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rnat eri al scodpsefory thesreatidn ofahéntimmaiebatdingn i s concerned, such nufti-nmaterial
surfaces pose especially difficcult problens. In the so-cal | ed packi ng of
integrated circuits, as a preferred area of application of the present
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inti mate connection of surfaces In the above sensemm‘ rwmj“m“ﬂ,ual
integrated circuits axe cut froma silicon wafer,

sem conduct or system substrate (SCSS) and joi nted w t h*téshvem (t he so-call ed
"di e-bondi ng"). The SCSS surface to be joined is usually rmade of copper or
ni ckel, silver or gold and/or of a nmaterial on an epoxy basis, generally of
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netal |ead frames, ceram c substrates, or BGA (Hall Gid Arrays) substrate
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used include hard soldering, soft soldering, and gluing. In flip-chip
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2..Joining tine integrated circuits with contact supporting points on an

+ SCSS, for exanple) on a "lead franme": The surfaces involved are netallic)

made for exanple of Al, Au, Cu; N ) Pd, Ag, Pb) Sn, or alloys of these
metals. Ire this case, soldering or welding are primarily used as | ¢8.AufQ003
techni ques, especially fluxless soldering or ultrasonic welding. This step
is known as "wire bonding". 3. Muld?ng: in this procedural step, t he
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treat ment gneyldingeempomdd above were usually perforned in a vacuum under

pl asma gas excitation. A high-frequency, mcrowave, or ECR plasma is nostly
enpl oyed A dtraing prasedusss keeven from EPAL 3 TIohP3awithin the SEQPé@ﬁPﬁ?ﬂ YURgprocess,
associ at éniwiich thei surfaess laterao debonded imtbainanaerdesnibed aknve Byclhusiiebt W apalYingnd/ or
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consi st i mgoidingrcemaatiwith fisur f ace) material. In plasna-chem cal materi al
removal , reactive gases, for exanple oxygen, are excited, dissociated) or
ionised and then enter into a reaction wth surface inpurities, far exanple
carbon, and cant' away the gaseous reaction products such as CO2 through a
punpi ng system It has been known from W97/ 39472 of 't he same patent
applicant as of the present invention that there exists a highly

advant ageous treatnment procedure for simlar use as the abovenentioned
plasma treatnment. In this process, hydrogen is excited preferably in a

pl asma di scharge, which then renoves carbon fromthe surfaces (for exanple
as CH; ) and sinultaneously reduces oxides on the surfaces involved to
produce H20 gas. Sputtering -- which involves the risk of redeposition - is
avoi ded, and the above-nenti oned process can be applied) w thout any
restrictions, also to nmetallic substrate carrier materials or silver
contact surfaces, which would strongly oxidise in an atnosphere containi ng
ex0|ted ~oxygen, especially in a plasma containing oxygen. ThIS mould | ead
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The task of the present invention is to provide a nethod for rnanufacturing
parts of the initially nmentioned type, in which the process w ndow,
especially the pre-treatnment process window) and in particular its
dependence on vari ous surface naterials, and al so on process parameigiagg.2003
especially on paraneters "pressure” and "tenperature", is w dened. In other
wor ds, the nmethod proposed according _to the present |nvent|on shoul d

prOV|de uniformy satisfactory resul s over an expanded range of paraneters
such as pressure and tenperature and over the entire variety of materials
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preferred. Preferentially, the above-rncntioned soIid body surfaces are
surfaces with areas conposed of different materials, especially of the
materials nmentioned. The intimate connection is forned by the manufacturing
procedure according to this invention preferably. by gluing, soldering,
wel di ng, noul di ng, or coating, especially vacuum coating, which is
performed by the so-called "direct bondi ng".



The above-nentioned preferably used | owvoltage di scharge is further
“preferentially operated with a di scharge voltage of 30 V or nare,

preferably with a discharge current between 10 A and 300 A including both
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by the woF?ﬂ"ﬁ@‘e f claim?20, with a pref erred design version accord| ng to

Clainms 21 _and Lt, os rlse we rs sa t he effect nitro
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especi al | § ?%QISH&“PWIG%&)BWE“SH Féﬁ‘?a ¥ thought (see J. L.
Vossen at al., Thin Film Processes, ACADEI\/I C PRESS, | NC. 1978), according to
whi ch N2 plasnmas do not renove a poI ymer surfaces. The invention is
explained in further text using figures and exanples. The figures show,

Fig. 1 is a schematic diagramof the design of a systemaccording to the

i nvention as used for the experinents described below, Fig. 2 shows the
Auger spectrum of copper surfaces (lead franes) for producing a

sof t sol dered connection, Fig. 3 shows a schematic definition of the tensile
stress or pull strength F' p of wire-bond connection points, Fig. 4 is a
graph showing the results of tensile stress (pull strength) capacity tests
perfornmed, as indicated in Figure 3, with {a) hydrogen-argon plasm




| 8. Aug. 2003 8 Fig. 6 is analogous to figure 4 and shows the results of
additional pull strength tests, Fig. 7 is s schematic cross-sectional view
of substrates that arc also suitable for using the procedure according to
the invention. As nentioned, the plasma discharge for exciting the @l%SAdgsznoa
preferably designed as a Iowvoltage arc discharge. Systens of the
preferred type are known, for exanplé, from - DE-OS 43 10 941,
corresponding with US-5 384 018 - DE-40 29 270, corresponding with EP-47E
909 or DE-40 29 268) corresponding with US-5 Z36 326 EP-510 340,

cor r espasdneriiontd shovs the odtsghonld pise be ensursdesnesial wgiqs\ﬂ‘b}é‘&ebm Tagazinggpr

exanpl e, fostvdstradds| witf namow gepmatyéshits anddwise): Sickoths waichyrigalyedcrions on the

| ow vol tsagﬂraaxscrfme@dwedcgm onthe Substrate tamperatios,i apd lagerdemperatyre £ragisnts atthanber s
i s concenymerd, especialiyseitivpiasrea tréaunbmse migazines atd ol sxténsive syhstrates theppove-

