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The invention relates generally ﬁo the field of semiconductor
manufacturing, more particularly to "back end" assembly, and in
particular to chip (die) attach and encapsulation..

BACKGROUND OF THE INVENTION

The manufacturing of packaged integrated semiconductor devices
occurs generally in two stages known as "front end" processing and
"back end" processing. "Front end" processing deals with formation
of various devices such as transistors, resistors, and capacitors
on a semiconductor wafer.: "Back end" processing deals with
aséembly and test. After formation of the various devices on the
semiconductor wafer, the wafer is sliced into semiconductor dies,
the dies are assembied into packages, and the packaged dies are
tested. Although various packaging techniques exist, the two main
techniques are ceramic packaging and plastic packaging. These
techniques are described throughout Microelectronics Packaging
Handbook by Rao R. Tummala and Eugene J. Ryhaszewski, copyright
1989, and in particuiar in- chapters 6-8 and 10. '

While different ceramic packages exist, one common ceramic
package is the 1lid sealed package. A semiconductor chip is
attached to a ceramic base by a chip bond material. Wire bonds
then connect the semiconductor chip to metal lines on the ceramic
base. Leads are then brazed to the ceramic base and connected to
the metal lines to provide external connection. Finally, a lid is
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Wre bonds then connect the seniconduct or chip to netal lines on the
ceram c base. Leads are then brazed to the ceram c base and connected to
the nmetal lines to provide external condecti on. Finally, alidis -2-
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typically connect the lead fingers .to the bonding pads. The
adhesive holds the senmiconductor die in place during the wire
2 bonding process. Thereafter, encapsulation occurs with the lead
frame and die being encapsulated in a plastic mold compound. The
mold compound is cured and the lead frame trimmed and formed.

From above, it is seen that both ceramic packaged devices and
plastic packaged devices require a chip bonding material to secure
nu the chip to the underlying structure. Three broad categories of
chip die attach materials currently exist: solders; organic
adhesives; and, glass silver-£ill. Exemplary of solders are Au-Si,
Au-Sn, Au-Ge, Pb-Ag-In, and Pb-Sn metallic compositions. Ceramic
packages most often use solder. Exemplary of organic adhesives are
epoxies, polyimides (most frequently filled with silver) and
thermoplastics such as acrylics, polyester or polyamides filled
with metal. Table 8-5 on pages 556 and 557 of Microelectronics
Packaging Handbook contains a listing of epoxy and polyimide chip
polymer bonding adhesives. Plastic packaging may use either solder
or organic bonding. Silver-filled specialty glass materials are
" exemplary of glass materials and are discussed in "A Critical
Review of VLSI Die-Attachment in High Reliability Applications" by
Shukla and Mancinger appearing in Solid State Technology, July 1985
page 67 et seq. Regardless of package type, the chip bonding
material is heated to firmly secure the chip.

Page 554 of Microelectronics Packaging Handbook describes chip
(die) attach in plastic packaging. In solder bonding, lead frames
are fed from magazine holders along a track to a heater block. A



frame and die being encapsulated in a plastic nold conpound. The nold
conpound is cured and the lead franme trimed and fornmed. From above, it is
seen that both ceram c packaged devi ces and pl astic packaged devices
require 'a chip bonding material to secure the chip to the underlying
structure. Three broad categories of chip die attach materials currently
exi st : sol ders; organi c adhesives; ard3 glass silver-fill. Exenplary of
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descri bes- chi pfter prlnting. The paste is then cured to strongly adhere the
lead frame to the semiconductor die. Epoxies and polyimides are
organic thermosetting polymers that must be cured at elevated
temperatures to complete the die bond. For 'many years, the
industry standard epoxy cure process has consisted of placing the
.. . lead frames (with mounted dies) into heated ovens where it usually
takes a minimum of about one hour for the resin to cure. Typical
schedules are one hour at 150° C for epoxies, and 30 minutes at
150° C, followed by 30 minutes at 275° C for polyimides. In the
oven cure process, heat transfer is by convection and- the
semiconductor die, epoxy resin, and lead frame are all uniformly
heated to the temperature of the oven.

A relatively new epoxy snap cure process substantially speeds
up polymer die attach curing from about an hour to about a minute.
This snap cure process is depicted generally in prior art FIG. 1.
In FIG. 1, a semiconductor die 4 is attached by an epoxy resin 6 to
a metallic lead frame 8. Epoxy resin 6 is on the order of about
0.001 inches thick. A lead frame track rail 10 guides and holds
lead frame 8 in place over a heater block 12. Heater block 12
includes a filament (unillustrated) that heats block 12 to a
desired temperature, approximately 200° C, necessary to cure epoxy
6. Heat is transferred from heater block 12, to lead frame 8, to
film 6 and to die 4 by conduction. Die 4, film 6 and lead frame 8
are all heated to the temperature of block 12. During heating,'dry
air 16 flows over the die 4, across the surface of lead frame 8,



(die) attach in plastic packaging. In solder bonding, |ead franes are fed
from nagazi ne holders along a track to a heater block. A -3- small
square of material (such as 6% Si, 94 Au) is cut froma feed ribbon and
transferred to the.chip support pad of the lead franme. The chip is placed
onto the heated chip support pad by a collet. The chip and eutectic are
scrubbed together by the collet, form rgd4a-hard alloy bond. The heater
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where it usualﬂéﬁ. sells this rapid cure process in a piece of semiconductor
manufacturing equipment called the "AC-050 In Line Epoxy Curing
T System". The AC-050 contains about 4 or 5 heater block platfornms,
each heater block 12 being about 10 inches long. Other
commercially available snap cure apparatus employing heater block

technology are manufactured by Syncrite and Moia.

