Pa\ckagtﬁ g System

stratg with multichip
area array interconnects

achi
m(
on
* Seff ali ips during reflow solderirg due
to forces in liquid solde allows
ch|ps.to be placal relatively crudely (as much as

* Proven field reliability is experiencd in billions of
shippel flip chip solde connectios in avariety of
packagilg applicatiors from thick film hybrids to
cofired multilayer ceramc (MLC).

* Reliabke replacemen methodolog is possibé for
multichip modules which makes repar ard engi-
neerirg chang possibé and practicable.

« Low profile and smal footprint enabé very dense
applications.
« Direct chip attad on organt rigid materid ard flex

1/y2 Coffin-Manson Eqﬁon oldes is SMT
compatibe and has ccessfuﬂj demonstrated

opportunities fox\ more cepsure| goods applica-
tions.

Ylimitations. Users
chip technology
nd concerrs are:

nufacturing test-
be an obstacle.
[ bump patterns
hstraining.

bm semiconduc-
m and contract

¢ CTE mismatd betwea silicor] and substrate
expansiviy causs sud limitationsfas therma cycle
fatique failure of solde ard therma shod failure.
Whetre possibe the strain levd in the solde may be
greatly reducel by using underchp encapsulants
ard adhesivesbut present at thelcod of through-
put rewoik capabiliy.
« Inability to optically insped¢ hidgden area array
bumps may be aconsideratia in the quality control
of soldere interconnections HQweve, process
optimization can eliminat the peal for bump
inspection.
* Hea dissipatio (0.5-2 wattg is limfited in flip chips
without thermad enhancements.
* Alpha particle radiation from ord|nay solde can
caug soft errar events.

50% off of substrag lands) This allows thousands
of joints to be mace simultaneoud! in areflow fur-
nace.

» Photonc applicatiors gain very high opticd effi-
ciengy by attainirg 1-2 pym overlay from solder
bunp sef alignment and therefoe flip chips have
found wide applicatian in photonics.

* Excellen electrica properties with low capacitance,
inductane ard resistane exist due to the short
electricd pathts enablirg future applicatian for high
frequeng circuitry.

2.2 Introduction to Chip Scale Packaging

Chip scak packagig or CSP is an emeging brant of
semiconducto packagimy that seels to bridge the gap
betwea flip chips and conventiona surfa@ mourt pack-
ages The technology is developimg in respone to sorre of
the limitations of flip chip technoloy and to addres the
conceris and perceivel risks associaté with handlirg and
assemblig bare die while still maintainig mog of the
volumetrc packagig and performane advantagstha flip
chip technoloy offers See figure 2-19.

The terms chip scak packag and CSP becane popula in

-
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Figur e 2-16- Cyt-

LSt
Solder Bump (35Pb-5Sn)

=)

Al;03 Subg
- Size o
- No. of|

trate
LSI; 10 x 10 mm
1/0; 224 1/0s

rert problem of known goad die (KGD).
the same assemhyl proces as larger
senyf there are anumbe of ¢SFs being

{ chip scak packag was the bean legd package
@ by AT&T in the 1960s This patkag was

8
1

3
T

Cumulative Failure Rate (%)

1
\\ 2000 5000
No. of le (1 Cycle = 1 Hour)

Figure 2-17- C4 Life Extensio n by Use of Filled Epoxy
Resins with Matthin g Expansivit y (Hitachi)

iwed as more difficult to hande than the d
packageor DIP.

The commam advantag of thes differing appro
ability to offer packagé chips tha will facilitate

very reliable and economical Howeye, it was

ud in-line

acheis the
movement

towad smalle, lighter, high performane systens at lower
cost usirg the currert SMT assembyt infrastrugture.

The neel for smalla devices the developmergtin flip chip
bumping processesand advancemestin the pdckagig of
microwae devices hawe lead to the developmiet of chip

scak packag concepts CSP are extensios
chip concep as the packagig of the chip prov
handlirg ard attachmen without the neel for

matariale ciridh ac tindarfil annviac

o the flip
des robust
additional

1994 The term was usel in severa presentatios to indi-

cake comparisa of the economis of multichip modules vs.

dense SMT assemblis using smalle surfa@ mountable
packags tha were called CSPs The conclusia was that
CSPs were far more economicathan MCMs.

Chip scak packags paralld standad surfae mourt pack-
agesin form factar, being found in both peripheraly leaded

ard area array formats As with their larger counterparts,

chip scak packags are designé to facilitate ted and
burn-in of the semiconducto before committing them to
the assemb} process thus effectively providing and

ottty U o T oo oo T i TP oXITe ST

Chip scak package are availabk in two bast configura-
tions;

1. Chip Scak Grid Array Package (CSP-A)

2. Chip Scak PeripherbLeadel Package (CSP-P)

Chip scak package are attache to the PCB using the
bast fine pitch surfae mourt technoloy assemhyt pro-
cess The fine pitch proces stars by stencilirg athin layer
of fine particle solde pase onto the PCB land areas Next,
the bumps balls, or leads of the chip scak and othee SMT
packags are placel in contat¢ with the solde paste The
assembt is heatel in a controlled oven to a temperature

o3
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Encapsulation

Thin Film /

Wiring .

Photosensitive Epo

Cu 18y Thickness
Epoxy - Glass Core

Figur e 2-18- IBM SLC Chip-on-Car d Technology

Figure 2-1

abowe the
is cleanedli
may be inj
enhane tk
tiond SM
underfil g

differert varlatlons Thesa include the mini and micro ball
grid arrays Thes packags are similar in appearaneto the
larger Ball Grid Array or BGA packagesThe pitch of the
solde balls on BGAs is 1.0 to 1.5 mm; on CSP-As the
pitch can be from 0.5 to 0.65 mm. The bast structue of a
CSPA is shown in figure 2-20. An exampé CSPA is
shown in figure 2-21.

In one chip scak array the chip is attaché to an interposer
tha contairs an interconnectia methal designe to trans-
late bondirg sites on the chip to a large array. The inter-

pose is connectd to solderabé balls poss or plana lands

./

Solder Bumps or Balls

Figur e 2-20- Chip Scale Grid Array Packag e (CSP-A)

on the bottom The chip interconnectia| method to the
interpose include wire bonds flip chip humps and TAB
style ribbon leads.

2.2.1.1 Micro BGA (uBGA)

In constructig amicro BGA, a flexible cifcuit similar to a
TAB circutit is attache to the surfa@ of the IC by means
of a semiconducto grace elastome This flexible circuit
structue forms the bast interpose Thin flexible ribbon
like bord Ieads of metd suc as gold god plated coppe,

or alumlnum pads on the IC. (Sea flgure 2-22) While the
illustration shows a single metd layer construction micro
BGAs can ard hawe bee fabricatel with two metd layers
for powe and/a grourd distribution ard controlled imped-
ane desigrs for highes levd performance.

The elastome or compliant polyme layer serves to
decoupt the differentid expansia of the silicon ard from
that of the interconnectia substrate This compliart layer
togethe with the “S” shapé bord lead ribbon effectively
decoupé the devices from the strairs of therma expansion.
The novelly is containe in the ability to creae chip size

¢]
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(ie.underfill)

Elements of a Chip Scale Array Package

Strain Relief Silicon C

Interconnection
Method (i.e. C4)

Redistribution Interposer

)

Planar Lands

)

Posts or Pins

Figur e 2-21-~ ExXampl e of Chip Scale

~ /

P \ Nickel Gold Bumps

ol oL 5D
RIS

ie Bonding Adhesive

/

Gold Leads

Figur e 2-22- Micro BG

packagstha are compliart in; Y, ard Z direction facili-
tating both teg and assembyt while enhancig reliability.

aging and assemby proces to the end of the|wafer fab
process affording a very low cod methal of |packaging

The packag is interconnectd to the substra¢ by mears of

eithe nickel-god bumps or solde balls The I/O grid pitch

for the micro BGA are typically space at burmp pitches
which are incremens of the internation& Electrotechnical
Commissiofs Publication 97 recommende bas pitch of

0.5 mm. Dependig on the lead court and bunyp pitch, the

micro BGA area can vary from die size to severtimes the

chip area Smalle chips may require afan-in/ou approach
to layou due to the area required by the bumps.

Finally, the micro BGA is ameab# to mas processig at
the wafer level, thus making it possibé to mowve the pack-

ICs.

2.2.1.2 Mini BGA

The mini BGA is very similar to the flip chip described
previousy, but it utilizes differert metak than flip chip (see
figure 2-23)

The chip is coatal with polyimide resin Vias are etched
into the resh to acces the chip's bondirg pads Metd is

deposité and patterné from the via to the polimide su-

face Solderab¢ balls are attache to the via connection
sites.

The lead court of the mini BGA is limited to the chip area

10
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Solder bumps

@ JN& e e
L_ % EEAN

I T T — —. < T |

Silicon Die
/

Deposited and Plated copper layers
Imaged polyimide layers PP y

Severh proces improvemens involving materid selec-
tions ard reliability studies have bean execute in the pack-
age development.

2.2.1.5 Peripheral to Area Array Convertor

The Peripherhto Area Array Converte (PAAC) technol-
ogy provides standad peripher& array chip pad ICs with
redistribution and voltage planes mace from organic dielec-
trics and coppe, for low resistivity, and an area array of
solde bumps The PAAC employs athin film transfe pro-
ces eithe at the wafer or bare die level. This allows for

Figur e 2-43- Mini BGA

ard the agsembyt limits of the bunyp pitch.

2.2.1.3 SLICC

SLICC stand for Slightly Larger than IC Carrie. Its con-
structin |ses flip chip mountirg on a rigid organc inter-

pose to greae the chip scak packa@ with redistributed
I/0s. An Underfil epoy is injected arourd and unde the
chip ard the bumps The purpo® of the underfil is to con-
stran the [CTE of the organic interpose so th i e
to the low] CTE of the silicon chip. The inter
nectel to the PCB via solderabé Cu-Ni balls.

As with tVLe micro BGA, the SLICC area is dgpendetion
the numbg and pitch of the baw figure 2\24)

ytetd—testirg—ofthe—comptetet-thin—fitmadd-, prior to
cessingThe sol-
@ to make elec-
ne redistribution
urface The chip
praphi ‘‘Reach
htterning dielec-
See figure 2-27)

idh wiring) and as
single step The
intra-chp ‘“net
timizes the chip
stén interconnet requirementsThis signifi-
>6 the wiring burden ard resyltig complexity
. herely cog in the inter-chip substra

e
oltate layers provide for low inductanL powea supply

60M0

et
-Pb solder balls//U

Printed circuit board

44~ SLICC Chip_S€ale Grid Array

2.2.1.4 Chip Scale Package

Figure 2—

ard impedane contrd of the interconnet line from the

A flip chip like packae called a “CSP’ has been reported.
This CSP is constructd of an LSI semiconducto chip, a
thin plastc resn and electroeg bumps.

The packag has neithe leadfrane nor any bondirg wires
(figure 2-25). The chip surfae is insulatel from the chip
wiring patten ard conducto paths are redistributel on the
face of the die and are electrically connectd to external
electroe bumgs (figure 2-26) Since the internal/external
pad locatiors can be adjustel by thoe wiring conductor
patterns this packa@ does not impos ary additional
restrictiors on LS| designers.

point of the output of the chip driver, to the substrag¢ and
into the receivers An elastomeit mechanichbuffer layer
at the IC/PAAC interfae enable reliability from thermal
cycle inducal solde connectim fatigue failure due to chip
ard substra¢ CTE mismatch A Multi-chip Module or Chip
on Boad systen utilizing PAAC may be reworked by
mears of solde reflow of the failed IC die. PAAC high
volume production cossk for bare die transfe are estimated
to be comparale to wire bonding Wafer levd transfe sig-
nificantly reduce cost.
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Transferred Inner Bump

Solder Bum
Resin Solder (Pb/Sn) ] / P

-

LSI Chip Contact Land Rolyimide Film

Passivation Layer "\ ((} 6

Figur e 2-25- CHip Scale Package \/

Resin Encapsulated
LSTChip with Bumps

Figur e 2-26- Resin Encapsulate d LS| Chip with Bumps
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Buffer Layer
IC

ThinFilm — IC _

Wiring and Peripheral
Voltage Plane Pad

Layers

Through Via
Solder Bump Area Array

Figur e 2-47- Periphera | Area Array Converter

2.2.2 Perjpheral Leaded Chip Scale Packages (CSP-P)

2.2.2.1
The micr
microwau
package T
chip scak

conceps af flipchip ard bl grid array technologies.

MSMT packages like flip-chips are createl while the

lane illustrated
devices which

nd gross die per
MSMT package

a@ is shown in
r larger chips a
50 of silicon, glass or ceramc is placel gn the epoxy and
he wafer. This cgp provides an additiod hed removal
path ard it helps to planariz the pogs to within £3
micrors of ead othe.

The wafer is thinned and flipped over ard the remaining
silicon that holds the pod is etcha ayay. Metals are
deposite on the sides ard bottam of the post The solde-
able metak provide alow resistane path from the bottom
of the pod through the bean ard to the chip.

MSMT poss are located on the periphey|of the chip (see
figure 2-32). They add littl e area to the chip. The primary
lead court range covera by MSMT packpgs if from 2 to
100 Higher lead couns are limited primar|ly by the printed
boad fabrication and assemby pitch limitation rathe then

semiconductochips resice in wafer form. Most chip scale
grid arrays are attache to the chip after it has been singu-
lated from the wafer.

The MSMT packa@ is formed by micro-machiniig the
semiconductq while in wafer form to creat posts The
micro-machiniry stars by depositirg and patternirg metal
from the junction to the top of the pod site forming a
beam An encapsulancovess and protecs the chip, posts,
ard beams A cut away drawing of a MSMT packate I1C
is shown in figure 2-28.

The pod site may be in the saw lane or where the bonding

packagimy tmmitations MSMT possfor2-to 100 leads are

fabricatel with area of 0.1 mm squae on 0.30 to 0.66 mm
pitch. Packag sizes depenl on the chip size but range
from 1006 (1 mm by 0.5 mm) to 20 mm by 20 mm.

2.2.2.2 Chip Scale Peripheral Packages

Anothe form of CSP with peripher&leads has been devel-
opead using a plana lead frame The lead frame provides
the redistribution of the chip bondirg sites from the corner
to the peripheral.

The chip is wire bondel to the lead frame ard is then
encapsulat to proted the wiring ard the active silicon

12
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Flexible Encapsulant

Circuit

Flexible Beam

Figur e 2-28- Cdtaway View of an MSMT Packaged IC

to the size

dling test-
nips

vithout the
underfill

ip scak packags add minimd ele¢tricd and
a parasitics

% Preliminay reliability dat for severa gf the chip
scak package shows resuls matchirg cyrrert SMT

N packag levels

Figur e 2-29- M$MT Posts in Saw %@/5 \ * Sone of the chip scak packag techndlogis pro-
/\ duce less expensie packags than conventional

SMT packages

Ther are alo severa limitations ard concers|with Chip
Scak PackagesThe® include:

* Availability of mog chip scak packags is very

limited
* Reliability data for mog technologisis dreliminary
» Useabiliy data for all chip scak packageis limited

Figur e 2-30- MSMT Posts in Bondin g Pad Area

(see figure 2-33). Asin mary of the chip scak packagethe
bad of the die is accessalklfor hed transfe.

2.2.3 Advantages and Disadvantages of Chip Scale
Technology

There are mary characteristis of flip chip and chip scale
technoloy tha neal to be comparé in orde to seled the
modg appropria¢ packa@ technoloy. Advantags of flip
chip has been statel in 2.1.8 Sone of the advantage of
chip scak are:

14


https://iecnorm.com/api/?name=18134455626b98436ef77e08a89cec45

January 1996 Copyright © 1996, IPC; 1998, IEC

J-STD-012

Chip

Encapsulant

Beam M etal covered Post

Figur e 2-31- Cross-Sectiona | View of an MSMT Package

Encapsulant

Figur e 2-32- Close-u p Photo of MSMT Posts,
Encapsulanf t and Botto m of the Chip @

Resin

Ldad 00 d e |

Figur e 2-33- Chip Stale Periphera | ckaﬁv
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3 APPLICATIONS OF FLIP CHIP AND CHIP SCALE

Ove the yeas there hawe been mary applicatiors of flip
chip technolog. Chip scak technology is how becomirg a
viable solution for thoe companis tha prefa a more rug-
gedizel approab to bare chip mounting Table 3-1 illus-
trates somre of the applicatiors for flip chips.

Table 3-2 provides a comparisa of differert commonly
usa technologis including flip chip, micro-BGA and
MSMT. Sectin 4 provides more detailed descriptiors of
ead of the cited chip scak technologies.

Table 3-1- Commercia | Flip Chip and Chip Scale Applications

Application Bump Type
or Fabrication Number Organic Bonding
Market Material Method - Layout - Pitch pm of I/0’s Substrates Method
Automotive- SnPh an Cu lzlor\i'rr\plafo‘ Dcriphoral 250 400 10100 Coramic. Mass reflow
InPb print Array VRN
Computer— SnPb- Evaporate, Array- 210-250—~ 500+- \\ Cerami Mdss reflow
Electroplate . (N
LEDs, MCMs~ Au, SnPb- Plate- Peripheral 63.5-100—~ 110-126-\ NGlassxsilieQn— gs reflow
Array cure resin
IC Cards- SnPb- | Electroplate-| Peripheral~ |  140-160- | ¢ 100=_\ | &Lahinatey | Mdss reflow
Computers, Telegom. SnPb- Evaporate Array- 250~ 300-5Q0-Cx minaté— Mdss reflow
(cellular) IC Cardp Electroplate <
Telecommunicatjons SnPb- Lift-off Peripheral—- 200~ 2080 \ | \Céramic Mgss reflow
including pagers evaporation Laminate
Print— Array— ] §O—2(§O77 < \Q—40—| Silicon— Mdss reflow
Plate or rray— & 5550/ \> 84-490- Laminate, Mdss reflow
Evaporate / ceramic
Power ampilifier for Au- Electroplate— rray, ries—-\\/<20—- Ceramic— | Thermocomp.
cordless phone peripheral bond
Watch Module— SnPb on Cu~| Electroplate, eripheral—- 00~ 13-60 (15 Laminate= | Colnpression
Print 6& typ) bond
LCD- Au or Plating eN heFélqd 246 10-20~ Glass— Cornjductive
Au-plated adhesive
LCDs (camcordgr Au- Studump erip ra_/100-140- 110-126- Glass— Canductive
view finder/pockgt b adhesive
v AN
Military (FPA)- o A \Electroplater R Axay- 100~ 4096~ | 3D Sistack-| [Reflow
Military— In, Au,)%%—' \Evzh)qrate\/ \A’ray—' 50-120- 100-262, 144+ Si, saph. cer.o Cpld weld
Military LCD~ u- Misiobatts | /Peripheral~ | 50-100~ 100-200~ |  Si, glass~ Hiot gas
\‘kETI— roc.)
Note: = Quite often condugtive al \Ves\are used t0 connect bumped chips to various substrates .
@'\— Wpar tiv e Table of Various Technologie s for a 100 Lead 10x10 mm Die
Bare Rie
(withwir e bonds
Packag e Paramgter and S) - Flip-chip = 0.3QFP- UBGA = MSMT
Pitch , mm+ 0.15- 0.25- 0.30- 0.50- 0.80
Footprint Area, mm? 125- 120- 785 150~ 110
Package/Chip Area— 1= 1= 6.30~ 1.20- 0.90
Height, mm- 0.4 t0 0.6— 0.51t0 0.7= 1.4 mm- 0.84- 0.5 with cap
0.3 without
Inductance nH 1-2 0.1-0.2 1to7 0.5-2.1 0.1t00.2
(cirucit length) (0.75 mm wire) (0.5 mm bump) (0.7 to 3 mm wire (1 mm bump) (0.5 mm post and
and lead) bridge)
Capacitance pF- 0.2- 0.03- 0.5-1= 0.05-0.2— 0.02 to 0.08
PCB Attachment— wire bond & epoxy solder & underfill solder— solder— solder
die attach €epoxy
encapsulant
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4.0 DESIGN CONSIDERATIONS

Flip chip technoloy began as an interconnectia technol-
ogy developé by IBM during the 1960s as an alternative
to manué wire bonding In this methodolog the chip is
attache to circuitry facing the substrateSolde bumgs are
deposite onto a wettabk chip pad tha connecs to match-
ing wettabk substrat lands as shown in figure 4-1.

An alternag joining technoloy to reflowabk bunp flip

chip is one tha has low melting solde bumps attached
directly to a printed board The bunp on the semiconduc-
tor die is nat reflowed insteal the lower melting solde on

the printed boad wets the bunp on the die to form the
interconnect.

4.1 Chip Size Standardization

Standardizig the size of semiconductochips may appear
to be counte to the objectives of the chip designe and
supplig. Many chip supplies rely on the ability to shrink

substrate lands

Figur e 4-1- Flip Chip Connection

patterns Interconnection are formed by reflow!
der bumps as shown in figure 4-2 simultaneouy
the electri 0
ces is seff-aligning i.e., the wetting action of \the ¢
will align|the chip bumpel paften™o the c

substrag [lands This actixn compe
substrae nisalignmemincuM

the-sizeofachip-asit-maturesThisresyls in more good

the chip is the

packaging as
discree diodes
ces ard general
bft from the cost
B possibe with

benefi if when
8 they adhee to
stablishd by the
mittee develops
devices as their
[ standard for

Acceptirg chip size standard will redue the neeal for
mary differert tape stocks for the tape anil red packaging

L

Figur e 4-4- Neehanica I\an/d Electrica | Connections

An addel featueof thefliipchip proces isthe potentidto
rework Severd technique exig tha allow the removal
ard replacemen of chips without scrappimy the chip or
substrate Dependiig on substra¢ material rewolk can be
performal numerows times without degradiig the quality
or reliability provided that the mountirg substrag can tol-
erae the rewolk temperatures.

Injection of chip underfill, as illustrated in figure 4-3,
improves reliability mog notaby in case of high mechani-
cd stress It shoutl be noted tha currenty ary rework
mug be performel prior to the application of chip unde-
fill.

of thex devites Standarg wittatsoattow uses multiple
source for the sane device.

4.1.1 Bump Site Standards

The chip scak bunp grid array packags give chip design-
ers significart freedon to chos the bunp location ard the
signd type transmittel on the bump Chip supplies should
obsere standard for grid pitch, bump size and bump
location.

Opticd assembler will use placemeh machine that will
place the packag basel on the edge dimensions This is
becaus the machire carit see the bunp locations The
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Bump
|

Chip Underfill

AL AL

N

Chip
AL

N

AL L L

Figur e 4-3- Joine d Chip with Chip Underfill

placemenaccu onte
assumd locatian of the bumps relative to the distane from
the edge of the packag and the bunp grid.

4.1.2 Peripheral Lead Standards

The lead pitch standard for peripherid leadeal chip scale
packagessut s MSMT shoutl follow the existing stan-
dards sd by the JEDEC JC-11 Committee Applicable pitch
standard are 0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm, 0.63 mm,
0.66 mm. Refe|to JEDEC publication JEP-% for detailed
dimensions.

4.1.3 Package [Size Standards

The use of pagkag sizes ard tolerances as publish
JEDEC in the JEP-% publicatian is highly recomm

sure to refer to the supplies packag
whetre there may be deviations.

Flip chip technploy encom
surface deposifi

Find Metgl
Passivatip
Metals/Unde BUR
Bump

Ead componehplays akey role ard all componerg work

AN

SAian Rapal\Passivation
fPad Limiting Metals inal Mhelal
N\ ¥ \

N\

4-4~ A Solder Bump Flip Chip Connectior]

distribution illustrated in figure 4-5, is the rejocation of
origind termind locatiors to preferral bunp kites This
requires a new metd laye tha becoms final metd as
illustrated in figure 4-6.

4.2.2 Passivation

Passivatia consiss of a layer of protectiwe filmjs that coat
the Find Metd ard chip. Thes films can vary with semi-
conducto technolog, e.g, CMOS bipolar, BICMOS, etc.
and with the wafer fabricatin facility. Thes| films are
deposite and imaged with standad wafer procgssig tech-
nigues.

togethe to form the appropria¢ connectim as shown in
figure 4-4. The desig of the bump the land pattern and
the fabrication are essentihto forming a strong reliable
ard high performane interconnect.

4.2.1 Final Metal

Find Metd is the top layer of metallization (typically alu-
minum) on a chip. It may be the first layer or the fourth of
n dependig on the device complexiy. The solde bump
connecs downwad throuch the Find Metd to the chip.
All electrica paths to and from the chip trave throudh the
Find Metal.

Ther are mary types of passivatio in practice sone of
which are silicon nitride, silicon oxy-nitride spin-on-glass,
polyimide, ard sputterd SiO,. Figure 4-7 illustrates passi-
vation for a CMOS produd showirg cured polyimide cov-
ering inorganic chip passivationlt mug be noted tha side-
wall profile is critical.

The cross-sectin of passivatio shown in figure 4-7. Poly-
imide is recesséd from the chip passivatio becaus the
sane magk is usal to patten the chip and the passivation
layer plus differert processig is useal for ead layer.
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Bare IC Chip W ith
PeripheralBond Pads

Chip 10 Redi
onD|eSurf Arr

Figur e 4-5- Two Simpl e Chips, Showin g Origina | Pad Location s and Reroute{%&\\ >

Original Device

N

Chip Passivation

evice

Final Mgtal

Dicelectric
Original Chip Pagsivation

Figur e 4-4

Silicon

passivation opening

Polyimidq

Figur e 4-14- Passivaths-Section)
Chip pasgivatio provides moisture ionic and physica pro-

* Low electricd contad resistance

tection to the chip, adhesionand electricd insulation to the
pad limiting metal.

Opening in the passivatio are centere over the Final
Metd pads to allow conta¢ of the pad limiting metal
(PLM) to the Find Metd pad as shown in figure 4-8.

4.2.3 Pad Limiting Metals

The Pa Limiting Metd (PLM) is a solde wettabk termi-
nd metallugy tha defines the size ard area of a soldered
connection limits the flow of the solde bump ard pro-
vides adhesio ard contad to chip wiring. Requiremerg of
the PLM are:

* Goad adhesio to passivatio ard aluminum

* Reliabk diffusion barrier

* A wettabk metal

* Goad adhesio betwea PLM layers

« Protectim of final metd from the environment

Table 4-1 shows some commony usal PLM systens for
ead of the desirel properties.

PLM systens are deposite after oxide remova of the final
metal Comma depositim method include evaporation
and sputtering Figure 4-9 shows an exampe of pad limit-
ing metals.

10


https://iecnorm.com/api/?name=18134455626b98436ef77e08a89cec45

J-STD-012-

Copyright © 1996, IPC; 1998, IEC

January 1996

Passivation

Opening \
_{

QOutline

Final Metal Pad

Polyimide »

Figur e 4-8- Schemati ¢ Plan View of Bump

R

Iabie 4=1= Commonry used FLIVI SYSIemS
Charagteristic - Pad Limitin g Metal Combinations (
Adf{esion- Tin Al Cr/Cu- C T~ Tw
Diffusion- Pd- Nin Cr O\ NW-\g Tiw
Wetlability— Au- Cu- Cu~ \Abi Cu
Oxide Preventor— — — Au- < *—‘ AU
X
Final Metal (A) N " AKX
CriCu
Cr 9
N e
i\ “Palyimide
N Polyimid

Chip Passivation

Figur e 4-9- Ex4

The IBM procq
Find Metal Ch
promote to the
chromre are co-
Then athick lalyer of-"coppe is deposité as the primary
wetting surfae [for’the’ bump This is followed by a flash
of gold to inhiblt_ cappe oxidation

* 50 InPb
* 95 PbSn

* 97 PbSn
* 63 SnPb

In addition conducti\e polyme bumps are also|used.
With the IBM process an evaporatd shadey mak or
bunp ma is usal to defire the soldeg bumpg Once the

4.2.4 Solder Bump

The solde bump forms the electricd and mechanical
bridge betwea the chip and next levd assemby. It absorbs
the stres betwea the chip ard nex levd of assembly
cause by variatiors in their relative thermad expansion
rates.

The solde composition of the flip chip bumps varies
accordiry to requirel mechanichand therma properties.
Comma bunp compositiors include:

* 90 PbSn

bumps are depositedtne Bump Mak is removed and the
bump resembls a truncatel core as depictal in figure
4-10 A subsequemon-oxidizirg reflow proces yields the
final round C4 Bump illustrated in figure 4-11.

Electrodepositin offers awider range of SnFb composition
than evaporation and thus offers greate contrd over
mechanichand therma properties Electrodepositio also
producs smalleg diamete bumps ard is more difficult to
contrd uniformity.

A variety of solde past compositiors can be screen
printed Delco Electronic printed InPb which combines
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Bump Diameter

=E

\ Final Mcral

Silicon

[

A

HAassivauon

Figur e 4-10- Initia| C4 Bump

lower pragcessig temperature and provides improved
compliang and fatigue life.

Comma bunp diametes and minimum pitches are shown
in Table 4-2. Minimum pitch requiremerd are base on
radid disfance (cente to centej betwea bumps Bump
diametes|are measurd at the wided point of the ball.

Table 4-2- C4 Bump Diameter an
Minimu m Pitch Options

Minimu itch
Depositio|n Types - Diameter (um) (jam) !
(A) Evapdration or 150 300¢350 in i '
Electrodppositio 125
100 2 igur e 4-12- Recommende d DCA Grid Pit¢h (250 pm
(B) Sgreen 0 ) 75 Grid, 150 um Bumps)
Printing 50 25Q¢ . . .
1 00 late the minimum bumpirg grourd rules for pitch ard loca-
. tion, bumps can be located on or nea thes existing sites.
*peripheral pnl L ) . "
peripheral pry \/ \} If the existing perimete pads violate the minimum ground
It shout! itch isthe mog commonly rules an extra layer of redistribution metd (final metal
used for d it® bunp pro- coveral with additiona passivatioh will Qe required.
lle pitch - . . .
c'e.ss.due osmale pitch capa In eithe case a wire bord or TAB chip dan be converted
bility; 229 interconnet den- : . .
. : to a bumpel or posta chip. Thisis appealig to those try-
sity appl aly the larger bumps provide . : . .
improved ing to implemen flip chip or redu@ maduk to package
area but canna afford the time and/o coft to desigq of a
Today, for flip chipapplications minimum pitch require- new chip.

mens are|larger-to accoumn for printed boad wiring capa-
bilities. A i iq i
in figure 4-12.