r ef er enaeertionei enlargdnpnt ef the proorss wingoveSlenldedsogpremetauhidermitye accor'ding to
the invention. A thermonic cathode 3 is nounted and insulated in a cathode
chanber ThusPe¢onstadtufhceamtinmas indladibegaplsusfares,ciohosusfacts sgrbovagnrfenes eteuise 9.
Cat hode toibamiadé pdssible ginthe bwtdiratbythemsellat i ng supports 22, on the wall of
treatment chanber 11, and conprises a shield 20, which is operated with

f'l oati ngmpagieeh, aay rd—@dv@hhglefﬂhs&bﬁ&&s&&b@@ﬂ@e&éﬁﬁﬁi’ﬁﬂpaly!ﬁﬂﬁattdneab@hﬁ charber
11, the pevénted]ihe hetidld rilat ke &oacKicdl, ai 1@ ahd'os ¢1vR6Hrdnedlly harddouk he
area of EisaPhiAGELAPRYEIOR the otmehahhanmmm G HRdBovesméntioned methéy a

sour ce %Mfrbrﬁltmsbmmrersséamwsweﬂv&m%@bm@%bmb%m@mm@&: source 26

and, generally speaking, a unit 2%, | east to a part of the cathode
chanber YR FolloWing fismlhyaghR: t he cat hode chanmber wall itself. Unit 28 acts
as a current limter and causes a voltage drop a as a function of the

current i, iDLich Rt QMR dell: sebRoinBAN ERLEHNor PAnRRRIPEdeiMa3Mngt Can be
achi eved 'rsthl i Eg&% l b‘s;éc?sﬁﬁ'?ﬂ bRl :%%B&Q%r&%r%@oéﬁ%%ﬁ)ﬂﬁferab' y
in the form asE L 11 TR PR @b Reh8ShASPHGR & enent
10. The pos ;l?\fln%céa? 088 fﬁp&r&ﬁ\ %ﬁ%ﬂm Ganokide bPniftided y%f %ﬂéi?a

ﬁ

potential) ﬁ
in a potenu

nfust I y R tthi@ 9§e tﬁ?ﬁ}o S\rMat gﬂ
32. Sinilarymeé ﬁ eoh ‘jlﬁ \é%ql g I %\QQ Eb er 1,
t r eat nent cﬁé\% ?han & f:eﬁg |ca lh %/n S E?b
T e gg il opi G
parts there@f artl? g\éxfce@yégyetr ?%8 e 3% on| c
cat hode 3; gnectiong s |n dis g‘rby t he
dashed Iine 16 ?fﬁtﬁ E’FB’C}’YH?&&“\%H §b‘ﬁ?Ce 40 rel at| ve to the

thermonlccthode3as an anode, i ostlv de3 th ed
pr ef er abilye uw@fokﬁ V%wnewémbl%is PE?]‘éé Q}} SRy hehibndd>e

%—F-treatmoxl-n ic

schemat i élél"'l dispy Wbl
suppl i ed PFFR SNS‘Q Q%‘Bgﬁ%’g ﬁdrgés t'f"(S“"’t‘ é”é%gt H’ode chanber Thr ough anot her

gas supply line 43 sho sche cally, . as ndlcat schemat. cal
swi tch 35Uthapertd (9\#115%3{‘ Ig&l‘ i\%?{}z&ﬁ‘g @% rogeguse s cc%dmé/to
connect edhig 6“’?4‘\‘@“p’6‘€§ﬁ1’5“&1“°“ gas poataigs a ®5Pai ni ng pr ef er abI y nitrogen

n_n.

is supplied by a gas tank arrangerrent 50 Ga GIS adm,t ted vaI ve 52
as schemltb@&@?l%‘éﬁlﬁws‘b?@%g‘e onyof Sheprassy, E’Pg S‘Ha gl

appl i cat iRbsmgRcHyREonplibe aervs- §75°% B‘%E’F@‘“‘r’* Wgﬁ 51 is
used as tDISMAGKRATERS Peodiupedeas aé&WvMOétﬁgq%hﬁ%g&d%r P88 ¢ o

the invention. A plurality of substrates to be treated |s stacked t herein
and conndoaddition, the fasnamctvaedgasgorfemblyrontains 8 womkiag sasnpryferply AJBE §48n
slits on cspeeidlyargonand/ or rear for the substrates, as well as access slits
51 a additionally provided in the nagazine wall. The geonetric ratio H
relative to the remaining comunication apertures (access slits) between
the substrate surfaces and treatnent chanber P can then be substantially
smal l er than the dark space distance of the plasma di scharge maintained in
t he chanber. The surface treatnent used according to the invention is
performed by the gas containing nitrogen that is excited by the discharge
and enters the magazi ne through the about-nentioned apertures and slits. It
is readily apparent that the treatnent procedure used according to the
invention is suitable for cleaning surface areas on workpi eces and/ or
substrates that are difficult to access, for exanple edges, holes, blind
hol es, grooves, etc., and are intended to be subsequently intimately
bonded. Such surface areas are schematically shown in Figure 7. A punping
system 42 is provided to punp down chanber 11 and possi bly cat hode chanber
1 as shomn wth punplng systen142a p055|bly belng prOV|ded as mnll in

. T o "



~chanber 1 and cathode 3, as a result of the application of the potential of
the latter, the discharge is ignited, whereupon a current i flows through
unit 28, especially resistance 30. This reduces the potential (err),
previously at the ignition value, of the cathode chanber wall 17, W'H‘ hh§003
wal | of chanber 1 acting as an anode during operation only to a negli g'ﬁ X
degree and the primary discharge being drawn by the di aphragm arrangenent