While the AC~050 style apparatus illustrated in prior art FIG.
1 substantially reduces the amount of time needed to cure epoxy
film 6 from about an hour to about a minute, the apparatus has
several disadvantages. The AC-050 is a large unit, about 3 feet
wide, 3 feet deep, and 4 feet high and thus occupies much valuable
manufacturing floor space. The lead frame die attach pad can warp
and be contaminated due to contact between the lead frame and
heater block. Bond pads on the chip and the lead frame may be
contaminated due to outgassing from the die attach material and
high temperature of the lead frame. A new method of rapid die
attach is needed.

Microelectronics Packaging Handbook page 555 et seq. provides
extensive discussion about molding compounds used for plastic
encapsulation and techniques of plastic encapsulation. In general
the mold compounds are polymers of either the thermoset variety
that cannot be remelted or the thermoplastic variety that can be
remelted. Examples include epoxy novolac-based molding compounds
(mainly used today), polyester, phenolic, and silicone. The
industry standard plastic encapsulation technique is transfer
molding. After the mold compound is applied to the éhip and lead



takes a m ni mum of about one hour for the resin to cure. Typical schedul es
are one hour at [err] for epoxies, and 30 mnutes at [err], followed by 30
mnutes at [err] for polyimdes. In the oven cure process, heat transfer
is by convection and the sem conductor die, epoxy resin, and |ead frane
are all uniformy heated to the tenperature of the oven. A relatively new
epoxy snap cure process substantially spseds up polyner die attach curing
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- 4 - through | ead finger cutouts (unillustrated) in lead frane 8, around
heat er ‘bl ock 12, and out through an exhaust 18. The air flow aids in

| owering harnful effects of the gasses released by the die attach during
die: attach cure. Qut gassing can result in contam nation on bond
pads of die 4 and lead to wire bonding and reliability problens. A large
squirrel cage el ectronechani cal AC noteréptovi des exhaust vacuum 18.

Hi tachi TokyQ.t rani sells this rapid cure process in a
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and be contam nated due to contact between the | ead frane and heater bl ock.
Bond pads on the chip and the | ead frame may be contam nated due to
outgassing fromthe die attach material and high tenperature of the |ead
frame. A new nethod of rapid die attach is needed. M croel ectronics
Packagi ng Handbook page 555 et seq. provides extensive di scussion about
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FIG. 3 is a partial isometric drawing illustrating a preferred
embodiment optical rapid die attach cure apparatus.

FIG. 4 is a drawing illustrating the air amplifier of FIG. 3.

B FIG. 5 is a drawing conceptually illustrating an irventive
' optical rapid cure mold compound apparatus and method.

FIG. 6 is a drawing conceptually illustrating an alternative
optical rapid cure mold compound apparatus and method.



assenbly into an oven. The encapsul ated device is heated for several
hours at tenperatures around 175 C to cure the nold conpound. New
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post nold cure are needed to substantially speed up post
-6- SUWARY OF THE I NVENTION A rapid cure die attach cure

met hod enpl oys an optical heat source sych as a tungsten hal ogen | anp
modul e to heat the die attach material” “An optical heat source nay be used
to cure the npEFAXIHBDOHSERISAXON OFt PREISRREDTRMBOOIIENT conduct or packages.
-7- DESCRIPTION OF THE DRAWNGS FIG 1 is a prior art drawing illustrating
t he heater block snap cure polﬁner bond nmet hod. FI.G 2 is draw ng

conceptual Iy illudti¥Cat ,ndSarf i

ipgeenceptually illustrating an “inventive
optical rapid cure die attach apparatus and method. 1In FIG. 2, a
samiconductor die 20 is atta’%hed by a die attach material 22 to a
lead frame 24. Die attach material 22 is representative of die
attach materials and includes solders, organic adhesives, and glass
specialty materials. Examples of lead frame materials include
copper, alloy 42, palladium/copper, and nickel copper. A lead
frame track rail 26 guides and holds lead frame 24 in place
underneath an optical heat source 28. Lead frame track rail 26 is
adjustable to hold different sizes of lead frames. A typical lead
frame 24 that holds one row of die may be about 1.25 inches wide.
High density lead frames, such as MATRIX lead frames may hold
several rows dies of and are much wider. Optical heat source 28
generates the energy that is used to heat die attach material 22.
Polymer bonding may be accomplished very quickly, such as for
example, with about a 1 minute éxposure to optical heat source 28
while inorganic bonding, such as silicon/gold eutectic bonding, may
be accomplished rapidly also. Heat is transferred from die 20 to
die attach 22 and to the die support pad of lead frame 24. The
portion of lead frame 24 not covered by die attach 22 and die 20
substantially reflects light radiation from optical heat source 28.
For organic die attach with copper based lead frames and normal die
size, this is particularly advantageous as the rails and fingers of
lead frame 24 remain much cooler than die 20 during die cure. As
an example, a 1 minute exposure to optical heat source 28 may
result in die 20 being heated to about 200° C while lead frame 24
is heated to only about 125° C. As such, optical heat source 28
selectively heats die 20. Principle heat transfer occurs by
radiation and the temperature response of the die attach is
advantageously a smooth transient. Temperature profiles can be
readily controlled during cure by varying the current through the
lamp. In the prior art heater block method, however, heat transfer
is through conduction which results in a step function lik_e



