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SEMICONDUCTOR MEMORY DEVICE AND METHOD

OF FABRICATING THE SAME

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention generally relates to a
semiconductor memory device and a method of fabricating the
same and, more particularly, to a semiconductor memory
device that is microscopic in size and long in storage
retention time and especially suitable for a dynamic random
access memory (hereafter referred to as DRAM) and a method
of fabricating such a semiconductor memory device.
DESCRIPTION OF THE PRIOR ART

The DRAM has been increasing in integration density
at a rate as high as four times every three years. Currently,
DRAMs of which integration densities are 16 megabits and 64
megabits are mass-produced and mass-produétion of
gigabit-order DRAMs is being planned. Such high integration
has been achieved miniaturizing the planar and depth
dimensions of the DRAM. However, the miniaturization lowers
the signal-to-noise ratio because of the reduction in the
amount of charge that can be built up and makes conspicuous
troubles such as signal reversal due to the incidence of
alpha ray, presenting ; seriéus problem‘of réliability
maintenance.

Consequently, a memory cell that can increase storage
capacity has been strongly desired. For such a memory cell,
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53-108392 (Japanese Published Examined Patent Application
No. Sho 61-55528) discloses a structure as shown in FIG. 15.
The memory cell having the disclosed structure is called a
stacked capacitor cell (STC) in which a part of a storage
capacitor is stacked on a switch transistor or an isolation
insulating transistor. This memory cell is expected to
replace the conventional planar capacitor cell.

Referring to FIG. 15, reference numeral 2.1 denotes
a semiconductor substrate, reference numeral 2.2 an
isolation insulating film, reference numeral 2.3 a channel
portion of a switching transistor, reference numerals 2.4
and 2.5 impurity diffused layers, reference numeral 2.6 a
gate insulating film, reference numeral 2.7 a word line
providing the gate electrode of switching transistor,
reference numeral 2.9 a bit line, reference numerals 2.10
and 2.14 interlayer insulating films, reference numeral
2.11 a lower electrode of storage capacitor, reference
numeral 2.12 a dielectric film of storage capacitor,
reference numeral 2.13 a plate electrode (upper electrode)
of storage capacitor, and reference numeral 2.15 a wiring
metal. The bit line 2.9 is electrically connected to the
impurity diffused layer 2.4 through an extended electrode
2.8. The lower electrode 2.11 is electrically connected to
the impurity diffused layer 2.5.

With the conventional STC cell shown in FIG. 15, the
lower electrode 2.11 of the storage capacitor can be
extended over the word line 2.7, so that far greater storage

capacitance can be realized than that of the planar
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capacitor cell that uses only the surface of semiconductor
substrate as a storage capacitor.

The STC cell shown in FIG. 15 is fabricated through
the following processes. First, a relatively thick (about

5 100 to 1000 nm) silicon oxide film for electrically
separating elements is grown on the semiconductor substrate
2.1 made of single-crystal silicon by known thermal
oxidation to form the isolation insulating £ilm. The gate
electrode of transistor 2.6 (about 5 to 50 nm) is grown by

10 known thermal oxidation. Then, an impurity-doped
polycrystalline silicon film is formed, which is worked into
a predetermined shape by known photo-lithography and
dry-etching to form the word line 2.7. Using the word line
2.7 as amask, an impurity having a different conductive type

15 from that of the semiconductor substrate 2.1 is introduced
into the same by a known ion implantation technique. Then,
predetermine thermal processing is performed to activate
the above-mentioned doped impurity to form the impurity-
diffused layers 2.4 and 2.5.

20 Next, a polycrystalline silicon film of the same
conductive type is formed by known CVC (Chemical Vapor
Deposition} such that the film comes in contact with the
above-mentioned impurity-diffused layer 2.5. The unwanted
portions of the f£ilm thus formed are removed by etching to

25 form the lower electrode 2.11 of the storage capacitor. As
is clea;_from FIG. 15, the above-mentioned lower electrode
2.11 is formed also extending over the word line 2.7 and the

isolation insulating £ilm 2.2, so that the area of the lower



corporation duly organized under the |laws body and having a laterally

ext endi ng of Japan and existing at No. 1, Kanda openings a pull tab
having a pivotal end to 50 | zum - cho, Chiyoda-ku, Tokyo, Japan, do
hinge in said opening, said upper shield 5 hereby declare the invention,
for which we having a first through aperture and second pray that a
patent may be granted to us, and through aperture, both apertures
the nethod by which it is to be performed, conmunicating with said channel,

and to beepgetiredearl ¥1def ciihatdnagmdappaiter beckmeg awtnemedmtral |y
bent into a U_ 55 foll ow ng statenent: - shaped structure
consi sting of l&k9Car Fes¥Ading in an increased amount of charge to be
stored.
SUMMARY OF THE INVENTION
5 However, the above-mentioned conventional STC cell

involves the following problems that remain to be solved.
For the requirement to enhance both of device
operation speed and packing density of memory cells,
miniaturization of planar dimensions is performed,
10 resulting in about 0.1 to 0.2 microns of the width of the
word line 2.7 in a memory device of 10-megabit order.
However, if the planar dimensions are miniaturized in
the above-mentioned structure in order to realize the high
device operation speed, a so-called punch-through
15 rhenomenon is caused, making it difficult to obtain good
device characteristics. To overcome this problem, it is
conventionally generally practiced to make the junction
depth as shallow as possible. The typical junction depth
is about 0.1 micron. In order to realize such a shallow
20 junction depth, the thermal processing for impurity
activation to be performed after the ion implantation into
the semiconductor substrate 2.1 is performed at a relatively
low temperature and a relatively short time.
However, the execution of such a low-temperature and
25 short-time thermal processing causes a new problem of
causing an electrical defect or a so-called deep trap in the

impurity implantation into the semiconductor substrate 2.1.



