-1- FORCED HEAT TRANSFER APPARATUS FOR HEATI NG STACKED DICE 5 Field of the
I nvention The invention generally relates to the processing of sem conductor
devices, and in particular, to a net-hlod and apparatus for effective heating
of a sem conductor die, especially a die conprised in stacked dice, during
bonding of wires to the 10 sem conductor die. Background and Prior Art Wre
bonding is one of the key manufacturing processes in electronic packaging in
15 which a die conprising integrated circuits, is electrically connected to
a substrate to which it has been attached by fine wires of conductive
materi al, such as al unEQRGED HEAETRANSEER APPARATUSast majority of
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Background and Prior Art

Wire bonding is one of the key manufacturing processes in electronic packaging in
16  which a die comprising integrated circuits, is electrically connected to a substrate to
which it has been attached by fine wires of conductive material, such as aluminum,

copper or gold wires.

A vast majority of wire-bonded interconnections are made with thermoscenic bonding.
20 Thermosonic bonding is a combination of ultrasonic and thermocompression welding
that optimizes the best qualities of each for microelectronic usage.
Thermocompression welding per se usually requires interfacial temperatures of at
least 300°C. Such temperatures may damage some die-attach plastics, packaging
materials, laminates, as well as some heat-sensitive dice.
25
However, utilizing thermosonic bonding, the interface temperature can be much
lower, typically between 125°C and 220°C, which avoids such problems with heat
damage. The ultrasonic energy helps disburse contaminants during the early part of
the bonding cycle and the thermal energy helps to mature the weld through diffusion
30 of energy to promote metallic diffusion and hence intermetallic growth at the
interface of the bond sites. This combination of ultrasonic and thermocompression

welding also allows the ultrasonic energy to be kept small enough to minimize



cratering danage to the sem conductor die. Thus, the connectivity and
strength of the thernosonic bonds substantially depend on thernal
diffusivity of energy froma heating 3ource to the bond sites, and hence
the effectiveness of thermal transfer to the bond sites is inportant. 5 In
conventional electronic devices, a substrate is usually attached with a
single die to which thermal energy can be directly transferred froma

heat i ng, |
Conduct ¢ SR dBRESENEAR oirioRhRbE Bl YRS BR CodiechuRp ISR |
rel ati vtﬁeythbh’rnosormbdaomisesuﬂstamtﬁaﬂyamphnbfmrtrmermeh rdrﬁﬁgﬂwrtyhef efiérgyuostor at e and
then th the di,e s quite fast rovement chnol ogy,
there ahABSOTRPABRE HOBH Sies: 854 Nt Be eociVendes o PAERELIrRSEY Mot hor
dieto ty of the device. The die that is stacked on to
of anotL ﬁﬁggﬁgaé;@gvgeﬁgh{g fromthe bottomdie, and 15 the overhang may beIo

norebthan a fewmllinmeters. Furthernore, a substrate may be nounted with
multipleg |layers of dice. FIG.1 is a ustrat i on, of ti-layer. stacked
i ce. aslesipnianekelprone fevioss. & saRetteis Hsaberuendlodlih @ sdbcdielary 1o
conpri Sghich therhal eﬁéfrg?fcdrﬂge \drr@éﬂr_lr tiéinSforfed %ﬁhﬁg%ﬁhb%oﬂré@%ﬁ@grﬁ@aw
respect to one anoth nmounted on top of a substrate 14. The stacked

di ce 12tharsubsitrate to aebdn;d sitEoom dmen diet ewCOMWm@nsuhsthacernbmed)ﬁhmmbes@n‘ ity of
bonded {% res 16 | t

con here e ust r t her mal
Tt usi Hie §haibedie angriubsiralh BB RRShic, fad P <R tbBiatelit o BYSref Bénce o
a 310“9|§u!5§t%tétaﬁﬁktﬁélnﬂﬂb9 ﬁtﬁ@@@\@ qftﬁtbqa@tn a substrate, whereby thernal
di ffusion through nultipl e | ayers of stacked dice 25 can be denonstrated.

FIG 2 is an isonetric view of a stacked dice assembly 20 being heated with
conv ntlon a n r.s of [Lor rt. The st ack dice
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24 and The digthat issiacked oadppafiapstier die may overhang from the bottom die, and
15 the overhang may be more than a few millimeters. Furthermore, a substrate may be

mounted with multiple layers of dice. FIG. 1 is an illustration of a multi-layer stacked

dice assembly 10 of the prior art. The muilti-layer stacked dice assembly 10

comprises a plurality of individual dice 12 orthogonally arranged with respect to one

another and mounted on top of a substrate 14. The stacked dice 12 are electrically
20 connected to the substrate 14 by a plurality of bonded wires 16.

it will be convenient to hereinafter illustrate the thermal diffusivity within the muli-
layer stacked dice assembly 10 by reference to a single die stacked ontc a second
die on a substrate, whereby thermal diffusion through multiple layers of stacked dice

25 can be demonstrated.

