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(57) ABSTRACT 

Aprocess for removing residues from the microstructure of 
an object is provided, Which comprises steps of preparing a 
remover including carbon dioxide, an additive for removing 
the residues and a co-solvent dissolving the additive in said 
carbon dioxide at a pressurized ?uid condition; and bringing 
the object into contact With the remover so as to remove the 
residues from the object. A composition for removing resi 
dues from the microstructure of an object is also provided. 
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PROCESS AND COMPOSITION FOR REMOVING 
RESIDUES FROM THE MICROSTRUCTURE OF 

AN OBJECT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a process and a 
composition for removing residues from the microstructure 
of an object. The present invention speci?cally relates to a 
process and a composition for removing residues, such as 
resists, generated during a semiconductor manufacturing 
process from a semiconductor Wafer surface having a ?ne 
structure of convex and concave portions. 

[0003] 2. Description of the Related Art 

[0004] It is required as one step in manufacturing a 
semiconductor Wafer to remove residues, such as photore 
sists, UV-hardened resists, X-ray hardened resists, ashed 
resists, carbon-?uorine containing polymer, plasma etch 
residues, and organic or inorganic contaminants from the 
other steps of the manufacturing process. The dry and Wet 
removal methods are commonly used In tie Wet removal 
method, the semiconductor Wafer is dipped in an agent, such 
as a Water solution, including a remover to remove residues 
from the surface of semiconductor Wafer. 

[0005] Recently, supercritical carbon dioxide is used as 
such an agent because of its loW viscosity and high diffu 
sivity. According to such properties, cleaning With super 
critical carbon dioxide provide several advances in the 
treatment of microstructures, such as high penetration into 
small areas betWeen microstructures and successfully drying 
microstructures because of non liquid-liquid interface in the 
supercritical phase 
[0006] HoWever, supercritical carbon dioxide is not 
enough by itself to remove several residues from the surface 
of the semiconductor Wafer. To resolve this problem, several 
additives to supercritical carbon dioxide are proposed. As 
described in the Japanese unexamined patent publication 
No. 10-125644, methane or surfactant having CFx group is 
used as an additive to supercritical carbon dioxide. In 
Japanese unexamined patent publication No. 8-191063, 
dimethylsulfoxide or dimethyl-formamide is used as such an 
additive. HoWever, based on the Inventors’ studies, these 
additives are not alWays effective for removing residues. 
Especially, When the cleaning object is like a Wafer Which 
consist of loW dielectric constant materials, the quality of 
such Wafer decreased after treatments by such process using 
alkaline compounds and Water. This might be occurred 
because basic compounds and Water caused damages on loW 
dielectric constant materials, especially on materials having 
dielectric constant loWer than 4. (hereinafter referred to as 
loW-k materials) Thus the present invention is objected to 
provide a novel and effective cleaning Without signi?cant 
damage to the loW-k materials. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is, therefore, to 
provide a process and a composition for effectively remov 
ing residues from the microstructure of an object Without 
signi?cant damages to the loW-k materials. 

[0008] According to the present invention, a process is 
provided for removing residues from the object, Which 
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comprises steps of preparing a remover including carbon 
dioxide, an additive for removing the residues, an inhibitor 
for protecting loW-k damage and a co-solvent for dissolving 
said additive in said carbon dioxide at a pressuriZed ?uid 
condition, and bringing the object into contact With said 
remover so as to remove the residues from the object. 

[0009] A composition is further provided for removing 
residue from the object, Which comprises carbon dioxide, a 
?uoride containing additive, a co-solvent or mixture of 
co-solvents capable of dissolving the ?uoride containing 
additive, and an inhibitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and additional features and charac 
teristics of the present invention Will become more apparent 
from the folloWing detailed description considered With 
reference to the accompanying draWings in Which like 
reference numerals designate like elements and Wherein: 

[0011] FIG. 1 is a schematic diagram of an apparatus for 
removing residues in accordance With the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] The present invention is applied to the microstruc 
ture of an object, e.g., a semiconductor Wafer having a ?ne 
structure of convex and concave portions on its surface, and 
a substrate made of a metal, plastic or ceramic Which forms 
or remains continuous or non-continuous layer of materials 
different therefrom. 

[0013] First, said remover used in this invention is 
described. It includes carbon dioxide, an additive for remov 
ing the residues, an inhibitor for suppressing residues and a 
co-solvent for dissolving said additive and said inhibitor in 
said carbon dioxide at a pressuriZed ?uid condition. 

