1 TREATMENT OF SEM CONDUCTOR WAFERS Fi el d of the
invention and prior art The present invention rel ates
to treating or cleaning the surface of a wafer in the
formof a thin sheet having on its surface a | ayer of
sem conductor material (e.g. silicon (Si) or
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onto one face of a support substrate. After cleavage
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trles-adi 6.0 reMetieral, the Smart Cut® technique consists

in implanting atomic species into an implantation zone

beneath the face of a semiconductor wafer (e.g. Si or

SiGe), in bringing the face of the wafer that has

undergone implantation intoc intimate contact with a

support substrate, and in cleaving the wafer at the
implantation zone to transfer the portion of the wafer
that is located between the implantation zone and the
surface through which implantation has taken place onto
the support substrate.

Thus, a structure (e.g. SOI structure) is obtained
having a layer that has been transferred onto one face of
a support substrate. After cleavage and transfer, the
surface of the transferred layer is treated to.remove
part of the thickness of the implanted layer and to
reduce the roughness of said cleavage surface. Examples
of such treatments are described in United States patent
application US 2004/115905 and International patent



part of .the thickness of the inplanted | ayer and to
reduce the roughness of said cl eavage surface.

Exanpl es of such treatnments ae described in United
States patent application US 2004/115905 and
International patent 2 application WO A-0115215.
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Hwtamdanmwurd%mm@ﬁﬂﬂknown as “RCA” (because it was
developed by Radio Corporation of America) and which
comprises:

 a first cleaning step using an SC1 solution
(Standard Clean 1) (or APM, Ammonium-Hydrogen Peroxide
Mixture}:; containing ammonium hydroxide {NH,OH), hydrogen
peroxide (H20z), and deionized water (H.0);

. + a second cleaning step using an SCZ solution
(Standard Clean 2) (or (HPM, Hydrochloric Peroxide
Mixture); containing hydrochloric acid (HCLl), hydrogen
peroxide {H»0;), and deionized water.

The first solution, SCl, generally used in the range
50°C to 80°C, is principally intended to remove particles
isolated on the surface of the wafer and particles buried
close to the surface, as well as to render the surface
hydrophilic.

The second solution, SC2, generally used in the

range 70°C to 90°C, is principally intended to remove




M xture); containing hydrochloric acid (HCl), hydrogen
peroxi de (H202), and deionized water. The first

solution, SCl1, generally used 8n the range 50C to

80C, is principally intended to renove particles
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i nventi on The 1 nvention proposes a technical sol ution

f gfefects for wafers, since they render them non viable
(unacceptable quality) for subsequent treatments, in

particular for component formation.

Summary of the invention

The invention proposes a technical solution for
layers of semiconductor material that have undergone a
chemical-mechanical polishing step and an RCA cleaning
step which can reduce the influence of said treatments on
the emergence of HF defects, in particular during
subsequent treatments, and as a result can reduce the HF
defect density in said layers.

This aim is achieved by a method of treating a wafer
having at least a surface layer of semiconductor
material, the surface of said surface layer having
undergone a chemical-mechanical polishing step followed
by an RCA cleaning step, in which method, after the
polishing step and prior to the RCA cleaning step, an

intermediate step of cleaning the surface of the surface




| ayers of sem conductor material that have undergone a
chem cal - mechani cal polishing step and an RCA cl eani ng
step which can reduce the inflgence of said treatnments
on the energence of HF defects, in particular during
subsequent treatnments, and as a result can reduce the
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demgf B PHRome emergent defects and, as a result, HF
defects, during subsequent treatments such as during
thinning by sacrificial oxidation, for example, which may
transform a non emergent defect into an emergent defect
as thinning is “conformal”, i.e. material removal is
constant over the surface regardless of the initial
thickness.

In one aspect of the invention, the SC1l solution
comprises 1 volume of ammonium hydroxide (NH,OH), 4
volumes of hydrogen peroxide (H:0:), and 10 to 40 volumes
of deionized water (Hz0), said SC1l solution being used at
a temperature of less than 50°C.

As an example, the SCl1l sclution may comprise 1
volume of ammonium hydroxide (NH,OH), 4 wvolumes of
hydrogen peroxide (Hz0:), and 20 volumes of deionized

water . (H,0) and be used at a temperature of 20°C £ 5°C.




they may becone energent defects and, as a result, HF
defects, during subsequent treatnents such as during

thinning by sacrificial oxidatgon, for exanple, which
may transform a non energent defect into an energent
defect as thinning is "conformal"”, i.e. materia
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hayjMness of less than 2.5 A rms for a scan area of 2 pm
x 2 pm, and an HF defect density of less than 0.5/cm?, or
even less than 0.1/cm?’. The wafer may be a silicon on

insulator (SOI) structure.

Brief description of the figures

Figure 1 is a diagram of a polishing unit employed
to carry out the intermediate cleaning step of the
invention;

- Figure 2 is a graph showing the effect of the
intermediate cleaning step on silicon layers of different

thicknesses.

