SPECI FI CATION TI TLE OF THE | NVENTI ON: SEM CONDUCTOR | NTEGRATED

Cl RCU . TRY AND METHOD FOR MANUFACTURI NG THE Cl RCUI TRY
TECHNI'GAL FI ELD The present invention relates to a sem conduct or
interated circuitry and a technol ogy for manufacturing the sem conductor
integrated circuitry, nore particularly, the present invention relates to
a technol ogy effectively applicable forlvealizing higher integration and
hi gher performance of a DRAM (Dynanm ¢ Random Access Menory) or an

el ectrically rel oadabl e nonvol atile nenory, or for a highly integrated
sem conductor circuitry provided wwth a logic circuit and a DRAM or an
electrically rel oadabl e nonvol atile nenory. BACKGROUND ART There
is a DRAM used as a sem conduct or FREREELCATEI N senting a | arge capacity
menory. The nmenory capacit of this DRAMis increasing nore and nore, and
under the ciPEnstQMJIEE %‘W@W@yﬁy cells occupied area is forced to be
reduced to inprove.the degree of integration of the DRAM

t he storage capaﬁﬁﬁﬁceﬂnﬁ&'r?ﬁfw D GTRIHTRL M MO &R
(capacitor) in DRAM nenory cells nust _be fixed t ertain val ue
regardl ess of the generati oMANGRAGTYRING 5y ca“?ﬁi%?\’i%er ati on margin,

software errors
TECHNICAL FIELD

However ,

The present invention relates to a semiconductor
integrated circuitry and a technology for manufacturing the
semiconductor integrated circuitry, more particularly, the
present invention relates to a technology effectively
applicable for realizing higher integration and higher
performance of a DRAM (Dynamic Random Access Memory) or an
electrically reloadable nonvolatile memory, or for a highly

integrated semiconductor circuitry provided with a logic

circuit anda DRAM or an electrically reloadable nonvolatile

z

memory. .

BACKGROUND ART

There is a DRAM used as a semiconductor memory

representing a large capacity memory. The memory capacity
of this DRAM is increasing more and more, and under the
circumstances, the memory cells occupied area is forq%d to
be reduced to improve the degree of integration of the DﬁAM.
i However, the storage capacity of an information
storing capacity element (capacitor) in DRAM memory cells
must be fixed to a certain value regardless of the generation

when in taking a DRAM operation margin, software errors,



- 2- etc. into consideration. Generally, it is known that the storage
capacity cannot be reduced proportionally. This is why it is now
under devel opment of a capacitor structure that can secure a storage
capagcity necessary in a limted small occupation area. As such a capacitor
structure, for exanple, there is adopted,a three- dinmensional capacitor
such as a so-called stacked capacitor E%ﬁposed of two-I|ayer el ectrodes
conposed of polysilicon, etc. and stacked via a capacity insulating film
A stacked capacitor is generally conposed of capacitor el ectrodes di sposed
in the upper layer of a nmenory cell selecting M SFET (Metal Insul ator

Sem conductor Field  Effect, Transistor),. In i s case, ,a snall _oc i ed
area can sech %'a??EﬁgﬁQQﬁ%ﬂ%ﬁﬁg59§pac%?9?rﬁiT%eIfta%§(ﬁﬂ%WQatgﬁﬁ1ﬁﬂgstorage

capacity i ded. h t ack i , f
eg%npieY '§h2§§2§2§ea¢%%é%§?¥3%585§53F$§F5g6%§9%ﬁ?&@?ﬁé%%ﬁgﬁggfter?r to be
abbrevi ated as struct LN, i i i i h
bit-line and a cap(;lrg}l’tsorggu"'lrilH erlk:g}moﬂr}%gd§%§e§}aept%rgr ,e%togg?gzéﬁgggi\‘_ggseé :s

CUB) st uctur g [ bl g ¢ GaRAGLLALeT 5 G SPOSECL AN i didealy

&
I n a DRAM having suc structure, capacil nnect 1 ng hoPes must

be formed so %hilimiitg?nglg%?roéédéﬁﬁron QU - | 18 S RHEACRapRRIELEOT

connecting hol'e"i's no ort-circuited wth a word-1i1ne. Thus, the
interval structure, for example, there is adopted a three-

dimensional capacitor such as a so-called stacked capacitor

Yt

composed of two-layer electrodes composed of polysilicon,

etc. and stacked via a caﬁacity insulat;ing film.

