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METHOD AND APPARATUS FOR FORMING BUMPS ON SUBSTRATES
BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

This invention relates to improvements in 'electronic component
manufacturing processes, and more particularly to improvements in
methods for forming bumps on substrates, such as lead franes,
circuit boards, semiconductor chips, glass substrates, or the like.
2. RELEVANT BACKGROUND '

In the manufacture of many types of devices, it is often
desirable to form xelatively thick bumps or protuberances at
predetermined locations on a substrate, usually to provide
structures to which electrical comnections can’ be made. For
exawple, in the construction of semiconductor devices, often
microminiature integrated circuits are formed on a chip or wafer of
semiconductor material. In order to enable electrical contacts to
be made to various rxegions on the chip, and more specifically, to

. various components of integrated.circuit constructed in the chip,

‘bumps often are formed to which wires or other larger sized '
structures can be connected. * |

Thus, to manufacture certain types of semiconductor devices,
it is necessary or ‘advantageous to have thick spatially well
defined. and physically consistent bumps or thick deposits of
different materials. such as silver or gold. deposited in specific
areas of a- substrate, such as a lead frame or a semiconductor
silicon chip. In the past, this has been done by electroplating,
sputter deposition, chemical vapor deposition, etching or other
such chemical technique. Recently bumps have - been formed on a
substrate by setting down a gold ball and physically deforming it '
Wwith an anvil. Other techniques have been used, as well. These
procedures are generally technically involved and may involve use
of vacuunm technology, aggressive chemicals, long cycle times,
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In technologies other than semiconductor fabrication, as well,
the process of forming bumps to enable electrical contacts to be
esbablished may be used. In some applications, for example, in the
manpfacture of solar cells, or the like, structures may be formed
on glass substrates to which electrical contact is needed. Many
other applications also exist in which the formation of bumps on a
substrate exist.

Thus. what is needed is a methcd and apparatus for rapidly.
repeatable, and uniformly forming thick layers on substrates.
SUMMARY OF THE INVENTION

In light of the above, it is, therefore, an gbject of the
invention to pfovide an iwproved method for forming bumps on a
substrate. . _

It is another cbject of the invention to provide an improved
method of the type described that can produce well ‘defined and

. shaped bumps on a substrate.

It is yet another object of the :!.nventlon to provide an
improved method of the type described that ensbles bump location
tolerances to be improved over existing techuologies. _

It is another cbject of the invention to provide an improved
method of the type described in which a number of bumps can be
deposited rapidly and with a high degree df uniformity.

It s another cbject of the inverition to provide an improved
method of the type described in which bumps of predetemined shape
can be deposited.

" It &8 another object of the invention to provide an improved

method of the type described in whtch over sprayed bump forming
material can be teccvered.
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It is another object of the invention to provide an improved

method of the type described in which the thickness of deposited
bumps can be 'p:ecisely and repeatably controlled, metallurgical
properties of the biwp, such as ductility and elongation are more
controllable than previous methods, and physical characteristics of
deposited materi.al can be made cousistent bump to bump and within
a bump.

It is another object of the invention to provide an improved
method of the type described in which bumps -can be deposited in a
molten or liquid state, without aiso requiking that the substrate
on which the bumps are formed be heated, thereby reducing risks of
heat damage to other substrate structures.

It is another object of the invention to provide an improved
method of the type described in vhich bump deposition can be
performed at ::elat:ively rapid rates.

It is anotheér object of the invention to provide an improved
method of the type described in which the shapes of the deposited
bumps can be reproducibly controlled by mask shapes.

) It is another object of the invention to provide an ixproved
method of the tivp'e described in which deposited bumps can be made
of many varied plasma sprayable materials.

' It is another object of the invention tQ provide an improved
method of the type described in vwhick the process can be appli.ed to
various types of suhsi:ra.tes, such as tab lead frames, -silicon
chips, glass suhstrates, circuit boards, ball grid arrays, or the
1like.

It 15 another. object of the invention to provide an Mproved

method of the type described in vhich waste tréatment cost:s can be
-minimized,

These and other ocbjects, features and advantages of the
invention will be apparent to those skilled in the art from the
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substrate exist. 10 Thus, what is needed is a nethod and a aﬁatus
for rapidly, repeatable, and unlforn1y form ng thick Thia rat es.
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‘substrate. It is another object of the invention to-.provide an inproved
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following detailed description of the 1nvent:i.on. when read in

conjunction with the accompanying drawings and appended claims.

Accordirig to a broad aspect of the invention, a method for
forming a bump on a substrate is presented. The method includes
locating over the substrate a mask having oné or more openings to
expose the substrate at a location desired for forming the bump. A
plasma is generated, and a material for forming the bump is
introduced into the plasma. The substrate is exposed to ‘the plasma
through the openi.nqs {in the mask, and the powder in the plasma is
allowed to coalesce in the opening to form the bump The mask is
then removed.

According to anqther broad aspect of the invention, a method
for depositing bumps on a substrate, which may be a semiconductor,
glass, lead f£frame, printed circuit board, or other suitable
material, is presented. The method includes aligning a mask with

. respect to the substrate to bring spertures in the mask into
alignment with exposed reqions. of the substrate on which bumps are
) to be formed. The mask is attached or affixed by a jig or other
means to the substrate to form a target fixture, and. a plasma of a
gas is directed t:oﬂard the ta:get fixture. A substance is
introduced into the pl.asma, which transforms the substance into a
imaterial to be deposited. The substance way be, for example,
particles of a conductor in a solid phase, and -the transformed
material may be the conductor in a liquid phase. In one embodimenta
the substance is substantially the same substance in a different
phase after being transformed by the plasma, and in another
embodiment, the substance at least partially combines with the gas
of the plasma to form & different material tor depqs!.t. The
substance may be, for example, a conducto:, selected, for instance’
from the group comprising silver, copper, gold, aluminum, zinc,
platinum, palladium, and solder, such as tin-lead solder.



It is another objéct of the invention to provide an inprevee—ettod of the
type described in which a nunber of bunps can be de
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object of the invention to provide an inproved
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Alternatively, the substance can be a semiconductor, or virtually
any other material that can be transformed by the plasma into a
desired bump Forming material.

The target tixture and the plasma are then moved relative to
each other. so. that the.material is sprayed over the mask and onto
the exposed regions of the substrate. The conductor in a }1qnid
phase then coalesces or becomes restored to a solid phase after it
has been deposited on the mask and the exposed regions of the
substrate. Finally, the mask is removed from the substrate to leave
the restored material remaining to form the desired bumps.

In one enmbodiment, the material sprayed onto the mask is
controlled to a deposit thickness less than a thickness of the
mask. One way by which the thickness of the material sprayed can be
controlled is by codﬁrollinq a feed rate of introduction of the
substance into the plasma. Another way is to move the target
fixture and the plasma relative to each other by controlling a rate
of relative rotational or linear movement between the target
fixture and the plasma.

' Once the mask has been réamoved, the over spray material can be
recovered by removing the deposited material from the mask in one
-embodiment, allowing the mask to be reused. The mask may be coated
with a non-stick substance, if desired, to facilitate the over
Spray removal. In another embodiment, the mask may be dissolved to
recover the remaining over spray material. : -

One of the advantages of the method of the ention is that
by providing shaped aperturés in the mask, bumps having similar
predetermined desired sidewall shapes can be formed.

According to another broad aspect of the invention, an
apparatus for depositing bumps on a substrate is presented. The
‘apparatus includes a mask that is of thickness at least as large as
the height of thé bumps to be formed on the substrate, and that is
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2ot het obj ect of the i nvention Lo provide an i nprovesPRERRAYEMLORTEON | pe”
- descri bed yewovably iponitienafid | RfacERtPANE substeater wd ﬁbmrﬁl'%“:&/ee{:y
"apid ratefyyture with the substrate, The mask, which may be, for extnple,
about 44 mils”thick, has spertures positioned to expose regions of
the, substrato at which bumps ara to he formed shen the wask is
placed in registration with the substrate. Tho mask may he of any
appropriate material for the particular procesaz helug pexformed,
for example, paper, which can he dissolved to recoven any over
sprayed material, metal with a non-stick coating, which allous the
. over sprayed material to be removed, ox other suiteble materfal.

A plasma generator generates a plasma of 2 gas ap a
temperature, for example, of about T000°K., and dixtcts the plasma
along a depositién path. An apparatus, such as a 3ig or the Mike,
is provided for positioning -the: mask and svbstrate $n the
depdsition path, and an appaxatus “is provided for introducing a
substance into the plasiia. The substance way be a pouder or pellets
of a material having a grain size of between about § and 100
wicrons, . The sulistance 4is transformed by the plaswa into a

. deposition matexial, which is carried by the plasma along the
- deposition path to iwpact and deposit upon the magk and the exposed
regions of the substrate. The deposition materfal may b the
substance in molten or Liquid fomm, for instance, if the gas that
l.of which the plwsua {s generated is inekt, suck as argon, and does.
"uot confyine with the substance. On the other hend, the deposition
naterial may he s trensformed form of the substance if the gas is
‘one that way combine with the substence. The stbstance may, for -
exemple, be an ‘eléctrical conductor, for instance, selected f£rom
the group comprising sldver, copper, gold, aluminmm, zinc,
t;t:::nm. palladium, and solder, cuch’es an appropriste tinslend
2o

In oxder to produce uniform deposition of the material onto
the mask and suhstwate, an spparatus way be provided for produting
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relative movement between the fixture and the deposition path. For
example, one such apparatus may be an apparatus for rotating the
fixture. Another such apparatus may also produce linear movement
between the fixture and- the deposition path,

combination with the xotation producing appaza.t:us.
BRIEF DESCRIETION OF THE DRAKINGS

_The invention is 4liustrated in ‘the accompanyi.ng drawing, in
which:

alone, or in

FIGURE 1 is an exploded perspecti.ve v.tew of a mask aligned
with a substrate to be held by a jig, as a target fixture, the mask
" having apertures to define and expose ‘the regions of the substrate

at which- -bumps are to be formed, 1n accordance with a preferred
embodiment of the invention..

- FIGURE 2 is a perspective view of the substrate of FIGURE 1
aftér bumps have been formed, and after the mask has been :emoved,
in accordance with a preferred ‘embodiment of the invention.

