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nmet hod of manufacturing a sem conductor device wth a
substrate and a sem conductor body which conprises at
| east one active sem conductor elenent, wherein,
after the sem conductor el enent has been forned, a
| ayered structure is provided conprising at |east one

el Methed of miapufaciuping d semicepduciaydavicomden eppatatys far ingen fugh Smethod

conductive | ayer, wherein an opening is forned in the
| ayered structure by nmeans of a patterned photoresist
| ayer and an etch process, wherein residues are forned
at the surface of the sem conductor body during the
etch process, wherein the photoresist |ayer is ashed,
after the etch process, by nmeans of a treatnent using
an oxygen- & mmwnmmaiemmnﬂd ofafidnefactudtigaiemicdt@uctor device
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treat ment, however, desrra resi dues of organic or
i norgani ¢ nature are Ieft behi nd on the surface of
t he seniconductor body. In said patent specification
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SBeth 17(?06t in said dgpu(renegt %Sgqutgon?s g%:en (cj;f a method wherein, after the
formation of an electric connection region, such as a metal-filled via, the photoresist layer
used in an etch process is removed by means of ashing using, for example, an oxygen
treatment. After this treatment, however, undesirable residues of organic or inorganic nature
are left behind on the surface of the semiconductor body. In said patent specification it is
proposed fo clean the surface by using a cleaning agent containing a water-diluted solution of

acetic acid and phosphoric acid. According to said specification, the phosphoric acid is



2 excellently suitable for renoving inorganic

resi dues, and the acetic acid is suitable, in
particul ar, for renoving the organic residues. A
typically suitable concentrati on woul d be

approxi mately 5% by volunme for both acids. A suitable
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characterized in accordance with the invention in that
sul phuric acid is chosen as the acid in the cl eaning
15agent and that the the sul phuric and concentration is
chosen to range between 0.01 and 10% by wei ght.
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sulphuric acid or mixtures thercof are suitable in concentrated form for the BEOL phase

30 because concentrated acids such as sulphuric acid are not corrosive to metals provided that
the water concentration is fow. In the method in accordance with the invention, however, the
solution used is a highly diluted solution of sulphuric acid in water. Concentrations that were

found to be suitable lie in the range between 0.01% by weight and 10% by weight. Good

results are achieved in the range between 0.5 and 5% by weight, for example at a



solution used is a highly diluted solution of
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demineralized water, is that the former is able to remove relatively thick layers of residues.

In another favorable embodiment use is made of a cleaning agent-which
besides, a low concentration of, sulphuric acid and water also contains phosphoric acid,

preferably also in a comparable low weight concentration. Dependent on the circumstances,



Ti and/or TiN may lead to a mal functioning electric
devi ce and hence to a reduced yield. Another advantage
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peroxide in addition to sul phuric acid and

dem neralized water with respect to a cleaning 30
agent which does conprise hydrogen peroxide in
addition to sul phuric acid and dem neralized water, is
that the forner is able to renove relatively thick
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thickness direction of a semiconductor device, such as an IC, in successive stages of the

manufacture using a method in accordance with the invention,
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connection is formed as a tungsten- filled via which
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di agrammati c, cross sectional views at right angles to
the thickpe dir em conduct o
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kggv%i&f, ?og l:g:?a%dﬁg&lbg rde%gtro? sapgrl cfe{:t%[t H'&é J: {ét%%%% Svith an
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in acc rdan% with the in i 0 FS deV|c 10, ( q¢
Ftﬁhmgl s a result, res1dues 6 are forme at the surface of the sermcon uctor body 11.
Subsequently, the photoresist layer 4 is ashed, for example, by means of an oxygen plasma,
In said process, the photoresist layer is largely rernoved, but the organic and/or inorganic
residues 6 formed during etching are left behind on the surface of the semiconductor body 11.
The residues 6 formed may cover not only the flanks of the aluminum layer 3 but also (part)

of the upper side of said layer 3.



