NO FI XTURE METHOD-TO CURE DI E ATTACH FOR BONDI NG I C DI ES IQ SUBSTRATES

FI ELD OF TEE | NVENTI ON The present invention relates to =)
integrated circuit devices. More specifically, the preseft |nv S BEEN
relates to a no flxture method to cure Wie attach for bonrding MRED; o

substrat es.

NO FIXTURE METHOD TO CURE DIE ATTACH
FOR BONDING IC DIES TO SUBSTRATES

FIELD OF T VE]

The present invention relates to the field of integrated circuit devices. More
specifically, the present invention relates to a no fixture method to cure die attach for
bonding IC dies to substrates.

BRIEF DE 1PT} THE DRAWIN

The novel features believed characteristic of the invention are set forth in the
appended claims. The invention itself, however, as well as other featur'es. and
advantages thereof, will be best understood by reference to the detailed description, read
in conjunction with the accompanying drawings, wherein:

Figure 1 illustrates a top view of a semiconductor device backbonded and wire
bonded to a lead frame in a conventional manner prior to packaging.

Figure 2 illustrates an elevational view of a packaged semiconductor device having
lead pins. ) \

Figuré 3 illu:étrates a side view of a serhiconductor device backbonded and wire
bonded to a surface of a printed wiring board (PWB).

Figure 4 illustrates a side view of a semiconductor device backbonded to a surface
of a printed wiring board (PWB). A tape automated bonded (TAB) package electrically
connects the semiconductor device to the printed wiring board.
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BRI EF DESCR| PTI ON OF THE DRAW NGS The novel features believed
characteristic of the invention are set forth in the appef]
invention itself, however, as well as other features and dVdSt&@BES’HASBEEN
t hereof, will be best understood by ref@rence to the detafl ed m@non
read in conjunction with the acconpanyi ng draw ngs, wherern:. Frgure

i1l ustrates aFigupe\6 Mustedted sSRIP GRAIECH %’rin%ﬂ/mdﬁsé&aocmdﬁ Aading mitiple

thermal pads on which semiconductor devices are to be mounted.

. S v et = o g

Figure 6 |llustrates the pnnted wiring board (PWB) of Figure 5, further mcludlng die
attached films placed on the multlple thermal pads.

Figure 7 illustrates the printed wiring board (PWB) of Figure 6, further including
semiconductor devices placed on the die attach films. |

BACKG D T

Chip backbonding and heat-sink attachment involve a complete layer of adhesive.
Chips may be joined to substrates with mechanical and thermal properties as diverse as
ceramic chip carries, organic PWBs, copper heat sinks, and Kovar lead frames. Except
for power transistors, the backbond serves no electrical function or is at most a ground
contact. Power devices can carry high current; but only a small percentage of the area
is required for conductivify. Figure 1 illustrates a semiconductor device (die) backbonded
and wire bonded to a.lead frame in a conventional manner prior to packaging. Figure 2
illustrates the device of Figure 1 after packaging is complete. Figure 3 illustrates an
unpackaged semiconductor device backbonded, and wire bonded, directly. to a printed
wiring board (PWB). Figure 4 illustrates a tape automated bonded (TAB) packaged
semiconductor device backbonded directly toa printed wiring bbard (PWB).

Die-bond adhesives fall into two categories, soft and hard. Soft adhesives include
lead-based solders and organics, primarily epoxies and polyimides, which are filled with
themmally conductive particles. Thermal mismatch between the die and heat sink or board
is absorbed primarily by the bond itself, making it susceptible to fatigue fracture or
disbonding but transmitting little damaging stress to the die. Hard adhesives include gold-
based eutectics (AuSi, AuSn, AuGe) and, recently, filled glass. Bonds of these materials
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bonded to a I ead frarre in a conventional manner prior to pagkay
2 illustrates an elevational view of a packaged sem conduct
| ead pins. Figure 3 illustrates a side view of a sem conduc.
backbonded and wire bonded to a surfacesof a printed wiring board B
Figure 4 illustrates a side view of- a sem conductor device backbonded to a

surface gre highly resistant to fatigue but transfer high mismatch stress to the device, which could
lead to die cracking.

Both silicon/gold eutectic (hard) and polymer (soft) bonding are used to bond a
chip to a substrate or lead frame. Automated hard and soft bonding opeg_ations begin
with the loading of a film ring holder, with sawed wafer attached, onto the index stage of
the bonding machine. Lead frames are fed from magazines along a track to a heater .
block. When hard bonding, a smali squére of silicon/gold alloy (6%Si, 94% Au) is cut
from a feed ribbon and transferred to the chip support platform. An optical scanner
detects a good chip on the sawed wafer causing a probe to push the chip above the
wafer plane where a collet picks it up, and transfers it to the heated chip support platform.
Chip and eutectic are now scrubbed together by the collet, forming a hard alloy bond.
Heater temperature is approximately 420 C. Total cycle time for eutectic bonding is about
6 to 8 seconds.

Polymer bonding is faster than eutectic with a cycle time of 2 seconds. Feed
mechanisms for poiymer bonding machines are the same as eutectic bonders. However,
lead frames are not heated. Silver-filled epoxy or polyimide adhesive liquid, paste, or
tape is transferred to a chip support platform or a printéd circuit board (PCB) by a print.
head, and the chip is pressed into the liqu'id. paste, or tape immediately after printing.
Chip bonded lead frame strips are loaded into transport magazines. Eutectic bonded
frames go directly to wire bonding - while magazines containing polymer-bonded frames

- are routed to ovens for adhesive curing. The curing atmosphere is dry nitrogen, and
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.

