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METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE INCLUDING A 
SEAMLESS SHALLOW TRENCH ISOLATION 

STEP 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of manu 
facturing a semiconductor device having a trench isolation, 
and more speci?cally, a method of manufacturing a semi 
conductor device having a trench ?lled With a seamless 
insulating ?lm. 

[0002] Amemory cell of a semiconductor memory device, 
DRAM, is formed of a capacitor and a transfer gate. Each 
memory cell is isolated from others by a shalloW trench 
?lled With an insulating ?lm. The isolation method 
employed herein is called “ShalloW Trench Isolation”. 

[0003] In the DRAM, in the case Where the integration 
level of the devices is not so high and an opening Width of 
the shalloW trench is not so narroW, the trench can be 
completely ?lled With the insulating ?lm. 

[0004] HoWever, With the progress of miniaturiZation of 
the device, the opening Width of the shalloW trench becomes 
narroW. As a result, it becomes difficult to completely ?ll the 
trench With the insulating ?lm. When the shalloW trench has 
a narroW opening Width, seams and a void are inevitably 
formed in the interface of the insulating ?lm buried Within 
the trench and inside the insulating ?lm, respectively. If the 
seams and void are present, etching is further advanced from 
the seam formation region and the void is eXposed by 
etching in a later Wet-etching process using hydro?uoric 
acid or ammonium ?uoride. Consequently, deformation Will 
be induced and the planariZation of the surface Will be 
degraded. 
[0005] Since these seams and void are ?lled With poly 
silicon deposition performed thereafter, the buried polysili 
con in the seams and void remains Without being removed 
even if CMP and RIE are applied thereafter. Consequently, 
short circuiting occurs betWeen gate electrodes, decreasing 
the yield of the device. 

[0006] A method for preventing the generation of the 
seams and void is disclosed in US. Pat. publication No. 
4,714,520. In this method, a trench is ?lled With an insu 
lating ?lm in tWo steps. 

[0007] More speci?cally, a ?rst insulating ?lm is depos 
ited in the trench in a thickness of 30 to 50% of the total 
depth thereof. After the ?rst insulating ?lm is etched up to 
50 to 80% of the total depth, the trench is ?lled With a second 
insulating ?lm. 

[0008] HoWever, the disclosed method employs dry etch 
ing using an etching gas such as HCl after the ?rst insulating 
?lm is deposited. For this reason, the ?rst insulating ?lm 
remains after the dry etching in such a manner that it covers 
the inner-Wall of the trench uniformly in almost the same 
thickness. As a result, the opening Width of the trench 
becomes substantially smaller than designed. If the second 
insulating ?lm is deposited in this state, the trench cannot be 
completely ?lled With the insulating ?lm. The seams and 
void are inevitably generated. 

BRIEF SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to provide a 
method of manufacturing a semiconductor device capable of 
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forming a device-isolation trench ?lled With an insulating 
?lm Without seams and a void, thereby improving a yield of 
device. 

[0010] Another object of the present invention is to pro 
vide a method of manufacturing a semiconductor device 
capable of forming a device-isolation trench ?lled With an 
insulating ?lm Without seams and a void to prevent electric 
short circuiting betWeen gate electrodes, thereby preventing 
a decrease in a yield of the device. 

[0011] According to the present invention, there is pro 
vided a method of manufacturing a semiconductor device 
comprising the steps of: 

[0012] forming a trench in a semiconductor substrate; 

[0013] depositing a ?rst insulating ?lm in the trench; 

[0014] etching back the ?rst insulating ?lm by a Wet 
etching method; and 

[0015] depositing a second insulating ?lm in the trench. 

