Met hod of manufacturing a sem conductor device and an
apparatus for use in such a nethod The invention
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device with a substrate and a sem conduct or body which
conprises at | east one active sem conductor el enent,
wherein, after the sem conductor el enment has been
formed, a layered structure i§ provided conprising at

| east one electrically insulating |ayer or one

ehriibd bfawdnhifictainadisehicoreiudteryievice ankh & Giphra@ffod PRk $ugh 4 Bethod
formed in the |ayered structure by neans of a
patterned photoresist |ayer and an etch process,
wherein residues are forned at the surface of the

sem conduct or body during the etch process, wherein
the photoresist |layer is ashed, after the etch
process, by nmeans of a treatnent using an

oXygen- ConfrRiifieRtfhn ¢AARAS A leth& dr&aniilinkhe b RENISIHIERS Qevicd
cl eaned using a cleaning agent containing a dil uted
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nmed are renmoved fromthe .
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exanp [ e ' connectl on conduct ors.
ath§ é‘f{faé‘glé clegpad vsinge Céqa@%?gﬁ@t Cglg"@ﬁpg {diligpd;selution of an a01d 1n water

C aiiRing héavedlya 1 teﬁhﬁéﬁrﬁt&ﬂé ibcwe rooﬁlaér@peramru aea ek, of\MhEH tHe tresid&es
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after the formation of an electric connection re |on
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i norgani c nature are | eft behind on the surface of the
sem conductor body. In said patent specification it is
proposed to clean the surface by using a cleaning
agent contaimgihagofghefpeanentioriedindbe epening pasagraph is known from

United States patent specification with publication number US 6,136,767, published on 24
October 2000. In said document a description is given of 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 to 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



acetic acid and phosphoric acid. According to said
speci fication, the phosphoric acid isexcellently

W@ piosabd4e0 f or renovi ng i norgani ¢ resi dues, andPCTEB2004/051166

10

15

20

25

30

acetic acid is suitable, in particular, for removi ng
the organic residues. A typically sui tabl e
concentration woul d be approxi mately 5% by vol une for
both acids. A suitable operatibng tenperature during
the cl eaning operation would be approxi mately 30 to
45@éllenﬂ§fm1ta\5§atfbloémb\§n§mbrgaﬁﬂ residuied) aplcthd dcetid aaid,is fubabld, e
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cmmmenbwrpd@mredhmdde envi ronment. The object of t he
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which is particul ar ective in réenovi ng resrdues
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byt denoient he environnent. To achieve this, a nethod

of the type nentioned in the opening paragraph i's

characterized in accordance with the invention in that

sul phuric acid 'S chosen as the acid in the cleaning
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t ﬁg, bﬁr%%&t{ﬁée E,g&%gt during etching and remai ning on

surface after ashing the resist layer, while on

the ot her Tearieveskis agrethonef theiyen mentjgisd ke epepio BRIRELDh is
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of gfumnu or titanium(nitride) remain

Y}J‘B BHEPEy unaffected in this process. This is

surprisin gsurpir@hgy itathd een folndthe wdibdted sbmnéramsulbllm”c atidhia
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or an alloy of aluminum, or titanium (nitride) remain substantially unaffected in this process.

This is surprising, inter alia, in view of the fact that the PCT patent specification published
under number WO 97/50019 on 31 December 1997 asserts (see page 1) on the contrary that
sulphuric acid or mixtures thereof are suitable in concentrated form for the BEOL phase
because concentrated acids such as sulphuric acid are not corrosive to metals provided that
the water concentration is low. 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



because concentrated acids such as sul phuric acid are
not corrosive to netals provided that the water
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the invention, however, the solution used is a highly

di l uted solution of sulphuric acid in water.
Concentrations that were found to be suitable lie in
the range between 0.01% by weizght and 10% by wei ght.
Good results are achieved in the range between 0.5 and
S%nbe)mrwemg)ht s%fbga Me@(tanpihe sptifie Geighen SulhiuHOdbidah a@rc&%d&s&y 2
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ielectrics,. such as s oxi de,. sil.i nitrid
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accor danc Qn %Feﬁrr‘éyﬁnﬂog\fx%ﬁtt drQ g‘leﬁl%@ m?ac&?daﬂ:% with the invention use is

advant ageousl'y app
diheteforemade of ¢ieanipg ageatthat jugps plkhe s@ml@mrthmémmm@umdbwm

