-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 net4hod 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

material, such as al UsHREED m%@SEEﬁAWN@ATﬂSVG‘St maj ority of
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Background and Prior Art

Wire bonding is one of the key manufacturing processes in electronic packaging in
5  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 thermosonic 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 thermoscnic 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 source 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
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FIG 2 is an isonmetric view of a stacked dice assenbly 20 being heated with
a conventional heat transfer systemof the prior art. The stacked dice
assentHgweder, ogittprimpeasveméntr it tebheokgymthereedreomowv sesiuuhddictor2devivds ch i s
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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 multi-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 multi-
tayer stacked dice assembly 10 by reference to a single die stacked onto 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
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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 bond 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 to 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 susceptilple 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

si |i cofforaberi MHE " SHHdgonaP Yrrangeeieits dfoadiHeest gicand2 hinvhehsaitkedediga!

resistance. The thermal resistance effect " is further conpounded by the
| ayer sas$erabilye$0 veddcs gbs ediedo-dié ecantactr surtanesboeedath foo thereadi diffusian

bstr gt the interf b ' t dice ti . N
adnes! fuugl ibe) gSbiiFniss” fEeyiior.chaa el oy 7 e wedkti 968 poor
t hey mbe&ﬁ?ﬂ’B@ﬂré“¢“§°'{‘*ﬂ£“‘*‘°“'igadw'%% d@8dstance. Hence, the inherent

materi a ties o multi-layered silicon dice and the polyneric
adhesive detrimentally affect the thermal diffusivity of the stacked dice

nb . 15| wh .di di ds. t.o b 1 nim d/
G O T g M AT PR 0 U S
used i nmérm l%b@%@er%ﬁ@pg%%m thermﬁ[‘rééi‘éiﬁﬁ@éeThB thBenalheshbare dle die,

however, tantially increase I1ts thermal resistance, and hence
decr eatsefurther chmpoahddd fiyubievaysrs dfiadheaivieydispdsed at theeintarface2 behdbesi ve

244551445 hiSunkbe S o b P16
di fferﬁaﬁgﬁvgg1’.,0@’@5@/r g?u risk eH&?ﬁat@ﬁé%mﬁfcﬁ%r@%érﬁﬁ’gﬁ BbeMermal

‘at nosphere. A tenp e gradient 25 between the stacke I ce assenbly 10
and t heoadiniters amdmiwmyke highnithermaneesisiapcear yHeanoar thangnheremhvinateriant al

St ackearaherisa ot i mptGyeid alieen iaS NS Gpdomec adhesive defmentlly " "°

affect the thermal diffusivity of the stacked dice assembly 10.

15
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 Dbetween 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 provide 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
affected Accordingly it would be desirable to alleviate the aforesaid
dlsadv es of L or .art rOV|d|n and co t. effective
appar astectianess o e hehossrut andind &Rl BPfoRnéty T 1fe SAMnECTICRaE i ce
dur i ngsifbridth RAAE BENS nRiydsE affécteghi eve a consistent bonding tenperature at
t he bond pads 30. Summary of the Invention 10 It is thus an object of the
i nvention to seek to provide an apparatus for effective heating of a die
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configured to project a hot gas 20 onto bond pads of the first die for
bringing the bond pads to a desired bonding tenperature. According to a
secondSaspearty affthé heventieant i on, there is provided an apparatus for

conducting wire bonding on a first die that is stacked above a second die
atttached 25 onto a substrate, the apparatus conprising: a gas outl et

(Posi ti pnghhgsath BRIkt dfhkNRvention 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 wiges 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
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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 muiti-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 siyde 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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schemati ¢ view of an experi nment setup tor neasuring the thernal

char acwinei with a roiind cedssesantiodi ce assenbly being heated with the heat
transfer apparatus according to the preferred enbodi nent of the invention;
FIG 8A is a graph show ng the thermal characteristics of the bottom nost
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bei ng AtAGkEd digq ASSLMPYor art heat transfer systemand a heat 20 transfer
apparatus according to the preferred enbodi nent of the invention
respectively; and FIG 9 is a picture showng a thermal profile of the
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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
16 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
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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 2, 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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factors such as natural convection heat loss.

15
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 enveiope 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.
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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
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
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.

