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REMOVER FOR A RUTHENIUM CONTAINING 
METAL AND USE THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the invention 

[0002] This invention relates to a remover for a ruthenium 
containing metal Which is effective for removing an undes 
ired ruthenium containing metal adhering to, for example, a 
semiconductor substrate and the use thereof. 

[0003] 2. Description of the related Art 

[0004] Recently, a high dielectric-constant ?lm such as 
TaZO5 has been used in place of a conventional silicon oxide 
or nitride ?lm as a capacitance ?lm for a DRAM or FeRAM. 
Such a high dielectric-constant ?lm permits us to ensure a 
required accumulated capacitance in a small occupied area 
and to improve a degree of memory-cell integration. 

[0005] When using such a high dielectric-constant ?lm 
and polysilicon as an electrode material sandWiching a 
capacitance ?lm, oxygen is liberated from the high dielec 
tric-constant ?lm during heating a semiconductor device to 
oxidiZe the electrode material. There, therefore, exists a 
dielectric ?lm (silicon oxide ?lm) having a loWer dielectric 
constant than the high dielectric-constant ?lm betWeen the 
electrode materials, leading to reduction in a capacitance. 
Thus, When using a high dielectric-constant ?lm, it is 
important to select a material Which does not become an 
insulating ?lm due to oxidation as an electrode material 
sandWiching a capacitance ?lm. It is because once a part of 
an electrode becomes an insulating ?lm by oxidation, it 
constitutes a part of a capacitance ?lm, resulting in a reduced 
capacitance. Ruthenium has recently attracted attention as 
an electrode material meeting the above requirement. Ruthe 
nium is preferable because it retains conductivity even after 
oxidation, thus does not cause capacitance reduction and is 
inexpensive. 
[0006] HoWever, forming an electrode using ruthenium 
may lead to peeling of a ruthenium containing metal such as 
ruthenium and ruthenium oxide adhering to the end face or 
the rear face of a silicon substrate. The peeled metal may 
adhere to a device forming area or may cause cross con 

tamination betWeen devices or Wafers via a carrying system. 
Recently, a procedure such as forming an electrode ?lm 
Within a narroW hole has been frequently employed for 
reducing an occupied area for a capacitor. It requires even 
forming of a thin ruthenium ?lm, so that it is often essential 
to use CVD exhibiting good coverage as a deposition 
method, Where adhesion of the ruthenium containing metal 
to the end and/or the rear faces of the silicon substrate 
becomes more prominent. 

[0007] A ruthenium containing metal is knoWn as a so 
called lifetime killer to a semiconductor device. In particu 
lar, it may cause a variety of problems; for example, it 
adversely affects device operation due to reduction in carrier 
mobility and varying a threshold voltage of a transistor With 
time. A ruthenium containing metal is diffused at a higher 
rate in a silicon substrate than platinum also knoWn as a 
lifetime killer. A trace amount of the ruthenium containing 
metal remaining on the silicon substrate surface may give 
prominent adverse affects on device properties. As described 
above, an undesired ruthenium containing metal remaining 
on a silicon substrate surface may deteriorate reliability of a 
device. 
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[0008] Therefore, When using ruthenium as an electrode 
material, it is important to remove an undesired ruthenium 
containing metal by treatment With an etchant. There have 
been, hoWever, no enchants capable of dissolving and 
removing a ruthenium containing metal. For example, aqua 
regia used for forming a platinum electrode may not be used 
as a remover for a ruthenium containing metal due to its 
insufficient dissolving ability. 

[0009] For effectively removing a ruthenium containing 
metal, a remover for ruthenium must not only dissolve the 
ruthenium containing metal but also effectively preventing 
the dissolved ruthenium containing metal from re-adhering 
to a silicon substrate. 

SUMMARY OF THE INVENTION 

[0010] In the light of the above situation, an objective of 
this invention is to provide a remover for a ruthenium 
containing metal Which can adequately dissolve and remove 
a ruthenium containing metal such as ruthenium and ruthe 
nium oxide and can satisfactorily prevent re-adhesion of the 
dissolved ruthenium containing metal, and the use thereof. 