10 This invention relates to an automatically accomodated in said yoke
and adapted to | ocking slider for sliding clasp fasteners. By

rel easably | ock the slider in position on the the automatically
[ocking slider is neant a sliding clasp fastener stringers, said |ocking
slider having means for automatically neans having a support |ug perpen-
60 holding it in | ocked position on the sliding dicularly extending
fromone of the said 15 clasp fastener when its pull tab is released arns
adj acent the Ohhenprpbiemodngmeases thet éeakhgef asreast hBasthbeenncl osed.
engageable in said first aperture and a There have hitherto been
proposed a | dERFH&OBrRAG SR ERGi FRNFFUHAHIFDRE Hififerent conductive

types, making it difficult to hold a predetermined storage

retention time. Consequently, if the area of the storage
5 capacitor is increased by the STC cell, the increase in the

leakage current from the impurity diffused layer 2.5

electrically connected to the lower electrode 2.11 prompts

the discharge of the storage charge, thereby making it

difficult to form a shallow junction to pose limitations on
10 the miniaturization of device structures.

It is therefore an object of the present invention to
provide a miniaturized semiconductor memory device that is
extremely small in leakage current and sufficiently long in
storage refention time and a method of fabricating such a

15 semiconductor memory device with ease.

In carrying out the invention and according to one
aspect thereof, there is provided a semiconductor memory
device comprising: a plurality of active regions formed on
a semiconductor substrate; a metal oxide semiconductor

20 transistor formed on the plurality of active regions:; a
separation insulating £ilm formed between adjacent ones of
the plurality of active regions for electrically separating
the same from each other:; a lower electrode of a storage
capacitor, the lower electrode being electrically connected

25 to one of a pair of diffused layers of the metal oxide
semiconductor transistor formed in a surface region of the
plurality of active regions.and having a conductor type

reverse to that of the semiconductor substrate, the lower



nunber of automatically |ocking sliders of and adapted to pass through said

second 65 whi ch construction basically includes a aperture for
engagenment with the fastener 20 slider body constituted by an upper and a
Stringers, said support |lug being adapted to | ower shield, a cap-like
yoke attached to the -abut against one end wall of said first slider
body, a pull tab novably connected to aperture when the pull tab is
mani pul ated in the yoke and a resilient |ocking nmenber one direction

and agai nst agleppodie cextendiity over athe mmtliate drégidhearndkehand
operatively wall of said first aperture when the pull tab 25 associated
with the pul | SeRdrariedihlakingmiipi at i e Fecthec diiRar aady aetyRreT

electrode of the storage capacitor, the dielectric £ilm and

the upper electrode being stacked on the lower electrode;
5 and a conductive film arranged in a rim portion in the

separation insulating film in a manner opposed to the

semiconductor substrate with an insulating £ilm in between;

wherein the lower end portion of the lower electrode is

electrically connected to the upper end portion of the
10 conductive f£ilm.

The above-mentioned deep traps for increasing the lead
current are induced by the impurity introduction from the
surface of the semiconductor substrate and the low-
temperature and short-time thermal process for obtaining

15 the miniaturized structure. These deep traps, if it occurs
in a depletion layer, cause a large leakage current.
Therefore, if the deep traps occur outside the depletion
layer, no increase in the leakage current is caused.

FIG. 2(a) and 2(b) are diagrams for describing the

20 principles of the present invention. FIG. 2(a) is an
enlarged view of a portion indicated by a dash 1line I in FIG.
15. With reference to FIG. 2(a), components similar to those
previously described with FIG. 15 are denoted by the same
reference numerals. The examination done by the inventor

25 thereof et al. indicates that the increase in the leakage
current is caused if (1) the above-mentioned deep traps
occur concentrically especially in area A in the proximity

of the interface between the isolation insulating film 2.2



manner that lifting the pull tab causes the thereby restricting free

| ongi t udi nal | ocki ng nmenber to disengage froma sliding novenent of
sai d | ocki ng neans. clasp fastener stringer and flipping the pul

The invention will be described by way of 75 tab flat against the
slider body allows the exanple wth reference to the ac- 30 | ocking
menber to restore by its own conpanying drawi ngs which illustrate by

tension and engage with the fastener way of exanple a preferred enbodi nent
stringer to |&rkthiecimpurity didfused Viyer 2uH andt(i?d pavemi dthismresssune

in practice such construction wherein the_|ocking and in which |ike
ref erence numePYeE 1@®s0ot derd@gtion layer B formed around a metallurgical

