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ETCHING METHOD, ETCHING APPARATUS, AND 
METHOD FOR MANUFACTURING 

SEMICONDUCTOR DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a method and 
apparatus for removing, by Wet etching, a compound con 
taining a metal such as hafnium and silicon, and a method 
for manufacturing a semiconductor device using the same. 

BACKGROUND ART 

[0002] In recent years, it has been proposed in the art to 
use a high dielectric constant material (hereinafter referred 
to as a “high-k material”) in the gate insulating ?lm of a 
?eld-effect transistor in order to prevent the decrease in the 
driving current While suppressing the increase in the gate 
current. Speci?cally, it has been proposed in the art to use 
hafnium oxide (HfO2: relative dielectric constant e=30), 
Zirconium oxide (ZrO2: relative dielectric constant e=25), or 
the like, as the material of the gate insulating ?lm so as to 
maintain a desired thickness of the gate insulating ?lm, 
thereby reducing the leak current (see, for example, Japa 
nese Laid-Open Patent Publication No. 2000-49349). 

[0003] When hafnium oxide, for example, is used as the 
material of the gate insulating ?lm, a silicate (hafnium 
silicon oxide) is formed at the interface betWeen the silicon 
substrate and the gate insulating ?lm. Speci?cally, When a 
heat treatment is performed after a gate insulating ?lm made 
of a high-k material such as hafnium oxide or Zirconium 
oxide is formed on a silicon substrate, the gate insulating 
?lm reacts With the underlying silicon substrate, Whereby an 
insuf?ciently-oxidiZed silicate, Which is a compound 
betWeen the material of the gate insulating ?lm and silicon, 
is formed near the surface of the silicon substrate. Where a 
hafnium oxide ?lm is used as the gate insulating ?lm, 
insuf?ciently-oxidiZed hafnium silicon oxide is formed as 
the silicate. Moreover, Where a Zirconium oxide ?lm is used 
as the gate insulating ?lm, insuf?ciently-oxidiZed Zirconium 
silicon oxide is formed as the silicate. 

[0004] Wet etching using an aqueous hydrogen ?uoride 
solution is suitable for etching aWay a hafnium oxide ?lm, 
a Zirconium oxide ?lm, or the like, as With a silicon oxide 
?lm. This is because an aqueous hydrogen ?uoride solution 
does not substantially etch the silicon substrate. 

[0005] HoWever, it is difficult to remove a silicate such as 
hafnium silicon oxide or Zirconium silicon oxide by a Wet 
etching method using hydrogen ?uoride, or the like. Spe 
ci?cally, the etching rate of Wet etching using hydrogen 
?uoride, or the like, for hafnium silicon oxide or Zirconium 
silicon oxide is about 1/10 to 1/30 that for hafnium oxide or 
Zirconium oxide. Thus, When an insulative metal oxide ?lm 
such as a hafnium oxide ?lm is used as the gate insulating 
?lm, an insuf?ciently-oxidiZed silicate layer such as a 
hafnium silicon oxide ?lm is formed at the interface betWeen 
the silicon substrate and the gate insulating ?lm, and it is 
dif?cult to remove the silicate layer by a Wet etching method 
using hydrogen ?uoride, or the like. As a result, the unre 
moved silicate remains on the surface of the silicon substrate 
When forming the gate electrode structure. Thus, a plurality 
of minute ?eld-effect transistors, Which are supposed to be 
electrically separated from one another, are electrically 
shorted With one another. Moreover, through a heat treat 
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ment step after the formation of the gate electrode structure, 
the silicate remaining on the surface of the silicon substrate 
is implanted into the silicon substrate as an impurity, thereby 
forming a level due to the impurity, Which adversely in?u 
ences the semiconductor substrate. 

DISCLOSURE OF THE INVENTION 

[0006] In vieW of the above, it is an object of the present 
invention to make it possible to reliably remove, by Wet 
etching, a compound containing at least a metal and silicon, 
speci?cally, an insuf?ciently-oxidiZed silicate containing a 
hafnium metal, a Zirconium metal, or the like. 

[0007] In order to achieve the object set forth above, an 
etching method of the present invention includes: a ?rst step 
of oxidiZing a compound containing at least a metal and 
silicon; and a second step of removing the oxidiZed com 
pound by Wet etching. 

[0008] With the etching method of the present invention 
an insuf?ciently-oxidiZed compound containing a metal and 
silicon is oxidiZed, Whereby the composition of the com 
pound can be brought closer to the stoichiometric compo 
sition of the metal oxide. Therefore, the insuf?ciently 
oxidiZed compound, Which is normally insoluble in an 
etching liquid (hereinafter referred to as an “etchant”) such 
as an aqueous hydrogen ?uoride solution, is oxidiZed, and 
becomes more soluble in the etchant, Whereby it is possible 
to reliably remove the compound by Wet etching. 

[0009] In the etching method of the present invention, if 
the metal to be etched is hafnium or Zirconium, the com 
position of the oxidiZed compound is closer to the stoichio 
metric composition of hafnium oxide (HfO2) or Zirconium 
oxide (ZrOZ), Whereby it is possible to reliably remove the 
oxidiZed compound by Wet etching using hydrogen ?uoride, 
or the like. 

[0010] In the etching method of the present invention, if 
the compound to be etched is an oxygen-containing (insuf 
?ciently-oxidiZed) silicate compound, the composition of 
the silicate compound is brought even closer to the stoichio 
metric composition of the metal oxide by the oxidiZation, 
Whereby it is possible to reliably remove the oxidiZed 
silicate compound by Wet etching using hydrogen ?uoride, 
or the like. 

[0011] In the etching method of the present invention, if 
the compound to be etched is an intermetallic compound 
(e.g., a silicide), the composition of the oxidiZed interme 
tallic compound is brought closer to the stoichiometric 
composition of the metal oxide; Whereby it is possible to 
reliably remove the oxidiZed intermetallic compound by Wet 
etching using hydrogen ?uoride, or the like. 

[0012] In the etching method of the present invention, it is 
preferred that the ?rst step includes a step of irradiating the 
compound With ultraviolet light in an oxygen-containing 
atmosphere. 

[0013] In this Way, oZone is generated by the ultraviolet 
light irradiation, Whereby the compound can reliably be 
oxidiZed by the oZone, starting from its surface side. 

[0014] Moreover, in this case, it is preferred that the 
ultraviolet light irradiation is performed While supplying a 
nitrogen gas into the atmosphere. 
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[0015] In this Way, it is possible to suppress the attenuation 
of ultraviolet light in the atmosphere, Whereby oZone can 
reliably be generated by the ultraviolet light irradiation. 
Moreover, similar effects can be obtained by using another 
inert gas, instead of a nitrogen gas. 

[0016] In the etching method of the present invention, it is 
preferred that a step of irradiating the compound With 
ultraviolet light While an oxygen-containing liquid (e.g., 
Water) is attached to a surface of the compound is included. 

[0017] In this Way, oZone is generated by the ultraviolet 
light irradiation, Whereby the compound can reliably be 
oXidiZed by the oZone, starting from its surface side. 

[0018] In the etching method of the present invention, it is 
preferred that the ?rst step includes a step of exposing the 
compound to an oZone-containing solution. 

[0019] In this Way, the compound can reliably be oXidiZed, 
starting from its surface side. 

[0020] In the etching method of the present invention, it is 
preferred that a solution containing ?uorine and hydrogen is 
used as an etchant in the second step. 

[0021] In this Way, it is possible to reliably remove the 
oXidiZed compound by Wet etching using a solution con 
taining ?uorine and hydrogen, speci?cally, an aqueous 
hydrogen ?uoride solution. 

[0022] Moreover, in this case, the solution containing 
?uorine and hydrogen may be supplied in a gaseous state. 

[0023] In the etching method of the present invention, it is 
preferred that the metal is hafnium or Zirconium; and a 
solution containing ?uorine and hydrogen is used as an 
etchant in the second step. 