FIGURE 3 is a side elevational view, schematically showing the
-relationship of a mask and substrate fixture formed of . the
components  of FIGURE 1, together with a plasma gun and substance
injector, in accordance with a preferred embodiment of the
invention. : :

And FIGURE 4 is a side elevational cross-sectional view of the
mask and subst:&te, showing bump forming material deposited
thereon, illustrating the depth of material formed in mask

'aperi:ures on the substrate, in accordance’ with a preferred
embodinent of the 1nvention.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Iﬂ!th reference first to Figure 1, an exploded perspective view
of a mask 12 aligned with a substrate 13 is shown. A plurality of
bumps are to be formed on the substrate 13; accordingly, the mask
12 has a plurality of apertures 15 to expose the regions 17 of the
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substrate 13 at which bumps are to be formed when the mask 12 is

placed adjacent -the substrate 13. The particular aperture pattern
shown in Figure 1 has been arbitrarily chosens howaver, it will be
appreciated that any suitable aperture pattern can be employad.

As will-become apparent, and as discussed below, the mask 12
nay be of any appropriate material, depending upon the particular

appl.ication in which the system is employed. For example, in some
appl!.ca.tions.

the mask 12 may be paper or. ca::dboard. in other
appu.ca_t:ions, netal, plast:i.g, or o.ther approp::ia_te material can be

used.

The substrate 13 also may be of any appropriate material or
form, such as sewmiconductor chips or wafers, glass substrates, tab
lead frames, printed circuit boards, or other desired material. as
will become apparent, the invention is particularly advantageously
ewployed in conjunction with the fdr_:maition of bumps on a
semiconductor substrate that contains other semiconductor features
20, since there i{s no need in most cases for elevatlig the
_temperature of the substrate 13 on which the bumps are to be
formed. Thus, the xisk of damage to any features, integrated
circuits, or other st:ructures that way have been formed on the
substrate 13 in previéus procegses or sl:eps is reduced, .

" 7o assist i registering the desired position of the mask on
the substrate, a nukber of aligument or registration marks 22 and
22’ may be formed respécu{re;y ‘on the mask 12.and substrate 13, as
showm. Once the mask 12 and substrate 13 are properly fegistered,
they may be secured in & 3ig 25 or similar device to uaintain their
relative positional relatfonship to assure that the bumps that will
be subsequently formed sre properly located.on the substrate 13.
(It should be noted that in place of the fegistration marks 22 and
22¢, the jig 25 may have its own locating ox indexing .pihs or
features, not shown, to be received in corresponding holes, not
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and the substrate.) The registered mask 12 and substrate 13 in !:he
4ig 25 form a’tapget fixture 30 onto which material from which the
bumps will be formed is thrown ox applied, as next described,

The fixture 30 is.then placed into a plasma reactor 40, which -
is shown schematically in a side cross-sectiopal view of Figure 3.
The ‘reactor 40 has a chamber 42 that contains a plasma gun 45, < -°
located opposite the taxget fixture 30. In the embodiment shown,
the plasna gun 45 hasi:an anode. 46 surrounding a cathode 47 with an
annnhn:chmﬂmm'sotkﬂﬂnadiduumbetuwﬂm.Theluum&arcﬂumherlﬂrhaa
an opening 5S4 orienhea toward the t:a,::qet: 30. VOItages for the anode
46 and cathode 47 are supplied by a power supply 55 of sufficlent
voltage to produce a plaswa 57 of the gas that Is introduced into
the plasma gun 45, as next aescrs.bea.

The gas 58 “from a gas sSupply. 59 is introduced Eh:ough a' tube
60 into the annular chambexr 50 between the anode 46 and cathode 47
of the plasma gun 45. The gas 58 is conducted through the -chamber
. 50 and exits under préssure from the opening 54 in the direction of
t'.he tavget E£ixture 30 a.:.onga ‘& deposition path 62. As described
.above, the gas 58 is excited by the electrlc f£ield bemeen the
anode 46 and tathode 47 to produces t:ha plasnma 57 from the opening
54. The gas 58 may be any app:opriat:e gas that -will p:oduce a
plasua and will interact with the substance to be transformed by
the plasma 57 into a makeyial fok deposition onto the subshrate to
form the desived bumps. For example, if thd gas is desixed to be
mert with respec\: to the svbstance foxr bump. £omat'.ion, argon or
sinilar gas may ba used. On tha other hand, if €he gas is to react
with the svbstarice, fox example, to form a semlconductoxr gowpound,
silane, hydrogen, or bther similar gas may be used. The tempexatuze
‘of the gas plasma S7 nay be, for instance, about 7000°K.
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Powders, pellets, or gnains of the substance'yaterial from a
bump material supply 66 to be deposited are introduced into the
chamber 42 through a tube 67. In the exbodiment illustrated, the
substance that is introduced are pellets or grains 69 in a solid
phase, vhich are transformed by the plasma 57 to droplets 64 in a
molten 6r liquid phase. However, as noted above, although the bumps
are deposited in a.molten or liquid state, the substrate onto which
the bumps are formed need not be heated. Thus, the risks of heat

- damage to other substrate structures is not significantly increased
through the use of the process of the invention.

It will be appreciated that the feed rate or rate of
introduction of the bump material into the plasma 57 is directly
propq:tional to the thickness of the. deposited materiql onto the
mask.12 and exposed regions 17 of the substrate 13. Thus, together
with the other factors discussed herein, the rate of introduction
of the bump material from the supply 66 can be adjusted to control
the thickness of the bumps that are formed orx deposited.

.The particular material of the substance supplied into the
plasma’ 57 is dependent upon the final bump material desired. The
waterial may be, for example, a conductor, such as a conductor
selected from the group consisting ésseﬁtially of silver, copper,
gold, aluminum, zinc, pIatinum,. palladium, and solder, such as an
.appropriate tin-lead solder. Alternatively, the material may be a
material that will combine with the gas of the plasma ‘to form a
semiconductor or other desired bump material.

The material to be deposited will be cariied by the pressure
of the gas and plasma leavihg the operiing 54 of the plasma gun 45;
- consequently, the relative pressures of the gas delivered via tube
43 and the particles delivered by the tube 47 should be such that
the direction of the free particles within the éhamber 42 will be
controlled by the direction of the plasma 57. Hore particularly, it
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sprayed can be controlted is by controlling,a feed.rate of introduction of

the 15 banappresiatedcthat asnsoom@as dhenngrticles delivered thraugh
' the tube 67 are- injected into the plasma 57, they melt, forming
droplets 64 of molten material, which are hurled by the pressure of
the gas exiting’the opening 54 of the plasma gun 45 onto the target
fixture 30. Consequently, the gas should be introduced under
' sufficient pressure to propel the transformed material along the
deposition path 62 to iwpact the target fixture 30. As the velocity
of the propelled matérial against the target 30 miay be one factor
in controlling"the thickhéss of the bumps that are deposited, the
gas pressure can be adjusted as needed to vary-or modify the bump
thickness. Since a number of other factors also affect the bunp
deposition thickness, some experimentation may be necessary to
derfve the optimum desired gas pressure for partiqular bump
. materials. in conjunction.with the other factors, described below.
" o facilitate a uniform coating of the bump material over the
mask 12 and exposed.regions 17 of the substrate 13, the target
fixture 30 may be moved relative to the deposition path 62. To
.provide such relative movement, a motor or similar apparatus 66 may
be provided to rotate the jig 25 along a rotational path 70,
whereby the droplets 64 can be sprayed uniformly around the target
fixture 30. Additionally, the apparatus 66 can provide linear
movement along path 71, so- that the droplets coat the mask 12 and
exposed regions 17 of the substrate 13 in a radial direction of the
fixture 30. It can be seen thdt in addition to providing the
ability to form a uniform material coating on the exposed portions
of the substrate 13, the invention also ensbles the bump deposition.
to be relatively rapidly performed.

It will be appreciated that the thickness of the deposited
material will vary inwersely_with the relative velocity between the
fixture 30 and the deposition path. Thus, together with the other
tactors.discussed.herein. the relative velocity can be adjusted to



fixture and the plasma relative to each other by contralling a rate of
relative rotational or |inear novenent between the tar et frxture and t he

pl asma. Once the mask has been renbved, the over spray. cerly
recovered by renoving the deposited naterial fromthe ma lL
enbodi ment, allowing the mask to be reused. The mask may|

non-stick substance, if desired,. to facilitate the over spray renoval . In
anot her enbodi ment, the mask may be di ssb3ved to recover the remaining over
spray material. 25 One of the advantages of the nethod of the .
invention is that by providing shaped apertures in the mask, bunps having
simlar prédeterm ned desired si dewal I shapes can be f orPARENTAAPBLICARIONO

"ot or o FaREREC e AIRbass "ok the Tt efosiedd, o2 FabSes tht "
may affect the thickness of the material deposited, and ultimately
the thickness of the bumps formed on the substrate 13, include the
physical characteristics of the material that is deposited. such as
the surface tension gt the material, Hhich is a function of the
material itself, and which may be affected by the temperature of
the material as it .impacts the target fixture 30. This may, in
turn, be affected by the.temperature of the target fixture 30 and
by the ambient temberature within the chanber 42, which may affect
the rate at which the. bump material coalesces on exposed reglions of
the substrate. Thus, it will be apparent that some experimentation
may be necessary to control the precise bump thickness; however,
once the parameters for a particular process are established, the
process can be repeated with consistently uniform results.-

_ After the material from which the bumps are formed has been
deposited on the mask 12_and exposed regions 17 .0f the substrate
13, the mask 12 and substrate 13 may be removed from the jig 25,

_and the mask 12 separated from the substrate 13. This will leave
the bumps 73 on the substrate 13, as shown in Figure 2, in the
desired pattern. Moreover, by shaping the apertures 15 in the_mask
12, the resulting sidewall cross-sectional shape of the resulting
bumps 73 ¢an be made to any desired pattern. In the embodiment
shovwn, for example, the bumps 73 have a circular cross-sectional
shape, resnlfing in cylindrically shaped bumps. Other bump shnpes,
such as cubic, elliptical, or other shape, can easily be achieved
‘by appropriate modification of the mask apertures.

