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(57) ABSTRACT 

An organic anti-re?ective polymer Which prevents back 
re?ection of loWer ?lm layers and eliminates standing Wave 
that is occurred by a thickness change of photoresist and 
light, in a process for fabricating ultra?ne patterns that use 
photoresist for lithography by using 193 nm ArF and its 
preparation method. More particularly, the organic anti 
re?ective polymer of the present invention is useful for 
fabricating ultra?ne patterns of 64M, 256M, 1G, and 4G 
DRAM semiconductor devices. A composition containing 
such organic anti-re?ective polymer, an anti-re?ective coat 
ing layer made therefrom and a preparation method thereof. 
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ORGANIC ANTI-REFLECTIVE COATING 
POLYMERS, ANTI-REFLECTIVE COATING 

COMPOSITION COMPRISING THE SAME AND 
PREPARATION METHODS THEREOF 

BACKGROUND 

[0001] 1. Technical Field 

[0002] An organic anti-re?ective polymer Which prevents 
back re?ection of loWer ?lm layers and eliminates standing 
Wave that occurs as a result of thickness changes of photo 
resist and light, in a process for fabricating ultra?ne patterns 
that use photoresist for lithography by using 193 nm ArF and 
its preparation method are disclosed. More particularly, the 
organic anti-re?ective polymer is disclosed that is useful for 
fabricating ultra?ne patterns of 64M, 256M, 1G, and 4G 
DRAM semiconductor devices. A composition containing 
such organic anti-re?ective polymer, an anti-re?ective coat 
ing layer made therefrom and a preparation method thereof 
are also disclosed. 

[0003] 2. Description of the Background Art 

[0004] In a fabrication process of ultra?ne patterns for 
preparing semiconductor devices, standing Waves and 
re?ective notching inevitably occur due to the optical prop 
erties of loWer ?lm layer on the Wafer and due to the 
thickness change of photosensitive ?lm. In addition, there is 
another problem of the CD (critical dimension) alteration 
caused by diffracted and re?ected light from the loWer ?lm 
layers. Thus, it has been suggested to introduce anti-re?ec 
tive coating that enables preventing back re?ection at a 
loWer ?lm layer by introducing organic material shoWing 
high absorbance at a Wavelength range of the light employed 
as a light source. 

[0005] Anti-re?ective coating is classi?ed into inorganic 
and organic anti-re?ective coating depending upon the mate 
rial used, or into absorptive and interfering anti-re?ective 
coating based on the operation mechanism. For microlithog 
raphy using I-line (365 nm Wavelength) radiation, inorganic 
anti-re?ective coating is predominantly used, While TiN and 
amorphous carbon as absorptive system and SiON as inter 
fering system are employed. 

[0006] In a fabrication process of ultra?ne patterns using 
KrF laser, SiON has been mainly used as an inorganic 
anti-re?ective ?lm. HoWever, in the case of an inorganic 
anti-re?ective ?lm, no material has been knoWn Which 
enables the control of the interference at 193 nm, the 
Wavelength of light source. Thus, there has been great deal 
of efforts to employ an organic compound as an anti 
re?ective coating. 

[0007] To be a good organic anti-re?ective coating, the 
folloWing conditions must be satis?ed: 

[0008] (1) Peeling of the photoresist layer due to the 
dissolution in a solvent must not take place When 
conducting a lithographic process. In order to 
achieve this goal, a molded coating must be designed 
to form a cross-linked structure Without producing 
any chemical as a by-product. 

[0009] (2) Chemicals such as acid or amine must not 
migrate into or out from the anti-re?ective coating. 
This is because When acid migrates from anti-re?ec 
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tive coating, undercutting occurs at a loWer part of 
the pattern While footing may occur When a base 
such as amine migrates. 

[0010] (3) The etching speed of the anti-re?ective 
coating should be faster than that of the upper 
photosensitive ?lm so as to facilitate etching process 
by using photosensitive ?lm as a mask. 

[0011] (4) Therefore, the anti-re?ective coating must 
be as thin as possible to an extent to suf?ciently play 
a role as an anti-re?ective coating. 

