Flat Packages Mounting Adhesives

Introduction

Both consumers and industry are demanding that electronic equipment integrated with IC or
LS| be made smaller and lighter, and have enhanced features. Products such as personal com-
puters, video players, video cameras, cellular phones, and audio equipment, as well as auto-
motive electronic products, are becoming smaller while retaining the same features, or are
adding features if they remain the same size.

To make a piece of electronic equipment “lighter, thinner, and smaller,” the LS| package
mounted on it also needs to be smaller. As a result, the LSI package has evolved from a DIP
(Dual In-line Package) with pins for insertion, to a flat package that can be installed on the
board. The package has also become smaller, to match the narrow pitch of the terminals.

This issue introduces different types of flat packages, and the adhesive that Three Bond has
developed to fix or connect the flat package to the board.
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1. Flat packages and connection methods*?

The LSI pakage is a metallic lead &me mounted
with LSI chips,and molded with goxy or ceamics.
Epaxy-based plastic paeges ae prevailing in the
market, because thecost less. igure. 1-1 shavs the
intemal stucture of a fat padage.

The pa&age has banged from DIP (pin insetion
type) to SOP and QFP (sade-mountinglat padk-
age), and futher to thinnelTSOP andTQFR Table
1-1 shavs the &dures of eah padkage.

To suppor the inceased amber of pinsa nev
connection method thauses ball solder called
“bump” instead of lead is used to conndet pak-
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Fig. 1-1. Internal structure of a flat package
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ages sub as BGA and CSPHgure. 1-2 shavs hav
padkages hae e/olved

Recenty, a nav connection method calletflip
chip mounting” (or bae dip mounting) has been
developed by which bae tips ae mounted without
being pakaged (tha is, they are unmolded). This
new method seems ldly to prevail in the futue.

Figure. 1-3 shavs flat padkages,the diferent con
nection methodsand the comp#on of mounted IC
size.

The fPllowing sections desitre theThree Bonds
adhesies designedof flat padkage installdion and
those designedf flip chip mounting
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Fig. 1-2 Evolution of the outside of packages



Table 1-1. Features of each LSI package

Package Appearance Features
DIP 2 Dual In-line Package

Package with leads that protrude from its two longer sides
Small Outline Package

SOP Package with leads that protrude from its two longer sides
and are formed into gull-wing shape (L shape)
Thin Small Outline Package

TSOP SOP package, 1.0 mm thick
Quad Flat Package

QFP Package with leads that protrude from its four sides and
are formed into gull-wing shape (L shape)
Thin Quad Flat Package

TQFP QFP package, 1.0 mm thick
Ball Grid Array

BGA Package with an array of bumps (ball-shaped solder) on
its top or bottom surface
Chip Size Package / Chip Scale Package

CSP & BGA package miniaturized to the size of a chip on a little
larger, and having narrow-pitched bumps

2. Instant adhesive and curing accelerator for
temporary fixing of the flat package

Flat pakages,sut as SOP and QF&re used ér
doule-sided pinted cicuit boads in audio and
video equipmentsudh as audio and video cassette
players, and in cooking equipment sdhicas
microwave ovens,electomagnetic cooking déces,
and electonic pots.

The flat pakage nust be secaly fixed to the
boad & the corect position B the solder dip
process.

ThreeBond 1738 and 1739eamstant adhesggs,
developed or tempoarty fix of the lat padage.
ThreeBond 1796B1796E,and 1796G & cuing
acceleators thd speed up the cung of the adhese.

Corventionall, rubberbase adheges, doube-
sided adhese tges,or epoxy-based adhegs hae
been used Rulber based adhess, however, have
low hed resistanceand often dop or mae the tem
poraiily fixed pakages duing the solder dip jrcess.
Doule-sided tpe is not pacticle, because it is
difficult to corect the position of a pkage after it is
fixed to the boat Epoy-based adhest has to be
cured in an wen,and the pakages tend to mee dur

ing heding. Futher, the adhesie might melt and
flow into the teminals,causing &ilures. The pag&-

ages can be solded mawally with a soldeing

knife, using no adhesges, but this method equires
skill and is especiall difficult for narow pitch ter

minals.

With Three Bond adhegés and cung accelestor,
a flat pakage can be secaly bonded andixed and
the adhesie tales ony a few seconds to cer No
special skill is equired and the pocess can be auto
maed

2-1. How to use ThreeBond 1738 and 1739

(1) Apply an gpropriate amount of the instant adhe
sive, usuallyy about 0.01 gto the surfice to be
bonded

(2) Place thelét padage in position.

