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(57) ABSTRACT 

A method for forming bottle-shaped trenches. First, a sub 
strate is provided. Next, a hard mask With openings is 
formed on the substrate. The substrate is etched through the 
openings to form trenches With an upper portion and a loWer 
portion. An isolated layer is formed conformally on the hard 
mask and in the trenches. A shield layer is formed in the 
loWer portion of the trenches. Apart of the insulating layer, 
Which is not covered by the shield layer, is then removed. A 
protective layer is formed on the upper portion of the 
trenches. The shield layer and the isolated layer are 
removed. Finally, the substrate of the loWer part of the 
trenches is Wet etched using the protective layer as a mask 
so as to form bottle-shaped trenches. 
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METHOD FOR FORMING BOTTLE-SHAPED 
TRENCHES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
manufacturing process and in particular to a method for 
forming deep trenches in dynamic random access memory 
(DRAM). 
[0003] 2. Description of the Related Art 

[0004] DRAM is capable of reading and Writing informa 
tion. Each DRAM cell requires only one transistor and one 
capacitor; therefore, it is easy to achieve higher integration 
and is broadly applicable to computers and electronic equip 
ment. A trench capacitor, formed in the semiconductor 
silicon substrate, is one of the most commonly used capaci 
tors. The surface area of the trench capacitor is increased by 
deepening the trench capacitor in the semiconductor silicon 
substrate thereby increasing capacitance. Achip With trench 
capacitors can be separated into a memory cell array area to 
store data and a decoupling capacitor area to ?lter noise. 

[0005] In the conventional trench capacitor fabrication 
method, a plurality of trenches is formed in a semiconductor 
silicon substrate. The silicon semiconductor substrate With 
trenches covers an As-doped silicon oXide layer. The silicon 
oXide layer is patterned With loWer electrode patterns by 
coating and baking a photoresist. The photoresist can ?ow 
into the trenches in the baking step. After baking, the 
hardened photoresist is removed by dry etching until the 
upper surface of the photoresist is loWer than that of the 
semiconductor silicon substrate by a predetermined dis 
tance. The eXposed silicon oXide layer is removed using the 
photoresist as a mask. Then, the doped As ions in the silicon 
oXide layer are driven into the semiconductor silicon sub 
strate to form a conductive layer as a loWer electrode of the 
trench capacitor. The capacitance of the trench capacitor is 
related to the surface area of the loWer electrode, and 
determined by the area of the silicon oXide layer covering 
the trench. The area of the silicon oXide layer covering the 
trench is controlled by the distance betWeen the upper 
surface of the photoresist and that of the semiconductor 
silicon substrate. HoWever, the distance is difficult to con 
trol. 

[0006] Adhesion betWeen the photoresist and the silicon 
oXide layer is too Weak to drive the photoresist ?oW into the 
trench after spin coating. During the baking of the photo 
resist, the photoresist can ?oW into the trenches. Neverthe 
less, the densities of the trenches in the memory cell array 
area and in the decoupling capacitor area are different. A 
mass of the photoresist ?oWs into the trenches in the higher 
density area (the memory cell array area) so that the surface 
of the hardened photoresist is loWer. A small quantity of the 
photoresist ?oWs into the trenches in the loWer density area 
(the decoupling capacitor area) so that the surface of the 
hardened resist is higher. Therefore, there is a height differ 
ence betWeen the surfaces of the hardened resist in different 
areas. 

[0007] Moreover, the difference betWeen the distances 
betWeen the upper surface of the photoresist and that of the 
semiconductor silicon substrate in different trenches eXists 
after etching the photoresist. Under the 0.175 pm design 
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requirement, for eXample, the above-mentioned difference 
reaches 8200 In order to prevent the loWer electrode in 
the loWer density area (the decoupling capacitor area) and 
the buried strap (or the so-called ion doped band) from 
subsequently forming in the top of the semiconductor silicon 
substrate by shorting, the loWer electrode formed in the 
memory cell array area has a smaller surface area, Which is 
detrimental to storage performance. In order to increase the 
surface area of the loWer electrode in the memory cell array 
area, the breakdoWn voltage betWeen the loWer electrode in 
the decoupling capacitor area and the buried strap must be 
reduced, but the reduction may cause a short circuit. There 
fore, etching the photoresist is difficult and it is possible that 
the entire process may fail. 