A stacked capacitor is—;;enerally composed of
capacitor electrodes disposed in the upper layer of a memory
cell selecting MISFET (Metal Insulator Semiconductor Field
Effect Transistor). In this case, a small occupied area can
secure a i'a-.ﬁrge storage capacity, as well as only a small
storage capacity is needed.

As such a stacked capacitor structure, for example,
(B there are a so-called capacitor over bit-line (hereafter,

to be abbreviated as COB) structure in which a capacitor is
disposed over the bit-line and a capacitor under bit-line
(hereafter, to be abbreviated as CUB) structure in which a
capacitor is disposed under the bit-line.

In a DRAM having such a COB/CUB structure, capacitor
connecting holes must be formed so that a conductor f£ilm or
a bit-line in each capacitor comnnecting hole is not

cshort-circuited with a word-line. Thus, the interval



- 3- bet ween adj acent word-lines nust be wi dened to cope with

connecting hole positioning failures. And, this hinders inprovenent of the
degree of integration of elenments, as well as reduction of chip sizes. In
ordes” to realize high integration, therefore, high technol ogy of
positioning and alignnment, as well as process nmanagenent are needed.

In order to solve the problens and meet”the requi renments, there is
proposed a technology for form ng capacitor connecting holes and bit-1ine
connecting holes by etching in a self-matching manner with respect to the
yvordl-l i nes by covelri Sg the top and side surfaces of the word-lines by an
insul ating materi a ifferent in type from ap interlamipar _insulating film
such as a ni t?P¢'dEeen 1977 aqeRt word—{gpﬁst WBSEagg 81185{}8%1 gotcé?:?l?\o‘f”o ,gvvhen

oA T
T IO RSB e
The teg_hnol 85«}9%@% 6@%“&5188&@&%&9 SrSECt i %Ig %‘g‘fee‘fs%g%gagﬁ?igl lur‘%%h

o i scl osed TR T ST rhEror dp g i Besb ael R B e,
Patent Applicaf] e, HPIES: as process management are heeded.

In order to solve the problems and meet the

requirements, there is proposed a technology for forming
cap;citor connectlng holes and bnit~line connecting holes by
etchin—; in a self-matching manner with respect to the
word-lines by covering the top and side surfaces of the
word-lines by an insulating material different in type from
an interlaminar insulating film such as a nitride film, etc.
In the case of such a technology, when capacitor
connecting holes and bit-line connecting holes are formed

by etching, it is possible to prevent the word-lines from

being exposed from the connecting holes even when the

connecting holes overlap the word-lines, since the nitride
film around the word-lines functions as an etching stopper.
Thus, the connecting holes can be formed properly.

The technology for forming capacitor connecting holes
and bit-line connecting holes in a self-matching manner with
respect to the word-lines is disclosed in the official
report of Unexamined Published Japanese Patent Application

No.9-55479.



