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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 électronic component
manufacturing processes, and more particularly to improvements in
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 davices, it is often
desirable to form relatively thick buﬁi?s oxr 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 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 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 '
with an anvil. Other techniques have been used, as well. These
procedures are generally technically involved and may involve use
of vacuum technology, aggressive chemicals, long cycle times,
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expensive capital equi.pment, many process si:eps. or sophisticated
masking. - - | o

In technologies other than semiconductor fabrication, as well,
the process of forming bumps to enable electrical conta.cts to be
esbablished may be used. In some appli.cati.ons, for exampl.e, in the
ma.tmfacture of solar cells, or the like, structures may be formed
on glass substrates to which electrical contact is needed. Many-
other applications also e,xist in which the formation of bumps on a
substrate exist.

'rhus. what is needed is a method and apparatus for rapﬁ.dly.
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 pfovi.de 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 object of the. i.nvent:ion ko provide an improved
method of the type described in vwhich 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 is anotlier object of the invention to provide an improved

method of the type described in whi.ch over sprayed bump forming
mater.tal can be tecovered.
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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 inventiop to provide an isproved
method of the type 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 substrates. circuit boards, ball grid arrays, or the
1like.

It is 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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following detailed description of the invention, 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 toward the target .fixture. A substance is
introduced into the plasma, which transforms the substance into a
haterial to be deposited. The substance 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 embodimenta
the substance is substantially the same substance in a different
phase after being. transtomed 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’
from the group comprising silver, copper, gold, aluminum, zinc,
platinum, palladium, and solder, such as tin-lead solder.
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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 _liqui.d
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

controned to a deposit thickness l.ess than a thickness of the
mask. One way by which the thickness of t:he material sprayed can be
controlled is by co:{f;rollinq 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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removably positionable adjacent the substrate AT

£1xture W to from a
about 44 :f:\u.mczubshram. The mask, which may be, for aex:;:get
the, substrate at v:h:.‘u spertures positioned to expose region o
placed in registraty ch huxps are to he formed when the ma ' L
appropriate mabe?s.bim with tho substuate. Tho mask may be :: -
for exzupls, pepe : for the particular process being pen f.ommy
eprayed satesinl n' t:hich can he dissolved to recover any odr
. over sprayed maéer:alli::&;t :e::n-:tick coating, Wnich allou::gi
A plaswa generator 'gener::e; ox other sultsble matarial.
temperatur a plasma of a
along & de‘:o:::j_ ::ample.- of shout 7000°K., and dirscts gﬁ: p::sma
is Piovidéd . Pam}. An apparatus, such as a Jig or the 13k 2
depdeltion pat :r positioning - i:hej_' mask and substrate in b::
substance fnfe b;‘ :n: an apparatus “is provided for S.n(:::oducin i
Of & WAteriel have e oo 1 Do & pewder o peltets
microns. The 'sﬁlss:q a grain size of hetween about 5§ and 100
_ deposition matens, ance is transformed 'by the plasms into a
deposition path t Al wbich is carried by the plesua slong the
reqions of the 0 iwpact and deposit upon the mask and the exposed
substance in m:,:‘msw“e. The deposition waterial way be the
of which the p;me: :: Liquid form, for instance, if the gas that
‘not combine with th generated ig inext, suck as axgon, and does.
naterial may he e substance. On the othex hand, the depositLon
‘one that way eo:h::mtomed. form of the substance if the gas i5
example, ba an ‘el& @ uith the substance. The sibstance may, for -
the growp couprt °f:"°“ conductor, for instance, selected from
P’-&i:’.n\m’ pattads sing silver, copper, gold, alunminum, zinc,
soldex, um, end solder, such’es an appropriste tin-lead

In orde
the nask sng rm’:o produce uniform deposition of the material onto
£ strate, an espparatus way be provided for produwing
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relative movement between the fixture and the deposition path. For
example, one such apparatus may be an apparatus for rot:atj.ng 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 DRMINGS

_The invention is 4liustrated in ‘the accompanyi.ng drawing, in
wh:l.ch:

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 perspecti.ve view of the subst:rat:e 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 substrate, 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. :
DETAILED DESCRIPTION OF THE PREFERRED EHBODIMEN‘I.‘S

. Hith 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 way bhe paper or. ca::dboard.

in other
appu.cat:ions, nmetal, plast::l.c, or other approp::iate m!:er!.al 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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shom. on the mask to facilitate the propexr aligument of the mask

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 :eacto: 40y 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
annular chanber S0 defined thc:ebemen. The ainulax chamber 50 has
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
volfage to produce a plasma 51 of the gas that Is introguced into
the plasma gun 45, as next aescrs.bea.

