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2138207 -1- A SEM CONDUCTOR MEMORY DEVI CE AND A METHOD OF MANUFACTURE
THEREOF The present invention relates to a sem conductor nenory device and
in particular to a dynam c random access nmenory (DRAM, and a nethod of .
manuf ggt.ure thereof. 5 The DRAM enpl oys as a nmenory cell a
serie I rcuit which consists of a storage capacitor and _a, sw.tching
transistor (MSFET). In order to increase the quantity o @&2@{] on (the
nunber of bits) and al so to enhance-$he access tinme, the density of inte-
10 gration of the DRAM has to be increased. The nost effective way to
i ncPeBEMICANDURTORN MEMORYIOEVIGE GNR He xm&mm sOF oMANUBRETURE THEREQFng
area of the storage capacitor. However , reduction in the area, results

in a decrease in t hEN® RER$ERRcENBENEEON rehete&p&eu 0 SeMiPPNAUCE QTS tan
increase in the spoft. errors ascrib ble1 g pha gartlcles %¥H£r]
parti cl eseMGRY HLHTD M %ﬂo??ﬁﬁfﬁa ?F KOr 8r PEBRTAG FED re have been
proposed (éﬂéﬂ ﬁ%ﬁ?ﬁk gpniﬁﬁucéﬂgt%hﬁeQBSHp Enﬂaﬂﬁ?%thr%he storage

capaci t or ecreabing the capaci ance one of them a DRAM
i ncl udi ng vy ed0r age capacitors (ternmed "trench capacitors” or "corrugated
capacitors") -whose capacitances are fornmed, not only on the surface of a

semgconduct or subst-r}aéeDRmteﬁbssygna\arQIMeﬁbryhees,gmacg@dq@tsor 25
substrate, has been proposed I n Japanese Patent
circuit which consists of a storage capacitor and
a switching transistor (MISFET). In order to increase
the quantity of information (the number of bits) and éﬁ'
also to enhance the access time, the density of inte-
10 gration of the DRAM has to be increased. 'The most
effectivé way to increase the integration density
of the DRAM is to reduce the occupying area of the
storage capacitor. However, any reducﬁion in the
area, results in a decrease in the capacitance of
15 the capacitor. This leads to an increase in the soft

errors ascribable to alpha particles (< particles),

and also to the shortening of a refresh cycle.

S

There have been proposed several ideas for
reducing the occupying area of the sﬁorage capacitor
20 without decreasing the capécitance. As one of them,
a DRAM including new storage capacitors (termed "trench
capacitors" or "corrugated capacitors") whose capacitances
are formed, not only on the surface of a semiconductor
substrate, but also inwardly of the semiconductor

25 substrate, has been proposed in Japanese Patent



-2- Application No. 53883/75. The new storage capacitors are forned as
_follows. ‘-Each noat (also ternmed "U groove" or "treEch") Is fornmed in one

maj or- surface of a sem conductor substrate. An in
formed on the exposed surface of the sem conduct or £1¢
wmoat. Further, a capacitor electrode covering the insulator filmis fofned.

or filmis 5
bstrate within tfe

The M S type capacitor is constructed of the sem conductor substrate, the
i nsulator filmand the capacitor'electr(xﬁ?TM thin 10 the noat. We have

studi ed t he abo
of problens in i
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capdc

t he par
~portion wi thin the,sea+ CoRduct OhcgePSiEaESrmed {HCokéSha

I C ores cnarges serving as | ntor

between the respéectively adjacent storage capacitors is Teduced still
further in orderof 0aegéfiéendlctort PEbsLAStEY Ohni MOGIAMoONEiTRSHRECt i Ve

depletion | ayers which stretch fromthe side walls of the noats form ng the

adj acent &t or agefcmped i onrthe cexpesedt suerfate ovfiethe emi compiuctdr al
di fference exi sts between the adjacent storage capacitors, the charges

m grate fromthesubstrate within the moat.
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.covering the insulator film is formed. The MIS type
éapacitor is constructed of the semiconductor substrate,
the insulator film and the capacitor electrode within
the moat.

We have studied the above manufactured DRAM
but have found that there are a number of problems
in increasing the integration density of the DRAM.

The first problem is the spread of a depletion
layer. In the storage capacitor, the part which stores
charges serving as information is the moat portion
within the semiconductor substrate. In the case where
the distance between the respectively adjacent storage
capacitors is reduced still further in order to enhance
the density of integration, respective depletion layers
which stretch from the side walls of the moats forming
the adjacent storage capacitors couple with each other.
When a potential difference exists between the adjacent
storage capacitors, the charges migrate froﬁ the

capacitor of higher potential to the capacitor of

yher s figcdi stance

Further, a capacitor electrode



e e s e v e

25 capaci tor of higher potential to the capacitor of -3- lower

potenti al .

reliabi

That is, the charges | eak between the adjacent capacitors.” This

The probl em has hanpered the enhancenent 5 of the

| eads %%géﬁe iaversion of the information, and in turn, to lowering in

I nt egr at™on density of the DRAM The second problemis the increase in the

i nfl uence

of .L particles. As conpared,with a conventional storage

capacitor which is flat, the three-dinensional capacitor structure based on

the mat can sygrepgtdftial ar 02naEOLR] Phe CBRAHGES Y blk Nbébiled conduct or

substrate.

At the Sanme tinme, however, the strucfure is nore influenced by

mnority cargheradylcentdeypaepteys.t oThesr jepast t6l eheVihiefsidn N
seni conduct or subsfrate. That is, as the noat extending inwards from oneny

maj or 15
degree of

soff ahe Dhfbbmasgohgoandcinr tavhst tat tobeebngsineeper, the
I nfluence by the mnority carriers increases nore conspi cuously.

It is difficueliabidityin Theéapygebidemuhasohanhergdstbaoeghancementect the

i nfluence of the minority carriers created by the particles. 20 The
reasonS s thaf theréaseagathenddpnfity efcthBaPRAM.|injted. The probl em has
hanpered the enhancenent of th reIL?biILty f the DRAM Thghghird probl em

is the difficulty of FTPgtBeRPRY. PTO
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em is” the increase in
influence of L particles. As compared with a conventional
storage capacitor which is flat, the three-dimensional
capacitor structure based on the moat can store a
large amount of charges within the semiconductor substrate.
At the same time, however, the structure is more
influenced by minority carriers which develop due
to ‘'t particles within the semiconductor substrate.
That is, as the moat extending inwards from one major
surface of the semiconductor substrate becomes deeper,
the degree of influence by the minority carriers increases
more conspicuously. It is difficult to attain a large
amount of charges enough to neglect the influenée
of the minority éarriers created by the < particles.
The reason is that increasing the depth of the moat
is limited. The problem has hampered the enhancement
of the reliability of the DRAM.

" The third problem is the difficulty of flattening.
The widthwise dimension of the moat immediately after
ha§ing been formed in the semiconductor substrate

is at least approximately 1 pm with the technical



The wi dt hwi se di nension of the noat i mediately after 25 havi ng been
formed in the sem conductor substrate is at |east approximately 1 [err]
"wi-th .t he technical -4- level of a product. Since the thiczgggﬂg th%&
capacitor electrode forns a cause for the breaking of a word , fhé}nnat
.cannot be entirely filled with the material of the capacitor electrode and
that of the 5 insulator film |In consed#ence, a depression arises in

t he upper part of the noat. Thus, the word lines and bit |ines which are
formed over the nbevel a#€ aiprRPduch. breincesthe| thickening he gapagidnr i n
the width or length of the wi.ring. These problens cause 10 variations in
the el ectrical chBteTHE? %t%@%fat%“m’ér?b%l%wq HRE & HRTENce of
non{conformng arjicles.. It _is_an object of the pre i nventiqn to
T O M Pk Syoh mb uPRie e Chpd Vo PRl AT L0 0
suited to e“haﬂc‘%ﬁé‘éfié‘ltéf E'ﬁé‘séféaé’azgitéxf‘t?eﬁ&géf&é‘e ANPUAEL, oy egfe OF the
present invention 1S to prevent t charge T'eakage phenonenon Dbet Wween :

adj acent stgrage £ARACkig Seifpa DRAMAREHudicd Ordratbdiless it M diRest or age
capacitors n noats. Another object of the present inventionis
in the upper part of the moat. Thus, the word lines
and bit lines which are formed over the moats are
liable to break as ﬁell as causing variations in the
width or length of the wiring. 'These-prdblems cause
S 10  variations in the electrical characteristics of the
DRAM articles and the occurrence of non—cénforming
articles.

It is an object of the present invention

to provide a DRAM formed with storage capacitors in
© 15 moats, which is suited to enhancement in.the density
of integration.

Another objeét of the present invention is
to prevent the charge leakage phenomenon between
adjacent storage capacitors in a DRAM which is formed

20 With the storage capacitors in moats.

Another bbject of the present invention is
to reduce the influence of minority carriers created
by =¢ particles, upon storage_capaéitors in a DRAM
which is formed with the storage c#pacitors in moaﬁs.

25 Another object of the present invention is

to prevent the_leakége current between a storage



to reduce the influence of minority carriers created by [err] particles,
‘upon storage capacitors in a DRAMwhich is formed with the storage -

capacit'oLs in.noats. 25 Anot her object of the present invention
is to gﬁggent t he ‘| eakage current between a storage capacitor and a
substr in order to prolong the tinme for which information can be

retained. It is yet another object of the present invention to prevent
depressi ons over the noats to form stogage 5 capacitors therein, in a
DRAM which is formed with the storage capacitors in the npats. According to
a first aspect of the present invention there is provided a sem conductor

- menory device .including: 10 (a) a sem conductor substrate which has one —~
mej or surfeapacibyrnendry sebstrateh Hn qnden tonprolesgathe SFMeand a o
capacitor connected in series with said MSFET, 15 said M SFET i ncl udi ng
a gate eIeé?FoubiﬁhdiBSGF%%tb?nd?%Pnb?eg?bﬁingﬁrd capaci t or |nclud|ng a

first conductor |a er a fjrst jnsul 3 p1gorned on sajd first
conductor |ayer an i%e%%ﬁdaﬁﬁtﬁﬁﬁtgP ?%&e? ?ﬁEﬂ’%%eQEJ{PY??%{°?nsuItaor

:Ogﬁz:rysta $?Ste92§t°£e§pegs§9ns SQQQU%Qrm@t\{SrEobﬁBPS Jpggagl at least a

5 capacitors therein, in a DRAM which is formed with the
storage capacitors in the moats.

According to a first aspect of the present
invention there is provided a semiconductor memory device '\J
including:

10

(a) a semiconductor substrgte which has one major
surface; | | .

B (b) memory cells each of which comprises a MISFET
and a capacitor connected in series with said MISFET,

15 said MISFET including a gate electrode‘and.source or
drain region, said capacitor including a first conductor
layer, a first insulator film formed on said first
conductor layer and a second conductor layer formed on
said first insultaor layer, at least one of said

20 conductor.layers being made of at least a polyerystalline
Silicon 1ayer,.and.said first conductor . layer being
cénnected to one of said source or drain region and being
arranged independently for said each cépacitor of said
memory cell,

25 (¢) moats which are formed on said major surface



silicon Iayer, and said first conductor | ayer bei ng connected to one of
said source or drain region and being arranged independently for said each

capacitor of said nenory cell; 25 (c) noats whi re forned on
said nmajor surface. si de of said sem conductor substrat artly ,»»
.renmovi ng sai d .sem conduct or substrate, which are provided or r espordence

with said capacitors and each of which has its inside surface covered with
a second insultor film 5 (d) a éirst part of said capacitor
bei ng provided on a whole surface of said second insulator filmin said
noat, a second part thereof other than said first part being provided on a
trﬂréiﬁnsulator filmforned on said ,sem conductor substrate except a part

wherfe said firs8ids ofc3a4a PERicaRANCHPT SIUBSLERLS PHRITTLY RARRKINE t o
Rail i d dr ai ' , id dthird j | at fi
being i nreoral | JAsRoRrReRORERSERET RubFRER S Whieh art RIS WA Fhcti on

id ' | ' ' t i th
Che gare ef ect r SAELEBPOPRURRPRLEn S0EqChracledls iahd Sosth oL HHIEH fpa

direction intergegtipgsgal Qui‘?ﬁ@elﬁ&‘?ﬁg@%t 1 SR §'§§i@&&“ﬂ}§x}ﬂo§$ﬁtd;at e,

and_each of which is connepted W ers of_t e source or aln
regions of ghe M SFETs, (g3i 8 £0rst "BaPt Yofesa fd DEApEe PESV i hd rovided

correspondence with _
on a whole surface of said second insulator film in said
moat, a second part thereof other than said first part
4 being provided on‘a third insulator film formed on said
semiconductor substrate except a part where said first
10 conductor layer of said sécond part is connected to one
of said sourcé or drain regions, said second and third
insulator films being integrally provided; |
(e) word lines which extend in one direction over
said semiconductor substréte, and each of which is
15 connected with the gate électrodgs of the MISFETs; and
- (f) data lines which extend in a direction.
intersecting said word lines over said semiconductor
Ao substrate, and each of which is connected with the others
of the source or drain regions of the MISFETs, said
20 memory cells being provided in correspondence with
respective intersection points between said word lines
and said data lines.
Acéording to a second aspect of the present
invention there is provided amethod of manufacturing a

25 semiconductor memory device, said semiconductor memory



respective intersection points between said word |lines and said data |ines.
According to a second aspect of the present invention there is provided
anet hod of manufacturing a 25 sem conductor nenory device, said

sem c ctor nenory 7. device |nclud|ng menory cells each conS|st|ng of
aNISF%§§§nd a capacitor and noats forned in correspondence with-the

capaci ¥ors, said capacitor consisting of a first conductor |ayer, a first
insulator filmfornmed on said 5 first*conductor |ayer and a second
conductor layer fornmed on said first insulator film at |east one O said
conductor | ayers being made of at |east a polycrystalline | ayer, said

met hod | NGiav 89 {154 £0E Mmoki)eel{ST&Y co ”at&g ég;&nﬁgﬁﬂd moats,

on one nmyj or a sem conduct or orm ng S

noats on tgyeg n@J Odp S { G eassd dfodi s smﬂlné@nm%&twoMé |y partly

renoving said sem conductor substrate by partly renpving said sem conductor.

substrate e té@palSLt o s Sasdli decdpadftor (¢onsiSOMEE 6@ @nfimegy de surface of
said each noat with a second insulator filmand covering at |east "a part of

t he maj or cendwctonflapér), senfimstiuinsulastdrstfloe fortdred damhisalid nsul at or
film said second and third insulator filns being integrally forned,
5 first conductor layer and a second conductor layer formed
on_said first insulator film, at ;east one of said
conductor layers being made of at least a polyerystalline
layer, said me;hod including the Steps of:.
(a) forming a mask for forming said moats, on one major

10 surface of a semiconductor substrate; |
(b) forming said moats on the major surface side of
said semiconductor substrate by partly removing said
semiconductor_substrate by partly removing said
semiconductor substrate by the use of said mask;

15 (e) covering an inside sgrface of said each moat with a
second insulator film and covering at least a part of the
ma jor surface of said semiconductor substrate with a
third insulator film, said second and third insulator
films being integrally formed;.