-4- Under the circunstances, the present inventor exam ned the
technology for formng the capacitor connecting holes and bit-1ine
connecting holes in a self-mtching manner with respect to word-lines. The
followi ng technol ogi es are not wel|-known, but exam ned by the present
inventor. The outline of those technologies wll be described bel ow

The DRAM descri bed above is fornmed in a$rocess flow shown bel ow. At
first, a conductor layer is formed on a sem conductor substrate via a gate
insulating film On the conductor filmis deposited the first nitride
film Then, the first nitride filmand the conductor filmare patterned
using the sane mask to formgate el ectrodes of the nenory cell selecting
M SFET and gate el 8otfleodébeotithempeanpder athe chressnt MISREILOXAt this tine,
the gate el ectrodes of plural nenory cells disposed in the row direction
of the nenoryexatinedirttey teahrfadogyd foni fermingatbielf gapardheras a DRAM wor d
line. Next, a low density sem conductor area is forned for the nmenory

cel | sel ecti neomSSRERGhb g gret inifeddnecicoaniect iRpgShetepespetdtively in a
sel f-matching manner with respect to the nenory cell sel ecting M SFET and
t he peri pher asel&inatghing JREnare $fiddt reSPRCtTRENWOrAs1$B88Nd 'ﬁh?ri de film
is deposited on the sem conductor substrate and applied anisatrapjc
etching to fofPdRViInddecmalogdes@dre nfawerd ~kgRv"e; cfél-‘tvvﬁxlaé“l&leathﬁ gate

el ectrodes of both the ms,rmrg/. cell , .
the present invéntor. The outline of those technologies

will be described below.

The DRAM described above is formed in a process flow
shown below. At first, a conductor 1~§yer is formed on a
semiconductor substrate via a gate insulating film. On the
conductor film is deposited the first nitride film. Then,
the first nitride film and the conductor film are patterned
using the same mask to form gate electrodes of the memory
cell selecting MISFET and gate electrodes of the periphetral
circuit MISFET. At this time, the gate electrodes of plural

memory cells disposed in the row direction of the memory cell

array are formed unitarily and functions as a DRAM word line.

Next, a low density semiconductor area is formed for the
memory cell selecting MISFET and the peripheral circuit

MISFET respectively in a self-matching manner with respect
to the memory cell selecting MISFET and the peripheral

circuit MISFET respectively. Then, the second nitride film
is deposited on the semiconductor substrate and applied
anisotropic etching to form nitride film side wall spacers

on side walls of the gate electrodes of both the memory cell



- 5- sel ecting M SFET and the peripheral circuit MSFET. Then, a high
density sem conductor area is fornmed for the peripheral circuit MSFET in
a self-rmatching manner with respect to the side wall spacers. Thereafter,
on the sem conductor substrate is deposited an interlam nar insulating
filmconposed of an oxide filmand bit-line and capacitor connecting hol es
are opened in the nenory cell area in &-=self-mtching nmanner with respect
to word-lines. This process for opening the bit-line and capacitor
connecting holes in this interlamnar insulating filmis performed on
conditions to increase the etching selection ratio of the nitride film
conposing side walls to the oxide filmconposing the interlam nar

i nsul ating fis$edecuinhMISHET andehmperipaeredr cEoanee N IFFH0| eENeRan be
formed w thout exposing the word-Iines. - On the other hand, in order
to inmprove the hitgh etersfity memjcendvetor ereaDRAMEIRERSEy Lol FBe t he
interval between word-lines nust be mnimzed. Wien the second njtride
film is depoeeriwhena} rela@rid MISEETdignds 66 LerMataNANScBRNNAE eVYEls up to
a specified filmthickness or over, every space between word-ljines in the
menory cel | a¥F@SPeet 59 | HsipMatldl FPRICER St-he TESESAATRT r PRe PRI m so
that the surface, of_the sem_conductqr substrate is not e gosed even after
ani sotropi ¢ SR FRPIRC et rFURF FRES 3 tdi%’oﬁilttre%dénf ilFll"'rFFﬁ(J 1482 si de wal |

rs. her wi rohlemth h . . . .
spacers. O enr.nséfa’.tlang foitimeco;[npgtse oef an oxide film and bit-line and

capacitor connecting holes are opened in the memory cell

area in a self-matching manner with respect to word-lines.
This process for opening the bit-line and capacitor
connecting holes in this interlaminar insulating film is
performed on conditions to increase the etching selection
ratio of the nitride film composing side walls to the oxide
film composing the interlaminar insulating f£ilm, so the

