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(57) ABSTRACT 

A semiconductor memory Wherein a memory cell region 
having a plurality of memory cells and a relatively high 
altitude above the surface of semiconductor substrate is 
formed at a recessed part of the semiconductor substrate 
having the recessed part and a projected part, and Wherein a 
peripheral circuit region having a comparatively loW altitude 
from the surface of the semiconductor substrate is formed at 
the projected part of the semiconductor substrate. 

44 Claims, 15 Drawing Sheets 
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FIG. 2 
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SEMICONDUCTOR MEMORY DEVICE 
WITH RECESSED ARRAY REGION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a reissue application of application 
Ser. No. 07/650,999, filed Feb. 4, 1991, now US. Pat. No. 
5,196,910, which is a continuation of application Ser. No. 
401,616, ?led Aug. 31, 1989 now abandoned, which is a 
divisional of application Ser. No. 184,786, ?led Apr. 22, 
1988, now US. Pat. No. 4,882,289. 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor memory 
and method for manufacturing the same and particularly to 
a large scale integrated semiconductor memory and method 
for manufacturing the same suitable for employment of 
optical lithography method. 

Integration degree of a semiconductor memory is now in 
the age of 1 Mbits and a 4 Mbits memory is also under the 
development. Improvement in integration degree has been 
supported mainly by an ultraminiaturiZed pattern formation 
technology, namely the lithography and etching techniques. 
Therefore, it is very important to acquire the throughput as 
the lithography technology. For this reason, a reduction 
projection lithography using optical lenses has been widely 
employed as a method to form an ultraminiaturiZed pattern 
with comparatively high throughput. However, this reduc 
tion projection lithography provides a problem that when 
resolution of lens increases, depth of focus becomes shallow 
because the light is used and resolution is deteriorated if the 
surface which becomes the focusing surface (substrate sur 
face is not ?at. The optical lithography is explained in the 
“VLSI Device Handbook”, P139 to 141, issued on Nov. 28, 
1983, by Science Forum Co., Ltd. 

Meanwhile, as far as element structure is concerned, it is 
more complicated and the level difference formed on the 
substrate becomes large. It is because, for example, in the 
case of DRAM (Dynamic Random Access Memory), a 
capacitor having a capacitance value larger than the speci 
?ed value must be formed as a measure for soft error to the 

ot-ray and thereby a stacked capacitor, etc. is used to form a 
capacitor having a large capacity within a narrow region. (A 
cell structure using such capacitor is called a stacked capaci 
tor type memory cell (STC memory cell).) This STC 
memory cell is disclosed in the Published Japanese Patent 
No. 61-55258. 

As explained above, in the reduction projection lithogra 
phy technology to form an ultraminiaturiZed pattern, the 
substrate surface must be formed ?at because the depth of 
focus is shallow. However, in actuality, since there is a large 
level difference on the substrate as described above, focus 
ing goes out of the depth of focus, resulting in a problem that 
pattern resolution is deteriorated or siZe accuracy is lowered. 

In order to solve such problems as pattern resolution fault 
or drop of siZe accuracy resulting from the level difference 
on the substrate, a multilayer resist method has been pro 
posed. This multilayer resist method is disclosed, for 
example, in the Japanese Laid-open patent No. 51-107775. 
In the case of this method, a ?at surface which is not almost 
effectuated by level difference of substrate is formed with a 
thick organic ?lm (BL: Bottom Layer) on the substrate 
having the level difference. Moreover, a shielding layer and 
a mask layer are sequentially formed thereon, the mask layer 
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2 
is patterned at the upper most layer by the photolithography 
technology and the shielding layer is etched with the pat 
terned mask layer used as the mask. In addition, with this 
shielding layer used as the mask, the organic ?lm as the 
lowest layer is etched by the anisotropic etching such as the 
sputter etching or ion beam etching, and the layer to be 
processed is etched with such organic ?lm of the lowest 
layer used as the mask. Here, a substrate includes a single 
crystal silicon substrate and insulation ?lm and conductive 
layer, etc. formed on the surface thereof. 