Unfortunately, there are temperature and adhesive related problems. with the
aforementioned die attach processes. Temperature is a problem in that the high
temperatures required for curing die attach thermoplastic film are often above the glass
transition temperatu-re (Tg) of printed circuit board (PCB) material (FR4). This problem
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el ect rical 'y connects the seniconductor device to the pri nflegy

2

of a print ed wiring board (PWB). A tape automated bonded ({I&nackaqe

solvent, prior-to IC die placement.

s REPLACED

1 SHEEr HRS BEEN

is of particular concern to semiconductor manufacturers making tape-automated bonding
TAB PWB assemblies. Adhesives are problematic in that quuid and paste adhesives
require low temperature storage, have a short sheff life, and are difficult to rework.
Moreover, present backbonding tedhniques require expensive high temperature resistant
fixtures and expensive pressure application fixtures. A die attach method overcoming one
or more of these problems is needed.

SUM TH 4

The present invention disclosed herein discloses a no fixture method to cure die
attach for bonding IC dies to substrates in which a solvent is applied to top and bottom
surfaces of a thermoplastic die attach film, prior to component placement of the die on
a lead frame die support pad or on a printed circuit board PCB. The die attach is bonded
to the IC die and the lead frame, or to the IC die and the printed circuit board PCB upon
drying of the solvent.

DETAIL

One solution to the problem of die attach curing temperatures above the glass
transition temperature (Tg) of printed circuit board (PWB) material (FR4) involves
softening the die attach film at the PWB/die attach and die/die attach mterfaces wnth a

In one embodiment of the invention, die attach films used for bonding
semiconductor devices to thermal pads 10 of a printed wiring board (PWB) 12, shown in
Figure 5, are sprayed on both sides with a solvent (ALPHA METAL's Staysolv 808) to
soften the die attach film (ALPHA's STAYFORM 692) prior to IC die placement. The
quantity of solvent applied should be-sufficient to coat, but not saturate, the die attach
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Figure 5 illustrates a top view of a printed wiring board: PV\B) haV| ng
multiple thermal pads on which seniconductor devices are { ------------
Figure 6 illustrates the printed wiring board (PWB) of Figu l'33@HEETrf'tﬂlS@lBEEl\l !
including die attached films placed on §¢he nultiple ther Bl wacﬁE WACGER e 7
illustrates the printed wiring board (PWB) of Figure 6, furt her THCT Uar ="

dugt I d the die attach fil .
sem con Yimd, ‘l’ﬁ\”d?ee SttgchaF l(ra'ns (1)2 are then placed on therma{r‘s pads 10, shown in Figure 6,
after which semiconductor devices 16 are placed on the die attach films, as shown in
Figure 7. The solvent is allowed to 'clry after IC die placement. Baking may be performed

for short periods of time at temperatures below Tg to expedite drying. Longer periods of
tlme are required if the solvent is allowed to air dry without baking. Semiconductor
devnces 16 bond to thermal padszl_o upon the drying of the solvent. [n either case,
fitures for applying pressure to the dies duling attach curing are not required.
Semiconductor devices 16 may now be ‘wire or TAB bonded to printed wiring board
(PWB) 12. |

In another embodiment of the invention, not shown, a solvent (ALPHA's Staysolv
808) is sprayed onto thermal pads 10 of printed wiring board PWB 12. The quantity of
solvent applied should be sufficient to coat the surface of thermal pads 10. Die attach
films 14 are placed on thermal pads 10 after which die attach films 14 are sprayed with
a solvent (ALPHA's Staysolv 808) in quantities sufficient to coat, but not saturate, die
attach films 14. Semiconductor devices 16 are placed on die attach films 14. As with
the previous embodiment of the invention, the solvent is allowed to dry after IC die
placement. Baking may be perforrljed for short periods of time at temperatures below Tg
to expedite drying. Longer periods: of time are required if the solvent is allowed to air dry
without baking. In either caee fixtures for applying pressure to the dies during attach
curing are not required. Semiconductor devices 16 may now be wire or TAB bonded to
printed wiring board (PWB) 12.

- In yet another embodiment of the invention shown, not shown, a solvent (ALPl':lKTs
Staysolv 808) is sprayed,onto thermal pads 10 of printed wiring board PWB 12. The
quantity of solvent applied should be -eufficient to coat the surface of thermal pads 10.
Die attach films 14 are placed on thermal pads 10, after which the bottom surfaces of
semiconductor devices 16 are sprayed with a solvent (ALPHA's Staysolv 808) in
quantities sufficient to coat the bottom surfaces of the semiconductor devices.
Semiconductor devices 16 are pl_a_oed on die attach films 14. As with the previous
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Figure 8 illustrates a top view of a sem conductor device backbonded and

wire bonded to a lead frame prior to packagi ng, -accordi ngfCo—areshg .

of the invention. BACKGROUND OF THE | NVENTI ON Chi p backhbg
heat - si nk attachnment involve a conplete | ayer of adhesive

joined to substrates with nmechanical and thermal properties as orve
ceram c chip carriers, organic PWBs, copper -heat sinks, and Kovar Iead

franes.

émbegdiments of the invention, the solvent is allowed to dry after IC die placement.
Baking may be pen‘orméd for short periods of time at témperatures below Tg to expedite
drying. Longer periods of time are required if the solvent is allowed to air dry without
baking. In either event, fixtures for applying pressure to the dies during attach curing are
not required. Semiconductor devices 16 may now be wire or TAB bonded to printed
wmng board (PWB) 12.

While traditional die attach curing temperatures are not as destructive to a lead
frame b_on‘d pad support 'as they are {0 a printed Wiring board PWB, the present invention
may be used to attach semiconductor devices 16 to the die pad supports 18 of lead
frames 20, shown in Figure 6, using any of the previously discussed methods.

Advantages of the embodiments of the invention include: elimination of board

‘warping due to high temperatures excursion, elimination of the costs of the many curing

fixtures, reduced labor costs, reduced component damage due to handling, reduced cycle
time and easier rework.

While this invention has been described with reference to illustrative embodiments,
this description is not to be construed in a limiting sense. Various modifications to the
illustrative embodiments, as well as other embodiments of the invention will be apparent

to persons skilled in the art upon reference to this description. As an example, while -

ALPHA's Staysolv 808 is mentioned as the solvent of choice, other solven_ts having

similar characters may be used. It is therefore contemplated that the appengled clai_m§

will cover any such modifications or embodiments as fall within the true scope of the
invention.