In order to facilitate the ‘removal of the mask 12 from the
substrate 13, it is apparent that preferably the deposited bump
material be discqntinuous at the mask surface and the exposed

_ substrate. regions. Thus, as shown in Figure 4, the thickness, t, of
the mask 12 is preferably at least as thick as the thickness of the

4 L2



30 apparatus includes a mask that is of thickness at Ieast een';é{;ﬁ&das
"the height of the bunps to be forned on the substrate'rha T

renovabl y positionable adjacent the substrate to from a V‘%\“‘% W t'h
the substrate. The nmask, which may be, for exanple, abo

has - :apertures p05|t|oned to expose regions of the substrate at which bunps
are'to be fornmed when the mask is 5 placed in registration with the

substrate, The mask may be of any appro@iate material for the particul ar
process being perforned, for exanple, paper, which can be dissolved to

recover any over sprayed material, netal with a non-stick coating, which
all ows the

- _ PATENT APPLICATION
deposited material 74, and therefore of the height, of the bumps
' 73. In other words, the thickness of the material 74 that is
deposited should be controlled as herein described to be equal to
or less than the ‘thickness, t, of the mask 12. m.t:houqh in some
"applications in which the integrity of the bumps may not be an
important factor, or in which the deposited material may be easily
broken or separated, the mask thi.ckt_xess may be less than the
desired bump thickness, by providing a mask thicknés.s- greater than
the final bump thickness, the quality of the bumps remaining after
the mask has been removed can be assured.

Since the method described results in over spray of the bump
material onto the surface of the mask 12, it may be desirable to
recover the over sprayed material, depending upon the:deposited

material. For example if the bump material is a precious metal such

as gold or platinum, such over spray recovery would be highly

desirable. This consideration can be addressed in the selection of
the material of which mask is constituted. For example, if the mask
_were to be of paper or cardboard, if _'t:he particular a.p'plicathn
would permit such selection, after use the paper or caxdboard might
be dissolved to récover the over sprayed bump material. Other

materials also may be dissolved by solvents that selectively attack
the particular mask ma.terial,

but not the over sprayed bump
material,

On the other hand, in some applications, the bunp material may
be of such character that it can easily be physically peeled ox
mechanically removed ftom the mask. If desired, a non-stick coating
may be applied to the mask to facilitate such mechanical removal of
the over sprayed bump material. As a result of the ability to
recover the ovet sprayed material,

it can be seen that waste
treatment costs can be minimized.



over. sprayed material to be renoved, or other suitable materi al. 10
A plasma generator generates a plasma of a gas at

for exanple, of about [err], and directs the plasnaThis$n I-nsletﬁmaéi,llaudon
path. An apparatus, such as a jig or the like, is pr ('

i tioning
the mask and substrate in the deposition path, an i,'mt
provided for introducing a 15 substance into the plasna. st ance
may be a powder or pellets of a material ?w ng a grain size of between
about 5 and 100 microns. The substance is*fransformed by the plasma into a
deposition material, which is carried by the plasra.along the deposition

path to inpact and dep03|t upon the mask and the exposed 20 regi ons of
the substrate. The deposition nmaterial nay be the subst

liquid form for instanee, if the gas that of which the%‘?@%%ﬁég& ed

is inert, such agngsgopt é&W BP¥een that a novel method and apparatus have

been presented for ‘forming bumps of various shapes and materials

onto a substrate, without involving high vacuum, aggressive

. chemicals, or long cycle times, At the same time, the method
produces uniform and repeatable results. _

Although the invention has been described and illustrated with

a certain degree of particularity, it is understood that the

present disclosure has been made only by way of example, and that

numerous changes in the combination and atrgxigement of parts can be

resorted to by those skilled in the art without departing from the
spi:..jit:- and scope of .the invention; as hereinafter claimed.



not conbine with the substance. On the other hand, € i al

may be a transfornmed form of the substance if the gasrhisSheZﬁ{asBeéﬂ'R%plicQ&t may
conbine with the substance.

The substance may, for ex
el-ectrical conductor, for instance, selected fromthe mnr HHI si ng
silver, copper, gold, alumnum zinc, platinum:  pal ol der,
. such as an appropriate tin-lead solder. 30

I'n order to produce
uni form deposition of the materi al onto the mask and substrate, an
apparatus may be provided for producing 15 _7- relative novement between
the fixture and the deposition path. For

PATENT APPLICATION

y. Ch3EIMS

1. A method for forming bumps in a pattern on a substrate,
conprising:

locating a .mask over sald substrate, said mask having a

pattern of openings to expose locations on said substrate at which
are desired to be formed;

generating a plasma;

-introducing a powder of a materi.al for forming said humps into

. said plasma, wherein said material is transformed by sas.d plasma
into a iiquid state;

allowing the transformed material in said plasma to be

deposited on.said mask and said-ekposed locations on said substrate

and. to coalesce .on said exposed locations on said substrate to form
said bumps;

and rewmoving said msk.

. 2. A method for depositing bumps en a substrate, comprising:

- aligning a mask with respect to said substrate to align
apertures in said mask to expose regions of said substrate on which
bunps are to be formed;

fixing said mask on said substrat:e to form a target fixture;
directing a plasma of a gas toward said target fixture; .
introducing a substance ‘into &said plasma, said plasma
transforning said substance into a material ‘to be deposited;
moving said target fixture and said plasma relative to each
other, vwherein said material is sprayed over a region of said mask
and onto said exposed regions of said substrate; _
. and removing said mask from said substrate to leave said

material remaining that was deposited on said exposed regions of
said substrate to form said humps.

[ ———
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exanpl e, one such apparatus may be an -apparatus for rotating the fixturer

Anot her such apparatus may al so produce |inear novenent betvveen th gure
and the deposition path, alone, or in5 conbi nat i on Thist

produci ng apparatus. BRI EF DESCRI PTI ON OF ‘THE DRAWNGS T ‘ m}%ﬂ% ﬁ‘
illustrated in the acconpanying draw ng, in which: Fl GU

perspective view of a nmask aligned 10 Wi th a substrate to be held by a
jig as a target fixture, the mask having Hpertures to define and expose the
regi ons of the substrate at which bunps are to be forned, in accordance
with a preferred enmbodi ment of the invention. FIGURE 2 is a perspective

view of the substrate of FIGURE 1 L5 . after bunps have been forned, and
after the mask has been renoved, L PATENT APPLICATION

ded

3. The method of claim 2 wherein said substance is particles of a
conductor in a solid phase and sald material is said conductor in
a liquid phase, and wherein said conductor in a liquid phase

restores to a solid phase after it has been deposited on said mask
and said regions of said substrate.

4. The method of claim 2 further -comprising controlling said

material sprayed onto said mask to a deposit thickness less than a
thickness wsg‘ said mask.

S. The method of claim 4 further comprising controlling a feed rate
of introduction of said substance into said plasma to control a
thickness ‘of said material that is’ depcsited onto sa:l.d mask and
sald regions of said substrate.-

6. The method of claim 2 wherein said step of moving said target
fixture and said plasma relative to each other is performed by

controlling a rate of relative rotational movement between said
" target fixture and said plasma.

7. The method of claim 6 further cémpgi;ing poving said plasma
relative to said target fixture also along a linear path.

8. The methiod of claim 2 further comprising removing said deposited
naterial from said mask after ‘said mask has been r:emoved from said
substrate, and reusing said mask.

9. The method of claim 2 further comprising recovering said

deposited material from said mask after said mask has been xémoved.
from. said substrate, |

AR



I n accordance with a preferred enbodi ment of the |nvent|on
side el evational view, schematically show ng the rel

|onsh|p of and
substrate.fixture formed of the conponents of FI GURE 1'rmstS¢h
pl asma gun and substance 20 injector, 1in accor danc “\ erred

enbodi mrent of the invention. And FI GURE 4 is a sidé eI
cross-sectional view of the mask and substrate, show ng buhp form ng
mat eri al deposited.thereon, illustratingithe depth of material forned in
mask 25 apertures on the substrate, in accordance with a pref erred
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Wth reference first to Fi gure 1, an expl oded perspective view
of a mask 12 aligned with a substrate 13 is shown. A plEATE gggucmmu_
10. The method of claim 9 wherein said step of recovering said

deposited material cowprises dissolving said mask,

11. The method of claim 2 further comprising providing shaped

apertures in said mask, said shaped apertures forming a desired
sidewall shape to said bumps. '

L ]

12. The method of claim 2 wherein said step of fix.ing said mask on

"said substrate to form a target fixture comprises mounting said
mask and said substrate in a jig.

13. The méthod of claim 2 wherein said substance is substantially

the same substance in a different phase aftér being transformed by
said plasma.

14. The method of claim 2 ﬁherein said substanc_e at least partially
combines with the gas of said plasma.

15. The method of claim 2 wherein said substance is a conductor.

16. The method of claim 15 wherein said qonductor is selected from

the group consisting essentially of silver, copper, gold, aluminum,
zinc, platinum, palladium, and solder.

17.

The method of claim 2 wherein said substance is a -
semiconductor.
18. The method of claim 2 wherein sald substrate is a
semiconductor.

* [ L M S *



30  bunps are to be formed on the substrate 13; accordingly,
has a.plurality of apertures 15 to expose the regions 17 Gf t-h

substrate 13 at which bunps are to be forned when the ﬁ

t he nask 12

¢ 115

adjacent the substrate 13. The particul ar aperture patte

Eced
ur e

1 has been arbitrarily chosen; however, it will be apprec B Ei?
.sui tabl e aperture pattern can be enployed 5 As
apparent, and as discussed bel ow, the nagkg 12 nay be of any approprlate
material, depending upon the particul ar application in which the systemis
enpl oyed. For exanple, in sone applications, -the mask 12 nay be paper or
cardboard, in other. :

- PATENT APPLICATION
*19. The method of claim 2 wherein said step of introducing a
substance into said plasma is stopped before a continuous layer of

deposited material is' formed between sajid mask and said exposed
regions of sald substrate.

20. Apparatus for depositing bumps on a substrate, comprisinqi

a mask, said mask being of ‘thickness at least as large as a
height of said bumps to be formed on said substrate and being
removably positionable adjacent said substrate to form a fixture
with said substrate, said mask having apertures positiohed to
expose regions of said substrate at which bumps are to be formed
when said mask is placed in registration with said substrate:

a gas; -t

a plasma qenerator that generates a plasma o: said gas and
directs said plasma along a deposition path;

apparatus for positioning sald mask and substrate in said
deposition path; .