be/iReptcAe b ¥letifhe a%éht @hith @&%ﬁ&%@ﬂ&%%ﬁﬂé in indlt?onr[@ §Lnﬁ’1%c
in_accordance Wt the invention use’is her ef ore

ofcidand demigerplized, Wty supihaleaning esshipay the aﬁ\ﬁﬁtagq that gévlataatf?é}y
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AN e el TR R amPrer O P St T o v S
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Another advantage of a cleaning agent which does not comprise hydrogen

peroxide in addition to sulphuric acid and demineralized water with respect to a cleaning
agent which does comprise hydrogen peroxide in addition to sulphuric acid and
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,



and/ or above a layer of alum numor alum num all oy
whi ch serves as an interconnect |ayer. Alternatively,
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arranged around a layer of alum num or al um num al |l oy
whi ch serves as a via or plug. Attack of any of these
| ayers of Ti and/or TiN nmay lead to a mal functioning

el ectric device and hence to g reduced yield. Another
advant age of a cleaning agent which does not conprise
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t 51)%& ndt ﬁr%grpéﬁ%ﬁdi{i&falt step since rinsing with cold demineralized water after a cleaning

operation is customary already.

In a particularly attractive modification of a method in accordance with the
invention, said cleaning step using the cleaning agent is followed by a rinsing step using
demineralized water, and this sequence, which includes a cleaning step and a rinsing step, is
repeated a number of times. For the rinsing step use is preferably made of demineralized
water of ambient temperature. The number of times that the cleaning-rinsing sequence is

repeated is preferably chosen to be between 2 and 4. Surprisingly it has been found that such



behind after the resist |ayer has been ashed can al so
be largely renoved with dem neralized water, provided
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sul phuric acid may be omtted. A tenperature that
proved to be suitable for this purpose lies in the
range between 60 and 900C and preferably between 70
and 75C. By a conbination of gaid neasures, the total
anmount of cleaning tinme necessary can be sonewhat
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elucidated with reference to the embodiment(s) described hereinafter.

In the drawings:
Figs. 1 through 3 are diagrammatic, cross-sectional views at right angles to the
thickness direction of a semiconductor device, such as an IC, in successive stages of the

manufacture using a method in accordance with the invention,



during the etch process, and the cleaning using the
cl eaning agent is less than 48 hours, such as 24 hours
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the post ash residues can change their renovability
behavior, i.e. the ease of renoval. This change may be
particul arly pronounced when the post ash residues are
subjected to a relatively hungd at mosphere. A nethod

in accordance with the invention proved to be very
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pattern using a photoresist layer 4 patterned by means of photolithography. Outside the
pattern (see Fig. 2) the aluminum layer 3 is removed by means of, for example, plasma
etching. As a result, residues 6 are formed at the surface of the semiconductor 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 removed, 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.



The Figures are not drawn to scale and sone
di nrensi ons, such as dinensions in the thickness

wa@lRoosoodson, are exaggerated for clarity. |n theCT/IB2004/051166

10

15

20

25

30

di fferent Figures, corresponding regions or parts are
i ndi cated by nmeans of the sane reference nunerals,

whenever possible. Figs. 1 through 3 are diagranmatic,
cross-sectional views at right, angles to the thickness
direction of a sem conductor device, such as an IC, in
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The resi dues f or ned may cover not onl Yy the f
t WBICmERPS RS aljier dgepins simagred péact ) of the upper side
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r enov usi n
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he surface of the sem conduct or
Al(Cu) or W is prov1ded on said insulating layer. A second metal layer 3A, for example of

Ti, is provided on said first metal layer. A second insulating layer 2A is provided on said
second metal layer. Next, a resist layer 4 is patterned by means of photolithography, said
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
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cl eani ng agent on the basis of catechol or hydroxyl

am ne. I n another enbodi nent a cl eani ng agent

conprising 5% by wei ght sul phuric acid and 0. 5% by

wei ght phosphoric acid was usgd. Also in this case,

the tenmperature was 45C, while the treatnent tine was
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tungsten plug %B exposed in this example, to the cleaning step remains substantially

unattacked, which is not the case if use is made of a commercially available cleaning agent.
In other words, tungsten corrosion is counteracted.

