“ t E Epitaxially coated silicon wafer and nethod for producing epitaxially
coated silicon wafers 5 The invention relates to an epitaxially coated
silicon wafer and to a nmethod for producing epitaxially coated silicon
wafers. Epitaxially coated silicon wafers are suitable for use in the 10
sem conductor industry, in particular for the fabrication of I|arge scale
integrated el ectronic conponents such as e g nicroprocessors or menory
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15 I ocal fl atness (nan@@u¢@hugyﬂyaw@atedbﬁaﬁubnmﬂw&ﬂ&mﬂs are required for
nodern m croel ectronics. G obal flatness relates to the entire surface of a

sem - conductor wafer mnus an edge exclusion to be defined. It is 20
described by the GBIR ("gl obal backsurface-referenced ideal plane/range" =

”HgnitU@ﬁeOEanﬁtEBE'EéYQtéEdtﬂegﬂté??tQQYhﬁiyOEOaEEB"b§11con water

backsi de-referenced I ane he entire front side of

seni condBét 6P ﬂafﬂéiﬁ}fwdmﬁpéhpéefﬂpééﬁanagl’ééxmélsrTvoa(tetioﬁaﬂl?ﬁnckness

vari ati gatrrgpecification that was formerly 25 customary. The LTV ("Il ocal

t hi ckness variation") specification that was fornerly customary is
nowadays desi gnated according to the SEM standard by SBIR ("site
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wi ndows ﬁﬁbsﬁga§e§|zyl§ ggrxngeﬁﬁgrequlrements made of global and

local flatness, thickness distribution, single-side-referenced
15 local flatness (nanotopology) and freedom from defects are

required for modern microelectronics.

Global flatness relates to the entire surface of a semi-
conductor wafer minus an edge exclusion to be defined. It is

20 described by the GRIR (“global backsurface-referenced ideal
plane/range” = magnitude of the positive and negative deviation
from a backside-referenced ideal plane for the entire front
side of the semiconductor wafer), which corresponds to the TTV
(“total thickness variation”) specification that was formerly

25 customary.

The.LTV (“local thickness variation”) specification that was
formerly customary is nowadays designated according to the SEMI
standard by SBIR (“site backsurface-reference ideal

30 plane/range” = magnitude of the positive and negative deviation
from a backside-referenced ideal plane for an individual
component area defined dimension) and corresponds to the GBIR
or TTV of a component area (“site”). Therefore, in contrast to
the global flatness GBIR, the SBIR is referenced to defined

35 fields on the wafer, that is to say for example to segments of
an area grid of measurement windows having a size of 26 x 8 mm?

(site geometry). The maximum site geometry value SBiRpax
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(si'te geonetry). The maxi num site geonetry value SBiR,. 2 specifies the
maxi mum SBI R val ue for the conponent areas taken into account on a silicon
waf er. Maxi mum site-referenced flatness or geonetry values such as the 5
SBi R are usually determ ned taking accpunt of a certain edge exclusion

- (EE = “edge exclusion") of 3 mm by way of exanple. An area on a silicon
waf er mﬁthin a nom nal edge exclusion is usually referred to as "Fixed
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fl atness often does not involve using the "partial sites", but rather only
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yield").component areas lying completely within the FQA. In order to be
15 able to compare maximum flatness values, it is essential to
specify the edge exclusion and thus the size of the FQA and
furthermore to specify whether or not the "partial sites" have

been taken into account.

20 Furthermore, with regard to optimizing costs, it is frequently
customary nowadays not to reject a silicon wafer owing, for
example, only to a component area that exceeds the SBIRu.x value
specified by the component manufacturer, but rather to permit a
defined percentage, e.g. 1%, of component areas with higher

25 values. The percentage of the sites which lie or are permitted

 to lie below a specific limit value of a geometry parameter is
usually specified by a PUA ("Percent Useable Area“) value,
which, e.g. in the case of an SBIRp.x 0of less than or equal to
0.7 uym and a PUA value of 99%, states that 99% of the sites

30 have an SBIRyax of less than or equal to 0.7 pm while higher
SBIR values are also permitted for 1% of the sites

("chip yield™).

According to the prior art, a silicon wafer can be produced by
35 a process sequence of separating a single crystal of silicon
into wafers, rounding the mechanically sensitive edges,

carrying out an abrasive step such as grinding or lapping



According to the prior art, a silicon wafer can be produced by 35 a
process sequence of separating a single crystal of silicon into wafers,
roundi ng the nechanically sensitive edges, carrying out an abrasive step
such as grinding or |lapping 3 followed by a polishing. EP 547894 Al
describes a | apping nethod; grinding nethods are clained in the
applications EP 272531 Al and EP 580162 Al. 5 The final flatness is

general | roduced by the polishi ste whi ch nay be preceded, if
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15 1is made to achieve the required flatness by suitable processing

steps such as grinding, lapping and polishing.

However, the polishing of a silicon wafer usually gives rise to
a decrease in the thickness of the planar silicon wafer toward
20 the edge (“edge roll-off”). Etching methods also tend to attack
the silicon wafer to be treated to a greater extent at the edge

and to produce such an edge roll-off.

In order to counteract that, it is customary for silicon wafers

25 to be polished concavely. A concavely polished silicon wafer is
thinner in the center, then increases in its thickness toward
the edge and has a decrease in thickness in an outer edge

region.