[0012] The existing organic anti-re?ective material is 
mainly divided into tWo types, speci?cally, (1) polymers 
containing chromophore, cross-linking agent (single mol 
ecule) cross-linking the polymers and an additive (thermally 
variable oxidant) and (2) polymers Which can cross link by 
themselves and contain chromophore and an additive (ther 
mally variable oxidant). But these tWo types of anti-re?ec 
tive material have a problem in that the control of k value is 
almost impossible because the content of the chromophore 
is de?ned according to the ratio as originally designed at the 
time of polymeriZation. Thus, if it is desired to change the 
k value, it must be synthesiZed again. 

SUMMARY OF THE DISCLOSURE 

[0013] Anovel organic polymer for anti-re?ective coating 
and its preparation method are disclosed. 

[0014] An anti-re?ective coating composition comprising 
the aforementioned polymer and a preparation method 
thereof are also disclosed. 

[0015] Semiconductor devices on Which a pattern is 
formed from such an anti-re?ective coating by submicroli 
thography are also disclosed. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0016] The folloWing compounds having Formulas 1 and 
2, respectively are provided Which can be used in an 
anti-re?ective coating. 

Formula 1 

[0017] 
[0018] R8, Rb are each independently hydrogen or 

methyl; 
[0019] R‘, R“ are each independently —H, —OH, 
—OCOCH3, —COOH, —CHZOH, or substituted or unsub 
stituted, or straight or branched alkyl or alkoxy alkyl having 
1 to 6 carbon atoms; 

In the above Formulas 1: 
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[0020] n represents an integer selected from 1, 2, 3, 
4 and 5; 

[0021] X, y each represents mole fraction from 0.01 to 
0.99. 

Formula 2 

R12 

R10 R11 

[0022] Further, in the above Formulas 2: Rloand R11 are 
each independently straight or branched substituted C1_1O 
alkoxy alkyl; and 

[0023] R12 is hydrogen or methyl. 

[0024] The compound of Formula 2 is prepared by poly 
merizing (meth)acrolein to obtain poly(meth)acrolein fol 
loWed by reacting the obtained polymeric product With 
branched or straight substituted alkyl alcohol having 1 to 10 
carbon atoms. 

[0025] In detail, (meth)acrolein is ?rst dissolved in an 
organic solvent and added thereto a polymerization initiator 
to carry out polymerization under vacuum at 60 to 70° C. for 
4 to 6 hours. Then, the obtained polymeric product is reacted 
With branched or straight substituted alkyl alcohol having 1 
to 10 carbon atoms in the presence of tri?uoromethylsul 
fonic acid as a catalyst at a room temperature for 20 to 30 
hours. 

[0026] In the above process, suitable organic solvent is 
selected from the group consisting of tetrahydrofuran 
(THF), cyclohexanone, dimethylformamide, dimethylsul 
foxide, dioxane, methylethylketone, benzene, toluene, 
xylene and mixtures thereof. As a polymerization initiator, it 
can be mentioned 2,2-azobisisobutyronitrile (AIBN), ben 
zoylperoxide, acetylperoxide, laurylperoxide, t-butylperac 
etate, t-butylhydroperoxide or di-t-butylperoxide. A pre 
ferred example of said alkyl alcohol having 1 to 10 carbon 
atoms is ethanol or methanol. 

[0027] A preferred compound of Formula 2 is selected 
from the group consisting of the compounds of the folloWing 
Formulas 3 to 6. 

Formula 3 

Formula 4 
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Formula 5 

Formula 6 

CH3 

[0028] The above compounds of Formulas 3 to 6 are 
readily cured in the presence of acid and other polymers 
having alcohol group. 

[0029] The polymer of Formula 1 is prepared by reacting 
acetoxystyrene monomer, hydroxyalkylacrylate monomer in 
an organic solvent and then polymerizing the obtained 
compound With a polymerization initiator. Any conventional 
organic solvent can be used in this process but a preferred 
solvent is selected from the group c onsisting of tetrahydro 
furan, toluene, benzene, methylethylketone, dioxane and 
mixtures thereof. As a polymerization initiator, any conven 
tional radical polymerization initiator can be used but it is 
preferred to use a compound selected from the group con 
sisting of 2,2‘-azobisisobutyronitrile, acetylperoxide, lau 
rylperoxide, and t-butylperoxide. The above polymerization 
reaction is preferably carried out at a temperature ranging 
from about 50 to 90° C. and the mole ratio of each monomer 
is in the range of 0.01~0.99: 0.01~0.99. 

