92 P 1234 E Si enens Aktiengesellschaft Method for the production of a
contact hole to a doped region. In the production of integrated circuits,
the 5 conpletion of the individual conponents, mainly MOS transistors, is
foll owed by thg forimeid orgof at least one interconnection plane, which

I nterconnects the conpo- nents. In conventional technolqgies, a relatively
thick 10 i nsul ating | ayer, generally made of silicon oxide with

additives, is HRAns Aktingegeliffite. Wth the aid of a photoresist
mask, contact holes are etched anisotropic- ally, that is to say with a
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- to be nade, i teggiaxiia, with gates or doped regions of the transistors. A
metal | ization | ayer, for exanple an AlSiCu alloy is deposited. The

metal lization layer fills the contact holes and forns a continuous |ayer at
the 20 surface of tHe | kbgl RFdPqthrn  ofhjinkegwatrAdusirsydtsis the

structured i N Qnflletich COW| ehe 1RQivighaLCOABRELHEALE) ANRaihlyt MGs |
procedure, the contact holes nu é b%ég sitjoned in _such g way. that a safety
cl earance i s JFanghshansieds l“r°§' oweca ¥ b grmatien 92 F tept WR
contact hol e dntextidinasdtiicidplanes ragichs inteYcoimddiss Stheéacsompod he
substrat e. Paggtgneuly when contact is made with doped regi ons of an MOS

transistor, a“Saf y cl earance from adj acent gate el ectrodes nust be
preserved 30 in ordédin iapnuwesiticqpial ttedhnnilogiedhiz relatively misiclhe .
| arge engigh tiQ:foi'alftﬁkHé’ QLD geaueLday! %&H&Céfss‘i‘?@céh' QIR with
tol erances. This safety clearancé causes space to be lost, and this |oss

has a parti culdsidiriyesuds dgropised £Rr kB18.PBTEPSM- nWALR: FRe 1A at ed
circuits 35 NpHotdrazi®t hABR,COEGREAER hdtas| A¥e éO5hed aFi sotFddc-

Methods whi ch gyol d WS 53 239580 308n AL St sl PESedMrdd %l dd A4 &
through this insulating layer down to those regions of
15 the components with which contacﬁ is to be made. Contact
is to be made, inter alia,'ﬁith gates or doped regions of
the transistors. A metallization layer, for example an
AlSiCu alloy is deposited. The metallization layer £ills
the contact holes and forms a continuous layer at the
20 surface of the insulating layer. This continuocus layer is
structured in order to complete the interconnection
plane.
In this procedure, the contact holes must be
positioned in such a way that a safety clearance is
25 preserved in each case between  the location of the
| contact hole and adjacent conductive regions in or on the
surface of the substrate. Particularly when contact is
made with doped regions of an MOS transistor, a safety
clearance from adjacent gate electrodes must be preserved
30 in order to avoid short circuits. This clearance must be
large enough to reliably absorb unavoidabie process and
alignment tolerances. This safety clearance causes space
to be lost, and this loss has a particularly disturbing
effect in the case of miniaturized integrated circuits
35 having an extreme component density, for example DRAMs.
' Methods which avoid this disadvantage are dis-
closed in the literature. :



92 P 1234 E -2- K H Kusters et al., Synmpos. on VLS

Technol ogy, 1987, Tech. Digest p. 93 ff. discloses shrouding the gate

el ectrodes, prior to the deposition of the thick insulat- ing layer, with
an insul atingggoyeihRg | gyer and insulat-25. ing side coverings, so-called
spacers. A thin auxiliary layer made, for exanple, of silicon nitride is
suibsequent |y deposit eg.. &fteaatbis, et el ! hisympowsulat Vi Tpehnicdagaposi t ed

and the contac oles are_opened therein. Jhe auxili an
et chi ng resi s?-BPH-lgecgr hP%gﬁﬁgeP' I igt#fg o%e cer(’;ogc(éogntsg{c o*%ﬁ,éﬁéa%
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met hod, the cdRPac of es™can pl ace ex overlap the gate
el ectrode§. 15ng Biide msrtexingmesddteatled APFRSESchPnFhdd EUILIAFY0f

silicon nitriqdgyait h gaspect ghe tr@:g@g,at | g enMaliddng hbergake is
el ectrodes, gengr ally si.licon oxide, K