30 ’DE 19938340 C1 describes depositing a monocrystalline layer on
monocrystalline silicon wafers, which layer is made of silicon
with the same crystal orientation, a so-called epitaxial layer,
on which semiconductor components are applied later. Systems of
this type have certain advantages over silicon wafers made of

35 homogeneous material, for example the prevention of a charge
reversal in bipolar CMOS circuits followed by the short circuit
of the component ("latch-up problem"), lower defect densities

(for example reduced number of COPs ("crystal-originated



on whi ch sem conductor conponents are applied later. Systens of this type
have certain advantages over silicon wafers nade of 35 honpbgeneous
material, for exanple the prevention of a charge reversal in bipolar CMOS
circuits followed by the short circuit of the conponent ("latch-up
problem'), |ower defect densities (form exanple reduced nunber of COPs
("crystal-originated 4 particles"”) and also the absence of an appreciable
oxygen content, whereby it is possible to preclude a short-circuit risk
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di scl oses a nethod for producing a silicon wafer with an epitaxial |ayer
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It is custora y, in order to protect silicon wafers from particle | oading,
to subject the silicon wafers to a hydrophilic cleaning after polishing.
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renoved dimd heGQuUiEe Hfd apiftigalgmie ifd1lowing process steps:

(a) a removal polishing step as sole polishing step;

nm

(b) (hydrophilic) cleaning and drying of the silicon wafer;

15 (c) pretreatment of the front side of the silicon wafer at a
temperature of 950 to 1250 degrees Celsius in an epitaxy
reactor; and
(d) deposition of an epitaxial layer on the front side of the
pretreated silicon wafer.

20
It is customary, in order to protect silicon wafers from
particle loading, to subject the silicon wafers to a
hydrophilic cleaning after polishing. Said hydrophilic cleaning
produces native oxide on the front and rear sides of the

25 silicon wafer which is very thin (approximately 0.5 - 2 nm,

depending on the type of cleaning and measurement) .

This native oxide is removed in the course of a pretreatment in
an epitaxy reactor under a hydrogen atmosphere (also called H;
30 bake).

In a second step, the surface roughness of the front side of

the silicon wafer i1s reduced and polishing defects are removed

from the surface by usually small amounts of an etching medium,
35 for example gaseous hydrogen chloride (HC1l), being added to the

hydrogen atmosphere.



an epitaxy reactor under, a hydrogen atnosphere (also called H2 30 bake).
In a second step, the surface roughness of the front side of the silicon
wafer is reduced and polishing defects are renoved fromthe surface by
usual ly small anounts of an etching nmedium 35 for exanpl e gaseous hydrogen
chloride (HCl), being added to the hydrogen atnosphere. 5 Sonetines,

besi des an etching nedi um such as HCl, a silane conpound, for exanple
silane (SiH, ), dichlorosilane (SiH d,) trichlorosilane (TCS, SiHCL3) or
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gas and, 11 ‘appropriate,,a pl ng gas. suscept or, i'”ch conprises

gr aphi t hesismnfraqfartz, for exanple, serves as a support for the silicon
waf ey in a process chanber of the epitaxy reactor. During the deposition
process, 25 the silicon wafer rests on this susceptor or in mlled-out
port i onERtaRe LRELHOr W Bt dere (W8 Shsidy @3 Wfivlerm e dthishg

semiconductor industry for the deposition of an epitaxial layer

on a silicon wafer, are described in the prior art.

15 During all coating or deposition steps, one or more silicon
wafers are heated by means of heating sources, preferably by
means of upper and lower heating sources, for example lamps or
lamp banks, and subsequently exposed to a gas mixture,
comprising a source gas, a carriér gas and, if appropriate, a

20 doping gas.

A susceptor, which comprises graphite, SiC or quartz, for
example, serves as a support for the silicon wafer in a process
chamber of the epitaxy reactor. During the deposition process,
25 the silicon wafer rests on this susceptor or in milled-out
portions of the susceptor in order to ensure a uniform heating
and to protect the rear side of the silicon wafer, on which
usually there is no deposition, from the source gas. In
accordance with the prior art, the process chambers are

30 designed for one or more silicon wafers.

In the case of silicon wafers having relatively large diameters
(greater than or equal to 150 mm), single wafer reactors are
usually used and the silicon wafers are processed individually
35 since this results in a good epitaxial layer thickness
regulatrity. The uniformity of the layer thickness can be
established by various measures, for example by altering the

gas flows (H;, SiHCls), by incorporating and adjusting gas inlet



and to protect the rear side of the silicon wafer, on which wusually there
is no deposition, fromthe source gas. In accordance with the prior art,

t he process chanbers are 30 designed for one or nore silicon wafers. In the
case of silicon wafers having rel ativelsy | arge dianmeters (greater than or
equal to 150 mm), single wafer reactors are wusually used and the silicon
wafers are processed individually 35 since this results in a good epitaxial
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wafers) in the case of depositing thin epitaxial layers.
15 Usually, only an HCl etching treatment or else an HCl etching
treatment followed by brief coating of the susceptor is carried

out.

The production of epitaxially coated silicon wafers with good

20 global flatness proves to be extremely difficult since, as
mentioned above, a concavely polished silicon wafer is usually
present as the substrate. In the prior art, after the epitaxy,.
the global flatness and also the local flatness of the
epitaxially coated silicon wafer have usually deteriorated

25 compared with those of the concavely polished sgilicon wafer.
This is associated, inter alia, with the fact that the
deposited epitaxial layer itself also has a certain

irregularity.

