-1- APPARATUS AND METHOD FOR DI E ATTACHVENT Field of the Invention 5 The

I nvention relates to the bondi ng of sem conductor dice onto a carrier or -
substrate. The dice usually have back surfaces coated with a |ayer of sol der
for contacting and formng nmetallic bonds with the carrier or substrate, in
a process commonly referred to as eutec}Lg bondi ng of the dice. 10
Background and Prior Art Conventionally, sem conductor devices in the form
of sem conductor dice or integrated circuits are housed into packages. A
package serves various 15 inportant functions such as protecting the device
from mechani cal and APPARATUSANDMETHODFORSDIEAVTAGHMENTR! i nterconnects
the device with a next Tevel of packaging. Die attachnent is one of the
steps involved in the packaging process during which the die is placed on
and attached gigdafdh&Inveatod or med on the carrier or substrate. There are
vari ous nethdﬂ§'f“‘20‘§ffﬁth|ng the device onto the die pad, such as by
usi ng epoxy and adhesive reS|n as an adhesive to stlck the device onto the

pad or stanpi [ s back
surface onto .P%eHPﬁ?(&E ";Fl%r%g per oﬁdmR gﬁasgg‘é d@#& fjl ow process 5{5
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die bonding, since the solder on the die is usually nmade from a conposition
of 30 eut8ttic all oy. Eutectic die bonding takes advantage of the | ower

mel ting poi nt gaéMardiidestd Brigh Arffys as conpared to pure netals. The
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tenperature o substrate shoul d be raised to above the nelting point of
t he sol der on the

Conventionally, semiconductor devices in the form of semiconductor dice or

integrated circuits are housed into packages. A package serves various
15 important functions such as protecting the device from mechanical and
chemical damage. It is also a bridge that interconnects the device with a next
level of packaging. Die attachment is one of the steps involved in the
packaging process during which the die is placed on and attached to a 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 iower meiting point
of eutectic alloys as compared to pure metals. The temperature of the
substrate should be raised to above the melting point of the solder 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 medi ately when the device
-2- isin contact with the die pad. Wen the substrate is subsequently
cooled down, a netallurgical bond will form between the back surface of the
die and the pad on the substrate. Sone advantages of eutectic bondi ng over
epoxy bonding include a higher service tgnperature capability for the die,
good 5 thermal/electrical conductivity beTween the die and the substrate and

higher reliability. en packagi n vices ik ight-emtti di odes
(PED, o noR-meditactonth fectip el Wherc e syasbele, B oiSeRueHRO AT s o en
adj acent to _tmvﬁ,laerr@wluf%eal bbd VAR Fdrid BétiWeen aRé batinsiffabet dffiBie idigngihd ons. The
pl astic housing nornmally has a glass transition tenperature of |ower than

280C, with a ¥gprachen the suraliaie d Sopicradentages i atentie Rondingsaver IeRRXP60C.
Wth the gl obghndifgkilsd Ahi ﬂeﬁ@@ﬁ;‘icef tAskrhiupe c%gélﬁiiﬁl#éfdr ﬂh@%i?.ggb&d bondi ng,

one dilemma energes that consStantly rustrates e prrent manu turers and
packagi ng Pr othesvaligiestriest rapndagivity ihetwean, the: tie ansisthepeybsirate arcibligheee sol der
conprises a S%‘éﬁlﬂ@r Sn- Ag-Cu conpound which has a nelting tenperature of
around 220C. "process tenperature should normally be 30 to 40C hi gher
than the nelting tenperature of the solder, it is difficult in practice to

find a process, w ndow that ., ensures effectijve die-b LNg wWhile preventing
the pi ast o nOUEM GoHAOM: de bR HES TBhk ST ddeecCOFDAN o Ren- gl of
packagi ng pr efridria guchias adplaglicHoueimyirbapbé praxent bejadertab tied Giequdstost | ng of

pol ymer and tal. The glass transitjont erature for the polyneric part
of the subdt ;T%C&'tqt@ge n 5‘\‘/%”3’”939?)‘?"@8?1 yﬁg Plastc rr'%S’Ha'é"'gd?orT@ﬁy @ and it

is a problem %;I‘és@_hﬁﬁﬁ_ﬂén teMbperffle/ BEbWer SHdpsigort ewlth anysearBeshmagduden _
gerform ng eutectic die-bonding. 25 A prior art heating systemfor eutectic

di e- bondi ng nBressss tRsratyreebless thane?60°cy Wilhiheoslabalttieng heingsidadopt heat i ng
zones. ! 0 eac(yaied Elﬂdér%ﬁﬁ’edtéﬁkeodrﬁir%, dheadilentn® | entergbdTand Mefsiahliyy several
g elenents for heating a carrier “or
frustrates equipment manufacturers and packaging process engineers.
15  Currently, the most popular iead-free solder comprises a Sn-Ag or Sn-Ag-Cu
compound which has a melting temperature of around 220°C. As the process
temperature should normally be 30 to 40°C higher than the melting
temperature of the solder, it is difficult in practice to find a process window that
ensures effective die-bonding while preventing the plastic housing from
20 overheating. An example of another type of packaging presenting such a
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 io 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 nade to rise to the tenperature necessary for
eutectic bonding to take place, even though only the die pad which receives
the die should preferably be heated to t%e sai d bondi ng tenperature. The
other parts -3- of the substrate are preferably not heated or should receive

