"A sem conductor nenory device". 2150 750 The present invention
rel ates t'o a sem conductor nenory device, and nore particularly-‘to a

t echni que which is effective when applied to a dynam ¢ random access nenory
(DRAM:. 5 Each nmenory cell .of a DRAM consi sts of a storage

cap |tor and a switching MSFET. The storage capacitor is constructed of"
acitor of the MS type. Specifically, it is constructed of a
.Zonduct or substrate, an insulater 1fid mwhich is 10 forned on the

sem conductor substrate, and a capacitor el ectrode which is forned on the
insulator filmand to | I s applied. in
a quantlty correspondi \r‘:g tggmi‘ ghlaﬁ?rg?%at g‘g’r:?o dt’F’@g'ecoe!r 0" are st%ﬁ?ﬁaﬂ
i nversion layer which is 15 fornmed within the sem condcutor substrate
under the capacitor el ecthedprbashtginbentietetrrEved !4 asn RMd e or
thereto. For integrating the DRAM at a hi gh packing density, it is
effective to rmmeotrhedeupaeit andsmalre Pariticarlex whide haathigigue

capaci tance of certain nmagnitude. A DRAM which neets this requirement is

di scl osed i n Jépbelkses Paféactippl wbani epplideds3883 Byndfnie cmgratom or  of
this DRAMis constructed of a 25 trench (also called "U groove") which is
formed so .3ccess memory (DRAM). :

5 ' Each memory cell of a DRAM consists of a

storage capacitor and a switching MISFET. The

v storage capacitor is constructed of a capacitor of
the MIS type. Specifically, it is constructed of a
semiconducfor substrate; an insulator film which iS
10 formed on the semiconductor:suﬁstrate, and a capacitor
electrode which is formed on.thé insulétor film and (~
to which a predetermihed voltage is applied. Charges
in a quantity corresponding to the information of
"1l" or "0" are stored in an inversion layer which is
15 formed within the semicondcutor substrate under the
capaéitor electrode having the prédefermined voltage Q_
applied thereto. |
For integrating the DRAM at a high packing
density, it is effective to make the capacitor small
20 in area while holding a capacitance of certain
magnitude.
A DRAM which meets this ;eqﬁirement is
disclosed in Japanese Patent Application No. 53883/75.
The capacitor of this DRAM is constructed of a

25 trench (also called "U-groove") which is formed so



the sane, -an i'nsulator filmwhich is formed along the trench, and a
capacitor electrode which is formed so as to cover the insulator 5 f
hol ds true, however, that charges are stored in a depletion |ayer and
inyersion layer within the sem conductor substrate. W have found by
exbé?inent that the DRAM 10 conposed of nenory cells of the type which
stores charges in a depletion |ayer and 2n~i nversi on | ayer is not suited
for high-density integration. The nenory cell of this type cannot excl ude
the influence odsntmoextendafromrsnappaini sygr face tof 15 sepbedndhesonr
mnority carriers injected froma peripheral circuit portion. Insofar as

t he charges aresdpstrate ninverdbyl of | tihe| agme, aznl imsulawer siblm| ayer, the
quantity of charges fluctuates due to the mnority carriers..  Accordingly,
the occupying afebcholdffermedrabengaphei trenehnnded e FRRRCERRY | er than a
certain val ue. Sane the influepce_of the mnority carriers jncreases the
deeper one goesStFONT P9 Wit Fhcts of OLmeRnFR oABUED oFORRDH RS BISYL_ERRI ng
the trench isg n 1yery effective. 25 - - Moreover, with the nenory
cells of .the speC|TTed type, it is inpossible to reduce in size an

i solation region for eleci£iﬁgiég £§9é9tﬁ89eégf, that charges are

stored in a depletion layer and an inversion layer

‘as to extend fromone main surface of a semiconductor substrate invvaf

within the semiconductor substrate.
We have found by experiment that the DRAM
10 composed of memory cells of the type which stores
charges in a depletion layer and an inversion layer
is not suited for high-density integration.
Y, _ The memory cell of this type cannét exclude
the influence of minority carriers appearing due to
15 &-particles or minority carriers injected from a
peripheral circuit portion. 1Insofar as the'charges
are stored in the depletion layer and the inversion
N - layer, the quantity of charges fluctuates due to the
minority carriers. Accofdingly, the'occuPYing area
20 of a storage capacitor cannot be made smaller than
a certain value. Since the influence of the‘minprity
carriers increases the deeper one goeé from the
surface of a semiconductor substrate, deepening
the trench is not very effective. |
- 25 Moreover, with the memory cells of the
specified type, it is impossible to reduce in size

an isolation region for electrically isolating the



3=) adj acent nenory cells. The reason is that, since the depletion |ayers
‘g;gi'nversion | ayers of the capacitors of -the adjacent nenory cells need to
Be—prevented from coupling, the distance between the 5 nenory cells cannot -
be made snuller than a certain value. In the case where a field oxide film
I's used as the isolation region, the problemof bird s beak is also o/
i nvol ved. Meanwhile, the depletion | aye§ couples to the depletion |ayer of
the adjacent 10 trench nore easily in the deep part of the trench than in

the shallow par{, thereof. For thjs reason, the distapce between the
trenches cannddIRFTRIIIRAY e‘?g%ﬁ%h gﬁ%%rf%?ﬁQQafﬁe.gh?f'i%’l’éﬁeobj ect of

th t i ti 15. t i | i i
i onor - pecki notiE AfPEesd PAVRS ol RV EERER Pafbrk OERAL OF &
prevent the 'eéégagf-gé%fhgf @Z‘Tmb‘“e% CEOn t hfeib Py 2861 £8PRELEOES BE the

adj acent nenory T and to reduce the degree of influence

of mnority cagfifdprdd EP@mSé&Eggfnéapeséta,isean&éeba@aaéa egel of a DRAM
Yet anot her object of the present invention is to |lengthen the data

retensi on tnem&hotfecebl §t Gdmget Copanader smal1erDRAMh aheeebyinuking it

possi bl e to enhance the operating speed of the DRAM
value. In the case where a field oxide film is
used as the isolation region, the problem of bird's
beak is also involved. Meanwhile, the depletion
layer couples to the depletion layer of the adjacent

10 trench more eaéily in the deep part of the trench
than in the shallow part thereof. For this reason,
the distance between the trenches cannot be made
smaller than a certain valué. | &

It is an object of the present inventicn

15 to provide a DRAM capable of integration at a higher

packing density.

Another object of the present invention is
to prevent the leakaée of charges between the storage : -/
capacitors of the adjacent memory cells of a DRAM,

20 and to reduce the degree of influence of minority
carriers in the storade capacitor of the memory celi
of a DRAM.

Yet another object of the present invention
is to lengthen the data retension time of the |

25 storage capacitors of é DRAM, thereby making it

possible to enhance the operating speed of the

DRAM.



menory dewvi ce ‘having nmenory cell arrays in which nenory cells are arran

in the shape of a matrix, said each menmory cell conprising a 5 switchi '
el ement and a first capacitor which is formed on a main surface of a

sem conductor substrate of a first conductivity type and which is connected
wi th sai d switching el enent, wherein:- (@A) said capacitor conprises a first
10 insulator filmwhich is forned on the main surface of said sem conductor
substrate, a first electrqde part .of which is electrically, connected with
sai d switching el ement ang“’\ﬂ?%gﬁ%ﬁs-tf’of' d%r??%ﬂ%d Y &%lf’ﬁsﬁf‘ﬁf& 181 m
said first el ectyods  ng J f | .aC r , and a
‘sem conduct or ré&gi onét%? s%ersvégg%%%g%g:?ggn eé"%g‘é,?rd%gel?%mﬂﬁgﬁgigs)ﬁfg‘?k din

sai d sem - conduGiar RSt At WHIGHr meaiodyf idelll s R akRhnbllmiandnehi ch
has the first conductivity type and an inpurity concentration higher than
that of said 20 sifipe QT UC Mt rdw)s isadide e awhd memoriyheedemcompatietiag aegi ons
of one nmenory cell and at |east one of the nenory cells which adjoin said
one nenory cedé | saittuhinghe lieghemitl @aald e fims tc @apaaitay whdchoisedoemedon! y.
25 _ The capacitor may be formed within a groove, the groove being
formed by renoviany & main surface of a semiconductor substrate of a :

-4- According to the present invention there is provided a sem conduct
bl (]
&

first conductivity type and which is connected with
said.switching element, wherein:-
(a) said capécitor comprises a first
10 insulator film which is formed on the_main surface of
said'semiéonductor substrate, a first electrode a part
of hhich is electrically connected with said switching
element and which is formed on said first insulator
film, said first electrode being independent for said
15 each meméry celi; and a semiconductor region to serve
as a second e1e¢trode, which is formed in said semi-
conductor substrate under said first insulator film
and_which has the first conductivity type and an
impurity concentration higher than that of said
20 semiconductor substrate; and
.(b) the Semiconduéto; regions of one memory
cell and at least éne of the memory cells which adjoin
said one memory cell within the identical memory cell
array are formed commonly.
25 The capacitor may be formed within a

groove, the groove being formed by removing the



\ the sem conductor substrate fromthe main surface thereof i.nwardly. The

ygse i conductor region may be formed in the main surface of the semiconductor
substrate and a surface of the groove. 5 The sem conduct or
menory device may include a second capacitor which is formed on the first
capacitor, the second capacitor conprising the first el ectrode, a secone
insulator filmwhich is forned on aI_I§ast the first electrode, and a third
10 el ectrode which is fornmed on at | east the second insulator film The
present invention will now be described in greater detail by way of

exanpl es w t hei@f sRiEONdGctBE SEEOTTREY | Frgordll etvé NBSin Iumhesei n: - Figure 1

is an equivalent circuit diagramto illustrate the essential portions of
the nmenory cethexeofiyinvand DRAM Tloe somicomivcten sediosh neay W t he present
i nvention; 20 ' Figure 2A is a plan view of the essential portions
of a DRAM nenbeymed| inwkhe hmabn nsurfdde sof e diemitomducther present
I nvention; Figure 2B is a_sectional view taken along line Il-11 in Figure
2A: -6-- substrate and a surface of the groove.

5 : The semiconductor memory device may include

a second capacitor which is fofmed on the first
capacitor, the second capacitor comprising the first
electrode, a second insulator film which is formed o,
on at least the first electfode, and a third

10 electrode which is formed on at least the second
insulator film. |

The present invention will now be

described in greater detail‘by way of examples \
with reference to the accompanying drawings,
15 wherein:- |
Figure.l is an equivaleht circuit diagram
to illustrate the essential portions of the memory :
' <

cell array of a DRAM for explaining an embodiment
of the present invention;

20 Figure 2A is.a plan view of the
essential poftions of a DRAM memory cell which
forms a first embodiment of the present invention;

Figure 2B is a sectional view taken

along line II-II in Figure 2A;



‘Fi gures 3A and-SB are graphs for explaining the principle of the present
i nveni on; , Figures 4A, 5A, 6A, 7A and 8A are plan views of the essenti=®
portions of the DRAM nenory 5 cell illustrating the manufacturing of

the DRAM shown in Figures 2A and 2B; Figures 4B, 5B, 6B, 7B and 8B
sectional views taken along cutting-plane lines indicated in Figur® ,
5A~—6A, 7A and 8A, 10 respectively; Fgeire 5Cis a plan view show ng the
manuf acturing steps of a nmenory cell array in the DRAM of Figures 2A and

2B; -7- Figure 9Ais a Pi@u”rélée%g%?%%e%f@?#?éhé’q& ons of a DRAM

nmenory cell which forms a setond enb “the ‘present invention;
Figure 9B is a Séﬁélé)ﬂﬁinglﬁﬁ\étl@i(ﬁﬂcﬂ%l)@goé thé Nerdsent | dhvdhidgure 9A
Figure 10 is a plan view of the essential portions of a schematic nmenory
cell array in the DRAM shomigutiesi gaf eSa 9,6 mNd70Bindi gaIrase Id¥amnd 12A are
plan views of the 10 essential portions of the DRAM nenory cell
illustrating theviewsfaftthengsserpsabf pohei @AM E hoven DRANFimpmasy 9A and
9B; Figs. |I'B and 12B are sectional views
5§ cell illustrating the manufacturing steps of the
DRAM shown in Figures 2A and 2B; |
Figures 4B, 5B, 6B, 7B and 8B are
sectional views taken along cutting-plane lines
[ indicated in Figures 4A, S5A, 6A, 7A and 8A,
10 respectively;
Figure 5C is a plan view showing the
manufacturing steps of a memory cell array in

the DRAM of Figures 2A and 2B;



taken along cutting-plane lines indicated in 15 Figures Il A and 12A,
respectively; Figures 13, 14 and 15 are plan views of the essential
portions of a nenory cell array illustrating the manufacturing steps of a
nmory cell which fornms a third enbodi ment of the present 20 ,
ion; Figure.16A is a plan view of the essential portions of a DRANW
y cell which fornms a fourth enbodi nent of the present invention
re 16B is a sectional view taken dlong 25 line XVI - XVI in Figure 16A;
-Figures 17A, 18A, 20A, 21A, 22A and 23A are plan views of the essenti al
portions of the nenory cé&liguirel &t ist ianglame wisvw @fs then essentdialg - 8-
steps of the DRAM shown in Figures 16A and 16B; Figures 17B, 18B, 20B, 21B
22B and 23B ar Bo§&éPPEnaE 9i8%§Mt&ﬁ@ﬁral&ﬁ@lcumﬂwaimraﬁea iSeeenidndi cat ed
in Figures 17A, 18A, 20A, %éA 22A and 23A 5 respectively; Figure 19 is a
pl an vieM/shomFWéogﬁm?ﬁFeP Ghge Bresent RVERF4G8iuf act uri ng process of the
DRAM shown i n Fi gures 16é.and 1@5;.Fi ure %gA iéhawpla | ew qf t he

AOBERRVP e A8 5 ESITC AR ST AkeR A

essential 10 portions of | ¥ %€nbodi nent
of the presgnt ;5ALERYl 0Ny in Figure 9A;

Figure 10 is a plan view of the essential

portions of a schematic memory cell array in the DRAM

shown in Figureé 9a and 9B; _ -/

Figures 1llA and 12A are pian views 6f the
10 essential portions of the DRAM memory cell illustrating
the manufacturing steps of the DRAM shown in Figures
9a and 9B; |
Figs. 11B and 12B are éectional views o
taken along cutting-plane lines indicated in
15 Figures 11A and 12A, respectively;
Figures 13, 14 and 15 are plan views of
the essential portions of a memory cell érray
illustrating the manufacturing steps of a DRAM memory
cell which forms a third embodiment of the present
20 invention} |
Figure 16A is a plan view of the essential
portions of a DRAM memory éell which forms a fourth
embodiment of the present invention;
Figure 16B is a sectional view taken along
- 25 line XVI - XVI in Figure 16A;
Figures 17a, 18A, 20A, 21a, 22A and 23A
are plan views of the essential portions of the

memory cell illustrating the various manufacturing



Figure 24B is a sectional view taken along line XXIV - XXIV in Figure 24A, .
Figure 25 is a"plan view of the essential 15 portions of a schematic ry
cell array in the DRAM shown in Figures 24A and 24B; and Fi gures 26, nd
28 are plan views showi ng the manufacturing steps of a DRAM nenory ¢

which fornms a sixth enbodi nent of the present 20 invention. Referring first
to ?“bure 1, the nenory cell array of a DR8M-i ncludes: sense anplifiers

SAl, SA2...... , each of which serves to anplify the mnute potentia
difference bet ween a predeterm ned 25 nenory cell and -a predeterm ned dumy
cell to be deScribedpsapérthBiDRAMnsbanl1naﬁngE£S Wﬁmchnéxﬂéﬁd in the row
direction fromone side end of the sense mplifier [err bit |ines
BL21 and BL22 which extend thpﬁésréﬂﬁdlﬁ@@bl@@Bhr@#ﬁoﬁ@BsPdé ﬁ& 8fet he
sense. anplifier SA2. Theie bit serve to . .tran har ges as

i nformation. The ﬁﬁﬁﬁ??ne IVlﬁWﬁa§a§P§oa§°nglﬁEFGng Pdeliﬁég W.1 and
[err] which extend L0t colu dlrec n s leLr n err]
whi ch al so extend 1pgi Fﬁgegoﬂﬂnﬁng FFEC i g% ﬁ%%é“%g%d Zﬁﬁészgél¥3§dgﬁérr]
are connected BEEQE J gate el ectrodes which constitute the
switching M SF Ts og ghngy 10 cells to be described |later, and they_

serve to turn Figure 19 is a plan view showing an
intermediate state ih'the manufacturing process of
the DRAM shown in Figures 16A and 16B;
Figure 24A is a plan vieﬁ of the essential
10 poftions of a DRAM memory cell which forms a fifth
. embodiment of the.present invention;
Figure 24B'is.a sectional view taken along
line XXIV - XXIV in Figufe 24A; -
Figure 25 is a plan view of the essential
15 portions of a scheméfic memory cell array in the
DRAM shown in Figures 24A.and 24B; and
Figures 26,'27 and 28 are plan views
N\ T showing the manufacturing steps of a DRAM memory
cell which forms a sixth embodiment of the present
20 1nventlon.
~ Referring first to Figure 1, the memory
cell array of a DRAM includes: sense.amﬁlifiers
SAl, SA2......, .each of which serves to amplify
the minute potential difference between a predetermined
25 memory céil and a predetermined dummy cell to be
described later; bit lines BLll and BL12 which extend

"in the row direction'frbh'one side end of the sense



4

an' and "of f" these M SFETs. The word lines [err] and [err] are connected
predeterm ned gate el ectrodes which constitute the switching M SFETs of

e nmenory cells to be described later, and they serve to turn 15 "on" and-
Moff" these M SFETs. The nenory cell array further includes nenory cells.