conprises a substrate | and a sem conductor body It,
not shown separately, which are made, for exanple, of
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one or nore epitaxial silicon layers, preferably a

| arge nunber of sem conductor el ements such as
transistors are 20 fornmed in a customary nmanner. On
the surface of the sem conductpr body 11 an insul ating
| ayer 2, for exanple of silicon dioxide, is then

provi ded, fAsrordizgpmpicdnvedtion teansides 6atk eroml, in this example,
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resist layer 4 having an opening at the location of the via to be formed. Subsequently (see

Fig. 5) an opening 5 is formed by means of an etch process in which the insulating layer 2A

is locally removed and the resist layer 4 serves as a mask. As a result, residues 6 are formed

_ that cover the flanks of the opening 5. Subsequently the resist layer 4 is ashed and the



the patterned al umi num (copper) 3 is provided with a
so-ternmed anti-scratch protection in the formof a

VO I0FM4Wi tri de | ayer, not shown. Said silicoRCHIBIP4ES1166
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| ayer is provided with openings 15 using a resist
pattern, not shown either, after which, i.e. after
ashing of the resist, the purification step is
carried out as descri bed aboveg The treatnent time for
the diluted sulphuric acid solution was approximately
5 proviausly ferped wsiduent maynaew derrover partofspprsoletingdayet JA. Nxt, a
M Heth&g stbﬂ‘as%esﬁlqﬁeﬁ%% %tﬁ JB e Elrst Q{ﬁquIL %rcaltrngr?()Lﬁ Tyt ed
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for, the dil ut huric acid solution as

t FreEfdess o drtichght 491 ﬁFB’P bshingof e rsifid. BHaspFerTiBe theifast that the
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A RetagRE R §XR°Feé’a‘Pﬁ‘Bﬁ?xaF‘8'ﬁﬁ%F'§P]ﬁ?’é“g\R)§E e AR 5
carsitigckeh @hitiois nixahdrasaf vseiisonsle ofdl dMmientially indiilabkSReahing Sgent.
Fi ound.t hat the £ dues have Dbeen
riélgr%hvegﬁmjg%tr#ﬂ St‘{ CIOHOS"N,%S (fount R dferanuf acture is continued
by fillindgntlhte vlhau@s wgstiibed above, the cleaning step may be advantageously

~“combined with a cleaning-rinsing step in hot, i.e. 60 to 90°C, demineralized water. The

treatment times of the acid cleaning operation may then often be shorter in practice than the

above-stated times. Good results are achieved using demineralized water of, for example, 70



metal plug, not shown, which is capable of making an
electric connection with a further conductor | ayer,

WR00YAUM either, which is to be provided at XCTABMP4/0SI166
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stage. 10 Figs. 7 through 9 are diagranmti c,

cross-sectional views at right angles to the

t hi ckness direction of a sem conductor device, such as

an I C, in successive stages ofgthe nanufacture using
nodi f| cation of a nmethod in accordance wth

a !

t hé’u’rﬁ r%g gfhtP? SRAMPIp eivenefhs manufrrtareob i {G s sentisvedces satrset inkes
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re U r e, .openi n as
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tun rrat i on of
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analrfogous fo that di scussed above for eanl ng
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i nertnkd @rayaﬁ)ﬁs Inseie sﬁh}@koolﬁ)a c@éﬂﬁ@ st i cabrRE Uﬁt'i:&ré@fﬁvely rapidly.
eved I g]ar di ncg he rtgnpv‘ﬁ residues 6 |eft
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been foun dR 1& %hey\?o%dq%h mgtter{lagsnolﬁ? A %f’% %?( %‘2@5‘8185 maype
t APRliedXihipihe scopgofithpdnventénantt is glss P@pblle érapbly slifferent deposition
S eHamdiqhiad fofi‘tlhé ynovéiﬁlt@ﬁtioﬁ&ik&%them £hai, Su ? g% eplt %g— hemical

% ﬁabe of a COﬁﬂerCIa aval
otk Deon, heheins FaRer i BAeaaH b melbod se may
C supetimesienede of Wbt@lhémldah&ch&é&ﬁi%ds QRS cOsEely. RBELUBPOLNBhod in
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R R e R BB Aokl forghe mapufaciotg GEICS 1t my aiso

dmdnmbquzlg dpplied @rthe pTddactioh bmgcwﬁemtcbmaomevrbdae acid
cl eanin en of t en be.. s

pract i cg t &’H? i I&E%v&ese Syl tafcr?gléngqﬁg’fa Hw?”élglﬁi Fioyn in
aFig- léicq@mv@@l a rpsérvagr 1@ wiith eorgéritzied sulysiide acl suck axre.g. 98 %
eaiﬁémk EongQ of‘é@pﬁ@ﬁcﬂ 0f41 Qupglg-%é &%9:8#/ ?ile& %gterl;. tr%mng, Hut