[0030] An anti-re?ective coating composition comprises a 
polymer of Formula 1 and a polymer of Formula 2. 

[0031] Apreparation method of an organic anti-re?ective 
coating comprises the steps of dissolving a polymer of 
Formula 1 and a compound of Formula 2 in an organic 
solvent, ?ltering the obtained solution, coating the ?ltrate on 
a loWer layer and hard-baking the coated layer. Further, any 
conventional organic solvent can be used in this process but 
a preferred solvent is selected from the group consisting of 
ethyl 3-ethoxypropionate, methyl 3-methoxypropionate, 
cyclohexanone, and propyleneglycolmethylether acetate. It 
is preferred that the aforementioned solvent is used in an 
amount ranging from about 200 to about 5,000 Wt. % based 
on the total Weight of the anti-re?ective coating resin used. 
The preferred temperature range for hard-baking ranges 
from about 100 to about 300° C. 

[0032] A semiconductor device prepared from any of the 
aforementioned anti-re?ective coating compositions of the 
present invention. 

[0033] TWo monomer (acetoxystyrene monomer, 
hydroxyalkylacrylate monomer) having a large sized chro 
mophore Was ?rst synthesized to enable for a polymer made 
therefrom to achieve a high absorbance at the Wavelength of 
193 nm. Further, in order to alloW improved properties to a 
produced organic anti-re?ective coating, such as good mold 
ing property, air-tightness, and dissolution resistance, an 
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epoxy group Was introduced to raise a cross linking reaction 
during a hard-baking step following a coating step. The 
obtained polymer is referred to as a primary polymer (the 
compound of Formula 1). In addition, a secondary polymer 
(the compound of Formula 2), a compound capable of 
forming a cross linkage upon the reaction With an alcohol 
group in resin Was also synthesiZed to form a cross-linked 
product With the primary polymer by a thermal reaction. 

[0034] In particular, the cross-linking agents used are in 
the form of a polymer are designed to maximiZe the ef? 
ciency of the cross-linking reaction. Especially, it is possible 
to freely adjust the k value of the anti-re?ective ?lm by 
controlling the proportion of the primary polymer, 

[0035] Further, the anti-re?ective coating resin has a good 
solubility in all of the hydrocarbon solvents While has a 
dissolution resistance in any of the solvents during a hard 
baking step. In addition, no undercutting or footing is 
experienced in the fabrication process of patterns. Espe 
cially, because the anti-re?ective coating resin is made from 
acrylate polymer Which enables higher etching speed rela 
tive to that of the photosensitive ?lm during etching process, 
the etching selectivity is improved. 

[0036] The folloWing examples are set forth to illustrate 
more clearly the principles and practice of the disclosure to 
a person skilled in the art. As such, they are not intended to 
limit the disclosure, but are illustrative of certain preferred 
embodiments. 

EXAMPLES 

Example 1 

Composition of 
poly[acetoxystyrene-(2-hydroxyethylacrylate)]copolymer 

[0037] A 500 ml round bottom ?ask Was charged With 0.1 
mole of acetoxystyrene/0.1 mole of 2-hydroxyethylacrylate 
While stirring and 300 g of separately prepared tetrahydro 
furan Was added to a complete mixture. Thereafter, 0.1~3.0 
g of 2,2‘-aZobisisobutyronitrile Was added to alloW a poly 
meriZation reaction at 60 to 75° C. under a nitrogen atmo 
sphere for 5 to 20 hours. After the completion of the 
reaction, the obtained solution Was precipitated With ethyl 
ether or n-hexane solvent and then ?ltered and dried to 
obtain poly[acetoxystyrene-(2-hydroxyethylacrylate)] resin 
of the folloWing Formula 7 (yield: 82%). 

