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product i ogrodg p gpgyn conductor surface coafed 5 with fluorine The
present invention relates to a nethod for the production of a

sem conductor surface coated with fluorine. The invention is di rected,
I'n partic rest@sa _method for the production of a 10 sem conductor surface
coa?ed mﬁ?%g¥?ﬁ'$ﬁ%g on whi ch subsequently socalled "gate" or "tunnel
oxi des" can be pr oduced. In order to retain or increase
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conditions. Thus it

production net ho must therei"n fulfill a nu

is nepaosimcgdon the one hand to optinise the parameters of the
conponents in accordance with their desired electronic function. On the
other hand it is necessary to ensure a sufficient stability of these
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8029 15 is necessary t% continue to lower the costs in realising
certain electronic functions and thus continually increase
productivity. This increase in productivity has been achieved
above all by an increased integration of the electronic
functions. The increased integration of electronic functions

20 in turn is in the first place achieved by a continuous
reduction in the structure of the individual components. It is
considered to be fortuitous that the additional demands for
faster circuits as well as lower power dissipation can also be
fulfilled by the application of increasingly smaller

25 structures.

Correspondingly it is the aim of many developments to provide
new methods which allow the production of increasingly smaller
structures in a cost-effective manner. The production methods
30 must therein fulfill a number of conditions. Thus it is
necessary on the one hand to optimise the parameters of the
components in accordance with their desired electronic
function. On the other hand it is necessary to ensure a
sufficient stability of these parameters during the life span
35 of the components.
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negative g ogp gomothe el ectrical paranmetgrs of t he individua
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3 I nception voltage of the MOS transistor can as a rule not be
tolerated.. Unfortunately, is just the degradation due to 5 "hias
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20 electrons”, an important role is played by the degradation of
the transistor parameters due to the application of a gate
voltage at raised temperatures (“bias temperature stress”, BTS)
over an extended period, in particular for analog or mixed
analog/digital circuit functions.

25
In analog or mixed analog/digital circuit functions some MOS
transistors are frequently operated at an operating point which
reacts very sensitively to changes in the inception voltage of
the transistor. This operating point is characterised by a gate

30 voltage, which is only slightly above the inception voltage of
the MOS transistor. Accordingly, even small fluctuations in
the inception voltage of the MOS transistor lead to relatively
large fluctuations in the current which flows through the MOS
transistor at the operating point. Since typical applications

35 in analog circuit functions require a well defined current

through the respective MOS transistor, such fluctuations in the



the inception Voltage with the above mentioned negative effects on the
anal og ci gru9g pigopet i ons. Further, 4or erasabl e programmuabl e
read-only nmenory (EPROM 10 EEPROM), the long termstability of the

el ectrical paraneters al so has an inportant role. In these read-only
nmenories the programmuabl e el enents are MOS transi stors which have an
additional electrically insulated polysilicon gate ("floating gate").
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Di el ectri ¢de, cobdactivity of the oxide or a decrease of the breakdown
voltage respectively. This again can lead to a store cell

20 failing during operation.

To prevent these degradation mechanisms and to increase the
long term stability, a number of measures have been suggested.
Nowadays, as a rule, as an effective countermeasure against the
25 “HE-degradation” a socalled “LDD doping” (LDD = “Lightly Doped
Drain”) of the source/drain regions of a MOS transistor is
applied. This “LDD-doping” however requires additional process

steps which have a negative effect on the production costs.

30 To solve the problem of the drift caused by the “bias
temperature stress” in analog circuits, until now, as a rule,

pure circuit-engineering measures were adopted.
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Accor di nglnt tWaiss Feicihed 's%ggestlé‘éﬂ%'ol )[Lﬂ’tfﬂod%mé' MDY RIUEBRRS iAW | ons.
GR 98_P 8029 is therefore the object of the

preseh? i fleonise og ghdprdae 1nta> ﬁ%’t%éﬁ‘l%ﬂcaﬂe&?ﬁmtd’s léacnﬁaﬁ%w t he
above mentiped ime sHa3AAUARL 4L Y .Ofdil L@I%tst ¥ & Ofsd “R Gl RGle At