In all the situations described 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
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is locally renmoved and the resist |layer 4 serves as a
mask. As a result, residues 6 are forned that cover
of the opening 5. Subsequently thePCEH2004/051166
| ayer 4 is ashed and thepreviously forned residues 6
may now al so cover part of the insulating | ayer 2A
Next, a cleaning step as descri bed above with respect
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time for the diluted sul phuric acid solution as well
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103 suchase.g. a low flow pick-up meter is connected to the reservoir 101 and to the supply
102 to enable mixing of sulphuric acid provided by the reservoir 101 and demineralized
water provided by the supply 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



al um num or al um num copper was not attacked.

Surprisingly it has been found that al so the tungsten
w@hkwg/o@Biexposed, in this exanple, to the cl eaPCTB280451166

remai ns substantially unattacked, which is not the

case if use is made of a commercially avail able

cl eaning agent. In other words, tungsten corrosion is

counteracted. In all the situg{ions described above,

the cleaning step may be advantageously combined wth

anﬁil@aﬁhﬁt[@ Tﬂem&mﬁ@g $4tioP 1041s Aedgedito Bring®id sélﬁlc&Qﬂ@or body 11in
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5t mexingfiswplyion @qlm@é@en 801 @r@luﬁ%eby ‘Weightangpstferaidy Yetween A rand
T@@dggkgﬁghgnhgﬁm@hggngpad as descri bed herei nabove,
will "frequently correspond to a | ast stage. |ndividua
sem conduct or bodi es 10, which are generally
manuf act ured simul taneously in |arge nunbers, are then
obt ai ned using a separation technique, such as saw ng,
after which they are suitable for final assenbly. It
is also noted that in all the situations described
above, the cleaning step, followed by a rinsing step
usi ng dem neralized water of preferably anbient
tenperature, may be advant ageously repeated a nunber
of tinmes. For exanple, a cleaning step using diluted
sul phuric acid heated to 45 degrees Cel sius, which is
carried out for 30 to 60 seconds, preferably 30
seconds, followed by a rinsing step using
dem neralized water of roomtenperature for 20 seconds
proved very suitable if the cycle is repeated 2 to 4
times. This results in very good cleaning at a
conparatively short total treatnent tine. The
invention is not limted to the exanpl e descri bed
herein, and within the scope of the invention nany
variations and nodifications are possible to those
skilled in the art. For exanple, it is noted that the
nmet hod can be applied with particul ar advantage to
sotermed spray tools. In said spray tools, a cleaning
step is carried out conparatively rapidly. Such a
device is also particularly suitable for the
nodi fi cati on wherein an "acid" cleaning step is
conmbined with a cleaning step using hot dem neralized
water. It is further noted that materials other than
those used in the exanples may be applied within the
scope of the invention. It is also possible to apply
di fferent deposition



techni ques for the above-nentioned, or other,

materials, such as epitaxy, CVD (= Chem cal Vapor
wDeEesd4ion) , sputtering and vapor depositi on. PCTER20@MS51166

of dry-etch nethods, use nay soneti nmes be nade of

wet - chem cal etch techni ques, and conversely. Al though

a nmethod in accordance with the invention is suited,

in particular, for the manufagture of I1Cs, it may also

be advant ageously applied in the production of

dicgsaras:e 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 dem neralized

water. A mxing unit 103 such as e.g. a |owflow

pi.ck-up mne gonn cted to r rvo 101 and t
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c %.eam ng ag ﬁl@ﬁlod as claimed in any one of the preceding claims, characterized in that
25  the sulphuric acid concentration is chosen to range between 0.01 and 10% by weight, and

preferably between 0.5 and 5% by weight.
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bei ng heated to a tenperature above room tenperature
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renoved fromthe surface, characterized in that

sul phuric acid is chosen for the acid in the cleaning
agent. 2. A nethod as clained in claiml1,

characterized in that a solutjpn of exclusively

sul phuric acid and dem neralized water is chosen for
tbe dil utead n&thlocﬂlﬁﬂ' dimeifin bdye@nacf tbke pr@cedlﬁg ﬂ'ﬁtnﬂ&ﬂaraﬁenzed in that
S e e R S R R
wai°€ is chosen for the dlluted solution of the acid

