-1- APPARATUS AND METHOD FOR DI E ATTACHVENT Fiel d of

the Invention 5 The invention relates to the bondi ng of
sem conductor dice onto a carrier or substrate. The

di ce usual ly have back surfaces coated with a | ayer of
solder for contacting and forning nmetallic bonds with
the carrier or substrate, in a process comonly

referred to as eutectic bonding of the dice. 10
Background and Prior Art Conventionally, sem conductor
devi ces i n ARFARATUSGIND METHODURORDIE AETACHMENT
integrated circuits are housed I nto packages. A package
serves various 15 inportant functions such as

pr i@ ok e hbéntpvi ce from mechani cal and chem cal
damage. Tt IS also a bridge that interconnects the
ddevice with a next |evel of packaging. Die attachment
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stanping flux on the pad and placing a die with sol der
1%n its back surface onto the flux before performng a

solBtrkarcRht QWdFFRERASS. 25 An i ncreasingly popul ar
approach is to directly nount a die with a back

surface of the die coated with solder onto a heated
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r aipeeklading @mnesstdumngmmcmg'nqodienrs @écddhen splddattached ttbha die
pad formed on the carrier or substrate. There are various methods for

20 attaching the device onto the die pad, such as by using epoxy and adhesive
resin as an adhesive to stick the device onto the pad or stamping flux on the
pad and placing a die with solder on its back surface onto the flux before
performing a solder reflow process.

25 An increasingly popular approach is to directly mount a die with a back
surface of the die coated with solder onto a heated substrate. The solder
melts when it comes into contact with the heated substrate, and a bond is
formed to the substrate. This method is conventionally termed as eutectic die
bonding, since the solder on the die is usually made from a composition of

30 eutectic alloy. Eutectic die bonding takes advantage of the lower melting point
of eutectic alloys as compared to pure metals. The temperature of the
substrate should be raised to above the melting point of the soider on the
back surface of the die so that the solder melts immediately when the device



back surface of the die so that the solder nelts

i mredi ately when the device -2 is in contact with the
di e pad. Wien the substrate is subsequently cool ed
down, a netallurgical bond will form between the back
surface of the die and the pa%oon the substrate. Sone

advant ages of eutectic bondi ng Over epoxy bonding
i ncl ude a higher service tenperature capability for the
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problem is a composite substrate consisting of polymer and metal. The glass
transition temperature for the polymeric part of the substrate is even lower,
typically in the range of 180~230°C, and it is a problem to prevent the
polymeric substrate from overheating when performing eutectic die-bonding.

25
A prior art heating system for eutectic die-bonding makes use of a heat tunnel
system consisting of several heating zones. In each heating zone, there is a
heating block embedded with several heating elements for heating a carrier or
substrate. As the substrate is transported through the heat tunnel, heating is

30 performed on the substrate and the temperature of a considerable portion of
the substrate is made to rise to the temperature necessary for eutectic
bonding to take place, even though only the die pad which receives the die

should preferably be heated to the said bonding temperature. The other parts



substrate. As the substrate is transported through the
heat tunnel, heating is 30 perforned on the substrate
and the tenperature of a considerable portion of the
substrate is made to rise to the tenperature necessary
for eutectic bonding to take @d_ace, even though only

the die pad which receives thée*die should preferably
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cortiskindn mtalthMaWﬁach the substrate is novable for

heating the netallic material to a eutectic bonding
tenperature to facilitate bonding between the die and
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he&t8 AtAGRENtEN B wbsyateraeiuging nanometaicanptedial, @nd metalc
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a heating conduit through which the substrate is movable for heating the

metallic material to a eutectic bonding temperature to facilitate bonding

between the die and the metallic material at a die-attach position; and an

induction heating device at the die-attach position for heating the metallic
25 material to the eutectic bonding temperature.

