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PA'IBHT APPLICATION 
MZ'lHOD mm UwmA'IUS roa FOl\MlNG BUMPS ON SUBS'rl\ATZS 

BACKGROUND or !HB JHVEH'llOH 
1. FJZLD or 'lim DIVEN'fXOH 

.'?his invention relates to improvement~ in electronic component 
manufacturing proce:s:ses, and more particularly to illlprovements in 
methods to~ forming bumps on substrat~s, such as lead frames, 
circuit boards, semiconductor chips, glass sub~trat~s, or the like. 
2. RELEVANT BACKGRotJND 

In the ·manufacture of many types of da~ices, it is often 
desirable to form relatively thick bum~s o.r protuberances at 
predetetmined locations on a sub~trate, usually to provide 
structures to which electrical connections can· be made. For 
examp~e, 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 fomed to which wires or oth~r larger sized 
structures can be connected. • 

Thus, to manufacture certain types of semiconductor dev.ices, 
it is necessary or ·advantageous to haye thick spatially well 
defined. and . physically (:On~istent bumps or thick deposits of 
different materials; such as silver or 9old, deposited in specific • • areas af a. substrate, such as a lead frame or a semiconductor 
silicon chip. In the past, this ·has been done by electroplatinq, 
sputter deposition, chemical vapor deposition, atchinq or other 
such chemical technique. Recently bumps have · been formed on a 
substrate by setting down a gold ball and physically defoDllinq it 
with an anvil. Other techniques bave been used, as well." These 
procedures are generally technically involved and may involve use 
of vacuum technology, aggi:essive chemicals, lonq cycle times, 
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expensive capital equipment, many process steps, or sophisticated 
masking. . 

In technblo9ies other than semiconductor fabr~cation, as well, 
the process of foz:minq bumps to enable electrical contacts to be . . 
es~ablished may be used. In s~~ applipations, ·tor ex~le, in the 
ma.t\~facture of solar cells,· or the like, structures may be foz:med 
on glass substrates to which electrical contact is needec;l. Many· 
other applications also e.xist in which th!! formation of bumps on ~ 
substrate exist • . 

4rhus, What is needed is a method and ap~aratus for rapidly, 
repeatable, and uniformly formin~ thick layers on sUbstrates. 
SUMMARY OF THE INVENTION . 

In liqht of the above, it is, therefore, an 9bjact of the 
invention to provide an improved 111-ethod for foxminq bumps on a 
substxate. 

It is another object of the invention: to provide an improved 
method of the type C!escribed that can produce well ·defined and . . . 
shaped b0mps on a substrate. 

Xt is yet another ob~ect of the invention ~o provide ·an 
improved ntethod·of the type describe~ that enables bump location 
tolerances to be improved over existinq teclitiologies. . . . . 

It is another object of the.tnvention .to provide an improved 
m.e·thod of th«: twe described in which a ilmaber of ~umps .cim. be 
deposited rapidly and with a hi9h degree df unlfoadty. . . 

It 1s another obj.eat of the invelitf.011 to provide an ilaP~ved 
method of the twe descr~ecl 1n which bumps of predetead:ned shape 
can be depos~~. · 

tt la anotl\u ob:teat of the invention to .pi:ovide an. impz:oved . . 
m.ethod of the type described in which ovei: spz:ayed b~ fominq 
material can be. ~ecovei:ed. 
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It is another ob~act of.the invention to p~ovide an improved 
method of the tJPe described in which the ~icknesa of deposited 
bUDlps can be·precisely and repeatably controlled, metallurgical 
properties of the bWllp, such as ductiiity and elonqation are •ore 
~ntrollable 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 tlie l~vent1on "to provide an Slaproved 
method of the type described in which bump~·can be deposited in a 

. . 
molten or liquid state, without aiso requi~ing tllat the substrate . .• 

on which the bumps are famed be ·heated, thereby reducinq "risks of 
heat damac;e to other substrate structures. 

It is another object of the invention to provide an improved - . 
method of the tyPe descr1b.~d in which bump deposition can be 

perfoxmed at relatively_rapid rates. 
It is another 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 shaP,es. 
· .It is another object of .the invention to provide an hiiproved 
me~od of the type desc:.:ibed 1n which deposited bumps can·~e made 
of many varied p1amta spi:a.yable mate:.:ials. 

It is another object of the invention-to provide an -roved 
methoCl ·of the tn>e deseribed in whidi the p~ss can be applied to 
various types of sUbsti:ates, such. as tab lead frames, . silicon . . 

chips, qlass substrates, circuit boaJ:ds, bal:l qrid arrays, or the 
like. 

