OPTI CAL CURI NG PROCESS FOR | NTEGRATED Cl RCU T PACKAGE ASSEMBLY FI ELD OF
THE | NVENTI ON - The invention relates generally to the field of
sem conduct or manufacturing, nore particularly to "back end" assenbly, and
in particular to chip (die) attach and encapsul ati on. BACKGROUND OF THE
| NVENTI ON The manuf acturi ng—ot Ppackaged i nt egrat ed sem conduct or
devi ces occurs t 2GR’ g and
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package. pAeEfiduntNek Gl raRieRTESnattached to a ceram c base by a chip
bond material. Wre bonds then connect the sem-conductor chip to netal
lines on the ceramc

The manufacturing of packaged integrated semiconductor devices

.occurs generally in two stages known as "front end" processing and

"back end" processing. W"Front end" processing deals with formation
of various devices such as transistors, resistors, and capacitors
on a semiconductor wafer. "Back end" processing deals with
assembly and test. After formation of the various devices on the
semiconductor wafer, the wafer is sliced into semiconductor dies,
the dies are assembled 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 Raoc R. Tummala and Eugene J. Rymaszewski, copyright
1989, and in particular in chapters 6-8 and 10.

While different ceramic packages exist, one common ceramic
package is the 1id 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



base. Leads are then brazed to the cerani c base and connected to the netal
lines to provide external connection. Finally, alidis

-2- attached by a seal to cover the sem conductor die and cl ose the
ceram c package. Plastic packaged devices are usually fornmed by attaching
the semi conductor chip to a lead frage with a chip die attach material. The
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chip die attach materials currently exist: solders:; organic
adhesives; and, glass silver-fill. 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 polyanides filled
with metal. Table 8-~5 on pages 556 and $57 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 glaés 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 sedq. Regardless of package type, the chip bonding
material is heated to firmly secure the chip.

Page 554 of Microelectronics Packagi 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



* Shukl a and Manci nger appearing in Solid State Technol ogy, July 1985 page 67
et seq. Regar dl ess of package type, the chip bonding nmaterial is heated
to firmy secure the chip. : Page 554 of M croel ectronics Packagi ng
Handbook describes chip (die) attach in plastic packaging. In sol der
bonding, lead frames are fed from rra3gazi ne holders along a track to a
heat er bl ock. A -2 3- small square of
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speeds 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. 1In 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 aven.

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,



up polyner die attach curing from about an hour to about a mnute. This
snap cure process is depicted generally in prior art FIG 1. In FIG 1, a
sem conductor die 4 is attached by an epoxy resin 6 to a netallic |ead
frame 8. Epoxy resin 6 is on the order of about 0.001 inches thick. A |lead
frame track rail 10 guides and holds,l ead frame 8 in place over a heater
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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.

icroelectronics Packagi dbook 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 chip' and lead



" manufacturing floor space. The lead frane die attach pad can warp and be
contam nated due to contact between the |ead franme and heater block. Bond
pads on the chip and the | ead frane may be contam nated due to outgassing

fromthe die attach material and high tenperature of the | ead frane. A
new nmet hod of rapid die attach is negdgd. M croel ectroni cs Packagi ng
Handbook page 555 et seq. provides extensive di scussion about nol ding
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-5- frane agggnquxléo quq?gylagg t he gssenbly the nol d conpound nust be
cured. As'In chip a { 2RSSt he i éhspry st%h%ard method of nold conpound
cure is to place the encapsul ated chip and | ead franme assenbly into an
oven. The encapsul ated device is heated for several hours at tenperatures
around 175 C to cure the nold conpound. New nethods of post nold
cure are needed to substantially speed up post nold cure.



-6- SUMVARY OF THE | NVENTI ON A rapid cure die attach cure nethod
enpl oys an optical heat source such as a tungsten hal ogen | anp nodule to
heat the die attach material. An optical heat source nay be used to cure
the nol d conpound used in transfer nol ded sem conduct or packages.

- 7- DESCRI PTI ON OF THE DRAW NGS _FIG 1 is a prior art draw ng
illustrating the heater block snap cure pol yner bond met hod. FIG 2
i s draw SMeeYC @pt THE | PNVENTUSNr at i ng an i nventive optical rapid die attach
cure apparatus and net hod. FIG 3 is a partial isometric draw ng
|IIustrat|nga referred rrent o Lica PL attach.cure
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optical aesich alaterield caRpasiitailpeast dsuntd BEY od.used to cure the

" mold compound used in transfer molded semiconductor packages.