SUMMARY OF THE INVENTION 

The inventors of the present invention have found that the 
multilayer resist method explained above is certainly effec 
tive as a measure for the case where level difference exists 
in the crowded region and also found a problem in this 
method that a pattern resolution fault or siZe accuracy 
deterioration is generated in the memory array region or 
peripheral circuit region in case level difference is formed 
between the memory cell array region and peripheral circuit 
region exists, namely altitude difference exists between 
regions separated in a certain degree, for example, like the 
DRAM having the STC memory cell. This problem may be 
thought to be generated because even if a multilayer resist 
method is used, altitude difference between the memory 
array region and peripheral circuit region cannot be elimi 
nated and this altitude difference causes that the surfaces of 
memory array region and peripheral circuit region are not 
simultaneously set within the depth of focus of the reduction 
projection lithography apparatus. According to experiments 
by inventors of the present invention, in case the altitude 
difference between two regions is about 1.5 pm and these 
regions are separated by 30 to 40 pm or more, it is difficult 
even in the multilayer resist method to eliminate such 
altitude difference. 

It is therefore an object of the present invention to provide 
a technology to process both regions with high accuracy, 
even if these regions are processed simultaneously, in case 
these regions are separated by the speci?ed difference and 
have altitude difference. 

It is another object of the present invention to provide a 
technology to simultaneously process the memory cell array 
region and peripheral circuit region of a semiconductor 
memory. 

It is another object of the present invention to provide a 
semiconductor memory wherein a memory cell array region 
is formed in the recessed part of single crystal silicon 
substrate and the peripheral circuit region is formed in other 
part. 

The aforementioned and other objects and novel features 
of the present invention will become apparent from descrip 
tion of this speci?cation and accompanying drawings. 
A typical invention among those disclosed in the present 

application will be summarized and brie?y explained here 
under. 

Pattern resolution fault of the memory cell array region 
and peripheral circuit region can be prevented because these 
are processed within the depth of focus of the exposing 
apparatus in the exposure process by forming the region 
which is higher than the semiconductor substrate surface in 
the ?nished condition, for example, the memory array region 
to the recessed part of single crystal semiconductor substrate 
and the region which is lower than the semiconductor 
substrate surface under the ?nished condition, for example, 
the peripheral circuit region to the other part, with the small 
altitude difference between the memory cell array region and 
peripheral circuit region. 



US RE38,296 E 
3 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an equivalent circuit of essential portion of a 
dynamic RAM to Which the present invention is adopted; 

FIG. 2 is a layout of memory cell part of dynamic RAM 
to Which the present invention is adopted; 

FIG. 3 is a sectional vieW of the memory cell part and the 
peripheral circuit part of dynamic RAM to Which the present 
invention is adopted; 

FIGS. 4 to 23 are sectional vieWs of the essential portion 
indicating each manufacturing process of the memory cell 
part and peripheral circuit part; 

FIGS. 24 to 26 and FIGS. 27 to 30 are other embodiments 
to form the recessed part on a single crystal substrate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As shoWn in FIG. 1, a DRAM is formed by the folded bit 
line system. A memory cell array (memory cell mat) is 
arranged at the center of FIG. 1. 

This memory cell array permits the complementary data 
lines DL, E to extend in the column direction. This 
complementary data line DL is arranged in a plurality of 
pairs in the roW direction. These complementary data lines 
DL are connected to the sense ampli?ers SA respectively at 
the one end side. 

MeanWhile, the Word lines WL are extended in the roW 
direction crossing the complementary data lines DL. The 
Word line WL is also arranged in a plurality of lines in the 
column direction. Although not illustrated, respective Word 
lines WL are connected With the roW decoder circuits 
X-DEC arranged at the end part of memory cell array for 
selection. 