[0016] According to the present invention, there is pro 
vided a method of manufacturing a semiconductor device 
comprising the steps of: 

[0017] forming a trench-type capacitor by forming a ?rst 
trench in a semiconductor substrate; 

[0018] forming a second trench in the semiconductor 
substrate, the second trench serving as device isolation and 
being shalloWer than the ?rst trench; 

[0019] depositing a ?rst insulating ?lm over the entire 
surface of the semiconductor substrate including the second 
trench so as not to ?ll the second trench, completely; 

[0020] etching back the ?rst insulating ?lm by a Wet 
etching method; 
[0021] depositing a second insulating ?lm to ?ll the sec 
ond trench, completely; and 

[0022] forming a transfer gate connected to the trench type 
capacitor. 
[0023] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
in the appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0024] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0025] FIGS. 1A to 1E are cross-sectional vieWs shoWing 
the steps of manufacturing a semiconductor device accord 
ing to the present invention in a stepWise manner; and 

[0026] FIGS. 2A to 2R are cross sectional vieWs shoWing 
the steps of manufacturing a DRAM, including the STI 
formation step shoWn in FIGS. 1A to 1E. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] NoW, the present invention Will be explained in the 
form of embodiments With reference to the accompanying 
drawings. 

[0028] FIGS. 1A to 1E shoW STI formation steps. In the 
?rst place, as shoWn in FIG. 1A, a pad oxidation ?lm (SiO2) 
12 and a pad nitride ?lm (Si3N4) ?lm 13 are successively 
deposited over an entire surface of a single crystalline Si 
semiconductor substrate 11. A photoresist ?lm 14 is then 
formed and patterned so as to have an opening at a prede 
termined STI formation region. 

[0029] Then, as shoWn in FIG. 1B, the substrate 11 is 
etched by RIE using the photoresist ?lm 14 as a mask. As a 
result, the substrate 11 is etched aWay in a depth of about 250 
nm from the surface to form a trench 15. After the photo 
resist ?lm 14 used in the etching step is removed by ashing, 
the resultant substrate is subjected to oxidation at 1000° C. 
in a dry oxidation atmosphere to remove damages by RIE, 
thereby forming an oxidation ?lm (SiO2) 16 (10 nm thick). 
Furthermore, a liner nitride ?lm (Si3N4) 17 (about 8 nm 
thick) is deposited over the entire surface of the resultant 
substrate by LP-CVD to protect the inner Wall of the trench. 

[0030] As shoWn in FIG. 1C, a TEOS (tetraethyl ortho 
silicate) ?lm 18 (about 600 nm thick) is deposited over the 
entire surface by a CVD method to ?ll the trench 15. In the 
TEOS ?lm deposition step, if the aspect ratio of the opening 
Width 15 of the trench is small, seams 19 Will appear in the 
interface of the TEOS ?lm 18 and a void 20 Will be formed 
inside the TEOS ?lm 18, as mentioned above. 

[0031] As shoWn in FIG. 1D, the TEOS ?lm 18 is etched 
back by the Wet etching using hydro?uoric acid up to the 
planariZed surface of the substrate 11. As a result, the seams 
19 and the void 20 are exposed. The TEOS ?lm 18 is etched 
under such conditions that the etching rate of the TEOS ?lm 
18 of the upper portion of the trench 15 is larger than that of 
the bottom portion thereof. Such conditions are satis?ed if 
the Wet-etching is performed by using hydro?uoric acid. As 
a result of the etch back, the TEOS ?lm 18 deposited ?rst is 
left much at bottom corner portions of the trench 15 and a 
taper is formed on the side Wall. 

[0032] Next, as shoWn in FIG. 1E, 21 second TEOS ?lm 21 
is deposited over the entire surface by the CVD method to 
?ll the trench 15 completely. Since the second TEOS ?lm 21 
is deposited, the TEOS ?lm can be ?lled in the trench 
Without seams and void. The resultant substrate is thereafter 
subjected to a planariZation process and a gate-formation 
process. 

[0033] NoW, We Will explain a method of manufacturing a 
DRAM, including the STI formation step shoWn in FIGS. 
1A to 1E. 

