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(57) ABSTRACT 

The method of forming a lower electrode of a capacitor 
includes forming an ?rst insulation ?lrn over a substrate, and 
forming a trench in the ?rst insulation ?lrn to expose an 
electrical contact structure. Then, a second insulation ?lrn is 
formed along sidewalls of the trench, and an amorphous 
silicon ?lrn is formed in the trench. The second insulation 
?lrn is removed so that sidewalls of the amorphous silicon 
?lrn are separated from sidewalls of the trench, and HSG is 
grown on exposed surfaces of the amorphous silicon ?lrn. 
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METHOD OF FORMING A STORAGE NODE OF A 
CAPACITOR THAT PREVENTS HSG BRIDGING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of form 
ing a storage node of a Capacitor. 

[0003] 2. Description of the Background Art 

[0004] With the development of fabrication techniques for 
a semiconductor device, and the extension of the applicable 
?elds thereof, mass storage devices are being developed. In 
addition, With the high integration of a circuit, the area of a 
unit memory cell is being decreased, and cell capacitance is 
also being decreased. In particular, in a DRAM(Dynamic 
Random Access Memory), using a capacitor as an informa 
tion storage unit and including a sWitching transistor as a 
controllable signal transfer unit connected to the capacitor, 
since a decrease in cell capacitance according to the decrease 
in unit memory cell area degrades the readability of a 
memory cell and increases soft error rate, the problem of the 
increase in cell capacitance must be solved for high inte 
gration of a semiconductor memory device. 

[0005] The basic structure for the capacitor in the memory 
cell includes a loWer electrode, dielectric ?lm, and an upper 
electrode, and as a method for obtaining a larger capacitance 
in a small area, the folloWing studies are being made. 

[0006] First, the thickness of a dielectric ?lm is closely 
connected With dielectric properties, and the main factors for 
limiting thickness are a leakage current and breakdoWn 
voltage of a dielectric. With a given thickness of the dielec 
tric ?lm, as the leakage current becomes smaller and the 
breakdoWn voltage becomes larger, the dielectric becomes 
better. 

[0007] Second, in order to increase the effective area of the 
capacitor, various types of capacitors, such as a planar-type, 
trench-type, stack-type, cylinder type-type, combination 
thereof, etc., are formed. 

[0008] Third, a high dielectric having a smaller leakage 
current, larger breakdoWn voltage, and larger dielectric 
constant can make the thickness of a dielectric ?lm smaller 
than the physical thickness thereof, and can decrease the siZe 
of a memory cell and increase capacitance. 

[0009] Among a variety of methods for increasing the 
effective area of a capacitor, the method for increasing 
capacitance by increasing the surface area of a capacitor by 
groWing hemispherical grains (hereinafter, HSG) on the 
surface of a storage node, generally, a loWer electrode, in a 
DRAM device of 16~256 MB is more frequently applied 
than other methods for increasing the surface area of a 
capacitor by forming a capacitor structure in a three-dimen 
sional structure, such as a trench-type, cylinder-type, etc. 
The above method for increasing capacitance by groWing 
HSG on the surface of a storage node is a method using an 
unique physical phenomenon, Which occurs in a process of 
phase-changing amorphous silicon into polycrystal silicon. 
When heat is applied to amorphous silicon after depositing 
the amorphous silicon on the surface of a storage node, the 
amorphous silicon forms ?ne hemispherical grains to thus be 
changed into polycrystal silicon having an uneven surface. 
The surface of the storage node of the thusly-formed HSG 
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polycrystal silicon capacitor has a surface area 2-3 times 
larger than a conventional smooth surface capacitor. 

[0010] After the HSG groWth, hoWever, a bridge betWeen 
storage nodes of the capacitor occurs due to additional 
groWth of HSG or breakdoWn of HSG by thermal treatment 
in the successive process, thus decreasing product yield. 
FIG. 1A is a cross-sectional vieW illustrating a DRAM cell 
having HSG groWn on inner Walls and outer Walls of a 
cup-type storage node. Reference numeral 1 denotes a gate, 
2 denotes a landing pad, 3 denotes a bit line, 4 denotes a 
storage node contact, 5 denotes a nitride ?lm, 6 denotes a 
storage node, and 7 denotes HSG, respectively. It is shoWn 
that the HSG groWn on the inner and outer Walls of tWo 
adjacent storage nodes are connected With one another; 
thereby forming a HSG bridge. 