H Kusters_ et al,., ESS ,1988,
Journal de Phpubggauentlypdepesifed | dffer, tlbd'rst'héﬁherré"%ﬁ(fa‘, m%g can
be gse_d when ?.E.?e&t chi ”Giéiiiirﬁiﬂiéd/i Emef tﬁélhiml avl r hddewi té&reexgpexted o
oxide is insufficient. In this,petho a_thi e [
addi tional | y 65§F‘Ped'rb€e?“i‘ﬁ§"§ﬁ¥i ?F‘Xﬁ ?ggsrg%a%%%ﬁ%.g%y% A e
a\;]ft eL tEQOCﬁnth&b h:#sla;et Ih: the hopegéadt contaictk IXsles | nsheatduxiliamr in
ich the thi Si;l i c I t £ S i Jd 1ot i el |
32080 el CHipRtiently’ Wrdled S, Beively el

the polysilicdon®rs Wwth respect to the silicon nitride
and then the cespest et thacsukstrakedand| ke tihe papiaticn saveleping

substrate. 30phe gate efdEid8es!N@nCAUHIN IméEWODNSthet BontalcrsildXem
| ayer remai ning under _the insulatjng layer is |ater, oxidi zed by neans of
sui t abl e t enpEAPngei R1afRed gpFp Eft‘ﬂ'gsgh%ﬁe?‘é?ril‘?ﬁ’ SR SRS egtee%tﬁos Tery
probl emagsc. {rRiBOietHod heekosshtaeebods higie esching sklebtivity |ofiry
e T RS, SRR OB BpRAITLE e sk bt Wil
si mul t aneous| yhieo gajren edewtasdds aenerabledeilicon oxide.
K. H. Kisters et al., ESSDERC 1988, Journal de
Physique, p. 503 ff. discloses a fﬁrther method, which

20 can be used when the etching selectivity of silicon
nitride with respect to oxide is insufficient. In this
method, a thin layer made of polysilicon is additionally
deposited over the auxiliary layer made of silicon
nitride. After the contact hole etching through the thick

25 insulating layer, in which the thin polysilicon layer
acts as an etching resist, first of all the polysilicon
is etched selectively with respect to the silicon nitride
and then the silicon nitride is etched selectively'with
respect to the substrate.

30 Outside the contact region,' the polysilicon
layer remaining under the insulating layer is later
oxidized by means of suitable tempering in an O, atmos-
phere. This process step is very problematic.

In both of the known methods, use is made of

35 auxi.liary layers which have to be removed again complete-
ly in the contact hole region. '

In the two known methods, it is fundamentally
impossible simultaneously to open contact holes to doped

regions in the substrate, source/drain regions and to



fegions in the substrate, source/drain regions and to 92 P 1234

-3- gate el ectrodes nmade of polysilicon. The contact holes to the gate

el ectrodes nmust be opened after the silicon nitride etching. The invention
i s based on thg psopjein of specify- 5 ingazafurther method for the
production of a contact hole to a doped region which avoids the renoval of

auxi : fary | alyega&:é rhﬁé&fduasacﬁ{acrefawf%oaw;u&c;a?rt rael aahyaaulmgb&e tor

si mul t aneous y openin ct holes to source/drain ns an

el ectrodes. 1CFB atd % R eRPEE ?b vERS, ?orﬁ#th%‘ (')"ifhes*ﬁ’v‘é‘?ﬁl on
by neans of ammmmg.g to Caim1l. Further ref| nenments of the

i nvention energe from | . 5. o4 o the
i nvention, use is 15 'hbéa nq{)%t{yhéggfl?cgatr%g gope gggﬁfcaéjé%&#enoved
sel ect | vel§/ widintg ree@mhetmmp@d goiri &be. prnéusﬁéepeqfsalfm@ﬁaq:@mle whi ch
i s anor phous, écprafaa%aéeregﬁoﬁehﬁ%hvswﬁgp%e ra:éu{%arleqsprhxghir@%ater

