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material on a substrate wth a high selectivity

towards a second material. [002] Such a selective

et ching can be used in sem conductor device

manuf acturing process or e.§. in producing flat panel

di spl ays. Hence said substrate nmay be a sem -

conductor wafer or a flat pgnel, display. [003] The

process may be used fd')esﬂmwaom integration of gate
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etching, the high-k dielectric forms a contlpuous layer over the substrate. In one

enbodiment, the layer is from about 1 nm to about 100 nm thick. In another
embodiment, the layer is from about 3 nm to about 50 nm thick. In a further
enbodiment, the layer is from about 2 nm to about 30 nm thick.

[005] For example hafnium oxide (HfO 2) can be deposited on the substrate through
atomic-layer chemical vapor deposition (ALCVD = atomic-layer deposition = ALD)
(US2003/0230549A1). To achieve a merely crystalline structure of said hafnivm oxide
the substrate is thermally treated (e.g. 550°C, 1 min). Such thermally treatment is
called post deposition anneal (PDA).

[006] As proposed in US2003/0230549A1 wet etching selectivity of high-k dielectrics
can be enhanced through a pretreatment with plasma-based ion bombardment. This is
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subst r at es#disdcamdmaterial by a 11qu1d etchant flowing across the substrate surface at
a flow sufficient fast to generate a mean velocity v parallel to the substrate’s
surface of minimum 0,1m/s . A preferred velocity v is above 0,5 m/s
[011] The first material is different from the second material either in chemical
composition or crystalline structure or in both.
[012] The minimum velocity can be generated with a closed flow as follows:
. providing a plate substantially parallel to the substrate (wafer) and thereby
generating a gap between said substrate and said plate with a gap distance d,
. introducing said liquid etchant into the gap so that both the substrate surface
(facing the plate) and the plate surface (facing the substrate) are wetted,
. introducing said liquid etchant into the gap at a velocity v.
[013] For a given cross sectional area (a) of the gap the necessary volume flow (Q) can be

selected to achieve the minimum velocity. For instance a substrate diameter of 0,2 m
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shooting state when flowing across the substrate’s surface. This is described by Houde

Nurber of greater 1 (& = v?/(g*h); wherein v is the velocity of the liquid flowing
across the substrate, g is the acceleration due to gravity and h is the height of the liquid
film flowing across the substrate).

[024] Surprisingly it was discovered that the selectivity of an etching process can be sig-
nificantly increased by using the invented method compared to known selective
etching processes where substrates are immersed into the etching liquid. Without being
bound to any theory it is believed that the reason of the significant increase of the se-
lectivity by the high velocity is a very thin diffusion layer and/or the fast transport of
reaction products and/or by products away from the place of reaction.

[025] In a preferred embodiment the liquid is dispensed onto the substrate in a continuous
flow and spread over the substrate’s surface. Such a continuous flow can be achieved
through a media nozzle dispensing said liquid in a free beam.

[026] Another erhodiment uses a method wherein the point of impact of the liquid
stream is moved across the surface of the substrate in a time sequence. The point of

impact shall be defined as intersection between the surface of the substrate and the axis
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[032] Such pretreatment may be an energetic particle bombardment - e.g. an ion
bombardment with species such as Si, Ge, B, P, Sb, As, O, N, Ar, BF ,
[033] Yet another preferred embodiment of the method uses liquid etchant, which is

selected from a group comprising:
. a solution comprising fluoride jons and an additive for lowering dielectric
constant of said solution e.g. an alcohol,
. an acidic, aqueous solution comprising fluoride ions.
. an acidic, aqueous solution comprising fluoride ions and an additive for
lowering dielectric nunber e.g. an alcohol.
[034] Said liquid etchant may comprise fluoride ions and has a pH value of below 3. A

pH value of below 2 is preferred. To achieve such a pH value strong inorganic acids,
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aC hivefoee ablﬁﬁoraboﬂbhﬂilﬁémbarﬁt@hhg’mah oxigaMifferant rdethods have been
compared, which are immersion of the substrate in an etch bath and dispensing the
etchant in a continuous flow (free beam) onto a rotating wafer (900rpm) in a spin
processor. The etchant is a composition comprising an acohol, HCl and HE For all ex-
periments a temperature of 55°C has been used.

[041] As can be seen on the chart of Fig. 2, etch rate of HfO2 and ThOx decreases when
using a high flow across the substrate. Whereas the etch rate of annealed and
pretreated HfO2 decreases only by a factor 1,3 the etch rate of ThOx decreases by a
factor 9. The etch rate of HfO2 even just as deposited decreased only by a factor 3,5.
Hence the etch selectivity of HfO2 (annealed and pretreated) towards ThOx increased
from 12:1 to 88:1. This improvement of selectivity of a factor 7 is extraordinary, when
keeping temperature and composition of the etchant unchanged.