[0014] The pressuriZed carbon dioxide has a high disper 
sion rate and enables the dissolved residues to disperse 
therein. If carbon dioxide is converted to a supercritical 
condition, it penetrates into ?ne pattern portions of the 
object more effectively. By this feature, the additive is 
conveyed into pores or concave portions on a surface of the 
object due to the loW viscosity of carbon dioxide. The carbon 
dioxide is pressuriZed to 5 MPa or more, but not less than 7.1 
MPa at a temperature of 31° C. to convert the carbon dioxide 
to a supercritical ?uid condition. 

[0015] Although any additives that can remove residues 
from microstructures could be used, it is preferred in the 
present invention to use quaternaryammonium?uorides 
because of their effective cleaning ability. The preferred 
?uoride compounds includes at least one element selected 
from the group consisting of tetramethylammonium?uoride, 
tetraethylammonium?uoride, tetrapropylammonium?uo 
ride, tetrabutylammonium?uoride, choline?uoride. Among 
these compounds, tetramethylammonium?uoride (TMAF) 
is the most preferable one. 

[0016] If the concentration of the additive is too loW, 
cleaning of residues is not suf?cient The loWer limit of the 
additive is 0.001 Wt %, preferably 0.005 Wt %, and more 
preferably 0.01 Wt %. HoWever, When the concentration is 
more than 0.1 Wt %, loW-k materials are damaged because 
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of excessive etching of loW-k materials. Thus, the upper 
range of the additive is 0.1 Wt %, preferably 0.05 Wt %, and 
more preferably 0.03 Wt %. 

[0017] The remover in the present invention also include 
spolyhydric alcohol. Polyhydric alcohol act as an inhibitor 
that protects the loW-k materials from the signi?cant damage 
from the additives such as ?uorides. During inventors’ 
studies, after some cleaning tests of microstructures con 
taining of loW-k ?lms, there Were some liquid-like residues. 
These ‘liquid like residues’ Were recogniZed as byproducts 
originated from etching reactions betWeen some of the 
compounds in the remover and a part of loW-k materials. 
Such byproducts could not be removed and appeared as 
liquid-like residues because such products from loW-k mate 
rials Were not easily dissolved into supercritical carbon 
dioxide. 

[0018] By further investigations, it Was found that the 
amount of such liquid-like residues could be reduced When 
polyhydric alcohols Were used as a component of said 
remover. Therefore, the present invention, the remover 
includes polyhydric alcohols as an inhibitor to protect loW-k 
materials from the damage. Although the mechanism of the 
protection of loW-k by polyhydric alcohol is still under 
investigations, polyhydric alcohol might adsorb on the sur 
face of the loW-k materials and protect the surface from the 
attack of the chemicals. 

[0019] Polyhydric alcohols may be dihydric alcohol such 
as ethyleneglycol, propyleneglycol, trimethyleneglycol, 
diethyleneglycol, dipropyleneglycol, 1,2- , 1,3-, 1,4- or 
2,3-butanediol, pentamehyleneglycol, hexyleneglycol, octy 
leneglycol or trihydric alcohols such as glycerin, trimethy 
lolpropanae, 1,2,6-hexanetriol, and tetrahydric alcohols such 
as pentaelythritol. Also, polyethyleneglycol or polypropyle 
neglycol may be used. Among, these compounds, dihydric 
alcohols are preferable and ethyleneglycol and propyleneg 
lycol are more preferable. 

[0020] If the concentration of the polyhydric alcohols is 
too loW, the protection of the loW-k is not suf?cient and 
amount of liquid-like residues increases. The loWer range of 
the polyhydric alcohols is 0.005 Wt %, preferably 0.007 Wt 
%, and more preferably 0.01 Wt %. HoWever, When the 
concentration is higher than 0.1 Wt %, the ef?ciency of the 
protection is saturated. Thus, the upper range of the poly 
hydric alocholos is 0.1 Wt %, preferably 0.07 Wt %, and 
more preferably 0.05 Wt %. 