[0008] In order to solve the photoresist layer uniformity 
problem, a method of improving uniformity is provided in 
Which the substrate is modi?ed to enhance the adhesion 
betWeen the substrate and the photoresist layer. The modi 
?cation of the substrate comprises an oXygen plasma treat 
ment, a Wet treatment With a miXed solution of HZSO4 and 
H202, or a Wet treatment With a miXed solution of NH4OH 
and H202. After this modi?cation, the difference betWeen 
the upper surfaces of the recessed photoresist layer in each 
of the trenches is controlled and reduced by 3000~4000 

[0009] When the design requirement reaches 0.11 pm, 
hoWever, the difference in non-uniformity betWeen the 
recessed photoresist layers in each of the trenches can reach 
7000~8000 Therefore, a method of improving uniformity 
in the photoresist layer is required. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, an object of the invention is to pro 
vide a method for forming bottle-shaped trenches, such that 
all trenches have the same depth regardless of Whether the 
trenches are located in a dense area or in an isolated area. 

[0011] It is another object of the present invention to 
provide a method for forming bottle-shaped trenches to 
prevent the capacitors in the decoupling capacitor area from 
invalidation and prevent capacitance reduction in the 
memory cell array area. 

[0012] It is still another object of the present invention to 
provide a method for forming bottle-shaped trenches Which 
are suitable for fabricating trench capacitors to increase 
breakdoWn voltage betWeen the loWer electrode and the 
dopants and enhance the reliability of the trench capacitors. 

[0013] It is a further object of the present invention to 
provide a method for forming bottle-shaped trenches to 
simplify the manufacturing process and increase process 
WindoWs. 

[0014] One feature of the present invention is the use of 
polysilicon as a shield layer to replace the photoresist in the 
conventional bottle-shaped trenches manufacturing technol 
ogy to avoid non-uniformity of photoresist recesses Which 
lead to different depths of each of the loWer electrodes. 

[0015] Another feature of the present invention is the 
formation of the protective layer comprising a nitride on the 
sideWall of the upper portion of the trenches by deposition, 
such that the thickness of the protective layer can be 
effectively controlled. Compared to the prior art of the 
formation of the nitride protective layer by nitridation, the 
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thick protective layer of the present invention can suffi 
ciently protect the upper portion of the trenches from 
damaging during Wet etching for forming bottle-shaped 
trenches. HoWever, the conventional nitride protective layer 
is not thick enough to provide suf?cient protection during 
Wet etching, such that the bottom area of the bottle-shaped 
trench is limited. 

[0016] To achieve the above objects, one aspect of the 
present invention provides a method for forming bottle 
shaped trenches. First, a substrate is provided. Next, a hard 
mask With openings is formed on the substrate. The substrate 
is etched through the openings to form trenches With an 
upper portion and a loWer portion. An isolated layer is 
formed conformally on the hard mask and in the trenches. A 
shield layer is formed in the loWer portion of the trenches. 
A part of the insulating layer, Which is not covered by the 
shield layer, is then removed. Aprotective layer is formed on 
the upper portion of the trenches. The shield layer and the 
isolated layer are removed. Finally, the substrate of the loWer 
part of the trenches is Wet etched using the protective layer 
as a mask so as to form bottle-shaped trenches. 

[0017] According to the present invention, the protective 
layer comprises dopants driven into the substrate surrounded 
the protective layer by thermal treatment. The material of the 
protective layer comprises a nitride. The formation of the 
protective layer comprises the steps as folloWing. First, the 
protective layer is conformally formed on the sideWall and 
the bottom of the trenches by chemical vapor deposition 
(CVD). Then, parts of the protective layer on the bottom of 
the trenches are removed to leave parts of the protective 
layer on the sideWall of the trenches. 