| ess heat. The roblemis th e to a mych | ower therrmal condugtivity of
pl astic mat er‘?fatf‘,g Sugﬁtéatﬁeﬁfﬁé?’%{e{ﬁ%iy Bt Pﬁ%tggloésﬁhp\é\%h@ﬁ@'i"ﬁ et ﬁ%?r}rreu'c%rt of
the pol yneri cpippiedt Isihat GO & Macte wiverthemedl doRadctivitdlof Mlastibenategalpad. I n

such circunstances, the 5 tenperature of the plastic material may be higher
than its gl asthederanaiatyreen the pigsiaboving asseme gatiof the prIYPPAES BikStalUSI ng or
the polymeri Cosiippbr &eh WBer %PQE%PB%% Qb FRITRGEduchotitRhdtaRlest ?ﬁ‘e
Invention 10 It is an obJect of the invention to overcone sone of the

di sadvant dyesteofperatare pf ittor plastic byatetiali aay e bigheedhbari ity glasmdransition

non-netallic | p e rier. Qr te | ng the
sanme during e%ﬁ}e‘%ﬁtgledi ég%o%wﬁghe%{&lﬁéI’ngn'gg'ﬁéﬁﬁ%%&&e?%}%ﬁ%éﬁg%%t ion to
regul at e t he pedpfermedioedarhagde carrier or 15 substrate during a die-attach
process so as to reduce the risk of damage to the non-netallic material.
According to a first aspect of the invention, there is provided an apparatus
for die attagtwmniiry 6hthe lvetibat rate i ncl uding non-netallic material, and
metallic 20 material that is adapted to receive a die having a eutectic
coati ng, lﬂ)rrpri sing: a heating conduit through which the substrate is
movabl e for hgad bRGbjdeeof MBliRldrtion T8 09EIBMe! Sonie BEHRCAISSaVPRIHe8 Bf iifaPer at ur e
o facilitate bonding between the die and the nmetallic material at a
di e-attach poBfiariashby ghwating of regiyeingclantage: forprdeelaliic materiabpigsentan ach
D O o O Ao Gr SRR Bhbh eafiny f8'sBHlAbug digetth& Bbhding O "0

" another object of the invention to regulate the temperature of the carrier or

15  substrate during a die-attach process so as to reduce the risk of damage to
the non-metallic material.

According to a first aspect of the invention, there is provided an apparatus for

die attachment onto a substrate including non-metallic material, and metallic

20 material that is adapted to receive a die having a eutectic coating, comprising:

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 materiai, 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 attachnent of a die having a eutectic coating to a substrate including
non- nmetallic material, and nmetallic naterial adapted to receive the die,
conprising 30 the steps of: providing a heating conduit; heating the
nmetallic material in the heating conduit,to a eutectic bonding tenperature
to facilitate bonding between the die aﬁﬁ'the netallic material at a

di e-attach positi,on while novi t he substrate, through t heat ing condui t;
heat i ng t he' nBOUFIANGRING FRegnsi) theeUieRl BoreiRg IRsABTeabie dsalAgh cut ect i ¢
bondi ng t enpepadiitre addl attBenind a-ord IoAhB mdIaIfE fridbérial antheadié-aaBémpositish.e to the
nmetallic material at the die-attach position. It wll be convenient to
herei nafter describe the invention in greater detail by 5 reference to the
acconpanyi ng fraiM i Il ; i : } tion.
The parti cul agi ty g%%{‘\gtéﬁlgﬁtaﬂ\?vi ﬂnééglhgﬁé t%ﬁ?gﬁggﬁg@%ﬂgﬁeﬁ?ﬁﬁéywﬁ% to be
under st oodd asreferpees talthegacdomppaniagadravingsfwhithe illvstraie oncambodiownt o  of t he

i nvention as fi by e clai i_ef. fot | f - i ngs An
exanpl e of a*%’%e %&&85' ef%o@n@%'ﬁ%%&%%ﬁ?%E%nt?%nee?ﬁg%&ﬁﬁ&g%mcor dance
wi t h the i nvenstitorbewiriderstoad e sdpesedingdhevgeheratifyesfehe érdanl idbetificataonpanyi ng
drawi ngs, in ich: 15 Figure 1 is.a si.de view representation of a die with
sol der on a bé@beéqyrepﬁ%réagﬁeﬁq%bydghg Ciaémﬁg pl aced and attached onto a

| eadfrane carrier with a plastic housing; 20 Figure 2 is a side view
representatiopn ,off a die 'fth ol der on a back surface of the die being

pl aced antl at BHelRescHP f HeRrawings supstrate: Fi gure 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 profin| exasmieiofed Areterednembedimgainsitthef aprasatupansl s8taod i ongsi de

the heat tunnglssrdance with the invention will now be described with reference to the

accompanying drawings, in which:

15
Figure 1 is a side view representation of a die with solder on a back surface of
the die being placed and attached onto a leadframe carrier with a plastic
housing;

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 attachnment of a die onto a polyneric substrate, and a heati ng
30 profile obtained froman arrangenent of heating bl ocks al ongsi de the heat
tunnel; -5- Figure 5 is a side viewrepresentation of a heat tunnel for
faC|I|tat|ng attachnent of a die onto a $gadfrane carrier with a plastic
housing, and a heating proflle obt ai ned from an arrangement of heating

bl ocks and t | de the heat  tunne| th
or ot orr o0 enbBlNiRL A fofs (S W eRiREPBRIR G B Bark WG o JAeind,

represent ati ogtfthnieri@fta Hienomb 4 Wadhaeid camier RGth Atpiatibriisingf aAddi e onto a
pol yneric substrate, and a heating profile obtained from an arrangenent of

heating bl ockkeating Aratieablained Bpm & argegeraential heating bipgks AR dugtienr di ng t o
the preferr e%&l“ﬂ@ﬁ?ﬂ?@&h&ﬁeé%nh@lvﬂ&kd?ﬁg t@%@bh@&r&?éﬁfbbaﬁﬁ@m Rfind he
Preferred Enbodi nen Invention Figure 1 Iis a side view representation
of a die ¥ whventswsi ded 11 on a back 15 surface of the die being placed and
attached onto a | eadfrane carrier 12 with a netallic portion 13 and a

pl astic housing 14. The die 10 is placed onto a surface of the metallic
portion 13 ofFighee |Geasifa aaide odawimaprebéntatiehdef an heaeaunr‘@d)dndefdculuytnmgle

pl asti c housi 4. Such eadf r ane carr hou |ng 14
i s especi all y%ﬁ}m\?‘é’??ﬁe Bgtgq E’@B"ﬁﬁH‘Bﬁ%% Lﬁf}\g Fﬁ%r& L |I%)%n usi ng

bei ng usef ul ﬁ@maarsunangémémrofmag@mmks\uhtjhnmbhefoumng@m@rthe helt gure 2
Is a side wewrepres tagi nof a die 10 with der 11 on a back surface
of the dlbobe*uﬁﬂerﬁcéeg{;" ﬁﬂ%f@ﬁ@ egihogime of %PY@ 0pstrate 16. The

pol ymeric substrate 16 conprises primarily of a plastic strip 20, with a 25
metal |eadfrane 18 m)unted onto the pI astlc strlp 20. The die 10 is pl aced
onto the net aPelaladiDesegiiption o the Praferrgd Embodine e lsyendionat e 16. Figure 3
Is a side view representatlon of a heat tunnel 22 of the prior art for

facilitating attachnent of a die 10 onto a netallic portion 13 of a
| eadfr ame Figure 1 is a side view representation of a die 10 with solder 11 on a back

15 surface of the die being placed and attached onto a leadframe carrier 12 with
a metallic portion 13 and a plastic housing 14. The die 10 is placed onto a
surface of the metallic portion 13 of the leadframe carrier 12 inside an area
bounded by the plastic housing 14. Such a leadframe carrier 12 with a plastic
housing 14 is especially suitable for use in LED manufacture, the plastic

20 housing being useful as a support for engagement with another component.

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 subsirate 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 |l eadfrane 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 accommobdate the
plastic -6- housing 14 protruding fromthg_| eadframe carrier 12. The upper
and | ower hot plates 26, 28 are heat ed by heating bl ocks 30 with embedded

heating elengnts 32 |loca t he heat .tunnel 22. There iis,a w ndow
inthe top c t%anga'ﬁ grogrugn%[ q%p%gﬁ??'gﬁ GRHE € 1t2 pfﬁr\ﬂmﬁo‘%eélh(%r on a
back surface platefs 28e 28i ard hepleacbd loaHtingt bleclksaa’m WitITEemBde@]‘ hkating he

| eadfranme carrj e th stic hgusjng 14 is noyed from]]eft tg right in
oure 3. Theolients abuocaid ABpogee hechesh e L ol Gereyis Swisdpwdn fhe

tenperat ure afoptdtReflhta aretaapalanmgmbh Whet®h dwwﬁmhvsomnah Rbdck éu?flsse pl ace 10
bet ween the di e 10 and t frame carrier 12. Each heating bl ock 30

forms a he‘%ltlﬂbthﬁ&ﬁﬁaistﬂ*@ﬁedl@t%ﬁ’@dﬁé‘éfrqrﬁe raier {Be | eadframe carrier 12 to a
predeterm ned tenperature. As the |eadfranme carrier 12 is noved through the
heat tunnel 22 towards the die-attach position, it is heated in accordance
with a heati e jeadifiame ¢awier {2 with plastinmeesingsl4iis maoveddvard lefhta righidm heat i ng

