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gpert uhedesired heighit enthd solder bumps. A viscous solder paste is then applied over the

stencil with a wiper or squeegee oriented at an acute angle to the top surface of the
stencil. The squeegee traverses the stencil and pushes the solder paste ahead of it as
well as down into the apertures, thus depositing the solder paste in the desired locations of
the solder bumps on the surface of the semiconductor die. The stencil is then removed.

20 Some have attempted to use stencil printing in other applications pertaining to
semiconductors. Particularly, stencil printing has been attempted for encapsulating
semiconductor dies. A stencil printing process for encapsulation of semiconductor dies
might involve placing a plurality of dies on a substrate in a regular rectangular pattern such
that there are a plurality of parallel vertical streets and a plurality of parallel horizontal

25 streets defining the spaces between the dies. It should be understood that the terms
vertical and horizontal are arbitrary and are not intended to define any particular orientation
of the streets to the horizon, but merely that the two sets of streets are more or less
orthogonal to each other. The terms horizontal and vertical are used herein because they
are the terms generally used by persons in the related arts. A stencil is then rested on the

30 substrate so that the dies appear in the apertures of the stencil.
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simultaneously depends on many factors, including the size of the oven, and may range
anywhere from dozens to tens of thousands.

20 After curing, the workpiece is diced along the horizontal and vertical streets in order
to separate the encapsulated semiconductor chips from each other.

In encapsulation applications, the apertures in the stencils obviously are much
larger than in solder bumping applications The size of the apertures when stencil printing
is used for encapsulation of semiconductor dies can rénge as high several inches across

25 each side (assuming a square or rectangular aperture, for example). Rectangular
apertures of two to six inches per side (e.g., 4 to 36 square inches) for accommodating 16
to 25 dies in each aperture is exemplary. Common sizes include 0.75" x 0.75" and 2" x 2".
The stencil apertures should have a height equal to the height of the dies plus the desired
depth of the encapsulant on the top surface of the dies. On the other hand, the apertures

30 found in stencil printing for solder bumping typically will be generally circular and range in

diameter from about 50 to 100 microns and be much less in height.
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order to minimize slump.
Several stencil printing machine manufacturers now offer stencil printing machines
20 for solder bumping in which the solder paste is contained in a pressurized vessel so that
the solder paste is more forcibly injected into the apertures in the stencil. One such line of
machines is the Pro-Flow series of stencil printing machines manufactured by DEK, Inc. of
Surrey, England, which includes, among others, the Horizon 265 model. In such stencil
printing machines, the solder paste is contained in a pressurized vessel to pressurize the
25 solder paste. At the bottom of the vessel is a printing head that includes a long, narrow
slot with two wipers or squeegees, one on each longitudinal side of the slot. The slot and
wipers ride over the stencil forcing the paste out of the slot into the apertures in the stencil.
It is an object of the present invention to provide an improved stencil printing
apparatus.
30 It is another object of the present invention to provide an improved method for

encapsulating semiconductor dies or other devices using stencil printing.
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enables semiconductor chip manufacturers the flexibility to use lower viscosity
encapsulating materials and/or to increase the delay period between removal of the
encapsulated dies from the stencil and curing of the encapsulating material since the
encapsulating material will not slump because the edges are partially cured.

20 The light pipes may comprise channels in the stencil body with optical fibers therein.
While it is within the scope of the invention for the stencils to have self- contained light
sources within the body of the stencil for providing the light into the light pipes, in more
preferred embodiments, the opposite ends of the light pipes terminate on or near the outer
edge of the stencil where they can be mated to an external light source, such as a UV light

25 source.

In other embodiments, the pipes may comprise hollow channels with high-reflectivity
coating on the walls thereof. In even further embodiments, the entire stencil may be
fabricated of a material, such as acrylic or polyethylene terephthalate glycol (PETG), that is
transparent to UV light, whereby the entire stencil essentially is a large light pipe. An

30 opaque or reflective coating (the reflective side facing inwardly of the stencil) may be
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Figures 4, 5, and 6 are pictorial representations of an apparatus for partially curing
the edges of the encapsulating material during stencil printing encapsulation processes in

accordance with various alternate embodiments of the present invention.