20 (d) forming said first conductor layer on said second
insulator film within said moat, on said third insulator
film and on said semiconductor substrate, said first -
conductor layer beiné formed independently for said each

memory cell and being connected to said MISFET in its

25 . area contacting with said semiconductor substrate; and



20 (d) formng said first conductor |layer on said second insulator film
W thi-n said noat, on said third insulator filmand on said sem conduct or
substrate, said first conductor |ayer being forned indepe ntly for said
each nenory cell and being connected to said MSFET in it area s3>
contacting with said sem conductor substrate; and (e) formng sai'd”’
first insulator filmon at |least said first conductor |ayer, and formng
sai-d second conductor layer on said first ighsulator |layer. According to a
third aspect of the present 5 invention there is provided a sem conduct or
menory device including: (a) a sem conductor substrate which has one major
surface; (b) nmenory cells each of which conprises a M SFET 10 and a
cap@ or connecekd iformingssaid finst insRmEtons fildmvicsrat iLeasidisad da
gate ectrode and source or drain region, said capacitor including a first
conduct or | ayerfirst eQndyetln Aaken 3RS SHranming, sadid) sqoond conduveter

| Syer “Said 11 Y RRARS ST ARTHLARAMAAYET 10 one of said source or
oreln reaton anid vel o GLLGNAGEE| AECPENE el 3 e hapipRcL ! O
5 invention there 1s prbvided a semiconductor memory device
including: | |
(a) a semiconductor substrate which has one major
oA surface;
(b) memory cells each of which comprises a MISFET
10 and a capacitor connected in series with said MISFET,
said MISFET including a gate electrode and source or
drain region, said capacitor including a first conductor
layer, a first insulator film formed on said first
conductor layer and a second conductor layer formed on
15 said first insulator_layer, said first conductor layer
being connected to one of said source or drain region and
| being arranged independently for said each capacitor of
N said memory cell;
(c) moats which are formed on said major surface _
20 side of said semiconductor substrate, the inside surfaces
of which are covered with a second irisulator film the
respective capaéitobs'each being formed wholly within a
respective moat; | | |
(d) word lines which extend in one direction over

25 said semiconductor substrate, and each of which is



20 side of said sem conductor substrate, the inside surfaces of which are
covered with a second insulator filmthe respective capacitors each being
formed wholly within a respective noat; (d) word lines which extend in one
direg&%%h over 25 sai d sem conductor substrate, and each of which is
.conn d wth the gate el ectrodes of the M SFETs; and (e) data-lines which
“extend in a direction intersecting saig word |ines over said sem conductor
substrate, and each of which is connect®&l with the others 5 of the source
or drain regions O the M SFETs, said nenory cells being provided in
correspondence with respective intersection points between said word |ines

and said dcetfaarﬁ]édtr@é wiltlp M@Sﬁne'w&wmw&é CHV MISEEREY idid 10 10~

greater by way of exanple with reference to the acconpanylng o’

drawi ngs, wherein:ceFidile lidés afh il G 'L Wiredpidymm showi ng the
essential portions of a first- enbodi nent of a DRAM Figure 2A is a plan

Vi ew showijint érsecsivagitssaid Word fidéorover saienaemiaridudbororder to
explain the DRAM of the first enmbodinent; Figure 2B is a sectional view
taken al orsulistrate, Jand ddcuref which glsm@nepbzeqolidrthnm gthengy t he
essen?aﬂ of the source or-drain regions of the MISFETs, said
memory celis being provided in correspondence with
respective intersection points between said word lines
and said data lines. | | | ‘J
. The present invention will now be described in
10 greater detail by_way.of example with reference to the .
accbmpanyihg drawinﬁs, wherein:-
_ Figure 1 is an equivalent circuit diagram showing
the essential portiqns of a first embodiment of a DRAM;
_Figure 2A is a plan view showing the essential
15 portions of a memory cell in order to explain the DRAM of -
the.first embo&iment; |
Figure 2B is a sectional view taken along line X-
X in Figure 24; |
Figure 3 is a plan view showing the essential
20 portions of # memory array which is constructed of the
memory celis_as shown in Figures 2A and 2B; _ |
Figures HA_to 12B are views for explaining a
method of manufacturing the DRAM shown in Figures 24 and
ZB;_

-25 Figure 13A is a plan view showing the essential



20 portions of a nenory array which is constructed of the nmenory cells as
Sshown in ‘Figures 2A and 2B; Figures 4A to 12B are views for explaining a
nmet hod of manufacturing the DRAM shown in Figures 2 d 2B; 25 )
Figure 13A is a plan view showi ng the essenti al éggikfns of a nmenory
-.cell in order -to explain a second enbodi nent of the Figure 13B is a
sectional view taken along line X-X in Figug 13A; 5 Fi gures 14A
to 15B are views for explaining a method of “manufacturing the DRAM in
Figures 13A and 13B -9- Figure 16A is a plan view show ng the essenti al
portions of a nenory cell in order to explain a third enbodi nent of the
DRAM.-- .Figure 16B_ i s a _sectional viem/E ken al gng 5 line X-X in Figure
16A;(_Fi gures 1?erg°f§B° r 8 PRBREY: &° ngpaPﬁPﬁg &°n8XR&B1BF 2nBARABPARL uri ng
t he M shown i n Fi s J6A an B; and Figure 19 is a sectional view
e wing = o ehBoliALhES ot tnd BRARE

Figure 13B is a sectiohél view taken along line
X-X in Figure 134;
5 . Figures 144 to 15B are views for explaining a
method of manufacturing the DRAM in Figures 13A and 13B



10 catio
1 the first
of which se

n of the third enbodi nent of the DRAM Referring first to Figure
enbodi nent of the DRAM i ncl udes: sense anplifiers [err], each
rves to anplify the m nute potential difference 15 bet ween a

predete&%%aﬁd menory cell and a predeternined dummy cell; bit lines [err]

and [er

ich extend in an identical direction fromthe sense-anplifier

SAl, bit lines BL21 and BL22 whi ch ext&nd in an identical direction from
the sense anplifier SA2, these bit 20 lines BL serving to transmt

i nformati on;
i ntersectin

wor d !'”F§ﬂﬁférlsﬁ”9 [Srgi$[3099 eéhSﬂQ ”tﬁedbE§§h£991

g the bit mord I ne Which extend Ih the same

direction aspbpeiofs bBeavmeflokynesiiein] oaaér[ebr lexgiam a thira The _DRAM

al so |ncludes menory cells M[err] whi ch hol'd charges serving as

t he i nf or mat é@BodihentespeehevbrRAMEDIY cells M[err] ...... consisting of

M SFETs [err] [err] and capacitors [err] Each of the M SFETs [err] .....
has one 5 end connBigedet d6Bhiéspacdettionaddvihew ktakenBbhloagd has a gate

el ectrode c
capaci bors

10

15

20

25

onnected to the predetern1ned wor d I|ne WL, Each of the
[ ding X-X in Figure 16A;

Flgures 17A to 18B are views for explaznlng
a method of manufacturing the DRAM shown in Figures
16A and 16B; and

Figure 19 is a sectional view showing a modifi-
cation of the third embodiment of the DRAM.

Referring first to Figure 1 the first embodiment
of the DRAM includes:

sense amplifiers SAl, SA2. each of which
serves to amplify the minute potential difference
.between é predetermined memory cell and a predetermined
dummy cell; bit lines BI.11 and BL12 whiqh extend in
an identical direction from the sense amplifier SAI,

bit lines BL21 and BL22 which extend in an identical

-

direction from the sense amplifier SA,, these bit : o/

lines BL serving to transmit information; word lines
WLl and WLZ which extend in a direction intersecting
the bit lines; word lines WL, and WL, which extend
in the same direction as that of the word lines WL,
and sz.
The DRAM also includes: memory celis Mll'

M12' M21' M22 .++++, wWhich hold charges serving as



c2 ..... has one end connected to the other end of the correspondi ng one
.of -the MSFETs [err] 10 Q .... and has the other end ¢ ected to a
fixed potential [err](zero V) termnal. The DRAM al so inclu@§§§dunny cells
[err] [err] for holding charges with which whether the infor ion of .t he
.menory cells i.s "1" or "0" 15 can be judged. The respective dumy cells
[err] D21, D22 ... -are conposed of M SFELgg-err] [err] capacitors [err]
..... , and M SFETs CQ Each of the MSFETs [err] .....has one end
connected 20 tnhéhénmbedﬁtaum;nt@ebEbsbbﬁtiﬁb,mamdrba&ealgaMg ¢l ectrode
connected to the predetermined word |ine W.. Each of the capa ﬂtors [err]

....,.has one en¥;gen qbe&zbo-bhe-onhaﬁismdnsfOﬁh&ISFEEerquOQQ?mg one of
t he M BFETs [err% err] ...., and has the other end connected to the fixed
potential [err] QpnerRhpal-. - -Fh@nk SPPRSitters] Cane Frovi od +f Bk -di-sehargi ng
(clearing) the charges _stored 5 in the capacitors [err] Atermna
[err] is provideEaFgr°§p§g?i SFEFSs 81arg@19irgRah 't 82phe -gateh@8FelPfode of
the MSFET £Q TogsSELHREYa ko' 1R Rea oM hia' BE e 1588 8L, ana

has a gate eleétrode connected to the predetermined
word line WL. Each of the capacitors cll' c12' C21,
C22 ««se.+ has one end connected to the other end of
the corresponding one of the MISFETs Q1 Q150 Q59+
10 sz .+..., and has the other end connected to a fixed
potential Vss (zero V) terminal.
The DRAM also includes dummy cells Dll' D12'
D21, D22' «++++ for holding charges with which whether
the information of the memory cells is "1" or "O"
15 can be judged. The respective dummy cells Dll’ D12'
D21, D22 «s.. are composed of MISFETs QDll' QD12'
9217 Qp2p +e++er SaPacitors Cpyy, Cpyoe Cpoys Cppy
«es.., and MISFETs CQ. Each of the MISFETs
L . %11’ 9127 Q21r 92 ----- has one end connected
20 to the predetermined bit line BL, and has a gate
electrode connected to the predetermined word line

WL. Each of the capacitors chl' CDlZ' CD21’ CD22'

..... has one end connected to the other end of the



10 enbodi ment wll now be explained in greater detail with reference to

Fi gures 2A
drawi ng, i
shown. 15
sem conduct

field insulator film2 which is fornmedlbetween the adjacent nmenory cells in
-one maj or surface of the sem conductor 20

d 2B and also Figure 3. In Figure 3, in order to clarify the

tor fi-lms to be formed between conductive layers are
"The structure of the DRAM i ncl udes: a p-type
substrate 1 which is made of single-crystal silicon (

not

Si); a

substrate 1, and whi ch serves

to el ectri catoyresponding hene of_theTM§SFE§SdeQ§uI959§. Qppi2- film2

integrally s

urrounds two nmenory cells which are connected to a bit

line 22

through an i@gpsi eat - contddthad| ehejothpe apdorgneertedr Faythe such that
t he nenory cglls are arranged in the shipe of a nmatrix as shown 5

Figure 3, w
menory cells
M SFETs Q of

menory cel

capaci tor pl

10

15

20

hxed peatentiahdlgenFarming

|

s eaBf WESERTENCROALPsts of the two

' | ded with,the.field._i I fil h
0 0 ok REShA) e HERHRTEE, LB RREhT ol A AR BP0 1o
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discharge signal to the gate electrode of the MISFET
co. |

The structure 6f the DRAM shown in the first

. embodiment will now be explained in greater detail

with reference to Figures 2A and ZBland also Figure
3. In Figure 3, in order to clarify the drawing,
insulator films to be formed between conductive layers
are not shown.

The structure of the DRAM includes:

a p-type semiconductor substrate 1 which .
is made_of single-crystal silicon (Si); a field
insulator film 2 which is formed between the adjacent
memory cells in one major surface of the semiconductor
substrate 1, and which serves to electrically

isolate them. The field insulator

Abélf ow °termed "first



el ectrode (hereinbelow, terned "second capacitor plate") 16, and an
dihsulator film11 interposed therebetween. |15 The {4 and second
capacitor plates 9 and 16 are made of a conductor. The(??ﬁét capaci't.or
plate 9 is connected to the M SFET Q of the nenory cel he second.
.capaci tor plate 16 has the fixed potential [err] applied thereto. The 20
capacitor Cis essentially formed so as teype buried in a noat (U groove) 6
whi'ch, in turn, is forned in a manner to extend froma predeterm ned part
of the major surface of the sem conductor substrate 1 thereinto. To the
.end of .increasing the capacitance of the capacitor 25 C, the noat 6 i's
not pmde an oblong, but it is made a  -13- shape clearly shown.in Figure

2A. @ i nsul at0Ym 72 | 10 i€z F LT TR s UPSo Beas 6w §0R mbry NATELY Witk H Nereur f aces

of the sem conductor substrate 1 corresponding to the side surface and

bott om sur f aceomied ted MAta Gid line ad@l v oliglk edyy eSdé Wt LT ¢ILtdd Y
| sol ate the sem - conductor substrate 1 and the first capacitor plate 9.