(3) Apply the cuing accelestor from between the
flat padkage and the panel. Because of thpilca
lary effect,the cumng accelestor dispeses to the
entire surhce of the It padkage, and cues
instantaneous!



The solder dip process

2-2. Properties (Table 2-1)

The adhesie comes in theofm of gel, and will not
run davn even on an inkned workbend. It has a
relaively slow setting time (30 to 40 secondsp
positions can be adjusted after the adhds ae
positioned

2-3. Curing speed (Fig. 2-1)
The use of the curg accelegtor males it possike
to fix a flat padkage in 2 to 10 seconds.

2-4. Insulation resistance to moisture

Table 2-2 shavs the insultion resistance measent
on comb-shped electwdes onto Wwich ThreeBond
1738 and 1739 ere egplied and cued with
ThreeBond 1796E.

Whether wltage is gplied or not,the insuléion
resistance does not deteete even after long xpo-
sure to high tempeture and humidity

2-5. Influence of the curing accelerator on the
flux

Two types of lux have been tested ThreeBond
1796E vas aded to eale of them ly 10% in weight,
and the lux impedance of them as measwad after
one dg and g@ain after ive dgys & room tempea
ture, using comb-shzed elecindes.

The color of thelfix might dhange when the cur
ing accelegtor is adled but its insuldéion propety
remains unkangd

2-6. Notes to remember when using the adhe-
sive
To reduce &ilures,read the dllowing bebre using
the adhese to ix the flat padage.
Make holes in the panel onhich the fat padkage

is to be installed (see the photos in section 2-1).

These holes see two puiposesThey let the e&cess
adhesie flow to the bak of the boad instead of
spreading oer the teminals. Also they release the
gas gneated dumg the solder dipping pcess and
prevent the fat padkage from floating, moving, or

falling.

When yu shift fom a manal soldeing process
tha does not use adhesito the method pposed
here, ched the locdion of flat padkages and péph-
eral pats to pevent the solder &m biidging
between leads dimg the solder dipping pcess.
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Fig. 2-1. Curing rate of ThreeBond 1738



Table 2-1. Properties and characteristics of the instant adhesive and its curing accelerator for
temporary fixing of the flat packages

Instantaneous adhesives

Hardening accelerators

TB1738 | TB1739 TB1796B | TB1796E | TB1796G
Main component Ethyl-2-cyanoacrylate Amine compound
. Light yellow to .
Appearance Light blue Colorless, Light yellow, Light brown, Light yellow,
transparent transparent transparent
transparent
Viscosity 5000 23000 0.9 0.9 0.9
mPa-s {cP} {5000} {23000} {0.9} {0.9} {0.9}
Thixo ratio 55 4.5 —_— —_— —_—
Specific gravity 1.04 1.03 0.82 0.86 0.82
« High-speed cur-
* Gel-type instanta- | | . ing hardening
neous adhesive Gel-type '“St‘?‘”‘a' . . accelerator
« No flow after neous adhesive | ngh-speeq cur- | Super-hlgh-sp.eed « Not subject to the
Features application onto a * No fI_ow_after ing hardening curing hardening Organic Solvent
vertical surface app!lcatlon onto a| accelerator accelerator Intoxication
« Easy to handle vertical surface Prevention
Regulations
Product . 20 g alumi ,
shape 20 g plastic bottle S%g g ;Eg:ggg&?: 45 g plastic bottle | 50 g glass bottle | 500 g glass bottle

Table 2-2. Insulation resistance of the cured adhesive when exposed to high humidity environment

Setting time at 60°C, 95% RH | Applied voltage
Initial 24-hours 100-hours 500-hours
TB1738/ 1.7x102Q 1.0 x10% Q 6.2 X102 Q 1.0x102Q None
TB1796E 6.4 x10= Q 1.0 x10%Q 7.3 %102 Q 2.3x102Q DC 100V
TB1739/ 1.0x102Q 5.9x10%2Q 8.5x10%2Q 1.2x108Q None
TB1796E 1.3x102Q 9.1 x10%2Q 3.8x102Q 7.1 x10" Q DC 100V

Test sample A comb-shaed electnde speciéd in JIS C 6480ype 2
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3. Mounting adhesive for BGA and CSP

The contiming need ér ever smallermore dense
ly integrated electonic pats malkes high density
mounting necessgar The cowentional QFP imposes
limits on the possie number of pins because of its
line arangement. Also, it requires cicuit boads
whose suidce aeas my range from a £w times as
large, to a fw tens of times as lge, as tha of the
intemal dips.