Detailed Description of the Invention

20 Figure 1 is a plan view of a plurality of semiconductor dies 16 positioned on a
substrate 14 with a stencil 10 thereover. As can be seen, the stencil is a frame defining a
plurality of apertures or windows 12. The dies 16 are arranged in apertures 12. In this
example, each aperture surrounds twenty five dies arranged in a five by five matrix. This
arrangement is merely exemplary of a typical stencil design and is not limiting. There may

25 be any number of dies in each aperture, including one die per aperture, and any number of
apertures per stencil, including one. The dies are laid on top of the substrate 14, which
can be seen through the apertures 12 in the streets between the dies. Typically, the
stencil overlies the entire substrate. However, it is possible for the substrate to have an

area larger than the stencil. This substrate/stencil/dies assembly is ready for the
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of the light source 207 should be selected to optimize curing of the encapsulating materials
and preferably be specifically adapted to the particular encapsulating material being used

20 in the application. Many light curable encapsulating materials cure in the blue or ultraviolet
light wavelength ranges. The light pipes 201 carry light from the light source 207 to the
walls 203 of the apertures 12. The light pipes 201 may be small channels running from the
perimeter 209 of the stencil to the walls 203 of the apertures and may have optical fibers
therein for carrying the light over potentially curved paths to the walls 203 of the apertures.

25 For UV curable epoxy, quartz fiber optics or a liquid-filled light guide would be preferable
over standard optical fibers. The stencil 10 may include one or more optical connectors
211 for connecting to the external light source(s) 207 through a mating optical connector
213. The optical connectors 211 and 213 may comprise any standard optical connector,
such as an SC, ST, SL, FODI, and ESCON connector, all of which are well recognized

30 optical connector types in accordance with international standards.
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203 of the apertures 12. Accordingly, there must be a fluid tight, yet substantially light
transmissive, seal between the ends of the light pipes 201 and the walls of the apertures.

20 The seal may comprise a sheet, plate or other layer 312 of a polymer that is substantially
transparent or translucent to the relevant wavelengths of the curing light. The surface of
the sheet, plate or layer that faces the light pipes may be coated with an anti-reflection
coating in order to maximize the amount of light that reaches the liquid encapsulating
material.

25 The invention can be applied in connection with any type of stencil printing system,
including squeegee blade and pressurized dispenser stencil printing.

Preferably, the light source 207 is not activated until the apertures 12 has been fully
filled with the encapsulating material. At that time, the light source 207 is turned on and
the edges 303 of the encapsulating material 301 are cured.

30 Because some encapsulating materials are substantially translucent or transparent,

the curing light applied to the edges of the apertures will, in most cases, cause curing



and/or after the process of filling the aperture 12 with the encapsul ant
301, light has been applied to the edges 203 of the aperture through |ight
pi pes 20iwoAsoomei ngly, the portions 303 of the |iquid ercapsud/etning

mat erial 301 adjacent the edges have b% n partially light 15 cured and,
thus, hardened. Hence, the encapsulating material will not slunp mhen t he

t I d id | at I
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posi t Irr?z?teecrilal 301 may be heated in order to accelerate the light curing of the edges. The
heating may be local to the edges which are being cured or may be a generalized heating
of the entire assembly. For instance, Figure 3 illustrates an embodiment in which

20 generalized heating is applied. Specifically, the substrate 14 is placed on a hot-plate 305
that heats the substrate so that heat will radiate upwardly through the substrate 14 into the
encapsulating material 301.

Alternately, Figure 4 illustrates an embodiment in which a second light source 401 is

positioned above the assembly to apply heat to the encapsulating material 301. The

25 wavelength(s) of the second light source 401 should be adapted to primarily generate heat
rather than to light cure the encapsulant. Visible red light or infrared light typically provides
reasonably efficient heating. The second light source 401 may apply heat generally over
the entire assembly or may be a laser light source specifically directed at the edges of the
encapsulating material which are to be cured.