It is another-ob~ect of the invention to provide an improved 
method of the .type described 1n which waste t2:eatment costs can be 

·llllnlmlzed, • 
These and other· ob~ects, featW:eB and advantaqes. Of the 

invention· will be apparent to those skilled in the art from the 
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followinq detailed description o·f the invention, when read in 
conjunction with the accompanyinq drawinqs and appended claims. 

Accordiriq to a broad aspect of the invention, a method for 
f onai.ng a bump on a substrate is presented. file method includes . . 
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 foming the bump · is 
introduced ~to the plasmp.. 'rhe eubstrate ls expos"ed to "th~ plasma 

I o • • o •o • 

~rough the openings in the mask, and the powder in the plasma is . . . 
allowed to coalesce in the openinq to form the.bump. The mask is 
then removed. 

According t~ anQther br~ad aspect of_ the invention, a method 
·for depositing bumps on a subst"rate, which may be a seiU.conductor, 
glass, lead. frame, printed ci.rcUit board, or· other suitable 
material, is presented. The ~ethod includes ~ligning a mask with 

. respect to the substrate to· bring apertures. in the mask into . . 
ali~nt with exposed regions of the· substrate on which bumps a;e 
to be formed. 'the mask is attached or affixed by a jig or other 
means to· the substrate to fopa a target ·fixture, and.a plasma of a 
CJjlS is directed toward the tarqet .fixture. A substance is . . 
introduced. into the plasma, which tran_s~o~ the substance into· a 
m.a.t~rial to be deposited •. file substance may be,. · for ·~ample, 
particles of a conductor in a solid phase, and ·the tra.nS·foxmed . . .. 

material may be~ conductor in ·a liquicJ phase. In one ~ent, 
the substance is substantially the same substance 1n a different 
phase after· being. tranafoz:med by the plasma~ and in ant>ther 
embodiment, the substance at lea:st partially c0mb1nes with the gas 
of :the plasma to fom a different material for depqs1t. 'rhe 
substance may be, for example, a conductor, selected, for instance· . . 
from the qr9up comprising silver, copper, qold, aluminUlll, zinc, 
platinum,· palladium, "and solder, such as tin-lead solder. 
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Alternatively, the subatanc~ can ~e a semiconductor, or virtually 
any other aater~al that can be transfoJ:Jlled by the plasma into a 
desired bump foz:ming mate~lal. 

The tarqet fixture and the plasma az:e then moved relative to 
each other., ·~- that t)ie..· material is sprayed over the mask and onto 
the exposed regions ·of the substrate. The cond~ctor in a .liquid 
phase then coalesces or bec:omea res·tart}d to a s9lid phase after it 
has been deposited on. ~~e. mask ~d the expos.ed · i-eg~ons of the 
substrate. Finally, tiie mask is removed from the substrate to leave 
the re~tored zaa.terial·remain1ng to fot'DL the desired bumps. 

In one embodiment, the mateJ:ial sprayed onto the mask is . . 

controlled to a deposit thickness less than a thickness of the 
mask. One way by whicll"the thickness of the.material ~rayed can be 
controlled is by con~J:olling a feed rate Of introduction O_f the 
substance into the plasma. Another way is to move the tarqet 
fixture and the plasma relative to each other by controlling a r~te 
of relative rotational or linear movement between the tarqet 
fixture· and the plasma. 

Once the mask has been J:emoved, the over spray material can be 
recovered by removinq the deposited material ftoa the mask in one 
. ~e11t, allowinq the mask to ~e reused. 'rhe mask may be coated . . 
with a non-stick substance, if desired, to facili~te the over 
gpray rem.o~. In another embodinient,. the aask aay be 41.ssolved to 
recover the r'emalninq over spray material. 

one of the advantages of the ~ethod of the 11.{"'ention is that 
by pr:oviclinq shaped apertw:es in the· mask, bumps havlnq s~lar 
predetermined desired sidewall shapes can be formed. . . 

