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In the field of the semiconductor memory techniquis,
competitive efforts have been carried 6ut to increase the
number of memory cell in a_chip..In_order td achieve this
object, it is important to minimize the area of a memoryacell
array, on which a plurality of memory cells ére formed within
a restricted surface of a chip.

In realizing a minimum area-fbr the memory cell, a
DRAM (Dynamic Random Access Memory) of which inaividual cells
have a single transistor and a single.capacitor is well known.
In this memory cell since a large portion of the area is
occupied by the capacitor with the development of higher
packing dehsity of the highly integrated semiconductor memory
device, it has become more important_lto increase the
capacitance of the capacitor along with minimizing the ratio
of the semiconductor area occupied by the capacitor, so as to

facilitate information detection and.to_decrease soft errors

.resulting from alpha particles.

In order to minimize the area occupied by a capacitor

and maximize the capacitance of a storage capacitor as
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2 descri bed above, a spread stacked capacitor (to be called hereinafter

SSC) cel |

structure, i-n which the storage el ectrodé of each nenory cel

extends to the adjacent nmenmory cell area has been proposed. Such a
conventional nenory cell having the SSC cell structure was disclosed in
pages 31 tdesdtided EBMOSR, | sphrepd wtackedrecrpbssdyozrbo(®o kier sgalled

el ectrodes of the capacitor are formed to extend to the areas of adjacent
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of the second nenory cells to the capacitor of
structure of the SSC cell. However, there is a limitation in

obtaining sufficient storage area for the capacitor required
for a 256Mbit DRAM, because a first capacitor should be fgfmed
between second capacitors which are formed afterwards. That is,
since the size of each capacitor of the first memory cells is
restricted by each capacitor of the second memory cells, the
extension of the capacitors of the second memory cells which
are expanded to the left and right, should be restricted in
order to keep in balance with the size of each capacitor of
the first memory cells. Accordingly,.each capacitor of the
second memory cells could not be fully expanded to the
capacitor of the first memory cells disposed adjacent to the
second memory cells to overlap in maximum areas with the first
memory cells. The size of each capacitor of the first memory
cells should be enlérged to maintain balance with those of the
capacitors of the first memory cells as well as to expand fully
each capacitor of the second memory cells to the capacitor of

the adjacent first memory cells. However, because the size of



the adjacent first nmenory cells. However, because,thg size of 3 each
capacitor of the first nenory cells is restricted by each capacitor of the
second nenory cells in the conventional SSC cell structure, it is
insufficient to obtain the effective area of the capacitor required for the
256Moi t DRAM of which cel |l size is smaller than that of the 64Mit DRAM
Therefore, it.is an object of the present invention to provide a DRAV
wher €ach capacdlbes: oife thieofd rétsmembey pebbsehs 10d st A ise toed kg tel aota| i
techni ques, a nenory cell array is forned by alternately.dlsp05|ng a st
‘capafPpecitan afhd-Re cerernddmemark- cedhehivaphei convesiticadla@sa to each
other. Lt is another object of the present invention to provide a
manuCEdtluFFRYCFERRod i hhi e ingyktcianty teanbradnutbe efftearive mr?a]g the
above ntioned structure. . According to_the present invention there is
or ov et 3% ARG cERauLES eﬁ?EoﬁHﬁc?éF"‘h@ﬁoPWe?ﬁcé’%ﬁ?lpg first .
~and n | l4i t.i es. of mory-cells ach ry cell of sai i rst

pl ur%ﬁ%%yq'os? s?ffn[a?blr gté?arré_ "ﬁ%‘? u# nfgh% %%t S‘W‘hi ng transi st grffor med on
a seniconductorﬁgggg e.. L | r St ' I?ﬁato S ai irst -
swi t chi ng {1 ansiStor ,Jigétbhﬂ]rfglr%r%/ﬂ c%%e%?%?akyis@%%%c? &F’é’@nﬁ?‘%’f m;rm{y
cell go 188 & S ] hd LM AN0 LLANSLEEOT hQr NBY. | onductor -
subs??a’[%f%dag 'Zdecgn ca;s)‘gré%fgoif 'goupl edéto sai % secon% %St gﬁ{%néf

tranpirebllemsAE atid) @bnoeheibhas! taBANS4GERY B! Hembkl 819 BRIy Y cells
being alternately disposed in each \J
is formed by alternately disposing a stack capacitor cell and
a combined stack-trench capacitor cell adjacent to each other.
It is another object of the present invention to.
provide a manufacturing method which effectively manufactures -
the DRAM having the above mentioned structure. |
According to the present invention there is providéd
a highly ‘integrated semiconductor memory device -coniprising '
first and second pluralities of memory cells,-each'memory cell
of said first plurality of memory cells including a  first
switching transistor formed on a semiconductor substrate and \.J
a first capacitor coupled to éaid first switching transistor,
each . memory - cell of said sécond plurality of memory cells
including a 'second switching ' transistor formed on said
semiconductor substrate and a second capacitor coupled to said
second switching transistor, and each of said first and second -
pPluralities of memory cells being alternately disposed in each
of a plurality of rows,:
wherein each said first capacitor comprises a first
storage electrode including a trench portion formed partially.