[0011] This invention provides a remover for a ruthenium 
containing metal, comprising (a) a cerium (IV) nitrate salt 
and (b) at least one acid selected from the group consisting 
of nitric acid, perchloric acid and acetic acid. 

[0012] The remover of this invention exhibits prominent 
performance of removing a ruthenium containing metal 
oWing to synergism in the combination of components (a) 
and (b) and can satisfactorily prevent re-adhesion of the 
dissolved ruthenium containing metal. 

[0013] This remover may be used for Washing a substrate 
to Which a ruthenium containing metal adheres or for 
etching a ruthenium ?lm formed on a substrate. 

[0014] The remover of this invention is particularly suit 
able for removing ruthenium adhering to a semiconductor 
device (by Washing or etching). As described above, ruthe 
nium is knoWn as a so-called lifetime killer to a semicon 
ductor device. It may give serious damage to device perfor 
mance When remaining on the surface of the semiconductor 
device. The remover according to this invention may ef? 
ciently remove a ruthenium containing metal and prevent 
re-adhesion so that it is suitable for removing the ruthenium 
containing metal on such a semiconductor substrate. 

[0015] The remover of this invention is particularly effec 
tive When used for Washing a semiconductor substrate in 
Which a ruthenium containing metal adheres to an area other 
than a device forming area. For example, it may be signi? 
cantly effective When used for removing by Washing a 
ruthenium containing metal adhering to an area other than a 
device forming area after depositing a ruthenium ?lm in the 
device forming area on the semiconductor substrate. In such 
Washing, the ruthenium containing metal adhering the area 
other than the device forming area is mainly made of 
ruthenium oxide. The remover of this invention may exhibit 
good performance of removal and re-adhesion for not only 
ruthenium but also ruthenium oxide. Thus, it may be suitably 
used for the above Washing. For such Washing, a particularly 
higher level of performance is required for preventing 
re-adhesion of the dissolved and removed ruthenium con 
taining metal in comparison With, for example, etching. The 
remover of this invention exhibiting excellent performance 
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of preventing re-adhesion may be suitably used in the above 
Washing. The term “an area other than a device forming 
area” includes end and rear faces of a semiconductor sub 
strate and also peripheral areas in the device forming area. 

[0016] As described above, the remover of this invention 
is characteriZed in that a cerium (IV) nitrate salt is combined 
With a particular acid. 

[0017] For a composition in Which a cerium (IV) nitrate 
salt and an acid is combined, JP-B 7-7757 and JP-A 
11-131263 have described that used as an etchant for pre 
paring a chrome mask. When preparing the chrome mask, it 
is necessary to etch a chromium ?lm such that its cross 
section becomes tapered. It is knoWn that such a taper shape 
may be suitably formed by conducting Wet etching using a 
composition having the above combination after forming a 
resist mask on a chromium ?lm because chromium is 
dissolved by the action of a cerium (IV) nitrate salt While 
nitric acid peels the resist mask and the chromium ?lm. 

[0018] These publications have, hoWever, described etch 
ing chromium and there are no description for action to a 
ruthenium containing metal. 

[0019] As described above, it has been unknoWn that a 
combination of a cerium (IV) nitrate salt and a particular 
acid exhibits excellent performance in removing a ruthe 
nium containing metal and may effectively prevent re 
adhesion of the removed ruthenium containing metal. This 
invention is based on the observation. 

[0020] This invention also provides method of using a 
remover for a ruthenium containing metal Wherein a sub 
strate is Washed With a liquid containing at least one of 
hydro?uoric acid, nitric acid, perchloric acid and oxalic acid 
for removing the residual remover after removing With the 
above remover. 

[0021] This process may alloW us to effectively remove a 
residual remover, leading to Washing With higher cleanli 
ness. 

[0022] This invention also provides a process for remov 
ing a ruthenium containing metal comprising the steps of 
depositing a ruthenium ?lm in a device forming area on a 
semiconductor substrate; and spraying a remover containing 
(a) a cerium (IV) nitrate salt and (b) at least one acid selected 
from the group consisting of nitric acid, perchloric acid and 
acetic acid on a given area on the semiconductor substrate 
While rotating the substantially horiZontal semiconductor 
substrate to remove a ruthenium containing metal adhering 
to an area other than the device forming area. 