At present,the pakages most widgl used ae
BGA, and its ariant, CSR also called FPBGA (Re
Pitch Ball Gid Array). CSP is a naow-pitch ver-
sion of BGA; the pdcages ae aout the same sizas
the dips, or slightly larger.

BGA and CSP hz seeral adiantages aver QFP:
* They require less sudce aea.

* They offer a lager toleance br height ariations,
because the solder balledused ér connection.

*  They avoid lead defrmation, which can occur in
QFP mounting

*  They have an effect of self-alignmentyecause of
the suréce tension of the solder ballhen thg
are fused By this efect,any mounting deiation
can automtcally be corected up to 0.6 mnof
a 1.5-mm-pitb pakage (Fg. 3-13).

We will not @ into details hes, but the mounting
yield has impoved and is me better than tha
obtained with QFP

3-1. Sealing resin for the BGA/CSP mounting
The solder joint ér the BGA/CSP mounting is
small,only 0.2 to 0.5 mm in diameterTo improve
the eliability of the connection gainst etemal
stressa sealant called undékis placed betwen the

pakage and the bodr Epoy resin is most com
monly used ér this sealant.

An underfil must hae the bllowing propeties:

1. It must maintain connectioreliability in reped-
ed g/cles of lav to high tempeature shift.

2. It must esist soldereflow.

3. It must be epairable.

For productvity, the undeiifl must cue & low
tempesture in a shdrtime. Our ecommended one-
patt, low-tempepture-cuing epoxy resin is
ThreeBond 2206; its ppeties ae shavn in Table 3-
1.

The cowentional one-parepoxy resin had to be
heded 4 least to 80C for cuing. ThreeBond 2206
needs to be hézd oni/ to 60°C, but still offers excek
lent bonding sength,for a one-pdrepoxy resin.
The glass tansition point ofThreeBond 2206 is oyl
107°C, but it offers suficient reliability.

The epairability and the eliability of a bond ae
mutually contadictoly; priority has to be cafully
given to one or anotherA padage bonded with
ThreeBond 2206 can be peeled thfe boad with a
scraper after the paage is heted to 180C and
above.

3-2. Conclusion for the BGA/CSP mounting

Because of the adntaye, tha BGA and CSP dér
in surface aea and yieldtheir use is s@to incease
Accordingly, the demand dr improvement in the
productivity and eliability will incr ease Resin man
ufactuers nmust contie to deelop resins br the
purpose
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Fig. 3-1. Self-alignment effects (1.5-mm pitch)



Table 3-1. General properties of ThreeBond 2206

Unit ThreeBond2206 Test method
Appearance Black liquid 3TS-201-02
Viscosity Pa-s {P} 100 {1,000} 3TS-210-05
Specific gravity 1.20 3TS-213-02
Sta”‘zi:‘d dirt‘i":‘)r::”ing 6700"Cc:x><15800nr1ni:1rT'oorIr
80°C x 20 min.

Storage stability Month 5 Stored in a refrigerator
Peeling adhesive strength N/m {kgf/25mm} 785 {2.0} 3TS-304-21
Glass transition point °C 107 3TS-501-05
Dielectric breakdown voltage kV/mm 20 3TS-406-01
Water absorption rate (%, 1h) % +2.9 Conforms to JIS K 6911

4. Flip chip mounting adhesive
One of the telenolagies tha suppot
making mobile inbrmaion equipment
thinner and lighter Wile adling nev

fedures is the density in lich semi
conductos can be mountedThe fip
chip mounting method is especiall
notevorthy. It uses adhests esult
ing in shot connection passes and
excellent flequenyg chamacteistics.

To fix a bae dip (an IC dip tha is
not pa&aged) ty flip chip connection
(mounting the semiconductor cirit
face dan) using an adhess, equip
ment manfactuers hae deeloped
and eported their avn unique meth
ods,descibed in Rg. 4-1.

Three Bond has deloped and mar
keted some undélif agents of the
pressue-bonding type used as
descibed in Rgure 4-1,b and e as
well as elecically anisotopic paste
used as shwn in Hgure 4-1,d. These
applications ae desdbed belov.