the 5 present invention 1s,” in partic to provi nethod for t he
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20 a) a sem conductor substrate in a reaction chanber is provided;
In the methods of introducing fluorine into the oxide layers
20 which have been used up to now, the fluorine diffuses through
the oxide layer to the semiconductor interface. However the
structure of the oxide layer is damaged by the fluorine
diffusion in such a manner, that a further diffusion of doping
substances through the oxide layer can no longer be
25 sufficiently prevented. As a consequence, the decrease for
instance of the HE degradation is, as a rule, not enough to
warrant the extra expenditure which an introduction of fluorine
or chlorine entails. Furthermore, in the diffusion of
fluorine through the oxide layer, the amount of fluorine which
30 finally is available at the semiconductor surface can only be
determined very inaccurately. Accordingly this method is

usually not employed in mass productions.



bj’thé”sdbstrafe'Surface is wetted with water and/or al cohol; c) a
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sem conductors wherein the surface o sem conductor "substrate is
repeaﬂ@dly supplied with water vapour and gaseous hydrogen 15 fluoride and

wherein t he;sem C IS N it ter.
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subst r at e esglioased. drawtings .nmet hod a thin al cohol |ayer remains on the
substi te surface. It serves as a protection against uni nt enti onal

oxi datTon and can be renoved if necessary. 25 | nasfar as by this

met hod a fhuekicoedaayer withapble davienttile s xidthicel S ate pgroduction
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mauf 1 ci G 3 PUGEARE POt dided lporine 15 provided. e wethda in
accordance with the invention includes the following steps:

20 a) a semiconductor substrate in a reaction chamber is provided;
b) the substrate surface is wetted with water and/or alcohol;

¢) a fluorine-containing compound is supplied to the substrate
25 surface so that a cleaned semiconductor surface coated with
fluorine is produced.

d) the fluorine-containing compound is removed from the reaction

chamber; and
30

e¢) the cleaned semiconductor surface coated with fluorine is

wetted with a mixture which contains at least 10 vol %
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5b 5 This task is solved by the method according to claim1. Further
advant ageous enbodi nents, realisations and aspects of the present
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15 By employing the method in accordance with the invention, on
the other hand, a quantity of fluorine which can be freely
selected from a wide range can be applied to the semiconductor
surface. In a subsequent production of the oxide layer,
preferably by way of oxidation by thermal activation, the

20 effect is being utilised of introducing the fluorine into the
oxide as well as into the semiconductor interface. Thus at the
end of the method in accordance with the invention, the
fluorine has the optimum concentration in each respective
application exactly at the location where it is required to

25 achieve the stabilising effect without having the negative
attendant phenomena hitherto known. By having the option of
freely selecting the fluorine concentration depending on the
component class to be produced, it is avoided that insufficient
fluorine is introduced to saturate the unsaturated bonds or

30 that too much fluorine is introduced so that the structure of

the oxide is damaged.

However, the method in accordance with the present invention is

not restricted to the production of oxide layers. For instance,
35 a semiconductor epitaxial layer can be applied to the surface

coated with fluorine. The surface which has been cleaned

is Sheet Has Been Replaced

T
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6 5 wat er and at | east 10 vol % al cohol, so that a cl eaned
sem conductor surface coated with a predeterm ned amount of fluorine
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i nvention, on the one sem conduct or sur
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from precedi ng process steps. By way of the cleaning effect of the nethod
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can be applied to the sem conduct or surface. In a subsequent
production of the oxide |ayer, preferably by way of oxidation by

thermal aghi waldoe@anidee wafthe @l prefeeired Wndddaand, ivMd Qlitdl it ¥ the
fluorine 20 into the oxide as well as into the sem conductor interface.
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exactly at the location where it required to achieve the stabilising

ef fect wi fflogm cHaviatgnt lve rdgatiole vapoardant phenonena hitherto known. By
havi ng t he option of freely selecting the fluorine concentration
dependi ng on the conponent class to 25 be produced, it is avoided that
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cleaning reaction.