FIG. 2 is an isometric view of a stacked dice assembly 20 being heated with a
conventional heat transfer system of the prior art. The stacked dice assembly 20
comprises a first die 22 mounted on a second die 24, which is in turn mounted on a
30 substrate 26. Layers of adhesive 28 are disposed between the first die 22 and the
second die 24, and between the second die 24 and the substrate 26 respectively.
The first die 22 comprises a plurality of bond pads 30 on its top surface. The



The first die 22 conprises a plurality of bond pads 30 on its top surface.
The -3- stacked dice assenbly 20 in FIG 2 is shown partly bonded with
bonding wires 32 interconnecting the pond pads 30 to | eads 34 on the
substrate 26. A heating source 36, such as a hot plate, is introduced
beneath the substrate 26 for 5 providing thermal energy during the

t hernosoni ¢ bondi ng process. As the thermal energy is received by the
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15  arrows 38 indicate the flow of thermal energy conducted through the components.

However, in normal operating environments, the stacked dice assembly 20 is
surrounded by ambient air of lower temperature. The thermal energy is able to
diffuse into and be lost through the ambient air. Besides this, there is also energy
20 being lost by advection through the bulk motion of air. Air flow is induced by
buoyancy forces which arise from density differences caused by temperature
variation in the air near the surfaces of the stacked dice assembly 20 and the
ambient atmosphere. This causes natural convection heat lost to the environment.
In FIG. 2, external arrows 40 indicate the natural convection heat lost io the

25 environment.

Such convection heat loss occurs over the surfaces of the stacked dice assembly 20.
The amount of heat lost through natural convection therefore increases when larger
surface areas are exposed to the atmosphere. An overhanging die, and especially

30 multiple layers of overhanging stacked dice 12 packed in the manner shown in FIG.
1, have large surface areas exposed to the ambient atmosphere. Thus, stacked dice
are more susceptible to natural convection heat loss than single dice.



30 nultiple | ayers of overhanging stacked dice 12 packed in the manner shown
in FIG 1, have large surface areas exposed to the anmbi ent atnosphere.

Thus, stacked dice are nore susceptibde to natural convection heat | oss
than single dice. -4- Mreover, the orthogonal arrangenents of adjacent dice
12 in the stacked dice assenbly 10 reduce the die-to-die contact surfaces
needed for thermal diffusion through the conponents. Therefore, the thermal
diffusivity of the stacked dice 5 assenbly 10 through conduction is
adversely affected. In addition, the sem conductor dice, which are nade of
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In cases where die bending needs to be minimized, and/or when a higher loop height
for the bottom die is required, thicker dice are used in the stacked dice assembly.
An increase in the thickness of a die, however, will substantially increase its thermal
resistance, and hence decrease its thermal diffusivity. Similarly, the thicker the
20 adhesive between the dice, the lower is the thermal diffusivity of the stacked dice

assembly 10.

Furthermore, the rate of heat loss depends on the temperature differences between
the stacked dice assembly 10 and the ambient atmosphere. A temperature gradient
25 between the stacked dice assembly 10 and the ambient atmosphere will generally
vary according to environmental temperature changes. Therefore, the temperature
on the bond pads of the stacked dice assembly 10 is unpredictable when the
environmental temperature changes, causing difficulty in controlling the temperature
at the bond pads.
30
As such, the conventional heat transfer system is unable to consistently provide a

constant bonding temperature to the bond pads 30, thereby reducing the



envi ronment al tenperature changes, causing difficulty in controlling the
tenperature at the bond pads. 30 As such, the conventional heat transfer
systemis unable to consistently provifle a constant bonding tenperature to
t he bond pads 30, thereby reducing the -5- effectiveness of the thernosonic
bondi ng bei ng perfornmed. The connectivity and strength of the bonds may be
af fected. Accordingly, it would be desirable to alleviate the aforesaid
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i nvention to seek to provide an apparatus for effective heating of a die
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conprising a gas oullet positionable a cent to the first die that is
configured to project a hot gas 20 onto bond pads of the first die for

bringi ng the bor?(ii ds t.0 a desired bonding tenperature. According to a
second @M@L@@H" tion, there is provided an apparatus for
congucting wire bonding on a first die that is stacked above a second die

attached A 25 onto a substrate, the apparatus conprising: a gas outlet
posi t i oliddltBugdraebiect ©h thednvention to seek to provide an apparatus for effective

heating of a die comprised in a stacked dice assembly during wire bonding by
incorporating a forced convection heat transfer system such that the aforesaid
problems with relying solely on heat conduction may be reduced.
15
According to a first aspect of the invention, there is provided a heat transfer
apparatus for heating a first die that is stacked above a second die attached onto a
substrate during wire bonding conducted on the first die, the apparatus comprising a
gas outlet positionable adjacent to the first die that is configured to project a hot gas
20 onto bond pads of the first die for bringing the bond pads to a desired bonding

temperature.