[042] In another embodiment a mixture of water, HCI (2,4mol/l) and HF (0,05mol/) was
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fromthe source and drain area of a FET. Fig. 1 shows
a schematic drawi ng of a substrate during manufacture
FET using high-k material. FET 1 is man- ufactured on
bulk silicon 2 with field oxide islands 7 (e.g. Thx),
hi gh-k material (e.g. H OQ2) 4 deposited on bul k
silicon 2 and field oxide islands and a polysilicon
layer 3 on the high-k material. The polysilicon |ayer
has been patterned to provide gaps for source area 5
and drain area 6. The high-k material has to be
renoved fromthe source and drain area 5 and 6 and
above the field oxide 7 islands wi thout affecting the
polysilicon layer 3 or the field oxide islands 7.

[ 040] Studies have been nade to conpare etch rate of
different materials using different etching
techniques. Fig. 2 shows a chart of etch rates of
different materials, which are (1) H Oz as
deposited, (2) H O 2 with post deposition anneal (PDA)
and pre treatnment before etch (ion bonbardnent) and
(3) thermal oxide. Different nethods have been
conpared, which are innmersion of the substrate in an
etch bath and di spensing the etchant in a continuous
flow (free beam) onto a rotating wafer (900rpm in a
spin processor. The etchant is a conposition
conprising an acohol, HCO and HE For all ex- perinents
a tenperature of 55C has been used. [041] As can be
seen on the chart of Fig. 2, etch rate of HF Q2 and
ThOx decreases when wusing a high flow across the
substrate. Wereas the etch rate of anneal ed and
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contb %ﬁ?n{\/e 13@9qt@95rt@gq/ﬁmar the substrate's

surface clai m2 wherein the point, of
[00flnpact Methodef pliaqmﬂ avhmrewﬁ JUbStrR /i otatge e exppged to said liquid
surfaceq@fani.he substrate in a t| ms sequence. [004]
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[007] Method of claim 1 wherein group B comprises silicon dioxide, silicon.
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[008] Method of claim 1 wherein the second material is silicon dioxide and the liquid
etchant comprises fluoride ions.
[009] Method of claim 1 wherein said first material is subjected a pretreatment in order

to damage the material’s structure.

[010] Method of claim 9 wherein said pretreatment is an energetic particle
borrbardment. '

[011] Method of claim 1 wherein said liquid etchant is selected from a group
comprising

- a solution comprising fluoride ions and an additive for lowering dielectric
constant of said solution,
- an acidic, aqueous solution comprising fluoride ions.
- an acidic, aqueous solution comprising fluoride ions and an additive for
lowering dielectric nuxber e.g. an alcohol.

[012] Method of claim 11 wherein said liquid etchant comprises an analytical con-

centration of less than 0,01 molA of fluoride ions, wherein said analytical ¢ on-



[005] Method of claim 1l wherein said substrate is
rotated while exposed to said liquid etchant. [006]

wORNISaXIsBB cl ai m 1 wherein group A conprises NRCEMEP20S/050510
with a high dielectric constant. [007] Method of
claim1 wherein group B conprises silicon dioxide,
silicon. [008] Method of claim1l wherein the second
material is silicon dioxide 4nd the liquid etchant
conprises fluoride ions. [009] Method of claiml
wherein said first material is subjected a
pr et rea‘feﬁg"ﬁ?()”ilﬁ(:%?l&%t?a gStll?")' damage the material's

[013t r uct uMethofl O4 &lhinMe whewinofaiddiguidwtchaphenmprrisessthiiogide ions and has a
pretreat t i n _energetic particle bonbardnent.
[011] N@?ﬁ%-e8fm§‘§sh11 wherein said liquid etchant is
sel ected froma group conprising - a solution
conprising fluoride ions and an additive for |owering
dielectric constant of said solution, - an acidic,
aqueous sol ution conprising fluoride ions. - an
aci di c, aqueous solution conprising fluoride ions and
an additive for lowering dielectric nunmber e.g. an
al cohol . [012] Method of claim 11 wherein said liquid
et chant conprises an anal ytical con- centration of
| ess than 0,01 noll of fluoride ions, wherein said
anal ytical ¢ on WD 2005/078783 PCT/ EP2005/ 050510 8
centration is calculated as F7. [013] Method of claim
1 wherein said liquid etchant conprises fluoride ions
and has a pH val ue of bel ow 3.