pn junction C.
In the semiconductor memory device according to the
5 invention, a conductive f£ilm 1.11' is buried in the end of
the isolation insulating film 1.2 to be electrically
connected to the lower electrode 1.11 of the storage
capacitor as shown in FIG. 1. The conductive film 1.11'
operates as the bottom of the lower electrode 1.11 of the
10 storage capacitor and has a same structure in which part of
the lower electrode 1.11 is buried in the isolation
insulating £ilm 1.2.
FIG. 2(b) is an enlarged view of the portion indicated
by a dash line II in FIG. 1. With reference to FIG. 2(b),
15 components similar to those previously described with FIG.
1 are denoted by the same reference numerals. The
above-mentioned buried conductive film 1.11" is opposed to
the semiconductor substrate 1.1 with the thin insulating
film 1.2 in between, so that the buried conductive £ilm1.11"
20 operates as a gate electrode, forming an inversion layer in
the interface between the above-mentioned thin insulating
film 1.2 and the semiconductor substrate 1.1. The formation
of this inversion layer in turn forms a depletion layer B'
below the depletion layer B shown in FIG. 2(a) in the
25 proximity of the interface between the thin insulating film
1.2 and the semiconductor substrate 1.1. Namely, the
location of the depletion layer B' to be actually formed can

be controlled independently of the location of the depletion



mmenber is disposed for free novenent |ike parts throughout the severa
views, and 35 wthin the yoke in a direction in which the wherein;

pull tab is manipul ated, the | ocking nmenber Figure 1is a |ongitudinal
Cross-sectional is liable to shift out of the correct path of its view

of an automatically | ocking slider operative novenent relative to the
fastener constructed in accordance with the in- 85 stringer.

vention, showing the sane in | ocked 40 According to the invention there

is position; layerpBovpueadimgaarormd it meldaddhingf il ger jioctioki Qure 2

'S 4 VIem,SIvEL%geggeE% ;teeiegﬂging control such that the deep traps
occurring in the above-mentioned area A concentrically are
prevented from getting in the depletion layer B' by means

5 of a voltage to be applied to the lower electrode 1.11 can
effectively prevents the lead current from being caused by
the deep trap.

FIG. 14 shows a diagram illustrating a result of

confirming the effects of the present invention by means of

10 computer simulation. Curve A indicates the reverse bias
current/voltage characteristic of the pn junction according
to the invention. Curve B indicates the reverse
current/voltage characteristic of the pn junction according
to the conVentional structure. As seen from curve B, the

15 conventional structure gquickly increases the reverse
leakage current over a certain voltage value. Namely, curve
B indicates that, despite the stored charge amount by means
of the employment of the STC cell structure, the increased
reverse bias leakage current discharges the storage

20 capacitor in a short time. On the contrary, as shown by curve
A, the structure according to the invention is always
suppressed to a low value, thereby extending the discharge
duration by more than one order of magnitude as compared with
the conventional structure.

25 To control the location of the depletion layer by the
buried conductive f£ilm 1.11', it is desired for the
thickness of the above-mentioned thin insulating £ilm to be

within a predetermined range. Use of a silicon oxide film



sliding clasp fasteners which conprises a show ng the slider in unlocked
position with body including an upper shield and a lower its pull tab
lifted and | eaned in one dire- 90 shield connected in spaced parall el
relation tion;, 45 to define therebetween a channel for the Figure 3 is
a viewsimlar to Figure 2 but passage of two opposed sliding clasp

showing the pull tab lifted and | eaned in one fastener stringers
carrying rows of in- direction;
having a thickness of from 3 to 50 nm provides a practically
preferable result.
Also, it is desired for the above-mentioned isolation
insulating f£ilm to be formed in the groove formed in the
5 above-mentioned semiconductor substrate between adjacent
active regions. This facilitates the forming of the
conductive film electrically connected to the above-
mentioned lower electrode.
The above-mentioned STC cell can be formed by forming
10 a bit line on one impurity diffused layer of the above-
mentioned MOS transistor through an extended electrode and
forming the lower electrode in an extended manner from over
the other impurity diffused layer to over the interlayer
insulating.film formed on the above-mentioned bit line.
15 The lower electrode is formed at a predetermined
portion thereof with a recess portion. Forming the
above-mentioned dielectric £ilm on the upper surface of the
lower electrode and along the inner surfaces of the recess
portion increases the electrode area of the capacitor,
20 significantly increasing the amount of charge to be stored.
For the conductive £film electrically connected to the
lower electrode, a £ilm of a material appropriately selected
from a group consisting of polycrystalline silicon,
tungsten silicide, and molybdenum silicide can be used.
25 The above-mentioned semiconductor memory device
according to the invention can be fabricated with ease by
a semiconductor memory device fabricating method comprising

the steps of: forming a groove in a semiconductor substrate



2- 1, 450, 609 Figure 3 is a view
simlar to Figure 2 but downwardly projecting support |lugs 29 at

at a predetermined location; forming an insulating £ilm all
over a resultant surface of the semiconductor substrate;
forming selectively a conductive film on a portion of the
insulating film, the portion being formed on the inner side
S walls of the groove; forming a separation region by f£illing
the groove with a second insulating film; forming a metal
oxide semiconductor transistor on the surface of a desired
region other than the separation region on the semiconductor
substrate; forming a lower electrode of a storage capacitor,
10 the lower electrode being electrically connected to one of
a pair of diffused layers of the metal oxide semiconductor
transistor having a conductor type reverse to that of the
semiconductor substrate and to the conductive film, the
lower elecfrode extending over the metal oxide
15 semiconductor transistor and the separation region; and
forming a dielectric film of the storage capacitor and an
upper electrode of the storage capacitor on the lower
electrode in a stacked manner.
Executing the step of forming the above-mentioned
20 insulating film all over the top surface of the above-
mentioned semiconductor substrate by thermally oxidizing
the surfaces exposed on the semiconductor substrate
provides a silicon oxide film having an excellent film
quality. Executing the step of selectively forming the
25 above-mentioned conductive film by anisotropic etching
after forming the conductive £ilm all over the top surface