30 Although the deposition of a thicker epitaxial layer in the
center of the concavely polished silicon wafer, where the
thickness of said layer would have to decrease outward in the
direction of the edge of the silicon wafer, could compensate
for the originally concave form of the silicon wafer and thus

35 also improve the global flatness of the silicon wafer, this is
not considered in the epitaxy of silicon wafers since an

important specification of an epitaxially coated silicon wafer,



the global flatness and also the local flatness of the epitaxially coated
silicon wafer have usually deteriorated 25 conpared with those of the
concavely polished silicon wafer. This is associated, inter alia, with the
fact that the deposited epitaxial layer itself also has a certain
irregularity. 30 Although the deposition of a thicker epitaxial layer in
the center of the concavely polished silicon wafer, where the thickness
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of the silicon wafers provided is placed on a susceptor in the

15 epitaxy reactor, is pretreated under a hydrogen atmosphere at a
first hydrogen flow rate in a first stép and with addition of
an etching medium to the hydrogen atmosphere at a second,
reduced hydrogen flow rate in a second step, is subsequently
coated epitaxially on its polished front side and is removed

20 from the epitaxy reactor, and furthermore an etching treatment
of the susceptor is effected in each case after a specific

number of epitaxial coatings.

In the method according to the invention, firstly a
25 multiplicity of silicon wafers which are polished at least on

their front sides are provided.

For this purpose, a silicon single crystal produced according

to the prior art, preferably by crucible pulling according to
30 Czochralski, is sawn into a multiplicity of silicon wafers by

means of known separation methods, preferably by wire sawing

with free ("slurry") or bonded grain (diamond wire).

Furthermore, mechanical processing steps are effected, such as
35 seqguential single-side grinding methods (SSG), simultaneous

double-side grinding method ("double-disk grinding" DDG) or

lapping. The edge of the silicon wafer including optionally

present mechanical markings such as an orientation notch or an



20 fromthe epitaxy reactor, and furthernmore an etching treatment of the
susceptor is effected in each case after a specific nunber of epitaxial
coatings. In the nmethod according to the invention, firstly a 25
multiplicity of silicon wafers which age polished at |least on their front
sides are provided. For this purpose, a silicon single crystal produced
according to the prior art, preferably by crucible pulling according to
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treatment steps conprising cleaning and etching steps are additionally
provi ded.. Aft t he .gri.ndi n cl eani ng .and etching steps, the surface of
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loosely into a thin toothed disk and polished on the front and
15 rear side simultaneously in a manner "floating freely" between
an upper and a lower polishing plate covered with a polishing

cloth.

The front sides of the silicon wafers are then preferably

20 polished in a haze-free manner, for example using a soft
polishing c¢loth with the aid of an alkaline polishing sol; in
order to obtain the flatness of the silicon wafers produced up
to this step, the material removals are relatively small in
this case, preferably 0.05 to 1.5 uym. This step is often

25 referred to as CMP polishing (chemo-mechanical polishing) in

the literature.

The silicon wafers provided are preferably polished concavely
in order to restrict the edge roll-off caused by polishing
30 steps (and also etching steps) to an outer edge region of the

silicon wafer.

The global flatness value GBIR of the silicon wafers provided
is usually 0.3-0.5 um givén an edge exclusion of 2 mm.

35
After polishihg, the silicon wafers are subjected to a
hydrophilic cleaning and drying according to the prior art. The

cleaning may be performed either as a batch method with



The front sides of the silicon wafers are then preferably 20 polished in a
haze-free manner, for exanple using a soft polishing cloth with the aid of
an al kaline polishing sol; in order to obtain the flatness of the silicon
waf ers produced up to this step, the gaterial renovals are relatively
small in this case, preferably 0.05 to 1.5 pm This step is often 25
referred to as CWP polishing (chenpb-nechanical polishing) in the

Ilterat@ﬁgultageaugl@Qeawaﬁgrgfpéomuq@qpa&@leyesgrg@hxc@alwghegscgﬂcavely
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gl obal bplrateess value GBIR of the silicon wafers provided is usually
0.3-0.5 mgiven an edge exclusion of 2 mm 35 After polishing, thesilicon
wafers are subjected to a hydrophilic cleaning and drying according to the
priof afhe Fhéicohewnfrgsnryoleédpdr kuenpdeéetrhbilyawadcbat mhdrebhodonbth 9
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SO ("sihhgesnon- Bsgb@&or“ktrwahgasSlihhbﬁoenWngﬁiakah syEabped silicon
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met hods rkehopkoduei pgodateny wetbrst vatRedtshliheansiayebs asgerknawa in the
prior a%t The p%hlshed siligon waf ers provi ded are subsequently

pr et r eat B3 FndfVvicdGaPFy°Fn®Each case in an epitaxy reactor. The 15
pretreatnment in each case conprises a treatnent of the silicon

The polished silicon wafers provided are subsequently
pretreated individually in each case in an epitaxy reactor. The
15 pretreatment in each case comprises a treatment of the silicon
wafer in a hydrogen atmosphere (H; bake) and a treatment of the
silicon wafer with addition of an etching medium to the'
‘hydrogen atmosphere, preferably in each case within a
temperature range of 950 to 1200°C.
20
The etching medium is preferably hydrogen chloride (HC1l).

The pretreatment in a hydrogen atmosphere is preferably
effected at a hydrogen flow rate of 20-100 slm (standard liter
25 per minute), particularly preferably 40-60 slm.