According to a second aspect of the invention, there is provided an apparatus for
conducting wire bonding on a first die that is stacked above a second die attached
25 onto a substrate, the apparatus comprising: a gas outlet positionable adjacent to the
first die that is configured to project a hot gas onto bond pads of the first die for
bringing the bond pads to a desired bonding temperature; and a wire bonding tool for
attaching wires to the bond pads of the first die when the bond pads reach the
desired bonding temperature.
30
According to a third aspect of the invention, there is provided a method for heating a

first die that is stacked above a second die attached onto a substrate during wire



first die that is configured to project a hot gas onto bond pads of the
first die for bringing the bond pads to a desired bondi ng tenperature; and
a wire bonding tool for attaching w-@s to the bond pads of the first die
when the bond pads reach the desired bonding tenperature. 30 According to a
third aspect of the invention, there is provided a nmethod for heating a
first die that is stacked above a second die attached onto a substrate
during ww 7 i i ii ; i.si ng
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15 identification of the invention as defined by the claims.

Brief description of the Drawings

Examples of apparatus and methods for heating a die comprised in a stacked dice
20 assembly during wire bonding in accordance with the invention will now be described

with reference to the accompanying drawings, in which:

FIG. 1 is an illustration of a multi-layer stacked dice assembly of the prior art;

25 FIG. 2 is an isometric view of a stacked dice assembly being heated with a
conventional heat transfer system of the prior art;

FIG. 3 is an isometric view of the stacked dice assembly being heated with a heat
transfer apparatus according to the preferred embodiment of the invention;

30
FIG. 4 is a schematic side view of a stacked dice assembly being heated as in FIG. 3;



FIG 3 is an isonetric view of the stacked dice assenbly being heated with a
heat transfer apparatus according to the preferred enbodi nent of the
invention; 30 FIG 4 is a schematic sifle view of a stacked dice assenbly
being heated as in FIG 3; -7- FIG 5 is a graph show ng the relationship
between a drag coefficient, Cd, and a Reynolds nunber, Re, that is
applicable to fluid flow across the surface of a snboth wire with a round
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of the stacked dice assenbly 20 being heated with a heat
FIG. 8A is a graph showing the thermal characteristics of the bottom-most die of the
stacked dice assembly being heated with a prior art heat transfer system and a heat
15 transfer apparatus according to the preferred embodiment of the invention

respectively;

FIG. 8B is a graph showing the thermal characteristics of the top-most die of the
stacked dice assembly being heated with a prior art heat transfer system and a heat
20 transfer apparatus according to the preferred embodiment of the invention

respectively; and
FIG. 9 is a picture showing a thermal profile of the stacked dice assembly being
heated with the heat transfer apparatus according to the preferred embodiment of

25 the invention.

Detailed description of the preferred embodiment

Referring to the drawings in which like parts are referred to by like numerals, FIG. 3
30 is an isometric view of the stacked dice assembly 20 being heated with a heat
transfer apparatus according to the preferred embodiment of the invention. The

stacked dice assembly 20 comprises a first die 22, in the form of a top die, stacked



transfer apparatus according to the preferred enbodi nent of the invention.
The stacked dice assenbly 20 conprises a first die 22, in the formof a top
di e, stacked -8- above a second die 248-in the formof a buffer die. The
second die 24 is bonded onto a substrate 26. The stacked di ce assenbly 20
may further include one or nore internediate dice between the first and
second dice 22, 24. 5 A heating source 36 of the heat transfer apparatus,
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In the preferred embodiment of the invention, a forced heating gas outlet is
introduced as a primary heating source for providing thermal energy to the stacked
dice assembly 20. The gas outlet is preferably in the form of a nozzle 44 that is
positionable adjacent to the first die 22 at the top of the stack.
20
When in operation, the nozzle 44 is configured to project a stream of hot gas 46 onto
the bond pads 30 of the first die 22 for bringing the bond pads to a desired bonding
temperature. The nozzle 44 is further configured to create an envelope of hot gas 46
surrounding the stacked dice assembly 20, and in particular, over the bond pad 30
25 where wire bonding is conducted. The envelope of hot gas 46 therefore isolates the
stacked dice 20 from the environmental temperature influences, thereby minimizing

natural convection heat loss.