4.2.5 Existing Chip Designs
To take complee advantag of flip chip technology, the

chip designe mug comprehed substra¢ and system
requirements Howeve, the bumpirg proces may be

implemente on existing chips without circuitry redesign.

An advantag of wafer fabricatin is tha wafeis can be
built to the point where they can be split for bumping or
packaging.

If the existing perimete wirebord or TAB pads do not vio-

4.2.6 1/0 Capability

With the chip bumpirg proces neary the entire chip su-
face can be utilized for interconnet pad locations In fact,
ove 2500 bumps on a chip has been demonstraté and
chips with over 1500 bumgs are in production.

Chip bumpirg enable increasd interconnet densiy. Sig-
nal, clock and powe connectios can be placed almost
anywhee on the chip and redundang mears distributions
can be optimizad for minimum noise ard skew, current
densiy and line length Additionally, on-chip wiring can be
reducel since the z-axis escape are availabe where
needed.
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Figure 4-13 compars single row wire bord and bump
chips Ead chip is 8 mm square Wire bord pad size is 76
pum with pads on 100 pm centers Bump size is 100 um
bumps on a 230 um cente. In this example interconnect
densiy is increasd over 2.4X using bumpirg technolog.

ticle track as shown in figure 4-15.

Many materiab usal in semiconductopackagig emit low
levels of alpha particles This is illustrated in table 4-3.

Emissia rates vary for solde and chip underfil depending

192 Connections VS

461 Connections

AN
Peripheral Wirebond >

(

rea Array

Figur e 4-13- Interconnec t Density (Periphera | vs. Arefa Arr
4.2.7 Alpha Pafticle Emissions (Soft Eri

Alpha particles| may caue soft
devices Circuit[sensitiviy to alp

the allowed soff erra rate
ead chip design. {}

cd chage diminishes.

The primary copcen of the particle emissia is the enegy

N\,

Table 4-3- Alph a Particl e Emission s 0
Semiconducto r Materials

Material - Activit y [a/(cmP-hr)]
High Lead Solder (3/97)~ 0.05 - 10.
Alumina- 0.1
Chip Underfill (cured)— 0.002 - 0.020
Plastic— 0.04
Silicon Wafer— <0.004

on the materid source Certah soldes may emit a higher
rate of alpha particles relative to othea matenals These
emissios may nat be aproblen dependig on fthe device
circuitry, sensitiviy and the allowabk soft errajrate.

If sensitive circuits are presenttheir proximity {o a bump,
the bunp diamete, the chip structure ard the alpha activ-

tha can be imparted to the device circuitry. This is quanti-
fied and illustrated in figure 4-14.

« Alpha Partick = He nuclets = 2 protors + 2 neu-
trons

» Up to 8.8 MeV of kinetic enegy

« Enagy convertd to electron/hat pairs (3.6 eV per
E/H Pair)

» Higheg chage densiy nea erd of emissia track.

The resulting effect of an alpha particle can be adistortion
of the depletio regioris electric field nea the alpha par-

ity rate mug be considerd in ordea to estimae the soft
erra rate.

Becaus distane and materiab attenuat alpha particles,
emissim effects are localized to a bump Hence only the
bunp nea the sensitiwe circuits warrans concern The total

numbe of bumgs on a chip does nat necessanl increase
or decreas the risk to a sensitive circuit. Consequent,

chips utilizing bunp solde mug med Guide 2as shown in

4.4.2.
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L

Alpha Particle Track

n+

L4~

=

Electric Field Lines .
! 3 Device Structure

Lines of Equal Poteniial

Alpha Particle Track Funnel

p -
Substrate

Figur e 4-1

4.2.8 Edde Seal Design

The chip [edge sea is typically associatd with CMOS
devices Hdge sea consideration resultirg from passiva-
tion and Hind Metd desigh mug med existing chip design
rules Othg than noted solde bumps do nat alter or supe-
seck ary existing chip desig rules for chip edge closure.

Table 4-4 fefines the typicd dimensiors for chip edge seal.
As illustrgted in figure 4-16, the polyimide sed is drawn
bad from the chip edge seal The cross-sectiorlaview of

thes chip|edge enclosurs relates to those detailgl dimen-
sions shoyn in Table 4-3.

ph a Particles

afer fabrication.
I the chip passi-
ias the polyim-

e

5se hawe lead to
5 Chip Scak inter-
P Package are extensios of that
enhancd to provide more robust

Remove from
Scribe Design Roint

J Polyim

A L}

Polyimide

Chip Edge

Figur e 4-16- Chip Edge and Polyimi d Seal
Table 4-4- Chip Edge Seal Dimension s (Typical)

Description = Dimension - Width

Chip Passivation A- AR
Edge Seal

Polyimide Edge Seal- B- 7 um

It shoul be noted tha edge sed desigh width to the kerf/

4.3.1 Chip Scale Grid Arrays (CSP-A)

Chip Scak Grid Arrays are produce by a few different
fabrication methods.

The CSPA configuratiors developé to dak include:

* Micro BGAs
* Mini BGAs
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e SLICC
« Othe chip scak packages

Ead has its unique methal of manufacturehoweve, most
of the devices contah an interconnectio methal for the
chip on the top side in an array forma similar to flip chip.

In the cae of UBGA ard SLICC a flexible or rigid inter-
pose serves at the redistribution dielectric In the cas of
mini BGA ard CSFs the dielectric is apolyimide which is
deposite on the active patt of the chip.

4.3.2 Peripheralleaded Chip Scale Packages (CSP-P)

Chip
Face wrapped Post  Embedded wrap Post

e

One of the new [hip scak packag typesisthe Micro SMT
(MSMT). This packag consiss of metallized silicon posts
ard metd beans The chip is encapsulatin an epoxy or
similar compoundA secoml CSPS is the systen tha uses
a lead frame describe in 2.2.2.2.

The majar diffefene betwea the two peripherépackaging
systens is that [the MSMT is accomplishd at the wafer
level.

The MSMT proces utilizes four mak sters tha are
appliad to the wafer after the bondabé metd is complete
ard coveral with a passivation sud as silicon nitrid
silicon dioxide [The proces sequenceincluding the m
ing stefs is:

1. Depogt the Bean metals
Mask [the Beam metd to forpit
. Apply the top trench mak ad
Apply epoxy and centriftige
Apply cap if required
Thin yafer and g8
Mask|the bottam R4
the trench
8. Depo
9. Mask
10. Singy

Nookowd

To summarie t
the masls inclu

1. The B
2. Top tiendt'mask
3. Bott Pog forming mask

MSMT package,

gl of shprtes path

concep of
br the pro-
ms.

n concept
ids will be
advanced
Ctive is the
nicaCom-

is as fol-

5.0 Preferrel Grid System

5.1 For positionirg connectios on a prirfted circuit
board a grid with a nomind spacim n the two
directiors of 0.5 mm shal be used.

5.2 Wher a grid with a nomind spacirg pf 0.5 mm
is not adequatea grid with a nomind |spacirg in
the two directiors of 0.06 mm shal bg used.

This seemingy simple standad will ultimately grove to be
extremey important becaus it facilitates implémentation
of comma grid systens tha will be necessafor future
high performane systems This was recogniré by the
IEEE's Compute Sociey Technich Committes on Packag-

4, Pog metd mask

The Post of the MSMT packa@ can be designd in a

variety of configurations These include face-wrapped,
inside-wrappedside wrapped and non-wrappd posts The

wrap style determing the silicon area needd to fabricate
the pod as shown in figure 4-17.

4.4 Substrate Structure Standard Grid Evolution

More recernt entries into the arera of substrate designé to
med the demandig requiremerg of flip chip and chip
scak technologie appea well suited to the task These

ing. The committee appointe a speci tak force in the
fall of 1990 “to sed&k early consenssion the neal to stan-
dardiz MCM sizes and to propo® sone possibe sizes'

The tak force recommendé 0.5 mm cente lines for

peripheraly leadel package and PGA standard for area
array packages.

Thus IEC-97 with a bas pitch of 0.5 mm with a subdivi-
sion of 0.06 mm would replae the familiar 0.100', 0.050,
0.025, ard 0.008' grid tha has been outdatel by the
wholesaé move to metric basel measuremensystens for
electronics A comman grid will facilitate comman design
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Table 4-5- Design rules for substrate s for Chip Scale Technology
0.5 mm Grid 1.0 mm Grid 1.5 mm Grid

Feature (2 line s betwee n pads) (2 line s betwee n pads) (2 line s betwee n pads)
Line Width (L)- 50 pm (0.002")— 125 pm (0.005")~ 200 pm (0.008")
Space (Line to Line) (S)~ 75 pm (0.003")= 175 pm (0.007")= 300 pum (0.012")
Space (Line to Pad) (SC)- 50 pm (0.002")— 125 pm (0.005")— 200 um (0.08")
Hole Size (H)- 125 pm (0.005")~ 200 pm (0.008")~ 250 um (0.010)
Pad Size (P)- 225 pm (0.0009")~ 326 pm (0.013")- 400 pm (0.026")

Wire Routability— 40 cm/cm? (100 in/in?)- 20 cm/cm? (50 in/in?)- 13 cm/cm? (33 in/in?)

rules for routing Table 4-5 illustrates the desig rule con-

4.4.1 Footprint Design

cept.

the arrangement

An exampe of a structue tha suppors the standad grid

concep igshown in the figure 4-18 The use of interposers
ard subsllrate designé on a comma grid allows for the

constructlm of substrats tha can offer “Manhattan rout-

ing” of signals This eliminates the neal for redistribution
wiring, which normally consume large amouns of valu-

able boanl red estae while limiting highe performance
opportunities.

out the array of
red Bump foot-
y, or interstitial
nin figure 4-19.

fects the attach-
guide checklist
oblems.

Surface Layer & $ignal 1
Interposer
Signal 2 & Ground Laye
Interposer
Signal 3 & Power

Interposer

Carrier substrate|(BGA)

Figur e 4-18- Standar d Grid Structure

In the illustrated format the interpose joins the innerlayers
ard interconnect them in a single step process Because
the inner layels are thin, the plated through-hols hawe very

smal aspet ratios for plating and are relatively eay to

produce Thes innerlayes can then be electrically tested
before committing them to the finally assembld laminate
stack thus providing greate assurane of a high yield.

4.4.2 Design Guide Checklist

Variows desigh guidelines are applicabé in the develop-
mert of the chip, the CSP, or the attachmenhprocessThe
guidelines in some instances relae directly to the chip
manufacturig conditions In othe instance they also
appl to chip scak I/Os. In ary event the guidelines are for
very specift reasos and designes shoull conside the
following issues:
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® & 0 o [ ) [ ] e 6 o o
Peripheral Interstitial

Figur e 4-19- Bymp Footprin t Planning

Guide 1- Operatin g temperatur e must be considere d when Guide 5~ idabl e chip
determinin g interconnec t reliabilit y. Device s with
under:[l | may‘operat‘e reliabl y at highe r tempera- Reasor
ture than device s without.

Reason Soldg cree at elevatel temperatureis not well Guide 6 Aot be symmelrica | with
chardcterizedApplicatiors will require evalua- e X oY axis unles s therg are other
tion and testirg at operatirg temperatue to
deteqmire expecte interconnet reliabiljty. ip orientation for subsequenpro-
Ther are five bast thermad and mechanighfas:
tors tha affect solde bunp fatigue Thes are: _

« dtrain o0 bump s are require d on eafh edge of
h 4 Activati a chip positione d near the chip corngr. Dummy
* herma Ct'l\_/at'(f)n Bamp s can be used to satisfy this requirement.
* Therma cycling frequens . . . .
ycing freq Neede for visud inspectim and mechanical
» Bump footprint . . e
- dhip underfil (ona suppot of the chip required during [joining to
arr:ce of the un maintan parallelisn to the substrate
splder) Guide 8- It is recommende d that bum p diameter|s conform
Guide 2- Sold d oth to the mandates of the chosen bump pitch to
uide 2= bo ke and other < assur e reliabl e connectio n withou t riskin g short-
'el € 3t an appropriay € ing betwee n bumps . Some desirabl e bum p sizes
ggpzr pensitiv e cliip are 100, 125, 150, and 250 pm.
bump f Reason Conformirg with individud supplierg processes
imid e ard anticipat@ industy standard (¢.g, ANSI,

Reason Alph3 JEDEC etc.)

may ) -
1. hi Guide 9= Some minimu m number of bump$ may be
iﬂens' he C '31 hick i al require d for manufacturabilit y and reliabilit y.
eaqurs_ sum as & passivations or meta . . .
. " . Reasorn To withstard dynamt and steag stag mechani-
shielgs ean mitigate the effects of proximity. . y v T
Ca 101Ctes.

Guid e 3— Redistributio n design s must minimiz e the induc- ) o ]
tance and resistanc e to reduce sensitivit y to Guide 10 In most application s only one bump diamete r per
ESD. chip/wafe r shoul d be used.

Reason Increasd inductane ard resistane of the redis- ~ Reéasor Varying bump diamete may impair chip attach.
tribution line reduce the effectivenes of ESD Specializel applicatiors for multiple bunp sizes
circuits. pe chip/wafe do exist.

Guide 4= Maximum current should be modeled for the Guide 11 The minimum bump pitch should be held at
interconnec t syste m used. 250 um, if possibl e to facilitat e the productio n of

Reason Currert densiy ard therefoe reliability, varies standardize d substrates . (Multipl @ minimum

with materials constructioncross-sectiorlaarea,
operatily temperaturgetc.

pitche s will caus e confusion).
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Reasorn Minimum pitches preven bunp to bump bump- Guide 16 The edge of the PLM as patterne d shoul d not
to-trace and trace-to-trae shortirg and provide transec t an underlyin g step featur e such as a via
the distane needé to effectively clean chip edge. The importanc e of this guidelin e increases
joining flux (if applicable). with |r?cr¢.3é3|n g step height and slope.

Reason Pad limiting larger metd can cau® stresses

Guide 12 Locatio n of bumps near areas requirin g visual when positional over irregula surfaces.
recognitio n will depend on final bump size as
illustrate d in figur e 4-20.

] 1 - !

Lo}

* . »

1 i ]

0 | J

) ] '

ivati ' Visual \

assivation '

pening X ! l Standoff :
Maximum|
Alignment]
Tolerance

*Y2 Final Bum

Figur e 4-3

Reason |Allows for alignmer\olers uide 17 Practica | test cell bumps shoul ¢ be identica | to
aligned bumps do bump s on produc t die.
neede for vjsud or opticd Reason To provide correlation betwea|ted cel bumps

ard active produ¢ bumps.

Guide 13 [The minimu i
passivatio n opé Table 4-6- Terminal Via and Final Metal Via Pitch
the edge of Descriptions - Size~ Tolerance
eter et tolerance . ;

’ ’ Passivation Opening 50 pm- +1 pum
) d X 52;'[1ando ff between Dimensions
3nd chip& 4
) _ " ) ) Passivation Opening 2 pm- Minimum

Reason |k I pReh requirad for Bump alignment Edge vs Stacked Wiring

tole Via
Passivation opening 10 pm- Minimum

Guide 14 be connecte d to a correspond- edge Vs. Common
ng substrat e metal pad. Wiring Via

Reason Metalorgicdattachmerof-everburpto-both
chip and substrag is requirel for flip chip inter-
connet integrity.

Guide 15 Vias under final metal wiring must be spaced
away from the edges of the passivatio n opening.

Example s of minimu m spacin g values used by
IBM and Motorol a are show n in table 4-6.
Reason Intersectim of the edge of the passivatio open-

ing with the underlyirg via topograply resulsin
ste@ features which are difficult to cove with
PLM metallugy ard may induce stres related
defects.
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300 um

assivation
opening

Figur e 4-21- Mihimu m Pitch from Bump to Passivati
plus desire d mirimum)
4.4.3 Footprint| Population

The numbe of
mal, and mech

design migration)

Ead applicatiay has its c@n'
makes it impossibe to establig >
footprint populati &

tha can be em
The following

population desjg
solving them.

4.4.3.1 Redund

Redundahbum
nals The chip 2
resultirg distane from the neutra point (DNP) may nega-
tively impad reliability. In this approab the outermost
rows of bumps join chips and endue the mog stress As
the DNP increasesthe stres in the oute rows increases.
By placing redundahbumps in the oute rows and critical
bumgs in the inner rows, if bumps in the oute rows fail,
chip functionality will not be compromisedInclude a suf-
ficient numbe of redundah bumgs to allow for potential
loss Figure 4-22 shows how this might be accomplished.

An alternative and supplementiasolution would be to use
chip underfil after the chip is attache to a substrateThis

\/ ) isheWte r, plus alignmen t to tglerances,

ecessar if the DNP is suficiently large This
Ive additiond wafer levd procesding.

ignirg a footprint for chips tha incur des|gq shrinks
requires additiond considerations.

The approab for this chip desiq is to locak the critical
bumps in the chip's interior. Use oute rows for[redundant
ard mechanickbumps When the shrirk occurg the oute,
less essentibrows will be lost, but the critical pumps will
nat be affected As the chip shrinks so does the DNP -
making the loss of redundahand mechanichbumps less of

an issue This is illustrated in figure 4-23.

It shout be noted tha with this approachthe packag is
not affected by the burmp footprint as the criticel connec-
tlons do not change Redundanconnectlosto the package

‘ e exercised
when the ch|p area shrlnls so tha th burrp footprint does
not shrink In addition provision mug be mace for orien-
tation ard alignmen of the shrurk die.

4.4.3.3 1/0 Drivers on the Periphery

Sone chip desigrs require tha the 1/0 drivers are on the
periphey with othe circuits internd to the chip. Redun-
dart connectios for powe ard signak are desired.

When using the approab tha positiors I/O drivers on the
chip periphey, shorte interconnectia lengtts are always
desirabé in orde to minimize parasitc effects Bumps
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O Mechanical

Redundant

® Critical

|__—Orientation

Figur e 4-42- Redundan t Footprint

O Mechanical

Original
L& Chip Area

~~Chip After
X% Shrink

———QOrientation

Redundant
o Crmcal§

Figure 4-7 int
shoutl be ertinen circuitry as pos-
sible Figu dyndah powa and ground

bump whi
minimize fistribution s Input bumgs are placed near
the input cireuitry and outpu bums are placed nea the

4.5 Design Output Requirements
There is aminimum of information that shout be supplied
to a designe in orde to produe a bumpirg design The
information at a minimum shout includa:

¢ Find metd mask- « Passivatia mask: t Unit cel plan

outpu drivers:

4.4.4.4 Isolating Sensitive 1/0s

In sone chips it is important to electrically isolae a sen-
sitive input/outpu position from crosstak or othe noise.

The approab to doing this is to surrourd the area with

powe ard grourd bumps as shown in Figure 4-25 Caution
shoutl be exercisd when placing bumgs of differert elec-
trical potentiak in close proximity, as they could cause
shortirg problens with deng wafer probes Bump pitch

shoutl be maximized to minimize this hazard.

It shout be notead that the mask requiremerg are Wafer
Fab dependentOne shoul consut with a particula wafer
fabricatian grouwp for specift information In addition each
plan is typically a compute-aided desigh (CAD) file and
may include specift drawings The mog prevalen format
in use is GDSII thouch others are possible.
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figure 4-27. This information is neede for generatig the

Wafer Stgp Plan and Bump Mask design.

) O 4.5.4 Printed Board Land Pattern Design
© Mechanical e) 'e) 'e) 0O The Printed Boad Land Patten for flip chips and grid
PY PY P arrays is simply a circle of coatal coppe whos diameter
O Input o ® ° o is the sane as the bumpgs circle. The coatirg on the copper
is one of the comma solderabiliy preservativessuct as

© Outpus [ o L

@ Power/Ground

solde, gold flash or an organt protective coatirg (OSP).
For MSMT packagesthe land patten may be asoldermask
definal openirg over the conductiwe area.

Figur e 4-24~ Signal and Power Distributio n Position

O O @€ O @ O O

c o © O
O no o O C o O
© Ground (o] N O ™~ Nested 110
@ Power O O e O @ O O

O o O 0]

O O ® O & o

\

Figur e 4-25- Ngsted I/O Footprints

4.5.1 Final Metal Reticle Mask
This mask conf@rns with tr ict

mak requirements.

A suggestd fq
exampe the fid
edgesA non-w
termind via sitg
vias are wafer fab dependentPositive photoresisis used
with this type of reticle mask:

boad land

s§ consid-
npirg pro-
aJtach elec-

he system

nductance
bugh wire
g flip chip
ud be ini-
lows opti-
cemeh and

& using a comma solde burmp layou or designing
a footprint, the chip powe, ground signal|lard clock

pinou mug coincide with the substrag¢ pad dgsignations.
This is especialy true when existing substrate are utilized.

Also the location and proximity of sensitive signak must

be accommodatedBecaus bunp pitch affects coupling

noise separatia and isolation of sensitive signak mug be

considerd in the chip and substrag footprint dgsign.

4.6.1 Equivalent Circuitry

Figure 4-30 depics the physica burmp electricdf pah for a
peripherd pad chip redistributel for bumpirg technolog.
The electricd path consiss of a wiring viafrom the periph-
erd pad to the Find Metd (redistribution tracg) the final

Termind viasiL'.U ey |ct,|u;|c Compet rsatin-foretch-bias
dependig on the particula wafer fab etchirg processOne
shoutl consut with aparticula wafer fabricato in orde to
determire the specift design requirements.

The bump passivatio plan is a CAD file containirg the
termind via location data neede for the bump mask
design.

4.5.3 Unit Cell Design

A drawing and/a CAD file is required for ead type of
Unit Cel Plan (Product CMA ard Tes) as illustrated in

matd-traca ta tha naod tho tormainad o+ tha bl
ctatatctotiCpat—tiCtera via totic uump.

The substra@ metallization and associaté wiring are part
of the substrag electrica path The bunp electrica equiva-
lent circuitry can be derived as shown in Figure 4-31 for
first orde approximation.

The wiring via ard final metd (trace ard pad are modeled
separatsl Find metd consiss of multiple sectiors (1...n).
The bunp and the passivatio openirg are represente by
equivalet lumped circuits with both fringing and area
capacitane accountd for in the circuits.

It shoul be notad tha the bump-to-chp and the final metal

20N
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Terminal Via
Sites

\.

_“\nc Mark

(Edge Seal)

Tic Mark \.‘L_'

Figur e 4-36- Typical Bump Passivatio n Reticl e Mask Format

A A
Major
Flat
Y = 2616 N

o
.3

NP

X

76—pm Qm 0)

Figur e 4-27- Produc t Unit Cell Plan (example)

pad-to-chp area capacitance overlap This coincidence
need to be accountd for in the model One way to do this
is to combire the effect of the two capacitors.

Generaly, transmissia line modelirg is not required
unles rise times becone significanty shot and/a chip
traces becone significantlyy long. Since the bunp is rela-
tively shot compare to wire bonds or TAB interconnects,
lumped elemen analyss can be usal becaus distributed

effects are minimd unde mog conditions.

4.6.2 Final Metal Traces

The final metd powe ground clock and signd traces are a
concen of arny chip desigh ard especialy bunp redistribu-
tion design Metd thicknes has a maja impad on final
metd resistane (Rfm). It shoul be noted tha metd thick-
nes is limited by the wafer proces capabiliy for traces on
flip chips.
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L =2 tp 3 X the Post Length
L typidal = 0.3 mm

W = Width of Post o
W typical= 0.1 @ Post Outline

Figur e 4-29- MSMT Land Drawin g and Dimensions

In the following example typicd dimensioms are usal to exampe the final metd is doped aluminum with the fol-
illustrate variatiors in final metd resistance For this lowing parameters:
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ILM = lnter-layer metal
ILD = lnter-layer dielectric

o
! ; : , Mixing l):ia
~ e ———— ) | [ D e
ILD ILM X : Siticon | \ / 1 '
' ' 1 i (\ '
" [ 1 I
v Sk ¥ >3 |
N ¥
Passivation” Pad
Metals . Peripheral
Pad Limiting ~Terminal Via
Metallization
N
k N ]
Figur e 4-30-~ Bump EIectricaﬂWﬁiW\&ﬁ\\/
yal Metal Trace & Pad Wiring Vig
Remn  Lemn Remi Lemy Ry Ly
$ Crmn ICFMI C
C34 & Términat Via

Figur e 4-31- Bump Equivalen t Circui t (Redistribute d Chip)

Surfa® Resistiviy (Rs)
= 0.037 ohm/squae area (1.0 um thick)
= 0.028 ohm/squae area (1.5 um thick)
= 0.018 ohm/squae area (2.0 um thick)
Signd Trace = 30 um
Powe Trace = 60 um
Trace- =700 pm (minimum)
= 3350 um (average)

= 6000 (maximum)

Trace- = 1um 1.5um and 2um

the largeg fina metd trace resistane (lengh = 6000um
ard width = 30um) can be calculate from Ohni's law.

_Rslllength_0.037 Q 6000 pm _
MT width ~ 30 um

Using the value from above Table 4-7 and 4-8 provide a

74Q
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guantitative view of how final metd resistane varies metd totd capacitane is shown below:

accordig to thicknes ard lengh for signd and power

traces.

Table 4-7- Final Metal Signal Trace (30 um)
Resistance s (example)

CFM:(CAD_ D/V)"‘(CFD_)XZ
wherg C, = Area Capacitane (F/n)
Cr = Fringing capacitane (F/m)
L =Trace (m)

Final Metal Final Metal Signal Trace Resistance( Q) W = Trae (m)
Trace 1.0 pym- 1.5 ym- 2.0 um ) ) )
700 pm- 0.9 064 o4 ror accrL:jrae rgoclje_llngt coupllhrg t;jetgveen I;mlzlEj Me_tal
races and underlyirg traces shoud be modela using
- 4.0~ A= 2.1
3350 pm 0 S 2D/3D CAE programs.
6000 pm- 7.4- 5.6- 3.7
Table 4-B- Final Metal Power Trace (60 pm) 4.5.3 High Frequency Performance
Resistance s (example) r nea the
. Final Metal Power Trace Resistanc e (Q) : outing (_)I’]
Final Metal en for flip
Trace 1 pm- 1.5 pm= 2.0 pm citha the
700 pm— 0.4- 0.3- 0.2 e coupled
3350 pm- 2.1= 1.6+ 1.0 interference
. ¢ ard cha-
4.6.3 Inductan¢e and Capacitance
Calculation of final metd trace inductane and capacitance
requires deterrminatiu of sef ard mutud effects These
effects will be Unique for ead chip design As sh ' ologis is
figure 4-32, the orientation (parallel orthogon& isend pack-
betweel of the[Find Metd trace to underlyirg inter-| | conside-
metd and grourd planes will determire sef and
capacitance.
\k
Chip Passiyati
Silicon
ILM
LD .
‘\ Final Meb_
ILD = Inter-layer dielectric Wiring Via
ILM = Inter-laver metal
Figur e 4-32- Final Metal Trace and Underlyin g Traces (Cross Section)
Inductane (Lgy) is also influencel by orientation with Therma aspect of bunp package provide front and/or
respet to underlyirg metd and othe Find Metd traces. backsia therma path Bump technolog offers an added
Direction of curren flow in thee metd structurs mug be dimension of thermda managementDependig on the

known to determire mutud inductance The appropriate application the designe has the option of selectilg the
currert retum path is needé to determire sef inductance. thermd path.

Find Metd trace capacitane (Cr,,) consiss of sef and The degre of consideratia given to therma desiq is
fringing capacitanceA first orda approximation of final dependenupan three factors:

U
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e The amount of enagy or hea tha mug be
dissipated

* The desiral operatimy junction temperatug of the
chip

* The ambien temperatue of the surrounding
environment

Conduction convection and radiation are the modek for
which hed can be dissipated For bunp interconnet con-
duction is the primaty hea dissipation mode Convectia is
a smal contributa.

A ” t tedin firaien 4 22 tharmd ArA Alnntrind Aanahoic
s illustrate-rfigtre-4-33thermdard-electicdanalysis

4.7.1 Bump Interconnect Thermal Model
The burmp thermd interconnet can be modela as two

cylinders betwea the chip powe soure and the substrate
(see Figure 4-34) Cylinder 1 represert the inner-layer
materiak on the chip. Cylinder 11 represert the Pad Lim-

iting metak and the bunp size The hed soure is the

device in the chip.

Becaug there are three bump interconnet diameter
options cylinder sizes vary accordingy. Assumirg that
Cylinder | is SiO, (k = 1.01 W/m.K) ard Cylinder Il istin/

lead (3/97) solde (k = 36 W/mK) then the approximate

trtereonnetthermdresistanre-earbe-eajculatel for each

are analogous.

option See Table 4-9./\(\

Voliage Drop (VI-V2) 4——%———>Tempera

Electrical Resistance (R) <--§->Ther A

R=LI(cA)

o= electrical conductivity

A= cross-sectional area of conducior

R = L/(kA)

ermal conductivity
length of conductor

(T1-T2) = QR

Figur e 4-33- Therma@ric}{mnalc% \)

N

N\

B donChin \jear Source (Junction) o

Sub
NN

Heat Source

~———Cylinder | ——><
L

N
Cylinder 1] 7
-

-

o

-

Substrate

Figur e 4-34- Bump Interconnec t Equivalen t Model

Table 4-9- Typical Thermal Resistanc e for Variabl e Bump Option s (Tripl e Layer Chip)

Cylinder |- Cylinde r Il Total
Interconnect Diameter L A(TB) R L A(TB) R R
Option (m) (m) (nm?) (°C/W) (um) (nm?) (°C/W) (°C/W)
Option A= 150~ 10—~ 18- 550~ 75— 18- 116- 666
Option B~ 125- 10—~ 13- 762~ 63— 13- 135— 897
Option C— 100~ 10—~ 8- 1238- 50- 8- 174- 1412
Option D 150~ 10—~ 18- 550~ 275- 18- 2116 =666
(DCA)

LN


https://iecnorm.com/api/?name=18134455626b98436ef77e08a89cec45

J-STD-012-

Copyright © 1996, IPC; 1998, IEC

January 1996

It shoub be noted tha Cylinder | therma resistane varies
accordimy to the numbe and specificaly, the thicknes (L)
of innerlayes on the chip. As the main contributa to ther-
mad resistanceit shoutl be modela accurate}l. Furthe-
more interface and bulk resistancehawe been combinel to
simplify calculatiors ard illustrations.