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
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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 _tm:_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 wth respect -10- to
the plane of the first die ) en it overcones the adhesion force between
the fit®dpe gian t&ﬁdlrﬁheleséiomvﬁ%rwoz@, CQMRes e @finaﬁ@nggr% B@Mﬁe& ter om t he
second gdisey: 2BV, -"gyé*é} ' el &8 24t he hot
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circuits, or even wire breakages resulting in circuit failure. The flow
chaPacteristic of the hot gas 46 is such that when gas 46 of density p,
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force, dtackesl dioe ssembl. 20 Gdfipg 4Re AvirEhisoretiag peosdssi, theebdnddelwires 32 Wwilinct i on
of a Reynolds nunber, Re, which is a 25 dinensionless grouping of variables
for detPeTiaNeRa4lrag foreefd)iva. otha A pFea i 52 increases with the wire length,

and when the 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/y 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 betqeen 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 followi ng equation; Re=p * u* L | p where pis the flow density of

the fluid, -11- uis the flow vel.o it?! of Eﬁhetgflﬁ'i‘dﬂ is a characteristic
length of flow, y is the viscoSilt M&HOWVEIRCt CHigNuidy, ~ 5 hot gas 46 with

density 1.138kg/nB and viscosity id athatd&lehsOlieipth of icwi ng over a bonded
wre 32 of | ml| dianmeter at a velocity of up to 100m's, the range of Re

wi |l be between 0 and 200, whi clrigthe wspositisofifloved having a val ue between 1
and 10. In this Re range, the flow conditions are dom nated by friction
drag. Conversely, flow separation due to turbulence is negligible. Hence,
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be affected by flow separation. such,” the angle at” which the hot gas 46
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are an elevation view and a front” view respectively show ng ow of hot
gas 46dragt Ganveeaty fovejseparadioonde do surbulendeds cwegligiblerbiHerge, thermal 20

b the stacked di nmb] vy, 20. The hot . 46 . L.ect ticall
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t'he suckagmtionf the first die 22, the gas flows streaniine 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. Howevep, 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 experinental setup for neasuring the
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the thermal
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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 133.The 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
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shows tthat when the top-npbst die 66 is heated wth a heat transfer

appar ateondscording to the preferred 20 enbodi ment of the invention, the

tenperature 74 of the top-nost die 66 rises to a targeted tenperature of
about 200C within two seconds and naintains at the steady state

t ?gﬁg‘gl?é' k$h-nfdit Hee®id stacked dvishséver 1ayerd\eRdied beldw it iigerP WirerbcHdindreat

15 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.
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target temperature is maintainable thereafter. The heat transfer apparatus therefore
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.

tn 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
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
invention includes all such variations, modifications and/or additions which fall within

the spirit and scope of the above description.
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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 preferred enbodinent is able to isolate the

t op-nost die from environnental heat 15-0ss 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
constant. The invention described herein is susceptible to variations,

nodi f i CRAIMSS and/or addition other than those specifically described and
it is to be understood that the 30 invention includes all such variations,
nodi fi cati ons and/or additions which fall within the spirit and scope of
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first ditectsstooasdbsirate, wheeeinthé didstadietrasshorgl pads, ithe shethodafornprising | oni ng
a gas outlet adjacent to the first die; projecting a hot gas through and out

of he“’@a%teﬁﬁpfet the hot gas being sinultaneously directed onto a

plurality Oéoélﬂtﬁnlnﬁt e%épggggqé%f éslﬂep?ié ﬁ*eﬁir's gurl ng the wre bonding, the

hot gas bei ure Icrent Tor bringing the bond 10 pads to

a bondi ng tpmjr@astm@uaehotcgas rtmidughgame)mroﬂthetgai@ ormftlet hthehhot gas beingas to
create an envel ope of the hot gas over the plurali t¥| of bond pads where
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t hgg bopdia e ngrr@ttgr@er&uré'he method as clained in claim1 or claim 2,
wherein the hot gas conprises an inert gas. 20
controlling the pro;ectmg of the hot gas so as to create an envelope of the hot
gas over the plurality of bond pads where wire bonding is conducted; and

bonding wire onto the plurality of bond pads within the envelope of the hot gas.

15 2. The method as claimed in claim 1, wherein the hot gas has a temperature that

is the same as or higher than the bonding temperature.

3. The method as claimed in claim 1 or claim 2, wherein the hot gas comprises
an inert gas.

20
4. The method as claimed in any one of the preceding claims, further comprising
the step of synchronizing the positioning of the gas outlet with an operational

movement positioning of a wire bonding apparatus to conduct the wire bonding.