According to a second aspect of the invention, there is provided a method for
attachment of a die having a eutectic coating to a substrate including non-
metallic material, and metallic material adapted to receive the die, comprising
30 the steps of: providing a heating conduit; heating the metallic material in the
heating conduit to a eutectic bonding temperature to facilitate bonding
between the die and the metallic material at a die-attach position while moving
the substrate through the heating conduit; heating the metallic material by



According to a second aspect of the invention, there is
provided a nethod for attachnment of a die having a
eutectic coating to a substrate including non- netallic
material, and netallic material adapted to receive the
die, conmprising 30 the steps of; providing a heating
conduit; heating the metal lic fhterial in the heati ng
conduit to a eutectic bonding tenperature to facilitate
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20 Figure 2 is a side view representation of a die with solder on a back surface of
the die being placed and attached onto a polymeric substrate;

Figure 3 is a side view representation of a heat tunnel of the prior art for
facilitating attachment of a die onto a leadframe carrier with a plastic housing,

25 and a heating profile obtained from an arrangement of heating blocks
alongside the heat tunnel;

Figure 4 is a side view representation of a heat tunnel of the prior art for
facilitating attachment of a die onto a polymeric substrate, and a heating
30 profile obtained from an arrangement of heating blocks alongside the heat

tunnel;



Figure 4 is a side view representation of a heat tunnel
of the prior art for facilitating attachnent of a die
onto a polyneric substrate, and a heating 30 profile
obtai ned from an arrangenent of heating bl ocks
al ongsi de the heat tunnel; -5 Figure 5 is a side view
representation of a heat tunnel®for facilitati ng
att chnept of a die onto a |eadfrane carrier with a
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die 10 onto a netallic portion™1 rame

Figure 2 is a side view representation of a die 10 with solder 11 on a back
surface of the die being placed and attached onto a polymeric substrate 16.
The polymeric substrate 16 comprises primarily of a plastic strip 20, with a

25 metal leadframe 18 mounted onto the plastic strip 20. The die 10 is placed
onto the metal leadframe 18 portion of the polymeric substrate 16.

Figure 3 is a side view representation of a heat tunnel 22 of the prior art for
facilitating attachment of a die 10 onto a metallic portion 13 of a leadframe
30 carrier 12 with a plastic housing 14. The heat tunnel 22 is covered by a top
cover 24 and has a conveying surface for the leadframe carrier 12 comprising
an upper hot plate 26 and a lower hot plate 28. The upper and lower hot
plates 26, 28 form a stepped path in order to accommodate the plastic




30 carrier 12 with a plastic housing 14. The heat

tunnel 22 is covered by a top cover 24 and has a
conveying surface for the |leadframe carrier 12
conprising an upper hot plate 26 and a | ower hot plate
28. The upper and |ower hot plates 26, 28 forma
stepped path in order to accorifbdat e t he plastic -6
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12 is heated gradually as it passes through the heat tunnel 22. At the die-
attach position between X1 and X2, the metallic portion 13 of the leadframe
carrier 12 has been heated to temperature Tb that is suitable for eutectic

25 bonding. After the position X2, the leadframe carrier 12 is allowed to
gradually cool to ambient temperature.
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The problem with such an arrangement is that the heating block 30 heats both
the metallic portion 13 of the leadframe carrier 12 and plastic housing 14 for a
30  prolonged period of time between the X1 and X2 positions and beyond. Due
to lower thermal conductivity of plastic material and heat received from the
heating block 30, the temperature of the plastic housing 14 rises past its glass



The problemw th such an arrangenment is that the
heating bl ock 30 heats both the netallic portion 13 of
the | eadfrane carrier 12 and plastic housing 14 for a
30 prolonged period of tine between the X1 and X2
positions and beyond. Due to | vver t her mal
conductivity of plastic materid ™ and heat received from
the heating block 30, the tegi)herature of the plastic
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quality of the finished product may thus be affected.
F| gure 4 is a side view representation of a heat tunnel
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However, it can be seen that the temperature of the metal leadframe 18 is
maintained at Tb for a prolonged period of time, that is, between X1 and X2
and beyond. As a result, the plastic strip 20 of the polymeric substrate 16
which has a lower thermal conductivity may deform or be otherwise damaged
25 by the heat absorbed by it.