[0021] As the pressurZed carbon dioxide is not enough by 
itself to dissolve additives and inhibitors such as TMAF and 
polyhydric alcohols, the present invention uses co-solvent to 
dissolve them into carbon dioxide. The co-solvent of the 
present invention is a compound having an af?nity to both 
carbon dioxide and the additive. Such a co-solvent dissolves 
or disperses the additive homogeneously in the pressuriZed 
carbon dioxidein ?uid condition. Although any co-solvent is 
used if it can make additives and polyhydric alcohols soluble 
into pressuriZed carbon dioxide, alcohols are preferable. The 
alcohol may be any alcohol, e.g. ethanol, methanol, n-pro 
panol, iso-propanol, n-butanol, iso-butanol, diethylenegly 
colmonomethyleter, diethyleneglycolmonoethyleter, and 
hexa?uoro isopropanol. Among these alcohols, methanol 
ethanol and iso-propanol are preferable because they act as 
a good co-solvent to Wide range of compounds. 

[0022] The kind and amount of the co-solvent are selected 
depending on the kind and amount of the additive to carbon 
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dioxide. The amount of the co-solvent is preferably ?ve 
times or more than that of the additive because the remover 
easily becomes homogeneous and transparent. Alternatively, 
the remover may include the co-solvent in a range of 1 Wt. 
% to 50 Wt. %. If more than 50 Wt. % of the co-solvent is 
added, the penetration rate of the remover decreases due to 
less amount of carbon dioxide. It is prefrable to use a 
remover including carbon dioxide, alcohol as the co-solvent, 
quaternaryammonium?uoride and/or quaternaryammoni 
umhydroxide as the additive because these additives are Well 
dissolved in carbon dioxide by alcohol and are CQ philic. 

[0023] When TMAF is used as an additive, TMAF should 
be initially dissolved into said co-solvent because TMAF is 
a sold at ambient temperature. At this time, solvents such as 
dimethylacetamide (DMAC) or de-ioniZed Water (DIW) 
could be added to help TMAF to be dissolved into carbon 
dioxide more easily. The amount of such solvents is pref 
erably less than 20 times of TMAF. Especially, a concen 
tration of DIW should be minimiZed because of the damages 
to the loW-k materials. 

[0024] The practical procedure Will be described using 
draWings. In the beloW description, components of remover 
other than carbon dioxide, a mixture of additives, inhibitors, 
co-solvents is simply called ‘cleaning reagents’. FIG. 1 
shoWs a simpli?ed schematic draWing of an apparatus use 
for removing residues according to the present invention. In 
the ?gure, 1 is a carbon dioxide cylinder, 2 is a high pressure 
pump for carbon dioxide, 3 is a storage tank of cleaning 
reagents, 4 is a pump for cleaning reagents, 5 is a valve, 6 
is a storage tank for rinse reagents, 7 is a pump for rinse 
reagents, 8 is a valve, 9 is a high pressure vessel, and 10 is 
a thermostat. Firstly, the microstructures, for example, semi 
conductor Wafer having residues on its surface is introduced 
to and placed in a high pressure vessel 9, then carbon dioxide 
is supplied from a carbon dioxide cylinder 1 to the high 
pressure vessel 9 by a high pressure pump 2. The high 
pressure vessel 9 is thermostated at a speci?c temperature by 
a thermostat 10 in order to maintain the pressuriZed carbon 
dioxide in the high pressure vessel 9 at the supercritical 
condition. High pressure vessel 9 can be replaced by that 
having heating unit. Cleaning reagents are supplied to the 
high pressure vessel 9 from tanks 3 by high pressure pumps 
4. Cleaning step starts at the time When the cleaning reagents 
are fed from tank 3 to the high pressure vessel 9. The feed 
of the carbon dioxide and cleaning reagents may be con 
tinuous or batch-like. 

[0025] The removing process is performed at a tempera 
ture in the range from 31° C. to 120° C., and at a pressure 
ranged from 5 M Pa to 30 M Pa, preferably, from 7.1 M Pa 
to 20 M Pa. The time required for removing the residues 
depends on the siZe of the object, the kind and amount of the 
residues, Which is usually in the range from a minute to 
several ten minutes. 

[0026] After a cleaning step, a rinse step folloWs. Residues 
removed from surface during the cleaning step remains in 
the vessel 9 after the cleaning step ?nishes. If pure carbon 
dioxide is fed into such conditions, some portion of residues 
Will deposit on the surface of the objects. Therefore, after the 
cleaning step, the ?rst rinse step With the mixture of carbon 
dioxide and rinse agents is applied. After this ?rst rinse step, 
the second rinse step With pure carbon dioxide is applied. 