optical rapid die attach cure apparatus and nethod. FIG 3 is a partial

i sonmetri'c drawing illustrating a preferred enbodi nent optical rapid die
attach cure apparatus. FIG 4 is a drawing illustrating the air anplifier
of IG 3. FIG 5 is a drawing conceptually illustrating an inventive
optical rapid cure nold conpound apparatus and nethod. FIG 6 is a draw ng
conceptual ly illustrating an alternattve-optical rapid cure nold conpound
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are provided later with reference to FIG. 3., it is believed that
optical heat source 28 is preferably a lamp of the type that emits
near infrared light. Exemplary lamp examples include incandescent
halogen lamps of the tungsten type and xenon type. Infrared light
wavelengths range from just under 0.8 microns to around about 2.8
microns. It is believed that silicon chip 20 has good absorption
in the near infrared spectrum. The energy of the tungsten halogen
light, for example, is absorbed more by silicon chip 20 than by
lead frame 24 which has a higher incidence of reflection than chip
20. The silicon chip 20, with die attach 22, is heated by
radiation to a higher temperature than lead frame 24 due to -
selective heating. S .
Referring still to FIG. 2, a reflector 30 helps direct
emissions from lamp 28 towards lead frame 24. Preferably the
emissions are directed over the width of the lead frame so that
uniform heating occurs. The light is spread over the lead frame
area as opposed to being focused on the semiconductor chip. Dry
. air 32 flows over the die 20, through lead finger cutouts
(unillustrated) in lead frame 24 and out exhaust outlet 34. Unlike
FIG. 1’s heater block 12, no obstruction exist.undefneath lead
frame 24 of FIG. 2 to block air flow. Purge air 32 is able to flow
over die 20 and through lead frame 24 more closely to the edge of
die 20 substantially increasing the evacuation of . harmful
outgassing effects and epoxy fragments. The intensity (power) of
" lanp 28 may be controlled by a rheostat 56 or SCR which in turn may
be computer controlled. This advantageously allows lamp power to
be profiled or turned on and off with immediate energy response in
contrast to the heater block of prior art FIG. 1 which is



underneath an optical heat source 28. Lead frame track rail 26 is

adj ustable to hold different sizes of lead franmes. A typical lead frane 24
t hat hol ds one row of die may be about 1.25 inches wi de. H gh density |ead
frames, such as MATRI X | ead franmes may hold several rows dies of and are
much wi der. Optical heat source 28 generates the energy that is used to
heat die attach material 22. Pol yner bondi ng nay be acconplished very
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reflector housing 44. Lead frame track rails 48 hold and gquide
. lead frame 50 below optical heat source 42. Aan exhaust manifold 52

having screen diffusers 54 is positioned below 1lead frame' 50.

Exhaust manifold S2 is connected by hoses 56 to an ayplifier
manifold 58 to which an air amplifier vacuum generator 60 is

connected. A shroud 62 may cover reflector housing 44 fof safety.
A lead frame index mechanism (unillustrated) may be provided and

controlled by die bonding equipment, or wire by bonding equipment,

or by computer and proé.ess control equipment. Although optical

rapid cure apparatus 40 may be configured as a stand alone piece of

back end manufacturing equipment, a major advantage is the small

size of the assembly. The reflector 44 and exhaust manifold 52

assembly is on the order of about 10.5 inches long, 3 inches wide,

and 3 inches high. The small size allows the apparat\is to be
configured on a die bonder. It may be placed downstream on the die

bonder post die application. The small size allows the apparatus

to be configured on a wire bonder. It may be placed upstrean of

the bonder head. Thus, the apparatus may be used effectively with
existing manufacturing space and use of controllers resident with
die bond or wire bond equipment. Additionally, it may be used to
link the die bond equipment and wire bond equipment.

In FIG. 3, optical heat source 42 is preferably a lamp of the
type whose energy is reflected by the metal lead frame 50. A
tungsten halogen lamp is exemplary. Such lamps are commercially
available and made by General Electric, Osram-Sylvania, and Ushio.



advant ageously a snooth transient. Tenperature profiles can be readily
controlled during cure by varying the current through the lanp. In the
prior art heater block nethod, however, heat transfer is through conduction
which results in a step function |ike -9- tenperature response. Resident
heat in the heater block precludes rapid cooling which is needed for
t hernopl astic die attach. Rapid opticaIéFeating all ows rapid thermal

response and can be used with thernoplTastic die attach materials. Wile
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mounted bulbs above lead frame 50 may be adjusted with the effect
controlled by light intensity. It is desirable to position the
T bulbs within the reflector housing 44 so that temperature across
the width of the lead frame is uniform. The distance between bulbs
42 and lead frame 50 is about 0.78 inches. While optical heat
source 42 as illustrated contains 2 lamps, single lamp sources are
sufficient. The width of lead frame 50 may govern whether single
or multiple lamps are better. Multiple lamps may be better suited
for wider lead frames 50 while a single lamp may be suitable for
the typical lead frame width of about 1.25 inches.

In FIG. 3, reflector housing 44 may consist of a metal block

having a recess 44a formed therein for placement of lamp 42.
Aluminum is a suitable metal for reflector housing 44 because of

its reflectivity. Polishing recess 44a provides for better
reflection of emissions from lamp 42 to semiconductor chips 51
attached to lead frame 50. Aithough not illustrated, the reflector
housing may have slits in the top to aid cooling. Reflector

s housing 44 also holds gas shower 46. Gas shower 46 is a tube
having apertures therein so that a gas may be dispersed over lead
frame 50 during die attach cure. The tube may be metal, such as
aluminum, and in the apparatus illustrated, is about 0.25 inches in
diameter, about 8.5 inches long, and has apertures spaced about

."“'.". 0.10 inches apart. Shower 46 has a mounting bracket
' (unillustrated) and is screwed into reflector 44. Dry air is a
suitable gas for dispersion as is nitrogen. Gas dispersion rate is
optimized depending upon the amount of exhaust pressure used. In
general, the less exhaust pressure used, the lower the necessary



| ead frame 24 which has a higher incidence of refl ection than chip 20.
The silicon chip 20, with die attach 22, is heated by radiation to a higher

tenperature than lead frame 24 due to selective heating. Referring still to
FIG 2, a reflector 30 helps direct em ssions fromlanp 28 towards | ead
frame 24. Preferably the em ssions are directed over the wdth of the ’

| ead frame so that uniform heating occur® -The light is spread over the

| ead frame ar to | S el hip. W
it 32 flons casporpangrats,” Of ddeh"peag ot WA cROBERRT N b1 5V