[err] ...... .. which hold the charges serving as the information. ThexJ/
menory cells [err] ........ are respecti Wely constituted by M SFETs 20
[err] ....... one end of each M SFET bei ng connected to the predeterm ned
bit |ine BL andnmphe rdaire sil.actyiada ivfescdt)) ,MaddE BINE] RéhicH na&da@E to the
predeterm ned word |ine mL} and capacitor?l[err]-.?3 . one end of each
capacitor 25 Hea nhecaanedicdctionhE rameneeslids drid ofeHrectdamsal SFETS
[err] .. and the other end of each capacitor being connected to a

fixed potenti armplifie¥ SAorr[Thegeh bdd dands Bl awutvd YO tHansmit
substrate back bias potential (-2.5 to - 3.0 V). The nmenory cell array al so
i ncl udes dunmy charges as infermation. TheymeMenib el kRS AEMi tti ng
the 5 judgenent of "1" and_"0" that are the information of the nenory

cel s M THe ddff}ucss ¥or& tiingseMly and Wiy yhiclhsetiend iedistituted by
M SPETS Lerm], colun@sFadedon U W23 1YZEETale i SRS (A 4
extend in the column direction. The word lines WL1

and WL, are connected to predetermined gate electrodes

2
which constitute the switching MISFETs of the dummy

o/
10 cells to be described later, and they serve to turn
"on" and "off" these MISFETs. The word lines WL,
and WL4 are connected to predetermined gate electrodes
which constitute the switching MISFETs of the memory
cells to be described later, and they serve to turn
15 "on" and_“off" these MISFETs. The memory cell array
further includes memory cells Mll’ M12' M21, M22'
...... .. which hold the charges serving as the
information. The memory cells Mll' M12' M21, M22' W,
..... ... are respectively constituted by MISFETs
20 Qy,+ Q¢ Q577 Qy5s e..... one end of each MISFET
being connected to the predetermined bit line BL and
the gate electrode of each MISFET being connected
to the predetermined word line WL; and capacitors
Cllf ch’ c21,_c22, -e... ONE end of each capacitor
- 25 being connected to the other end of the respective .

of each capacitor being connected to a fixed potential



10 bit line BL and the gate el ectrode of each M SFET being connected to

the predeterm ned word line W.; capacitors [err] one end of each
capaci tor being connected to the other end of respective M SFETs [er nd
the 15 other end of each capacitor being connected to the term nal e

fixgd, potential [err]; and a clearing M SFET CQ which serves to clear—The
charges stored in the capacitors [err] Alejgnnal 0 is connected with the

gate el ectrode D 20 of the clearing M SFET CQ The structure of the first
enbodi ment of the present invention will be éi ed with reference to
Fi gures 2A and 2B. ﬁlé’“%l\ﬁ?re?ﬁﬁ%ﬁ RPFeRtiatigkd b PI (3 Rubgtrate

sern' conduct or sybﬁéarcq‘ ebl.:as\r.\‘/grl l?%eri/eﬁs % ogstlguéevi he BE%A erﬁ‘@f‘ya field
5 r

oxide film2 which 15 f ace po tioh

sem conduct or substdaf €y &Psd 05 p&1 L &S §Ghnm redeéerm,ged menory

cell's and anong sem -~ conduct or - el enent s const|¥ut|ng pellphe¥é1 cektuits

(not shown), for npl.;..an mﬁéﬁ%ﬁﬁe@ﬁawegl;%&ﬂhiufn&e@%ng circuit
and a witing C|Hu33 nd which 5 serves to electrically 1solate them The

menmory cells ae S}udc_wﬁréied E thy angndlef o neehdy dbe thel ihbairmietfiohns 2 so
that the pattern of one pair of nenory
of the memory cells M. The dummy cells Dll' D12’
D21, D22, .i+s+ are respectively constituted by
MISFETs QD11’ lez, QD21' Qppp¢ ----- ONE end of
which each MISFET being connected to the predetermined
10 bit line BL and the gate electrode of each MISFET
being connected to the predetermined word line WL;
capacitors Cpi1” CDiZ' Cpap¢ Cppps ++--- one end of
 each capacitor being connected to the other end of
respective MISFETSs 11’ WP127 217 2o and the
15 other end of_each capacitor being connected to the
. terminal of the fixed potential VSS; and a clearing
MISFET CQ which serves_to-clear the charées stored
U 'in fhe capacitors chl' CD12’ CD21' CDZZ' cessew
| A terminal ¢D is.connected with the gate electrode
20 of the clearing MISFET CQ.
The structure of the first embodiment
of the present_inveﬂtion will be.described with
reference to Flgures 2A and 2B.
The DRAM memory ce11 includes a p “-type
- 25 semiconductor substrate 1, which serves to
constitute the DRAM; and a field oxide film 2 which

~is formed on_the main surface portion of the

semiconductor substrate 1 so as to be located



AIs may be repeated in the direction in which a bit line 15 to be

gcri bed | ater extends (hereinafter 10 called "row direction"). The
sulator filnms 2 are indicated by dotted Iines. No insulator film2 exists-
bet ween the nenory cells which adjoin each other in the row direction. The
"DRAM nenory cell also includes an 15 insulator film 3 which is provi ded\gnh
the main surface portion of the senicquuctor Substrate 1 in at |east an
area for formng a storage capacitor, *and whi ch serves to constitute the
dielectric of the storage capacitor. Charges, for exanple, holes are stored
20 by the firsamehgcpredetefrminedc meaoryorcellier andafmong erembd "fir st
conductive plate") and the second el ectrode of the capacitor (hereinafter
termed " Second<eBAugErrvelpmenss) copsid tyddng pexipheral wimewiks i nsul at or
film3 interposed therebetween. 25 - A p -type sem conductor region
4 serves as thingécahawe ndGOfi GEapPAea, afniadiries sy Sl egEd o HFE U ace
of the seniconductor.substratetl in the . .- 12 .- area for, formng the

st orage capaci?ofeﬁﬁanﬁhF&ﬁcP§ pFS@i&e&rﬁﬁﬁgﬁfﬁﬁgf“h 'haPﬁewﬁﬂ ge

capaci tors adj i pAthe. dLr s QN rves: C i tute.the
storage'capgci?%?Q Saﬁ8 g?ﬁ%ﬁ?%%ééggfﬁgpgag%égﬁf¥3al#@eig%ﬁ%?& §%9%%
storage capaci s sagdkaaaBkd Wilhe andVadifiteld ¥y tHae fle1ld/R&igM conduct or

region 4 is provided I n order
films 2 so that the pattern of one pair of memory

cells may be repeated in the direction in which a
bit line 15 to be described later extends (hereinafter
10 called "row direction"). The insulator films 2 are
indicated by dotted lines. No insulator film 2 exists
between the memory cells which adjbin each other in
the row direction. - ' .
The DRAM memory cell also includes an
15 insulator film 3 which is provided on the main surface
portion of the semiconductor substrate 1_ih at least
an area for'forming a stdraée capabitor, and which
serves to constitute the dielectric of the storage -/
capacitor. Charges, for example, holes are stored
20 by the first electrode of the éapacitor (heréinafte:
termed "first conductive plate“) and the second
electrode of the capacitor (hereinafter termed
"Second conductive plate") to be described later,
with the insulator film 3 interposed therebetween.
25 2 p+-type semiconductor region 4 serves
as the second cohductive'plate, which is provided in

the surface of the semiconductor substrate 1 in the



that the charges of holes or the charges of a depletion |ayer to be stored

in the capacitor with the insulator.film3 interposed between this regren 4

and the first 10 conductive plate nay be obtained in as great a nun?%%%%k

possible, or that a threshold voltage higher than a voltage which

appL%ﬁd to the first conductive plate to be described |ater nmay be provided
e vicinity of the surface of the sem conductor substrate 1. The

sem conductor 15 region 4 serves also to suppress the stretch of the

depl etion layer which is forned, upon-th2 application of the voltage to the

first conductive plate, so as to extend fromthe underlying surface portion

of the seni cofeéct fir SEdrmiimt ette i SWerale) afpddi tors e otk ars 20

substrate. The sem conductor region 4 has an inpurity concentration higher

than that of prerisked conbegrairl y udisth athes 1s toltheg @todpgrd. toand cndjdiodroy

region 4 should desirably be |ocated apart froman n +-type sem conductor

region to be idesthe eaw |diizgctifns ikt isumraieda condiidute |theersturage t he

breakdown vol tage of a junction. - 13 - A contact hole 5 serves for

el ectrical | y eanffeetamd tand fﬁ%-tl%’%ﬂﬁ]t&lw@%l@t@tﬂt%lﬁér desdateed | at er

and one se nduct or region 6 12 of a M SFET The n+-type

sem conduct q?eeg?fcﬁf'afg% Q@ﬁ%q?é'(f iaf dafeend) it ddh& frovh difef tdefduct or

substrate 1 rres;p ndi n%to. t he, cant act kiole45 and serves to electrically
connect the fT1%tP co (I FE GHRHUC T f£eion 4 'is provided in order

that the_charges of holes or the charges of a depletion
et layer to be stored in the capacitor with the insulator
film 3 interposed between this region 4 and the first
10 conductive platé may be obtained in as great a number as possible,
or that a threshold voltage higher than a voltage which

is applied to the first conductive plate to be described

~ later may be provided in the vicinity of the surface
of the semiconductor substrate 1. The semiconductor
15 region 4 serves also to suppress the stretch of the
depletion layer which is formed, upon.the application
" of thé voltage to the fi;st conductive plate, so as

to extend from the underljing'surface portion of the
semiconductor substrate 1-inwardiy-of this semiconductor
20 substrate. The semiconductor region 4 has an impurity
concentration higher than that of the semidonductor,
substrate 1. The p+-type semiconductor.region 4 should
desirably be iocated apart from an n+-type semiconductor
.region to be described later. This is intended to avoid

25 lowering in the breakdown voltage of a junctioh.



deseri bed | ater and one sem conductor region of the MSFET Q 10 The
conductive plate 7 is provided on the ingulator film3 in the storage
Acitor form ng area independently for each nmenory cell, in such a manner
that one end part thereof is electrically connected through the contact
hole 5 and the sem conductor region 15 6 with one sem conductor region o(ﬁ,
the M SFET Q to be described later. The first conductive plate 7 serves t
constitute the storage capacitor C 1t,jis.indicated by a two-dot chain
| ine. The storage capacitor C of the H%%Dry cell is principally conmposed of
the first 20conductive plate 7, the sem conductor region 4 being the second
conductive pl atee cotitbdthdIs W ddydd I M 3. An insulator film8 is formed
so as to cover the first conductive plate 7, and 25 serves for electrically
i sol ati nfahee¥éotti caikfiotonmeecting 1the Pipse Jdonadceivergihitse 11 to be
described later. An insulator film9 is provided on the main surface
portion of tthdeaigseniked ckatehandiend semidendhSEEF feghong area, and
serves principally 5 to construct a gate insulator film A gate el ectrode
is formed &F the ¢ HMISEFRNQRL i g R ortIve monicemdeetorsregiemnst r uct

the MSFET Q The word line (W) 11 is arranged so as
% % fg formed in -the éur ace of the sé%iconductor substrate

1 corresponding to the contact hole 5, and serves to

electrically connect the first conductive plate to be

described later and one semiconductor region of the N
MISFET Q.
10 - The first conductive plate 7 is pfovided on the

insulator film 3 in the storage capacitor forming area

independently for each memory cell, in such a manner

that one end part.thereof‘is electrically connected .
through the contact hole 5 and the semiconductor region

15 6 with one semiconductor region of the MISFET Q to be
described later. The first conductive plate 7 serves to
constitute the storage capacitor C. It is indicated J

by a two-dot chain line. The storage.capacitor C of
the memory cell is principally composed of the fifst
20'ccndun::'cive'pla-i:e 7, the semiconductor region 4 beiﬁg
the second conductive plate, and the insulator film
3. _
~An insulator film B'is
- | formed so as to cover the first conductive plate 7, and

25 serves for electrically isolating the first conductive



to be electrically connected wth the gate el ectrodes 10 10 of the nmenory
cells adjacent in the colum-.direction and to extend in the colum
direction integrally with the gate electrodes 10. It serves for tur

"on" and "off" (switching operation) M SFETs to be described | ater
(he{ujnafter the 15 direction in which the word line 11 extends shall be
cal I'éd the colum direction). As-shéwa n -type sem conductor regions 12 are
formed in the surface of the sem conductor substrate 1 on both the sides of

the gate electrodﬁ 18019 o Heﬁewéﬁg'Qﬂﬁe1¥15€BVSea§e§c§QBEﬁeIE%QEOH and a
drain region of the MSFET Q The swtching transistor (MSFET) Qis

conposed of the gate eIectrgﬂelﬁgulhagrsgﬂuﬁogdugtpgobggeansnlzhand t he
insulator film9. One of the sem conductor regions 25 12 is electrically

connected with t hmasensapfidoet portéghoof6thandemscehdattioralsupsteratecied
with the first conductive plate 7 as -15- connected with the first
conductive plate ¥nathetMIBHERbEoEming anealatod SekNessprdnedpaddyas to
cover the whole surface, and serves for electrically 5 isolating the gate
el ectrode 10 a8 mkp|CQQSFHECﬁoangFﬁelpvﬂ}ateraﬁala bi & PR%e edecsrpée

descri bed | ater. n hol 14 [ [ 1
- © 1s o;%g og ghe pkéd2t8¥h9%2db¥n ia ¥ film 3, and

serves to construct the MISFET Q.
| The word line (WL) 11 is arranged so as
\ to be electrically connected with the gate electrodes
10 10 of the meﬂory cells adjacent in the column
direction and to extend in the column direction
integrally with the gate electrodes 10. It serves
for turning "on" and "off" (switching operation)
MISFETs to be described later (hereinafter, the
15 direction in which the word line 11 extends shall
be called the columh direction).

As shown n+-type'semiconductor regions 12
 are formed in the surface of ﬁhe semiconductor
substrate 1 on both the sides of the gate electrode

20 10. These regions 12 serve as a source region and.
a drain region_of_the MISFET Q. The switching
. transistor (MISFET) Q is composed of the gate
eleétrodg 10, the_semiconducfor regions 12 and the
ihsulator film 9. One of the semiconductor regions
- 25 12 is electrically connected with the '
semiconductor region 6, and is electrically

connected with the first conductive plate 7 as



removing the insulator filns 9 and 13 on the other sem conductor region 12,
and serves for electrically 10 connecting the sem conductor region 12 and
the-bit line to be described below. The bit line (BL) 15 is arranged in a
:ng%r to be electrically connected with the sem conductor region 12 o
Podgh the contact hole 14 15 and to extend in the row direction. It Y,
s to transmt a voltage serving information. The principle of
operation of the DRAM according to the present invention having the above
construction will now be described with reference 20 to Figures 3A and 3B.
In these figuredinedfedithhrtheLipsticcndvepivecplate nt a9l shakedal ue
[err] [V] which is applied across the two capacitor electrodes of the MS
type storage<§hxﬂﬁ10r. The axis of the ordinate repreﬁents tBe_ held
concentration of charge reunit.arga. the charges bein e in
the surface of the Ioae?\rgirgsgg%%‘gr)ﬁec%lnﬂc%%rF?’ér&?%ns%ya? he° voPYehe appli ed

across the capafd tiole §li|:65a'c|_§,| egtd o%%%%%hg%?x%ﬁegé %@aelﬂgdi nate has a

logarithmc scale. Since, In Figures | e p-Type silicon

seni conductsr iHNIHTIHSE e YD dTdShrodd €1 §N8E 96811 adEAIANGEY 1N the
surface 5 are negative charges for the voltages across the capacitor

el ectrodes, [ drine ML )PQ tdnte £IPIYESine 15 to be described later.

A contact hole 14 is provided by locally
removing the insulator films 9 and 13 on the other
semiconductdr region 12, and serves for electrically

10 connecting the semiconductor region 12 and the bit
line to be described beiow.

The bit line (BL) 15 is arranged in a
manner to be electricélly connected with the
semiconductor regién i2 through the contact hole 14

15 and to extend in the row direction. It serves to
transmit a voltége'serving as information.

The principle of operétion of the DRAM
according to the present invention havinglfhe-above </
conétrﬁction will now be described with reference

20 to Figures 3A and 3B.' In these'figures, the axis
of the abscissa represents the voltage vaiué_VP (vl
which is appiied across.the two capacitor electrodes
6f the MIS type storage capacitor. The aiis of the
6:dinate repreSents the concentration of charges
- 25 QSC [/cm?] per unit érea, the charges being held in
the surface of the lower p-type semiconductor region

by the voltage applied across the.capacitor



for [err] < VFB. In this case [err] denotes a flatband voltage. The
negati ve charges are electrons or acceptor inpurities, while the positiv
_charges 10 are holes. Figure 3A illustrates the case where the hol es whj
are space charges in the depletion |layer are principally utilized as th
chagges which are stored as information. This corresponds to the case 1
where the p -type sem conductor region-416hewn in Figures 2A and 2B is

i ncluded. The principle of the prior art DRAMw || be first explained with
reference to Fi guegedfrofHiYesTha) axih) o fnéhécbrahhHEErﬁLE Lhe 20

rel ati onshi ps between the voltage [err] arge concentration QSC in
the vicinity of thegauithmec EBalb€ psiftedr inDRAYLrES BReahioyge. h

i ndi cates an accunul ation region in which an accuful ati on Fayer is forned,

k a depletion regthe pPntubechizi2én dephebndﬂctayeéubstfataEds and m an

I nversion region in which an inversion |layer is forned. -17- In the
figure, the curves*emplifppdantihecrhandesate bheindubedsinf thkestirfaseand
accept or |npur|t|es (the nunbers of negative charges) n and the number of
holes [err] in th%r%ag%gﬂﬁéVé FhérgﬁﬁegﬁélEheoVPhgég?Era?rQSSthbeS vicinity

of the sen1conductor strai surface in the storage caEaC|tor I's rendered
about -0.2 V. Th&3R ?ﬁ or electrodes, V_ > Vpg and positive charges
for- Vp < VFB' In this'case Ven denotes a flatband

voltage. The négative charges are eléctrons or
\/ acceptor impurities, while the positive charges
10 - are holes.