.————_——————‘_—f—-—_——_‘
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for power transistors, the backbond serves no electrical function or is at
nost a ground contact. Power devices can carry high curre

“smal | percentage of the area is required for conductivity Tﬁ'@%EIHAS BEEN
iFlustrates a sem conductor device (di e} backbonded and e b(ﬁﬁf&d\QEDa

J

|l ead frame in a conventional manner prior to packaging. Figure 2
Illustrates the device of Figure 1 after packaging is conplete. Fi.gure 3
dllTustrates an unpackaged sem conductor devi Te backbonded,—and—w re bonded,

recty fo 8 primes | A O
. * c L ] s  * ’

WHAT IS CLAIMED:

1. A no fixture method to cure die attach for bonding IC dies to substrates,
comprising: ‘ |

providing a substrate;

providing a die attach film;

coating both sides of said die attach film with a solvent to soften said die ettach
film; '

placing said solvent coated die attach film on said substrate;

‘placing a semiconductor device on said solvent coated die attach film; and

allowing said solvent to dry. .

2. The method of Claim 1 in which said substrate is a printed wiring board (PWB).
" 3. The method of Claim 1 in which said substrate is a lead frame die pad support.

4. The method of Claim 1 in which said die attach film is a thermoplastic film.
5. Thé method of Claim 1 further including baking said printed wiring board
(PWB), said die attach film and said semicond'uctor device for a short period of time at
temperatures below the glass transmon temperature (Tg) of the printed wiring board

" (PWB) to expedite’ drymg

6. The method of Claim 1 wherein said solvent coated die attach film is placed on
‘thermal pads on said substrate.
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wiring board (PWB). Figure 4 IHUStlem"IlI Immlﬂm imat ed bonded (TAB)

packaged semi conductor device backb i a prin oard
(PWB). Die-bond adhesives fall into fwo’cat egorl *es. soft an s SHEBP LA BEE
adhesi ves include | ead-based sol ders ang organi cs, primaril)y epoRe.A N
pol yi m des, which are filled with thermally conduct i ve part]

m smat ch between the die and heat sink or board is absorbed pri marlly by
the bond itsel f, naking i t susceptible to fatigue fracture or

- 7. A no fixture method to cure die attach for bonding IC dies to substrates,
compnsmg '

providing a substrate;
providing a die attach film;

coating a portion of said substrate with a solvent. capable of -softening said die
attach film;

coating the backside of a semiconductor device with a solvent capable of softening
said die attach film;

placing said solvent coated die attach film-on said substrate;
placing said semiconductor device on said die attach film; and
allowing said solvent coated die attach film to dry.

.8. The method of Claim 7 in which said substrate is a printed wiring board (PWB).
9. The method of Cldim 7 in which said substrate is a lead frame die pad support.
10. The method e‘f Claim 7 in which said die attach film is a thermoplastic film.
11. The method of Claim 7 further including baking said printed’ wiring board

(PWB), said die attach film and said semiconductor device for a short period of time at

temperatures below the glass transntlon temperature (Tg) of the printed wiring board
(PWB) to expedlte drying. B \
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—; sbondi ng but transmtting little damaging stress to t memww"s””m

adhest.ves include gol d- based eutectics (AuSi, AuSn, AuGe) and, recently,

filled glass. Bonds of these naterials 3 ” THIS SHEETHAS ’
B
. 2 _ . REPLACED =N

12. A no fixture method to cure die attach for bonding IC dies to substrates,

comprising:

providing a substrate;

providing a die attach film;

coating a portion of said substrate with a solvent capable of softening said die
attach film;

placing said die attach film on said coated portion of said substrate;

éoating the exposed portion of said die attach film with a solvent capa_ble of
softening said die attach film; and S

allowing said solvent to dry.

13. The method of Claim 12 in which said substrate is a printed wiring board (PWB).
14. The method of Claim 12 in which said substrate is a lead frame die pad support.
15. The method of Claim 12 in which said die attach film is a thermoplastic film.

16. The method of Claim 12 further including baking said printed wiring board (PWB),
said die attach film and said semiconductor device for a short period of time at
temperatures below the glass transition temperature (Tg) of the printed wiring board
(PWB) to expedite drying.
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are hi ghly_resistant to fatigue but transfer high msmatch stress to the
devi ce,r which could lead to die cracking. Both silicon/gold,_eutectic (hard)

and pol yner (soft) bonding are used to bond a chip to a su

frame. Automated hard and soft bondi ng g@perations ‘begin w ,h P eR'E

a filmring holder, with sawed wafer attached, onto the ind

TH

LAc
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bondi ng machi ne. Lead frames are fed from nagazines along a track to a

heat er

17. A product f.ormed. by the process of: ”!mlc, "mL, "IHH "I'sl ” ,!I'

providing a substrate;
providing a die attach film;

coating one of a portion of said substrate and a surface of said die attach film with

a solvent capable of softening said die attach film;
placing said die attach film on said substrate;

coating one of another surfacte of said die attach film and a backside of a

semiconductor device with a solvent capable of softening said die attach film; and

allowing said solvent to dry.

18. The product formed by the process of Claim 17 in which said substrate is a

printed wiring board (PWB).

19. The product formed by the process of Claim 17 in which said substrate is a

lead frame die pad support.