W th aperjure @ to anode 38 on the treatment chanber side. The surfaces of
wor kpi ece&vand! He aboysmaertioncdwlauna-ptiyried spycontaing arin additipkio nitegen rethehern | o
Fi gure |.CofiRoBenty gspasially fiydrogsamandfos & wasking gaseit gan eantain, in 8 prefesred reasneter i ng,
for exanmpPEnHHYSIHBCHERMER even SRRaist of Ritrogen@pprh om aay wprking ges - pl at ed

copper. -_Organic_ SCSS (sem conductor system substrate) materials, such as
BGA ( Bal | Ty 5olid kediasurfagesco beintimately jolnadi ape mbtdtisle tiat ark anetatticand/cs semi-an epoxy
or ester wagllic andior opramicaodfoCBEp!afic; espenialiyiaccurding Bothe dmerialsonentibhed oGRS
(quad f1 aput enpd Gwrendy arefrednBeérotiaiy pleaboverenionep lselidobdy smiees aror

pal | adi unsyfeatscwiticuppaomposcitofidifeteny m20ials; espediallyl 6f2iad marerial$ mshtidnad.
conductors for organic SCSS materials and QFP, for exanple nade of

si | ver - pl heiitimapmenyectod it-foimdddsy thomarufactainggRbebiure 286s¥liaQ Rckilstifvention

subst r at epefarabilebg gldag; spidatingswélding, wbulging dritogdigfanhbdisllydRciing cm@lg for
exanpl e, ohichdgsrerfoR&hby e sodalied ‘QhrbaAanding™sem conduct or system substrate
materials on a ceram c basis, for exanple al um nium oxide, - surface

pr ot ect i nFhé shors-nhtichddRRefefably RERITN-Fol ARS8 sHargBiil fie@Br pibfefehfifly Spefatedon
oxyni tri detherdscRaby véltage of 30 Viok @kdlrd, YrdTerasle dvidia dBichiRE SlrPenbBatGiP] RAndf
treat nent BONA@ﬁ&mﬁgb&hﬁﬂb@!eWzﬂrﬂtm&t@7§'A9UVe 1, which was used for the
‘tests to be described, had a volunme of Y ~ 150 litres The workpi eces of the

type descld 4rdpathalytpriens dsts8rsidch die ﬁ@é&ﬂ&%rac@dmn% BPthe RREAInOR 1MBEorRS

fol lows:  golidRedPisitacd @'Be fafdr TtAAMIG coHrBESH K 1&5&5&% ovknehtiSR& pre 4reatment

At val | Oy 10RSa it 3P0 ORI LB il oo B¥epgen

plasma ! 1 ehey RRERo loREine RSN ARKGHERN the SHE dntiB¥d 5 ARk et

Tests | BOfre-trcath®lt &nd 4t thE%Me location, The resultis a high degree of flexibility regarding the
rhythm and processing location for the implementation of the procedure according to the
invention without requiring additional costly cleanliness precautions such as storage under
protective gas to be provided.

In an especially preferred design version of the procedure according to the invention, at least one
solid body phase is stored in a holding device during the pre-treatment, The holding device
defines narrower access areas to the mentioned surface in relation to the plasma discharge
chamber. In the overwhslming majority of cascs, at least one solid body phase is formed by a

dlisk-shaped or plate-shaped substrate, and the holding device is provided with at least one access
slit, '

Preferably, the holding device has several of the above-mentioned access slits and forms an
actual magazine.

One preferred use of the procedure according to the invention consists in joining integrated
circuits with SCSS (Semiconductor System Substrate) or in the electrical connection of
integrated circuits by “wire bonding”, or for sheathing electrical circuits connected with SCSS
and connected by “wire bonding” with a moulding material.

Another preferred use of the procedure is for integrated circuits for flip chip connection and
positioning. Firstly, the soldering points can be cleaned of oxide and passivated at the same time
and secondly, following plasma treatment, a better wetting of the so-called “underfill” (a
moulding material that fills the gap between the chip and the chip carrier and which serves to
absorb mechanical stresses) is achieved.



20.stem - Tests |: 10 minutes - Tests 1Z: 10 and 20 minutes 2 2
" Pre-treatnent in argon plasrna !second reference test) Discharge current: -

Tests I: 50A - Tests Il: 60A Argon flow. 20 sccm 11 Treatnent tinme: -
Tests |: 10 minutes - Tests Il: 10 and 20 mnutes 2.3 Pre-treatnent yg ayg.2003
according to the invention, ~conbination of N2 + D scharge current; Argon
flow N trogen and hydrogen flows; Trleatnment tinme: - Tests |: 10 minutes -
Tests Il: 10 and 20 mnutes 2.4 Pre-treatnent according to the invention,

(only NZph, #8180k, e SBbcdute abEstligho theventidtis bo Lied phéiérably Jowdrksléees 80 sccm
Ni t r ogenni yaWspdcRtdada clait®1F i procedure according to the invention is also especially
suitable for chips with Cu strip conductors according to claim 18,

A workpiece treated with plasma according to the invention and stored in air is characterised by
the fact that the above-mentioned surface of the warkpiece that has been exposed to air has an
increased nitrogen concentration in comparison with a directly produced surface of the
workpiece, which however was not stored in air. This can be demonstrated, for example, by
Fourier transform infrared spectroscopy with attenuated total reflection (FTIS-ATR) and/or with
nuclear reaction analysis (NRA) or with time-of flight sccondary ion mass spect:oscupy (TOF-
SIMS). As a result of the elevated nitrogen concentration, which indicates the pre-treatment
according to the invention, the workplece according to the invention can be stored in air and then
immediately used for intimate connection without any additional pre-treatment in the above
sense. In yet another preferred design version of the procedure according to the invention, the
intimate connection can be performed by the influence of heat in air, preferably at the solid
body’s temperature of at most 150°C.

A vacuum treatment chamber according to the invention is also characterised by the wording of
olaim 20, vrith a preferred desigu versiow ueoording 1o clalms 21 and 22,

To summarise, we can say that the effect of nitrogen recognised and utilised according to the
invention is surprising, especially taking into account the current school of thought (see J.L.
Vossen at al., Thin Film Processes, ACADEMIC PRESS, INC. 1978), according to which N,
plasmas do not remove polymer surfaces.