30 Figure 5 is a cross-sectional plan view of a stencil 500 illustrating an even further

embodiment in which heating filaments 501 are incorporated in the stencil 500 adjacent



cl ose enough to each other to ensure partial curing of the entire edge of
the encapsulating material in order to best achieve the goal of preventing
sl unpi ng wo emhmee1 def ormation after 10 renoval of the stemcirlusosd7oepur se,
t he amount of curing that will occur d%oends on many factors in addition
to the spacing of the light pipe ends om each other, including, but not
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While the invention has heretofore been described in connection with the

encapsulation of semiconductor dies and, indeed, that is considered to be its most

20 common application, the invention can be applied in connection with encapsulation of any
device. The present invention may be applied to virtually any type of semiconductor
packaging system including stacked semiconductor devices, chip scale packages (CSPs),
multichip modules, chip on board, face down ball grid array (BGA), flip chip packages, fine-
pitch ball grid array (FBGA), and plastic ball grid array (PBGA).

25 Having thus described a few particular embodiments of the invention, various
alterations, modifications, and improvements will readily occur to those skilled in the art.
Such alterations, modifications and improvements as are made obvious by this disclosure
are intended to be part of this description though not expressly stated herein, and are
intended to be within the spirit and scope of the invention. Accordingly, the foregoing

30 description is by way of example only, and not limiting. The invention is limited only as

defined in the following claims and equivalents thereto.



502. The wires may term nate near the outside edge 505 of the stencil at an
el ectrical 5 connector 507 that may be coupled to a electric current source
509 t hrowyb oa/ommski ng el ectrical connector 511 for applyi mgTaisSesdmiTity to
heat the filanments. Presently, sui tablg encapsul ating nmaterials for

sem conduct or applications have visco (Pti es anywhere from about 50,000 to
1, 000, 000 centi poi se. However, in many real world practical sem conductor
manuf acturi ng environnents, it is believed that it would be 10 difficult to
use any encapsul ating material havi ngLAIMSScosity | ess than about 300, 000
centipoise in order to assure that the encapsul ating materi al does not

sl unpl dl@immhg the |ongest reasonabl e period bet ween renoval of the stencil
fromthe encapsyl r fsol ves
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mat eri al t @1epladingaiatd devios antd sabdtsateeduce sI unping prior to heat cure. 15
Thus, manufacturers are free to choose, the nost E?‘ ﬁ'él ate encapsué ating
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on board, face down bal | grid array (B&), f||p Chlp packages, fine- pitch
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alterations, nodifications, and inprovenents wl| readl |y occur to those
skilled in the art. Such alterati ons, nodifications and inproyenents as
are made oBvi oud hgymetiod ofi daim2 whereinrsaid AewicgdeiaisenHe0 rgpobg'et hi's
description though not expressly stated herein, and are |ntended to be
within the spirit and scope of the invention. Accordingly, the foregoing 30
descriptiomd.is Mhewagthad exdaipi 2 wiergin said devicelis aistacipd Sénicondector on is
limted only as defined in the follow ng clains and equi val ents t her et o.
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5. The method of claim 2 wherein said device is a fine pitch ball grid array
15 semiconductor device.
6. The method of claim 2 wherein said device is a plastic ball grid array

semiconductor device.

7. The method of claim 2 wherein said device is a chip scale package

semiconductor device.

20 8. The method of claim 2 wherein said device is a mulitchip module

semiconductor device.



10 CLAIM5 | claim 1. A nethod of encapsul ati ng devi ces, said nethod
conprising the steps of: (1) placing said device on a substrate; 5 (2)

pl aci ng owero3maical substrate and said device a stencil w tircanusapemniure,
said aperture defining a volune surroypding said device; (3) introducing
encapsul ating material into said volunme; and (4) at |least partially curing

Lencit s % emoydh apesbrlanT2HchBh i Uaks i athin R Boar? pHRaigEE

| i ght dewvideng. 3. The nethod of claim2 wherein said device is a
sem conductor die. 4. The nethod of claim?2 wherein said device is a
stacked sem conductor device. 5. The nethod of claim2 wherein said device

s a fine Rl Ch 1l heddbrisify 2 wherRui@aEeEH adats BBwnballlghy aRapod of
claim2 wherein sai evice 1s a plastic ba grid array seniconductor
devi cesemicorihetorsddvick.of clai m 2 wherein said device is a chip scale
package sem conductor device. 20 8. The nethod of claim2 wherein said
device is a nulitchip nodule sem conductor device. WO 03/077621

RCT/ US03/ 04Q17 Thd MethbacofMBaified vitfereinaddid dewdenishnlisship stenicéRdicor chi p
on board sem conductor device. 10. The nethod of claim?2 wherein said

devi cdlévicea face down ball grid array semiconductor device. 5 11. The
met hod of claim2 wherein said device is a flip chip sem conduct or

12.  The method of claim 3 wherein said stencil comprises a plurality of apertures,

each surrounding a plurality of said dies.