in lead franme B9 “HESoHeLbxnZhet IR ShEMeS May e Renkered jass SHRWR o OTHRAY. (Pe
12, no obstru@liagaderts@anurmhaiegedich prnydder imrbden€e Fp6 thet gydsiesckinaithe

flow. Purge aivic3Rit$ cilbet @1é | QW AR afieoathidiyd 1bhaguUEP tvad dhhafPamd,
more closely ta the edge of die 20 sufstantially increasing the
evacuation of harnful outgassing effects and epoxy fragnments. The
intensity (power) S¥illaFpfovring tBeFtonfrolead frpng EFRASTradilssidhotdRiead’
whi ch in turn trageb80 conThe erllmstiravéd elead hframed\sontiagefushe MATRY® tyvie),
power to be pragbites g 1hthSS i , 2Pk ithrde! Beh {BB B reBRISY S185PSERd N
contrast to tg%rggg t %eblw?ﬁ%hmofpréh%r f‘eratd Fl‘:‘zc';‘amg'. WhIACs 1In§ntioned above, an
important advantage of optical cure apparatus 40 is the small size
which allows for mounting directly onto a wire bonding machine,
such as the commercially available ABACUS III wire bonder
manufactured by Texas Instruments Incorporated.  Placing optical
cure apparatus 40 upstream of the bonder head allows for ‘more
automation in the assembly process. The lead frame is fed into the
bonder transport and into optical cure apparatus 40. Rapid polymer
curing occurs in about 1 minute to adhere semiconductor dies 51 to
lead frame 50. The bonder transport carries lead frame 50 from
apparatus 40 to the bonder head where wire_ bonding occurs.

Referring still to FIG. 3, exhaust manifold 82 resides
underneath lead frame 50. By removing heater block 12 of FIG. 1,
the exhaust below lead frame S50 of FIG. 3 is unobstructed and much
better outgassing removal is achieved. Exhaust manifold 652
contains diffuser screens 54. Slots in exhaust manifold 52 hold
the diffuser screens 54 in place. The screens have apertures,
therein. The screens 54 are preferably formed of a rigid material,
such as stainless steel, to withstand temperature and an exhaust
vacuum. The bottom of exhaust manifold 52 has apertures therein
for exhaust removal. The apertures are about 0.25 inches diameter
and are spaced equally across the length of manifold 52. Six
apertures are used in the preferred embodiment. The apertures are
connected by hoses 56 to amplifier manifold 58. The hoses are
preferably of equal size and equal length so that the same amount
of air flows through each. Hoses having 0.25 inch diameter formed



- 10 - effectively unprofilable during snap cure because of its thernal
mass. Instant | anp power adjustment aids in energy profiling that nmay be
desirable in cases where sone die bond materials need tinme to reach final
cure tenperature in order for volatiles to escape. Referring nowto FIG 3,
a preferred enbodi ment of an optical rapid cure apparatus 40 is disclosed.
Appar atus 40 contains an optical heat sqgree 42 (illustrated as | anps 42a

and 42b) attachedq.to a reflector housing 44. A gas shower 46 is .also
L achon to (oA RaatBrie oining: houe) B ihchen. Tofe e Alie 48 FOVIFARA thA de

| ead franme Shighl senperdtuxe [exhausbur danifolAnSeximphouradi fothksslohgvamy -
screen di ffusfisS a4 ingeprsi t aDamstdiclcdwdead hr apensd. Drdwirdiamesi £ol sd2

i's connect ed S Lfi ifql.dz58.10 LCch. [ ,
ampl i fier vacﬁé&?&%ﬁe?é&%%%%eggggﬁ%eg{' eg. Kfogﬁr ggdt%f&\ng%/&g?\%regr {é?l%ﬁ or
housi ng 44 f @®PdiF&ey 6% | ead frame i ndex nechani sm (unillustrated) nmay be
provi ded and control |l ed by di e bonding equi pnment, or wire by bonding

equi pment, or by gRNMPYEE! 33NAnPIAIGE SAngIGHi k! &qmsorwinec%&h%ug%mgmfféé
rapid cure appatatils &P MY PESLIE Qe 125 B0t M Fh2NEPLGE 22 about
2 inches outside diameter. Alr amplifie:s are commercially
available devices such as manufactured by Exair corporation, for
example. With further reference to FIG. 4, an explanation of the
operation of air amplifier 60 is provided. Compressed air 63 flows
through an inlet 64 into an annular chamber 66. It is then
thfottled through a small ring nozzle 68 at high velocit§. This
primary air stream adheres to the Coanda profile 70, which directs
it toward the outlet 72. A low pressure area is created at the
entrance center 74 inducing a high volume flow of air into the
exhaust air stream. A Magnehelic pressure monitor 76 (FIG. 3)
attached by hose 78 to amplifier manifold 58 allows pressure to be
monitored. Dwyer Instruments makes a suitable pressure monitor.
Exhaust pressure is adjustable by varying the amount of compressed
air 63 into air amplifier 60. An exhaust pressure between 1--3
inches of H,0 works well to effectively remove outgassing. The air
amplifier is compact and provides independent precision wvacuum
control. A common manufacturing space wvacuum hookup may not be
L desirable as vacuum could vary depending upon the number of users
connected.

With further reference to FIG. 3, air amplifier 60 generates

a low pressure at amplifier manifold 58 that is sufficient to
obtain flow over lead frame 50, which is at a higher pressure,

3. through exhaust manifold 52. Screens 54 within exhaust manifold 52
add resistance to the exhaust flow and serve to spread the air flow

from the apertures in the bottom of exhaust manifold 52 over the

width of lead frame S0. Air flow across the screen closest to the



back end manufacturing equi pnent, a major advantage is the small size of
the assenbly. The reflector 44 and exhaust manifold 52 assenbly is on the
order of about 10.5 inches long, 3 inches wide, and 3 inches high. The
smal'l size allows the apparatus to be confjgured on a die bonder. It may be
pl aced downstream on the di e bonder post die application. The small size
all ows the apparatus to be configured 04 -a wre bonder. It may be placed

upstream of tfe hander head., mugfoiges@np&gég U rﬂaevceﬁta§sé si,-f fEtéx\éﬁJeél .