Figure 3A illustrates the.case wheré the
holes which are space charges in the depletion layer
are principally utilizéd as the charges which are
stored as information. This corresponds to the case

15 where the p+-type semicohductér region 4 shown in
Figures 2A and 2B is included.

The principle of the prior art DRAM will
be first explained with reference to Figure 3A.

Curves (a), (b) and (c) illustrate the

20 relationships between the voltage Vp and the charge
concentrétion QSC'in'the vicihity of the surface,
in the prior art DRAM. In the figure, h indicates
an accumulation region in which an accumulation
layer is formed, k a depletion region in which a

- 25 depletion layer is formed, and m an inversioﬁ

region in which an inversion layer is formed.



i ndi cates the nunber of holes p in the accunul ation region h, which is
(pressed by p = [err] ****(1). The curve (c) indicates the nunber of
ectrons 10 and acceptor inpurities-n in thé inversion region m which is

expressed by [err]. here, C denotes the thickness of the insulator film_
which is the dielectric of the capacitor. The curve (b) ‘indicates the J
nunber of acceptor inpurities appearing in the state (deep depletion
state) in which no inversion layer is T 'd despite the inversion region,
t he nunber being approxi mtely expressed by [err]. Wen, fromthe above,
the surface charge concentrations in the essential parts of the curves (a),
(b) and (c) 20are evaluated, the surface negative charge concentration at

vol tage v 12 HSLEAREE S S8 RS T O P R SR O i 1

voltage V = ecolr orage capacitor of

the prior-ane Rifers ofl@lecBRIY £ |ac§ét?€dlesixrfﬁ?1ﬁenri¥e:%cal Hd'f or mati on

have been the electrons in the inversion region m “Speci y, .a fixed
vol t age, f owumbemsplod, regadiitEgechHdragdmlutn mrd/)thes mmberrbAdiasss t he
capacitor electrodes so as to 5 bring the operating region into the

i nversi on pednothe callkewherderthe hreudilid woafta@aar(gaeci)%lf ithet he case of

formng the inversion |ayer by externally supplying

5 vicinity of the semiconductor substrate surface in the
storage capacitor is rendered about —0.2 V. The curve
(a) indicates the number of holes p in the accumulation O
region h, which is expressed by p & lcox/q (Vp - VFB”
secee(1). The curve (c) indicates. the number of electrons

10and acceptor impuritiés g_in.the inversion region m,
which is expressed by n = Cox/q (Vb - vth) ceeee(2).
Eere, C,, denotes the thickness of tkhe insulatcr film s
which is the dielectric of the capacitor. The éurve
(b) indicates the number of acceptor impurities appearing

15in the state (deep depletion state) in which no inversion
layer is formed despite the inversion region, the number
being approximately expressed by Qsc«: Vp - VFB'
from the above, the surface charge concentrations QSC

When,

in the essential parts of the curves (a), (b) and (c¢)
20are evaluated, the surface negative charge concentration

e _ 11 2

at the voltagg Vh '_Vth becomes QIF = 1 x 10 (/em ],

and the surface negative charge concentration at the voltage

_ _ 11 2
_ V, = O becomes Qp4 = 2.2 x 10" [/em®).
In the storage capacitor of the prior-art DRAM



charges (the state of the curve (c)) and the quantity of charges [err] in
the case of the deep depletion state | Onmthout externally supplying char
(the state of the curve (b)) -are established in correspondence wth

i nformati on. By way of exanple, the quantity of charges [err] correspon
to@ signal "O' (nanely, "L"), and the quantity of charges QH a signal
(namely, "H'). The signals are read 15out by utilizing the difference of
the quantities of charges in the two statuses, [err] In contrast, in the
storage capacitor of the DRAM nenory cehlg af the present invention, the

charges to serve as informgtion are space charges in, at |east, 20a
depl eti on redP?fFPrﬂ'h%ﬁnl%s%%ﬁ?A‘m envfe %eﬂéﬁﬁr’?ﬁ/’e ilfve peen

characterized_.in that,an inversion |ayer. is nof. utiliz ve ) and
(e) illustrat®¢H ?%’?%‘i’fsorféhi%? Hﬂ%&%‘%’heﬁ_ﬁ%‘f?ﬁg@' o?gk{%"e c’a"p%cﬁ’or
el ectrode (the 25yolt of t {i 1d ' t n he
char ge -16% %’b%%%n‘?trgfz;al%erf hfoJ i%\faﬂﬁcaf%_t% nﬁ@b%@tcﬁ% is%%"ﬁ%csg @% t he
seni conduct or; Wt d {RA j rEEdt rd dvENdd oy tghe curve
(d) approxi rralféeggé cué?/edd\;aﬁﬁ 'S oMbétHaaiénlggonlgy ITDViII"lg t he curveo(a) in-the -
negative dig eghigy théfofdtaaditld apibn (1refd verel invéheidn weglon The curve
(e) indicates the quantity of space charges which appear in the depletion
layer, not irmm}heThewausdear, siind quakit fy abartthrged Qg i stie ataddBD =
-1.2 [V] fromTJerr] '

of _forming the inversion layer by externally supplying

o charges (the state of the curve (c)) and the quantity
of charges QIH in the -case bf the deep depletion state
l10without externally supplying charges (the sta_te of the.
curve (b)) are estaﬁlished in correspondence with information.
By way of example, the quantity of charges QIL corresponds
N to a signal ."0" (namely, ."L")., and the quéntity of charges
Qg 2 signal "1" (namely, ".H")._ The signals are read
150ut by utilizing the difference of the quantities of

charges in the two statuses, AQI =53x 1012 [/cm?].

=QI_L-QIH
In contrast, in the storage capacitor of the DRAM
memory cell of the present iﬁvention, the charges to
serve as information are_space charges in, at least,
20 depletion region. That is, the DRAM of the present
invention is chﬁracterized_in that an inversion layef
is not utilized,
Curves (d) and (e) illustrate the relationships

between the voltage of the capacitor electrode (the

25yoltage of the first conductive plate_) Vp and the charge



//’“l 0.9 [VI in the prior art. In order to increase the 10 quantity of space

5;7 arges in the depletion state by scarcely changing the flatband vol t age,
the [err] -type sem conductor region 4 is forned. Specifically the inpurity.
concentration is raised to [err] fromthe inpurity concentration of the .-
p-type substrate 15 1, which is [err]. Thus, the quantity of charges toe
fetched is increased. The ranges of voltages to establish the accumnul ati on
region h, the depletion region k and the inversion regi on mchange
'S|n1IarIy 20 - As thus far descrlbed t he space charges of the
depl etion region are pern1tted to'bé Ffectively utilized by changing the

| at h I t he f t
Conduct TORC B FE S0 ot “Fil i y1HEhT e3P BE, bhElshkeatlPBe 10 11 L5 o6
t hereto ﬁg g%ﬁiﬁe EHQEQEGrﬁgEQn'QfOEHaEhQ” Rhﬂe gugg %*egf Qharges as the

|nfornaF|on stored changes i'n - accor the curve

(e). Thahveseidhe '@Héréh99e|Qﬁ?rabﬁrBQ&mEQ%EEQ cardel bR idaer glepl etion
state is established.. Thus, the quantity of charges QOL at V. =p 0 [V] or

t he quasbkhynef sbamgesnbelth]e Tuiives da) By whe elegatdvel dirdutiguantity of
charges [err] corresponds to a signal "O', and the quantity of charges Q
a si gnabf" the vN%Eugehﬁdeléétward beot when figure). The curve
(e) indicates the quantity of space charges which appear
in the depletion layer, not in the inversion state. The
flatband vgltage.is set at Vg, = -1.2 [V] from&VfBI.
= =0.9 [V] in the prior art. In order to increase the
10 quantity of space chargés in the depletion state by
scarcely éhahging the flatband voltage, the'p+ -type
-semiconductor region 4 is formed. Specifically the
impurity concentration is raised to 1.5 x 1019 [/cm3]
from the impurity“concentration of the p -type substrate

13 {/cm31. Thus, the quantity

15 1, which is 1.5 x 10
of charges to bé fetched is increased. The ranges of
voltages to establish the accumulation region E, ' W
the depletion region k and the inversion region m
change similarly. | |
20 As thus far describea, the space charges of the,
depletion region are permitted to be effectively utilized
by ch#hging the relationship between Vp and QSC' More
specifically, when the first conductive plate 7 being
the capacitor electrode has Vb =0 (V] or 5 [v] applied
25 thereto in correspondence with information, the quantity

of charges as the information to be stored changes in



the two quantities of charges, [ERR] [ERR] is utilized, the information of
1 bit 10 can be stored in the nmenory cell. This quantity of charges is
equal or above that of the nenory'cell of the prior-art DRAM descri bed
before. In this manner, the sufficient quantity of charges is obtaine

w t\hout utilizing the inversion |layer. 15 Fig. 3Billustrates the case
where holes in the accunmul ation region are grincipally utilized as charges
which are stored as information. . This corr Qpbnds to a case of formng a

very shall ow p adod¥adrde ivEERANR | Qe¥S(O, NHat 0id Ner@serhdrd 54N Ng
the 20 deep p -type sem conductor region as in Figs. 2A and 2B. That is, it

exenpl ifies thelgper wheaict Eurmed Prendirthd Medpniepl SeishadtHMe yi$0 as to
function as surface charges apparently. The same parts as in Fig. 3A are

i ndi cat ed by i destaklishsdibol Bhusndclee egudnisi oyri ¢ f ech25gés ﬂ%@t v, =
description. Curves (f) and (g) are approximate to curves h ar e
respectively ob? al hedPbythgiquaniyl theo LFF%EQQ%I)Q,%pdat V. 215-[¥b)isn the
positive dirgction of the voltage [ERR]. (rightvard in t HR figure) by fixed
val ues. SpecPfiBEP¥SA- t RY M2 IR FXAMRIRe thergrartity 9ErmFjazges 2 [V

fromVFBI = -0.9 (M.in the prior art To this end, surface charges are 5
i ncreased by i n%:l’a;ecflfﬁe%% |1'tﬁ1sat%iq}éa ery sht oweﬂ%aq%b%sggf t he
[ERR] V to est a@xé?&§ @Daa%%r?éi Oy v when the difference between

the two quantities of charges, AQp

= Qg ~ 9

— 5.6 x 1012 [/cm?] is utilized, the information of 1 bit

10 can be stofed in the‘memory cell. This qﬁantity of
charges is equal or above that of ﬁhe memory";éll of
the prior-art DRAM described before. .In this manner,
the sufficient quantity of charges is obtained without
utilizing the inversion layer.

15 Fig. 3B-iilustfate§ the case where holes
in the accumulation region are principaliy utilized
as charges which are stored as information. This
corresponds to a case of forming a very shaliow p+-type
ion implantation region, not to the case of forming the

20 deep p'-type SehiéonduCtér region as in Figs..ZA and 2B.
That is, it exemplifies the case where boron ions are
'ion-implanted shallowly so as to function as surface
charges apparently. The same parts as in Fig. 3A are
indicated by identical symbols, and are thus omitted

o ' 25 from the descriptidn; | |

) Curves (£f) and (g) are approxiﬁate to curves which -

are respectively'obtained by shifting the curves (a) and

c——— - s e e reeen e e cnt —— = p———r ¢ ————. s mties v mm——— - - v ieaas



ion h, the depletion region k and the inversion regi on mchange
ilarly by the variation of the flatband voltage. As thus far descri bed,
e holes in the accunulated 10 state are permtted to be effectively o

utilized by changing the relationship between [ERR] and [ ERR]. More
specifically, when the first conductive plate 7 being the capacitor o/
eiectrOCde has [ERR} =0 V or 5 2 (24 applied thereto p in correspondence

with information, the quantity of 15 charges as the infornmation to be

stored changes in accordance with the curves (f) and (g). That is, the

Inversion Jayer is not utilized. The quantity of_ charges {ERR I's stored

at V=0 (\p hd A RS ﬁloﬁe%m@&f[M]va%tfmp; BigMwapy way of

exanpl e, the qwantrigurddot Q&&Q@ﬁvQ%uégUr§§88?9§c591 S ggaklégéﬁagnd
‘he

that a signal "1". he difference between wo quanfities o ges,
[ERR] is gidalege ibaratibedqwantiity f «char ops) (8 v the pyigpr art. In
this manner, the sufficient quanti of charges i s obtEthed wi thout

utilizing {¥)tHe itineepsior leatar. Tohethjisardrid,y safrflvs ofsar@is igrdiel d by
~the holes in the stored state, and the quantity of charges QAH by the space
char ges 3 n ifegeasgide biyo AmpdgndangT o romaripss dfo [lERRleny eshmddasidi e in sign
to those of [ERR] but this forngs no inconvenience, and the difference 5 of
the quanti tih€s réPEeRaPdedhes VPRdie€&Se I hyEq ERYabLLSh ddi dasumudia bien: 5
, the quantity.of charge RR] is.held b he haoles in the stored state
fglatéd Oﬂreglonyg, the d%pie EO region X Qﬁé éﬁe inversion region
m change similarly by the variation of the flatband voltage.
As thus far described, the holes in the accumulated
10 state are permitted to be effectively utilized by changing
the felationship bgtween vp and QSC' More specifically,
when the first conductive plate 7 being the capacitor

electrcce has Vp =0 V or 5.2 (V] appiied thereto
in correspondence with information, the quantity of
1scharg¢s'as the informatioh té be stored changes in accordance
with the curves (f);gnd (g). That is, the inversion
layer is not utilized. The quantity of cha;ges QAL U

is stored at v, =0 [v), and the quanfity of charges
Qup at V, = 5 (v]. By way of exagple, the quantity
20 of charges Qa1 corresponds to a signal "O", and that
© .- Qun & signal "1". The difference between the two quanfities
of chgrgeé, AQA = AQAL_- AQAH is greater than.the quantity
of charges AQI in the prior art. In this manner, the
sufficient quantity of charges is obtained without utilizing

25 the inversion layer. The quantity of charges QAL is held



the left side of VFBAin Fig. 3B. The curves (f) and (g) can be controlled
by the dose of inpurity ions. 1In 10 this exanple, the dose is equal /tQ
that in the case of Fig. 3A. Besides the principles illustrated in @ 3A
and 3B, a DRAM which uses the two in conbination is al so possible.
pos&rple to increase the quantity 15 of surface charges by any method and

sTmul t aneously increase the quantity -ef2xpace charges in a depletion
| ayer. Further, a case of enploying an n-type sem conductor substrate is
simlar. 1In this case, charges to serve as information are space charges
whi ch consi stbyfthd éxdlemnsir?Glien shoresk whdtad,i amd atsy Qranininky ©f n a
depleted state. There will now be descri bed a practicable nethod of
manuf act uri nghanrged r ém‘)ddlmaQﬁ chargaesiantthandenlietiiorriregion .n
order to construct a M p -type 25 semn conductor substrate 1 made of
singl e cryst dihesighapges of %-ar(esﬂpﬂ%lpﬁﬁaﬁd’f ety Hdvee i gs. 4A and

4B, the sen1- conduct or, substrate 1 |stfartly covered wi.th qu |ck fleld
oxide film (8@ AUty this forms, g jingqny sRNAs n A0 s

[l s which h h 5 d h
Shi ch coned ik SHp SRkl & HharEes oAt <l adas -nléw&“”r‘luit,
a reading ci I &Hﬁﬁﬁ[(nrfo N 'Vt' ng ézlﬂy,}u tthemﬁxgdﬁpy % d&iﬂéég ?Q may be

formed by the Wwe wn t@&hniq
is held by the holes in the stored state located on

. the left side of V.
) FBA

(g) can be controlled by the dose of impurity ions. 1In

in Fig. 3B. The curves (f) and

10 this example, the dose is equal_tb that in the case of
Fig. 3A. | o
Besides the principles Illustrated in Figs. 3A
W and 5B, a DRAM which uses the.two in combination is
also possible., It is possible to increase the quantity
15 of surfaéé'chargés by any method and to simultaneously '
increase.the'quantity of space charges in a depletion
layer. Further, a case of employing an n-type semiconductor
\/ substrate is similar. In this cﬁse; chérges to serve
| as information are space charges which consist of electrons
20 in an accumulation layer of donors inla dgpleted state.
There will now be déscfibed a“practicable method
of manufacturing the fifst emﬁo@iment of the present
1nventlon. | | _ | o
First, in order to construct a DRAM, a p -type