of the semiconductor substrate can selectively leave the

10



showi ng the pull tab lifted and | eaned in one end i Mmedi ately adjacent the

arcuat e anot her direction; neck 28 and at the
ot her or opposite end Figure 4 is a perspective view of a | ocking
with a |l ocking prong 30 projecting down- 5 neans incorporated in the
slider of the wardly fromone |ongitudinal edge of the 70 I nvention
sai d neans bei ng shown upside arm 27 and a supporting post 31 simlarly
down; and proj ecting dowmmwardly fromthe .
opposite comglyeitve filmreeikpladethe parspeating fAlme Jrontie wwlidel
edge. The second arm 27 is of the slider of Figure 1, better

i | lustrating SPEFRFRS PF oUW a central el ongated

For the above-mentioned conductive f£ilm, £ilms of
various materials are available; practically, however, a
5 polycrystalline silicon f£ilm formed by chemical wvapor
depqsitiqn is most convenient.
The foregoing and other objects, advantages, manner
of operation and novel features of the present invention
will be understood from the following detailed description

10 when read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects of the invention will be seen
by referencé to the description, taken in connection with
the accompanying drawing, in which:
15 FIG. 1 is a cross section illustrating a memory cell
practiced as one preferred embodiment of the invention;
FIG. 2(a) and FIG. 2(b) are partial cross sections
illustrating the principles of the invention;
FIG. 3 is a process diagram for describing a method
20 of fabricating the memory cell of FIG. 1;
FIG. 4 is another process diagram for describing the
method of fabricating the memoxry cell of FIG. 1;
FIG. 5 is still another process diagram for describing
the method of fabricating the memory cell of FIG. 1;
25 FIG. 6 is yet another process diagram for describing

the method of fabricating the memory cell of FIG. 1;

11



A0 the construction of the sane. opening 32 which is

slightly wder than the 75 Referring now to the drawi ngs and to
reduced-w dth portion 26a of the first arm 26 Figure 5 in particular
which illustrates the such that the portion 26a can partly enter

general construction of a preferred into the opening 32 when the | ocking
nmeans automatically locking slider according to 25 is conpressed by

lifting the pull tab 20 as 15 the invention, it will be seen that the
slider shown in FiRji§ed isanddBfferent pr@fess diEyznam|fisdedescslibdeg body
11 including a It wll be seen that the pair of support |ugs fl anged

upper shiel d theaggthod gfgdabrigating Whiec ReRQFY éeﬂéuﬁéeglﬁlpleontour
extend FIG. 8 is a still different process diagram for

describing the method of fabricating the memoxry cell of FIG.
5 1;
FIG. 9 is a yet different process diagram for
describing the method of fabricating the memory cell of FIG.
1;
FIG. 10 is a separate process diagram for describing
10 the method of fabricating the memory cell of FIG. 1;
FIG. 11 is a still separate process diagram for
describing the method of fabricating the memory cell of FIG.
1;
FIG. 12 is a yet separate process diagram for
15 describing the method of fabricating the memory cell of FIG.
1;
FIG. 13 is another process diagram for describing the
method of fabricating the memory cell of FIG. 1;
FIG. 14 is a diagram illustrating effects of the

20 invention; and

FIG. 15 is a cross section illustrating a prior-art

memory cell.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

This invention will be described in further detail by
25 way of example with reference to the accompanying drawings.

Now, referring to FIG. 1, there is shown a cross

section of a memory practiced as one preferred embodiment

12



shield 13. The upper and | ower shields 12 substantially perpendicular to

t he pl ane of and 13 are joined at one end by a neck 14 the flat stem
portion 27a of the second arm 20 and spaced apart parallel to each other
to 27, but are disposed at an angle slightly in- 85 forma channel 15

forth gui ded passage of <clined relative to the plane of the upper

sliding clasp fastener stringers (not shown). shield 12 of the slider body
11 when the To the body 11, above the upper shield 12, is | ocking
nmeans, 25 i s acfobhedaneentiohin In bthéeathgdra, copfér&ecgokemdBalhl ch has at
one the yoke 16 as shown in Figures 2 and 3. The 25 end a downwardly

ext endi ng el oAGBPERS 3 SERLRGNABEFSTH R HiEA tonFefgreage pamenyl 1.2 an

interlayer isolation insulating film, reference numeral 1.3

a channel portion of a switching transistor, reference

(9]}

numerals 1.4 and 1.5 impurity diffused layers, reference

numeral 1.6 a gate insulating f£ilm, reference numeral 1.7

a word line providing the gate electrode of the switching

transistor, reference numeral 1.9 a bit line, reference

numerals 1.10 and 1.14 interlayer insulating films,

10 reference numeral 1.11 a lower electrode of storage
capacitor, reference numeral 1.12 a dielectric £ilm of
storage capacitor, reference numeral 1.13 a plate electrode
(upper electrode) of storage capacitor, and reference
numeral 1.15 a wiring metal. The bit line 1.9 is

15 electrically connected to the impurity diffused layer 1.4
through an extended electrode 1.8. The lower electrode 1.11
is electrically connected to the impurity diffused layer
1.5. The present invention is characterized by that a
conductive film 1.11' electrically connected to the lower

20 electrode 1.11 of the storage capacitor is buried at ends
of the isolation insulating film 1.2 in an arrangement
opposed to the semiconductor substrate 1.1 with the
insulating film 1.2 in between. This constitution can
place, outside a depletion layer, deep traps occurring

25 concentrically in the proximity of the interface with the

isclation insulating £film 1.2 _in the impurity diffused layer

1.5, thereby preventing a leakage current from occurring.