Simultaneously, the stream of hot gas 46 channeled over the bond pads 30 will help
30 to transfer thermal energy to the bond pads 30 both by the bulk motion of the hot gas
46 as well as by thermal diffusion near the surface of the bond pads 30. Thus, this

mode of energy transfer is known as forced convection heat transfer.



nat ural convection heat |oss. Sinultaneously, the stream of hot gas 46
channel ed over the bond pads 30 will help 30 to transfer thermal energy to
t he bond pads 30 both by the bul k noti®n of the hot gas 46 as well as by
thermal diffusion near the surface of the bond pads 30. Thus, this node of
energy transfer is known as forced convection heat transfer. -9- It is
desirable that the hot gas 46 has a tenperature that is the sane as or

hi gher than the desired bonding tenperature of the w re bondi ng process.
Assum ng that a desired bonding tenperature is 180C, the gas tenperature
may be Wh®deskanle.thst Henbobgasi4t bamal iemperaoradhatisnthedsarnatasi ér higher
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especially in a high tenperature environnment. It is preferable for the
nozzle 44 to be adjustably attached to a bondi ng apparatus, which may
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stacked dice assenbly 20, the first die 22 will experience a drag force
( Fd) 48cqggnm@t[qqxebqqa@@edhe\$p§§6§t§ %@gnd the adhesive 28, which is usually made

15  of polymeric material, will tend to absorb moisture especially in a high temperature

environment.

It is preferable for the nozzle 44 to be adjustably attached to a bonding apparatus,
which may include a capillary 43 for bonding wires to the bond pads 30. This is so

20 that when the bonding apparatus relocates to bond wires onto other targeted bond
pads 30, the nozzle 44 will also move correspondingly with the wire bonding
apparatus and channel the hot gas 46 to the targeted bond pads 30.

FIG. 4 is a schematic side view of a stacked dice assembly 20 being heated as in
25 FIG. 3. When the nozzle 44 projects the hot gas 46 over the stacked dice assembly
20, the first die 22 will experience a drag force (Fd) 48 due to the flow of viscous gas
over the surface of the first die 22. The drag force (Fd) 48 increases with the surface
area of the first die 22 and when it overcomes the adhesion force between the first
die 22 and the second die 24, the first die 22 will shear from the second die 24.
30
Moreover, the first die 22 will also experience a lift force (FI} 50 due to the gas flow
direction. The lift force (FI) 50 increases as the flow angle is decreased with respect



over the surface of the first die 22. The drag force (Fd) 48 increases with
the surface area of the first die 22 and when it overcones the adhesion
force between the first die 22 and tH@ -second die 24, the first die 22 wll
shear fromthe second die 24. 30 Moreover, the first die 22 will also
experience a lift force (FI) 50 due to the gas flow direction. The lift
force (FI) 50 increases as the flow angle is decreased with respect -10- to

th I t
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first and the second die 24 e 22 wl omt he
second firstdie422 and thalsecans giecdse the firse dmaazenh‘raealafmmahe sacond dse 24.ne hot
gas 46 preferably does not 5 contact the adhesive 28 directly. This
m nimzes the risk of adhesive strength reduction due to el evated

t enper afnlG@sr tdﬂﬁﬁeveawr@aw@vé Rechahiehl dilGred2tHeohSted M6 pf'éf@FBBl}?GOé@%@[‘d die
24. Thus, the nozzle 44 of the heat transfer apparatus is preterably
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bonded wires 32 will ~experience a drag force (fd) 52. The drag force (fd)
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cirqguits, or even wire breakages resulting in circuit failure. The flow
characterist_ic of the hot gas 46 is such that when gas 46 of densit(%/Qci),
flows Boegrd E‘ber\*d@!ﬂ therrozzie 4 pRoiprts thethad gas<td avelraiPartisfivavicobonded ent of
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orce, nction
of a Reeymdr@mawdmg fol®, (fdxmz hThe deag &frcdl(ﬁdt)tﬁ?l incleases gnthltherv[ljre)fen\gﬂ‘fl abl es
for determ ni ng{ a tranS|tlipn | ocati on where
and whenthe drag force (fd) 52 is too high, the bonded wires 32 will sway to position
15 32" in FIG. 4. When the bonded wires 32 are upset, it may cause short circuiting of

the integrated circuits, or even wire breakages resulting in circuit failure.

The flow characteristic of the hot gas 46 is such that when gas 46 of density p, flows
over a bonded wire 32 with projected area A and a drag coefficient of Cd, at a flow

20 velocity of u, the bonded wires 32 will experience a drag force, F, as such:
F=05*Cd*p*u**A

The drag coefficient, Cd, is a function of a Reynolds number, Re, which is a
25 dimensionless grouping of variables for determining a transition location whereat
flow separation occurs, that is, where fluid flow transitions from a smooth streamline
laminar boundary layer to a turbulent boundary layer. FIG. 5 is a graph showing the
relationship between the drag coefficient, Cd, and the Reynolds number, Re, that is
applicable to fluid flow across the surface of a smooth wire with a round cross-

30 section. The value of Re is determined by the following equation;