Ac:c:ordinq to 8)10ther broad aspect of the invention, an 
apparatus fo,: de~siting bumps on a subatJ:at.e is presented. 'fhe 
apparatus includes a mask that is of th1CknE?SS at least as larCJe. as 
the hei-ght of the bumps to be famed o~ the substcate, and that is 



6 

-
s:esaovably poaS.tio~able a~ acent the aUbstJ:ate to from a · tatqet. 
fS.xtw:e vi.th th9 sUbstrate. the io.ask, \rfhicb uy be, fot example, 

• • • 
about el4 ad.la th!.c:k, has e.pei:tu1:es po:sf.tt.oned to expose i:evtonu of 
tho, substrate at which bumps ai:a to ba fotaed when tb.o 1a.sk J.:s 
placed in reg1atrat1on w1th \:he GUb:sti:~te. "'tJlo lllhsk may be of any 
appropriate mate~1a1 for ~he pa~t1cula; p~ocesa bo1nq pe~fOJ:Dled, 
for example, papen:, which can be dJ.ssolved tO a:ecover e.ny over · 
sprayed Jnattu:ial, aetal \d.th a non-sticJC coati.nq, .which allows tho 
over sp.rayeci ma.ter1al to be rem.oved, o:a: other suitable 21a.tcn:J.al. 

A Plasma uenerator venei:-ates 8. plasma of a qas at: a . 
temperatw:e, fot: exelt\ple,. of about 1000·~·, and dil:bcts the plaaa · 
along a deP}>sition path. l\n appai:atus, au.ch as a :Ilg or the lS.ke, 
is p,:ovided for positioning· ·. the· usk and: sub:itJ:ate in th~ 
deposition path, and an apparatus ·lzs provided foi: 1nt2:0ducitlq c. 
substance into the plasWi.~ !he· sUbstauce nay be _a. powdet or pellets 
of a lllat:erial havinq a ~i:ain· s!.ce of between about 6 aud 100 . . . 
mi.c:a:ons. ~he sulistauce is ti:ansfoJ.:llled · by the plasma into a 
depoaitlOn uater1al, which is c:m1.ed. by the pl.asm.a ilong the 
deposition pa.th "to bapact and d.eposS.~ upon the mtsk and. the exposed 
i:eqlous of the aUbsb:ate. "the deposits.on m.a.tm:lal aa.y ·\>~ the 

~ . . .. •. . .. 
sUbstanae in 1110lten or liquid fom, foi: .wte.nc:e, if the. CJ~ that 
of '411ch the pl.a:sma. 1s venemted is mei:t, auctt u m:uon, en~ does. 

:•not C0~11\"C VJ.th tbe aUb:stauce. ozl the otb.cil: hand, the cleposf.tton . . . 
ma.tei:1al aa.y be a t=e.nsfomed. fom. of t)le .8\Sbste.nce s.i: tbe p.s is 
·'one that -~ colDbJ.ue w1th the substan.c,. ~e G!Jbtit;ence 111a.y, far · ·. 
example, be an ·e16oti:1ca1 condu.otoi:, foi:- 1ustanae, seleotecl fJ:OJa 
the <P:oup C0111pt:1rs1ng al.1vei:, coppe1:, votd, a1,,usiu=, zl.no, 
p1at1nUJt, Palle.dlum, and so1dei:, suc\l • u cm · app2:01u:1a.te tln•Lea.d 
so1de>:. 

Xn ot'der to prodttae untfom cteposltton ol! tho matei:La1 onto 
the mask ~nd substrate, an appai:~tus a.av be p1:ovtded f02: ps:odClctnq 
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FIGURE 1 is an. exp~oded perspective view of a mask aligned 
with a substrate to. be held by a ~ig,as a target fixture, the mask 

. having apertures to.define and expose ·th~ regions .of the substrate 
at which·~umps are to be f~rmed, in accordanc~ with a preferred 
embodiluent . of the· irivention.. · . 

. · FIGURE 2· J.s a perspe~ive view of the substrate of FIGURE 1 
after bumps have been foxmed, and after the -1\\ClSk has been removed, 
in accordance with a preferred.embodiment of the invention. 

FIGURE 3 is a side eleva.tional yie¥, schematically showinq the 
relationship of a mask and substrate fixture famed of_, the 
components· of FIGURE ·1, together with!'- plasma~ and substance 
inj.ector, in accordance with a preferre4 embodiment of the 
invention. . 

And FIGOBE ~-is a side elevational cross-sectional view of the 
mask and substrate, showing bump faming ~terial d~posited 
tber~on, illustrating t;he depth of material formed in mask 
apertures on the sUbstrate, in accordance· with .a preferred 
embodiluent of the invention. . 
DETAILED DESCRIP'!IoN. 01' mg PREl'ERRED EMaODnmiTs 

r 
With reference first to Figure 1, an "exploded perspective view 

of a mask 12 a11911ed with a substrate 1=3 is shown. A plurality of 
bumps are to be fotmed on ~e substrate 131 accordingly, the mask 
12 has a plurality of apm:tures15 to expose the regions 17 of the 
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substrate 13 at which bump:s are to be fomed when the macsk 12 ias 
placed ad~acent·tbe substrate 13. !he particular aperture pattern 
shown in Figure 1 has been a1:biti:arJ.1y ·cb.osen1 howevei:, U; \till be 
appreciated that any suitable aperture pattern can be eaployed. 