[0024] In this Way, by oXidiZing an insufficiently-oxidized 
compound, the composition of the compound is brought 
closer to the stoichiometric composition of hafnium oXide 
(HfO2) or Zirconium oXide (ZrOZ), Whereby it is possible to 
reliably remove the oXidiZed compound by Wet etching 
using a solution containing ?uorine and hydrogen, speci? 
cally, hydrogen ?uoride. 

[0025] In the etching method of the present invention, if 
the compound is formed on a silicon region; and the second 
step includes a step of removing the oXidiZed compound, 
thereby eXposing the silicon region, the folloWing effect is 
obtained. 

[0026] That is, since the oXidiZed compound is easily 
dissolved in a solution such as hydrogen ?uoride, for 
eXample, While the silicon region is not easily dissolved in 
the solution, Whereby the oXidiZed compound can be selec 
tively removed by Wet etching. Thus, a clean silicon region 
surface can be eXposed. Moreover, the etching process can 
reliably be stopped at the surface of the silicon region. 

[0027] Note that in the etching method of the present 
invention, a set of steps including the ?rst step and the 
second step may be performed repeatedly, or the ?rst step 
and the second step may be performed simultaneously. 

[0028] A ?rst etching apparatus of the present invention 
includes: a table on Which an etching obj ect is placed; a light 
source for irradiating the etching object placed on the table 
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With ultraviolet light; and a solution supply section for 
supplying an etchant to the etching object placed on the 
table. 

[0029] With the ?rst etching apparatus, in a case Where the 
etching object is a compound containing a metal and silicon, 
ultraviolet light is radiated from the light source toWard the 
etching object in an oxygen-containing atmosphere, 
Whereby oZone is generated, and the oZone oXidiZes the 
etching object. In this Way, the composition of the insuf? 
ciently-oXidiZed etching object can be brought closer to the 
stoichiometric composition of the metal oxide, Whereby it is 
possible to reliably remove the etching object by supplying 
an etchant such as hydrogen ?uoride, for eXample, from the 
solution supply section to the etching object. 

[0030] In the ?rst etching apparatus, if the apparatus 
further includes a rotating mechanism for spinning the table, 
it is possible to uniformly supply the etchant to the etching 
object. 

[0031] In the ?rst etching apparatus, if the apparatus 
further includes a gas supply section for supplying a nitro 
gen gas to the etching object placed on the table, it is 
possible to suppress the attenuation of ultraviolet light, 
Whereby oZone can reliably be generated by the ultraviolet 
light irradiation. Moreover, similar effects can be obtained 
With a gas supply section supplying another inert gas, 
instead of a nitrogen gas. 

[0032] Asecond etching apparatus of the present invention 
includes: a table on Which an etching object is placed; a ?rst 
solution supply section for supplying an oZone-containing 
solution to the etching object placed on the table; and a 
second solution supply section for supplying an etchant to 
the etching object placed on the table. 

[0033] With the second etching apparatus, in a case Where 
the etching object is a compound containing a metal and 
silicon, an oZone-containing solution is supplied to the 
etching object from the ?rst solution supply section, 
Whereby the solution oXidiZes the etching object. Therefore, 
the composition of the insuf?ciently-oXidiZed etching object 
can be brought closer to the stoichiometric composition of 
the metal oXide, Whereby it is possible to reliably remove the 
etching object by supplying an etchant such as hydrogen 
?uoride, for eXample, from the second solution supply 
section to the etching object. 

[0034] In the second etching apparatus, if the apparatus 
further includes a rotating mechanism for spinning the table, 
it is possible to uniformly supply the etchant to the etching 
object. 

[0035] In the second etching apparatus, the apparatus may 
further include a light source for irradiating the etching 
object placed on the table With ultraviolet light. 

[0036] A method for manufacturing a semiconductor 
device of the present invention includes: a step of forming 
a gate insulating ?lm on a silicon region; a step of forming 
a conductive ?lm on the gate insulating ?lm; a step of 
forming a gate electrode by dry-etching the conductive ?lm 
using a mask that covers a gate electrode formation region; 
and a step of removing a portion of the gate insulating ?lm 
outside the gate electrode by Wet etching. Moreover, the gate 
insulating ?lm includes an insulating layer made of a 
compound containing a metal, silicon and oXygen. Further 
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more, the step of removing the gate insulating ?lm includes 
a step of oxidizing the insulating layer and then removing 
the oxidized insulating layer by Wet etching. 

[0037] With the method for manufacturing a semiconduc 
tor device of the present invention, a gate insulating ?lm 
having an insulating layer made of a compound containing 
a metal, silicon and oxygen, i.e., a silicate layer, is etched by 
oxidiZing the insuf?ciently-oxidiZed silicate layer and then 
Wet-etching the oxidiZed silicate layer. In this process, the 
composition of the oxidiZed silicate layer is brought closer 
to the stoichiometric composition of the metal oxide, 
Whereby the silicate layer becomes more soluble in an 
etchant such as an aqueous hydrogen ?uoride solution, for 
example. Thus, it is possible to reliably remove the silicate 
layer by Wet etching. Therefore, it is possible to prevent a 
situation Where impurities remain betWeen gate electrode 
structures, thereby improving the production yield in the 
manufacture of a semiconductor device. 

[0038] Moreover, With the method for manufacturing a 
semiconductor device of the present invention, in a case 
Where an aqueous hydrogen ?uoride solution is used as an 
etchant, the aqueous hydrogen ?uoride solution does not 
substantially etch the silicon region (e. g., a silicon substrate) 
underlying the gate insulating ?lm, Whereby it is possible to 
selectively etch a silicate containing hafnium, for example. 

[0039] In the method for manufacturing a semiconductor 
device of the present invention, it is preferred that the metal 
is hafnium or Zirconium; and a solution containing ?uorine 
and hydrogen is used as an etchant in the step of removing 
the insulating layer. 

[0040] In this Way, the composition of the oxidiZed insu 
lating layer is brought closer to the stoichiometric compo 
sition of hafnium oxide or Zirconium oxide, Whereby the 
insulating layer can reliably be removed by Wet etching 
using a solution containing ?uorine and hydrogen, speci? 
cally, hydrogen ?uoride. 

[0041] In the method for manufacturing a semiconductor 
device of the present invention, the gate insulating ?lm may 
further include an oxide ?lm formed on the insulating layer 
and made of an oxide of a metal of the same kind as the 
metal; and the step of removing the gate insulating ?lm may 
include a step of removing a portion of the oxide ?lm outside 
the gate electrode by Wet etching before oxidiZing the 
insulating layer. It may not be necessary to Wait for the 
insulating layer to be exposed before performing the etching 
method of the present invention, i.e., before performing the 
set of processes including the oxidiZation process and the 
etching process, to remove the insulating layer. In other 
Words, the set of processes may be initiated to remove the 
oxide ?lm When the conductive ?lm for forming the gate 
electrode is removed and the oxide ?lm is exposed. 

[0042] A ?rst compound analysis method of the present 
invention includes: a step of oxidiZing a compound contain 
ing at least a metal and silicon; a step of removing the 
oxidiZed compound by Wet etching While collecting a used 
etchant; and a step of analyZing the collected etchant to 
identify an impurity contained in the compound. 

[0043] Thus, the ?rst compound analysis method is a 
compound analysis method using the etching method of the 
present invention. Speci?cally, the compound analysis is 
performed by performing the etching method of the present 
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invention on a compound containing a metal and silicon and 
then collecting and analyZing the used etchant. Therefore, it 
is possible to reliably remove a silicate compound, or the 
like, Which is dif?cult to remove by a conventional Wet 
etching process, and it is possible to easily identify the 
impurities contained in the compound simply by analyZing 
the collected etchant. 