[0034] First, as shoWn in FIG. 2A, the surface of a p-type 
single-crystalline Si semiconductor substrate 31 is oxidiZed 
With heat to form a buffer oxidation ?lm 32. Then, n-type 
impurity ions are injected from the surface of the substrate 
31 toWard the deep inside via the buffer oxide ?lm 32. In this 
Way, an n-type Well 33 (hereinafter, referred to as “buried 
Well”) is formed. The buried Well 33 is draWn out to the 
surface of the substrate 31 via a draW-out Well (not shoWn). 
Thereafter, the silicon nitride ?lm 34 is formed on the buffer 
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oxidation ?lm 32. After a silicon nitride ?lm 35 is formed on 
the silicon nitride ?lm 34, a photoresist ?lm 36 is formed on 
the silicon oxide ?lm 35. The photoresist ?lm 36 is then 
selectively exposed to light using the photoresist ?lm as a 
mask, and subjected to a development process to form a 
WindoW at a portion of the photoresist ?lm 36 corresponding 
to a cell capacitor formation region. 

[0035] The stacked ?lm 37, Which consists of the buffer 
oxide ?lm 32, the silicon nitride ?lm 34 and the silicon oxide 
?lm 35, is selectively etched to form a WindoW 38 for 
forming a deep trench for a cell capacitor. 

[0036] As shoWn in FIG. 2B, after the photoresist ?lm 36 
is removed, the substrate 31 is selectively etched by RIE 
using the stacked ?lm 37 as a mask. As a result, a deep 
trench 39 is formed. 

[0037] As shoWn in FIG. 2C, a dielectric ?lm 40 serving 
as a capacitor is formed on the side Wall of the deep trench 
39. As an example of the dielectric ?lm 40, a so-called ON 
?lm may be used Which is formed of a silicon nitride ?lm 
and an oxide ?lm. After an n-type impurity doped polysili 
con is deposited over the entire surface, the polysilicon is 
etched back to leave the polysilicon ?lm 41 deep in the deep 
trench 39, more speci?cally, in the vicinity of a buried Well 
33. 

[0038] As shoWn in FIG. 2D, after the dielectric ?lm 40 
exposed on the upper side Wall of the deep trench 39 is 
removed by Wet etching, the silicon oxide ?lm is deposited. 
The silicon oxide ?lm is then etched aWay by RIE to form 
a silicon oxide ?lm 42 called “collar oxide” on the upper 
side Wall of the deep trench 39. 

[0039] The stacked ?lm 37 is etched little by little until the 
present step, With the result that the thickness of the ?lm 37 
is reduced. For example, in FIG. 2D, the uppermost silicon 
oxide ?lm 35 is completely removed and the silicon nitride 
?lm 34 is exposed. 

[0040] As shoWn in FIG. 2E, the n-type impurity doped 
polysilicon is deposited over the entire surface. The poly 
silicon is etched back to leave a polysilicon ?lm 43 in the 
middle of the deep trench 39. 

[0041] As shoWn in FIG. 2F, the silicon oxide (collar 
oxide) ?lm 42 exposed on the upper side Wall of the deep 
trench 39 is removed. In this Way, an exposed surface 44 is 
formed on the side Wall near the opening of the deep trench 
39. 

[0042] As shoWn in FIG. 2G, the n-type impurity doped 
polysilicon is deposited over the entire surface and etched 
back to form a polysilicon ?lm 45 inside the deep trench 39 
near the opening thereof. Subsequently, the exposed surface 
of the polysilicon 45 is oxidiZed With heat to form the silicon 
oxide ?lm 46. Then, n-type impurity ions are dispersed into 
the substrate 31 from the surface of the polysilicon ?lm 45 
via the exposed surface 44 to form an n-type impurity 
dispersion region 47 (hereinafter referred to as “buried 
strap”) near the surface of the substrate 31. 