"FIG 6 is a drawing conceptually illustrating an alternative optical rapid
cure nold conpound apparatus and net hod.

-8- DETAI LED DESCRI PTI ON OF PREFERRED EMBCODI MENT FIG 2 is a draw ng
conceptually illustrating an inventive optical rapid cure die attach
apparatus and nethod. In FIG 2, a sem conductor die 20 is attached by a
die attach material 22 to a lead frane 24. Die attach material 22 is

r epr esentRBESCREPELOY| @F FHERERARENGF i al s and i ncl udes sol ders, organic

adhesi ves, and gl-ass specialty materials. Exanples of lead frame materials
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and to the di e support pad of lead frane 24. The portion of |lead frane 24
not covered byIGi.e4ais acldr2wihandldser20isgitieantirabdhyl sifdreotsricgid.

radi ation from opti cal heat source 28. For organic die attach with copper
based | ead fr nd nornal die size, this is particularly advant ous as
Che rai | o and FEngdr d50m [BAITHS ARRASH PRI THIBREEEEIEF Phalires or
during dl@fémaé rABlénC%rmpﬂé cemboyrich apparrpus uard tretdhedi.cal heat source
28 may

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



result in die 20 being heated to about 200 C while lead frane 24 is heated
~to only about 125[err] C As such, optical heat source 28 selectively heats
di e 20. Principle heat transfer occurs by radiation and the tenperature
response of the die attach is advantageously a snooth transient.

Tenperature profiles can be readily-cgntrolled during cure by varying the
current through the | a In the gﬁlor art heater bl ock nethod, however,

heat transPBFATIEDR F?Fée’ggl’%%&‘iu FERRED, EMBODFYENT 1 5 step function |ike

-9- tenperature response. Resident heat in the heater block precludes rapid
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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 exposure 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 priof art heater block method, however, heat transfer
is through conduction which results in a step funetion like



uni form heating occurs. The light is spread over the | ead frane area as
opposed to being focused on the sem conductdr chip. Dry air 32 flows over
“the die 20, through lead finger cutouts (unillustrated) in |ead frame 24
and out exhaust outlet 34. Unlike FIG |'s heater block 12, no obstruction
exi st underneath lead frane 24 of H&-2 to block air flow. Purge air 32 is
able to flow over die 20 and through |lead frane 24 closely to.the edge
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selective heating.

Referring still to FIG. 2, a reflector 30 helps direct
enissions 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 1lead 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
lamp 28 may be controlled by a rheostat 36 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

. -



or by conputer and process control equi pnent. Al t hough optical rapid cure
apparatus 40 may be configured as a stand al one piece of back end

" manufacturing equi prent, 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 wde, and 3 inches high. The
smal |l size allows the apparatus to-he configured on a die bonder. It may be
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| ead frang i s uniform Jhe distance hotuesn BUNS 42,30d,Lead hiame 39 1s

about 0. 78 TREheT 2™ WRFFE BRTITRSThdED Y p and
controlled by die bonding equipment, or wire by bonding equipment,
or by computer and process control equipment. Alth.ouqh 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 apparatus 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 upstream 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 rIG. 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.



source 42 as illustrated contains 2 |lanps, single | anp sources are
sufficient. The width of |ead frame 50 may govern whet her single or
multiple |lanps are better. Miultiple lanps may be better suited for w der
| ead frames 50 while a single |lanp nmay be suitable for the typical |ead
frame width of about 1.25 inches. In FIG 3, reflector housing 44
may consist of a metal block havi myd Tecess 44a formed therein for
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lead frangpQuiigerofehBerMuERl %ol ¥B81e a single lamp may be suitable for

the typical lead frame width of about 1.2% 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 senmiconductor chips 51
attached to lead frame 50. Although not illustrated, the reflector
housing may have slits in the top to aid cooling. Reflector
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 1inches 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 nécessary



about 2.00 inches wide, with three sem conductor chips 51 di sposed across
the wdth of the | ead frane. As nentioned above, an inportant advantage
of optical cure apparatus 40 is the small size.which allows for nmounting
directly onto a wire bondi ng machi ne, such as the comrercially avail able
ABACUS Il wire bonder manufactured_by, Texas Instrunments |ncorporated.