[0044] Asecond compound analysis method of the present 
invention includes: a ?rst etching step of removing a ?rst 
layered ?lm by Wet etching While collecting a used etchant, 
the ?rst layered ?lm including a loWer-layer ?lm made of a 
compound containing a metal, silicon and oxygen and an 
upper-layer ?lm formed on the loWer-layer ?lm and made of 
an oxide of a metal of the same kind as the metal; a ?rst 
analysis step of analyZing the etchant collected in the ?rst 
etching step to identify an impurity contained in the ?rst 
layered ?lm; a second etching step of removing an upper 
layer ?lm of a second layered ?lm having the same structure 
as that of the ?rst layered ?lm by Wet etching While 
collecting a used etchant; a second analysis step of analyZing 
the etchant collected in the second etching step to identify an 
impurity contained in the upper-layer ?lm in the second 
layered ?lm; and a third analysis step of comparing an 
analysis result from the ?rst analysis step and an analysis 
result from the second analysis step With each other to 
identify an impurity contained in the loWer-layer ?lm. 
Moreover, the ?rst etching step includes a step of oxidiZing 
the loWer-layer ?lm in the ?rst layered ?lm and then 
removing the oxidiZed loWer-layer ?lm by Wet etching. 

[0045] Thus, the second compound analysis method is a 
compound analysis method using the etching method of the 
present invention. Speci?cally, in a case Where the ?rst 
layered ?lm is removed by Wet etching, the etching method 
of the present invention is performed on the loWer-layer ?lm 
in the ?rst layered ?lm, i.e., the layer of a compound 
containing a metal, silicon and oxygen. Therefore, it is 
possible to reliably remove the ?rst layered ?lm including 
the loWer-layer ?lm by Wet etching, Whereby it is possible to 
easily identify the impurities contained in the ?rst layered 
?lm simply by analyZing the collected etchant. Moreover, 
impurities contained in the upper-layer ?lm are identi?ed 
separately by using the second layered ?lm having the same 
structure as that of the ?rst layered ?lm. Therefore, by 
comparing the identi?cation results With those for the impu 
rities in the ?rst layered ?lm, it is possible to indirectly 
identify the impurities in the loWer-layer ?lm, Without 
directly identifying the impurities contained in the loWer 
layer ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1(a) to FIG. 1(d) are cross-sectional vieWs 
illustrating steps of a method for manufacturing a semicon 
ductor device according to the ?rst embodiment of the 
present invention. 

[0047] FIG. 2 is a schematic diagram illustrating a con 
?guration of an etching apparatus according to the ?rst 
embodiment of the present invention. 

[0048] FIG. 3 is a schematic diagram illustrating a con 
?guration of an etching apparatus according to a variation of 
the ?rst embodiment of the present invention. 
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[0049] FIG. 4 shows the results of XPS performed by the 
present inventor on the state of chemical bond on the surface 
of each sample (hafnium silicate) prepared through a dif 
ferent process. 

[0050] FIG. 5 is a How chart illustrating a compound 
analysis method according to the second embodiment of the 
present invention. 

[0051] FIG. 6 is a diagram illustrating an eXample of a 
cross section of a substrate to Which the compound analysis 
method according to the second embodiment of the present 
invention is applied. 

[0052] FIG. 7 is a diagram illustrating an eXample of a 
cross section of a substrate to Which the compound analysis 
method according to a variation of the second embodiment 
of the present invention is applied. 

[0053] FIG. 8 shoWs the analysis results by the compound 
analysis method according to the variation of the second 
embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

First Embodiment 

[0054] A method for manufacturing a semiconductor 
device according to the ?rst embodiment of the present 
invention, speci?cally, a method for manufacturing a ?eld 
effect transistor using a hafnium oXide ?lm as the gate 
insulating ?lm, Will noW be described With reference to the 
draWings. 

[0055] FIG. 1(a) to FIG. 1(a) are cross-sectional vieWs 
illustrating steps of the method for manufacturing a semi 
conductor device according to the ?rst embodiment. 

[0056] First, as illustrated in FIG. 1(a), a hafnium oXide 
?lm 101 having a thickness of about 10 nm is formed on a 
substrate 100 made of silicon, for example, by a CVD 
(chemical vapor deposition) method or a sputtering method, 
for eXample. In this process, the hafnium oXide ?lm 101 may 
be formed on a silicon substrate Whose surface has been 
treated With nitrogen. 

[0057] Then, as illustrated in FIG. 1(b), a polysilicon ?lm 
102 to be the gate electrode material having a thickness of 
about 200 nm is deposited on the hafnium oXide ?lm 101 by, 
for example, a loW-pressure CVD method using a silane gas. 
In this process, the hafnium oXide ?lm 101 reacts With the 
silicon layer on the surface of the substrate 100 due to the 
high temperature during the deposition of the polysilicon 
?lm 102, Whereby a hafnium silicate (HfSiXOy: X>0, y>0), 
speci?cally, a hafnium silicon oXide ?lm 101a, is formed. 
Note that not all of the hafnium oXide ?lm 101 is turned into 
the hafnium silicon oXide ?lm 101a, but the hafnium silicon 
oXide ?lm 101a having a thickness dependent on the thick 
ness of the deposited hafnium oXide ?lm 101 is formed near 
the surface of the substrate 100. In the folloWing description, 
the portion of the hafnium oXide ?lm 101 that is not turned 
into the hafnium silicon oXide ?lm 101a Will be referred to 
as a hafnium oXide ?lm 101b. Thus, in the present embodi 
ment, the gate insulating ?lm has a layered structure includ 
ing the hafnium oXide ?lm 101b and the hafnium silicon 
oXide ?lm 101a. Note that Where the hafnium oXide ?lm 101 
is formed after nitriding the surface of the substrate 100, i.e., 
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a silicon substrate, a hafnium nitride silicon oXide ?lm, 
instead of the hafnium silicon oXide ?lm 101a, is formed 
near the surface of the substrate 100. 

[0058] Then, a resist pattern 103 for forming the gate 
electrode structure is formed on the polysilicon ?lm 102, as 
illustrated in FIG. 1(b), after Which the polysilicon ?lm 102 
is patterned by dry etching using a chlorine gas, for eXample, 
While using the resist pattern 103 as a mask, as illustrated in 
FIG. 1(c). Thus, a gate electrode 104 made of the polysili 
con ?lm 102 is formed. The dry etching process is stopped 
at a certain point in the gate insulating ?lm having a layered 
structure including the hafnium oXide ?lm 101b and the 
hafnium silicon oXide ?lm 101a, speci?cally, When the 
hafnium oXide ?lm 101b is removed and the hafnium silicon 
oXide ?lm 101a is eXposed in a portion of the gate insulating 
?lm outside the gate electrode 104. 

[0059] Note that in the present embodiment, the dry etch 
ing process illustrated in FIG. 1(c) may be stopped When the 
polysilicon ?lm 102 is removed and the hafnium oXide ?lm 
101b is eXposed, may be stopped When the hafnium oXide 
?lm 101b is partially removed, or may be stopped When the 
hafnium oXide ?lm 101b is removed and the hafnium silicon 
oXide ?lm 101a is partially removed. Note hoWever that the 
etching process must be stopped before the substrate 100 is 
eXposed. This is because When the substrate 100, i.e., a 
silicon substrate, is eXposed to a chlorine gas, Which is the 
etching gas, the silicon substrate is etched signi?cantly by 
the chlorine gas. 

[0060] Then, as illustrated in FIG. 1(a), the resist pattern 
103 is removed by ashing, after Which a portion of the 
hafnium silicon oXide ?lm 101a outside the gate electrode 
104 is removed and a portion of the substrate 100 outside the 
gate electrode 104 is eXposed by Wet etching using an 
aqueous hydrogen ?uoride solution, for eXample. Thus, a 
gate electrode structure is produced. Note that the Wet 
etching step illustrated in FIG. 1(a) Will later be described 
in detail. 

[0061] Finally, although not shoWn in the ?gures, a source 
region and a drain region are formed in the substrate 100 by 
using an ion implantation method, for eXample, thereby 
completing a ?eld-effect transistor in Which a hafnium oXide 
?lm, being a high-k material ?lm, is used as the gate 
insulating ?lm. 

[0062] A method for removing a hafnium silicon oXide 
?lm by Wet etching using an aqueous hydrogen ?uoride 
solution, as illustrated in FIG. 1(a'), Will noW be described 
in detail. 

