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(57) ABSTRACT 

An oxide ?lrn 26 is formed on a silicon substrate 10. The 
oxide ?lrn 26 is topped With Wiring patterns 34. Top and side 
portions of the Wiring patterns 34 are covered With nitride 
?lrn top Walls 36 and nitride ?lrn side Walls 38. After an 
interlayer oxide ?lrn 40 is deposited, contact holes 42 are 
formed through self-alignment. Under the nitride ?lrn side 
Walls 38, isotropic etching is carried out to retract side edge 
surfaces 32 of the oxide ?lrn 26 from the Wall surface. 
Contacts 44 are then formed inside the contact holes 42 
Whose bottom diameter is expanded by the isotropic etching 
above. 
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SEMICONDUCTOR DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a semi 
conductor device and a method for manufacturing the same. 
More particularly, the invention relates to a semiconductor 
device structured suitably to have contacts self-aligned 
therein, as Well as to a method for manufacturing that 
semiconductor device. 

[0003] 2. Description of the Background Art 

[0004] Along With the ever-groWing scale in recent years 
of circuit integration in semiconductor devices has come 
Wiring patterns getting more minuscule than ever before. 
The trend is making it progressively dif?cult to ensure the 
precision of Wiring patterns by merely raising the accuracy 
of masking for photoresist. Illustratively, With memory cells 
getting ?ner than ever, boosting the masking accuracy is 
increasingly liable to fail in having contacts fabricated on 
such memory devices as DRAMs Without short-circuiting 
their Wiring. One knoWn method for producing contacts 
Without developing short-circuits With Wiring has recourse 
to What is knoWn as self-alignment. The conventional self 
alignment method Will noW be described With reference to 
FIGS. 29 through 31. 

[0005] Manufacturing contacts conventionally by self 
alignment involves ?rst forming an insulating ?lm 12 on a 
silicon substrate 10 as shoWn in FIG. 29. On top of the 
insulating ?lm 12 are formed silicon Wiring 14 and nitride 
?lm top Walls 16. 

[0006] As shoWn in FIG. 30, nitride ?lm side Walls 18 to 
protect the silicon Wiring 14 are formed laterally onto the 
silicon Wiring 14 and the nitride ?lm top Walls 16. At this 
stage, the silicon Wiring 14 is covered With the nitride ?lms 
16 and 18. 

[0007] An interlayer oXide ?lm 20 (see FIG. 31) is depos 
ited all over the silicon substrate 10, being masked at 
suitable portions by photoresist and being subjected to an 
oXide ?lm etching process. This produces contact holes 22. 
The oXide ?lm etching process is done in a manner that 
causes removing the oXide ?lm 20 at a suf?cient selective 
ratio to nitride ?lm. That is, the nitride ?lm top Walls 16 and 
nitride ?lm side Walls 18 remain virtually undamaged by the 
etching. 
[0008] If the portions not masked by photoresist are suf 
?ciently Wide relative to the pitch of the silicon Wiring 14, 
not only the interlayer oXide ?lm 20 but also the nitride ?lms 
16 and 18 Would be involved in an subjected area of the 
etching in the midst of the process. In this case, the nitride 
?lms 16 and 18 act as stoppers against the oXide ?lm etching 
Whose progress is impeded thereby. This manufactures con 
tact holes 22 opened to the surface of the silicon substrate 10 
Without eXposing the silicon Wiring 14, as shoWn in FIG. 31. 

[0009] A silicon ?lm is then deposited in the contact holes 
22 and formed to a desired shape. As a result, contacts 24 
that conduct to the silicon substrate 10 are produced as 
depicted in FIG. 31. As described, the self-alignment 
method involves making contact holes through etching 
betWeen Wiring patterns While protecting these patterns With 
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stopper ?lms. The above method enables to manufacture 
desired contacts in a stable manner regardless of some errors 
in alignment betWeen photoresist openings and Wiring pat 
terns. 

[0010] According to the conventional method, hoWever, 
part of the spaces betWeen the silicon Wires 14 are inevitably 
occupied by the nitride ?lm side Walls 18. This reduces the 
Widths of the contacts 24 formed betWeen the silicon Wires 
14, Which makes it dif?cult to diminish the contact resis 
tance betWeen the contacts 24 and the silicon substrate 10. 
In other Words, a major problem With the conventional 
self-alignment method, despite its advantage in forming the 
contacts 24 stably, is a tendency to increase the contact 
resistance betWeen the contacts 24 and the silicon substrate. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been conceived to solve 
the previously-mentioned problems, and a general object of 
the present invention is to provide a novel and useful 
semiconductor device and a method for manufacturing the 
same. 

[0012] Amore speci?c object of the present invention is to 
provide a semiconductor device structured suitably to form 
contacts stably therein and to minimiZe contact resistance. 

[0013] The above object of the present invention is 
achieved by a semiconductor device. The semiconductor 
device includes Wiring patterns; nitride ?lm top Walls 
formed on top of the Wiring patterns; nitride ?lm side Walls 
formed laterally to each of the Wiring patterns; contacts 
Which are each formed interposingly betWeen the Wiring 
patterns and Which are isolated from the Wiring patterns by 
the nitride ?lm top Walls and the nitride ?lm side Walls; and 
an oXide ?lm formed under the Wiring patterns. Abottom of 
the oXide ?lm is loWer than that of the nitride ?lm side Walls. 
A side edge surface of each of the oXide ?lm is retracted 
aWay from a frontal edge of the corresponding nitride ?lm 
side Wall into the corresponding Wiring pattern. Each of the 
contact eXtends into beneath of the corresponding nitride 
?lm side Wall. 