At each cross point of the one complementary data line 
DL and the one Word line WL, a memory cell M to store the 
information of 1 [bit] is arranged. The memory cell M is 
formed by an n-channel MISFET OS for memory cell 
selection and an information accummulating capacitance 
element C of Which one electrode is connected in series to 
the one semiconductor region of such MISFET. 

The MISFET Q5 of memory cell M is connected to the 
complementary data line DL through the other semiconduc 
tor region and also connected to the Word line WL through 
the gate electrode. The other electrode of information 
accummulating capacitance element C is connected With a 
poWer supply voltage 1/2 VCC. The poWer supply voltage 1/2 
VCC is an intermediate voltage betWeen the reference voltage 
V55 (=0 of the circuit and poWer supply voltage VCC (=5 
[V]) of the circuit. The poWer supply voltage 1/2 VCC applied 
to the other electrode reduces a ?eld intensity to be applied 
across the information accummulating capacitance element 
C and thereby loWers deterioration of dielectric strength of 
a dielectric material ?lm. 

The sense ampli?er SA explained above is so formed as 
amplifying information of memory cell M to be transmitted 
through the complementary data line DL. The information 
ampli?ed by sense ampli?er SA is then output to the 
common data lines I/O, I/—O through the n-channel MISFET 
Qy as Y sWitch. 

The MISFET Qy as Y sWitch is so formed that the gate 
electrode thereof is connected to the Y select signal line YSL 
for control. The one Y select signal YSL is provided for a 
pair of complementary data lines DL. The Y select signal 
lines YSL are extended in the same column direction as the 
complementary data lines DL and are arranged between 
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4 
respective complementary data lines DL. In other Words, the 
complementary data lines DL and Y select signal lines YSL 
are alternately arranged in the roW direction. The Y select 
signal lines YSL are so formed as being connected With the 
column decoder circuits Y-DEC arranged at the end part of 
memory cell array for selection. 
The common data lines I/O are connected to the main 

ampli?ers MA arranged at the end part of memory cell array. 
The main ampli?er MA is connected to an output transistor 
Dom through MISFET for sWitching (sign is not attached), 
output signal lines DOL, DOLand data output buffer circuit 
DoB. Namely, the information of memory cell Which has 
been further ampli?ed by the main ampli?er MA is output to 
the output transistor Dom through the output signal lines 
DOL and data output buffer circuit DoB, etc. 

Next, practical structures of elements forming memory 
cell M of DRAM and peripheral circuits (sense ampli?er 
SA, column decoder circuit Y-DEC, etc.) of DRAM are 
explained hereunder. 
The memory cell array of DRAM is indicated in FIG. 2 

(plan vieW of the essential portion) and elements of memory 
cell array and peripheral circuits are indicated in FIG. 3 
(sectional vieW of essential portion). The left side of FIG. 3 
is the sectional vieW of memory cell M along the cutting line 
I—I of FIG. 2 and the center area of FIG. 3 is the sectional 
vieW of guard ring portion along the cutting line II—II of 
FIG. 2. The right side of FIG. 3 is the sectional vieW of 
complementary MISFET (CMOS) forming the peripheral 
circuits. 
As indicated in FIG. 2 and FIG. 3, the DRAM is made of 

single crystal silicon and is formed by the P-type semicon 
ductor substrate 1 comprising the recessed part in the region 
to form the memory cell M. MeanWhile, a p-type Well region 
2 is provided to the main surfaces of the memory cell M 
(memory cell array) forming region and n-channel MIS 
FETQn forming region on the semiconductor substrate 1. An 
n-type Well region 3 is also provided to the main surface of 
the p-channel MISFET forming region Op of the semicon 
ductor substrate 1. Namely, the DRAM of the present 
invention employs the tWin Well structure. 
An element separating insulation ?lm (?eld insulation 

?lm) 5 is provided on the main surface de?ned betWeen 
respective semiconductor element forming regions of Well 
regions 2, 3. This element separating insulation ?lm 5 is 
formed to electrically separate semiconductor elements. A 
p-type channel stopper region 4A is provided on the main 
surface of Well region 2 under the element separating 
insulation ?lm 5. Since a parasitic MOS using such element 
separating insulation ?lm 5 as a gate insulation ?lm is easily 
inverted to the n-type, the channel stopper region 4A is 
provided at least to the main surface of Well region 2. 