25 semiconductor substrate 1 made of single crystal silicon



//W ich the silicon substrate is thermally oxidized locally 10 by enpl oying a

év ilicon nitride filmas a mask. A p + -type region as a channel stopper my
wel | .be arranged under the field oxide film2. After the steps illustrated"
in Figs. 4A and 4B, an insulator film3 is fornmed on the whol e surface in
15 order to construct a storage capacitor. Used as the insulator film 3<s
a-silicon nitride (Si3N4) filmwhich igforned by CVD, the relative
dielectric constant of which is as high as 7 - 8 and which has a thickness
of, e. g. approximately 150 [ERR]. In order to relieve 20 the stress
between the silicon nitride filmand the. sem conductor substrate 1, a
first sili8bh Bsoprepaf&iC2) ABi Biwowaviing Figshi didneand @3, ¢heg.semi-
approximately 80 is arranged under the sili'con nitride film 1In order to
el i m nat editmgiothduistdfatidel sig iportly teovered |withhm athielonfieldi con
di oxi de fil m_having ? ;hicknes§ of , e. &;, =24 - agprqxinately 30 (A
i's arrangedi8GefitRe(S10pcoh1mdt Ri fors el@c trigeliyr d8cdndingcond Sio fil s
may be forned thergally oxidizing the, surfaces of the sem conductor
Substr at cPARGe EVERLRPR CBRAFY Y FRGLR, Mhi CPoBgdOLIy ERTE QTRRR, BRTter . as

i1 lustrat b ' A ' - e sem.conduct or. .region 4 to serve
gs ?hg5;eggﬁ%g%gégés??v%fgﬁg?gg gFB§tS%§85)C §§§$t85§s%§tP%§Q!|y f or med Yn
the V'C'nhtﬁeP{pﬁgﬁaﬁuéiﬁEﬁiet ??? Eﬁghgggquﬁhoﬁd39g§gﬁﬁkecirbﬂi@? S
form ng the storage capacitors of nenor :

a reading circuit or a writing circuit. The field oxide

film 2 may be formed by the well-known technique in ~
which the silicon substrate is thermally oxidized locally
10 DY employing a silicon nifride'film.as-a'mask. A p+~type,
region as a channel stopper may well be arranged undef
the field oxide film 2.
Alfter the steps illustrated in Figs. 44 and 4B,
an insulator film 3 is formed on the whole surface in
15 order to construct a,étor#ge capacitor. Used as the _
_ insulator film 3 is ‘a silicon nitride (Si3N4) £ilm which
is formed by CVD, the relative dielectric constant of U
which is as high as 7 - 8 and which has a thickness
of, e. g., approximately 150 [3]. In order to_relieve
20 the stress between the silicon nitride film and the .

semiconductor substrate 1,:a first silicon dioxide (Sioz)
film having a thickness of, e. g., approximately go (1]
is arranged under the silicon nitride film. In order

to eliminate the pinholes of the silicon.nitride £ilm,

25 a second silicon dioxide film having a thickness of, e. g.,



10 cells, in particular, unitarily with the storage capacitors adjacent
the row direction. As explained with reference to Figs. 3A and 3B, the
sem conductor region 4 is forned in the storage capacitor form ng area
t he purpcse of producing a larger quantity of charges -of holes or 15 in
deplerion | ayer, to be stored in the storage capacitor and to becone a
| arger quantity of information, or for th ﬁquose of attaining a threshold
vol tage (Vth) higher than an operating voltage which is applied to a first
conductive plate to be descrlbed later. By way of exanple, 20 boron ions

on the order QiprpxinaleBRly Z0E ['A Nt adugcess ea 'H%rr* RS 3 iideh MR ride
i nplantation at an energy |evel "of about 3 In order to utilize the

principle statiger.i n Thenjfireti andwisielRohid si @@ ﬂﬂ]@xs Miay0 BéC b rimyIr i ti es may
be subjected to the drive-in 25 diffusion.” “The depth of t he sem conduct or
regi on 4 by23hermaliliyabxidieing thedeued ated [cERRheorsesricofductorot her
hand, in the case of utilizing the principle stated in conjunction with

Fi g. 3B, the stibisieraite ands beosiild cont nddniided fddm, mespectivedd. it is
desirabl e to still lower the_ 5 ion inplantation energy or to introduce the
i npuri-ti es®i MAgTeafder shal AdusdTrtioon 15 FLEs -s fis @ik SBshodgiT et her
insulator film _This neasure is |qt nded to cause the ion-inplanted

impurities t&eRHSRENCLOT B6&LPHN s&FF%ﬁa%ﬁl secpid condyeFivec shows
a part of =%ﬁg2e% o%'Et%%E% dggacgtop; is locally formed in the

U - vicinity of the surface of the semiconductor substrate
1 in an area for forming the storage éapacifors of memory .
10 cells, in particular, unitarily.with the siorage capacitors
- .adjacent in the row direction. lAs'explained with reference
to Figs..3A and 3B, the semiconductor region 4 is formed
N in the storage capacitor.fdrming area for the purpcse
of pfoducing a largef quantity of charges of holes of
15 in a depletion layer, to be stored in the storage capacltor
and to become a larger quantlty of 1nformatlon, or for
the purpose of attaining a- threshold voliage (vth) higher
than anloperatlng voltage which is applied to a first
conductive plate to be described later. -By ﬁay of example,
20 boron ions on the order of 5 x 1013 [atoms/cmz] are
'1ntroduced as 1mpur1t1es by the ion 1mplantat1on at
an energy level of about 30 [kgvj. In order to utilize
the principle stated in conjunction with Fig. 34, the
intréduced impurit{es may be subjected té the drive-in

25 diffusion. The depth of the semiconductor region 4



Ae formed with the p+-type sem conductor regions 4. The field oxide film?2

g provided for electrical isolation between the nenory cells adjoining

gach other in the colum direction, nanely, in the direction in which 15 a
word line is to extend (vertical direction in the figure). The field oxide
film2 is not arranged between the nenory cells adjoining each other in\&he
row direction, nanely, in the direction in which a bit lineis to extend
(lateral direction in the figure). Inr @ge-nenory cell 20 array, the field
oxide film2 is arranged in the shape of a belt neandering from one end
part to the other end part thereof. The sem conductor region 4 is arranged
as a regi 9 Whath chseCAFVE R AdE 0. P 14)P3G S At Oirl NLiEeE haRider i n
the row direction. Aregion 20 is a region 25 which is provided so as to
surround §he. ABMRLXeCEEl u@iNd¥ing thez?rinéﬁﬁiwthBtﬁﬁﬁwﬂﬁ<ﬁ#hjhdﬂﬁ¥a% ring.
The region 20 has n-type inpurities introduced thereinto | ater '
si mul t anegdshy Rigt.h 383 e ther matiiveriolf MISREBIoOMis mothecdrrinedl i nto an
n+-type region. A section along a cutting-plane line 5 B- Bin the figure
i s shown PHtFi gInsghiBheaisesulidt dis fdeshrable div tateidil Aawer tHhe st eps
illustrated in Figs. 5A and 5B, in the electrjcal connection part between

the fi 13t 1eBnAWDLAPSaHioPe SRPTIET RUT (Ho IRFROGHA% tRA FRARE HAS 10
ookl 1y 1 SHB0eR 16 %FoPhed LU ERAL S of They subAdEd Bugh MO 1S

another insulator film. This measure is intended to

\/

cause the ion—implanted impurities to.apparently function
as surface charges. | | |
10 Fig. 5C shows a part of memony'cell arrays which
are formed with the p*-type semiconductor regions 4. The
field oxide film 2 is provided for electrical isolation
between the memory cells adjoining each other in the
column direcfion, namely, in the difection in'which
15 a word line is tb-extend'(verticai direction in the
figure). The field oxide film 2 is not arranged between
the memory cells adjoining each other in the row direction, W,
namely, in the direction in which a bit line is to extend
(lateral direction in the figure). In one memory cell
20 array, the fieid oxide film 2 is ar?gngea in the shape
of a belt meandering from one end pﬁrt'to the other end
part thereof. The semiconductor regibn 4'is arranged
as a region which is common to the two capacitors adjoining
each other in the row direction. A region 20 is.a region

25 which is provided so as to surround the memory cell arrays -



contact hole 5 is provided in a manner to be spaced fromthe sem conduct or
region 4. Thereafter, a polycrystalline silicon filmto becone the fiz st
conductive plates is 15 forned on the whol e surface by the CVD. The
polycrystalline silicon filmmay have a thickness of approxinmately 1%0

3000 [ERR] by way of exanple. In order to render the polycrystalline
silicon filmlowin resistivity, the processing of diffusing phosphorus is
performed, or 20 arsenic (As) ions al %6 dose of approximately 5 x [ EERR]
[ERR] are ion-inplanted at an energy |evel of approximtely 30 [keV),

wher eupon a &4 By dsS cg%%g, s 1 i s [ Jpurities
are diff usgdmﬁﬁ 3&{1%2% surf zflge a%é%t t%eqylsﬁe%icoénﬁdéagéﬁ%nubég%a sg’p25 1
correspondi ng, 14§ 1a3lesN At rodudded AHBALTR IS 1 s inm): 7arieous]]y
sem conduct or region constituting the M SFET which 1s forned by -the [Mater

step. The deﬁiirtlpftﬂehﬂ‘o?ﬂiﬂtio@DMUQ&mFEwicf’,ﬂ #o e AP Riyd |t el y
'0.2[um . Thereafter, the polycrystalline silicon filmis locally 5

patterned, taY-arype hedionst @omdettior gllaie &7 witting-olelmctibmal |y
connected with the sem conductor region 6 as shown in Figs. 6A and 6B.
Thus, the 5t @ agd dapahe diglref ishehwmorin dtilg. i5B.f orTied indulaxtarhe st eps
illustrated in Figs. 6A and 6B, 10 using principally the silicon nitride
filmof the &idoséd isnomidited.fi|l m 3 as a nmask agai nst a heat treatnent, an
insulator filmf[err] film 8 which _covers the first '
After the steps illustrated in Figs. 5A and 5B,
U in the electrical connection part between the first
conductive plate to be formed by a later step and one
10 semiconductor regién to constitute the MISFET,'the insulator
film 3 is locally removed to form a contact hole 5. The
contact hole 5 is prOViaéd in a manner to bg spaced from
N the semiconductor regidn 4;' Thereafter, a polycrystailine
silicon £ilm to become the first conductive plates is
15 formed on the whole surface by the CVD. The polycrystalline
silicon film may have a thickness of approximately 1500
o _ _
- 3000 [A] by way of example. In order to render the
polycrystalline silicon film low in resistivity, the
processing of diffuéing phosphorus is performed, or
20 arsenic (As) ions at a dose of approximately 5 x 1014
[atoms/cmzl are ion-implanted at an energy level of
approximately 30 [keV], whereupon a heat treatment is
exeéuted. By this treatment, the impurities are diffused
into the surface part of the semiconductor substrate

25 1 correspdnding to the contact hole 5, to form the n*—type :




600 ductive plate 7 is fornmed by the thermal oxidation. This SiOfilm8 may
)Raye its thickness rendered, for 15 exanple, approximately 2000 - 3000

err] .so that the first conductive plate 7 and the word line to be forned
by a |ater step can be electrically isolated. Thereafter, the exposed N
insulator film3 is locally renmoved, whereupon as illustrated in Figs. 7
and 7B, an insulator film20 [err] film 9 serving principally to construCt
a gate insulator filmis formed in thegyrenoved part of the insulator film3
by the thermal oxidation of the exposed surface of the sem conductor
substrate 1. This insulator film9 has a thickness of, for exanple,
approximately 25200 [A]. ., -,28 - After.the ste illustrated in Figs. 7A
and 7B, asﬁ%f?%?9%?5?¥i%%g§??iEoﬁ°?FFﬁ%Pgl?8rﬁ§8 @iskh% W%&F surface in
order to formthe.gate electrodes, of thg M SEETs, the word lines, and the
seni condutfo °5T%ﬂgﬁ¥st%eo$a%sfi%ﬁ%?al @Pﬁcgﬁpgg ??ighﬁoﬁfgﬁystalline
silicon fj i bj A Sql foregoina, to
have its %é@%%??@?t$g§%§§rég?égﬁﬁégg?Fé%sﬂﬁﬁgegé ygfgé%gﬁrine silicon film

is locall d, | echk FQq ot Lhe (W) 11
ind the gRBPEELORE hg pOLPLEPELARLng! SELLR0R Hlam B3 HBcEiibC O

circuits dhecgpheas! est e dRei ipkectbhaaktyveopnaeeed whibnt he gate
el ectrode 10 of the other of the nmenory cells adjacent in the colum

directionisagllectrLea51ly UcbBnected with the semiconductor region

6 as shown in Figs.-GA and 6B. Thus, the storage
capacitor C of the memory cell is formed.
After the steps illustrated in Figs. 6A and 6B,
10 using principally the silicon nitride film of the exposed
insulator film 3 as a mask against a_heat treatment, an
insulator film (SiO, film) 8 which covers the first ;;;
conductive plate 7 is formed by the thermal oxidation.
This SiO2 film 8 ma& have its thicknéss rendered, for
15 example, approximately 2000 - 3000 [&] so that the first
conducﬁive plate 7 and the word line to be formed by
a later step can be electrically isolated. Thereafter, </
the exposed insulator f£ilm 3 is loéally.removed, whereupon
as illustrated in Figs. 7A and 7B, an insulator film
20(5162 film) 9 serving principally to construét a gété
insulator film is formed in the removed part of the
insulator film 3 by the thermal oxidation of the exposed
surface of the semiconductor substrate 1. This insulatﬁr

- film 9 has a thickness of, for example, approximately

25 200 [A].
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the word line 11 extending in the colum direction. As 15 the gate
el ectrode 10 or the word line (W) 11, it is also allowed to use, for

exanpl e,

a layer of a refractory nmetal such as nol ybdenum (M), tungs

(W -or titanium (Ti); a layer of any silicide which is the conpound o
refriactory nmetal and silicon; or a double-layer 20 structure which conSists
of a polycrystalline silicon |ayer gngsa refractory netal |ayer or a

refractory netal silicide |ayer overl§rng the forner. Thereafter, in the

M SFET form ng area, using the gate electrode 10 as a mask against inpurity
i npuaftérestiYd Dfepdelltusdymeted ein nPigsiuced andseBf - al i gnment

i ntroduction,

f ashi on

29 - in order to formthe source region and drain region of

the M SFET i ra tpeeljarystdldnefsidiccaurfibe f fiwrmednomotibeicwibolgubstrat e
1 through the insulator film9 intervening between them and the gate
el ect rode.

di f fusi on,
source regi ot

Ewrdatinofirdar it cthergatap et terdes tof thheve-in
whereby the n -type sem conductor regions 12 to serve as the
Iéﬁﬁ'fésfre heivend gh ey andthel 3ENLERRMNS toT ¢kemeptand 8B.

The sem copductor reqion 6 is electricglly onnected h one, of the

seni conduc? or® (P?re‘é?qtﬁfsﬂliflr"ﬁﬁﬁs,'-t h’@'”s%/\nfi Iy %?o?:"%\ﬁ’%ﬁfET) Q of
the nmenory ce_tl.l | S forrged. I ddj,tion arse&i ir? i mpurities may be used
as the _n+-typel]Inf’erL?ri 4 ecame(ﬁ]rg%/d‘géeimeod%e E’B?/ _h%s i18n thanSPERHANT on
perm tting themie REsTRiSAMEPUALDE TRl LM 2 vde: 1 1ine

o/

10

15

20

25

silicon film is locally patterned, to form the gate
electrode 10, the word line (WL) 11 and the gate eleétrode
(not Shown) of the'MiSFET of the.peripheral circuit.

The gate electrode 10 is electrically connected with

the gate electrode 10 of the other of the memory cells
adj#cent in the column direction, snd it constructs

the word line 11 extending in the column direction; Aé
the gate eléctfode 10 pf the word line (WL) 15, it is
also allowed to use, for_examplé, a layer of a refractory
metal such as molybdenum (Mo), tungsﬁen (W) or titanium
(Ti); a layer of any silicide which is the compound of
the refractory métal and silicon; or a double-layer
structure_which consists-of a polycrystalline silicon
lgyer and a refractory metalzlayer or a refradtory metal
silicide layer overlying the former. Thefeafter, in

the MISFET forming area, using the gate electrode 10

as a mask against impurify introduction, impurities

of the n*-type are introduced in self-alignment fashion



15 depth of the n+ -type region is as small as 0.2 [err]. After the steps

|. trated in Figs. 8A and 8B, an insulator film113 is fornmed on the whol e
rfjace for the purpose of electrically isolating the gate el ectrode 10 as
h;k as the word line (W) 11 and the bit line 20to be formed by a later-

p. As this insulator film 13, a phosphosilicate glass (PSG f|In1nay\be
used which relieves the undul ations of the surface and which can trap
sodium (Na) ions affecting the electrical geerformance of the DRAM
Subsequently, in order to connect the 25other sem conductor région 12 and
the bit line to be . - 30 - fornmed by the |ater step, the insulator filns
9 and 13 ointéwdesehd chorlmcthbe seyroe regies kudairainemegédnto form a
contact hole 14. The bit line (BL) 15 is formed which is electrically
connect ed &f tbﬁtMﬁ%ﬂﬁTséﬂithﬁdﬁé?éﬁlﬁégﬁoﬁf12hPhFBH§ﬁ°?héfc§hﬁact hole 14
and which extends_in the row directi o S lin BL) 1 y be forned
of, e.g. a?%Wﬁ?ﬁ?ﬁH??@? syRatrate di i rgPSb tB? FPFHEF&&FQ 'iﬁngigures 2A
and 2B. Thereaft er PSG film an itride filmby the plasm
& are 1o Fighard hafub Sl Fout 8R9, Bpd, shE8"alRbErPRA o ThRL £Irf
ermbodi éﬁf&@% %ﬁ?%ﬁﬁ@@?ﬁ¥e§e££e“§ﬁ53QQ%@EetgeﬁﬁE'E@Qvé51n“‘th reference

to Figu es
diffusion, whereby the n -type semiconductor regions

12 to serve as the source region and the drain region
are fdrﬁéd as shown in Figs. 8A and 8B. The semiconduc tor N~
region 6 is electr:i.ca.lly connected with one of the semiconductor
10 regions 12. Thus, the éwitching transistor (MISFET)
Q of the memory cell is formed. In addition, arsenic

jon impurities may be used as the n'-type impurities i

ar.d may be introduced by the ion implantation permitting ~
them fo_pérmeate through the insulator film 9. The

i5 depth of the n*-type region is as émall as 0.2 pm.