[0014] A further object of the present invention is to 
provide a method for manufacturing the semiconductor 
device targeted as the ?rst object. 

[0015] The above objects of the present invention is 
achieved by a method for manufacturing a semiconductor 
device. The method includes the steps for forming an oXide 
?lm on a semiconductor substrate; forming a Wiring layer on 
the oXide ?lm; forming a nitride ?lm top Wall layer on the 
Wiring layer; forming Wiring patterns and nitride ?lm top 
Walls by shaping the Wiring layer and the nitride ?lm top 
Wall layer into suitable Wiring pattern shape; forming nitride 
?lm side Walls laterally to the Wiring patterns and to the 
nitride ?lm top Walls; after depositing an interlayer oXide 
?lm, forming contact holes interposingly betWeen the Wiring 
patterns so that the nitride ?lm top Walls and the nitride ?lm 
side Walls Will remain and that a side edge surface of the 
oXide ?lm Will be retracted from a frontal edge of the 
corresponding nitride ?lm side Wall into the corresponding 
Wiring pattern; and forming contacts inside the contact 
holes. 

[0016] Other objects and further features of the present 
invention Will be apparent from the folloWing detailed 
description When read in conjunction With the accompany 
ing draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a cross-sectional vieW showing a princi 
pal part of a semiconductor device practiced as a ?rst 
embodiment of the present invention; 

[0018] FIGS. 2 thorough 7 are cross sectional vieWs for 
explaining a method for manufacturing the semiconductor 
device practiced as the ?rst embodiment of the present; 

[0019] FIG. 8 is a cross-sectional vieW shoWing a princi 
pal part of a semiconductor device practiced as a second 
embodiment of the present invention; 

[0020] FIGS. 9 thorough 14 are cross sectional vieWs for 
eXplaining a method for manufacturing the semiconductor 
device practiced as the second embodiment of the present 
invention; 
[0021] FIG. 15 is a cross-sectional vieW shoWing a prin 
cipal part of a semiconductor device practiced as a third 
embodiment of the present invention; 

[0022] FIGS. 16 thorough 18 are cross sectional vieWs for 
eXplaining a method for manufacturing the semiconductor 
device practiced as the third embodiment of the present 
invention; 
[0023] FIG. 19 is a cross-sectional vieW shoWing a prin 
cipal part of a semiconductor device practiced as a forth 
embodiment of the present invention; 

[0024] FIG. 20 is a cross-sectional vieW shoWing a prin 
cipal part of a semiconductor device practiced as a ?fth 
embodiment of the present invention; 

[0025] FIGS. 21 thorough 23 are cross sectional vieWs for 
eXplaining a method for manufacturing the semiconductor 
device practiced as the ?fth embodiment of the present 
invention; 
[0026] FIG. 24 is a cross-sectional vieW shoWing a prin 
cipal part of a semiconductor device practiced as a siXth 
embodiment of the present invention; 

[0027] FIG. 25 is a cross-sectional vieW shoWing a prin 
cipal part of a semiconductor device practiced as a seventh 
embodiment of the present invention; 

[0028] FIG. 26 is a cross-sectional vieW shoWing a prin 
cipal part of a semiconductor device practiced as a eighth 
embodiment of the present invention; 

[0029] FIG. 27 is a cross-sectional vieW shoWing a prin 
cipal part of a semiconductor device practiced as a ninth 
embodiment of the present invention; 

[0030] FIG. 28 is a cross-sectional vieW shoWing a prin 
cipal part of a semiconductor device practiced as a tenth 
embodiment of the present invention; 

[0031] FIGS. 29 and 30 are cross sectional vieWs of 
conventional semiconductor device for explaining a method 
for manufacturing the same; and 

[0032] FIG. 31 is a cross sectional vieW shoWing a prin 
ciple part of the conventional semiconductor device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] In the folloWing, principles and embodiments of 
the present invention Will be described With reference to the 
accompanying draWings. 
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[0034] First Embodiment 

[0035] A ?rst embodiment of this invention Will noW be 
described With reference to FIGS. 1 through 7. Throughout 
the draWings, the same reference numerals designate the 
same or corresponding parts, and repetition of their descrip 
tions Will be omitted. 

[0036] FIG. 1 is a cross-sectional vieW of a semiconductor 
device practiced as the ?rst embodiment of this invention. 
As shoWn in FIG. 1, the inventive semiconductor device 
comprises a silicon substrate 10 on Which an oXide ?lm 26 
is formed. 

[0037] The oXide ?lm 26 has conveX portions 28 and ?at 
portions 30. The top of the conveX portions 28 are more 
elevated than that of the ?at portions 30. The oXide ?lm 26 
have side edge surfaces 32 positioned facing one another. 
BetWeen tWo opposed side edge surfaces 32 is a predeter 
mined interval. 

[0038] The conveX portions 28 of the oXide ?lm 26 are 
topped With Wiring patterns 34. On top of the Wiring patterns 
34 are nitride ?lm top Walls 36. The Wiring patterns 34 and 
the nitride ?lm top Walls 36 are provided laterally With 
nitride ?lm side Walls 38. The side edge surfaces 32 of the 
oXide ?lms 26 are formed in a retracted fashion into the 
Wiring patterns 34 from the surface of the nitride ?lm side 
Walls 38. 