Referring to FIG. 1, the conductive film 1.11' reaches in

13



portion 17 adapted to fit into a recess 18 nounted in place with the |ugs
29 freely formed in the neck 14 and at the other a engaged in the
first respective apertures 23 hori zontal ly, bent portion 19 (Figures 1,
2 and with the |ocking prong 30 and post 31 and 3) anchored to an end
of the upper passed through the square aperture .20a of 30 shield 12
opposite to the neck 14 the pull tab 20 into the second respective
95 Designated at 20 is a pull tab pivotally apertures 24 in the
upper shield tRe proxamityhefl thetbetyokeoftthedidalatiom smsatetinghe
operation of the automatically _.aperture 20a and a pivotal end 21
adapted to |&&kPng Buruérg1bhip| fikBwrbeleR@str tpetie junction depth
sufficiently attains the effect of leakage current
prevention.
3 As shown in FIG. 1, the word line 1.7 can be arranged
on the isolation insulating £ilm 1.2. Each word line 1.7
is covered with a silicon nitxide £ilm 1.21 for protection
and insulated from the extended electrode 1.8 and the lower
electrode 1.11. The extended electrode 1.8 connected to the
10 impurity diffused layer 1.4 of the MOS transistor is formed
by polycrystalline silicon. The bit line 1.9 is formed by
a stack of a polycrystalline silicon film and various
silicide films such as tungsten silicide.
The lower electrode 1.11 of the storage capacitor is
15 formed as follows. First, the bit line 1.9 is covered with
the interlayer insulating f£ilm 1.10 composed of a silicon
oxide f£ilm. The surface of the film is planarized. Known
reactive ion etching is performed on the interlayer
insulating £ilm 1.10 to form an opening through which the
20 tops of the impurity diffused layer 1.5 and the conductive
film 1.11' are exposed. Then, a polycrystalline silicon
film is formed to be patterned into a desired shape.
Obviously, this polycrystalline silicon film is doped with
an abundance of an n-type impurity, presenting an extremely
25 low resistance.
The isolation insulating film 1.2 may be not only an

buried oxide f£ilm but also a isolation insulating film

formed by known LOCOS process. Practically, a structure in

14



hinge in an opening 22 fornmed in and ex0- reference being made to Figures
1 through 3 35 tending laterally of the yoke 16. I nclusive. Figure 1
illustrates the slider 10 as 100 The upper shield 12 of the body 11
of the in locked position wherein the pull tab 20 is slider 10 is
provi ded for purposes hereafter flipped down flat against the upper shield
12 explained with a first pair of laterally spaced wth the | ocking
prong 30 urged by the t hrough apertures 23 at a forward end tension in
the resilient “PdERi AFOR¥EAsaZS Purdedowihhj arehnsuhatingkfiima@an abgecond
pair of the ihanngl 15.to engage with the fastener 105 sim lar through
apertures 25 aPTf Hﬁggsﬁﬁée'stringer so that the slider 10 is |ocked into

As described, the present invention controls the
location of the depletion layer in a semiconductor substrate
5 by use of the conductive film arranged in an isolation
insulating f£ilm as opposed to the semiconductor substrate
with a thin insulating film in between. Therefore, the
present invention is not limited to the above-mentioned STC
structure. The present invention is applicable to any
10 semiconductor memory devices having the structure in which
the conductive film arranged in opposition to the
semiconductor substrate with a thin insulating film in
between can be electrically connected to the lower electrode
of a storagé capacitor, regardless of the structure of the
15 storage capacitor itself.
The following describes a method of fabricating the
memory cell of the present invention with reference to FIGS.
3 through 13.
First, as shown in FIG. 3, a groove is formed in the
20 semliconductor substrate 1.1 at a predetermined location by
use of known photolithography and reactive ion etching
techniques.
Next, as shown in FIG. 4, the thin silicon oxide film
1.6 providing parts of the gate insulating f£ilm and the
25 isolation insulating film is formed all over the top surface

of the semiconductor substrate 1.1 by a known thermal

oxidizing process.

15



or rearward end, all of which apertures 23 position on the fastener.
and 24 communicate with the channel 15 Figure 2 illustrates the slider

10 as in t hrough which the fastener stringers are unlocked position
wherein the pull tab 20 is 45 guidedly noved.

lifted against the tension of the |ocking 110 Il'lustrated in Figure 4
in particular is neans 25, pulling the |ocking prong 30 out | ocki ng
means 25 operatively associ ated of engagenent with the fastener
stringer, wi t h Then pudftemnbtlx ¥ow-redisikanty potkerystahkindy t he
slider 10 is allowed to_nove the slider 10 in position on the fastener
al ong the fastErercd éadfts: 1} highferped@ddeover the silicon oxide film
1.6 by the use of a known CVD process, known dry etching is
performed to leave the polycrystalline silicon £ilm 1.11°
5 only on the inner side walls of the groove, removing the
polycrystalline silicon £ilm 1.11' f£from the other portions
on the silicon oxide film 1.6 as shown in FIG. 5.
| The resultant groove is filled with the silicon oxide
film 1.2 to form a structure shown in FIG. 6 by use of the
10 known CVD and planarizing processes.