in said substrate and a first stack portion, and said first



of a plurality of rows, wherein each said first capagitqr conprises ., first
storage electrode including a trench portion fornmed partially in said
substrate and a first stack portion, and said first 4 stack portion has
overlap portions each extended to overlap a portion of adjacent second
menory cells, and wherein each said second capacitor conprises a second
storage el ectrode including only a second stack portion and thus not :
i ncl udi sgazkt pexth qmo hiaiso wvearliEpa por tionse @ach exitdixieks ttoatoveritagy & n sai d
second.stack portion has a contact portion and al so has overlap portions,
each ov@orgiomaf @didaentdiseransd mamaryp cellmerang portion of said first
stack portion of adjacent first menory cells. Preferably the respective
first and sedheraighoedchelseddarieepngosanagitorn AWMBLIHRE adj £esndne
another in row direction and in_¢olum_direction._Accordi ng tg a further
aspect SEOURISHrTRFHTIIR cHRFORALRG, BNLY & RRRRE aSHeekoBOKELon and
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extending to overlap an overlap portion of said first stack

portion of adjacent first memory cells.

Preferably the respective first and second memory
cells are disposed alternately and adjacent one another in row
direction and in column direction.

According to a further aspect of the present
invention there is provided a methéd for manufacturing a highly
integrated semiconductor memory device comprising in the
recited order the steps of:

defining active regions by growing field oxide layers

— on a first conductivity type semiconductor substrate;

forming transistors, which are elements of a memory
cell, on said active regions, and forming a first insulating
layer over the resultant structure;

forming bit lines so as to be connected to respective
drain regions of said transistors, and forming a second
insulating layer over the resultant structure;

forming first openings by exposing predetermined
portions of the source regions so as ‘to form first memory cells
having a capacitor with a trench portion and a first stack

portion;



formng bit lines so as to be connected to respective. drain.regipns of said .
transistors, and formng a second insulating |ayer over the resultant
structure; formng first openings by exposing predeterm ned portions of the
source regions so as to formfirst menory cells having a capacitor with a
trench portion and a first stack pogtion; formng trenches in the

sem conduct or substrate by using said first openings; form ng capacitors

both on the sur ﬁiﬁ%s %?Laﬂ_ch&%n%ewds%gi?&ﬁ SESONEbSELARL Bgol ayer,

and formng at ulating |layer on t esultant structure; rm ngy

secongs PG Ns 298 fﬂrgfdg?ehgnggpos_e source regions . of the transistors
di sposed adj acent said Tirst nenory cells in both row and col umm

directions; andeéphihgy capecitors Wdth semonthet ankrfmrd | @fs saiaugh said
second openi ngs. Enbodi nents of the present invention will now be

descridbenchéy angd oh esaid| second dimBuletdagt dayer,acrwpboymning daaw ngs,
in which: Figure 1 is a partially sectional view of the nenory cell
accorthind t tnewlahbodi kayeropnt ﬁéeprﬁﬁﬂﬁamﬁvémﬁ,urﬁiigures 2A to 2G
illustrate one enbodi nent of a nmethod for manufacturing a nenory cell array
accor di ng t o anf@FB&ATMERCAA (IREMRGRNLN| AFERE P AXRPRE t FRRTSBoWN i n
F gurzge&iogg dof the transistors disposed adjacent said first memory
cells in both row and column directions; and- \J

forming capacitors with second stack portions through
said second openings'. |

Embodiments of the present invention will now be
described, by way of example with reference to the aécompanying
drawings, in which :

Figure 1 is a partially sectional view of the memory
cell according to an embodiment of the present invention;

Figures 2A to 2G illustrate one embodiment of a
method for manufacturing a memory cell array according to an
embodiment of the present invention of the type shown in Fiqure o/
1; and

Figures 3A to 3E illustrate another embodiment of a
method for manufacturing a memory cell array according to
another embodiment of the present invention..

In the embodiment of the memory cell array shown in -
Figure 1, memory cells M1l and M3 including combined stack-
trench type capacitors 11, 12 and 13, are disposed alternately
and adjacent to a memory cell M2 having a stack capacitor 20,

21 and 22. In the memory cells, storage electrodes 11 (first

electrodes of the capacitors) of the first and the third memory



Figures 3Ato 3E illustrate another enbodi nent of a.seshod for .

manuf acturing a nenory cell array according to another enbodi nent of the
present invention.. In the enbodi nent of the nmenory cell array shown in
Figure 1, nmenory cells ML and M3 including conbined stack- trench type
capacitors 11, .12 and 13, .are di sposed¢alternately and adjacent to a nenory
cell M2 having a stack capacitor 20, 21 and 22. In the nenory cells,
storage %&fﬁérﬁﬂ%&hi iteindC tBCthe Ues) ket S EGHIRE neichy eelliharkar, st and
the third nenory cells ML and M3 extend to the adjacent second nenory
cel | ar egnaadbtordge adedirsdd 2deof0thé ddeond amembiesell d2l bxkBndst ends
to the areas of the first and the third nenory cells ML and M3, as well.