[0063] FIG. 2 is a schematic diagram illustrating a con 
?guration of an etching apparatus of the present embodi 
ment, speci?cally, a Wet etching apparatus including an 
ultraviolet light radiation mechanism. 

[0064] As illustrated in FIG. 2, the substrate 100 is placed 
on a substrate table 201. Note that the hafnium silicon oXide 
?lm 101a, or the like, being an etching object on the 
substrate 100 is not shoWn in the ?gure. A rotating shaft 
(rotating mechanism) 201a for spinning the substrate table 
201 is attached to the loWer surface of the substrate table 
201, Whereby the substrate 100 can be spun together With the 
substrate table 201. Moreover, an eXcimer lamp 202 is 
provided above the substrate 100 placed on the substrate 
table 201 as an ultraviolet light source (illumination mecha 
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nism). The excimer lamp 202 radiates xenon excimer (Xe 
Excimer) light 203 having a Wavelength of 172 nm. Note 
that While a lamp that radiates light having a different 
Wavelength, such as F2 laser, may be used instead of the 
excimer lamp 202, the excimer lamp 202 radiating the xenon 
excimer light 203 having a Wavelength of 172 nm is used in 
the present embodiment in vieW of the ef?ciency at Which 
oZone is generated by the ultraviolet light irradiation and the 
transmissivity of the lamp light through the atmosphere. 

[0065] Moreover, as illustrated in FIG. 2, the etching 
apparatus of the present embodiment includes a gas supply 
section 204 capable of supplying an inert gas such as a 
nitrogen gas, for example, into the space betWeen the 
substrate 100 on the substrate table 201 and the excimer 
lamp 202, and also includes a chemical liquid supply section 
205 capable of supplying an etchant (chemical liquid) onto 
the substrate 100 on the substrate table 201. Note that the 
Wet etching apparatus of the present embodiment is an 
apparatus of a so-called “single Wafer process” type that 
processes one Wafer to be the substrate 100 at a time. 

[0066] Next, oxidation of the hafnium silicon oxide ?lm 
by ultraviolet light (UV light) radiated from the excimer 
lamp 202 Will be described. As described above With refer 
ence to FIG. 1(c), at the time When the gate electrode 
material (the polysilicon ?lm 102) is patterned by dry 
etching into the gate electrode 104, the hafnium silicon 
oxide ?lm 101a, i.e., a hafnium silicate (HfSiXOy: x>0, y>0), 
is exposed on the surface of the substrate 100 near the gate 
electrode 104. As described above in “Problems to be Solved 
by the Invention”, it is difficult to remove the insufficiently 
oxidiZed hafnium silicon oxide ?lm 101a by Wet etching 
using a solution of hydrogen ?uoride, or the like. 

[0067] In vieW of this, in the present embodiment, the 
xenon excimer light 203, Which is ultraviolet light, is 
radiated from the excimer lamp 202 toWard the substrate 100 
in an oxygen-containing atmosphere by using the etching 
apparatus illustrated in FIG. 2. Thus, oZone is generated in 
the atmosphere, and an insuf?ciently-oxidiZed hafnium sili 
cate (the hafnium silicon oxide ?lm 101a) on the substrate 
100 is oxidiZed by the oZone, starting from its surface side. 
In this process, similar effects can be obtained by using 
ultraviolet light other than the xenon excimer light 203. 

[0068] Moreover, When radiating the xenon excimer light 
203 in the present embodiment, a nitrogen gas, for example, 
is supplied from the gas supply section 204 into the space 
betWeen the substrate 100 on the substrate table 201 and the 
excimer lamp 202 in order to suppress the attenuation of the 
xenon excimer light 203, i.e., ultraviolet light, in the space. 
Note that the 50% attenuation length of the xenon excimer 
light 203 having a Wavelength of 172 nm in the air is 5 mm. 
Moreover, the supply of a nitrogen gas from the gas supply 
section 204 is provided so that the space betWeen the 
substrate 100 on the substrate table 201 and the excimer 
lamp 202 is not ?lled solely With the nitrogen gas, or in other 
Words so that oxygen atoms, Which are the source of oZone, 
are not all eliminated from the space. Note that the minimum 
oxygen concentration required for oZone generation is on the 
order of ppm. 

[0069] Speci?cally, in the Wet etching step illustrated in 
FIG. 1(a), i.e., the etching step of the present embodiment, 
?rst, the xenon excimer light 203 (UV light) is radiated from 
the excimer lamp 202 toWard the substrate 100 on the 
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substrate table 201 for about 60 seconds While supplying a 
nitrogen gas from the gas supply section 204. Then, an 
aqueous hydrogen ?uoride solution, for example, is supplied 
from the chemical liquid supply section 205 toWard the 
substrate 100 on the substrate table 201, thereby Wet-etching 
the hafnium silicate (speci?cally, a portion of the hafnium 
silicon oxide ?lm 110a outside the gate electrode 104). In 
this process, the aqueous hydrogen ?uoride solution can be 
supplied uniformly onto the substrate 100 by spinning the 
substrate 100 together With the substrate table 201 by the 
rotating shaft 201a. 

[0070] In this Way, the hafnium silicate, Which is normally 
insoluble in an aqueous hydrogen ?uoride solution, becomes 
soluble in an aqueous hydrogen ?uoride solution by the UV 
light irradiation. This is for the folloWing reason. That is, 
oxygen in the atmosphere is turned into oZone by the UV 
light irradiation, and a surface portion of the insufficiently 
oxidiZed hafnium silicate is oxidiZed by the oZone. As a 
result, the surface portion of the hafnium silicate takes a 
stoichiometric composition close to that of hafnium oxide, 
Whereby the surface portion is dissolved in the aqueous 
hydrogen ?uoride solution. 

[0071] Note that in a case Where the hafnium silicate ?lm 
has such a large thickness that the ?lm cannot entirely be 
removed by a single iteration of the UV light irradiation and 
the hydrogen ?uoride treatment, the set of processes includ 
ing the UV light irradiation and the hydrogen ?uoride 
treatment is repeated for the ?lm. Speci?cally, the insuf? 
ciently-oxidiZed hafnium silicate on the substrate is oxidiZed 
by the UV light irradiation, and then the oxidiZed hafnium 
silicate is removed by the hydrogen ?uoride treatment. 
Then, after hydrogen ?uoride remaining on the substrate is 
Washed aWay With pure Water, the surface condition of the 
substrate is measured by, for example, con?rming the Water 
repellency of the substrate. If it is con?rmed that the surface 
of the substrate (silicon substrate) is not exposed, the second 
set of the UV light irradiation and the hydrogen ?uoride 
treatment is performed for the hafnium silicate remaining on 
the substrate, thus removing the neWly-oxidiZed hafnium 
silicate. Then, after hydrogen ?uoride remaining on the 
substrate is Washed aWay With pure Water, the surface 
condition of the substrate is measured again. Thus, the set of 
processes is repeated until it is con?rmed by the measure 
ment that the substrate surface is exposed, speci?cally, until 
the Water repellency of the substrate surface is con?rmed. In 
such a case, in order to improve the throughput in the 
manufacture of a semiconductor device, it is preferred that 
the Washing With pure Water and the measurement of the 
substrate surface condition can be performed in the same 
apparatus that performs the UV light irradiation and the 
hydrogen ?uoride treatment (e.g., the etching apparatus 
illustrated in FIG. 2). 

[0072] As described above, according to the present 
embodiment, the process of etching the gate insulating ?lm 
having the hafnium silicon oxide ?lm (silicate layer) 101a is 
performed by oxidiZing the insufficiently-oxidized hafnium 
silicon oxide ?lm 101a and then Wet-etching the oxidiZed 
hafnium silicon oxide ?lm 101a. In this process, the com 
position of the oxidiZed hafnium silicon oxide ?lm 101a 
comes closer to the stoichiometric composition of hafnium 
oxide. Thus, the oxidiZed hafnium silicon oxide ?lm 101a 
becomes more soluble in an etchant such as an aqueous 

hydrogen ?uoride solution, for example. Therefore, it is 
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possible to reliably remove the oxidized hafnium silicon 
oxide ?lm 101a by Wet etching, and to prevent a situation 
Where impurities remain betWeen gate electrode structures, 
thereby improving the production yield in the manufacture 
of a semiconductor device. 