A:s w111·becoue apparent, and as d1acussed below, the lllask 12 
may be of any appropriate ·iaaterial, depending upon the piJ.rt1cular . . . . 

application in which the"systell!- is employed. ror exemi>le, in some 
applications, the mask 1.2 may be paper . or cardboard., in other 
·applicatio~s, metal, plastic, or other ~pprop~iate ia.8.te~ial can be .. . . . 
u~d. · · 
· . The substrate 13 also .may· be o~ any appropriate 11.aterial or . 
fom, such as semi.conductor chips or \o{afe.rs, ql~ss s~strates, tab . . 
lead .frames, printed circuit board.S, or other: desired material. As . . . . ... 
will. .become apparent, j:he invention ·is ~·art1cularly advm.taqeouslf 
em.ployed in conjunction w~th the fo~tion of bumps on a 
semiconductor substrate that contains othe-r semiconductor features . . . 
20, sf.nee there 1~ no need 1~ mosl: cases for eleva.tinCJ the 

.. temperature of the substrate 13 on which the bumps are to be 
formed. 'lhus, the r1ak of d.amag-e to any featm:.es, integrated 
circuits, or other sb:\Jctu.J:es that aay have been fotmed on the 
substrate 13 in previous pi:Oce11ses or ~teps ·.Le: reduc~d. . 

~o assist hi Z:eqis~rluq the desired position of the mask on 
.. the sUbst2:ate, a nuh'lber oi ·at!.gnment or r:eg1strat1on ~ks 22 and . . . . . . 
22' my be famed respect1v~y ·on the mask 1i ~and GUbstrate 13, as 
shown. once the mask 12 and substrate 13 ue pxoperly teq18t~s:ed, 
they may be secm:ed in a. .~S.q 26 or s!mU.ar devl.ce to· ualu~ theis: 
retative positional ·r:ela.ttOnship to assm:e that the bumps that will 
be aubaequ.ent:ly fomed ar~ p2:0pe>:ly l~cated.on the subst:rate 13. 
(It shoUl.d be no1!ed th,.t ill place of the ·~egS.Stt:ation ~ks 22 and 
22', the jiq 25 aaay ha.ve £ts own 1oca.tlnq or tndexlnq.plns or 
features, not shown, to be received ln co~~espondln; ho~e~, not 
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shown, on the 111ask to iacili.tate the pr:oper al.ignw.ent ~~ tho u:sk 
and the aubsti:ate.1 '!he a:egJ.stot:ed ao.ask U and GUbatJ:atll· 13 1n ·the 
jig 2s t:om a·~~t fixtw:e 30 onto vhlch matei:J.f.l. ~ .. Vhich the 
bumps will be !otaed ·u thi:o\A\ o: a;plled, aa next desm:.ibed. 

'?he ~ixtw:~ 3Q -~~.tll~p1o.ce.d luto a p1Ulu. ~eaotor 40t Which 
1a sbown schema~caµ.y in a a1dtl m:oss-seatiotial. via· of. rigure 3. 
'the· reactor 40 bas a chambe: 42 that contains a pl.am mm 45, : -: · 
located opp<)site the t~et i!.xtw:e 30. In the ~ent; ·ahown, 
the pla.maa gun .is baa ,an,. mode. 46 su=oundlnq a cathode 4'1 vJ.th an 
amm1a: c:hDbei- SO defil\ed thei:ebo~en. ':ha ammlcu: cUmbcJ: SJ> ho.a 
an openiu«;r Se\ orieu~ towm:d the tal:fjet 30.· Voltaqes · for: the anode 
46 and. cathode 41 ai:e supplte4 by a ~wer: supply SS of &Uf~icient 
vo;t.i=aue to pl:Oduce a plasma 51 of \:J\e qas that !s in~uced tUto 
the plasma gun -ts, as next llesm:ibeli. 

'the gas 58 · f:oa. a gas· supply. 59 is inb:Oduced t:lu:ouc;rb a· tube 

60 into the annular chambeli so between the anod~ 46 alld cath~e 47 
of the plasma gun 4.5. '?he qas 58 ls con.ducted t\u:oUCJh "the ·oheJaber 
so and exits under prissm:a fl:m. the opWl\g 64 iu ttie d1J:ect.1on of 
~e ttU:qet fixt\U:e 30 alon~~:a deposition path 62. As described. 