W th eX|st|ng manuf act uri ng. spac | ers resident wt

bond or wire BHRAFIEqthSARRTEULRHRY t?’b‘ﬁ’a’1dll§7'9 PPlﬁhell‘bécﬁE%’ds (BHAIKE B TPy
bond equi prmento &hdtvat éhbotab efueximust manifpBl R, oprifiav hsasufbigisntag
i s preferabl yere | sdfie QlerbBs weewmb@nseoen&éau ifSamef 5ect edrdur tméaa&ahre

comrer ci &1y SPAEHAPRE: e R 50 SR CHEETR o cogP Ay RR, By

Ushi o. - 13and @P“*WrﬁéPFlaﬂiaﬁqf&lﬁF‘é Wwatt ages range from about
1000--2000 watts, 120 or 240 VAC, with 12 inch length and a dianeter of
about 0.4 Turning now to FIG. 5, a conceptual drawing illustrating an

inventive optical rapid cure mold compound apparatus and method is
shown. Aas in FIG. 2, the mold compound cure apparatus of FIG. 5
includes a lamp 28 housed in a reflector 30. Power to the lamp is
provided by a rheostat 36 that may be computer controlled. Lead
frame track 26 holds lead frame 24 under lamp 28. Lead, frame 24
contains a semiconductor chip (unillustrated) encapsulated in a
mold compound 80. In general the mold compound is a polymer of

T either the thermoset variety that cannot be remelted or the
thermoplastic variety that can be remelted. Examples include epoxy
novolac-based molding compounds, polyester, phenolic, and silicone.
Typically, the semiconductor chip is encapsulated in mold compound
80 by transfer molding. An addi:t:ional reflector 30a is provided on
the underside of lead frame 24 to direct emissions from lamp 28
that travel through slits in lead frame 24 back towards mnold
compound 80. Purge air 32 is directed towards lead frame 24 from
the top with additional purge air 32a being directed towards lead
frame 24 from the bottom. Exhaust 82 is directed through the side
between reflector 30 and lead frame track 26.

Still with reference to FIG. 5, it is believed that exposing
mold compound 80 to lamp source 28 for less than one hour at a
temperature of approximately 200° C will be sufficient to cure mold
compound 80, thus substantially speeding up the curing process as
opposed to the prior art oven cure method. Of course, the
temperature and time can be adjusted for type and thickness of mold
compound 80. In any event, mold compound lamp curing is much
quicker than oven curing. Reflectors 30 and 30a help direct



I nches. Custom bul bs are available in 10 inch |l ength, 600-800 watts, 110
VAC, or other desired length configuration as required by the |ead franmeé
and equi prent length. Bulb nmounting plates at the ends of reflector 44
position the bulbs within the reflector. The nounted bul bs extend above

| ead frame 50. The hei ght of the nounted bul bs above | ead frane 50 may be
adjusted with the effect controlled by light intensity. It is desirable to
position the bulbs within the reflector_housing 44 so that tenperature
across the width of the lead frane i s~ul form The di stance between bul bs
42 and |'ead PR&FELIGUS |fLrompbeap 387 §ovardm old\ganROuss: Beal FYESE 34Wr32 o as
i|lustrated ceatdinncdhbliagpson st ee:l:tﬁiiﬁﬁtssm’@Q&c&&ﬁesuﬁfmmienbutdhfsj\_ﬂgdt h

of |ead framfégceﬁyawvgaamme; h?f‘oﬁ'lﬁglde c%p{auhal gbe Iﬁa@sm@i@ Q&ﬁag
I\/Ultlplela etter swte frames 50 while smgle

ea
| amp may be HF?a p@ StIyY ?p?%’bqlqué'ﬁﬂ 35 Sni\twchtaﬁ%‘le BAfSR ©°Ff. Back anse
In FIG 3; r@knefacturtiogseawinmentaynctheiassesbly hinelprgcesk- havi ng a
recess 44a forned therein for placenent of lanp 42. Aluminumis a suitable

netal for refl ectic)h;as %rﬂ%etdf? b%&euse of [ Eg?cgé#@ﬁ [ &LQ%%% FEOL,IlshI ?%

recess 44a provi rerl ect dn 0 SSIons 11
seni conduct ofleeFpatiye aﬁw%&tt%f |feqEtigadnpoLd °°RPPHBGQW’-'I?0PPP¥¥%§‘H dised,

the refl ect oshown. This apparatus has two lamps, 28 and 28a, one on each side
of lead frame 24. Such two lamp system will ensure that the mold
compound on the underside of the lead frame is sufficiently heated
so that it cures properly. An additional exhaust outlet 82a on the
underside of lead frame 24 is provided. : N

Numerous advaritages occur in the die attach and the mold
compound cure by opticai heat cure processes provided herein. Most
i polymers used for snap cure die attach can be cured in about 1
minute. Warpage due to die attach can be reduced because thermal
mismatch between the silicon chip and the lead frame material is
minimized. Low energy absorption by the metal lead frame yields a
lower lead frame temperature and less oxidation than the heater
block snap cure or oven cure. Selective heating is possible. The
die surface is clean because of efficient outgassing exhaust
removal directly through the lead frame. The backside of the die
attach pad of the lead frame is clean due to lack of a hot plate
~contact. Resistivity of the die attach after lamp cure is much
lower than the conventional oven cure and about the same as the
heater block cure. The optical rapid cure apparatus for both die
attach and mold compound cure is relatively simple, has a small
footprint, is easy to operate and maintain, and is easy to
implement in an automated integrated circuit packaging process
flow.