[0039] The oXide ?lm 26, nitride ?lm side Walls 38 and 
nitride ?lm top Walls 36 are covered With an interlayer oXide 
?lm 40. Formed in the interlayer oXide ?lm 40 are contact 
holes 42 that are opened to the surface of the silicon 
substrate 10. At the bottom of the nitride ?lm side Walls 38, 
the contact holes 42 protrude toWard the side surfaces of the 
oXide ?lms 26. 

[0040] Inside the contact holes 42, contacts 44 are formed 
by the CVD (chemical vapor deposition) method. Manufac 
turing the contacts 44 in this manner alloWs them to pen 
etrate into minute corners of the contact holes 42, i.e., into 
gaps betWeen the loWer portions of the nitride ?lm side Walls 
38 and the silicon substrate 10. 

[0041] A preferred method for manufacturing the semi 
conductor device of the ?rst embodiment Will noW be 
described. In manufacturing the inventive semiconductor 
device, an oXide ?lm layer 46 is ?rst formed over the silicon 
substrate 10 as shoWn in FIG. 2 (step 1). 

[0042] The oXide ?lm layer 46 is furnished by means of 
loW or normal pressure CVD processes depositing undoped 
silicon oXide ?lm of 50 nm to 100 nm thick. 

[0043] AWiring layer 48 is then formed on the oXide ?lm 
layer 46 (step 2). 

[0044] The Wiring layer 48 is formed by one of four kinds 
of materials: (1) polycrystal silicon or amorphous silicon 
(doped With P, As, etc.) deposited through CVD; (2) a 
silicide ?lm consisting of high melting point metal such as 
Ti, TiN or W; (3) a ?lm made of these ?lms; or (4) a 
conductive metal ?lm such as W or AL. The Wiring layer 48 
has a ?lm thickness of 50 nm to 200 nm. 

[0045] A nitride ?lm top Wall layer 50 is formed on the 
Wiring layer 48 (step 3). 
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[0046] The top Wall layer 50 is produced by use of a 
silicon nitride ?lm or a nitride oxide ?lm deposited through 
CVD or by depositing a layer of such ?lms. The top Wall 
layer 50 has a ?lm thickness of 20 nm to 100 nm. 

[0047] When the steps above have been completed, the 
nitride ?lm top Wall layer 50, Wiring layer 48 and oXide ?lm 
layer 46 are subjected to dry etching such as RIE (reactive 
ion etching). This produces desired shapes of Wiring patterns 
(step 4). 
[0048] The etching process is terminated When the surface 
of the oXide ?lm layer 46 is removed by a predetermined 
?lm thickness. The etching forms an oXide ?lm 26 having 
conveX portions 28 and ?at portions 30, Wiring patterns 34, 
and nitride ?lm top Walls 36, as shoWn in FIG. 3. 

[0049] With step 4 carried out, a nitride ?lm layer 52 is 
formed all over the silicon substrate 10, as indicated in FIG. 
4 (step 5). 

[0050] As With the nitride ?lm top Wall layer 50 men 
tioned above, the nitride ?lm layer 52 is formed by a CVD 
process depositing a silicon nitride ?lm or a nitride oXide 
?lm 20 nm to 100 nm thick, or by use of a layer of such 
?lms. 

[0051] After the nitride ?lm layer 52 is formed, the entire 
surface of the nitride ?lm layer 52 is subjected to an 
etch-back process consisting of dry etching such as RIE. 
This forms the nitride ?lm side Walls 38 as illustrated in 
FIG. 5 (step 6). 

[0052] The etch-back process is carried out so that nitride 
?lm is removed at a suf?cient selective ratio to oXide ?lms. 
That is, the oXide ?lm 26 remains virtually untouched While 
the nitride ?lm layer 52 is being etched back. 

[0053] The interlayer oXide ?lm 40 (see FIG. 6) is then 
deposited all over the silicon substrate 10 (step 7). 

[0054] The formation of the interlayer oXide ?lm 40 is 
folloWed by a masking process involving photoresist. There 
after, dry etching such as RIE is conducted to make the 
contact holes 42 as shoWn in FIG. 6 (step 8). 

[0055] In the case of masking With photoresist, unmasked 
portions (called etching regions hereunder) are fabricated to 
be Wide relative to the pitch of the Wires 34. More speci? 
cally, the etching regions are made so as to have overlapping 
regions With the nitride ?lm top Walls 36. The interlayer 
oXide ?lm 40 is etched in a manner Where the oXide ?lm 40 
is removed at a suf?cient selective ratio to the nitride ?lms 
36 and 38. These processes alloW the contact holes 42 to be 
self-aligned and opened to the surface of the silicon sub 
strate 10 in a stable fashion. 

[0056] With the above steps completed, a Wet type etching 
process (such as HF) is carried out to etch isotropically the 
oXide ?lm 26 inside the contact holes 42 (step 9). 

[0057] During the process, the oXide ?lm 26 is etched at 
a suf?cient selective ratio to the nitride ?lms 36 and 38. In 
that case, the nitride ?lms 36 and 38 act as stoppers against 
etching. The steps so far cause the bottom of the contact 
holes 42 to intrude into the bottom of the nitride ?lm side 
Walls 38, thereby Widening the diameter of each contact hole 
at its bottom as shoWn in FIG. 7. 
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[0058] With the ?rst embodiment, as shoWn in FIG. 7, the 
top of the conveX portions 28 of the oXide ?lm 26 is higher 
than the top of the ?at portions 30, i.e., higher than the 
bottom of the nitride ?lm side Walls 38. Furthermore, the 
etching of the oXide ?lm 26 is alloWed to end Where the side 
edges 32 of the oXide ?lm 28 are located under the nitride 
?lm side Walls 38. Accordingly, the inventive method reli 
ably prevents the Wiring patterns 34 from getting exposed to 
the contact holes 42 regardless that the oXide ?lm 26 is 
etched at the loWer portions of the nitride ?lm side Walls 38. 