Re=p*u*L/u where p is the flow density of the fluid,



fl ow separation occurs, that is, where fluid flow transitions froma snooth
streamline |am nar boundary |ayer to a turbulent boundary layer. FIG 5 is
a graph showing the relationship betiwten the drag coefficient, Cd, and the
Reynol ds nunber, Re, that is applicable to fluid flow across the surface of
a smooth wire with a round cross- 30 section. The value of Re is determ ned
by the follow ng equation; Re=p * u* L/ p where pis the flow density of

the fluid, -11- u is the flow vg| Rahk¥ioRf vdiB&nS bitihe fidigi S @ characteristic
length of flow, Nis the viscog'%ty of 1 ow. g’Thus, or a hot gas 46 with

density 1.138kg/nB and vi scosi t | 5. &eBareotediskiglength of flowi, ng over a bonded
wire 32 of 1 ml| dianeter at a vel OE.it of.u% ho 100m's, the range of Re

wi Il be between 0 and 200, whi cH I8 Péé?&ﬁﬁ% f8O%d having a value between 1
and 10. In this Re range, the flow conditions are dom nated by friction

drag. Conversely, flow separation due to tur3bu| ence is negligi bI5e. Hence,
t hebmal TG, daerghotiigabu4® ngith demsityel . §38kgle"t and hisdesitdeti668x 8E° 3g/msl | not

be affected by flow separation. As.such, .the angle.at i ch e hot _gas 46
or o cortovng aveha bondS Bidea b Lhisgae T 5 8 MISHE o lin & AddRoineSe
W! res %ﬁg@icﬂ_rRé Q@ s BeRseer B MMdQ00t WhidH @éﬁréé\ﬁ@jdshﬁ) C_%ﬁh@wfliﬁgcé yaRle
different projection angles of hot gas 46 on the first die 22, "a shower of

hot gdietweens! pndj bt bl thiatRe rargesttheldiaw ¢poditigns aieldomripated by frigiorand 6B

gas 40 Trd: TeRBrRG 100 uheshd ol T LRGN, ChYuRIBN, bt raiily ™
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downwards normally to the plane of the first die 22. As it flows nhearer to

t he surdep@gatidt the first die 22, the gas flows streamine along the bonded
wires 32 and are aligned parallel to the bonded wires 32. 25 Therefore, the
drag force (fd) 52 on the bonded wire 32 is mnim zed and hence

As such, the angle at which the hot gas 46 projects onto the fine bonded wires 32 is
important, especially for long wires and high loop shapes. In order to illustrate the

15 effects of different projection angles of hot gas 46 on the first die 22, a shower of hot
gas 46 is projected onto the stacked dice assembly 20.

FIGs. 6A and 6B are an elevation view and a front view respectively showing the
flow of hot gas 46 that is being projected onto a stacked dice assembly 20 from

20 above the stacked dice assembly 20. The hot gas 46 is projected vertically
downwards normally to the plane of the first die 22. As it flows nearer to the surface
of the first die 22, the gas flows streamline along the bonded wires 32 and are
aligned parallel to the bonded wires 32.

25 Therefore, the drag force (fd) 52 on the bonded wire 32 is minimized and hence
reduces wire sway problems. This study shows that for a bonded wire 32 with
diameter 1 mil and a wire length of 5 mm, the maximum allowable velocity of the gas
flow would be 56 m/s. However, the velocity of gas flow is more preferably between
5m/s and 10 m/s, and it is preferably projected normally to the plane of the first die

30 22 for normal operating conditions.



reduces wire sway problens. This study shows that for a bonded wire 32 with
dianeter 1 ml| and a wire length of 5 nm the nmaxi mum all owabl e vel ocity of
the gas flow would be 56 m's. Howevet2-the velocity of gas flowis nore
preferably between 5nfs and 10 mls, and it is preferably projected normally
to the plane of the first die 30 22 for normal operating conditions. -12-
FIG 7 is a schematic view of an experi nent al setup for measuring the
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heat transfer apparatus according to the prete
i nvent iab@aradteristioeof axptacke@rda@e a‘seembly aohbangrigea.tedrwi& e dwmabriransier a hot
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beneath {he substrate 26. Thus, conduction heat transfer occurs within the
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mbodi nent of, th t it oned t he st ack
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46 of ahRHthe?PReRbray frdintb@iedin 1RETabSIAR 261 T%h@?lé@ﬁ’d@bti@ﬁ héearider 20.