The invention is explained in further text using figures and examples. The figures show:

Fig. 1 is a schematic diagram of the design of a system according to the invention as
used for the experiments described below,

Fig.2 shows the Auger spectrum of copper surfaces (lead frames) for producing a soft-
soldered connection,

Fig.3 shows a schematic definition of the tensile stress or pull strength Fp of wire-bond
connection points,

rig. 4 1s a graph showing the results of tensile stress (pull strength) capacity tests

performed, as indicated in Figure 3, with (2) hydrogen-argon plasma treatment,
(b) argon plasma treatment, (c) treatment in an Ar /N2/H; plasma, and (d)
treatment in an Ar/Nj plasma,

Fig.5 is a diagram, on the basis of & time / pull strength, showing the Jong-term effect
of the plasma treatment used according to the invention and the pull strength of
the intimate connections formed on workpieces according to the invention,



Treatnment tinme: - Tests I: 10 mnutes - Tests Il: 10 and 20 m nutes

" 18.Aug.2003 In all tests, followng a heating tine of the therm onic

cat hode of about 30 seconds, with a heating current of approximately 190A,
an ignition voltage between cathode 3 and ignition electrode 17 (Se%FAuQUE(ﬂla
1) was applied. Resistance 30 was set to approximately 20 ohns and
connected to ground. Following the ignition of the discharge (ignition

vol tage approximately 20 to 30 V) a discharge vol tage devel ops between
cat hode Biga6d anodsadfogolis tyfipwreidrand ehowsihe Msultstdf additichaliplsuengse tests) r ent |
with preferred use of a welding generator if recipient wall 11) at ground,
i s used Big. 7The andsiescHematic amek-xtodabdiewaifstlatatenthat Mealss Alinble farnising

i ndi cati on of whi Qhep@cédmicy&idq@tomeaﬁmﬁgﬂl,ow. The wor kpi eces to be
treated in the magazines were surface-treated in the plasma thus produced.
The ni tr AGeHenBEEAPAE Blalink dlsBRur b/ 3F SERhoURE Bdsiid SrefeRiPROAIRRdstallow NBlAget | €5
ver e pUpedishdigDsy RUAR bitthe plefhdlt arfiaeo»vxp'féele&&n COpeHr € was
approximately 57x S |: 50A’- Tests 17: '60A 20 seem tot al

2U seem _4 R4 f@md‘é‘ﬂ%@&ﬁi‘ 3 Slsrggﬁogyre 1, magazi nes 51 were used

t hat had access slit e Frgure 1) from1l nmto 10 mm

| 8. Aug. 200 G’a{gi% e es at
gr oung pot %)%%0?9%2@%@%9{3' F&ﬁg%}gﬁl@?’ ;@g%g% se & %%F%Je%tgﬁ %g{sgﬁt i al
or to a different reference potential and then exposed to pl asrra In view

of the factEl; ?Ed3‘foh§\2 cgf)?enraglga%ﬂ%{}ﬁgrwgogv%bkpl eces relative to the plasm

potential in escri bed above is vary low) (< 20

, both.the probl mof de 05|t|on f the ea5|t

o A P B T 3

danger of" °f¥?é°°g%%st‘?5}(’1’fv' CH‘ ‘“C S % S“ °W|

respect €8I9EMstytRs dise °i}15'f% Fsél 08 § %%HP@?% ‘E’ e CI eani ng and
m ca roces

’5%%%‘ Eggg{: g?mg? gr@ggg‘;let s ther

eehhary P?’ mﬂﬂi ‘sﬂslf%{p
reacti vi t“fa"%'ﬂ’m? F"a’slnﬁn %H%Pfﬁ@h% "i:}ﬁ 'tWIP? PEE{Q? at‘
critical rélaivetpiohcathe ’6‘1?8@ & PoRHy

‘b:(:ﬁg ?Fg{?ﬁ%lge i s
that t he dstaaseg up &nism r@slysmﬁanthc gred of i ewcw dctha iopi¢ tAthada a2 ne
shown, Tienerated by eseurpe 84 wishihgatiogsurrenidn lﬁlce@dueﬂd\m ﬂwe\s&geﬁewr §¥¥oved
f rom t he gereselist speaking, anigit 28,8 leabtdesm par o€ thevgpthods chambenyuall, areferatdetotbni cal .
PBGA- SCSSatagdehamberswalbtiselft Uaitas acks aha e@méhmgmm@wemwéwg? &8P 8@S Ao
wor kpi ecdandtion ofithe siysenyd Sawingrtmdugh itoks inflicated by thedleshed liaes, B sembsachigned
Resul t s Hi therfermiofhemsnt-tantroBed veltage squegedtut preéasalily in therfosmiod a passive irqudingt h
and pul | ietegneing esrecially afresistance pleingeit . connect i ons were neasured on >PBG A,
SCSS (sem conductor system substrates) treated according to the invention,
t he conneltieipositivipilagf yolagessuketd6 o b satito & rdfemuticrpgtentidlj dther growduore i s
schenat i cabthyr sphcified patedtlal)ior earSbe drdrateddinaypestisifeeqmnecs smpmpoimly with the
sur f ace othematieslty, by aptiorbsrdtchi3@ a3iedlagdy,cincdiitrigeleericaily inswlatadt frasmcatiide
sur f aces chimbérd, treementcthambert Ilpdeshéraaticpil e stiosasvigh-fydeh 3¢ r@abe dpdosted dte
manuf act wgreursl pomnaai a rdferent poeential; or gossiblywivergattalfloatipg potentieh fThe treatmente
danger ofchambersdaxesvall bnof atdemst guets greseofvas bg connectedias thevarrods rehtive tathe
pol yrer i Shdrividdhic eithddBd; piefdratly homsvérps eparateinode Thastihdicatedost thadahcﬂmes,
subj ect ectah be ashaetted bjnalvohsrgeabmmo reddiivaitonhd ticimminaic eathbdoIrag dreanode, ic.,
manuf act WositivelyNQnode 38 is then nsed praterably as the workpiece carrior for the workpicees W

shown schematically. A working gas, a5 an examiple and preferably argon, is supplied through

gas supply line 41 to the cathode chamber. Through another gas supply line 43 shown

schematically, as indicated schematically by switch 35, depending on the potential connecuon,

chamber 11 can be connected to the potential, gas G (X, Y, N,) containing preferably nitrogen is