.above, tlie gas 58 is exCS.ted bY.:the · e1eot2:1c Ueld between the . . ·.. . . . . 
anode 46 and t:atbode 4., to pl:Odtlc:es the-~lasma. 57 ~J:Ota the oi>eninq - .. . . . . . . 
54. ~e gas 58 uy be. any ~pp:opriate, gas that ·will pJ:Oduce a 
plam anct vU1 1l\1:ef:acm \d.th the substance t:o be t:Dnaf9):Jlled by 

the Plasma tn 11\t.o a -~ 'foi: Cleposltion onto the ~t:e to 
fom the "des~ bumpa. rGl: example, U th\( p.s ls deSs.rid to be 

- • · 111.m:t with i:espect to the G\lbstance foJ: bap. foma.tion; ~n oJ: 
· ssmnu vaa my be used. oa. tha "Other lw\d, u the gaa is to .:eact 
with 1:be nb:stmiCe, foi: exmap1e1 to fom a smd.cond\\cto2: s:ompound, 
aUane, hyd%ogen, OJ: btbc s5ta1J u gas u.y be \ssed. Ula tesa£?efttm:e 
·of the fjaa plasma s., ay be, fo: lnatance, aboht '1000•tc • 

• ·. 
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Powders, pellets, or g~alns of the substance material from a 
bump mater~l supply 66 to be deposited ar~ intr<?duced into the 
chamber 42 tllrou9h a tube 61. In the ~blent illustrated, the 
substance that is introduced ~e pellets o~ g~ains 69 in a solid 
phase, which are tr~s:fomed by th!i plasma 51 ~o dr9plet:s_64 in a 
molten 6r liquid phase. However·, as noted ebove, although_ the bumps 

are deposited.in a.molten OJ: liqu14 s~ate, tll~-~ubstr•te o~to which 

t~e bumps are fome~ nee~ not be ~eated. 'J:~us~. tlie. risks of heat 
· damaqe to other substrate stmctures is not siqnificantly increased 

through the use of the proc~s.s ·of the. invention •. 
. It. will be ~ppreciated that t~e feed rate or 

introduction of the bump ma.te~ial into the plasma 57 is ' ....... _ . . 

• 
rate of 

directly 
proPQrtlonal to the thickness qf the.deposited materi~l onto the 

. . 
mask,.12 and expose~ r~gi~ns 17 9f the substrate 13·. Thus, 1:ogether 
with the other factors discussed herein, the rate o~ introduction 

of the bump material from the supply 66 can. be adjusted to control 

the thickness of the b\imps.that are formed or deposited: 
_!he partieular material.of the substance. supplied into the 

plasma: 57 is dependent upon the final bump ~~erial desired. the 

material may be, for example, a conduc:1:or, such as .a conductor 
selected from. the qroup consisting e~sentia11y Of silver, eppper, 
gold, aluminum, zlnc, piat~um,. palladitim., and solde.r, such as an . . 
.app~priat4' tin-lea.d solder. AltemativelY,1 ~e material may be a 

material that will combine with the gas of the plasma •to form. a 

semi~onductor.or other desired bump material. 
'J:he material to be depo~ited will be car~ied by the p~e$sure 

of. the qas and plasma 1eav1hq the opening 54 of the plasma gun 451 
·consequently, the relative pressures of the qas delivered via. tube . . . . 

43 and the particles delivered ·.by the. tube 47 ahQuld be such ~bat 
the direction of the free particles within the Chamber 42 will be 
controlled by the direction of the plasma 5?. H~re particUlarly, 1 t 
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will be appreciated that as soon.as the particles delivered through 
the t\lbe 61 are- injected into the plasma $'7 '· they melt, foming 
droplets 64 of .molten material, which are burled by the pressure of 
the qas exiting~the openinq54 of the plasma CJWl 45 onto the target 
fixture 30. Consequently, the CJ&S should be introduced under 

· sufficient pressure to propel the tr~sfo2:11ed material along the 
deposition path 62··to impact the target fix.tm:e 30. As. the vel9city 
of'the"propeltedmateria~ against the target 30 may be one factor 
in controllinq~the thfcbiess of the bumps that are deposited, the 
gas pressure ~an be adjusted &$ needed to vary·or modify the bump 
thicJaiess. Since· a number of other facto.rs also affect the bump 
deposition thickness, some experimenta~ion may be ne<?essary to 
derhe . th~ optimum desired ga~ pressure fo.r partiGUlar bump 