Ap-type potential barrier layer 4B is provided to the main 
surface of the memory cell M forming region of the Well 
region 2. The potential barrier layer 4B is substantially 
provided to the entire part of memory cell M forming region. 
As Will be explained later, this potential barrier layer 4B is 
formed in the same manufacturing process and With the 
same manufacturing mask as those of the channel stopper 
region 4A. This potential barrier layer 4B is formed by 
extending and diffusing the p-type impurity (B) introduced 
to the channel stopper region forming region up to the 
memory cell M forming region. 
The memory cell selection MISFETQS of memory cell M 

is formed, as indicated in FIG. 2 and FIG. 3, to the main 
surface of the Well region 2 (in actual, the potential barrier 
layer 4B). The MISFETQS region is surrounded by the 
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element separating insulation ?lm 5 and channel stopper 
region 4A to de?ne the shape thereof. This MISFETQS is 
basically and mainly formed by a Well region 2, a gate 
insulation ?lm 6, a gate electrode 7, and a pair of n-type 
semiconductor regions 9 as the source regions or drain 
regions. 

The Well region 2 is used as the channel forming region 
of MISFETQS. 

The gate insulation ?lm 6 is formed by a silicon oxide ?lm 
formed oxidiZing the main surface of Well region 2. 

The gate electrode 7 is provided at the upper part of gate 
insulation ?lm 6 and formed, for example, by polycrystal 
silicon ?lm deposited by the CVD method. This polycrystal 
silicon ?lm introduces an n-type impurity (P or As) Which 
loWers a resistance value. 

The gate electrode 7 may also be formed by a single layer 
of high melting point metal (Mo, Ti, Ta, W) ?lm or high 
melting point metal silicide (MoSi2, TiSi2, TaSi2, WSi2) 
?lm. Moreover, the gate electrode 7 can also be formed by 
a composite ?lm obtained by laminating metal ?lm on the 
polycrystal silicon ?lm. 

This gate electrode 7 is structured together With the Word 
lines (WL) extending in the roW direction as indicated in 
FIG. 2. Namely, the gate electrode 7 and Word lines 7 are 
formed by the same conductive layer. The Word lines 7 
connect the respective gate electrodes 7 of MISFETQS of a 
plurality of memory cells M arranged in the roW direction. 

The semiconductor region 9 is formed by the ion implan 
tation of loW impurity concentration, at least, in the one side 
for connecting information accummulating capacitance ele 
ment C in comparison With the semiconductor region (17) of 
MISFETQS forming the peripheral circuits. In practical, the 
one semiconductor region 9 is formed by ion implantation of 
impurity concentration as loW as under 1><1014[atoms/cm2]. 
This semiconductor region 9 formed by ion implantation of 
impurity in concentration as loW as under 1><1014 [atoms/ 
cm2] includes less crystal defect generated on the main 
surface of Well region 2 resulting from implantation of 
impurity and is capable of suf?ciently recovering such 
crystal defect by the heat processing after doping of impu 
rity. 

The semiconductor region 9 is formed by self-alignment 
for the gate electrode 7. Since this semiconductor region 9 
is formed in the channel forming region side With loW 
impurity concentration, it forms MISFETQS of LDD 
(Lightly Doped Drain) structure. 
As indicated in FIG. 2 and FIG. 3, the information 

accummulating capacitance element C of memory cell M is 
mainly formed by sequentially stacking a ?rst electrode 
layer (loWer electrode layer) 13, a dielectric material ?lm 14 
and a second electrode layer (upper electrode layer) 15. The 
information accummulating capacitance element C is 
formed by so-called stacked structure (stacking type: STC). 