- After the steps illustrated in Figs. 8A and 8B,
an insulator fiim 13 is formed.én the whole surface g)

for fhe”purpose of electrically isolatihg'the gate electrode
10 as well as the word line (WL)_11;and the bit line

20to be formed by a later step. As this insulator film
13, a phosphosilicate glass (PSG) film may be used which
relieves the undulations of the surface and which can
trap sodium (Na) ions ‘affecting the electrical performance
of the DRAM. Subsequently, in order to connect the

s50ther semiconductor region 12 and the bit line to be




First, the case of witing information into the nmenory cell wll be
explained. A voltage is selectively applied to the gate el ectrode 10 _
constituting the MSFET Q of the 20 nenory cell, to turn "on" this M SF
Q . Avoltage to serve as the information is.applied to the bit line (BL|¥
15 whijch is electrically connected w th t4y sem conductor region 12 through
the contact hole 14. " Thus, the voltage 25 of the bit line (BL) 15
correspondi ng 31- tothe information is applied to the first conductive
plate 7 through tforidedFby @helNateammpuciios iregilatek I @P as t he
second conductive plate is electrically connected with the sem conduct or
substrate 1, and iands Uelah dthitshesemicahdgton izdgimr r]2 axreriextztldnn ned.
If there is a potential difference between the potential of the second
conductive plate &fpoved & @ & qantasst okt ilh affie it dinee first
conductive plate 7, charges to serve as . information are stored in the
i nsul ator 10 fil m‘?%ﬁén iss foraed, v amthi iy SETF oY vEanrnsfE«bnduct i ve
pl ates, that i.s, they are witten jnto the stor capaci.tqr, C of the
memory cell i r?st h& © \quoﬁ‘i et°crasree%1f°rhgllg‘gitﬁb‘p?"f%1i rmation in
the memory cell, téb%béX'c%F%Bl‘é ey J}{a R{J-Li'l-ﬁ? eldnad N4 *\?}}ét 15 1 n whi ch
nto the storage capacitor

the informati on has been witten i of the nmenory
cell. direction. This bit line (BL) 15 may be formed

of, e.g. aluminium (Al). The resulting state
o/ is illustrated in Figures 2A and 2B. Thereafter,
10 a PSG film and a silicon nitride film by the
plasma CVD are formed as a final passivation
film. |

The operation of the first embodiment

\/_' of the DRAM memory cell will now be described
15 with reference to Figures 2A and 2B.
First, the case of writing information
into the memory cell'will-bg explained. A
v voltaige is selectively applied to the gate

electrode 10 constituting the MISFET Q of the
20 memory cell, to turn "on" this MISFET Q. A
voltage to serve as the information is applied
‘to the bit line (BL) 15 which is electrically
connected with the semiconductor region 12
Ithrough the contact hole 14. Thﬁs,'the voltage

- 25 of the bit line (BL) 15 corresponding

——— Y A L T o Y Y . S R R 4



ge 1.des, in the case of reading out the information franthe nmenory cell, an
ation.reverse to the witing operation may be perforned. 20

ACcording to the present enbodinent, in a DRAM wherein a series circuit

consisting of a storage capacitor and.a M SFET is enployed as a nenory  _

cell, a first conductive plate which constitutes the storage capacitor |§/

formed on a sem conductor substrate and ig_arranged so as to 25 be

el ectrically connected with one seniconausgoF regi on - 32 - of the

‘M SFET, and a sem conductor region which has an inpurity concentration

hi gher thatottié DifdiimaEHoh CONCMSHDIeqUDS ERECFE S8l EBAEAALaFea SECONd
conductive plate which constitutes the storage capacitor through an

insul ator mldté 7 tiwowdly tiherESFERIQingThe sshdesRGLEBosaRefEoRt Ored in
the storage capacitor by holes. Thus, electrons stored in an Inversion

| ayer needt rRATURGISAR the tdecoumdrepadeetivegphstéhisi alectpicallyso that
the influence of unnecessary mnority carriers attributed to c(-particles
10 or the SRRt iR e ryemd eore o r smbetratiet 1poandohscan be

Consi des atioht (e Gify GO ROIHErLE g (46 BRPROSSERIRed nob Ly carri ers
attributed,to the [err],-particl 5 or the injectjon fromthe_peripheral
circuit poft$on,*d r?e%‘lc"b%ba"gﬁ”r?g %e??fé?%g?e‘lﬁ%%e%etp%dﬁﬁ'éﬂgt%}s makes it
possi bl et ifLYdhd oddRM Be %ﬂ@ee{n@agﬁ(é "Poltage as the
information applied to the first conductive plate 7, .\;/
charges to serve as information are stored in the insulator
10 film 3 which is the intervening portion between the
conductive plates, that is, they are written into the
storage capacitor C of the memory cell in the n§rma1 way.
In the cése of hélding the information in the memory \_)
cell, the MISFET Q may be turned "off" in the staté
15 in which the information has been written into the storaée
capacitor C of the memory cell. |
Besides, in the case of reading out the informatién
fram the memory ceil, an operation reverse to the writing k‘j
operation may be.performed._ |
20 According to the present_embodiment, in a DRAM
wherein a series circuit consistiﬁg of a storage capacitor
and a MISFET is employed as a memory cell, a first conductive
plate which constitutes the storage capacitor is formed

on a semiconductor substrate and is arranged gso gs to

25 pe electrically connected with one semiconductor region




from anot her storage capacitor adjoining it in a row direction, he

sem conduct or region being the second conductive plate, so that el d
oxide filmof |arge occupying area beconmes unnecessary to realize the

I ntegrati on of the DRAM at a hi gher packing density. 25 A second
enbodi nent of the present invention wll -33- be described with
reference to Figure 9A to Figure 12B. In all~t¥e figures of the present
enbodi nent, parts having the sane functions as 5 in the first enbodi nent
are” assi gned bipe t3HaMyT8REQ! andand slehf e ohlddlclt 020 ireldd ohe RddlcR e soXdm ai ned.
In Fiugres 9A and 9B, the DRAM menory cell includes an insulator film 18
whi ch is for rigtburitss caneveration duisther fihan o et | the Benicdndictand
whi ch. serves to construct a storage capacitor. The insulator film 18 forns
t he capacit or sabetgatiet kst RFF3nEed asnduseicoadplcandut tive g listier arhdladrt r ode
to be described later (hereinafter termed the "third conductive plate"),
and is provi deanstitudest dhe erarges seapacidors throvgkamnodnsutisdomsul at or
film18 is alsg_provided to electrical%% i sol ate the first conductive

plates 7 of5 adfdBenWheESbFy cbaress PREViRE @scdndosmardom £88 P8 i s

stored in the storage capécitor by holes. Thus, electrons

density. Further, the storage .capacitor can be electrically 20 is1§: ed
P

stored in an inversion layer need not be used as the
\/) charges serving as the information, so that the influence
of unneéessary minority carriérs.sttributed to o{-particles
10 or the injecfion thereof from a peripheral circuit portion
caﬁ be prevented.
Moreover, since the'étorage capacitor need not
K~/ | take into consideration the degree of infiuencé by the
unnecessary minofity carriers attribufed to the d-particles
15 or the injection from the peripheral circuit portion,
the occupying area thereof can be reduced. This makes
it poséible to integrate the DRAM at a higher packing
den_siiy. | N |
Further, the storage capacitor can be'eleétrically
.20 isolgtéd from another étqrage capaéitor'adjoining'it
in a r§w direction, by the.semidonductor region being
the sécohd conductive plate, so that a field oxide film
of large occupying area becomes unnecessary to realize
the integration of the DRAM at a higher packing density.

25 A second embodiment of the present invention will




gggéggd on the insulator film 18 outside an area 20 for formng a M SFET Q
ich serves to construct the storage capacitor. A fixed potential, for
exanpl e, the same potential as that of a substrate 1 is applied to the
third conductive plate 16. The third conductive ptate 16 is 25 provided as
an el ectrode common to the whole of one nenory cell array in which a W,
plurality of menory cells are arranged3gn-the shape of a mat rix. 34 -
The third conductive plate 16 is windowed in a part for arranging the

M SFET Q The rgg%% i 0, ell _isgprincipally o
constructed of Zsegara %ﬁ%r%ﬁ? %%%%g%{;?%g‘t'é ﬁ’é%‘ﬁg?s?gn ‘_’of a capaci tance
C which is conpagsigfhd 12, first conductive plate 7, a sem conductor region

4 being a second conductive plate and an insulator film3, and a

capacitance [err] which isigappsesle ofighigedi s6ttkONPEELeNE Pl ate 7, the 10
third conductive plate 16 and the insulator film18." An insulator film 19

is arranged so asnboslioweser, tpeertdihal hondticé | yemel fhscdbongngs whi ch serves
to electrically isolate the third conductive plate 16 and a word |ine (W)
11. Seni conduct dm 1Hhe dfinats embodinent caxpaassidnedn eaehsahder . Wien
-practicable nmenory cell arrays are constructed by the use of such nmenory
cell's shown symbols, and they shall not be repeatedly explalned.
In Fiugres 9A and QB, the DRAM memory |
 cell includes an insulator film 18 which is formed
so as to co#ér at least a first conduétive plate 7
10 and which sérves to construct a storage capacitor.
The insulator film 18 forms the cépacitor along
~with the first conductive plate 7 and a third
e}ectrode”té_be described later (hereinafter termed -
the "third cogductive plate"), and is provided
15 to storé chafges sefving as information. The
insulaﬁor film 18 is alsq'provided to eieqtrically
isolate the first conductive plates 7 of adjacent
memory cells.-The.third conductive plate 16 is \J
_located on the insulator film 18 outside an area
20. for forming é MISFET Q, and which serves to
construct the storage capacitér. A fixed poténtial,
for example, the same'potential as that of a
substrate 1 is applied td the third conductive
plate_16. The'third conductive plate 16 is
- 25 provided.as an electrode common to the wholé of

one memory cell array in which a plurality of

memory cells are arranged in the shape of a matrix.
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in Figures 9A and 9B, they becone as illustrated in Figure 10. 1In der.- to
clarify the drawing, 20 insulator filns to be arranged between respéctive
conductive | ayers, contact holes 5 and the semi conductor regions 4{3Re

omtted fromthe illustration. The shapes and positional relations t he
contiagt holes 5, the sem - 25 conductor regions 4 and other regions wll be
apparent from Figure 9A. - 35 - Exceptiﬁgﬁihé third conductive plate 16,

t he second enbodi nent is exactly the sane as in the first enbodinment. A
practi cabl e nmet hod ThHe nemifdotandurtive pletsel®dnis enbrodiowedtin sa shown in
Figures 11 A, 1B, 12A and 12B. After the steps of the first enbodi nent
illustrated in Fi gipasst 6fommr GRging i the| MISFET i @m 1Bhé sstoragel on t he
whol e surface in order 10 to construct a storage capacitor._ Likewi se to the
f oregoi ng i nsul at orc3P3GH BOT 1¢f stheJugmeny ¢elh 48 peinetPebh¥%tructed of a

il di oxi de fil Il jtride fj d th il di oxi d
il m  Ther el tor, SPPRTSATSRA 1Y (e LI O FPFFy SOPRRTHARRa L hird

Cnet Ve P oL e 48 e P e Nk B ¥ rlinea
of the first conductive plate 7, a semiconductor
| region 4 being a second conductive plate and an
insulator film-3, and a capacitance C, which is
~ ' composed of the first conductive plate 7, the
10 third conductive plate 16 and”the insulator film
18. An insulator film 19.is arranged so as t6
cover the third conductive plate 16, and which
serves to electrically isolaté'thg third conductive
plate 16 and a word line (WL) 11. Semicondﬁctor
15 regions 4 and 6 are spaced from each other.

When practicable memory cell arrays are
constructed by the use of such memory cells shown
in Figﬁres 9A and 9B, they become as illustrated
in Figure 10. In order to clarify the drawing,

20 inéulator films to be arranged between respective
conductive laYers, contact holes 5 and the
semiconductor regions 4 are omitted from the
illustration. The shapes and positional -
relations of the contact holes 5, the semi-

- 25 conductor regions 4 and other regions Willibe

apparent from Figure 9A.



t hi ckness of, for exanple, approximately 3000 [err]. In order to render
this. poly- 20 crystalline silicon filmlowin resistivity, phosphorus or
arSenjc is introduced - 36 - by the sane nethod as in the foregoing.
%ua gquently, the polycrystalline silicon filmis locally patterned, to
I
t

\or i the third conductive plate 16 conmon to a plurality of nmenory cel \\)
outside a M SFET form ng area as shown 5 in Figs. 11A and 11B. Thus, e
storage capacitor Cl of the nenory cetl33s forned. After the steps

illustrated in Figs. 11A-and 11B, using principally the silicon nitride
filmof the exposed insulator film as_.a. sk agai psi a_ heat eat nment ,
the 10 polycrystalline sil %ﬁﬁP?%ﬁ&jéﬁ)i¥Qﬁf ec?ﬂg?ﬁg %ﬁdﬁg?ﬁseiéfate i's
thermal |y oxidié_'qga #}_e(; Y. i 4 NSyl i i fl 9 whi ch
covers the thir con‘é uctﬁeer%%é%qé&em#her eﬁ%r?h%%éﬁig%ge%hﬁgﬁl ator -
film18 and the gindas laphsiimsa ator film 3 are locally renoved. As in the

first enbodi nent, a gate insulator film9 is fornmed in the renoved area as

shown in Figs. 12A and 12B ﬁiﬁé&&ﬁabfbgﬁﬁﬁhﬁaeﬁfrﬂdﬁuﬁgctﬁrﬁﬂ?d line (W)
11 and sem conductor regions 12 are fornmed. After the steps illustrated in

Figs. 12A arsd 13he Zkcond rembadimerit | s 1Shown cint BEtgubhesel 1A, and a bit
line (BL) 15 are fornmed as in the first enbodi nent. Then, the resultant
structure becondslBs BEhwnd nl3Bgs. 9A

After the steps of the first embodiment

S
h

"illustrated in Figures 6A and 6B, an insulator \;)
film 18 is formed on fhe_whole surface in order
10 to construct a storage capacitor. Likewise to
the foregoing insulator film 3, this insulator
film 18 may be constructed of a siliéon dioxide
film a silicon nitride film and another silicon o’
dioxide film. Thereafter, a polycrystalline
15 silicon film to become a third conductive plate
is formed on the whole surface by the CVD.
The polycrystalline siliqon film may have a
thickness of, for example, approximately
3000 [gl. In order to render this poly-
20 crystalline silicon film low in resistivity,

phosphorus or arsenic is introduced
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and 9B. Thereafter, a PSGfilmand a silicon nitride filmby the plasma

CVD are forned as a final passivation 25 film -37- The operation of
second enbodi nent will be explained with reference to Figures 9A and 9
First, the case of witing information 5 into the nmenory cell will be

exphai ned. A voltage is selectively applied to the gate el ectrode 10
constituting the M SFET Q of the nenory.cell, to turn "on" this MSFET Q A

vol tage corresponding to the infornatTo%giE applied to 10 the bit line (BL)

15 which is electrically connected with the sem conductor region 12 through
the contact B¢l ghd4saméhmethbiearolihagheotorbgolig.! i BabgBauenflyyy serve as
the information is applied to the first conductive plate-7 through 15 the -
M SFET Q Theheepblgodystallingi sildceer fidp ds dbeaddyopdtdemnedsyi ve pl ate
is electrically connected with the senmi conductor substrate 1, and is held
at the fixedtpofermi dhe[ thiPdasopdugsizenprese APssomment kor @ Pdudadditve
plate 20 16 is held at the fixed potential V by way of exanple. If there
is a potentiQf wempeyeRedlBephtAdene MESERT SPTMINE: AL S8 ASnFPOMRduct i ve

plate and %hgntgigg.CQQQPghhvg1%kat%h%g,e%ﬂglstoragé capacitor C1

of the memory cell is formed. _
After the steps illustrated in Figs. 114 and 11B,
'\.) using principally the silicqn nitride film of the exposed
insulator film 18 as a ﬁask against a heat treatment, the
10 polycrystalline siliconllayer being the third conductive
plate.is thermallj oxidized, thereby to form én insulator
film (SiO2 £ilm) 19 which cdvers the third conductive
N plate 16. Thereafter, the eiposed insulator film 18
and the underlying insulator film 3 are loéally removed.
13 As in the first embodiment, a éate insulator film 9
is formed in the removed area as shown in Figs. 124
and 12B. FUrther, a gate electrode 10, a word line
(wWL) 11 and_semiconductor regions 12 are formed.
| After the_steps illustpated'in Figs. 12A and 12B,
20 an insulator film 13, a contact hole 14 and a bit line
(BL) 15 are formed as in the first embodiment. Then,
the resultant sﬁructu:e Secomes as shown in Figs. 94
~and 9B. Thereafter, A_PSG film and # silicon nitride
film by the plasma CVD are formed as a.final passivation