supplied by a gas tank arrangement 50. Gas G is admitted by a valve 52 as schematically shown.
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wi re bondi ng connections could be made. The resulting tensile strengths for
" Tests | arc shown in Figure 4. The treated substrates were precisely the
substrates that are unsuitable for an argon/hydrogen plasma treatnent: the
feared re-deposition fromthe gas phase, in outer words plasnta 18.Aug. 2003
pol ynmerisation, did in fact occur during the argon/ hydrogen plasna
treatnent) as indicated by the relagively poor tensile strength results
(a). Atensile strength of approximtely 3.3cN was neasured. A treatnment in
argon pl asma produced slightly better rTesults (b) with a tensile strength
of appr dEspeally i tig i6dusidial Epplidatinn of thdmrosidurel accdrdiag tothe dfventing, 8 mlegdzinet e

sur f acesSldmusetilae thesemkpiedearirribe S b mithitioatrentroers charoishn eendrdigg toehe ivedntien & han
coul d bephedityiofsulestiatds to betregyadiis staekbd thereinand kanseviad Withsizpoeessrbon R intherdhamber only

pol ymner i byatsdrten slits on thS frohtignd/ 20O BforiR: sBisteazs, hsywel) astatcess slitsdéa aliditonalip previded indtgs ur cs  as

t he resuhigagine el ol egtbmaR R qatt Haelktivelth ¢hd mmeinidgmompnmitation dpartams (access

ar gon/ ni dlits) Geviveprt the FhbstateRudades Byd foatih & @RameiP@As ten be fubstantiflyssalér case
appr oxi n@gedhy ddrkrsgmelrb&m@s 6Othe blemb @istiehgniiatained iwlthe bhag@arihsistifRgen

pl asme agdaeneht Q& diadcdrdihg td the glvehbalie porddAld bl thedas cORhifing nhRlgen hafiydeogca

I ~ a~ddcgkched Bage @sb&hgﬁm@mc}s@aé magaguﬁhﬁf&u {h8 2BHN%-RMRIhedDeAwERId er

anount tdg the anount of nitrogen contained in the gas. In the substrates
treated according to the invention, the tensile strengths measured ureic

appr oxi NMREEEY;E A B‘a:@xﬁ)thé? t?cratrﬁ@ﬁ %1:\50(‘&1)1 tcﬁﬁe fivEtioR ¢ Ritshle for
FPee i 'gﬁ ﬁ%&uti% j‘ 41 RS ; Gt ERBRE b 0kainle> CN
which - ?\% i 8'1[)5 : ﬁ? vES, f{? L??Fntg &ﬁ@?gg%‘.ﬂ: q%\fﬁtlgaﬁﬂma?@%ttuuLCt Y

i n mher Woras |n argo VI u roge roge 4 ‘vol une~' % plasmas. . On the

ggﬁ q ha?? uﬂﬁh L&é,%{ 4T26£l g;ov%e& x?éx%t {' FD 'a%:b 'y 1 ggﬂlfgz[tﬁ&b cﬂzﬂnttﬁz aﬁt her

creati onSho %m g ¥atf°fn§rp fovi sured

BRI o R e ot

surfaces }éxposed |n the plasna treatnent procedure Fi g> >rAf shows tho

The tcguﬂmgh p Efpehed fig%@%éaingﬁa W\%@% ol Flfﬁﬁe

while th wd”%\w Ela? g6 . The
di Ischargé ?q'té caﬂmd%ahar’?ﬁ’i‘ﬁl né}k? éancer\%}é e‘A *The° ca % F:: ?d)

accordin °ri g Aeas igeet Gdhomratirag ond.
Fi ~uro 615d8wisdnheranop aourrpat iflowy auawus%swa reﬁlﬁfé%ﬁc B
pl asme, bientiah<Dn, previsudly ebtbe ﬁ?vsmmﬁehtehaﬂih@ htéhqd@éﬁb@n%c‘@lld%g th gxc(vajl ofj n
ot her workssmbendgetingras an enpderfiuring oparefinm anjtiocealigiblsslegree PR t
becones~&isekarge being dexpby theglidphepgay argingeshent ythepertwen f wanodeAhar 88 wi t h
Tests |, tegtmiantchadberisidet e treat nent in argonl hydrogen plasma (a), the
reqwred tensile strength of 5 cN were still not reached. For the plasma

t r eat nenfThaswtaces ofgvarkpites) tabeicchdctedeone eated by a ghamabeslike the one shiowm i he
above- nefiguonkhesr-can betfer ¢exaemplarent at an arc current of 60 A far above
the required value, nanely approximately b.5 cN (c¢) and 6 cN (d). Thus,
simlarly geedlsesiine foamniizeldbhgifontanplcanglsnl kypxo gikelplaeheonps ydy

ext endi ng tdilvet-pletad oepper.t i ne. This i nvol ves a higher thennat |oad on the
substrate, and with a | ogger treatrz~ent tine undesired effects can occur
on subst rat@ganit SCSSi(§dnticaniuctariaistennsubbtra)treatérials, suchfaa B (Bati Grid Awey)

probl ens W drld MOMs@QueRhipMuldishFopexatiplesh aneppr st ester basis, aewtleas BEBsor di ng
to (c) and (pehted@ivuBagrdty tixe invention, a partial delamnation of the
noul di ng material was obsen%ed in the substrates treated accor di ng to (a)
(figure 8). métblh'cle’{!*sQ@ﬁaﬂqia)/pédﬁh)?fdrQﬁémlﬂaﬂia@@bﬁ@p}:&ahlv@rﬁﬁlﬂwﬂﬂcb ef,@8pect to
material s toR@ubsfisted Eipe f,reatment pr ocedure enpl oyed according to tlae
invet~liun has a wider proc' -'mss window. It is also inportant to note that
the tensile capacity tests presented in Figure 6 were performed on
-substrates five days after then plasnma treatnent according to the
invention, while Tests | | 8. Aug. 2003 14 according to Figure 4 resulted
during bonding on the sane day, on which the plasma treatnent was applied.
Finally, Figure 2 shows the Auger spectra of copper surfaces (lead ficants)
for the production of a soft~sol dered coztnection.