bl ocks 30 o BRUE e + i’ e Feftied5 T2 Pl Y i HRAREET 1, 8 o ety
represents a tmmaturé)cmdhegdnemtpem giasitenafort éuiectioebandhag htoptakiet plaue wher eat
e ook oRseRshe 88,8 855 ud el S carL IR s hesh e ARG 1 ° ©

figure 3, thefdreRdd h@ﬁﬁhiﬁélﬁe @ﬂat i:l%diaﬁtehet@tI%btgh@déﬁtlfﬂa‘m@&aﬂribr nasmeé: through
tthe heat tunnel 22. At the die- attac g sition between X1 and X2, the

metal |ic port PEetesmitedsmperalyfer Ainthe leadiage qarisr1? issaovaddhraughitae

tenperat ure TResthahndlD2StdvhAlY e (dN-aRabESddittord vt i9 ABSIeBIn afEdrBAndd\WitROSI ti on
X2, the leadframe carrier 12 is allowed to gradual |y cool to anbient
t enper at ur e. @ heating profile in a graduat manner as it is moved past each heating block

15 30.

A heating profile obtained from an arrangement of heating blocks 30
alongside the heat tunnel 22 is also shown in figure 3. Tb represents a target
bonding temperature at the die-attach position whereat eutectic bonding takes
20 place. X1 and X2 represent start and end-points of the window in the top
cover 24 at the die-attach position. As shown in figure 3, the ieadframe carrier
12 is heated gradually as it passes through the heat tunnel 22. At the die-
i 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.

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 arrangenent is that the heating bl ock 30 heats both
the netallic portion 13 of the leadfrane carrier 12 and plastic housing 14
for a 30 prolonged period of tine between the X1 and X2 positions and
beyond. Due to | ower thermal conductivity of plastic material and heat
received fromthe heating block 30, the,}gnperature of the plastic housing
14 rises past its glass -7- tenperature and nmay deform or be otherw se

darmaged by the heat. The ual,i of the finished product th be
affected. Fi gﬁ?weﬁat\"_? _ﬁn%i"g%y ge ¥mr%"pf’%§éﬁ’ﬁ"&’ﬁeo_aa'?}g9% eYatf‘tha}{ﬁﬁ’relLthfz of the
prior art forquditfsfahé fikishédprodube®ayis bef affectd® 10 onto a pol yneric
substrate 16 which conprises a plastic strip 20, with a netal |eadfrane 18

nounted onto, the plastic strip 20. The heat tunnel 22 is bounded by a top

cover 24 at tlhiguFeOJP is 8"HeAviBRL reBFé&ﬁtaﬁén%tf al héat tiﬁﬁﬁézf?z Sthihrish ghh@r

polynmeric substrate 16 is conveyed e top cover has a w ndow at a
di e- at t actd pofeciitating f attachment f aodie th ent@ anipolyreericd subsgirate, hoxhigur f ace of

the die onto f 18 ..,0 i t As in
figure 3, the%@%% SERE S AT20) % hilG RANIR g?ﬁ“?‘%&é?g(ﬁ%&g?ethe
drawi ng, and plastivesttip@0i nTiee heatdanoe 28 isrboundedthyra tqpr cdver @44 the tggasses 15
heati ng bl ocks 30 wit d eating el nts 32. A . heati protile

obt ai ned fron?réiaawtaﬂaéggﬁtaqgtﬂemm "biW% E@Opgy@ﬁagisdlbs{gﬁg ﬁgéﬁ t unnel
22 is shown i gorfvieged.eThe tdpetovee24thae oWindbw aX2 giesittatle Posifion fefplavasy by the
wi dth of the wi ndow of the top cover 24, the t,e%erature of the netal

| eadf rame’d s #£ie10 WHh spifer ananbakessusiacs of the dis e e Hetahigadiames!8 2o

However, it cgﬂhg?ogﬁ@mictshggtrétgqﬁterrperature of the netal |eadframe 18 is
fai ntai ned at Tb for a prolonged period of tine, that is, between X1 and X2

and beyond. As a result, the plastic strip 20 of the polyneric substrate 16
which has a | gues g]gﬂn%r hgc;ﬁ?ﬂﬂéﬁé ¥libstrai®Y 648 TREVBrolEieR B GIgit BF tifamaged

25 by the heat absorbed
drawing, and is heated in accordance with a heating profile as it passes
156 heating blocks 30 with embedded heating elements 32. A heating profile
obtained from an arrangement of heating blocks 30 alongside the heat tunnel
22 is shown in figure 4. Between the X1 and X2 positions as defined by the
width of the window of the top cover 24, the temperature of the metal
leadframe 18 is at Th and to enable eutectic bonding to take place.
20
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 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 |eadfrane
carrier 12 30 with a non-netallic material, such as a plastic housing 14,
according to the preferred enbodi nent of the I nvention. The substrate