25 film.




each ot her and the vol t'age as the 25 information applied to the first
38 - conductive plate 7, charges to serve as information are stored in

the insulator film3 and the insulator film 18 which are the intervening
portions between the conductive plates, that is, they are witten into the
5 storage capacitor C and Cl of the nenory cell in the normal way. In theJ
case of holding the information in the‘n%%DTy cell, the M SFET Q nay be
turned "of f" in the state in which the infornation has been witten into
the storage 1Ocapacitor C puél ¢esrdtDbnt e tREDEFcORA| emBodidest in the
case of reading out the information of the nenory cell, an operation
reverse to the will rse cepbaimed nei/therpfefenacedtoAEtgudengSho t he present
enbodi nent, effects simlar 15 to those of the first enbodi nent are
achi eved. Furthembr¥. by arranging a third conductive plate on a first
conductive plate through an insulator film the quantity of charges to be
stored by the first conduckixetpl the gagetfé EééBhchbﬂﬁaﬁW?Géoﬁlate and
the quantity of charges by-the firii co?gugtive glatedand the&%hird
conductive plt el Hee SPPREY fehl svbt AgRecEBREALBPY - ThAsTOMABH® he
second enbodinent _is conmpared with.th LI e [ antity of
fefEristy capaLicd, thothanfred, BE8ksrbag 1

char ge storage(ﬂst§ﬁ5 per—u ar éa can ncr eased
constituting the MISFET Q of the memory cell,

to turn "on" this MISFET.Q. A Voltage
cérresponding to the information is applied to

10 the Bit line (BL) 15 which is electrically |
.connected with the semiconductor region 12 ﬁhrough

" the contact hole 14. Thus, the voltage of the |

bit line (BL) 15 to serve as theinformation is
applied to ﬁhe first cohductive plate 7 through

15 the MISFET'Q. The semicondﬁctor region'4 serving
as the second conductive plate is electrically
connected with the semicondﬁctor substréte 1,
and is held at the fixed potential Vgg a8 . "
predeterminéd. Also the third éonductive plate

20 16 is held:at the fixed potential VSS by way of
example. If there is a potential difference
between the.potentials of the second condﬁctive
pléte and ﬁhe third éénductive plate 16 eqﬁal
to each other énd the vol%aée as the

- 25 information applied to the first
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25 to approximately double, and the integration of the DRAM - 39 - at a
hi gher packing density can be realized. It should be noted that, when the
potential of a substrate or a p -type seni conductor region 4 is a subst
bias potential VBB = -3.0 V and the potential of a polycrystalline 5
siliton layer 16 is at earth potential [err] = 0V, the quantity of
charge storage becones about 1.5 tines that in the absence of the

pol ycrystalline silicon layer 16. In additi &8 -by arranging the third
conductive plate 16 of fixed potential on the first conductive 10 plate, a

word line W. to which a contr | tage qf fluctuatin nitude is applied

can beI pr everﬁw‘*ér%%f%ﬁ ﬁg %ﬁ’s%%cﬁ%ﬁ&?iaxﬁe %ééa'g"alflu% ![ hat pltohla
uantity of charges to r .n the st.or i taQr n .nbe

gt abili ged. al"h%%%“[rﬁed \%%I ﬁh%ggglr?ﬁraeaai '%qggga{i%ﬁ@elgno(iﬁt%te”DRAM can be

stabilized, r.elsi abil .t f s 4 third

_enbolji Im%ent [ ?'}L;ir?l g%an‘%*l?qpvkgree%éﬁ% il%ﬂﬁggﬁ%%lﬁpmﬁﬁﬁﬁe chk field

oxi de film 2 é’&ﬂcﬁﬂiﬁi?h@a?l%&efsf}e IS CAHey iahd YrilttdPd o &de The 20

pl ane and sectiona es of “the third enbodi ment becone.identical to
those of FisgstothgGaPacdbriic.antd d.r @D WH dnitry il @4 daef il m 2 has
been omtted. For this reason, the pléne and sectional shapes of the DRAM
of the thirdnerximadi magt. shall not be explained, and a practicable 25 nethod
of manufacturing the enmbodi nent will be descri bed,
. - In the case of holding the information in the memory
o/ cell, the MISFET Q may be turned "off" in the state
in which the information has been written into the storage
10capacitor C and C1'of the memory cell. |
Besides, in the case of reading out the information

of the memory cell, an operation reverse to the writing

~ operation may be pepformed.
According to the present embodiment, effects similar
15to those of the first embodiment are achieved.
Purthermore, by-arrangihg a third conductive plate
v on a first cqnductive plate through an insulator film,

the quantity_of charges to be;stored by the first conductive
plate and the second condpctive plate and the.qugntity

?0of charges by the first conductive plate and.the third.
conductive plate can be stoﬁed in a storage capacitor.
Thus, when the secohd embodiment is compared-with the
first embodiment, the quantity of charge\storaée of
the_storage capacitor per unit area can be increased

25 to approximately double, and the integration of the DRAM




- along with the . brief description of the structure thereof, with
;ﬁier nce to Figures 13, 14 and 15. In these figures, parts having the sane
ions as in the first and second enbodi nents are assigned 5 t he sane
ols, so that .they are not repeatedly described. First, excepting a .
menory cell array portion, a sem conductor substrate 1 is parfly covered\}
wth a field oxide filmin order to 10 electrically isolate the
sem conductor el ements (not shown) of a peripheral circuit. As in the first
and second enbodi nents, an. insulator fd lam 3 is forned on the whol e surface.
Thereafter, a mask 17 for inpurity introduction made of, e.g. 15 a silicon

nitride f|éﬂ1a5highéﬁdp§ek£ﬁgluehyleﬁ thA beswealigzel. Im3in an area in
which the M SFET of a switching transistor is to be forned by a | ater step.
An area out siltie shiva 1deiper yodesid thatayhemdingl poteatial of asubstratieher
peripheral 20 circuit thereirn is covered with the mask 17. Subsequently,
usi ng the amaﬁrtypepsewpeondpetprleegaoa #Anfisodusubbsitmiatet bagsart of the
sem conductor substrate 1 other than the mask 17, to forma p -type

seni condu®VrenEkpbnVgg i TH-Be¥orBd the petensisadofonrdpoiliyeeysitalding a

SOrages oA { FiNer™ 6N S U Cash @ Cotustlay (30 21G Rrory cells
the quantity of charge storage becomes about 1.5 times
that in the absence of the polycrystalline silicon layer 16.
In addition, by arranging the third conductive a‘J
plate 16 of fixed potential on the first conductive
10 plate, a word 1iﬁe WL to whiéh a:control voltage of
flucfuating magnitude is appiied can be prevented from |
affecting tﬁé first éonduétive platé T, so that the It
quantity of charges to be stored in the storage caﬁacitor
can be stabilized. Thus, the writing and.reading operatiéns
15 of the DRAM can be stabilized, and the reliability of
;he.DRAM can be enhanced.
A third embodiment is an example wherein, in the \;J
second embodiment, the thick field oxide film 2 which
isolates the memdry cells is not formed at all. The
20 plane and sectional shapes of the third embodiment become
identical to those of Figs. 9A and 9B and Fig. 10 from
which the field oxide f£ilm 2 has been omitted. For this
reason, the plane and sectional shapes of the DRAM'of
the third embodlment shall not be explained, and a practlcable

25 method of manufacturlng the embodiment w111 be descrlbed,
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That is, the p+-type sem conductor region 4 is forned on the whole su

of the menory cell .array except for the area in which the M SFETs ar

be provided. After the steps illustrated in Fig. 13, the mask 17 is
repoved, whereupon in the electrical connection part between a first
comdlctive plate to be forned by a | ater st&p -and one sem conduct or region
to constitute 10 the M SFET, the insulator film3 is locally renoved to
forma contact hol chg Thee i HHEHr N0 e &t 116n SEM e dich it Rl on 4
are spaced. Thereafter] a polycrystalline silicon filmto beconme the first
conductive plate ighdsded with heefdrdics Wd aigudéan3 j t14 sandrii:nted with
As ions to lower its resistivity and sinultaneously to locally form an
n+-type sem conductmrthesg oiduresSulsarueidying hehepodame yiiradtiores sil i con
filmis locally patterned to formthe first conductive plate 7 as shown in
Fig. 14. 20 Af tas imethe apisrst |land rseeend rempedinentgare aspianadnd
enbodi ment, an insulator film218 and a third conductive plate 16_are fornmed
thereby to conktr uehe ssamersigebtHaci? crhal . they edre orAF nEePeRtRdtBr il s
19 and 9, a gate electrpde 10 and a word line (W) 11 25 are fornmed. By
form ng seni conduct®FCFERFIns 12, the '

- 41 - adjacent in row and colum directions, as illustrated in Fig. 125 ;

First, excepting a memory cell array
porfidn, a sémiconductor substrate 1 is partly
o/ coﬁered with a field oxide film in order to
10 electrically isoiate thé semiconductor elements
(not shown) of a peripheral circuit. As in the
first and second embodiments. an insulator film 3

is formed on the.whoie surface. Thereafter, a

- mask 17 for impurify introducéion ﬁade of, e.qg.
15 a silicon nitride film is formed selectively on
the ‘insulator fiiﬁ 3 in an area in which the
MISFET of a switching tfansiétor is to be formed
v by a later step. An area outside thg'memory cell

array, namely, an area to form the peripheral
20 circuiﬁ therein ié covered with the.ﬁésk 17.
Subsequently, using the.mask“17, p-type impurities
are introduced into the part of the semiconductor
éubstrate 1 other than thé mask.17, to form a
p+-£ypé semiconductor reéibn.4 which'Becomes the
25 second conductive plate of a storage capacitof and

which serves to electrically isolate memory cells



- MSFET Qis constructed. After formng an insulator film13 and a
Z?%ﬁ act hole 14, a bit line (BL) 15 is forned as shown in Fig. 15. In Fig.

insulator filnms to be provided between respective conductive |ayers 5
are omtted in order to sinplify the drawing. As in the first enbodi nment,
the M SFETs Q may wel | be formed to finish up.the DRAM without form ng
st or age capacitors Cl. The DRAM of the third enbodi nent is finished 10 up
by these series of manufacturing steps. Thereafter, a final passivation
filmis formed as in the first or secorfd enbodi nent. According to the
present enbodi nent, effects simlar to those of the second enbodi nent are
achi eved. 15 Furthernore, the nenory cell of the DRAM can be

el ectri cald jadend dlreddw andtdedunrerdie gldrms AdjiiNgs ttated r ow and
colum directions, by a sen1conductor regi on being a second conductive

pl at e whiizh Fb.@mstﬂi.ut €hat sitsor dghee Qapa:yne)raemdhmgizy regiorel d oxi de
film20 in a nenory cell array becones unnecessary, and the integration of

t he DRAMd4atisa fleingtest Oga(ﬁhmgfhﬁr%iﬂly"m o rtded imempry ek t h enbodi nent
will be described with reference tqg Fi 16Ato 23B. The fourth enbodi nent
i s an exaded 2xogpdr dor £he anee (g ithey dHSFRES tanre 59 st enbodi nent
5 be provided.
- After thé steps illustrated_in_Fig. 13, the mask

17 is reméved, whereupon in the électrical connection ’ \J,'

part between a first conductive'plate.to be formed by

a laterlsteﬁ and ope'semicon&uctor region to constitute

1 the MISFET, Ehe inéulatorlfilm 3.is locally_removed
to form'a éonfact hole 5. ~The contact hole 5 and the
semiconductor region 4 are spaced. ' ;;/
Thereaftef; a polygrystalline silicon film to become
the first coﬁductiﬁe plate is formed on the whole surface,

15and it is implﬁnted with As ions to lower its resistivity
and simultéﬂeously to locally form an n+-type semiconductor
region 6. Subsequentlj, the polycrystalline silicon
film is'locally pattefnéd to form the first conductive
plate 7 as shoﬁn in Fig. 14. .

20 After the steps illustrated in Fig. 14, as in the
second eﬁbodiment, an insulator film 18 ahd a thi:d
conductive plate 16 are formed thereby to construct
a storage capacitor Ci. After forming insulator films

- 19 and 9, a gate eleﬁﬁrode 10 and a word line (WL) 11

25 are formed. By forming semiconductor regions 12, the



- 43 - in order to increase the quantity of charges which can be stor Ln
a capacitor. Throughout the drawi ngs of the fourth enbodi nent, parts g
the sane functions .as in the first enbodi nent are assigned the sane
synbols, 5 and they are not repeatedly explained. In Figs. 16A and 16B; the
DRAM .nenory cell includes a field oxide film2. Menory cells are shaped by
the~field oxide films 2 so that the pattern of one pair of the nenory cells
may be repeated in a row direction as shben~in 10 Fig. 19. Wthin a nenory
cell array, the field oxide film2 is located principally between the

menory cells adjacent in a colum direction. ~Thig is the sane as in the
first or secdHPFEH&ilfefeRsirchfdr 2 At AAdPing a8 FRsRIaddTi n a

sem conduct or,.substrate 1 in_gn area.for, formn .stor paci t or

therein, and i a%s@fﬁeé CEREAES Avde the & &J%gg‘lé’fpégiﬁoﬁ% i s trench
21 increases uant i f .chal.ges I nf or [ p [ r L.n the
st or age capaé‘itopg"re%‘ %% S%V&Algl %{]%S'e 1?Z’m’ %nﬁ'oﬁ%r’e}%osﬁafkgg}gﬁ ggas a

second conduiy ¥ B del YRR Adbgdi T ROHIIAIS A it

sem conduct or substrate In the storade capacitor tormng area and the

surface ofs ! ges UpSighalee th Wriddr {8 IAFTERy 2dne kb fngl OVi ded unitarily
ge 25 capacitors adjacent n the row direction. The situation
As in the first embodiment, the MISFETs Q may well
be formed to finish up the DRAM, without forming the
U storage capacitors 01.
The DRAM of the third embodiment is finished
10 up by these series of manufacturing steps. Thereafter,
a final passivation film is formed as in the first or
second embodiment.
/ According to the present embddiment; effects similar
to those of the second embodiment are achieved.

15 Furthermore, the memory cell of the DRAM can be
electrically isolated from other memory cells adjoining
it in row and column dirgctions, by a semiconductor
region being a second conductive plate which constitutes
a storage capacitor. Accordingly, a field oxide film

20 in a memory cell array becomes unnecessary, and the
integration of the DRAM at &4 higher packing density
can be realized. |

A fourth embodiment will be described with reference
to Figs. 16A to 23B. The fourth embodiment is an example

25 wherein a trench (groove) is added to the first embodiment



hod of manufacturing the fourth enbodinment will be described. 5

rst, a field oxide film[err] filn 2 and p -type sem conductor regions 4-
are formed by the same nethod as that of the first enbodinent illustrated
in Figs. 4A, 4B, 5A and 5B. After the step illustrated in Figs. 5A and 8B/
an insulator film22A, an insulator film22B and an insulator 10 film 22C
are formed on the whol e surface of a sem conductor substrate 1 in order to
forma trench and a second conducti$@ plate. The insulator film22Cis a
mask agai nst etching for forming the trench, and a silicon dioxide (Si Q)
filmpmay be enployed by way of exanple. The insulator 15 film22B is a

Jntroducti.on for formng the sec tive plate,

k i nst | it d. gond
and a i | bR i YEEAIRS (S ImIREP B AT TRFE (YO Wil e The
' | at fil XY 1 ' duct
ubst rate 1 ARras B 14 Eaph (e ATRENAE 4R Bl M TG T

may be e e ' e. i i A formed b
The ¥ gt SEoBYHESerllod AL © palies VR hhd |odhe FhillbAcH: Y

_ t he the substrate 1. The insul ator

films 22B and 223G drees i faiBainent her O\ sikfifed Neid adfe fdynBA2G in a

storage capacitor formng area - 45 - is locally patterned, to forma
first n&s&ﬂdﬂtﬂéyrﬁﬁg_not repeatedly explained. '

<EE§f4 of such p+-type semiconductor regions 4 is shown in Fig. 19. Now, a

In Figs. 16A and 16B, the DRAM memory cell includes a field
oxide film 2. Memory cells are shaped by the field oxide "/
films 2 so that the pattern of one pair of the memory
cells may be repéated in a row direction as shown in

10 rig. 19. Within a memory cell array, the field oxide

£film 2 is located principally between the memory cells

adjacent in a column direction. This'is the same as ~
in the first or second emb@diment.
A trench 21 (groove) is
15 provided in a semiconductor substrate 1 in an area for
forming a storage capacitor therein, and which serves \;}

to construct the storage capacitor. This trench 21
increases the quantity of charges as information per
trit area in the storage capaéitor‘l

20 A p+—type semiconductor region 4 serving as a
second conductive plate is arranged in the main sufface
of the semiconductor substrate 1l in the'storage capacitor
forming area and the surface of the substrate 1 within
the trench 21, and is provided unitarily with the storage

25 capacitors adjacent in the row direction. The situation



the trench. Anisotropic dry etching is perforned using the first mask,
whereby the insulator filnms 22B and 22C are locally renoved to forma
second mask out of .5 the insulator film22B, and further, a predeter

part of the sem conductor substrate 1 is locally renoved to formthe ch

as shown in Figs. 17A and 17B. The w dt hwi se di nension w of the trench

Zl\néy be approximately 1 - 1.5 [err] , and the depth thereof fromthe
surface 10 of the sem conductor substrate | may be approxinmately 2 - 4
[err] After the steps illustrated in Figs. 17A and 17B, the insulator film
22C having served as the first nask is removed, and the I nsul ator fi'lm 22B

to |5 serve as, the ,seqond nask i.s exposed. Usiing this se ond nask,
i mpurities af%iFHFFb&bC3@3qﬂﬁ?ﬂﬂﬁgqﬁiﬁiﬁq %ﬁlqiﬁe Wt ithe
sentconductor % ate | exposed inside the trench 21 whereby a p+-type
sem conduct of “égi on 4 to becone the second conductive plate |s formed 20as

shown in Figs. 18%oapd 1 th@&‘é@’ u%%@?{r&n MI i r:rf'&ton 4

is formed in such a may at bor on I ons. at a con

appr oxi mat el il 1X teeldels dr@yeld ,or above are introduced by thermal diffusion
at approximately 900 - 1000 [err]. In this case, the 25depth of t he
seni condugt or regifdrst,t akeldldodilte TUAASi0, Lidem) ofardie™ -type

sem conduct or substrates inwardly thereof is naa% approximately 0.3 [err].
semiconductor regions 4 are formed by the same method as that
of the first embodiment illustrated in Figs. 4A, 4B, 5A and SB.
After'the step illustrated in Figs. 5A and 5B, an
insulater film 224, an insulator film 22B and an insulator
10 film 22C are formed on the whole surface of a semiconductor
substrate 1 in order tc form a trench and a second conductive
plate. The insulator film 22C ie a mask against etching
for forming the t:ench, and & silicon dioxide (Sioz)
film may be employed by waj of example. The insulator
15 film 22B is a mask against impurity introduction for
forming the second conductive plate, and a silicon nitride
‘(Si3N4) film may be employed by way of example. The
‘insulator film 22A serves to relieve the stress between
the semicohductor substrate 1 and the silicon nitride
20film'223,.and a silicon dioxide film may be employed
by way of example. The insulator film 22A may be formed
by the thermal oxidAtion of the surface of the substrate
1. The insulator films 22B and 22C may be formed by the CVD.