bit-line and capacitor connecting holes can be formed

without exposing the word-lines.
On the othér hand, in order tp improve the degree of
integration of the DRAM memory- cells, the interval between
word-lines must be minimized. When the second nitride film
is deposited on the word-lines disposed at minimized
intervals up to a specified film thickness or over, every
space between word-lines in the memory cell area is filled
completely with the second nitride £ilm, so that the surface
of the semiconductor substrate is not exposedheven after
anisotropic etching is carried out for the nitride film to

form side wall spacers. Otherwise, a problem that the



exposed area is very snmall and the contact resistance generated between

t he exposed area and each bit-line or capacitor electrode is increased
significantly arises. In addition, side wall spacers formed on side
walls of the gate el ectrodes of both the nenory cell selecting M SFET and
t he peripheral circuit M SFET decide the length of the |ow density

sem conduct or area of the peripheral ci®cuit M SFET havi ng an LDD
structure. And, when this side wall spacer is reduced in width, a problem
that the short channeling effect of the peripheral circuit M SFET becones
remar kabl e and the punched-through dielectric strength between source and

drain is lowered wilLl arise. This is why the second nitride filmfor
forming si de FEPPSEPREFR %ﬁus‘fer%eﬁ?@]ﬁhlaﬁ’idclﬁ?‘@séloé’\;@lctar?ﬁéél"?‘f‘ﬁa val ue.

I th ds, i t jfied f f M SFET,

the LDD st ucPEREERLEL BRWER 1SS SOURRGh A58 BRAVERERoPy (oerPestF oot g
MSFET is divided. finely to Qfduce.the si%gkmall.%pacerlin w.dt h, the
side wal | spat®P2Gtteh ﬂ%%?t¥ﬁ3§nhﬁ REFESH E4 WA GEPEYpPEVERE  t he hi gh

density sem conductQr .of the. peripher | reui FET fr i ng
di stributed over t al%ﬁ%&gﬁxﬂ F&dge‘?lr?jcgn%%%%lr% a]fo(;yaﬁed\r/lﬁﬁsgr%ggng’g}ggt t he
wi dth of each.s] ﬂ§§ I it er
hand, when thgfn%ﬁgrﬁgééréﬁggg‘3|V|ég%k)%?%ehf; eﬁgryhfg}&gFe%ggﬁgéﬁ gate
el ectrodes, tﬁ%&’f‘b’f’aﬁéﬂ%ha peripheral circuit MISFET decide the length

of the low density semiconductor area of the peripheral

circuit MISFET having an LDD structure. And, when this side

wall spacer is reduced in width, a problem that the short
channeling effect of the peripheral circuit MISFET beco;es
remarkable and the punched—throu_gh dielectric strength
between source and drain is lowered will arise. This is why
the second nitride film for forming side wall spacers must
have a thickness over a specified value.
_In other words, in order to secure a specified
performance of a MISFET, the LDD structure must be
(i optimized. When the DRAM memory cell selecting MISFET is
“ divided finely to reduce the side wall spacer in width, the
side wall spacer width must be over a specified value to
prevent the high density semiconductor area of the
peripheral circuit MISFET from being distributed over the
low density semiconductor area. This means that the width
of each side wall spacer has a lower limit.
On the other haﬁd, when the memory array is divided

finely, the interval between gate electrodes, that is, the



-7- i nterval between adjacent nenory cell selecting M SFETs is

narrowed accordi ngly. Thus, every portion to be connected in a

sel f-mat'’chi ng manner is also reduced in width. When such a connecting area
is narrowed, the contact resistance in the area is also increased
significantly. Thus, the side wall spacer nust be mnimzed in width. Such
a requirenent conflicts with a requireﬁ%ﬁt for optim zing the LDD
structure. And in the worst case, when the LDD structure is optim zed,

adj acent side wall spacers are overlapped in the nenory array area so that
self-naLching connections are disabled. Under the circunstances, it
is an object of the _present inyention to provide sem con tor .