The gas 58 “from a gas sSupply. 59 is introduced l:hrough 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 appropriste, gas that -will produce a
plasua and will interact with the substance to be transformed by
the plasma 57 into a makexfal fok deposition onto the substrate 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

similar gas may be used. On tha other hand, if €he gas is to react
with the su!_ostnxiée. foxr example, to form a semliconductor L£ompo

1 4
silane, hydrogen, ox bther similar gas may be used. The tempexature
‘of the gas plasma S7 nay be, for instance, about 7000°K.

4y
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Powders, pellets, or gnains of the substance material from a
bump material supply 66 to be deposited are imtroduced 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, vwhich are transformed by the plasma 57 to droplets 64 in a
molten 6r liquid phase. However, as noted above, although the bunps
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:t:lonal 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
naterial may be, for example, a conductoxr, such as a conductor
selected from the group consisting 'esse:'xti.auy 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 s1. Hore particularly, it
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will be appreciated that as soon. as the particles delivered through
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 depos!.ted, the
gas pressure can be adjusted as needed to vary-or modify the bump
thicknes_s. Since a number of other factors also affect the bunp
deposition th:l.ckn"eés, some experimentation may be necessary to
derfve the optimum desired gas pressure for partiqular bump
. materi.als. in conjunction with the other factors, described below.

" o facilitate a unifom 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 simi_l.at 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 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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control the thi.ckness of the bumps deposited. Other factors that
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 dep&sited, such as
the surface tension of the material, which is a function of the
material itself, and .whi.ch may be affected by the temperature of
the material as it mpact:s 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 chanber 42, which may affect
the rate at which the. bump mat:erial 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, resnli:ing in cylindrically shaped bumps. Other bump shapes,
such as cubic, elliptical, or other shape, can easily be achieved
‘by appropriate modification of i:he 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 discontinuous at the mask surface and the exposed
substrate. :eqions.' 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
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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. Although 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.ckness nay be less than the
desired bump thickness, by providing a mask thickness greater than
the final bunp 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.
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Thus, it can be seen that a novel method and apparatus have
been presented for ‘forming bumps of various shapes and materials
onto a subs'trat:e, without involving high vacuum,
. chemicals, or long cycle times, At the same time,
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.

aggressive
the method
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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.exposed 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:

' a.ligxiihg 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.

N RO
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3. The method .of claim 2 wherein said substance is particles of a
conductor in a solid phas_e 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.

5. The method of cla:!.m 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 xemoved.
from. said substrate,

AR
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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 fixing said mask on

"said substrate to form a tarqet fi.xture comprises mwounting said
mask and said substrate in a jiq.

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

.
semiconductor.

18. The method of claim 2 wherein said substrate is

a
semiconductor.

* [ L M S *
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*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 posi.tiohed 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; .

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 i.n said
deposition path; .

-and apparatus for introducing a substance into said plasma,
said substance being 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 cla:l.m 20 wherein sa.id 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.
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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 wherein said 'sub_si:ance is a
conductor. ' '

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 silvexr, 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
movement between .said fixture and said deposition path.

32. The apparatus of él.ai.m 30 wherein said apparatus _tor producing

relative movement further comprises apparatus for producing linear |
movement between said f£ixture and said deposition path.
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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 wherei.:-x said plasma transforms said

pellets to a molten state and propels said molten state pellets
al.ong said deposition pat:h.

3s. The apparatus of claim 33 whe.rein sald pel.lets have a grain
- size of between about 5 and 100 microns.

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

'di.scontinuous between sai.d mask deposit and said deposit: in said
exposed regions of said substrate,
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