Table 4-10- Typical Bump (150 um) Thermal Resistances
Multi-Laye r Metal Chips

Packagig options can range from hermetic metallized
ceramt modules to printed circuit boards for dired chip or
chip scak packagig for highly specializel therma con-
duction packages Supplementa package features like
thermd past can be addel to enhane therma perfa-
mance Othe materias like chip underfil usel to improve
reliability also alter hed dissipation All these components
influene the junction to cag therma models.

v

DN

Figur e 4-35- Thermal Paste Example

Singl e Layer-| Doubl e Layer— Tripl e Layer
NMaximum 550 7504 950 4.7.2.1 Thermal F.'aste Model . .
(°C/W) The thermd past is applied to the chip backsiek to reduce
Nominal 50— B50— 850 the—thermdrresistanebetwearthe—chip,packag lid as
(°C/W) shown in figure 4-35 or hed si approxim@ae thermal
Minimum 350~ 550~ 750
(°C/W)
r flip chip
Thermal Pste Lid solder bumps etwe_en t.he
<,,— i y bwn in fig-
g e S btwea the
7 Chip hodel The

C@' to Solder b
Interconnect Pa

Substrate Lid

Chip to Backside

Thermal Paste Path

Thermal Paste

Figur e 4-36- A OXWWM for Thermal Paste
- S

saldes Baimph —

i - il

e

Chly |

Chip Junction

—2

-

Figur e 4-37- Chip Underfil | Example

Bump interconnet therma resistane for a typicd single,
doubk ard triple layer metd deviaee are shown in table
4-10. It shoutl be notal tha thes values are basel on
150 pm burp on silicon where SiO, inter-layer dielectric
is modeled..2 Junction to Case Therma Models

Chip 10 solder bumps Chip 1o Underfill

Interconnec!t Chip Underfill

Substrate

Figur e 4-38- Approximat e Thermal Model for Chip
Underfill

R
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5 MATERIAL PROPERTIES AND PROCESSES

This section deak with the materiab and processg cur-
rently used for flip chip and chip scak manufacturingSub-
jects addresse are the primary techniqus for bunp depo-
sition and various types of chip to substrag attacy methods
currently usal ard the materias necessar for ead type of
attach Also included are the various options for bunp and
pog metd evaluation.

5.1 Solder Bumping

e surface This is abatd proces in which the
solde ang its underlyig metd pacds are deposite onto
mary wafgeis at the sane time.

Prior to eyaporatio of this metd structure an in-situ sput-
ter clean iis commony performed This is dore to remove
undesiralg oxides and photoresis prior to metd deposi-
tion. This ptep generaly assurs low contad resistanceand
the surfae@ roughenig enhance the adhesio oft
to the org@nt or inorganc insulatirg layer.

As a pat pf this proces it is necessarto provigexa mask
that contrpk the shape and formation of the patten formed
on the wafer. The mog commony, used mak fQ
ticular prpces is a metd mas Rjs yhetd 2

assembyt typically consiss of fivexart i .
2) a spring 3) the wafe to

ard 5) a dlamp ring. ®
ard aligngd manua i
possibé t¢ align to witHip

Of prima
to contrd
the bump
controlled
a function
separatig

Baffles mpy be addel™“ta/enhane the uniformity of the
evaporateli material The height of the bunp as determined

Unde Bump Metallurgy (UBM) layer consistimg typically
of an adhesio laye sut as chromium or titanium and
then a thicker wettabk layer suc as coppe.

Prior to depositian of this layer it is necessarto clean the
via surfa@ in orde to remow ary contaminarg suc as
oxides or organc residues Typically a sputte clean has
bee used howeve, wet processig to clean thes surfaces
has also been used.

After depositin of the UBM two method are generally
used for forming the solde limiting layer or solde dam.
i } firg—q layer of Chro-

on top of the
il ard patterned.
and the solde is

the nonwettable
atternd in pho-
ard lifted off.
med to plate up
te contrd of the
exampe of an
shown below in

Figur e 5-1- Photomicrograp h of As-Plate d Solder Pads

by the volume of the depositd materia is afunction of the
standdf of the metd mak and the openirg in the mask.
The materid as deposité is conicd in shape This is con-
trolled by the opening which will gradualy close off as
materia builds up on the mas during deposition.

5.1.2 Solder Electroplating

The secomnl commony used methal for the formation of
solde bumsis electroplating This is usually dore by plat-
ing through a prepatternd photoresis mask.

This proces begirs with the blankd evaporatio of an

At the conclusion of the plating proces the resig is
strippad and the blankdé metd is read/ to be removed This
metd mud of coure be removel completey in orde to
preven shortirg betwea the bumps.

This remova proces can be handla@ in eithe of two ways.
It is possibé with large solde bumps to wet etch the metal
in the intervenirg area using the solde as a mask after
which the solde would reflowed This generaly works bet-
ter with larger bump sizes as sone undercuttig may result.

The seconl methal would involve reflowing the solder

7
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first. In this ca® the intermetallic formed unde the bump
during the reflow proces may be useal to provide abarrier
to the etchants No undercuttiy would be expected and
the size of the bunmp would be controlled by the thin film
patternig of the solde dam and the plating height An
exampeé of solde bumps formed by electroplatig after
reflow and removd of the UBM in the intervenirg area is
shown in figure 5-2.

Figur e 5-2- Phqgtomicrograp h of Solder Bumps

5.1.3 Solder P3ste Deposition

Solde past is
formation when
Solde pasts are slurries of differing
on the solids loading.

Sphers of differert diarr@ 3

micrometers arg suspende in
its reflow properties ard t
mert retention during reflow.

The solde past
erties during refle
sition method ¢
ed advantagp of uSing sole, and it applies to
screened-o bumps Screa printihg and stencl transfe are
similar in tha they provide aphysicd mears for patterning

substrate bumps of differing sizes may be desired.
Throudh etchirg the appropriaé mak material various
size opening can be put into the mak to give the corre-
spondimy bunp sizes.

The majo advantag of using scre@ printing techniques
for bump formation involves costs The equipmen sd is
much less expensive by an orde of magnitude than that
for eithe bunp plating or evaporatio techniquesA screen
printing machire runs $5 to $15 for productian vol-
umes.

to earlier
ard volume control The scree printing proces technique

ith alaser
f metallic
}he metal.
he mount-
thickness
mounting

ert bump
ostencib may be etchel thinneg in lpcd areas.
3 provides an exampe tha shows the Iqcd etched
the stencl and the resultirg reducel solde volume.

5.1.4 Conductive Paste Method

Conductie pase method hawe been implemente in mass
production at Matsushié and Citizen.

In this methal the LSI driver chips are platgd to form
50 um coppe& bumps with a thin overcoa of [Au. Then
eithe the bumps or pané electroé are coat@ with the
Pd-Ag paste Next, the coatal bumps are aligngd with the
pané to electrods and joined unde pressureThis is fol-
lowed by settirg the pase and coatirg the chip ith apro-
tective resin.

5.2 Conductive Adhesives

a pase onto asubstrate.

5.1.3.1 Solder Screen Printing

Screa printing generaly refers to a woven med tha is

covera by an emulsin to provide apatten for transfe.

Screa printing of conductive materias for bunp formation
is mog often usel for lower lead court devices With these
devices the pad pitch is generaly large enoud to allow for

the screa printing of pase without shortirg bunp to bump
with the paste.

Whetre differert devices are to be mount&l on the same

Screened+0 conductive epoxies are available but their
reliability is yet to be proven The conductive materia is
usualy silver or sonme otha corrosion/oxidatia resistant
metal Pat of the function of the conductie filler is to
scratt throuch the native oxide formed on the aluminum
bord pads of the integratel circuit during bonding.

Conductiwe particles disperséd into insulatirg adhesive
provide an interconnet wedge betwea pads or poss on

the chip to lands on the interconnectia structure There are
basicaly two types:

2R
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FINE LINE PRINTING

Normal Thickness Metal Screen with
Openings Etched from Both Sides

Amount of Solder Paste on Substrat

1M

N

B

Figur e 5-3- An Exampl e of Fine Line Stencil Prijrti

1. Isotrofic conductive adhesive in which curre
ductal|in all directiors by the particle-to-pa
tacts.

2. Anisotfoptc conductive adhes
tration
directipn During the assempbt processe

is squéeze out betwea

substraze leaving p
strake dap The ggpis’esta
condugctive particle AR
has gr

Anisot
howey|

Both techf
systems:

Al
metallic.conducto (i.e,, 1TO), as well as polymer
thiek—Faa

ble

* Ther is alack of large amouns of reliability data.
Howeve, today thermosettig polyme systens are
offering greate reliability
* Not sef aligning

5.2.1 Design Issues

For both types of adhesivesthe conta¢ metallization must
be resistah to oxidation to ensue long tenn reliability. The
interface materiak neel to be compatibg with the adhe-
sive.

The pad pitch for the isotropic versim is ¢ontrolled by the
proces capabiliy to define the conductife adhesie vol-
ume suficient to make the electricd comnectiom without
shortirg to adjacemn pads.

In the ca® of the anisotropi¢ the pad pitch has bean dem-
onstraté in production to <0.1 mm [.004].

* Lower joining temperature (i.e,, <180C or UV
curabk at room temperature)This makes the use of
low cog substrag materiak possible

* Avoids use of flux ard subsequencleaning

On the othe hand there are disadvantageand conceris as
follows:

* Long tem high temperatue exposue is limited
today to <130°C

« Currert carrying capabiliyy can be limited by par-
ticle materid constructio and concentration

A-gestqreonsideratie--the-anisetrepé-applicatian is the
topology of the chip and substrateBoth chip ard substrate
lands mug be at leag leve with the surroundiig dielectric
or above The adhesie mug completey fill the gap
betwea the chip and the substrag¢ while allowing good
contad for the conductie particles Care mug be taken to
ensue tha ther is sufficient coplanariy betwee the chip
and substrag to ensue reliable connection The use of a
compliart metalizel polyme particle can help compensate
for smal deviatiors in coplanariy. Compliart substrates
also aid in this regard Isotropic adhesie systens are more
tolerart of variatiors in topology.

20
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5.2.2 Anisotropic Adhesive Details

An alternatie to the use of solde for flip chip ard chip
scak applicatiors is the use of an anisotropt conductive
adhesive.

Anisotropically conductive adhesive can provide electrical
as well as mechanichinterconnectios betwea integrated
circuit silicon chips and substratesThe conductiviy of

thee materiab is restrictel to the Z-direction while main-
taining electricad isolation in the X-Y plane In addition,
materiak ad as an encapsulanand sea the unde surface
of the chip, thus eliminating the neeal for underfilling.

adhesive Like othea flip chip techniques this technique
also provides low inductane due to its shot interconnec-
tion length The currert carrying capabiliy of the intercon-
nectia can vary widely, dependig upon the size type, and
loading of the conductie particles used.

The organic adhesie matrix can be eithe a thermose or
thermoplast material Thermosé adhesive maintan their
strengh at high temperature and generaly hawe better
mechanich properties then thermoplastt adhesives The
primary advantag of the use of a thermoplast adhesie is
tha chips can be removal relatively eay in orde to be

. . . . reworked.
Most anisotrop|caly conductive materias consiss of elec-
trically conducfiwe particles tha are dispersd in an adhe-
sive matrix. The concentratia of the® particles is such : .
. . . Solde bumps shout b eir electri-
tha enoudn particles are presem to provide areliable con- . .
) . ) cal, mechanich ayg is should
nectin betwed a chip and substrag¢ while there are too . . :
. AN include a time zeiQ e greater
few particles tofallow conductio within the X-Y plane It .
g . R than zeo evaluatio
isimportart to dontrd size size distribution and concentra-
tion of particlesto prever the formation of shot circuits or pog plus
leakag paths. electrical
There are sevgra criteria tha mud be evaluate when Ig ;patr;?
selectig an anisotropc conductive adhesive The mateti ’ metab (UBM) usdl ard the
mugd posses aflequag adhesio betwea the surfa 2:; interface This lag batt can be
the chip and thg substrateThe adhesie may be in co . .
prope cleanirg before metd deposi-

with Si0,, SisN

,, polyimide, gold coppe or aluminuy

adhesie is applied in orde to ackiew
strength The ahisotropt adhesie S
ionic impuritied tha could degrae
mane of the chip

There are avarigty of matc@ 2

tive particles Gold has the be s
could be prohibitive for sgne\application
high conductiviy at a maqd
electromigratioj
eithe gold or s
occu over time T
plated with sily alternative solution.
Othe particles tha hawe b a as conductie fillers

include metallized/polyme sphers and metallic particles
tha are coata With-thin Inymr: of dielectric material

0

dad bunp configuration (0.1 mm ¢n a 0.250
Wpitch nominally 85 pm high after reflow)|the bump

of the bunp can lead to a gradu# increag in [this bump
resistane without causirg a catastrophd failure| A limit as
to the amourt of chang allowed during stressify is neces-
say. Examples in the literature hawe indicatel txe useof a
30 increag as one cutdf point.

From a mechanichpoint of view the bunp interfaee and
UBM interface mug form a bord of suficient trengh in
orde to maintah integrity during stres develppe under
normd operatirg conditions Typicd values for| this bond
strengh are on the orde of 45 - 50 grans per soldeg bump
for a high lead solde bump The actua value this number
takes will strongy depem on the solde comppsitiomn and

The particles form electricd interconnectios throudh sev-
erd differet mechanismsMetd core particles can physi-
cally penetrag the soft metallization on either the chip or
the substrate Polyme core particles are deformel by the
pressure applied during curing ard relax chip substrate
coplanariy requirementsDielectric-coatd particles miti-
gae the formation of shot circuits their insulatirg coat-
ings are only removel or penetratd by bunp contacts.

The electricd requiremers of the assemhl mug be care-
fully evaluate before using an anisotropc conductive

ball diamete and will increag as the tin conten increases.

Along with the bunp strengh anothe importart mechani-
cd propery is the uniformity of the bunp geomety across
a wafer or more importanty acros a chip. For sone uses
sud as chip attad to a ceramc substrateit may only be
necessarto limit the bump variation to 30%.

It is also possibe to obtan knowledg abou bunp forma-
tion and strengh from shea measuremestof a single
bunp (ball shear) While this is adestructie teg it has the
advantag of needirg only one or a handfu of bumps for
the evaluation It would of cours be possibk to add these

aN
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bumps in a teg pattern The tensik pull on the othe hand
requires the joining and subsequenseparatia of the chip
ard substrate This can lead to the destructim of one or
both.

The final area for evaluation would be the materid analy-
sis This would include analyss of the bunp interface and
the bunvp itself. For the standad burmp previousy defined,
the deposité or plated solde composition will generally
be equivalen before ard after reflow.

For very smal bumps having ahigh lead conten it is pos-
sible to see large fractiond changs in the tin contert as it

5.4.3 Gold Bump Flip Chip

In this method an ultraviolet light curabk adhesie is used
for the attachmenhof a gold bumpel LSI driver chip to a
glass substrag (Figure 5-4). The adhesie is cured while a
bonde is holding the die agains the glas substrate The
contacs are in compressia during the bord cycle This
proces relies on the stres induced by the shrinkage of the
resn to weld the Au bumgs to the panel The use of UV
curabk adhesive resuls in very shot cycle times during

assembl.

is consunéd by the underlyirg coppe during reflow. If the
tin conten drops too low the protective environmehn of the
SiO, tin gxide will degra@ leavirg the lead more suscep-
tible to erfjvironmenthattack Lead oxides are formed pro-
tecting thg bumps.

5.4 Other Bumping Techniques and Materials
Most bumpirg technique require some form of under
bunp metallugy.

Eutectt golde is usel as a joining metallugy,.in direct
chip atta
substrategMost organic substrate cannd survive
peraturs |requirad to join high lead solde.
eutectt solde is usel to provide ajomlng m
the high I¢ad to organic substrag
processthe eutectt solde melt§
solde. The desig rules are
for the high lead rules exc
nigue for japplyirg t
sud tha the fineg b
practicab¢ joining yields
eutectc b die

allow the
the substi

It shoud
eutectc b

5.4.1 Boird Process Attach

tic for joini

5.4.2 Gold Bumping

o a4 A
L I

Fine pitch bondirg systeps whick utilize-imdium-basd flip

ed by electroplating
Iayers This is fo

The chip is first bondel to the glass subg
peratue (less than 150°C) then inspecte
necessary)The final bondirg is performel
exposue to ultraviolet light at intensity
abou 20 seconds.

Anothe bondirg technige developé fo
panes is the fine-pitch chip-on-glas tech
in Figure 5-6. An |C chip with gold bump
an indium alloy bath heatel to 200-230¢
onds in a nitrogen atmosphez without fl
heigh for the Au burmp is 185 micromet
the Au core indium alloy bunp is 238 mi
minimum pitch of 50 micrometers Th

jguid crystd dis-

e 5.5 shows the

a LSI chipis con-
inflium bumps and

nke sputtefig of Au/Ti-W.

patterned Then,
followed by the
lowed by spin-
solution on the
ebake at 90 C
hetes thick film.

sh is patterned
he indium pads.
trag at low tem-
(ard repaira if
at 100 C during
pf 2J/%1 cm for

use with LCD

nige illustrated
5 isimmersel in
C for a few sec-
LIX. The average
bs while tha for
crometes with a
b chips can be

maont

Gold bumps are fabricatel using eithe electroplatig or
wire bonding They hawe bee usal in area TAB ard flip
chip applications e.g, GaAs They are chosa for thermal
ard electrica properties Gold attachmento othe materi-
als can caug embrittlement.

There has been sone limited use of gold on the bump
whete the proces for the productio of the bunp is simply
implemente into the wafer process Gold bumps lend
themselvs to the gallium arseni@ proces well ard as a
resut are finding use In this case the joining is dore by
thermocompressiobonding.

TTTOUTTT y y y

patterrs without

flux at low pressure (30 g/bunp or lesg ard low tempera-

ture (110°C or less).

5.4.5 Bump Transfer

This techniqee involves the transfe of solde from one
substra¢ to anothe, e.g, chip-to-chip wafer-to-wafe,
wafer-to-chip. Advantage for this metha include cost
improvement eay application for delicat substratesand
differert size structure of substrates.

A1
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IC

UV Resin
Glass

Au bump

Figur e 5-4- Gold Bumpe d IC Adhesivel y Attache d to a Glass Substrate

Electrpde Pad ~ Driver LSI
B
Indiuth Bump —"1- - - [ |

Glass Substrate /(7\

N

Figur e 5-5- Ne

N\
ly Develope d Chip on Glass Technol&@\<\\ i

Figur e 5-6- Sch

Stud bumpirg i
which the bal i

coinad to creag
from gold or so
circuitry.

reflow temperatue ard shoul provide low strefs environ-
mert after this reflow. In addition the passivatio mug be
compatibk with underfill, glob top, or othe ass¢mbly-level
passivants.

Becaus the lead will have sone portion contaminatd with
alpha-particle-producin isotopes it is desirakj!a tha the
dielectrc interfae alsn Inrnvirb abarria to alp emissions

5.5 Chip Materials

From the chip point of view, the primary materias of
importane are those concernd with protectirg the chip
(the dielectrc interfacg and tho involved with making
the electricd connectim (the termind metals).

The dielectrc mug provide amaterid barrig to the solde.
Typically this would mean tha the dielectric is not wet-
table to the solde. Sinee the solde will ente a liquid
phase it is alo importart that the dielectrc be relatively
pin-hole free The dielectrc mug be stabk at the solder

from thes isotopes.

The termind metab mug provide an electricd and
mechanichinterfae for the solde. The three requirements
for determininy the prope termind metallugies would be:

1. Adhesim to the chip
2. A diffusion barrier
3. A wettabk layer

The termind metak mug provide adhesio to both the
underlyirg chip metallugy and the dielectric The adhesion
layer generaly has ahighe resistane than the underlying
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metal and therefoe its thicknes is kept to a minimum.

It is importart that the interfacee metak be wettabk but not
be entirely consumd during the reflow and assembt pro-
cessesThis requiremehmay be satisfiel with the use of a
diffusion barrie. While this diffusion barrie materid is
wettable it is generaly much less reactie with the tin than
the wettabk layer. Therefore sorre of this diffusion layer
remairs in orde to accommoda further reaction with the
tin or othe materials during subsequenhigh temperature
cycles shoutl rework be required.

tane whetre long redistribution metd traces would provide
a high impedane pah as compare to the capacitive path
provided by the intervenirg dielectric A schemat dia-
gram of thisis shown in figure 5-8.

Redistribution Metal
= D s 5 TS

Passivation (P1)

Silicon AiPad

5.6 Othen Bumping Process Considerations

5.6.1 Redistribution

In an idgd world, chips would be designe from the
grourd up|for flip chip and chip scak attachmentDice that
hawe not been designé for solde bumpirg require addi-
tiond prdcesse tha reconfigue the existing I/O geom-
etries andfo relocat them from the perimete to a centrally
locatad arga array. The latter proces is typically referrel to
as aredistribution Redistributian allows the use of existing
wire bord| or TAB producs in flip chip applications Chip
scak grid|array technolog is one mears of achjeyirg thi
Figure 5-7 illustrates how the peripher&leads €an bered
tributed inwardly to creae achip scak area arr

&
88
B
&
b
-
&
8
B
&=
&

packs tape and
wafe frames dependig on flip chip assembly
thod A temperature-controlte dry airf environmen is
3saf for prope storage and handling.

Mounting and Interconnection Struct

The steag advane of electront packdgim technology
continues to hawe asignificart technologic&impad on the
substrate usal to interconnet todays elJectronc assem-
blies Mounting and interconnectia structure for flip chip
and chip scak packagiy hawe specigd demand and
requiremerg placed on them tha in m case exceed
those placal on sud structures usel in more common
applicatiors suc as traditiond through hole ard surface
mount.

The expandig intere$ in flip chip and the othe newer
packagily approachs has creat@ atechnplogichneal for
finer circuit lines and spacessmalle intgrconnectia vias
ard plated thru holes lower dielectric constah materials,

Figur e 5-7- Redistributio n of a Periphera | Pattern

5.6.2 Electrostatic Discharge (ESD)

While the idea of redistribution or the physica processing
necessarto provide redistributian is nat difficult, there are
somre fundamenthproblens associate with its implemen-
tation that nea to be addressed.

Foremos$ amory thes would be the problen of Electro-
statc Dischage (ESD). ESD would be of specia impor-

ard more strenuos therma managemetnrequirementsas
well as mary otha considerationsThe interconnection
structure supportig thes advancedfirst levd electronic
package hawe becone key limiting elemens to the realiza-
tion of the packagés maximum performane potential.

Present}, the cog and performane demand of electronics
are trendirg in opposirg directions Tha is, the price pres-
sures of the expandig globd econony continwe to drive
prices down while the demanl for eve highe levels of
performane maintairs a stea¢ upwaud pressue . Flip chip
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ard chip scak packagig technologis hold out the prom-
ise of meetirg such demam by minimizing the cog¢ of

electronc packagimg by reducirg packagiig coss to levels
tha may ultimately be only slightly highe than the cog of

the chip itself. This combinatia of factors has createl new
pressue on the next levd of interconnectia to facilitate

interconnectia of sud densey packel chips Figure 6-1

illustrates the generd capabilities of varying substrate
manufacturig technologis in terms of their area effi-

cieng relative to the utilization of active silicon.

chip scak packaging.

6.1 Background

As statal in Section 2, it was IBM that introducel flip chip
technoloy as patt of Solid Logic Technoloy (SLT), the
componehtechnolog for Systen 360. The flip chip was a
single transisto device with three smal coppe balls
encasd in eutecti¢ solde mounteal on a half-inch square
hybrid pin-grid cerame substrate.

LINEWIDTH (tam)

RN

300 mrwe

SMT

250

200

160 | cOB

HYBRIDS

100

| HD;
so b 50 pm HDM!I!
?ﬁ\ - 1oumrom
)i

] T L v

60 70 80 g0 100
EFFICIENCY| (%)

Figur e 6-1- Pad

Today, it is rapi
barrig to imple
ing technologig is locatal ,\ the” sthstrate to which
they mug be inferconnectedSud advancd chip packag-

substrate from
eved, severd arg

Sone of thew|ared of importane are relatel to the

Severd sud devices were usal on ead substrgg to form
ore logic circuit. The conductos on the subsgtrag were
screen-printald thick-film with glass dans to greven the
solde on the chip connectia from wicking down the con-
ductors The substra¢ was dry-pressd and firgd alumina
with stakal pins for 1/0Os. On sone substrgteswiring
crossoves were accomplishd by printing a line of glass
dielectric over the lower conducte.

mechanis of assemby}, sud as surfae topograply, plana-
ity, flatness as well as to the properties of the finish that

make it beg suited to making reliable interconnections.

Othes relatk to the wiring of the substrag itself and what
method can be employel to creat interconnectioa within
those substrate that do nat sacrifiee valuabk area unnec-
essariy and with it the loss of sone measue of improved
performancesStill othess relat to the therma demand that
could be placel upan the substra¢ when closel packed
“tiling " of silicon resuls in excessie heda generatio on
the substrateThis sectim will discus thes and othe con-
cerrs relatel to the creatian of substrate for flip chip and

In the late 1960s as integratel circuits were introduced the
coppe bal was eliminated ard the surfae tensia of the
molten solde controlled the chip stand-déf. This was the
first red controlled collaps chip connectim (C-4).

The substra¢ technoloy becane the key to advancs in
the flip chip technoloy for two reasons First, as the
demaunl for more 1/Os off the chip grew, the ability to bring
wiring out from the burmp array (so-callel escapybecame
critical. Second as the chips increasd in size the isswe of
the differen@ in codficient of therma expansia (CTE)
betwea the ceramc substrag and the chip could limit the
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numbe of chip 1/0Os ard chip size.

Single layers of thick film conductos quickly becane lim-

ited in the ability to “‘escapé& wiring from unde the chip.

This fosteral the adver of a thin film wiring technology
using chromium-coppechromium metallization deposited
by evaporatio or sputterig and photolithographically
defining conductos down to 25 um (.001") lines and
spacesThe substrag itself remaina dry pres alumira and
continuel to use stakel pins for its pin grid array.

The top chromlun layer prowded the solde-stop similar to
the origing 5
for a sign
wiring to

ificart increag in bumps pe chip by aIIowmg
‘escapé& lands on the substrag top surface.

As the niimbe of chip 1/0Os and the size of the chip

increasegalumira ceramis continuel to be the substrate
of choice pver organic becaus of the close matd of CTE

betweer |aluminar ceramie: (7x10%°C)~ and- silicon

(3.5x10%4C).

The nex [substra¢ advane allowing essentib “‘escapé
routes wag the multilayer cerame (MLC) technoloy at the
erd of the 1970s By stackirg layer upon layer of scree
printed ceramc green-sheeit becane possib Wi
ary bung or flip chip footprint The top surfae of
ML C substrag had no conductos to the lands whiech we
all connegtd to the internd wiring by vias within the land
configuratlon thus eI|m|nat|rg the solde WI
practicabg li
the substiate.

In the late|1980s low temp
using mixtures of gld
closely matc the su
This alloy
graphicall
MLC, prqgvi
numbe of

Beyord cpramc_Substratesther are a numbe of other
viable apgroachegto creafiry interconnectio substrate for
flip chip gnd*chip scak packagesmod of which are based
on organi
with its own sd of advantageard disadvantagesrd each
substrag has its own sé of constraing with respet to the
assemh} methal tha can be employed Which intercon-
nectian structure-bas materid combinatio is the correct
ore is vety much a matte of individud produd require-
mens ard the final choice is normally arrived at by consid-
ering the trade-dfs of conflicting needs.

On first glance it appeas tha the cog of sud fine featured
structure will be greate due to the limited manufacturing
bag capabé of producirg produd¢ with sud advanced

requirementsWhile it is generaly true tha suct substrates
may cog more pe unit area the area reduction allowed by
the minimd form IC package shoull pawe the way for
reducel overal coss of electronics The balane of this
sectian will addres specift demand and requiremerd that
will ned attentian before such advantag can be gained.

6.2 Mounting Structures General Considerations

The mounting structue or substra for flip chip and chip
scak packagimg mug be capabé of simultaneougl meeting
the demans of severa dlfferert desigh requirements.

9 a structue cho-
nagemenneeds,

into the overall
ccessful Beyond
ichrequirements
& the thickness/
eliability of flip
cycling; thicker

is driven by the
A of the chip scak packag itself. The two
independenof eat othe, and therefoe there
man grourd at which they can interface.

eceramc substrate were amory the first substrate to

ke Successfull usel for flip chip applicat
By far the highes volume in production th
substrats for flip chip and chip scak pad
facilitated by the addition of an underfil
the chip ard the substrateThe underfil e
fatigue lif e of the bumpae joints by appro
of magnitude.

The substra¢ materid chose for chip scg
be ary of the normd printed boad materi
BT resin Dryclad™ or polyimide. Since n

onsard are still
e use of organic
kagilg has been
epo¥y between
poXy extends the
imate} an order

b packagilg can
bt sudh as FR-4,
og organt base

laminates have glass transition temperatugwell below the

reflow temperatug of the solde usal for
eutectc solde is usal on the boad to re
solde bumps Underfil is required in all

the chip bump,
flow arourd the
cases with the

possibe exceptim of flexible substratesw

hich are compli-

art in nature or when there is suficient compliang in the
chip packag itself.

The mog comma structue for PWBs is one whete vias
are formed by drilling a hole into the boad and plating the
insides of the hole to make interconnectionsThis via, or
plated through-hoé (PTH), canna be usel as areflowable
solde bunp mountirg land, as the solde will wick into the
hole ard destry the reliability of the joint. Therefore a
separat land is required tha has no PTH, and is connected
to a PTH land by a surfa@ wiring laye. An alternative
approab is the constructimm as is shown in figure 6-2.

AR


https://iecnorm.com/api/?name=18134455626b98436ef77e08a89cec45

J-STD-012-

Copyright © 1996, IPC; 1998, IEC

January 1996

Selective inferconnection
between leyers

Joining inferposers

Surface mounting landss

Interconnection o next level

Ground or Shield Layer
Signal Layer
g—,;-rour?? Layer
ayer
Pogxgr Layer
Siginat lay
Power, Ground or Shiled

Figur e 6-2- Explode d View of a Substrat e for Flip Chip or Chip Scale Applications

Without suth &g construction solde maxk is required to
preven wicking.