[0073] Moreover, according to the ?rst embodiment, an 
aqueous hydrogen ?uoride solution that does not substan 
tially etch the substrate (silicon substrate) 100 underlying 
the gate insulating ?lm is used as the etchant, Whereby the 
oxidiZed hafnium silicon oxide ?lm 101a can be removed 
selectively by Wet etching. 

[0074] Moreover, according to the ?rst embodiment, the 
xenon excimer light 203, Which is ultraviolet light, is 
radiated from the excimer lamp 202 toWard the substrate 100 
in an oxygen-containing atmosphere by using the etching 
apparatus illustrated in FIG. 2. Therefore, it is possible to 
reliably oxidiZe the hafnium silicon oxide ?lm 101a on the 
substrate 100 by the oZone generated in the atmosphere. 
Moreover, the oxidiZation of the hafnium silicon oxide ?lm 
101a is performed in a gaseous phase. Therefore, even if the 
Wafer to be the substrate 100 has surface irregularities, the 
hafnium silicon oxide ?lm 101a can be oxidiZed more 
uniformly, as compared With Wet oxidiZation. Speci?cally, 
even if the Wafer has minute surface irregularities, the 
hafnium silicon oxide ?lm 101a can be etched uniformly by 
performing the hydrogen ?uoride treatment after it is irra 
diated With the xenon excimer light 203, i.e., UV light, 
thereby improving the production yield in the manufacture 
of a semiconductor device. 

[0075] Note that in the ?rst embodiment, When the 
hafnium silicon oxide ?lm 101a is removed by Wet etching, 
the UV light irradiation and the hydrogen ?uoride treatment 
are performed separately. Alternatively, the UV light irra 
diation and the hydrogen ?uoride treatment may be per 
formed together. Speci?cally, an aqueous hydrogen ?uoride 
solution is supplied from the chemical liquid supply section 
205 onto the substrate 100 While supplying a nitrogen gas 
from the gas supply section 204 into the space betWeen the 
substrate 100 on the substrate table 201 and the excimer 
lamp 202, by using the etching apparatus illustrated in FIG. 
2. In this process, the xenon excimer light 203 is radiated 
from the excimer lamp 202 toWard the substrate 100 at the 
same time. In this Way, a portion of the insufficiently 
oxidiZed hafnium silicon oxide ?lm 101a (i.e., a hafnium 
silicate) that has been oxidiZed by the UV light irradiation is 
dissolved in the aqueous hydrogen ?uoride solution, 
Whereby the hafnium silicate outside the gate electrode 104 
is eventually removed so that the substrate 100, i.e., the 
silicon region, is exposed. 

[0076] Moreover, in the ?rst embodiment, the hafnium 
silicon oxide ?lm 101a, Which is the loWer-layer portion of 
the gate insulating ?lm, is removed by the UV light irra 
diation and the hydrogen ?uoride treatment after removing 
the hafnium oxide ?lm 101b, Which is the upper-layer 
portion of the gate insulating ?lm. Alternatively, the hafnium 
oxide ?lm 101b may be removed by the UV light irradiation 
and the hydrogen ?uoride treatment. That is, it may not be 
necessary to Wait for the hafnium silicon oxide ?lm 101a to 
be exposed before performing the UV light irradiation and 
the hydrogen ?uoride treatment to remove the hafnium 
silicon oxide ?lm 101a. In other Words, the UV light 
irradiation and the hydrogen ?uoride treatment may be 
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initiated to remove the hafnium oxide ?lm 101b When the 
polysilicon ?lm 102 is removed and the hafnium oxide ?lm 
101b is exposed. This is because the hafnium oxide ?lm 
101b can of course be removed by the UV light irradiation 
and the hydrogen ?uoride treatment. Note that Where the 
hafnium oxide ?lm 101b has been crystalliZed through a 
high-temperature heat treatment, or the like, it is preferred to 
use an aqueous hydrogen ?uoride solution having a concen 
tration (by volume) of about 10% and a temperature of about 
70° C. for removing the hafnium oxide ?lm 101b. 

[0077] Moreover, in the ?rst embodiment, an aqueous 
hydrogen ?uoride solution as an etchant is supplied in an 
ordinary liquid state When etching aWay the hafnium silicon 
oxide ?lm 101a after the UV light irradiation. Alternatively, 
hydrogen ?uoride may be supplied in a gaseous state. That 
is, an anhydrous hydrogen ?uoride vapor may be used. 
Moreover, other than an aqueous hydrogen ?uoride solution, 
the etchant may be another liquid containing ?uorine and 
hydrogen, a phosphoric acid solution, or the like. 

[0078] Moreover, While an etching object is irradiated 
With ultraviolet light in an oxygen-containing atmosphere in 
the ?rst embodiment, similar effects can be obtained by 
irradiating the etching object With ultraviolet light While an 
oxygen-containing liquid (e.g., Water) is attached to the 
surface of the etching object. 

[0079] Moreover, While the present invention is applied to 
the removal of a silicate compound on the surface side of a 
Wafer in the ?rst embodiment, the present invention may 
alternatively be applied to the removal of a silicate com 
pound on the reverse side of a Wafer. In such a case, it is 
possible to prevent the cross-contamination betWeen Wafers 
being processed. 

Variation of First Embodiment 

[0080] A method for manufacturing a semiconductor 
device according to a variation of the ?rst embodiment of the 
present invention Will noW be described With reference to 
the draWings. 

[0081] The present variation differs from the ?rst embodi 
ment only in the method for removing a hafnium silicon 
oxide ?lm by Wet etching using an aqueous hydrogen 
?uoride solution (see FIG. Speci?cally, in the ?rst 
embodiment, the hafnium silicon oxide ?lm is oxidiZed by 
using the oZone generated by the UV light radiation (radia 
tion of the xenon excimer light 203) before performing the 
hydrogen ?uoride treatment on the insufficiently-oxidized 
hafnium silicon oxide ?lm. In contrast, in the present 
variation, a hafnium silicon oxide ?lm (hafnium silicate) is 
oxidiZed by using oZone Water before performing the hydro 
gen ?uoride treatment on an insuf?ciently-oxidiZed hafnium 
silicon oxide ?lm. 

[0082] FIG. 3 is a schematic diagram illustrating a con 
?guration of an etching apparatus according to the present 
variation. 

[0083] As illustrated in FIG. 3, the substrate 100 is placed 
on a substrate table 201. Note that the hafnium silicon oxide 
?lm 101a, or the like, being an etching object on the 
substrate 100 is not shoWn in the ?gure. The rotating shaft 
(rotating mechanism) 201a for spinning the substrate table 
201 is attached to the loWer surface of the substrate table 
201, Whereby the substrate 100 can be spun together With the 
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substrate table 201. Moreover, the etching apparatus of the 
present variation includes the chemical liquid supply section 
205 capable of supplying an etchant (chemical liquid) onto 
the substrate 100 on the substrate table 201, and also 
includes an oZone Water supply section 206 capable of 
supplying oZone Water onto the substrate 100. Note that the 
Wet etching apparatus of the present variation is an apparatus 
of a so-called “single Wafer process” type that processes one 
Wafer to be the substrate 100 at a time. 

[0084] In the present variation, ?rst, oZone Water is sup 
plied from the oZone Water supply section 206 onto the 
substrate 100 While spinning the substrate 100 together With 
the substrate table 201 by the rotating shaft 201a, by using 
the etching apparatus illustrated in FIG. 3. In this Way, the 
insuf?ciently-oxidiZed hafnium silicate (the hafnium silicon 
oxide ?lm 101a) on the substrate 100 is oxidiZed. 

