PRE- HEATI NG SYSTEM AND METHOD FOR SI LI CON DI ES FI ELD OF | NVENTI ON
Enbodi nents of the present invention relate to a die pre-heater for use in

bondi ng dyesoeésms¥@ni ous el ectrical nedia, and a nmethod pehg/sesididosdie di e
pre-heater. BACKGROUND Flip Chip mcroelectronic assenbly is the direct

el ectrical connection of face-down, i.e. "flipped" electronic conponents
onto substrates, circuit boards, or carriers, using conductive bunps on the
chip bond pads. In conventional Flip Chip bonding, fluxing and chip

pl acenent is acconplished, then the chip is noved to a reflow oven, where

ci rcuit boar PRETHEATING SYRTERANDRTHGTEOR SLIERBIES o' ocemen

and reflow is performed. During the placenent process, heat is applied to
the die as well as to the substrate to nelt the sol der bunps form ng sol der
joints between the bunps and the bond pads on the circuit. One problem

associ ate | lip Chip assenbly techniques is that the silicon
dies are E*E#r\%afg“?ﬁgﬁﬁn% shocks. The dies, which have a |low dielectric

const &t , Enbmdimenteeof therpresent ynveation uelsteato & digderr-Heiatgr foeusreinabending
exposur esdieg%vé%%%@éctﬁ&meﬂﬁ LR& aFhARES For USMHY! thé Tie ﬁ@-vl\%!af‘er.t o be heated

fromroomtenperature to a solder nelting tenpéerature, I ch can be as high
as 240 OC. In order to reduce the possibility of thermal shock, a ranp rate
of 10deg/sec or lower is needed. In existing thermal conpression bonders,
the bond tool itself preheats the die using a series of pre programred

t enper at UBACGKGERQUND, order to achieve a desired ranp rate, the bond tool

has t{p waglip ERp Mitloglebitstic déseRhPRARe BREQ R ERANESHREBIDN dTFadodslin) g.epr OCess.
This delay results in very | ow produc IVIté rates for EXIStInﬁ%S st ens.
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this -problem Figure 1A sh ortion.of a typical assenbled system 10.
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const r uct sadersip@fthelleddsgre niedted apd faircideo theofads foé theadircuit board. In Thermal

15  Compression Bonding, simultaneous chip placement and reflow is performed. During
the placement process, heat is applied to the die as well as to the substrate to melt the
solder bumps forming solder joints between the bumps and the bond pads on the circuit.

One problem associated with current Flip Chip assembly techniques is that the silicon
20 dies are prone to thermal shocks. The dies, which have a low dielectric constant, can

suffer circuitry fatigues at sudden high temperature exposures.

The thermal compression process requires the die to be heated from room temperature
to a solder melting temperature, which can be as high as 240 °C. In order to reduce the
25  possibility of thermal shock, a ramp rate of 10deg/sec or lower is needed. In existing
thermal compression bonders, the bond tool itself preheats the die using a series of pre-
programmed temperature steps. In order to achieve a desired ramp rate, the bond tool
has to wait for more than 20 seconds before commencing the bonding process. This
delay results in very low productivity rates for existing systems.
30 .
Another problem is the mismatch between the coefficients of thermal expansion for the
dies and the substrates. Figures 1a and 1b illustrate this problem. Figure 1A shows a
portion of a typical assembled system 10. The system 10 includes a component 12



expansion (CTE) of the conponent 12 and the substrate 14 can be assuned to
be different. The thermal m smatch Au is given by Formula 1 bel ow. Au=Ae X

L X T (1)wwhessssfee = the difference in CTE between thepggisehi@lodossak = t he
| ongest di nension of the conponent (often the diagonal); and AT=t he

tenperature change. Figure 1B illustrates three exanples of the system 10,
assum ng that the CTE of the substrate 12 is greater than the CTE of the
conmponent 12. In the first exanple 20,2the system 10 is in thermal
equilibrium In the second ex | e t he co n{s are in

stage, cafRnRged iqapuhstiple E%rﬁﬂtg?ﬁﬁn HChghsho HEJFP’ %%’eﬁicteﬁt %éé to t he
Cor'rponent expansibm (CNE) bhthedcaw@imphte124nd tthe sommﬁentanaraaaﬁsmnmdhbabed

st age, gﬁé@&ﬁ@‘ at i &Yels?nx %nglgglfv%f trﬁ‘énﬁﬁ\?%” e 14 with respect to the

conponent PSS asp e present i nvention provides a
system i ncl udidgr depX Ur XI ATy of preheaters for preheating a pldthlity of
dies fgo ferRase tenperature to a desired tenperature, the plurality of

pre-heaters cCapable of increnentally heating each of the plurality of dies
at a desired aferthadifferercaintGTE betwesn thematerigser at ure is reached; a die

hol der contai rLﬂgqealonéé&a.'rﬁew.omofmb%oﬁ«b@ﬁén@(b“ﬁenwauagur@l ysrd i on configured

to receive one 0 lurality of dies; and neans for Indexing each of the
plurality of d‘FEsthﬁnt%rﬁP?fé@b%@lanﬂ% each of the plurality of pre-heaters
until the desired tenperature is reached. Embodinments of the present

|nvent|on may further include a bond tool ass capabl ing a
prehett ed '85"8 Hhdlusiraies Hyee reamples ehthe w§iest s %SS){"WRQD%PU&%?I ﬁ.é g;f

pr e- heat egpstrag 12n§ lgmiwerahad $RUTE ¥thPlcBmpesdreng. In meéﬂrﬁtfé’xaﬁlbte 207ledi nent s,

t he plural re-hea neans nay
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hol der magooling Istade, @ausing a relative shrinking of the substrate 14 with respect to the
component 12. In the third example 24, the components are in a heated stage, causing

15  arelative expansion of the substrate 14 with respect to the component 12.