[0027] Preferable rinse agents used in the ?rst rinse step 
are those that can remove liquid-like residues. After inven 
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tors’ investigations, compounds having speci?c dielectric 
constant similar to Water are effective for this purpose. Since 
the speci?c dielectric constant of Water is 78 at 25° C. under 
atmospheric pressure, compounds having speci?c dielectric 
constant not smaller than 78 are used. The reason Why the 
required speci?c dielectric constants are similar to that of 
Water is that the liquid-like residues as byproducts of loW-k 
etching have high polarity, resulting in the high af?nity to the 
polar solvents. 

[0028] On the other hand, polyhydric alcohols are required 
in the present invention as described in the previous section. 
HoWever, if the amount of the cleaning reagents is small 
enough to suppress the by-production due to damages of 
loW-k materials, rinse agent having speci?c dielectric con 
stant not smaller than 78 may be used With a relative longer 
treatment time Without any addition of polyhydric alcohols 
in the cleaning step. HoWever, in order to minimize the 
process time of the ?rst rinse step (for example, 5 min. or 
less), it is preferable to minimiZe the by-production of 
liquid-like residues With addition of polyhydric alcohols. 

[0029] Practically, the ?rst rinse step can be done by 
stopping the feed of the cleaning reagents by the valve 5, 
folloWed by feed of carbon dioxide and rinse reagents to the 
high pressure vessel 9 to get rid of the contents of vessel 9. 
A?oW meter 12 may be used to control the How rate. During 
the ?rst rinse step, it is preferable to decrease the feed rate 
of rinse reagents gradually or in a stepWise manner With 
valve 8 to replace the contents by pure carbon dioxide, 
folloWed by the second rinse step With pure carbon dioxide. 

[0030] Fluid evacuated from the cleaning step and the ?rst 
rinse step can be recycled and reused by the separation into 
gaseous carbon dioxide and liquid fractions by a carbon 
dioxide recycle process, for example, including a liquid gas 
separator. 

[0031] After the second rinse step, by releasing pressure 
With a pressure control valve 11, carbon dioxide vaporiZe to 
gaseous phase. Therefore, microstructures such as semicon 
ductor Wafers can be dried Without any Water mark and any 
destructions of the pattern. 

[0032] Hereinafter, the present invention is described With 
reference to experiments. Although the present invention has 
been fully described by Way of example With reference to the 
accompanying draWings, it is to be understood that various 
changes and modi?cations Will be apparent to those skilled 
in the art. Therefore, unless otherWise such changes and 
modi?cations depart from the scope of the present invention, 
they should be construed as being included therein. 

EXAMPLES 

Example 1 

[0033] At ?rst, in order to investigate the degree of the 
damage of cleaning reagent to the loW-k materials, etch rate 
measurements of loW-k ?lms Were carried out. LoW-k ?lms 
Were prepared on the silicon Wafer by coating the materials 
consisting of organic silicon folloWed by heating and drying. 
The ?lm thickness of the loW-k ?lms Was about 5000 A and 
k-value Was in the range of 2 to 3. Using cleaning tools 
shoWn in the FIG. 1, a Wafer coated by the loW-k ?lm Was 
set into the high pressure vessel 9. After closing the cover of 
the vessel 9, carbon dioxide Was introduced from carbon 
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dioxide cylinder 1 through the pump 2. The temperature of 
the vessel 9 Was maintained at 50° C. With a thermostat 10 
and the pressure Was controlled by the control valve 11. 
After the pressure reached 15 MPa, cleaning reagents Were 
fed into the vessel 9 from the storage tank 4 through the 
pump 4. After a 10 minute-treatment, 5 minutes of the ?rst 
rinse step Was applied, folloWed by 10 minutes of the second 
rinse step With a pure carbon dioxide. A rinse reagent used 
in the ?rst rinse step Was 0.5Wt % of de-ioniZed Water, 4.5 
Wt % of ethanol and 95 Wt % of carbon dioxide. 

[0034] After the second rinse step, the pressure Was 
released by the pressure control valve 11 and Wafer Was 
taken to be provided for further evaluation. Etch rates 
(A/min) Were calculated by the difference in the ?lm thick 
ness before and after the treatment divided by the 10 min. 
Film thickness Was measured by an optical measurement 
tool. The results are shoWn in table 1. 