Apart (central region) of the ?rst electrode layer 13 of the 
information accummulating capacitance element C of 
stacked structure is connected to the one semiconductor 
region 9 of MISFETQS. This connection is carried out 
through a connecting hole 12A formed to an interlayer 
insulation ?lm 12. An aperture siZe in the column direction 
of the connecting hole 12A is larger than the distance 
betWeen the side Wall spacers 11 provided to the side Walls 
of the gate electrode 7 of MISFETQS and the Word line 7 
adjacent thereto. Therefore, the substantial aperture siZe of 
connecting hole 12A is regulated by distance betWeen the 
side Wall spacers 11. Difference betWeen the aperture siZe of 
connecting hole 12A and the distance betWeen side Wall 
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6 
spacers 11 is larger than at least the amount corresponding 
to the alloWance for making in the manufacturing process. 
The other part (peripheral part) of the ?rst electrode layer 13 
is extended up to the respective upper portions of gate 
electrode 7 and Word lines 7 through coexistence of the side 
Wall spacers 11 and interlayer insulation ?lm 8. 

The ?rst electrode layer 13 is formed by the polycrystal 
silicon ?lm to Which the n-type impurity (As or P), for 
example, is doped in high concentration to reduce a resis 
tance value. The n-type impurity doped to the polycrystal 
silicon ?lm forms an n+ type semiconductor region 13A of 
high impurity concentration Which is diffused into the side 
of the one semiconductor region 9 from the connecting part 
of the ?rst electrode layer 13 and said one semiconductor 
region 9 de?ned by the side Wall spacers 11 and is integrally 
formed With said semiconductor region 9. 
The other part of the ?rst electrode layer 13 is guided in 

the roW direction (upper or loWer direction) from the region 
de?ned by a pair of complementary data lines (21) DL. 
Namely, the ?rst electrode layer 13 is guided to the outer 
region from the memory cell M forming region surrounded 
by the element separating insulation ?lm 5. This ?rst elec 
trode layer 13 is separated from the ?rst electrode layer 13 
(formed by the same conductive layer) of the information 
accummulation capacitance element C of other adjacent 
memory cell M in the roW direction in order to avoid contact 
and the plane is formed into a pentagonal shape in this 
embodiment. This ?rst electrode layer 13 is formed in such 
a manner as extending up to the position overlapping the Y 
select signal line (21) YSL in the roW direction adjacent to 
the complementary data line (21) DL to Which the memory 
cell M comprising the electrode layer is connected. In actual, 
since the Y select signal line (21) YSL is formed as the upper 
layer on the ?rst electrode layer 13, the ?rst electrode layer 
13 is formed as the loWer layer in such a Way as extending 
up to the position under the Y select signal line (21) YSL. 

The dielectric material ?lm 14 is basically formed by the 
double layer structure stacking a silicon nitride ?lm 14A 
deposited by the CVD method as the upper layer on the ?rst 
electrode layer (polycrystal silicon ?lm) 13 and then form 
ing thereon a silicon oxide ?lm 14B Which is obtained by 
oxidiZing such silicon nitride ?lm 14A under high pressure 
ambience. Actually, the dielectric material ?lm 14 is formed 
by the triple layer structure sequentially stacking a naturally 
oxidiZed silicon ?lm (not illustrated because it is formed as 
thin as under 50[A]), a silicon nitride ?lm 14A and a silicon 
oxide ?lm 14B because the naturally oxidiZed silicon ?lm is 
formed on the surface of polycrystal silicon ?lm (the n-type 
impurity is doped) used as the ?rst electrode layer 13. 
The silicon nitride ?lm 14A of the dielectric material ?lm 