The insul at orhdld BY, i sThehimmory heelhrarrayl £ csuch | bhBt\. thMhateewery vol t age
is applied to the first capacitor plate 9, no information is stored in the
10 per i phetedlpane @Eraangethain cthe tFhape hef sermabrixasrskomstrate 1.

Vhen th§ pot e{]&i}aigt?ztet ,ev];iélftreca az?i(::;. O&uﬁdamental units each of
which consists of the two memory cells intggrally surrounded
with the field insulator film. The MISFETs Q of the

'\Q* two memory cells share an n+—type semiconductor region
19 which is connected to the bit line 22.

10 . The capacitor C of the memory cell is compdsed
of a first electrode (hereinbelow, termed “first capacitor
plate") 9 indicated by a dot-and-dash line, a second
electrode (hereinbelow, termed "second capacitor plate")
16, and an insulator film 11 intefposed therebetween.
15 The first and second capacitor plates 9 and 16 are made
of a conductor.
The first capacitor plate 9 is connected to the
MISFET Q of the memory cell. The second capacitor plate
16 has the fixed potential Vgg applied thereto. The
20 capacitor C is essentially fofmed s0 as to be buried
" in a moat (U-groove) 6.which, in turn, is formed in a
manner to extend from a predetermined part of the major
surface of the semiconductor substrate 1 thereinto.- To
the end of increasing the capacitance- of the éapgcitor

25 C, the moat 6 is not made an oblong, but it is made a



plate 9 is zero V, the capacitance between the sem - conductor substrate 1
“and the first capacitor plate 9 is very low. Wen the potential of the
first ca ywtor 15  plate 9 is 5V, nerely a depletion |ayer spreads in
the surf of the sem conductor substrate 1, and charges te form an

I nversion |layer are not supplied fromthe sem conductor region 19. A
contact hole 8 is provided by renovi mt 30 a predeterm ned part of the
insulator film3A in order to connect the first capacitor plate 9 and one
sem - conductshapeflgarly chewn dn Figunee 33.sF@n ingplatasfidapaci tor

plate 9 is forned on fhe i, I nsul at.or film 3A and the

| at film7, th
‘seni conduct ortFOrm di"fﬁfr%.t%e?'rm?ai?o;ﬁ'a&a Yors 9P I MR % rom Fi gﬁe
3. F | £, \Y4 ' l,J { -14- ., fir.st it
i ate o in g st RrmEnatds SRt 1, pornbnddidd (9L FRPST O
it | | %?%HM | d
gﬁggflri g;I qu%hglsg’t%.st%%%o%ﬁ?ﬂg% ot - a)rﬁsﬁéés% f&ffﬁe@%%é{f iEHn' >Iéi Slrjlr e 3,
the first capag WiHidl Al A 1Aty Y BTAWahd Werlihle respective

menory cells.. The insulator film 11 and the second capacitor plate 16 of
the nenory ceidraititdor @ubytratd Ne afidmihe @idst idapdwitoteglianrd nenory

cell array, and are integrally forned. As .

9. The insulator film 7 is thicker than an insulator
film 3A. Whétever voltage is applied to the firét
capacitor plate 9, no information is stored in the

10 ' peripheral part of the moat 6 within the semiconductor
substrate 1. When the potential of the first capacitor
plate 9 is zero V, the cépacitance between the semi-
conductor substrate 1 and the first capacitor plate
9 is very low. When the poteﬁtial of the first capacitor

15 plate 9 is 5 V, merely a depletion 1ayer spreads in
the surface of the semiconductor substrate 1, and
charges'fo form an inversion IaYer are not supplied
from the semiconductor region.19.

A contact hole 8 is provided by removing

20 a predetérmined part of the insulator film 3A in order
to conneét'the.first capacitor plate 9 and one semi-
conductor region 19 constituting the MISFET. The
first capacitor plate_S is formed 6n the insulator
film 7, the insulator film 3A and the semiconductor

25' regibn 19.. Thé coﬂtact holes 8 aré omitted from

Figure 3. For example, zero Vor 5V is appiiéd'to



10 seen fromFigure 3, the insulator film 11l and the se capaci tor
.plate 16 -are not forned in the sel ected regions in which SFETs Q of
the nenory cells are provided. The charges as the informtion are-sp@red in
that part of the tnsulator film 11 which 15 I s sandwi ched between-‘t he
-first capacitor plate 9 and the second capacitor plate 16. Afilling
material 14 is buried in the noat 6. It sgpyes to alleviate a depression
whirch will appear over the nobat 6 in the Case where this noat 6 is not

filled up with agR@ firsenéaghb!eoafafﬁatal 9afd @8Bri8spbAdencaByethal . The
second capacitor plate 16 and the filling material 14 are electrically

isol ated froma gheeinfeeiatdenandTher dekpaetifeVEirby capatptor plaves 1S
and {15A. 25 The M SFET Q conprises a gate insulator film 17,

t he Jate el ect rofeocf8thenddfiacent- mpporgeaetdbadacreostructibalipggands 19
each of which is a source or drain region. The gate insulator film17 is
provi ded on thatepartréralpy ispdatedrfads showhebyedbtoandcdashsibresate 1

in which the M SFETs .are formed. _The gate el ectrode 5 18 is unitary
with the word |i &8 Rigpse dppEPenfinstorepaeitert Rlatgar @ arecipderengently

The sem conduct o gl ons 1D gfg PL2%Lded.anabeLh, i, Fldes Rl Lheutale,

film 11 and the second capacitor plate 16 of the memory
- cells are common to the memory cells in the identical

memory cell array, and are integrally formed. As

10 seen from Figure 3, the insulator film 11 and the
second capacitor plate 16 are not formed in the selected
regions in which the MISFETs Q of the memory cells
are provided. The charges as the information are
stored in that part of the insulator film 11 which

15 is sandwiched between the first_capacitor plate 9
and the second capacitor plate 16. A filling material
14 is buried ih the moat 6. It serves to alleviate
a depression which will appear over the moat 6 in

s the case where this moat 6 is not filled up with a

20 conductive material and an insulator material.

The second capacitor plate 16 and the filling
material 14 are electrically isolated from a gate
electrode and word line 18(WL) by insulator films
15 and 15A.

25 The MISFET Q comprises a gate insulator film

17, the gate electrode 18, and the n+—type semiconductor



el ectrode 18 in the surface of the sem conductor substrate 1 corresponding

to the M SFET form ng part. The senmi - 10 conductor region 19 is defined

by the@electrode 18, the field insulator film2 and the first -
d

capaci t ate 9. The word Iine W. extends over the noat 6.whose surface

s flat . An insulator film20 is fornmed between the 15 gate -
el ectrode 18 or word line W. and the_bit line 22, and which electrically

i sol ates them The contact hole 21 serves to connect the sem conductor

region 19 ank i D Ldioh 22 willlh b4 41 06uie O AUFLCShathAS Lo extend

on the insulato 1l'm and to connect w th the sem cohduct or regions

19 through tfife itetindivl £€0r1f1i1m PI IR roviEdedas Schatippper at i on of
the first enbodinment of the DRAMw || now be described with reference tQgu

Fi gures 2A a3l 22 o jex et fdge nef ttise nesmigorndidtohi substrstst s 25  of
the M SFET Q and the capacitor C -16- The case of witing information
into the nenoriyn cdiichnithe MISEETS | amcel. fo¥mad a CBine rgate ok leagrode appl i ed
to the gate el ectrode constituting the MSFET Q of the nmenory cell, this
M SFETSQ i s k&irdfedusitary onith AR | wexkt bine dlnofer MPRPLYAR® anformation is
applied to the bit line (BL) 22 whjich is_connected .
voltage to this 'gate electrode 18. The semiconductor
regions 19 are provided on both the sides of the gate
" electrode 18 in the surface of the semiconductor substrate
1 corresponding to the MISFET forming part. The semi-
10 conductor region 19 is defined by the gate electrode
18, the field insulator film 2 and the first capacitor
plate 9. The word line WL extends over the moat 6
" whose surface is flattened.
- An insulator film 20 is formed between the
15 gate electrode 18 or word line WL and the bit line
22, and which electrically isolates them. The contact
hole 21 serves to connect the semiconductor region
19 and the bit line 22. The bit line 22 is arranged
so as to extend on the insulator film 20 and to connect o/
20 with the semiconductor regions 19 through the contact
holes 21 in predetéermined parts.
The operation of the first embodiment of
the DRAM will now be described with reference to Figures

2A and 2B, by exemplifying the memory cell which consists

25 of the MISFET Q and the capacitor C.



to the sem conductor region 19 of the M SFET Qrenpote fromthe capacitor C
MW th respect - to the gate electrode. Thus, the voltage Of§§§F bit line (BL)

22 correspondi ng 10 to the information is applied to
plate 9 through the M SFET Q Wen a potential differenc

first capacitor
Xi sts between

«the first capacitor plate 9 and the second capacitor plate 16 held at the

fixed potenti al

[err], charges to serve adét+he information are stored 15

or witten in the capacitor C. Thereafter, in order to retain the
information in the nennrmislFas?hefwwstEinQ ipfoymatdonrintonthee case of
readi ng out the informatiqn of _the nenory cell, the reverse operation to

the_gbove 20

enbddi nt,

fiemoryg c6pdr ¥id bﬁa?"BéaﬂyEFf’or n¥henag:6PRERGLt BOL Ragei r st

h be f t th t
o el s el ectri A AP grgﬁaé‘é’d"'F’Foﬁg?ﬁe'ei&ﬁ\t68§§u8fe’8f‘gég§g%¥mﬁt B0 1 [he

result that the
capacitor of the

'nﬁ‘gj ace&‘)% n%ﬂ%”ﬁ@mﬁ?&""@%’i% this! ?Erﬁi‘pack%g ?ﬁgdt he

prevente order to

electricaliy isolgte %h%oQQEGGeEBrEE Bﬁd S | $oMRhe: ﬁfSPﬁQE? S1gPper
med “the

region of, e.g.,

the p+-type may wel In t e part o

seni conduct or subpplied %ouﬁﬁérbiﬂelih§|QBLOSQbahﬁEch is connected

~ 10
15

20

25

to the semiconductor region 19 of the MISFET Q remote

from the capacitor C with respect to the gate electrode.
Thus, the voltage of the bit line (BL) 22 corrésponding

to the information is applied to the first capacitor

plate 9 through the MISFET Q. When a potential  difference
exists between the first capacitor plate 9 and the

second capacitor plate 16 held at the fixed potential

VSS' charges to serve as the information are stored_

or written in the capacitor C. Thereafter, in order

"to retain the information in the memory cell, the

MISFET Q is turned OFF.

In the case of reading out the inférmation
of the memory cell, the reverse operation to the above
writing operation may be performed.

According to the first embodiment, the capacitor
of the memory cell can be formed witﬁin'the moat which
is electrically isolated from the semiconductor substrate,
with the result th&t the leakage phenomenon between
tﬁis capacitor and the capacitor of the adjacent memory

cell can be prevented.



5 film2. The method of manufacturing the DRAM of the first enbodi nent
w || now be described in greater detail with reference to Figures 4 to 12,
whi ch sho e various steps in the process of manufacture. 10 It should
be not ed aééﬁ the B Figures are sectional views taken along-iines X-X in
.the correspending A Figures. A p-type sem conductor substrate 1-made of
single- crystal silicon (Si) is prepatgd. As shown in Figures 15 4A and
4B, the sem conductor substrate 1 is covered selectively with a field
~insulator film(Si 2 In|eyderpee glecerical hyn isptate ntéed@?n@ent
electrically isol ate adjacent nennrg cel]ls and the sem copductor el enents
(not shown) RAMGRY | GRL} S MRrec 2 ShanRel SEABPRT BRI1ION QL 48 ssi ng ~
circuit, argading circuit and.a witin ircujt. The figld insulator fiNgn
> 1"t of ned D o corvRn ponareLE B8 FoBtkR I fukhe,Pat | 8F EBENn que for The
surface of {16 PEIAEQOENE" QlpSUPSLL A CudaEPPLAY! PePaSLhLgpRegEtride film
as an oxi datT1on - - 1 nperneabl e mask. hough not shown, a p -type
channg] stoppg{yr£dion should desirably be formed on the surface of the

sem conductor substrate 1 under the field insulator film2. In this

The method of manufacturing the DRAM of the
- first embodiment will now be described in greater
" detail with referencé to Figures 4 to 12, which show
the various steps in the process of manufacture.

10 ‘"It should be noted that the B Figures are sectional
views taken'along 1ines X~-X in the correéponding A
Figures.