i ntegr gt ed CcHREREYRY RedMiesa 8gyaFent cﬁ‘ie\ﬂodfgfnﬁeggﬂﬁa]n%%%g 3’&%&?%% heély so
as to be nore highly_ integrateq and to nake the operatio faster _in the
seniconductorn?5$@@¥%ﬁﬁﬁé%4¥%ﬁh¢y'H?HViSQEIYWP?ﬁQéO%ﬁKNIe ConneCF?gis

th bj ect of i i i d .sem.
iﬂ?eg?;t %d‘ Efmfms?aﬁ%—pr ; %ég'y%%ﬁ?é'rﬁi‘e?%}sné%%é%f S PS5 el JREB as to
e nore hi i nt ted. Kk h i f i A
senicopduc?or¥?ﬁ%§b%§%§8%g?%§u?$$§%ﬁ%8§¥0§§é§}{éﬁéiéﬁggaégkgégggtance
eectrically 1gloadable nogyebabld R dBPLYgni ticantl}. | fnsb! IdnBokber

wall spacer must be minimized in width. Such a requirement

conflicts with a requirement for optimizing the LDD

structure. And in the worst case, when the LDD structure
is optimized, adjacent side wall spacers are overlapped in
the memory array area so that self-matching connections are
disabled.

Under the circumstances, it is an object of the
present invention to provide a semiconductor integrated
circuitry technology for dividing DRAM memory cells finely
so as to be more highly integrated and to make the of)ération
faﬁter in the semiconductor integrated circuitry provided

with a DRAM.

It is another object of the present invention to
provide a semiconductor integrated circuitry technology for
dividing memory cells finely so as to be more highly
integrated and make the operation faster in the
semiconductor integrated circuitry provided with a DRAM and
an electrically reloadable nonvolatile memory.

It is still another object of the present invention

to provide a technology for realizing a high performance



to provide a technology for realizing a high performance

sem conductor integrated circuitry having excellent refreshing
characteristics of DRAM It is still another object of the present
invention to provide a technology for realizing a sem conductor
integrated circuitry that can prevent the elenment isolating area on the
sem conduct or substrate from over-etchi Ag when in opening of the
connecting holes to inprove the reliability of the sem conduct or
integrated circuitry. It is still another object of the present
invention to provide a technology for sinplifying the manufacturing

met hod of a sem condyctor integrated. circuitsl rovi ded with DRAM and an
electrically PEM6SER P%tﬂﬁn%Eﬁégqu?drﬁ%ﬁﬁ%ﬁ“9§l%aqu% %%56&@@P% anot her
object of the present invention o provi echnol ogy for realizing a
seniconductorrgﬁﬁﬁﬁ Fﬁ?eﬂhﬁ??%iﬁ¥¥§El%ﬁn%ﬂ ‘di vide DRAM cel I's finely so

b hi ghly 1. : d i h li_abi i .
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vent i ovide.a te of fa . e n
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hol es from over-e anof her object o esent
I nvention area on the semiconductor substrate from over-etching when

in opening of the connecting holes to improve the

reliability of the semiconductor integrated circuitry.

It is étill another object of the present invention
t;“ provide a technology for simplifying the manufacturing
method of a semiconductor integrated circuitry provided
with a DRAM and an electrically relocadable nonvolatile
memory .

It is still another object of the present invention
to provide a technology for realizing a semiconductor
integrated circuitry, which can divide DRAM cells finely so

- as to be more highly integrated and improve the reliability
of the peripheral circuit MISFET.

It is still another object of the present invention
to provide a technology for forming connecting holes in a
self-matching manner even in a highly integrated DRAM memory
cell area and prevent the element isolating area at the
bottom of each of the connecting holes from over-etching.