SUMMARY
A first aspect of the present invention provides a system including a plurality of pre-
heaters for preheating a plurality of dies from a base temperature to a desired
20 temperature, the plurality of pre-heaters capable of incrementally heating each of the
plurality of dies at a desired average rate until a desired temperature is reached; a die
holder containing a plurality of die stations, each die station configured to receive one of
the plurality of dies; and means for indexing each of the plurality of dies with respect
to each of the plurality of pre-heaters until the desired temperature is reached.
25
Embodiments of the present invention may further include a bond tool assembly
capable retrieving a preheated die and bonding the die to a substrate. The plurality
of pre-heaters may include at least two pre-heaters. In alternate embodiments, the
plurality of pre-heaters includes 6 pre-heaters. The indexing means méy include a
30 device capable of rotary indexing or linear indexing. The die holder may include a
turret and the indexing means may also include a servo motor that drives the turret.

Each of the plurality of dies may be sequentially indexed for a desired time with
respect to each of the pre-heaters to achieve the desired average rate. The desired



turret and the indexing neans may al so include a servo notor that drives
the turret. Each of the plurality of dies may be sequentially indexed for a
desired twomossdskoopespect to each of the pre-heaters topatisicema/obéual desired
average rate. The desiredindexing tine may be 3 seconds. Each of the
plurality of dies may be sequentially |ocated 0.2nm from each of the
plurality of heaters. The average rate may be 10 OC per second. In sone
enbodi ments, the indexi ng nmeans nay nn@e the die with respect to the

pre-heaters, Alternately, the i ethe ar s W th
r espect tH"{eﬁ@ dine mﬁ)fé}/eo%ﬁac%& e ?ﬁ;@ g?‘frgﬁﬁ 'es Pg st%ﬁ t?b%trate
usi ng fl i pooatedO.pandirorg.eathef memlumytymiheatersbuﬁm a\terage tatemaylbml@t‘pf roma
group con%egé 9 of a pillar bunp, a solder bunp, a standard flux, a p-coat
flux, and™a no- Fow underfill. The system may al so include a conputer
control system said conputer control system capable of independently

controkli Wgs&@s %@@cﬁ@gmﬁemeha KhG mddie RYPIRER thElde w.ﬂneregagﬁytb Hhe ine, a

tenperature o e pre- ers, a tenperature of

heat er. ARreshealefsat dligsately. dhe t'wéeﬁmgegaﬁﬁ%u A% nIP¥R tb?oﬂ'edl%at%'srr\!tﬂhod of
pre-heati pgpacbghd hem a base tenperature to a desired tenperature, for
subsequent attachnent to a substrate, the nethod including the steps of:
providing a plurality of pre-heaters for preheating a plurality of dies
froma baﬂ'ﬂe%@ﬁ@%&@érﬂlﬁl? nidy @tadBthé arb tband silrittateusibhd Aipndhits Bbhdidg.0The

pre- h ters capable I ncrenment a ating the di.es at, a red average
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cont ai ni ngoldepbump|a étanddrddiue, s pababis, ardiamodiosv shderfiibn configured to
receive one of the plurality of dies; and indexing each of the plurality of

dies with respect to each of the plurality of preheaters until the desired
t enper at uiTbei systepaoiaydalsb rin¢lhde e tomputeh eopiralr syistany, sdid ompvdert eondrohmy

i nclude s € ; e qf ' ' eased
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15 rate, the mdexmg time, a temperature of each of the pre-heaters, and a temperature

of the bond heater.

An alternate aspect of the present invention provides a method of pre-heating a die
from a base temperature to a desired temperature, for subsequent attachment to a

20 substrate, the method including the steps of: providing a plurality of pre-heaters for
preheating a plurality of dies from a base temperature to a desired temperature, the
plurality of pre-heaters capable of incrementally heating the dies at a desired average
rate until a desired temperature is reached; providing a die holder containing a plurality
of die stations, each die station configured to receive one of the plurality of dies; and

25 indexing each of the plurality of dies with respect to each of the plurality of pre-
heaters until the desired temperature is reached.

In the method the plurality of pre-heaters may include six pre-heaters, and the

temperature of the dies may be increased at an average rate of 10 °C per second.
30

The indexing step may include sequentially moving each or the plurality of dies with

respect to each of the pre-heaters. Alternately, the indexing step may include

sequentially moving each of the plurality of pre-heaters sequentially with respect to

each of the plurality of dies.



