Recent Technical Trends in Conductive Adhesives

Introduction

Three Bond has been supplying conductive adhesives for about 15 years. Most of these prod-
ucts take the form of paste containing silver powder. They are used for mounting quartz oscil-
lators and semiconductors. Today, new technologies are developing very rapidly in the electric
and electronic industries, creating faster and lighter products, especially in the field of infor-
mation. Accordingly, electric connectivity, which is not its original purpose, is required of the
adhesives.

This issue oRecent Technical Trends in Conductive AdhesiNesusses conductive adhe-
sives. The first half describes the relation between volume resistance and connection resistance.
The second half introduces two adhesives: silicone-based conductive adhesive, which is still
under development, for use in the SMD quartz oscillator, and two-part low-outgas conductive
adhesive (ThreeBond is abbreviated to TB hereafter).
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1. Conductivity theory

There ae two theores @out why a conductie
adhesie is conductie. One is thaconductve fillers
become connected to one another as the adhesi
contracts as it cwes. The other is thaan insuléion
between conductie flllers bieaks dan because con
ductive fillers ae scétered in the binder and aisur
rounded gy nonconductie olganic (or inoganic)
binder een after the adhes is cued

2. Composition of the conductive adhesives
2-1. Conductive filler and binder

A conductve filler can be composed of woler of
gold, silver, copper nickel, aluminum, plated pati-
cles, carbon, graphite, and so on. The sizs and
shapes of these diér; the typical shaes ae flakes,
balls (garular), and arbooid. For most conducte
adhestes, conductve fillers of diferent siz and
shages ae Hended br dense pddng. Flake fillers
provide lover resistance after the adhesiis cued
because theprovide facial contactscompaed with
ball-shged fllers tha provide point contactsas
shovn in Hg. 1. When ony flake fillers ae used
however, the thixotopy ratio rises,and might educe
ease of handlingTo adieve an ppropriate leveling,
it is better to useldked and ball-shzed fllers
together

The binder binds the condui flllers, and it is
used to connect the condwetifillers to one another
within the cumg adhesie, as vell as to the adhend
when it cues and slinks. Thus the binder has &y
important infuence on condudiity.

Organic bindes ae the most popular binder
Epaxy resin is common,but degending on the
required popety or use urethane silicone acwylic,
or polyimide might be usedas well as other hda
curing resin or themoplastic esin. As with inoigan
ic maerials, glass of lev melting point is used as a
secondar binder br a conductie adhesie tha is
marufactued ty high-tempeature baking

2-2. Conductive filler and binder

The esistance of the ced adhesie varies accod-
ing to the type of binder used (seg.R2). There ae
three factos:
(1) Each binder shinks & a different iate while cur

ing.

If that rate is highconductve fillers sty closer to
ead other This males it easier to leak the insu
lation and thus toeduce theasistance

(2) Eath binder (esin) has dferent wettability for
the conductie fillers.
Wettability is affected ly the polaity
(hydrophilicity and lydrophobicity) of the sur
face of the conduatt filler and the binderand
by the diference of actieness. If wttability is
poor, the binder (esin) ejects the conduei
fillers duing the cuing process.The conductie
fillers cannot staclose to eals other and thee-
fore the esistance of the ced adheske inceas
es.

(3) Each binder has diérent lesistance
The conductie fillers ae surounded iy insuld-
ing bindes. The lover the esistance of the ced
binder the moe easi the insuléion can beak
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Fig. 1. Difference of conductivity caused by the
difference of filler shapes
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Fig. 2. Difference of conductivity caused by
difference between binders



3. Conductivity
3-1. Volume resistance

The conductiity of conductve adhesie is usualf
descibed ly the wlume esistance and as \&s
explained &ove, the esistance of the ced adhesie
varies accoding to the kend Hgure 3 shas the
method to measarthe wlume Eesistance of a test
piece In genenl, sud an adhese has a elume
resistance betaen 10 and 16 Q-cm. When it is
used br bonding electrdes,however, the wlume is
between 16 and 10 Q-cm.

3-2. Electrode and connection resistance

When electndes a@ bonded with a conducé
adhesie, the esistance measd is the sum of the
resistance of the conduati adhesie itself and the
connection esistance (contactesistance) betaen
the adhesnd (electmde) and the condueé adhe
sive. Therefore, not onl the laver volume esistance
of the conductie adhesie, but also its lever con
nection esistance to the adled ae impotant
when it is used as the elemtle adhese.