13.  The method of claim 2 wherein said aperture has at least one wall defining
10 said volume and wherein step (4) comprises at least partially curing a portion of said

encapsulating material near said wall of said aperture.

14.  The method of claim 13 wherein said stencil includes a plurality of light pipes
terminating at said wall and wherein step (3) comprises introducing light into said light

pipes and therethrough to said edge of said encapsulating material.

15 15.  The method of claim 14 further comprising the step of:

(5) heating said encapsulating material during step (4).

16.  The method of claim 14 further comprising the step of:

(6) heat curing said encapsulating material after step (4).

17.  The method of claim 16 further comprising the step of;

20 (7) removing said stencil prior to step (6).

18. A stencil for use in encapsulating devices in an encapsulating material

comprising:



device. 12. The method of claim 3 wherein said stencil conprises a
plurality of apertures, each surrounding a plurality of said dies. 13. The
met hod ofwoloaiomie2r wher ei n said aperture has at | east one walrlusdgéioni ng 10
said volume and wherein step (4) conprises at |east partially curing a
portion of said encapsulating material near said wall of said aperture.

14. The net hf?%@ f claim 13 wherein said stencil includes a plurality of

| i ght pi pe? M nating at said wall and wherein step (3) conprises

i ntroduci ngnl apErture v eaigiaframe| edid apertpesofia dizehancsivapeighsurcowsal al dedige tof
said encapsul ating material. 15 15. The t. hod of cl ai marlﬁ furt h?r )
conpr ibsi efiFapseiatedsai apeftue having Agvaldefining ayalHrae ifeiSHa LBFPRIUIANRY ng
step (m43teriél63n-drhe nmet hod of claim 14 further conprising the step of: (6)
heat curing’'sard encapsulating material after step (4). 17. The nmet hod of
cd ai m 16 f at tdwst onerlight pipegntsh@ steapil tErminaihg at) saidmalliof gagbaperiitrenci |

prior to step (6). 18. A stencil for use in encapsulating devices in an
encapsul ating material conprising: WO 03/077621 PCT/US03/07017 12 a
frame; an apert o dBnSiPbLCIAIMMAB wHREH SHIE WAl & safd apsitdre inaddedape to
surround a device to be encapsulated, said aperture having a wall defining
a vol sobstantiabulightdranspiiasive iaygr couerdng al leaghskaig tetminatien Ogﬁ@dllfgghplpﬁi pe in
said stencil termnating at said wall of said aperture. 19. The stencil of
claim 18 wherein said wall of said aperture includes a substantially Iight
transni ssi p@. | aymie steMeil bNgaimh 1bgasherscirbpiisingiancuringlight ssadce ihisgltf stenpit.
20. The stencil of claim19 further conprising a curing light source in
said stencil. 21. The stencil of claim 18 further conprising an opti cal

connect or vin - ; ' LG iyl i . Qi pes
and a seco% t e%rrr%%ngg}eﬁ?%(r)f %gﬁi §§| @ﬁ%’bﬁgﬂ)ﬁ%hgﬁnwﬁhﬁ%ﬁ&% rqa\)"@gtﬂr&
10 terminal optically coupled to said light pipes and a second terminal for optically coupling an

external curing light source to said optical pipes.

22. The stencil of claim 18 wherein said at least one light pipe comprises a

plurality of optical fibers.

23.  The stencil of claim 18 wherein said at least one light pipe comprise quartz
15 fiber.

24. The stencil of claim 18 wherein said at least one light pipe comprise a

plurality of liquid-filled light guides.

25. The stencil of claim 18 wherein said stencil is fabricated at least partially of a
material that is substantially transparent to light of a wavelength for curing said
20 encapsulating material, wherein said substantially transparent material of said stencil

comprises said at least one light pipe.