The indexing step may include sequentially noving each or the plurality of
dies with respect to each of the pre-heaters. Alternately, the indexing

step may wochevdgs@meguenti ally novi ng each of the pl ural ipiy/sehoB@igedigat er s
sequentially with respect to each of the plurality of dies.ln sone

enbodi nents, a tenperature of each of the plurality of pre-heaters and the
rate of indexing may be controlled by a conputer. The nethod may al so
include a step for joining the pre-heatted die to a substrate using a using
a bond heater. Another aspect of the present invention provides a bonding
system for bonding a die to a substrate, the bonding systemincluding: a

di e pre- htatame epttodiments,| aitimypratup of eddht of tbé pprralith ebprerleaters anddheat i ng a

pl ural i ty g 0?'in%ﬁéé%gﬁéj&ﬁmf'gmf%%m Ltdr0 @ desired tenperature, the

plurality of pre- capabl e of increnmentally heating each of the
plurality of dies at a desired average rate until a desired tenperature is
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15 respect to each of the plurality of pre-heaters until the desired temperature is

reached; and a bond tool assembly capable retrieving the preheated die and

bonding the die to the substrate.

The die holder may include a turret. The indexing means may include a servo motor
20 that drives the turret.

The plurality of pre-heaters may include 6 pre-heaters. Each of the plurality of dies
may be sequentially indexed for a desired time with respect to each of the pre-
heaters to achieve said desired average rate.

25
The bond tool assembly may attach the die to the substrate using flip chip bonding.
The die may include a bump structure selected from a group consisting of a pillar
bump, a solder bump, a standard flux, a p-coat flux, and a no-flow underfill.

30 The bonding system may also include a die pickup tool capable of picking up an
individual die and placing the die into the die station. The die holder may include a
turret. The indexing means may include a servo motor that drives the turret. Each
of the plurality of dies may be sequentially indexed for a desired time with respect to
each of the pre-heaters to achieve the desired average rate. The desired indexing



i ndi vidual die and placing the die into the die station. The die hol der may
include a turret. The indexing neans nmay include a servo notor that drives
t he turrewvo 2b@aiss@b the plurality of dies may be sequentcalsicgoi7ndened for a
desired tine with respect to each of the pre-heaters to achieve the desired
average rate. The desired indexingtine my be 3 seconds. Each of the
plurality of dies may be sequentially located 0.2nm from each of the
plurality of heaters. The average raté may be 10 OC per second. The bondi ng
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will be b ff understood and readily apparent to one of ordinary skill in
the art fromthe following witten description, by way of exanple only, and
in conjunction wth the drawings, in which: Figures 1A and 1B illustrate

the probl era BBn&uh@%{)&En‘Pﬁ’ﬁ? fa<e iRBLdoh &hﬂﬂlﬂéﬂ fon cahmmgcmehﬁa thér i ous

conmponents in an electrical system Figure illustrates a

per spect i the d¢ %ﬁﬁdoqe“m?éaté%da?r?é’ﬁfagﬁfr ed?‘édﬁr?ﬁ'é%ﬁ’@w%é’éd et??{)‘dtt8° the
present i gsRpiben; Figure 3 illustrates an assenbl ed perspective view of
the die pre-heater of Figure 2; Figure 4 illustrates one enbodi nent of a

di e bondi ng nmachine that can be used with the die pre-heater of Figures 2
and 3; Figure 5 illustrates a partial exploded view of a portion of the die

pre-h o E illustrates one enbodi nent of a
nmet ho foéRﬁF ﬁggglﬁng?@?}u@ﬂ%g%ﬁqﬁ% pre-heater of Figures 2 and 3; and
Figure 7 illustrates a conputer systemthat can be used to control the

pr e- heat Eﬁ’“%é@@ﬁ%grﬁ@g ihtidn APbd BEudl fndRRRSLd Snd Pt SpPhrehit @
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of ordinary skill in the art from the following written description, by way of example
only, and in conjunction with the drawings, in which:

15
Figures 1A and 1B illustrate the problem of thermal coefficient of expansion

mismatch between various components in an electrical system;

Figure 2 illustrates an exploded perspective view of one embodiment of a die pre-

20 heater according to the present invention;

Figure 3 illustrates an assembled perspective view of the die pre-heater of Figure 2;

Figure 4 illustrates one embodiment of a die bonding machine that can be used with

25 the die pre-heater of Figures 2 and 3;

Figure 5 illustrates a partial exploded view of a portion of the die pre-heater of

Figures 2 and 3;

30 Figure 6 illustrates one embodiment of a method for preheating dies using the die

pre-heater of Figures 2 and 3; and

Figure 7 illustrates a computer system that can be used to control the pre-heater of
Figures 2 and 3 and the die bonding machine of Figure 4.



One aspect of the present invention provides a die pre-heater that is
capabl e of overcoming the limtations discussed above. The die pre-heater
al | ows t hwodo@/dsssyper at ure to be gradual ly increased fr eou/scaso7esampl e,
roomtenperature, to a desired pre-heating tenperature prior to bonding the
dies onto a substrate. As nentioned above, the dies can contain various
electrical/electronic circuitry that may suffer fatigue if the tenperature

of the die is increased too rapidly. Fegure 2 illustrates an expl oded
perspective view of a die pre-heater, designated generally as reference
nuneral 100, according to the present invention. Figure 3 illustrates a

perspective view of an assenbl ed die pre-heater 100. The die pre-heater 100

can incl u@g@hlﬁ?%rgqﬁgg 2 that drives a turret 104 by means of a turret

hol der can contain a plurality of die stations 105 used
to pre-heat the dies prlor to bonding to a substrate. The turret 104 is one

exanple o a pscthal ,tegéﬁt fﬁ@éht#aﬁ poGled @ Gl o aaee{éartﬁéﬂ fsY cffabtl &F for
Th one gt