_'




Spect xum (a) was r-corded or a |ead franc not
“trcata~according-tcrtl~-izn~ezrtion. Spectrum (b) was recorded follow ng a
2-mnute gre-treatnent according to the invention as shciwn in fiigiirP d)
Tests | (d)) sportruni (0) was recorded following d ~-jui>iutG 18.Aug. 2003
uri:-lrCac7ritent Of this kind, whileldpectrum (d) was recorded fol |l ow Hs“a
6-mnute pre-treatnent of this kind. It is especially the devel opnent of

the C peak mttallizatian\ofatrip conductorp falorganic BRSPS SanaterialerndaF Rofas example madsofe/

t hat dononstsilvat-plated sopres goldipjatad coppsr, of gelde procedure according to the
invention. "fate substrates, on which the spectra according to Figure 2

wer e xecor desghicomdnetot substtateicarriera depdgned ag flipghip wigtdsobdpeing peitts mpdefom and t he
stated tr eatxaiple, of ARSn, PbBh/PUSnag| PdnAg,i n ar gon/ ni trogen pl asma accor di ng

to (d) in Figures 4 to 6, the behaviour relative to C and N remnains

essenti all y sénliCorRoRr BiétenDs0p§edte mdtcrisls of @ 0¥rhmicayis,rforkxamgle aAminiudi oxide, 0 t he
i nvention, workpieces that have been treated in plasnma wit)n nitrogen and
then ' can. sikplcy phfectih 96k dfithiph, for AAmpRhadevE siliadinnigide csilivoh exyrdgidginded by
their signi Rbgﬁﬂae,surface ni trogen concentration. | B. Aup. 2003 15 Pat ent
clainms: Z procedure for maztu.facturiz~g parts with intimate connection
of at |east dir¥QlyBah&dd QlsiRAREES, Oo~which at |east one is a solid body
phase, and in which procedwe, prior to intimte connection, at |east the
surface of the solid body phase to be connected is pzc-treated, then stored

ire air, g@ﬁ}iﬁg‘%ﬁttg%nhn that the pre-treatnicnt is pcrfonned by neans of
a pl asmaactivated gas at contains primarily nitrogen, 2. Procedure

accor di NG TiQufdnfiNathbdy adeSRANRID Hdu?El whidh Wildlsed {88 tidténd tb BaHEReHbed] Fad 2
pcrfonnaca'olg%crgpans ova plasma-activated gas that contains hydrogen, 3.
Procedure according to one of clainms 1 or 2, characterised in that the

pl asma discharge is produced as a | oywvphipge di scharge, preferably froma
thermonic electron-enmtting cathode. 4. I$r ocedure according to one of
claims 1 4fe dor@ARLARIE! B ok ibeliliBbve éte Blaed ih 6l dHRber'afd B o BiaiTGithvibes
means of gclﬁ Stra-activated gas that contains a working gas, preferably azr
izzert gasS, wWhile argon is especially preferred. 5. Procedur ors x to ~!,

char acterils gﬁqW@@ttgl%ﬁig%sﬁgfﬁﬁgﬁk{1‘3"%33" surface to be intimately

connect ed "l ' or “Sem - e 1i'c "andl or ccrarnic andl or made of

plastic. §. }].rogcod or dic+ dhaclains 1 to 5, characterised
in tlxat he‘l‘?t‘r’(??%%a@@g%%g?tﬁégaépgo’%g‘%’?g’(rjlr?@é’ by gl ui ng) sol dering,

wel di ng) mqul di ng. .or coating. escoci al |y vacuum coating, or by direct

bondi ng. <48 ERRIXRIQS R ACSEEEdte according to claim 3, characterised
in that t o~-vol tage discharge is opgrated w a discharge voltage S 30
Y arad prgﬁéé‘%l’ﬁ“ﬁ“t"h a di scharge cur?%ﬁfﬁfpetv%%‘n 10 A and 30p A
(including both limits). 8. Proceduza a Séﬂil ng one of clai~cns 1 to f,

characterised hn that the intimte con%cti on is performed by ultrasonic
vel di ng. Argon tlow: sccm

Treatment time: - Tests I 10 minutes
- Tests II; 10 and 20 minutes

A ~ .
U'U DAV, U C UU

2.2 Pre-treatment in argon plasma (second reference test

Discharge current: | -Tests It S0A
- Tests II: 60A

Argon flow: 20 sccm



9. .Procedure according to one of clains 1 to 8, characterised in that at

| east ont solid body phase is stored, during the pre-treatnent step) in a
hol di ng devi ce, which defines - z~elative to the plasna di scharge chanber -
narrower access areas on the surface 10. Procedure according to clai fﬁ‘.?ug.zooa
characterised in that ~t |Icast one sojijd body phase is forned by a

di sk-shaped or pl ate-shaped substrate) and the hol di ng device has at | east
one accesdJreatmenttimer ef or. 11~ Procedur e Tegebr di nip mbwtesai m 10,
characterised in that a magazi ne (12) wilesdts H: pl ut®dndt29 nihutaccess slits is
used as the holding device. 12. Procedure according to one of clains 1 to
11, characterised in that the intinmte connection. is created in air,

pr ef er abl R2.X1Rredreatmentaeolirei td theddveriti tbination of NJLB®,)C. 13. Usc of the
procedure according to clains 1 to 12 for connecting Integrated circuits

wi th a SCISschageicatamnduct or system substffegt®), ofpfor the electrical
connection ofprinted circuits by wire bqedsig, o0&4or sheathing

of el ectrical circuits joined with SCSS and connected by wire bonding with a
nmoul di ng cagsPRcwNd. | 8. Aug. 2003 17 bf.scddse O the procedure according to
one of clains 1 to 9 for integrated circuits that are to be connected to a