Next, by use of the known CVD process, the
polycrystalline silicon £ilm 1.7 and the silicon nitride
film 1.21 are forméd in stack. Known photoetchting is
performed oh the stack to remove unwanted portions to form

15 ‘the gate electrode 1.7 as shown in FIG. 7.

Using the silicon nitride film 1.2; and the gate
electrode 1.7 as a mask, high-density phosphorus is ion-
implanted into the semiconductor substrate 1.1. A
predetermined thermal process is further performed to form

20 the impurity diffused layers 1.4 and 1.5 of MOSFET as shown
in FIG. 8.

Then, as shown in FIG. 9, after forming the silicon
nitride £ilm 1.21 for protecting the gaté electrode 1.7 by
use of the known CVD process, the silicon oxide film is

25 formed all over the resultant surfaces to a thickness of 500
nm by use of the known CVD process. Further, the formed

silicon oxide £ilm 1.10 is etched at a predetermined portion

to remove the same. The etched portion is then filled with

leé



50 stringers. The |locking neans 25 is made of a of the pull tab 20, the

slider 10 is pulled in a 115 suitable resilient material such as for
direction to close the fastener. exanple a leaf spring or sinmlar plate
Figure 3 illustrates the slider 10 simlarly menber which is bent

substantially into a U as in unlocked position but with the pull tab
shaped structure, as shown. The locking 20 disposed for nmanipulation to
open the 55 neans 25 has two arns 26 and 27 in- fastener in the well known
manner . 1Pge polyarywsdraldcined shiignnaf tlmtle thecke®2B. dTkéacked fhbm pat h
of nmovenent of the | ocking first or upper arm26 is provided with a
prong 30 intocCaRROSEd of & molamweadalidsine silicon film and a tungsten
silicide film is formed by use of a known process, an
unwanted portion thereof being removed to form the bit line
5 1.9 as shown in FIG. 10.
The silicon oxide £ilm 1.10 for protecting the bit line
1.9 is formed all over the resultant surfaces. A
predetermined portion is removed by etching to expose the
top surfaces of the impurity diffused layer 1.5 and the
10 conductive £ilm 1.11', forming a structure shown in FIG. 11.
Then, after a phosphorus-doped polycrystalline
silicon film is formed all over the resultant surfaces to
a thickness of 600 nm, a predetermined portion is removed
by etching to form a groove, thereby increasing the surface
15 area to form the lower electrode 1.11 of the storage
capacitor as showh in FIG. 12. _
Finally, as shown in FIG. 13, a tantalum oxide 1ayer.
is formed to a thickness of 10 nm to form the dielectric £film
1.12 of the storage capacitor, upon which a tungsten
20 silicide £ilm is formed to-form the upper electrode 1.13 of
the storage capacitor. In the present embodiment, the
tantalum oxide film is used for the dielectric f£ilm 1.12.
Alternatively, a silicon nitride film may be used.
The semiconductor memory device practiced as the
25 preferred embodiment of the invention is small in the
leakage current at each pn junction and therefore provides
- a good characteristic as a memory device having a

sufficiently long data retention time.

17



Feduced-w dth portion 26a and a sub- through the correspondi ng aperture 24

of stantially square portion 26b adjoining the the upper shield 12 is
hel d substantially 60 arcuate neck 28, both portions being invariable so
as to acconplish the proper 125 di sposed for abutnment against the inner
wal I [ ocking function w thout being affected by of the yoke 16. The
second or lower arm27 the pulling action of the pull tab 20 which IS
slightly dowmwardly bent centrally thereof would otherwi se tend to shift

t he | ocki ng r eAst descirabeldeahdr atcardi@. tdheheedomdnéiion, paong 30

out.of position. This is achieved by 65 27 is provided with a pair of
| ateral |y spaeé8ctrigal pppvitnehie adfe beuppdr £ol agsooatinn chligberent

from the location of a metallurgical pn junction, thereby

preventing deep traps from getting in a depletion layer. The
5 novei constitution has realized a low-leakage memory cell

that secures a data retention time required by a DRAM of

several tens of megabits to the order of gigabits.

As many apparently different embodiments of this

invention.may'belmadé without departing from the spirit and
10 scope thereof, it is to be understood that the invention is

not limited to the specific embodiments thereof except as

defined in the appended claims.

18
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1, 450, 609

What is claimed is:

1. A semiconductor memory device comprising:

a plurality of active regions formed on a
semiconductor substrate;

a metal oxide semiconductor transistor formed on said
plurality of active regions:

a separation insulating £film formed between adjacent
ones of said plurality of active regions for electrically
separating the same from each other;

a lower electrode of a storage capacitor, said lower
electrode being electrically connected to one of a pair of
diffused layers of said metal oxide semiconductor
transistor formed in a surface region of said plurality of
active regibns and having a conductor type reverse to that
of said semiconductor substrate, said lower electrode
extending over said active region and said separation
insulating f£ilm;

a dielectric f£ilm and an upper electrode of said
storage capacitor, said dielectric film and said upper
electrode being stacked on said lower electrode; and

a conductive film arranged in a rim portion in said
separation insulating f£ilm in a manner opposed to said
semiconductor substrate with an insulating £ilm in between:

wherein the lower end portion of said lower electrode

is electrically connected to the upper end portion of said

conductive film.