[0059] After the contact holes 42 are fabricated, the con 
tacts 44 are formed therein (step 10). 

[0060] The contacts 44 are made ?rst by a CVD process 
depositing polycrystal silicon or amorphous silicon (doped 
With P, As, etc.) to a ?lm thickness of 50 nm to 200 nm and 
then by shaping the deposited material as required. In the 
semiconductor device of the ?rst embodiment, the contact 
holes 42 penetrate into the bottom of the nitride ?lm side 
Walls 38. This structure alloWs the contacts 44 to secure 
large areas at their bottom. That is, the manufacturing 
method is capable of ensuring the bene?ts of the conven 
tional method of manufacture by self-alignment While 
manufacturing as the ?rst embodiment a semiconductor 
device suitably structured to reduce the contact resistance 
betWeen the contacts 44 and the silicon substrate 10. 

[0061] Second Embodiment 

[0062] A second embodiment of the invention Will noW be 
described With reference to FIGS. 8 through 14. In these 
?gures, those parts With their counterparts already shoWn in 
FIGS. 1 through 7 are given the same reference numerals, 
and descriptions of such parts are omitted partially or 
entirely Where they are repetitive. 

[0063] FIG. 8 is a cross-sectional vieW of a semiconductor 
device practiced as the second embodiment of the invention. 
A ?rst characteristic of the second embodiment is the 
presence of both an oXide ?lm 54 deposited on the silicon 
substrate 10 and nitride ?lm bottom Walls 56 interposed 
betWeen the oXide ?lm 54 and the Wiring patterns 34. A 
second characteristic of this semiconductor device lies in the 
fact that side edge surfaces 58 of the oXide ?lm 54 are each 
retracted from the back side of each nitride ?lm side Wall 38 
toWard the center of the corresponding Wiring pattern 34, 
i.e., each side edge surface 58 is located under the corre 
sponding nitride ?lm bottom Wall 56. 

[0064] As shoWn in FIG. 8, the nitride ?lm bottom Walls 
56 are each formed betWeen the nitride ?lm side Walls 38. 
This feature, in the semiconductor device of the second 
embodiment, enables the Wiring patterns 34 to be protected 
on all sides by the nitride ?lms 36, 38 and 56. The structure 
prevents the Wiring patterns 34 from getting eXposed during 
an etching process that has a suf?cient selective ratio for an 
oXide ?lm to a nitride ?lm. This in turn alloWs the second 
embodiment to have each side edge surface 58 of the oXide 
?lm 54 retracted to the bottom of the corresponding nitride 
?lm bottom Wall 56, as described. 

[0065] The greater the bottom area of each contact 44, i.e., 
the greater the eXtent to Which each side edge 58 of the oXide 
?lm 54 is retracted into the corresponding Wiring pattern 34, 
the loWer the contact resistance betWeen the contacts 44 and 
the silicon substrate 10. This means that the second embodi 
ment surpasses the ?rst embodiment in reducing the contact 



US 2001/0008795 A1 

resistance between the contacts 44 and the silicon substrate 
10. In this manner, the semiconductor device of the second 
embodiment prevents reliably any short-circuits betWeen the 
Wiring patterns 34 and the contacts 44 While obtaining a 
sufficiently loW level of contact resistance betWeen the 
contacts 44 and the silicon substrate 10. 

[0066] A preferred method for manufacturing the semi 
conductor device of the second embodiment is described 
beloW. In the description beloW, steps 1 through 10 With the 
second embodiment are the same as those With the ?rst 
embodiment. 

[0067] In manufacturing the second embodiment, the 
oXide ?lm 54 is formed on the silicon substrate 10 as shoWn 
in FIG. 9 (step 11). 

[0068] The oXide ?lm 54 is furnished by means of loW or 
normal pressure CVD processes depositing undoped silicon 
oXide ?lms to a ?lm thickness of 50 nm to 100 nm. 

[0069] The oXide ?lm 54 is topped With a nitride ?lm 
bottom Wall layer 60 (step 12). 

[0070] The nitride ?lm bottom Wall layer 60 is furnished 
by a CVD process depositing a silicon nitride ?lm, a nitride 
oXide ?lm or a ?lm made of such ?lms to a ?lm thickness 
of 20 nm to 100 nm. The nitride ?lm bottom Wall layer 60 
is topped With the Wiring layer 48 and the nitride ?lm top 
Wall layer 50, in that order (steps 2 and 3). 

[0071] After the steps above are completed, the nitride 
?lm top Wall layer 50, Wiring layer 48 and nitride ?lm 
bottom Wall layer 60 are subjected to dry etching such as 
RIE. This forms desired shapes of Wiring patterns as shoWn 
in FIG. 10 (step 13). 

[0072] As is the case With the ?rst embodiment, step 13 is 
folloWed by the process of forming the nitride ?lm layer 52 
(FIG. 11; step 5), by the process of forming the nitride ?lm 
side Walls 38 (FIG. 12; step 6) and by the process of forming 
the contact holes 42 (FIG. 13; steps 7, 8), in that order. 