Since the currgnt practica limit for mechanich drilling
capabiliy isin the 0.03 mm diamete range and PTH lands
approximatef 0.5 mm, fan-ou or wire escaps becg
very importarn ¢onsiderationNonsquae arrays and pe

gatirg factar in|the numbe of 1/0s tha can be wired
as the fan-ou grea increase with increasd 1/0s, a
land pitch neeg to increag to allow

channels.

Becaus of pradgtica printed boad/di
pitch is often extendd t
arrays this pitchl may be e
techniqee callefl photolithog

fine lines using| additive teghni
tain manufactufes to allg
escapes).

As statel earligorga
tha the chip is c
dramatc effect, the CTI

sidered For examplé the a i of metallization usually
coppe, affects the'CTE of the substrate.

reag wir-
Licture for

nte of the
bund This
pltage and
for escape

briphey of
the/ array to allow for more interconnectiog that can
escape This can be accomplishd by elimingting every
othe land See figure 6-3.

Layou of the bunp patten on the flip chip packag can
significantly affect layou of the nex levd sulgstrate The
sane I/O court creats differert demand on theg substrate.
The chip on the left is routabk with coar® featyres of one
conducto betwea lands while the patten on the right
requires finer features using two conductos betyve@ lands
to complee the route.

In an idealized ca® all conducte routing would|take place
in a single row, with rectangula layous favorifg the wir-
ing processFrom the perspectie of the substrag¢ manufac-

Multilayer thin film technoloy does allow for fewer
escap layers as more wiring can channé betwea bumps
from the I/O array underneathThes technigus are often
combinal with more conventionhand less costly intercon-
nectim techniquese.g, powe planes in MLC, to allow
area array connectios to the nex level.

All else being equa) thin film conductos hawe highe elec-
trical performane than their thick film counterpartsHow-
eva, they are limited in currert handlig capability
becaus of their thinness They shoull be considerd for
applicatiors over 200 megahertzThe maja advantags of

turer, this allows eithe more channet for routing or
accommodatethe use of coarse features In reality how-
eva, die are laid out in amanne to achiee the beg pos-
sible performane from the smalles$ possibk area Figure
6-4 illustrates tha concept.

Anothe important consideratia for the selection of the
substrag technology is the therma requirement Ceramics
hawe far bette therma conductiviy than ary organic Alu-

mina is sone five times highe in conductiviy than the
LTCCs ard significanty highe than mog organics.
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Figur e 6—4- Conducto r Routin g Comparison
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6.3 Interconnection Substrate Material Choices

As indicatel in the precedimg introduction and background
discussionsthere are numeros potentid choices available,
for use as substrate for minima form chip packagesFol-

lowing is areview of some of those choices.

6.3.1 Rigid Organic Substrates

Rigid organc substrate are the main type of materid used
in the constructio of PWBs There is a large and well
establishd ba® of manufactures available ard thus the
cod effectivenes of thes types of structure is expecte to

Table 6-1- Compariso n of Selecte d Material Properties

reman high. Tr[is Wittbe importart i fifp chip ard chip
scak packagimg| technologis are going to maximize their
potentia influerjce.

Rigid organc substrate are the produ¢ of a marriage of

organic resirs afd sone type of reinforcemehsystem The
resh systen provides importart electricd and mechanical
properties of the finished laminae and serves as the glue
tha holds the laminat togethe. The reinforcemeh mate-
rial, on the othf hand is the “‘backboné& of a laminate
structure providling the strengh and dimensioné stability

required to malke the laminakt a viable interconnection

structure The reinforcemenhalso contributes to the elettri-
cd properties of the laminat and can influene manufa
turability if not| selecte with care Table 6-1 provides

compariso of gone selecté properties e.g, glass transi
tion temperatug (Tg), of sone of the availabk candidat
materias availgbk for use with flip e i
packa@ assemplies.

6.3.1.1 Epoxy glass

Flame retardatl epoxy (F &
printed boad resirs for ma S

(requiring hed fo cure and hatd
has an exceller i
to mog electrq

demand of cer{ai
fill.

Most laminates !
material E-glas or electricd gfass is the mod frequently
employal for this\purpose due to its very low conter of

Base Coefficien t of Glass
Material thermal (x-y) Transition
(No expansion Dielectric Temperature
Cladding) (ppm/°C) Constant °C
Epoxy-Glass— 16 - 19— 4.2 -5.0- 120 - 130
High 17 - 18- 4.3 - 4.6~ 150 - 180
Temperature
Epoxy-Glass
BT/ 15 4.0 - 4.2~ 185 - 195
Epoxy-Glass
Cyanate-Ester 12 - 14- 35-3.7~ 240 - 260
Glacs
Epoxy-Aramid4 6 - 9- /3789~ [7%0 - 130
Polyimide- 14~ MNago. 5.(\ 240 - 250
Glass A
Polyimide- 6- 3.4 35\)2 10 -250
Quartz

b tempera-
abk resins
bean tradi-
her there
ch several
bsover the
St'This same featue makes it an attractive
atiweto med the need of traditiond flip chip assem-
hen compare with othe resn systemg Howeve,
is still advisable While polyimide resin tends to
nore costly and more demandig to proces|than other
resing it is well suited for thermosort wire Qondirg of
devices The only majar detraction of polyimidg is tha it
has a greate tendenyg to absob wate than sgme of the
othe resins causimg changsin electrica propeftiesbut its
advantageterd to outweidh this deficieng.

6.3.1.3 BT-Epoxy Glass (Dryclad variant)

BT or bismalimice triazine/epoy is anothe high tempera-
ture resi systen with the addel advantage of g relatively
low codficient of therma expansia (approxinpatey 70%
of epoxy) and alower dielectrc constah when|compared
to normd epoxies (3.5 vs 4.0). The materid is infermediate
in cog betwea epoxy and polyimide and may [also serve

solubk ionic componentsE-glas is availabk in variety of
wea\e styles and thicknesse in orde to med the varied
requiremerd of multilayer printed wiring products.

In addition to E-glass anothe type, S-glas or high
strengh glass is also available S-glas is lower in dielec-
tric constan (values of 45 - 5.2 hawe been reportal for
S-glas versis values of 5.8 - 6.3 for E-glas ) and may
prove usefd for certan high spee applications.

4l 4 L oo o el bl :
e e Ur nrp Lrp witft uridettinr protessitmy.

6.3.1.4 Cyanate Ester

Cyanae Esters thoudh somewhéacostly, appeawell suited
to sene in applicatiors where goad electricd properties
ard goad therma performane are sough simultaneousl

This is evidencd by the resiris low codficient of thermal
expansio (which is roughly equivalen to polyimide) and
its low dielectric constamn (2.9 vs. 4.0 for epoxy ard 3.7 for

polyimide). Cyanaé este resirs also terd to be toughe,

easie to proces than sone of the alternatives ard offer

bette adhesion.
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6.3.1.5 Teflon

Fluoropolymerssud as duPonts Teflor® , offer the low-
ed dielectrc constamvalues (2.0) of all normally available
resn systens for printed wiring laminates The materia is
alsq howeve, quite soft, has alow glass transition tem-
peratue (Tg) and also has afairly large codficient of ther-
md expansio which may require sone extra effort in cir-
cuit design to accommodat its weaknessesThis may
caug sone problens also when flip chip is involved
becaus the underfil may nat be suficiently well bonded,
limiting its efficacy as astrain-relid mechanism.

6.3.1.9 Solder Resist

While technicaly not a substra¢ material 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 circuit both to protect
the circuit traces from being solderel as the nane implies
and also to physicaly proted the circuits from environ-
mentd damag after the assemby proces has taken place.
The materid is availabk in both liquid and dry film forms.
Circuit manufactures differ in manufacturig approat and
thus the type of solde resig usal can vary betwea ven-

6.3.1.6 Pplyimide Quartz

Polyimide resh has bee successfull matal with quartz
cloth for dgertan high performane applications The quartz
cloth was|usel as a reinforcemeh materid when tightly
controlled|dimension&tolerance ard alow codficient of
therma expansio were sought It may prove of some
value in fljp chip applications but there is limited histori-
cd appligation data available Anothe difficulty is that
quart cloth materia is very expensie ard extremey dif-
ficult to dfill, normally requiring diamord drill bits to pro-
cess.

6.3.1.7 Cprelam™ (Epoxy or Polyimide/Aramid

Corelan i a substrag createl by laminatirg arg
cloths suth as duPonts Kevlar® with a chose
finished pfodud is one tha has a
rates in the X and Y axes Th
the mater
basel lamii
applicatio
geous.

A disadvd
they hawe
direction |
for FR-4
could be 3
ture and 4
laminatk d
nes of the arami-fibe
surfaces.

s costly due to the tough-
ich leave smal fibrils on cut

dors tiguid;scresr printedtypes are thejones mos com-
the featue size
uch as for chip
dable-typ solder

ices for flexible
viewed as the
rmane flex cir-
in diverse appli-
stemsvideo tape
0 been the sub-
ip|scak packaging
e to ther naturd compliance.

pide films for flex circuit applicatiofs normally con-
ig7of ba film ard adhesie (althoud aghesivelesforms

dre al available) Many adhesie choid
sud as epoyy, acrylic, and polyimide The
usal are acrylic-basd thermosettig adhe
sives allow polyimide flexible circuits to
relative ease.

Polyimide films offer excellen performa
range of temperaturesfrom cryogenc tg
perature ard beyond While the materid
more moistue than polyeste, polyimide i
lent in nearly evely othe performane cat
urd endurane to tea strength.

In addition polyimide films offer a uniq
tha they can be chemicaly milled, an

s are available,
mog commonly
sivesSud adhe-
De solderel with

ne over a wide
solderirg tem-
tends to absorb
a leag equiva-
egoy, from flex-

le advantagein
advantag well

understod by manufactures of TAB tape

This mears that

6.3.1.8 High Performance Epoxy

High performane epo laminates were developd to fill a
niche betwe® the more expensie high performane resins
ard the lower cog regula epoxies The® laminates are
often employe@ when highe temperatue performane is
required but cog is still importart as well. The operational
temperature of thes® resirs are intermedia¢ between
epox ard polyimide yet their cog does not usually justify
the addel expeng associaté with the increasd tempera-
ture capabiliy of polyimide The electricd properties of
thes resirs are neary identicd to those of normd epoy.

it is possibk to creae the equivalen of TAB bondirg sites
directly in the circuit. Admittedly, othe method can be
usel to creat the sane effect, mog notably exime or CO2
lasing but such method normally require a cleanirg step
to remoe charral edges.

6.3.3 Inorganic Substrates

Inorgantc substrate were the early choiee for flip chip
applicatiors due largely to the goad matdt in CTE. There
are anumbe of differert inorganc materiat that have been
developéd over the years for electronc applications The
choice of which materid to use is base&l on a numbe of

AQ


https://iecnorm.com/api/?name=18134455626b98436ef77e08a89cec45

Copyright © 1996, IPC; 1998, IEC

J-STD-012- January 1996
Table 6-2- Inorgani ¢ Substrat e Characteristics
Coefficien t of
Thermal Thermal Dielectric
Tensile Expansion Tensile Conductivity Constant (1
Material Modulu s MPa (ppm/°C) Strengt h Pa Units MHZz)- Dissipatio n Factor
Alumina (90%)- 3241~ 6.7 317.2- 16.7- 9.4~ *
Alumina (96%)- 3241 7.1= 317.2- 251 9.9- 0.0001-0.0002
Alumina (99.6%)- 344.8- 6.3- 448.2~ 37.4- 10.0- 0.0001-0.0002
Aluminum Nitride— 291.7- 4.3= 367.5- 170.0~ 8.8- *
Beryllia— 319.4- 8.0- 250.0- 7.0- 0.0001
Quartz— 72.4- 0.7- 0.8- 3.8- 0.0002
Sapphire— 3448 77— 75.0- 0.0— 0.00p2
Porcelainized Stgel- o 4.4- 89.6- 1.7-

factors including thermad conductivily, electrica insulation
properties mechanichstrength therma expansionchemi-
cd resistanceweight ea® of metallization and cost Table
6-2 contairs a ¢ompariso of sone selecte properties of
the various inofgancc substrate available Following are
descriptiors of sone of those alternatives.

6.3.3.1 Aluminum Nitride
Among inorganfc substrate of the ceramc type, aluminum
nitride is favoral for its very high therma conducti
also has avery Jow CTE.

6.3.3.2 Alumina
There are four d
definal as alum
ing facta is th
product The fd
96% and 99.6%.

6.3.3.3 Co-fire

This class of su
film circuits T
printed with a di
into a multilayey
eral to be mof
approaches.

6.3.3.4 Beryllig
Beryllia, a polycrystallire form of BeO implanted with

6.3.3.6 Metals

can serve
Porcelain-
nductivity
CTE of a

r flip chip
0 success.
a® topog-
h, surface
hre factors
uirements
ethal cho-
Iy CONSis-

6.4.1 Chemical plating finishes (electrojytic and
electroless)
Platad metak are applied to the surfa@ of intergonnection
substrate for various reasonsthe mog obvioys beirg to

provide a pathwg for the electronc signals| Howeve,

there are mary seconday reasos sud as providing a non-

corroding separal# conta¢ surfae or allowing for an eas-
ily joinable metallugicd finish. While mary metak can be

employel in a finished circuit, only a few are used univer-

sally. They are coppe, nickel, gold ard tin-lead|(solder).

impurities to improve physicdproperties s avery tight=
weight substrag tha also offers exceptionhtherma trans-
fer for an inorganc material The toxic natue of the raw
material as well as its cost has limited its acceptane for
use in a broade array of applications.

6.3.3.5 Silicon

Silicon is the ided substrag for flip chip applicatiors in
terms of matche properties especiay CTE, which is
commony viewed as the greatesconcern It is also a very
expensie and very delicak alternative limiting its appeal
to the broade class of users.

6.4.1.1 Copper

Coppe plate is applied to interconnet the printed wiring
from side to side on doubk sidad boards ard to internal
layers in the cag of multilayer boards The plating is nor-
mally se& down in two layers first a thin electroles copper
0.5 to 1.0 ym (20-40 microinche$ seal layer ard later a
more robug electrolytc coppe tha is overplatel to meet
electrica ard reliability requirements.

A plating thicknes of 25 pum on the hole wall is acommon
desiq rule. The plating shout also be capabé of meeting
appropria¢ performane requirementssud as being able
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to withstard both the 10 second 288F solde float thermal
stres teg and the —55°C to +125C therma cycling test
called out in MIL-P-55110 (the military performane speci-
fication for rigid printed wiring boards).

6.4.1.2 Nickel

Nickel is normally plated over the coppe circuit and under
the gold finished surface Its function is basicaly two-fold:
1) Nickd act as abarria layer, preventirg the interdiffu-
sion of coppe ard gold tha naturaly occuss over time.
This is to ensue tha the integrity of the gold, eithe as a

6.4.1.5 Copper Foil/ Film

Coppe is the mogs comma metallic coatirg for printed

boad laminates|t is availabk in both foil ard film forms.

Among foils there are eight differert recognizé types of

coppe. These are broadly classé as eithe 1) wrought

(rolled) and anneald 2) electrodeposit® types Special
treatmend are often applied to enhane the properties of

the foil for suc applicatiors e.g, when high temperature
ductility is required.

In addition to the foil types of coppe, thete are film type
coppe coatings The® are typically deposité by vacuum

contag or Ejoining-surfacetsmaintainecd2)yNicket-serves
as an “‘anpil” to enhane the strengh of the surfae gold
plate and minimize galling or fretting of the surfae when
it is use| as a conta¢ finish. A commony called out
requiremenfor nickd is5 um.

6.4.1.3 Gpld

Gold, being a noble metal is a nea ided contac finish.
Howeve, with differernt types of assembt technologiesit
can also be employal as ajoining finish. For instance with
COB ard|gold leadal TAB the devices can be bondel to
the boau| using single-point thermosond bonding The
plating refluiremerg in suc case is quite differegt fro
the type yisal for separal# contacts Contad
thicknes fequiremerg are normally on the ordg
ard the d

For bondifg purposesthe finish
will servg howeve, the dep

gold in orde to achiewe r
bonding Finally, Wh@éﬁ ‘
for flip cHip or chip s j

be kept vd
solde joir
weight).

6414 T

the “‘grains’ oftin andNead'in the deposi has taken place.
This finigh4s,the mogs commony usel circuit finish

processe sud as sputterig~and are pormally very thin
% films.caithen be plated up to
coppe, eithe in pané or in cir-
bws for the pro-
itgl for chip scale

Hawe the sane|generarequire-
ounterpas in that|they mud meet
the generd requiremets for conductivily, |wettability, flat-
\ mollo ving are brief discussiosjon these materi-
g that may be called upan|to sere as sub-

ip chip and chip scak packajging One of the
difficulty for this brand of intergonnectia tech-
is the inability of the technolgy to med the

6.4.2.1 Thick film deposition processes

Coppe, silver, gold, ard palladium hawe all been employed
as conducte metak for thick film applications Typically,
thee materiat are screa printed in the¢ patten of the
desira circuit onto the surfa@ of the sulpstrag (normally
ceramig in a pase form with a binde of| sorre sort Fol-
lowing the screenig process the ceramc bag with the
screend circuit patten is fired in akiln tq creat a perma-
nert bord betwea the circuit and the bag material.

6.4.2.2 Polymer Thick Film

Anothe mears of applying thick film cirguits to the base
materid is by mears of a screa printablke and photocurable

employel totdar—tKey—<conceris—forassembtof—fip—chip
ard chip scak packag devices employirg tin-lead platings
cente on plating thicknes and planariy.

Most assembler expet plating to occu evenly over the
surfa@ of the board thus leadirg to a uniform plating fin-
ish. It fact, plating can be quite uneven and it is heavily
influencel by circuit layou and design Thus isolated
area will plate more heavily than more dense} packed
desiq features.

metal-bearig polyme. The proces is commony referred
to as polyme thick film (PTF processing.

6.4.3 Sputtered (Thin Film) Conductive Finishes

This brand of interconnectia technoloy has traditionally
bee limited to the realm of ceramc base materials more
recenty, howeve, the proces technoloy has been
employal in combination with organic films. One area
whete thisis mog in evidene is in the arera of the multi-
chip moduk (MCM). Basicall, the proces involves the
dry depositim of metak from atarget of the desirel metal
onto the substrag by mears of a gas plasma.
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6.4.3.1 Sputtered Metal Deposition Process

Using the equipmen describe above it is comma prac-
tice to first sputte an adhesio layer on in advane of the
metak usal to provide the required conductiviy to the cir-

cuit. Adhesion-promotig metak include nickel(Ni),

molybdenum(Mo) chrome(Cr) tungsten(W) and titani-

um(Ti). Thee materiab are then commony overplated
with a more conductive metd sud as those use for stan-
dad PWBs Thes would include coppe, gold, tin ard pal-
ladium

availabke interconnectio method Thes interconnection
structure are availabk in an array of shapes sizes and
interconnectia densities from simple single-sidé printed
wiring boards to complex multilayer structurs suc as
MCM-L. Printed wiring technolog is by far the mog com-
monly chose technolog for interconnectig electronic
devices.

6.5.1.1 Single-Sided PWBs

The first form of printed wiring board the single sided
boad is still practica today for mary applicationsinclud-

6.4.3.2 Thin Film-Subtractive ProcesstmagePatterning——ing—certairtow S flirpchipapptications Theadvancs in

Subtractie progessig is performel by sputterirg the entire
surfa@ with the adhesio and conducto metals imaging
the substra¢ with a suitabk resig and then etchirg the
expose metd to creae the circuit pattern Featue limits
normally lie with the resolutian capabilities of the imaging
process.

6.4.3.3 Additive process image patterning

Additive processig of the substrag is accomplishd in a
fashian similar 1o that describeé for subtractiwe excep that
a negative image of the circuit patten is left on the sub-
strate This patten is then plated with metd to the desired
thickness The
grourd coppe i$ etchal away, leaving the circuit pattepo
the substrateAp with subtracti‘e processig the limits o
featue size are|
cesse can be usel both on cerame &

6.4.4 Alternative Protecti

Currentl, proddic design
Cuits tha are ¢

with athin coat
exist It also f
which is normal

coppe plate for|severéd montts’unde normd storage con-
ditions howevé, high temperature can rapidly degrade

sibé to get

ayers nor-
holes As
ing processig ¢apabilities
aq allow a two layer design
[tilayer constructipn.

three of more layers of circuitry.

Is of elec-
Computers.
to achieve
the needs
Psigrs that
i¢vel using
ower layer court constructions.

6.5.1.4 Metal Core PWBs

Metd core PWBs haw historicaly been usdl in cases
where high powe devices were employel and thermal
managemetrwas of paramouhimportance Sudf structures
were commony enameld or porcelan coatel |steé onto
which the circuit patten was applied Howeve, [in the late
197G ard early 198G and the advern of surfae@ mount
technolog, the techniqe began to be usel as amears of
both extracting hea and managig the codficignt of ther-
md expansio of standad multilayer boards to proted the
life of solde joints on the boards Coppe-clad| invar and

the protectiwe coating.

6.5 Substrate Constructions

There are a numbe of differert ways of constructig a
substra¢ tha will meéd the need of a flip chip or chip
scak package Following is abrief review of sorre of the
optiors tha are availabk to the potentid use.

6.5.1 Rigid Printed Wiring Boards

Rigid printed wiring board are the standad of the inter-
connectim industy and as sud sene as the mog widely

coppe-clad molybdenun are two of the more commonly
usal core metals They can als sene as functiond ground
ard powe layers when designé propery, increasirg their
utility.

6.5.1.5 MCM-L Constructions

MCM-L circuits have much in comma with standard
printed boards The maja difference lie in the feature
sizes (0.06 mm conducto width and clearanck and the
finish (typically bondabé gold). MCM-L board terd also
to be smal ard use highe temperatue laminates They
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hawe the potentiad to be the mog viable MCM alternative
availabk today becaus of the large installed venda base.

6.5.2 Flexible Printed Wiring Boards

A technologicavariart of the standad rigid printed wiring
board flexible printed wiring board are interconnection
structure that are createl on flexible bas materials Like
their rigid counterpartsthey can range from simple single
metd layer devices to multilayer structure of grea com-

plexity. Becausg of the very uniform surfa® they possess,

thes materiab hawe usea for the production of very fine

tent flexing applications Constructios tha are laminated
using flexible inner layers and interposes as shown in fig-
ure 6-2 shoutl prove capabé of servirg the highes perfar-
mane applicatiors at relatively low cost Multilayer flex
printed boards are often usel when powe and ground
meshs (planes are too stiff) are required for improved sig-
nd quality.

6.5.2.5 Rigid-Flex Printed Boards

Rigid-flex boards are a hybridized form of printed board
ard offer the beg of both worlds to the designe. Like mul-

features( U750 firreardt bpabc.)ill additrorbecausof
their natufd compliance flex circuits hawe been success-
fully usal|for diread flip chip attad applications.

6.5.2.1 Single-Sided Flexible Circuits

Single-side flex circuits are the simples form of the tech-
nology. A| single metd laye is employel and intercon-
nectal from one side only. With a coverlaye in place they
are mog dommony usel for dynamct flex applicatiors and
are well spited in low I/O court chip scak packages.

Sud simple flex circuits with fine features ard 0.5 mm
pitch can pllow for routing three rows dee for, e
packags yith 50 um features usel in circuit de

6.5.2.2 Dpuble Access Flex Printed Boards

Double-afces flex circuits like single sided \flex,
only a sin i
from both
openirg t
usedtom
for chip s¢
able.

6.5.2.3 D

Double-s
greatly sa
substrag
applicatig
throuch t
monly us
structures \when applied to chip scak area array packages,

titayer-flex-they-are-mos-oftenuset-inmqgre complex con-
Us systems The
@ avid uses of
ijity it can offer
nessethey com-
also been used

igations there are
g bumps on the
e silicon to the
The bes method
im normally can
0 1/0O chip with
hip, the thermal
resistane is approximatel 1.5°CMW thrpuch the solder
joint.

Badk side cooling can be enhancd by e|tha mechanical
conduction i.e.,, pistors sut as are usal with the IBM
Therma Conductian Module(TCM), or by a materid such
as a therma grease Both method condug hed to the cap
or lid, where they dissipak the hed to [the surrounding
environmentThis can be accomplishd by| the use of natu-
ra or forced air, with or without a hea sink, or by use of
atherma dissipato sud as awata-coole] hea exchange
Immersia in a fluid dielectrc has also higd some limited
use For nonhermett applicationslow cofg hea sinks can
be attachd directly to the bad side of the chip.

Badk side cooling of wire bondel chips [tha are bonded

using 0.5 mmpitchard-50m featoedesigrrutes attow
for wiring to be routed six rows deep Thus a 6mm square
die with 144 1/Os can be fully routed using two metd lay-
ers.

6.5.2.4 Multilayer Flex Printed Boards

Multilayer flex circuits are mog commony found in the
more complex applications Military applicatiors are com-
mon Specid understandig of desiq is requiral to take
greates advantag of this usefd technoloy. As with
double-sidd flex circuits multilayer desigrs can provide
sone dynamt capabiliy but are beg reserve for intermit-

cavily down to a therma slug, while effective, is less effi-
ciert in terms of area use Flip chip and othe chip scale
packagilg approache are more compat becaus the full
area unde the substrat is availabk for the 1/Os. This also
affords highe performane becaus of shorte leads.

The key to reliable ard high yield flip chip joining to the
substrag is proces control The substra¢ interconnection
pads mug be plana to within 1 micromete per millimeter,
ard mug be solde wettable If gold plating is used to pre-
vert oxidation of the underlyirg metallugy, the thickness
of the gold mug be sud tha gold intermetallics are not
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formed in the solde joint when reflow occurs degrading
joint quality.

Standad solde wettability tess shoul be periodically
conducted The surfae shoutl be suficiently smooh to
preven voids from forming in the solde joint at reflow.

7 ASSEMBLY PROCESSES

A numbe of assemby processg hawe bee developé to
assemt# chips in the flip chip interconnectioa format.
The exad proces flows are highly dependenon the spe-
cific joining techniqe being used Most chip scak pack-

throuch a reflow furnace.

Solde joining techniqus for MSMT and CSCA packages
utilize the addition of solde to the substrag before assem-
bly as with SMT processing For fine pitch applications,
solde is deposité by electroplating solde ink jet, solid
solde depositim (SSD) or othe techniquesThe solde is
reflowed and the solde bumps on the substrag are pla-
narizeq if necessat Tacky flux is applied to the solder
contacs eithe by dipping the chip into aflux reservoi or
dispensig flux onto the substrateThe chip is aligned and
placed into the flux ard the interconnectios are formed by

ages use the curfert fine pitch SMT assemb} materias and
processes.

7.1 Substrate Preparation

The incoming qubstrate are typically inspecté to ensure
that they are clgan and that they med the desigh specifica-
tions Beyord the® basics surfa@ preparatia is highly
proces dependentThes process-dependemnequirements
will be discussd in 7.3.

7.2 Chip and Chip Scale Placement

Placemenis frequenty the rate limiting step and the
expensiein theassembhyt processThe factors tha co
ute mog significanty to the cog include:
— throughptl (humbe of placements/time)
— vision gysten requirements
— die presentatio options
— chip-tg-substrat alignmern accuracy
— chip-tg-substrag coplan i

— additiona requirel features sudt as
and pr¢

The specift prq
requirements
example chip g
connectios an
requiremert as
0.1 mm pitch
adhesivesThe
include interconpnectia-pitch and, the ability of the inter-
connectios to gelf-aligh durinyattachmentAdhesiwe sys-
terrs do nat self-align during cure and require placement

mas reflow.

hawe been

s-reflowed.
A’ solder
erg can be
watchel silicon| substrate.

juxless processes

o ~adhesie techniqus tha hawe been
ornYflip chip to substrag intercpnnections.
ive isotro-
S.

Anisotropically Conductive Adhesives

e adhesive can be assembléd by basicaly|two tech-
nigues Regardles of the techniqueall anisotropicaly con-
ductive adhesive conduc only in the Z-directiap (i.e., per-
pendicula to the plare of the substratg. The gdhesie is
applied onto the substrag over the entire surfae tha the
chip will cove. This greaty facilitates anisotropicaly con-
ductive adhesie placement as exces adhesig will not
bridge adjacemn conta¢ lands By coverirg the jentire sur-
face of the chip, adhesio is improved ard clg¢anirg and
underfil stegs are eliminated.

The first techniqe uses materias supplied in film form.
Thes are cut, placed thermally tackel onto thg substrate,
then placal with hea and pressue applied sifficient to

accurag of bette than £15 um for 0.2 mm pitch intercon-
nections.

7.3 Attachment Processes

7.3.1 Attachment Process for Solder

The solde connectim proces stars with pickup and
machire vision inspectim of the chip and the attachment
site Flux is applied to eithe the chip and/a the substrate
site prior to the actua placemen of the component The
flux is typically sticky enoudh to hold the die in place prior
to formation of the solde joints, by passiig the assembly

eithe tad or fully cure the adhesive' Tacked interconnec-
tions are fully cured in a separatededicaté piece of equip-

ment cooling is frequenty done unde pressue to ensure
good electrica contacts The use of fiducials outsice the

contac¢ area facilitates displacement.

The secoml techniqe uses materiab supplied in paste
form, which are applied to the substrag by stencl or screen
printing techniques Chips are placel into the past by
eithe of two techniquesThe mog comma approab has
bee to maintah pressue on the bad side of the chip in
the alignmen machire while the adhesie is cured by the
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applicatian of eithe hea or UV light.

An alternatie approab tha has recenty bean developed
perforns the curing proces in a batct curing fixture free-
ing the placemeh machire from the throughput-reducing
proces of curing the interconnectios unde pressureThe
anisotropicaly conductie adhesie past is stencl printed
onto the substratesFlip chips are placel into the pase with
no additiona pressue requirementsCuring is performed
in the batch curing fixture that applies both hea and pres-
sure to cure multiple flip chip assemblie simultaneougl.

taminans remainirg from the solderirg process.