A p-type semiconductor substrate 1 made of single-
crystai silicon (Si) is prepared. As shown in Figures

15 _4A and 4B, the semiconductor substrate 1 is covered
selectively with a field insulator film (SiO, film) 2
being 0.6 - 1 pm thick in order to electrically
isolate adjacent memory cells and the semiconductor
elements (not shown) of peripheral circuits, for example,

20 an addressing circuit, a reading circuit and a writing
circuit. The field insulator film 2 is formed by
a convention&l selective thermal oxidation technique
for the surface of the sémiconductor substrate 1

employing a silicon nitride £film as an oxidation



5, regard, before the field insulator film2 is formed, a p-type
Inpurity such as boron is ion-inplanted into the sem conductor substrate 1

by the use of the oxidation inperneable nask. During the the oxi.dati on,
the boron is diffused to formthe channel stopper region. 10 .
After the step-illustrated in Figures 4A and 4B, an insulator film3is

fornmed on the whole surface of the sem cordrctor substrate 1. As the
~insulator film3, a silicon dioxide (SiQ2) filmbeing 300 [err] thick and
formed by the thermal oxidation of the surface of the 15 sem conduct or
substrate 1 is used by way of exanple. lhereafer, an insulator film4 to"’
serve-as an oxidation inperneable mask is formed on the insulator film3

As thgginsulaiupefMéable @asklicon-nitride (Si3N4) filmbeing 500 [err]
thick and formed by the chem cal vapour dgposition 20 (CVD) is used by
way of exanple. TAétbapgbrnosnshawdhalol fEVEESCOMNRHLsBEORReRSTagShaBk for

dry etching for torning_nnai§ gnd whi ch is thicker than the insulating film
3 is formed oftPRed| AGBLERBLY PEnfarned PRethesERE{RFefPf nfBe SeqifpRaductor

00 e 11 1™ Beag- 0000 GLal- 9t PEARA Beuparbl HEaQID | BpUBfGa Y 1Y,
Prov 9500 {PeedpRLep HRESPoconiLrLuta LHENIARSE 10N o1 47FBNeaz) | a0
a p-type impurity such as boron is ion-implanted into
the semiconductor substrate 1 by the use of the oxidation
\gl ' impermeable mask. During the thermal oxidation, the
boron is diffused to form the channel stopper region.
io After the step illustrated in Figures 4A and 4B,
an insulator film 3 is formed on the whole surface of
‘'the semiconductor substrate 1. As the insulator film
3, a silicon dioxide (SiOa) film being 300 2 thick and
formed by the thermal oxidation of the surface of the
15. semiconductor substrate 1 is used by way of example.
Thereafer, an insulator film 4 to serve as an oxidation
impermeablg_mask is formed on the insulator film 3. As
4 the insulator film 4, a silicon nitride (SizN,) film
veing 500 X thick and formed by the chemical vapour deposition
. 20 (CVD) is used by way of example. Thereafter, an.inSulator
film S5 which serves as a mask for dry etching for forming
moats and which is thicker than the insulating film 3
is formed on the insulator film 4. As the insulator
film 5, a silicon dioxide film being 8000 X and formed

25 by the CVD is used by way of example. The insulator



renoved, and then, the sem conductor substrate 1 is 5 renoved, by the
ani sotropic dry etching such as reactive ion etching (RIE) with [err]-gas.
Thus, the noats 6 are fornmed as shown in Figures 5A and 5B." The wi dt hwi se
di mensi Wof the noat 6 is approximately 1 - 1.5 pm while the depth D

t her eof om t he surface of the sem conductor 10 Substrate 1 is
~approximately 3 pm The ratio of thel8tching rates of silicon and silicon
dioxide for the [err]-gas is 4 : 1. The depth D can be varied by varying
the thickness of the insulator film5. After the steps illustrated in

Fi gures 5A and 5B, 15 the insulator filmb5 having served as the nask
for the dry etching is renoved, and the insulator film4 to serve as the
mask forf #f&aﬁfﬂﬁrﬁﬂt%ﬂ§@kﬂléﬁ fermxpbecuasigsfay pnevidtogatbe film 4 asyJ

the mask, the surface of the sem conductor substrate 1 exposed in the noat
20 G“Q%Et%érhﬁaqh VC R bt Yabe Fﬂ%r%ﬁ?ai’étf’ﬂﬁrrpﬁnmf@?f}' FELAFO® 7 of 4000 -

6000 A ff nt | thickgr th t fil 3 th
surfacesﬁJ ICI%]t%énas?g&g f%\&g“;ﬂgo ?#h)ﬁ?g r?lﬁe o?g?hﬁuﬁﬁéggéveﬁe

R O
-80- Af LRdmdvid S Lhd .Uéﬁié‘éﬁﬂobﬂc Fagyr 88chfn@gndubl as reactive

ion etching (RIE) with CClu-gas; Thus, thé.moats C

are formed as shown in Figures 5A and 5B.. The widthwise

dimension W of the moat 6 is approximately 1 - 1.5 pm,

while the depth D thereof from the surface of the semiconductor
10 substrate 1 is approximately 3 pa. The ratio of the

etching rates of silicqn and ‘silicon dioxide for the

CCla-gas is 4 : 1. The depth D can be varied by varying

the thickness of the insulator film 5.

After the stepsillustrated in Figures 5A and 5B,

15 the insulator film 5 having served as the mask for the

dry etching is removed,'and the insulator film 4 to

serve as the mask for the thermal oxidation is exposed.

Using the insulator film 4 as the mask, the suiface

of the semiconductor substrate 1 exposed in the moat
20 6 is thermally oxidized, thereby to form an $10, film

7 of 4000 - 6000 A sufficiently thicker than the insulator

film 3 on the inéide surface, i. e., the side surface

and bottom surface of the moat 6. The 510, film 7 electrically

isolates the semiconductor substrate 1 and the first

25 capacitor plate. This state is shown in Figures 6A and 6B.



the insulator films 4 and 3 are successively renoved. The exposed surface
of the sem conductor substrate 1 is thermally oxidized to forma_new Si Q2
fil.m 3A which 5 is 300 [err] thick. The predeterm ned p f the
[err] film3A is renmoved to forma contact hole 8. This contac | e serves
to connect the-first capacitor plate and one sem conductor region to
constitute a M SFET. Thereafter, polycetaostalline silicon which is a
conductive material 10 i s deposited on the whole area of the

sem conductor substrate 1 to a thickness of 1000 [err], and phosphorus is

I ntroduced thereinto in order to establish a low reskstivity. The .
polycrystalline silicon is patterned to formthe first capacitor plate 9

constjyuting the 1after ¢hpasktéeridiubhean®driy Fekuras &RO¥A4GI HBFI gures 7A
and 7 The thickness of the polycrystalline silicon filmis apprOX|nater

500 - 1000 [ ethe. indnlatbypéidmai foaddcBoareeguonesB8iod 1§0rgnovédis forned
by the diffusion of phosphorus into the sem conductor substrate 1 fromthe
polycrystalI|WbeZGXPOSGdSSPrééﬁemPfhthetﬁemésﬁndéptholeusstnaFErlthe st eps
illustrated in Figures A an an insul ator f|In1(not shomn) made of

silicon dioxi 48 YR8TR&Y; PﬁFEQnEESfGFmGG per; pi 5& ﬁé}505 e%Biphe is
| sl afor F?Fﬁ???sﬁﬁmﬁis it nJhel BFabe e rai3Ra rhRt 57 wne sEO3C & TN
film 3A is removed to form a contact hole 8. Ihls contact
hole serves to connect the first capacitor plate and
et one semiconductor region to constitute a MISFET. Thereafter,
polycrystalline silicon which is a conductive material
10 is deposited on the whole area of the semiconductor
substrate 1 to a thickness of 1000 X, and phosphorus
is introduced thereinto in order to establish a low
resistivity. The polycrystalline silican is patterned
to form the first capacitor plate 9 constitut ing the
15 capacitor of the memory cell as shown in Figures 74
and 7B. The thickness of the polycrystalline silicon
film is approximately 500 -_1000 R. An n-type semiconductor
region 10 of 60 S/ is formed by the diffusion of phos.phorus
into the semiconductor éubstrate 1l from the polycrystalline
20 silicon within the contact hole 8. _
After the steps illustrated in Figures ?i and 7B,
an insulator film (not shown) made of silicon dioxide
and having a thickness of 60 g by wéy of example is
formed on the exposed surface of the first capacitor

25 plate 9. This insulator film is formed by the thermal



oxi dation of the surface of the polycrystalline silicon filmwhich nakes
the first capacitor plate 9. This insulator filmserves to noderate a
stress ég}ch devel ops due to the difference between the coefficients of

t her mal expansion of the first capacitor plate 9 and an insul ator
film1ll to be forned by a |later step, and also to reduce the | eakage
current of the insulator film11. Ths eafter, the insulator film11l for
storing charges to serve as informatfon is formed on the whol e surface of
the resultant 10 sem conductor substrate | by the CVD. As the
insulator film11l, a filmof silicon nitride higher in the dielectrig
constant than silicon dioxide is used by way of exanple, and its thickness

S approxi ter 150 err There ft order to reduce the | eakage
current. G¥1EAEIPRs Afar face q é%? Réiyqﬁﬁﬂkﬁ 14?I§ﬁ¥+ﬁﬁnshomn) ;Eﬁe

f sili di d hav, K f 2 f d th
nsul at Sﬁriarnl R, paine gmeg e SR R R L# 7B T"%Zﬁl ator film
11. Sub I f é;ggg: h
constiutﬁ gsg%{itﬁl%folf&ﬂ{c%%c‘{e%or% Fgotl%e ’sn"ge?m(y:% cell”, po ycrysta Tne silicon

12 i s degqgi ted the h&qmﬁélﬂéam@ft&éﬁ%eqsﬁiéﬁmé% C Rt T

substrate 1. Phosphorus is introduced into the polycrystalline silicon in

or ger toek@aneiohe ofevhet ifdirst td@aeﬂrtor Tia tehi T lamed amfidhelator
pol ycrystal line 25 silicon film12 is approximtely 3500 [err]. As
shown infilm 11 to be formed by a later step, and also to reduce
the leakagé current of the insulator film_ll. Thereafter,
the insulator film 11 for storing charges to serve as
information is formed on the whole surface of the resultant
10 semiconduqtor éubstrate 1l by the CVD. As the ihsulator _
film 11, a film of silicon nitride higher in the dielectric
constant than silicon dioxide is used by way of example,
and its thickness is'approximaﬁely 150 2. Thereafter,
- in order to reduce the leakage current of the insulator
15 film 11, an insulator film (not shown) made of silicon
dioxide and having a thickness of 20 R is formed on
the insulator film 11 Sy, €. g., the thermal oxidation
" of the insulator film 1l. Subsequently, in order to
form the second capacitor plate which constitutes the
20 capacitor of the memory'cell, polycrystalline silicon
12 is deposited on the whole surface of the resultant
semiconductor substrate:lJ Phosphorus is introduced
into the polycrystalline silicon in order to lower the
resistivity thereof. The thickness of the polycrystalline
25 silicon film 12 is approximétely 3506 X. As shown in



-22- Figure 8, an insulator film13 is formed for the electrical isolation
Jbetween t-he polycrystalline silicon 12 and a conductive nmateri al=L0 be
deposited thereon. This O insulator film13 is, for exanple, a f+lm
of 500 A5 which is formed by the thernmal oxidation of the sUrface of.

-t he polycrystalline silicon 12. The CVD may wel|l be enpl oyed as the nethod
of formng the insulator film13. After hge steps illustrated in Figure 8,
in order to fill up the noats 6, a fillTAg material 14 is deposited 10

on the whole surface of the resultant sem conductor substrate 1 to a

t hi ckness of, e. g., 5000 [err]. The filling material 14 other than parts
buried in the noats 6 is renmoved. The surface of the filling material 14

d & hy f f i i1 . .
2 UbsFAn expos;qk,ﬁlg &all’ﬁearp Ll o Y ai} It%‘ee f?r‘i)zla:*e'csd)g%%eagel evi a I‘eld:.a‘ll'he

substantially even. us, depressions ove

filling materisy1akddnS be e X HHY oD HSIBidd N SiddiL AR e renoval
of the filling material 14 is executed by isotropic etching, for exanple,

pl asma et chi ng.cobtucting altePd]l td ibendebay it thdreomol ymaest al | i ne
silicon 12 during the renoval of the filling material 14. It is effggtive
that the pol yiowsushiadidn fdla 1% dks ,1 X andexample J lamgSidy efile ot 0@ X he
sane material. Thereafter, the surface of the filling material 14 is

t her mal By oxi¥iigdy ipformeq Ry (hireckhazmal xidatiae off the: surface

pOchryStal“Jy?éﬂé'ﬁgT}crystalline silicon 12. The.CVD may well

be employed .as the method of forming the insulator film 13.
St After the steps illustrated in Figure 8, in order
to fill up the moats 6, a filling material 14 is deposited
10 on the whole surface of the resultant semicomnductor .
substrate 1 to a thickness of, e. g., 5000 X. The filling
material 14 other than parts buried in the moats 6 is
removed. The surface of the filling material'lk and
the exposed surface of the polycrystalline silicon 12 .
15 are made substantially even. Thus, depressions over
the moats 6 are alleviated. The filling material 14
is, for example, polycrystalline silicon. The removal
of the filling material 14 is executed by isotropic
etching, for example, plasma etching. The insulator
20 film 13 protects the polycrystalline silicon 12 during
the removal of the filling material 14. It is effective
that the polycrystalline silicon 12 and the filling
material lL are the same material. Thereafter, the
surface of the filling material 14 is thermally oxidized.