20. The product formed by the process of Claim 17 in which said die attach film

is a thermoplastic film.
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bl ock. When hard bonding, a small square of silicon/gold alloy (6%, 94%
Au) is cut froma feed ribbon and transferred to the chip .
An optical scanner detects a good chip on the sawed waf er |faysds BRERT PRSIBEEN
to push the chip above the wafer planewhere a coll-et pic It REPLACED '
transfers it to the heated chip support platform Chip and-estectre—SFe—FowW
scrubbed together by the collet, forming a hard alloy bond. Heater
tenperature i s approxi mtely 420 C. Total cycle time for eutectic bonding

i s. about '

NO FIXTURE METHOD TO CURE DIE ATTACH
FOR BONDING IC DIES TO SUBSTRATES

BSTRA

A no fixture method to cure die attach for bonding IC dies (16) to substrates in
which a solvent is applied to top and bottom surfaces of a thefmoplastic die attach film
(14), prior to component placement of the die (16) on a lead frame die support pad-or on
a printed circuit board PCB (12). The die attach film (14) is bonded to the IC die (16) and
the lead frame, or to the IC die (16) and the printed circuit board PCB (12) upon drying

of the solvent.
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6 to 8 seconds. Polynmer bonding is fast efhis Bl HasiBe@aReglacéd th a cycle tine

of 2 seconds. Feed nechanisns for polyner '* es are the sane as

eutectic bonders. However, |ead franmes ar {Igbi | velf- YA

or polyimde adhesive liquid, paste, or tape Is transferred o BT HAS Bg
RERkacepe "

support platformor a printed circuit bqg?d (PCB) by a print
chip is pressed into the liquid, paste, ° tape imedi ately after pr
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" DIE Poo
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Chip bonded |l ead frane strips are |loaded into transport magazi nes. Eutectic
bonded'franes go directly to wire bonding while nmagazi nes contai ni ng

pol ymer - bonded franes are routed to ovens for adhesive cur
at nosphere is dry nitrogen, and typical schedules are one AS geefy !
epoxi es, and 30 minutes at. 150 C, followed by 30 m nutes 275REPLACED '
polyi m des. Unfortunately, there are te rature and adhesive T
pr.obl ems with the
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af orementi oned die attach processes. Tenperature is a problemin that the

hi gh tenperatures required for curing di-e attach thernoplastic filmare

often above the glass transition tenperature (Tg) of printed_circuit board
PCB) material (FR4). This problem :

( PCB) ' (FR4) p THIS SHEET HAS BEEN
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is of particular concern to sem conductor manufacturers making

t ape- aut omat ed bondi ng TAB PWB assenbl i es. Adhesives are probl ematic in
that liquid and paste adhesives require |ow tenperature Skd
short -shelf |ife, and are difficult to rework. Moreover, I
backbondi ng techni ques require expen5|ve}ygﬁ1tenperatur
fi xtures and-expensive pressure applicati‘on fixtures. A d
overcom ng one or nore of these problens is needed.

SEMICCNDUCTOR DE‘IIC%

PWB
Fig . 4_ \'SEM'ON‘?V TOR Oemsieq [ Press gomo
(Prisz ART) .
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SUMVARY COF .THE | NVENTI ON The present invention disclosed herein discloses a

no fixt'ure nethod to cure die attach for bonding IC dies to substrates in

which a solvent is applied to top and bottom surfaces of a

die attach film prior to conponent placenent of the die orf dHSSHEET HAB BEEN
t t ac REPLABEDRded

di e support pad or on a printed circuitsppard PCB. The die
to the 1C die and the lead frame, or to the IC die and the Ppri Crrcuort

board PCB upon
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drying of the solvent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON One sol ut | on
to the ‘probl em of dl’hnsahéeandammnilgce&e”perat ures above the

tenmperature (Tg) of p "ﬂﬁmw’l board (PWB) material ( R‘@ISWIQAESBEEN-
e

e PWB/die attach and di
I C d@,e/ pl acenent .

softening the die att di e paEPRAOED
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I n one enbqdi nrent of the invention, die attach filnms used f
semni cordduct or devices to thernmal pads 10 of a printed wiri
12, shown in Figure 5, are sprayed on both sides with a solivent @&pPKA
METAL's Staysol v '808) to soften the die attach fil m (ALPHA' STSTAYRERMA

prior to IC die placenent. The quantity ©ff solvent applied should be
sufficient to coat, but not saturate, the die attach
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REPLACEMENT SHEET filns. The die attach films. 14 are then pI aced on thermal
‘pads 10 Shown in Figure 6, after which seni conduct or
on the die attach films, as shown in Figure 7. The sol
dry.after IC die placenent. Baking nmay be perforned

1

NO FIXTURE METHOD TO CURE DIE ATTACH
FOR BONDING IC DIES TO SUBSTRATES

FIELD OF THE INVE

The present invention relates to the field of integrated circuit devices. More

specifically, the present invention relates to a no fixture method to cure die attach for
bonding |C dies to substrates.

BR‘EF DESCRIPTION OF THE DRAWI

The novel features believed characteristic of the invention are set forth in the
appended claims. The invention ifself, however, as well as other featurés and
advantages thereof, will be best understood by reference to the detailed description, read
in conjunction with the accompanying drawings, wherein:

Figure 1 illustrates a top view of a semiconductor device backbonded and wire
bonded to a lead frame in a conventional manner prior to packaging.

~ Figure2 illustratés an elevational view of a packaged semiconductor device having
lead pins. ' \

Figufe 3 illustrates a side view of a semiconductor device backbonded and wire
bonded t6 a surface of a printed wiring board (PWB). )

Figure 4 illustrates a side view of a sémiconductor device backbonded to a surface

of a printed wiring' board (PWB). A tape automated bonded (TAB) package electrically
connects. the semiconductor device to the printed wiring board.



Longer

periods of time are r

wi t hout- baki ng. Semi conduct or dﬂ)g §ﬁ§E11ﬁA§cyp_:@Nt
drying-of the solvent. In either cagpLACEB Ures

the dies during attach curin

if the solv

may now be wite or TAB bonded to printed vmrlng board (PV\B) 12

Figure 5 illustrates a top view of a.printed erlng board (PWB) having multlple
thermal pads on which semiconductor devices are to be mounted.

Figure 6 illustrates the printed wiring board (PWB) of Figure 5, further including die
attached films placed on the multiple thermal pads.