7.4.1 No-Clean Flip Chip Concepts and Processes

In flip chip applicatiors where a non-corrosie rosin based
flux or paset is useal the flux residie may not neal to be
removed Sud np-clean assembyt of flip chip desigrs will

be mog successfuwhen the PWB arnd the flip chip pack-
ace are both solderab (assumiiy the flip chip will be sol-
deral to the substra¢ as opposeé to conductive adhesive
attachment [see J-STD-0@ and J-STD-003 and clean,
which is definal as free of any processig residue that

7.3.2.2 Isotropically Conductive Adhesives

This assemb} techniqe requires differert dispensing
method t ensue tha exces adhesie does nat shott adja-
cert contacts One approachdevelopé by Epo-Tek [ref],
uses precje stencl printing techniqus to print isotropi-
cally conductive adhesie bumps on both the substra¢ and
chip surfdces.

Chips with conta¢ lands on <0.25 mm pitch hawe been
interconnectedAn alternative approad uses dice with pre-
formed meetd bumps Conductive epoy is transferre to
the bumpy by dipping the chip in a reservoi of conductive
epoy. The height ard flatnes of the epoyy suffa® i

The chip
formed in
during cure.

7.3.2.3 N

betwea bumps on th [
on the cure shrinkagp
to make and sustan the

purposes
adhesie

technique
usigaU

This attadhmettechniqu’utilizes heat pressue and time,
sometimg assistd with ultrasont or thermosori enegy,

neasurd on the
H.The incoming
cols which are
Methods 2.3.38
3 are preferrel for
ne of soldering
hievel when the
hpplied flux (See

(| ) PaX TN | 1-Aa0. !
COUN TOWCET U1 oIl UCIWW_1U1LL WIIKT 1

ology

mm and higher
btion Any prob-
sing and drying
teps Wate solubk fluxes ard solde pastfs are formulated
Righe levels of more active ard potentially corrosive
griab (generaly these are halideg than rosin fluxes.
'hes formulatiors provide goad solderirg with low defect
levels but rigorows cleanirg in a poweffu aqueos (or
aqueous/saponifieprocesswith or witholt neutralizersis
required Aqueots processe may work orj first generation
coar® pitch flip chip designs but attemps to clean finer
pitch desigrs may be compromised by the|rinsing and dry-
ing issues inheren in aqueos systems.

Excessie high halide ionic contaminatio
rosion or dendritc growth betwea the
Either degradatia pathwg provides oppd
ren leakag and produd failure. Exces fl
also cau® problens with in circuit probe t¢
impair the underfil processresultirg in sy
ized by poa adhesionvoids from trappe

A Ay Aoy flanyy Far o vntey enliihin

may lead to cor-
flip chip joints.
rtunities for cur-
X deposis may
bsting as well as
rfaca characte
flux outgassing

to form welded interconnectioa from gold bumpel dice to
gold-platel or bumpeal substratesThis techniqe elimi-
nates the neal for flux and cleanirg prior to the underfill
process High attachmenforces are required for this pro-
ces especial} for high I/O devices.

7.4 Cleaning

For flip chip attachmenprocesss utilizing solde, eithe a
no-clean leave-am flux residie or a wate-solubk flux resi-
due cleanirg proces is preferred The god of eithe pro-
ces is to minimize or eliminate harmfu flux residie con-

Fat
oo POO— C POy oW T O o vvatd— SUToioT

flux/pase aque-

ous cleanirg processit is advisabé to bake the substrate
prior to underfilling to remowe ary potentid trappeal or

adsorbd moistue from the substrate.

7.5 Attachment Inspection

A satisfactoy inspection proces mug be able to detect
solderirg defeck such as voiding, dewetting insuficient
solde, misalignmentskew, smal or deformel bumps sol-
derbalk and bridging to nanme afew.

Visud inspectien may be used to inspet¢ a perimete flip
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chip connectionA high magnification microscog may be
requiral as well as specialy tooling to position the assem-
bly for an edge view. Visud inspection of course is lim-
ited in tha the internd connectios of a full array flip chip
site canna be verified.

High spee X-ray inspectim systens are able to nonde-
structively examire the full array of metallic flip chip
joints. X-ray techniqus in use today include digital tomo-
synthess and scannd bean laminograply. Scanning
acoustt microscoly has successfull been applied in
detectirg flux residues non-wetting voiding, and other

which are touchirg or betwea the flip chip joints are unde-
sirable and canna be visually inspectedhoweve, voiding
can be monitoral using glass chips by proces audits using
destructive cross-sectioning Nondestructie acoustic
inspection equipmenm has also bean developé for epoxy
void ard delaminatio detection.

7.7 Electrical Test

The selectia of the prope place in the assembyf process
flow for electricd tes depend on the maturity and yield of
the proces as well as the reworkability of the attachment

defecs .

7.6 Underfill (Flip Chip Encapsulation)

Underfilling i$ the proces of dispensimg the non-
conductive filled epoxy betwee the chip ard substrate,
arourd the flip chip interconnectionsUnderfil is usel to
exterd the joing fatigue life of flip chip and grid arrays
unde therma g¢ycle conditions MSMT package do not
require underfil| epox. Underfil also serves to redistribute
the stres from the joints to the chip, substra¢ ard epoy.
This stres is aresut of the CTE mismatd betwee the die
ard substrate.

A typicd procgs flow entaik incoming materid ins
tion, substra¢ pre-bake epox dispense epoy cure
underfil inspefti i [ id i
properties tha
content Tg, CTE, alpha emissia leve] fille
distribution.
Frequenyy organic substrate are
moistuee prior t¢ underfil i

in poa adhesiq or degra@y 3
Often the epox is dispensd o one
die. The materip flows betyee
mears of capillary action.

The flow behayi
strate ard in sofE
pense Many m
behavio at prel
Proces contrd| of the Vol f materid d|spensd is
importart ard i determiné primarily by the gap chip size
ard fillet requir

c 0

The assemby is then processé through the recommended
time-temperatwe cure schedule Typically materiab today
require a batt cure process with cure scheduls in the
temperatue range of 110-170 °C for a duratin of any-
where from 30 minutes to 4 hours.

After cure visud inspectia of the underfil proces is pe-
formed The epoy fillet is inspectd to ensue tha it is
positive wetting ard its lengh is within a specifiel range.
The top of the chip ard edges are checkel for the occu-
rene of stress-inducig epoxy-on-chp defects Voids

proces utitized—+For-those pluucbmﬂmﬁwjlﬂ( is prac-
tical, the electrica teg step shiout be conducte prior to
K is not.practjcal where

\erexthe assemby yields
acaust prior to final

E\chd flip
prior to

dpproab to remoyirg solder

is to lmechanicall lift the chip gff the sub-

Rovel using a tod that applles eithe a

or'axensik force or by using ultrasong vibration.

l, the chip assembt can be heatel to|reflow the
bs prior to removal Heatel thermods that

ot gas or IR lamps may also be usal tg thermally
remoe the chips Residué solde remainirg op the sub-
strake mug be removael prior to attachirg anew ¢hip. Fresh
solde and/o flux may be required before a ngw chip is
attached.

Anisotropicaly conductive adhesie or nongonductive
adhesie interconnection are extremey difficulf to repatr.

Thermoplastt materiabk may be easie to repdr than the
more reliable thermosettig systemsIsotropically conduc-
tive adhesie interconnectioa could be reworked before
underfilling much like solde interconnections.

Rewok of MSMT and othe chip scak package is more
feasible The remova techniqee is to surrou

the chip
mowe the
part Replacemeinrequwe retinning of the lands applying
flux, then placing and positionirg the patt using a micro-
scope The solde or adhesie is reflowed or cured using
low velocity hot gas or hat air.

8.0 Flip Chip Test and Burn-in Methodology

Use of high densiy packagilg sud as MCMs and PCM-
CIA in the semiconducto market-plae is gaining support
due to the advantage of decreaseé costs reducel board
space ard improved performane over individud single-
chip modules Howeve the rate of die rework at the MCM
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levd increass significantly with the numbe of dice on the
module Known Goad Die can help to eliminak the need
for MCM rework due to die reliability.

Cod modelirg can be performal to determire whethe an
advantag exist for using KGD in a given application The
modek accoun for sud factois as numbe of dice in the
MCM, rewolk costs ard bare die ted and burn-in yields.
Factos mug be considerd sud as the complexiy of the
die in the MCM and whethe it is possibé to teg and
burn-in at the MCM level. Additiond applicatiors for
KGD exig¢ sud as use in Direct Chip Attach (DCA) appli-

chip packagesand addres performane and reliability
issues at packa@ levd testing.

By eliminating the first levd of packagingthe chip manu-
facture mug addres the issues of IC performane and
reliability at the bare die levd becaues addressig these
issues at the levd of a MCM will resut in avyield reduc-
tion to the nth powe, due to the yield relationship
describél above Therefore more stringert component-
levd ted strategis couplal with cog effective rewoik pro-
cesse will be required for successfu known goad die
manufacture.

catiors whete chip rewolk may be unavailable Single-chip
moduk uge of KGD may be effective early in the life of a
progran When die yields are low ard the die is placal in

an expensie package.

The dran
enabld aj
nigues thd
nomically
trol (SPQ
simulatian
resohe m
with flip g

atc increag in availabk compue powe has
pplication of a variety of yield improvementech-
t were previousy too dat intensiwe to be eco-
viable Extensiwe use of Statisticd Proces Con-
) Automatc Teg Generatio (ATG), and fault
are now practical Thee and othe tools can
ary of the manufacturig problens associated
hip production.

The three
are comp
uct verifig
cessfli pr
lenges af
advantag
of Integrg

The quality of ary
quality of| the comporien
made Th¢ uppe limi
compone
yields as fi

W
Oi is the componendefed rate
nlissthe numbe of components

The erd produ¢ of a Kngwn G od Die(h

GD) proces is
that same die in
vera techniques
performirg full
s The® include
mechanich con-
bord pads and

atio delay and
measug on an
ift resistane and
@ the teste and
due the risk of
ld, a methal of

actaneof the electricd interfae betw
devie unde teg (DUT). Thus to re
meagind componerg affecting moduk yig

identifying poa ac performane is neede

One approat is to establif statisticd corr
measurald characteristis and the probah
ac performanceThis is possibé becaus a
often dependenhon measuratd dc parame
tance voltage/currentransfe functions p
ard junction leakag currents.

A practicad application of this methal woy
ing normalizel dimensionles Figures g
describiry the various measurd paramete

.

elatiors between
ility of sufficient
C performane is
tes sud as resis-
pwe dissipation,

Id require defin-
f Merit (FOM)
rsCorrelation of

el via simulation
from packaged

the FOM to ac performane can be predict
and validated with historicd ted dat
devices.

The parameti dai required to perform thes correlations

For a collection of componerg with similar defed rates,
this relationshp reduce to:
Y =(1-D)"

8.1 Known Good Die

In the cas of ICs, mary characteristis of quality such as
high speel performane ard long tem reliability are diffi-
cult to ascertai prior to packagimg the component.

IC manufacturestraditionally ched the devices on awafer
for functionality, packag the functiond devices in single

would hawe to be obtainal at the wafer levd to be cost-
effective Wafer probing of solde-bunyp die is complicated
by the neal to make consistehand reliable mechanichand
electricd connectios to large arrays of soft solde bumps.
One solution developé by IBM uses an array of discrete
probes supportel by a single-bend spring . Called the
Cobra Prole due to the shage of the spring elementit has
bee usal effectively in both wafer probing and MI'S prob-
ing for mary years.

New developmerg in materiak and processig hawe pro-
ducal alternati\e solutiors to the wafer probing problem.
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One techniqe receivirg a gred ded of attentian is the
Membrare Probe originally developel by Packard-
Hughes This probe systen is fabricatal on a flexible film

with wiring printed on one side ard bumgs (prokbe tips)
formed on the opposit side Via holes in the film provide
connectios from the proke tips to the wiring.

In current practice howeve, wafer probing ard statistical
correlation techniqus hawe not achievel the IC quality and
reliability goak at the wafer level. Therefore temporary
packags hawe been developé to suppot the chip during a
more traditiond test Thes temporay packagse take the

Burn-in And Teg Substra¢ (BATS), and IBM s Dendrite
Temporay Chip Attachmen (TCA), and microns KGD
plus.

A numbe of differert levelks of die quality are availabk in
the industry. Sone of thes levelsinclude burn-in and some
do not In orde to standardie the definitions of die qual-
ity, the sectin belowv detaik the four differert levels of die
quality that are being standardizé in the industy.

8.1.2.1 Standard Probe
Standad proke is the easies quality levd for vendos to

form of sockes|or carriess to which the IC is temporarily
mountel for testing.

8.1.2 IC Reliabjlity

In amanne sinfilar to the wafer leve correlatiors for qual-
ity assessmenfthe Constan Failure Rae (CFR) of long
term componef reliability might also correlae with mea-
surabé parameterslf so componerg with excessie pre-
dicted CFR coJyld be rejectal at the wafer level. Unfortu-
nately the mechanisra which contribue mog to Early Life
Failures (ELF)|do not correlae well with measurable
parametersLaternt point defect suc as oxide pin he
occludel metd [lines and substrag lattice faults nt
stressd to the|point where their effect on measura
paramete’ is cetectable The mog commam meth

(HTRB) burn-if where the IC is operate
peraturs of 150 °C or more for extende peri
(8 to 168 hoursg)).

The standad faijure acceleyati
exclusivey applied to pac
electricd conngctios to supply t

operatiry at ele
of wafer leve

Burn-in is a procs
tality failures td
(IC) reliability
manufacturig defecs wWhich prgtlu@ a decreasig failure

rate to the poi of wearou onset By screenng out many
of thee defed - use,

g proke test This test

d agd parts
et tests.
md effort
& ho burn-in
it removed

lie wafers
S8 are pe-
eel probe)
hex levels

additional
s Because
h that will
mfant mortalities uses will neeal to d a burn-in
the extra processig is completed.

.2.2 Speed Probe

Speel probe is an enhancd probe ted to stanglad probe.
Becaus speedgradig of the die is usually dong on pack-
agel part after burn-in, a standad probe tes may not give
a goad indication of the performane of individud die. To
offset this shortcoming the speel probe levd begirs with
the sanme wafe probe progran usel with th¢ standard
proke level. Thisdieisthen heatel using a hot chud speed
probke to assue the spee@ performane of the gie for the
faste$ spea@ grades Critical parametes sud|as access
times and pulse widths are temperatue dependgnand this
probe determine functionality and allows vendos to pro-
vide a speel map of the wafer at temperature.

the resultan failure distribution can be significantly
improved For this reason burn-in plays a critica role
throughot the semiconductoindustly in ensurirg product
reliability.

The ned for a packag to suppot the flip chip ard bare die
IC during burn-in has motivatel the developmenhof tem-
poray carriers The carriess provide the necessar electri-
cd connections mechanich suppot ard protection and
therma managemenduring the stres ard testing Cur-
rently, there are three approachsto temporay carriess for
testirg die: IBM s Reduce Radits Remové (R3), MCNCs

8.1.2.3 Burn-In

The burn-in levd incorporats all of the testirg dore in the

speel probe and standad proke levels with the addition of

a burn-in step The purpog of the burn-in step is to stress
the parts until they hawe passd the infant mortality stage.
Becaus the infant mortalities are removeal uses will expe-
rience ahighe yield when packagimg the die. It also allows
uses to skip aburn-in step.

There are severa differert types of burn-in which vary
amorg manufacturersDuring the proces known as static
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burn-in, temperaturg are increasd while only sone of the
pins on ateg device are biased No teg vectoss are written
to the device nor is the device exercisé unde stres dur-
ing statc burn-in During unmonitor@ dynamc burn-in,
temperaturgare increasd while the pins on the te¢ device
are biased The deviee is cycled unde stressard ted pat-
terns are written to the device but not read Hence there is
no way of knowing if the outpus of the device unde test
are correct Lastly, the mog sophisticatd metha of
burn-in is an intelligert burn-in approab which combines
functional programmatﬂ testlrg with the traditional
burn-in cy
chambe

8.1.2.4 Khown Good Die (KGD)

The highds leve of quality is Known Goad Die. This level
incorporats all the testirg of the previousy describé lev-
els It algg includes additiond testirg after burn-in tha are
performel in orde to ensue that the die will meé timing

ard powg dissipation requirements These specifications

are usuall taken from a standad datasheefor the pack-
agel patt pquivilent.

Uses mug be carefd when applying the specificatios fg
timing in [their packagig environment If th
mally padkagd in an SQJ ard the use packags
in a moduk with extremey Iong signd I|n
capacitivg
neel to be applied to critical ti

8.2 KGD [Fechniques for Fljp

Chip scak packages may
nologies describe ir*(ia,
erd use the sane tes and

ages.

8.2.1 IB

The Redy
the solde (e
able area
attache t
sarre ted prd burn-in"progceésse as the single chip module
versim off that sane die. Upon completion of the teg and

as long as the shea force does not exceel proces specifi-
cations Certah types of ceramc carriess hawe the ability to
be reworkal to allow additiond reuses This reduce the
shea force at die removd below the maximum allowed in
the proces specification A single use cycle for the carrier
includes a solde reflow, test and a 140 °C burn-in.

8.2.1.2 R3 Test and Burn-In

The carrig for the R3 proces is similar to the ceramic
substra¢ usal in the production of finished single-chip
modules with the exceptmn of a reducei solderabt area.
aracteristicsThere-

b R3 decks This
and in-situ burn-

5 deterministic,
nectionand per-
5 Levd sensitive
ef teg (LBIST)
incorporaté in

Te equipmen as

(BIBs) ard test
¢ fixturing.

8:2.1.3 R3 Die Quality

The mechanich SPQ. of a KGD is guaranted through
opticd inspection The inspection may be performel manu-
ally, using an automatd Individud Chip Inspectio System
(ICIS), or using a combination of both| The inspection
would consi¢ of looking for sud defegs as low solder
volume bumps smeard or missirg bumps damag to the
die silicon, ard damag to the die passivation.

8.2.1.4 R3 Process History

The R3 proces entere volume production of KGD in
1990 upan completion of a successfuquplification More
than one million KGD hawe been shippeal since the stat of
production Dice producel from the R3 prioces hawe been
usal in applicatiors from mainfrane MCMIs to single-chip

burn-in prtecessthe—die-itstremovafrom—the—carrieby

applying a horizonta force to the edge of the die. The flip

chip bunp sheas from the carrig at the interfae between
the bunp and the reducel solderabé area on the carrie.

The solde bumps are reflowed to their origind spherical
shape The die is inspecte and read/ to be shippa as a
fully functionally testel ard burned-n KGD.

8.2.1.1 R3 Carrier Reuse

The R3 carrig can be reusa@ multiple times Reu® is
monitoral by measurig the shea force requiral to remove
the die from the carria. The carrie is allowed to be reused

laptgp compute cards using dired chip attach.

8.2.2 MCNC s Burn-in and Test Substrate (BATS)

This carria approab makes temporay solde connections
by coverirg nonwettabé metd pads on the carrig with a
thin layer of wettabk metal The solde bumys are soldered
to the thin wettabk layer resulting in a relatively strong
solde connectim (~85% of normal) After tes and burn-in,
the solde bumps are melted (reflowed and the remaining
wettabk metd is dissolveal into the solde bump This
leaves the solde bunp in contad¢ with the nonwettable
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metd pad and the solde dewes from this surface The die
can then be removeal from the carrie without damag to
the die or the bumps.

8.2.2.1 BATS Carrier Reuse

The BATS technige can be implemente on eithe reus-
able or disposah¢ carriers The BATS techniqwe provides
for unlimited reuse becaus the top surfa® (the interface to
the chip unde tes) is reconditione with the sacrificial
metd after ead use.

8.2.2.2 BATS Test-and-Burn-in

additiond carrie reuse A single use cycle for the carrier
includes both teg and a 140 °C burn-in.

8.2.3.2 TCA Test and Burn-in

The carrig for the TCA proces is similar to the ceramic
substra¢ usal in the production of finished single-chip
modules with the exceptim of a clanmp surroundilg the
carrig. Both hawe the sane teg ard burn-in characteristics.
Therefoe any ted and burn-in conditiors tha can be
applied to single-chp modules can be applied to the TCA
decks This can include dynamig dynamic-monitoredand

The carrig use for the BATS proces can be designd for
testability requifemerd tha matd the need of the product
being tested High performane devices can be mountel on
carriels with coptrolled impedane transmissia lines.

Integrd terming
provide the idd
devices can be

low cog substr

tion resistos ard decoupling capacitos can
d ted environment Lower performance
Cost-dfectively testel and burnel in using
hte sudh as organtc laminates.

8.2.2.3 BATS Die Quality

The low remov forces of the BATS proces resut ip
with nearlyy spherich solde bumps The bottan ©
bumps is flattenel in the form of a truncatel sphee duexo
the mas of thg
dejoin reflow. As a result no additiond reflwv is necessa
to retum the bumgs to the required sp

8.2.3 IBM’s Dendrite Temporary|Chip Attach

Dendrite Tempgray Chip Attach
mechanichintefconnecti s@» E
KGD carria. THis technolog+ls

ture on the carrig fingers as tb
chip bumps.

A clamp fixture
applies a contin
taining intimatg
dendritic struct -in to 180 °C. Upon
completion of the tes—and_burp-in process the die is
removel from the dendritic carrig. The flip chip bumps are
then reflowed to_their origind sphericé shape The die is

in=sit—burn=in—Testirg—tha—care—performal includes
deterministi¢ weightal randay patterns JFAG intercon-
nect and per-pin parametrj¢sas well asunique|patterns.

Levd sensitive scan de

SD) sing logie Quilt-in self
test (LBIST) or aryg e

\BIS|I) can be
testmg Ted and
that used
sud front-
socke: fix-

5 ahed sink incorporaté into the top
p assembyl. The heatsitk is capabé of
7 watts of powe at 400 feet per minpte airflow

4 TCA Die Quality

mechanich SPQ of a KGD is guarantgé through
opticd inspection The inspection may be performel manu-
ally, using an automatd Individud Chip Inspecfim System
(ICIS), or using a combination of both The [inspection
would consi¢ of looking for sud defectk as low solder
volume bumps smeard or missirg bumps damag to the
die silicon, ard damag to the die passivation.

8.2.3.5 TCA Process History

The dendrie TCA proces is the next generatio
ces replacirg the R3 process A successfluq
was completel in 199 with volume productian
in the fourth quarte.

KGD pro-
halification
beginning

inspecte and then shippel as a fully functionally tested
ard burned-n KGD.

8.2.3.1 TCA Carrier Reuse

The dendrie TCA carrig has been qualified for 20 reuses
in the initial proces qualification Additiond hardwae is
being processd to exterd the qualification to a minimum
of 100 reuses Feasibiliy da@ prior to the stat of qualifi-
cation indicates a very high probability of achievirg the
100 minimum reuse target Certan types of ceramc carri-
ers hawe the ability to be replatel with new dendrites for

8.3 Known-Good Mounting and Interconnection

Structure

The high densiy interconnectioa characteristt of the
mountirg and interconnectia structue (MIS) processing
often require proces stefs in fabricatin tha differ little

from those of IC fabrication Due to the natue of these
processeshe yield of the MIS is inverse) proportion& to

the surfae area.

Sine an MIS is typically one to two ordes of magnitude
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larger than an IC, proces defecs presen a greate eco-
nomic liability. Therefore more stringen proces controls
and/a cog effective rewolk processewill be required.

The testirg of the MIS for flip chip mountirg is compli-
catal by the sane factors that affect IC testing particularly
the fine pitch area array pads A numbe of techniqus are
availabk for MI S testirg rangirg from area array probes to
scannimy electra bean testers.

8.3.1 Testing Techniques
Ther are avariety of techniqus for testig known good

tions of detectd chage with the locatiors of intercon-
nectal pads open (unchaged pads the shoul be chaged)
ard shortel (chaged pads tha shoutl not be) conductors
can be detected.

8.4 Product Verification

With multiple ICs interconnecté at the first leved of pack-
aging an exceeding} high levd of functionality is con-
tainad in the Lowed Replaceatd Unit (LRU). Adequate
verification of the assembld moduk requires large num-

bers of complex teg vectois to ensue ahigh probability of

die or mquntirg structures intendel for flip chip or chip
scak mounting The following paragraphindicat sone of
the methdd used in today s processes.

8.3.1.1 Area Array Probes

For flip ¢hip pad pitches greate than abou 250 pum
(0.010), ppring loadead probes can be fixtured for area
array contacts IBM has long usel the Cobra probe,
describe above for MIS testing Recet developmert in
pogo style spring probes hawe achievel a 250 um pitch.
While thelfixturing can be fairly expensivethese methods
provide the mog direa and effective MI S testing

8.3.1.2 Flying Probes
When the
point proping offers electricd contacs at the c6
throughplit Testes are commg i
automatt |moving probes with b

accurag. [Two suc probes
resistane|betwea any{wo
While this methal i@ i
extremey |inefficient for ¢
natue of the detectig

usel in the si
single pad

The capagjtane.of
surel relafiveso are
ducta hes
than expgctedConve if the conducto is shortal to
anothe the Capacitane will be highe than expected In
eithe cas
verification of the suspecte defect detecte by the capaci-
tane test.

g being testal is then mea-
g in the teste. If the con-

8.3.1.3 Scanning Electron Microscope (SEM)

A recenty developé techniqe takes advantag of the
chaging effects of isolatel conductos expose to a beam
of electrors in a Scanniig Electran Microscope By first
chaging a conducto through asingle pad with the electron
bean and then scannirg the MIS surfa@ with the SEM in
voltage-contras mode all othe pads connectd to the
chaged pad will also shov chage By comparimg the loca-

be salva

Architecture

A specificatiom for standardizig the imp
ted circuit architecture IEEE 1149.1, de
tionality of circuits to be incorporate
desigrs for the purpo® of enablirg cog €

Specid teg circuits called Bounday Scan

£ ™ Lo - P Lo - () H Lbs H
ratt—oetectonmoOneaetectiedtne |aU|auE1 and localiza-

and rewok of

hip, dired mea-

lementhe direct
his has resulted

iliy (DFT), built-in

phiesas well as

mplicatel by the
. Effective veri-
designd within
ity are shown in

8:4.1 Standard Test Access Port and Boundary Scan

ementatio of a
scribs the func-
into digital IC
fective testing.

Cells (BSC) are

interpose betwea the logic of the IC gnd the substrate
interconnectsThe teg circuits are designje sudh tha they
are transparenhduring normd device operatian and become
active only upan commarl from on-chp(logic called the
Ted Acces Pott (TAP) Controlle.

In the tes mode thes specia circuits gan interrug the
dat flow and eithe isolat the IC from surrounding cir-
ed stimulus or monitar the logi-
cd activity enterirg or leaving the IC.

The beneft of sud aschene is to allow the implementa-
tion of hierarchicé structue ted strategie tha address
fault detection in an orderel manne. For example a typi-
cd teg scenam might require first verifying the intercon-
nectiors betwea ICs, followed by a functiond ched of
ead IC’s performancethen verifying the entire assembly
operatia in a slow or statc mode Finally, high speel or
dynamtc operatiom of the assemb mud be verified To
implemer sut a scenarig the BSC associatd with each
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IC I/0 would exercig ead of its potentid modes.

To verify the interconnectioabetwea ICs, the BSCs at IC

outpu pins would be loadad with appropria¢ teg data,
(i.e., alternatig 1's and 0's) and instructel to force this

dat out the outpu pin. The BSGs at the IC input pins
would then be instructel to repot to the TAP the logic state
presem at their inputs Teg softwae would then compare
the CAD routing file information agains the data reported
by the TAP.

To ted the functionality of eac‘n IC, the mput BSCs would
agan be loadda

Faully devices are therefoe directly identified.

To verify the operatim of the whole assemby, the BSCs
would all be placel in monitar mode in which they simply
monitar logicd |activity ard repot the logic states to the
TAP. The assembl would be steppel throudh typical
operations ard the activity of evel signd on the MCM
would be reporteal to the TAP. Again, teg softwae weuld
compae the aclivity to the simulata predictel acti

Finally, the asgemb}t would be operaté at its full rate
speel and the n
a traditiond m q
(ATE) or Ted Heds If a failure is deg

would be rese and the failing op

Operation would be interruptel
verify the propg logic sté&
Standad fault idolation soft

isolak the defeg

Although Desig
Bounday Sca
capabiliy at the
are conducie t(
nals sud as clo
associatd with
casestraditiond ted/acces In

The challenge thefl’is to provide acces for conventional

desig tha consides the signd propagatio of the entire
conducte. Substantiheconony can be derived if the con-
tad pads can be designé sud that they provide the mul-
tiple roles of teg access engineerig chang terminals,
interconnet disconnectia sites and signd terminations.

9 REQUIREMENTS FOR RELIABILITY

The previots sectiors have shown tha ther is adivers set
of materias and processig approache usel in construct-
ing flip chip assembliesTher is alo a wide range of
environmem that thee assemblie can experienceThese

enth Exposures
sceptabé Failure Probability

e® constituend mug be thoroughy linderstood
controlled if the producel flip chip assempt is to be
jiable in its application.

9.1 Robustness of Products to Use

The top three factors in table 9-1, materials prgcesse and
design are key in establishig how robug g flip chip
assembt will bein its application Ead of thesg]topics has
been discussd in previows sections but for a flip chip
assemby to be robust a balance consideratia [of ead of
thes factors is mandatoy.

Flip chip mountirg requires the interconnectia|surfa@ of
the semiconducto deviae to provide electricg)] thermal,
ard mechanich attachmenh to its hog assembt and the
application The intrinsic properties and desiq|guidelines

electricad probes without unduly impactirg 1C packirg den-
sity or affecting high frequeng signd fidelity. A numbe of
conta¢ technologis sud as metal-on-elastonte(MOE),
coplana ceramc ’blad€ probes and microstrp flex cir-
cuits can provide electrica acces to a controlled imped-
anc circuit.

Implicit in thes strategis is the neal for accessil®@ con-
tad padcs for ead critica signal Thee pads mug be
locatal in reasonald proximity to the signd in orde to
minimize the electricd parasitics Sone relief from this
constrait may be provided by appropriaé conductor

of the materiaé define how well this interfae can accom-
modae the chemical therma and mechanich stresses
imposel by the assembl and the environment.

Environmentally-induce thermd expansios and mechani-
cd stresse are distributed acros all interconnect as dete-
mined by the physicd geomety of the assembl. Process
variation of interconnet geometris can be very important
to the robustnes of the final assemby.

One exampe of how flip chip joints can be made more
robug is to include an underfil material The underfil dis-
tributes the therma expansia mismatd stresseincreasing

R?2
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the lif e expectang of the interconned to redu@ the strain
on the interconnects.