[0073] When the above steps are completed, a Wet type 
etching process (such as HF) is carried out to etch isotro 
pically the oXide ?lm 26 as in the case of the ?rst embodi 
ment (FIG. 14; step 14). 

[0074] During the etching process of step 14 With the 
second embodiment, the oXide ?lm 26 is etched at a suf? 
cient selective ratio to the nitride ?lms 36, 38 and 56. 
Furthermore, the etching continues until the side edge sur 
faces 58 of the oXide ?lm 54 retracted into beneath the 
nitride ?lm bottom Walls 56. 

[0075] According to the preferred method above for 
manufacture, the nitride ?lms 36, 38 and 56 are furnished to 
serve as stoppers against etching. This arrangement prevents 
reliably the Wiring patterns 34 from getting exposed While 
enabling the bottom of the contact holes 42 to penetrate 
appreciably under the nitride ?lm side Walls 38. Thereafter, 
as With the ?rst embodiment, the contacts 44 are formed 
inside the contact holes 42 (FIG. 8; step 10). 

[0076] The preferred method above for the second 
embodiment prevents reliably any short-circuits betWeen the 
Wiring patterns 34 and the contacts 44 While ensuring a more 
extensive area at the bottom of each contact 44 than in the 
case of the ?rst embodiment. This makes it possible to 
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manufacture stably the semiconductor device With reduced 
contact resistance betWeen the contacts 44 and the silicon 
substrate 10. 

[0077] Third Embodiment 

[0078] A third embodiment of this invention Will noW be 
described With reference to FIGS. 15 through 18. In these 
?gures, those parts With their counterparts already shoWn in 
FIGS. 1 through 14 are given the same reference numerals, 
and descriptions of such parts are omitted partially or 
entirely Where they are repetitive. 

[0079] FIG. 15 is a cross-sectional vieW of a semicon 
ductor device practiced as the third embodiment of the 
invention. The semiconductor device of the third embodi 
ment has the same structure as the ?rst embodiment eXcept 
that the contacts 44 are connected to the silicon substrate 10 
by means of plugs 62. 

[0080] With the third embodiment, the plugs 62 and an 
interlayer oXide ?lm 64 are formed on the silicon substrate 
10. The plugs 62 are formed by one of four kinds of 
materials: (1) polycrystal silicon or amorphous silicon 
(doped With P, As, etc.) deposited through CVD; (2) a 
silicide ?lm consisting of high melting point metal such as 
Ti, TiN or W; (3) a ?lm made of these ?lms; or (4) a 
conductive metal ?lm such as W or Al. The interlayer oXide 
?lm 64 is furnished by means of loW or normal pressure 
CVD processes depositing undoped or phosphorus- or 
boron-doped silicon oXides to a ?lm thickness of 100 nm to 
1,000 nm. 

[0081] According to the inventive structure of the third 
embodiment, despite the plugs 62 interposed betWeen the 
contacts 44 and the silicon substrate 10, the contact resis 
tance of the contacts 44 is as effectively inhibited as With a 
case of the ?rst embodiment in Which the contacts 44 are 
directly connected to the silicon substrate 10. 

[0082] A preferred method for manufacturing the semi 
conductor device of the third embodiment is described 
beloW. According to this method, the interlayer oXide ?lm 64 
is ?rst deposited on the silicon substrate 10. Then dry 
etching such as RIE is carried out to form suitable contact 
holes 66 (FIG. 16; step 15). 

[0083] After a silicon ?lm 68 is deposited all over the 
silicon substrate 10 (FIG. 17; step 16), dry etching such as 
RIE or an etch-back process using a polisher for CMP is 
carried out to form the plugs 62 (FIG. 18; step 17). There 
after, steps 1 through 10 are performed in the same manner 
as With the ?rst embodiment, Whereby the semiconductor 
device of the third embodiment is manufactured (FIG. 15). 

[0084] Fourth Embodiment 

[0085] A fourth embodiment of this invention Will noW be 
described With reference to FIG. 19. In FIG. 19, those parts 
With their counterparts already shoWn in FIGS. 1 through 
18 are given the same reference numerals, and descriptions 
of such parts are omitted partially or entirely Where they are 
repetitive. 

[0086] FIG. 19 is a cross-sectional vieW of a semicon 
ductor device practiced as the fourth embodiment of the 
invention. The semiconductor device of the fourth embodi 
ment has the same structure as the third embodiment eXcept 
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that between each contact 44 and the silicon substrate 10 is 
a plug 70 smaller in diameter than the contact 44. 

[0087] The semiconductor device of the fourth embodi 
ment may be manufactured by the same method as that for 
producing the third embodiment except that the plugs 70 
must be made smaller in diameter. If the diameter of each 
plug 70 is smaller than the bottom region of the correspond 
ing contact 44, i.e., if the plug 70 is smaller in diameter than 
the opening of the contact hole 42, during the isotopic 
etching of the interlayer oxide ?lm 26 (FIG. 7; step 9), the 
interlayer oxide ?lm 64 is also eliminated from around the 
plug 70. Thus Where the plugs 70 are smaller in diameter 
than the contacts 44, the structure shoWn in FIG. 19 is 
manufactured by means of the manufacturing method 
described above. 

[0088] In the structure of FIG. 19, the bottom of each 
contact 44 is in contact With the top of the corresponding 
plug 70 While the plug 70 is laterally surrounded near its top 
by the contact 44. As a result, the contact resistance betWeen 
the contacts 44 and the plugs 70 is brought to a suf?cient loW 
level despite the fact that each plug 70 has an appreciably 
small diameter. Thus produced, the semiconductor device of 
the fourth embodiment is capable of reducing the contact 
resistance of the contacts 44 as effectively as the third 
embodiment. 