While the die attach lamp apparatus and process was described
with reference to a semiconductor chip being adhered to_a. metal



housi ng may have slits in the top to aid cooling.  Reflector housing 44

al so hol ds gas shower 46. Gas shower 46 is a tube having apertures
therein so that a gas may be di spersed over lead frane 50 during die attach
cure. The tube may be netal, such as alum num and in the apparatus
illustrated, is about 0.25 inches in dianeter, about 8.5 inches |ong, and
has apertures spaced about 0.10 inches 1gapart. Shower 46 has a
nmounting bracket (unillustrated dis scr |.nfo reflector 44. Dr

air is a sui ti§Bfe £330 oFUGR s FEF F’o‘ﬁ‘ 90 8 n?vfob’e PHEE A SPE ST rqé’% is
optim zed deprndesy ip@pplicabheuin bghdénbaﬂSQEWﬂqa§§HP§°Es%kF ipnagesramdic,
the | ess exhgdekagé £ A Gxﬁ.ﬁ@.{hed taeobeyvafhet hempepﬂms/ is sdtabldi s@eragizon

rate. Gas fl SUogl o?:gcﬁig&ggﬂél m\sasae'& ﬁace hedel wlPl 53 Ul mer

The gas sho ere as shown.’or at an angle
provi de turbHPEﬁé%gof the gases in the V|C|n|ty of the di e surface and
bondi ng | ands of the lead frame. Still referring to FIG 3, lead franme

track rails 48 hokghiLagnd ™ 2aHPerPion ThEs | béétst BaLEFi b&AUw] tRNBe flk-énBeOfeot he

MATRI X type, illustrative embodiments, this description is not intended to be

construed in a limiting sense. Various other embodiments of the
invention will be apparent to persons skilled in the art upon
e reference to this description. It is therefore contemplated that
the appended claims will cover any such modifications of the
embodiments as fall within the true scope and spirit of the

invention. N



about 2.00 inches. wide, with three sem conductor chips 51 di sposed across

the width of the | ead frane. As' menti oned above, an inportant advantage

of opti cal cur Iwﬂﬂ m((nﬁ“ug" the small size which allows for nounting

directly onto a hi ne, such as t hp—cesmm 'avallable

ABACUS 111 wire bonder nmanufactured by Texas In Ffbnw}t,&ﬁ,qggbgg ed.
Cep 0

Pl aci ng optical cure apparatus 40 upst+aam-of tle bonEtEPLh
nore autonatigad rd ReaRES™E Y process. The | ead Trame .....e,. ntlp the
bonder transport and i.nto optical cure apparatus 40. Rapi d pol ymer curing
occurs in about 1 minute to adhere sem conductor dies 51 to |ead franme 50.
The bonder transpokt nethed eof| extitaichdng 50 Seoivapiustarusdi® to tahesbppokt
head where W pEat¥yidi,NBoREELE ng RALEEEEPY S£il] to FIG 3, exhaust nmanifold
52 resides under neath lead frame 50. By renoving heater block 12 of FIG 1,
t he exhaust below | ead frane 50 of FIG .3 is unobstructed and nmuch better
out gassi ng r enoval@PPl¥ingcyjdigeattachmagerialdif ftdedsuBROx RIAEOTHF f f user
screens 54. Slots in exhaust manifold 52 hold the diffuser screens 54 in
place.  The scregfiachayea MGidindictbPeifd 'on T ¥3LCREEaS ReRael P! Y
formed of a rigid mterl ? such as stainless steel, to wthstand
tenperature and an exhaust vacuum The bottom of exhaust manifol d 52 has
apertures therei nexposing the semiconductor die and support platform to
radiation, the radiation heating the semiconductor die and support

platform and thereby heating the die attach material.

2. The method of claim 1 wherein the step of exposing the
N semiconductor die and support platform to radiation includes
exposing the semiconductor die to a lamp.

3. The method of claim 2 wherein the die support platform is a
lead frame.

4. The method of claim 3 wherein the die attach material is a
polymer.

5. The method of claim 4 wherein the step of exposing the
semiconductor die and support platform to the lamp exposes the
semiconductor die and support platform to the lamp for
approximately one minute.

A 6. The method of clair 3 wherein the die attach material is a

metal alloy.

7. The method of claim 2 wherein the die support platform is a
ceramic substrate.
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for exhaust renoval. The apertures are about 0.25 inches dianmeter and are
spaced equal | y—across the~tength—of nmanifold p2-—--Slx. apertiires are used

i-n the preferre g apertures ar ﬂnggqggqugysﬁgges 56 to
anplifier manif !I '"ﬁﬂml s are pref erafly ofggﬁm Bl ze gphd equal

| ength so that the sane armant*of air t Bough—each-——Heseshavi ng 0. 25
I nch di anmeter formned - 13 - of: S|Ité§ne tubi ng about 20 inches long are
able to withstand the high tenperature exhaust. Manifold 58 is about 3

i nches | ong drd hERe aFPF‘ﬁhﬁfiel"ﬁaFl&FErrét wheppinpbhe dienahkrh wagsripd| dss@
allows nulti modyeekaust apertures in manifold 52 to be connected to air
anplifier 60. In FIG 3 an air anplifier 60 I's connected to anplifier

mani fol d 58. r i aboyt. 2. es J.on nd about .2 .inches
outside di arf’@lt erﬁrg) ﬁ& F?? 7“ é'e&B FciP4f) §t§3%I%Y?%|15e§
such as manuMmgtadr abloys Exalr corporatlon for exanple. Wth further
reference to FIG 4, an explanation of the operation of air anplifier 60 is

provided. CDEBEGS&EQ ﬁ££n5E3Jé<EM%im 7 wherein the die attach material is a
glass paste.

11. The method of claim 2 wherein the lamp is a tungsten halogen
lamp.

12. The method of claim 2 wherein the lamp is a' xneon lamp.

13. A method of bonding a semiconductor die to a lead frame,
comprising the steps of:

placing a polymér on a lead frame;
placing a semiconductor die on the polymer; and
selectively heating the semiconductor die to cure the polymer.