The insulator film 22C in a storage capacitor forming area



Qe state of nenory cell arrays after the formation of the sem conductor
ions 4 is shown in Fig. 19. 5 The insulator filnms 22A and 22B are
tted in Fig. 19. A section along a cutting-plane lineB - Bin Fig. 19
S shown in Fig. 18B. After renoving the insulator films 22B.and 22A, the
sanme insulator film3 as in the first embodiment 10 for forming the stokage
capacitor is fornmed as shown in Figs. 20A and 20B. After the step
illustrated in Figs. 20A and 20B, a contact hole 5, an n -type
sem conductor region 6 and a first conductive plate 7 are fornmed as shown -
in 15 Figs. 21A and 21B by the same methd@ &s that illustrated in Figs. 6A
and 6B. The trench 21 may well be buried with polycrystalline silicon for
the first jeONdGElMe gt tidrred0 86 form | AttoRst Masurfaserdigieef. After
the steps illustrated in Figs. 21A and 21B, 20 using principally the
silicon nititrte derdridho ofArtil toquuise dirnset ching fid e Pormedbskimgai nst a
heat treatnment, an insulator filmJ[[err] filnm 8 which covers the first
conduct i vehe dftie st imadityr ndtegby hehe Herswl e tooer diInm. 2TBeandisul ator film 8
may have its thickness nmade, e. g., 25 approximately 2000 - 3000 [err] so
that the fAd&@neoddsaliie remvesg to floane & serpnrd WaSK | 9wk @D be formed by

a later st can he el ectric isolated. Thus, in the case where the
port i on Softiehd 1 thli:@‘ %g/’blﬁ”r‘i:o&uQ%?ntaerf?l?ﬁaete_mlned

part of the semiconductor substrate 1 is locally removed
to form the trench 21 as shown in Figs. 17A and 173. The ;;)
widthwise dimension W of the trench 21 may Be approximately
1-1.5 [Fm], and the depth thereof from the sﬁrface

100f the semiconductor substrate 1 may be appfoximatelj

2 - 4 [pm).

After the steps illustrated in ?igs} 17A and 17B, o

the insulator film 22C having served as the first mask
is removed, and the inéulator £ilm 22B to
15serve as the second mask is exposed.. Usihg this sécond
mask, impurities are introduced'into'the vicinity of
the surface of the semiconductor substrate 1 exposed
inside the trench 21, whereby a_p+-type semiconductor
region 4 to become the second conductive pl#tglis formed
20as shown in Figs. 18A{andfiBB. By ﬁay of example, the
semiconductor région 4 is formed in'such a way that boron
(B) ions at a concentration of approximately i x 1618
(atoms/cm?) or above are introduced by thermal diffusion
- at approximately 900 - 1000 [OC]. " In this case, the

25depth of the semiconductor region 4 taken from the surface



o6f the groove needs to be buried by the use of a burying 5 material, for
exanpl e, a polycrystalline silicon filmor an insulator film The '
pol ycrystalline silicon needs to be turned into an insulator by oxidatil
Thereafter, the exposed insulator film3 is locally renoved, whereby th
sane insulator film9 as in the first enbodinment 10 is forned as shown in
Fi gS7 22A and 22B. After the steps illustrated in Figs. 22A and 22B, a

M SFET Q and a word line W are formed ags ggown in Figs. 23A and 23B. These
are the sane as those of the first enbodi nent shown in Figs. 8A and 8B. 15
Thereafter, an insulator film13, a bit line BL, etc. are forned as in the

first enbodi t,. Th .th | t t t b hgwp in Fi
16 and 168 PhetBr tom ceipeREsr| FbnRrate. i CHaRRLy, SBOFFPR B 1 he VD

are fornmed as_g.fi | |0 il 20  QOperations in the cases of
writing inforﬁ%??oﬁs#ﬁggE@%ég%gngf !g#P'of.the fourth enbodi nent, hol di ng
the information angypeadipg gpt Lnggs ' r _ Lbsthe
first embodi ment. % _sgge_ _A_cc%% ?ﬁg tg {Iﬁ%b?\g&'?t 'ﬁfgﬁgpg!ﬁ%ﬁta?m%ﬁjéggane_
effects as ingkhenbi s&hieshedt B8Rt rageonshipeved. showaddht Feg, t9e variation
of the quantity of charge storage ascribable to mnority carriers and the
coupling 5sof Theeidsplatoanfinymer 22 ané kesBnapewoimbttbat inf Fagot hgr trench
in the deep parts of the trenches 21 can be prevented.

A section along a cutting-plasne line B - B in Fig. 19

is shown in Fig. 18B. _ _
\/ : After removihg the insulator films 22B and 224,
the same ipéulator film 3 as in the first embodiment
10 for forming the storage capacitor is formed as shown
in Figs. 204 and 20B. | ) | |
After the step illuétrated in Figs. 20A and 20B,

~ a contact hole 5, an n+-type.semiconductor region 6
and a first con@uctive.plate 7 afe formed as shown in
15 Figs. 21A and 21B by the same method as that illustrated
in Figs; 6A and 6B. The_trench 21 may well be buried
U with polydrystalline silicon for the first conductive

rlate 7 so as to'flatteﬁ“the surface thereof.
After the'steps illustrated in Figs. 21A and 21B,
20 using principally the silicon nitride film of the exposed
insulﬁtor film 3 as a mask against a heaf treatment,
an insulator film (Sio2 film) 8 which covers the first
conductive plate 7 is fdrmed by the thermal oxidation.
The insulator film 8 ﬁay have ité thickness made, e. g.,

25 approximately 2000 - 3000 [4) so that the first conductive



jacent trenches, nanely, the distance D indicated in Fig. 17A can al so
shortened. 10 Furthernore, since all regions for form ng capacitors
are p -type sem conductor regions, the distance D between a french and a-

. field oxide filmas indicated in Fig. 17A can be shortened. A fifth \/
enbodi nent will be described with reference 15 to Figs. 24A, 24B and 25.
Since the manufacturing nmethod thereof is substantially simlar to that of
the fourth enbodinent, it shall not -betexplained. The fifth enbodi ment is
an exanpl e wherein the first conductive plate of the fourth enmbodi ment is
further overlaid with a third 20 conductive plate to which a fixed
potenti alplisstaPpldf.a SRS 1ihd N WS rHfe 31 BPi 4 | ZEL & CAPGSI tance. In the
drawi ngs of the fifth enbodi nent, parts having the same functions as in the
fourth erdzadiveendl eutrriaasiignakdiie sBe WP n W Ssaréhdrd 25
repeat edl y expl ai ned. - 49 - In Figs. 24A and 24B, the DRAM nenory cel
i ncl udes tire iportsidmtodt Hhd rrkhclsidn iy not consiedct tioe imtdeod or egoi ng
insulator film3, which is |ocated so as to-cover at least a first
conduct i W pgike @rooued ngedsh twerbeedunied dmstheusa of | dyeryiaggci t or Cl.
This insulator, film18 stores charges owing to the first conductive plate 7
and a g hfededigdir JO& 18P 1fos & BT InNErakHare phkiegn film

or an insulator film. The polycrystalline silicon needs

é§;§§cordingly, the trenches 21 can be forned deep. The distance between

to be turned into an.insulator by oxidation. Thereafter, U/
the exposed insulator film 3.is locally removed, whereby
the same insulator film 9 as in the first embodiment
10 is formed as shown in Figs. 224 and 22B.
After the steps illustrated in Figs. 224 and 2:2B,
a MISFET Q and a vwerd line WL are.formeﬁ.as shown in o/
Figs. 23%A and 23B. These are the same as those of the
first embodiment shown in Figs.-BA and 8B.
15 Thereafter, an insulator film 13, a bit line BL,
2tec. are formed as in the'first émbodiment. Then, the
resultant structure becomes as shown in Figs. 16A and 16B.
Thereafter, a PSG film and a silicon nitride film

by the CVD are formed as a final passivation film.

20 Operations in the cases of writing information
into the memory cell of the fourth embodiment, holding
the information and readihg out the information are

the same as in the first embodiment.



termed "third conductive plate”). It electrically isolates the first
conductive plates 7 of adjacent nenory 10 cells. The third conductive £
16 for constructing-the storage capacitor, is |ocated on the insul atof ¢
18 outside an area for formng a MSFET Q therein and which i's connecke
and\pyovided unitarily with the third conductive plate of the other 15
menory cell in an identical nenory cell array. A fixed potential, for
exanpl e, the sanme potential as that of a~sdfstrate is applied to this third
conductive plate 16. The storage capacitor of the nmenory cell is
principally constructed of a parallel connection consisting of a 20

capaci tance C whi ditcorddiagpdsedhs fawrth embasdmendti e spme ef fects

sem conductor region- 4 being a_second conductive plate and the insul ator
film3, and ésc&g’a&r{earféé's[*embqu &% &k the first conductive
plate 7, the third _conductive pl.ate 16 and the, insul ator,  filmJ18. 25 An
insulator film 19%% aqqifigsy the VBE(fl-aq:slé’nas"% Fhs et B Fhagi@tuct i ve
pl ate 16, and,serves to _el.ect.ri v isqlate t third c uctive.plate 16
P & word | TR, SPEr R o A s ok [he M Sl

constructgd Ry Hﬂf‘e ﬁ%&@t'tﬁﬁﬁ@%fcgdesﬁ% Wi £ H roezeﬁgl pd 24B,

they becorme as illu te gure 2 In order to sinplify the draw ng,
the insul at or fdrc¥F itP e |REH Phir WIeRHE MG dNeE 21 can be prevented.

Accordingly, the trenches 21 can be formed deep. The

o disténce between adjacent trenches, namely, the distance

D, indicated in Fig. 17A can also be shortened.

1
10 Furthermore, since all regions for forming capacitors
are p+-type semiconductor regions, the distance D2 between

a trench and a field oxide film as indicated in Fig. 17A

~ can bé shortened. _
A fifth embodiment will be described with reference
15 to Fﬁgé. 24A, 24B and.25. Since the manufacturing method
thereof is substantially similar.to that of the fourth
O embodiment, it shalllnot be explained. The fifth embodiment

is an example wherein the fifst conductive piate of
the fourth embodiment is further overlaid with a third
20 conductivé'plate to which a fixed potential is applied,
so as to increase and stabilize a capacitance.
In the drawings of the fifth embodiment,
parts having the same funcﬁions as in thelfogrth embodiment
ﬁre assigned the-same Symbois, and so afe hot '

25 prepeatedly explained.



tting the third conductive plates 16 in Figure 25 is identical to the

conductive layers are not illustrated. 10 A figure obtained by
an view of the fourth enbodi nent. The operation of the fifth enbodi nent

is the same as that of the second enmbodi nent. 15 According to
the fifth enbodi nent, effects simlar to those of the second and fourth .
enbodi nents are achieved. A sixth enbodinent will be described with

reference to Figures 26, 27 and 28. The 20 sixth enbodi nent is an exanple
wherein, in the fifth enbodi ment, the f42Id oxide film2 which electrically
I sol ates the nenory cells adjacent in the colum direction is omtted and
no field oxide filmis provided within the nenory - 51 - cell array. In
t he drawi ngs @h Fhgssi 244 emgo@4BantthepBRAM maadtiyngelhénchides famah+ ons as in
the third and fourth enbodi nents are assigned the sanme 5 synbol s, and so
t hey ar esnbatorefidat 88) y &iplidiaredn monxtructdas iteg herdedegod®d array
portion, a sem conductor. substrate 1 is partly covered with a field oxide
filmby insufséar £Rdmndls HHIEH iih leratele sFPsESat® £9@Tolder 10 to

eIectriC%ngtizokgggttggﬁ%agé¥¥gm#T£¥é 7 and which serves to

S construct a storagehcapacitor 01;_ This ;nSulator film
18 stores charges owing to the first conductive plate
7 and a third eiectrode to be described 1ate?.(hereinafter,
termed "third conductive piate"). It electrically isolates
the first conductive plates 7 of adjacent ﬁemory

10 cells. The third conductive plate 16 for
constructing the stdrégg'capacitor, is located _
on the insuiator film.18 outside an area for forming "
a MISFET Q therein and which is connected and provided
unitarily wifh the third conductive plate of the other

15 memory_céll in an identical memory cell array. A.fixed
poténtial,.fof exampie, the same potentiﬁl as that of
a substrate is applied to this third conductive plate (-
16. The storége capacitor of the memory cell is principally
constructed of a paraliel connection consisting of a

20 capacitance C which is compbsed of the first conductive
plate 7, a semiconduétor region 4 being ﬁ second conductive
plate and the insulator film 3, and a capacitance C1
which is composed of the first gonductive plate 7, the

third conductive plate 16 and the insulator film 18.

25 An insulator film 19 is arranged



‘el ements (not shown) of a peripheral circuit. Atrench 21 and the ins r
film3 are forned. Thereafter, a p -type sem conductor region 4 is fqryed
in the whole area of the nenory cell array 15 except for an area cove

with a mask 17, by the same nethod as shown in Figure 13. After the st eps
illustrated in Figure 26, a contact hole 5, an n+-type seniconductor region
6 and a first conductive plate 7 are forneg by 20 the sane nethod as shown
in Figure 14. A section of Figure 27 is TdRMtTcal to Figure 21B in which

the field oxide film 2.i ??L % gh¥m£€¥}ge5€ndﬁgglvge g%%dygt %egion 4.

- 52 - After the stéeps”i Nt i 70’ enodi ment,
an insulator film 48-38d aotaléétfpayyf§ %’@opé\@éetljrg ﬁ;&éo§5ﬂf&c eby to
ator films 1

construct a storage capacitor After formng Insu and 9,

a gate 5 electrodeplatandsaam@rd vore (We Wdnpreiforned, and sem conductor
regions 12 are forned, thereby to forma MSFET Q After form ng an
insulator film 13 and a cont@Whénhptractilcabléimehore ¢8l).adfays 4 ned as
shown in Fig. 28. In Fig. 28, in order to sinplify the 10 draw ng,
insulator filnd tochaspruocteddbyetheense esPetheveenonyucelve dayshewmre not
shown. In addition, a section_of Flg 28 is equal to Fig. 24B in which the
field oxide film 21psFigpraged4hi an t ¢B, they become as illustrated

in Figure 25. 1In order to simplify the drawing, the
insulator films to be located between respective
o/ conductive layers are not illustrated;
10 : A figure obtained by omitting the third
conductive plates 16 in Fiéure 25 is identical to
the plan view of the fourth embodiment.

The operation of the fifth embodiment

- is the same as that of the second embodiment.

15 *  According to the fifth'embodiment,
effects similar to those of the secoﬁd and fourth
embodiments are achieved.