[0011] To suppress the formation of such a HSG bridge, 
HSG can be groWn only on the inner Walls of the storage 
node. FIG. 1B is a cross-sectional vieW illustrating a DRAM 
cell having groWn HSG only on the inner Walls of the 
cup-type storage node, Wherein it is shoWn that HSG 7 are 
separated from one another by a nitride ?lm 9. In this case, 
hoWever, since the HSG 7 are groWn only on the inner Walls 
of the storage node 6, capacitance is decreased as compared 
to the case of groWing the HSG 7 on both inner and outer 
Walls of the storage node 6 as in FIG. 1A. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, it is an object of the present invention 
to provide a method of forming a storage node of a capacitor 
that prevents HSG bridging While improving capacitance by 
groWing HSG on inner and outer Walls of the storage node 
of the capacitor. 

[0013] To achieve the above object, there is provided a 
method of preventing HSG bridging using a nitride-spacer 
according to the present invention, Which includes the steps 
of: forming a storage node of a capacitor, comprising: 
forming an ?rst insulation ?lm over a substrate; forming a 
trench in the ?rst insulation ?lm to eXpose an electrical 
contact structure; forming a second insulation ?lm along 
sideWalls of the trench; forming an amorphous silicon ?lm 
in the trench; removing the second insulation ?lm so that 
sideWalls of the amorphous silicon ?lm are separated from 
sideWalls of the trench; and groWing HSG on eXposed 
surfaces of the amorphous silicon ?lm. 

[0014] To form the second insulation ?lm, dry etching is 
carried, out. The second insulation ?lm is made to have a 
thickness of 200~500 Also, the amorphous silicon ?lm is 
planariZed using a planariZation ?lm, e.g., SOG (silicon 
oXide glass) or PSG (phosphosilicate glass). 

[0015] By this method, the ?rst insulation ?lm serves as a 
barrier betWeen storage nodes, and the second insulation 
?lm provides a space for groWing HSG on the outer Walls of 
the storage node, thus groWing HSG on both inner and outer 
Walls of the storage node Without bridging. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention Will become better under 
stood With reference to the accompanying draWings Which 
are given only by Way of illustration and thus are not 
limitative of the present invention, Wherein: 
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[0017] FIG. 1A is a cross-sectional vieW illustrating a 
DRAM cell having grown HSG on inner and outer Walls of 
a cup-type storage node; 

[0018] FIG. 1B is a cross-sectional vieW illustrating a 
DRAM cell having groWn HSG only on the inner Walls of 
the storage node; 

[0019] FIG. 2A is a cross-sectional vieW illustrating the 
step of forming a storage node contact according to a ?rst 
embodiment of the present invention; 

[0020] FIG. 2B is a cross-sectional vieW illustrating the 
step of depositing a storage node oXide ?lm according to the 
?rst embodiment of the present invention; 

[0021] FIG. 2C is a cross-sectional vieW illustrating the 
step of etching the storage node oXide ?lm according to the 
?rst embodiment of the present invention; 

[0022] FIG. 2D is a cross-sectional vieW illustrating the 
step of forming a nitride-spacer according to the ?rst 
embodiment of the present invention; 

[0023] FIG. 2E is a cross-sectional vieW illustrating the 
step of depositing an amorphous silicon ?lm according to 
the ?rst embodiment of the present invention; 

[0024] FIG. 2F is a cross-sectional vieW illustrating the 
step of forming planariZation ?lm in a planariZation process 
according to the ?rst embodiment of the present invention; 

[0025] FIG. 2G is a cross-sectional vieW illustrating the 
step of removing the planariZation ?lm in the planariZation 
process according to the ?rst embodiment of the present 
invention; 
[0026] FIG. 2H is a cross-sectional vieW illustrating the 
step of removing the nitride-spacer contact according to the 
?rst embodiment of the present invention; and 

[0027] FIG. 21 is a cross-sectional vieW illustrating the 
step of forming HSG on the storage node according to the 
?rst embodiment of the present invention; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] The preferred embodiment of the present invention 
Will noW be described in detail With reference to the accom 
panying draWings. 
[0029] FIGS. 2A through 21 illustrate the process steps of 
an embodiment of the method according to the present 
invention. 