I ncl udes the non- netallic plastic housin% 14 and a netallic portion 13 for

attaching the die ndui t as heat tunnel s bounded
by &t op cov oM BYEHFURoS L5 0a R RSt FAIEET T4 OPRESE AN RHRS CEPAIS, 12
conpri sing ame/akEh ItSWér Hdt ple 286 TRRGUBSIrGeRr [dtffrafle2éATidt12 fﬁhﬁo@mt rate or
| eadframe carrier 12 is novable through the heat tunnel 22. 5 As in the

prior art, thHerqyahdhe frat BlRI22hot plates 26, 28 forma stepped path in

order to accommodat e the plastic housing 14--protruding fromthe feadfrane-
. carrier 12. There is a window in the top cover at a die-attach

p05| tion vher&s in thepriv avii the wppedanddower hetqlates 26228 farm alsteppied path pl aced

onto the metall] Jzéu tﬂ%t %E% e St Eg;w

bondi ng. Thuglh rre*cg{ 1 e on ng i 'ﬁ%{ Eei aéf%é‘nehgcarrl er 12 needs
to be heated tarrier ‘B’ht‘él@éreas b@nddmmthepep abveraat acdi¢-atiath pasutaorbwhelnerq:; bet ween
the die and the t Ii mat erji al at, the ttac i n. The.upper and
| ower hot pl a‘?'gs@ﬁ’% 46" OHA| (‘Tlﬂlﬁaﬁgaqubetﬁe Cﬁg %ghl& mel%l 'B0 with
enbedded heat pdrgoeh 815t Hiesleddframe ajafibral2ofg sLtdetid b@ndm@t Thug)neé mdalli@s in the
prior art, Howeyer, at the die-attach position, the Ieadfrarre carrier 12 1is

heat ed byl%n portion t 1H A e dearirages icaEies yth needs 1o bRy feaieshie & PUBELC | nst ead
of a heating l%rib%g @npé‘?ﬁﬁlré Qé‘lfﬁélhtﬁfé 88hding behwedR it Bfe and i meifiid 2\6\" th

dingle or rrultlg(re wi ndi ngs. i s connected to an alternating power
source with am@ ﬁhﬁqtéeﬁtﬁné‘i‘a%\}lf{ﬁltonand frequency for passing an alternating
current through the coil. Preferably, the power output of the induction coil

34 is adjustable up to a magnitude of 10 kilowatts and the frequency is
adj ust abl e uphe uppemanghiowed bobplates 26 @8rare tpzimarheheated by iheatirmblockt coul d

be of a 15 30 with embedded heating elements 32 located alongside the heat tunnel 22
as in the prior art. However, at the die-attach position, the leadframe carrier
12 is heated by an induction heating device such as an induction coil 34,
instead of a heating block 30. The induction coil 34 is made of a metal coil
with single or multiple windings. It is connected to an aiternating power
20 source with a variable power output and frequency for passing an alternating
current through the coil. Preferably, the power output of the induction coil 34
is adjustable up to a magnitude of 10 kilowatts and the frequency is adjustable
( 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 fiux, the metallic hot plates 26, 28 at the die-
attach region are repiaced 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.
30
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



sol enoid or pancake type, or be in any other form Furthernore, in order to
25 avoid the blocking of nmagnetic flux, the netallic hot plates 26, 28 at
the die- attach region are replaced by a non-netallic support surface which
may be made of ceramic material, such as a ceramic plate 36, to facilitate
el ectromagneti c i nduction betmeen t he |nd§ct|on coil 34 and the netallic
portion 13 of the leadfrane carrier 12 for induction heating. 30 An

bl ook 30 wi t nPRCARRTRG ey BR89a3oNaing Al PerdoBal T MoeLATPAEd at t he

metal | i c port mteal itofeckives |headfﬂd&§alycﬁtbnhl he rﬂaétalh]ﬂ':ﬁ)rﬁxbraSBJ Sudhothat g 14 does
-9- not interact with the i n_d‘uction COH? 34 and therefor? is not heated
directly. | novethermal copdugiivibisbegompes k85 A AN psee o fieh ot Fameoeite Perti on

13, such that phhsethiiy HJ‘u@.fnP‘BbarPWHeré Wd bbliaeIBs rb@iedolvithdutl Sikdte. R sk
of danmage to the non-netallic housing can therefore be obviated or reduced

wi t hout di®echeatigwfdting of it. A heating profile obtained froman
arrangenent of the heating bl ocks 30 and induction coil 34 according to the
preferred enbodi nent of the invention is also shown in figure 5. Through
the arr angerremh&aiingrmoﬂﬂeabtaﬂgpd)frumm S0amgandra of tiokibeatong klocks 30 aadl ongsi de

t he heat tunne] lLeadf rame,.carrier I S aII heat ed by the

heati ng bl ock@dé'ﬁ&?rh %\%ﬁ(@n%t? ﬁhe pheégﬂ’%q]gnmoglfrﬁ?i{ faoI V?rglope'gchi ng