Table 1 shovs the wlume esistance of condugg
adhesies br different conductie fillers. As can be
seen fom Table 1, silver pavder is useddr the con
ductive adhesie because ieduces thealume esis
tance the mostTable 2 shevs the connectioresis
tance betwen \arious boads and adheses with
various conductie fillers. To measue the connec
tion resistancea test piece as pepared (Rg. 4).
For these measements,prototypes of conduate
adhesre were prepared with the samepaxy-based
binder blended with the gpropriate amount of pe-

R=p-L/S
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Fig. 3. Method of measuring volume resistivity
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Fig. 4. Method of measuring bonding resistance

der of siher, nickel, gold plaing, palladium,carbon,
or other meeral. The esults shaved tha the
adheend and the condugé adhesies caused lge
differences. Cledy, then, low volume esistance
does not alays mean lw connection @sistance
For a nikel boad, for example the connectionasis
tance with nigel paste (2.% 10* Q-cm) was laver
than with siler paste (1.X 10* Q-cm). The eason
for this is not et knavn, but it sugyests tha one
main factor is the engy actvating the dispesion
between metallic meerals (base mzrials)--the
combindion thd is easier to makan allg--in addi-
tion to the sudce conditions of metallic bads.

On the basis of this condudgty theory, Three
Bond is deeloping nev conductve adhesies. Two
of these n& adhestes ae introduced hes.

Table 1. Volume resistivity (p) of various conductive adhesives

Silver paste

Nickel paste

Gold paste

Palladium paste

Carbon paste

Volume resistivity (Q-cm)

1.1 x10*

2.7 x10"

2.1 x107?

8.2 x 107

1.3 x10"

Table 2. Bonding resistance (mQ) between various conductive adhesives and various substrates

Type of substrate | Silver paste | Nickel paste | Gold paste |Palladium paste|Carbon paste
Nickel 700 140 61 27 12000
Silver 1.0 2000 1.4 1.7 900
Gold 0.60 6.5 0.83 1.9 170

Aluminum 6000 200 1200 10000 0.80
Copper 0.33 8.3 18 34 3900
Tin 4.0 22 4900 1400 26000
Solder 34 1800 1800 4200 10000
Phosphor bronze 2.9 23 520 1700 60000




4. Conductive adhesives for quartz oscillators
4-1. Recent trends in quartz oscillators

Most Three Bond's conduet adhesies ae used
to assemle quatz oscillaors. Hgure 5 shas the
typical stucture of a quass oscilldor with a suppadr
Recenty, as electic units hae become smaller and
thinner the poduction of quar oscilldors of the
surface mount dece (SMD) type (k. 6), which
have no leaghas been ineasing One big eason
for this incease is theapid populaization of mobile
comrrunicaion equipment sutas mobile phones.

4-2. Characteristics required for the adhesives

The conductie adhesies br the SMD qudr
oscillaor present the dllowing problems not
encounteed with the onedr the suppdrtype:

(1) The adhesie rmust not ory suppot the quatz,
but also bond it to the bageroviding the elecir
cal connection.

(2) Because the electle is @ld-plaed and gld
does not adherwell, the adhesie has to mvide
a special kind of adhesion,

(3) The adhesie nmust be esistant to haaand disin
tegration. To be made dight, it has to be
exposed to high tempature, though ony for a
shot time.

The adhesie, therefore, plays an impotant ole
with SMDs. Silicone-based and pishide-based
conductve adhesies ae the potential canditis.
Both hare adrantayes and disagintages. Recenyl
higher fequencies &rrequired for quatz oscillaors,
and the dop test has become neoseere. But the
sealing condition has been moated in tems of
hed. For this and othereasonsit is likely tha the
silicone-based condugé adhesie will become the
mainsteam adhese for SMDs. Three Bond has
developed suc an adhese.

4-3. Silicone-based conductive adhesive under
development (TB3303E)

The one-pdrsolvent-type silicone-based conduc
tive adhesie tha Three Bond is deeloping Dr the
SMDs has thedllowing improvements:

(i) To improve ease of handling, a solvent with
low volatility is used.

Usually, the solent used to dissodvsilicone esin
has lav affinity and so is mar wlatile. If it is left
too long after it is pplied, its wettability deteiiorates.
TB3303E maintains ettebility. FHgure 7 shas the
results of measements of the sngth of a bond
between a ceamic dip and a sheet of glass. Chips
were coded with the adhegg, but atached ony after
a perod of time shwn on the hdeontal scale As
the datt shavs, the bonding sangth after a wait of
up to 10 mimites betwen coting the tip and
attaching it shaved almost no ltange. Ewen after
longer intewvals,the bonding sength did not lsange
substantiall.