Figure 5 is a side view representation of a heat tunnel 22 according to the
preferred embodiment of the invention for facilitating attachment of a die 10
having a eutectic coating onto a substrate in the form of leadframe carrier 12
30 with a non-metallic material, such as a plastic housing 14, according to the
preferred embodiment of the invention. The substrate includes the non-
metallic plastic housing 14 and a metallic portion 13 for attaching the die 10.
A heating conduit, such as heat tunnel 22, is bounded by a top cover 24 and



Figure 5 is a side view r representation of a heat tunnel

22 according to the preferred enbodi nent of the
invention for facilitating attachnent of a die 10

having a eutectic coating onto a substrate in the form

of leadframe carrier 12 30 with a non-netallic

material, such as a plastic housi ng 14, according to
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up to a magnitude of 10 megahertz. The induction coil 34 could be of a
solenoid or pancake type, or be in any other form. Furthermore, in order to

25 avoid the blocking of magnetic flux, the metallic hot plates 26, 28 at the die-

30

attach region are replaced by a non-metallic support surface which may be
made of ceramic material, such as a ceramic plate 36, to facilitate
electromagnetic induction between the induction coil 34 and the metallic
portion 13 of the leadframe carrier 12 for induction heating.

An advantage of using induction heating instead of a conventional heating
block 30 with heating elements 32 is that heating can be concentrated at the

metallic portion 13 of the leadframe carrier 12. The plastic housing 14 does
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rate of $atlﬁ1g otl_the di e ﬁnln g paosition of the
| e&Af1eL € from Tb to Tais substantla y increéased as compared to the prior art
and as compared to the rate of heating from an ambient temperature to just
below the glass point. The rate of cooling from Tb to Ta is also substantially
increased as compared to the prior art to reduce exposure of the plastic
25 housing 14 to the higher temperature and as compared to the rate of cooling
from below the glass point to an ambient temperature. The aim here is to
maintain the metallic portion 13 of the substrate or leadframe carrier 12 at the
eutectic bonding temperature for a sufficient period of time for bonding the die
to the metallic portion, but before the non-metallic material is heated to above
30 its glass point.

The result is that the metailic portion 13 of the leadframe carrier 12 is
maintained at the eutectic bonding temperature Tb for a shorter period of time.
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preferred enbodi nent of the invention. The main

di fference fromthe heat tunnel of figure 5 is that
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di @ttashecis hegted by, the inductiap8qil 34 wsiag indution; heatina-atdhe die-
20Dy aBBch pasifdd.on coil 34 and the polymeric substrate 16
is supported by a ceramc plate 36.

A heating profile obtained from an arrangement of the heating blocks 30 and
induction coil 34 according to the preferred embodiment of the invention is
also shown in figure 6. The heating blocks 30 heat the die-bonding position
25 on the metal leadframe 18 to a temperature Ta which is below the glass point
of the non-metallic plastic strip 20 of the polymeric substrate 16. Thereafter,
the induction coil 34 heats the die-bonding position of the metal leadframe 18
to a eutectic bonding temperature Th at a substantially faster rate as
compared to the prior art, before maintaining the metal leadframe 18 at
30 temperature Tb for a shorter period of time. After die-attach has taken place,
the metal leadframe 18 is cocled to temperature Ta, again at a substantially
faster rate as compared to the prior art. From then on, the metal leadframe 18

may be allowed to cool at a gradual rate as with the prior art process.
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15 risk of damage to non-netallic material is obviated
or reduced, and the quality of the finished product
may thus be inproved. The invention described herein
is, susceptible to variations, nodifications and/or
addi tions other than those specifically described and
it is to be understood that 20'€he invention incl udes
all_such variations, nodifications and/or additions
whillMMSa] | within the spirit and scope of the above
description. -12 CLAIMS: 1. An apparatus for die
attachnment onto a substrate including non-netallic
matler i alAn apperates tr idiecatteacherenhbntohmsubisiratediapludingt ron-metallic

re a n tecti,c .coati conp
=t AN ol i B85 6 B g o

5no\eatﬂoacﬁ:oatlﬂgeabmpgsmghe netallic material to a

eutectic bondi n erature.to facilitate bon
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non-netallic support “surface for the substrate at