use w e pre- ter I'S under st 00 di fferent
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S |nterr ted to avo ver heating the éil es. For exanple, if the machine

jans, 19s 1§ |t%l“?%’ﬁtugﬁ1°é%§ﬁ¢%'8°fﬁ@?<? o ragidly-s st opped for any reason by the

operator, the conpact actuator 112 is automatically engaged to prevent
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106. The turret 104 can contain a plurality of die stations 105 used to pre-heat the dies
prior to bonding to a substrate. The turret 104 ié one example of a die holder that can be
used to hold a plurality of dies for use with the die pre-heater 100. It is understood that
different configurations of die holders can be used, depending on the specific types of
20 dies to be used. The die pre-heater 100 can also include a heater holder 108 that is
capable of holding a plurality of pre-heaters 110. A compact actuator 112 can be
attached to the servo motor 102. The compact actuator 112 moves the pre-heater 100
away from the dies if the pre-heating process is interrupted to avoid overheating the
dies. For example, if the machine jams, is idle for an extended period, or is stopped for
25 any reason by the operator, the compact actuator 112 is automatically engaged to

prevent overheating the dies.

The embodiment shown in Figures 2 and 3 illustrates 6 pre-heaters 110. However, it is
understood that a larger or smaller number of pre-heaters 110 can be used. For
30 example, as many as 15 pre-heaters 110 may be used, depending on the specific
requirements of the dies being heated, and the ramp rate that is to be achieved.
Similarly, the pre-heaters 110 shown in Figures 2 and 3 heat the dies by means of
radiation, i.e., the dies are placed in close proximity to the pre-heaters 110. However, it

is understood that convection heating of the dies using, for example, a blower motor, or



radiation, i.e., the dies are placed in close proximty to the pre-heaters
110. However, it is understood that convection heating of the dies using,
for exanpwe,2o@/dsk@mwer notor, orconduction heating, wherecrlse2preokaat ers
110 make physical contact with the dies, could also be used. A plurality of
brackets can be used to connect the various functional parts of the
preheater 100, and to connect the pre-heater 100 to a bondi ng machine. This
will be discussed in nore detail belowW with respect to Figure 4. It is

under st ood_t.h at t.he .s eC|f| br ac ) 4SO O way of
i 11 ust r at Y99S Wpfea\ya\ %ﬁesres %lpéenéeaoér%b}@c%m?es% (ﬁaol gers %'gﬁ?%emuéssed to
connect t¢wld/aisobmese‘d.mct|onal parts of the die preheater 100. In the

enbodi ment shown in Figures 2 and 3, the pre-heater 100 can include |eft

and right mounting brackets 114a, 114b, a turret notor bracket 116, and one
or more phehsaliter! hiagkats san be askeéte camest thepaisioun funstienal gatts akhermsey 130,

that igclydes fodond hedhkféct lﬁ@preaneatas%@t&a %.@waaﬂ.mnq‘haeﬁm%

nounting bracket 136 1s al so shown descri bed greater detail _bel ow,

the bond digrarssediaarase detasbelpy mt@trew%@rféw?d ﬂtn%umeéﬁe%qté'?t the sBREfS 100.
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t hese conpgafenpe. can be conputer control |l ed to provide for specific preheat
times, o ensure the efficiency of the bonding process, w thout sacrificing
qual i1% control. The servo notor 102 can be any type of notor capabl e of
control | ilnghé Iembbumeat sldivh inl Figwes2 b dherpre-Beatéht00seanvioclode harft agh be a
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15  described in greater detail beIow the bond tool assembly 130 is not attached to the pre-

heater assembly 100.

The servo motor 102, pre-heaters 110, bond tool assembly 130 and bond heater 132
can include a plurality of electrical connections that provide for their operation (not
20 shown). In some embodiments, the operation of these components can be computer
controlled to provide for specific preheat times to ensure the efficiency of the bonding

process, without sacrificing quality control.

The servo motor 102 can be any type of motor capable of controlling the turret 104. In
25 some embodiments, the servo motor can be a 400 watt Mitsubishi servo motor, such as
model number HFKP43K, capable of indexing the preheat turret 104 for a programmed

duration. It is understood that other types of motors can be used.

In the embodiment shown in Figures 2 and 3, the die pre-heaters 110 can be an
30 ULTRAMIC 600 Advanced Ceramic Heater, Part # CER-1-01-00130. This model is a 24
volt, 72 watt heater with a maximum temperature of 400 °C. Likewise, the bond heater
132 can be an ULTRAMIC 600 Advanced Ceramic Heater, Part # CER-1-01-00129.