-and apparatus for introducing a substance into said plasma,
said substance betng transformed by said plasma into a deposition
material and carried by said plasma along said deposition.path to

1mpact and deposit upon said mask and said exposed regions of said
substrate.

21. The apparatus of claim 20 wherein said mask is about 44 mils
thick.

22. The apparatus of claim 20 wherein said mask is paper.

23. The apparatus of claiim 20 further comprising a non-stick coat

‘on said mask to enable any material deposited on said mask toé be
removed.

JIHTT AL



appl.ications, netal, plastic, or other appropriate material can be 10
used. The substrate 13 al so may be of any appropriate mat al or form
such as sem conductor chips or wafers, glass substrates, tab Iea
printed circuit boards, or other desiréd material. As vviII

the invention is particularly advantageously 25

en

enpl oyed ’Qsdl
with the formation of bunps on a sem conductor substr lr
contai ns other sem conductor features 2019since there is no nee

cases for elevating the tenperature of the substrate 13 on which the burrps
are to be forned. Thus, the rjsk of damage to any features, integrated 20

circuits, or other structures that may have been forned on the substrate 13
in previous processes or steps is reduced. To assi st

: [ i's t he’
desired position of the mask on &Trﬁ%% Eﬁ&ﬂ:mm

24, The apparatus of claim 20 wherein said gas comprises argon.

25. The apparatus of claim 20 wherein said plasma has a temperature
of about 7000°K.

26. The apparatus of claim 20 vherein said substance is a

conducto:.

27. _'rhe apparatus of cl;im 26 wvherein said conductor comprises
gold. ' '

28. The apparatus of claim 26 wherein said conductor is.selected
from the group consisting essentially of silver, copper, gold,
aluminum, zinc, platinum, palladium, and solder.

29. The apparatus of- claim 20 further cgmprising apparatus .for

_producing relative movement between said fixture and said
; deposition path.

30. The apparatus of claim 29 wherein sajd apparatus for prodﬁcing
relative movement comprises. apparatus for rotating said fixture.

31. The apparatus of clainm 29 wherein sald epparatus for producing

relative movement further comprises apparatus for producing linear
wovement between ,sai.d fixture and galid deposi.t:ion path.

32. The apparatus of él.ai.m 30 wherein said appar:at:us for producing
]

relative movement further comprises appa'ra.tué for p:dﬁuc:lng linear |
movement between said f£ixture and said deposition path.

e
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the_substrate, a nunber of alignnent or registration marks 22 and 22' nay

the mask 12 and substrate 13 are properly registered, t h&ﬁﬁmﬁﬁmﬁ hmﬁd
inajig 25 or similar device to maintain their relatlve

rel ationship to assure that the bunps that wll be subse are
properly |l ocated on the substrate 13. (It shoul d be. note ace of
the registration marks 22 and 30 22', t jig 25 may have |ts omm

| ocating or indexing pins or features, not shown, to be received in
correspondi ng holes, not This is the replacenent sheet Date: 1 3 MAR 1997

R PATENT APPLICATION
33. The apparatus of claim 20 wherein said substance comprises
pellets in a solid state of a material to°‘be deposited.

34. The apparatus of claim 33 whereia said plasma transforms said

pellets to a molten state and propels said molten state pellets
along said deposition'path.

3s. The apparatus of claim 33 wherein sald pellets have a grain
- size of between about 5 and 100 microns.

36. The apparatus of claim 20 wherein said deposition material is

‘discontinuous between said mask deposit and said deposit in said
exposed regions of said substrate,

[
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-9- shown, on the mask to facilitate the proper alignnment of the mask and
theé substrate.) The registered mask 12 and substr N e jig 25 form

a target fixture 30 onto which material from which {fjgsHestMasBash Répldoest f or med

is-thrown or applied, as next described. 5 T _ ' s then
pl aced into a plasma reactor 40, which is shown sche:@mﬂ H|si de
cross-sectional view of Figure 3. The reactor 40 has er t hat
contains a plasma gun 45, |ocated opposiztg.re] the target fixture 30. In the
enbodi rent shown, the plasma gun 45 has

anode 46 sur%l%l%gﬁ&%@ cat hode
47 with an 10y BN Agr AePaARREUS560He FORMENE hBYMBEt QR R & annul ar

chanber 50 has an opening 54 oriented toward the target 30. Vol tages for

the anode 46 and cathode 47 are supplied by a power syaENTSAPPEICRITONCI ent
voltage to produce a plasma 57 of the gas that is introduced into

ABSTRACT OF THE DISCLOSURE .

A method and apparatus for forming bumps (73) on a substrate
(13) 4s presented. The method includes logating a mask (12) over
the substrate (13). The mask (12) has openings (15) to expose the
substrate (13) at a locations (17) desired for forming the bumps
(73). A plasma (57) is generated, and pellets or grains-(69) a
material for forming the bumps (73) is introduced into the ‘plasma
.{57) to be transformed by the plaswa (57) into Iiquid or molten
droplets (64), which are thrown or deposited on the mask (12) and
the exposed regions (17) of the substrate (13). The molten droplets
(64) are allowed to coalesce on the substrate (13) to form the,
bumps (73). The mask is then remdved. The mask can be of any
'appropr.iate material, which may be selected to'enablg rgcovery of
any over sprayed bump material. '

Figure 1, 2 and 3



t he plasma gun 45, as next described. 15 The gas 58 from a gas
supply 59 is introduced through a tube 60 into the annul ar chanber 50
bet ween the anode 46 and cat hode 47 of the plasm guﬂﬂZE“ﬁTﬁranrf%}+é;
conducted through the chanber 50 and exits under pres g heETHIE BE R e zgg&zn ng
54 in the direction of the target fixture 30 along a d

descri bed 20. above, the gas 58 is excited by the el w&n Iﬁ

t he anode 46 and cathode 47 to produces the plasna 57 fromt

The gas 58 may be any appropriate gag Ehat wi |l produce a plasna and\MII
interact with the substance to be traﬁsforned by the plasma 57 into a
material for deposition onto the substrate t
For exanple, if the gas is desired to be
substance for bunp formation, argon or
other hand, if the gas is to rfact g

tvveen

25 formthe desired bunps.
it h respect to the
\\ v



wi th the substance, for exanple, to forma sem conductor conpound, silane,
hydrogen, or other similar gas may be used. The tenperatture—=30 of the

gas plasma 57 nay be, for instance, about [err]. - 10ppis- SERYWABaen Replaced
peflets, or grains of the substance material froma bunp : y 66
to be deposited are introduced into the chanber 42 thr.ougmHﬂDmammm\n
t he enbodi nent illustrated, the substance that is introdu - I'Tets or

grains 69 in a solid 5 phase, which agggtransformed by the plasna 57 to
droplets 64 in a nolten or liquid phase. However, as noted above, although

the bunps are deposited in a nolten or liquid state, the substrate onto
whi ch '
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t he ,bunps are forned need not be heated. Thus, the risks of heat danage to
ot her substrate structures is not significantly increased 10 t hrough the
use, of the process of the invention. It-will be appreci

feed .rate or rate of introduction of the bunp matemhakpd.
57 is directly proportional to the thickness of the depjm

the mask 12 and exposed regions 17 of the substrate 13.
with the other factors discussed hereirhl he rate of in '

bump material fromthe supply 66 can be ‘adjusted to control the thickness
of the bunps that are forned or deposited. The particular material of the
subst ance supplied into the plasma 57 is dependent upon the final bunp

mat eri al desired. The 20 material may be, for exanple, a conductor, such
as a conductor selected fromthe group consisting essentially of silver,

' FIG. 4 3
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gold, alwm num zinc, platinum palladium and solfder
appropriate tin-lead solder. Alternatively, the i
that will conbine with the gas of the plasma to f
or other desired bunp material. The material to b
carried by the pressure of the gas and pl asme eafi

\F;: Zsrﬁbgu2342ndc?ﬂzeq;§tﬁ|ﬂ({: esixtx“ge |vereggb)9’1@@r Eﬁﬁi&; ﬁaAmz‘ggu? %em?lf%hat
eRECEI

30 t he direct iBAEXERO wi thin it W]
controlled by the.dFrEgm |ourn'rmf IIMVEN'mmsrra 57. More particularTy, T :
11- This invention relates to improvements in electronic component
manufacturing processes, and more particularly to improvements in
5 methods for forming bumps on substrates, such as lead frames,

circuit boards, semiconductor chips, glass substrates, or the .like.
2. RELEVANT BACKGROUND
In the manufacture of many types of devices, it is often
desirable to form relatively thick bumps or protuberances at
Lo predetermined locations on a substrate, usually to provide
structures to which electrical connections can be made. For
example, in the construction of semiconductor devices, often
microminiature integrated circuits are formed on a chip or wafer of
semiconductor material. In order to enable electrical contacts to
.5 be made to various regions on the chip, and more specifically, to
various components of integrated.circuit constructed in the chip,
bumps often are formed to which wires or other largef sized
‘structures can be connected. o
Thus, to manufacture certain types of semiconductor devices,
20 it is necessary or advantageous to have thick spatially well
dsfixied and physically consistent bumps or thick deposits of
different materials, such as silver or gold, deposited in specific
areas of.a- substrate, such as a lead frame or a semiconductor
silicon chip. In the past, this has been done by electroplating‘,'
'S sputter deposition, chemical vapor deposition, etching or other
such chemical technique. Recently bumps have been formed on a
substrate by setting down a gold ball and physically deforming it
with an anvil. Other techniques have been used, as well. These
procedures are generally 'techn.ically involved and may involve use
i0 of vacuum technology, aggressive chemicals, long cycle times,.