Thus, forced convection heat transfer occurs on the surfaces of the stacked
di ce a%weHts yithip the stagkeditiesassemblypit-at ure sensor 58 is used for capturing
data regarding the thermal characteristics of the first die 22 of the
stacked dice assenbly 20 when it is placed wunder the heat transfer system

of 1phe Piogieadd .acesrdingRErthd prefdiratpbmbiotinedi Bo thd évenlion B! positioned
characteristics captured when the stacked dice assenbly 20 is placed under

20 t he asiagent teii siackes dics: arseaudy 28 nTghec mm%r@uéedé@ pé?iﬁ@'foﬁ' §BREMOf t he
I nventi I t d g eight
| ayers Ogﬁostt'gfc?égécﬁ g%?'ce fg alg,gu}l]e % Cix dgtef 6€§r1m/§@t¥ tp]geér\tgg%gdara!a&t he
t her malagsehdwy @0s Dhus) fordedocanveasivn m@t Grinafer ecdupp-omothie slifadss ofthehe
stacked dice asserrbl% 10, The bottom
stacked dice assembly 20.
15
An infrared temperature sensor 58 is used for capturing data regarding the thermal
characteristics of the first die 22 of the stacked dice assembly 20 when it is placed
under the heat transfer system of the prior art, as compared with data regarding the
thermal characteristics captured when the stacked dice assembly 20 is placed under

20 the heat transfer apparatus according to the preferred embodiment of the invention.

Referring to FIG. 1, a stacked dice assembly 10 comprising eight layers of stacked
dice 12 is heated, and of particular interest are the thermal behaviors of a bottom-
most die 64 and a top-most die 66 on the stacked dice assembly 10. The bottom-

25 most die 64 is a die at the lowest layer of the stacked dice 12 which is adhesively
attached to the substrate 14. The top-most die 66 is on the highest layer of the
stacked dice 12.

The bottom-most die 64 is the first to be attached to the substrate 14 prior to wire
30 bonding. It is then heated and wire bonding is performed. Subsequently, another
die is attached to the bottom-most die 64 and wires are bonded to that die, and then

subsequent dice are attached and wires are bonded to them and so on.



25 nost die 64 is a die at the |owest |ayer of the stacked dice 12 which is
adhesively attached to the substrate 14. The top-nost die 66 is on the

hi ghest | ayer of the stacked dice %:213Jhe bottomnost die 64 is the first
to be attached to the substrate 14 prior to wire 30 bonding. It is then
heated and wire bonding is perforned. Subsequently, another die is attached
to the bottomnost die 64 and wires are bonded to that die, and then
subsequent dice are attached and wires are bonded to them and so on. -13-
When the bottomnost die 64 is attached for wire bonding, no other die is

st ackediViogn theopottdminmostrig6483\ attached) farphire honding, nbethdratiend stacked on

h ' [ the bott t . di 64 of th t k I 10
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respectively. Experinental data shows that when the bottomnost die 64 is
hea? ed system ane ahleeat trarsai%rr appargpty ateyding toHbemrefesradoemboetisaemteditthef t he
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the prior art heat transfer_ system the tenperature 68 could not reach the
t ar get myemaﬂnem iemeperatine ofG ep the tep suFase rMers tocﬁaiafsgteddteénmattyeszfac ked
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6610f tdrapstateiee Oilithe asererbBhy Wik @i iRohdtal editinithd prioprardheat tranefdr
transfer system and a heat transfer apparatus according to the preferred

enbodi g¥stEMbithedempsiainie 68 seuid st iroacty thesigraptackinraperaitre evwaftendt when
the t & die 66 is heated with a heat transfer apparatus according to
the prererred 20 enbodi nent of the invention, the tenperature 74 of the
top-nost die 66 rises to a targeted terrperature of about 200C within two

second and mai nt ai ns .at .t he steady ate tenper ature t he ot her hand
when i tTh stOHé'ﬁ@%dj"?\nﬁ@HStSFﬁCk&ﬁu%ﬁefa‘éPt’e% r$ PhAKeelow it When wire bonding

16 is performed on it. FIG. 8B is a graph showing the thermal characteristics of the top-
most die 66 of the stacked dice assembly 10 being heated with a prior art heat
transfer system and a heat transfer apparatus according to the preferred
embodiment of the invention respectively. Experimental data shows that when the
top-most die 66 is heated with a heat transfer apparatus according to the preferred

20 embodiment of the invention, the temperature 74 of the top-most die 66 rises to a
targeted temperature of about 200°C within two seconds and maintains at the steady
state temperature. On the other hand when it is heated with the prior art heat transfer
system, the temperature 72 could not reach the targeted temperature even after 9
seconds.