The duration of the pretreatment in a hydrogen atmosphere is
preferably 0-120 s.

30 During the pretreatment with the etchihg medium, preferably HC1
is added to the hydrogen atmosphere in an amount, preferably
within the range of 5-20% by volume, such that the removal rate

is 0.01-0.2 pm/min.

35 Furthermore, during the pretreatment with addition of the
etching medium to the hydrogen atmosphere, the hydrogen flow
rate is significantly reduced in comparison with the H; bake

pretreatment.



wafer in a hydrogen atnosphere (H2 bake) and a treatnment of the silicon
wafer with addition of an etching nmediumto the hydrogen atnosphere,
preferably in each case within a tenperature range of 950 to 1200C. 20 The
etching nediumis preferably hydrogen ehl oride (HCl). The pretreatnent in
a hydrogen atnosphere is preferably effected at a hydrogen flow rate of
20-100 sIm(standard liter 25 per mnute), particularly preferably 40-60
slm The duration of the pretreatment in a hydrogen atnosphere is
preferably 0-120 s. 30 During the pretreatnment with the etchlng medi um
pref er abts PEdropsnaddey F@tﬁhéSh?é?é@éﬁbéVnﬁ§§H€P@ FR AnSakBuftm-
preferably mﬁthln the range of 5- 20@6by vol unme, such that the renoval rate

is 0.01-0. rthernore, ring the pretreatnment .with addition of
t he et@hFﬁ&uﬁﬁa ? tgﬁ KJaPggentaP E gﬁﬁ@rgg ghé"%y%ﬁ@géﬁ flow rate is

5|gnﬁflpamthyuﬂadmge@reﬁe@@&nar|son with the H2 bake pretreatnent. 10 The
hydrogen flow rate is preferably reduced to 0.5-10 sIm A reduction of the

hydrogen flow rate to 0.5-5 sImis 5 particularly preferred. It has been
shown t R&t helkebgeobahohathesstok ghobpilt &tbahkys obabedepiikbzoalhmf er can

be si gni. 5%@atgxllgehows@egycgheberQQBBE 96a9E1§h§np¥§ggaeByfk wrate

during the pretreatnent t he etc a resu t of the
reduct | ¥RSHELERE R¥d Fbgehyﬁr@weﬁatféowu rehRg durénpicthet pheRgestBpntt he

thi gkness tof thBeesichiggnmeatian.is reduced to a greater extent at the edge
than in the direction 15 of a center of the silicon wafer. This counteracts
the concave. initial geonetry of the silicon wafer. '

As a result of the reduction of the hydrogen flow rate during

the HC1l etching step, the thickness of the silicon wafer is

reduced to a greater extent at the edge than in the direction
15 of a center of the silicon wafer. This counteracts the concave

initial geometry of the silicon wafer.

Whereas no increased material removal 1s observed at the edge
of the silicon wafer at an H; flow rate of 50 slm (standard

20 liter per minute) during etching, that is to say the customary
HC1l concentration, a material removal of 100-300 nm occurs at
the edge of the silicon wafer as a result of a reduction of the
H, flow rate to 0.5-10 slm, that is to say with a significantly
increased HCl concentration, depending on the duration of the

25 treatment with HCI.

A treatment duration of 10-120 s is therefore preferred during
the HCl etching tfeatment — depending on the desired material
removal at the edge of the silicon wafer to be epitaxially

30 coated. '

The particular advantage of this method is that after the
pretreatment steps the silicon wafer obtains an optimum form of
the front side for the subsequent deposition of an epitaxial

35 silicon layer since the silicon wafer is leveled in its edge
region by the pretreatment and the concave form of the silicon

wafer is at least partially compensated for.



Whereas no increased nmaterial renpval is observed at the edge of the
silicon wafer at an HZ flow rate of 50 sIm(standard 20 liter per m nute)
during etching, that is to say the customary HCl concentration, a naterial
removal of 100-300 nm occurs at the edge of the silicon wafer as a result
of a reduction of the H2 flowrate to 0.5-10 sIm that is to say wth a
significantly increased HCl concentration, depending on the duration of

t he 25 4 t t nt rtlon of, 10-120 s, is t.herefore
pref er r &t c?q‘lrl ng qw:lh J]i%l rﬁ\hlsfntg SJrrgaIl aXdLe Jendiig on (e dgelg‘l rdgd
mat eri alat r]@ﬁﬁkaloratth%@@ld@élaﬁ ﬁrtmltsmmd@)mﬁ/vaﬂfterleta@tbetl”@plsuémcaiﬂ y 30
coated. fhepardd.cuhars advaniage Ofs s t

pretreat ment steps the ?H i"con wat er rHbt ains an opt| num%)rgﬁsofﬁe ahdded

si de fortQ Ry FRESEY FICAREPE 9ash dharrdgiondalalla®rsily dapdsiyad §|tnce

the siliLaenwadelcdfe l@ve)@d ibdds RIS AIRIIAD die tha pletdRatyent and
the concave formof the silicon wafer is at |east partially conpensated

for. 11YS§%er the pretreatnment steps, an epitaxial layer is deposited at
| east on the pol i shed front side of at | east the silicon wafer. For this

pur pose, |Iane our ce saur ce adde t o hydraogen as carrier
gas,  Theasieront 1oier 1 ddpodHed a0 17 ¢ OFRS0GoTE6e
dependl regt Gn ddlze)ssijﬂiane e tuwrsed f '[LrOStﬁn-IldrEcDS’id ane (TCS) is preferably
used.as the silane source, at a deposition tenperature of 1050-1150C. 10
The thickness of the deposited epitaxial |ayer is preferably 0.5 - 5 pm
After tH&haldgusikiians off tihe ajsinesditad leapidgraxiaie lepidraxisaldnefermidoat ed
silicon yafer 4 §;,enmoved fromthe epitaxy reactor.