This is the replacement sheet
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w || be appreciated that as soon as the particles delivered through the
tube,.67 are- injected into the plasma 57, they nelt, formng droplets 64 of
nmol ten material, which are hurled by the pressure of the gas exiting the
openi ng 54 of the pl asma gun 45 onto the target 5 fixture 30.
Consequently, the gas should be introduced under sufficient pressure to

ropel the transforned materlal al on t he deposition h 62 to i act t he
!toar ISet fixture 3QS RS THE FBPLAL §ToF m[eﬁé p’F%ﬁ’elpFBﬁe%F%FP% Wy 3PR ’fs'ijﬁ:éted

target 30 may be @wekimmtor in-controlli ng t he thickness of the bunps that
are deposited, the 10 g t88dl68 Y beneA 9,? %Héﬁcﬁ:@té@ m%.dzesiuto%{vgg Ve,

nodi fy the burrp tH‘ckness Since a nu ot her ctors also affect t

bunp deposition t Ekﬂ’é%‘%e,SSSBFref%‘%‘béglmﬁattPoﬂn BlerlcicadarontartFetrvie
t he opti num d&si r edtadd shed smyrise fused pant sand appbicgtivaser fod xample, in the

conjunction with phg, et FE1Q15r AQSST T HEIREL O, structures may be formed
on glass substrates to which electrical contact is needed. Many
other applications also exist in which the formation of bumps on a
substrate exist. )

10 Thus, what is needed is a method and apparatus for rapidly,
repeatable, and uniformly forming thick layers on substrates.
SUMMARY QOF THE INVENTION .

In light of the above, it is, therefore, an object of the
invention to provide an improved method for forming bumps on a

15 substrate.

" It is another object of the invention to provide an improved
method of the type described that can produce well defined and
_ shaped bumps on a substrate. _

It is yet another object of the invention to provide an

20 improved method of the type described that enables bump location
tolerances to be improved over existing.technologies.

It is another object of the invention to provide an improved
method of the type described in which a number of bumps can be
deposited rapidly and with a high degree Jf uniformity.

25 It is another object of the invention to provide an improved
method of the type described in which bumps of predetermined shape
can be deposxted.

It is another object of the lnvention to provide an improved
method of the type described in which over sprayed bump forming

30 material can be recovered.

This is the raplacement shest
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15 <¢ To facilitate a uniformcoating of the bunp material over the
mask:-12 and exposed regions 17 of the substrate 13, the target fixture 30
may be noved relative to the deposition path 62. To provide such relative
novenent, a notor or simlar apparatus 66 nay be provided to rotate the jig
25 along a rotational path 70, 20 @ whereby the droplets 64 can be sprayed
uniformy around the target fixture 30. Additionally, the apparatus 66 can
provi de |inear novenent along path 71, so tht the droplets coat the nask
12 and - exposed regions 17 of the substrate 13 In a radial direction of t he

I i X]E ure 30. | ]E can beg Sﬁe%nébﬁ%r 'oBJ@Qﬁi'éﬂ @fet ﬁxﬂn‘%\ibﬂf{ﬂg ptrbe%é’? an Lﬂ%}dtv'eh%’
13, the | nvent | IFCHPE P EISI E0% HesgaHhetefo SPArBnElD WUCERF IPoroPrstsral y

performed. It Wbmpbecaqapbecmmceéelhaand fmﬁdatahlﬁewmoﬂh@adelp!nsﬂ-ﬂ-wical

properties of the bump, such as ductility and elo_ngation are more

S controllable than previous methods, and physical characteristics of

deposited material can be made consistent bump to bump and within

. a bump.

It is another object of the invention to provide an improved

method of the type described in which bumps can bée deposited in a

10 molten or liquid state, without also requiring that the substrate

on which the bumps are formed be hegted, thereby reducing risks of

heat damage to other substrate structures. °
It is another object of the invention to,provide an improved

method of the type described in which bump deposﬂ:ion can be
15 performed at relatii_.vel_y rapid rates.
It is another ot‘af-’j"-'éét of the invention to provide an improved
- method of the"':type dés:&:ribed in which the shapes of the deposited
bumps can be reproduc:.hly controlled by mask shapes.
' It is another object of the invention to provide an improved
20 method of the type described in which deposited bumps can be made
of many Qaried plasma sprayable materials.

It is ‘another object of the invention to provide an improved
method of the type described in which the process can be applied to
various types of substrates, such as tab lead frames, silicon

25 chips, glass substrates, circuit boards, ball grid arrays, or the

like. _ .
' It is another object of the invention to provide an improved

method of the type desgrib'ed in which waste treatment costs can be
minimized.

30 ' These and other objects, features and advantages of the

' invention will be apparent to those skilled in the art from the

This is the replacement shest
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material:- |l vary inversely with the relative velocity between the 30
fixture 30 and the deposition path. Thus, together with the other factors
di scussed herein, the relative velocity can be adjusted to - 12 -
control the thlckness of the bunps deposited. O her factors that may af fect -
the thickness of the naterial deposited, and uIt| mately the thickness of

the bumps forred @0 bIEUSAALE ddac e g otfh%ﬁghxabgah&hanm%he@ okl 05

of the materi al eposi e surface tension o
material, which @nauﬂ%m Hht%fthﬁhéc?%tpéﬂngldcr%%‘ls a7 aRPeAdednGlains .
affected by the tenpepeddraingf té he brldr aspedts dff thepanventioe,t ar gethod for

fixture 30. This Mimﬁ Ny bump on a substrate is presented. The method includes
5 locating over the substrate a mask having one or more openings to
expose the substrate at a location desired for forming the bump. A
plasma is generated, and a material for forming the bump is
introduced into the plasma. The substrate is expos"ed to the plasma
through the.openings in the mask, and the powder in the plasma is

10 allowed to coalesce in the opening to form the bump. The mask is
then removed. '
According to another broad aspect of the invention, a method

for depositing bumps.on a substrate, which may be a semiconductor,
glass, lead frame, printed circuit board, or other suitable

15 material, is presentéd. The method includes aligning a mask with
respect to the substrate to bring apertures in the mask ‘into
alignment with exposed regions'of the substra,te on which bumps are

to be formed. The mask is attached or affixed by a jig or other

' means to the substrate to form a target fixture, and a plasma of a

20 gas is directed toward the target <fixture. A substance is
introduced into the plasma, which transforms the substance into a
material to be deposited. The substarice may be, for example,
particles of a conductor in a solid phase, and the transformed
material may be the conductor in a liquid phase. In one embodiment,

25 the substance is substantially the same substance in a different
phase after being transformed by the plasma, and in another
embodiment, the substance at least partially combines with the gas

of the plasma to form a different material for depgsit. The
substance may be, for example, a conductor,  selected, for instance

30 from the group comprising silver, copper, gold, alumirium, zinc,
platinum, palladium, and solder, such as tin-lead solder.
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turn, be.affected by the tenperature of the target fixture 30 and by the
anbi,ent tenperature within the chanber 42, which nay affect the rate at
whi ch the bunp nmaterial coal esces on exposed regions of the substrate.
Thus, it will be apparent that sonme experinentation nay be necessary to
control the precise bunp thickness; however,3once the paraneters for a

particul ar procesgs . are established the process ca d
consi stently uni FONTFPREIHS Y, We é?’bf{:aé‘q%ﬁfé?s%ﬁ % rg%% mﬁBg@%:ﬁ w::tually
f ormed has been deposithed watarielntisdc Lanahe exmamwédm@ewlewq h‘@tO a

substrate 13, theydm@skq ngoml;@tﬁlgé@rljﬁ may be rermved fromthe jig 25,
and the mask 12 separated fromthe subst

Ex ])r r \étwe lea\{fre?atpvengo
73 on the substrate 139 af?rgﬁBV\ﬁ"ﬁtHr?lﬁli’ré 9,pP af‘Fth% USSP TR FoFR
Mor eover, bySshapiach dtiermper thateshéSmatertind hmsipraged toverr tseimaiskgand onto

si dewal | cross- SQﬁ'xtei QQQJJS&P%%J’.Q&S tg'p éhgsghﬁgiﬂte. The conductor in a liquid
-phase then coalesces or becomes restored to a solid phase after it
has been deposited on the mask and the exposed regions of the
substrate. Finally, the mask is removed from the substrate to leave
10 the restored material remaining to form the desired bumps.

In one embodiment, the material sprayed onto the mask is
contr..'olled to a deposit thickness less than a thickness of the
mask. One wdy by which the thickness of the material s_;:rayed can be
controlled is by controlling a feed rate of introduction of the

15 substance into the plasma. Another way is to move the target
fixture and the plasma relative to each other by controlling a rate
of relative rotational or 1linear movement between the target
fixture and the plasma.

' Once the mask has been removed, the over spray material can be

20 recoveréd by removing the deposited material from the mask in one
embodiment, allowing the mask to be reused. The mask may be coated
with a non-stick substance, if desired,. to facilitate the over

" spray removal. In another embodiment, the mask may be dissolved to
recover the remaining over spray material.

25 One of the advantages of the method of the invention is that
by providing shaped apertures in the mask, bumps having similar
predetermined desired sidewall shapes can be formed.

According to another broad aspect of the invention, an
apparatus for depositing bumps on a substrate is presented. The

30 apparatus includes a mask that is of thickness at least as large as
the height of the bumps to be formed on the substrate, and that is
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bunps 7¥3 .can be nade to any desired pattern. In the enbodi nent shown, for
exanpl e, the bunps 73 have a circul ar cross-sectional shape, resulting in
cylindrically shaped bunps. O her bunp shapes, 25 - such as cubic,
elliptical, or other shape, can easily be achieved by appropriate

nodi fication of the mask apertures. In order éte facilitate the reanaI of
the mask 12 fromthe substrate 13, it is apparent that preferably th

deposi ted bunp naF%WQ?ﬂblwePéﬁsﬁkﬂﬂﬁbhﬁo@%l%ﬁ?nﬁhéhﬁa§Rb§ﬁHQ§§cé°aﬁJ°Fhé target

exposed 30 subgifiire WEEh Oftfe shbsSratas ShHOWMRask) Which enad, behefdhiexdanpses,

f ’ 1gf _t he mask 12a1|3c35utp5$ frr%.rl%b‘:l)ficqct, aesa%%er uz:ters]I Sos&%.ohgs Er.h e%ggé Srégmhgeof
the substrate at which bumps are to be formed when the mask is

5 placed in registration with the substrate. The mask may be of any
appropriate material for the particular process being performed,
for example, paper, which can be dissolved to recover any over
sprayed material, metal with a non-stick coating, which allows the
over sprayed material to be removed, or other suitable material.