Hardening condition 70C X 50 min

Conductive

. i Au stud Chi
adhesive Chip Adhesive  bump %V Adhesive
e ]
' ' ! <
Board Ag paste Board

a. Bump method using
conductive paste®

b. Attachment by use of stud bumps
and Ag paste®”’

(1) Method using conductive adhesive

Anisotropically

. Anisotropically conductive
Au bump Chip conductive sheetAu stud Chip adhesive
bump
° © 50 ©
° ° 0 ©
Board Board

c. Method using anisotropically

S d. Method using anisotropically
conductive sheet

conductive paste’

(2) Method using anicotropically conductive adhesives

Au bump

S Chip Adhesive Eﬁﬁi&?a” plated oy Adhesive
/1 A AT w A ol
Board Board

e. Direct bump method” f. Method to set conductive balls"

(3) Method using only adhesives that do not contain fillers

Fig. 4-1. Different methods of bonding bare chips
by flip chip connection



4-1. Pressure-bonding underfill agent

A few different methods a&r available to male
electic connection dr the fip chip mounting As
was eplained in the sectiorbaut the undeitf agent
for the BGA/SCP mountinginderfll agents ae also
indispenshle for flip chip connectionto maintain
the eliability after mounting Today, Three Bond
offers three poducts--hreeBond 227122718 and
2271C--br pressue-bonding an unddlf agent.
Ead of these has a dérent viscosity andilfing

agents,for different gplicaions. Table 4-1 shavs
the geneanl propeties and hamacteistics of these
three poducts.
Common characteristics:
1) Long potting lik:
8 hous & 25°C
2) High reliability:
-40°C to 128C for 1,000 gcles or ower
3) Low concentation of chlorine ion:
10 ppm or belw

Table 4-2. General properties of pressure-bonding underfill agent

Iltem Unit ThreeBond2271 | ThreeBond2271B | ThreeBond2271C |Test method
Appearance —_— Light yellow liquid | Light yellow liquid | Light yellow liquid | 3TS-201-02
Type of filler Silica Alumina Alumina —_

Viscosity Pa-s {cP} 17 {17000} 12 {12000} 4 {4000} 3TS-210-05
Thixotropy 1.0 1.0 1.0
Specific gravity of 1.47 1.65 1.47 375-213-03
hardened substance
Glass transition point °C 120 125 125 3TS-501-05
Thermal expansion
coefficient al| ppm/°C 50 52 55 37S-501-05
a2 130 130 150
Impurity ion density
Cl <10 <10 <10
Na ppm <10 <10 <10 3TS-511-01
K <10 <10 <10
Shearing adhesive
MPa{kgf/cm?}| > 9.8 {100} > 9.8 {100} > 9.8 {100} |3TS-301-11
strength
Standard hardening conditions
temperature 150 ~ 180°C
time 30 ~ 120 sec
post-cure 150°C 2 hours

4-2. Microencapsulated anisotropically conduc-
tive adhesives

Microencgsulaed (MC) anisotpically condue
tive adhesies ae designeddr fine-pitch connection,
low connection esistanceand simple mountingA
conductve Ag filler dispesed in the poxy-based
adhesie gves it anisotpically conductve feaures.
The Ag filler is covered bebrehand with a Iger of
insulaion resin dout 1,000 A thik. Onl the MC

fillers tha are pressed beteen the bmp and the
electode become condueé, because the pssue
breaks the insuton layer. The MC fillers between
the electodes eceve no pessue, and thg maintain
insuldion even if they are in contact with one ancth
er. After pressue is aplied the adheske is heted
until it is cured As it cures,it shiinks, secuing the
IC chip on the boat and maintaining eledtr con
ductiity.



Characteristics
1) Fine pitch connection suppted

Over 10° Q has beenacoded in an insuléon test
by use of a comb-sipad electnde with @gps of 10
pm.
2) Low resistance

The electical resistance of anisatpically condue
tive adhesie with conductie resin paticles co&ed
with gold (Au/resin) was compaed with tha of the
anisotopically conductve adhesie with MC fllers
in Fig. 4-2. As you seethe resistanceacoded br
the adhese with MC fllers was 2 to 3 2, 1/10 to
1/50 tha of theAu/resin adhesk. Also, critical cur
rent,which is the maximm electic curent tha can

150 C
g O MC filler
g 100 b A Au/Resin
2
8
e 50}
8
L

0
0 10 20 30

Pressure (kgf/mm?)
(a) Relation of pressure to electric resistance

flow through the connection point withoubtangng
the esistanceis 4,000 mA,8 times the alue br
Au/resin.
3) Simple mounting