[0035] The abbreviation used in table 1 are folloWs; 

[0036] TMAF: Tetramethylammonium?uoride, 
DMAC: Dimethylacetamide, DIW: de-ioniZed 
Water, EG: Ethyleneglycol, PG: Propyleneglycol, 
EtOH: Ethanol 

TABLE 1 

Componets of remover 

Co- Addtional Etch 
Additive and inhibitor solvent solvents rate 

— CO2 TMAF EG PG EtOH DMAC DIW A/min 

1 95 0.013 0 0 4.9 0.063 0.024 240 
2 95 0.013 0.012 0 4.9 0.051 0.024 230 
3 95 0.013 0 0.012 4.9 0.063 0.024 155 
4 95 0.013 0 0.024 4.9 0.051 0.024 148 
5 95 0.005 0 0 5.1 0.066 0 53 
6 95 0.005 0 0.012 4.9 0.054 0 19 
7 95 0.013 0 0 4.8 0.165 0 91 
8 95 0.013 0 0.03 4.8 0.135 0 67 

Example 2 

[0037] In the same manner described in the example 1, 
Wafers coated by the loW-k ?lm Were prepared. After line 
and space patterns (180 nm Width) Were processed by the 
lithography on the surface, ordinary etching by ?uorocarbon 
gases and ashing by oxygen plasma. After one minute 
cleaning With cleaning reagents listed in the table 2 under the 
same condition as the example 1, ?ve minute or ten minute 
of the ?rst rinse step using components listed in table 2, 
folloWed by ten minutes of the second rinse step With a pure 
carbon dioxide. The ?rst rinse reagents used Were 0.5 Wt % 
of listed components, 4.5 Wt % of ethanol and 95 Wt % of 
carbon dioxide. After the release of the pressure by opening 
the pressure control valve 11, the imated Wafer Was taken 
and provided for the evaluation. The cleaning performance 
Was evaluated by the observation of a scanning electron 
microscope (SEM) With amplitude of 50000. The perfor 
mance Was checked both residues on the surface of the line 
and the liquid-like residues. The criteria used for investiga 
tion Was as folloWs; 

[0038] Excellent: No residues remained 

[0039] Good: Amount of residues Was less than 1 
area % on the patterned side of the Wafer. 
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[0040] NG (Not good: Amount of residues Was more 
than 1 area %. 

[0041] The abbreviation used in table 2 are follows; 

[0042] TMAF: Tetramethylammonium?uoride, 
DMAC: Dimethylacetamide, H2O: Water (e=78), 
DIW: de-ioniZed Water, EG: Ethyleneglycol, PG: 
Propyleneglycol, EtOH: Ethanol, FA: Formamide 
(e=111), MF: Methylformamide (e=182), DMF: 
Dimethylformamide (e=36.7), MeOH: Methanol 
(e=42), AC: Acetone (e=21) 

[0043] According to the cleaning process described in the 
present invention, loW-k materials that are easily damaged 
by the cleaning reagents could be protected by the use of the 
cleaning reagents including inhibitors such as polyhydric 
alcohols added into carbon dioxide. Besides, residues pro 
duced because of the damages of loW-k materials by the 
cleaning reagents could be removed by a suitable selection 
of the rinse reagents. Therefore, the cleaning process 
described in the present invention provide one of the opti 
miZed cleaning processes applicable to the microstructure 
such as semiconductor Wafers. 
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5. The process according to claim 1, Wherein said inhibi 
tor includes polyhydric alcohol. 

6. The process according to claim 5, Wherein said poly 
hydric alcohol is a dihydric alcohol. 

7. The process according to claim 5, Wherein said dihydric 
alcohol is a propylene glycol. 

8. A process for removing residues from the microstruc 
ture of an object comprising steps of: 

preparing a remover including carbon dioxide, an additive 
for removing the residues and a co-solvent for dissolv 
ing said additive in said carbon dioxide at a pressuriZed 
?uid condition; and 

bringing the object into contact With said remover so as to 
remove the residues from the object folloWed by a rinse 
step including rinse agent of Which dielectric constant 
at a temperature and pressure of 25° C. and 1 at m is 78 
or larger. 

9. The process according to claim 8, Wherein said rinse 
agent is selected from at least one of the compounds 
including Water, formamide, methylformamide and methy 
lacetamide. 