. materials, in conjuncti~~ with the other factors, .des~ribed below. 
:~ To facilitate a 'unifoim. coating of the ~Ump material over the 

mask ~2 and exposed. regions 17 of the 5ubstrate 13, the target 
fixture ao may be. moved ~elative to the depos~tion path .62. To 
provide such relative mdvement, a motor or simi:lar apparatus 66 may 
be provided to rotate the j-ig 25 along a rotational path 70, 

whereby the drop~ets 64 can be sprayed unifozml.y around the target 
fixture 30. Adcllt1onally,. the apparatus 66 can provide linear 
movement along path 'll, so ·that the dropiets coat the .mask 1·2 and . . 
exp()sed regions 17 of the substrate 13 in a radial direction of the . 
fixture 30.. It can be seen th4t in addition to . providing the 
ability to fa~ a unifommater1a1-coat1ng on the exposed portions 
of the substrate 13, th~ invention also enables the bump depo;s1t1on. 
to be relatively rap~dly performed. · 

It will be appreciated that th$ thickness of the deposited· . 
mate~ial will vary inversely with the relative velacitybetw~en the 
fixture ~o 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 thickness of the bmups deposited. Other factors that • 
may affect the thicknes-s of the material deposited, and ultimately 
the thickness·af the bumps foz:med.on the substrate 13, include the 
physical characteristics of the material ~t is depasited, such as 
the surface t~nsion of the material, which ia a function of the . 
material itself, and which may be affected by the temperature of 
the materia~ as it .impacts the tarc;re~ fixture 30 •. This may, in 
turn, be affected by· the.temperature of the target tixture 30 and 
by the ambient tmpera~w:e within the chamber 42, which may affect 
the rate at Which the.bump material .coalesces on exposed regions of 
th~ substrate. Thus, l1: will b~ apparent that soma experimentation 
may be necessary to control the p.re~ise blimp thickness; however, . . 
once the parameters· for a particular process are ~st!l>Ushed, the 
p~cess can be repeated with consistently uniform results.· 

Af~er the mater~al from Wh"ich the bumps are fo1:111ed has been . . 
deposited on the mask 12_ and ~xposed ~ec;r~ons 17..of the substrate 
13, the mask 12 and substrate ·13 may be removed from the jiq 25, 
and tbe mask 12 separated from the s~strate 13. This will leave 
the bump$ 73 on the substrate 13, a.s shown ·in Figure 2, in the 
desir~d pattern. Moreover, by shaping the apertures 15 in the mask 
12, the resultinq sidewall cross-sectio~l shape of the resultinq 
bumps 13 can be made to any desired pattern. In the embodiment 
shoWll, for example; the bumps ""73 have a c.ircular cross-sectional 
shape, resJ11tincJ in cylindrically shaped J:>umps. Other bump &hapes, 
such as cubic, elliptical, or ·other shape, can easily be achieved 

. . 
·by appropriate modi~ication of the mask apertures. 

ln order to facilitate the removal of· the mask 12 from the . . 
sUbstrate 13, it is apparent tbat preferably the deposited bump 
material be discontinuous at the mask surface and the !!Xposed . . . 
substrate. re9ions. 'thus, as shown in Fi-gw:e 4·, the thickness, t, of 
the mask 12 is prefuably at least as thick as the thickness of the 
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deposited material 14, and therefore of the height, of the bumps 
13. In other words, the thickness of· the material 74 that is 
deposited a~uld be controlled as herein described ~o be equal to 
or less than the ·thickness, t, of the mask 12. Although ln some 
·applications ·in which the integri~y of the bumps may not be an 
important factor, or in.which the deposited material may be eas~ly 
broken or separated, the mask thickness may be less than the 

. . 
desi~ed bump thickness, _by providing a mask thicJcnes_s· qreater than 
the final bump t;hicJcness, the qual~ty of th~ 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 Qf the mas~ 12, it may be desirable to 
recover the over sprayed material, depending upo~ t~ec4epos~ted 
ma·terial. For example ~f the bump material is a precious metal such 
as gold or plat;inum, such over spray recovery would be hiqhly 

desirable. This conaideration.can be. addressed· in.the selection of 
the material of which mask £s constituted. For ex~le1 if the mask 
were to be of paper ·or cardboard, if _·the paz:ticular applicati?n 
would pemit such selection, after uae the pape:r: or.cardboard micjht 
be dissolved to recover the over sprayed b\imp material. Other 
materials also may be dissolved by sol~en1;S that selectively attack 
the· p4rticular mask material, but not the over sprayed bump 
mate:r:ial. 