After the deposition of the epitaxial layer, the epitaxially

15 coated silicon wafer is removed from the epitaxy reactor.

After a specific number of epitaxial depositions on silicon
wafers, the susceptor is treated with an etching medium,
preferably with HCl, in order to free the susceptor of silicon

20 deposits, by way of example.

A susceptor etching is preferably effected in each case after
1-5 epitaxial coatings of silicon wafers. For this purpose, the
epitaxially coated silicon wafer is removed and the substrate-

25 free susceptor is treated with HCI1.

Preferably, besides the susceptor surface, the entire process
chamber is flushed with hydrogen chloride in order to remove

silicon deposits.

30
The susceptor is preferably coated with silicon after the
susceptor etching and before further epitaxial processes. This
may be advantageous since the silicon wafer to be epitaxially
coated does not then bear directly on the susceptor.

35

Moreover, it has been shown that the method according to the
invention is suitable for producing a silicon wafer which

comprises a front side and a rear side, at least its front side



After a specific nunber of epitaxial depositions on silicon wafers, the
susceptor is treated with an etching nmedium preferably with HCL, in order
to free the susceptor of silicon 20 deposits, by way of exanple. A
susceptor etching is preferably effectad in each case after 1-5 epitaxial
coatings of silicon wafers. For this purpose, the epitaxially coated
silicon wafer is renoved and the substrate 25 free susceptor is treated
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chanber |s ushed with hydrogéen chloride in _order t0o remve sSili con

deposi t LB TAY Sidepdid ishefiESa ﬁl@@étlecf]\ﬁlttnf?% Medo® £ELér Othe
suscept @. Et-chingmanddiefrdre fudr sheredpl teadlals ipmoeessesm. This nmay be
advant ageous since the silicon wafer to be epitaxially coated does not
then bear directly on the susceptor. 35 Moireover, it has been shown that

t he et Mgk aa:iddrcnﬁmgvatf@xt h&ﬂ'ljjdh/&msi mmlijsacmdd ahl & frmdxpumﬁtldjmg a silicon
waf er r t: 8 ear_.si.de, At sty |tsfront
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its fromessilde, Obm\dmﬂm @qﬂ@é;s-'\@ gixsloE felvamndsymea wa GBleRsdflic®n07- 0.3 pm
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subjected to a cl"eani n ter the polishing east
front siae, epdstaaw rr@s%ﬂttoroflf\/\ml%i‘?ra tr?atre\?f@’\f@qf@euv@@rmﬁ@r r@dmbr‘ihtehe

si l'igon sivwef@in Wi SULSROWRY |90 RiULANGA kA Jty dFiQgeR RiiFagpheye in an
epi taxy reactor in order to renmove native oxide. fromthe 10 siljcon wafer,
and was %ﬁ&&ﬁibrﬁmflﬁd@att@d BS RYAFAIST0 5t SaRFR0 déh S mssrde St he

hydr ogertiad mogikeysn iflcy seaenthastien; bddie Jiyaiidgenddigw reghedaavnngHkeen
Signifi%&Q&%%i&ﬁg%g%%ié}éé¥ato remove silicon material in a targeted
manner in the edge region of the silicon wafer, to at least
15 partly compensate for the concave initial geometry of the
polished gsilicon wafer and to give the silicon wafer a flatter
geometric form, and was furthermore provided with an epitaxial

layer after the pretreatment steps at least on its front side.

20 In the course of a series of measurements with silicon wafers
epitaxially coated in accordance with the invention, with the
hydrogen flow rate in each case having been reduced to
0.5-10 slm according to the invention dufing the pretreatment
in the etching medium, the following values, inter alia, arose

25 for the global flatness value GBIR given treatment durations of
10-120 s: 0.11 pym - 0.15 pm — 0.17 pm - 0.25 pum - 0.29 pm, in

each case with an edge exclusion of 2 mm.

The silicon wafer according to the invention preferably has a
30 global flatness value GBIR of 0.07-0.25 pum.

It has been shown that a further improvement of the global

flatness values of the epitaxially coated silicon wafers is

achieved by a reduction of the hydrogen flow rate to 5 slm or
35 less. |

In the course of a series of measurements with silicon wafers

epitaxially coated in accordance with the invention, with the



second step in order to renpve silicon material in a targeted manner in
the edge region of the silicon wafer, to at |east 15 partly conpensate for
the concave initial geonetry of the polished silicon wafer and to give the
silicon wafer a flatter geonetric forny and was furthernore provided with
an epitaxial |ayer after the pretreatnent steps at |least on its front

side. 20 In the course of a series of nmeasurenents with silicon wafers

epltax'ﬁ&B!o%%ﬁI%@oW“rﬁ%@OBQ%Qﬁ% Wekh &@aub@&eahlgachngeethe hgdrogen
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of O. 07-% %SHBP] #S %% b E 1
f1 at nesS vl Ues o fné gp §X|§FP§ g&ated silicon wafers is achieved by a
reduction of the hydrogen flowrate to 5 simor 35 less. In the course of
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accordance W th the invéentl rogen vi'ng been
reducedai FBERcRECASO76 -3 55k, éakﬁwgS?h@lﬁheﬁﬂe@ﬁgénﬁxpﬁuﬁhénepéhQng
medijym ggonpared with a flow rate of 50 sImduring the H2 bake), the
follow ng values, inter alia, arose for the global flatness value GBI R
0.07 m 50.09 m- 0.12 - 0.14 pm in each case wth an edge excl usion of