contact, for exanple means of ion inplantation using a nask

undoped part []sarlfﬁr%fmc e crREaSt 5egion: andybs RReht Fylrehnakitable

sel ectively wifidr fﬁﬁﬁﬂﬁaﬂ&ﬁé@dﬁﬁ&ﬂ\. NSon et NSl &4 | 9 dadde fdrPiwduced
over the whole area in%/ni ch Ia%/\? % contact hole is opened by nmeans of
ani sot r opi ¢ e FRHIRFL AL (35T 2 HRT ‘f‘F? %Pect to the doped 25 zone of the
silicon lyer. The dopEkke zarablém tie slvedméayedingtiso dshanimteadt hon
resist in thig.rcagaankhes gl |4 c%]thg&eraéga?agﬁgedt@s ﬁglﬁgxil [ aédrtlﬁé(fr no

| onger needs tO be renove e region o cont act
particul arly RRLRRRRS 96 shedmemé-om emergecSnomade iTemAMLRg way
that it consi dimixs poly- silicon at least in the doped zone, since silicon

oxi de, which as a rule the insulatjon |ayer essentlall co ri ses, can be
etched with a high sel®ttthg ®ethad 4"&?%@(‘30 tPot3R i dteeRtLiap, use is
The problismat madet 6f dHelafact ahatheunddpé@nsilicon can be removed

selectively with respect to doped silicon. The undoped
silicon layer, which is amorphous, for example, is
selectively doped in the region of the later contact, for
example by means of ion implantation using a mask. The
20 undoped part [sic] of the silicon layer are subsequently
' removed selectively with respect to the doped zone. An
insulation layer is produced over the whole area, in
which layer the contact hole is opened by means of
anisotropic etching selectively with respect to the doped
25 zone of the silicon layer. The doped zone of the silicon
layer acts as an etching resist in this case. The silicon
layer introduced as an auxiliary layer no longer needs to
be removed in the region of the contact hble.
"It is particularly advantageous to ?roduce the
30 silicon layer in such a way that it consists of poly-
silicon at least in the doped zone, since éilicon oxide,
which as a 1rule the insulation layer essentially
comprises, can be etched with a high selectivity with-
respect to polysilicon.
35 The problematic later oxidation of the silicon
.- layer required in the prior art is omitted, since the
undoped parts of the silicon layer are removed outside
the contact hole.
Setting a high doping in the doped zorne of the



‘layer required in the prior art is omtted, since the undoped parts of the
silicon |layer are renoved outside the contact hole. Setting a high doping
in the doped zone of the 92 P 1234 E -4- silicon |ayer
results in thegpresewe of a readily condygcti ve, extended contact area at
the surface of the doped region with which contact is to be nmade. It is
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usi ng an exenpl ary ent??}b? ne‘ﬂ?t%x?‘gh F@Fg}sﬁc R E i Tt e E
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are arranged in a substrat e, _for exanple, of nonocrystalline

silicon. The (ﬁiﬂé{?‘?‘bg‘?%nEhQ 3?53 PALCEXQAS @ctSH AT A %Wrﬁﬁ?bﬁ% of
30  MOS transisitie refitth e thedghtd, eILer-;tewéphad Chkedepedt zodesof nade
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15 of the doped region.

The invention is explained in more deta:l.l below
using an exemplary ‘embodiment with reference to the
figures. _

Figure 1 shows a substrate in which MOS transistors are
20 produced and on the surface of which a silicon

layer is produced.

Figure 2 shows the selective doping of the silicon

' ' layer.

Figure 3 shows the doped zone of the silicon layer which
25 . overlaps the contact hole region 4.

Figure 4 shows the contact hole in the insulation layer.

Doped regions 2 are érranged in a substrate 1

made, for example, of monocrystalline silicon. The doped

regions 2 are, for example, source or drain regions of
30 MOS transistors. They are p-doped, for example.

' . Gate electrodes 3 made of doped polysilicon are
arranged on the surface of the substrate 1,- between two
doped regions 2 which act as the source region and the
drain region. The gate electrodes 3 are provided with an

35 insulating covering layer 4 made, for example, of SiO,.
Arranged on the sides of the gate electrodes 3 and of the
insulating covering layer 4 are spacers 5, which likewise
consist, for example, of SiO,.