[0043] As shoWn in FIG. 2H, 21 photoresist ?lm 48 is 
formed Which has an opening in Which the region including 
the upper portion of the deep trench 39 (corresponding to an 
element isolation region) is partly exposed. 

[0044] As shoWn in FIG. 2I, the stacked ?lm 37, the 
silicon oxide ?lm 46, the polysilicon ?lm 45, the polysilicon 
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?lm 43, the collar oxide ?lm 42, and the substrate 31 are 
selectively etched by RIE using the photoresist ?lm 48 as a 
mask. In this manner, a shalloW trench 49 is formed. The 
bottom of the shalloW trench 49 is positioned betWeen the 
deepest portion of the buried strap 47 and the shalloWest 
portion of the buried Well 33. The depth of the shalloW 
trench 49 is, for example, about 250 nm as measured from 
the surface of the substrate 31, as explained in FIG. 1B. 
Thereafter, the photoresist ?lm 48 is completely removed. 

[0045] As shoWn in FIG. 2], after the photoresist ?lm 48 
is removed by ashing, the substrate is oxidiZed in a dry 
oxidation atmosphere at 1000° C. to remove the damage 
given by RIE. As a result, a silicon oxide ?lm 50 (STI 
oxidation ?lm) of 10 nm thick is formed. Furthermore, a 
silicon nitride ?lm (liner nitride ?lm) 51 (about 8 nm thick) 
is formed over the entire substrate by LP-CVD to protect the 
inner Wall of the trench. 

[0046] As shoWn in FIG. 2K, after the ?rst TEOS ?lm 
(about 600 nm thick) is deposited over the entire surface by 
the CVD method, the TEOS is etched back up to about the 
planariZed plane of the substrate 31 by Wet etching using a 
hydro?uoric acid solution. At this time, the deposited ?rst 
TEOS ?lm is partially left much at bottom corners inside the 
shalloW trench 49 and a taper form appears in the side Wall, 
as explained in FIG. 1D. Subsequently, the second TEOS 
?lm is deposited over the entire surface by the CVD method 
to form a TEOS ?lm 52. 

[0047] As shoWn in FIG. 2L, the TEOS ?lm 52 is 
removed from the surface successively by CMP. Since the 
upper layer silicon nitride ?lm 34 of the stacked ?lm 37 
serves as a stopper, the TEOS ?lm 52 is left only inside the 
shalloW trench 49. 

[0048] As shoWn in FIG. 2M, the stacked ?lm 37 is then 
removed to expose the surface of the substrate 31, Which 
corresponds to the device activation region. 

[0049] As shoWn in FIG. 2N, the exposed surface of the 
substrate 31 is oxidiZed With heat to form a gate oxide ?lm 
53. Before the gate oxide ?lm 53 is formed, p- or n-type 
impurity ions may be injected into the substrate 31 in order 
to adjust a threshold voltage of a transfer gate of a memory 
cell or a transistor constituting a peripheral circuit to a 
predetermined value. 

[0050] As shoWn in FIG. 20, after the n-type impurity 
doped polysilicon ?lm 54, a tungsten silicide ?lm 55, and a 
silicon nitride ?lm 56 are formed over the entire surface, a 
photoresist ?lm (not shoWn) is further deposited on the 
resultant surface and patterned. The silicon nitride ?lm 56, 
the tungsten silicide ?lm 55 and the polysilicon ?lm 54 are 
selectively etched by RIE using the patterned photoresist 
?lm as a mask to form a Word line pattern 57. After the 
photoresist ?lm is removed, n-type impurity ions are 
injected into the substrate 31 using the Word line pattern 57 
as a mask, thereby forming an n-type source/drain region 58. 
The source/drain region 58 is electrically connected to the 
buried strap 47. 

[0051] As shoWn in FIG. 2P, the side Wall of the Word line 
pattern 57 is oxidiZed With heat to form a side Wall insulating 
?lm 59. Subsequently, a silicon nitride ?lm 60 is formed 
over the entire surface. 