Figure 7 illustrates the printed wiring board (PWB) of Figure 8, further including
semiconductor devices placed on the die attach films.

BACKGROUND VENTION

Chip backbonding and heat-sink attachment involve a. complete layer of adhesive.
Chips may be joined to substrates with mechanical and thermal properties as diverse as
ceramic chip carries, organic PWBs, copper heat sinks, and Kovar lead frames. Except
for power transistors, the backbond serves no electrical function or is at most a ground
contact. Power devices can carry high current, but only a small percentage of the area
is required for conductivity. Figure 1 illustrates a semiconductor device (die) backbonded
and wire bonded to a lead frame in a conventional manner prior to packaging. Figure 2
illustrates the device of Figure 1 after packaging is complete. Figure 3 illustrates an
unpackaged semiconductor device backbondéd. and wire bonded, directly to a prin-_tec_l
wiring board (PWB). Figure 4 illustrates a tape automated bonded (TAB) packaged
semiconductor device backbonded directly tda printed wiring board (PWB).

Die-bond adhesives fall into two categones, soft and hard. Soft adhesives include
lead-based solders and organics, prlmanly epoxies and polyimides, which are filled with
thermally conductive particles. Thermal mismatch between the die and heat sink or board

is absorbed primarily by the bond itself, making it susceptible to fatigué fracture or

disbonding but transmitting little damaging stress to the die. Hard adhesives include gold-
based eutectics (AuSi, AuSn, AuGe) and, recently, filled glass. Bonds of these materials

-
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Both silicon/gold eutectic (hard) and polymer (soft) bonding are used to bond a
chip to a substrate or lead frame. Automated hard and soft bonding operations begin
with the loading of a film ring holder, with sawed wafer attached, onto the index stage of
the bonding machine. Lead frames are fed from magazines along a track to a heater
block. When hard bonding, a smail square of silicon/gold alloy (6%Si, 94% Au) is cut
from a feed ribbon and transferred to the chip support platform. An optical scanner
detects a good chip on the sawed wafer causing a probe to push the chip above the
wafer plane where a collet picks it up, and transfers |t to the heated chip support platform.
Chip and eutectic are now scrubbed together by the collet, forming a hard alloy bond.

Heater temperature is approximately 420 C. Total cycle time for eutectic bonding is about
6 to 8 seconds.

Polymer bonding is faster than eutectic with a cycle time of 2 seconds. Feed
mechanisms for polymer bonding machines are the same as eutectic bonders. However,
lead frames are not heated. Silver-filled epoxy or polyimide adhesive liquid, paste, or
tape is transferred to a chip support platform or a printed circuit board (PCB) by a print
head, and the chip is pressed into the liquid, paste, or tape immediately after printing.
Chip bonded lead frame strips are loaded into transport magazines. Eutectic bonded
frames go directly to wire bonding while magazines containing polymer-bonded frames
are routed to ovens for adhe_sive curing. The curing atmosphere is dry nitrogen, and

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.

Untfortunately, there are temperature and adhesive related problems with the

- aforementioned die attach processes. Temperature is a problem in thét the high
temperatures required for curing die attach thermoplastic film are often above the glass
transition temperature (Tg) of printed circuit boérd (PCB) material (FR4). This problem
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printed WI r I B%vé’%%éé’m lies. Adheswes are problematic in that liquid and paste adhesives
require low temperature storage, have a short shelf life, and are difficult to rework.
Moreover, présent backbonding techniques require expensive high temperature resistant
fixtures-and expensive pressure application fixtures. A die attach method overcoming one

or more of these problems is needed.

SUMMAR THE INVENTI

The present invention disclosed hereiﬁ discloses a no fixture method to cure die
attach for bonding IC dies to substrates in which a solvent is applied to top and bottom
surfaces of a therm0plast|c die attach film, prior to component placement of the die on
a lead frame die support pad or on a printed circuit board PCB. The die attach is bonded

to the IC die and the lead frame, or to the IC die and the printed circuit board PCB upon
drying of the solvent. '

DETAILED D ET E

One solution to the problem of die attach curing temperatures above the glass
transition temperature (Tg) of printed circuit board (PWB) material (FR4) involves

'softenmg the die attach film at the PWB/die attach and die/die attach interfaces with a
solvent, prlor to IC die placement

I'n one embodiment of the invention, die -attach films used for bonding
semiconductor devices to thermal pads 10 of a printed wiring board (PWB) 12, shown in
Figure 5, are sprayed on both sides with a solvent (ALPHA METAL's Staysolv 808) to
soften the die attach film (ALPHA's STAYFORM 692) prior to IC die placement. The
quantity of solvent applied should be sufficient to coat, but not saturaie, the die attach
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pads 10, after which the bottom surfaces of sen conductor dewces 16 are
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coat the bottom surfaces of the senm conductor de

after which semiconductor devices 16 are placed on t e S‘ ie attach films, as shown in
Figure 7. The solvent is allowed to dry after IC die placement. Baking may be performed

. for short periods of time at temperé_'_tures below Tg to expedite drying. Longer periods of
time are required if the solvent is allowed to air dry without baking. Semiconductor

devices 16 bond to thermal pads",_ 10 upon the drying of the solvent. In either case,
fixtures for applying pressure to the dies during aftach curing are not required.

Semiconductor devices 16 may now be wire or TAB bonded to printed wiring board
(PWB) 12. '

In another embodiment of the invention, not shown, a soivent (ALPHA's Staysolv
808) is sprayed onto thermal pads 10 of printed wiring board PWB 12. The quantity of
solveht applied should be sufficient to coat the surface 6f thermal pads 10. Die attach
films 14 are placed on thermal pads 10 after which die attach films 14 are sprayed with
a solvent (ALPHA's Staysolv 808) in quantities sufficient to coat, but not saturate, die
attach films 14. Semiconductor devices 16 are placed on die aftach films 14. As with
the previous embodiment of the invention, the solvent is allowed to dry after IC die
placement. Baking may be perform:gd for short periods of time at temperatures below TQ
to expedite drying. Longér periodsz bf time are required if the solvent is aliowed to air dry
withoﬁt baking. In either case, fixtures for applying pressure to the dies during aftach

curing are not required. Semiconductor devices 16 may now be wire or TAB bonded to
printed wiring board (PWB) 12.