[0085] Next, the substrate 100 is spun by using the rotating 
shaft 201a to shake the oZone Water off the substrate 100. 
Then, an aqueous hydrogen ?uoride solution, for example, 
is supplied from the chemical liquid supply section 205 
toWard the substrate 100, again While spinning the substrate 
100. In this Way, a portion of the insuf?ciently-oxidiZed 
hafnium silicate, Which is normally insoluble in an aqueous 
hydrogen ?uoride solution, that has been oxidiZed by the 
oZone Water treatment takes a stoichiometric composition 
close to that of hafnium oxide, Whereby the portion is 
reliably dissolved in the aqueous hydrogen ?uoride solution. 
Thus, a portion of the hafnium silicon oxide ?lm 1010! 
outside the gate electrode 104 is reliably removed by Wet 
etching. 

[0086] Note that in a case Where the hafnium silicate ?lm 
has such a large thickness that the ?lm cannot entirely be 
removed by a single iteration of the oZone Water treatment 
and the hydrogen ?uoride treatment, the set of processes 
including the oZone Water treatment and the hydrogen 
?uoride treatment is repeated for the ?lm. Speci?cally, the 
hafnium silicate on the substrate is oxidiZed by the oZone 
Water treatment, and then the oxidiZed hafnium silicate is 
removed by the hydrogen ?uoride treatment. Then, after 
hydrogen ?uoride remaining on the substrate is Washed 
aWay With pure Water, the surface condition of the substrate 
is measured by, for example, con?rming the Water repel 
lency of the substrate. If it is con?rmed that the surface of 
the substrate (silicon substrate) is not exposed, the second 
set of the oZone Water treatment and the hydrogen ?uoride 
treatment is performed for the hafnium silicate remaining on 
the substrate, thus removing the neWly-oxidiZed hafnium 
silicate. Then, after hydrogen ?uoride remaining on the 
substrate is Washed aWay With pure Water, the surface 
condition (Water repellency) of the substrate is con?rmed 
again. Thus, the set of processes is repeated until it is 
con?rmed by the measurement that the substrate surface is 
exposed. In such a case, in order to improve the throughput 
in the manufacture of a semiconductor device, it is preferred 
that the Washing With pure Water and the measurement of the 
substrate surface condition can be performed in the same 
apparatus that performs the oZone Water treatment and the 
hydrogen ?uoride treatment (e.g., the etching apparatus 
illustrated in FIG. 3). 

[0087] As described above, according to the present varia 
tion, the process of etching the gate insulating ?lm having 
the hafnium silicon oxide ?lm (silicate layer) 101a is 
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performed by oxidiZing the insufficiently-oxidized hafnium 
silicon oxide ?lm 101a and then Wet-etching the oxidiZed 
hafnium silicon oxide ?lm 101a. In this process, the com 
position of the oxidiZed hafnium silicon oxide ?lm 101a 
comes closer to the stoichiometric composition of hafnium 
oxide. Thus, the oxidiZed hafnium silicon oxide ?lm 101a 
becomes more soluble in an etchant such as an aqueous 

hydrogen ?uoride solution, for example. Therefore, it is 
possible to reliably remove the oxidiZed hafnium silicon 
oxide ?lm 101a by Wet etching, and to prevent a situation 
Where impurities remain betWeen gate electrode structures, 
thereby improving the production yield in the manufacture 
of a semiconductor device. 

[0088] Moreover, according to the present variation, an 
aqueous hydrogen ?uoride solution that does not substan 
tially etch the substrate (silicon substrate) 100 underlying 
the gate insulating ?lm is used as the etchant, Whereby the 
oxidiZed hafnium silicon oxide ?lm 101a can be removed 
selectively by Wet etching, and the etching can be stopped at 
the surface of the substrate 100. Thus, the surface of the 
substrate 100 (a portion outside the gate electrode 104) can 
be exposed Without etching the surface of the substrate 100. 

[0089] Moreover, according to the present variation, 
oZone Water is supplied from the oZone Water supply section 
206 onto the substrate 100 by using the etching apparatus 
illustrated in FIG. 3. Therefore, the hafnium silicon oxide 
?lm 101a on the substrate 100 can reliably be oxidiZed by 
the oZone Water. 

[0090] Note that When oZone Water is supplied from the 
oZone Water supply section 206 onto the substrate 100 in the 
present variation, the substrate 100 may be irradiated With 
UV light by using an ultraviolet light source, e.g., the 
excimer lamp 202 in the etching apparatus of the ?rst 
embodiment illustrated in FIG. 2. 

[0091] Moreover, in the present variation, the hafnium 
silicon oxide ?lm 101a, Which is the loWer-layer portion of 
the gate insulating ?lm, is removed by the oZone Water 
treatment and the hydrogen ?uoride treatment after remov 
ing the hafnium oxide ?lm 101b, Which is the upper-layer 
portion of the gate insulating ?lm. Alternatively, the hafnium 
oxide ?lm 101b may be removed by the oZone Water 
treatment and the hydrogen ?uoride treatment. That is, it 
may not be necessary to Wait for the hafnium silicon oxide 
?lm 101a to be exposed before performing the oZone Water 
treatment and the hydrogen ?uoride treatment to remove the 
hafnium silicon oxide ?lm 101a. In other Words, the oZone 
Water treatment and the hydrogen ?uoride treatment may be 
initiated to remove the hafnium oxide ?lm 101b When the 
polysilicon ?lm 102 is removed and the hafnium oxide ?lm 
101b is exposed. This is because the hafnium oxide ?lm 
101b can of course be removed by the oZone Water treatment 
and the hydrogen ?uoride treatment. Note that Where the 
hafnium oxide ?lm 101b has been crystalliZed through a 
high-temperature heat treatment, or the like, it is preferred to 
use an aqueous hydrogen ?uoride solution having a concen 
tration (by volume) of about 10% and a temperature of about 
70° C. for removing the hafnium oxide ?lm 101b. 

[0092] Moreover, in the present variation, an aqueous 
hydrogen ?uoride solution as an etchant is supplied in an 
ordinary liquid state When etching aWay the hafnium silicon 
oxide ?lm 101a after the oZone Water treatment. Alterna 
tively, hydrogen ?uoride may be supplied in a gaseous state. 
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That is, an anhydrous hydrogen ?uoride vapor may be used. 
Moreover, other than an aqueous hydrogen ?uoride solution, 
the etchant may be another liquid containing ?uorine and 
hydrogen, a phosphoric acid solution, or the like. Moreover, 
While oZone Water is used for oxidiZing the hafnium silicon 
oxide ?lm 101a, another oZone-containing liquid may alter 
natively be used. 

[0093] Moreover, the present invention is applied to the 
removal of a silicate compound on the surface side of a 
Wafer in the present variation. Alternatively, the present 
invention may be applied to the removal of a silicate 
compound on the reverse side of a Wafer. In such a case, it 
is possible to prevent the cross-contamination betWeen 
Wafers being processed. 

Evaluation of First Embodiment and Variation 
Thereof 

[0094] The results of the experimental evaluation of the 
?rst embodiment and the variation thereof Will noW be 
described. 

[0095] The present inventor removed a hafnium silicate in 
the folloWing three process methods in order to evaluate the 
?rst embodiment and the variation thereof 

[0096] (1) Combination of the UV light irradiation in an 
oxygen-containing atmosphere and the hydrogen ?uo 
ride treatment (corresponding to the ?rst embodiment; 
hereinafter referred to as the “UV/DHF process”) 

[0097] (2) Combination of the oZone Water treatment 
and the hydrogen ?uoride treatment (corresponding to 
the variation of the ?rst embodiment; hereinafter 
referred to as the “O3/DHF process”) 

[0098] (3) The hydrogen ?uoride treatment alone (com 
parative example; hereinafter referred to as the “DHF 
process”) 

[0099] Speci?cally, each of processes (1) to (3) Was 
regarded as one cycle and repeated to Wet-etch the hafnium 
silicate. Note that for the DHF process (process (3)), the 
DHF process alone constitutes one cycle. 

