WO" 98/ 39638 _ ~ PCT/ EP98/ 01313 St andard for
~calibrating ‘and checking a surface I nspection device and net hod for
maki ng the stand

' The invention relate i bl e
st andard W%rg%g:f?ﬁ%ti ng and checking the bright flspec}’f{%%ffr@%dﬁ 5 a

surface inspection device which is wused for exam nations of a
snoot h surface of a specinen. The dinvention also relates to a net hod
for maki ng thetandasdanderd. Srbibiating acendof chegobigrena f gunfadsl e t he

sides of sem fﬂggé;&w%%v@@i e QL& ﬁﬁgﬁ&&amymsﬁ%neﬂelgtaﬂm& surface

I nspection devi e surface to exam ned” bei ng automatically
scanned using a | aser beam Defects on the surface of the specinen, in

particul ar rai sedrRAdi hPNeF £6n PAE141005 ©f dBttedsoisid MHMard

foreign particles, can be identified and antifjed by, 15 detect]jng_and
eval uating t hEC¥F it %‘f’t%?e%ln‘%ydﬁ?l%kmg flé?ﬁjegelbtf elﬁ‘é%;fgl"’f% C%E)r
measurements a4n igw@fdarek inspeetilonhamtesticef twrishrfaice i nspdctifor
device, that is_._ . _to say for_measurenents of the.scatter | j.ght oduced
non- specul arl ?xamwﬁ%?\lon?heog Pase OthbegFﬁrf%s?teri Es,a Z%Seggpg#lﬁat?}génal |y
recogni zed st indendsonr eabs@i |lagesusiiog a mehhol t Aerdankkingl dchdannel

of the surfacg.l ti h ' age be & edeap Jghgﬁ uch a
st andar d %1(:)%12«?%?@ %g?méxanp fe%&ﬁ af poliﬁgie%h%é'm' con_%mt ri@vva }ée?
on one of who8&d8sdes gepareneurhPrniRbersof afiec rBE L5 exghined

particul 8y avgsssg Shzeradkl SngPeditSioni PEE0Besl € the @RRFREILAto be
The m crospheres re%)resent onlé/ a rougg ag%)rom - .mation of the defects
which are act SEFTIRER PELIPGAUETRALLCaLHE 0P FARRPE ALetnY R r 13RS Fdream -

espeéci al | y debeféstahionh, tiRd savfaca ednpeiat spetymenr gan ghartadcekdent
span onl hei ght, di ffere . are t in the d
I Y

field channel. : "bri
channel of thEoczeifmcpartigdesioradeeeidentifhad pudt crusar ifiadedsyri ng

the TaseqsliofteLeti gt ShdS evalearliagl Veheom i sWkate ttag Speg! men.

ey are pt cked up customarily by neasuring intensity |osses o
surface of the specimenh. For measurements in the dark
field channel of the surface inspection device, that is
to say for measurements of the scattered light produced
non-specularly when the laser beam strikes,

20 internationally recognized standards are available, using
which the dark field channel of the surface inspection
device can be calibrated and checked. Such a standard
consists, for example, of a polished semiconductor wafer,
on one of whose sides a particular number of microspheres

25 with particular average size and size distribution are
deposited.

The microspheres represent only a rough approxi-
mation of the defects which are actually to be found on
smooth surfaces. Furthermore, especially defects which,

30 over a comparatively large lateral extent, span only
small height differences, are not detected in the dark
field channel. They can, however, be picked up in the
bright field channel of the surface inspection device,
that is to say by measuring the laser light reflected

35 specularly from the surface of the specimen. They are
picked up customarily by measuring intensity losses of
the laser beam reflected in the specular direction or by
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defects is encountered, so that realistic defect
characterization is not possible.

The present invention achieves the object of

20 providing a standard which is suitable for calibrating
and checking the bright £field channel of a surface
inspection device.

The invention relates to a reproducible standard
for calibrating and checking the bright field channel of

25 a surface inspection device which is used for examina-
tions of a smooth surface of a specimen, and to a method
for making the standard, a microstructure being produced
on a surface of a substrate provided as a standard, which
is characterized in that the microstructure undergoes a

30 smoothing treatment.