Detailed description on implementations of the invention

The aim of the present invention is to reduce the HF
defect density in finished structures having at least a
surface useful layer of semiconductor material, such as a

layer of silicon or silicon-germanium (SiGe) which is




at | east a surface |ayer of sem conductor material,

said surface |ayer having a thickness of |ess than

1000 A, roughness of less thaé 2.5 A rns for a scan

area of 2 pm x 2 pm and an HF defect density of |ess
than 0.5/cnR2, or even less than 0.1/cn2. The wafer
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cl eanl ng step proper, the HF defect density in
polishing step, and due especially to the use of a

suspension of a chemical agent with abrasive particles

{metallic contamination). Said contaminants and small
defects act as “catalysts” in the emergence of HF defects
during subsequent treatments. Said contaminants and

small defects appear to constitute preferential locations

for etching during the step of cleaning the surface of
the semiconductor useful layer by RCA treatment and
result in the emergence of defects. Said defects may
pass through the thin semiconductor layer and emerge on
the buried laver (e.g. oxide layer) during RCA treatment
{these defects are termed HF defects since they can be
revealed with HF) or are capable of emerging during a
subsequent treatment, such as sacrificial oxidation.
Thus, by controlling (i.e. by reducing) the degree
of etching of the SCl solution (milder SC1l solution) used
during the intermediate cleaning step, it is possible,
prior to the standard RCA cleaning step, to eliminate

‘contaminants and to passivate minor defects from which HF



the finished structure can be significantly reduced.
Said internediate step contributes to renoving

contam nants and m nor defects7 possibly polishing

resi dues produced during the chem cal - nechani cal
pol i shing step, and due especially to the use of a
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effect {(i.e. can no longer eliminate significant numbers
of minor defects and contaminants or residues derived
from chemical-mechanical polishing). In the light of the
examples given below, the skilled person will be able to
adjust the concentration and temperature conditions for
the SCl solution during the intermediate cleaning step to
treat the surface of the useful layer of semiconductor
material.

In known manner, an SCl solution cdntains ammonium
hydroxide (NH4OH), hydrogen peroxide (H:0:;), and deionized
water (Hz0). In accordance with the invention, the
formulation for the milder SC1 solution is as follows:

' 1 volume of ammonium hydroxide (NH4OH);
4 volumes of hydrogen peroxide (H;0;); and
10 to 40 volumes of deionized water (H;0).
The operating temperature of the SCl solution in the

intermediate cleaning step of the invention must not




however, attacking the sem conductor useful |ayer. if
the conditions of use of the SCl1 solution (i.e.
concentrations of constituentsgand tenperature) endow
it -with too great a degree of etching, there is a
risk of etching the useful |ayer too deeply and
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solution is preferably at ambient temperature and the
immersion time is about 1 minute.

In a further implementation of the invention, a
polishing unit is employed to carry out the intermediate
cleaning step with the milder SCl1 solution. Figure 1
shows a polishing unit 10 which comprises a polishing
head 11 into which a substrate is inserted, such as an

- S80I substrate 12 comprising an insulating support 120 and
a layer of silicon 121 as the semiconductor useful layer.
The unit 10 further comprises a plate 13 and a polishing
pad 14. 1In accordance with the invention, a line 15,
normally used to dispense abrasive suspension into the
head, is used to dispense the milder SC1l sclution. A
pressure Fe and motion symbolized by arrow 16 are applied
to the head to ensure contact of the whole surface of the

layer of silicon 121 with the milder SC1 solution.




tenperature of the solution causes an increase inits
degree of etching (activation). As an exanple, at
anbi ent tenperature, taken to ®e a reference val ue of
20C 5C, a mlder SCl solution containing 1 volune of
NHAOH, 4 vol unmes of H202, and 20 volunes of H20

provi dqgggm,? 2?,%1{1@;56%:% qduehizan g%&t@%ielw asMidg@rds the
m ni Zl N etcning, o e se conductor ,layer.
e 1, AU Gt ot S i, “denipo

al sr ryimoy icddes tgeod estidds,atas dees:iany SCepsalsutigonhe

CEIPJ;]%)[ :y na?;‘hlesﬁ%l\{nlg:li%qlesofo fth'élzgnq}en pTI%I entsutc% %t WS der

r
F er, necessary for ap i'¢ation of $a
ni3ders UL igwl wardradirsi rabdutvol umenwife NHuAfa fli vetumes of
| TR MRRG 38 b O Bfimd Hes f NY@NHORmHiRe £ IRhgIdTRdhAle
cleaning step 1s carried out by rmersing  the wafer
havi ng ihé ig¥ec snd sdryesudetid Bay&PLiesesEl theonipss ©F
ha?/E'r R fiere of erﬂ}cﬂ @to'bolormm&@feit_lé@d (@BOV &ra fHIG SCb.d ovte]:r a
solution 1Is rerer. y_at appnient .tenperature and, e
 FHr i A5 s ot 1 APRGEESS) AR PaPERePE £111con
i rplagméntvat ivowleafgdrivze dhrvdrtpileme chanpjalalls polg shiintg iemd RCA
enpl rry :Quty .t he i.ntergedi at I i S ‘
LR, et QL OBl FLER ! TntE ERRAR S bR aning
patethiusg ngnithel ouividiegh SEanprilsidsoa dehizgei Ag » RkRedd with