Pt aci ng optical cure apparatus 40 upstream of the bonder head allows for
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apparatus 40 to the bonder head where wire bonding occurs.

Referring still toe FIG. 3, exhaust manifold 52 resides
underneath lead frame 50. By removing heater block 12 of FIG. 1,
the exhaust below lead frame 50 of FIG. 3 is unobstructed and much
better outgassing removal is achieved. Exhaust manifold 52
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 S8. 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 diam€ter formed



mul tipl e exhaust apertures in nmanifold 52 to be connected to air anplifier

60. In FIG 3, an air anplifier 60 is connected to anplifier
mani fold 58. Air anplifier 60 is about 2.5 inches | ong and about 2 inches
outside dianeter. Air anplifiers are comrercially avail abl e devices

such as manufactured by Exair corporati an, for exanple. Wth further
reference to FIL.G 4, an explanatign of the operation of air anplifier 60 is
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stream AF‘Wg‘r?éﬁél $@- pressure nonitor 76 (FIG 3) attached by hose 78 to
anplifier manifold 58 allows pressure to be nonitored. Dwyer Instrunents
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acr oss t heisctaardcitheeshtiott 2. 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 vacuum
control. A common manufacturing space vacuum hookup may not be
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,
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 50. Air flow across the screen closdst to the



- 14 bottom of exhaust manifold 52 tends to be centered as it travels
towards the apertures. Providing nmultiple screens expands air flow so that
at the top of exhaust manifold 52, air flowis sufficiently the same across
the width of |ead frame 50. Four screens are illustrated. Mintenance of
di ffuser 52 is easy by sinply renpwigng and cl eani ng/repl aci ng screens.54.
Turning npw to FIG 5, a conceptual drawing illustrating an inventive
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Typically, the semiconductor chip is encapsulated in mold compound
80 by transfer molding. An additional 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 mold
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 mnuch
quicker than oven curing. Reflectors 30 and 30a hefp direct

. -



- 15 emissions fromlanp 28 towards nold conpound 80. Purge air 32 and-32a
~in conbination with exhaust 82 evacuate harnful outgassing effects and
fragnments from nold conpound 80. The nold conpound cure apparatus nay be
configured as a stand al one piece of back end manufacturing equi pnment in
the assenbly |ine process. - Turning nowto FIG 6, a conceptual

drawi ng show ng an alternative enbodi nent of a optical nold conmpound cure
apparatus is shown. This apparatus hatd two | anps,” 28 and 28a, one. on each
side of | eathiksanes 2conSyatip (280 thaapds yelancsnpbusdsio.e Phaget abr i cind

conmpound orszfahqrur@tﬁm nde; & &b | eathddane 'évéaiafdec'ﬂmfxﬁlh%s d',sscit Jat
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herein. MishupabyiBhng WgBdphait ShapheUses4lit yahliaeh peasede. cured in about
1 mnute. Warpage due to die attach can be reduced because thernmal m snmatch
between the silicon chip and the lead frame material is mnimzed. Low
energy absor pti SHEB{NG haotetal FX&xd frafe SANGaREUa) odEAvirngadsheeiag an

t enper at ur alzednhesse @uboainait blan dptechbaicad bbapkusdapreUappaFati€ns

cure. Sel ecioVf hopliddphsrians hikerud ke S4TIA8%daS 6heanbecalise

efficient outgassin aust renoval _direct (ig r ane.
backsi de of°%t &28i E*34e &én p%ft‘,Ftbft“‘t%éaF‘Ea%ﬁe;&hé‘ﬁ 8P§3ﬁe E‘éa’fotll‘%lc"ﬂ@]é? a
hot pl ate compagnd omRdbiestiddrs)idef of Hehalileadt fahe dfst suffinpestly heatrih

| ower than M%S@%@&hk@@@m@&ﬁﬂy@ur& 2804 B bRRaSSIRAS dth8 28684 S¥he
bl ock cure. Thgsg tIC{?l apkracur appa;a‘t,u 4or both dje attach and nold
conpound cUFEeFEIFE) AL iFa y-sThplie, a8 A" EMat1 footprint, is easy to

operate and nai nt ain, and is easy to I npl ement in an automat ed i ntegrated
circuit jpackagi RgmpFOELSE&dvantages occur in the dle attach and the mold

compound cure by optical heat cure processes provided hereln. Most
polymers used for snap cure die attach can be cured in about 1
minute. Warpaée 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
lowver 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. netal



flow. While the die attach | anp apparatus and process was descri bed
with reference to a sem conductor chip being adhered to a netal