Underfil can and shoul be usal for larger chips in more
sevee environmenthapplications but may not be neces-
sai in all applications The underfil can induce othe fail-

ure modes if the materid arnd processs are nat carefully
selected.

The remainde of this section deak with the factors affect-
ing solde bunp fatigue Explanatiors of thes factors will
be presentd along with fatigue behaviorbmodek ard test-

ing. The prirmaty—modd—usaltepredid-seldatburpreli

thermo-mechanidaprocesss suc as cregp ard fatigue.
Failures are also causé by electro-migratio and thermal-
migration of metd which resut in opens Both the thermal-
mechanich and electrica failures can be increasd by
chemicé reactiors or specis which can cau® corrosio or
enhane migration of metallic ions (shorts).

A solde burmp wea-out failure in the field has neve been
observed This indicates both the robustnes of the solder
bump ard conservativenesof the reliability modek that
will be subsequenyl explained.

ability is @modified Coffin-Mansm relationship.

9.1.1 Chip Scale Package Robustness and Reliability

While the[bulk of this chapte is devotal to reliability stud-
ies for flip chip owing to its long establishd history of use,
the emeging families of chip scak producs are also unde-

going intgn reliability evaluation Much of the informa-
tion and fecommendation provided here regardirg flip

chip is ditectly applicabé to mary of the new chip scale
packags ps well. Certainlyy the bast reliability analysis
method discussd are of nea universa value in evaluating
electronc|assembliesHoweve, othes of thesg ne

scak packa@ schems are anticipatel to hawe

quite diffgrert from traditiond flip chip. Thisis i
in figure 9

1
=

As can be|

provide ajmeasue of complian®1to
tha would otherwi®
to follow the lessors tayg
experien
More religbility daa
vided in fliture rex

The tradifiond
there are three
failures these are.mihimized throuch proces contrd and
propa scleening as discussd in earlia sectiors of this
document:

ng temperature
Hifferene in the
die and the sub-
gl variation causes
o be cyclic, and
dama@-m the soldg to be afunction of the
\ \v es BY this definition solde joints
igue“At uniform strpin distributions,
Py the initiation and propagatio of

sQlde joints by the initiation{ard propagation
s is increasd during high rgtes of chang of

temperatue is high compate to Pb/S sol-

uelting temperatureln general componert see ther-

ycling which can range from 0.4Tm {o 0.8Tm where
is the absolué melting temperatug of|solde.

As a rule of thumb creg is an operative deformation
mechanimn wheneve the temperatue is| abowe half the
absoluée melting temperatue of the matenal For example,
the melting temperatue of 63/37 Sn/A solde is 456
degres Kelvin (1836 Centigrade) half the absolué melt-
ing temperatue is 228 or —45 °C. Hencg creg deforma-
tion can occu in solde at a given load g@ven at tempera-
tures as low as —-45 °C. Cree stran |s the resut of
thermally activatal dislocation motion and/ad movemei of
vacancis and ators when the materid ip subjecte to a
given load Stres relaxatian over time oljserve in solder
joints is adired resut of creg processegHence the dam-

age accumulatd in soldea joints during temperature
cycling isaresut of creg and fatigue pratessesDeforma-

The erd of life patt of the curve istypicd of failure caused
by gradu& accumulatio of damag through the lif e of the

product The middle pat of the curve is beg describe as
evert relatal failures manifeste by overstressetha have
occurral during the lif e of a product Thes could be ESD,

high thermd transients high mechanich shocls due to

handling etc.

9.2.1 Wear Out Mechanisms

The primary failure mechanim tha affects the reliability
of ary solde joint connectim is damag@ accumulatio by

tion due to creg has been observe in packags which
hawe been subjecte to both cyclic loading as well as static
loading conditions.

Static loading conditiors can arise for example from the
weight of a hed sink on a package Dependilg on how the
boad is placed tha is, sidewaysright side up, or inverted,
the solde joints can experiene shea, compressie or ten-
sile loads The constan load in one direction can cause
failure by cree processes.

A
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Figur e 9-1- Chip Scale Pa Legd Com
9.2.1.2 Electromigration cally sealed or encapsulai with a materia thg prevents

In alloy system ili Atomi i a continuos moistuse path.
an applied elec i i

9.2.1.4 Thermomigration
valene and mal

Thermomigratio is causé by excessie therma gradients

Electromigratia ) i acros solde bumps especialy at highe 1C juriction tem-
solde joints. In(ajai ' ' peraturesin the thermomigratio processatons diffuse in
interfae has b ~ ‘ the direction of, or in oppositia to, the therma gradient.
which can caug amechanic : Atoms in the solde bunp can diffuse leadirg fo voiding

crowding can at the interfaee of the soldar and the UBM (U de Bump
sectim is redu electrically

with regard to currert densiy aml d|mensmn can solve the open For a g|ven buer geomety thermomlgratlo is a
problem. function of thermd gradienf ambien temperature and
alloy composition.

9.2.1.3 Corrosion

Solde joint corrosio is usually cause by moistue and 9.2.2 Solder Bump Mechanical Reliability

ionic contaminantsThis can be preventd by prope pack- There are numeros factors tha can affect the mechanical
aging design ard proces control Due to the close proxim- reliability of flip chip attachmentSone of t hes are:

ity of flip chip solde joints, the cleanlines of the solder Strain

joints is essential Residus from corrosivwe processing Temperatue Hold Times

chemicat mud be minimized Dependiig on use condi- Chip Underfill

tions the flip chip solde joints shoull be eitha hermeti- Solde Alloy Composition

RA
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Table 9-1- Produc t Categorie s and Use Environments
PRODUCT
CATEGORY TEMPERATURE °C= MECHANICAL - ATMOSPHERIC- ELECTRICAL
typical
appsli)égtions) PROC- | STOR- OPN- PROC- | STOR- OPN- PROC- | STOR- OPN- PROC- OPN
|. Consumer—| 25/260-| -40/85-| 0/55- | Robust. | Shock. | Robust. | Moisture | Moisture | Moisture Test— Endur
(term) Trans (Act) Solvents | Corro | 5000 Alt (Elect)
. Vibrtn Wear Atm Overloand
Shock Trans Life Surge
Solder (Mech) Revemi
Fatigue ESD
Flamma
Il 25/260—| —-40-85-| 0/55- | Robust Shock Robust | Moisture | Moisture | Mositure Test- Endur
Computets (Term) Trans (Act) solvents | corro | 5000 Alt (Elect)
and Th.Shock | Vibrtn Wear Atm Overload
peripherdls Solder Trans Life surge
(Mech) Revemi
Fatigue Esd
Flamm
VIB .06
DA
1g to
500Hz \
i 25/260~| -40/85-| -40/85-| Robust | Shock | Same™ MOE% WWoisture Test= | Endur
Communita- (Term) Med S ent orrl 5000 Alt (Elect)
tions Th.Shock | Vibrtn above A Overload
Solder 10-500 surge
Cycl Revemi
/\ Esd
IV. Industfial | 25/260-| -55/85-| -40/85- Séme” [Woistife | Moisture | Moisture Test- Endur
and as Saol¥ents | Corro | 5000 Alt (Elect)
transportation ove Atm Sand/ Overload
passenggr Dust surge
compartment Revemi
Esd
V. Miltarly, | 25/260-| -40/85™ —E&q& Robust | Moisture | Moisture | Moisture |  Test= | Endur
ground apd (Act) Solvents | Corro Corro (Elect)
shipboarf; Wear Atm Atm Overload
low altitugle Life Fluids surge
commerdial (Mech) 25000 Revemi
aircraft] Fatigue Alt Esd
Flamm Sand/
Vib .06 dust
Da Fungus
159 to
2000 Hz
Med
Shock
< \\/ High
Shock
Vi, 26/2805| -55/125- -40/125
[Transportafion
under hopd
VII. Militay 25 —40785—| Robust Shock Same | Moisture | Moisture | Moisture
and space 26040/ (Term) Med as Solvents | Corro Corro
high altitude 84 Th.Shock | Vibrtn above Atm Atm
commercial Solder | 10-2000 Fluids
aircraft Cycles 25000
Alt
Sand/
Dust
Fungus
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9.2.2.1 Strain

The affect of stran is significant Itsimpad on solde bump
fatigue is dependenupan severé factors Thes are dete-
mined by the design application and manufactue of the
device.

The stran relationshp modified for solde bunp applica-

solde bunp footprints with known fatigue histories to pre-
dict performane of a solde bunp footprint with similar
characteristis and packagimg but varying DNP.

A scalirg factar is usal to adjug the known fatigue history
to predid the performane of the new bunmp footprint It is
a relative comparisa of DNP's and is calculatel as fol-

tions is shown below: lows:
_ DNP (aATs - aATe) where,
A= h ~ (DNPl)l.Q
Wherg AS = stran on the outermos functiond bumps ~ \DNP,
o = [chip/substrag codficient of —Thermat od ance

Fxpansio (CTE) (ppm/°C)

AT =relative therma excursiom of the Chip/
Substrag (°C)

h- =polde joint heigh (um)

DNP=fistane to the Neutrd Poirt (um)

Table 9-2 showg a CTE differene@ betwee silicon ard alu-
mina, a typicd flip chip packag@ combination.

Stran isdirectly proportion& to DNP, the distan@ from the
furthest functiond solde bunyp to the neutrd point on the
chip. The neutra point or geometr¢ cente of solde bumps
remairs stationpy relative to the substrag¢ during ther
excursionsDetgérminatio of the neutra poirt is critica
calculatirg DNR.

Stran is inversgy proportiona to joint height Tab
shows typicd heighs for varying soldé

Figure 9-2 illustrates bunp heigh (h) hich.|s depe t
upon severa factors including
bumps bunp diamete and,volume

f existing

hew bump

ia¢ fatigue
| W will be
rformance.
han 1.0.

batly affect
combined
igh of the
btch acuity
-arde effect.
can influ-

hll, slender
olde joint

g exterd fatigue lifetime. A short squd joint ith sharp,
reentran shag of the solde approachig the |UBM will

redue lifetime.

9.2.2.2 Temperature Cycling Frequency

Testirg of the life of componerg unde actud pse condi-
tions would take as long as the desiq life of the compo-
nent For this reason packags are testel by arcelerating
the therma cycles i.e., by increasimg the tempefatue range
ard decreasig the hold times at eat end of |the cycle.
Increasiy the temperatue range subjecs the joints to
greate stran the extert of which is determine by the
thermd expansio mismatd betwea the differgrt materi-
als Hence inrrp:aci[g the temperatue ranip should

size.
Table 9-2 Coefficient s of Th
for Typica teria
Materjal = \
Silicgn- /\ .
Gafs—~ \ | 2N\ 6870
Solder (97)-\\
Chip Underfil~_ "\ '\
Alumiha- >
FR-4 forl DCA=
Table 9-3- Typical Height s (Joined)
C4 Bump Diameter
Option (um) = Height (um)-| Range (um)
Option A= 150- 82— 64 - 100
Option B~ 125- 77 64 - 95
Option C— 100- 70— 64 - 85
Option D 150- >82- >64 - 100
(DCA)

The resourcs requiral to perfom the ted are often lim-
ited. Consequenyl method hawe evolveal tha use existing

increae the damag@ storal in the joints if enoudn time is
allowed for the stresse generatd in the solde joints to
relax out If enoudn time is not allowed during ramp
up/down times or during the hold times which is typically
the cas with acceleratd tests then the damag storel is
not equad to wha it would be if the solde joints were
allowed to relax completey. Howeva, it need to be noted
tha increasig the temperatug range of the tes much
beyord the temperaturgin the field will caug aconfound-
ing of multiple damag mechanisms.

The desig of the temperatug cycle ideally shoul be such

AR
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Figur e 9-3- Exampl e of Solder Bump Fatigu e Curves

that the stresse generatd becaus of the stran mismatch
hawe enoudn time to relax out Howevae, this isimpossible
for acceleratd testing Increasirny the frequeng of cycling
can change the failure mechanis and/a suppres the dam-
age storal per cycle in the solde joints. For example,

changig the temperatue rapidy during therma shock
testirg can cau® high stran rates to be imposel on the
solde, which changs the failure mechanism.
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For eutectc soldes it is necessarto hawe hold times rang-

ing from 5 mins to 10 mins to relax out the stressein the

joints. The stres relaxatio in high lead (90%Pb-10%Sn)
soldes is slowe than tha observé in eutecte soldes and

therefoe the hold times at the temperatue extrems need

to be greate .

Therma cycles representhe numbe of thermd excursions
aflip chip or chip scak produd will be exposé to during
its lifetime. Thee excursiors consi¢ of powea on-df
cycles ard environmenthtemperatue fluctuations.

Temperatug cyehrg—test—the—inelaste—propertics—et—the

hawe exceedd 10X the numbe of cycles requirel to
induce equivalen fatigue failure rates in identical non-
underfilled devices.

Basal on this datg chip underfil may hawe eliminated the
remainirg solde bunp wea-out failure moce - fatigue.

Alternative solutions to the expansio betwea the chip
ard the substrateare provided by sone of the chip scale
packagesThe combinatian of complian lead and suficient
solderel bal heigh reduca the neal for underfill. (See
figure 9-5)

solde, namey stress-relaxatio as afunction of tempera-
ture and time. Dependilg on the temperatue , a threshold
exist belov which fatigue becoms independenof cycle
hold time, and ther frequeny are totally relieved by the
flow of solde.|This threshotl varies betwea 6 ard 24
cycles per day (cpd) as shown in figure 9-4.

o
o

(¥
o
i

=

FREQUENCY THRESHOLD, CPD
~
o

(=]

40

Figur e 9-4- The
Temperature

Chip underfil
bunp fatigue \|
dues are removie

maximum opets

9.2.2.4 Solder Alloy Composition

mpasitiosiare’usel in elec-
anrang from completey differ-
3 d~ mand lead-fn to simi-
lar alloy systens p i i cpmponents

c diffusion depgnd on the

atorrs arourd|oi. There-

ggies for differert alloy systens and
is different For example 95%Pb-
jois hawe activatian enegies in the
0 0.15 ev/K, while 37%4Pb-63%Sn
*hegy arourd 0.9 eV/K. The|activation
influencal by mechanichstres imposal on the
2@ processe are dependehon the|activation
nerg' s Therefoe differert alloy systens unde] stres can

e relation betwee stres experiencd by the qolde joint
ard the activation enagy is expresse by the geper& creep

equation:
— n _Q
e=AQ (kT)

€ =stranrate

A =constant

d =stress

n- = stres exponent

Q = activatin enagy

k- = Boltzmam constant

T =temperatug in degres kelvin

100°C to 125°C Further extensms may be possmé with
additiond testirg and modeling.

DNP can also be increasd with chip underfil allowing the
use of bumps to be applied to larger chips ard larger foot-
prints Again, this is due to the overal reductio in strain
afforded by the chip undefrfill.

Presen reliability ted dat@ indicates a conservatie 5X
improvemetn in soldeg bunp fatigue lif e with chip unde-
fill. Ongoirg testirg will eventualy characterie the wea-
out limits of chips with underfill. Devices currently on test

9.2.3 Reliability Modeling
The equation generaly usel for first-orde solde bump

fatigue approximatia is a modified Coffin-Mansm equa-
tion for low cycle metd fatigue.

N = a(A8-%(f)2 exp[k ]

Where,
N =numbe of on/df cycles to failure
o = materid constant
f= =therma cycling frequency

AR
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Figur e 9-3-~ Complian t Lead Alternativ e to Underfill

AH ¥ activation enegy, eV
k- ¥ Boltzmaris Constam (8.617 x 10°eV.
Ty F maximum operatirg temperatue (K
Ad ¥ strah on the outermos functiond

Baseal on historicd datg low cy

Thus the

Sone gen
tion:

*Th
qu
tio
m4

usfe 4o redu® the shea stran below tha of alu-

distributiors gre characterize by the cycles to reat 16%

mulativefailures (N,g) and 50% cumulative failures
ard an associatd sigma (o) tha degcribs the slope
@ of the curve From thes curves expectd field
serformane can be predicted.

Cumulatiwe failures only court the first solder bunp failure
on a devicee during testing Subsequenffailures on that
device are not factorel in the total.

Note: In this application ¢ is not usel|to descrile the
standad deviation of the population of therma cycle fail-
ures only the slope or shap of the lognoima distribution.

Basal on lognorma distribution o is calculate as follows:

Nso

o=1ln—

Nie

The primary use of o is to extrapolag propabilities of fail-
ure ard field survivd rates from chars similar to figure

9-6. If Ny 50 and o are known, mathematicamethod can

mike:

* This equatim is not applicabé for predictirg reli-
ability of bumps that do not collapse sud as a
DCA bump With DCA, a collaps& bunp is not
formed Instead the solde on the organcc board
wets to the bump Thus bunp height is at least
equd to the bunmp diamete. Efforts to establish
accura¢ modek for DCA are underwg and will be
included when available.

Therma cycle testing is usal to establit solde bump
fatigue behavio as shown in Figure 9-4. Thes lognormal

be useal to predid fatigue performancei.e., Ngo: Noo1
represerg 0.01% or 100 ppm cumulatiwe failures.

High Ny, values are often mistaken for high reliability.

This is not always the case Figure 9-7 illustrates three
curves with identicd Ngg's but varying a. As ¢ varies
betwea 0.2 ard 0.4, the Ny o, or 100 ppm point varies
from 1000 to 2000 cycles respectivel. Thus it is desired
for o to approab zewo and Ngg be high in orde to increase
the Ng o, intercept.

The value of will vary basel on time, materials and manu-
facturing processinglt typically ranges from 0.20 to 0.40.

RO
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Solder Bump Reliability Graph - Thermal Cycles (0 - 100° C.72¢pd) vs. Cum % Fails
XYZ Chip with DNP = 4.78 mm, 29x29 C4 (125 pm) Array (93% Populated), Alumina Substrate
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Again, the importart value jis th
the onsé of fatigue life fa'.

Field applicatid
tions Therma
ture and DNP
Assumirg the ¢
laboratoy ted r
will be shown |
testk is accom
follows:

N; = AF

Solving for the acceleratia factar AF,

N

_TAf] [ast 1.9[f:]1/3 [ 1|1 ]]
AF= [A,] [Aéf - exp| 1450 T Ton

Variatiors betwee field arnd laboratoy conditiors affect
the values of ternms in the AF equation Differenge in ther-

md excursios and DNP changs the stran term| variations
in therma cycling frequengy alters the frequen¥ tem and

AF

difference in maximum temperatue impacs th¢ exponen-
tial component.

where,
N; =numbe of field on/df cycles to failure
AF = acceleratia factor
N, =numbe of lab on/df cycles to failure

N; and N, are the respectie modified Coffin-Mansa equa-
tions for field ard laboratoy conditions Thus,

N; = Af(AS5(E) Y exp [ﬁ]
Mf

Ny = A(A8)25(f) ¥ exp [ﬁ“—jf]

The factar for DNP variation is included in the stran term
of the AF equationAlso, for calculationsthe field thermal
cycling frequeng facta (f;) shoutl be at leag 6 -24 cycles
per day (cpd or greate even if field conditiors are less as
shown in figure 9-4. It shoul be noted tha thes equations
do nat include the hold times which directly relat to fre-

queng.

An exampe for determinirg the acceleratio factor is
detailed below:

Exampk 1- A new versian of a chip that was thermal

7n
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Reliability Graph - Thermal cycles (0 - 100° C, 72 cpd) vs. Cam % Fails
XYZ Chip with DNP = 4.78 mm, 29x29 C4 (125 pm) Array (93% Populated), Alumina Substrate
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ture and the materid constarg are equa [then only DNP
and AT chang in the strain term The AF|equatio can be
simplified as follows:

DNPlATl 19 3
DNPAT. AT, exp| 1450 —

Substitutiny the values in, yields:

AF= % - [%]1/3 e’('0[145c[343 374]

13

Figur e 9-14

Approachh TMf TMl]]

field fatigue life of the new chip. Thisis llus- Using this AF value ard the N°° value from Figure 9-8,
trated below: the new chip N°°*value can be predictal|as shown:
Table 9-4- Acceleratio n Factor Values for Example 1 No o = 1.75 x 1325 cycles = 2319 cycles
Variation — New Chip- Lab Chi . . . .
anetion v - 2 e The new, field chip fatigue life curve can be plotted as
DNP5.02 mm- 4.78 mm L
shown in figure 9-8.
Thermal Cycle 24 cpd— 72 cpd
Frequency I .
(cycles per day) 9.3 Reliability Testing
Thermal Excursion 70°C— 100°C Generaly, the testirg guidelines establishd in IPC-SM-
(AT 785 Guidelines for Accelerate Reliability Testing of Su-
Thermal Activation 343 K~ 373 K face Mount Solder Attachmens shout be followed.

(Max Temperature)

The reliability of the flip chip assemblis will be deta-
mined by desigh decisionsAssumptiors are mack for each

Assumirg the chips and substrate are at the same tempera-
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Solder Bump Reliability Graph - Thermal Cycles (0 - 100° C. 72 cpd) vs. Cum % Fails

Lab Chip with DNP = 4.78 mm, 29x29 C4 (125 pm) Array (93% Popuiated), Alumina Substrate
New Chip with DNP = 5.02 mm, 30x30 C4 (125 pm) Array (93% Popuiated), Alumina Substrate
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Figur e 9-8- Acg

desig as to hoj
mert the produ
able failure prd
anticipatel use
levels of accelg
respoml to thes

limited to hig i
temperatue cycling, therma cychng/shok ard mechanical
cycling/shock.

The types of tess selecté for a specift produd qualifica-
tion shoutl be basel on actud use environmental or a
worg ca® composie of all intendel uses It shout also be
selectd basel on the types of materias and assemby pro-
cesse usal in the product thermd and mechanichcycling

are usually selectel to manifes fatigue mechanisms,

wherea thermd ad mechanichshodk would be selectd to
look at fracture and interfae adhesia factors.

In defining a teg philosoply, a methal shoutl [be chosen
that will accelerag and manifes application failyre mecha-
nisms without exceedig bast desigh ard matedrid perfa-

mane limitations Accelerate testirg shoutl be[conducted
on proces coupons which include interconne¢g at worst
ca® desiq criteria, and they shoull be repregentati® of

production processes.

Thes shoull include daisy chainal structure to obtain
dai@ on astatlsucaly S|gn|f|can numbe of chips and also
nstructures
shoutl be included to look at smgle mterconnetdegrada—
tion.

The ted structurs shoul be placea in the flip chip inter-
connet patten carefully to look at geomety related
affects sud as fatigue isworg at the mod distart locations
from the cente of the therma expansion.

Table 9-5 includes only thermd ted criteria Flip chip
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assemblis will, in mary situations be packaged nonhe-
metically. The therma testirg will ted for thermd mis-
matd fatigue problems but testing shoutl also be consid-
ered which addressethe mechanichand chemicéa stability
when exposd to thos environmenth factors Table 9-1
lists the types of use environmem tha could be expected.

It isimportart tha the flip chip assembl use establis for
their anticipate applicatiors tha ead environmenthfac-
tor is examinel for their selectd flip chip approachlf the
flip chip assembyl is to be usel in a sevee environment
ard is nonhermetic a sequene of test shoutl be estab-

the extende therma cycling.

The® are the fundamenthreasos for only testing from
0°C to 100<C ard nat testirg at highe and lower tempera-
tures i.e, —55°C to + 125°C unles thes temperatures
truly representhe field application.

At low temperaturesthermomechanidastresse on the
bunyp are high. Yet, thes stresse do nat typically resut in
failures becaus the solde is relatively strorg at the lower
temperature.

Howeve, during therma cycling, thes stresss relax with

lished to gddres this usage It would be advisabé to run a
thermal/mechanidates sequene followed by moisture
ard corrdgsian type exposures The long tem reliability
would be |more completey assessk by a sequene which
looks at severd interactirg environmenthfactors.

Therma dycling is usal to accelerat bunp fatigue wea-
out Proddics ard application environmend can be extrapo-
lated using a modified Coffin-Mansm equation approach.

Most bunp fatigue dat has been generatd by cycling
from 0°C to 100°C (at the substrate)three times per hour

(72 cpd). |Figure 9-9 illustrates the teg conditiQrs fro
which mod¢ solde bunp fatigue dat has be@er\ed.

increasily temperatue . high tempergturethe thermal
ard mechanich enegy, release\profotes relaxation and
i roperties of the

of the projected
emand accele-
0 + 125°C the
mende followed
pnditiors to esti-

bquiral to estab-
rom afew thou-

Dwell = 4 min (+2 min)

Transitions = 6 min (+3, -2 min)

Oven calibrated 10
achieve temper@ture
profile on pari

- - =4100°C (£10°C)

-=0°C (210°C)

Figur e 9-9- Thermal Cyclin g Test Profile

Thes teg conditiors are considerd the mog effective for
acceleratig fatigue wearout They refled a reasonable
rance of therma cycling without introducirg invalid failure
mechanisms Occasionh temperatug excursios sud as
those encounteré in shipmer are not significart contribu-
tors to solde bunp fatigue.

Testirg for shipmem conditiors may be conductée using
pre-conditionilg therma shodk tess (figure 9-10) These
stres tess may be performel on the same sample prior to

sard to ters of thousandsThis depend on the DNP, the
substra¢ material underfill, etc Ted duraticn shoul be
long enoudh to generag suficient failures (at leag 50%)
sud tha a cumulative percen failure (extrapolatelican be
determiné with a high leve of confidence.

Othe, non-solde bunp fatigue stres testirg involves cor-
rosion testirg in non-hermett packags run for 1000-3000
hours a 85°C ard 81% Relative Humidity (RH) with an
electrica bias comparal# to the produd¢ application For
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+65°C (15°C)
Chamber
Transitions Dwell
5-10 min 18-32min
\ \ -40°C (£5°C)
:< !l HR 0.1 HR H
: [ : /
\
. !
part ! :
' ]
1 '
‘ 1)

\

Part should be within 5% of chamber within 15 mirutesof\Iraasi

Figur e 9-10- Prg-Conditionin g Thermal Profile

metd migratior] a highe electrica bias is used to accele-
ate the transpotl mechanismTo preven condensatio 81%
RH is used during therma cycling.

9.3.1 Wear-Out Mechanisms

Flip chip intercpnned have mary potentia failure modss,
but there are primarily five degradatio or wea out m
nisms which affect metd interconnectsThes are
corrosion electromigration solid stae diffusjon,

Thes mechanisra can all lead to

on materiab used processjg de
etries assemb stresse ire
Cree is cause
interconnet in jone directigh Rrope
can minimize thi i
Corrosian could
The flip chip a4
metic applicatipn
affects will dey
seale passivatio sjtes
sites and controlling ‘environm
taminans from icati
this wea out mechanim is beg controlled through design
ard proces control.

eanirg of the flip chip attach
nthexposue to avoid con-

Electromigratim mechanisra are affected by current den-
sity. If the designe keefs current densiy within the con-
strains of the materiaé being used ard there is strict pro-
ces contrd on defects electromigratio shoutl not be a
problam for mog applications.

9.3.2 Reliability Factors

FatigLe is the primary mechanim for wea out of flip chip
assembliesFatige is accumulatd damage cause by

pplication.
within the
ergonnects which initiates a crad{ tha will
c@) open or substantialf degra@ the inter-
an applicatiors will hawe t¢mperature
eventualy fatigue the intergonnects.

art tha the use of flip chip technologis have
fundarmeénthunderstandig of the intrinsic materid prop-
rties and on the design/procesdriven dimensids for their
plication The application environmen factois involved
in fatigue are temperaturetemperatue cycle fange and
hold times of the temperatug cycling. The flip chip assem
bly will affed the reliability in terms of presené of unde-
fill, the symmety of interconnet pattern misplignments
and variatiors of bunp geometris ard device sjze.

Unde therma cycling, the failures will first ocqu at loca-
tions farthes from the thermad expansia cente |point. It is
possibk to devel@ detailedl models as mod ar¢ base& on
sone form of the Coffin-Mansm equatia for |low cycle
fatigue A modd for ead flip chip approadfl could be
establishedif the geomety, materid and appli¢ation con-
ditions are known Ther islittl e publishel data gn flip chip
Taitity 1t ' ¥ establish
thislevd of knowledge to apply these technologis reliabil-

ity.

Chip underfil can substantialf enhane fatigue life. When
the underfil is applied correcty, it reducel the flip chip
joint stran levd by constrainilg the expansia of the flip
chip interconnetto be usel in a wider range of environ-
mens and lage device sizes can be accommodated.

Underfil materid mug be carefuly selected so that it
adhers to the assembht surface but does not adversely
stres the flip chip interconnet joints. The materid must
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Table 9-5- Representativ e Realisti c Wors e Case Use Environment s for Surfac e Mounte d Electronic s and Recommended

Accelerate d Testin g for Surfac e Mount Attachment s by Most Commo n Use Categories

Worst-Cas e Use Environment - Accelerate d Testing
Accept.
Use Tmin Tmax AT® Cycles/ | Years of | Failure Tmin Tmax AT
Category °C °C °C- tpt hrs year Service Risk % °C °C °C- tpmin
1. 0= +60- 35— 12 365 1-3- -1= +25= +100- 75— 15
Consumer
2. Computerst  +15- +60- 20~ 24 1460~ -5- -0.1- +25- +100—~ 75- 15
3. Telecom- —40- +85- 35- 124 365 7-20- -0.01= +25- +100- 75= 15
4. Com- —55- +95- 20— 12 365— —20- -0.001= (0] +100—- 100- 15
mercial
Aircraft
5. Industral —55- +95- 20 12 185 -10- -0.1- 0] 00— 100 & 15
Automdtive &40 12 100 cQLD®
Passenger &60 12 60
Compaft- &80 12 20
ment
6. Military —55- +95- | 40 & 60 12 100 -10- 1\\ 0 +10Q- 100 & 15
Ground| & 12 265 cQoLD®
Ship \
7.Spacelpo | 269~ | +95~ | 3to 1 8760 | 5-807"N-0.00¢ \@\/ +100- | 1po& | 15
geo 100 12 365 cQoLD®
8. Military —55- +95- 40 2 365 - 015 \/}_. +100—~ 100 & 15
Avionic 60 2 365 cQLD®
80 3
820 1 65 P
9. Automp- | -55- | +125-| 60 0 —5\\ \/—dm 0- +100 | 100 & 15
tive &100 1 0 & LARGE | AT®
Underhpod &140 COLD@)
& = in addijon \/
1) AT reprgsents the maximum temp wer dissipation effects; for power dissipation falculate A; power
dissipation ¢an make pure temperaturs tly inaccurate. It should be noted that the cyclic femperature range,

AT is not the¢ difference between
less.