On ~e other hand, in some appl1ca~1ons, the bUlllP material may 
be of such character that it can easily be physically peeled or 
mechanically remove<?. from the mask. If desired, a non-s~iCk coatinq . 
may be applied to the mask to facilitate such mechanic::a.1 :r:emoval of 
the over _sprayed bump· material. As a result '?f the ability to 
recover j:he over gprayed mates:ial, 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 ·formin9 bumps of various shapes and materials 
onto a substrate, without involvinq high v~cuum., aggressive 
chemicals, or long cycle t:bles. At the sam• time, the method 
produce~ unifom ~d repe&:table resµlts. . . 

Although the invention bas bee~ described and illustrated with 
a certain degree of particularity, it is unde.rstood tha~ the 
present diaclosure bas been made only by way of example, and that 
numerous changes in the combination and ai:ranqement of parts can be 
resorted to by those skilled in the art without departing from the 
spi:it and scope of .the i~v~ntion, as hereinafter claimed. 

-.. 
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t. CflaXMSt 

1. A method for forminq bumps in a pattern on a sUbstrate, 
compriaings · 

locatinq a . mask · over said substrate, said· ma&k havinc;i a 
pattern of openings to expose locations on said substrate at which 
are desired to be·:fomed1 

q~neratinq a plasma1 · 
. ~t~oducin~ a p0wder. of a mate;ial for forming said bumps into 

. Sil.id plasma, wherein said mated .. a~ is transformed by said plasma 
into a iiquid state1 

allowinq the transformed material in s~id plasma to be 
deP.9.sited on .said mask and said .. eXpe>sed ~ocations Qn ·said substrate 
and.to CQalesce.on said exposed locations on said subs~rate to foxm 
sai<i bumps1 

and i:emoving said mask • 

. 2. A method for depositinq bumps on a substrate, comprisi~q: 
aligning a mask with respect to said substrate ~o align 

apertures in said mask to .expose regions of said substrate on which 
bumps m:e to be fomed; · 

fixing said. mask an said substrat4:' ~ foz:m. a tai:f;ret f~xture; 
directinq a plasma of a qas toward said tarqet fixture1 . 
introducing a substance "into said .Plasma, said plasma 

trans:t:omintr said ~stanc::e into a ra.ateri.al;to be deposited1 
moving said,, taxq~t fixture and said plasma relative to each 

other, wherein sa1Cl matm:1&1. is sprayed over a region of said mask 
.. . 

and onto said exposed z:eg1ou of said subsb:ate1 . . . 
and removing said mask from said substrate to leave said 

material remaining that was deposited on said exposed ~eqion~ of 
s~id SUbstrate ·to fom said bumps. 

1111\1111\11\l llll\ \11\1111111 
* C L M S * 
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3. The method.of claim 2 wher~in said substance is particles of a 
conductor in a so~id phase and said material ls said conductor in 
a liquid phB'se, and wherein· said conductor in a liquid phase 
restores to a solid phase after it ha~ been deposited on said mask 
and said regions.of said substrate. 

4 • The "1ethod of claim 2 further . coinprising controlling said 
material sprayed onto s~i~ ma~k t~ a deposit thick'ness less than a 
thickness~'::~aid mask. 

5. The method of claim 4 further comprising contro~linq a feed rate 
of introduction of said substance .~n~o said plasma to control .a 
thickness ·of said material that ·is · deposited onto said mask and 

4 

said regions of said substrate.· 

6. The method o~ cla~m 2 wherein said step of moving said target 
fixture and said. plas:qia relative to each other is performed by 
controlling a rate of· relative rotational movement between said 
target fi~ture and said plasma. 

7. The method of claim 6 further c:Omp~i~ing moving said plas~ 
relative to said target fixt~e also alonq a linear .path •. 

8. ;rhe method ~)f cl;Lim 2 further comprising reiadvinq said deposited 
m:aterial from said mask after"said mask ~as been removed fro~ said 
substrate, and reusi-ng·said mask. 

9. 'lhe method of claim 2 further compr:isinq recovering- said 
deposited material from said mask after said mask has been removed 
from.said sUbstrate~ 

111111111111111111111111111111 
* C L M S * 
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10. 'l'he. method of claim 9 wherein said step of recovering said 
deposited material comprises dissolving said mask. . . 