- 16 - lead frame, such descriptionis not limting as the |lanp cure
process is applicable in bonding a sem conductor die in a ceram c package.
As expl ai ned above, the lanp process RS—suitabIe for all types of chip

bondi | udi tectic bondi Il ] b Wi |
he | nventyH HEEBaci Be CPRBBIPRLT 151 BPEndGVebrF | B61 FHE Jamp cure

enbodi menterocelssidesppliigabda LB bending endedicondicteongdieudnl 4 reexakini ting
sense. Vargaeutaget hezts RXPi AN tabdvle, ! BRe i MU broBesk| is kRiappas ewr E,Ql

persons s kﬂg}gﬂ%dok db?rﬁ Jter?BciS & RGE nglc rbosnéll% C!ié REd! l?.nas splj)(’lﬁmer

t herefore en &d cover
nDdlflcatﬁﬁﬁglﬁﬁ the enbodi ments as fall within the true scope and spirit
of the invention. -17-
Cl_ai s - While the invention has been described with reference to
' 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
reference to this description. It is theérefore contemplated that
the appended claims will cover any such modifications of the
embodiments as fall within the true scope and spirit of the

invention.
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I . An apparatus for curing an polyner d|e attach material to adhere a

sem conductor die to a lead franme, conpri a near infrare

| anp; areflector to direct em SSI ons frdrﬂlﬂ'ﬁﬂlﬂﬂﬂl l'm, ed Iarrp
across the width of the | ead frane; essi ng
station including a lead frane track rail dlsposed under the ® lanp to

retain the lead frame having t-he sem conductor die adhered thereto by the
pol ynmer die attach material, the |ead ; ame track rail supporting the |ead
frame clalmky :an the. S|des that define the width of the |ead frarre and

an exhaust 1Syst (R dddafabddi g dtQ:”dlléV'athbhsrﬂbtguHrtS‘&ﬂﬁe%rlg,eﬁﬁﬁﬁt'dﬁ
remove filedm% sthd %o 89??% e po yner die attach naterr al aust

system i nc ser screen to equalize exhaust vacuum across
the wi dth of the Iead frar{e The apparatus of claim | further
conprising a ga§"§h‘o‘ﬂgfm Ersed over the lead frame track rail to direct a
gas towards the sem conductor di e. . The apparatus of claim2 wherein
t he exhaust syst&ifleetapio dieest emissigns &@tnrlhe apdrexgereétareg/gqrem the gvidth of The
appar atus of cl &achf@mgherein the nonel ectrical exhaust system conprises:

a diffuser manifold.having a plurality of apertures disposed underneath the
| ead f r agebeltleds procadsirig station including] &llead iffayneOfradkOQR isRBEE GHEY the t he
plurality of apefhpiPRiain the lead fratfie AERhE tHeQenfid@ntbabedic aaRGEd mtréte %
plurali ty of hO$ERmeR Mk attach mateAR), e’ 1e88Rahle! BAckGANGESHHNE Ihd ad Jnéf I er

mani f ol d. only on the sides that define the width of the lead frame; and
an exhaust system in fluid communication with said processing station to remove
outgassing from the polymer die attach material, the exhaust system including a

diffuser screen to equalize exhaust vacuum across the width of the lead frame.

2 The apparatus of claim 1 further comprising a gas shower disposed over the lead
frame track rail to direct a gas towards the semiconductor die.

3. The apparatus of claim 2 wherein the exhaust system comprises a nonelectrical
- exhaust system.

4. The apparatus of claim 3 wherein the nonelectrical exhaust system comprises:

a diffuser manifold having a plurality of apertures disposed underneath the lead
frame track rail;

a plurality of hoses connected to the plurality of apertures;
an amplifier manifold connected to the plurality of hoses; and .

an air amplifier connected to the amplifier manifold..