In yet another embodiment of the invention shown, not shown, a solvent (ALPHA's-
Staysolv 808) is sprayed onto thermal pads 10 of printed wiring board PWB 12. The
quantity of solvent applied should_ be sufficient to coat the surface of thermal pads 10.
Die attach films 14 are placed on thermal pads 10, after which the bottom surfaces of
semiconductor devices 16 are sprayed with a solvent (ALPHA's Staysolv 808) in
quantities sufficient to coat the bottom surfaces of the semiconductor devices.
Semiconductor devices 16 are pla_éed on die attach films 14. As with the previous
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embodiments of the invention, the solvent is allowed to dry after IC die placement.
Baking may be performed for short periods of time at temperatures below Tg to expedite'
drying. Longer periods of time are required if the solvent is allowed to air dry without
baking. In either event, fixtures for applying pressure to the dies during attach curing are

not required. Semiconductor devices 16 may now be wire or TAB bonded to printed
wiring board (PWB) 12.

While traditional die attach curing temperatures are not as destructive to a lead
frame b_end pad support as they are to a printed wiring board PWB, the present invention
may be used to attach semicenductor devices 16 to the die pad supporfs 18 of lead
frames 20, shown in Figure 6, using any of the previously discussed methods.

Advantages of the embodiments of the invention include: elimination of board
warping due to high temperatures excursion, elimination of the costs of the many curing

fixtures, reduced labor costs, reduced component damage due to handling, reduced cycle
time and easier rework.

‘ While this invention has been described with reference to illustrative embodiments,
this description is not to be construed in a limiting sense. Various modifications to the
illustrative embodiments, as well as other embodiments of the invention will be apparent
to persons skilled in the art upon reference to this description. As an example, while .
ALPHA's Staysolv 808 is mentioned as the solvent of choice, other solvents having
similar characters may be used. It is therefore contemplated that the appended claims

will cover any such modifications or embodiments as fall within the true scope of the
invention. "
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WHAT IS CLAIMED:

1. A no fixture method te cure die attach for bonding IC dies to substrates,
comprising:
providing a substrate;
providing a die attach film;
coating both sides of said die attach film with a solvent to soften said die attach
film; ' | | '
placing said solvent coated die attach film on said substrate;
placing a semiconductor device on said solvent coated die attach film; and
allowing said solvent to dry. ' |

2. The method of Claim 1 in which said substrate is a printed wiring board (PWB).
3. The method of Claim 1 in which said substrate is a lead frame die pad support.
4. The method of Claim 1 in which said die attach film is a thermoplastic film.

5. The method of Claim 1 further including baking said printed wiring board
(PWB), said die attach film and said semxconductor device for a short period of time at

temperatures below the glass transition temperature (Tg) of the printed wiring board
(PWB) to expedite drytng.

6. The method of Claim 1 wherein said solvent coated die attach film is placed on
thermal pads on said substrate.

__—_’___________,__..__——
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frame bond pad support as they are to a printed wiring board PWB, the
pr esent i nvent i on may De usSed to attach sem conduct or dpwees—36—to—the—d

pad supports 18 of hova3 in Figure 8, u;RﬁgLAﬁﬁMENTtSHrtEET
previously di scus umﬂfmmﬂmm tlages” of the enbodi nents
I nvention include: *elifm hat¥or® of* bdard warping due to hDghe t npera
excursion, elimnation of the costs of the many curing Frxtures, reduced
| abor costs, reduced conponent danmage due to handling, reduced cycle
- 7. A no fixture method to cure die attach for bonding IC dies to substrates,
comprising: -

providing a substrate;
providing a die attach film;

- coating a portion of said substrate with a solvent capable of softening sald die
attach film;

coating the backsnde of a semiconductor device with a solvent capable of softening
said die attach film;

placing said solvent coated die attach film on said substrate;
placing said semiconductor device on said die attach film; and
allowing said solvent coated die attach film to dry.

8. The method of Claim 7 in which said substrate is a printed wiring board (PWB).
9. The method of Claim 7 in which said substrate is a lead frame die pad support.

- 10. The method of Claim 7 in which said die attach film is a thermoplastic film.
11. The method of Claim 7 further including baking said printed wiring board
(PWB), said die attach film and said semiconductor device for a short period of time at

temperatures below :the glass transition temperature (Tg) of the printed wiring board
(PWB) to expedite drying. '
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12. A no fixture method to cure die attach for bonding IC dies to substrates,

.comprismg:
providing a substrate;
providing a die attach film;
coating a portion of said substrate with a solvent capable of softening said die
attach film;
placing- said die attach film on said coated portion of said substrate;
coating the exposed portion of said die attach film with a solvent capable of
softening said die attach film; and
“allowing said solvent to dry.

13. The method of Claim 12 in thch said substrate is a printed wiring board (PWB).
14. The method of Claim 12in whicﬁ said substrate is a lead frame die pad support.
15. The method of Claim 12 in which said die attach film is a thermoplastic film.
16. The method of Clai.m 12 further including baking said printed wiring board (PWB),
said die aftach film and said eemiconductor device for a short period of time at

temperatures below the glass transition temperature (Tg) of the prlnted wmng board
(PWB) to expedite drying.
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simlar characters may be used. It is therefore contenplated that the

appended clainms will cover any such nodifications or enbodl ments as fall
W|th| n. the true scope of the | nventi on.
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providing a substrate;

providing a die attach film;

coating one of a portion of said substrate and a surface of said die attach film with
a solvent capable of softening said die attach ﬁlm;'

.placing said die attach film on said substrate;

coating one of another surface of said die attach film and' a backside of a

semiconductor device with a solvent capable of softening said die attach film; and
allowing said solvent to dry.