10 A plasma generator generates a plasma of a gas at a
temperature, for example, of about 7000°K., and directs the plasma
along a deposition path. An apparatus, such as a jig or the like,
is provided for positioning the mask and substrate in the
deposition path, and .an apparatus is provided for introducing a

15 substance into the plasma. The substance may be a powder or pellets
of a material having a grain size of between about 5 and 100
microns. The substance is transformed by the plasma into a
deposition material, which is carried by the plasma along the

. deposition path to impact and deposit upon the mask and the exposed

20 regions of the substrate. The deposition material may be the
substance in molten or liquid form, for instance, if the gas that
of which the plasma is generéted is inert, such as argon, and does
not combine with the subétance. On the other hand, the deposition
material may be a transformed form of the substance if tbe gas is

25 one that may combine with the substance. The substance may, for
example, be an electrical conductor, for instance, selected from
the gqroup comprising silver, copper, gold, aluminum, zinc,
platinum, palladium, and solder, such as an appropriate tin-lead
solder.

30 In order to produce uniform deposition of the material onto
the mask and substrate, an apparatus may be provided for producing
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deposi tted material 74, and therefore of the height, of the bunps 73. In
ot her- words, the thickness of the material 74 that is deposited should be
controlled as herein described to be equal to or |ess than the thickness,
t, of the mask 12. Although in some 5 = applications in which the
integrity of the bunps may not be an inportant. factor, or in which the.
deposited material nmay be easily broken or separated, the mask .thickness

may be | ess t hanTelRrFiyesroesgent rﬁ?tf‘ﬁ?fb khesEixtarenand i thiengeRCHaddrn: P then £Q8
greater than theekamsie,bdfap $ildiclappasatushaaguBbe idry apbataiusd fnes rotating rhe

Fesul ts in over SuFogt et APRENEL SueH, fip RSy UIGCpEPRF HIARRL SREIGRD

results in over Spray : ace 0
it may be desi raBFEW?@rébévefrlxﬁ'-ﬁée ogad sté!eayé%P‘?Pd-ttéPFaIPatHepeﬂ(ﬂnﬁg Wonin

the depositesl matembiatibRrwinaRé erdthtibe grodaciRG eippakat®s.a preci ous
metal such BRIEF DESCRIPTION OF THE DRAWINGS
The invention is illustrated in the accompanying drawing, in
which: S '
FIGURE 1 is an exploded perspectivé view of a mask aligned
Lo with a substrate to be held by a jig as a target fixture, the mask
having apertures to define and expose the regions of the substrate
at which bumps are to be formed, in accordance with a preferred -
embodiment of the invention. s
FIGURE 2 is a perspective view of the substrate of FIGURE 1
LS atter bumps have been formed, and after the mask has been reﬁoved,
in accordance with a preferred embodiment of the invention.

FIGURE 3 is a side elevational view, schematically showing the
relationship of a mask and substrate fixture formed of the
'components of FIGURE 1, together with a plasma gun and substance

20 injector, in accordance with a preferred embodiment of the
invention. ' _

And FIGURE 4 is a side elevational cross-sectional view of the
mask and substrate, showing bump forming material deposited
thereon, illustrafing the depth of material formed in mask

25 . apertures on the substrate,. in accordance with a preferred
. embodiment of the invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference first to Figure 1, an exploded perspective view

of a mask 12 aligned with a substrate 13 is shown. A plurality of
30 bumps are to be formed on the sﬁbstrate 13; accordingly, the mask
12 has a plurality of apertures 15 to expose the regions 17 of the
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5 as .gold or platinum such over spray recovery would be highly
desi.r-abl e. This consideration can be addressed in the selection of the
material of which mask is constituted. For exanple, if the nask were to be
of paper or cardboard, if the particular application -would permt such

sel ection, after use the paper or cardboard mgight 20 - be dissolved to
recover the over sprayed bunp nmaterial. Other materials al so may be

di ssol ved by sol sebstrateaf3sat edtichebynpst raekte the farved when Fheknaskt &2 48

but not the over psptay adi e FRE esidlerafd e 1R N rtheiilar iape$OEFe pattern
appl i cations, the bunp e

easily be physi c&f9%} bEQF JEC’SIEIS?J‘ rpggﬁlﬁ‘%?‘céfk?’ﬁ:rﬁgﬁﬁig‘%’%%gamr}?%e?%rﬁﬁts E&t Iw;‘ih Be'
desired, a non-stpPpfecietieddnthataynpeswEppbledpegtihe prskrn ccanabe| énpdicgeduch
nmechani cal rgnoval ofpgt h?lp\'ff'ercoﬁgra?ﬁb%(éepﬁ’,mn@akg_r&ﬁcus@@dEberl%ﬁwEhé)fmakiaelz
ability to ' may be of any appropriate material, depending upon the particular
application in which the system is- employed. For example, in sdme
applications, the mask 12 may be paper or cardboard, in other
applications, metal, plastic, or other appropriate material can be
.0 used. '

The substrate 13 also may be of any appropriate ma_te;ial or
form, such as semiconductor chips or wafers, glass substrates, tab
lead frames, printed circuit boards, or other desired material. As
will become apparent, the invention is particularly advantageously

.5 employed in conjunction with the formation of bumps on a
semiconductor substrate that contains other semiconductor features
20, since there is no need in most Cases for elevating the
temperature of the substrate 13 on which the bumps are to be
formed. Thus, the risk of damage to any features, integrated

20 circuits, or other structures that may have been formed on the
substrate 13 in previous prbcesses or steps is reduced.

To assist in registering the desired position of the mask on
the substrate, a number of alignment or registration marks 22 and
22" may be formed respéctively on the mask 12 and substrate 13, as

25 shown. Once the mask 12 and subétrate ‘13 are properly registered,
they may be secured in a jig 25 or similar device to maintain their
relative positional relationship to assure that the bumps that will
be subsequently formed are properly located on the substrate 13.
(It should be noted that.in place of the registration marks 22 and

.30 22', the jig 25 may have its own locating or indexing pins or
features, not shown, to be received in corresponding holes, not
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recover :t-he over sprayed material, it can be seen that waste 30

treat:nent costs can be mnim zed. - 14 - Thus, it can be seen that a
novel method and apparatus have been presented for form ng bunps of various
shapes and materials onto a substrate, w thout involving high vacuum
aggressive chenicals, or long cycle tines. Atg the sane tine,.the nethod 5
produces uni form and repeatable results. Al though the invention has been
descri bed and i | |shomnat el thiet Mask dor fatiliFege ceherPrpaey iddparenty ofj the grask

understood that thg PhESRBELfHRC) Ofid CedititeRB MAVRAE2 OdNld/ sistPdteoll3 in the

exanpl e, and-thatjig 25 form a target fixture 30 onto which material from which the
bumps will be formed is thrown or applied, as next described.

5 The fixture 30 is then placed into a plasma reactor 40, which

is shown schematically in a side cross-sectional view of Figure 3.

The reactor 40 has a chamber 42 that contains a plasma gun 45,

located opposite the target fixture 30. In the embodiment shown,

the plasma qun 45 has an anode 46 surrounding a cathode 47 with an

10 annular chamber 50 defined therebetween. The annular chamber 50 has
an opening 54 oriented toward the target 30. Voltages for the anode
46 and cathode 47 are supplied by a power supply 55 of sufficient
voltage to produce a plasma 57 of the gas that is introduced into
‘the plasma gun 45, 'as next described.

15 The gas 58 from a gas suppiy 59 is introduced through a tube
60 into the annular chamber S50 between the anode 46 and cathode 47
of the plasma gun 45. The gas 58 is conducted through the chamber
50 and exits under pressure from the opening 54 in the direction of

. the target fixture 30 along a deposition path 62. As described

20 above, the gas 58 is excited by the electric field between the
anode 46 and cathode 47 to produces the.plasma 57 from the opening
54. The gas 58 may be any appropriate gas that will produce a
plasma and will interact with the substance to be transformed by
the plasma 57 into a material for deposition onto the substrate to

25 form the desired bumps. For examble. if the gas is desired to be
inert with respect to the substance for bump formation, argon or
similar gas may be used. On the other hand, if the gas is to react
with the substance, for example, to form a semiconductor compound,
silane, hydrogen, or other similar gas may be used. The temperature

30 of the gas plasma 57 may be, for instance, about 7000°K.
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nunmer ous -changes in the conbi nation and arrangenent of parts can be 10
resorrted to by those skilled in the art without departing fromthe spirit

and scope of the invention, as hereinafter clained. -15 - CLAIMS: 1

1. A nethod for formng burrps in a pattern on a substrate, 2

conpri si ng 3 locating a mask over sdi%-substrate, said nmask
havi ng a pattern_of openings to expose | oc tlons o) sald subst r,a t
which 5 are desir e§oVeTFa PBEJrFé"G gr grains °€ r&: ®plasTa hal £k 'a

bump material supply 66 to be deposzted are lntroduced into the
chamber 42 tlirough a tube 67. In the embodiment illustrated, the
_ substance that is introduced are pellets or grains 63 in a solid
5 phase, which are transformed by the plasma 57 to droplets 64 in a
molten or liquid phase. However, as noted above, although the bumps
are deposited in a molten or liquid state, the substrate onto which
the bumps are formed need not be heated. Thus, the risks of heat
damage to other substrate structures is not significantly increased
10 through the ﬁse of the process of the invention.

It will be appreciated that the feed rate or rate of
introduction of the bump material into.the plasma 57 is directly
proportional to the thickness of the deposited mate;igl onto the
mask 12 and exposed regions 17 of the substrate 13. Thus, together

15 with the other factors discussed herein, the rate of introduction
of the bump material from the supply 66 can be adjusted to control
the thickness of the bumps that are formed or deposited.

The particular material of the substance supplied ;n;o the

'plasma 57 is dependent upon the final bump material desired. The
20 materiai may be, for example, a conductor, such as a conductor
selected from the group consisting esseﬁtially of silver, copper,
gold, aluminum, zinc, platinum, palladiﬁm, and solder, such as an
appropriate tin-lead solder. Alternatively, the material may be a
material that will combine with the gas of the plasma to form a

25 semiconductor or other desired bump material.