[0023] The removing process may more effectively 
remove a ruthenium containing metal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 shoWs an appearance of a silicon substrate 
after depositing a ruthenium ?lm. 

[0025] FIG. 2 shoWs another appearance of a silicon 
substrate after depositing a ruthenium ?lm. 

DETAILED DESCRIPTION OF THE 
PREFFERED EMBODYMENTS 

[0026] Component (a) in this invention is a cerium (IV) 
nitrate salt. Examples of a cerium (IV) nitrate salt include 
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cerium (IV) ammonium nitrate and cerium (IV) potassium 
nitrate. Cerium (IV) ammonium nitrate is preferable because 
it less in?uences device performance. 

[0027] Component (b) in this invention is at least one acid 
selected from the group consisting of nitric acid, perchloric 
acid and acetic acid. In other Words, these acids may be used 
alone or in combination as appropriate. Synergism in a 
combination of such an acid and component (a) provides 
prominent effect for removing a ruthenium containing metal. 

[0028] In this invention, the content of component (a) is 
preferably 5 Wt % or more, more preferably 10 Wt % or 
more, for adequately dissolving and removing a ruthenium 
containing metal and preventing re-adhesion of the removed 
ruthenium containing metal. The upper limit of the content 
is preferably 35 Wt % or less, more preferably 30 Wt % or 
less, for effectively preventing precipitation of compound 
(a) 
[0029] In this invention, the content of component (b) is 
preferably 1 Wt % or more, more preferably 5 Wt % or more, 
for adequately dissolving and removing a ruthenium con 
taining metal and preventing re-adhesion of the removed 
ruthenium containing metal. There are no particular restric 
tions to an upper limit of the content, but it may be, for 
example, 30 Wt % or less. 

[0030] A remover in this invention exhibits higher perfor 
mance for removing a ruthenium containing metal and for 
re-adhesion prevention by means of synergism provided by 
a combination of the above components (a) and It is 
dif?cult to adequately remove a ruthenium containing metal 
With component (a) or (b) alone. 

[0031] Besides the above components (a) and (b), a 
remover in this invention usually contains Water as compo 
nent (c), Which may enhance performance of the compo 
nents (a) and (b) for removing a ruthenium containing metal. 
The content of component (c) is for example 35 to 94 Wt %. 

[0032] The remover of this invention may contain a vari 
ety of additives such as a surfactant and a Water-soluble 
organic solvent, Which may be miscible With Water and other 
components in this invention. 

[0033] A preferable embodiment of a remover in this 
invention may be one consisting of the above (a), (b) or (c) 
alone or that to Which a small amount of, for example, 
additive is added. 

[0034] There Will be described treatment using a remover 
for removing a ruthenium containing metal adhering to an 
area other than a device forming area on a silicon substrate. 
FIG. 1 shoWs a substrate after depositing a ruthenium ?lm 
Where a silicon substrate 1 is placed on a substrate platform 
5. When forming a ruthenium ?lm 2 by CVD, ruthenium 
adheres to the end and the rear faces of the silicon substrate 
1. A part of the ruthenium ?lm 2 then becomes ruthenium 
oxide due to oxidation. If the semiconductor substrate to 
Which a ruthenium containing metal such as ruthenium 
oxide and ruthenium adheres is fed to a carrying system, it 
may cause cross contamination of a deposition apparatus. 
Furthermore, a ruthenium containing metal tends to 
adversely affect device properties. For avoiding such a 
problem, treatment With a remover is effective. 

[0035] When forming a ruthenium ?lm 2‘ after forming an 
insulating ?lm 3 as illustrated in FIG. 2, the ruthenium ?lm 



US 2001/0023701 A1 

2‘ again adheres to the end and the rear faces of the silicon 
substrate 1. Thus, treatment With the remover of this inven 
tion is effective. 