2 mm (alse %lebb@ exEep! ek. pTheeetnn e, at herepi mavkeablrynovatedsskhicaer
waf er prefierallyonas, 3 GIRAN Gu94,0:10 Hhm L kew sq w Lh an edge
silicon wafer with a strained silicon layer (“strained
15 silicon”) or an sSOI (“strained silicon-on-insulator”) wafer

provided with an epitaxial layer.

The GBIR values of the silicon wafer according to the invention
of less than or equal to 0.3 um already meet the reguirements

20 made of starting materials for the next technology generation
(according to ITRS: hp45 technology node) and the one after
that (hp32 technology node).

This also applies to the local flatness, expressed by the

25 SBIRmax, which, in the case of the silicon wafer according to
the invention, is less than or equal to 0.1 pum, preferably less
than or equal to 0.05 um, likewise with an edge exclusion of
2 mm and relative to partial regions of an area grid of

segments having a size of 26 x 8 am? .

This results in 336
30 segments, of which 52 are “partial sites”. The “partial sites”
are preferably taken into account in the determination of the

SBIRpax. The PUA value is preferably 100%.

Example:

35
An epitaxial layer was deposited on a silicon wafer having a
diameter of 300 mm that had been produced in accordance with

the prior art and finally polished by means of CMP on its front



The silicon wafer is preferably a wafer nmade of nonocrystalline silicon
material, an SO ("silicon-on-insulator”) wafer, a silicon wafer with a
strained silicon layer ("strained 15 silicon") or an sSO ("strained
silicon-on-insulator") wafer provided with an epitaxial layer. The GBIR
val ues of the silicon wafer according to the invention of |ess than or
equal to 0.3 gmalready neet the requirenents 20 nade of starting

material s for the n t_ tech neration (according.to | TRS: hp4h
t echnol ogy‘i noaLlI g the: 6”??&06&? ?%Or %? RS e Shtdi %%Warf’oc?eﬁn.caf%jsy al so
applies nmllmd,odzhatf | deet nBsﬁa}emésserbrb;a\tmarﬁ&ﬁBI RRometimgh ,arich drhe
case of é(%ee fer according to the invention, is |less than or

1 IOm pre

equal to erably less than or equal to 0.05 m |ikewise with an
edge exclusion of 2 nmand relative to partial regions of an area grid of

segment sy amiNg: e Sgilz@cfgat%@eﬁ(t & M s ST yesilfsedi 336130 seanenp s, of

which 52 are "partial sites". The "partial sites" are preferably taken
into accoRAtqmY tﬁfer%fehér%nraﬂﬁwme%em SBIRFELIEN FHETHRSAER (185 s

pref er akd - dX% Fxawlie: £13% AatePiiraxicals1kayer was deposited on a silicon
waf er having a dianeter of 300 nmthat had been produced in accordance
with the prior art and finally polished by neans of CVP on its front 14

si de. Thramsidg thme viafleyeduerte mﬂﬁ%itaﬁéryc @dad}eduwmgmnoﬂwﬁin&dq)cdd@é&d,
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An epitaxial layer was subsequently deposited at a deposition
15 temperature of 1120°C and a trichlorosilane flow rate of
17 slm.

The results are explained below with reference to figures 1 to
6, whereas figures 2, 4 and 6 show schematically the geometry

20 - of the circular silicon wafers in perspeqtive.

Figure 1 shows the profile of the thickness of a concavely

polished silicon wafer against its diameter (“line scan”).

25 Figure 2 shows SBIR values for this concavely polished silicon

wafer.

Figure 3 shows the thickness of the epitaxial layer against a
line scan.

30
Figure 4 shows SBIR values for the epitaxially coated silicon

wafer.

Figure 5 shows the thickness of the epitaxially coated silicon

35 wafer against a line scan.



10" into the hydrogen atnosphere, the H2 flow rate was reduced according to
the invention, to 5 sIm The duration of the pretreatnent with hydrogen
chloride was 60 s. An epitaxial |ayer was subsequently deposited at a

deposi tion

15 tenperature of 1120C andsa trichlorosilane flowrate of 17

slm The results are explained belowwith reference to figures 1 to 6,
whereas figures 2, 4 and 6 show schenmatically the geonetry 20 of the
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silicon cyafedncdziauy %0’51 s Wdyeed hi ckness of the epitaxial |ayer against
a |ine scan. 30 Figure 4 shows SBIR values for the epitaxially coated

silicon wafer. Figure 5 shows the thickness of the epitaxially coated
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conponent
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A global flatness value GBIR of 0.3 um results given an edge
exclusion of 2 mm.

15 Figure 2 illustrates site geometry values SBIR for this

concavely polished silicon wafer given a subdivision.into 336

component areas (“sites”) having a size of 26 x 8 mm?. 52 of

these 336 component areas are “partial sites”. Using an edge
exclusion of 2 mm or an FQA of 296 mm and taking account of all

20 the “partial sites”, a maximum site geometry value SBIRpax OFf

0.174 um results in this case.