It hedgl e-attac hlspmtlntévhon fgmbes tmrpegtatherarr?fgemeﬂnt of #hemélangg bnﬁvsé. 80 agd Iof t he
eadrrane carri er a Ql, nt er C ) el oOw a

nown g1 2481 IndEiaT oAt aanAenBEes in heBf el ary i leaHaM R RITPL 1208 15 ¢he

pl astic housi geadliily hestel DYRRE LA BIBCKIBO i ScbAIFACE WitBAShéatR préfie he

| eadf rame carrier 12 should preferably be maintained at bel ow the glass
poi nt prior PHOY idIRAChHE thediealach ppﬁ'ﬁo'&h dhe teameraiye of aflie-BpndiRg di e

attach positi 985&?8&\6? %édﬁé‘rﬂe@rﬁ’e‘i ekt (R&C &Nt IsSretdrarsle Wt ma, WhRh g0 top

cover 24, the'rate ﬁEaeatl ng of the die-bonding position of the | eadfrane
below a known glass transition temperature or glass point of the material of

15 the plastic housing 14. The temperature of the die-bonding position of the
leadframe carrier 12 should preferably be maintained at below the glass point
prior to induction heating at the die-attach position.

At the die attach position between X1 and X2 as defined by the window in the
20 top cover 24, the rate of heating of the die-bonding position of the leadframe
carrier 12 from Tb to Ta is substantially increased 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 metallic portion 13 of the leadframe carrier 12 is
maintained at the eutectic bonding temperature Tb for a shorter period of time.



carrier 12 fromTb to Ta is substantially increased as conpared to the prior
art and as conpared to the rate of heating froman anbient tenperature to
just below the glass point. The rate of cooling fromTbh to Ta is al so
substantially increased as conpared to the prior art to reduce exposure of
the plastic 25 housing 14 to the higher_}ﬁfperature and as conpared to the
rate of cooling from below the glass poi to an anbi ent tenperature. The

aimhere is t mai ntai.n the [ 1] rtion 13 o substrate or

| eadf ranme car gb’éﬁd‘ﬁ”%lthec H%”°CEE{ ﬁ'@?itga'g%ﬁd?’ﬁf@"'f’e‘?ﬂf{é?%ggr‘é af emeeraiire i ci ent
period of tinmgpfde rfRReAidatabeto tHeepladtit ﬁ(hﬁil @{Hrwgrp@éétlt@nsmmgd fRghore the
non-metallic material is heated to abov its glass point. The result is

that the netafhs '@eE?dJPOtFPQSFP"!L33@f th%lgaﬁfé@aercarf@rde?rtputee PiaEt'P§‘°Uﬁ'ﬁ9Ht4d$ned at
the eutectic u%: ggperature Tb for a shorter period of tine. -10- By
reduci ng the perlod of time that the netallic portion 13 is at tenperature
Tb, the ri8k of damage to the pl astic housing 14 through heat transmtted

from the e Huts O bl Gllo Vi ighlBSehBAGL AT 1Bl Yot 22 1 SRS

housing 14 is Vs dedt JWne! &8 représentati on of
a heat tunnel afl@cHmoentfaicd Hiet 0 lon’g) aqioﬂménmsﬂbsh‘htaaﬁﬂmldﬂ]ng)mba raetpliicymeri c

substrate 16 in i Nng_non mat e d|n to th referred
obodi aent ot M AL bRl Srmpediment 6 e ilebfbr o T8 Rifel Sor
figure 5is thﬁferér’ﬂﬁrfﬂ)rh$h@h§atft0h@el|oﬂiygﬂr90$ i@kt ﬂﬁr@isaé%m%Ve lapét gfasbtof upper
and | ower hot plates, 26, 28 due mainly to the structure of the polyneric

substrat e196. PiAR At Wé‘eaﬂaﬁ’tgpﬂﬂ" Kk loyeest hat plples 26 28, @iq maindyde tﬁ% figure

5 and will nO%trQ&uife%fttH@rpoﬂ/%ﬁfc'st?ﬁgtrat-éhf% pﬁﬁé’ﬂﬁ%& Baﬁé‘@ﬂﬁeﬂﬁé‘atl@ﬂe‘ﬁzﬁwed
fromleft to right through the heat tunnel nd is heated by the

heating bl ock§r%®els<§'m%ﬂﬂﬁi-lfeﬁg'@ddé'"mﬁébﬁé&thefdﬁ?@lbedzz At the die-attach
position, the heating block 30 is replaced by an induction coil 34 and the

pol ymeric substrate 16 is supported by a ceram c plate 36.
The polymeric substrate 16 is moved from left to right through the heat tunnel

15 22 and is heated by the heating blocks 30 located alongside the heat tunnel
22. At the die-attach position, the heating block 30 is replaced by an induction
coil 34 and the polymeric substrate 16 is supported by a ceramic plate 36.
Thus, the metallic material of the metal leadframe 18 to which the die 10 is
attached is heated by the induction coil 34 using induction heating at the die-
20  attach position.

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

——

ailso 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 Tb 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 cooled 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.