10di dnefplia Araterial fq {)h@mutq@c@onmmgap@aaemtufg according to
claim2, wherein the non-netallic support surface is
made of ceramic material. 4. An apparatus according to
any. one Apf appasatps cxpediding o slaing, 1,wneluding a triva-rmetatiict support
heat i ' | n_. coil conprised of
a %}e’tfg% %gw{%q%%ﬂqﬁléﬁgae&dc?):?'%%tslt;aﬁpl e w ndi ngs. 5.
An apparatus according to any one of the preceding

15peat i mgAFREAts SRR le, SRR &1 whecah g orplic suppor

apparfatelis madoofiengmicamateyialone of the precedi ng cl ai ns,
wherein the induction heating device is operated at a
frequency of 10 nmegahertz or less. 7. An apparatus

acaor di pg dppapatiis @B6or8ingt f6Camy 668 @&F NG preticding 1A s] YiHiein
the induction heating device comprises an induction coil comprised of a metal
20  coil with single or multiple windings.

5. An apparatus according to any one of the preceding claims, wherein
the power output of the induction heating device is 10 kilowatts or less.

25 6. An apparatus according to any one of the preceding claims, wherein
the induction heating device is operated at a frequency of 10 megahertz or

less.

7. An apparatus according to any one of the preceding claims, including
30 one or more induction heating devices located outside the die-attach position
where induction heating takes place.



30 one or nore induction heating devices |ocated

outside the die-attach position where induction

heati ng takes place. -13 8. A nmethod for attachnment of

a die having a eutectic coating to a substrate

including non-netallic material, and netallic materi al
adapted to receive the die, 6%pr|5|ng the steps of:
providing a heating conduit; 5 heating the netallic
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10atbepding %‘PP?’I@E‘"@@@ the die-alfashy Pﬁ@gft"brﬂﬁ'ér ature for a
suffici gfhcHA®Y & Bﬁe Bfthe é@hé Watﬁ%ﬂgi e o‘iJ‘Q??&IPsz%Jnhe
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20 material is heated to above its glass transition temperature.

11. A method according to claim 9 or claim 10, wherein the rate of heating

the metallic material from below the glass transition temperature to the

eutectic bonding temperature is substantially higher than the rate of heating it
25 from an ambient temperature to below the glass transition temperature.

12. A method according to any one of claims 9 to 11, including the step of

cooling the metallic material to a temperature that is below the glass transition

temperature of the non-metallic material after attachment of the die at the die-
30 attach position.

13. A method according to claim 12, wherein the rate of cooling the metallic

material from the eutectic bonding temperature to below the glass transition



13. A nethod according to claim12, wherein the rate of
cooling the netallic material fromthe eutectic
bondi ng tenperature to below the glass transition -14
tenperature is substantially higher than the rate of
cooling the netallic material fromthe gl ass
transition tenperature to an ahbr ent tenperature. 14. A
met hod according to any one of clainms 8 to 13, wherein

t hdemperaureos sebstantialin ghigleern tharo the irstes ofireoolintu dbe ometallic
COIrhatERLTRFoE e s S iRititn 6RinkratbrNo o AMkiEnQbmBHldil . ©

I Ngs accor |ng to any
to 14, including supporting the substrate MAth a

non-,met gl t he d| atta

A 1t nof e aRRgalng b A e bR g EhieRdih e indlaton
5norheatingimeansscgppridesi sn mmd:ﬁor@fcoﬂecrcﬁmpr&eﬂﬂweélrﬁétal &dil with
A nethod ac d|n to any one of clainms 8 to 16,

i nSINA Ay @'B(el 15 the metallic material by

i nducti on heatl ng nmeans outside the die-attach

positi on where induction heati nfg t akes pl ace.
15. A method according to any one of claims 8 to 14, including supporting

the substrate with a non-metallic support at the die-attach position.
10
16. A method according to claim 15, wherein the non-metallic support is

made of ceramic material.

17. A method according to any one of claims 8 to 16, including heating of
15 the metallic material by induction heating means outside the die-attach
position where induction heating takes place.