25 Simultaneously, the surface of the polycrystalline silicon



-23- 12 is further oxidized. An insulator film15 [err] film which is 2000
[err] thick is formed by the thermal oxidation. The insulator film 15 and
the polycrystalline silicon 12 in an area to formthe M SFET are renoved, 5
and t econd capacitor plate 16 to constitute the capacitor of the nmenory
cell i ormed. Thereafter, an insulator film([err] filn 15A t-s forned as
shown in Figure 9 in such a way tggt t he exposed part of the

pol ycrystalline silicon on the sT8e surface of the second 10 capaci tor
plate 16 is thermally oxidized using the insulator film1ll as a nask. The
insulator film1l is partly renoved as shown in Figure 9 before the °
insulator film15A is forned. As a result, the insulator film1ll is —

di vi ded bt 952 rRdthe W @%leizaG | NS SN LRGN 12D (gi0pl ate 16 and\gst
part overlyi ﬁg the gr ea tlo formthe MSFET. A Cfﬂlg% pl:‘%c(lsslloén of

regi stratpiQn ) ¥nieh ARCETOU R friiddiss et by By Haasteps i1l ustrated
in Figure 9, the insulator filns 11 and 3 in the area to formthe M SFET of-
the 20 oxideriown .celTheariasndatord.film tshand nihee palyexysdalilineg ator film
17 is forned as shown in Figures |OA and OB to the end of formng a gate

i nsul at osifliliciont d2c dns i gnea Ho MBRETLheTHEISFET anteoiremavad,7 is formed by

thermal |y oxidizigg@the surface of _the s%yiconductqr substrate 1 25
exgosed BRd: fhder ER5PRMA SRR HoTs Rlats 16 4R comstitute the

capacitor of the memory cell is formed. Thereafter,
an insulator film (5i0, film) 15A is formed as shown |
in Figure 9 in such a way that the exposed part of the \J
polycrystalline silicon on the side surface of the second

;0 capacitor plate 16 is thermally oxidized using the insulator
film 11 as a mask. The insulator film 11 is partly
removed as shown in Figure 9:before the insulator film
154 is formed. AS a resulf, the insulator film 11 is
divided into a part underlying the second capacitor

15 plate 16 and .a part overlyiag the area to form the MISFET.
A high precision of registration is not necessary for
this etching..

After the steps illustrated in Figure 9, the insulator

films 11 and 3 in the area to form the MISFET of the

20 memory cell are removed. In the removed area, an insulator
film 17 is formed as shown in Figures 10A and 10B to the -
end of forming a?gate insulator film to constitute the
MISFET. The insulator film 17 is formed by thermally

- oxidizing the surface of the semiconductor substrate 1

25 exposed by the removal of the insulator films 11, 3.



-24- 1t is an [err] f ilmwhich is 300 [err] thick. After tne steps
ilNNustrated in Figures 10A and 10B, a conductive material is deposited in
order-to forma gate el ectrode constituting the M SFET of the 5 \TENDI Y
cell, as well as a.word line. As the conductive material, there
enpl oyed pol ycrystalline silicon, a high-nelting netal such as nol ybdenu
(Mp) or tungsten (W, a silicide which isajhe conpound between the high-
melting nmetal and silicon, or a double-layer structure 10 whi ch
consists of the polycrystalline silicon and the high-nelting netal silicide
overlying it. As regards thicknesses, a value of 3000 - 4000 i is .
preferable for the polycrystalline silicon layer, and a high-nelting neta

siligide Iayer of _3000 nd.a _palycrystally . silicon layer of 2000
[ er r%‘gre pr ef&r taLSI 80 éﬁ@hgl &Jb:hé'-clhl %e}dg]%it?\}rcé‘ ‘consi sting of the

hi gh-nel ting netal ;$iLi.Ci Jrar] X 4l I ihe el yerysical Lige silicon

| ayer. To be used z'gt!tehe t%%g%—%{p%’%gl%fgﬁggu}lg é'g%‘r%es?l?'l‘fﬁg.s{lgn. silicide,
mol ybdenum si lp@,dg, chadudltivesmkiterda 12s de potideld ianiordes lkipci de.  The
conductive material is patterned to formthe gate el ectrodes and word |ines
18. Usi ng t hefgdheacgater edes trvdewendsitiitatih® ahead ISHET iofy thet r oduci ng
mask, an [err]-type inpurity is ion-inplanted into the sem conduct or
substra®e 1 omempryaced l,oasowell as a2 word line. As the conductive

el

LAY

material, there is employed polycrystalline silicon,
a high-melting metal such as molyb&enum (Mo) or tungsten
A (W), a silicide which is the compound between the high-
meiting me tal and'silicon, or a double-layer structure
10 which consists of the polycrystalline silicon ahd the
high-melting metal silicide overlying it. As regards
thickxnesses, a value of 3000 - 4LOOO ﬁ is preferable
for the polycrysialline silicon layer, and a high-melting
metal silicide layer aof 3000 X acd a polycrystalline
15 silicon layer of 2000 X are preferable for the double-
layer structure consisting of the high-melting metal
.silicide (WSia) layer and the polycrystalline silicon
layer. To be used as the high-meltiﬁg metal silicides are
tungsten silicide, molybdeanum silicide, tantalum silicide
20 and titanium silicide. The conductive material is patterned
to form the gate eléctrodes and word lines 18. Using
the gate electrodes and word lines 18 as an impurity
introducing mask, an n+-type impurity is ion-implanted
into the semiconductor substrate 1 of the area to form

25 tne MISFET of the memory cell. The impurity is diffused



25 the M SFET of the nenory cell. The inpurity is diffused -25- by
the drive-in diffusion, to formn -type sem cohductor regions 19. Thus,
the M T-Qis forned as shown in Figures 11A and 11B. After the steps

i1l ust ed in Figures 11A and 5 11B, an insulator film.,20 is fornmed on
t he whol e surface of the resultant sem conductor substrate in order to
electrically isolate the gate el echgades and word lines 18 and bit [|ines.
Used as the insulator film20 is, for exanple, a pnosphosilicate glass
.(PSG filmwhich 10 is 6000 - 8000 The PSG filmcan alleviate the
growt h of undul ations due to the multi-layering, and can capture sodium
(Na) ions affecting the characteristics of a sem conductor integrated

circuit devipe. dHivel-AnuldatiTrustions 20 Mt B -0y fhedii@ndagigonduct ong

region 19, 15 - which is renote with respect to the gate el ectrode 18 _
f rom onerggiongndgat orTuuagi wreoM IIREMPHET fQrawihens exhdwn time capaci tor of
the nmenory cell, are renpved. Thus, a contact hole 21 for connecting the

seni condidgaresedilénah® dddB.t he bit line is forned. Thereafter, as shown 20
in Figures 12A and 12B, the bit line 22 is formed so as to connect with the

seni conduct or Af&gitorbheo stieRsydi kustradiedcdin Holgures 1y andanpl e, an

aléj m ni uTl(BA,\I )anl i es_rulgetior}g fZi.(}.%O Z[Oerir:J ft-ohrimcel& iosn -q_:%eed waﬁso ehes thl a..c:lei ne 22.
of the resultant semiconductor substrate in order to
‘electrically isolate the gate electrodes aad word lines
18 and bit lines. Used as the insulator film 20 is,
for example, a pnosphosilicate glass (PSG) film which

10 is 6000 - 8000 3. The PSG film can alleviate the growth
of undulations due to the multi-layering, and can capture
sodium (Na) ions affecting the characteristics of a
semiconduétor integrated-circﬁit device. The_insulator
films 20 and 17 on the other semiconductor region 19,

15 - which is remote with respect to the gate electrode 18
from one semiconducfor region of the MISFET Q@ connected
to the capacitor of the memory cell, are removed. Thus,
a contact hdle 21 for connecting the semiconductor region
19 and the bit liﬁe is formed. Thereafter, as shown

20 in Figures 12A and 12B, the bit line 22 is formed so
as to connect with the semiconductor region 19 through
the'contact-hole.ZI. 'For_example, an siuminium. (Al) >
layer being 7000 R thick is used as the bit line 22.
Thereafer, a PSG film and a silicon nitride film by

25 the plasma CVD overlying it are formed as a final passivation



Thereafer, a PSGfilmand a silicon nitride filmby 25 | asma CVD

overlying it are forned as a firdal passivation - 26- fllm
sem conductor integrated circuit device of the present enbodi "Ent is ﬁf
conpl eted by these. series of manufacturing steps. 5 Ref erii ng

‘now to the second enbodi rent of the DRAM shown in Figures 13A and 13B, a
different insulator filmis used for that2é+eld insulator filmin the first
enbodi ment which lies between the two nenory cells connected to the sane
bit |ine and havfilg.10 the capacitors adjacent to each other. Throughout
the figures concerning the second enmbodi ment, portions having the same
functions as in the f|rstThﬁb@qmncmmdustpzuzngpgxatm@ shneuit ndewice and
they. shall not be_repeatedly explained. In Figure 15 13A, gate el ectrodes
and word |ines 1‘8{V§E§ e PESFART cambed Hyent | i¢ ‘F‘?’Fié%e??ld otPﬁéIe‘Fh?%e cFeri9S the
illustration. Referring.to, Figures, 13A and 13B, the DRAM i ncl udes an

i nsul ator film 22FWA?R f?gt?ﬁgﬂ%dsﬁﬁpﬁhe surface of the seniconductor

substrate éevvi thin the 2_ ?QA*E“ ca%{\m'&g é cé %ﬁﬁo&m{ hg i nsul at or

film3A T |nsulator fi Sem conduct or
substrate 1 and the ﬁkﬁﬁtsﬁagﬁciﬁszgures 13A and 13B, a different

insulator film is used for that field insulator film
in the first embodiment which lies between the two
memory cells connected to the same bit line and having
the capacitors adjacent to each other.
Throughout the figures concerning the second
embodiment, portions having the same functions as
in the first embodiment are assigned the same symbols,
and they shall not be repeatedly explained. In Figure
15 13A, gate electrodes and word lines 18(WL) are indicated
by solid lines in order to clarify'the illustration.
Referring to Figures 13A and 13B, the DRAM
includes an insulator film 23 which is formed on the
surface of the semiconductor substrate 1 within the
20 moat 6A and which is thicker than the insulator film
3A. The insulator film 23 electrically isolates the
semiconductor substrate 1 and the first capacitor
plate 9. The insulator film 23A électrically'isolates
the capacitors of two memory cells which are connected

25 to the same bit line (BL) 22 and whose capacitors



“plate 9. The insulator film23A electrically isolates the capacitors of two
menory cells which are connected 25 to the same bit line (BL) 22 and

whose citors -27- are adjacent to each other. The insulator film 23A
bet we e Capacitors can be readily. provided by the thermal oxidation
fromthé inside surface of the noat 6A during the formation of the

I nsulator film23. 5 According to the present enbodi nent, the

capacitors can be arranged within the noats which are electrically isolated
fromthe sém conductor substrate. In-3@dition, the field insulator film
havi ng 10 the bird s beak is not required for the isolation between the

capaci tors Are rrRAjaserentoneachyothers. The inspbater fhkmiadRuring the—
DRAM of the second enbodi nent will now be des¢rjbed in, greater detail Wi
et eronce  PERRBLEAS SARRILEQFF CFRB Ho%, 541 1Y eragidedb¥t cps i n tho
b ocess, o TERMTSREY kiR BooLRY LARLad BRReA 008! ipove of he.
o U oA BaPLA SR OLofRULON UE°CRE tnallalle FLIR!z8Th00 Tt
Filmigs _ According to the present embodiment, the
capacitors can be arranged within the moats which
ére electrically isolated from the semiconductor
.substrate.
In addition, the field insulator film having
10 the bird's beak is not required for the isolation
between the capacitors of the adjacent memory cells.
The method of manufacturing the DRAM of the
second embodiment will now be described in greater
detail with reference to Figures 14 and 15 which show
15 the various steps in the process of manufacture.
It should be noted that the sectional views of the
B Figures are taken along lines X-X in the corresponding
A Figures.
" In similar manner to the process of manufacture
20 of the first embodiment, a p-type Semiconductor substrate
1 is first prepared. A field insulator film is

formed for electrically isolating semiconductor

- elements (not shown) which constitute



formed for electrically isolating sem conductor elements (not shown) which
constitute -28- the peripheral circuits of the nenory cells of the

sem conductor substrate 1, for exanple, an addressing circuit, égﬁﬁadrng
circuit and a witing circuit. This point is the sane as in the st =~
enbodinent. In the nmenory cell of the 5 sem conductor substrate 1, a
field insulator film2A is formed as shownpgn Figures 14A and 14B. The
field insulator film2A is forned as in the first enbodi nent except the
portion between the two nmenory cells which are connected-to the same bit

| i ne and whose capacitors 10 are adjacent to each other. The field-

i nsulator film2A is forned by the well-known sel ective thernal oxidation
of the/seni cortrucenri phersak atiorcinits tof st fenody féd Misvoftthes ednficonductor
[errT’thick. After the step illustrated in Figures 14A and 14B, 15

noats 6A ar e FHRIER Y hhd Fnmrandiod 2 34Aneas Ing Aingtbdui mermeadiag
enploying the insulator filns, 3, 4 and 5.  The_w dth and depth of the noat
6A may be si R¥THEUYY ath&e Gt PHEE 1§ IRG Ul o T (PO Sertie &Rm8 gure

17 15,2 S AT, T A AR M 1 o
s corgosed Qeditoddidtor WA td 11N r A B d A 140 5 The
is formed as shown in Figures 1l4A and 14B. The field
insulator film 2A is formed as in the fir;f embédimeht
R except the portion between the two memory cells which
are connected to the same bit line and whose capacitors
10 are adjacent to each other. The field insulator film
2A is formed by the well—knoﬁn selective thermal oxidation
of the semiconductor substrate 1. It is an Siq2 film
which is 0.6 - 1 pm thick.
| After the step illustrated in Figures 14A and 14B,
15 .moats 6A are formed by the same method as in the first
- embodiment, employing the insulator films 3, 4 and 5.
The width and depth of the moat 6A may be similar to
those in the first embodiment. As seen froﬁ Figure 154,
the shape 6f the insulator films 4 and 5 is such that
20 the field insulator film 24 is partly exposed. A mask
for férming the moats 6A is composed of the field imsulator
film 2A and the insulator film 5. The moats 6A can
be formed in partial-seif-alignment with the field insulator
film 2A. This leads to“increase in the capacitances