[0030] FIG. 2A is a cross-sectional vieW illustrating parts 
of a DRAM cell having a transistor and a bit line. On a 
landing pad 12 disposed betWeen gates 11, a storage node 
contact 14 for electrically connecting a transistor and a 
storage node of a capacitor is disposed. 

[0031] After forming the storage node contact, as illus 
trated in FIG. 2B, a storage node oXide ?lm 15 is formed. 
At this time, the oXide ?lm is made to have a proper 
thickness in consideration of a capacitor to be formed later. 
The oXide ?lm is deposited by PECVD(plasma enhanced 
chemical vapor deposition) or LPCVD(loW pressure chemi 
cal vapor deposition) of TEOS(tetraethyl orthosilicate). 

[0032] Next, in order to fabricate the capacitor, a lithog 
raphy (“litho”) process is carried out on the storage node 
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oXide ?lm 15, and the storage node oXide ?lm 15 corre 
sponding to an upper portion of the storage node contact 14 
is etched (refer to FIG. 2C) to form trench region 18. In this 
case, it is preferred that the storage node oXide ?lm 15 is 
etched slightly beloW the bottom surface of the oXide ?lm so 
that a storage node to be formed later is electrically con 
tacted With the storage node contact 14 With ease. The 
etching is done With a dry etching process. 

[0033] FIG. 2D illustrates the step of fabricating a nitride 
spacer. After etching the storage node oXide ?lm 15, a 
storage node nitride ?lm is deposited, and the deposited 
storage node nitride ?lm is etched after the litho process to 
thereby form nitride-spacers 16 on sideWalls of the trench 
region 18. The deposition of the storage node nitride ?lm is 
done by PECVD or LPCVD, and dry etching is carried out 
in order to form the nitride-spacers 16. The storage node 
nitride ?lm is deposited at a temperature range of 350~450° 
C, in case of PECVD, or at a temperature range of 700~800°, 
in case of LPCVD. It is proper that the nitride-spacers 16 
have a thickness of 200~500 A in consideration of groWing 
HSG on a storage node later. 

[0034] After forming the nitride-spacers, an amorphous 
silicon ?lm 17 is deposited in order to fabricate a storage 
node (refer to FIG. 2E). 

[0035] After depositing the amorphous silicon ?lm 17, a 
planariZation process is carried out in order to fabricate the 
amorphous silicon ?lm in the form of a storage node (refer 
to 2F). In this step, ?rst, the trench region 18 enclosed by the 
amorphous silicon ?lm 17 is ?lled With a planariZation ?lm 
19. As the planariZation ?lm 19, SOG is coated, or PSG is 
deposited by APCVD (atmospheric pressure chemical vapor 
deposition). After ?lling the trench region 18 With the 
planariZation ?lm 19, the storage node is made to have a 
proper height by etching back the SOG, in a case that the 
trench region 18 is coated With SOG, or by chemical 
mechanical polishing (CMP), in a case that the trench region 
18 is deposited With the PSG. 

[0036] If etching back or CMP is carried out by the above 
planariZation process, parts of the amorphous silicon ?lm is 
removed, thus removing the amorphous silicon ?lm depos 
ited on the oXide ?lm 15 and leaving the amorphous silicon 
?lm only at the trench region 18. 

[0037] In the neXt step, the above SOG or PSG is removed 
for thereby causing the trench region 18 to include any 
empty space surrounded by the amorphous silicon 17 (refer 
to FIG. 2G). At this time, the SOG or PSG is removed by 
Wet etching. 

[0038] After removing the SOG or PSG, the nitride-spacer 
16 is removed to thereby make the amorphous silicon ?lm 
17 assume the complete form of a storage node (refer to 
FIG. 2H). At this time, the nitride-spacer 16 is removed by 
Wet etching. As illustrated in FIG. 2H, the storage node 
made of the amorphous silicon ?lm 17 is separated from the 
oXide ?lm 15. 

[0039] NeXt, if the amorphous silicon is phase-changed 
into polycrystal silicon, the HSG 20 is groWn on the amor 
phous silicon surface (refer to FIG. 21). In FIG. 2I, the 
storage node 17 at Which HSG 20 is groWn is shoWn. The 
storage node 17 is separated from the oXide ?lm 15, and the 
HSG 20 groWn at the storage node 17 at both sides does not 
cause a bridging, because the oXide ?lm 15 functions as a 
barrier. 
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[0040] Though not illustrated in the drawings, a dielectric 
?lm is deposited on a loWer electrode in a subsequent 
process, and an upper electrode is deposited on the dielectric 
?lm, thereby completing the capacitor. 