A silicon layer 6 is produced over the whole



‘doped regions 2 which act as the source region and the drain region. The
gate electrodes 3 are provided with an 35 I nsul ating covering |ayer 4
made, for exanple, of Siderr]. Arranged on the sides of the gate
electrodes 3 @ndgohotgae igasul ating coverigg.layer 4 are spacers 5, which
| i kew se consi st f1 exanple, of SiJerr]. Asilicon |layer 6 is produced

over the whol @rea, 92wﬁ’1&1234.a(¥5r covers the -éxposed, snir'ﬂzitelsayef ctheers
t he exposed surfaces of ,the

pe bons 2 _and the sur
i nsul ati ng cofRety FE§EPBs, g d""U:f sB 35%?533. éﬁ%l conul ayer "% is
deposited in mwmm@aasye&fs p:oh;xdryﬁt ahélsgaégrsnS.S Tﬁtﬂa ssildiqam Janemr 6 is
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uncovered a zon I con ch re overlaps t he extent
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sk, a doped zone 10, foRbreBEst! biddd 4248 droaqulcaRiby iTebwnsation
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pl ace, for exdmsoverad s FoRecREr Fhorsibisey Li¥en B ?"#ﬁ ﬁfgﬁsﬁ?‘frﬁsﬁ'
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sel ective- |y means’ o ec-
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After an |nsu%een gr gxaiﬁﬁﬁ. h egs #e DLL kLY BPNEhY SalbowsPg . f Ofhe

exanpl e, has |ed overrthe wh area, a contact hole 10 is opened,
using a furt hmﬁmﬁﬂ@@%ttﬂm pheee; | £Q5t PXAERY-@as akn 3 c"rﬁ’:hg"‘"h%%sii‘P

means of reacids/q g Wavelasldl R0 pasivie 1 [@Hdity @ @odfpta 2 2tsee Mugwse t he
contact hol e etchlng, t he doped zone 61 of the silicon |layer acts as an

etching resi st2) (see Figure 4). If the intention is to open contact holes to
the gatei1g ectrodes i rFdllowiate Pemmest,of tthe ghdomesisednaskt7 i Heheloped

zone of the Siulnié:o%necia ert o%e%h@’%ﬁ\."ér ananer 6 is removed selective-
ly with respect to the doped zone 61 by means of selec-
tive wet-chemical etching using potassxum hydroxide

solution (see Figure 3).

20 After an insulation layer 9, which essentially
consists of S8i0,, for example, has been applied over the
whole area, a contact hole 10 is opened, using a further
photoresist mask (not illustrated) as an etching mask, by
‘means of reactive ion etching using CF,, for example.

25 During the contact hole etching, the doped zone 61 of the
silicon iayer acts as an etching resist (see Figure 4).

If the intention is to open contact holes to the
gate electrodes in the same process, it must be ensured
. that the doped zone of the silicon layer does not overlap

30 the region for the contact hoie to the gate electrode.

The contact hole to the gate electrode is opened through

the insulation layer and the insulating covering layer.



. the silicon |

:30 the region for the contact hole to the gate el ectrode—The-contact

hole to the gate el ectrode is opened through the insulation |ayer and the
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whi ch the doped region (2) is produced in the 5 substrate €1)tin®such*
a'way that it patea@uirdedeay i nsul ation regions (5) at |east on the surface
of the substrate (1), - in which an undoped silicon |ayer (6) is deposited
over the whole area, 10 - in which a doped zone (61), which reliably

overl aps the negi on fMetﬂhﬂ diwxt axdte ipadogiycittion jof selcnntact ke & i n
g\é an whi ch undoped parts of the sili con Iayer (6)

are renoved s g&lvﬁ%/ W|th respect to the doged zone 15

whi ch an i nsul-atimnwhigbr ¥y idepaddyegdosyef2} hdsihBradyced ln| %l ch

the contagl hol g plbrdte Ol?ﬂ‘e% NghbR iSwhy- tHaan hayeis(a):uhneaeatsgs of
ani sotropic etching sel ec- 20 tlvel respe to t pe one
(61) of the sil iid@rlakiqn (’6391%“5 %féwhlﬁas‘:aeg %%1 5"‘1{% a‘?%t i
whi ch the substgua-,tg-:g;:(a;lae cansj sts of nonocrystalline silicon. 3.