Al t houghté henetareas aef Ithar ifdysthand the lyird Memcry Idekks MledandsMBavi ng
the menory cells disposed adjacent one another in row direction, the nmenory
cel | arrag wellheAddhoughdithecmemeryt weliaariathrshewn | tnhEignget e 1s

conbi ned stack- trench capacitor and the nenpry cells having the stack
capaci t oiliusprssedagsadbavinghthedqenary cellg disposed: gdiaeent| QBer at e
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- trench capacitor and the memory cells having the stack
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capacitor disposed adjacent one another.



wherein active regions are first defined by growing field oxide |ayers 101
rst conductivity type semi conductor substrate 100 by sel ective
oxi dat i on. | mpurity-doped  first pgtycrystalline silicon |ayers which
are to be gate electrodes 1 are formed on the active regions by interposing
ide |ayers piguras 3% Sgd® dd M11UistHateOndnel | ¥apbaYskent? Bf the

transistors, e.qg., inpurity-doped first polycrystalline silicon layers, are
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adj acentan hembbodimenki de thgepseséntr daveagion.2 and drain region 3 are
formed on each side of the gate electrodes 1 in the surface of the

sem conduct or subsrigueethﬁeugﬁllnsﬁrqﬁemtaaioproeaéﬂﬂuﬁbra.fbrﬁing
HTO (Hi gh Tenperature Oxide) layer or LTO (Low
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1 are formed on the active regi?ns Fy interposing gate oxide
layers and, at the same time, first conductive layers 4 of the
transistors, e.g., impurity-doped first polycrystalline silicon

layers, are formed on any predetermined_portions of the field

rtions :

i rst,
rat es
OP1,
Iayer

oxide layers 101 such that they are connected to the gate

electrodes of the memory cell disposed adjacent the field oxide

layers. Source region 2 and drain region 3 are formed on each

side of the gate electrodes 1 in the surface of the

semiconductor substrate through ion implantation, and then, a

first insulating layer Il, e.g., HTO (High Temperature Oxide)

layer or LTO (Low Temperature Oxide) layer having a thickness
of about 500A ~ 2000A, is formed over the entire surface of
the aforesaid structure. Thereafter, metal layers 5 serving as
bit lines are formed after exposing some portions of the drain
régions. Here, the structure of Figure 2A includes the first,
the second and the third memory cells M1, M2 and M3.

Figure 2B illustrates a process for forming a second
insulating layer IZ and first openings OPl, wherein, after the

process shown in Figure 2A, the second insulating layer I2



insulating layer, the first openings OPl are forned {o gexpose the source
regions 2 of the first and the third nmenory cells M~and M3. Figure®2C
illustrates a process for formng trenches 10 and second conductive | ayers
11 which function as first el ectrodes of the capacitors. Through the first
-openi ngs OP1, the sem conductor substrgte 100 is etched to formthe
trenches 10, thereafter, second conduc®i ve l.ayers 11 serving as the first
el ectrodes of the capacitors
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12 and third conducti Ve layers 13 serving as the second el ectrodes of the

capaci t Qff.arldiemsli el ectric films 12 and the third conductive |ayers 13
having a thickness of about 500[err] - 4000[err] are successively forned,

t hereby conpl eti ngrideréi2zctixmmstnatess las pdbcess EBrr fopmihgvergnbhesng t he
conbi ned stack-trench capacitors. Here, the dielectric film12 is of an
oxi de | ay@r antlr setcors scohdastif® layersorll TWhichefunction as first
oxi de/ nitride/oxide structure, i.e, ONO structure, or a nitride/oxide
st ryct urele¢trodesi®oft thet capacibers.  fareugh the first openings OP1,
the semiconductor substrate 100 is etched to form the trenches
10, thereafter, éecond conductive layers 11 serving as the
first electrodes of the capacitors, e.g., an impurity-doped
second polycrystalline silicon layers having a thickness of
about 2008 ~ 30004, are depoéited both on the walls of the
trenches 10 and on the second insulating layers I2, thereby
forming an electrode pattern as shown in Figure 2C. Here, the
depth of the trench 10 can be adjusted in the range of about
0.5um ~ 10um, in accordance with the intended value of the
capacitance.