26. The stencil of claim 25 wherein said stencil is fabricated entirely of said

transparent material.



external curing light source to said optical pipes. 22. The stencil of
claim 18 wherein said at | east one |light pipe conprises a plurality of
optical fwbesm®77628. The stencil of claim 18 wherein said acTiwsaso7oone |ight
pi pe conprise quartz 15 fiber. 24. Th?3stencil of claim 18 wherein said at
| east one |ight pipe conprise a plurality of liquid-filled |ight guides.

partially afa Taarral otal 7e Wik bEnsberent ol RRae b ERIR  °OF
wavel ength for curing said 20 encapsulating material, wherein said

substantially transparent material of said stencil congeri_ses saiﬁj at | east
one |ight @Bpe. Th® stenel af daig RS avhereils sai9 trapspatenh maieialds ealyethylene

fabri irely ,of said transparent material. WO 03/077621

PCT/ Ug%%ﬁggﬁélﬂe @éélob The stencil of claim25 wherein said transparent
material is acrylic. 28. The stencil of claim25 wherein said transparent
material is _polyethylene  terephthal ate glycol. 29. The stencil of claim25
further corgri s?ﬁ‘_@ éegﬁ'ggft%{ﬁm QBI‘CV% a“cﬂiﬂp'f{%{g}%ﬁ‘ 56’2’5 _rg@,llyggggu%]laysezgioal _
t4 ansR|HaRks BRES tAAnsplahét rha@Rial BiRe tiaH thasesufacEfbf shiansparsit materal al
that conprise said wall of said aperture. 30. The stencil of claim 29

wher eitmatsainiprigeaspid Wallefrsaidbapeitdiess a substantially reflective layer. 31.

The stencil of claim 18 further conprising heating filanments adjacent said
10 wall of said aperture. 32. An apparatus for encapsul ating devices in

encapsul atiggg MatHY $tahcif 6NdAIng RBIvheérainds#id epaglie tyet lcamprik8s anslifstartizy
conpri si ng{ a light source for generating light of a wavel ength adapted to

cure defler iverlaygfsul ating material coupled to supply light into said Iight
pi pes.
31.  The stencil of claim 18 further comprising heating filaments adjacent said

10 wall of said aperture.

32.  An apparatus for encapsulating devices in encapsulating material comprising
said stencil of claim 18 and further comprising:
a light source for generating light of a wavelength adapted to cure said

encapsulating material coupled to supply light into said light pipes.

15 33.  The apparatus of claim 32 wherein said light source is external of said
stencil, said apparatus further comprising:
a first optical connector on said stencil and in optical communication with said
optical pipes, said first optical connector having a terminal;
a second optical coupler in optical communication with said light source and having
20 an optical terminal adapted to mate with said terminal of said first optical coupler so that

light from said light source can be provided into said optical pipes..

34. An apparatus for encapsulating devices in an encapsulating material
comprising said stencil of claim 18 and further comprising means for applying heat at least

adjacent said wall of said aperture.



15 33. The apparatus of claim 32 wherein said |ight source is external of

said stencil, said apparatus further conprising: a first optical connector
on sai d swensiol7eand in optical comunication with said opdrosospiopes, said
first optical connector having a termyal; a second optical coupler in

optical comunication with said |ight source and having 20 an optical
termnal adapted to nate with said termnal of said first optical coupler
so that Ilight fromsaid |ight source can be provided into said optical

pi pes. . 3435An JppaipPpanstubaf cenncdbswhatdimgadevieans formapplyirg bapscbrapriises a
material conprising said stencil of claim1l further co r|5|ng means
for appi-plaRyyuReRWhiE P@Qsﬁten%{G?%CLGﬁY'C%aPG Akl St'ae%ydb%awap

03/ 077621 PCT/ US03/07017 14 35. The apparatus of claim 34 wher ei n sai d
means for applying heat conprises a hot-plate upon which said stencil and
devi ce and38. sufiterapparateg dielgimadewhesHn saldernapparf@na;rmlyiﬁgchbat OIBRriggRr ei n

sai d aps f.or applying heat. c rlses f| nents in said stencil
adj ac@ﬁ?{]'g%}'%%ﬁg '%?a'ga?qﬁn%llp%(?? ggﬁo%- % LHFUS of claim 34
wherein said neans for applying heat conprises a heating |light source.

S 37.  The apparatus of claim 34 wherein said means for applying heat comprises

a heating light source.