[0100] Moreover, the detailed conditions of processes (1) 
to (3) are as folloWs. 

[0101] (1) The UV light irradiation Was performed for 
60 seconds using xenon excimer light, and a treatment 
With an aqueous hydrogen ?uoride solution having a 
concentration (by volume; concentration hereinafter 
refers to a concentration by volume) of 2.5% Was 
performed for 30 seconds. 

[0102] (2) The oZone Water treatment (oZone Washing) 
Was performed for 60 seconds, and a treatment With an 
aqueous hydrogen ?uoride solution having a concen 
tration of 2.5% Was performed for 30 seconds. 

[0103] (3) A treatment With an aqueous hydrogen ?uo 
ride solution having a concentration of 2.5% Was 
performed for 30 seconds. 

[0104] As hafnium silicate on a silicon substrate Was 
removed under the conditions above, the silicon substrate 
Was exposed and the Water repellency Was con?rmed in the 
fourth cycle for the UV/DHF process (process and the 
O3/DHF process (process On the other hand, the Water 
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repellency Was not con?rmed When the DHF process (pro 
cess alone Was performed. 

[0105] Thus, a hafnium silicate (HfSiXOy: x>0, y>0) 
present on the substrate surface cannot be etched substan 
tially by the DHF process alone. In contrast, oxidiZing the 
hafnium silicate by the UV light irradiation or the oZone 
Water treatment facilitates the etching of the hafnium silicate 
by the hydrogen ?uoride treatment. The reason for this Was 
believed to be as folloWs based on XPS (X-ray Photoelec 
tron Spectroscopy). 

[0106] FIG. 4 shoWs the results of XPS on the state of 
chemical bond on the surface of each sample (hafnium 
silicate) prepared through a different process, speci?cally, 
the results obtained from Hf (hafnium) 4f XPS spectra. 
Generally, With XPS, it is possible to knoW the state of 
chemical bond (the state of oxidation in the present inven 
tion) based on the amount of shift in the 4f 7/2 peak. 

[0107] In FIG. 4, the result “a” is based on an Hf 4f (the 
right peak: 4f 7/2, the left peak: 4f 5/2) XPS spectrum 
obtained by measuring the surface of a hafnium silicate layer 
having a thickness of 3.5 nm deposited by a CVD method 
(deposition temperature: 450° C.) in an unprocessed state. 
Moreover, the result “b” is based on an Hf 4f XPS spectrum 
obtained by measuring the surface of the same hafnium 
silicate layer but after performing the UV light irradiation 
for 60 seconds. Moreover, the result “c” is based on an Hf 
4f XPS spectrum obtained by measuring the surface of the 
same hafnium silicate layer but after performing the oZone 
Water treatment for 60 seconds. Furthermore, the result “d” 
is based on an Hf 4f XPS spectrum obtained by measuring 
the surface of the same hafnium silicate layer but after 
treating the layer With an aqueous hydrogen ?uoride solution 
having a concentration of 2.5% for 30 seconds. 

[0108] As illustrated in FIG. 4, the result “b” (UV light 
irradiation) and the result “c” (oZone Water treatment) give 
higher XPS spectrum values than those of the result “a” 
(unprocessed) and the result “d” (2.5% DHF process). This 
indicates more advanced states of oxidation of Hf atoms for 

the result “b” (UV light irradiation) and the result “c” (oZone 
Water treatment). Thus, it Was con?rmed that the insuf? 
ciently-oxidiZed hafnium silicate Was oxidiZed by the UV 
light irradiation or the oZone Water treatment. Therefore, as 
described above in the ?rst embodiment and the variation 
thereof, etching of an insufficiently-oxidized hafnium sili 
cate, Which is normally insoluble in an aqueous hydrogen 
?uoride solution, is facilitated by performing the hydrogen 
?uoride treatment in combination With the UV light irradia 
tion or the oZone Water treatment. 

Second Embodiment 

[0109] A compound analysis method according to the 
second embodiment of the present invention, speci?cally, a 
method for analyZing a silicate compound that is formed on 
the substrate surface When a hafnium oxide ?lm is used as 
the gate insulating ?lm. Note that in the compound analysis 
method of the present embodiment, the silicate compound is 
dissolved and removed by using the etching method of the 
?rst embodiment or the variation thereof, While the used 
etchant (chemical liquid) is collected, and the composition 
of the collected chemical liquid is analyZed. A quantitative 
analysis such as a high-frequency inductively-coupled 



US 2006/0009039 A1 

plasma mass analysis, for example, is performed as the 
compositional analysis of the chemical liquid. 

[0110] FIG. 5 is a ?oW chart illustrating the compound 
analysis method according to the second embodiment. 

[0111] First, in step S1, a substrate on Which a silicate 
(e.g., the hafnium silicon oxide ?lm) is formed is prepared. 
FIG. 6 illustrates an example of a cross section of such a 
substrate. Speci?cally, an insuf?ciently-oxidiZed hafnium 
silicon oxide ?lm 151 is formed on a substrate 150 made of 
silicon, for example, as illustrated in FIG. 6. Alternatively, 
a substrate having a cross section as illustrated in FIG. 1(a) 
of the ?rst embodiment may be prepared. 

[0112] Then, in step S2, the insufficiently-oxidized 
hafnium silicon oxide ?lm 151 is oxidiZed by using the UV 
light irradiation of the ?rst embodiment or the oZone Water 
treatment of the variation of the ?rst embodiment. Then, in 
step S3, the oxidiZed hafnium silicon oxide ?lm 151 is 
removed by Wet etching using a hydrogen ?uoride (DHF) 
solution. 

[0113] Then, in step S4, it is con?rmed Whether or not the 
surface of the substrate 150 exhibits Water repellency. If the 
surface of the substrate 150 exhibits Water repellency, it is 
determined that the surface of the substrate 150 is exposed, 
and the etching process is stopped. Speci?cally, the UV light 
irradiation or the oZone Water treatment and the folloWing 
hydrogen ?uoride treatment are stopped. On the other hand, 
if the surface of the substrate 150 does not exhibit Water 
repellency, it is determined that the surface of the substrate 
150 is not yet exposed, and the etching process is continued. 
Speci?cally, the process goes back to step S2 to again 
perform the set of processes including the UV light irradia 
tion or the oZone Water treatment and the hydrogen ?uoride 
treatment. 

[0114] As described above, in the present embodiment, the 
set of processes described above is repeated until the surface 
of the substrate 150 is exposed, and the used chemical liquid 
(hereinafter referred to as the “Waste liquid”) is collected. 
Speci?cally, Where the etching method of the ?rst embodi 
ment is used, the Waste liquid produced by successively 
performing the UV light irradiation and the hydrogen ?uo 
ride treatment is collected. Where the etching method of the 
variation of the ?rst embodiment is used, the Waste liquid 
produced by successively performing the oZone Water treat 
ment and the hydrogen ?uoride treatment is collected. In 
such a case, the oZone Water may be collected together With 
the aqueous hydrogen ?uoride solution, or the aqueous 
hydrogen ?uoride solution alone may be collected. 

[0115] Finally, in step S5, a mass analysis of the collected 
Waste liquid is performed by using a high-frequency induc 
tively-coupled plasma mass analyZer, for example. In this 
Way, it is possible to identify the impurities contained in the 
hafnium silicon oxide ?lm 151. 