Figure 2D  illustrates a process for forming'
dielectric films 12 and third_conductive layers 13 serving as‘
the second electrodes of the capacitors. The dielectric films
12 and the third conductive layers 13 having a thickness of
about 5008 ~ 40004 are successively formed, thereby completing
the first membry ‘cells M1 and M3 respectively having the
combined stack-trench capacitors. Here, the dielectric film 12
is of an oxide layer structure such as HTO layer or LTO layer
or an oxide/nitride/oxide structure, i.e., ONO structute, or

a nitride/oxide structure, i.e., NO structure. Here, instead .



of the combined stack-trench capacitor, an outside trench capacitor, in
which the charge is stored in the outside region of fhe trench in*the

sem conductor substrate, can be formed. Figure 2E illustrates a process for
formng third insulating |ayers 13 and a second.opening OP2. After the
process shown in Figure 2D, the third insulating |ayer 13 having a

t hi ckness of about 500[err] - 3000[e?r]; e.g., HTO layer, is deposited, and
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the process shown 1 n Figure 2E, the fourth conductive |ayer aving a

t hi ckriesuleft iakp UayiE €13 Jand 408 esnd , opéh Ehg SOPY ¢Sageelhenbi rst
el ectrode of the capacitor, e.g., inpurity-doped fourth polycrystalline
si | i cordcess , shewdeposi Figute ROr,mthe ehdedr oiesubating daydd usgrated in
Figure 2F. Thereafter, the dielectric film21 and the flfth conductive
| ayer hayimg ian Fhicknesa @ aliouth $ir0500[30094, 4000{ orHTO vlayér f ubst | ons as
the second .el ectrode of the capacitor are successively formed over the
f our t RePQfHtadn 8ndaFBenzothe 1ReQeRA aRening P2 is fermed terexpose! | N
havi ng,t he stack capacitor. re, the dielectric film21 is of an oxide -
| ayer %Qter FME<E ﬁ?&%’% ERY) :&Sﬁersetﬁ‘”\_d]'@qw cekl ¥ dHeoxe: aftenr of NO
Struchﬁ&%siting BPSG (Boro-Phosphorus Silicate Glass) layer having
a thickness of about 50048 ~ 40004, the third insulating layer
can be formed by planarizing via reflow process.
Figure 2F illustrates a process for forming a fourth
conductive layer 20 serving as a first electrode, a dielectric
film 21, and a fifth conductive layer 22 serving as a second
electrode of the capacitor. After performing the process shown
in Figure 2E, the fourth conductive layer 20 having a thickness .
of about 300& ~ 40004, which serves as the first electrode of s
the capacitor, e.q., impurity-doped fourth polycrystalline
silicon layer, is deposited to form the electrode pattern as
illustrated in Figure 2F. Thereafter, -the dielectric film 21
and the flfth conductive layer 22 having a thickness of about
5004 ~ 40004 which functions as the second electrode of the
capacitor are successively formed over the fourth conductive
layer 20, thereby completing the second memory cell M2 having .
‘the stack capacitor. Here, the dielectric film 21 is of an

oxide layer structure such as HTO layer or LTO layer,-df ONO

structure, or of NO structure.



Figure 2G illustrates a process for formng a plapgizing layer 30 and
metal el ectrodes 31, wherein, after the process shown in Figure 2F, the

pl anarizing | ayer 30, e.g., BPSG | ayer, is deposited for planarizing, and
then, the netal electrodes 31 are forned, thereby conpleting the DRAM
havi ng both stack-trench capacitor cells and stack capacitor cells. Figures
3A to 3E show anot-her enbodi ment of the processes for manufacturing nmenory.
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t hi ckness “of about 186[err] - 500[err], and the fourth insulating |ayer |4

havi ng metthilClalasscddadonl 22e ormed 4O elsy , completif® [therDREMe
sequentially formed. Figure 3B illustrates a process for form ng second
conduct hatingy dothl Istseck+twenchf capacitert cedds ahd istaskpxapacitend a
I nter-planarizing | ayer 32, wherein, by applying a nask pattern on the
fourth ceddisating | ayer 14, first openings are forned so as to expose

source regions 2 of the first and the third nepory cells, ML and M3, The
w : Figures 3A to 3E show another” embodiment of the

processes for manufacturing memory cell array according to. a
further embodiment of thepresent invention.

The manufacturing process preceding the process of
Figure 3A is identical to that described in relation, to Figure
2A and thus is omitted.

Figure 3A illustrates a process for forming a second .
insulating layer I2, a nitride layer N, and a fourth insulating
layer I4. After the process illustrated in Figure 2A, the
second insulatillg layer I2 having a thickness of about 5004

- . 30008, e.g., HTO layer, the nitride layer N having a
thickness of about 1002 ~ 5004, and the fourth insulating layer
I4 having a thickness of about 5008 ~ 40004, e.qg., HTO layer,
are sequentially formed.

Figure 3B illustrates a process for forming ‘second
conductive layers 11 serving as first electrodes of the
capacitors and a inter-planarizing layer 32, wherein, by
applying a mask pattern on the fourﬁh insulating layer I4,
first openings are formed so as to expose source regions 2
of the first and the third inemory cells M1 and M3. The

semiconductor substrate is etched to form trenches 10 through .
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t he capadieciiroddf patteamTasgshbeni SheFigRtesBi 2 ¥ -BPand Hez g ond
opening is forned to expose the source region 2 of the second nmenory" cel
M2. TheAeyterer32i he.goyr S0 ofshini on GApes)20 dyer Ngis - deipdgiasa ofoabout
] [err], which functions as the firgt el ectrode of the capacitor,
e.g., aPRlamaaiizes dwdnd dhe presiess,ydthe linteriglanriziey layeep®sited
both on the_surface of the second opening and on the i nter-planarizing
| ayer 3PaY¥sheaformefoph andagprscetagkedaby c$0G abayevvand rHTO glayeB8®r Fi gur e