25
FIG. 9 is a picture showing a thermal profile of the stacked dice assembly 10 being
heated with the heat transfer apparatus according to the preferred embodiment of
the invention. The temperature profile shows that two adjacent points, 76 and 78, on
the top surface of top-most die of the stacked dice assembly 10 have temperatures

30 of 213.1°C and 215.9°C respectively after the dice have been heated for about 9
seconds. Thus, a highly consistent temperature profile is obtainable over the bond

pads of the top-most die of the stacked dice assembly 10.



system the tenperature 72 could not reach the targeted tenperature even
after 9 seconds. 25 FIG 9 is a picture showwing a thernmal profile of the
stacked dice assenbly 10 being heat-eldt with the heat transfer apparatus
according to the preferred enbodi nent of the invention. The tenperature
profile shows that two adjacent points, 76 and 78, on the top surface of
top-nost die of the stacked dice assenbly 10 have tenperatures 30 of 213.1C
and 215.9C respectively after the dice have been heated for about 9
seconds. Thus, a highly consistent tenperature profile is obtainable over
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Thus, the heat transfer aggar atus inproves the gua Ity and the productivity

of wi r eoprerlivity andcstrangth a lffelmtday%rﬁ ofiihe; olieg naﬁgembly héhys, tthansf er
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t eter pidphéndss mai nt ai nabl e thereafter. The heat transfer apparatus
therefore 15 is able to provide a faster tenperature increase to the bond
pads than that of the pri or art. Hence, this reduces the bonding cycle

or oduc kR eyer By B Bhizflo (YRRt BRfoieP arbafuiqidfie siatleltdics bPREARSRs ' "

producti nPof yi e
bondi ngbketehenels its 28rgeteditihperature Wh anveltiveRdshrtah tinfe ahe dhert basasisiint

appar aEcauraet tte?r?pésrgﬁlcrlé el.‘:‘c»i ngallr(lztealnzsb?ee m)ergafter The heat transfer apparatus therefore
15 is able to provide a faster temperature increase to the bond pads than that of the
prior art. Hence, this reduces the bonding cycle time. Thus, the preferred
embodiment of the invention will increase the productivity, in the form of yield units

per hour (UPH), of the wire bonding machines.

20 In addition, when heated with the heat transfer apparatus, the stacked dice assembly
is also able to achieve a desirable targeted temperature on the bond pads of the top-
most die while reducing natural convection heat loss. The heat transfer apparatus of
the preferred embodiment is able to isolate the top-most die from environmental heat
loss through consistently project an envelope of hot gas, thereby forcing the

25 temperature gradient between the stacked dice assembly and the ambient

atmosphere to stay relatively constant.

The invention described herein is susceptible to variations, modifications and/or
addition other than those specifically described and it is to be understood that the
30 invention includes all such variations, modifications and/or additions which fall within

the spirit and scope of the above description.



is also able to achieve a desirable targeted tenperature on the bond pads of
the top- nost die while reducing natural convection heat |oss. The heat
transfer apparatus of the preferred1snbodinent is able to isolate the
top-nost die fromenvironmental heat |oss through consistently project an
envel ope of hot gas, thereby forcing the 25 tenperature gradi ent between the
st acked dice assenbly and the anbi ent atnosphere to stay relatively

const a i nvention described herein is susceptible to variations,
nndifiCL s and/or addition other than those specifically described and
it is to be understood that the 30 invention includes all such variations,
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during wre bondi ng conducted on irst th appar atus conpri sing
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pr oj ect hat , gas _ant ond _pad f the fir di.e, for.brinaing.the bond
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in clapsydto %@&i@é@bbhéingéténi%‘ﬁatﬁre.lo tenperature that is the same as or

hi gher than the desired bonding tenperature. 3. Heat transfer apparatus as

claimed in claim1 or claim?2, wherein the gas conprises an inert gas. 15

4. Heat tra r r cl ai in.clai. ' rein,the_ingr as is
ni trogéen. 593&@4@?@?@2‘”gbﬁgrag@%aqsatcﬁ%gg 4 a&%@bﬁ’n%gﬁgn@%%% hﬁa%r%cedi ng
cl 1) Metempdraifk thats tgRsaetdbr Ihighépghfah%é@@str@d%ﬂdtr@ tempnaeir@pe of gas
over the bond pad 20 where wire bonding is conducted. 6. Heat transfer

apparatus as clainmed in any one of the preceding clains, wherein the gas

outletgis adiustafkie AR 49 filetCinPAa/h NP PREARPLUNHEMIN' the gas

comprises an inert gas.

15 4. Heat transfer apparatus as claimed in claim 3, wherein the inert gas is
nitrogen.
5. Heat transfer apparatus as claimed in any one of the preceding claims,

wherein the gas outlet is configured to create an envelope of gas over the bond pad

20 where wire bonding is conducted.

6. Heat transfer apparatus as claimed in any one of the preceding claims,
wherein the gas outlet is adjustably attached to a wire bonding apparatus and is

moveable therewith.

25
7. Heat transfer apparatus as claimed in any one of the preceding claims,
wherein the gas outlet is arranged to project hot gas at an angle of 45° to 90° with
respect to a plane of the first die.