TABLE 2 

Components of remover 

Co- Additional 1 min cleaning + 1 min cleaning + 
Run Additive and inhibitor solvent solvents 5 min 1st rinse 10 min 1st rinse 

— CO2 TMAF EG PG EtOH DMAC DIW Rinse liquid-like polymer liquid-like polymer 

1 95 0.013 0 0 4.9 0.063 0.024 DMF NG Excellent NG Excellent 
2 95 0.013 0 0 4.9 0.063 0.024 MeOH NG Excellent NG Excellent 
3 95 0.013 0 0 4.9 0.063 0.024 AC NG Excellent NG Excdllenl 
4 95 0.013 0 0 4.9 0.063 0.024 H2O NC Excellent Excellent Excellent 
5 95 0.013 0 0 4 9 0.063 0 024 FA Excellent Excellent Excellent Excellent 
6 95 0.013 0 0 4 9 0.063 0.024 MF Excellent Excellent Excellent Excellent 
7 95 0.013 0.012 0 4.9 0.051 0.024 H2O NG Excellent Excellent Excellent 
8 95 0.013 0 0.012 4.9 0.063 0.024 H2O Good Excellent Excellent Excellent 
9 95 0.013 0 0.012 4.9 0.063 0.024 FA Excellent Excellent Excellent Excellent 

10 95 0.013 0 0.024 4.9 0.051 0.024 H2O Excellent Excellent Excellent Excellent 
11 95 0.005 0 0 5.1 0.066 0 H2O Good Good Excellent Good 
12 95 0.005 0 0.012 4.9 0.054 0 H2O Excellent Good Excellent Good 
13 95 0.013 0 0 4.8 0.165 0 H2O Good Excellent Excellent Excellent 
14 95 0.013 0 0 4.8 0.165 0 FA Excellent Excellent Excellent Excellent 
15 95 0.013 0 0.03 4.8 0.135 0 H2O Excellent Excellent Excellent Excellent 

What is claimed is: 
1. A process for removing residues from the microstruc 

ture of an object comprising steps of: 

preparing a remover including carbon dioxide, an additive 
for removing the residues, an inhibitor for suppressing 
residues and a co-solvent for dissolving said additive 
and said inhibitor in said carbon dioxide at a pressur 
iZed ?uid condition; and 

bringing the object into contact With said remover so as to 
remove the residues from the object. 

2. The process according to claim 1, Wherein said additive 
includes quaternaryammonium?uoride. 

3. The process according to claim 1, Wherein said additive 
includes tetramethylammonium?uoride. 

4. The process according to claim 1, Wherein the concen 
tration of said additive is betWeen 0.001 to 0.1 Weight 
percent. 

10. The process according to claim 8, Wherein said 
remover includes an inhibitor for suppressing residues. 

11. The process according to claim 8, Wherein said 
additive includes quaternaryammonium?uoride. 

12. The process according to claim 8, Wherein said 
additive includes tetramethylammonium?uoride. 

13. The process according to claim 8, Wherein the con 
centration of said additive is betWeen 0.001 to 0.1 Weight 
percent. 

14. The process according to claim 10, Wherein said 
inhibitor includes polyhydric alcohol. 

15. The process according to claim 14, Wherein said 
polyhydric alcohol is a dihydric alcohol. 

16. The process according to claim 14, Wherein said 
dihydric alcohol is a propylene glycol. 

17. A composition for removing residue from the micro 
structure of an object, comprising: 
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carbon dioxide, a ?uoride containing additive, a co 
solvent or mixture of co-solvents capable of dissolving 
the ?uoride containing additive, and an inhibitor. 

18. The composition according to claim 17, Wherein the 
?uoride containing additive is a quaternary ammonium 
?uoride. 

19. The composition according to claim 18, Wherein the 
quaternary ammonium ?uoride is tetramethylammonium 
?uoride. 

20. The composition according to claim 17, Wherein the 
co-solvent or mixture of co-solvents is ethanol, methanol, 
n-propanol, isopropanol, n-butanol or dimethylacetamide. 
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21. The composition according to claim 20, Wherein the 
co-solvent is a mixture of ethanol and dimethylacetamide. 

22. The composition according to claim 17, Wherein the 
inhibitor is propylene glycol. 

23. A composition for removing residue from the micro 
structure of an object, comprising: 

carbon dioxide, tetramethylammonium?uoride, ethanol, 
dimethylacetamide, and propylene glycol. 