[0116] Thus, according to the second embodiment, the 
etching method of the ?rst embodiment or the variation 
thereof is performed on the hafnium silicon oxide ?lm 151, 
after Which the Waste liquid is collected and analyZed. 
Therefore, it is possible to reliably remove the insufficiently 
oxidiZed hafnium silicon oxide ?lm 151, Which is dif?cult to 
remove by a conventional Wet etching process, and it is 
possible to easily identify the impurities contained in the 
hafnium silicon oxide ?lm 151 simply by analyZing the 
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collected Waste liquid (by a compositional analysis such as 
a mass analysis). Note that an insuf?ciently-oxidiZed silicate 
compound such as a hafnium silicon oxide ?lm is conven 
tionally analyZed by dissolving a silicate compound in a 
phosphoric acid or a ?uoronitric acid (a mixed solution of 
hydrogen ?uoride and nitric acid), and then collecting and 
analyZing the chemical liquid. HoWever, this method has the 
folloWing tWo problems. That is, Where a silicate compound 
is formed on a silicon substrate, signi?cant dissolution of the 
substrate by a phosphoric acid, a ?uoronitric acid, or the 
like, is inevitable. Moreover, performing a mass analysis, or 
the like, on such a chemical liquid loWers the precision of the 
quantitative analysis. Therefore, the compound analysis 
method of the present embodiment using the etching method 
of the ?rst embodiment or the variation thereof is very 
useful. 

Variation of Second Embodiment 

[0117] A compound analysis method according to the 
variation of the second embodiment of the present invention, 
speci?cally, a method for analyZing a silicate compound that 
is formed on the substrate surface When a hafnium oxide ?lm 
is used as the gate insulating ?lm. Note that also in the 
compound analysis method of the present variation, the 
insufficiently-oxidized silicate compound is dissolved and 
removed by using the etching method of the ?rst embodi 
ment or the variation thereof, While the used etchant (chemi 
cal liquid) is collected, and the composition of the collected 
chemical liquid is analyZed. A quantitative analysis such as 
a high-frequency inductively-coupled plasma mass analysis, 
for example, is performed as the compositional analysis of 
the chemical liquid. 

[0118] The present variation differs from the second 
embodiment as folloWs. In the second embodiment, a 
hafnium silicon oxide ?lm is dissolved in an aqueous 
hydrogen ?uoride solution, and the composition of the 
solution is analyZed so as to directly identify the impurities 
in the hafnium silicon oxide ?lm. In contrast, in the present 
variation, the impurities in a layered ?lm of the hafnium 
silicon oxide ?lm and the hafnium oxide ?lm are identi?ed 
While the impurities in the hafnium oxide ?lm are identi?ed, 
and the identi?cation results are compared With each other, 
thereby indirectly identifying the impurities in the hafnium 
silicon oxide ?lm. 

[0119] Speci?cally, in the present variation, a ?rst silicon 
substrate and a second silicon substrate are prepared. A 
layered ?lm (?rst layered ?lm) of a hafnium silicon oxide 
?lm (loWer-layer ?lm) and a hafnium oxide ?lm (upper 
layer ?lm) is formed on the ?rst silicon substrate, and a 
second layered ?lm having the same structure as that of the 
?rst layered ?lm is formed on the second silicon substrate. 
The ?rst and second silicon substrates are formed simulta 
neously in the same step. FIG. 7 illustrates an example of a 
cross section of the ?rst and second silicon substrates. As 
illustrated in FIG. 7, an insuf?ciently-oxidiZed hafnium 
silicon oxide ?lm 161 is formed on a substrate 160, and a 
hafnium oxide ?lm 162 is formed on the hafnium silicon 
oxide ?lm 161. 

[0120] Then, the UV light irradiation of the ?rst embodi 
ment or the oZone Water treatment of the variation of the ?rst 
embodiment and the folloWing hydrogen ?uoride treatment 
are performed on the ?rst silicon substrate to dissolve the 
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hafnium silicon oxide ?lm 161 and the hafnium oxide ?lm 
162 in an aqueous hydrogen ?uoride solution, and the 
aqueous hydrogen ?uoride solution is collected and sub 
jected to a mass analysis. In this Way, the impurities con 
tained in the ?rst layered ?lm including the hafnium silicon 
oxide ?lm 161 and the hafnium oxide ?lm 162 are identi?ed. 
“HfO2-1” in FIG. 8 shoWs the detected amount of each 
impurity thus identi?ed. It can be seen from the data shoWn 
in “HfO2-1” in FIG. 8 that the ?rst layered ?lm contains 
sodium (Na), iron (Fe), etc., in addition to hafnium. Note 
that the etching process for the hafnium silicon oxide ?lm 
161 in the ?rst layered ?lm is similar to steps S2 to S4 (the 
etching process for the hafnium silicon oxide ?lm 151) of 
the second embodiment illustrated in FIG. 5. 

[0121] Then, the hydrogen ?uoride treatment, i.e., Wet 
etching using an aqueous hydrogen ?uoride solution, is 
performed on the second silicon substrate having formed 
thereon the second layered ?lm, Which is similar in structure 
to the ?rst layered ?lm. In this process, the insufficiently 
oxidiZed hafnium oxide ?lm 162 in the second layered ?lm 
is dissolved in the aqueous hydrogen ?uoride solution, While 
the hafnium silicon oxide ?lm 161 in the second layered ?lm 
is not dissolved therein. Therefore, the impurities contained 
in the hafnium oxide ?lm 162 are identi?ed by collecting the 
Waste liquid produced in the hydrogen ?uoride treatment 
and analyZing the collected Waste liquid by using a mass 
analyZer, for example. “HfO2-2” in FIG. 8 shoWs the 
detected amount of each impurity thus identi?ed. It can be 
seen from the data shoWn in “HfO2-2” in FIG. 8 that the 
hafnium oxide ?lm 162 in the second layered ?lm contains 
sodium (Na), etc., in addition to hafnium. 

[0122] Finally, the data shoWn in “HfO2-1” and the data 
shoWn in “HfO2-2” in FIG. 8 are compared With each other, 
thereby indirectly identifying the impurities contained in the 
hafnium silicon oxide ?lm 161. 

[0123] Note that the ?rst embodiment or the variation 
thereof or the second embodiment or the variation thereof 
has been described With respect to the etching of a hafnium 
silicate (hafnium silicon oxide ?lm). HoWever, the present 
invention is not limited to this, and similar effects can be 
obtained also When the present invention is applied to the 
etching of a Zirconium silicate (ZrSiXOy: x>0, y>0), for 
example. Speci?cally, similar effects can be obtained When 
the present invention is applied to the etching of a silicate 
compound containing at least one of Hf, Zr, Al, Ti, V, Co, Ni, 
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Cu, Ga, Sr, Y, Nb, Mo, Ru, Pd, La, Ta, W, Ir, Pr, Nd, etc. 
Moreover, similar effects can be obtained When the present 
invention is applied to the etching of an intermetallic com 
pound (speci?cally, a compound betWeen silicon and a 
metal, e.g., cobalt silicide (CoSi)) containing at least one of 
Hf, Zr, Al, Ti, V, Co, Ni, Cu, Ga, Sr, Y, Nb, Mo, Ru, Pd, La, 
Ta, W, Ir, Pr, Nd, etc., instead of a silicate compound. 

1-20. (canceled) 
21. A method for manufacturing a semiconductor device, 

comprising: 
a step of forming a gate insulating ?lm on a silicon region; 

a step of forming a conductive ?lm on the gate insulating 
?lm; 

a step of forming a gate electrode by dry-etching the 
conductive ?lm using a mask that covers a gate elec 
trode formation region; and 

a step of removing a portion of the gate insulating ?lm 
outside the gate electrode by Wet etching, Wherein: 

the gate insulating ?lm includes an insulating layer made 
of a compound containing a metal, silicon and oxygen; 
and 

the step of removing the gate insulating ?lm includes a 
step of oxidiZing the insulating layer and then removing 
the oxidiZed insulating layer by Wet etching. 

22. The method for manufacturing a semiconductor 
device of 21, Wherein: 

the metal is hafnium or Zirconium; and 

a solution containing ?uorine and hydrogen is used as an 
etchant in the step of removing the insulating layer. 

23. The method for manufacturing a semiconductor 
device of 21, Wherein: 

the gate insulating ?lm further includes an oxide ?lm 
formed on the insulating layer and made of an oxide of 
a metal of the same kind as the metal; and 

the step of removing the gate insulating ?lm includes a 
step of removing a portion of the oxide ?lm outside the 
gate electrode by Wet etching before oxidiZing the 
insulating layer. 

24-25. (canceled) 