The standard is distinguished, in particular, in
that defects found on the smooth surface of a specimen
which are detectable in the bright field channel are
realistically replicated by microstructures applied to

35 the standard. The standard can therefore also
advantageously be used for statistical process control
(SPC) purposes. Furthermore, the standard can be
reproduced with high accuracy. The bright field channel
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Microstructures are produced on the surface using methods

which are known per se. Particularly preferred methods
20 are lithographic methods, for example photolithography,
ion beam (focussed ion beam) lithography and electron
beam lithography, as well as structuring methods using
etching (micromachining) and plasma etching. Of course,
combinations of the said methods may also be used for

. 25 structuring the surface of the substrate.

- Preferred microstructures are . patterns of
regularly repeating geometrical objects, the extent of an
object being preferably from 1 pum to 400 gm in width and
length and from 1 nm to 1 um in height. The object may be

30 formed as raised or lowered parts, which protrude from
the substrate plane and cut into the substrate,
respectively. Examples of such objects include columnar
raised or lowered parts. In contrast to microspheres
deposited on the substrate surface, the objects form an

35 integral unit with the substrate.

In principle, signals in the bright field channel
of a surface inspection device can be recorded just with
substrates structured in this way. However, the geometry
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silicon wafer Sem con f&s plrays
panel di pl aymethedael | as el ec- tronic and optical storage nedia

(discs, conpact disCSthe bright field channel of a surface inspection

device 1is regularly calibrated and checked wusing

standards made in the described way. Defects, which are
detectable in the bright field channel, on smooth
20 surfaces of specimens can then be quantitatively
determined wusing the surface inspection device in
automatically performed serial examinations, and assigned
in terms of appearance and size to a particular type of
defect.
~ 25 Specimens for automatic serial examinations are,
in particular, semiconductor wafers, for example mono-
crystalline silicon wafers, coated semiconductor wafers,
optical displays (flat panel displays) as well as elec-
tronic and optical storage media (discs, compact discs,
30 hard disks).

The invention will be explained in more detail
below with reference to a preferred illustrative
embodiment and with reference to figures. The
illustrative embodiment relates to making a standard

35 which, in particular, is suitable for calibrating the
bright field channel of surface inspection devices that
are intended for serial examinations of silicon wafers.
Figures la and 1b each show a representation of an object
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The substrate wafers structured in this way were
in principle already suitable as a bright field channel
20 standard. When it was examined in the bright field
channel of a surface inspection device, signals were
obtained whose distribution lay around a central wvalue,
this wvalue being correlated with the oxide layer
thickness. Since, howewver, the microstructures which had
N 25 been produced did not realistically enough model the
usual defects which are to be found, for example, on
polished or epitaxially coated silicon wafers, these
microstructures were copied over into the silicon wafers
and smoothed. The wafers were treated with an 85°C hot
30 alkalinically oxidizing etch solution of the so-called
SC1 type (with an NH,OH:H,0,:H,0 ratio of 1:1:5), which is
capable of eroding the oxide and the silicon at rates in
the ratio 1:2. The oxide layer was fully removed by the
etching treatment. Because of the different erosion
35 rates, this created about 50 nm high silicon columns,
(layer a), one of which is illustrated in Figure la, and
columnar lowered parts (wafer b), one of which is illus-

trated in Figure 1b, respectively.
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graphy, as well as structuring methods using etching

15 (micromachining) and plasma etching, and any combinations
of the said methods.
3. Method according to Claim 1 or Claim 2,

characterized in that the smoothing treatment is selected
from a group comprising polishing, plasma etching,

20 etching with a non-preferential etch and any combinations
of the said treatments.

4. Method according to one of Claims 1 to 3,
characterized in that the substrate is selected from a
s group comprising semiconductor wafers, in particular

25 monocrystalline semiconductor wafers of silicon which
have at least one prepolished or mirror-polished side,
and coated semiconductor wafers, in particular
semiconductor wafers coated with an oxide layer, a
nitride layer or with an epitaxial layer.

30 5. Reproducible standard for calibrating and check-
ing the bright field channel of a surface inspection
device which is used for examinations of a smooth surface
of a specimen, made using a method according to one of
Claims 1 to 4.