20 It is further preférred that the fluorine-containing compound
be removed from the reaction chamber by a reduction of
pressure, whereby preferably also the water and/or the alcohol
as well as the reaction products resulting during the cleaning
of the substrate surface can be removed from the substrate

25 surface.

In the event that high or wvery high fluorine concentrations are
required on the cleaned semiconductor surface, it is preferable
if subsequently HF gas as well as ozone and/or oxygen are

30 supplied to the cleaned semiconductor surface coated with

fluorine.

The invention is explained in greater detail below by reference
to the drawing. Figure 1 shows a diagrammatic view of a so
35 called “cluster tool” to implement the method in accordance

with the invention.
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surface coate fluortne. invention is explained in
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by an integrated, temperature-controlled water cycle (not
15 shown). Any crystal windows present in the processing chamber
11 can be held at the temperature by an appropriate air flow.

A silicon wafer is introduced into the processing chamber 11 by

means of a robot arm 17 and deposited in the processing chamber

20 11. There the silicon wafer is also heated to approx. 40°C by

means of an IR lamp.

In the present example, the method in accordance with the
invention is employed to prepare the production of the gate

25 oxide. Usually, the isolations, for instance LOCOS isolations
or STI isolations (STI = shallow trench isolation) are already
present on or in the silicon substrate. As a rule, there are
still oxide residues on the silicon surface from these
preceding process steps, which would inhibit the subsequent

30 production of a thin gate oxide.

Therefore, for cleaning and conditioning the silicon surface,
2slm of a mixture of methanol vapour and water vapour in

nitrogen are supplied at a pressure of 500 mBar for 60 seconds
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tenperature by an appropriate air flow A silicon wafer is introduced
into the processing chanber 11 by neans of a robot arm 17 and deposited
in the prdoddowigacitdritser 2hel prefsarre time tid iahambeaf drs irediicem Heated to

approx. 4QfLerr] means,. of an I R.la I e._present exanpl
the. et hodoCHtadds! dBaze T w Bine Tt IaRG e AfmfEoRa? B prufpide
produghi onngh &R g ReEBiNY hramdsalllly vildhe iwR atimnhedt¥q ittstAes
LOCCS i sol ations or STI isolations (STI = shallow trench isolation) are
al ready vwhigsdsdéhe regsune tife bsiing delsuipomsfaat Af 4 GumBanhedtare

still oxi Lesi i :he £egdi
process s??pggsﬁﬁ%%c\%&u d%n?hifbe?ﬂ%qtrﬁg{gfsu Sé:i;elrjgc'rﬁstlg%t%groordl?ﬁ on of&%q%i n
gate oxi dere almostheosipdedelfforrepioyed fy aay cdhdihtbiisomtahimg sillieon

surf ace, .M _Of 1L XLur. f t hanol vapour and water vapour in

ni t rogen 5F31§®%g?iéﬁgégHgﬁbﬁgﬁgﬁﬁgﬁof 500 nBar for 60 seconds GR
98 P 8929 9 to the silicon surface. The nethanol

vapour or water vapour is_, : .
Si0O; (a) + 4 HF (g) —» SiFs (g) + 2HZ0,

which is catalysed by the presence of the OH groups of the
alcohol and the water. '

20
After the etching, the pressure in the processing chamber is
reduced to a value less than 0.5 mBar, so that the HF gas is
removed from the processing chamber. Subsequently, 2slm of a
mixture of water vapour and alcohol wvapour in nitrogen supplied

25 at a pressure of 500 mBar for 60 seconds to the cleaned silicon
surface. The following rule applies: the higher the water
portion (maximum 90 %) selected, the lower the remaining
fluorine concentration at the silicon surface. In this way an
almost completely cleaned silicon surface is achieved, the

30 uppermost layer of which is coated with fluorine up to <1% to
30 % with fluorine.
Subsequently the pressure in the processing chamber is again
reduced to a value smaller than 0.5 mBar, so that the water and
the alcohol are removed from the silicon surface by

35 evaporation.