i e Whitehind SRS At nisd R edindUehcathialie rSEC]
substrate 12 conprising an insulating support 120 and
o SO O (GG B) 121 The Witk DEnPESREIE D Nase ke AF

| atl)eefre,r?t H&@lsligiyt ik0 1fiulndelmercgc @ pjRr itslaﬁ:kalﬁelsab& tBecandvyer of
pal.i.shi ng ad 14. In cordance wt e_inventian
PR iven p odeh B SHEPLEEn S S e £ T he

s usgengisomaiviet dreteime relvead edi s fased tho ndiisgense thike

m ol W i.an. essure -k n i :
TSR B e S of which

. edsuskopdnedendofthehabaisdissasur Thée ebsergatigper of
SiddtG®N 152k sWithi tf R MHFd Qe r86E sSBbirdRd 9n wafers

treated using the prior art method (i.e. chemical-
mechanical polishing directly followed by standard RCA
treatment with no intermediate cleaning step) result in
the presence of non emergent defects in the thicker
layer. Said defects are transformed into HF defects
during thinning of the layer.

As can be seen in Figure 2, the HF defect density in

- the layers of silicon is considerably reduced when an

additional cleaning step in accordance with the invention
{see curve B) is carried out compared with the same
layers which have not undergone intermediate cleaning
(see curve A). The impact of the intermediate cleaning
step on the reduction of the HF defect density becomes
significant for layers which are less than 1000 A thick;
and the smaller the thickness, the greater the effect.

The intermediate cleaning step of the invention as

described above can minimize defects in a layer of




Figure 2 shows the results obtained as regards the
reduction of HF defects in layers of silicon when
carrying out the internedi at e1cl eani ng step using the
m | der SCl solution of the invention, such as a mlder
SCl1 solution containing 1 volune of NH4AOH, 4 vol unes
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significant for layers which are |less than 1000 A
thick; and the smaller the thickness, the greater the
effect. The internediate cleanlng step of the

i nvention as described aboveldan ninimze defects in
a layer of 10 sem conductor material that has
undergone a chem cal - nechani cal polishing step

f 6{47d¥ed by an RCA cleaning step. As a result, the
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3. A method according to claim 1, characterized in that
the SCl solution comprises 1 volume of ammonium hydroxide
(NH4,OH), 4 volumes of hydrogen peroxide (Hz0:), and 40
volumes of deionized water (H,0), said SCl solution being

at ambient temperature.

4. A method acceording to claim 1, characterized in that
the SC1 solution comprises 1 volume of ammonium hydroxide
(NH40H) , 4 volumes of hydrogen percxide (H0;), and 20
volumes of deionized water {(Hz;0), said SC1 solution being
at a temperature of 20°C * 5°C.

5. A method according to any one of claims 1 to 4,
characterized in that the intermediate cleaning step is

carried out for about 1 minute.




| ayer of sem conductor material using an SC sol ution
under concentration and tenperature conditions that
all ow the energence of defects in the surface | ayer
to be reduced conpared with ad%inilar surface |ayer
whi ch has not undergone said internedi ate cl eaning
step. 2. A nethod according to claiml1, characteri zed
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i nt atecleaning step is carried out for about

mnute. 12 6. A nethod according to any one of clains
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10. A method according to claim 9, characterized in that
the wafer is a siliceon on insulator (S0OI) structure

fabricated using the Smart-Cut® technique.

11. A method according to any one of claims 1 to 8,
‘characterized in that the surface layer of semiconductor

material is made of silicon-germanium (SiGe).

12. A method according to claim 11, characterized in that
the wafer is a silicon-germanium on insulator (GGOI)

structure fabricated using the Smart Cut® technique.

13. A wafer having at least a surface layer of
semiconductor material, said surface layer having a
thickness of less than 1000 A, roughness of less than




contact with a plate, said polishing unit including an
injection line via which the SC1 solution is

di spensed. 8. A nethod accordigg to any one of clains
1to 7, characterized in that3t he surface | ayer of
sem conductor material is |ess than 1000 A thick. 9.
A nmet hod according to any one of clains 1 to 8,

cKaradt &S &Y f IR ﬂ%as&ff gcé gyer Hgy and an HF

s efa fetd ukirpri £ yreiferlicals ithamde sofengi.l icon (Si). 10. A
nmet hod according to claim9, characterized in that

the wafer is a silicon on insulator (SO ) structure
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f athreinc &t.6d caréi.ng the Smart Cut (r) technique. 13. A
waf er having at |east a surface |ayer of

sem conductor material, said surface |ayer having a

t hi ckness of |ess than 1000 A, roughness of |ess than
13 2.5 Arns for a scan area of 2 umx 2 pm and an HF
defect density of less than 0.5/cnR2. 14. A wafer
according to claim 13, characterized in that it
conprises a silicon on insulator (SO) structure. 15.

- A wafer according to claim13 or claim 14,
characterized in that it has an HF defect density of

| ess than 0. 1/cn®.