[0052] An insulating ?lm such as BPSG is then deposited 
over the entire surface to form a ?rst interlayer insulating 
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?lm 61. Subsequently, a photoresist ?lm (not shoWn) is 
deposited over the interlayer insulating ?lm 61, exposed to 
light, and developed, thereby patterning the photoresist ?lm 
so as to form a WindoW at a position corresponding to a 
contact hole. 

[0053] As shoWn in FIG, 2Q, the interlayer insulating ?lm 
61 is selectively etched by RIE using the photoresist ?lm as 
a mask to form a contact hole 62 in the interlayer insulating 
?lm 61. Subsequently, an n-type impurity doped polysilicon 
is formed over the entire surface. The polysilicon is removed 
by CMP successively from the surface thereof. As a result, 
the polysilicon is left inside the contact hole 62, Which 
serves as a polysilicon ?lm (contact plug) 63 electrically 
connected to the source/drain region 58. 

[0054] As shoWn in FIG. 2R, a second interlayer insulat 
ing ?lm 64 is formed by depositing an insulating ?lm such 
as BPSG on the ?rst interlayer insulating ?lm 61. Then, a 
photoresist ?lm (not shoWn) is formed on the second inter 
layer insulating ?lm 64 and patterned so as to have a groove 
corresponding to a bit line. The second interlayer insulating 
?lm 64 is selectively etched by RIE using the photoresist 
?lm mentioned above as a mask to form a groove 65 for 
buried Wiring in the interlayer insulating ?lm 64. Thereafter, 
a metal such as tungsten is deposited over the entire surface. 
The metal is removed successively from the surface by CMP 
so as to leave the metal in the groove 65, thereby forming 
metal Wiring 66. The metal Wiring 66 thus obtained is used 
as a bit line (BL). 

[0055] In the method of manufacturing a DRAM, after the 
?rst TEOS ?lm is deposited and then etched back by Wet 
etching using a hydro?uoric acid solution to remove the 
seams and void generated during the ?rst TEOS deposition 
step, and then second TEOS is deposited to form STI. It is 
therefore possible to bury the TEOS ?lm in the trench 
Without seams and void Which inevitably appear in the 
conventional method. As a result, the planariZation of the 
substrate is ensured. Furthermore, the polysilicon deposited 
during the Word line formation step does not remain on the 
STI region. It is therefore possible to prevent electric short 
circuit betWeen the gate electrodes (Word lines). 

[0056] It goes Without saying that the present invention is 
not limited to the aforementioned embodiments and may be 
modi?ed in various Ways. In the aforementioned embodi 
ments, the silicon oxide ?lm (STI oxide ?lm) 50 is formed 
on the inner Wall of the shalloW trench 49 and then the 
silicon nitride ?lm (liner nitride ?lm) 51 is formed over the 
entire surface to protect the trench inner Wall. HoWever, the 
silicon nitride ?lm 51 is not necessary to form depending 
upon later manufacturing steps. 

[0057] As explained in the foregoing, the present inven 
tion makes it possible to prevent seams and void from being 
generated in the insulating ?lm When the trench is ?lled With 
the insulating ?lm for device isolation. Hence, the present 
invention can provide a method of manufacturing a semi 
conductor device capable of improving the yield thereof. 

[0058] Furthermore, the present invention makes it pos 
sible to prevent the seams and void from being generated in 
the insulating ?lm buried in the device isolation trench. It is 
therefore possible to provide a method of manufacturing a 
semiconductor device capable of preventing electric short 
circuit betWeen the gate electrodes, thereby preventing a 
decrease in the device yield. 
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[0059] Additional advantages and modi?cations Will 
readily occurs to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

1. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming a trench in a semiconductor substrate; 

depositing a ?rst insulating ?lm in the trench; 

etching back the ?rst insulating ?lm by a Wet-etching 
method; and 

depositing a second insulating ?lm in the trench. 
2. The method according to claim 1, Wherein said ?rst 

insulating ?lm is etched back in such a Way that an etching 
rate of the insulating ?lm of the upper portion of the trench 
is larger than that of the bottom portion of the trench. 