i nfroduced intb t'he: processi ng chanber 11 through two socalled

"nltrogen(ﬁy§$ ®089. each of which is helyg at approx. 30[err]C. 5 Thereby
athin flurd |In1|s formed on the wafer surface wetting it.
Follow ng this, the pressure in the chanber is reduced to about 100

mBar and sybsequgn f ]gQ§ suyapl.i Q.. 1730 the
processi ng c%én%g:r tt{% \J/ef?lgi %%C@h fdr%e% atlgl(r:l 0 éfér% (‘fglOCh Whi | st the
pressure |mvbentr1@nheltdhemﬁistoa:nirmausl(ml rifBeer opd:fmrmm condﬂhﬁmt&mrseﬁnmds any

remai ni ng _oxide_r due or at ral st ca l.ete renoyed
by vy of SPRTS SBERCAY oM et SKRHIRE M, Tocabifel PRRRT At 1 eau iR
SIQ2 (8) tAddhieye o |stAbh1drsing @ffécEl:HZO By hav:Lmj”lltﬂ’ha Icg)ﬂlléttralchSed by

A'ter ¢ o lERaNGeient ot & hivkine SORGRRY A ARITARG O dlifed 1o

a val ue | epmpdiemntl) dadao $ Praldude Hit das ahﬁolded reafERy ech Su oM difent
processi ng _chanber. SubsequentIY 2sl mof a m xture of water vapour and

al cohol vAPHRTIN® dist HEGE t&y spfurate, the dnfat wiatssh hands 1% 60
seconds thtafte tPL ARG Filddrahe is %‘Hﬁ:fx%ﬁﬁxceﬁ‘%cf HHAN HE TR AR &5F the
hi gher the water portion (maxi mum 90 % selected, the | ower the
renai AP ngthe opjiger iife doBRE&Str ation at the silicon surface. In this way an
al nost conpletely cleaned silicon surface is achieved, the 30 uppernost

| ayer of which is coated with fluorine up to <1%to 30 %with fluorine.
SubsequentIlwttTﬂ%epﬁeé@smaeftiiﬁlﬂlmlp'r M@sim@@ﬁa&id@ afaifluorinedused to

a val ue s%r# ﬁh (E % rﬁqﬁ,cosno Efgxct efo‘@t ecﬁqﬂc applqeca%ié%%l %9

removed fro |con surface evapor t|on

10 'datmsbealadjrmst@mﬁbq'f a tsaabrmqmu t rEedmedan et ep wWittthes fluorine
inveni the.fl.uarine is QP the optinum concentration for each

appl i tlﬁﬁn§F¥Q%&919?qﬂ9?q dcation, where it is required 5 to achi eve the

stabilising effect. By having the option of
For this purpose, preferably a mixture of ozone and oxygen
(portion of ozone in this mixture between 0.5 % and 15 %) as
well as HF gas at a temperature of approx. 40°C to 700 °C and a
20 pressure of approx. 1000 mBar are supplied into the processing
chamber 11. In this way a very thin oxide layer with a high
fluorine concentration is produced.

As alternatives, oxygen and HF gas at a raised temperature of
25 above 700°C are supplied into the processing chamber 11. 1In

this way a very thin oxide layer with a high fluorine

concentration is produced.

When the cleaning and conditioning of the silicon surface has
30 been completed, the silicon wafer is removed from the

processing chamber by the robot arm 17 and can for



freely selectihg the fluorine concentration depending on the conmponent
class to progp@pged it is avoided that impsufficient fluorine is
i-ntroduced to saturate the unsaturated bonds or that too much fluorine
is introduced so that the structure of 10 the oxide is danmaged. In
the event spathpdl Bl Yol teORERNHIAIAAI Y e 2! © wnerd SAMWARA 2
the silicon surface for specif applications, th can be adjusted by
a subsequédt thue@maﬁae@m@kaépqm tOIr ®Yf Iauéfﬁ’Dn@I?Elm-rttaéﬁlthg‘i ddviypo g@te