{110 Chi D ety ROBA ARRE] 20 oSORcchis TRk i ieefcl deri ng boi Nt s

othe circuit and the S 15. Use o rocedure ‘according to one of
claims 1 tQesdhedtQimaror kpi eces with stufaggsyto begjfihkdiately cozunected
with poorly accessible surface areas, espgci@l| yl@ﬁ%milﬁﬁ‘tg?; bl i nd hol es,
gaps, and grooves. 16. Use of the procedure according to one of clains 1 to
11 or chips with copper strip conductors. 17. A workpiece stored in air,

char act eri5eghel i fiiah adcbMitt Yo RERVEIRATST air has an elevated ~,;rrngnn
n~nc. Antr .~ uced directly) which is

det ect abl e anple by )~ ourier tranrsformin red spectroscopy with
B B s

attenuat e reflection (FTISATR) a 9 Wit ucl ear reaction anal ysis
. (NRA) or with tinme-of flight secondary’i SR Mass ctroscopy (TOF-SIM).
18. A vacu t peat ment chanber conpri si a plasma di scharge section, a gas
supply to'?%én@ﬂ%{hber, connected with o)frag%@ntank awangezxi ent and a
wor kpi ece Pglgl di r% devi c? Chﬁﬁ(fwt erised in that the gas tank arrangeneztt
conpri ses ‘2 g8 MNP r ogen’ ¥ t he hol di ng device conprises at | east
one accessgsl it open towards the discharge chanmber for a di skshaped or
pl at e- shapBF'REPUPREee. 19. A treat ment'%ﬁfégger gg Sng to clainn 18,
characterised in that.the plasma di scharg&secti ohap MRS vol t age
di scharge segtion, preferably with_an electron-emtting hot cathqde and/ or
in that t ﬂ§é@stﬁ» f?llagéiegaak%amkmapf %Mm&ﬁp&f héabﬁwégwgmfg& a
wor ki ng ga¥atng qumeptalapproximately Ag0Aqan/ignitien vaiess PFéY'F“?«ﬁQEd%}.%d%‘E Becially
pref ezxed §€T q%gﬁiee 8§ ;é”’?f&i’?li - RESSIBERAY Y2 S 1 APRRG E e Pty. 20. A
chanber acWBRYINRJo guBhd Wowingsheignitionet theglischarge Hanition wdigs appraximately 20
~wockpi ece REPINmdlisbarge voliage develans betweenrathodet 3and arodeddef epprpximstely 25 V
. A, A3R. ALWitnS0 Aplizcharga@irrent, wirh pryferrpd usaif 2 Aveldiggrgonerator if recipient walghly gt-=Yq
H ( ~ysni d_gzoshaisasidas]tbanodical] cal cRa] ca] cal] ca] ca] caU] ca] caU] ca] caU] ca] ca
U] ca] caU] ca] caU] ca] caU] ca] caU] ca]ca]ca]calJca (?s$ u ~
"M og (())))lonsand-cxcitedneytronsei@incrtdds af} ndidhiier efauliichd) twitypiedl phashe plopec The aU] ¢
a] ca] ca] cayverkpiccrsia b vedtfdialtivcanhgaine s e dlufadectedated Jin tidjplaaine &jvs aroduced. The
(. 7. 11/ 2228udgen@répeBiblythe dyd&ogen volatile compounds with impurities were pumped off by
=>>+B- B9BBRinGikg=sem#tZZU] ] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] c”a] caV] ca] ca] ca]
cal] ca] ca] ca] ca] caU] ca] caU] ca] ca] cal] ca] ca] cal] ca] cal] ca
Fgl J KKVNNNER FVOAL e ¥BdeE vescbfirdimately Raardmke] e_7] | ca] cal] ca] ca] ca] ca] ca] ¢
a] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] caV] ca] ca] ca] cal] ca] ca] ca] ca]
caj ca stitx¢ SHetvlin FipuveD, Brdou a8 Mere A iaralvaccess slit widths H (see Figure 1) from

1 mmto 10 mm.
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ort treatment times, which is critical for the economy of the proposed procedure.

Another advantage is that the plasma penetrates small hollow spaces especially in the magazine

shown, Thus for example workpicces can be treated without being removed from the cassette or

magazine shown here, which is especially economical.

PBGA-SCSS as well as lead framas with copper surfaces ware treated as worlppicees fox a
subsequent production of a soft-soldered connection.

Results:

Figure 4 shows the tensile strepgth results. The tensile strength and pulling force Fy of the

intimate, cannections were measured on PBGA SCSS (somiiconductor ayatcm substiales) Lealwl
according to the invention, the connections being produced by gold wire bonding. This
procedure js schematically shown in Figure 3. 53 indicates the connecting point with the surface
of a lead frame 57a treated according to the invention.

The surfaces of the treated substrates had previously been treated by the manufacturers in an
unknown manner. Following this pre-treatment, the danger of a re-deposition from the gas phase,
in other words plasma polymerisation, on the surface was foreseeable.

.On the substrates not subjected to any further treatment, obtained directly from the manufacturers, no

wire bonding connections could be made. The resulting tensile strengths for Tests I are shown in
Figure 4. The treated substrates were precisely the substrates that are unsuitable for an
argon/hydrogen plasma treatment: the feared re-deposition from the gas phase, in other words
plasma polymerisation, did in fact occur during the argon/hydrogen plasma treatment, as
indicated by the relatively poor tensile strength results (a).

A tensile strength of approximately 3.3 ¢N was measured.

A treatment in argon plasma produced slightly better results (b) with a tensile strength of
approximately 3.6 ¢N. Evidently the simple heating of the substrate surfaces and the associated
desorption alone produced better values than could be achieved in argon/hydrogen plasma
because of plasma palymerication.
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In the substrates treated according to the invention, the tensile strengths measured vrere
approximately 5 ¢N (c) or far more than 5 cN (d).

As a principle, specified tensile strength required for the described connection is 5 ¢N.

Figure 5 shows long-term effects of the cleaning sffect for substrates, which — as just described -
wore tesated acewrdiang (v Test 1 (Cliaunber), 11 ULther words in argorvnitrogen/nhydrogen
(4 volumey;, %) plasmas.

On the one hand, the future tensile strength F, is to be considered, on the other hand, it is the
storage time of the treated substrates in air up to the creation of the wire bonding that matters.

It turns out that the measured tensile strength values remain unchanged, within the measurement
accuracy, for seven days, in other words there was no re-contamination of the surfaces exposed
in the plasma treatment procedure.

Figiira 6 shows the resulte of Tecto IT in analogy with tho testy accurdiug v Figute 4. The results
marked with “*” were obtained with a 10-minute treatment, while those marked “**"” were
obtained with a 20-minute treatment. The discharge current — as mentioned above — was 60 A,

The tests (a) to (d) according to Figure 6 and those according to Figure 4 mutually correspond.
Figuro 6 docs not show (Lic teals un (e substrates wreated in argon plasma, but they were clearly

worse than the tests according to (a), in other words those treated in the argon/hydrogen plasma.