In the exanp es glven he nmanu ure
i £03 S prgrdow-Hipw piskup aeter ip coanectad 4o ereseyvairalifh end to ik eupply

f m;z {@érﬂaﬂ@mﬁifinga)f RORRriO A prévided 85 fe & oin R ShAGRRYRized

W
water prowdgéJ by t{'xe Xupply 102. The cleaning agent thereby obtained is provided to a
cleaning station 104 which may be a wet bench tool or a spray tool. In operation the cleaning

station 104 receives the semiconductor body 11 and the cleaning agent as provided by the



correspond to a last stage. Individual sem conductor
bodi es 10, which are generally manufactured

WO HIFPAKO US| y in large nunbers, are then obt BCHEBR004/051166
using a separation 5 techni que, such as sawi ng, after
which they are suitable for final assenbly. It is also
noted that in all the situations described above, the

cl eaning step, followed by a4pi nsing step using

dem neral i zed water of preferably anbient tenperature,
meixingenitidd.dike alg@blgstagi'orr 16p atregieditobrindibe semﬁcondmlasbodf-d)r in
ex

et by A Dk Sy WAl e i of B LB P 1.
30 to 60 sdi Odlmentﬁh%m@maﬁmyl@@s aSTERsH asnmfemlusmd

b)/suﬁ)hﬁﬂnfh‘éid&ﬁd &eﬁrﬁ’fﬂrali%d%teg @F@féﬂ&[ya{hle ARG VR 863 RbrdR0 Ror
very suitable if the

ﬁFerag%ig §O seconds ﬁkpve

Xipg;ogsulp }:‘fé’af’f”é‘ ctyeqnd 0] 2pq FAZEbY rigs hd prelgteply bptpyeqpdydyand
goﬁﬂbﬁhégﬂMﬂﬂdQMNﬂMQQHMﬂﬁatIVely short total treatnent
time. The invention is not limted to the exanple
descri bed herein, and within the scope of the

i nvention many variations and nodifications are

possi ble to those skilled in the 15 art. For exanpl e,
it is noted that the nethod can be applied wth
particul ar advantage to so terned spray tools. In said
spray tools, a cleaning step is carried out
conparatively rapidly. Such a device is also
particularly suitable for the nodification wherein an
"acid" cleaning step is conbined with a cleaning step
usi ng hot dem neralized water. It is further noted
that materials other than those used in the exanples
may be 20 applied wthin the scope of the invention.
It is also possible to apply different deposition
techni ques for the above-nentioned, or other,

materi als, such as epitaxy, CVD (= Chem cal Vapor
Deposition), sputtering and vapor deposition. Instead
of dry-etch nethods, use nmay sonetines be nade of

wet - chem cal etch techni ques, and conversely. Although
a method in accordance with the invention is suited,
in particular, for the manufacture of ICs, it may al so
25 be advantageously applied in the production of

di screte sem conductor devices. The apparatus 100 for
use in a nethod according to the invention, shown in
Fig. 10, conprises a reservoir 101 with concentrated
sul phuric acid, such as e.g. 98 % aqueous sol ution of
sul phuric acid, and a supply 102 of demi neralized
water. A mxing unit 103 such as e.g. a lowflow

pi ck-up nmeter is connected to the reservoir 101 and to
the supply 30 102 to enable m xing of sul phuric acid
provi ded by the reservoir 101 and demi neralized water
provi ded by the supply 102. The cl eani ng agent thereby
obtained is provided to a cleaning station 104 which
may be a wet bench tool or a spray tool. In operation
the cleaning station 104 receives the sem conductor
body I 1 and the cl eaning agent as provided by the