11. The method of claim 2 further compJ;ising providing ·shaped 
apertures in said mask, said shaped apertures foz:ming a desired 
sidewall shape to said bumps.· 

• 
12. The method of clailll 2. Wherein said step of· fixinq said mask on 

·said substrate to foJ:DL a target fixture comprises mountinq sa~d 
ma~k and said substrate in a jig. 

13. The method o( c~aim 2 whe7:ein said substance is substantially 
the· same substance in a different phase after being transformed by 
sa-id plasma. 

. . 
14. The method of claim 2 wherein said substance at least partially 
combines with the gas of said.plasm.a. 

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

. . 
16. The method of claim. 15 wherein.said c;~nductor is selected fJ;om 
the group co~sisti~g essentially_ of silver, copper, qold, aluminum, 
zinc, platinum, pa1ladium, and solder. 

17. The method ·of claim 2 wherein said substance is a . 
semico.nductor. 

18. The method of claim 2 whe~ein said substrate is a 
semiconauctor. 

111111111111111111111111111111 
* C L M S * 
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· 19 • '?he method of claim 2 whexein said -step of intxoducing a 
substance int~ said pla~ is stopped befoxe a continuous layer of 
deposited material is· fo:med between said mask and said exposed 
regions of said substrate. 

20. Appara:tus for deposi_ting bumps on a substrate, comprising:: 
a mask, said mask.being of ·thickness at least as large as a 

. . . . . . 
height of sa·id bumps .to be formed on said substrate and beinq 
removably positionable ad~acent aaid substrate to foxm a fixture 
with said substrate, said mask·· having apertures positioned to 
expose regions of said substrate at which bumps are to be_ formed 

whell said mask is placed 1n reqistrati~n with said s\lbstrate; 

a 9as1 ~ 

a plasma qene~ator that generates a plasma or said gas and 
directs said plasma along a deposition path; 

apparatus for positioning said mask and substrate in said 
4eposition path1 

-and apparatus for introducing a substance into said plasma, 

said substance being transformed by 1Said plasma 11\tO a depo.sition . . . 

material iinc:l carried.by said plasma_ along said deposition.path to 
impact ~ ·deposit~ upon said mask and said exposed regions of said . . . . 

substJ:ate. · 

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

22. The apparatus of claim 20 wherein· said:ma,sk ia paper. 

23. 'the apparatuS of' claim 20 further ·~mp!ti.sing a non-stick coat 
·on said ma•k to enable any material deposite~ on said mask to be 
removed. 

1111111111111\ 1111111111 \11111 
*CL l'I S * i 
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24 •. The apparatus of claim 20 wherein said qas comprises arqon. 

25. The apparatus of claim 20 wherein said pl~sma has a temperature 
of about 1ooo•x. 

26-. T:he apparatus of claim 20 wherein said substance is a 
c:onductoJ:. 

27. 'rhe apparatus of· c;laim. 26 wherein s~id conductor comprises 
gold. 

28. The apparatus of claim. 26 wherein said conduct~r is.selected 
from the qroup consisting essentially of stlver,· copper, qold, 
aluminum, zinc, platinvm, pa~ladi~, and solder. 

29. The apparatus o~·claim.20 further comprisinq apparatus .for . . 
. producing relative movement between said fixture and· said 

dep0s:Lt!on path. 

30. The apparatus of claim 29 wherein sai,d app!ll'atus for producing 
relative movement comprises.apparatus for rotati~q said fixture • 

• .. 
31. The _apparatus of claim 29 wherein said appar~~s for producing 
rela.tive movement fw:ther comprises apparatus for· producinq Linear 
movement between.said fixture anci"1:1ald deposition.path. . . 
32. 'the appar:atus qf clalia 30 wherein said a~paratus ~or -producing 
relative movement further comprises apparatus for producing linear 
movement between satd fixture and said deposition path. . . . 

I lllllll \llll\ 111\l lllll ll '"' * C L M S * 
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33. 'fhe apparatus of claim 20 wherein said substance comprises 
pellets in a solid state of a mate~ial to·be deposited. 

34. The apparatus of claim 33 wherein said plasma b:~foms said 
pellets to a ·ino1ten state and propels said mplten state pellets 
along said deposition· path. 

35. The apparatus of cl~im 33 wh~rein said pellets have- a qrain 
size of between about· s'and 100 micz:orus. 

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

'di~continu~us between ~aid mask deposi~ and said deposit in said 
exposed reqions.of said subs~ate~ ~ 

'lllllll·llllll lllll lllll ll llll 
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