Thus, the netallic material of the netal l|eadframe 18 to which the die 10 is
attached is heated by the induction coil 34 using induction heating at the
die- 20 attach position. A heating profile obtained froman arrangenent of
the heating blocks 30 and induction coil 34 according to the preferred
enbodi ment of the invention is also showy in figure 6. The heating bl ocks
30 heat the die-bonding position 25 on the metal leadfrane 18 to a
tenperature Ta which is below the glass point of the non-netallic plastic
strip 20 of the polymeric substrate 16. Thereafter, the induction coil 34
heats the di el bnowld e appsémétedl tmaft althmgmmladoea@bsmmoﬂxaelates t6 tieaiueet i C
bondi ng tenperature T a sgf m%@ faster te as ared to the
prior art, befloMEanyo e&l‘ﬁ?’héﬁ ughio 8"” Ht?fqeam Saétla(;'@(?of’@ dpdh&re To

for a Shorterfoﬁﬂ%@&rﬂ%nﬁdm’é? heéfnﬁgf'bldﬂ:k@ mdbaich Héétlrfgabéﬁcéﬂ &P alsot he net al
| eadfrane 18 is cooled to tenperature Ta, again at a substantially faster

rate as co‘irpapl@dldleé Phhﬁlqﬁltbﬁ? dlﬁtaﬂﬂ-‘ho@pﬁlh@'h 8, as he rﬁa'tt%m)fl adiustr é’ﬁﬁe 18 may

be al | owed toteﬁ@:&!r Eeag.(“?h h%aﬂ'ii -11- It
shoul d be appreciat eci3 ?%at al t houg t ove\;e%escrl ption relates o t he use
of nmeans ot heihe hase i ofdireiuction HMmggabLthsl die-attechd ipesition agvpigosditacon in the
form of convepiional. heat| Vi ce | so be 5
provi ded out sﬁé@s'ﬁ%%o&@ g%qaghﬁ}?ospplrﬁﬁg@é 'ﬁgte?lgﬁiﬁ‘ﬁ%agﬁ thgd%ﬂﬁ%np ﬁ

t enper at ur e psulfstiate, & sloedaubitierratecatashich tionesmetdiiomgteriaheathes itng
conduit. ,The use of induction heat t the die-at on .avoi ds
direot 1 1dneRSs Pb Mo BIPA R i AonBea! 5 toet e BERPONHETE AR e
carrier or  spiasd! éddiranie18 kdWedsiastid Stap 2@t eF@henhibed) thédrguteelic Bidihd i C
material reaches its 1Q glass or nelting tenperature. |nstead. heat is

transnitted i ieHREERIIS 'ﬁ‘br smmaigtaineg; for @ csherienmeried ofo tifgewBichsis Bisktrip 20.
Furthernore, gt.tffﬁcrsh'ttfﬁpf)fa&ne%%éqﬁie dn@@ﬁég%%%dﬂ@ tb?a@blﬂé@b&%eﬁ%e

shorter period of time whiC just sufficient |’ acing of the die and
eutectic bondﬂlﬁgaﬂdothﬁdkétablpé@@‘aﬁ%tﬁ?f\w@whtlh@ bQﬂd@darﬁfJQ hmﬂb@l\’ﬁlf@tgmface to

which it & bROdsHanitise fohdlifetRateRSl 8 cbviated or reduced, and the quality

of the finished product may thus be improved.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that

20 the invention includes all such vanations, modifications and/or additions which
fall within the spirit and scope of the above description.



15 risk of danmage 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 ti ons other than those specifically1 €scribed and it is to be understood
that 20 the invention includes all such variations, nodifications and/or
addi tions GhAMS:fall within the spirit and scope of the above description.
-12- CLAIMS: 1. An apparatus for die attachnent onto a substrate including
non-netallic material, and netallic nmaterial that is adapted to receive a

die havingia SARAEpRTrates feRdieRAtachaient ontd 8 substtart ihBRIdARAohimdtarieugh
whi ch the substrate is novable that is configured to heat the netallic
mat eri al wmateriakaiandamsitallic :matengl thalie agiapted to recaivei @ digt Baviag del ow a

gl ass tgangition per .0of the non-netallic material prior to bonding
the di ¢ toévtﬁgﬁ%fgiwq%c&hﬁﬁ"ﬁil at a die attach 10 position; and an

i nducti on heat i ghégting eontiuit trdligh avhiek Ntheosubsteatel &8 Mevdbleothahas
netallic material to a eutectic bondi ng# tenmperature to facilitate bonding

bet ween t heorfiguired & hrat the metallic material whileimaintaipings rpaeiaiurecidhai ng to

claim1l1, i I ) - | ] 4 Or. ¢t . at the
Gi o at ¢ acrit oAt HariaP bl S i dPERion, MfbBERueCor, 8 FEMGENE 2

non- net al | aterigperiér t¢ Wdnairey itke ndidetcothes engtallic maiterialabt a2Qied attédh
apparatus according to any one of the preceding clains, wherein the

i nducti®n BesitioMm@fbvi ce conprises an induction coil conprised of a netal
coil with singl i i ndi.ngs fo : ol to any
one of the precgﬁﬂh%'g%{pg: ﬁé&%gggq&% attﬁ% gré’méé?b%ﬁpgﬁ'm’ﬂ?°ﬁ‘§%f'ﬁ%3§?i on
heati ng demietallic smaferial | towat estenticl beading temperature to facilitate bonding

between the die and the metallic material.