4. A nmethod as clainmed in claim3, characterized in

that the phosphoric acid concentration is chosen to
rdnge bet weenthod Grlaimed isaayiepe ofdhehecedingelaipp.ehaspcinipeg in that
bele\WRE1ndbpdra@dids daael YutiBii 4hBo miwted Met hod as cl ai med

in any one of the preceding clains, characterized in
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60Q% and preferably between 30 and 45C. 7. A nethod
as claimed in any one of the preceding clains,
characterized in that the cleaning operation is

carried ouf nfe@bd & didnedGn AW, BiSiracRrized i BiRRAy@S of cleaning
clained in any one of the preéeceding clains,

c Fsh plewsd, ié*BS“i‘&FtﬁPHSafFPeta*ﬁ%z iSng step using the
cl eani ng agent |s foll owed by a rinsing step usi ng

d neral i nd such
T oo b T e R e e %%%P&&ﬁz{acﬁ%ﬁ%dé? that
ofheieands pr&:essAs qmmphtadi b)asnsoigahemerdlcomluctbralodly Bith hot, i.e. 60 to 90°C

ClprAgLen 766 75 Wiatedibe Gug! € of cleaning step

y rinsing step 1s repeated 2 to 4 tinmes. 10.
A nethod as claimed in any one of the preceding

C I1 fi s, ChAKRGbEs cZaf?rﬁedl iRardyRdad oﬂtﬁhﬁpr&de&ﬁ@élﬁﬂs RELERSiSed if that
Ieted by rinsing the sem conductor body with hot,

théde@{‘f‘gtsifpmegﬂ‘&%%%’faért%l y 70 to 75C,
den1neraI|zed water. 11. A nethod as clalned in any

OT? of t h ’%?10(‘1:3 as c?a%ne%l in any ohe o‘fqﬁer &&:te(%ng ¢ alms cﬂaracte?itzed in that
the layered structure is composed of at least one electrically insulating layer and at least one
metal layer, and an electric connection of the semiconductor element is formed by means of

the metal layer.

13. A method as claimed in claim 12, characterized in that the electric connection
is formed as a tungsten (3B)-filled via (5) which is contacted at the upper side by means of an
aluminum-containing or aluminum-copper-containing conductor track (3C) which leaves part

of the tungsten (3B) uncovered.

14. An apparatus for use in a method as claimed in any of the preceding claims,

comprising;



the cleaning step is carried out in a spray tool. 12.
A nethod as clainmed in any one of the preceding

w@b@snesd1char acterized in that the | ayered strRCI/IB2004/@51166

10

conposed of at |east one electrically insulating |ayer
and at |east one netal |ayer, and an electric
connection of the sem conductor elenent is forned by
neans of the netal |ayer. 13. nmet hod as clainmed in
claim 12, characterized in that the electric

connect i Orhrés%nzf)@wméor@&ltﬁteablﬂ;ﬂﬁii@ﬁid( 3B)-filled via (5)
which is contac d% at }hﬁ %Eer side by neans of an

al um num Caosﬁli’pi’(?fe 5P $Ri®hum copper - cont ai ni ng

c enduct or damiaink ufiBo) mimrigehiphueiaued proeiddd b@fthetrlaervbin aglkt en

rrll?el'rjarlllg d\ézs ALt 9rovi%led ?y%ﬁ%s%gé}? [h%re%g' b‘a?nlrfggcﬁe c1tdd aning age%%, Qn%d

c onpri si nge @ameg %tatwo ifgr regeiving the n@emnrlmtce tody(l Phod the cleaning
agéegb th@cl@éﬁﬂnglsbétl&f be g%ﬁﬁgﬂo 'bﬁﬁéjthé’\@h%ondu@tomaﬁ& rZ‘ﬁ) i‘m:'oﬁtact
m X1 ng huri ¢ acid provid by the reservoir
aWdh@‘éﬁlP%’é\g&Bqnied wat er provi ded by the supply thereby
obtaining the cleaning agent, and - a cleaning station
for receiving the se duct or 11) .and.the
c?%anl ng agk para{“ﬁés JLEP %fﬂlf‘ & aWF‘?S% &‘ér“%ﬁ@“ga‘f‘?téﬁﬁ*éﬂge@cﬁor
bl of hﬁ»pmﬁmmdmeeﬁ 001 £dd9%(bi Bpighthamd@rdfastly bdrtdan 0and
5‘9%mwgl hta\lxg%rgl mlnerahzed Wafappar atus as claimed in claim
t'Re ng Gnit is arranged for m xing of
sul phuric aC| d betvveen 0.01 and 10% by wei ght, and
preferably between 0.5 and 5% by wei ght with
dem neral i zed water.