(ii) Improving adhesion to gold plating

Table 3 shavs the stength of a bond bew®en a
ceramic dip and a gld-plaed panel. The adhesion
strength is higher than thaf products of other man
ufactuers.

(i) Preventing deterioration at high temperature
The efects of tempetures fom 300 to 400°C ar
shavn in Hg. 8 for volume esistancein Fig. 9 for
bonding stength,and in Fg. 10 for outgas (weight
reduction ly heding). Fom these esults,it can be
assumed thahe adhese can holddr 20 mirutes &
300°C,10 mirutes €350°C,and 5 mimites € 400°C.

Table 3. Strength of chip bonding to a gold-plated board obtained with the Three Bond product and

with the vendor product

Unit On a glass board |On a gold-plated board
Developed product (TB3303E) MPa 3.6 3.4
Other vendor product MPa 2.0 2.0
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5. Conductive adhesives for grounding
5-1. Recent trends of grounding

Electic products often need to beraynded
Grounding is especiallimportant duing the assem
bly of small motos, HDD magnetic headsar PCs,
andVTR magnetic headsdr video plgers. In sub
electic products,conductve adhesies can be used
not only to male electical connectionsbut also to
simplify the mamfactuing process. Br example an
adheste can be usedf gounding as wll as br
sealing

5-2. Properties required of adhesives
To counteact the dfects of the haig process and
the working conditions,adhesies ae requird to
have the bllowing propeties:
(1) Improved ease of handling
(2) Low curing tempeature, 60 - 80°C
(3) Low outgas
(4) No sohent

Figure 11 shaws the oganizdion of the TB3300
seies of conductie adhesies. Among thesethe
epoxy-based tw-pat conductve adhesie meets the
requirments. TB3380, however, does not meet all
the lequirementsand so a ne epoxy-based tw-pat
conductve adhesie is under deslopment.

—— Reaction type —

One-part type —

Two-part type Reaction type

— Nonsolvent type

—— Solvent type

— Volatile solvent type— Solvent type

5-3. Two-part conductive adhesive under devel-
opment (TB3380B)

(i) Viscosity after mixing

After a two-pat conductve adhesie is mixed, it
contirues its eaction & room tempeature. With
sud an adhesg, therefore, workability is an impor
tant factor Hgure 12 shws hav the viscosity
changes after the te-fluids ae mixed and left &
25°C. As dhatt shavs, the adhesie has lav initial
viscosity and &en after one houit has viscosity
low enough to be coad with a dispenser

(i) Curing conditions and properties

Figure 13 shws the wlume esistancedr different
culing conditions. ure 14 shws the bonding
strength br the tips. Table 4 shavs the veight
reduction after ging & 120°C br 30 mirutes,and
Table 5 shavs the veight eduction after ging &
120°C br 60 minutes.

To summaize the esults,the cung time nust be
2 hous or moe when the cung tempeature is
between 60 and 70°@y 1 hour if #80°C. The pop-
erty seems to shilize fastest a80°C.

Also, the amount of outs tends to inetase vaen
an adhesie containing solent is cued d low tem
perature. Tha is because sodnt cannot aporize
completey when the cung tempeature is not high
enough,and this causes moout@ssing The two-
patt conductve adhesie offered ty Three Bond uses
no sohent,and so is suitae for cuing & low tem
perature.

Epoxy adhesives
TB3301, TB3301B

Epoxy adhesives
Other TB3301 series

Urethane adhesives
TB3302 series

Silicone adhesives
TB3303 series

Thermoplastic adhesives
TB3350 series

Epoxy adhesives
Nonsolvent type { TB3380
Acrylic adhesives

TB3381

Fig. 11. Various products of silver paste
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Fig. 14. Relation of chip adhesive strength to hardening conditions

Table 4. Weight reduction after aging at 120°C for Table 5. Weight reduction after aging at 120°C for

30 minutes 60 minutes
1-hour 2-hour 1-hour 2-hour
hardening hardening hardening hardening
60°C 0.41 0.25 60°C 0.53 0.34
70°C 0.36 0.24 70°C 0.47 0.33
80°C 0.22 0.13 80°C 0.29 0.19




6. Conclusion

The requirements ér conductve adhesies ae
becoming mae and mog sophisticeed navadays,
and the adhege is becoming an ingeal pat of the
functional deice. Thus,ead electic or electonic

pat needs its wn speciic conductve adhesie.
Future conductie adhesies need to be deloped
specifcally for eat goplicaion as vell as br their
corventional gneal propeties.
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