[0041] According to the present invention, it is possible to 
suppress bridging of the storage node due to additional 
groWth or breakdown of HSG by means of the nitride 
spacer; the bridging being generated by the amorphous 
silicon ?lm deposited on outer Walls of the storage node in 
the conventional cup-type capacitor. 

[0042] In addition, the present invention is good for secur 
ing capacitance, since both the inner and outer Walls have 
HSG groWn thereon, as compared to the case of using only 
inner Walls of the storage node of the cup-type capacitor. 

[0043] As the present invention may be embodied in 
several forms Without departing from the spirit or essential 
characteristics thereof, it should also be understood that the 
above-described embodiments are not limited by any of the 
details of the foregoing description, unless otherWise speci 
?ed, but rather should be construed broadly Within its spirit 
and scope as de?ned in the appended claims, and therefore 
all changes and modi?cations that fall Within the meets and 
bounds of the claims, or equivalences of such meets and 
bounds are therefore intended to be embraced by the 
appended claims. 

What is claimed is: 
1. A method of forming a storage node of a capacitor, 

comprising: 

forming an ?rst insulation ?lm over a substrate; 

forming a trench in the ?rst insulation ?lm to eXpose an 
electrical contact structure; 

forming a second insulation ?lm along sideWalls of the 
trench; 

forming an amorphous silicon ?lm in the trench; 

removing the second insulation ?lm so that sideWalls of 
the amorphous silicon ?lm are separated from sideWalls 
of the trench; and 

groWing HSG on eXposed surfaces of the amorphous 
silicon ?lm. 

2. The method according to claim 1, Wherein the forming 
a trench step includes etching beloW a loWer surface of the 
?rst insulation ?lm. 

3. The method according to claim 1, after the forming an 
amorphous silicon ?lm step and prior to the removing step, 
further comprising: 
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?lling the trench With a planariZing ?lm; and 

planariZing the amorphous silicon ?lm and the planariZing 
?lm. 

4. The method according to claim 4, after the planariZing 
step and prior to the groWing step, further comprising: 

removing the planariZing ?lm. 
5. The method according to claim 1, Wherein the ?rst 

insulating ?lm is an oXide ?lm and the second insulating ?lm 
is a nitride ?lm. 

6. The method according to claim 1, Wherein the forming 
a second insulation ?lm step deposits a nitride ?lm at a 
temperature range of 350~450° C. by PECVD. 

7. The method according to claim 1, Wherein the forming 
of a second insulation ?lm step deposits a nitride ?lm at a 
temperature range of 700~800° C. by LPCVD. 

8. The method according to claim 1, Wherein the forming 
a second insulation ?lm step includes patterning and dry 
etching a nitride ?lm. 

9. The method according to claim 1, Wherein the second 
insulation ?lm has a thickness of 200~500 

10. The method according to claim 3, Wherein the pla 
nariZation ?lm is made of SOG (silicon oXide glass). 

11. The method according to claim 10, Wherein 

the ?lling step coats the trench With SOG; and 

the planariZing step etches back the SOG. 
12. The method according to claim 4, Wherein the pla 

nariZing ?lm is made of SOG (silicon oXide glass) and the 
removing of the planariZing ?lm step is performed by Wet 
etching. 

13. The method according to claim 3, Wherein the pla 
nariZation ?lm is made of PSG (phosphosilicate glass). 

14. The method according to claim 13, Wherein 

the ?lling step deposits PSG in the trench by APCVD 
(atmospheric pressure chemical vapor deposition); and 

the planariZing step chemical-mechanically polishes 
(CMP) the PSG. 

15. The method according to claim 4, Wherein the pla 
nariZing ?lm is made of PSG (phosphosilicate glass) and the 
removing of the planariZing ?lm step is performed by Wet 
etching. 

16. The method according to-claim 1, Wherein the remov 
ing step is performed by Wet etching. 

17. The method according to claim 1, Wherein the forming 
a trench step forms a cup-shaped trench so that the amor 
phous silicon ?lm forms a cup-shaped loWer electrode of a 
capacitor. 