3D illustrates a prqcess for_renmpving the fourth insulating |ayer and the
ﬁg%ék&ﬁ,waﬁF%ﬁn}ab?rusHﬁﬁeth§hﬁiﬂﬁp&@IQﬁuﬁhQQQEﬁnwhethJ

blOCk'nQO can be adjusted in the range of about 0.5um ~ 10pm, in-
- '

accordance with the desired value of the Capacitaan._

Figure 3C illustrates a process for forming a second

opening and a fourth conductive layer 20 which functions as a

first electrode of the capacitor. After forming the inter-
planarizing layer 32, the second opéning.is formed to expose
fhe“source region 2 of the second memory cell M2. Thereafter,

the fourth conductive layer 20 having a thickness of about 3004

~ 40004, - which functions as the first electrode of the .

capacitor, e.g., an impurity-doped fourth polycrystaliine_

silicon layer is depdsited both on the surface of the second

opening. and on the inter-planarizing layer 32, so as to form

the electrode pattern as shown in Figure 3c.

‘Figure 3D illustrates a process for reﬁoving the
fourth insulating layer and 'tﬁe -inter—planarizinga.layer,:
wherein, by using the nitride layer N as an etch blocking
layer, the fourth insulating iayer and the=inter-p1anariZin§*
layer, which are disposed between the second conductive layer

11 and the fourth conductive layer 20, are removed by wet

A d



| ayer, the fourth insulating |ayer and the inter-planakikzi ng | ayer,, whi ch
are di sposed between the second conductive |ayer 11 "and the fourth i
conductive |layer 20, are renoved by wet etching, thereby increasing the
surface area of the first electrode pattern of each mermory cell. Figure 3E
illustrates a process for formng a diel ectric film33 and a sixth
conductive | ayer 34 serving as a-second el ectrode of the capacitor. After

h r .Sh ' ' - . ' ' i | m '
For e, SReBIPA-: rehEeint o Bicteading, His CRurracd | e, o DAL BT Y
| ayer Zgle@?. toﬁgeg’atttré‘i'ns'rdﬁ]réa@i"%&d& d&er 34 serving as the second

el ectrodé ™o apacito aving a thi ckness of about 500[err] -

5000[err], e.g., giguddr hiEy- depadtrhkel Pal Vprueéss! | for sitom@ingawer, is
deposited, thereby conpleting the f?r st rrerm?lg gel S I\/fl&gndﬁdl\/B an% %éﬁe
second gRENertedld £iim HEr and lae sdixthe dondudtiive Jayer G4 aemxinte dsyer
structure or an ONO structure such as HTO | ayer or LTO |ayer. After

per f or mMangedond lelstrdde wef rehedcapa€iore aEterhéhel pradesshghowrer,
e.g., BPSG | ayer is deposited to effect the planarizing, and then, netal

el ect r odes FigurieoB3Pyd thehdiedectais &iilmy 35hd sDRAmHEANRPUSHh foraned
stack-trench capacitor cells and the stack_capacitor cells. As described in
the abow® beshcaghei t secapdor 8PRGUEEiVRe pR¥CENt11n i dP%is LY Rnbi ned
stack-trench cgpacitor as the first cap t he .convent i.onal S_,S4C

st ryct ucOndcEiyeedlayer 2% apdcHagk, agﬁlfth%ri§ o FOPEMTE VS Lo HE

serving as the second electrode of the capacitor having a
thicknéss of about 500& ~ 5000&, e.g., an impurity-doped sixth
polycrystalline silicon layer, is deposited, thereby completing
the first memory cells M1 and M3 and the second memory cell M2.
Here, the dielectric film 33 is of an oxide layer structure or
an ONO structure such as HTO layer or LTO layer.

After performing the process illustrated in Figure
3E, the planarizing layer, e.g., BPSG layer is deposited to.
effect the planarizing, and then, metal electrodes are formed,

N\ thereby - completing the DRAM having both the stack-trench
capacitor cells and the stack capacitor cells.

As described in the above, th_e capacitor according
to the present invention uses a combined stack-trench capacitor
as the first capacitor of the conventional SSC structure, and
uses a stack capacitor as the second capacitor of the
conventional SSC structure. Accordingly, in manufacturing the
combined stack-trench (or trench) capacitor, sufficient storage
area of each capacitor can be obtained without being restricted
by the distance between the second capacitors, i.e., the stack

capacitors. 1In addition, during the formation of the second
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conventional SSC structure. Accordingly, in manufgcturing the conbined
stack-trench (or trench) capacitor, sufficient storage area of edeh
capacitor can be obtained without being restricted by the di stance between
t he second capacitors, i.e., the stack capacitors. In addition, during the
formati on of the second capacitor_(stack capacitor), the first
capacitor, i.e., the conbined stackl®rench (trench) capacitor can narkedly