Formula 7 
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Example 2 

Composition of 
poly[acetoxystyrene-(3-hydroxypropylacrylate)]copolymer 

[0038] A 500 ml round bottom ?ask Was charged With 0.1 
mole of acetoxystyrene/0.1 mole of 3-hydroxypropylacry 
late While stirring and 300 g of separately prepared tetrahy 
drofuran Was added to a complete mixture. Thereafter, 
0.1~3.0 g of 2,2‘-aZobisisobutyronitrile Was added to alloW 
a polymeriZation reaction at 60 to 75° C. under a nitrogen 
atmosphere for 5 to 20 hours. After the completion of the 
reaction, the obtained solution Was precipitated With ethyl 
ether or n-hexane solvent and then ?ltered and dried to 
obtain poly[acetoxystyrene-(3-hydroxypropylacrylate)] 
resin of the folloWing Formula 8 (yield: 80%). 

Formula 8 

Example 3 

Composition of 
poly[acetoxystyrene-(4-hydroxybutylacrylate)]copolymer 

[0039] A 500 ml round bottom ?ask Was charged With 0.1 
mole of acetoxystyrene/0.1 mole of 4-hydroxybutylacrylate 
While stirring and 300 g of separately prepared tetrahydro 
furan Was added to a complete mixture. Thereafter, 0.1~3.0 
g of 2,2‘-aZobisisobutyronitrile Was added to alloW a poly 
meriZation reaction at 60 to 75° C. under a nitrogen atmo 
sphere for 5 to 20 hours. After the completion of the 
reaction, the obtained solution Was precipitated With ethyl 
ether or n-hexane solvent and then ?ltered and dried to 
obtain poly[acetoxystyrene-(4-hydroxybutylacrylate)] resin 
of the folloWing Formula 9 (yield: 79%). 

Formula 9 
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Example 4 

Composition of poly[acetoxystyrene-2-hydroxyeth 
ylmethacrylate)]copolymer 

[0040] A 500 ml round bottom ?ask Was charged With 0.1 
mole of acetoxystyrene/0.1 mole of 2-hydroxyethyl 
methacrylate While stirring and 300 g of separately prepared 
tetrahydrofuran Was added to a complete mixture. Thereaf 
ter, 0.1~3.0 g of 2,2‘-aZobisisobutyronitrile Was added to 
alloW a polymerization reaction at 60 to 75° C. under a 
nitrogen atmosphere for 5 to 20 hours After the completion 
of the reaction, the obtained solution Was precipitated With 
ethyl ether or n-hexane solvent and then ?ltered and dried to 
obtain poly[acetoxystyrene-(2-hydroxyethyllmethacrylate)] 
resin of the folloWing Formula 10 (yield: 83%). 

Formula 10 

Example 5 

Composition of poly[acetoxystyrene-(3-hydroxypro 
pylmethacrylate)]copolymer 

[0041] A 500 ml round bottom ?ask Was charged With 0.1 
mole of acetoxystyrene/0.1 mole of 3-hydroxypropyl 
methacrylate While stirring and 300 g of separately prepared 
tetrahydrofuran Was added to a complete mixture. Thereaf 
ter, 0.1~3.0 g of 2,2‘-aZobisisobutyronitrile Was added to 
alloW a polymeriZation reaction at 60 to 75° C. under a 
nitrogen atmosphere for 5 to 20 hours. After the completion 
of the reaction, the obtained solution Was precipitated With 
ethyl ether or n-hexane solvent and then ?ltered and dried to 
obtain poly[acetoxystyrene-(3-hydroxypropylmethacry 
late)] resin of the folloWing Formula 11 (yield: 84%). 

Formula 11 

Sep. 12, 2002 

Example 6 

Composition of poly[acetoxystyrene-(4-hydroxybu 
tylmethacrylate)]copolymer 

[0042] A 500 ml round bottom ?ask Was charged With 0.1 
mole of acetoxystyrene/0.1 mole of 4-hydroxybutyl 
methacrylate While stirring and 300 g of separately prepared 
tetrahydrofuran Was added to a complete mixture. Thereaf 
ter, 0.1~3.0 g of 2,2‘-aZobisisobutyronitrile Was added to 
alloW a polymeriZation reaction at 60 to 75° C. under a 
nitrogen atmosphere for 5 to 20 hours. After the completion 
of the reaction, the obtained solution Was precipitated With 
ethyl ether or n-hexane solvent and then ?ltered and dried to 
obtain poly[acetoxystyrene-(4-hydroxybutylmethacrylate)] 
resin of the folloWing Formula 12 (yield: 78%). 