Figure 3 illustrates the difference in thickness between the

epitaxially coated silicon wafer and the concavely polished

25

30

35

silicon wafer as a function of the radius as a line scan. This
difference in thickness decreases from the center in the
direction of the edge of the wafer and rises again in the edge
region, but does not correspond to the actual thickness of the
deposited epitaxial layer, but rather also takes account of the
changes in thickness as a result of pretreatment steps. Since
material was removed at the edge of the silicon wafer during
the pretreatment with the etching medium, significantly more
silicon than illustrated in Figure 3 was accordingly deposited
at the edge. The material removal at the edge was approximately
150-200 nm, which was then overgrown by a uniform epitaxial
layer having a thickness of 2.6 pum + 1.5%. This complies with a
specification for the layer thickness regularity of the

epitaxial layer.



15 Figure 2 illustrates site geonetry values SBIR for this concavely
polished silicon wafer given a subdivision into 336 conponent areas
("sites") having a size of 26 x 8 me. 52 of these 336 conponent areas are
"partial sites". Using an edge exclusign of 2 nmor an FQA of 296 nm and
taki ng account of all 20 the "partial sites", a maxinmum site geonetry val ue
SBIR,,. of 0.174 pmresults in this case. Figure 3 illustrates the
difference in thickness between the epitaxially coated silicon wafer and

t he concavely polished 25 silicon wafer as a function of the radius as a
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35 150-2 . whi ¢ :¥§§ t %gégrgqu uniformepitaxial |ayer

havi ng ég%ﬁg%%ﬁégéng . %gﬂgﬁi 0 iég%éﬁ%lies wth a specification for

the | ayer thickness regularity of the epitaxial layer. 16 Figure 4
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15 of the concavely polished silicon wafer, which has not been
possible heretofore in the prior art since in the prior art
epitaxial depositions are more likely to lead to deteriorations

in the global and local flatnesses of silicon wafers.

20 Figure 6 shows, for each component area, the change in the SBIR
values of the epitaxially coated silicon wafer in comparison
with the concavely polished wafer. Values having a positive
sign denote a deterioration, and negative signs an improvement
of the SBIR values. An improvement of the local flatness occurs

25 particularly in the edge region of the epitaxially coated
silicon wafer, which can be attributed to the leveling of the
gilicon wafer in its edge region by the pretreatment of said
silicon wafer with addition of HCl to the hydrogen atmosphere

at a significantly reduced hydrogen flow rate.



coated, CMP-polished silicon wafer as a function of its radius as a line
scan, resulting in a global flatness value GBIR of 0.12 um given an edge
exclusion of 2 mm in other words a significant inprovenent in conparison
with the global flatness 15 of the concavely polished silicon wafer, which
has not been possible heretofore in the prior art since in the prior art
epi taxi al depositions are nore likely to lead to deteriorations in the

gl obal and | ocal flatnesses of silicon wafers. 20 Figure 6 shows, for each
conponent area, the change in the SBIR values of the epitaxially coated
silicon ratenti aladmpari son w th the concavely polished wafer. Val ues
havi ng a positive sign denote a deterioration, and negative signs an

i nprovenent of the SBIR val ues. An inprovenent of the |ocal flatness
occurs 25%.pardimatheflyfon phedediegregi baxddlineceptedxsal igonoattdrs,
silicon wafer j o ed-t e e ilicon
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addi ti on of Hep %éhﬁaeahyﬁeégénoatﬁb@pﬁeféonétsad%$g®¥¢|EéﬁVi@ede@G@ed

hydrogen flOm%ﬁéégss%@elgaéggﬁeéj§ﬁ5§v%du£&ﬂ§tfﬂde£@ﬁ produgihngnepi taxially
coated silicon wafers which a nmulti ICIt% of silicon wafers which
il—.

are poI|shede@%tﬁéﬁs¥e%ﬁt?ﬁeP¥ ?rBﬁ?C§@H€§ 5P e"Pi 6 delSBRECTSVIBCRRS vel y

coat ed indivi daathy knleash \ﬁé-ﬁ@r!snpﬁﬁv1@@ditﬁ%)’pléé‘éﬁobnbél aupEegedyr eni n
whi ch a respegélve 0 the silicon maferE%QrOV| | aced on a

suscéptor in tﬁ@lgﬁ¥¥a§§a?585to?s PEShr &t t%ﬂdﬁﬁd%rh¥859ﬁ?Bgen
at nospher e ataambspsérbydtogefiitsovwhydtegen ﬁléwrsatstEn aaﬁﬂrmtthtaﬁdition

of an etching Hgdﬁgghtgd&hglgxdggggn egéﬂnﬁghﬁégl ? ? dx &gﬁed
hydr ogen flowTrate n a —se I sequen Iy c e epl axially on
its 15 polishetmpsphersi de anaecsndenneédcédohydhegepl fagy rate in a
second step, is subsequently coated epitaxially on its
15 polished front side and is removed from the epitaxy
reactor, and furthermore an etching treatment of the
susceptor is effected in each case after a specific number

of epitaxial coatings.

200 2. The method as claimed in claim 1, the pretreatments in

each case being effected within a temperature range of 950

to 1200°cC.
3. The method as claimed in claim 1 or 2, the etching medium
25 added to the hydrogen atmosphere being hydrogen chloride.
4. The method as claimed in one of claims 1 to 3, duringvthe

pretreatment in a hydrogen atmosphere the hydrogen flow
rate being 20-10 slm and the duration of the pretreatment
30 being 0-120 s.