[0018] According to the present invention, the shield layer 
comprises polysilicon. The formation of the shield layer in 
the loWer portion of the trenches comprises the steps as 
folloWing. First, the shield layer is formed to ?ll the 
trenches. Then, parts of the shield layer in the upper portion 
of the trenches are removed so as to leave parts of the shield 
layer in the loWer portion of the trenches. 

[0019] A detailed description is given in the folloWing 
embodiments With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention can be more fully understood 
by reading the subsequent detailed description and eXamples 
With references made to the accompanying draWings, 
Wherein: 

[0021] FIGS. 1 through 11 are cross-sections shoWing the 
method of forming bottle-shaped trenches according to one 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] Apreferred embodiment of the present invention is 
noW described With reference to the ?gures. 

[0023] First, a substrate 100 comprising silicon is pro 
vided. 

[0024] NeXt, a hard mask 102 is preferably formed on the 
substrate 100. Then, opening patterns are de?ned in the hard 
mask 102 by photolithography using a photoresist as a mask. 
After development, openings are formed in the hard mask 
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102. The substrate 100 is subsequently etched through the 
openings by an anisotropic etching using etching agents 
comprising HBr, NF3, O2, and He to form trenches 104 in 
the substrate 100. The thickness of the trenches 104 divided 
into tWo parts comprising a upper portion I and a loWer 
portion II is about 60000~80000 A. 

[0025] As shoWn in FIG. 2, a conformally isolated layer 
106 is preferably formed on the hard mask 102 and in the 
bottom and the sideWall of the trenches 104 by chemical 
vapor deposition (CVD). The thickness of the isolated layer 
106 comprising a silicon oXide is about 100~300 The 
isolated layer 106 preferably has dopants comprising As 
therein. 

[0026] As shoWn in FIG. 3, a shield layer 108 is prefer 
ably formed by chemical vapor deposition (CVD) to ?ll the 
trenches. The thickness of the shield layer 108 comprising 
polysilicon is about 2000~4000 It is a key feature of the 
present to replace the conventional photoresist With the 
polysilicon shield layer 108. 

[0027] A portion of the shield layer 108 is removed by 
buffered oXide etchant (BOE) to leave a part of the shield 
layer 108a located in the loWer portion II of the trenches 
104, as shoWn in FIG. 4. The remaining shield layer 108a 
is formed in the loWer portion II of the trenches 104. Thus, 
the distance betWeen the surface of the remaining shield 
layer 108a and the surface of the substrate 100 can be 
effectively controlled and be about 8000~14000 Com 
pared to the prior art, the density of the shield layer 108 of 
the present invention formed by CVD is more uniform, such 
that the distances of each of the trenches 104 are all the 
same. 

[0028] As shoWn in FIG. 5, a part of the insulating layer 
106, Which is not covered by the remaining shield layer 
108a, is removed by etching solutions comprising HPO4. 
Thus, the surface of the sideWall of the upper portion I of the 
trenches 104 is eXposed, and the remaining insulating layer 
106a is covered on the sideWall and the bottom of the loWer 
portion II of the trenches. 

[0029] In FIG. 6, a protective layer 110 comprising a 
nitride is preferably formed on the remaining shield layer 
108a and on the sideWall of the upper portion I of the 
trenches 104 by CVD. The thickness of the protective layer 
110 is about 100~300 Usually, the thickness of the 
conventional protective layer is about 30~40 Compare to 
the prior art, the thickness of the protective layer 110 of the 
present invention formed by deposition can be better con 
trolled. The protective layer 110 is thicker, and the bottom 
area of the trenches 104, formed by Wet etching is larger. 

[0030] In FIG. 7, a thermal treatment 300 is preferably 
performed in the substrate 100 at about 800~1000° C. Thus, 
the dopants in the remaining insulating layer 106a can be 
driven into the substrate 100 of the loWer portion II of the 
trenches. 