For this S ef;er xture of ozone and oxygen (portion of
ozone in ?%ﬁggnﬁ?y%rel%e wééw% @% % and 15 9% as well as HF gas at a
tenperature of approx. 40[err]Cto 700 [err]C and a 20 pressure of approx.
1000 nmBar are supplied into the processing chanber 11. In this way a
very thin oxide layer with a high fluorine concentration is produced.
As alternatives, oxygen and HF gas at a raised tenperature of 25 above
700[err]C are supplied into the processing chanber 11. In this way a
very thin oxide layer with a high fluorine concentration is produced.
When the cleaning and conditioning of the silicon surface has 30 been
conpleted, the silicon wafer is renoved fromthe processi ng chanber by
the robot arm 17 and can for GR 98 P 8029 11

i nstance be taken to the processing chanber 12, where by way of thermnal

oxi dation or by a CVD precipitation a thin gate oxide |ayer is produced.
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New Pat ent alm 1. Method for the productio | coat ed
duct or
S

wi th fluoPesentnéiladimeg the fol | owi ng st eps: 1 M
substrate in a reaction chanber is provided; b) t trate surface

s wetted with water and/or al cohol; c) a fluorine containing
conpound ils supeithed tfort fdes phoduatd qudface 3o fidest cpadieshneidh

sem condu r rf d,wi th.,fluaorine is produced,; d) the
fYUorine-?gﬁpgﬁﬁfng%%gﬁggb dfﬁé EEﬁ%%%d fromthe reaction chanber; 20
charac$erised by the further steps: e) the cl eaned sem conduct or
surface coated with fluorine is wetted with a mxture, whi ch
contains at | edbt2 19°HFOBAYRERY SnRShrateath aoredrtien| eBABPErséSt hat a
cl eaned 25 sepr&PNQugs or surface coated with a predeterm ned amount of
fluorine is produced on whi ch surface the predeterm ned anount of
fluorine is smaller the greater the water content selected for the
m xt ur e; the water and the al cphol are reppved fromt

seni conduct or g&z?%%e$&€§6rate %%rgace 1s weggedgwpglhogater ang?or

13 10 alcohol;

¢) a fluorine-containing compound is supplied to the
substrate surface so that a cleaned semiconductor
surface coated with fluorine is produced:

15
d) the fluorine containing compound is removed from the
reaction chamber; and
e) the cleaned semiconductor surface coated with fluorine
20 is wetted with a mixture, which contains at least 10 vol

% water and at least 10 vol % alcohol, so that a cleaned
semiconductor surface coated with a predetermined amount

of fluorine is produced.

25 2. Method according to c¢laim 1, characterised in that the
alcohol used is methanol or ethanol.

3. Method according to claim 1 or 2, characterised in that

he fluorine-containing compound is HF gas.

30
4, Method according to one of the preceding claims,
characterised in that the water and the alcohol are
supplied to the substrate surface in the form of water
vapour or alcohol vapour.
35

O



5. Method according to one of the preceding clains,

char act er (5edg prropdpat after step b) the pgressure in the 5 reaction

chanber is decreased so that only a thin wetting | ayer remains on
t he substrate surface. 6. Method according to one of the preceding

cl ai s, characterised in that the fluorine-containing conpound is
10 renoved by a decrease in pressure fromthe reaction

chanmber, $her eMethief acabirdialesad aenaiferthndr@cddifig claims, al cohol as

wel | as the reacgtion prqoducts which result during the cleani ng of
tHe substrate SHAFACESILES orityeiat aTter Shagthdhe, RISSATe g 40 15
7. Meshod accaiedictdcno chaebefr tike ddaidiscl 1d Ghat only a AHMAMAGIAHSR i N

t hat subsequently HF gas .as well as ozone and/ or oxygen are
suppl i ed to thdeLafERedads Oondh@ substrate sugfidCeee coated with
fluorine. 20 25 30 35

6. Method according to one of the preceding claims,
characterised in that the fluorine-containing compound is
10 removed by a decrease in pressure from the reaction
chamber, wherein preferably also the water and/or the
alcohol as well as the reaction products which result
during the cleaning of the substrate surface are removed

from the substrate surface.

15
7. Method according to one of the Claims 1 to 6,

characterised in that subsequently HF gas as well as ozone
and/or oxygen are supplied to the cleaned semiconductor
surface coated with fluorine.

20

A A
25
30

35