18. The product formed by the process of Claim 17 in which s_aid substrate is a
printed wiring board (PWB).

19. The product formed by the process of Claim 17 in which said substrate is a
lead frame die pad support.

20. The product formed by the process of Claim 17 in which said die attach film
is a thermoplastic film. '
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7 WHAT IS CLAIMED: 1. A no fixture nethod to cure die attach for bonding IC

dies to'substrates, conprising: providing a substrate; providing a die
attach film :

REPLACEMENT SHEET

Date ﬁiﬁttm

11

NO FIXTURE METHOD TO CURE DIE ATTACH
FOR BONDING IC DIES TO SUBSTRATES

BS T

A no fixture method to cure die attach for bonding IC dies (16) to substrates in
which a solvent is applied to top and bottom surfaces of a thermoplastic die attaéh film
(14), prior to component placement of the die (16) on a lead frame die support pad-or on
a printed circuit board PCB (12). The_,- die attach film (14) is bonded to the IC die (16) and

the lead frame, or to the IC die (16) and the printed circuit board PCB (12) upon drying
of the solvent. :
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wiring bgard (PWB). 3. The nethod of one of Clains 1, 7 and 8 in which said
substrate is a lead frame die pad support. 4. The nethod of one of O ains
1, 7 and 8 in which said die attach filmis a thernopl asiietitra=—c—H
met hod of Claim2 further including baking said printed
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pl aci ng sai d sem conduct or device on said die attach film and al | owi ng

Sai d solvent coated die attach filmto dry. 8. A no fix & Hrottst-o—enr e
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substrat e; providing a die attach film MAR

_ ) Date : 291995

Figure 5 illustrates a top view of a printed wiring board (PWB) having multiple

thermal pads on which semiconductor devices are to be mounted.

Figure 6 illustrates the printed wiring board (PWB) of Figure 5, further including die
attached films placed on the multiple thermal pads.

Figure 7 illustrates the printed wiring board (PWB) of Figure 6, further including
semiconductor devices placed on the die attach films

Figure 8 illustrates a top view of a semiconductor device backbonded and wire bonded

to a lead frame prior. to packaging, according to an embodiment of the invention.

BACKGROUND OF THE INVENTION

Chip backbonding and heat-sink attachment involve a complete layer of adhesive.
Chips may be joined to substrates with mechanical and thermal properties as diverse as
ceramic chip carriers, organic PWBs, copper heat sinks, and Kovar lead frames. Except
for power transistors, the backbond serves no electrical function or is at most a ground
contact. Power devices can carry high current, but only a small percentage of the area
is required for conductivity. Figure 1 illustrates a semiconductor device (die) backbonded
and wire bonded to a lead frame in a conventional manner prior to packaging. Figure 2
illustrates the device of Figure 1 after packaging is complete. Figure 3 illustrates an-
unpackaged semiconductor device backbonded, and wire bonded, directly to a printed
wiring board (PWB). Figure 4 illustrates a tape autdmated bonded (TAB) packaged
semiconductor device backbonded directly to a printed wiring board (PWB).

- Die-bond adhesives fall' into two categories, soft and hard. Soft adhesives include
lead-based solders and organics, primarily epoxies and polyimides, which are filled with
thermally conductive particles. Thermal mismatch between the die and heat sink or board
is absorbed primarily by the bond itself, making it susceptible to fatigue fracture or
disbonding but transmitting little damaging stress to the die. Hard adhesives include gold-
based eutectics (AuSi, AuSn, AuGe) and, recently, filled glass. Bonds of these materials




coating a portion of said substrate with a solvent capable of softeni ng
Said die attach film pl acing said die attach filmon
of said substrate; coating the exposed portion of sai
a solvent capable of softening said die attach film
solvent to dry. 6

embodiments of the invention, the solvent is allowed to dry after IC die placement.

Baking may be performed for short periods of time at temperatures below Tg to expedite
drying. Longer periods of time are required if the solvent is allowed to air dry without
baking. In either event, fixtures for applying pressure to the dies during attach curing are
not required. Semiconductor devices 16 may now be wire or TAB bonded to printed
wiring board (PWB) 12.

While traditional die attach curing temperatures are not as destructive to a lead
frame bond pad support as they are to a printed wiring board PWB, the present invention
may be used to attach semiconductor devices 16 to the die pad supports 18 of lead

frames 20, shown in Figure 8, using any of the previously discussed methods.

Advantages of the embodiments of the invention include: elimination of board
warping due to high temperatures excursion, elimination of the costs of the many curing
fixtures, reduced labor costs, reduced component damage due to handling, reduced cycle

time and easier rework.

While this inve_ntion has been described with reference to illustrative embodiments,
this description is not to be construed in a limiting sense. Various modifications to the
illustrative embodiments, as well as other embodiments of the invention will be apparent
to persons skilled in the art upon reference to this description. As an example, while
ALPHA'’s Staysolv 808 is mentioned as the solvent of choice, other solvents having
similar characters may be used. It is therefore contemplated that the appended claims
will cover any such modifications or embodiments as fall within the true scope of the

invention.



9. A product forned by the process ubstrate; providing a
die attach film coating both side m M“ﬁ“ﬂwmﬁch fil rew . g

to soften said die attach film pl ng sai d"sof veht coat efl Ri
on said substrate; placing a sem conductor device on said

die attach film and 7

WHAT IS CLAIMED:

1. A no fixture method to cure die attach for bonding IC dies to substrates,
comprising:

providing a substrate;

providing a die attach film; _

coating both sides of said die attach film with a solvent to sofien said die attach

film;
placing said solvent coated die attach film on said substrate;
placing a semiconductor device on said solvent coated die attach film; and

allowing said solvent to dry.

2. The method of one of Claims 1, 7 and 8 in which said substrate is a printed
wiring board (PWB). '

3. The method of one of Claims 1, 7 and 8 in which said substrate is a lead frame

~ die pad support.