O A sixth embodiment will be described

with reference to Eigurés 26, 27 and 28. The

20 sixth embodiment is an example wherein, ih the
fifth embodiment, the field §xide film 2 which
electrically isolates the memory cells adjacent
in the column direction is omitted and no field

oxide film is provided within the memory



-type sem conductor region. 15 Thereafter, the processing of a protective
metc. is perfornmed as in the first enbodinent. In the sixth.

odi ment, the p+-type seniconductor region 4 and the n -type

m conductor region 6 need to be provided in spaced relation as in the ~
ot her enbodi nents. 20 The operation of the sixth enbodinent is th
sane as that of the second enbodi nent. According to the sixth enbodi nent,
effects simlar to those of the third d fifth enbodi ments are achi eved.
In the sixth enbodinent, it is needl to say 25that the formation of
the third conductive plate 16 - 53 - may well be omtted. This is
identical to thmelklelastdagh bet ween the third enbodi mrent and the first
enbodi ment. The plan and section of the nenory cells of the DRAMin this
case and the sections thdfedthe duawnasuafe Biersixd mrpkAdaantng steps
wi |l be apparent fromthe description of the third and fourth enbodi nents.
The present enB¥dtfed@HRhds HRGHIIAT ¥ e Lhiddt or age

o Tace of o btttz Attt e At RS A o e one end part
o eh L% | AL U PR IBENA AT RHL O of v
region of a M SFET, 'First, excepting a memory cell array
portioh, a semiconductor substrate 1 is partly
coveréd with a field oxide film by the local
thermal oxidation of the substrate 1 in order
10 to electrically isolate the semiconductor
elements (nof shown) of a peripheral circuit.
A trench 21 and the insulator film 3 are formed.
Théreafter, a p+-type_semiconductor region 4 1is
formed in the whole area of the memory cell array
15 except fo;_an area covered with a mask 17, by
the same method as shown in Figure 13.
After the steps illustrated in Figure 26, - W
a contact hole 5, an n+—type semiconductor region
6 and a first conductive platé 7 are formed by
20 the ﬁame method as shown in Figure 14. A
section of Fiéure 27 is identical to Figure 21B
in which the field oxide film 2 is replacgd‘

with the'p+-type semiconductor region 4.



‘and a sem conductor region to serve as a second conductive plate, whi
“arranged in a predeternined surface part of the seni conductor substrdt
This elimnates the coupling between the depletion |ayers of the adja
~ Storage capacitors, and the | eakage of charges between 20 them Since the
| eakage of the charges is elimnated, the retention time of charges in the
st drage capacitor is enhanced, and the frequency of refreshing operations
is lowered. Accordingly, the operating speed of the DRAMis 25enhanced. As
charges to be stored in a storage capacitor, - 54 - charges in an
accunul ation |layer or a narrOM/deplétﬁgn'layer are used. Accordingly, ‘it

b Y, t t | | | de_depl et

Cayer or an i nverkd i) 45E L@  RERad b tdie FRET 41 FockRaeRS " mor 1y
r or an W v _

Capac tor nobi ol R aani 4 LRI LIRS et i PREd L B ALOL AN

capaci t or cag Dgs I P8lUCRd. £o e théee bt 89 M PPmelt thes &l cdp dé DEGE

packi nhg density 10 is realized. Since charges can be stored between a first

conductive ptale mftem Seemvitg cinsuldtoe Plhie PYdahetopes gheefirst

conductive plate and a third conductive plate, the quantity of charge

st orage ofg eekeotrame cHpaaid @ word line (WL) 11 are formed, and
semiconductor regions 12 are formed, thereby to form
a MISFET Q. After forming an insulator film 1% and

o/ a contact hole 14, a bit line (BL) 15 is formed as shown
in Fig. 28. 1In Fig. 28, in order to simplify the
10drawing, insulator films to be provided between

respective conductive layers are not shown.

In addition, a section of Fig. 28 is equal to Fig. 24B

hd in which the field oxide film 2 is replaced with the
p+-type semiconductor region.
15Thereafter, the processing of a protective film etec.
is performed as in the first embodiment.
l\,/ In the sixth  embodiment, the p*-type semiconductor

region 4 and the n+—type sem;conductor region 6 need to
be provided in;spaced relation as .in the other embodiments.
20 The operation of the sixth embodiment is the
same as that of the second embodiment.
According to the sixth embodiment, effects similar
to those of the third and fifth embodiments are achieved.
In the sixth’= embodiment, it is needless to say

25that the formation of the third conductive plate 16



2

/per unit area increases. A nenory cell is electrically isolated from

Aot her menory cell adjoining it in a row direction or/and a colum
I'rection, by a sem conductor region being a second conductive plate which
constitutes a storage 20 capacitor. An isolation region nade of an

i nsul ator filmbecomes unnecessary, and the integration of thé DRAM at a
hi gher packing density is permtted. The occupying area of a nenory cel
can be markedly reduced, and the |ntegration of the DRAM at a still 25

hi gher packing density is pernmitted. 33 =By providing a third conductive

pl ate of fixed potential on a first conductive plate, the influence of a
and the quantity of

word line _on tE _Llrst con uctl Iate is el imnated,

charges BaY ¥§ Ee & gRdgter - GH‘tQ EheprelagdonThe witing
d di f t t | i S

Cem condbELERSReasnhi o P %@ﬁ&@ﬁ%%ﬁ%‘ BREPARRERRy  he

capaci tangg ghak0afa BEBEYchCLl WML GehBELCRUYS! B LAY BRAG @ second

conductivity~type connecte w th the menory cell are arranged
spaced fram.gaghcgkBehndt RRel 8¥Rt3I0NR ¢hlkdWs Q! tAGe BLrRel UNCLiON is not

deteriorated. 15 In a nodified enbodi ment from those descri bed
above, saof- theemaRhFatefirefg S$te@ps"®d1ll be apparent from the
description of the third and fourth émbodiments. |
The present embodiment brings forth the following
effects:
A storage capacitor is constructed of an insﬁlator
10 £ilm which is located on the surface of a semiconductor
substrate, a first conductive plate one end part of
which is Iocated on the insulator film and the other’ ;;J
end part of which is arranged so as to be electrically |
connected with one semiconductor region of a MISFET,
5 und a semiconductor regibn to serve as a second condgctive
plate, which is arranged .in a predetermined surface
part of the semiconductor substrate. This eliminates W
the coupling between the depletion layers 6f the adjacent
storage capacitors, and the leakage of charges between
20 them.
Since the leakage of the charges is eliminatéd,'
the retention time of charges in the storage capécitor
is enhanced, and the frequency of refreshiné operations is
lowered. Accordingly, the operating speed of the DRAM is

25enhanced.

As charges to be stored in a storage capacitor,



formed within the well region. In addition, it is possible to 20 enplo
n-type sem conductor substrate and to use an n-type sem conductor regio

a second conductive plate so as to store charges for information.
Furghernore, it is possible to forman n-type well region in a p-type

sem conduct or 25 substrate and to formthe nenory cells of a DRAMwithin
the well region. -56- In the fourth Sixth enbodi nents, an ion '

i npl antati on process may well be enployed as a nethod of formng a

sem conductor region which is a second conductive plate. In this case, the
i on i npl ant atdharges ins arerdomumed dtidriid sttt orshowanmowidppleti®h  The

i npl anted inpurity elenent, for exanple, boron is introduced into the
bottom of a tlegrerh a2k, uBed.borAsredrsdidiglyusdd Bie cumese quaracesszed i ng, to
forma sem conductor region in_the bottomof the trench 10 21 and to rise
al ong the si d® wad edfectnons: ahdich ARg & tared Ut & aviste Aepliedion e.
Therefore, the sem conductor region is formed also_in a.part of the side
wal | of the tHedifdhorTHd dEFRETSIRR Ay atoyish Baetdin PRILAG B¢ si de wal |

does not 15 r h the.vici.nity of the substrate surface (a region where a
seni conduct Ota%&%@t(f% SV MifeFity carriers.

Since the degree of influence of minority carriers

i'n an n-type seniconductor substrate and the memory cells of a DRANIare%ngD

on a storage capacitor need not be considered, the occupying
W, area of the storage capacitor can be reduced. Thus,
the integration of the DRAM at a higher packing density
10 is realized.
Since charges can bé stored between a first conductive

plate and a second conductive plate and between the

N first conductive plate and a third conductive plate,
the quantity of charge stbrage of a storage capacitor
15 per unit area increases. |
A memory cell is electrically isolated from another
U memory cell adjoining it in a row diréctioh or/and a

column direction, by a semiconductor region being a
second conductive plate which cohstitutes a storage
20 capacitor. An isolation region made of an insulator
fiim becomes unnecessary, and the integration of the
DRAM at a higher packing density is permitted.
The occuﬁying area of a memory céll can be markedly
reduced, and the integration’of'the DRAM at a stili

25 higher packing density is permitted.



osite conductivity type is forned). Wth this neasure, the capacitance
a nmenory cell decreases to sone extent, but a nmask registration 20
pargi n for spacedly arrangi ng the sem conductor regions 4 and 6 of the
conductivity types opposite to each other can be di spensed with. - 57 -
CLAI M5, 1. A sem conductor nenory device having nenory cell arrays
i n which nenory cells are arranged in the shape of a matri x, said each
menory cell conprising a switching el ggent and a first capacitor which is
formed 5 on a main surface of a sem conductor substrate of a first

conductivity type and mh nnected.,w t.h sald wntchln el enent,
wherein:- (a) said capaci g’oP co%glf'geg ghflff]s &T Sr %r?\ \ﬁ%i chis

formed on the gRiBaspolaneigh b adkd %mce%%%w& B, aftg, e 2 111st

el ectrode a pa s e ectrlca 'y ‘connecte wi t chi ng

el ement and whigla1hankar B8da0hosdl dihkr 8h theulratah Hdnuctaivd first
el ectrode bei ng i ndependent for said each nenory cell, "and a sem conduct or

region to servplabeassaeiemondtedechnadenewWguahtiityf @fmehargesai d
sem conduct or substrate under said first insulator filmand which has the

first condscti tbt pet gporadd ianai sporate capaeittoat iien sitagtidh zeldan t hat of
sai d sem conductor substrate; and
The writing and reading operations of the DRAM are
also stabilized. |
Since.a semiconductor region of a first W,
conauctivity type constituting the capacitance of
10 a memory cell and a semiconductor region of a
second conductivity type connected with the MISFET
of the.memory cell are arranged Spaced from each
other, the reverse breakdown voltage of a junction
is not deterioxated.
15 : In é modified embodiment from those
described above, a p-type well region is formed
in an n-type semiconductor substrate and the
memory ceils of a DRAM are formed within the
well region. In addition, it is possible to
20 employ an n-type semiconductor substrate and to
use an n-type semiconductor_regionhas a second
conductive plate so as to store charges for
information. Furthermore, it is possible to form
an n-type well region in a p-type semiconductor

- 25 substrate and to form the memory cells of a DRAM

within the well region.



20 : (b) the sem conductor regions of one nenory cell and at |egast
one of the nenory cells which adjoin said one nenory cell within the
i dentical menory cell array are forned commonly. 2. A sem cong
menory device according to 25 claiml1l, wherein said capacitor is forngod
within a groove, said groove being for 9 by renoving said sem conduct or
substrate fromsaid main surface thereo -58- inwardly, and said

-sem conductor region is formed in said main surface of said sem conduct or
substrate and a surface of &¥mithgrbeveth3to sixth embedimentsictanr Hehory
device according to 5 clajm1, wherein said at |east_one_nenory cell is
connected to a b|%mP}?ﬁﬁ?Hbﬂ?lBﬁ?c?ﬁstH%X velibe eRlA¥edryscrirethedal so

d | dj h d
o conduct or ol SEGtmi fa' Ak eRheRRabetoE s?y?#lwﬁmba.agsscgaé\ond

capaci tor which 'ésﬂ§ﬁg€fv ?féfg fig ttﬁEQaEAQQ nsuf8§o ﬁﬁi? ﬁg?&ﬁ o

capaC| tor COI'TpI’I se ectro e, a second

formed on at éeasissﬁéﬂféfﬁé& EheﬁﬁéogéaténghéwﬁhiﬁdF§§€férPﬂﬁ whipgd is
formed on at | east said 15 second insulator fil A sem conduct or

menory devi ce accphslagté@ thphfidy shHehéhe, Sﬁbﬁl éiaamﬁlelesaf@ﬂelss an
el ectrode common to all the nmenory cells of the identical nenory
introduced into the bottom of a trench 21. The

boron is diffused by subsequent annealing, ﬁo form
a semiconductor region in the bottom of the trench
10 21 and to rise along ﬁhe side wall of the trench
toward the surface of a substrate.. Therefore, |
thé semiconductor region is formed also in a part
of the side wall of the trench. The semiconductor
o region extending along the side wali does not
15 reach the vicinity of the substrate surface -
. (a region where a semiconductor region 6 of the
opposite conductivity type is formed). With
this measure, the capacitance of a memory cell
N\ decreases to some extent, but a mask registration
20 margin for spacedly arranging the semiconductor
regions 4 and 6 of the conductivity types opposite

to each other can be dispensed with.



_array, and_LL_Ls~%efﬂed*UﬁTTériIy wi thin one 20 nenory cell array. 6.

M conduct or nenor cording to claim5, wherein said second
ator film ﬁB he whole third el ectrode. 7. A
sem conduct or saceording to 25 claim5, wherein, said third

el ectrode is connected to earth potential of said sem conductor nenory

devi ce. 59 - 8. A sem caondgrgtor nmenory device according to claim
4, wherein said capaC|tors are formed within a groove, said groove being
formed by renonargssai d sem conductor substrate fromsaid nmain surface
thereof 5 i nwardly, and said sem conductor region is forned in said main
surface of sald sem cordlusemicendistral cnemorp devicechafimsqinenomnch. 9.

A semi conduct or_ nenory device according to claim4, wherein said at |east
one nenory cefell sanpayeobmedteh tReBeRY tCe] he axemITRNged imathef said

one nenory ceII and also to a word, |ine aﬁbacent to that of said one nenory
cel|. 10. - shape kid Mt dr  FRIDrSATRVIVECEE Rt PHRF kS ERN @, wherein
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n type and said
first conduct1v1ty type and which is connected with

said switching element, wherein:-
-{a) said capacitor comprises a first “
insulator film which is formed on the'main surface of
10 said semiconductor substrate, a first électrode a part
of which is electrically connected with said switching

element and which is formed on said first insulator

film, said first electrode being independent for said ~
each memory cell, and a semiconductor region to serve
15 as ‘a second electrode, which is formed in said
semiconductor substrate under said first insulator
film and which has the first conductivity type and <

an impurity concentration higher than that of said
semiconductor  substrate; and
20 | : (b) the semiconductor regions of one memory
cell and at least one of the memory cells which adjoin
said one memory cell within the identical memory cell
array are formed commonly.
2. A semiconductor memory device according to
25 c¢laim 1, wherein said capacitor is formed within a
groove, said groove being formed by removing said

semiconductor substrate from said main surface thereof



sem conductor Tegion constituting the second eleetrode 20 _of the first
capacitor iis of the n +type. 12. A sem conduct or nmenory devi ce
according to claim4, wherein an insulator fil @H ,"mi the f
surface of the third el ectrode above where it p ' centr
zoqg/of said 25 groove. -60- 13. A seni conduct or ménofy device
according to claim 12, wherein word |inesP&re formed over the insul ator
film 14. A sem condcut or menory devi ce according 5 to claim13,
wherein a furtheinwasdl g} oandi saidssanbvondicierredion hies ef rmad simhi ch
formthe stack of sem conductor |ayers. 15. : A sem conduct or menory
devi ce accordi ngsabdchaim surfaperef nsaidi sehicendectar neubstvmsatsant | ast
"10 nmentioned insulator film said-bit |ine making contact with the drain
or source regi on2o$urfiecaefbr§atd| grooyposite to that source or drain

region which is in contact with the first el ectrode through a_contact hole.
15 16. A seni condult BEPHERRTYCHRY | BRMRUGH SH9 (TR ASHRF S AntRd to

operat e substanti al | s herein described with reference to d. as
U Tustrated ih (e dBchrpaGFRan dPate ngs, Least one mettory ceflss

connected to a bit line identical to that of said one
memory cell and also to a word line adjacent to that
of said one memory cell. |
o 4. A semiconductor memory device according to

10 claim 1, including a.second capacitor which is formed
on said first capacitor,'whetein said sgéond capacitor
comprises thé first electrode, a second insulator film
which is formed 6n_at least said first electrode, and

- a third electrode which is formed 6n at least said

15 second insulator film.
5. A semiconductor memory device according to
claim 4, wherein said third elecﬁrode is an electrode
common to all the memory cells of the identical memory
cell array, and it is formed unitarily within one

20 memory cell array.
6. A semiconductor memofy device according to
claim 5, wherein said second insulato: filmlis formed
under the whole third electfode;
7. ' A'semicohducﬁor memdry devige according to

25 claim 5, wherein said thifd electrodé is connected to

earth potential of said semiconductor memory device.
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8. .A Sémitonductor memory device according to
claim 4, wherein said capacitors are formed within a
~groove, said groove being forﬁed by removing said
sémicbhducto: substrate from said main surface thereof
inwardly, and said semiconductor region is formed in
said main surface of said semiconductor substrate and
a surface of said trench.

9. A semiconductor memory device according to
claim 4, wherein éaid at least one memory cell is
connectéd to a bit-line identical to that of said one
memofy cell and also to a word line adjacent to that
of séid one memory celli

10.' ) A semiconductor membry device according to
claim 4, wherein said substrate is p type and said
semiconductof region constituting the second electrode
of the first capacitbr is of the p+type.

11. A semiconductor.memory dévice according to
claim 4,.whefein said substrate is n type and said
semiconductor région conétituting the second electrode
of the first capacitor is of the n+type.

12. A-semiconductor memé:y device according

to claim 4, wherein an insﬁlatg;-film is applied

over the flat surface of thé third electrode above
where it projects into the central zone of said

groove.

N
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13, A semiconductor memory device according to
claim 12, wherein word lines are formed over the
insulator film.

14. A semicondcutor memory device according

to claim 13, wherein a further insulator film is
provided over all the elements which form the stack
of semiconductor layers.

15. A semiconductor memory device according to
claim 14, wherein a bit line is formed over said last
mentioned insulator film, said bit line making contact
with the drain or source region of the memory cell,
opposite to that source or drain region which is in
contact with the first electrode through a contact
hole.

ls6. A semiconductor memory device constructed
and ‘arranged to operate substantially as herein
described with reference to and as illustrated in

the accompanying drawings.
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