I
d b bl .ed wth th ) ' |, fi N
éﬁ%ﬁ?@ﬁ#x&? ol SRl o SBREh T GPRRTELEE. ancceas e e
per { OLURnEAr LDELIOL Eanth) FLOBHDEY SEllcPLLAAR MOSUERNGR AU e

presen nventT on, because nory ce I ne

st ac ( [ I ving the
ot ol e A e et and

i N t heapREEEBr i H8E.,0NstdBDENpaSLtor DAk HAY théNpPodelsdlst gt el y ,
formed. As a result, it is advantageous in that the | eakage current between

menor gaselyyspertbrine@ich and the soft errors resulting fromal pha particles

can be renoved. Moreover, by etching the oxide |ayer and the inter- ,

pl anari zi ng | ayEnrthepmese ,uridera t hemovydwetlilv carxger incadooyrdandehe first

electrode in the capacitor of the second enbodi nent of the present

i nvenvith ddecrpesentoinventdon, e eecruse cthgpdiingdh: t nemoryvheslilée portion
as well as the bottom portion of the conductive |layer are utilized as the

fir sthavingr semkimed, stagkrbrench sforhiranch)s(GARRRLEPES and; fhe \)

second memory cells having the stack capacitors are arranged-

hd

adjacent to one another both in the row and in the column

- direction, memory cells having the trench are .al-ternat'e'ly

formed. As a result, it is advantageous in that the leakage -
currentlbetween memory cells with trench and the soft errors

resulting from alpha particles can be removed.

Moreover, by etching the oxide layer and the inter-

planarizing layer disposed under the conductive layer serving
as the first electrode ih the capacitor of £he second .
embodiment of the present invention described above, the areas
of the upper portion, the side portion as well as the bottom
portion of the  conductive layer are utilized as the .first
electrode of the capacitor, so that the storage area of the
capacitor can be maximized. Therefore, the decrease of the
capacitance caused by the increase of the packing density of:
the highly integrated semiconductor memory device, can be

improved by means of -this structural approach.
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Q@pacifor can be nmaxim zed. Therefore, the decrease of the capacitance

caused by the increase of the packing density of the highly integrated

sem conduct or nenory device, can be inproved by neans of this
appr oach. C L CLAIMS: 1. A highly integrated semm“m]wmmm"““'
menory device conprising first and second pluralities of nenory cells, ®ach *
menory cell of said first plurality oﬂ”ﬁennry cells including a first '
swﬁtahﬂgiéfﬁ§sistor formed on a sem conductor substrate and a first
capachior coupred to said first switching transistor, each nenory cell of
sai-d second plural 4ty Y@Mt defldied Neeifliddthdu ROttt Chi89ice
transi stor forned on sal d ‘sem conductor substrate and a secofnd capacitor
-coupl ed dsmpri 858€CONHsE WahE hs&Bohd AP PALL tiaBdogambmetySeellt] r §4cRNd
second pluralities of nmenory cells being alternately disposed in each of a
pl ural i tiyemdry 0well VEEr ad eBERsE apTutal Sty CopanenotyCO8PLE SeacRudingt
storage electrode including a trench portion forned partially in said
substrate afilrstfiswitchimyg poransistand faruefli reh saackepbeconduchas
overlap portions each extended to overlap a portion of adjacent second
menory cewbstrape awdreefirsichapacitorcorapledded tsnidk Sapeksewitchingnd
storage el ectrode including only a_second stack portion _and thus not
i ncl udi Ngransieren, Rach aennry celllyof sad secerd @lanaddtat of wewesYn said
second stack portion has a contact ) . '

\_s cells including a second switching transistor formed on said

semiconductor substrate and a second capacitor coupled to said
second switching transistor, and each of said first and second
pluralities of memory cells being alternately disposed in each
of a plurality of rows, |

wherein each said first capacitor comprises a first
storage electrode including a trench portion formed partially
in said substrate and a first stack portion, -and said first
stack portion has overlap portions each extended to overlap a
portion of adjacent second memory cells, and

wherein each said second capacitor comprises a second
storage electrode including only a second stack portion and
thus not including a trench portion partially'forﬁed'in said
substrate, wherein said second stack portion has a contact .
portion and also has overlap portions, each overlap portion
extending to overlap an overlap portion of said first stack

portion of adjacent first memory cells.

2. A highly integrated semiconductor memory device as
claimed in claim 1, wherein said first memory cells and said

second memory cells are disposed alternately and adjacent one
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portion and al so has overlap, portions each overhﬂ rtion extending to

overlap an overlap portion of said first stack % ,!""Mﬂrm first
device as

menory cells. 2. A highly integrated sem

claimed in claiml, wherein said first nenory cells and sai'd sécond menory
cells are disposed alternately and adj acent one anot her in both row and
columm direction. 3. A h|gh|&5|ntegrated sem conduct or nenory device
as claimed in claim1 or 2, wherein the trench portion of said first ..
capacanother in batbi gowt nedcnodmudimecmon- A highly integratesd
sem conductor menory device as clainmed in any preceding claim wherein the
depth of the trench is in the range of about 0.5[err] - 10[err]. 5.