[0036] It is desirable to avoid adhesion of the remover to 
the device forming area during conducting a removing 
process of this invention. For example, a removing proce 
dure may be conducted by spin Washing Where only the end 
and the rear faces are in contact With the remover While 
introducing nitrogen gas to the device forming surface. 

[0037] In this invention, eXamples of a semiconductor 
substrate include a silicon substrate, a semiconductor sub 
strate made of a III-V group compound such as GaAs, InP 
and GaN, and a semiconductor substrate made of a II-VI 
group compound such as ZnSe. Among these, this invention 
is particularly suitable for treating a silicon substrate 
because this invention eXhibits good performance for 
removing a ruthenium containing metal and is thus promi 
nently effective When being applied to a silicon substrate 
Where deterioration in device performance due to diffusion 
of ruthenium in the substrate is signi?cant. 

EXAMPLES 

Example 1 

[0038] A silicon substrate on Which ruthenium Was depos 
ited to a thickness of 100 nm Was cut to give an about 2 
cm><2 cm chip as a sample. The sample Was immersed in a 
remover consisting of an oXidiZing agent, an acid and Water. 
Tables 1 to 7 shoW compositions of a remover. A content of 
each component is given in Wt % to the Whole remover. The 
balance is Water. A temperature of the remover Was varied in 
three steps of 40° C., 50° C. and 60° C. After leaving the 
sample in the remover until the ruthenium ?lm substantially 
disappeared, the sample Was removed, Washed With running 
Water for 1 min and dried With nitrogen bloW. A dissolution 
rate for ruthenium Was determined from the time taken until 
the ruthenium ?lm disappeared. The results are shoWn in 
Tables 1 to 7, Where a dissolution rate is given in A/min and 
“CAN” means cerium (IV) ammonium nitrate. 

[0039] The results in the tables indicate that effect for 
removing ruthenium is prominent When a cerium (IV) nitrate 
salt is combined With a particular acid. 

TABLE 1 

No.1 No.2 No.3 No.4 

OXidizing CAN 10 10 10 10 
agent 
Acid Nitric 0 5 10 30 

acid 
Dissolution 40° C. — — — — 

rate 50° C. — — — — 

A/min 60° C. — 30 27 28 

No.1 Was not evaluated due to clouding during preparation of the remover. 

[0040] 

TABLE 2 

No.5 No.6 No.7 No.8 No.9 

Oxidizin g CAN 20 20 20 20 20 
agent 
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TABLE 2-continued 

No.5 No.6 No.7 No.8 No.9 

Acid Nitric 0 5 10 20 30 
acid 

Dissolution 40° C. 370 100 — — 44 

rate 50° C. 280 320 — — 95 

A/min 60° C. 230 470 105 158 146 

[0041] 

TABLE 3 

No.10 No.11 No.12 No.13 

OXidiZing CAN 30 30 30 30 
agent 
Acid Nitric 0 5 10 20 

acid 
Dissolution 40° C. 430 500 258 172 
rate 50° C. 750 650 380 254 
A/min 60° C. 960 950 522 316 

[0042] 

TABLE 4 

No.14 No.15 No.16 No.17 No.18 

OXidiZing CAN 20 30 30 30 30 
agent 
Acid Perchloric 5 5 

acid 
Hydrochloric 5 

acid 
Sulfuric 5 
acid 

Phosphoric 1 
acid 

Dissolu- 40° C. 95 630 — — — 

tion rate 500 C. 380 860 — — — 

A/min 60° C. 500 950 — — — 

No.16 Was not evaluated due to foaming during preparation of the 

Nos.17 and 18 Were not evaluated due to precipitation during preparation 
of the remover. 