25 5. The method as claimed in any one of the preceding claims, wherein the
projecting of the hot gas onto the first die is at an angle of 45° to 90° with respect to
a plane of the first die.

6. The method as claimed in any one of the preceding claims, wherein the
30 projecting of the hot gas is at a flow rate of less than 56 m/s.



4. The nmethod as clained in any one of the preceding clains, further
conprising the step of synchroni zing the positioning of the gas outlet with
an operational novenment positioning of a wire bonding apparatus to conduct
the wire bonding. 25 5. The net hod a%bclained in any one of the preceding
clainms, wherein the projecting of the hot gas onto the first die is at an
angle of 45 to 90 with respect to a plane of the first die. 6. The nethod
as claimed in any one of the preceding clains, wherein the 30 projecting of
the hat. gasThes nedthedfaswlaimed of ahpsoné lvdirthe6precedingl Glainis, Whereint thed as

claimed jn . any_one of the precedin | ai s, erein e  projecting of the
hot gddojesting Oéﬁ'fq Bot 935t s Pf&é”( "/ﬂigr??@em’%e'&ghd“)’f@w fwngs The nethod as
claimed in any one of the preceding clains, further conprising 5 before
positioning the gas outlet, stacking the first die above the second die. 9.
The nme8.hod B nletihodkds iclairaeg imaay ahet dfehe meeczting cldims nsirtheh eomiprisinge hot

gas | roj ected through the gas outlet jn conti nuous hof ,gas streamto
The pitstald RysTiying Hikidasauliets stackinadhe fist dle abave e soeaTetBne of hot gas
over the plurality of 10 bond pads. 10. The nethod as clainmed in any one of
t he preceding clains, wherein the hot gas at the bond pads is at a

t enper@t ur eltutiathod s dlamdad imgnynenehef thenprepadingt claiens, wveteimgthieehgter at ur e

and bel ow 300C. 15 11. A nethod for conducting wire bonding on a first die
that (92SSiBRIRIegtedhyeugh tf@e&%awzﬁtén 2rG0TANAUS HObOES STBaRY the Alyralitret hod

conpri Si : Lbi-@ani 0 ] ] irst die
o pr & e, PRdF 1B RzeRte and RiaieAf 10 sinBRpert het ofEIner e Phualft oneo o
pl@r albdnd pddond pads of the first die, 20 the hot gas being at a

tenperature sufficient for bringing the plurality of bond pads to a bonding

tenperature; attaching wires to the plurality of bond pads of the first die
W th agqM 1 erRORUAGY as claimed in any one of the preceding claims, wherein the hot

gas at the bond pads is at a temperature sufficient for bringing the bond pads to a
bonding temperature and below 300°C.
15
11. A method for conducting wire bonding on a first die that is stacked above a
second die attached onto a substrate, the method comprising the steps of:
positioning a gas outlet adjacent to the first die to project a hot gas through
and out of the gas outlet simultaneously onto a plurality of bond pads of the first die,
20 the hot gas being at a temperature sufficient for bringing the plurality of bond pads to
a bonding temperature;
attaching wires to the plurality of bond pads of the first die with a wire bonding
tool when the plurality of bond pads reach and are at the bonding temperature; and
controlling the projecting of the hot gas so as to create an envelope of the hot
25 gas over the plurality of bond pads while wire bonding is conducted thereon.

12. The method as claimed in claim 11, further comprising before positioning the
gas outlet, stacking the first die above the second die.

30 13. The method as claimed in claim 11 or claim 12, wherein the hot gas at the
bond pads is at a temperature sufficient for bringing the bond pads to a bonding
temperature and below 300°C.



tool when the plurality of bond pads reach and are at the bonding
tenperature; and controlling the projecting of the hot gas so as to create
an envel ope of the hot 25 gas over J?e plurality of bond pads while wire
bondi ng is conducted thereon. 12. Thernethod as clainmed in claim11l, further
conprising before positioning the gas outlet, stacking the first die above
the second die. 30 13. The nmethod as clained in claim11l or claim12,
wherein the hot gas at the bond pads is at a tenperature sufficient for
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t her etlsondifg tehhpemarepd as clainmed in claim 14, further conprising before
positioning the gas outlet, stacking the first die above the second die. 15
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15.  The method as claimed in claim 14, further comprising before positioning the
gas outlet, stacking the first die above the second die.

15
16. The method as claimed in claim 14 or claim 15, wherein the hot gas at the
bond pads is at a temperature sufficient for bringing the bond pads to a bonding
temperature and below 300°C.