[0089] Fifth Embodiment 

[0090] A ?fth embodiment of the invention Will noW be 
described With reference to FIGS. 20 through 23. In these 
?gures, those parts With their counterparts already shoWn in 
FIGS. 1 through 19 are given the same reference numerals, 
and descriptions of such parts are omitted partially or 
entirely Where they are repetitive. 

[0091] FIG. 20 is a cross-sectional vieW of a semicon 
ductor device practiced as the ?fth embodiment of the 
invention. The semiconductor device of the ?fth embodi 
ment has the same structure as the ?rst embodiment except 
that the contacts 44 are directly connected to Wiring 72. 

[0092] In the ?fth embodiment, the Wiring 72 and an 
interlayer oxide ?lm 74 are formed on the silicon substrate 
10. This structure, With the contacts 44 directly connected to 
the Wiring 72, reduces contact resistance of the contacts 44 
as effectively as the ?rst embodiment Wherein the contacts 
44 are connected directly to the silicon substrate 10. 

[0093] A preferred method for manufacturing the semi 
conductor of the ?fth embodiment is brie?y described 
beloW. 

[0094] In manufacturing the ?fth embodiment, the inter 
layer oxide ?lm 74 is ?rst deposited on the silicon substrate 
10. Then dry etching such as RIE is carried out to form 
suitable grooves 76 (FIG. 21; step 18). 

[0095] After a silicon ?lm 78 is deposited all over the 
silicon substrate 10 (FIG. 22; step 19), the Wiring 72 is 
formed by dry etching such as RIE, CMP or by an etch-back 
process involving a ploisher such as Damachine (FIG. 23; 
step 20). Thereafter, steps 1 through 10 are performed in the 
same manner as With the ?rst embodiment, Whereby the 
semiconductor device of the ?fth embodiment is fabricated 

(FIG. 20). 
[0096] Sixth Embodiment 
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[0097] A sixth embodiment of this invention Will noW be 
described With reference to FIG. 24. In FIG. 24, those parts 
With their counterparts already shoWn in FIGS. 1 through 
23 are given the same reference numerals, and descriptions 
of such parts are omitted partially or entirely Where they are 
repetitive. 

[0098] FIG. 24 is a cross-sectional vieW of a semicon 
ductor device practiced as the sixth embodiment of the 
invention. The semiconductor device of the sixth embodi 
ment has the same structure as the ?fth embodiment except 
that there exists betWeen each contact 44 and the silicon 
substrate 10 Wiring 80 that is smaller in Width than the 
diameter of the contact 44. 

[0099] The semiconductor device of the sixth embodiment 
is manufactured in the same manner as the ?fth embodiment 
except that the Wiring 80 is made thinner. If the Width of 
each Wiring 80 is smaller than the bottom diameter of the 
corresponding contact 44, i.e., if the Width of the Wiring 80 
is smaller than the diameter of the opening of the corre 
sponding contact hole 42, during an isotropic etching to 
remove the oxide ?lm 26 (see FIG. 7; step 9), the interlayer 
oxide ?lm 74 is also eliminated from around the Wiring 80. 
Thus Where the Width of the Wiring 80 is smaller than the 
diameter of each contact 44, the structure shoWn in FIG. 24 
is manufactured by means of this preferred method. 

[0100] In the structure of FIG. 24, the bottom of each 
contact 44 is in contact With the top of the corresponding 
Wiring 80 While the Wiring 80 is laterally surrounded near its 
top by the contact 44. Accordingly, the structure shoWn in 
FIG. 24 enables the contact resistance betWeen the contacts 
44 and the Wiring 80 to be brought to a sufficiently loW level 
despite the fact that each Wiring 80 has an appreciably small 
Width. Thus produced, the semiconductor device of the sixth 
embodiment is capable of reducing the contact resistance of 
the contacts 44 as effectively as the ?fth embodiment. 

[0101] Seventh Embodiment 

[0102] A seventh embodiment of this invention Will noW 
be described With reference to FIG. 25. In FIG. 25, those 
parts With their counterparts already shoWn in FIGS. 1 
through 24 are given the same reference numerals, and 
descriptions of such parts are omitted partially or entirely 
Where they are repetitive. 

[0103] FIG. 25 is a cross-sectional vieW of a semicon 
ductor device practiced as the seventh embodiment of the 
invention. As With the third embodiment (see FIG. 15), the 
semiconductor device of the seventh embodiment has the 
plugs 62 interposed betWeen the contacts 44 and the silicon 
substrate 10. Except for the presence of the plugs 62, the 
semiconductor device of the seventh embodiment has the 
same structure as the second embodiment (see FIG. 8). 

[0104] As mentioned previously, the structure of the sec 
ond embodiment has a contacts including the bottom regions 
extending into beneath of the nitride ?lm bottom Walls 56. 
This means that semiconductor device of the seventh 
embodiment may have a still loWer level of contact resis 
tance betWeen the contacts 44 and the plugs 62 than the third 
embodiment. The seventh embodiment may be manufac 
tured by carrying out the above-described steps 15 through 
17, 11, 12, 2, 3, 13, 5 through 8, 14, and 10, in that order. 