[0043] 

TABLE 5 

No.19 No.20 

OXidiZing Cerium 20 20 
agent sulfate 
Acid Nitric acid 5 

Sulfuric acid 5 
Dissolution 40° C. <10 <10 
rate 50° C. <10 <10 
A/min 60° C. <10 <10 

[0044] 

TABLE 6 

No.21 No.22 No.23 No.24 

OXidiZing Cerium sulfate 8 8 
agent Ferric nitrate 20 

Sodium bromate 20 
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TABLE 6-continued 

No.21 No.22 No.23 No.24 

Acid Nitric acid 5 5 10 
Sulfuric acid 8 

Dissolution 40° C. 0 0 <10 <10 
rate 50° C. 0 0 <10 <10 
A/min 60° C. 0 0 <10 <10 

[0045] 

TABLE 7 

No.25 No.26 

OxidiZing CAN 30 20 
agent 
Acid Nitric acid 5 

Perchloric acid 5 
Acetic acid 5 

Dissolution 40° C. 540 430 
ruate 50° C. 820 800 
A/min 60° C. 900 920 

Example 2 

[0046] On a silicon substrate Was deposited ruthenium 
oxide to a thickness of 100 nm and Was then formed a resist 
mask having an opening. The substrate Was cut to give an 
about 2 cm><2 cm chip as a sample. The sample Was 
immersed in a remover consisting of an oxidizing agent, an 
acid and Water. Table 8 shoWs the composition of the 
remover. A content of each component is given in Wt % to 
the Whole remover. The balance is Water. A temperature of 
the remover Was varied in three steps of 40° C., 50° C. and 
60° C. After leaving the sample in the remover for a given 
period, the sample Was removed, Washed With running Water 
for 1 min and dried With nitrogen bloW. Adissolution rate for 
ruthenium oxide Was determined from an immersion time 
and a reduced ?lm thickness. The results are shoWn in Tables 
8, Where a dissolution rate is given in A/min. 

[0047] The results in the table indicate that effect for 
removing ruthenium oxide is prominent When a cerium (IV) 
nitrate salt is combined With a particular acid. 

TABLE 8 

No.27 No.28 No.29 No.30 No.31 

Oxidizing CAN 20 30 30 30 20 
agent 
Acid Nitric acid 5 5 10 5 

Perchloric 5 
acid 

Acetic 5 
acid 

Disolution 40° C. <10 <10 <10 <10 <10 
rate 50° C. <10 150 280 350 130 
A/rnin 60° C. 370 640 540 590 400 

Example 3 

[0048] A silicon substrate on Which ruthenium Was depos 
ited to a thickness of 100 nm Was cut to give an about 2 
cm><2 cm chip as a sample. The sample Was immersed in a 
remover consisting of an oxidizing agent, an acid and Water, 
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Where the remover Was not stirred or stirred With a stirrer. 
Table 9 shoWs the composition of the remover. A content of 
each component is given in Wt % to the Whole remover. The 
balance is Water. Atemperature of the remover Was varied in 
three steps of 25° C., 30° C. and 40° C. After leaving the 
sample in the remover until the ruthenium ?lm substantially 
disappeared, the sample Was removed, Washed With running 
Water for 1 min and dried With nitrogen bloW. A dissolution 
rate for ruthenium Was determined from the time taken until 
the ruthenium ?lm disappeared. The results are shoWn in 
Table 9, Where a dissolution rate is given in A/min. The 
results indicate that stirring can accelerate dissolution of 
ruthenium. It may be, therefore, expected that spin Washing 
utilizing physical action can provide more rapid removal 
than immersing. 

TABLE 9 

Oxidiz 
ing agent Acid Stirring 25° C. 30° C. 40° C. 

No. 1 CAN Nitric No 100 1 00 30 
(10) acid (5) Yes 800 850 1000 

No.2 CAN Nitric No 50 70 100 
(10) acid (10) Yes 480 550 600 

No.3 CAN Nitric No 100 320 470 
(20) acid (5) Yes 1200 1350 1700 

No.4 CAN Nitric No 100 110 150 
(20) acid (10) Yes 480 630 960 

Example 4 

[0049] Asilicon substrate Was immersed in a Washing, i.e., 
an aqueous solution of 30 Wt % of cerium (IV) ammonium 
nitrate and 10 Wt % of nitric acid, at 40° C. for 5 min. The 
substrate Was removed and determined for an amount of 
adhering cerium, Which Was 2.0><1013 atoms/cm2. 