[0031] Parts of the protective layer 110 located on the hard 
mask 102 and the remaining shield layer 108a are preferably 
removed by an anisotropic etching, as shoWn in FIG. 8. The 
remaining protective layer 110a is located on the sideWall of 
the upper portion of the trenches. 

[0032] As shoWn in FIG. 9, the remaining shield layer 
108a is preferably removed by an etching solution compris 
ing HF, such that the remaining insulating layer 106a is 
eXposed. 
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[0033] As shown in FIG. 10, the remaining insulating 
layer 106a is removed to expose the substrate 100 of the 
loWer portion II of the trenches 104. 

[0034] Finally, as shoWn in FIG. 11, the exposed substrate 
100 of the loWer part II of the trenches 104 is Wet etched 
using the remaining protective layer 110a as a mask so as to 
form bottle-shaped trenches. The increased thickness of the 
protective layer 110 enables the area of the bottom of the 
bottle-shaped trenches formed by etching to be enlarged. 

[0035] The bottle-shaped trenches can be further pro 
cessed to form bottle-shaped trench capacitors. 

[0036] The present invention has several advantages as 
described in the folloWing. First, the depth of the bottom 
region of the bottle-shaped trenches can be effectively 
controlled, increasing the manufacturing yield of the loWer 
electrodes of the bottle-shaped trench capacitors. Second, 
according to the present invention, controlling the siZe of the 
bottle-shaped trench can prevent the capacitors in the decou 
pling capacitor area from invalidation and prevent reduced 
capacitance in the memory cell array area. Third, according 
to the present invention, controlling the siZe of the bottle 
shaped trench can improve the yield of manufacturing loWer 
electrodes of the bottle-shaped trench capacitors. Fourth, the 
process of manufacturing bottle-shaped trenches of the 
present invention is simpli?ed to increase the process Win 
doW. Sixth, the protective layer of the present invention 
formed by deposition is bene?cial for increasing the capac 
ity of the bottle-shaped trench capacitors. 

[0037] While the invention has been described by Way of 
example and in terms of the preferred embodiments, it is to 
be understood that the invention is not limited to the 
disclosed embodiments. To the contrary, it is intended to 
cover various modi?cations and similar arrangements (as 
Would be apparent to those skilled in the art). Therefore, the 
scope of the appended claims should be accorded the 
broadest interpretation so as to encompass all such modi? 
cations and similar arrangements. 

1. A method for forming bottle-shaped trenches, suitable 
for use in a dynamic random access memory (DRAM), 
comprising: 

providing a substrate; 

forming a hard mask having openings on the substrate; 

etching the substrate through the openings to form 
trenches With an upper portion and a loWer portion; 

conformally forming an isolated layer in the trenches and 
on the hard mask; 

forming a shield layer in the loWer portion of the trenches; 

removing parts of the isolated layer Which is not covered 
by the shield layer to expose the surface of the upper 
portion of the trenches; 

forming a protective layer on sideWalls of the upper 
portion of the trenches; 

removing the shield layer to expose the isolated layer in 
the loWer portion of the trenches; 

removing the isolated layer to expose the substrate of the 
loWer portion of the trenches; and 
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etching the substrate of the loWer portion of the trenches 
using the protective layer as a mask to form bottle 
shaped trenches. 

2. The method as claimed in claim 1, Wherein the sub 
strate comprises silicon. 

3. The method as claimed in claim 2, Wherein the hard 
mask comprises a nitride. 

4. The method as claimed in claim 1, Wherein the trenches 
are etched by an anisotropic etching. 

5. The method as claimed in claim 1, Wherein the isolated 
layer comprises an oxide. 

6. The method as claimed in claim 6, Wherein the isolated 
layer is formed by chemical vapor deposition (CVD). 

7. The method as claimed in claim 1, Wherein the pro 
tective layer further comprises dopants. 

8. The method as claimed in claim 7, Wherein after 
forming the protective layer further comprises driving the 
dopants into the substrate surrounding the protective layer 
by thermal treatment. 