R A s



are integral with the second arm 27 and body and having a laterally

ext endi ng whi ch are disposed in the respective

openi ng, said upper shield -having a first apertures 23
I n such a manner that when the through aperture and a second through

| ocking means 25 is pulled by the pull tab 20 aperture, both apertures
conmuni cati ng 5 in adirection to close the fastener as
shown w th said channel, and | ocking nmeans 40 in Figure

2, the support |ugs2.29've skemdbonduenbrahémoire deviimteoaactkedhngded slaimt ure
against a front end wall 23a of each of the consisting of two arns and

accommpdat ed 1. wherein said insigatinedidm hperebihiekresetimg FaBge in

sai d yoke and adapted to rel easably | ock
from 3 nm to 50 nm.

3. The semiconductor memory device according to claim
1, wherein said separation insulating film is formed in a
groove formed in said semiconductor substrate between said
adjacent active regions.

4. The semiconduct_or memory device according to claim
1, wherein said separation insulating film is formed by
oxidizing a surface of said semiconductor substrate between
said adjacent active regions.

5. The semiconductor memory device according to claim
1, wherein a bit line is formed on the other of said pair
of diffused layers of said metal oxide semiconductor
transistor and said lower electrode extends from said one

5 of said pair of diffused layers of said metal oxide

semiconductor transistor to over an insulating f£ilm formed
on said bit line.

6. The semiconductor memory device according to claim
1, wherein said lower electrode is formed at a predetermined
location with a recess portion and said dielectric film is
continuously formed along the top surface of said lower

5 electrode and the inside of said recess portion.

7. The semiconductor memory device according to claim
1, wherein said conductive film is made of a material
selected from a group consisting of polycrystalline

silicon, tungsten silicide, and molybdenum silicide.
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l-ongi t udi nal
sliding clasp
Conversely f
when the | ocki
ext endi ng
fromone of t
support | ugs

nmovenent of the |locking nmeans the slider in position on
10 25 relative to the slider body 11.
astener stringers, said |ocking neans having 45

t he

ing means 25 is pulled in a a support lug perpendicularly

direction to open the fastener as shown in

he said arns adjacent the U Fi gure 3,
29 will abut bent portion and engageable in said first

t he

agai nst a rear end8wal A ng@f»n@a@tpmnqu Asariaer §akad catiggkinaghpdong

ext endi ng

sai d one arn1§ﬁﬂp£a§bP8dtP8 55&Bs

resgectlye apertures 23 and serve to stop

nmovenment of the tq;o%%_ sald secand

L

10

15

20

a dgroove 1n a sepert%ﬁ%ctor substrate at a

predetermined location;

forming an insulating film all over a resultant
surface of said semiconductor substrate;

forming selectively a conductive £ilm on a portion of
said insulating film, said portion being formed on inner
side walls of séid groove;

forming a separation region by filling said groove
with a second insulating f£ilm;

forming a metal oxide semiconductor transistor on the
surface of a desired region other than said separation
region on éaid semiconductor substrate; .

forming a lower electrode of a storage capacitor, said
lower electrode being electridally connected to one of a
pair of diffused layers of said metal oxide semiconductor
transistor having a conductor type reverse to that of said
semiconductor substréte and to said conductive f£ilm, said
lower electrode ektending over said metal oxide
semiconductor transistor and said separation region; and

forming a dielectric film of said storage capacitor
and an upper electrode of said storage capacitor on said
lower electrode in a stacked manner.

9. The semiconductor memory device fabricating method
according to claim 8, said insulating £film is formed all over

said resultant surface of said semiconductor substrate by

(AL I 21
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tocking prong 30 regardl ess of the pull engagenent with the fastener

stringers, said _ action of the tab 20.

support |ug being adapted to abut against Wiile the invention has been

di sclosed as one end wall of said first aperture when the 20
to one specific enbodinment which it may pull tab is manipulated in one
direction and 55 assune in practice, it will be

understood agai nst an opposite end wall of said first
that the invebhbhéomaldynoxidibzimg|am ¢xeposadt srerfaperefireaivhen the pull tab

is mani pulated in precise formand construction
illustrafed $6BigPREUCHPFeeBEPRECRERreby restricting free but various

changes may be madg jt het el N emi 20Rabid o he e ™80y 1 26 $3L31L3FELYS
method according to claim 8, wherein said conductive £ilm
is selectively formed by forming said conductive f£ilm all
over the resultant surface of said semiconductor substrate

5 and then etching the formed conductive film by anisotropic
etching.

11. The semiconductor memory device fabricating
method according to claim 8, wherein said conductive f£ilm
is a polycrystalline silicon f£ilm formed by chemical vapor
deposition.

12. A semiconductor memory device having a memory cell
with a swifching transistor electrically connected to a
capacitor in series, comprising:

a semiconductor substrate; and

5 a first insulating matter arranged below the main
surface of said semiconductor substrate;

wherein said switching transistor has a pair of
impurity diffused layers formed in an active region, a
channel formed between said pair of impurity diffused layers

10 in said active region, a gate insulating £ilm formed on said
channel, and gate electrode formed in opposition to said
channel with said gate insulating f£ilm in between,

said capacitor has a lower electrode electrically
connected to one of said pair of impurity diffused layers,

15 a dielectric film covering a part of said lower electrode,

[T 8



25 wthout departing fromthe scope of the. neans.