UI



WD 2005/ 006410 PCT/ 1B2004/ 051166 10 m xi ng unit 103.
The cl eaning station 104 is arranged to bring the
sem conductor body 11 in contldct with the cleaning
agent thereby achieving the cleaning of the

sem conductor body 11. In an enbodi nent, the m xing
éﬂ 03 is arranged to mx exclusively suI phuric acid
& neralized water. Preferably, the m xing unit

103 is arranged for 5 m xing of sul phuric acid between
0.01 and 10% by wei ght, and preferably between 0.5 and
5% byAwai:tghd ofunpahufdeniimes a¢mizeativstr devicd (10) @ithlaMBbstiate (1) and a

A net hod of u a.se uct or..devi ¢

SRR RCIoR PR TG EitaftsBE i JERb 06 GFt Bosygerter clement
Whieth, GREMHE §&ﬁ1c@ﬁdﬂcﬁﬁ‘%len%€h&cﬁdeﬂ Sorp R £ RYEked kPhcture is provided
el ement wherein, after the sem conduct or el ement has

prsaprising ardepst and dy@rl@ailygnm@mgrleyqrﬁmrm @b@@mcally conductive layer

FATOA LA o s, ARG SEOHE IR BT BRHED ptema

plivt6vRSIRd 1ageri(3) 4l arescH ptobése \kfl@éi‘@lh&ésldileﬁ lq%)tm ﬁnﬂl)éd aemeSurface of
of a patterned  photoresist |layer (4) and an etc
e semacondygier kady (1 bsdyingsth wschanreceﬁs) e the M@toresmt layer (4) is

a 0 y n A
TR e T ——
eshetindabfiar whick thé Ghrfzﬁreoafems Seblycdi’ﬁﬂﬁﬂ&‘ b(fdya(ltly emt:tmmﬁd using a

th an oxygen:-cont aj, onp fter whic
EMRE asgt Cgﬂ@llglég-rp C§o t105|0@§ar( ig_la in Jvatercande mg : heated to a

ﬂéﬁip@ﬂmﬁ’e agl)‘%i B9 Q8524 %0 Rk 3l ﬁ:&lﬁlg oft vl iR dreSighddt {6? Formed are

an acid in water an eing heated to a tenperature
ahmwedﬁvunmbeuﬁsmaduwaﬁﬂasdalﬁBSMHNnmmzmﬁushmmheﬁntheamdlnﬂm
r.esi.dues ved framth sur ace

SRR Rt 30, P T PG R TR oioh & TieBELie Foke bifreen 0.01

&l W% By WResht, Gh8 PRIFAEDIIBRRFecA DS 4ddd% b ge«eﬁght phuric
acid concentration is chosen to range between 0.01

and 10% by wei ght and preferably between 0.5 and 5%
?y We}\%éthog %&1?19 cﬁ?mcll achgl%gtebgecf: l A A'sloiutlon of exclusively

characterlze SOl at i on orrexcl usi vé

sl racid aad lddmamhlﬁe@waer &l dhossh fomthediluted @dﬂaﬁ@noﬂ‘ the acid.
the diluted solution of the acid. 3. A nethod as
claimed in claiml, characterized i n that a sol ution

Pf sup 6cFa Elhﬁ'LedQH%IeﬂlEpls Q:HQH’ bferi dth{& a solu‘non of sulphuric acid

deni ner a water is chosen for i uted sol ution

anid phbqalm:uc dmdéin démiretdhiaet] wsterisathowa fomhe dinted Sglution of the acid.
characterized in that the phosphoric acid

concentration is chosen to range between 0.01 and 5%

Dy V\ﬁ)txgﬂ%tho@nﬂg RIGh&T 3R HaiReBWeSBractéride e (A0 ¥ phosphoric acid
wei ght .
concentration is chosen to range between 0.01 and 5% by weight, and preferably between

0.1 and 1% by weight.

5. A method as claimed in any one of the preceding claims, characterized in that the
cleaning step using the cleaning agent is followed by a rinsing step using demineralized
water, and such a cycle of cleaning followed by rinsing is subsequently repeated a number

~of times.

6. A method as claimed in claim 5, characterized in that the cycle of cleaning step

followed by rinsing step is repeated 2 to 4 times.
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