produced from-andt e & 1aggeed 911250 1RFaF (6) "Ly ngé?%*%%&oé %fa. -
1to 3, in V\hicrtudﬁevhﬂikh)paathqlarts of the silicon layer (6) are renoved by
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to 5, in which thedened Z0Nend 6di1ntod Paperi con, | ayer (6) is

- in which undoped parts of the silicon layer (6) are.
removed selectively with respect to the doped =zone

15 (61) .,
- in which an insulation layer (9) is produced over the
whole area, -
- in which the contact hole (10) is opened in the insula-
tion layer (9) by means of anisotropic etching selec-

20 tively with respect to the doped zone (61) of the
silicon layer (6).
2. Method according to Claim 1, in which the
substrate (1) consists of monocrystalline silicon.
3. ' Method according to Claim 1 or 2, in which the
25 silicon layer (6) is produced from amorphous silicon.
4. Method according to one of Claims 1 to 3, in

which the undoped parts of the silicon layer (6) are
removed by wet-chemical etching. _
5. Method according to one of Claims 1 to 4, in
- 30 which the doped zone (61) in the silicon layer (6) is
produced by implantation using a mask (7). '
6. Method according to one of Claims 1 to 5, in
which the doped zone (61) of the silicon layer (6) is
p-doped, and in which the undoped parts of the silicon
35 layer (6) are removed by means of wet-chemical etching
' using potassium hydroxide solution.
7. Method according to Claim 6, in which a boron
concentration of between 1018 cm™? and 102° cm™? is set in



;Pé?;gegg, b?n?reiagsmgi‘ C\r/]vet f\ghg%dggfdeﬁi[]ts of the silicon 35  layer (6) are
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concentrationggf gogtawgen glOferr] cnferr] -ﬁnd 10[ e cnferr] 4 scser
92 P 1234 E -7- the doped zone (61) of the silicon Iayer (6)
8. Met hO@l&C‘Zﬁf#ﬂ&&drfé of)0fo £Cl e il fdory, Layen (4)) ch the doped

region (2) in the substr t e, |sas ce/dr 0 MOS
transistor, 58- - %é)q a% ah%‘ Elhé |nsu1at|ng si de

C?VSLI n%sbs( t5) -ankgh lvﬂﬁLdmtum dapved m@gicayem) (d;z thet isubggrate G cbe (3)
o] e ransi stor - which th
doped region (2)a oﬁr‘hee/sdua i ‘l\é?l}% Q%3%%{)Cﬂd§ E&JQ?&%? i n m chI fhet ©
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electrode (3) ig :‘i‘?‘%ér RAkYinShlh€PHg dSveringnlibbesd (4 d>flSu.ﬁéltl n
si de coveri ngs (5) an theml nsul a?l n COVgI’I nvelrangrs 4) a}epformed fro%

silicon oxi de. Hate elaghnasde {Mof Fhe JW 4 18E91- whi ch t he

nsulat i on 1 agar (9), sl Weddiisgnissichbin 8, hol e (10) is opened,
conprises Si(er

(3) is opened at”{l’féh '\Mf]? rf€°lf$] ?éé%h’gé%ggggggghy © }‘83 to t Eaﬁc}glpj‘g%tmde
region (20 i s opgetkbed, '

- in which the doped zone (61) of the silicon layer (6)

is p-doped,
- in which the gate electrode (3) is formed from poly-
silicon, .
15 - in which the insulating side coverings (5) -and the

insulating covering layers (4) are formed from silicon
oxide.

10. Method according to Claim 9, .

- in which the insulation layer (9), in which the contact

20 hole (10) is opened, comprises SiO,,

- in which a further contact hole to the gate électrode
(3) is opened at the same time that the contact hole.
(10) to the doped region (2) is opened.