60 appended cl ai ns. 2. An
automatically | ocking slider sub-

stantially as herein described with reference VWHAT WE
CLAI M - to and as illustrated in the acconpanying
1. An automatically locking slider for draw ngs.

sliding clasp fasteners which conprises a 30 body i ncl uding
an upper shi eefidapd wppeweelectrode formed in opgeisditdopotwesnad Lawspaced
par al | el MARKS & CLERK

electrode with said dielectric film in between, and

said lower electrode is buried at a part thereof in

said first insulating matter as in opposition to the

20 impurity diffused layer electrically connected to said
lower electrode with a part of said first insulating matter
in between.

13. The semiconductor memory device according to
claim 12, wherein said part of said first insulating matter
is formed in a £ilm having a thickness in a range from 3 nm
to 50 nm.

14. The semiconductor memory device according to
claim 12, wherein said part of said lower electrode is buried

at least to a depth of a metallurgical pn junction.
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relation to define therebetween a channel Chartered Patent Agents,
for the passage of two opposed sliding clasp 57-60 Lincolns Inn Fields,

fastener stringers carrying rows of in- London, WC2A 3LS,
35 terlocking elenents, a yoke attached to said Agents for the
Applicants. Printed for Her Majesty's Stationery

O fice by the Courier Press, Leam ngton Spa, 1975.
Publ i shed by the Patent O fice, 25 Sout hanpton Buil di ngs, London, WC2A 1AY,
from ABSTRACT OF THE DISCLOSURECh copies may be

obt ai ned.

In a semiconductor memory device such as a DRAM, a
conductive film 1.11' is arranged on the rim portion of a
isolation insulating film 1.2 in opposition to a

5 semiconductor substrate 1.1 with a thin insulating film in
between. This conductive film 1.11' is electrically
connected to a lower electrode 1.11 of a storage capacitor.
This novel arrangement can control the location of
electrical pn junction independently of the location of

10 metallurgical pn junction, thereby realizing a

semiconductor memory device having a long data retention

time with the increase in leakage current suppressed.
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1; 450, 609 . 3 are integral with the second arm 27
and body and having a |l ateral ly extending whi ch are disposed in the
respective opening, said upper shield having a first apertures 23 in
such a manner that when the through aperture and a second through

| ocking means 25 is pulled by the pull tab 20 aperture, both apertures
comunicating 5 in a direction to cl 88 the fastener as shown with said
channel , and | ocki ng neans 40 in Figure 2, the support lugs 29 wll
abut centrally bent into a U shaped structure against a front end wall
23a of each of the consisting of two arns and accommobdat ed
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apertures 23 thereby restricting free in said yoke and adapted to

rel easably | ock | ongi tudi nal novenent of the | ocking neans the slider
in position on the sliding clasp 10 25 relative to the slider body 11.
Conversely fastener stringers, said | ocking means having 45 when t he
| ocking means 25 is pulled in a a supgegt |ug perpendicul arly extending
direction to open the fastener as sho in fromone of the said arns

adj acent the U Figure 3, the support lugs 29 will abut bent portion
and engageable in said first against a rear end wall 23b of each of the

aperture and a | ocking prong extending 15 respective apertures 23 and
serve to stop fromsaid one armand adapted to pass 50
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further |ongitudinal novenent of the through said second aperture for
| ocki ng prong 30 regardl ess of the pull engagenent with the fastener

stringers, said action of the tab 20. support |ug
bei ng adapted to abut agai nst Wiil e the invention has been discl osed
as one end wall of said first aperture _when the 20 to one specific

enbodi nent which it may pull tab is | pul ated in one direction and 55
assume in practice, it will be understood against an opposite end wall of
said first that the invention is not to be limted to the aperture
when the pull tab is manipulated in preci se formand construction

illustrated the other direction thereby restricting free
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but various changes nmay be nade therein
| ocking 25 w thout departing fromthe scope of the
appended cl ai ns.

60

| ocki ng slider sub-

stantially as herein described with r

ﬁrence
to and as illustrated in the acconpan?(

slider for

dr awi ngs.
i ncl udi ng an upper shield and a | ower

| ongi t udi nal

novenent of said
nmeans.
2. An automatically

VWHAT WE CLAI M -
1. An automatically | ocking

sliding clasp fasteners whi ch conprises a 30 body
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shield connected in spaced parall el MARKS & CLERK, rel ation

to define therebetween a channel Chartered Patent Agents, for the
passage of two opposed sliding clasp 57-60 Lincolns Inn Fields,
fastener stringers carrying rows of in- London, WC2A 3LS, 35

terl ocking elements, a yoke attached to said Agents for the Applicants.
Printed for Her Majesty's Stationery 6f8ice by the Courter Press,

Leam ngton Spa, 1975. Publ i shed by the Patent O fice, 25 Southanpton
Bui | di ngs, London, WC2A 1AY, from
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whi ch copi es may be obt ai ned.
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10

SEMICONDUCTOR MEMORY DEVICE AND METHOD OF FABRICATING
: THE SAME

ABSTRACT OF THE DISCLOSURE

In a semiconductor memory device such as a DRAM, a
conductive f£ilm 1.11' is arranged on the rim portion of a
isolation insulating film 1.2 in opposition to a
semiconductor substrate 1.1 with a thin insulating £ilm in
between. This conductive film 1.11' is electrically
connecfed.to a lower electrode 1.11 of a storage capacitor.
This novel arrangement can control the location of
Q;ectrical pn junction independently of the location of
metallurgical pn junction, thereby realizing a
semiconductor memory device having a long data retention

time with the increase in leakage current suppressed.
Figure 1
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