The material to be deposited will be carried by the pressure

of the gas and plasma leaving the opening 54 of the plasma gun 45;
'consequently; the relative pressures of the gas delivered via tube

43 and the particies delivered by the tube 47 should be such that

30 the direction of the free particles within the chamber 42 will be
controlled by the direction of the. plasma 57. More particularly, it
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7

+ introducing a powder of a material for formng said bunps into 8

sai.d-pl asma, wherein said material is transforned by said plasm 9 into

a liquid state;
plasma to be 11

10 allowing the transformed material ‘in said

deposited on said mask and sai d exposed | ocations on

said substrate 12 and to coal esce on said_exposed | ocations on said
substrate to form 13 sai d bunps; 14 - 11 3nd removing said mask. 1
2. A nethod for degdsbeiargraociaredothat a8 Eponase, theoRpriislag) dejivered through

al i gni ngkat mask wgd ﬁxﬁqapet?tai]:@ ﬁﬁgété&lbb?{tb?ttﬁetﬁlﬁxﬂ@mﬁ the @Gty E6riing
sal mas O expose _regkons I supsirate, 0 I
formed; 5 P gxﬁp)%lzgsg sa?g “f?ggf{’ 'ﬁ%gﬁﬁﬁ'sﬁ%%‘f%r \z%?éq{]g&? %rbr#) gﬂ?iﬁég ubé ol%e

fixture;

6

10

15

20

25

30

thedigae cxiibing qbpammio@ o gésth%‘ﬂéﬁﬂﬁ%apﬂ 4%aogke thexEagget,
fixture 30. Consequently, the gas should be introduced under
sufficient pressure to propel the transformed material along the
deposition path 62 to impact the target fixture 30. As the velocity
of the propelled material against the target 30 may be one factor
in controlling the thickness of the bumps that are deposited, the
gas pressure can be adjusted as needed to vary or modify the bump
thickness. Since a number of other factors also affect the bump
deposition thickness, some experimentation may be necessary to
derive the optimum desired gas pressure for par;iqular bump
materials, in conjunction with the other factors, described below.

To facilitate a uniform coating of the bump material over the
mask 12 and exposed regions 17 of the substrate 13, the target
fixture 30 may be moved relative to the deposition path 62. To
provide such relative movement, a motor or similar apparatus 66 may

"be provided to rotate the jig 25 along a rotational path 70,

whereby the droplets 64 can be sprayed uniformly around the target

fixture 30. Additionally, the apparatus 66 can provide linear

movement along path 71, so that the droplets coat the mask 12 and

.exposed regions 17 of the substrate 13 in a radial direction of the
"fixture 30. It can be seen that in addition to providing the

ability to form a uniform material coating on the exposed portions
of the substrate 13, the invention also enables the bump deposition

to be relatively rapidly performed. :
It will be appreciated that the thickness of the deposited

material will vary inversely with the relative velocity between the
fixture 30 and the deposition path. Thus, together with the other
factors discussed herein, the relative velocity can be adjusted to
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7 ***introducing a substance into said plasm, said plasma 8
transform ng said substance into a naterial to be deposited; 9

noving said target fixture and said plasma relative to each 10 ot her
wherein said nmaterial is sprayed over a region of said mask 11 and onto
sai d exposed regions of said substrate; 12 35 _ and renoving said nmask
fromsaid substrate to | eave said 13 mat eri al remai ni ng that was

deposi ted on sai §°B&Fsddrer Ehiomessf of4the bymps denesired e Qterofasipgisdthat
bunps. - 16 - mdy afféct MR ERidREsOfoChRé Matetilg] Ricpostdl,s a8 WIGRAatELY
(F:)g:lfjljg![ gf |O];1 a 2the t%?.rcl.gﬁjé:’stsogfl B)eabgn%sl (Ji.ogtrx]éaf %naglclie Ss%gtlpa%teer}b?l irlxc%.u %I gze
physical characteristics of the material that is deposited, such as
5 the surface tension of the material, which is a function of the
material itself, and.which may be affected by the temperature of
the material as it impacts the target fixture 30. This may, in
turn, be affected by the temperature of the target fixture 30 and
by the ambient temperature within the chamber 42, which may affect
.0 the rate at which the bump material coalesces on exposed regions of
the substrate. Thus, it will be apparent that some experimentation
may be necessary to control the precise bump thickness: howevef/
once the parameters for a particular process are established, the
process can be repeated with consistently uniform results.-
-5 After the material from which the bumps are formed has been
deposited on the mask 12 and exposed regions 17 of the substrate
13, the mask 12 and substrate 13 may be removed from the jig 25,
~and the mask 12 separated from the substrate 13. This will leave
the bumps 73 on the substrate 13, as shown in Figure 2, in the
20 desired pattern. Moreover, by shaping the apertures 15 in the mask
12, the resulting sidewall cross-sectional shape of the resulting
bumps 73 can be made to any desired pattern. In the embodiment
shown, for example, the bumps 73 have a circular cross-sectional
shape, resulting in cylindrically shaped bumps. Other bump shapes,
25 such as cubic, elliptical, or other shape, can easily be achieved
by appropriate modification of the mask apertures.

In order to facilitate the removal of the mask 12 from the
substrate 13, it is apparent that preferably the deposited bump
material bg discontinuous at the mask surface and the exposed

30 substrate regions. Thus, as shown in Figure 4, the thickness, t, of
 the mask 12 is preferably at least as thick as the thickness of the
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3 a.liquid phase, and wherein said conductor in a liquid phase 4
restores to a solid phase after it has been deposited on said mask 5 and
said regions of said substrate. 1 4. The method of claim2 further
conprising controlling said 2 material sprayed onto said mask to a
deposit thickness less than a 3 t hi ckness of said mask. 1 5. The

nmet hod of claim4 further conprising contrell8ng a feed rate 2 of

i ntroduction of sapasitiedshatesiailn?o, saidd theasfrret ofcthe risiights of the SkMRSS

of said material 7§hat:n' %tﬂspOéa,{]&d U0 2L dERS o ANthe! matesdhd wgtﬁléhs of

sai d substrate. clalm 2 wherei sal d%dﬁ]gg ing]o
said target 2 FP‘?&’(HES shrpldape ¢ARESRLISL A%t f‘%’ée‘t’b SERHSY ?% kit
performed by 3 orcbeds ahbhngha tidickness, a,albifvehe obagk didal Akbvaugbntin some

between saids4 LA ARG AL X{AT6 320 t7B! dnPlASHG of the bumps may not be an
important factor, or in which the deposited material may be easily
broken or separated the mask thickness may be less than the
desired bump thickness, by providing a mask thlckness greater than
the final bump thickness, the quality of the bumps remaining after

.0 the mask has been removed can be assured. .
Since the method described results in over spray of the bump
material onto the surface of the mask 12, it may be desirable to
recover the over sprayed material, depending upon the:deposited
_ material. For example if the bump material is a precious mgtal such
.5  as gold or platinum, such over spray recovery would be highly
desirable. This consideration can be addrgssed in the selection of
the material of which mask is constituted. For example, if the mask
were to be of'paper or cardboard, if the particular applicatign
'would_permit such selection, after use the paper or cardboard might
20 be dissolved to recover the over sprayed bump material. Other
materials also may be dissolved by solvents that selectively attack
the particular mask material, but not the over spraygd. bump

material. '

On the other hand; in some applications, the bump material may
25 be of such character that it can easily be physically peeled or
mechanically removed_from the mask. If desired, a non-stick coating
may be épplied to the mask to facilitate such mechanical removal of
the over sprayed bump material. As a result of the ability to
recover the over sprayed material, it can be seen that waste

30 treatment costs can be minimized.
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1 7. The nmethod of claim6 further conprising noving said plasm 2
relative to said target fixture also along a linear path. 1 8. The

met hod of claim2 further conprising renoving said deposited 2 mat eri al
fromsaid mask after said mask has been renoved fromsaid 3 substrat e,
and reusing said mask. 1 9. The nmethod of claim2 further conprising
recovering said 2 deposited material fromddard mask after said mask has
been renoved 3 f r omheai, disudat bat geen thatld novel metlod Bnd appdwatusf have

claim9 wherein sgigy S&&%eﬂéei%qv%fﬂglgs@bﬂpg of vieROEs LSAoUR! 84d Haterials

conpri ses dlssoIV|ng
o a substrate, without involving high vacuum, aggressive
chemicals, or long cycle times. At the same time, the method
5 . produces uniform and repeatable results.

Although the invention has been described and illustrated with
a certain degree of particularity, it is understood that the
present disclosure has been made only by way of example, and that
numerous changes in the combination and arrangement of parts can be
10 - resorted to by those skilled in the art without departing from the

spirit and scope of the invention, as hereinafter claimed.
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1 11. The method of claim2 further conprising providing shaped 2
apertures I n said mask, said shaped apertures formng a desired 3

sidewal | shape to said bunps. 1 12. The met hod of claim 2 wherein said
step of fixing said mask on 2 said substrate to forma target fixture
conprises nmounting said 3 mask and sai d ddbstrate in a jirg. 1 13. The
nmet.hod of claim 2 wherein said substance is substantially 2 t he sane
substance in a dilAfimsent phase after being transfornmed by 3 sai d pl asna.
1 14. The rret]hodAofme?L@d rrrgrv\/e@fnﬁn@ JRimpss Umstanpattern et 2pHIPFEFILR.2
conmbi nes with the gas o said plasma. 1 15 The net hod of claim?2
wherein sai @ qu§F§H&él?% a conductor 1 . _The net hod, claimA%g a
wher ei n sai @ conduct abcasise| @chask YRR Zsald tﬁi’é’ngB\Eﬁi it sﬁs g

essentially ,of sil\@Ln SOBPEingdOtdl expbsbnilBuations on said substrate at which

5 are desired to be formed:;

6 generating a plasma;

7 introducing a powder of a materlal for formlng said bumps into

8 said plasma, wherein said material is transformed by sa1d plasma

9 into a liquid state:

10 allowing the transformed material in said plasma to be
11 deposited on said mask and said exposed locations on said substrate
12 and to coalésce on said exposed locations on said substrate to form
13 said bumps; '

14 and removing said mask.