From this it becomes-clear that despite a higher discharge curent as compared with Tests I, with
a 10-minute treatment in argon/hydrogen plasma (g), the required tensile strength of 5 cN were
still not reached. For the plasma treatment according to (¢) and (d), however, they have —even
with the above-mentioned 10-minute treatment at an arc current of 60 A, far above the required
value, namely approximately 6.5 ¢N (c) and 6 cN (d). Thus, similarly good results can be
obtained in argon/hydrogen plasma only by extending the treatment time. This involves a higher
thermal load on the substrate, and with a longer treatment time undesired effects can occur on
substrates with different additional material surfaces. While no problems with subsequent
moulding occurred on substrates treated according to (¢) and (d) according to the invention, a
partial delamination of the moulding material was observed in the substrates treated according to
(8) (figure 6). It is precisely this that indicates that even with respact to materials to be used, the
treatment procedure employed according to the invealion has a wider pfocess witidow.

It is also important to note that the tensile capacity tests presented in Figure 6 were performed on
substrates five days after their plasma treatment according to the invention, while Tests I
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Spectrum (b) was recorded following a 2-minute pre-treatment according to the invention as
shown in Figiire 4, Tests I (&), spoctrum (o) waa recorded following & 4-wuinule pre-treament of
this kind, while spectrum (d) wes recorded following & 6-minute pre-treatment of this kind. It is
especially the development of the C peak at 271 ¢V and the N peak at 379 eV, and the O peak at
503 eV that demonstrate the cleaning action of the procedure according to the invention. The
substrates, on which the spectra according to Figure 2 were recorded, were treated in
argon/nitrogen/hydrogen (4%) plasma and the stated treatment times. With treatment in

argon/nitrogen plasma according to (d) in Figures 4 to 6, the behaviour relative to C and N remains
essentially the same but oxygen is not completety reduced.

According to the invention, workpieces that have been treated in plasma with nitrogen and then

‘can s.imply be stored in air, as mentioned above, can be recognised by their significant surface
nitrogen concentration.
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dV7 ' 310b4@h prycedus® for manufacturing parts with initimate connection of at least two material phases,

of which at least one is a solid body phase, and in which procedure, prior to intimate

connection, at least the surface of the solid body phase to be connected is pre-treated, then

stored in air, characterised in that the pre-treatment is performed by means of a plasma-

activated gas that contains primarily nitrogen,

2. Procedure according to claim 1, characterised in that the pre-treatment is performed by
means of a plasma-activated gas that contains hydrogen.

3. Procedure according to one of claims 1 or 2, characterised in that the plasma discharge is
produced as a low-voltage discharge, preferably from a thermionic electron-emitting cathode.

4. Procedure according to one of claims 1 to 3, characterised in that the pre-treatment is
performed by means of a plasma-activated gas that contains a working gas, preferably an
inert gas, while argon is especially preferred.

5. Procedurcaccordimgtoome ofclaints 1 to 4, characterised in that at least one solid body
surface to be intimately connected is metallic and/or semi-metallic and/or ceramic and/or
made of plastic.

6. DProcedurc according to vne of claims 1 to 5, characterised in that the intimate connection is
performed by gluing, soldering, welding, moulding, or coating, especially vacuum coating, or
by direct bonding.
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300 A (including both limits).

8. Procedure according to onc of claims 1 to 7, characterised in that the intimate connection is
performed by ultrasonic welding.

9. Procedure according to one of claims 1 to 8, characterised in that at least one solid body

phase is stored, during the pre-treatment step, in a holding device, which defines — relative to
the plasma discharge chamber — narrower access areas on the surface

10. Procedure according to claim 9, characterised in that at least one solid body phase is formed

by a disk-shaped or plate-shaped substrate, and the holding device has at least one access slit
therefor.

11, Procedure according to claim 10, characterised in that 2 magazine (12) with a plurality of
access slits is used as the holding device.

12. Procedure according to one of claims 1 to 11, characterised in that the intimate connection is
created in air, preferably at a maximum solid body temperature of 150° C.

13. Use of the procedure according to claims 1 to 12 for connecting integrated circuits with a
SCSS (semi-conductor system substrate), or for the clectrical connection of printed circuits

by wire bonding, or for sheathing of electrical circuits joined with SCSS and connected by
wire bonding with a moulding compound.
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14. Use of the procedure according to one of claims 1 to 9 for integrated circuits that are to be

cormected to a flip chip and to be positioned and SCSS, by melting the soldering points of the
circuit and the SCSS.

15. Use of the procedure according to one of claims 1 to 11 for workpieces with surfaces to be
intimately connected with poorly accessible surface areas, especially edges, holes, blind
holes, gaps, and grooves.

16. Use of the procedure accérding‘ to one of claims 1 to 11 for chips with copper strip
conductors.

17. A workpiece stored in air, characterised in that its surface exposed to air has an elevated

nitrngen eoncantratian as opposed to a surface produced directly, which is detectable for
example by Fourier transform infrared spectroscopy with attenuated total reflection (FTIS-

ATR) and/or with nuclear reaction analysis (NRA) or with time-of-flight secondary ion mass
spectroscopy (TOF-SIMS).

18. A vacuum-treatment chamber comprising a plasma discharge section, a gas supply to the
chamber, connected with a gas tank arrangement and a workpiece holding device,
characterised in that the gas tank arrangement comprises a gas with nitrogen, and the holding
device comprises at least one access slit open towards the discharge chamber for a disk-
shaped or plate-shaped workpiece.

19. A treatment chamber according to claim 18, characterised in that the plasma discharge
section is a low-voltage discharge section, preferably with an electron-emitting hot'cathode
and/or in that the gas in the gas tank arrangement contains hydrogen and/or a working gas,

preferably including at least one inert gas, while especially preferred is argon, and primarily
nitrogen in a prevailing quantity.

20. A chamber according to one of claims 18 or 19, characterised in that the workpiece holding
device is a magazine with stacked access slits.