25 of the capacitors. The distance between the respective



be formed in partial self-alignment with the field insulator film2A This

| eads to increase in the capacitances 25 ‘of t'he capacitors. The

di sta bet Wween the respective -29- nmoats 6A of the two nenory cells’

conne d.to.the sanme bit Iine and having the adjacent capacitors should

preferably be small, for exanple, 1 pm Thereafter, the insulator film5is

renmoved 5 to expose the insulator f4dm4. Using the insulator film 4,

t he sem conductor substrate 1 exposed Th the nbpats 6A is thermally

oxi di zed. ThmpatshhA Abrthe |te remary 2Heericynestqdrtq tha m are

formed. The insulator fjlm 23 extends al ong, each nobat 6A and is 10

suffici ent | y 330 REt Rp) angnying r%e t%?‘f?fét iTRRAGAITS i | m 3A, and~it

electrically i.sqlates the m conduct.ar substrate and the first capacNu#r

plate. The ﬁ%‘lﬂg‘i (ﬁref%rrﬁ%g:#%eesﬁmlgﬂ f%ctﬁ’é%ll?hgpé‘%'ct rical isolation

bet ween t he capacitor ts ' . I3 nnected to
STda eﬁg) aﬂ'}eaclg‘%l}l%tof LR Y GRSy

the sanme bit |ine and ‘having capacitors I's Itnsulator film’

23A has aheat s HIBIE QUK rd e F iGN [ olnb@ﬂuf! N e sd Nddost he

sem conductor substrate 1 of the corresponding part nmay becone [err]
perfectly. 2Gilm 4, the s¥nidorddifctdrrBubsttiste A askposdd Gin ashel SA and

15B, the steps of the manufacturing nmethod of _ _

moats 6A is thermally oxidized. Thus, insulator films
23 and 23A made of'an-SiO2 film are formed. The
insulator filﬁ 23 extends aidng each:moat'GA and is

Jo sufficiently thicker (4000 - 6000 %) than the insulator
film 3A, and it electrically isolates the semiconductor
.substrate 1 and the:fifst capacitor piate. The
insulator film 23A eSpeciaIly achieves'thé electrical
isolation betﬁeeﬁ the capacitors.(mbafé 6A) of the |

15 two memory cells connected to the same bit line and
having the hdjﬁéent capaéitors. This insulator film
'23A has heat-treatment conditions etc. controlled
in order that the sémiconductor substrate 1 of the
corresponding part may become Sioz.perfectly.

20 After the steps illustrated iﬁ Figures 15A
and 15B, the steps of_ﬁhe manufacturing method of
.the first embodimght:illustrated in Figures S5A and
5B, et seq. are similarly performed,'whereby the
semiconductor.integrated circuit device of the present

25 invention is finished up. |

‘Referfing now to the third embodiment of

<



the first enbodinment illustrated in Figures 5A and 5B, et seq. are

simlarly perfornmed, whereby the sem conductor integrated circ devi.ce of

the present 25 invention is finished up. Referring nowto t hi rdsi

enbodi nent of .- 30 - the DRAM shown in Figures 16A and 16B, the
.insulator film 3A of the second enbodinment is replaced with a still thicker

i nsulator film 23B. Throughout the figures concerning the third 5
embodi nent, parts having the sane functiogg as in the first and second
enbodi ments are assigned the same synbols, and they shall not be repeatedly

| ai ned. | [ 16A, t | ectrod d word Ii C18(W
il Sared by "the B aEorde LS ELSSrRRUERA SRR anEEd ) RS B0y o
the/third enbodi i_ncl ' t film23B whi ' d bet
t hoxsdr conduBtdl ShoSEr SHE- FoRRAC AYCPRRDE P aBhor FBI “Brat X b cht o1 de the
noat 6 so as Lp;he §H§£k8§eﬂ§%¥55969k?i1@“9953he i nsul ator film 3A enpl oyed
odi

inthe 15 first and second e ments. The insulator film23B electrically
i sol ates the sen1conduc@ggoﬁggggiaﬁge1f§§grggec$hé§£n achd ofppEgte. Even

when a voltage corresponding™to information is applied to the first
capaci t or spl aéfb8difbatgepat 0sSRaVEngSth8Esame functions as in the
first and second embodiments are assigned the same
symbols, and they shall not be repeatedly explained.
In Figure 16A, gate electrodes and word lines 18(WL)
I are indicated by solid lines for clear illustration.
10 The DRAM of the third embodiment includes
an insulator film 23B which is formed between the
semiconductor substrate 1 and the first capacitor
plate 9 outside the moat 6 so as to be sufficiently
thicker than the insulator film 3A employed in the
15 first and second embodiments. The insulator film 23B
electrically isolates the semiconduétor substrate 1
and the first capacitor plate. Even when a voltage
corresponding to information is applied to the
first capacitor plate 9,'charges to serve as the
20 information are scarcely stored in the surface of
the semiconductor substrate 1. No charge to serve
as the information of the memory cell exists in the
semiconductor substrate 1.
According to a modified form of the
25 third embodimenF, the capacitor can be provided

in only the moat which is



20 information are scarcely stored in the surface of the seniconductor
substr 1. No charge to serve as the information'of the nenory cel
exi-sts@the sem conduct or substrate 1. According to a nodified formof
the 25 tHird enbodi ment, the capacitor can be provided in only the noat
which is - 31- electrically I solated fromthe sem conductor substrate. As
will be stated .below, the process of the third enbodi mrent becones nore
conplicated than those of the first and second enbodi nents. Since, however,
5 the insulator film23B is thick-3he capacitance between the first
capacitor plate 9 and the sem conductor substrate 1 is quite negligible.
Thus, the DRAMlettrheallyr dselatednfrom theecsemiicandactort Babstiratence O,f—\
t he potentlal fluctuation of the surface of the 10 . sem conduct or
substrate 1 bisnwhdli bp siatedr bedowat shebprpeess pdr thel shirdn addition,

no field insulator filmis required for the isolation of the capacitors of
the adjacent fBReR}meBL| becoges more complivpsedethon shosenefacturing the -

et erence to Fhuf L8557 2RAqse5o} eRbedaments -  Sinca,‘hokever,® ! M1
5 " the insulator f£ilm 23B is thick, the capacltance '
between the first capacitor plate 9 and the semiconductor
substrate 1 is quite negligible. Thus, the DRAM of
the third embodiment is less liable to the influence
of the potential fluctuation of the surface 6f the
10 semiconductorlsubstrate 1 by minority carriers created
by &l particles. o
'In addition, no field insulator film is required
for the isolation of the capacitors of the adjacent
memory cells.
15 | Lo The method.of manufacturing the DRAM of the
third embodiment will now be described in greater
detail with ;eference to Figures 17 and 18 which show
the various steps in the process of manufacture.
It should be noted that the sectional views of the
20 B Figures are taken along'lines X-X in the cortespohding
| A Figures. |

As in the second embodiment, a p-type semiconductor



the various steps in the process of manufacture. It should be noted that
_the secti-onal views of the 20 * B Figures are taken along lines X-X in the
corresponding A Figures. As in the second enbodi nent, a p-type -
sem conduct or -32- substrate 1 is prepared. As shown in Figures éga'ahd
:17B, an insulator film2A simlar to that of the second enbodi ment is
formed on the sem conductor substrate 1. Afyer the step illustrated in

Fi gures 17A and 17B, 5 the step of the second enbodi nent shown in
Figures 15A and 15B is perforned to sinultaneously formnoats 6 and
insulator filnms 23, 23A. The insulator filns 23 and 23A have equal

t hi cknesses (4000 - 6000 [err]). Thereafter, an insulator film4 i’

removed, and sajbg Y1@ieatloris igrogkred. 4Ad GHEANY SR Figuesl 17 aker nal

oxi datfion is formed by the D on parts other than the portions of the
noats 6 and tlI¥8,semn dorstilettor Sulst 22t esibidemhiic bt df ridte cagaaid or

pl ates .are fornmed. For exanple, a silicon nitride film500 [err] thick is
used as the iemhadiment iismiired) agsithe Sexionnduator subatratet s

sem conductor substrate 1 is thermally oxidjzed to form_nsulator filns 23B
for electrically iAdehrithe &fe R ddlusiaatked i figunes L7%h@nchd By st

capacitgr plahes &% 5P e do i ervodsiiht Bhown in Figures 154
and 15B is performed to simultaneously form moats 6
and insulator films 23, 23A. The insulatpr films 23 _
W and 23A have equal thicknesses (4000 - GOOO'X). Thereafter,
an insulatof film 4 is removed, and an insulator film
10 LA to serve as a mask for thermal 6xidation is formed
| by the CVD on parts other than the portions of the moats
6 and the semiconductor substrate 1 on which the first
| capacitor plates are formed. For example, a silicon
nitride film 500 & thick is used as the insulator film
15 . 4A. TUsing the insulator film LA, the semiconductor
‘substrate 1 is thermally oxidized to form insulator
films 23B for electrically isolating the semiconductor
-/ substrate 1 and the first capacitor plates as shown
in Figures 18A and 18B.- | _
20 After the steps illustrated in Figures 184 and
18B, the steps of the manufacturing method of the first
embodiment shown in Figures 5A and 5B et seq. are similarly
performed, whereb& the semiconductor'integrated circuit
device of the present embodiment is finished up.

25 The insulator film 4 can be used instead of the



20 After the steps illustrated in Figures 18A and 18B, the steps of
the manufacturing nmethod of the first enbodi nent shown in Figures 5A and 5B
et se are simlarly performed, whereby the sem conductor integrated
circuégadéyice of the present enbodinent is finished up. 25.- The

i nsul r*¥i1m 4 can be used instead of the i nsulator film4A without
.being renoved. In this case, after theg,formation of the noats 6, the
insulator film4 is selectively etched and renoved to provide a mask having

the same shapgas 446 €1k 'éa WSO being reddddd 4A 14 effie above

enbodi nents, the capacitor is provided wthin the noat which 1s

el ectrically d&gd Atf£fkds Othd NEo1RIE T WE t e ShBSES 6 £ tHd Ubnsliiat i on
| ayers which extend into the sem conductor substrate 10 fromthe '\NJ

respective cafidim tdoriss ofeldrt vk by et cheedmand asdmovedntd eprevidesd.

Accordi ngly, the phenonenon of |eakage to the respective capacitors of the
adj acent nenm ynask |lkavEngrehesane shaps\as  thahof ttheainselatan be
created within the sem conductor substrate by 15 [err] particles can be
prevert ed frdild f&&¢ing charges to serve as infornmation. Further the

capact or of I oh capagl (e Cal Dol IS L0, SRITLLO0PUY 19 o e
provided within thé moat which is electrically isdlated
from the.semiconductor substrate. ;Thus,'depletibn
layers which extend into the semiconductor substrate

10 from the_respective capacitors of the.adjacent memory
cells can be removed. Accordingly, the phenomenon
of leakage to the respective capacitors of the adjacent
memory cells is brevénted. Mbreover;.minority garriers
to be created within the semiconductor substrate by
15 24 parﬁicles can be prevented.fromlaffecfing charges
to serve as information. Further the capacitor of
high capacitance can be formed ih a small occupying
area.
Since the capacitor is formed on the insulator . kJ
20 fiim, not in the semiconductor substrate, no leakage
current is involved between the capacitor and the
_~substrate, and the information retention time can
be remarkably prolonged.

Since the capacitors of the adjacent memory

25 cells in a predetermined direction can be electrically

L



20 film not in the sem conductor substrate, no | eakage current is
.involved-between the capacitor and the --substrate, and the information
retention tine can be remarkably prolonged. Since the capacitors of _the
adj acent nenory 25 cells in a predeterm ned direction can be @rf-
*electrically .- -34- isolated without using the field insulator f¥ t he
density of integration in a nmenory array pg@gtion can be enhanced. Even when
the noat has a wi dt hwi se di mension 5 above approximately 1 [err], it is
filled up with thiesbilasedcupsboubrupingethéhfiekbdoinsebatortHilpl the and
the filling material. The upper part of the noat is flattened, and the

wor ki.ng di spersi ofiengityhefwbptegratigndinha memory nerray bporbiemdcaner the
moat, can 10 be reduced. The fol |l owirng nodifications of the above

desc¥i bed enbodi nBft €MBRBCBHssi ble. As the filling material 14, it is also

i ble t I il di oxi i pstead of th | talli 15
T con: S chown’in the. nBHPR BHORoFRE GPORRchaR § Qi ERMERGrR BE e e o

%g’uggg polgcryst ahbbBCagbkb&2hallif N SHECNE £8PAF1104 B FedbelEy Vel
first capacitor plate, the second capacitor plate
and the filling material. The upper part of the moat
is flattened, éhd the working dispersions of the word
line and the bit line to be formed over the moat can
be reduced.
The following modifications of the above
described embodiments are possible.
As the filling material 14, it is also possible
to employ siliéon dioxide instead of the polycrystalline
15 silicon. |
As shown in the modified form of the third
embodiment of Figure 19, the polycrystalline silicon
of the second capacitor plate 16 méy well be used
for f£illing up the moat 6 so as to flatten the surface
- 20 thereof, without employing any filling material 14.
In this case, the insulator fiim 13 is thick. This
measure dispenses with the steps of depositing and
etching the filling material 14 and the step of forming
the insulator film 15. Regarding the first and second

25 embodiments, the polycrystalline silicon of the second



for filling up the noat 6 so as.to flatten the surface 20 - thereof,

w t hout enploying any filling material 14. In this ‘case, the insulator film .
13 is thick: This neasure dispenses with the steps of depositing and

et chi ng > filling material 14 and the step of forming the i'nsulator film

15. Regar ng the first and second 25 enbodi nents, the polycrystalline
silicon of the second -35-'capacitoL3$Late 16 may be simlarly buried in
the noat 6 so as to flatten the surface ™Thereof wi thout using the filling

material 14. /%?¢{§E££§L$ PL 16! 1A 1b8fsi€£}f§?ﬁg%?9%ﬁ%5%%'thea silicon

di oxi de (Si Q2) can al so be enpl oyed. ove descri bed

enbodi ments rehdd€ & 0sdhes DEOVBL@EtéheLhe! dedfhbé théfebl PRithEELPr esent —.
invention is also applicable to DRAMs of the open bit line type. 10 \

The conducti vityihg peise ofilhéngematenidalt bd. substrate and the sem conduct™r
regions may well be the opposite to those in each enbodi nent. The nenory
cells may wel |l be provisiedthet tnsubtatorofiiilmt bl ofgtbescépatitPrwhich are
formed in the sem conductor substrate 15, and whi ch have the conductivity
type oppPosite 4osihﬁﬁo@fd¥ﬂ§1@%n{%bﬁgbciblmsﬁﬁétihﬁe.be employed.