3. The method according to claim 2, Wherein said Wet 
etching is performed With a hydro?uoric acid solution. 

4. The method according to claim 1, Wherein said trench 
is completely ?lled With the second insulating ?lm in 
depositing the second insulating ?lm in the trench. 

5. The method according to claim 1, Wherein TEOS 
(tetraethyl orthosilicate) is employed as said ?rst and second 
insulating ?lms. 

6. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming a trench-type capacitor by forming a ?rst trench 
in a semiconductor substrate; 

forming a second trench in the semiconductor substrate, 
said second trench serving as device isolation and being 
shalloWer than the ?rst trench; 

depositing a ?rst insulating ?lm over the entire surface of 
the semiconductor substrate including the second 
trench so as not to ?ll the second trench, completely; 

etching back the ?rst insulating ?lm by a Wet-etching 
method; 

depositing a second insulating ?lm to ?ll the second 
trench, completely; and 

forming a transfer gate connected to the trench type 
capacitor. 

7. The method according to claim 6, Wherein said ?rst 
insulating ?lm is etched back in such a Way that an etching 
rate of the ?rst insulating ?lm of the upper portion of the 
second trench is larger than that of the bottom portion of the 
second trench; 

8. The method according to claim 7, Wherein said Wet 
etching is performed With a hydro?uoric acid solution; 

Sep. 20, 2001 

9. The method according to claim 6, Wherein TEOS 
(tetraethyl orthosilicate) is employed as the ?rst and second 
insulating ?lms. 

10. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming a trench in a semiconductor substrate; 

depositing a ?rst insulating ?lm in the trench; 

etching back the ?rst insulating ?lm by a Wet-etching 
method; and 

depositing a second insulating ?lm, Which is formed of 
the same material as that of the ?rst insulating ?lm, in 
the trench. 

11. The method according to claim 10, Wherein said ?rst 
insulating ?lm is etched back in such a Way that an etching 
rate of the insulating ?lm of the upper portion of the trench 
is larger than that of the bottom portion of the trench. 

12. The method according to claim 11, Wherein said Wet 
etching is performed With a hydro?uoric acid solution. 

13. The method according to claim 10, Wherein said 
trench is completely ?lled With the second insulating ?lm in 
depositing the second insulating ?lm in the trench. 

14. The method according to claim 10, Wherein TEOS 
(tetraethyl orthosilicate) is employed as said ?rst and second 
insulating ?lms. 

15. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming a trench-type capacitor by forming a ?rst trench 
in a semiconductor substrate; 

forming a second trench in the semiconductor substrate, 
said second trench serving as device isolation and being 
shalloWer than the ?rst trench; 

depositing a ?rst insulating ?lm over the entire surface of 
the semiconductor substrate including the second 
trench so as not to ?ll the second trench, completely; 

etching back the ?rst insulating ?lm by a Wet-etching 
method; 

depositing a second insulating ?lm formed of the same 
material as that of the ?rst insulating ?lm to ?ll the 
second trench, completely; and 

forming a transfer gate connected to the trench type 
capacitor. 

16. The method according to claim 15, Wherein said ?rst 
insulating ?lm is etched back in such a Way that an etching 
rate of the ?rst insulating ?lm of the upper portion of the 
second trench is larger than that of the bottom portion of the 
second trench; 

17. The method according to claim 16, Wherein said Wet 
etching is performed With a hydro?uoric acid solution; 

18. The method according to claim 15, Wherein TEOS 
(tetraethyl orthosilicate) is employed as the ?rst and second 
insulating ?lms. 