Formula 12 

Example 7 

Preparation of an Anti-Re?ective Coating Solution 

[0043] A polymer of Formula 1 as prepared in one of 
Examples 1 to 6 and a polymer of Formula 2 Were dissolved 
in propyleneglycolmethylether acetate (PGMEA). The 
obtained solution Was ?ltered, coated on a Wafer, and 
hard-baked at 100~300° C. for 10~1,000 seconds. Then, a 
photosensitive ?lm Was applied thereon and folloWed by a 
routine ultra?ne pattern fabrication process. 

[0044] The cross-linking agent used is in the form of a 
polymer is designed to maximiZe the cross-linking ef? 
ciency. Further, it is possible to freely modify the k value of 
an organic anti-re?ective coating by controlling the propor 
tion of a primary polymer. Thus, the present invention 
overcomes the prior art problem Wherein the control of a k 
value Was not possible. 

[0045] Moreover, the anti-re?ective coating resin includes 
tWo monomer having large siZed chromophores, one of the 
chromophores has an effect of protecting undercutting due to 
unbalance of acidity after making a ?lm oWing to a Weak 
basic, that enables a polymer made therefrom to achieve a 
high absorbance at the Wavelength of 193 nm. 

[0046] Further, the anti-re?ective coating resin dissolves 
Well in all hydrocarbon solvent, While does not dissolve in 
any of the solvents during a hard-baking step and it does not 
experience undercutting and footing in a fabrication process 
of patterns. Particularly, because the anti-re?ective coating 
resin is composed of acrylate polymer, its etching speed is 
higher than that of a photosensitive ?lm and thus, the etching 
selectivity can be improved. 
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[0047] The present invention has been described in an 
illustrative manner, and it is to be understood the terminol 
ogy used is intended to be in the nature of description rather 
than of limitation. It must be understood that many modi 
?cations and variations of the present invention are possible 
in light of the above teachings. Therefore, it is to be 
understood that Within the scope of the appended claims, the 
invention may be practiced otherWise than as speci?cally 
described. 

What is claimed: 
1. A compound comprising the structure of the folloWing 

Formula 1: 

Formula I 

wherein: 

R8, Rb are each independently hydrogen or methyl; 

R‘ and R“ are each independently selected from the group 
consisting of —H, —OH, —OCOCH3, —COOH, 
—CH2OH, alkyl having 1 to 6 carbon atoms and 
alkoXy alkyl having 1 to 6 carbon atoms; 

n is an integer ranging from 1 to 5; 

X and y each represent mole fractions ranging from 0.01 
to 0.99. 

2. The compound according to claim 1 Which is poly 
[acetoXystyrene-(2-hydroXyethylacrylate)], wherein R8 and 
Rb are each independently a hydrogen, R‘ and R“ are each 
independently a hydrogen, n is 2, and X, y are each inde 
pendently 0.5 . 

3. The compound according to claim 1 Which is poly 
[acetoXystyrene-(3-hydroXypropylacrylate)], wherein R8 
and Rb are each independently a hydrogen, R‘ and R“ are 
each independently a hydrogen, n is 2, and X, y are each 
independently 0.5. 

4. The compound according to claim 1 Which is poly 
[acetoXystyrene-(4-hydroXybutylacrylate)], wherein R8 and 
Rb are each independently a hydrogen, R‘ and R“ are each 
independently a hydrogen, n is 2, and X, y are each inde 
pendently 0.5 . 

5. The compound according to claim 1 Which is poly 
[acetoXystyrene-(2-hydroXyethyllmethacrylate)], wherein 
R3 and Rb are each independently a hydrogen, R‘ and R“ are 
each independently a hydrogen, n is 2, and X, y are each 
independently 0.5. 