The pocess of elecdit connection andesin seal
ing is completed yppressuizing and heding the tip
after it is aligned

An anisotppically conductve adhesie of this type
can be adated to uses’ needs i alteing the esin
sealant (the basdhe diameter of the MGllers,and
the amount ofiller to be adled Table 4-2 shavs the
genenl propeties of pototype 33A-469Ban adhe
sive of this type

200 K 7 50
/ O MC filler
— 9
< A9 A Au/Resin N
£ o [ E
% 100 25 %
S s S
O 1 ' Al s 0
0 1000 2000 3000 4000 5000
Current (mA)

(b) V-I characteristic

Fig. 4-2. Electrical properties

Table 4-2. General properties of 33A-496B

ltem 33A-496B Test method
Appearance Gray liquid 3TS-201-02
Viscosity 24 Pa-s {24000cP} 3TS-210-05
Filler Silica
L 5~ 10 pm Ag 5 vol%
Conductive filler Coating with thermosetting resin
Electric resistance <10 mQ
Dielectric resistance > 10" Q DC 10V
Shearing adhesive strength > 6.9 MPa {70 kgf/cm?} 3TS-301-11
Standard hardening conditions
temperature 150 ~ 180°C
time 30 ~ 120 sec
post-cure 150°C 2 hours




4-3. Future issues

The fip chip mounting with adhege depends
heavily on the method of ehcequipment marfac
turer. The dip, the boads,and the mounting condi
tions difer and a@ customizhle. This method is
still in development,and needs a des of tetinical

anisotopically conductve adhesie need fuher
improvement,to meet warious uses’ requirments,
sud as other mounting methods.

A problem not yet sohed is hav to repair failures
found after the mounting This poblem nust be
approaced ly developing adhese demisty as

breakthoughs. Both the unddif agent and the well as contolling mounting conditions.
Three Bond Co.lL.td.
Researh and D&elopment Diision H. Mikuni
T. Haijima
K. Kuboyama
References

1) Collection of Pecision Bondingrechniques (L&estVersion), Compehensie Technolagy Center Inc
2) Road Ma for Semiconductor &kages, The Electonic IndustiesAssocidion of Jpan,Electionic Device

Department.

3) E. Hagimoto: “All about the CSHedniques, p. 26

4) T. Sdoh: “Bonding Technique br theAnisotropically Conductve Adhesve,” The bumal of the Institute of

Circuit MountingTechnology Vol. 10,No 6,(1995).

5) R. Estes‘Polymer Flip Chip PFCA Tednolagy Assessment of Soldess Bump Rycesses and
Religbility” Proceedings of thAdhesies in Electonics 94 Bedin, November2-4,1994.

6) Y. MatsumotoA. Fujii, K. Kakui, Y. Kamiya,Y. SasakiH. Kira: “Soldedess Micio Bonding’ Japan
Welding SocietyMicro-Bonding Reseah Paper MJ-230-94 (1994-9)

7) Y.Tomura,Y. BesshoM. Ono, K. Tsukamoto,T. Ishida,K. Omoya, T. Kobayashi:“Flip-Chip Mounting
UsingAnisotropically Conductve Adhesve,” Electronic Maerials, No.9 (1994) 22

8) T. Tsukaloshi,A. Nakajima,H. Kobayashi,K. Ueno:“Current Stéus of High Density Mounting Using
Ansotiopically Conductve Him,” MES '95 repotts, pp.139-142(1995-4)

9) H. Dae, Y. Hozumi,H. Tokuhira, M. Usui, E. Holikoshi andT. Saoh: “Anisotropic Conductie Adhesie
for FHne Pitd Intecconnections”Proc. of ISHM Fall Meeting 1994(1994-11)

10) K. Hatada:“"Bump Direct Connectiofi,Circuit Mounting Institute Study Group, Fluxless Soldeng
Technigue andlrend of the Soldéess Bondingredchnique pp 29-33,1995.3.

11) T. Nukui: “One Method of Lav-Tempesture Soldeless BondingElastic Metho¢t Low-Tempesture
Bonding and Soldéss Bonding-Adanced Mounting Resedr Report, Print Circuit Institute Advanced

Mounting Reseah Depatment,pp 68-75,1993-7)

SEENIENL NSV

THREE BOND CO,, LTD.

1456 Hazama-cho, Hachioji-shi, Tokyo 193-8533, Japan
Tel: 81-426-61-1333