14 is deposited by the CVD method and therefore it is not 
effectuated by crystal condition or stepped condition of the 
polycrystal silicon ?lm (?rst electrode layer 13) of the base 
layer and can be formed under the process condition inde 
pendent of the base layer. In other Words, since the silicon 
nitride ?lm 14A shoWs higher dielectric strength and less 
number of defects in the unit area in comparison With the 
silicon oxide ?lm formed by oxidiZing the surface of poly 
crystal silicon ?lm, a leak current is very loW level. 
Moreover, the silicon nitride ?lm 14A characteristically has 
a high dielectric constant in comparison With silicon oxide 
?lm. Since the silicon oxide ?lm 14B can be formed by very 
good quality ?lm, it can further improve the characteristics 
of the silicon nitride ?lm 14A. As Will be explained later, 
since the silicon oxide ?lm 14B is formed by high pressure 
oxidation (15~10 [torr]), the time required for oxidation, 
namely the heat processing time can be curtailed in 
comparison, With that required for oxidation under normal 
pressure. 
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The dielectric material ?lm 14 is provided at the surface 
of ?rst electrode layer 13 and along the side Wall and is 
extending in area in the perpendicular direction by making 
use of the side Wall region of the ?rst electrode layer 13. 
Increase in area of dielectric material ?lm 14 results in 
improvement in amount of accummulation of charges by 
information accummulating capacitance element C of the 
stacked structure. The shape of plane of this dielectric 
material ?lm 14 is speci?ed by the shape of a second 
electrode layer 15 as the upper layer and is substantially 
formed in the same shape as the second electrode layer 15. 

The second electrode layer 15 is provided at the upper part 
of the ?rst electrode layer 13 in such a manner as covering 
it through existence of the dielectric material ?lm 14. This 
second electrode layer 15 is formed together With the second 
electrode layer 15 of the information accummulating capaci 
tance element C of the adjacent other memory cell M. The 
poWer supply voltage 1/2 VCC is applied to this second 
electrode layer 15. This electrode layer 15 is formed, for 
example, by the polycrystal silicon ?lm to Which the n-type 
impurity is doped in order to reduce a resistance value. 

The memory cell M thus structured is connected to 
another adjacent memory cell M in the column direction. 
The connection is established by integrally forming the other 
semiconductor regions 9 of respective memory cell selection 
MISFETQS of memory cell M. 

The other semiconductor region 9 of MISFETQS of 
memory cell M is connected With the complementary data 
lines (DL) 21. These complementary data lines (DL) 21 are 
connected to the semiconductor region 9 through the con 
necting hole 19C formed to the interlayer insulation ?lm 19. 
As indicated in FIG. 2 and FIG. 3, an n+ type semicon 

ductor region 20 With high impurity concentration is pro 
vided to the connecting part of complementary data lines 21 
and semiconductor region 9. The semiconductor region 20 is 
formed by doping an n-type impurity (As or P) by the ion 
implantation method through the connecting hole 19C. 
Namely, the semiconductor region 20 is formed together 
With the semiconductor region 9. The semiconductor region 
20 is provided to prevent short-circuit betWeen Well region 
2 and complementary data line 21 Which is often generated 
When the connecting hole 19C shoWs masking deviation to 
the semiconductor region 9 in the manufacturing process 
and thereby the hole 19C partly engages With the end part of 
element separating insulation ?lm 5. 

This interlayer insulation ?lm 19 is formed in such a 
double layer structure that the silicon oxide ?lm 19A and 
silicon oxide ?lm Which realiZes glass ?oW (BPSG) 19B are 
stacked. The silicon oxide ?lm 19B as the upper layer is 
formed so that the ?at surface can be formed through the 
glass ?oW. The loWer silicon oxide ?lm 19A is provided to 
acquire dielectric strength and prevent leak of boron or 
phosphorus doped to the silicon oxide ?lm 19B as the upper 
layer into the element. 

The complementary data line 21 is formed in the triple 
layer structure Wherein a barrier metal ?lm 21A (metal 
Wiring), an aluminum ?lm 21B (metal Wiring) and a pro 
tection ?lm 21C (metal Wiring) are sequentially stacked. 