5 14. The method of claim 13 wherein the step of selectively heating
the semiconductor die uses a lamp.

15. The method of claim 13 wherein the step of selectively heating

the semiconductor die heats the semiconductor die to a temperature

Tl and heats the lead frame to a temperature T2 such that T2 is
% less than T1.

is Sheet Has Been Reﬁaced




through an inlet 64 into an annul ar chamber 66. It is then throttled
through a snmall_ring nozzle 68 at high veI OCIty ~This primary air stream
adheres to the Coanda profile 70, ‘which d _toward the outlet 72. A
| ow'pressure ar iﬂmﬂ mlgﬂmﬁu he entrance ce

vol unme fl ow of ust air stregm
nonitor 76 (FIG 3) “at t ached by hose 78§oa -
pressure to be nonitored. Dwyer Instrunents makes a swtatiTe pressure

noni tor. Exhaygt pmemedl of adiHEhqbh embYa Vabupiend hes@diotst entagsuinees ged

air 63 into aiLr ar’g}!d gr cfie‘”lcfAn reégrgysi eSS uLe ge&g\@en 1--3 inches of

[err] works weFt5%o ectlv assing. The air anplifier is
conpact and provi des_ i ndependent precision vacuum control. A common

manuf act uri ng Spacscapsullatirapkhe semicpatiuvbeor eaviakl eits avacld coapokt ver y
dependi ng upopr{fierHmBERI A ; W@l S connected. Wth further reference to
FIG 3, air anplifier 60 generates a low pressure at anplifier manifold 58
that is sufficient to obtain flow over |ead frame 50, which is at a higher
pressure, through cswhiagst thenimoddd SPmpEmndee by Saxppsing dheausncapmiliased

52 add resi st gagfcdndubtor cxdiaet tbl W sl serve to spread the air flow from
the apertures in the bottom of exhaust manifold 52 over the

© This Sheet Has Been Replaced




width of lead frane 50. Air flow across the screen closest to the - 14 -
bottom of exhaust manifold 52 tends to be centered as it travels towards

t he apertures. Providing nmultiple screens expands air flow so that at the
top of exhaust manifold 52, air flowis sufficiently the same across the

wi dth of |ead frame 50. Four screens are illustrated. Mintenance of
diffuser 52 is easy by sinply renoving and cl eani ng/repl aci ng screens 54.
Turning nowto FIG 5, a conceptual dramnng illustrating an inventive

optical rapid cure nold conpound ap ratus and nmethod is shown. As in FIG

2, the nold conpound cure cludes a lanp 28 housed in
a reflector 30. Power t Eggg%éﬁéggg §%§§§ Qheostat 36 that may be
conputer controlfed. L ) k" 7 % rame 24 under | anp 28.

Lead frame_24 contains a senicondqﬁ&ﬁﬁgﬁplp (unillustrated) encapsul ated in
a nmol d conpound 80. In general the no conmpound is a polymer of either the
t her noset vari et yint bahic@tiuetobe deeiivd t £8sotibihcopdieitidnisysttife iadd &g/ dhat

can be reneldfid cabXREd §8ulkdSs! WiRneROXY tungsten halogen lamp module, is to
' replace ovens and heater blocks for curing die-attach material and

molding compound with reduction in cycle time, cost, footprint, and
contamination. '




novol ac- based nol di ng conpounds, pal yester, phenolic, and silicone.
Typircal |y, the sem conductor chip is encapsulated in nold conpound 80 by
transfer nolding. An additional reflector 30a is provided on the underside
of leadfrane 24 to direct em ssions fromlanp 28 that travel through slits
in |lead frame 24 back towards nold conmpound 80. Purge air 32 is directed
towards lead frame 24 fromthe top wth additional purge air 32a being
directed towards |l ead frame 24 fron1thj gottonl Exhaust 82 is directed

t hrough the side between reflector 30 A& 1ead frame track 26. Still with
reference to FIG 5, it is believed that exposing nold conpound 80 to | anp
source 28 for less than one hour at a tenperature of approximately [err]

w |l be sufficient to cure nold conpound 80, thus substantially speeding up
the curing process as opposed to the prior art oven cure mnethod. O
course, the tenperature and tinme can be adjusted for type and thickness of
nol d conpound 80. In any event, nold conpound [anp curing is nuch quicker
t han oven curing. Refl ectors 30 and 30a hel p direct - 15 -
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em ssions fromlanp 28 towards nmold conpound 80. Purge air 32 and 32a in
conbi nation with exhaust 82 evacuate harnful outgassing effects and
fragments fromnold conpound 80. The nold conpound cure apparatus may be
configured as a stand al one pi ece of back end manufacturing equi pnent in
the assenbly line process. Turning nowto FIG 6, a conceptual draw ng
showi ng an alternative enbodi nent of a optical nold conpound cure apparat us
is shown. This apparatus has two | anps, 28 and 28a, one on each side of

| ead frame 24. Such two |anp systemw || 2ensure that the nold conpound on
the underside of the-lead frame is sufficiently heated so that it cures
properly. An additional exhaust outlet 82a on the underside of |ead frane
24 is provided. Nunerous advantages occur in the die attach and the nold
conpound cure by optical heat cure processes provided herein. Mst polyners
used for snap cure die attach can be cured in about 1 mnute. Warpage due
to die attach can be reduced because ‘thermal m smatch between the silicon
chip and the lead frane material is mnimzed. Low energy absorption by the
netal lead frame yields a | ower |ead4drangytemperature and | ess oxidation
than the heater block snap cure or ove ﬁ;,fff Sel ect\ye heating is