This model is a 240 volt, 750 watt heater with a maximum temperature of 400 °C. ltis



volt, 72 watt heater with a maxi numtenperature of 400 OC. Likew se, the
bond heater 132 can be an ULTRAM C 600 Advanced Ceram c Heater, Part #

CER- 1- 01-W0L3&0sddsbs nodel is a 240 volt, 750 watt heat epriichy7@os@xKi mum
tenperature of 400 OC. It isunderstood that different nodels and/or types

of pre-heaters and heaters, having different electrical properties and
heating characteristics, can also be used. Figure 4 illustrates one

enbodi Lrent of a bondi ng machi ne, desi ghat ed generally as reference nuneral
200, that can be ysed wt re- heat er e heat ed
dies to aundshieqdyinat 'Hoﬂ‘&ﬁﬂg I WBeSZQ Pé%ﬁe%ﬁa ﬁﬂ%q’eﬁt}rﬁg A9 exanpl e
and not | different élebiicabpropérties amdResting cRHactedstits, foapdsobewsber t ensi oner 204.
The wafer nagazine is used to feed a plurality of wafer sheets (not shown),
each containing a plurality of dies for bonding in later steps to a

subst r at eFigure 4 diustrate® ©de rapnbicsljmerit eof \mbmdir!meepﬁing,adeﬁimlaﬂdeerwalm as t ape
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be further
being assembled. The die pickup tool 216 can be mounted on the die feeder gantry 210

to pick up the dies from the wafer tensioner 204 and place them into one of the die
stations 105. An orientation and bump height check may be performed at this step. The
20 dies are then preheated as described below. Once preheated, the dies are transferred
to the bond tool assembly 130. Simultaneously, a substrate/PCB can be picked up and
checked for print flux and substrate height, and the substrate is loaded onto a hotplate
for preheating. A vision alignment and correction step is performed, and the bond tool
assembly 130 is then used to bond the dies to the substrates, as described below. In
25 some embodiments, the vision alignment is accomplished entirely by a computer 600

(Figure 7). This process is known in the art and will not be further described.

At least one die pre-heater 100 is positioned within the bonding machine 200. The die
pre-heater 100 can be attached, for example, using the left and right mounting brackets
30 114a, 114b. The bonding machine 200 may also include the computer 600 (Figure 7)
for controlling the various functions of the machine. Alternately, an external computer
could be used. In these embodiments, the computer 600 can be used to individually
control the temperature of the pre-heaters, the proximity of the dies on the indexing tray
to the pre-heaters, the temperature of the substrate to be bonded, the temperature of the
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providing a die
for subsequent attachment to a substrate, is illustrated in Figure 6, and designated

generally as reference numeral 500. The method 500 can include a first step of
providing a plurality of pre-heaters for preheating a plurality of dies from a base

20 temperature to a desired temperature, the plurality of pre-heaters capable of
incrementally heating the dies at a desired average rate until a desired temperature is
reached, as illustrated with reference numeral 502. A second step of providing a die
holder containing a plurality of die stations, each die station configured to receive one of
the plurality of dies is illustrated by reference numeral 504. A final step of indexing each

25 of the plurality of dies with respect to each of the plurality of pre-heaters until the
desired temperature is reached is illustrated by reference numeral 506. Further
details are discussed below.

With reference to Figures 2-6, the operation of the die pre-heater 100 as installed in the
30 bonding machine 200 will now be described. However, it is understood that the use of
the pre-heater 100 is not restricted to the specific bonding machine 200 illustrated. The
pre-heater 100 can be used in any type of bonding machine that may require a die to
undergo a temperature change at a desired rate before bonding takes place.
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to nove tBEmpRleHpgaipdexing can be used, in which the dies are moved in a stralght line with
respect to the heaters. Similarly, it is not relevant for purposes of the invention that the
dies are moved with respect to the pre-heaters. It is equally possible to move the pre-
20 heaters with respect to the dies. It is understood that all such indexing methods are to

be considered as falling within the scope of the embodiments.

As the indexing of the turret 104 continues, dies sequentially move to pre-heat positions
3-8 (153-158). At the end of the indexing step at position 8 (158), the dies are heated to
25 the desired temperature. After the next indexing step, the dies are picked up at position
9 (159) by the bond tool assembly 130. The bond tool assembly 130 then increases the
temperature of the die, using bond heater 132, and the die is then bonded to a substrate.

For the embodiment discussed above, the actual amount of time it takes the turret to
30 move is 0.2 seconds, with a 2.8 second delay to provide for the pre-heating of the die. A
fresh die is therefore placed at position 1 (151) i.e. indexed, every three seconds. In this
embodiment, each of the pre-heaters 110 is set at a constant temperature of 223 °C.
The die temperature then ramps up from 20 °C to 200 °C in 18 seconds. This provides

an average ramp rate for the dies of 10 °C/second. Similarly, the bond heater 132



with respect to the dies. It is understood that all such indexing nethods
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dies on a substrate, chip of glass, and chip on chip processes. The bonding machine
200 can create bellow shaped joints for optimum strength by precision height control and
by compression-retraction techniques. The bonding machine 200 can also support
20 different bump structures, such as, but not limited to, pillar bump, solder bump, standard

flux, P-coat flux and no-flow underfill.

Some portions of the description above are explicitly or implicitly presented in terms of
algorithms and functional or symbolic representations of operations on data within a
25 computer memory. These algorithmic descriptions and functional or symbolic
representations are the means used by those skilled in the manufacturing arts to control
various machines and processes and to convey most effectively the substance of their
work to others skilled in the art. An algorithm is here, and generally, conceived to be a
self-consistent sequence of steps leading to a desired result. The steps are those
30 requiring physical manipulations of physical quantities, such as electrical, magnetic or
optical signals capable of being stored, transferred, combined, compared, and otherwise

manipulated.
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~ reconfigured by a computer program stored in the computer. The algorithms and

displays presented herein are not inherently related to any particular computer or other

apparatus. Various general purpose machines may be used with programs in

20 accordance with the teachings herein. Alternatively, the construction of more

specialized apparatus to perform the required method steps may be appropriate. The

structure of a conventional general purpose computer will appear from the description

below.