9. The method as claimed in claim 1, Wherein the shield 
layer comprises polysilicon. 

10. The method as claimed in claim 8, Wherein the step of 
forming a shield layer in the loWer portion of the trenches 
comprises: 

forming the shield layer to ?ll the trenches; 

removing parts of the shield layer in the upper portion of 
the trenches to leave parts of the shield layer in the 
loWer portion of the trenches. 

11. The method as claimed in claim 1, Wherein the shield 
layer is formed by chemical vapor deposition (CVD). 

12. The method as claimed in claim 1, Wherein the 
protective layer comprises a nitride. 

13. The method as claimed in claim 12, Wherein the 
protective layer is formed by chemical vapor deposition 
(CVD). 

14. Amethod for forming bottle-shaped trenches, suitable 
for use in a dynamic random access memory (DRAM), 
comprising: 

providing a substrate; 

forming a hard mask having openings on the substrate; 

etching the substrate through the openings to form 
trenches With an upper portion and a loWer portion; 

conformally forming an isolated layer in the trenches and 
on the hard mask; 

forming a shield layer in the loWer portion of the trenches; 

removing parts of the isolated layer Which is not covered 
by the shield layer to expose the surface of the upper 
portion of the trenches; 

conformally forming a protective layer on sideWalls and 
the bottom of the trenches; 

removing parts of the protective layer on the bottom of the 
trenches to leave parts of the protective layer on the 
sideWall of the trenches; 

removing the shield layer to expose the isolated layer in 
the loWer portion of the trenches; 

removing the isolated layer to expose the substrate of the 
loWer portion of the trenches; and 
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etching the substrate of the loWer portion of the trenches 
using the protective layer as a mask so as to form 
bottle-shaped trenches. 

15. The method as claimed in claim 14, Wherein the 
substrate comprises silicon. 

16. The method as claimed in claim 14, Wherein the hard 
mask comprises a nitride. 

17. The method as claimed in claim 14, Wherein the 
trenches are etched by an anisotropic etching. 

18. The method as claimed in claim 14, Wherein the 
isolated layer comprises an oxide. 

19. The method as claimed in claim 18, Wherein the 
isolated layer is formed by chemical vapor deposition 
(CVD). 

20. The method as claimed in claim 14, Wherein the 
protective layer further comprises dopants. 

21. The method as claimed in claim 20, Wherein after 
formation of the protective layer, dopants are driven into the 
substrate surrounding the protective layer by thermal treat 
ment. 

22. The method as claimed in claim 14, Wherein the shield 
layer comprises polysilicon. 

23. The method as claimed in claim 14, Wherein the step 
of forming a shield layer in the loWer portion of the trenches 
comprises: 

forming the shield layer to ?ll the trenches; 

removing parts of the shield layer in the upper portion of 
the trenches to leave parts of the shield layer in the 
loWer portion of the trenches. 

24. The method as claimed in claim 14, Wherein the shield 
layer is formed by chemical vapor deposition (CVD). 

25. The method as claimed in claim 14, Wherein the 
protective layer comprises a nitride. 
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26. The method as claimed in claim 25, Wherein the 
protective layer is formed by chemical vapor deposition 
(CVD). 

27. Amethod for forming bottle-shaped trenches, suitable 
for use in a dynamic random access memory (DRAM), 
comprising: 

providing a substrate; 

forming a hard mask having openings on the substrate; 

etching the substrate through the openings to form 
trenches With an upper portion and a loWer portion; 

conformally forming an isolated layer in the trenches and 
on the hard mask; 

forming a shield layer in the loWer portion of the trenches 
covered With the isolated layer; 

removing parts of the isolated layer Which is not covered 
by the shield layer to expose the surface of the upper 
portion of the trenches; 

forming a protective layer on sideWalls of the upper 
portion of the trenches; 

removing the shield layer to expose the isolated layer in 
the loWer portion of the trenches; 

removing the isolated layer to expose the substrate of the 
loWer portion of the trenches; and 

etching the substrate of the loWer portion of the trenches 
using the protective layer as a mask to form bottle 
shaped trenches. 