A hjighly inte ctor substanti.al l.y as herein
descrtbed i th AeRapbiYe inFadiphad e icohaugtdr ?ﬁ@oaxcsmﬁﬁ-

Cont SHEinda i&%@}’%é@f%ﬁ%éﬁ%@.@%&‘ e B S?h%% Lps of
def i nf?ﬂse%a;sscieafomé Q% PLeW; gﬁbfﬁz"éﬁéﬂ) B S On afirst

conductrvity type sem conduct or strate,; T mng transi stors, whi ch are
el enents of a nenory cell., on said active reglons and formng a first
insul ating layer over the resultant structure; formng bit lines so as to
be coagnect.ed t OAr BIpBAY i tlgidted senicondaetor t hemnorgt aevicanas orning a
secon _ _ _

claimed in any preceding claim, wherein the depth of the trench W

is in the range of about 0.5um ~ 10um.

5. A  highly integrated  semiconductor  memory
substantially as herein described with reference to Figures 1,

2 or 3E of the accompanying drawings.

6. 2 method for manufacturing a. highly integrated
semiconductor memory device comprising in the recited order the
steps of:
defining active regions by growing fiéld oxide layers
on a first conductivity type semiconductor substrate;
| ' forming transistors, which are elements of a mnemory
cell, on said active regions, and forming a first'insulating-
layer over the resultant structure;
forming bit lines so as to be connected to respective
drain regions of said transistors, - and fbrming a second -
insulating layer.over the resultant structure;
. forming first openings by exposing predetermined
portions of the source regions so as to form first memory cells

having a capacitor with a trench portion and a first stack .

T
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insulating layer over the resultant structure; formng j.i.rst—cyp‘é‘rTi’n‘gs—W’—’—
exposi ng predeterm ned portions of the source regions so as t '

menory cells having a capacitor with a trench portion and a fﬂl mm“ glmm””“‘
portion; formng trenches in the sem conductor substrate by usisngcsard ® s *
first openings; formng capacitors both on the surface of said trenches and

on said second insulating layer, and fHening a third insulating | ayer on

the resul tant, structure; form ng second openings in order to expose source
regi ong: BPTEROM ansi st ors di sposed adj acent said first nemory cells in

both row and colu directions: and formng _capacitors wth . second stack
portions through s i°&'n§é}%n?%‘gh‘ﬁ1g§r.' ne semgcoR ?’ﬁﬁdsﬁﬁs uring

a highly__knteqr SEIp qpﬁ{ . menory device as clainmed in claim®6,
wherein ggb'g&sggg'tdfegfrlﬁo% (riﬁ%r% capdcitors with second stack portions

consists of form ”‘hﬁmﬁ Ughib%®l I B6EN "éh 2%n2 f EiskagkeChEOdS, a

stack capacitor throug q{%e sgcon @%.%en!ﬁng. 8. A mgt hod ?or 'ﬂi

manuf act weRghed R on 5ALAYERICHMAS SHANMLIGP 14PEP] YafaY it ming: a2l med
inclaim6 or 7, wherein said steps for form ng the second insul ating | ayer

i ncl udesthlieds itulfatitignilayer forf Hhe veabulttamet  strudturele | ayer and a

second oxi de | ayer, successively, after formng said bit lines. 9. A
met hod for nanuf actfiormigg ssécomd yopeningsatisd order to expose source

i e e Pt T . D T

\_/ regions of the transistors disposed adjacent said first memory
cells in both row and column directions; and
forming capacitors with second stack portions through

"said second openings.

7. A method for manufacturing a highly integrated
semiconductor memory device as claimed in claim 6, wherein said
stép for forming capacitors with second stack portions consists
of forming a conductive layer serving as a first electrode of

a stack capacitor through the second opening.

8. A method for manufacturing a highly  integrated
semiconductor memory device as claimed in claim 6 or 7, wherein
said steps for forming the second insulating layer includes the . .
step of forming ‘a first oxide layer, a nitride layer and a

second oxide layer, successively, after forming said bit lines.

9. : A method for manufacturing a highly integrated
semiconductor memory device as claimed in claim 8, wherein said

first oxide layer and said second oxide layer are HTO layer.
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sem conductor nenory device as clained in cIa|nT“’TM?ﬁﬁﬁ?TTEnrk+++st OXIde
| ayer and said second oxi de |ayer are HTO | ayer. thod for
manuf acturing a highly integrated sem conductor ”mm ""m" HHA}!EECI ai med
in any of clainms 6 to 9, wherein said step for form Rg capa and third
insul ating layer consists of formng a conductive |ayer, serving as a first
el ectrode of a capacitor, both on tH& surface of said trench and on said
second oxide |ayer, and then depositing an inter-planarizing |ayer on tke
resul 88nt structur methpd for manufpcluring raniighlyi nintedirabed wt

|ntegrated sem conductor nepory device_as clainmed in claim 10, mhereln said
|nter56P& HQQ?qaﬂRﬂ°F% Q?EEEFIQ?ePlaEEed in any @f Jpims 6