6. The compound according to claim 1 Which is poly 
[acetoXystyrene-(3-hydroXypropylmethacrylate)], Wherein 
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R8 and Rb are each independently a hydrogen, R‘ and R“ are 
each independently a hydrogen, n is 2, and X, y are each 
independently 0.5 . 

7. The compound according to claim 1 Which is poly 
[acetoXystyrene-(4-hydroXybutylmethacrylate)], wherein R8 
and Rb are each independently a hydrogen, R‘ and R“ are 
each independently a hydrogen, n is 2, and X, y are each 
independently 0.5 . 

8. A method for preparing a compound of Formula 1 of 
claim 1, Which comprises: 

reacting acetoXystyrene monomer, hydroXyalkylacrylate 
monomer in a solvent to obtain a product; and 

polymeriZing the product With a polymeriZation initiator. 
9. The method according to claim 8, Wherein the solvent 

is selected from the group consisting of tetrahydrofuran, 
toluene, benZene, methylethylketone, dioXane and miXtures 
thereof. 

10. The method according to claim 8, Wherein the poly 
meriZation initiator is selected from the group consisting of 
2,2‘-aZobisisobutyronitrile, acetylperoXide, lauryl peroXide, 
t-butylperoXide, and miXtures thereof. 

11. The method according to claim 8, Wherein the poly 
meriZation reaction is carried out at a temperature ranging 
from about 50 to about 90° C. 

12. An anti-re?ective coating composition comprising a 
compound of Formula 1 of claim 1 and a compound of the 
folloWing Formula 2: 

Formula 2 

Wherein, 

R10 and R11 are each independently CL1O alkoXy or CMO 
alkyl, and R12 is hydrogen or methyl. 

13. The anti-re?ective coating of claim 12 Wherein the 
compound of Formula 1 is poly[acetoXystyrene-(2-hydroXy 
ethylacrylate)]. 

14. The anti-re?ective coating of claim 12 Wherein the 
compound of Formula 1 is poly[acetoXystyrene-(3-hydroX 
ypropylacrylate)]. 

15. The anti-re?ective coating of claim 12 Wherein the 
compound of Formula 1 is poly[acetoXystyrene-(4-hydroXy 
butylacrylate)]. 

16. The anti-re?ective coating of claim 12 Wherein the 
compound of Formula 1 is poly[acetoXystyrene-(2-hydroXy 
ethylmethacrylate)]. 

17. The anti-re?ective coating of claim 12 Wherein the 
compound of Formula 1 is poly[acetoXystyrene-(3-hydroX 
ypropylmethacrylate)]. 

18. The anti-re?ective coating of claim 12 Wherein the 
compound of Formula 1 is poly[acetoXystyrene-(4-hydroXy 
butylmethacrylate)]. 

19. A method for preparing an anti-re?ective coating 
comprising: 

dissolving a compound of Formula 1 of claim 1 and a 
compound of Formula 2 in an organic solvent to obtain 
a solution; 
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?ltering the solution to obtain a ?ltrate; 

coating the ?ltrate onto a loWer layer of the substrate 
resulting in a coated layer disposed on the loWer layer; 
and 

hard-baking the coated layer. 
20. The method according to claim 19, Wherein said 

organic solvent is selected from the group consisting of 
ethyl-3-ethoXypropionate, rnethyl 3-rnethoXypropionate, 
cycloheXanone, and propyleneglycolrnethylether acetate. 

21. The method according to claim 19, Wherein said 
organic solvent is used in an amount ranging from about 200 
to about 5,000 Wt. % based on the total Weight of the 
anti-re?ective coating resin used. 

22. The method according to claim 19, Wherein the 
hard-baking step is carried out at a temperature ranging from 
about 100 to about 300° C. 

Sep. 12, 2002 

23. A semiconductor device prepared 
re?ective coating composition of claim 12. 

24. A semiconductor device prepared 
re?ective coating composition of claim 13. 

25. A semiconductor device prepared 
re?ective coating composition of claim 14. 

26. A semiconductor device prepared 
re?ective coating composition of claim 15. 

27. A semiconductor device prepared 
re?ective coating composition of claim 16. 

28. A semiconductor device prepared 
re?ective coating composition of claim 17. 

29. A semiconductor device prepared 
re?ective coating composition of claim 18. 
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