possi ble. The die surface is clean be‘;. e of efficient outgassing exhaust
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renoval directly through the |ead frame. The backside of the die attach pad
of ' the lead frane is clean due to lack of a hot plate contact. Resistivity
of- the die attach after lanp cure is nuch |ower than the conventional oven
cure 'and about the sane as the heater block cure. The optical rapid cure
apparatus for both die attach and nold conpound cure is relatively sinple,
has a small footprint, is easy to operate and maintain, and is easy to

i npl enent in an autonated integrated cirjyiit packagi ng process flow. Wile
the die attach | anp apparatus and process was described with reference to a
sem conductor chip being adhered to a. nmetal- - 16 - lead franme, such
description is not limting as the |lanp cure process is applicable in
bondi ng a sem conductor die in a ceram c package. As expl ai ned above, the

| anp process is suitable for all types of chip bonding including eutectic
bondi ng as wel |l as pol ymer bondi ng. Wil.e the i nver%i on has been descri bed
with reference to ' 63
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illustrative enbodi nents, this description is not intended to be construed
inalimting sense. Various other enbodinents of the invention wll be
apparent, to persons skilled in the art upon reference to this description.
It is therefore contenplated that the appended clains will cover any such
nmodi fications of the enbodinents as fall wthin the true scope and spirit
of the invention. WHAT IS CLAIMED. I-S: 1. A nethod of attaching a

sem conductor die to a support platformggpnprising the steps of: applying
a die attach material to the support platform placing a sem conductor die
on the die attach material; and exposing the sem conductor die and support
platformto near unfocused infrared IR radiation, the near unfocused
infrared IR radi ation selectively heating the sem conductor die to a first
tenperature and-the support platformto.-a second tenperature | ess than said
first tenperature and thereby heating the die attach nmaterial.

(:) RHEQSTAT
(COMPUTER CONTROLLED)




2. The method of claim1 wherein the step of exposing the sem conductor
dire and support platforn1to radiation'includes exposi ng the sem conduct or

is alead fra d: of cIa|n13 wherein the die attach materi a
I's a pol yner. "Emm”mmm H'&f claim4 V\,herel bi ng t he

sem.conduct or dfe @nd swppert atfornl g the |
sem conductor die and support platforn1to t he
m nute. 6. The met hod of claim3 wherein the

b?m% ﬂ@ggmat

dD@eattach ‘mat-eri-a

nmetal al IWBAT 7Is crAmvERti®d of claim 2 whereir
a ceran c substrate. 8. The net hod of cl ai

the are support platformis
m 7 wherein the die attach

material is a polyner. 9. The nethod of claim7 wherein the die attach
material s aA method of attaching a semiconductor die to a support

platform, comprising the steps of:

applying a die attach material to the support platform;

placing a semiconductor die on the die attach material; and

exposing the semiconductor die and support platform to near

unfocused infrared IR radiation, the near unfocused infrared IR
radiation selectively heating the semiconductor die to a first
temperature and the support platform to a second temperature less
than said first temperature and thereby heating the die attach
material. '

2. The method of claim 1 wherein the step of exposing the
semiconductor die and support platform to radiation includes
exposing the semiconductor die to a lamp.

3. The method of claim 2 wherein the die support platform is

a lead frame.

4. The method of claim 3 wherein the die attach material is a
polymer.
5. The method of claim 4 wherein the step of exposing the

semiconductor die and support platform to the lamp exposes the
semiconductor die and support platform to the lamp for
approximately one minute.

6. The method of claim 3 wherein the die attach material is a
metal alloy.

7. The method of claim 2 wherein the die support platform is
a ceramic substrate.



met al alloy. 10. The nethod of claim7 wherein the die attach material is a
gl ass paste. 11. The nefhod*e%-cLalnlz wher ein the lanp is a tungsten

hal ogen | anp. 12. The. a|n12 “Wherein the lanp is a xneon | anp.
13. 'A net hod of bondlng die to a | ead frame, conprising the
steps of: placing a polyherco anme; pl acg die on

t he -pol yner; and sel ectively heatlng mnth near uri GEPEACEMENTHET
radi ation the sem conductor die to cure the poly er wi t hout substanffially
heating the lead frame. 14. The nethod g claim 'lalnﬁ(l__ﬂ@_ﬁs__g__e_p of
selectively heating the sem conductor die uses a ¥ f
claim 13 wherein the step of selectively heating the sen1conductor die

heats the sem conductor die to a tenperature Tl and heats the lead frame to
a tenperg ure g sighddals T& d s PSihdian the die attach material is a
polymer.

9. The method of claim 7 wherein the die attach material is a
metal alloy.

10. The method of claim 7 wherein the die attach material is a
glass paste.

11. The method of claim 2 wherein the lamp is a tungsten halogen
lamp.

12. The method of claim 2 wherein the lamp is a xneon lamp.

13. A method of bonding a semiconductor die to a lead frame,
comprising the steps of:

placing a polymer on a lead frame;
placing a semiconductor die on the polymer; and

selectively heating with near unfocused infrared IR
radiation the semiconductor die to cure the polymer without
substantially heating the lead frame.

14. The method of claim 13 wherein the step of selectlvely
heating the semiconductor die uses a lamp.

15. The method of claim 13 wherein the step of selectively
heating the semiconductor die heats the semiconductor die to a
temperature Tl -and heats the lead frame to a temperature T2 such
that T2 is less than T1.



-, 19 - 16. A nethod of curin nnld'cbnpﬁuﬂd-used to encapsul ate a

sem conduct or device, conpri encapsul ating the
sem conductor device with a transfer nol di ng, and curing
t he® nol d conpound by exposing the éncaps d sen1conductor device to a

near unfocused infrared (IR) |anp. REPLACEMENTS ET |
| HEET |
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16. A method of curing a mold compound used to encapsulate a

semiconductor device, comprising the steps of;

encapsulating the semiconductor device with a 'mold compound

by transfer molding; and

curing the mold compound by exposing the encapsulated
semiconductor device to a near unfocused infrared (IR) lamp.
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