[0105] Eighth Embodiment 
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[0106] An eighth embodiment of this invention Will noW 
be described With reference to FIG. 26. In FIG. 26, those 
parts With their counterparts already shoWn in FIGS. 1 
through 25 are given the same reference numerals, and 
descriptions of such parts are omitted partially or entirely 
Where they are repetitive. 

[0107] FIG. 26 is a cross-sectional vieW of a semicon 
ductor device practiced as the eighth embodiment of the 
invention. As With the fourth embodiment (see FIG. 19), the 
semiconductor device of the eighth embodiment has the 
plugs 70 of a small diameter interposed betWeen the contacts 
44 and the silicon substrate 10. Except for the presence of 
the plugs 70, the semiconductor device of the eighth 
embodiment has the same structure as the second embodi 

ment (see FIG. 8). 

[0108] The above structure of the eighth embodiment may 
have the bottom regions of the contacts 44 extending into 
beneath of the nitride ?lm bottom Walls 56. This means that 
semiconductor device of the eighth embodiment may have a 
still loWer level of contact resistance betWeen the contacts 
44 and the plugs 70 than the fourth embodiment. Except for 
the need to reduce the plug Width, the semiconductor device 
of the eighth embodiment may be manufactured by the same 
steps as the seventh embodiment. 

[0109] Ninth Embodiment 

[0110] A ninth embodiment of this invention Will noW be 
described With reference to FIG. 27. In FIG. 27, those parts 
With their counterparts already shoWn in FIGS. 1 through 
26 are given the same reference numerals, and descriptions 
of such parts are omitted partially or entirely Where they are 
repetitive. 
[0111] FIG. 27 is a cross-sectional vieW of a semiconduc 
tor device practiced as the ninth embodiment of the inven 
tion. As With the ?fth embodiment (see FIG. 20), the 
semiconductor device of the ninth embodiment has the 
Wiring 72 interposed betWeen the contacts 44 and the silicon 
substrate 10. Except for the presence of the Wiring 72, the 
semiconductor device of the ninth embodiment has the same 
structure as the second embodiment (see FIG. 8). 

[0112] The above structure alloWs the ninth embodiment 
to extend the bottom regions of the contacts 44 into beneath 
of the nitride ?lm bottom Walls 56. This means that semi 
conductor device of the ninth embodiment may have an even 
loWer level of contact resistance betWeen the contacts 44 and 
the Wiring 72 than the ?fth embodiment. The ninth embodi 
ment may be manufactured by carrying out the above 
described steps 18 through 20, 11, 12, 2, 3, 13, 5 through 8, 
14, and 10, in that order. 

[0113] Tenth Embodiment 

[0114] A tenth embodiment of this invention Will noW be 
described With reference to FIG. 28. In FIG. 28, those parts 
With their counterparts already shoWn in FIGS. 1 through 
27 are given the same reference numerals, and descriptions 
of such parts are omitted partially or entirely Where they are 
repetitive. 
[0115] FIG. 28 is a cross-sectional vieW of a semiconduc 
tor device practiced as the tenth embodiment of the inven 
tion. As With the sixth embodiment (see FIG. 24), the 
semiconductor device of the tenth embodiment has thin 
Wiring 80 interposed betWeen the contacts 44 and the silicon 
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substrate 10. Except for the presence of the Wiring 80, the 
semiconductor device of the tenth embodiment has the same 
structure as the second embodiment (see FIG. 8). 

[0116] The above structure alloWs the tenth embodiment 
to extend the bottom regions of the contacts 44 into beneath 
of the nitride ?lm bottom Walls 56. This means that semi 
conductor device of the tenth embodiment may have an even 
loWer level of contact resistance betWeen the contacts 44 and 
the Wiring 80 than the sixth embodiment. Except for the 
need to reduce the Wiring Width, the semiconductor device 
of the tenth embodiment may be fabricated by the same steps 
as the ninth embodiment. 

[0117] In each of the embodiments described above, the 
contact holes 42 are furnished betWeen the Wiring 34, and 
the column-like contacts 44 are formed inside the contact 
holes 42. HoWever, the present invention is not limited to the 
arrangement. Alternatively, the contact holes 42 may be 
replaced by grooves. Inside these grooves, the contacts 44 
may be replaced by Wiring Which has a loW level of contact 
resistance and Which may be in contact With the silicon 
substrate 10. 

[0118] The major bene?ts of the present invention 
described above are summariZed as folloWs: 

[0119] As a ?rst bene?t of the invention, the Wiring 
patterns of the semiconductor device are protected by the 
nitride ?lm top Walls and nitride ?lm side Walls. This feature 
alloWs the contacts of the semiconductor device to be 
manufactured through self-alignment. Because the contacts 
protrude into beneath of the nitride ?lm side Walls by the 
amount in Which the oxide ?lm is retracted into the Walls, it 
is possible for the inventive semiconductor device to secure 
a signi?cantly large area of contact edges in order to reduce 
contact resistance of these contacts. 

[0120] As a second bene?t of the invention, the top of the 
oxide ?lm provided beneath of the Wiring patterns may be 
formed to be higher than the bottom of the nitride ?lm side 
Walls. Thus Whereas the side edge surfaces of the oxide ?lm 
are formed in a retracted fashion aWay from the frontal edges 
of the nitride ?lm side, the oxide ?lm is alloWed to remain 
unfailingly betWeen the Wiring patterns and the contacts 
thereby preventing short-circuits therebetWeen. 