25  In addition, the present specification also implicitly discloses a computer program, in that
it would be apparent to the person skilled in the art that the individual steps of the
methods and manufacturing processes described herein may be put into effect by
computer code. The computer program is not intended to be limited to any particular
programming language and implementation thereof. It will be appreciated that a variety

30 of programming languages and coding thereof may be used to implement the teachings
of the disclosure contained herein. Moreover, the computer program is not intended to
be limited to any particular control flow. There are many other variants of the computer
program, which can use different control flows without departing from the spirit or scope

of the invention.



The present specification also discloses apparatus for perform ng the
operations of the methods. Such apparatus may be specially constructed for
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medi uhd sumiodals rexehplimpleménied using disteteptetteonicetampanestss s itegan form a
portion of an entire electronic circuit such as an Application Specific Integrated Circuit
(ASIC). Numerous othef possibilities exist. Those skilled in the art will appreciate that
the system can also be implemented as a combination of hardware and software
modules.
20
The method and system of the example embodiment can be implemented on a
computer system 600, schematically shown in Figure 7. It may be implemented as
software, such as a computer program being executed within the computer system
600, and instructing the computer system 600 to control the various components of
25 the pre-heater 100 and die bonding machine 200. For example, the computer can
be used to independently control the temperature of the pre-heaters 110, the bond
heater 132, the indexing time of the servo motor 102 that controls the turret 106, and
the distance between the dies and the pre-heaters 106.

30 The computer system 600 comprises a computer module 602, input modules such
as a keyboard 604 and mouse 606 and a plurality of output devices such as a
display 608, and printer 610. The computer module 602 is connected to a computer
network 612 via a suitable transceiver device 614, to enable access to e.g. the
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15 630. The application program is read and controlled in its execution by the
processor 618. Intermediate storage of program data maybe accomplished using

RAM 620.

The die pre-heater 100 detailed above provides several advantages over the prior
20 art. Since the bond heater is no longer used for preheating, the cycle time to
produce a die bonded to a substrate can be greatly reduced. For example, in
laboratory tests using a single pre-heater, one assembled die/substrate can be
produced every three seconds. As also noted above, multiple pre-heaters can be
incorporated into a single die bonding machine to increase the efficiency of the die

25 bonding process.

It will be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
30 described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not restrictive.



interface 624 to the display 608, and I/Ointerface 626 to the keyboard

604. The conponents of the conputer nodul e 602 typically comrunicate via an
i nt er conngetee/desme628 and in a manner known to the per sefsehsidilogshsi N t he
rel evant art. The application program can be supplied to the user of the
conput er system 600 encoded on a data storage nedi um such as a CD- ROM or
flash nmenory carrier and read utilizing a correspondi ng data storage nedi um
drive of a data storage device 630. Thes application programis read and
controlled in its execution by the processor 618. Internedi ate storage of

pr ogram dﬁi-ﬁ"‘ﬂﬁybe acconpl i shed using RAM 620. The die pre-heater 100

det ai | ed above provides several advantages over the prior art. Since the
bond heater 1i S ngﬁlfyo%?’gr used for preheating, the cycle tinme to produce a
di e bonded t'o a SEMAPARAH"%e greatly reduced. For exanple, in

| abor at ory t est saysumjtyaofsprecHeaters dohpaeheating aeplasdityntl dids diopd subaser at e can
be praqduced ever r se . t o) | i -heaters
can bgsdi ncof &rga%sffq?’%f‘ 3 aagés)él?%glt%'ég?% gh@%rfggrﬁa h‘?f(r?é g‘gétfehsg{; aarsgqeee?ﬂe

ef ficiency of intremgintallydedting epehoobtthe. plutality ¢f dipe ahpresired aperagg rateper son
skilled in the g > : iatjons and/ or nodifications may be
made to the pﬁe@fa%fj%?'ﬁ%/de%ﬁ%ﬁag% 'g oé\/(\:nme?'n t he specific enbodinments w thout
departing from t Bediephplider montaiipge aPlyrality | ofy digt istations. BreEI§ FRUYY i bed.
The present erdp@hieats rédefre drReSrAhEplaralihlofifies @Rai dered in all respects to
be illustrative and not restrictive. CLA A system conpri sj

) [ IMS 1. A ng: a
pluraldty of premeags&rdndexingpacheithe,plutality ofidies Wiih FsPEFiEe anBﬁ’? Herase
tenper at ure t qlgrafgof prslhbABRAINI the@lesirE@ tephpiralurd 1 redchyde- heat ers capabl e
of increnentally heating each of the plurality of dies at a desired average
rate

2. The system of claim 1, further comprising a bond tool assembly capable

retrieving a preheated die and bonding the die to a substrate.