2) All accelerated test cycle
sured on thg test board.

um Tyax, Operational temperature extremes; A is tyjpically significantly

?C/minute and dwell times at temperature extremes shall bp 15 minutes mea-

3) The faily anges at fower temperatures; for assemblies seeing significant cold envirgnment operations,
additional “ with dwell times long enough for temperature equilibration and a for 4 number of cycles
equal to thg “ ¢

4) The faily fox.soldec is different for large cyclic temperature swings traversing the stress-to-strain |20 to +20°C tran-
sition regior in operation, additional appropriate “LARGE AT" testing with cycles similar |n nature and num-

ber to actug

hawe prop
ces defe
nans whi

h caulhinitiate gorrosion related problems.

If an undgrfilMails, it will mog likely lose adhesia to the

then fail at a later date Thes types of failures are best
accommodat by selectirg the mog ropug technology
that can be used There are sone additionf failure mecha-
nisms which neel to be considerd wher using flip chip

deviee and/a substrate This would lead to failure due to
fatigue creep or it could also increag chance of corro-
sion and othe failure mechanisms.

9.3.3 Event Related Failures

The assembld flip chip assemby} can experiene unex-
pectal therma and/a mechanichtransientswhich are iso-
lated evens related to maintenane or just abnormasystem
operatimg conditions.

Thes evens could if they are sevee enough cau® cata-
stropht failure, or they can initiate failure sites which will

technotoy-

Flip chip interconnect are usualy high in lead conten for

ductility. This can lead to trace amouns of radioactie ele-

mens which emit alpha particles which cen cau® soft

errors in semiconducto devices It is importart to factor
the lead ard underfill, mudc lower leve particle emissions
for proximity to sensitie device features to minimize this

affect.

Most semiconducto devices hawe ESD protection placed
nea the pads and mog availabk devices are nat configured
for flip chip interconnection Reroutirg layers will be

7R


https://iecnorm.com/api/?name=18134455626b98436ef77e08a89cec45

J-STD-012-

Copyright © 1996, IPC; 1998, IEC

January 1996

applied to the surfa® of the deviae to convet thes devices
to aflip chip array configuration This will resut in some
metd runs in close proximity to deviee structure tha are
not protected.

9.4 DESIGN FOR RELIABILITY (DfR)

The reliability of electronc assemblisrequires adefinitive
desiq effort tha has to be carried out concurrenty with
the othe desiq functiors during the developmentaphase
of the product There exiss amisconceptia in the indus-
try, tha quality manufacturig is all tha is requira to

tions, but are also the sole mechanich attachmet of the
electronc componerg to the PWB ard often sene critical
hed transfe functions as well.

A solde joint in isolation is neithe reliable nor unreliable;
it become so only in the contex of the electront compo-
nens tha are connectd via the solde joints to the PWB.
The characteristis of thee three elemens - component,
substrate and solde joint - togethe with the use condi-
tions, the desiq life, and the acceptat# failure probability
for the electronc assemby determire the reliability of the
surfa@ mourt solde attachment.

assue the relialitityof-anetectroncassembyt:

While of coursg consisteh high quality manufacturing—
ard all that this jmplies in terms of Design for Manufactu-

ability (DfM), Pesign for Assemby (DfA), Design for

Testabiliyy (DfT), etc, is anecessar prerequisie to assure
the reliability Oﬂ. the product only a Design for Reliability

(DfR) can assye tha the design manufacturd to good

quality, will be feliable in its intendel application.

Thus adhereng to quality standard is necessar but not
suficient For gxample solde joint quality in the U.S. is
generaly meagurd agains criteria in both IPC-A-620,
Acceptabiliyy of|Electront Assemblis with Surfa@ Mouxt
Technologiesfgr overal workmanshp and ANSI/J-STD-
001, Requiremerd for Solderel Electricd and Electrgnic-

assue reliable golde connectionsonly
nections To clafify the dlfferenaa bet e@thet

defina in IPC{SM-785 Guidelines
ability Testirg gf Surfae %/i)>
Reliability is the ability o D
given conditiors and for a spedifi
exceedig acce

In the shot terr
ity failures due
mortalities caus€
shippirg by thg
Long tem faill

dama@ cause py inadequaddesigrs of the assemb}.

It is for this redsartha IPC-D-279 Desic Guidelines for

9.4.1.1 Solder Joints and Attachment Types

tructure A
ert materi-
cterizedA

i (IMC)—
stituent—
metal

pleted

of at least
ortiors of
deliberate

inadverteh contaminations
>) a layer from which the solde constifuen form-
ing the component-sid IMC(s) |[has been
depleted
(6) one or more IMC layers of a solde ¢onstituent
with the componehbas metal and
(7) the bas metd at the component.

The grain structue of solde is inherenty unsgtable The
grains will grow in size over time as the graip structure
reduce the internd enagy of a fine-grainel strycture This
grain growth proces is enhancd by elevatel temperatures
as well as stran enegy input during cyclic loading The
grain growth proces is thus an indication of the accumu-
lating fatigue damage At the grain boundarig contami-
nans like Iead oxides are concentratedas the gfairs grow

: g atl the grain

Reliabk Surfae Mount Technoloy Printed Board Assem-
blies is being developed.

9.4.1 Damage Mechanisms and Failure of Solder
Attachments

The reliability of electront assemblie depend on the reli-
ability of their individud elemens ard the reliability of the
mechanich therma) ard electrica interfaces (or attach-
mentd betwea thee elements One of thes interface
types surfa@ mourt solde attachmentis unique since the
solde joints nat only provide the electricd interconnec-

boundarles Weakenng thesa boundarlesAfter the con-
sumptian of ~25% of the fatigue lif e micro-voids can be
found at the grain bounday intersections thee micro-
voids grow into micro-cracls after ~40% of the fatigue
life; thee micro-cracls grow and coalese into macro-
cracls leadirg to totd fracture asis schematicajt shown in
figure 9-11.

Surfa@ mourt solde attachmergexig in awide variety of
designs The majar categoris are leadles ard leadel sol-
der attachmentsAmong the leadles solde joints adiffer-
entiation has to be mace betwea thos without fillets, e.g.,
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Flip-Chip C4 (Controlled Collap® Chip Connectiol sol-
der joints, BGAs with C5 (Controlled Collaps Chip Ca-
rier Connectiof solde attachments BGAs with high-
temperatue solde (e.g, 10Sn/90Ppballs, and CGAs with
high-temperatwer solde columns and solde joints with
fillets, e.g, chip componentsMetd Electroc Fae compo-
nens (MELFs), ard castellatd leadles chip carriers The
leadal solde attachmergt differ primarily in terns of their
compliany and can be roughly categorizd into compo-
nens with supe-compliart leads {K ;<~9 N/mm (~50
Ib/in)}, compliart leads (~9 N/mm<Ky<~9 N/ram), and

9.4.1.2 Global Expansion Mismatch

The globd expansia mismatche resut from differential
therma expansios of an electronc componehor connec-
tor ard the PWB to which it is attache via the surface
mourt solde joints. Thee therma expansio differences
resut from difference in the CTEs and therma gradients
as the resut of therma enegy being dissipatd within

active components.

Globd CTE-mismatchs typically range from Aa~2
ppm/C (1 ppm=Ix1F) for CTE-tailored high reliability
assemblis to ~14 ppm/°C for ceram€ componerg on

non—comjlia.‘c. teath{ks 85t

00 Nfmm-{—560-bfir

The diffefert surfae mourt solde attachmet types can
hawe significanty differert failure modes Solde joints
with essentiall uniform load distributions e.g, Flip-Chip,
BGA, CGA, show behavio as illustrated in Figure 1. Sol-
de joints|with non-unifom load distributions e.g, those
on chips gomponentsMELFs, leadles chip carriers and
all leadel|solde joints, shawv localized damag@ concentra-
tions with[ the damag shown in Figure 9-9 precediig an
advancirg| macro-crack.

The sold¢ joints frequenty connet materia of highly
dispara¢ properties causimg globd therma expansio my

expansio|mismatchs [Refs A-7:,.3, 5].

The sevefiy of thes therma expansi
thus the deveriy of the reli
desigh pafametes of the asse
environmentin Tab
environmens for nine of
applicatigrs are illustrafes

need to he emphasiZe
shoutl sefe only

FR4 PWBs CTE-mismatche of Aa <2|ppm/C are not
§ he variability of
the CTE values of on both compo-

nens ard PWBs

pically are the
nirg the thermal
h Aa, the tem-
e L,—are large.

cally stressand
tally cumulative
ailure of one of
f the component
hitially intermit-

9.4.1.3 Local Expansion Mismatch

The locd expansia mismatd resuls ffom differential
thermd expansion of the solde and the pa® materid of

the electronc componeh or PWB to whigh it is soldered.
Thes thermad expansia difference resut from differ-

ences in the CTE of the solde ard thos df the bae mate-
rials togethe with thermd excursiors [Refs A-7: 3, 5].

Locd CTE-mismatchstypically range from Aa~7 ppm/°C

egories the de with coppe to ~18 ppm/°C with ceram¢ and ~20 ppm/°C
can be rath@n\ l&
N
\EGRAIN MICRO- MICRO- MAGRO-
ROWTH VOIDS CRACKS

-

0% Ny

15% N, 25% N g

40% N, 100% N

Figur e 9-11- Depictio n of the Effects of the Accumulatin g Fatigu e Damage in Solder Joint Structure
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with Alloy 42 ard Kovar™. Locd thermd expansia mis-

matche typically are smallg than the globd expansion
mismatchessince the acting distancethe maximun wetted
area dimension is much smaller—n the orde of hundreds
of ~um (tens of mils).

9.4.1.4 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 expansio mismatchs typically are
the smallest since the acting distance the size of the grain

is afunction of temperatue ard time to provide ameasure
of the completenes of the stress-relaxatio process The

Engelmaie-Wild solde creep-fatige equatian [Refs A-7:

1-4, 7, 10 ], subje¢ to sone caveas listed later, relates the

cyclic visco-plastt stran enegy, representa by the cyclic

fatigue damag@ term AD, to the median cyclic fatigue life

for both isothermal-mechanitaand therma cycling [Ref.

A-7: 14]

N450/)— D]_ -
q.

structure is mughrsmatte-thanreithe-the-wetteHengtrot
the componehdimension—in the orde of less than 25 um
(<1 mil) [Ref. A-7: 9].

9.4.1.5 Solder Attachment Failure

The failure of the solde attachmehof a componehto the
substrag to which it is surfa@ mountal is commonly
definal as the first complet fracture of any of the solder
joints of which the componeh solde attachmehconsists.

Given tha the loading of the solde joints is typically in
shea, rathe thgn in tension the mechanich failure of a
solde joint is not necessanl the sane as the electti
failure. Electricglly, the mechanichkfailure of a sold
results at leag
short-duratio (¥1 p9 high-impedane everi during ¢
amechanichor therma disturbanceFrom a practica

vation of such gn event.

For sone appligatiors this failure

equate For high-sped sig 3
deterioratim prior to the c

solde joint mid
tion. Similarly, f
assembligto si

ht requite a
Dr applicati 5

where
€'; = fatigue ductility codfiCi tectc and

Alue of E';

ngineering
al usetem-

the cyclic
$has to be
et creep/
iprs tha do
axation AD
mperature-

B6¢

[Eq. #2]

where
Ts, = mean cyclic solde joint temperature
p = half-cycle dwel time in minutes.

The half-cycle dwel time relates to the cyclic|frequency
ard the shape of the cycles and represerd the {ime avail-

loading a failu
weakenimg of t

9.4.2 Reliabili

9.4.2.1 Creep-Fatigue Modeling

able for the stress-relaxation/credo take placed.

Equatiors #1 and #2 come from agenerc under
the respons of SM solde joints to cyclically ac
fatigue damag resultirg from shea displacem
the globd therma expansia mismatche betws

standig of
cumulating
ergt due to
@& compo-

nert ard substrateThes shea displacemerst d

It has been experimentall shown [Refs 2,4, 12, 13] that
the fatigue life of surface mournt solde joints can be
describé by a powe law similar to the Coffin-Manson
low-cycle fatigue equation [Ref. A-7: 14] developé 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 9-5), the specializé ca of the Coffin-
Mansm equatio requires reversia to the more general
strain-enegy relationshp of Morrow [Ref. A-7: 13]; it also
requires tha the cyclic stran enegy be basel on the total
possibé therma expansia mismatd and that the exponent

au® 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-7:

13, 17-19].
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9.4.2.2 Statistical Failure Distribution and Failure
Probability

While the physicd parametes define the median cyclic
fatigue life from physics-of-failue considerationssolder
attachmen failures for a groy of identicd components
will follow a distribution like all fatigue results which
typically is beg describé by a Weibull statistica distribu-
tion [Ref. A-7: 18]. Given the statistica distribution the
fatigue lif e at any given failure probability can be predicted
as long as the slope of the Weibul distribution is known.
Thus the fatigue life of surfae mourt solde attachments

which can give more detaila information and can include

second-orde effects but requie a large numbe of not

fully-supportel assumptioa [Ref. A-7: 21]; and closed-
form empirically-basd relationshig of the first-order
design parameterswhich canna include second-order
effects and hawe use limitations due to their simple nature,
but allow, due to their simple form, a dired assessmerof

the impad of the primary desigh parametes as well as

desigq trade-dfs.

The following cyclic fatigue damag terns are of the sim-

at a givenlacceptals failure probabilily, x, 1Is—assumig a
two-paramete (2P) Weibul statistica distribution—given

by
1
[Eq. #3]

where

B =Weibul shap parameteor slope of the Weibul prob-
ability| plot; typically B=3 for fatigue tests from low-
acceleratia tess of stiff leadles solde attachments
=4 ard =2 for compliart leadel attachmepts.

Experimental, B can be found to be quite vaxiabk
more seerey acceleratd reliability test resultirg
tighter failure distributiors and thus giving la

for B. Values of B in the range

observed

There is gome unfortunatey
that for Idwer failure prob
Weibul djstribution
to first failure [Refs A
physics-aof-failue and dan
failure threshotl as
makes sense singz
has to accumula
propagatiopry
overly cofiservatie
failure prdg iti
failure-freg periodisd
requires more werk.

plified closed-fom type and shoutl be utilized with the

application caveas tha follew, [Refs Ay7} 1-4, 7, 10, 14,
22].
The cyclic fatigue da dles SM solder

attachmentsfor
exced the spftle

ne solde joints

[Eq. #4]

btes that hawe a
M solde attach-

= empiricd ‘‘non-ideal’ factgr indicative of
deviatiors of red solde jointg from idealizing
assumptios and accountirg fqr seconday and
frequenty intractabk effects| suc as cyclic
warpage cyclic transients non-ided solder
joint geomety, differert soldg cradk propaga-
tion distancesbrittle IMCs, Rb-rich boundary
layers and solder/bonded-nmatetieexpansion
differencesas well as inaccufacis and unce-
tainties in the parametes in Eqs #1 through
#4;, 1.5>F 1.0 for ball/column-like leadless
solde joints (C4, C5, BGAs, CGAs),
1.2>F>07 for leadles solde jpints with fillets
(castellatd chip carries and chip compo-
nents) F=1 for solde attaghmert utilizing
compliart leads;

h= = solde joint height;

| h . , o , 2L = maximun distane betwe@ cpmponen solder
A S0, WNE TUeS gl.'"g 10 TOWTEILTE PrODEDITHES e Varl- joints measurd from componen solde joint
ability in the quality of the solde joints may no longe be pad centersL, is sometims referre to as the
negligible also solde joints with latert defecs tha made distane from the neutrd point (DNP):

it into the field will hawe in impad on the actua failure To, Ts = steady-stat operatiy temperatue for compo-

experiene of a produd in the field.

9.4.2.3 Damage Modeling

The assessmeérof the cyclically cumulatirg fatigue dam-
age is nat a straight-forwad task While Eq. #1 is widely
used the questia of how to beg quantify the cyclic fatigue
damage is still hotly debated The choices are primarily
between more comple finite-elemen analyss (FEA),

nent substrag (T->Tg for powe dissipatia in
component during high temperatug dwell;
Tc.o Ts o= steady-stat operating temperatug for compo-
nent substrag during low temperatue dwell,
for non-operationla (powe off) half-cycles

TC,O

Tsom = (Ua)(TcH+TstTc o +Ts o, mean cyclic solder
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joint temperature; peraturesCovercoas can eithe increa® or decreas solder
Oc 0g = CTEsfor componentsubstrate; joint fatigue lives dependig on the properties of the cova-
AD= = potentid cyclic fatigue damag at complete coa and when ard how it is applied Parylené™ has been

stres relaxation; found to increag the solde joint fatigue live by abou a
AT = Tc—T¢ o cyclic temperatue swing for compo- factar of three.

nent; : : o . .

' . . In general caution might be indicated in all instances were

ATg =TsTs o cycling temperatue swing for sub- 9 a 9

strak (at component);

AQAT)- = lasATs—a AT, absolue cyclic expansion
mismatch accountiry for the effects of power
dissipation within the componeh as well as

the predictel life is less than 1000 cycles becaus the
sevee loading conditiors producirg such shot lives are
likely to produe differert damag@ mechanisre or/ard fail-
ure modes.

temperatue-vatiatiors-externdto-the-compo
nent;

Aa =loctad, absolue differen@ in CTEs of com-
porfert and substrate CTE-mismalch because
of the inheren variability in materid prope-
ties|Aa<2x10° shoutl nat be used in calculat-
ing reliability.

9.4.2.4 Caveat|1 — Solder Joint Quality

The solde joint|fatigue behavia ard the resultirg reliabil-
ity prediction eguations Eqs #1 throuch #2, were dete-
mined from therma cycling resuls of solde joints that
failed aresut gf fracture of the solde, albei sométi
closee to the IM( layers For solde joints for which la
structure are inferpose betwea the base materid and the
solde joints, thee equatios could be optimistic Upp
bounds if the i
‘'weakes link’
Sud layere stf
hawe wea bonfk to the underlyirg™has
wed themselvesor dissole esseqti
solder oxide orf contamin@a S
metallugicd bord of the soldg
brittle IMC laye &
long high tempe

Solde joints whi
h<50 to 75pm
joints tha thin,
lic compoung ard th £ solde\metdk that do nat go into
solution with the basge metak.to form the IMCs. Therefore
Eqgs #1 ard #2| donot appy becaus thee gaps are not
filled with sold
creg asreadily, if at aII a the prevalllrg temperatureand
are typically more brittle, but much stronge than solde.
Thus fatigue lives are longe than would be predictel from
Eqgs #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-7: 23]. Componert tha are glued-dow to
the substrag resut in highe solde joint fatigue reliability,
since the solde joints are loadeal in compressin when the
adhesie contracs on cooling from the solde reflow tem-

perature Excursions
ngs which
bmperature

9.4.2.5 Caveat 2 — Large Te

5 place do
gs #1 and
ifferert than
bendenon
icro-crack
cro-cracks
stres cold
io consid-

peratures
<l s e.qg,
Te< 0°C,

‘ qolde joint
is not the dominann mechanismthe dired apglication of
the Coffin-Mansa [Ref. 14] fatigue relationshp might be
more appropriate This relationshp is

1 2 -
€
o) == —]| °©

[Eq. #5]
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 ard the|separation
of the plastic from the elastt strains.

For loading conditiors of this characte, it is pgssibé that
Igh-CyCE Tafigue behavi@ may be observed.

9.4.2.7 CAVEAT 4 — Local Expansion Mismatch

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 primary caug of fatigue dam-
age Equation #4 does not addres the locd thermal
expansio mismatch This reliability problen need to be
assesskusing an interfacid stres analyss [Ref. A-7: 25]
ard appropria¢ acceleraté testing.
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Suhr [Ref. A-7: 25] has shown that the interfacid stresses
resultirg from the locd expansio mismatd follow

TUL (aSoIder_ C(Basa(-rmax_ Tmin)

[Eq. #6]
whee L is the wetted length of the solde joint. In addition,
besides substantih shea stresss at the interfae between
the solde joint and the bas materid to which it is wetted,
even larger peelirg stresse occu. Both of thes stresses
are proportionad to the parametes given in Eq. #6.

Howeve, since in mog applications the locd expansion

Ny =fatigue life at the sane specift cyclic load levd j
alone.

The fatigue lif e is frequenty not completey specifie and
is normally taken to be the mean cyclic fatigue life. Equa-
tion #8 can be usal with the allowablke CDR significantly
less than unity to provide margins of safety, or more accu-
rately, margins of ignorance.

Becaus the failure of solde joints resuls from wearout
due to fatigue the failure rate is continuousy increasing.
Thisisin stak contras to the reliability desigh philosophy

mismatd resuisincontributory

damag tq the more importart damag cause by the glo-
bd expansio mismatch this

contra-ingdlicatio can be ignored without suffering cata-
stropht cpnsequences.

From the availabk experimenthdata the damag term, to
be usal in Eq. #1, for the locd expansio mismatd alone
is

AD(local) = [LAS AT

whete the|parametes are the same as in Eq. #6 afx
mm, a sdalirg wetted length The locd expsa
matd is then treatel as an additiona loading
(s 9.4.28 & 9.4.2.9).

The loadi
includes mary differert use ¢
ditions [Refs A-7: 2 .

(e.g, “Cqld” temp

highe temperatue creépft
combine with vibrati
all make t
agein sol
age contri

underlies
neos oc(

Miner’s ry

Frequenty the'initial reliability objective is statel as an

of NI LIF\DI/ ’)1 7 [Dn'F VAN 7 ’)ﬂ] wihich

oVt VUTITCTT

start failurerate The®i failurer

ative failure probability of x9
%)~ = fatigue lif e at the cyclic load |
ure probability of x% .

is approat works very well for the deq
attachmen for a single component How
equae for a reliability analyss of a the w

9.4.2.9 System Reliability Evaluation

Equatiors #1 throuch #9 addres the relid
solde attachmenhof individud compone
sig of a variety of differert componerd
occu in multiple quantities Furthe, as sh
mary use environmeng cannd and shou
sentel by a single thermd cyclic environ
mulating fatigue damag from othe sourc
therma environmens as describé in C4
well as vibration, need to be included alg

For a multiplicity of componentsi. in

resums acon-
htes are properly

ilure distribution.

le lif e shoutl be
re probability at

. |Thus Eq. #8 is

[Eq. #9]

Iting in a cumu-
0

pvd | ard afail-

iqn of the solder
eva, it is inad-
hole assembyl.

bility of the SM
ntsSystens con-
mog of which
bW in table 9-5,
b nat be repre-
ment and accu-
bssud as cyclic
\veas 2 to 4 as
0.

the system the

allowabk net cumulative damag ratio (CDR). The CDR is
calculate as the sum of the ratios of the numbe of occu-
ring load cycles to the fatigue lif e at ead loading condition
ard is

i
ZlN—‘
[Eq. #8]

where
N; =actualy applied numbe of cycles at a specift cyclic
load levd |,

i

effect of the various componerg on the systen reliability

can be determinéd from

| J
I
Fs(N) =1 exp{ 1n(1 0.01x)§ n'[j:zl N (X%)]

[Eqg. #10]
where
Fs(N)- = systen cumulatiwe failure probability after N

totd cycles,

n, = numbe of componerg of type i,

1
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N (x%)=actualy numbe of cycles applied to compo-
nert i at a specifc cyclic load levd j, Nf
(x%)
Bi =Weibul slope for SM soldeg attachmenh of
componeni.

Vi

9.4.3 DfR-Process

For Flip Chip and Chip Scak technologis the bigges reli-
ability concen is the large expansio mismatt between
the chip silicon and the polymeric substrate This either
mears relatively smal chips or the use of organic underfill
materias which relieve the solde joints from mog of the

attachmerd mears increasig the solde joint heigh (C4,
C5, shimming gluing [Refs A-7: 30, 31], 10Sn/90B balls,
10Sn/90B columng or switching to a leadal attachment
technolog. For leadal attachmergincreasig lead compli-
ang/ can mean changirg componensupplies to those hav-
ing lead geometris promotirg highe lead compliang or
switching to fine-pitch technolog.

The DfR-proces need to emphasie a physics-of-failure
perspectie without neglectirg the statistica distribution of
failures The proces might involve the following steps:

A.ldentify Reliability Requirements—expected

thermd expangia mismatd loads The underfil material
does howeve make repaiss difficult if not impossible.

Appropriae DfR-measurs to improwve reliability can take
one of two forms, which are bes employel in combination
for improve reliability margins These measurs are:

1) CTE-tailoring to redue the globd expansia mis-
match

2) Increasimg attachmeh compliangy, e.g, by
increasimy the solde joint height to accommodate
the glgbd expansio mismatch;

3) Underjilling the gap betwea the componefra
substrate;

nd

Furthe, a DfR procedue aiming at high-reliability should
alo include
4) Choodiy ba® materiab tha hawe nat too large
locd JTE-mismatb with sotde,
5) In casgt item (4) cannd
tinuous wetted length
stressegs.

CTE-tailoring involves ch
combinatiors

achiee an opti
componerg dispi
on the powe d
CTE, ard 0 pp
sinee an asseryik
CTE-optimiz
components—t
larged threa tqg reliability. For/military applicatiors with
the requiremenof hermetic—an thus ceramic—

desiqn life and acceptakd cumutat{ve failure
probability at the erd of th|s desigrlifg;

/ironments

d produce
btar);

—par and
rties (e.g.,

ity potential
lo the reli-
b shown
A-7: 32],
oces may

. Balane Performance Cog and Heliability
Requirements.

9.4.4 Validation and Qualification Tests

The lessoms learna over the pag 15 yeas with surface
mourt technoloy (SMT) and fine-pitch attachments
shoull be heede and applied Howeve, sopre of the
emeaging advanced technologis fall outsice the previous
experiene with SMT attachmentslt is therefoe impor-
tant tha appropria¢ design validation and guialification
tess be carried out to exterd and if necessaf alter and
augmentthe existing understanding.

The validation and qualification tess shoul follow the
guidelines given in IPC-SM-785 Guidelines for Accela-
atal Reliability Testirg of Surfae Mount Solde Attach-

components CTE-tailoring has mean the CTE-
constrainig of the MLB s with sud materiaé as Kevlar™
ard graphie fibers or coppe-Invar-copp& and coppe-
molybdenum-coppeplanes Suc solutiors are too expen-
sive for mod commercia applicatiors for which glass-
epox or glass-polyimi@ are the materias of choice for the
MLBs. Thus CTE-tailoring has to take the form of avoid-
ing larger size componert tha are eithe cerame (CGAs,
MCMs), plastic with Alloy 42 leadframe (TSOPs SOTs),
or plastc with rigid bondel silicon die (PBGAS).

Increasig attachmeh compliany for leadles solder

ments.

Howeve, for large componerg with significant hea dissi-
pation and smal globd CTE-mismatchestemperature
cycling test are inadequag to provide the requirel infor-
mation full functiond cycling—includirg extern& tem-
peratue ard internd powe cycling—is necessat.
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9.4.5 Screening Proceedures

9.4.5.1 Solder Joint Defects

The solde joint defect of greates reliability concen are
those involving inadequag wetting for whateve reason.
Well wetted solde joints, regardles of their geometric
variatiors within the standard provided by IPC-A-620,
Acceptabiliyy of Electront Assemblis with Surfa@ Mount
Technologis and ANSI/J-STD-001 Requiremerd for Sol-
deral Electricd and Electront Assembliesand somewhat
beyond will not pos areliability threa due to inadequate
quality.

Tho< solfle joints hawe adequag strengh even for severe
mechanidh loading conditiors as well as no diminished
therma cyclic fatigue reliability. Only with sevee offsets
beyord Class 2 requiremert is the reliability diminished.
Howeve, |solde joints not propery wetted can prema-
turely faill both as the resut of mechanich ard thermal
cyclic loafling [Refs A-7: 1, 22]. Voids in the solde joints
are generaly regarde as not constitutirg areliability threat
[Ref. A-7: 28]. Possibé exceptios are large voids reduc-
ing the solde joint cross-sectin enoudh to redue a
requirad therma hea transfe function, and voigds.in hi
frequeng|applicatiors where the voids can
deterioration.

9.4.5.2 Screening Recommendations

Effective 4
ing the fai
equatey
damag tg

The beg r
for 10-20
C. This Ig
overstres

Therma

of the technolog. Information is alo needé on the sa-
vices that are availabk and the® services neel definition.

The requiremers for underfil technoloy neel to be avail-

able and well understoodDifferenca betwea the configu-

ratiors tha require ard those tha do not require sudt as

when silicon is mountel on silicon, neel to be adequately
described.

The difference betweea the peripherd ard array package
I/O relationshp are important Sone of the chip scak tech-

nologies hawe addresse tha isste by providing a rugge-
dized mounting structue tha takes peripher& I/Cs and
convers them into array type packages.

The ability to do failure analyss and methodologis for
proces ard proces contrd definition are also a major
requiremeh in sone of the standardslt has been stated
tha the industly need areliability databas or amodd that
helps to clarify the issues on what standard exig and what
standard are needed.

There are mary questiors to be answerd for those people
} ior3 addres such
items as:

(bumpel dice)
owns it?)
i solders elas-

ICs, for MCMs,

neal definition
ction techniques

b

*Proces robustnes descriptions
« Definition of critical assemb} par@meters
Wafer dicing, wafer bonding wafer burn-in
» Wafer availability vs. individud cHip

In addition to the abow list, uses are intgresté in perfa-
mane vs. cog relationshipsAlthough the® are not gene-
ally definal in a standardthe selectio pfoces shoutl be
clea and well understod so tha those epterirg the tech-
nology hawe a clea understandig of the high cog for
entry. The low volume use shoull conside techniques
usirg chip scak packageswher handlirg the chip, as a
packagemay be more advantageasithan the conventional
flip chip high-volume approaches.