[0050] The substrate Was immersed in a Washing shoWn in 
Table 10, removed, Washed With running Water for 1 min, 
dried by nitrogen bloW and then determined for an amount 
of adhering cerium. The results are shoWn in Table 10. A 
content of each component is given in Wt % to the Whole 
Washing. The balance is Water. An amount of adhering 
cerium Was determined by total-re?ection X-ray ?uores 
cence spectroscopy. The results shoWn in the table indicate 
that a Washing containing hydro?uoric acid and nitric acid is 
particularly effective in removing the residual cerium. 

TABLE 10 

No.1 No.2 No.3 No.4 No.5 

Washing Hydro?uoric acid 0.5 0.5 
Nitric acid 5 5 
Perchloric acid 5 
Oxalic acid 0.34 

Residual cerium (x 101D atoms/cm2) 62 80 146 0.8 70 

[0051] As described above, a remover of this invention in 
Which a cerium (IV) nitrate salt is combined With a particular 
acid can adequately dissolve and remove a ruthenium con 
taining metal and can effectively prevent re-adhesion of the 
removed ruthenium containing metal. 

[0052] This application is based on Japanese patent appli 
cation NO.2000-46150 ?led on Feb. 23, 2000, the content of 
Which is incorporated hereinto by reference. 
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What is claimed is: 
1. A remover for a ruthenium containing metal, compris 

ing (a) a cerium (IV) nitrate salt and (b) at least one acid 
selected from the group consisting of nitric acid, perchloric 
acid and acetic acid. 

2. The remover as claimed in claim 1 used for removing 
a ruthenium containing metal adhering to a semiconductor 
substrate. 

3. The remover as claimed in claim 1 used for Washing a 
semiconductor device in Which a ruthenium containing 
metal adheres to an area other than a device forming area. 

4. The remover as claimed in claim 2 Wherein the semi 
conductor substrate is a silicon substrate. 

5. The remover as claimed in claim 3 Wherein the semi 
conductor substrate is a silicon substrate. 

6. The remover as claimed in claim 1 comprising 5 to 35 
% by mass of component (a) and 1 to 30 % by mass of 
component 

7. The remover as claimed in claim 2 comprising 5 to 35 
% by mass of component (a) and 1 to 30 % by mass of 
component 

8. The remover as claimed in claim 3 comprising 5 to 35 
% by mass of component (a) and 1 to 30 % by mass of 
component 

9. A method of removing a ruthenium containing metal 
adhering to a semiconductor substrate With a remover, the 
remover comprising: 

(a) a cerium (IV) nitrate salt and 

(b) at least one acid selected from the group consisting of 
nitric acid, perchloric acid and acetic acid. 

10. A method of removing a ruthenium containing metal 
adhering to an area other than a device forming area on a 

semiconductor substrate With a remover, the remover com 
prising: 
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(a) a cerium (IV) nitrate salt and 

(b) at least one acid selected from the group consisting of 
nitric acid, perchloric acid and acetic acid. 

11. A method of using a remover for a ruthenium con 

taining metal Wherein after removing With the remover as 
claimed in claim 1, a substrate is Washed With a liquid 
containing at least one of hydro?uoric acid, nitric acid, 
perchloric acid and oXalic acid for removing the remover 
residue. 

12. A method of using a remover for a ruthenium con 
taining metal Wherein after removing With the remover as 
claimed in claim 2, a substrate is Washed With a liquid 
containing at least one of hydro?uoric acid, nitric acid, 
perchloric acid and oXalic acid for removing the remover 
residue. 

13. A method of using a remover for a ruthenium con 
taining metal Wherein after removing With the remover as 
claimed in claim 3, a substrate is Washed With a liquid 
containing at least one of hydro?uoric acid, nitric acid, 
perchloric acid and oXalic acid for removing the remover 
residue. 

14. Aprocess for removing a ruthenium containing metal 
comprising the steps of depositing a ruthenium ?lm in a 
device forming area on a semiconductor substrate; and 
spraying a remover containing (a) a cerium (IV) nitrate salt 
and (b) at least one acid selected from the group consisting 
of nitric acid, perchloric acid and acetic acid on a given area 
on the semiconductor substrate While rotating the substan 
tially horizontal semiconductor substrate to remove a ruthe 
nium containing metal adhering to an area other than the 
device forming area. 