The aluminum ?lm 21B alloWs addition of an element 
(Si) for preventing aluminum spike and an element (Cu or 
Pd or Ti, etc.) for reducing migration. The aluminum ?lm 
21B of the present embodiment is formed by adding Si of 
about 1.5 [Wt %] and Cu of about 0.5 [Wt %]. The barrier 
metal ?lm 21A is formed to prevent precipitation of single 
crystal silicon to the connecting point betWeen the aluminum 
?lm 21A and the semiconductor region (in actual, semicon 
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8 
ductor region 20) and resultant increase of resistance value 
at the connecting point. This barrier metal ?lm 21A is 
formed by MoSi2. In addition, this barrier metal ?lm 21A 
may be formed by high melting point metal silicide or high 
melting point metal ?lm in addition to such materials. 
The protection ?lm 21C is so structured as to protect the 

aluminum ?lm 21B from the liquid to be used for the Wet 
processing to form the aluminum ?lm 21B (for example, 
peeling solution process to remove the photoresist ?lm as 
the etching mask or Water cleaning process). The aluminum 
?lm 21B adding the element (Cu) to loWer the migration has 
the structure of a battery Wherein the mother material 
aluminum is used for anode and an intermetallic compound 
formed by aluminum and Cu is used for cathode. This 
battery shoWs battery reaction With the liquid used for such 
Wet processing. The protection ?lm 21C is formed to prevent 
such battery reaction. In case the battery reaction is 
generated, the peripheral aluminum is cut aWay With the 
intermetallic compound used as the core. 

The protection ?lm 21C has the structure indicated by 
MoSix. Moreover, the protection ?lm 21C may be formed 
by a high melting metal silicide (TiSix, TaSix, WSix) ?lm or 
a high melting point metal ?lm other than those mentioned 
above. This protection ?lm 21C is formed as thin as 100 to 

4000[A]. 
In case the protection ?lm 21C is formed by a high 

melting point metal silicide ?lm such as MoSix, the alumi 
num particles diffuse from the aluminum ?lm 21B depend 
ing on the content of silicon (Si) and thereby aluminum 
oxide (A1203) is precipitated on the surface of protection 
?lm 21C. Precipitation of aluminum oxide results in fault 
contact betWeen the protection ?lm 21C and upper layer 
Wiring (23). 

In the same column direction as the extending comple 
mentary data lines (DL) 21, the Y select signal line (YSL) 21 
formed by the same conductive layer (the same triple layer 
structure) is also extended. As mentioned above, the ?rst 
electrode layer 13 of the information accummulating capaci 
tance element C of the stacked structure is guided up to the 
position laid under the Y select signal line 21. 

he complementary data line 21 and Y select signal line 21 
(Wiring 21) are formed by the Wiring forming process for the 
1st layer in the manufacturing process. The complementary 
data line 21 and Y select signal line 21 formed in the Wiring 
forming process for the 1st layer are formed thinner than the 
upper layer Wiring (23) in order to alleviate the stepped 
region Which is peculiar to the multilayer Wiring structure. 
As indicated in FIG. 2 and FIG. 3, a Word line (WL) 23 

for shunt is extended in the roW direction through the 
interlayer insulation ?lm 22 as the upper layer on the 
complementary data line 21 and Y select signal line 21. 
Although not illustrated, the Word line 23 for shunt is once 
dropped and is connected to an intermediate conductive 
layer (not illustrated) through a connecting hole 22D Which 
is similar to the hole indicated in the right side (peripheral 
circuit) of FIG. 3 in the corresponding speci?ed region in 
every several tens to several hundreds of memory cells M. 
The intermediate conductive layer is formed by the Wiring 
forming process for the 1st layer and is connected to the 
Word line 7 through the connecting hole 19C. The Word line 
23 for shunt is formed to loWer a resistance value of Word 
line 7. Namely, the Word line 23 for shunt is formed to 
improve selection speed of memory cell M. The intermedi 
ate conductive layer is provided to alleviate the stepped 
region for connecting the Word line 23 for shunt and Word 
line 7 and prevent disconnection of Word line 23 for shunt. 


