10.1 Standards for Development

Standard for developmenhare categoriz€ into four major
sections Thes sectiors ded with the follqwing:

mane standards

e Mounting substrag¢ design and performane stan-
dards (10.3)

e Flip chip/substrag assembl desigh arnd perfar-
mane standard (10.4)

» Materid performane standard for flip chip manu-
facture and assemby (10.5)

The following sectiors descrile those standard tha need
to be created In ead instance a scope ard purpo® have
been developd for consideratia by the standad develop-
ers At the time of the releag of this publication some

2
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standad developes hawe alread startel work. Individuals
are encourage to contad the publishes of ANSI/J-STD-

012 and voluntee to participat in the standardization
effort by identifying those standad committes in which
they wish to participate.

10.2 Flip Chip Development and Performance Stan-

dards

The following sectiors defire standard tha are proposed
to be developd for flip chip and chip scak technologies.
Eadh section deak with particula characteristicsa table
including a propese-seepp-ardpurpor-foreadtstandard

is proposd in dad section.

reducirg alpha radiation tha may impad chip operating
conditions (See figure 10-3)

STD. Performanc e Standard for Flip Chip/Chip
No. 103 Scale Bumps
SCOPE:~ This standard establishes the performance
requirements for flip chip and chip scale
devices. All flip chip devices shall meet all the
parameters detailed in this document.
PURPOSE:~| The intent of this specification is to allow the

manufacturer of flip chip or chip scale devices
the flexibility to implement the best commercial
practices, to the maximum extent possible,

while-providing-a-product-that-reetsihe electri-
cal requirements m in thiscspgcification.

10.2.1 Flip Chip IC/Component Design

This standad i

intendel to ded with chip finish require-

mens sud as passivatio and metalization Pin die, mark-

ing conventiors

are describé as well as the desigh ard the

rules for flip chip or chip scak technoloy. (See figure

Figur e 10-3- Bump Perform

vibration,
golderabilify. testing Yol€rances voids,

and purity in flip chips arexdissuss ags the chip

C.

vell as the
owngoad die. (See figlyire 10-4)

(1? 0
0

©
=

he
st Method s for Flip Chip
Chip Scale Performance

10-1)
STD. Semiconducto r Design Standar d for Flip
No. 101 Chip Applications

SCOPE:~ his standard addresses semiconductor
bsign. It is intended for applications udlizin
andard substrates, assembly and test meth-
Ois.

PURPOSE:~ | The purpose is to provide design standards/that

This standard describes the tests| and test
ods required to ensure the qualify and reli-

ability of flip chip and chip scale products.

e commensurate with established manufac-
ring practices. Process

=

Cation methods.
ectrical, thermal, an

DO =O0 =40 4]0 0 O -

=

gliability assogfated W

Figur e 10-1- SHg miconducto\r\pe’s'

10.2.2 Mechanijical Outline

This standad is
ances ard bunp spe
line for flip chiy

intendal to\ded\wi
i iols relate

establish
tance cri-

The purpose of this document is td
standardized test methods and acce
teria, to facilitate test data correlatiof between
vendors and users. Included are testg for tensile
and shear strength, composition anfl bonding
conditions.

Figur e 10-4- Flip Chip and Chip Scale Test Methods

10.2.5 Trays for Flip Chip (Shipping and Delivery)
This standad is intendel to cove die and suljstra¢ han-

dling. It includes detaik on shippirg trays for by
or chip scak packages(See figure 10-5)

mpel dice

. P STD.
thellbunﬁ.pltch f.chara;céezrlsthsas No. 105- Flip Chip/Chi p Scale Carrier Tray $tandard
well as allgnmsg ijgure - : ) : .
9 9 ) SCOPE:~ This standard defines the properties ¢f handling
. - - - trays used for shipping and pick & plgce equip-
STD. Niechanica | Wtandgrd for Flip Chip or ment used for flip chip die or chip s¢ale pack-
No. 102 Chip Scale Configurations . .
age placement. The intent is to pfotect the
SCOPE:~ This\standard establishes mechanical require- chips from physical, and ESD damagé and from
ments for devices supplied in flip chip or chip contaminates.
spale pgokage formals, . including d!e surface, PURPOSE:-| The purpose is to provide a standard for a sys-
die terminals and bump interconnections. . . .
tem of trays that will allow pick and place equip-
PURPOSE:~| The purpose of this standard is to establish a ment designers a uniform set of carriers from
family of mechanical outlines and footprints to which to pick die for test, burn-in and assembly.
minimize the number of variations. Pitch, bump Trays will need to accommodate chips having
size/locations, coplanarity, and associated tol- varying sizes and bump configurations yet have
erances will be included in this standard. uniform outlines. This specification covers the

Figur e 10-2- Mechanica | Outlines

10.2.3 Performance Requirements for Bumps

This standad is intendel to ded with performane charac-
teristic related to bump materiab ard the techniqus for

environments that the trays must withstand,
including storage, and type of environmental
protection for the flip chip devices provided by
the carrier.

Figur e 10-5- Flip Chip/Chi p Scale Carrier Trays

A
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10.2.6 Configuration Management

This standad is intendal to ded with inventoy control,
considerig sud items as lot identification and known
godd die. The die and substra¢ handlirg are discussd as
well as wafer dicing, wafer bonding ard wafer burn-in.

(See figure 10-6)

STD.
No. 106

Bare Dice as Flip Chip or Chip Scale Con-
figuratio n Management Standard

SCOPE:-

This standard establishes the requirements for
identification, tracking and inventory control for
flip chip devices or chip scale packages (pas-
sive and active) intended to be mounted on a

STD.
No. 107

Design Standar d for Flip Chip and Chip
Scale Mountin g Structures

SCOPE:~

This standard establishes requirements and
other considerations for the design of organic
and inorganic mounting and interconnecting
structures to be used primarily for mounting
passive and active devices in bumped dice or
chip scale package formats.

PURPOSE: -

The purpose of this standard is to establish
principles and guidelines that shall be used to
produce detailed designs to accommodate the
mounting of passive and active devices in a
face-down configuration. The standard covers
layers, dielectric separation, via formation, etc.,

substrate or carrier such that visual examination
of the attachment joint is not possible after any
level of packaging. Included are instances
where additional passivation, metalization,
bumps, etc. hinder the identification of the
device and/or its mask version, lot number,
date code, etc.

PURPOSE:

T
J

The purpose of this specification is to permit
determination of vendor, part number, revision,
lot numbers, date codes, programmable con-
tents, etc. of devices used in a “flipped”’ orien-
tation. This document provides methods and
systems for marking, inventory and device ori-
entation.

eatures that are
cale application.
d trade-offs for
hnces of the MIS

Organic

bquiremers for
ctures (See fig-

Figur e 10-6- Flip Chip/Chi p Scale Configuration

Managemgnt

10.3 Standard on Mounting of Substrate Desi
and Performance

Standard|on mountirg of substrag

formane [for the mountirg al

take severh forms The desig Stands

mens of

well as the assem

W ~Oualificati
organic and inorgannt' strué

10.3.1 Dgsi

This stan
ard inorg
ard chip 9

lificatio n and Performanc|
Flip Chip Organi c Mountin

e Standard for
g Structures

CObE'Q/ This standard covers organic
tures intended primarily for th
semiconductor die in face-do

The structures may be singl
sided or multilayered with o
buried vias.

mounting struc-
e attachment of
n configurations.
b-sided, double-
I without blind/

PURPOSE:- | The purpose of this specificat]
requirements for qualification

of mounting structures made @
als with metallization whose pi
to interconnect semiconductd
on the structure surfaces. [
dimensional, physical, electric
and construction integrity are

as the methodologies for their

on is to provide
nd performance
f organic materi-
mary purpose is
r dice mounted
etails of visual,
hl, environmental
escribed as well
pssessment.

Figur e 10-8- Organi c Mountin g Structur e

10.3.3 Qualification and Performance of|

Performance

Inorganic

Mounting Structures Intended for Flip Chip Mounting

This standad is intendel to descrike requi
ganic mountirg and interconnectia struc
10-9)

remers for inor-
ures(See figure

10.3.4 Qualification, Quality Conformance, and

In-process Test Methods used for Organi
Chip Mounting Structures

This standad is intendel to descrile the

c/Inorganic Flip

ted method to

qualify the proces ard the product totd assembyt related

to the packagig issues (See figure 10-10

)

10.4 Flip Chip/Substrate Assembly Design and

Performance Standards

This sectiors covers the detaik for those standard neces-
say to detal the flip chip and chip scak relationshp to the

QR


https://iecnorm.com/api/?name=18134455626b98436ef77e08a89cec45

	RETURN TO CONTENTS
	CONTENTS
	1 SCOPE
	1.1 Purpose
	1.2 Categorization

	2 TECHNOLOGYOVERVIEW
	2.1 HistoryofFlipChip
	2.1.1 HybridThickFilmPackages
	2.1.3 MultilayerCeramicSubstrate(MLC) 2.1.2 HybridThinFilmPackages
	2.1.4 ThinFilmonMultilayerCeramic
	2.1.5 ThinFilmonOrganicEpoxy/GlassLaminate
	2.1.6 ChiponFlexiblePrintedBoard
	2.1.7 ThinFilmonSilicon
	2.1.8 CharacteristicsofFlipChipTechnology

	2.2 IntroductiontoChipScalePackaging
	2.2.1 ChipScaleGridArrayPackages
	2.2.1.1 MicroBGA(BGA)
	2.2.1.2 MiniBGA
	2.2.1.3 SLICC
	2.2.1.4 ChipScalePackage
	2.2.1.5 PeripheraltoAreaArrayConvertor

	2.2.2 PeripheralLeadedChipScalePackages(CSP-P)
	2.2.2.1 MicroSMTorMSMTPackage
	2.2.2.2 ChipScalePeripheralPackages

	2.2.3 Advantages and Disadvantages of Chip Scale Technology


	3 APPLICATIONSOFFLIPCHIPANDCHIPSCALE
	4.0 DESIGNCONSIDERATIONS
	4.1 ChipSizeStandardization
	4.1.1 BumpSiteStandards
	4.1.2 PeripheralLeadStandards
	4.1.3 PackageSizeStandards

	4.2 GeneralConsiderationsforFlipChips
	4.2.1 FinalMetal
	4.2.2 Passivation
	4.2.3 PadLimitingMetals
	4.2.4 SolderBump
	4.2.5 ExistingChipDesigns
	4.2.6 I/OCapability
	4.2.7 AlphaParticleEmissions(SoftErrors)
	4.2.8 EdgeSealDesign

	4.3 GeneralConsiderationforChipScale
	4.3.1 ChipScaleGridArrays(CSP-A)
	4.3.2 PeripheralLeadedChipScalePackages(CSP-P)

	4.4 SubstrateStructureStandardGridEvolution
	4.4.1 FootprintDesign
	4.4.2 DesignGuideChecklist
	4.4.3 FootprintPopulation
	4.4.3.1 RedundantBumps
	4.4.3.2 ChipsThatWillIncurDesignShrinks
	4.4.3.3 I/ODriversonthePeriphery
	4.4.4.4 IsolatingSensitiveI/Os


	4.5 DesignOutputRequirements
	4.5.1 FinalMetalReticleMask
	4.5.2 Passivation(TerminalVia)ReticleMaskandPlan
	4.5.3 UnitCellDesign
	4.5.4 PrintedBoardLandPatternDesign

	4.6 ElectricalDesign
	4.6.1 EquivalentCircuitry
	4.6.2 FinalMetalTraces
	4.6.3 InductanceandCapacitance
	4.6.4 HighFrequencyPerformance

	4.7 ThermalDesign
	4.7.1 BumpInterconnectThermalModel
	4.7.2.1 ThermalPasteModel
	4.7.2.2 ChipUnderfill



	5 MATERIALPROPERTIESANDPROCESSES
	5.1 SolderBumping
	5.1.1 SolderEvaporation
	5.1.2 SolderElectroplating
	5.1.3 SolderPasteDeposition
	5.1.3.1 SolderScreenPrinting
	5.1.3.2 StencilTransfer

	5.1.4 ConductivePasteMethod

	5.2 ConductiveAdhesives
	5.2.1 DesignIssues
	5.2.2 AnisotropicAdhesiveDetails

	5.3 SolderBumpEvaluation
	5.4 OtherBumpingTechniquesandMaterials
	5.4.1 BoardProcessAttach
	5.4.2 GoldBumping
	5.4.3 GoldBumpFlipChip
	5.4.4 Indium-BasedBumps
	5.4.5 BumpTransfer
	5.4.6 StudBumping(BallBonding)

	5.5ChipMaterials
	5.6 OtherBumpingProcessConsiderations
	5.6.1 Redistribution
	5.6.2 ElectrostaticDischarge(ESD)

	5.7 Handling,ShippingandStorage

	6 MountingandInterconnectionStructures
	6.1 Background
	6.2 MountingStructuresGeneralConsiderations
	6.3 InterconnectionSubstrateMaterialChoices
	6.3.1 RigidOrganicSubstrates
	6.3.1.1 Epoxyglass
	6.3.1.2 Polyimideglass
	6.3.1.3 BT-EpoxyGlass(Drycladvariant)
	6.3.1.4 CyanateEster
	6.3.1.5 Teflon6.3.1.9 SolderResist
	6.3.1.6 PolyimideQuartz
	6.3.1.7 Corelam(EpoxyorPolyimide/Aramid)
	6.3.1.8 HighPerformanceEpoxy

	6.3.2 FlexibleLaminates
	6.3.3 InorganicSubstrates
	6.3.3.1 AluminumNitride 6.4 SurfaceFinishProperties
	6.3.3.2 Alumina
	6.3.3.4 Beryllia
	6.3.3.5 Silicon
	6.3.3.6 Metals

	6.4.1 Chemical plating finishes (electrolytic and 6.3.3.3 Co-firedMultilayerCeramic electroless)
	6.4.1.1 Copper
	6.4.1.2 Nickel
	6.4.1.3 Gold
	6.4.1.4 Tin-Lead
	6.4.1.5 CopperFoil/Film

	6.4.2 Thickfilmmetallicfinishes
	6.4.2.1 Thickfilmdepositionprocesses
	6.4.2.2 PolymerThickFilm

	6.4.3 Sputtered(ThinFilm)ConductiveFinishes
	6.4.3.1 SputteredMetalDepositionProcess
	6.4.3.2 ThinFilmSubtractiveProcessImagePatterning
	6.4.3.3 Additiveprocessimagepatterning

	6.4.4 AlternativeProtectiveCoatingsforConductors 6.5.1.4 MetalCorePWBs

	6.5 SubstrateConstructions
	6.5.1 RigidPrintedWiringBoards
	6.5.1.1 Single-SidedPWBs
	6.5.1.2 Double-SidedPWBs
	6.5.1.3 MultilayerPWBs
	6.5.1.5 MCM-LConstructions

	6.5.2 FlexiblePrintedWiringBoards
	6.5.2.1 Single-SidedFlexibleCircuits
	6.5.2.2 DoubleAccessFlexPrintedBoards
	6.5.2.3 Double-SidedFlexPrintedBoards
	6.5.2.4 MultilayerFlexPrintedBoards
	6.5.2.5 Rigid-FlexPrintedBoards


	6.6 ThermalRequirements

	7 ASSEMBLYPROCESSES
	7.1 SubstratePreparation
	7.2 ChipandChipScalePlacement 7.3.2 AdhesiveInterconnection
	7.3 AttachmentProcesses
	7.3.1 AttachmentProcessforSolder
	7.3.2.1 AnisotropicallyConductiveAdhesives
	7.3.2.2 IsotropicallyConductiveAdhesives
	7.3.2.3 NonconductiveAdhesiveProcess

	7.3.3 ThermocompressionBonding

	7.4 Cleaning
	7.4.1 No-CleanFlipChipConceptsandProcesses
	7.4.2 AqueousFlipChipCleaningTechnology

	7.5 AttachmentInspection
	7.6 Underfill(FlipChipEncapsulation)
	7.7 ElectricalTest
	7.8 Rework
	8.0 FlipChipTestandBurn-inMethodology
	8.1 KnownGoodDie
	8.1.1 ICQuality
	8.1.2 ICReliability
	8.1.2.1 StandardProbe
	8.1.2.2 SpeedProbe
	8.1.2.3 Burn-In
	8.1.2.4 KnownGoodDie(KGD)


	8.2 KGDTechniquesforFlipChip
	8.2.1 IBMÑsR3
	8.2.1.1 R3CarrierReuse
	8.2.1.2 R3TestandBurn-In
	8.2.1.3 R3DieQuality
	8.2.1.4 R3ProcessHistory

	8.2.2 MCNCsBurn-inandTestSubstrate(BATS)
	8.2.2.2 BATSTestandBurn-In
	8.2.2.3 BATSDieQuality 8.2.3.3 TCAHeatDissipation

	8.2.3 IBM‹sDendriteTemporaryChipAttach(TCA)12
	8.2.3.1 TCACarrierReuse
	8.2.3.2 TCATestandBurn-In 8.2.2.1 BATSCarrierReuse
	8.2.3.4 TCADieQuality
	8.2.3.5 TCAProcessHistory


	8.3 Known-Good Mounting and Interconnection Structure
	8.3.1 TestingTechniques
	8.3.1.1 AreaArrayProbes
	8.3.1.2 FlyingProbes
	8.3.1.3 ScanningElectronMicroscope(SEM)


	8.4 ProductVerification
	8.4.1 Standard Test Access Port and Boundary Scan Architecture


	9 REQUIREMENTSFORRELIABILITY
	9.1 RobustnessofProductstoUse
	9.1.1 ChipScalePackageRobustnessandReliability

	9.2 ReliabilityFactors
	9.2.1 WearOutMechanisms
	9.2.1.1 CreepFatigueInteraction
	9.2.1.2 Electromigration
	9.2.1.3 Corrosion 9.2.2 SolderBumpMechanicalReliability
	9.2.1.4 Thermomigration
	9.2.2.1 Strain
	9.2.2.2 TemperatureCyclingFrequency
	9.2.2.3 ChipUnderfill
	9.2.2.4 SolderAlloyComposition

	9.2.3 ReliabilityModeling

	9.3 ReliabilityTesting
	9.3.1 Wear-OutMechanisms
	9.3.2 ReliabilityFactors
	9.3.3 EventRelatedFailures

	9.4 DESIGNFORRELIABILITY(DfR)
	9.4.1 DamageMechanismsandFailureofSolder Attachments
	9.4.1.1 SolderJointsandAttachmentTypes
	9.4.1.2 GlobalExpansionMismatch
	9.4.1.3LocalExpansionMismatch
	9.4.1.4 InternalExpansionMismatch
	9.4.1.5 SolderAttachmentFailure

	9.4.2 ReliabilityPredictionModeling
	9.4.2.1 Creep-FatigueModeling
	9.4.2.2 StatisticalFailureDistributionandFailure Probability
	9.4.2.3 DamageModeling
	9.4.2.4 Caveat1 SolderJointQuality
	9.4.2.5 Caveat2 LargeTemperatureExcursions
	9.4.2.6 Caveat3ÄHigh-Frequency/Low-Temperatures
	9.4.2.7 CAVEAT4 LocalExpansionMismatch
	9.4.2.8 MultipleCyclicLoadHistories
	9.4.2.9 SystemReliabilityEvaluation

	9.4.3 DfR-Process
	9.4.4 ValidationandQualificationTests
	9.4.5 ScreeningProceedures
	9.4.5.1 SolderJointDefects
	9.4.5.2 ScreeningRecommendations



	10 STANDARDIZATION
	10.1 StandardsforDevelopment
	10.2 Flip Chip Development and Performance Stan- dards
	10.2.1 FlipChipIC/ComponentDesign 10.2.4 PhysicalFlipChipTestingRequirements
	10.2.3 PerformanceRequirementsforBumps
	10.2.5 TraysforFlipChip(ShippingandDelivery) 10.2.2 MechanicalOutlineStandards
	10.2.6 ConfigurationManagement

	10.3 StandardonMountingofSubstrateDesign andPerformance
	10.3.1 DesignStandardforFlipChiporChipScale PackageMounting
	10.3.2 QualificationandPerformanceofOrganic MountingStructuresintendedforFlipChipMounting
	10.3.3 QualificationandPerformanceofInorganic MountingStructuresIntendedforFlipChipMounting
	10.3.4 Qualification, Quality Conformance, and In-processTestMethodsusedforOrganic/InorganicFlip ChipMountingStructures

	10.4 FlipChip/SubstrateAssemblyDesignand PerformanceStandards
	10.4.1 FlipChipAssemblyDesign
	10.4.2AssemblyPerformanceRequirements 10.4.5 AssemblyReliability
	10.4.3 AssemblyTestMethods
	10.4.4 Qualification and Performance of Rework and RepairofFlipChipAssembly

	10.5 StandardsforMaterialPerformance
	10.5.1 UnderfillMaterialRequirements
	10.5.2 PassivationMaterialRequirements
	10.5.3 EncapsulationMaterialRequirements
	10.5.4 AdhesivesUsedforFlipChipAssembly
	10.5.5 FluxforFlipChipMountingApplications


	11 FUTURENEEDS
	UNKNOWN
	11.1.1 Materials
	11.1.2 Equipment 11.1 CriticalFactor:ManufacturingInfrastructure
	11.1.3 Design

	11.2 CriticalFactor:BumpAttachmentandBonding
	11.2.1 DimensionalControl
	11.2.2 MetallurgicalIntegrity
	11.2.3 CleanlinessofBumpingSite

	11.3 CriticalFactor:TestingScenarios
	11.3.1 CriticalEnvironmentalTesting
	11.3.2 DieTestingforKGD
	11.3.3 InspectionandProcessControlAssurance

	11.4 TotalQualityManagementand Manufacturing(TQMM)


	TABLES
	Table3 1 CommercialFlipChipandChipScaleApplications
	Table3 2 ComparativeTableofVariousTechnologiesfora100Lead10x10mmDie
	Table4 1 CommonlyUsedPLMSystems
	Table4 2 C4BumpDiameterand MinimumPitchOptions
	Table4 3 AlphaParticleEmissionsof SemiconductorMaterials
	Table4 4 ChipEdgeSealDimensions(Typical)
	Table4 5 DesignrulesforsubstratesforChipScaleTechnology
	Table4 7 FinalMetalSignalTrace(30µm) Resistances(example)
	Table4 8 FinalMetalPowerTrace(60µm) Resistances(example)
	Table4 9 TypicalThermalResistanceforVariableBumpOptions(TripleLayerChip)
	Table4 10 TypicalBump(150Æm)ThermalResistances Multi-LayerMetalChips
	Table6 1 ComparisonofSelectedMaterialProperties
	Table6 2 InorganicSubstrateCharacteristics
	Table9 1 ProductCategoriesandUseEnvironments
	Table9 2 CoefficientsofThermalExpansion forTypicalMaterials
	Table9 3 TypicalHeights(Joined)
	Table9 4 AccelerationFactorValuesforExample1
	Table9 5 RepresentativeRealisticWorseCaseUseEnvironmentsforSurfaceMountedElectronicsandRecommended AcceleratedTestingforSurfaceMountAttachmentsbyMostCommonUseCategories

	FIGURES
	Figure2 1 BasicMetallurgy/GlassDesignforSLT Figure2 3 FlipChipwithSilverBumpStand-Off Transistors
	Figure2 2 ChipCollapseandEdgeShortingProblem DuringSolderRe owJoiningandTwoSolutions Figure2 4 ThickFilmGlassDamPreventingSolderFlow andCollapseinFirstC4Application
	Figure2 6 ThinFilmChromium-Copper-Chromiumon Ceramic(MC)
	Figure2 5 EarlyIBMHybridThickFilmModuleMixing CopperBallSMTTransistorsandC4IntegratedCircuit. (12mm)
	Figure2 7 Cross-SectionofCo redAluminaMultilayer CeramicPackage
	Figure2 8 FullAreaArrayC4Con gurationMicro- processorwith762SolderBumpsina29x29Array.
	Figure2 9 DepopulatedC4ArrayonChip
	Figure2 10 AreaArrayC4Con guration(a)11x11Full ArraywithCantileveredSilicon,(b)SEMView
	Figure2 11 StructureofHybridICUsingSolderBumpandCross-Sections
	Figure2 12 Uncapped50mmMulti-ChipModule(MCM)
	Figure2 13 IBMThermalConductionModulewith 100-130FlipChipsandHatwithPistonAssemblies
	Figure2 14 EffectofTCEMismatchonSolderFatigue Life
	Figure2 15 AT&TSilicon-on-SiliconPackagingSystem
	Figure2 16 Cut-awayofIBMGlass/CeramicTCMwithPolyimide/ThinFilmSurfaceRedistributionLayer
	Figure2 17 C4LifeExtensionbyUseofFilledEpoxy ResinswithMatchingExpansivity(Hitachi)
	Figure2 18 IBMSLCChip-on-CardTechnology
	Figure2 20 ChipScaleGridArrayPackage(CSP-A)
	Figure2 19 BridgingtheGap
	Figure2 21 ExampleofChipScale
	Figure2 22 MicroBGA
	Figure2 23 MiniBGA
	Figure2 24 SLICCChipScaleGridArray
	Figure2 25 ChipScalePackage
	Figure2 26 ResinEncapsulatedLSIChipwithBumps
	Figure2 27 PeripheralAreaArrayConverter
	Figure2 28 CutawayViewofanMSMTPackagedIC
	Figure2 29 MSMTPostsinSawLane
	Figure2 30 MSMTPostsinBondingPadArea
	Figure2 31 Cross-SectionalViewofanMSMTPackage
	Figure2 32 Close-upPhotoofMSMTPosts, EncapsulantandBottomoftheChip
	Figure2 33 ChipScalePeripheralPackage
	Figure4 1 FlipChipConnection
	Figure4 2 MechanicalandElectricalConnections
	Figure4 3 JoinedChipwithChipUnder ll
	Figure4 4 ASolderBumpFlipChipConnection
	Figure4 5 TwoSimpleChips,ShowingOriginalPadLocationsandReroutedBumps
	Figure4 6 RedistributionofaSingleMetalLayerDevice
	Figure4 7 Passivation(Cross-Section)
	Figure4 8 SchematicPlanViewofBump
	Figure4 9 ExampleofPadLimitingMetal
	Figure4 10 InitialC4BumpFigure4 11 AC4BumpAfterRe ow
	Figure4 12 RecommendedDCAGridPitch(250µm Grid,150ámBumps)
	Figure4 13 InterconnectDensity(Peripheralvs.AreaArray)
	Figure4 14 AlphaParticleEmissionTrackandE/HPairsFigure4 15 DistortionofDepletionbyAlphaParticles
	Figure4 16 ChipEdgeandPolyimidSeal
	Figure4 17 MSMTPostCon gurations
	Figure4 18 StandardGridStructure
	Figure4 19 BumpFootprintPlanning
	Figure4 20 AlignmenttoVisual/SensitiveChipStructures
	Figure4 21 MinimumPitchfromBumptoPassivationSeal( ÄAâÑ-  nishedbumpdiameter,plusalignmenttotolerances, plusdesiredminimum)
	Figure4 22 RedundantFootprint
	Figure4 23 DesignShrinkFootprint
	Figure4 24 SignalandPowerDistributionPosition
	Figure4 25 NestedI/OFootprints
	Figure4 26 TypicalBumpPassivationReticleMaskFormat
	Figure4 27 ProductUnitCellPlan(example)
	Figure4 28 PrintedBoardFlipChiporGridArrayLandPatterns
	Figure4 29 MSMTLandDrawingandDimensions
	Figure4 30 BumpElectricalPath(RedistributedChip)
	Figure4 31 BumpEquivalentCircuit(RedistributedChip)
	Figure4 32 FinalMetalTraceandUnderlyingTraces(CrossSection)
	Figure4 33 Thermal/ElectricalAnalogy
	Figure4 34 BumpInterconnectEquivalentModel
	Figure4 35 ThermalPasteExample
	Figure4 36 ApproximateThermalModelforThermalPaste
	Figure4 37 ChipUnder llExample
	Figure4 38 ApproximateThermalModelforChip Under ll
	Figure5 1 PhotomicrographofAs-PlatedSolderPads
	Figure5 2 PhotomicrographofSolderBumps
	Figure5 3 AnExampleofFineLineStencilPrinting
	Figure5 4 GoldBumpedICAdhesivelyAttachedtoaGlassSubstrate
	Figure5 5 NewlyDevelopedChiponGlassTechnology
	Figure5 6 SchematicCross-SectionalViewofConnectionforChiponGlass
	Figure5 8 ESDPathtoGround
	Figure5 7 RedistributionofaPeripheralPattern
	Figure6 1 PackagingEfficienct
	Figure6 2 ExplodedViewofaSubstrateforFlipChiporChipScaleApplications
	Figure6 3 WireRoutingAbilityofDifferentDesignRulesforOneandTwoSidedPWBs
	Figure6 4 ConductorRoutingComparison
	Figure9 1 ChipScalePackageLeadCompliance
	Figure9 2 FractureDuetoFatigue/CreepInteraction
	Figure9 3 ExampleofSolderBumpFatigueCurves
	Figure9 4 ThermalCyclingFrequencyThresholdvs. Temperature
	Figure9 5 CompliantLeadAlternativetoUnder ll
	Figure9 6 LognormalDistributionofThermalCycleFailures
	Figure9 7 EffectofonReliability
	Figure9 8 AccelerationFactorShiftofLognormalDistribution
	Figure9 9 ThermalCyclingTestPro le
	Figure9 10 Pre-ConditioningThermalPro le
	Figure9 11 DepictionoftheEffectsoftheAccumulatingFatigueDamageinSolderJointStructure
	Figure10 3 BumpPerformance
	Figure10 4 FlipChipandChipScaleTestMethods Figure10 1 SemiconductorDesign
	Figure10 2 MechanicalOutlines
	Figure10 5 FlipChip/ChipScaleCarrierTrays
	Figure10 7 MountingStructuresDesign
	Figure10 6 FlipChip/ChipScaleCon guration Management SCOPE:
	Figure10 8 OrganicMountingStructurePerformance
	Figure10 9 InorganicMountingStructurePerformance
	Figure10 11 AssemblyDesignCon guration
	Figure10 12 AssemblyPerformanceRequirements Figure10 10 MountingStructureTestMethods
	Figure10 13 AssemblyTestMethods
	Figure10 16 Under llMaterialPerformance
	Figure10 14 AssemblyReworkandRepair
	Figure10 17 PassivationMaterialPerformance
	Figure10 15 AssemblyReliability
	Figure10 20 FluxQuali cationandPerformance
	Figure10 18 EncapsulationMaterialPerformance
	Figure10 19 FlipChip/ChipScaleAdhesives