30 8. Heat transfer apparatus as claimed in any one of the preceding claims,

wherein a flow rate of the gas is less than 56 m/s.



noveabl e therewith. 25 7. Heat transfer apparatus as clained in any one of
the preceding clainms, wherein the gas outlet is arranged to project hot gas
at an angle of 45 to 900 with resped6-to a plane of the first die. 30 8.
Heat transfer apparatus as clained in any one of the preceding clains,
wherein a flowrate of the gas is less than 56 m's. -16- 9. Heat transfer
apparatus as clained in claim8, wherein a flowrate of the gas is between

5 nm's gnd ]IQeé‘ift$ans]er aEﬁé‘atﬁs{ 88 <l fAmeanNR&h1S, ﬁﬁe?élﬁ'd%'rﬁté‘ﬁﬁ’ﬂ-@@aé)f the
preceding clains, further 5 conprising a hot plate for supporting the

subst riathetween 5pnzf5aand/é0w3pr ovide heat to the stacked dice via the second
die. 11. Apparatus for conducting wire bonding on a first die that is
stacked above a second die attached onto a substrate, the apparatus

conpr i §3.ng:HA& tearsier appharatusPes tiairheéd Qnﬁ@hé@'ﬂﬁe bfeddiing tiafrhs dugthepat i s
configured to project a hot gas onto bond pads of the first die for

br |5ng|¢(§ﬂpmﬁ!n®@1hptpl@l§? fo suppedingethe pirdiatg andranarative & pedde heat t© bondi ng
t ool bond pads of the first die when the bond
pads rg% sﬁﬁ%@@%@%vﬁe eﬁgpﬁgﬁ?'errper ature. 15 12. Method for heating a
first die that is stacked above a second die attached onto a substrate
during wre bondi ng conducted on the first die, the nethod conprising the

st ep o1=1 .poshppaAtusgfod cpagusiing éﬂfeaﬁ?%éﬂtoﬁ a frpledieithat isgstacked @beved a hot
00 oo aien el bl Sl BodbH APRARGCCTS Poco L o esi et
ha® a t enped ghgoatiehpdsitisndble adisvent &sthey filst digcthat acorifigRired o pegdedtendi ng
tenpert%tugas onto bond pads of the first die for bringing the bond pads to a desired

bonding temperature; and

a wire bonding tool for attaching wires to the bond pads of the first die when
the bond pads reach the desired bonding temperature.
15

12.  Method for heating a first die that is stacked above a second die attached

onto a substrate during wire bonding conducted on the first die, the method

comprising the step of positioning a gas outlet adjacent to the first die to project a hot

gas onto bond pads of the first die for bringing the bond pads to a desired bonding

20 temperature.

13. Method as claimed in claim 12, wherein the gas has a temperature that is the

same as or higher than the desired bonding temperature.

25 14. Method as claimed in claim 12 or claim 13, wherein the gas comprises an

inert gas.

15.  Method as claimed in any one of claims 12 to 14, further comprising the step
of controlling the outflow of gas so as to create an envelope of gas over the bond

30 pad where wire bonding is conducted.



25 14. Method as clainmed in claim12 or claim 13, wherein the gas conprises
an inert gas. 15. Method as clained in any one of clains 12 to 14, further
conprising the step of controlling-tife outfl ow of gas so as to create an
envel ope of gas over the bond 30 pad where wire bonding is conducted. -17-
16. Method as clainmed in any one of clains 12 to 15, further conprising the
step of synchronizing the novenent of the gas outlet with the nmoverment of a

wire pondipgsapPas grdti@eggm\:ﬁgtc?ﬁwomaﬁn@qmb% f{?ﬁﬂgr c%bhgﬂgqﬁe%ﬁ”ed. in

any one of clains 1 udi ng projecting t gas~onto e first
di e atofamyretybeizofg 4% troogdment iof ﬁbepgas aubiet withatlee ahovémaent ofta dviee  18.

Met h | 12 to 17, incl udi jecting th
ot o BoPritis sBaudnButte BRBiIMBe <. 10’ 10] Method bS clai med i n any

one of clainms 12 to 18, including projecting the hot gas at a flow rate of
between 5 ms and 10 m's. 20. Method for conducting wire bonding on a first
di & t hbf. i sMethoskasl claimed i anyreecbeldings 4240tk mecdudmgq)raj&cungttmmhet
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pads to a desired bonding tenperature; and attaching wires to the bond pads
of the first die with a wire bonding tool when the bond pads reach the
desi r etB.bonMetipd agrplaimedrie any one of claims 12 to 17, including projecting the hot

gas at a flow rate of less than 56 m/s.
10
19.  Method as claimed in any one of claims 12 to 18, including projecting the hot

gas at a flow rate of between 5 m/s and 10 m/s.

20. Method for conducting wire bonding on a first die that is stacked above a

15 second die attached onto a substrate, comprising the steps of:
positioning a gas outlet adjacent to the first die to project a hot gas onto bond
pads of the first die for bringing the bond pads to a desired bonding temperature; and
attaching wires to the bond pads of the first die with a wire bonding tool when

the bond pads reach the desired bonding temperature.