15
3. The system of claims 1 or 2, wherein the plurality of pre-heaters
comprises at least two pre-heaters.
4. The system of any one of the preceding claims, wherein the plurality of
20 pre-heaters comprises 6 pre-heaters.
5. The system of any one of the preceding claims, wherein the indexing
means comprises a device capable of rotary indexing or linear indexing.
25 6. The system of any one of the preceding claims, wherein the die holder
comprises a turret and the indexing means comprises a servo motor that
drives the turret.
7. The system of claim 6, wherein each of the plurality of dies is sequentially
30 indexed for a desired time with respect to each of the pre-heaters to

achieve said desired average rate.



until a desired tenperature is reached; a die holder containing a plurality
of die stations, each die station configured to receive one of the

pl ur al i t ywofo@issgooand neans for indexi ng each of the plparaiG2oor/00644di es
with respect to each of the plurality of pre-heaters until the desired
tenperature is reached. 2. The systemof claim11, further conprising a bond
tool assenbly capable retrieving a preheated die and bonding the die to a
substrate. 3. The systemof clains 1 d6 2, wherein the plurality of

pre-heat er s Conpz‘-nagys/sk%h\e?fs 82 tﬁ‘é&hgrre N Fh%aégsru?ed |ﬁde%[£§{i§%5|g%é)éonagy one of

t he precedi g cl ef'A ura conpril
pre-heaters. 5. &heh eﬁlttteewium‘lityaWdieﬂeﬁ eéqttelméallyr l@ce@dr@mrrafrnm eadheofei n t he

i ndexing means C&%ﬁ@d{@@ of nBEIE En %érraft&%afdhd desdAgor | inear

i ndexi ng. 6. The any.one o eceding clains, wherein the die
hol der conprises a turret and the indeX|ng means conprises a servo notor

that dyives ?t he g rGhtent of E’]? o?%sétefﬁ‘eoﬁreeé&hﬁnc@alm‘éhﬂfh%l‘é?n RE ndixirghe

plurality of dies Is sequentially indexed fo desired time with respect
to each of the pF‘@%%ﬁ‘t%‘?%tﬂ@'ﬁ&@é@@%&?ﬁ“ﬁ@ﬁ‘h@ﬂeﬁler age rate.8. The
systemof claim7, wherein the desired indexing tine is 3 seconds, each of

the plurality of dies I S s uent| cat romeach of the
plurality ofl Xhea?%‘? §¥Stﬁ'|"?c9 é’?&lj@“f« gf Wﬁ?riﬁ%ﬁﬁf"ﬂgf‘mgé@?ﬁ?&.m@@%he
system of any ongeqiretheateps w&ﬁﬁbsrp@cctbahérme wherei n the indexi ng neans noves
the dje with respect to the pre-heaters. 10. The system of any one of

cl ai 1-8, wherein the indexing nmeans noves the pre-heaters with respect
to the die. 111. The sygtehenfadnyange afeclaisc RaliOpswviteréin, thehbord rassamblyond
assenbl y attaches the die to the substrate using flip chip bonding, and wherein the
die comprises a bump structure selected from a group consisting of a
pillar bump, a solder bump, a standard flux, a p-coat flux, and a no-flow

15 underfill.

12. The system of any one of claims 7-11, further comprising a computer

control system, said computer control system capable of independently

controlling the desired temperature, the average rate, the indexing time, a

20 temperature of each of the pre-heaters, and a temperature of the bond

heater.

13. A method of pre-heating a die from a base temperature to a desired
temperature, for subsequent attachment to a substrate, the method comprising
25 the steps of:
providing a plurality of pre-heaters for preheating a plurality of dies
from a base temperature to a desired temperature, the plurality of pre-
heaters capable of incrementally heating the dies at a desired average rate
until a desired temperature is reached;
30 providing a die holder containing a plurality of die stations, each die
station configured to receive one of the plurality of dies; and
indexing each of the plurality of dies with respect to each of the

plurality of pre-heaters until the desired temperature is reached.



attaches the die to the substrate using flip chip bonding, and wherein the
die conprises a bunp structure selected froma group consisting of a pillar
bunp, a swbadeso/dssowp, a standard flux, a p-coat flux, ane@ca/scaedrioosysl
underfill. 12. The system of any one of clains 7-1 1, further conprising a
conputer control system said conputer control system capable of

I ndependently controlling the desired tenperature, the average rate, the

i ndexing tine, a tenperature of each dﬂ the pre-heaters, and a tenperature

Cemorat ur e 1o a T0E<Re 800 oL HAlR ot o e AT o PR R PRfses,

substrat e, the nmeixippetheaters.i si ng t he steps of: providing a pI urality of
pre-heaters for preheating a plurality of dies froma base tenperature to a
desired tenperature, the plurality of preheaters capable of incrementally
heating t he 18i es The methed of ek af cleinge 18and 1dhtwherein des teraperatweof theure i s

reacheg; provi di gad fbfa00k dean SbEE Gt fg b eRkiddnao! di e stat i ons,

each die station configured to recelive one of the plurality of dies; and
i ndexi ng each of the plurality of dies with respect to each of the

plurality ohgpreTheaheihddUst bhy tdne Ge%uarrﬁ@l ‘t?%’eﬁvﬂé#é"rﬁ thé ih@aahedtep?. The
nmet hod of claim 13, wherein the plural |t uﬁr}eat rs co rise SI X

pre-heaters. 15. cqfne"??a%?aae@fa"&sﬂéovmg%? idie &83PEchiP
tenperature of tBgcHlbfbe bfe-héktegased at an aver age rate of 10 0C per
second. 16. The nethod of any one of clains 13-15, wherein the indexing
step nprises sequentially noving each or the plurality of dies with
respect to dach Thetethpdeofhami ene. of claims 13-15, wherein the indexing step

comprises sequentially moving each of the plurality of pre-heaters
sequentially with respect to each of the plurality of dies.