15 2. An apparatus according to claim 1, including a non-metallic support
surface for the substrate at the die-attach position.

3. An apparatus according to claim 2, wherein the non-metallic support
surface is made of ceramic material.

20
4, An apparatus according to any one of the preceding claims, wherein
the induction heating device comprises an induction coil comprised of a metal

coil with single or multiple windings.

25 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.

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
30 less.



6. An apparatus according to any one of the preceding clains, wherein the
i nduction heating device is operated at a frequency of 10 negahertz or 30
| ess. -13- 7. An apparatus according to gny one of the preceding clains,
i ncluding one or nore induction heatind“devi ces | ocated outside the
di e-attach_position where induction heating takes place. 5 8. A nethod for
attachnent 7of aAdi appaietusgaccasdingdoi a;ny:@ael dheprecedingsilaimse ineledingi ng
non- et al | | di e,
conpri si ngbﬁ% rﬁée?egilngyé% gg%@##dgv e:é;lﬂéj‘\dcon nghé%é%%ﬁggﬁ \I@Sh%@t allic
mat eri al |whtal'@|riwatlongeamglta|¢esvwlad:@ ITB.I ntaining a 10 tenperature of the
netallic material below a glass transition tenperature of the non-netallic
material prior to bonding the die to the netallic material at a die-attach
posi ti ile r t eating the
met al | ?2 V\rrgt er| &H?Ltr]\rd]@(r:t I on r@%’?l %g a?relbggnsﬁ%]ﬁn@ﬁag éelﬂu tgft):&gléh%%n@i %g
t enper at ur 3ub$tratbemdllﬁl1nig mahnatuﬂld intaiterialn darikb nagtatichmaderial dadapted ttbe
netallic material at the diie-attach position. 9. A nethod according to claim
8, incl udi FRFSIVRIG @, %Qmﬁﬁﬁﬁgéhﬂﬁ $%fe nmetallic material at the eutectic
bondi ng tenpera Hf\ff’dlf\@ éde%ﬂt period of time for bonding the die to
the netallic materia fore the non-netallic 20 material is heated to
above its gl assheatiny the metalhcrmtetlalrm thémeaﬁngertdmtdutanbitﬁ diairgﬁairchg; hai m 8 or
claim erein. the eati.n he metal lic materi from bel ow t he
Gl ass 10 antarmpeatignofhe el aietiabhebul Bcdsh drate tom pompeahe, o
substant i afjgy nagﬂﬁ&éllk*}ﬂﬁtéﬂ% anéP fo BBn&iﬁgttha%é %o the nﬁét%ﬁb%a?éﬁé?} ahh

el ow . A et hod

tenperature to l'asS fransitio erature
accor di ng die-attgclopesitién wmiermmﬁng maeubstratedtilrcmghtthe fmaﬁpg@bnduirb,ol ing the

1 I al
Lemer ature of PREUNBAEEERANG MaieLpund e REabts e 1o E RUeaE ot ne

di e- bonding temperature at the die-attach position; and
15 attaching a die to the metallic material at the die-attach position.
9. A method according to claim 8, including the step of maintaining the

metallic material at the eutectic bonding temperature for a sufficient period of
time for bonding the die to the metallic material, but before the non-metallic

20 material is heated to above its glass transition temperature.

10. A method according to claim 8 or claim 9, 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.

11. A method according to any one of claims 8 to 10, 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.

12. A method according to claim 11, wherein the rate of cooling the metallic

material from the eutectic bonding temperature to below the glass transition



30 attach position. 12. A nethod according to claim11l, wherein the rate of

cooling the netallic material fromthe eutectic bonding tenperature to

bel ow the glass transition -14- terrperatﬁre is substantially higher than the
rate of cooling the netallic material fromthe glass transition tenperature
to an anbient tenperature. 13. A nethod according to any one of clains 8 to

12, wher ei lenprratuiguist isthstaptinbathighendban thenfateset welingdine: indstalliei |
conprised of. . 4. i i S| Lol arel A et hod
accordi ng @gt%rhéﬁltgﬁétlﬁb%ﬁgt%sg@t@g@&%tgﬁ' t%?ﬁgaﬁ%%i%%ﬁfa [Ill:nsgratjufr‘%.e substrate
with a non-netallic support at the die-attach position. 10 15. A method

according to claim 114, wherein the non-netallic¢c support is . . made of ceramc
material, 1% aATRethed %R?@éﬁ"agrﬁ@%%%@"b? 8¢ ﬁﬁnwhsr@la the induetipngi ng

heat i f i c.opateri i i ; ide th
heat %, ored el Bpho BT it 1 CHhROBERY AomERAnIWA Ce Lhe
single or multiple windings.

14. A method according to any one of claims 8 to 13, including supporting
the substrate with a non-metallic support at the die-attach position.

10
15. A method according to claim 14, wherein the non-metallic support is
made of ceramic material.

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