Whilst all the above described embodiments
relate to the DRAMs of the folded bit line type,
the present invention is also applicable to DRAMs

of the open bit line type.

O

10 The conductivity types of the semiconductor
substrate and the semiconductor regions may wéll be
the opposite to those in each embodiment. The memory
cells'may well be provided within semiconductor regions
(wells) which are formed in the semiconductor substrate
15 and which have the conductivity éype opposite to that .

of the semiconductor substrate.



CLAI M5 1. A sem conduct or nenory device including: (a) a

.sem conduct or substrate whi'ch has one major surface; 5 (b) menory
cel |l s ‘'each of which conprises a M SFET and a capacitor connected+mseries
with said M SFET,:.said M SFET including a gate el ectrode and sou or
*drain region, -.said capacitor including a first conductor |ayer, a fiKst

i nsulator filmforned on said first 10 conductor |ayer and a second
conductor layer fornmed on said first insultapr |ayer, at |east one of said
conductor |ayers being nade of at |east a ycrystalline silicon |ayer,
and said first conductor |ayer being connected to one of said source or
drai n.region and being 15 arranged i ndependently for said each capacitor
of sgkﬂ Menor ye ths (c) noats which are formed on said nmajor surface side
of Sai'd semi conductor substrate by partly renoving said seni conductor

substrate, whigh are prpvg@ﬁ@bbﬁuggkorcgéﬁgﬁpqagepgg yﬁéfhéﬁﬂéLcapaC|tors

and each of which has its Inside surface covered wth a second insultor

film (d) a first part(@f §asémieeRdnsO6r DSLTEt Pd 0¥ wierk P haps Wi ana _ﬁﬁ ace
of said second insulator filmin said npat, a second part thereof ot

than said firssuppatepS bei ng provided on a third insul ator filmformed
on Sald' 5 (b) memory cells each of which comprises a MISFET
and a capacitor connected in series with said MISFET,
said MISFET including a gate electrode and source or
% drain region, said capacitor including a first conductor
layer, a first insulator film formed on said first
10 conductor layer and a second conductor layer formed on
said first insultaor layer, at least one of said
conductor layers being made of at least a polycrystalline
silicon layer, and said first conductor layer being
connected to one of said source or drain region and being
15 arranged independently for said each capacitor of said‘
memory cells
(c) moats which are-formed on said major surface
side of said semiconductor substrate by partly removing
said semiconductor .substrate, which are provided in
20 correspondence with said capacitbrs and each of which has
- its inside surface covered with a second insultor film;
(d) a first part of said capacitor being provided
on a whole surface of said second insulator film in said

moat, a second part thereof other than said first part

25 being provided on a third insulator film formed on said

* c L | S * -



sem conductor substrate except a part where said first conductor |ayer of
said second part is connected to one of said source or drain regions, said

second d third insulator filns being integrally provided;, 5
(e) mogggbines whi ch extend in one direction over said sem conduct or
substr / and each of which is connected with the gate el ectrodes of the

M SFETs; and (f) data |lines which ext ey in a direction intersecting said
word |ines over said sem conductor 10 substrate, and each of which is
connected with the others of the source or drai.n regions of the M SFETs,
said nenory cells being provided in correspondence with respective
i nt er sect i sempopnducpervwevhstnatenwexgeptnaspantl whenedaasd| fiest 15 2.~
A sem conductor nmenory device according to claim1, wherein both said fiys§t
and secondceBRUeteBr 1pugEr 8f apaifoprgerpdt RRrEnésseeneeatedybesonand said™
second and thi%g I nsul at or filng are filicon I oxi de

8oPArRg

sem’conduc?ﬁrs foPYunesi e 4 ( 10851 &P Z?eﬁﬂéag¥agiﬁgi§g;face ofA
Sal g SeCON S RTANGL kLU e fhe"Th e EHATLPREREARAE, ¢ o070 LT 12
accordgng to (e) word lines which extend in one direction over
said semiconductor substrate, and each of which is
connécted with the gate electrodes of the MISFETs; and
(f) data lines which extend in a direction | o~
intersecting said word lines over said semiconductor |
10  substrate, and each of which is connected with the others
of the source or drain regions of the MISFETs, said
memory cells being provided in correspondence with
respective intersection points between said word lines
and said data lines.
15 2. A semiconductor memory device according'to claim
1, wherein both said first and second conductor layers
are polycrystalline silicon layers; and said second and

third insulator films are silicon dioxide films. ;/

O



claim1, wherein said second insulator filmis thicker than said third

Jnsulator film 5. A sem conductor nenory device according to claim
‘1, wherein said second insulator filmis substant- 10 ially |

t hi ckness to said-third insulator film 6. A sem conducto ot )
device according to claiml, wherein said fir insulator filmand said
second conductor | ayer are provided as being nmon to the capacitors of
the plurality of nenory cells. 15 7. A sem conduct or nenory

devi ce accordingzto clai mylgehiicbh@8hctBs! MEMOPy: aéGic@ détdidingvtsrial
which is formed over said second conductor |ayer of said first part of said

capacktor, whi chclaimr2yiwRéreinashéostrfacepof sepd esecomnd odorductot he
surface of said second conductor |layer of said first part and which is

el ectrical |y i solayed ¢fosasdi flisstopartooflusadd ¢tapacit@r is subgtan-

sem conductor nmenory device according to claim7, wherein said filling
material is provtﬂ@ﬁ125flatso as to have a surface which is substantially
even with the surface of said second conductor |ayer of said_second part of

said capadtor. 4- 9. A semigandurBer: BEMAEYORGVILSi RECHEURAUIY to
clam S, nerelneihg 1 WhagelR SeiRmedoRd! SSbPLELL PELE'LicER RSN 1
than said third insulator film.
5, A semiconductor memory device according to
claim 1, wherein said second insulator film is substant-
10 ially equal in thickness to said third insulator film.
6. A semiconductor memory device according to
claim 1, wherein said first insulator film and said
second conductor layer are prévided as being common
to the capacitors of the plurality of memory cells.
15 7. A semiconductor memorg-device according to
claim 1, further includiﬁg :
(g) a £filling material which is formed over said second
conductor layer of said first part of said capacitor,
W, which is provided so as to fill up a depression of
20 - the surface of said second conductor layer of said
first part and which is electrically isolated from
said second conductor layer.
8. A semiconductor memory device according to
claim 7, wherein said £filling material is provided
25 so as to have a surface which is substantially even
with the surface of said second conductor layer of

said second part of said capacitor.

T



conductor layer by a fourth insulator filmfornmed 5 on said second

conductor |ayer. 10. A sem conduct or nmenory device according to clalm
8, wherepn said filling material is abcon di oxi de. 11. A
sem co or menory device accordlngé claim1l, further |nclud|ng

(h) a fMTh insulator filmwhich isolates the adjacent menory cells, and
whi ch surrourtds at | edstsemicomshuctiosr semginy dgwicie acdoagdiogned and an ar ea
where said MSFET is formed, except the source or drain region 15

said M SFET ﬁm@ed%rﬁrd ﬁnmelnglmaterlawémidmw&t@rlmmry
devi ce accordi to clg 11 ereln d f|fth | Iator filmis a
silicon di odegq‘ﬁ ud rg vYn "rﬁﬁd;rf\g' add S859% ng to

ggj aceﬁlt alt \Tolég‘dt S c?r aé’%otdgﬁ’}n t[}oolds}zclhd%‘ apalfc#tlto(rg \g}'o]%hség%g‘l ?ere;r;hgel I ;\>/

connec%ed too&h%a;@?@@dﬁﬂd'ﬂ&h&d tantlally equal to said second "
i nsul ator fi I'S about tw ce as |c as sald second i nsul ator 25 film
and is for ”E(io' nt egraly kéﬁfébn%ﬁi&o&emﬁyﬁ%éﬁw ddddBaing 4% 14. A

sem conduct or menory device according to cl/aim
claim 8, whereln.said filling material is silicon

dioxide.
11. - A semiconductor memory device according to
10 claim 1, further_including:
(h) a fifth.insulatpr film which isolates the adjacent
memory cells, andlwhich surrounds at least an area
where said capacitor is formed and an area where said
MISFET is formed, except the source or drain region
15 of said MISFET connected to said data line..
12. A semiconductor memory device according to
claim 11, Qherein said fifth insulator film is a silicon
dioxide film.
13, A semiconductor memory device according to
20 claim 12, wherein said fifth insulator film thch
isolates the adjacent two moats corresponding to said
capacitors of said memory cells connected to the identical
bit line is substantially equal to said second inéulator
film, is about twice as thick as said second insulator
25 film apd is formed integrally with said second. insulator

film.

R



12, wherein at least a part of said noat is defined by said fifth insul ator
film 15: A net hod of manufiacturing a sem conductor nenory 5 devi ce,
“sai d-semi conduct or menory device including menory cells each consisting of
a M SFET and a capacitor and noats forned in correspondence with t .
:capacitors, said capacitor consisting of a first conductor |ayer, rst

i nsulator filmforned on said first conductor |layer and a 10. second
conductor layer forned on said first ggsulator film at |east one of said
conductor | ayers being nade of at |east a polycrystalline |ayer, said

met hod including the steps of: (a) formng a mask for form ng said noats,
on one nmaj or 15 surface of a sem conductor substrate; (b) formng said

moat’s on the mdj-or suf AEBIGORAUNL MR GRHARE ACAUAINEO IR t | y
remoxst'ng sai d sem conduct or, substrate by the use of said mask; 20 (c)
covering an i NG & REisdc &bl ety % ; ek At "é\°%recb?lo°‘?fn‘§tﬁdat99’r film
SUbstrate w't W A RO R AE sai d second and third insul ator.
films being integral |y bRk o° nardPactdAdE W Shfhdddidt SO A

| ayer on said second 1

5 device, said semiconductor memory device including memory
cells each consisting of a MISFET and a cabacitor and
moats formed in correspondence with the capacitors, said
capacitor consisting of a first-conductor layer, a first
insulator film formed on said first conductor layer and a

10 second conductor layer formed on said first insulator
film, at least one of said conductor layers being made of
at least a polycrystalline layer, said method including
the steps of: .

(a) forming a mask for forminé said moats, on one major

15 surface of a semiconductor substrate; |
(b) forming said moats on the major surface side of
said semiconductor Substrate by partly rgmoving said
semiconductor substrate by the use of
said mask; .

20 (e) covering an inside surface of said each moat with a
second insulator film and covering at least a part of the
major surface of said semiconductor substrate with a
third insulator film, said second and third insulator

films being integrally formed;

25 (d) forming said first conductor layer on said second

R ————
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insulatar filmwthin said noat, on said third insulator filmand on said

sem conduct or substrate, said flrst conductor 1ayer being forned ’ -
i ndependently for said each nenory cell and being connected to said M SFET
inits 5 Qrea contacting with said sem conductor substrate; and (e)

~form ng & first insulator filmon at least said first conductor | ayer,

and forn1ng sai d second conductor |ay®d on said first insulator |ayer. 16.

A met hod of manufcturing a seniconductor nenory 10 devi ce according to
claim15, wherein both said first and second conductor |ayers are

| tall | A et hod of f
.Eé’myﬁéﬁiuipeb R 'ﬁa@éﬁmww,ﬁ Fag” i padared Cong 15

i duct f bec t tiall j

Prar g, fithnd ol Hh rﬂ# dm r?é“!su ShERnSRO A ant Al LY A\
di d )

Zﬁgg:]dl ggeto%d%l Qlorp ]1%¥e"1\h‘?:][e§'r on sal |pr%g{gyn%s :%5{ #ag'tz% ?3%18?2 h:w ng

the same shapsy T HRP Hdnd VBT to 421d MISFEY NG 3l moats by
partly renDV|ng sai d sem conductor substrate by the use of said second
5 area contacting with said semiconductor substrate; and
(e) formihg said first insulator film oh at least said
first conductor layer, and forming séid second.conductor
layer on said first inSﬁiator 1ajer. |
16. A method of manufcturing a semiconductor memory
10 device according to claim 15, wherein both said f;rst and
second conductor layers are polycrystalline silicon
'1$yers.
17. A method of manufacturing a semicoﬁductor memory
device according to claim 16, wherein said second .
15 conductor layer is formed so that its surface may become
substantially flat.
18{ ‘A méthod of manufacturing a semicon&uctor membry
device according to claim 15, wherein : | W
said mask comprises a first mask and a second
20 mask which is formed on said'first maék, both said masks
having the Same'Shape;

said step (b) comprises:

R



mask; and (ii) renoving said second mask; and 5 said step (c)
_conprises: (i) formng said second insulator filmon the inside surface of
said-each noat by thermally oxidizing the exposed sem conduct or trate
by the use of sai-d first mask, said first mask being an OX|dat|on 3y

‘i mpermeabl e mask; (ii) removing said first mask; and Cii) formng said
third insul ator f|In1by thermal |y OX|d|Z|ngzb |d maj or surface of said
sem - conductor substrate, said third |nsulator filmbeing 15 t hi nner

t han sai d second insul at onif)i fermiftig said Aoakshby¢ partBpuLembuihgy a

sem conductor nenory device according to claim 15, wherein: said nmask
conpri ses a firssaddskgemic¢onductond subsitratiecbyi theonsedofnsaaddsécond
mask, ‘both said 20 masks having the same shape; said step (b)
conﬁ&fses (i) f®RRkAga®8id npats by partly renoving said seni conduct or
substrate by the use of szld second nmask; and 25 (i1) renmoving
said second nask; and 3 alaeypgﬁn@cfa&énﬁﬁpeeé mask; and

5 said step (c) comprises:
(i) forming said second insulator film on
the inside surface of said each moat by thermally
'~ oxidizing the exposed semiconductor substrate by the

use of said first mask, said first mask being an oxidation

10  impermeable mask;
(ii) removing said first mask; and
(iii) forming said third insulator film by
thermally oxidizing said major surface of said semi-
conductor substrate, said third insulator film peing
15 thinner than said second insulator film.
19, A method of manufacturing a semiconduétor
memory device according to claim 15, wherein:
said mask comprises a first mask and a second -
s mask which is formed on said first mask, both said

20 masks having the same shape;
said step (b) comprises:
(i) forming said moats by partly removing
said semiconductor substrate by the use of said second
mask; and

25 (ii) removing said second mask; and

* c L N § x .