15 18. The method of any one of claims 13-1 7, wherein a temperature of each of
the plurality of pre-heaters and the rate of indexing is controlled by a

computer.

19. The method of any one of claims 13-18, further comprising a step for
20 joining the pre-heated die to a substrate using a using a bond heater.

20. A bonding system for bonding a die to a substrate, the bonding system
comprising:
a die pre-heater system comprising:

25 a plurality of pre-heaters for preheating a plurality of dies from a base
temperature to a desired temperature, the plurality of pre-heaters capable of
incrementally heating each of the plurality of dies at a desired average rate
until a desired temperature is reached;

a die holder containing a plurality of die stationé, each die station

30 configured to receive one of the plurality of dies; and

means for indexing each of the plurality of dies with respect to each of
the plurality of pre-heaters until the desired temperature is reached; and
a bond tool assembly capable retrieving the preheated die and bonding

the die to the substrate.



17. The method of any one of clains 13-15, wherein the indexing step
conpri ses sequentially noving each of the plurality of pre-heaters

sequent i abyoydskoobespect to each of the plurality of dipesisci&zodégr met hod
of any one of clains 13-1 7, wherein a tenperature of each of the plurality

of pre-heaters and the rate of indexing is controlled by a conputer. 19.
The nmet hod of any one of clains 13-18, further conprising a step for
joining the pre-heated die to a substri®e using a using a bond heater. 20.
A bondi ng systemfor bonding a die to a substrate, the bonding system
conprising: a die pre-heater systemconprising: a plurality of pre-heaters
for preheatizng aTﬁéLﬂoaidiﬁgysyﬁ‘terdiasdéirroaoamsanttaerpﬁe dioldee domprisdes r ed

tenperature, the, plurali .of pre-heaters cap abl e heatlng
each of the plur rf#fngfthéi'ggeﬁqg 5‘988§i°P5‘a’"3ve asgeervr &8'r ﬁ-{;?'&h%é the
tenperature is reacthed; a die holder containing a pl urallty of d|e
stat|q5r1s each die station configured to receive one of the plurality of
di es; "and neans for indexing each of the plurality of dies with respect to

each of the2gl ur Ihetbondingpsystermaefeclaimmd|ort At whereirethe ehsalityofimseq s
reached; and a bpogde Lsoégm @%rx-r@a@ﬁlﬁmdrﬁérwéa&a dr iR MuaNgasreksdi e and

bondlngthe die to the su rate 21 e bondi ng system of cl ai m 20,
wherein the die m%PntﬁiWﬂQ’@@é far 2 desiead tne WithgepprRi &9 AacChRbnS p(f%‘rrprl ses

a servo notor thﬁgatg@%%htengsgwc{ég;red 32era§é?at€0ndl ng system of clains 20
or 21, wherein the plurality of preheaters conprises 6 pre-heaters, and

Wnere1ch each of the plurality of dies is sequentially indexed for a desired
tine with regpectrhé ®ofamg syktenhef AhgldAatidiclaims 20-22, wherein the bond tool

assembly attaches the die to the substrate using flip chip bonding, and
wherein the die comprises a bump structure selected from a group
consisting of a pillar bump, a solder bump, a standard flux, a p-coat flux,

15 and a no-flow underfill.

24. The bonding system of any one of claims 20-23, further comprising a dié
pickup tool capable of picking up an individual die and placing the die into
the die station.

20

25. The bonding system of any one of claims 20-24, wherein the die holder

comprises a turret and the indexing means comprises a servo motor that

drives the turret.

25 26. The bonding system of claim 25, wherein each of the plurality of dies is
sequentially indexed for a desired time with respect to each of the pre-

heaters to achieve said desired average rate.

27. The bonding system of claim 26, wherein the desired indexing time is 3
30 seconds, each of the plurality of dies is sequentially located 0.2mm from
each of the plurality of heaters, and the average rate is 10 °C per second.



to achieve said desired average rate. 23. The bonding system of any one of
clains 20-22, wherein the bond tool assenbly attaches the die to the
subst r at eygsbevdskdobp chi p bondi ng, and wherein the di e ¢eFRGREEHIG4PUND
structure selected froma group consisting of a pillar bunp, a solder bunp,
a standard flux, a p-coat flux, and a no-flow underfill. 24. The bondi ng
system of any one of clains 20-23, further conprising a die pickup tool
capabl e of picking up an i ndi vidual dit®and placing the die into the die
station. 25.__The systemo f clains .20-24, wherein the die
hol der conpri&es @et ?’? a‘e{*hé} %ﬁlé}e QWSCB’BHB?'F%«% Cgmfé‘hfooﬁot or
that drives the tcontrélling & indbxing dind, nige ﬂgstmpmtareﬂtﬁéavmgeeate each of
the plurality of d|e5|ss e a desired tine with
respect to each c?f’d %8”}5’%%@%@3&@‘3 Hﬁld {0 %gvggg's?‘i ‘d desired average rate. 27.
The bondi ng system of claim 26, wherein the desired indexing tine is 3
seconds, each of the plurality of dies is sequentially |ocated 0.2mm from
each of the plurality of heaters, and the average rate is 10 0C per

second. 28. The bondi ng system of clainms 27, further conprising a conputer
for controlling the indexing tine, the desired tenperature, the average
rate, and a tenperature of the bond tool assenbly.

10