[0121] As a third bene?t of the invention, the side edge 
surfaces of the oxide ?lm may be located at beneath of the 
nitride ?lm side Walls. The oxide ?lm and the nitride ?lm 
side Walls isolate the Wiring patterns reliably from the 
contacts, thus securely preventing short-circuits therebe 
tWeen. 

[0122] As a fourth bene?t of the invention, the nitride ?lm 
bottom Walls may be formed at the bottom of the Wiring 
patterns. That is, the Wiring patterns are surrounded by the 
nitride ?lms. Thus Whereas the side edge surfaces of the 
oxide ?lm are manufactured in a retracted fashion aWay 
from the frontal edges of the nitride ?lm side Walls, the 
nitride ?lm bottom Walls isolate the Wiring patterns from the 
contacts thereby securely preventing short-circuits therebe 
tWeen. 

[0123] As a ?fth bene?t of the invention, the presence of 
the nitride ?lm bottom Walls reliably prevents short-circuits 
betWeen the Wiring patterns and the contacts even Where the 
side edge surfaces of the oxide ?lm are further retracted 
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away from the back edges of the nitride ?lm side Walls. This 
arrangement suf?ciently reduces contact resistance of the 
contacts because the side edge surfaces of the oxide ?lm 
regions are further retracted aWay from the back sides of the 
nitride ?lm side Walls, i.e., because the side edge surfaces of 
the oXide ?lm are located beneath of the nitride ?lm bottom 
Walls. 

[0124] Further, the present invention is not limited to these 
embodiments, but variations and modi?cations may be made 
Without departing from the scope of the present invention. 

What is claimed is: 
1. A semiconductor device comprising: 

Wiring patterns; 

nitride ?lm top Walls formed on top of said Wiring 
patterns; 

nitride ?lm side Walls formed laterally to each of said 
Wiring patterns; 

contacts Which are each formed interposingly betWeen 
said Wiring patterns and Which are isolated from said 
Wiring patterns by said nitride ?lm top Walls and said 
nitride ?lm side Walls; and 

an oXide ?lm formed under said Wiring patterns, a bottom 
of the oXide ?lm being loWer than that of said nitride 
?lm side Walls; 

Wherein a side edge surface of each of said oXide ?lm is 
retracted aWay from a frontal edge of the corresponding 
nitride ?lm side Wall into the corresponding Wiring 
pattern; and 

Wherein each of said contact eXtends into beneath of the 
corresponding nitride ?lm side Wall. 

2. The semiconductor device according to claim 1, 
Wherein, under said Wiring patterns, the top of said oXide 
?lm is formed to be higher than the bottom of said nitride 
?lm side Walls. 

3. The semiconductor device according to claim 2, 
Wherein the side edge surfaces of said oXide ?lm are located 
beneath of said nitride ?lm side Walls. 

4. The semiconductor device according to claim 1, further 
comprising nitride ?lm bottom Walls each formed interpos 
ingly betWeen the corresponding Wiring pattern and said 
oXide ?lm and provided betWeen tWo of said nitride ?lm side 
Walls. 

5. The semiconductor device according to claim 4, 
Wherein the side edge surfaces of said oXide ?lm are located 
beneath of said nitride ?lm bottom Walls. 

6. A method for manufacturing a semiconductor device 
comprising the steps of: 
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forming an oXide ?lm on a semiconductor substrate; 

forming a Wiring layer on said oXide ?lm; 

forming a nitride ?lm top Wall layer on said Wiring layer; 

forming Wiring patterns and nitride ?lm top Walls by 
shaping said Wiring layer and said nitride ?lm top Wall 
layer into suitable Wiring pattern shape; 

forming nitride ?lm side Walls laterally to said Wiring 
patterns and to said nitride ?lm top Walls; 

after depositing an interlayer oXide ?lm, forming contact 
holes interposingly betWeen said Wiring patterns so that 
said nitride ?lm top Walls and said nitride ?lm side 
Walls Will remain and that a side edge surface of said 
oXide ?lm Will be retracted from a frontal edge of the 
corresponding nitride ?lm side Wall into the corre 
sponding Wiring pattern; and 

forming contacts inside said contact holes. 
7. The method for manufacturing a semiconductor device 

according to claim 6, Wherein said step for forming the 
Wiring pattern includes a ?rst etching step for etching said 
oXide ?lm so that a top of the oXide ?lm not covered With 
said Wiring patterns Will be loWer than a top of the oXide ?lm 
under said Wiring patterns. 

8. The method for manufacturing a semiconductor device 
according to claim 7, Wherein said step for forming the 
contact hole includes a second etching step for etching said 
oXide ?lm so that a side edge surface of said oXide ?lm Will 
be located beneath of the corresponding nitride ?lm side 
Wall. 

9. The method for manufacturing a semiconductor device 
according to claim 6, further comprising the step of forming 
a nitride ?lm bottom Wall layer on top of said oXide ?lm; 

Wherein said step for forming the Wiring layer is arranged 
to form said Wiring layer on said nitride ?lm bottom 
Wall layer; and 

Wherein said step for forming the Wiring patterns and the 
nitride ?lm top Walls includes a step for forming nitride 
?lm bottom Walls by shaping said nitride ?lm bottom 
Wall layer into the suitable Wiring pattern shape in the 
same manner as With said Wiring layer and said nitride 
?lm top Wall layer. 

10. The method for manufacturing a semiconductor 
device according to claim 9, Wherein said step for forming 
the contact hole includes a third etching step for etching said 
oXide ?lm so that the side edge surface of said oXide ?lm 
Will be located beneath of the corresponding nitride ?lm 
bottom Wall. 