5. The method as claimed in claim 4, the hydrogen flow rate
being 40-60 slm.

35 6. The method as claimed in one of claims 1 to 5, the
hydrogen flow rate during the pretreatment with addition

of an etching medium to the hydrogen atmosphere being



reactor, and furthernore an etching treatnment of the susceptor is effected
in each case after a specific nunber of epitaxial coatings. 20 2. The
nmethod as clainmed in claiml, the pretreatnents in each case being
effected within a tenperature range of 950 to 1200C. 3. The nethod as
clainmed in claim1 or 2, the etching nmethi um 25 added to the hydrogen

at nosphere bei ng hydrogen chloride. 4. The nethod as clained in one of
claims 1 to 3, during the pretreatnent in a hydrogen atnosphere the

hydr ogen fl| owedated bed ng. 20t 3 Os h need deidec skl @xhdof @ird hieopriedigat ment

30 being 0-12 0 S 2(SS.SThe method as clained in claim4, the hydrogen flow
rate being 4 -GJO SI'mMi 35 6. The nethod as clained in one of clains 1 to 5,
the hydrogen flow rate during the pretreatnent with addition of an

et chi ng di ydr o : h - e'ng]ﬂ;‘g [ P sl m
and the ??ea??r?le%\?m %ét}?%(?i%én e%]ﬁgéé?%?l%&s& éi e %C?ﬁ%%&gsf%vgi rrsrae%gi n
clai M 6, the bytrogeedi¢ew tat@.555 pelmg reduced to 0.5-5 sIm 8. The

met hod as clainmed in one of clains 1 to 7, the epitaxial deposition being
effected using trichlorosilane at a deposition tenperature of 1050-1150C
10 9. Theé: nethod BRtRPGI MedcCIHiBHe B Faids 2ALabns, 1 hydr'bgerechl ori de

bei ng used asepheagi£hi dgpodBoi Loh dbeing heectégal ©of i dheosbisCEPLOr and
the etching treat . the susce eing effected after 1

f
to 5 15 epi t%&i%rg%é‘b%%ﬂ‘?rbnge.mﬁi%?gtore k‘gfﬁ]g@%gfif%l%d in one of clainms

1 to1®, the
9. The method as claimed in one of claims 1 to 8, hydrogen
chloride being used as the etching medium during the
treatment of the susceptor and the etching treatment of
the susceptor in each case being effected after 1 to 5

15 ‘epitaxial depositions.

10. The method as claimed in one of claims 1 to 9, the
susceptor being coated with silicon after the treatment

with the etching medium.

20
11. The method as claimed in one of claims 1 to 10, the
silicon wafers provided being wafers made of
monocrystalline silicon material, SOI (“silicon-on-
insulator”) wafers, silicon wafers having strained silicon
25 layers (“strained silicon”) or sSOI (“strained silicon-on-
insulator”) wafers.
12. A silicon wafer having a front side and a rear side, at
least its front side being polished and an epitaxial laver
30 being applied at least on its front side, and which has a
global flatness value GBIR of 0.07-0.3 um relative to an
edge exclusion of 2 mm.
13. The silicon wafer as claimed in claim 12 having a GBIR of
35 0.07-0.25 um.

14. The silicon wafer as claimed in claim 13 having a GBIR of
0.07-0.15 um.



susceptor being coated with silicon after the treatment wth the etching
medium 20 11. The method as clained in one of clains 1 to 10, the silicon
waf ers provi ded bei ng waf ers made of nonocrystalline silicon material, SO
("silicon-on- insulator") wafers, siliaon wafers having strained silicon 25
| ayers ("strained silicon") or sSO ("strained silicon-on- insulator")
wafers. 12. A silicon wafer having a front side and a rear side, at |east
its front side being polished and an epitaxial |layer 30 being applied at

| east on_its front_side, and which_has a gl obal flatness value GBI R of
0.07-0.3 }|n?h@léﬂﬂ%éopowéﬁereéﬁeCéﬁémﬁgléﬁ gRe2ofmtla3msThe &P Héon waf er

as clainmed i fghekai Aui2ahavkigui @Blcalot1a35e950x77a9u35sBmRmalﬂofT_hL@sgl l'i con
waf er as claigpd in claiq113 Haxin% a | R,of 0.07-0. 1? Qn1,19 15. The
silicon wafeF88 SFaffBali iCofelofMe| APHETITS 5°1RO P Lh TRELORSNREI Attm

| ocabk fIatneaSemabm&dSBERseghehesshabhag arseqeabft060x18pmm1r&ﬁéﬂdwe to
parti al reglogs 0 are% grld of segnents having a size of 26 x 8 MR

f an
exC us n .
and an edge SexCl u&onSof™2 The silicon wafer as clainmed in claim

15 having an SBIR,,, of Iess than or equal to O. 05 pn1 10 17. The S|I|con
f d 1 i . waf
wafor M6 of EoRsatyera PERE o8 Freshoiat B Faf mad sor iaPer® 228 T 50n

wafer with aOfsﬂﬁéﬁnéha§|prcéﬁuﬁéyép or 0anEsol mafer which is provi ded 15
W t hpan epitaxial |ayer.

17. The silicon wafer as claimed in one of claims 12 to 16,
the gilicon wafer being a wafer made of monocrystalline
silicon material, an SOI wafer, a silicon wafer with a
strained silicon layer or an sSOI wafer which is provided

15 with an epitaxial layer.