1 . 2. A method'for depositing bumps on a substrate, comprising:

2 aligning a mask with respect to said substrate to align

3 apertures in said mask to expose regions of said substrate on which

4 ‘bumps are to be formed; _

5 fixing said mask on said substrate ;o form a target fixture;

é directing a plasma of a gas toward said target fixture; .

7 introducing a substance ‘into said plasma, said‘ plasma

8 transforming said substance into a material to be deposited;

9 moving said target fixture and said plasma relative to each
10 other, wherein said material is sprayed over a region of said mask
11 and onto said exposed regions of said substrate:

12 ‘and removing said mask from said substrate to leave said
13 material remaining that was deposited on said exposed regions of
14 said substrate to form said bumps.
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3 zi-ne, platinum palladium and solder. 1 17. The nethod of
claim 2 wherein said substance is a 2 sem conductor. 1 18. The
method of claim 2 wherein said substrate is a 2 sem conduct or.

- 18 - 1 19. The method of claim2 wherein said step of introducing a 2
substance into said plasma is stopped beforel@ tontinuous |ayer of 3
deposited materi a. irhe fiithed SEtANVRER 3aindraRs ksl sapsthreposeshrticles of a
regions of said sub trt:a'c;[re'inla 50121%' p@é)eara%giuss.a{c?&aqug§i ti'snganJrgaﬁdQ&oq': in

substrate, cénpriSrig®

3 a liquid phase, and wherein said conductor in a liquid phase
4 restores to a solid phase after it has been deposited on said mask
5 and said regions of said substrate. '

4, The method of claim 2 further comprising controlling said

2 material sprayed onto said mask to a deposit thickness less than a

3 thickness of said mask.

1 5. The method of claim 4 further comprising controlling a feed rate

2 of introduction of said substance into said plasma to control a

3 thickness of said material that is deposited onto said mask and

4 said regions of said substrate.’

1 6. The method of claim 2 wherein said step of moving said target

2 fixture and said plasma relative to each other is performed by

3 controlling a rate of relative rotational movement between said

4  target fixture and said plasma.

1 7. The_method-of claim 6 further comprising moving said plasma

2 relativé to said target fixture also along. a linear path.

1 8. The method of claim 2 further comprising removing said deposited
material from said mask after said mask has been removed from said

3 substrate, and reusing said mask.

1 9. The method of claim 2 further comprising recovering said
deposited material from said mask after said mask has been removed

3 from said substrate.
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2 ..+ a mask, said mask being of thickness at least as large as a 3
hei ght of said bunps to be forned on said substrate and being 4

renmovabl y positionabl e adjacent said substrate to forma fixture 5 W th
said substrate, sai-d mask having apertures positioned to 6 expose
regions of said substrate at which bunps are to be fornmed 7. when said
mask is placed in registration with said subatrrate; -8 a gas; 9

a plasma gengrat ot h\?:E HERRIALSS c@..ai?xha§ NMEn&Heindisdigastep bl Gecovétt irRClsaid
said plasm osition a?]g.f#gaglgr posi tioning

|
sai d mask ang On%sePPﬁf‘ ed |’¥a§8¥’0£11§°mpr’cf§50gf'ﬁ%\”g§t and

apparatus for introducing a substance into said plasma, 14 sai d

substance bepng tlrlansxthr Rdnby sal Qla&nﬁsémfdﬂn@racéﬁﬁﬁﬁﬁnbo'@r&'ﬁqu”%bba'
and carried by said plasma al ong sai d dep03|£|on
apertures in said mask, said shaped apertures forming a desired

3 sidewall shape to said bumps.

12. The method of claim 2 wherein said step of fixing said mask on
said substrate to form a target fixture comprises mounting said

3 mask and said substrate in a jig.

1 13. The method of claim 2 wherein said substance is substantially
2 the same substance in a different phase after being transformed by
3 said plasma. '

1 14. The method of claim 2 wherein said substance at least partially

combines with the gas of said plasma.

1 15. The method of claim 2 wherein said substance is a conductor.

1 16. The method of claim 15 wherein said conductor 1s selected from
the group consisting essentially of sxlver, copper, gold, aluminum,

3 zinc, platinum, palladium, and. solder.

1 17. The method of claim 2 wherein said substance 1is a
semiconductor. ' ' '

1 18. The method of claim 2 wherein said substrate is a
semiconductor.
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16 l.npact and deposit upon said mask and sai d exposed regions of said 17

substrate. 1 21. ‘The apparatus of claim20 wherein said mask i s about 44
mls 2 thick. 1 22. The apparatus of claim20 wherein said mask is
paper. 1 23. The apparatus of claim 20 further conprising a non-stick
coat 2 on said mask to enable any material deposited on said mask to be
3 r enoved. 1.;11 1 1;1D11F11111111111£§Q;1 -19 - 1- 24. The
appar atus of 1cl aiyy.2Grnaheie@hBd S8t deDisn CONGHdreeR 3agdnstep of introducing a
2 substance into said plasma is stopped before a continuous layer of
3 deposited material is formed between said mask and said exposed
4 regions of said substrate.
1 20. Apparatus for depositing bumps on a substrate, comprising:
2 a mask, said mask being of thickness at least as large as a
3 height of said bumps to be formed on said substrate and being
4 removably positionable adjacent said substrate to form a fixture
5 with said substrate, said mask having apertures positioned to
6 expose regions of said substrate at which bumps are to be formed
7 when said mask is placed in registration with said substrate; '
8 a gas; _ ' ¢
9 a plasma generator that generates a plasma of said gas and
10 directs said plasma along a deposition path;
11 apparatus for positioning said mask and substrate in said
12 deposition path;
13 and apparatus for introducing a substance into said plasma,
14 said substance being transformed by said §1asma into a deposition
15 material and carried by said plasma along said deposition path to
16 impact and deposit upon said mask and said exposed regions of said
17 substrate. '
1 21. The apparatus of claim 20 wherein said mask is about 44 mils
thick. | )
1 22. The apparatus of claiﬁ 20 wherein said mask is paper.
1  23. The apparatué of claim 20 further comprising a non-stick coat
on said mask to enable any material deposited on said mask to be
3 removed.

- —

—_H!Illljzlllllj TR
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1 25, : The apparatus of claim 20 wherein said plasma has a tenperature 2
of .about [err]. 1 26. The apparatus .of <claim 20 wherein said

substance is a 2 conductor. 1 27. The apparatus of claim26 wherein
sai d conductor conprises 2 gold. 1 28. The apparatus of claim 26
wherein said conductor is selected 2 fromthe group consisting
essentially of silver, copper, gold, 3 al um num zinc, platinum

pal | adium .and solder. 1 29. The apparatu of cI ai m 20 furt her

conpri sing appar atus for roducin reI ef veen

fixture and® saj4f-3The ?@&F?F $ AT FARHR AP v e%‘?)m ‘Fﬁé a % rcgfn%l or SF%‘?% 29 _
wherein said apparatus for producing 2 rel ati ve novenent conprises

apparatus fop rotafi fge SRbdrdivst Y &1aim 20 wherein said plasma has a temperature
2 of about 7000°K.

26. The apparatus of claim 20 wherein said substance is a

2 conductor.

1 27. The apparatus of claim 26 wherein said conductor comprises
gold.

1 28. The apparatus of claim 26 wherein said conductor is selected
from the group consisting essentially of silver, copper, gold,

3 aluminum, zinc, platinum, palladium, and solder.

1 29. The apparatus of claim 20 further cc_:mprising apparatus for

_ producing relative movement between said fixture and said
3 deposition path.

1 30. The apparatus of claim 29 wherein said apparatus for producing
relative movement comprises apparatus for rotating said fixture.

1 31. The apparatus of claim 29 wherein said apparatus for producing
relative movement further comprises apparatus for producing linear
movement between said fixture and said depositj.on-path.

1 . 32. The apparatus of claim 30 wherein said apparatus for producing
relative movement further comprises apparatus for producing linear
-3 movement between said fixture and said deposition path.

-shoet
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1 31 The apparatus of claim?29 wherein said apparatus for producing 2
rel atfve novenent further conprises apparatus for producing |inear 3

noverment between said fixture and said deposition path. 1 32. The
apparatus of claim 30 wherein said apparatus for producing 2 relative
novenent further conprises apparatus for producing |inear 3 novenent
between said fixture and said deposition pati0 - - 20 - 1 33. The

appar atus of Il ai AB20Théedpparasas dos ubktian® cdwepeisesaizt subpbitcs scampriases
solid state of a gE{fldal,to &q.iqepgacﬂgt gg'ajx?)aeﬁerﬁéll tdBe2BERIsakEg, Of claim

33 wherein sald pfasnma transforns sal

ets to a nolten state and

propels said nolten state pellets

1

2"

3

34. The apparatus of claim 33 wherein said plasma transforms said
pellets to a molten state and propels said molten state pellets
along said deposition path.

35. The apparatus of claim 33 wherein said pelléts have a grain
- size of between about 5 and 100 microns. '

36. The apparatus of claim 20 wherein said deposition material is
discontinuous between said mask deposit and said deposit in said

exposed reéions of said substrate. oL
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3 along said deposition path. 1 35. The apparatus of claim33 wherein
said pellets have a grain 2 si ze of between about 5 and 100 microns. 1
36. The apparatus of claim20 wherein said deposition material is 2 '
di sconti nuous between sai d nask dep03|t and said deposit in said 3

exposed. regi ons of said substrarte. '

B -21 -
METHOD AND APPARATUS FOR FORMING BUMPS ON SUBSTRATES.

ABSTRACT OF THE DISCLOSURE _
A method and apparatus for forming bumps (73) on a substrate
(13) is'pfeéented. The method includes locating a mask (12) over
the substrate (13). The mask (12) has openings (15) to expose the
5 substrate (13) at a locations (17) desired for forming the bumps
(73). A plasma (S57) is generated, and pellets or grains (69) a
material for forming the bumps (73) is introduced into the p;asma
(57) to be transformed by the plasma (57) into liquid or molten
droplets (64), which are thrown or deposited on-the mask (12) and
10 the exposed regions (17) of the substrate (13) . The molten droplets
(64) are allowed to ¢¢élesce on the substrate (13) to form the
bumps (73). The mask is then removed. The mask can be of any
appropriate material, which may be selected to enablg recovery of

any over sprayed bump material.

15

FIGURE 3 & FIGURE 4.
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