4. The method of one of Claims 1, 7 and 8 in which said die attach film is a
thermoplastic film.

5. The method of Claim 2 further including baking said printed wiring board
(PWB), said die attach film and said semiconductor device for a short period of time
at temperatures below the glass transition temperau'lre (Tg) of the printed wiring board

(PWB) to expedite drying.

- 6. The meﬂmd of one of Cla'ims 1, 7 and 8 wherein said solvent coated die attach
film is placed on thiermal pads on said substrate.

7. A no fixture method to cufe die attach for bonding IC dies to' substrates,
comprising:’

providing a substrate;



all owi ng said solvent to dry. 10. b_y. t he process of:
ﬁI’O\éI ding a substrate; providing ai}lﬂiﬂ EM&M‘E@" coating-a_portion of
sai d substrat i th n ' '

e W 6_1 sol vent capabli€ sai d 'ﬁEﬁEA@ém_ENTSHEET

providing a die.attach film; _

'coating a portion of said substrate with a solvent capable of softening said die
attach film; _

coating the backside of a semiconductor device with a solvent capable of softening
said die attach film; |

placing said solvent coated die attach film on said substrate;

plglcing said semiconductor device on said die attach film; and

allowing said solvent coated die attach film. to dry.

8. A no fixture method to cure die attach for bonding IC dies to substrates
comprising: |

providing a substrate;

providing a die attach film;

coating a portion‘of said substrate with a solvent capable of softening said die
attach film; _ .

placing said die attach film on said coated portion of said substrate;

coating the exposed portion of said die attach film with a solvent capable of -
softening said die attach film; and

allowing said solvent to dry.

- 9. A i)mduct formed by the process of:
providing a substrate;
providing a die attach film;
coating both sides of said die attach film with a solvent to soften said die attach film;
placing said solvent coated die attach film on said substrate;
placing a semiconductor device on said solvent coated die attach film; and

allowing said solvent to dry.

10. A product formed by the process of:
providing a substrate; '
providing a die attach film;

coating a portion of said substrate with a solvent capable of softening said die attach .



film coating the backside of a se with a sol vent capabl e
of softening said die attach film Ei mim,, i ,ﬂrattach
sol vent coated portion of said substs REPLACEMENTSHEET
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film;

coafing the backside of a semiconductor device with a solvent capable of softening
said die attach film;

placing said die attach film on said solvent coated portion of said substrate;

placing said semiconductor device on said die attach film; and

allowing said solvent coated die attach film to dry.

11. A product formed by the process of:

providing a substrate; .

providing a die attach film; -

coating a portion of said substrate with a solvent capable of softening said die attach
film; | |

placing said die attach film on said coated portion of said substrate;

coating the exposed portion of said die attach film with a solvent capable of softening
said die attach film;

placing a semiconductor device on said die attach film; and

allowing said solvent to dry.

12. The product of one of Claims 9,10 and 11 in which said'substrate is a printed
wiring board (PWB).

13. The product of one of Claims 9, 10 and 11 in which said substpate is a lead
frame die pad support. .

14. The product of one of Claims 9, 10 and 11 in which said die attach fihn is a
thermoplastic film. '

15. The product of Claim 12 in which said step of allowing said solvent to dry further
includes baking said printed wiring board (PWB), said die attach film and said
semiconductor device for a short period of time at temperatures below the glass transition
temperature (Tg) of the printed wiring board (PWB) to expedite drying.



pl aci ng sai d sem conductor devi ce ch fil m. and al | ow ng
.said solvent coated die attach fi Eliﬂ prod
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NO FIXTURE METHOD TO CURE DIE ATTACH THIS SHEET HAS BEEN |
FOR BONDING IC DIES TO SUBSTRATES ~ REPLACED

ABSTRACT

A no fixture method to cure die attach for bo'nding IC dies (16) to substrates in
which a solvent is applied to top and bottom surfaces of a thermoplastic die attach film
(14), prior to component placement of the die (16) on a lead frame die support pad-or on
a printed circuit board PCB (12). The die aftach film (14) is bonded to the IC die (1 6) and

the lead frame, or to the IC die (16) and the pnnted circuit board PCB (12) upon drying
of the solvent

This Sheet Has Been RTlac

i I




film placing said die attach filmon said coated portion of said
substrate; coating the exposed portion of said die attach filmwth a

sol vent capabl e of softening said die attach film placin
device on said die attach film and allow ng said sol vent
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12. The product of one of Cains 9,10 and 11 in which said substrate is a
p"rinted wiring board (PWB). 13. The product of one of O &
in which said substrate is a |lead frane di e pad support.

one of Clainms 9, 10 and 11 in which said die attach fihn

film
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Fig. 2 PRIOR ART
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Fig. 3 PRIOR ART
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15. The product of Claim 12 in which sai d step of al | owi ng said sol vent to
dry further includes baking said printed wiring board (P
attach fil mand said sem conductor device for a short perijo
tenperatures below the glass transition tenperature (TQ)
W ring board (PWB) to expedite drying.
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allowing said solvent to dry. 18. The product formed by the process of
Claim17 in which said substrate is a printed wiring board (PWB). 19. The
product forned by the process of Claim 17 in which said,s
frame die pad support. 20. The product formed by the pr
which said die attach film _
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Is a thernoplastic film

NO FIXTURE METHOD TO CURE DIE ATTACH
FOR BONDING IC DIES TO SUBSTRATES

Abstract

A no fixture method to cure die attach for bonding IC dies (16) to substrates in
which a solvent is applied to top and bottom surfaces of a thermoplastic die attach film
(14), prior to cofnponent placemeht of the die (16) on a lead frame die support pad-or on
a brinted circuit board PCB (12). The die attach film-(14) is bonded to the .IC,_ die (16) and

the lead frame, or to the IC die (16) and the printed circuit board PCB (12) upon drying
of the solvent. ) '
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