¢ 2?}?3&%&8%%“' l%s«'%i | R IS (TR SRS s iR | %h«%h l”n‘éﬁ by
SOG HTO
I nt eg?ﬁ‘?&&agg‘ coﬂragéﬁr)r %’é%f de?/$ ?é‘gﬁg]gdl %edcn%]‘g%?g%url )?\ﬁélr gl nysal d’

| ayer SSFYinG 489 MEEet %oe?é Aoyl ofVd apERILhY Mot She 5POC
sem Coue¢alce ofEQBE.& £R¥hER Afd WridHd secdmd eic_iaba%?eéo aRd léhepherein,

after said step of formng capacitors and third insulating |ayers, said

seconaegwsscimh@/erarandlﬁaeﬂ-pmaﬁanﬁhﬁgar laveg | awer the nateawmn eahe nitride

| ayer are renoved. .
structure. ' L - ' ' \-)

11, ©'~ A method for manufacturing a highly' integrated
semiconductor memory device as claimed in claim 10, wherein

said inter-planarizing layer is a SOG layer.

12. - A method for manufacturing a highly integrated
semiconductor memory device as claimed in claim 10, wherein
said inter-planarizing layer is a stacked layer formed by SOG

layer and HTO layer.

13. A method for manufacturing a highly integrated
semiconductor memory device as claimed in claim 10, wherein
said inter-planarizing layer is a stacked layer formed by HTO

layer and BPSG layer.

14. A method for manufacturing a highly integrated
semiconductor memory device as claimed in any of claims 10 to
13, wherein, after said step of forming capacitors and third
insulating layers, said second oxide layer and said inter-

planarizing layer formed on said nitride layer are removed..



15. A nmethod for manufacturing a highly integrat ;m!e‘m' conduct or

menory device as clained in claim14, wh ' I d Hﬂ "& d
erein said seco i Lﬁ' IJm””m A

said inter-planarizing | ayer are renoved by wet etching

met hod for manufacturing a highly integrated seniconductor nenory devitce
as claimed in claim 14 or 15, mhereinﬁgafter the step of etching said oxide
| ayer and said interplanarizing |ayer, dielectric filnms are simultaneously

f or ned er the expo ti S : ' nq’iﬁci I-q,y@é

A rrsggpggfo_r rranu?gacﬁgﬁlﬁg aETﬁFgltﬁgyﬁgf?fgtté‘gﬁ'gdcés)em _Hn]éﬁctlor rirrraoégyddevi ce
as clai Ezﬂibapﬁhét@;&l%cf%ea@vﬁéédagl 18GdL i ! A1adnf QuTRdurdile Step
of formng a first oxide er over the surface of said exposed conductive

layer, EQifi Becond il | Bsr ced Said fhter-pladarhiajen layer ereéng a
second oxide | ayer over said nitride |ayer. 18, A met hod for

manuf actehbedably gty etichiiewy aletthaskn conduct or menory devi ce. as cl ai med
in any of clains 6 to 17, wherein said first, second, and third insulating
| ayers are HTO | ayer. 19. A nmet hod for manufacturing a highly- - .
I ntegrated sem conductor nenory device as clained in any of clains 6 to 17,
wher ei n16ai d t hi r @ i methadi nforaymanufacturingbhya ddpeh iy nginkroxaked  of

| owi ng a BPSG | ayer having a thickness of _ahout '

semiconductor memory device as claimed in claim 14 or 15,
U wherein, after the step of etching _said oxide layer and said -

interplanarizing layer, dielectric films are simultaneously

formed over the exposed entire surface of said conductive

layers.

17. A method for manufacturing a highly integrated
semiconductor memory device as claimed in claim 16, wherein
said dielectric film is formed by the step of forming a first
oxide layer over the surface of said exposed conductive layer,
forming a nitride layer over said first oxide layer , and

'forl_ning a second oxide layer over said nitride layer.

18. A method for manufacturing a highly integrated
semiconductor memory device as claimed in any of claims 6 to
17, wherein said first, second,.and third insulating layers are-

HTO layer.

19. A method for manufacturing a highly integrated
semiconductor memory device as claimed in any of claims 6 to
17, wherein said third insulating layer is formed by depositing

and then reflowing a BPSG layer having a thickness of about.



C L M S19 500[err] - 4000[err] after-fhe—sfep—a%—%efﬁfﬁg t he
capacitor of the first nmenmory cell. 20. cturing a
hi ghly integrated sem conductor nenory device su@mﬂ E[!H’EF Eﬂrei n
described with reference to any of Figures 2A to of the
acconpanyi ng dr awi ngs. 19

"’.‘\

5008 ~ 40004, after the step of forming the capacitor of the -

Bad

first memory cell.

20. A method for manufacturing a highly integrated
semiconductor memory device substantially as herein described
with reference to any of Figures 2A to 2G and 3A to 3E of the

accompanying drawings.