{i) selectively réaning said first mask; (ii) form ng said second
insulator filmon the inside surface of said each nopat and said third 5
insulat%g?fyln1on said major surface of said sem c- onductor substrate by

t her mal

oxi dation inpernmeable mask; and (iii) renpving said first mask. 20.
net hod of manuf act uri iRid SEAR VRILQIWPEASRSY devi ce according to claim

15, further

i ncl udi ng:, (§) fornin filling materjial, over said 15
conduct or | alyer, usiai g (f"r(H I)ﬁ‘ﬂgeq?a’[‘%]ia%lé%‘!? ?o??\’e‘%i }s’o's\fd% '?Ebsq%"l Il up a

and third insulator fil ns

oxi di zi ng the exposed sem conductor substrate by t:he use of the
selectively renmoved first mask, said seco
havi ng substantially equal thicknesses, -4 10 first mask being an

A

second

d i on of f ) o ; whi Gh
s formed in sa Suéaiﬁﬁr%ﬁ;at’%@ﬁfp [dafd SREE LSO dEY o N (g
5ol at ed 1O theSAOI AN SO a2 el Soalland said EEAPI Of

manuf acturing a sem conduct or nenory device accor

said filding jypherdtdr 6w dRdaaa t
even with the surface of said second

mej or surf aconfuctor sulis el Gy rtlietitd 1Dy coxidizing the exposed

10

15

20

25

semiconductor substrate by the use of the selectively
removed first mask,. said second and third insulator
films having substantially equal thicknesses, said
first mask being an oxidation impermeable mask; and

(iii) removing said first mask.

20. A method of manufacturing a semiconductor

memory device according to claim 15, further including:
(f) forming a filling material over said

second conductor layer, said filling material being

formed so as to fill up a depression of a surface

of that part of said second conductor layer which

is formed in said each moat, said filling materiai

being electrically isolated from said second conductor

layer.

21. A method of manufacturing a semiconductor

memory device according to claim 20, wherein said

filling material is formed so that its surface may

be substantially even with the surface of said second

conductor layer formed over said major surface of

said semiconductor subétrate.

I

ng to clalm20, wherein

ot lSuStdEaCor Baidesamitst antial |y
conductor | ayer forned over said



44 22. A nmet hod of manufacturing a sem conductor nenory device

according to claim?20, wherein: said filling material is polycry line
'silicon; and 5 said step 4 conprises: (i) coverin he%
surface of said second conductor layer with a fourth insulator film™and
(i1,) formng said filling material on said fourth insulator film 10 23.

A net hod of nanu?&eturlngAamgéhPéoﬂﬁu%QQ#f%%h%Fynﬁew|%QN%EQRﬁQF?@Fto cl ai m
15, further includin forn1n before said step a fifth insul ator
filmon said najﬁ?mgngégélﬁF §8F d1Rg - t%oﬁﬁ%ﬁ?o$§ dég% YetR® by sel ective
t hermal oxidation 15 o] fl I ng the
adj acent ﬁ%nnr; cells. QSES Ei%?ﬁ%?ﬁ%%t%$ %g +:é$t¥ I aggﬁﬁégnguctor

menory . devi ce aCQQigEBH tgngla|n123 wherein said nDats are formed by
partky”renDV|ng sai d sefi conduct or 20 substrate by enpl oying said mask
and said fgfth insul ator §hig 38ep (BPKkecomprises: A method of manufacturing
a sem conductor nenory device according to claim23, wherein: said mask

conprises a first mask andiy sé¢epingSthe swsfawdi6h s$8id oseeshdrcsmdubtor
first mask, both said masks having the sane shape; said step (b) conprises:
layer with a fourth insulator film; and
(ii) forming said filling material on said
- fourth insulatbr-film.
10 23. A method of manufacturing a semiconductor
g memory device according to claim 15, further iﬁcluding:
(g) forming, before said step (a), a fifth
insulator film on said major surface of said semi-
conductor substrate by selective thermal oxidation
15 thereof, said fifth insulator film isolating the adjacent
memory cells.
24. A method of manufacturing a semiconductor
memory device according to claim 23, wherein said
moats are formed by partly fémoving said semiconductor
20 substrate by employing said mask and said fifth insulator
film as a mask;_ |
25. A method of manufacturing a semiconductor
memory device according to claim 23, wherein:
said mask comprises a first mask and a second
25 .mask which is formed on said first mask, both said
masks having the same shape;

said step (b) comprises:

) O O



(i) formng said noats by partly renoving said sem conductor substrate by
enpl oyi ng sai d second mask and said fifth insulator filmas a nask; and
(ii) re ng sai d _second mask; and 5 said step (c) i ncl udes:
(1) fcnéEEp at |east said second insulator filmon said seniconductor
substra by:tshermal Iy oxidizing the exposed sem conductor substrate by
enpl oying said first mask and said fift nsulator filmas a 10 mask,
said first mask being an oxidation inpefmeable nask 26. A et hod of
manuf acturing a sem cp{l;iugéﬂﬁlﬁ%nggyd drRYA €L tém&y PhgN 23, wherein
said nmenory cells are isolated by said secon and fitTth 15 Tinsulator
films, said sErdrsenicohdiotos i $ubstrate sy NEMpESYingr saidf sédendwo
adjacent noats anong said noats of said nenory cells, said second insu
filmis formabklomndesaidi fief shirisselatox £hbh avad mgskheamdlly OX|d|zéh8
t he exposed sem conductor substrate 20. said second insulator filmforned
on said inside surfackibl vemovingasaidwecendceaskpoard is integral with
sai d second insul ator f|In1forned on said inside surface of the other noat,
and sd@id fifth i nsul 3+ iFEeRi B) 21RSIWAREL ot her than said parts isol at ed

by said second 25 {ffuégéginéﬁé€1IEast said second insulator

film on said seﬁiconductor substrate by thermally
' oxidizing the exposed semiconductor substrate by employing

said first mask and said fifth insulator film as a

10 mask, said first mask being an oxidation impermeable
mask.
26. A method of manufacturing a semiconductor

memory device accordihg'to claim 23, wherein said
memory cells are isoléted’by said Sépond and fifth
15 insulator films, said second insulator film isolates
nearest_parts of the two adjacent moats among séid
moats of said memory éells, said second insulator
film is formed on the inside surface said eacﬁ moat
by thermally oxidizing the expdsed semiconductdr substrate
20 said second insulator film formed on said inside surface
of one of said two adjacent moats is integral with
said second insulator film formed on said inside surface
of the other moat, and said fifth insulator film isolates
parts other than said parts isolatéd by said second

25 insulator £ilm.

Iy



27. A sem conduct or nmenory device including: (a) a sem conductor
substrate which has one major surface; (b) nermory cells each of which
conprises 5 a M SFET and a capacitor connected in series with said
M SFET, said M SFET including a gate el ectrode and source or drain region,
said capacitor including a first conductor |ayer, a first ins r film
formed on said first conductor |ayer and a second 10 conducto er forned
on said first insulator layer, said first &onductor | ayer bei ng connected
to one of said source or drain regioﬁ'and’ ei ng arranged i ndependently for
said each capacitor of said nenory cell; 15 (c) noats which are
formed on sai @*tmj or sulf semisicgelwtorainemeey devdeet dncdulditngat e, t he
i nsi de* surfaces of which are covered with a second insulator film the
respeetive capacitors ed@l Beissgifaandasigrolsiupstiratienwhichspast i ve 20 noat ;
47 (d) word lines which extend in one direction over
one major surface;
(b) memory cells each of which comprises
5 a MISFET and a capacitor connected in series with
said MISFET, said MISFET including a gate electrode
and source or drain region, said capacitor including
a first conductor layer, a first insulator fiim
formed on said first conductor layer and a second
10 conductor layer formed on said first insulator
layer, said first conductor layer being connected
to one of said source or drain regién and being
arranged independently for said each capacitor
of said memory cell;
15 (c) moats which are formed on said
major surface side of said semiconductor substrate,
the inside surfaces of which are covered with a
s second insulator film, the respective capacitors
.each being formed wholly within a respective

20 moat;

* [ L M S *



sai d sem conductor substrate, and each of which is connected with the gate
el ectrodes of the M SFETs; and (e) data lines which extend in a direction 5 .
i ntersecting said word |ines over said sem conductor substrate, and each of
which is -¢o cted with the others of the source or drain regions of the

M SFETs, -.Sat enory cells being provided in correspondence with respective
I ntersection~points between said word |ines 10 and said data |lines. 28

A sem conductor nenory device according to claim27, wherein at |east one
of said first and second conduct or Iafﬂ?k Is a polycrystalline silicon

| ayer. 29. A sem conduct or menory device according to claim 15 27,
wherein said first and second conductor |ayers are nade of respective .

pol ycrystal line | ay®y sword. 1ines Avlsdh cextiemd ofnnefer yide¢tionaceerdi ng t
any one of the preceding clainms 27 to 29, wherein said second insulator "%
filmis asdid commikonxduetdr|sabs2at8)l.and eadhsefi ebndbuctier nenory device
according to any one of the preceding clains 27 to 30 wherein said second

i nsul at or danneéted Wikerthéagrteieléctnedensafatbe MIBRET82. and A

sem conduct or nmenory ‘devi ce. according to any one of the preceding clainms 27
to 31, wherein sai®Xidataobines jihigh opxtend, dRgasdines&d8Ad conduct or

Tayer gre o O v A58k 25, P 8- & OfTIR0s t Qv e S PRAGLED LS n L L DS
substrate, and each of which is connected with the others
of thé sourée or drain regions of the MISFETs, said
memory cells being provided in_correspondence with 'ﬁuJ
respective intersection points between said word lines

10 and said data lines.

28 A sgmiconduetqr memory déviée according to claim
27, wherein at least one of said first and second
conductor layers is a polyecrystalline siiicon layer.
29. A semiconductor memory device according to claim

15 27, wherein said first and second conductor layers are
made of respective polycrystalline layers._

30. A semiconduétor memory device according to any
one of thé preceding élaims 27 to 29, wherein said second-
insulator film is a siiicon dioxide film.

-20 31. A semiconductor memory device according to any
one of the preceding claims 27 to 30 wherein said second
insulator film is thicker than said first insulator film.
32. A semiconductor memory device according to any
one of the preceding claims 27 to 31, wherein said first

25 insulator film and said second conductor layer are

N



plurality of menory cells. 33. - A sem conductor nenory device according
to any one of the preceding clains 27 to 32, further including: 5

(f) afilling material which is formed over said second conduct or | @xer  of
said first part of. said capacitor, which is provided so as to fiII‘a
depression of the surface of said second conductor |ayer of said fiTsSt part
and which is electrically isolated 10 from said second conductor |ayer.
34. A sem conduct or nmenory device accér ing to claim33, wherein said
filing material is silicon dioxide. 35. A sem conductor nenory device
according to any one of the preceding clains 27 to 34, further including:

15 a}oaiaaarss aéyhgt Sbmhdn "to ERE Gdpac {06 % DM ¢ Sai d second

insulator filmfor isolating adjacent noats corresponding to said

capashtors of §§uﬁameaprnyﬁghspysaég1§hlrd insulator film being about
twice as thick as said second insulator film 20  36. A dynam ¢ random

access nmenory 88nstruchAegemiibshdattar| yemosrnedev iceeseeordihgv $d aef er ence
to and as illustrated in Figures 1 to 3; or Figure 13; or Figure 16 or
Figure 19 of tomeaefobheanpregedingi alaing727 to 32 pefumther inglMdicigsing a
dynam ¢ random access 25 menory substantially as herein described in
Figures 4 %o 12; or( ﬂgﬁrﬁéllin&n'ﬂalﬁf‘iﬁl MRieksis Tenped PAr tsadd

second conductor layer of said first part of said
capacitor, which is provided so as to fill up a
depression of the surface of said second conductor layer
of said first part and which is electrically isolated
10  from said second conductor layer.
34. A semiconductor.memory device according to claim
33, wherein said filing material is silicon dioxide.
35. A semiconductor memory device according to any
one of the preceding claims 27 to 34, further including:
15 (g) a third 1nsu}ator film integrally formed with
said second insulator film for isolating adjacent moats
corresponding to said capacitors of said memory cells,
\_ said third insulator film being about twice as thick as
said second insulator film.

20 36. A dynémic random access memory constructed
substantially as herein described with reference to and
as illustrated in Figures 1 to 3; or Figure 13; or Figure
16 or Figure 19 of the accompanying drawings.

37. A method of manufacturing a dynamic random access

25 memory substantially as herein described in Figures 4 to
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12; or Figures 14 and 15 or Figures 17 and 18 of the

accompanying drawings.
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