It is still another object of the present invention

to provide a technology for improving the connecting hole



to provide a technology for inproving the connecting hole

-9 -

treatnment margi n when the connecting holes are forned in a
sel f-mat chi ng manner and preventing the elenent isolating area at the

bott om of each connecting hole fromover- etching. It is stil
anot her object of the present invention _to provide a technol ogy for

suppressi ng the nunber of

hol es are

It

is still

processes to~B& increased when the connecti ng

formed in a self-matching manner and the elenent isolating area
at the bottom of each connecting hole is prevented from over-etching.
anot her object of the present invention to provide a
technol ogy for integrating s sem conductor integrated cirgcuitry .nore
GoFETY R MBS ha° TRPIRT L HIo0S SR PRI BIEMANG t he

hi ghly and i mpF&8FH

transi st or

ot her obj ectsS&
appear fromt

dr awi ngs.

foll ows.

i nvention conpriseslg
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he descriptign of the specificat.,i. t C anyi ng

§EE%S@EEL€ﬁ g?%f@%a&ﬁhﬁ%§@ COAnég4§H§;¥§¥%x§%9 |%&§Edisclosed

inthis specigkg }'Sn, the representative ones will be summarized as
? ? The sem conductor integrated circuitry of the present

the main surface of a sem conduct

FaN

to provide a technology for suppressing the number of
processes to be increased when the connecting holes are
formed in a self-matching manner and the element isolating
area at the bottom of each connectingi hole is preve;nted from
over-etching. -

It is still another object of the present invention
to pfovide a technology for integrating s semiconductor
integrated circuitry more highly and improving the
refreshing characteristics of the DRAM and the transistor
characteristics of the memory cell area.

The above and other objects and novel features of the
present invention will fully app.ear from the description of
the specification and the accompanying drawings.
DISCLOSURE OF THE INVENTION

0f the inventions disclosed in this specification,
the representative ones will be summarized as follows.

(1) The'semiconductor integrated circuitry of the
present invention comprises the first MISFET including gate

electrodes formed on the main surface of a semiconductor

substrate via a gate insulating film and a semiconductor

hes Tddish %%gi;&i 86k HAL Ngr gal € Rl ke Qdgenfabed on



substrate via a gate insulating filmand a sem conduct or

- 10- area being in contact wwth a channel area on the nmain surface of
t he sem ¢onduct or substrate under the gate el ectrodes; and the second

M SFET including the gate el ectrodes formed on the main surface of a

sem conductor substrate via a gate insul@ting filmand a | ow density

sem conductor area in contact wth a channel area on the main surface of
the sem conductor substrate under the gate el ectrodes and a high density
sem conductor area formed outside the |ow density sem conductor area,
wherein a cap insulating filmis formed on top of the first and second

M SFET gate eleehnadesy 1ﬁr!'f‘ontfdcrt5%1@h decMahh sl aernosed nefmd e shirkste
insulating filmare formed on side surfaces of the second M SFET gate

el ectrodes, ap¢ the s@rvhaldSMaubstearBosedef tiidigrtrcendctikbgekat i ng
film corrposed with a nmenber different fromthat of the first insulating

filmare forngdgoghsigtrdriemiscretl imd I Wed lkhe Ja€8, e Reiulied Gorpett i on
connecting the first M SFET sem conductor area to a nmenber forned in the
upper layer eh the ddirsbuMESEELT 8 §ani@shducttosehibstattki via rmagaee  with
respect to the third side walls forned with the first insulating film and
t he second M $ShEllhtghgdendmt ¥nd s&nioerdkictiory isenficrongthdtiora agekf imat chi ng
manner with respect to the second side walls forned with the second
insul ating fi kontact witAcesochamgel catdewe el miict eurfacegodt cde
circuitry,

Y semiconductor substrate under the gate electrodes and a high

density semiconductor area formed outside the low density
semiconductor area, wherein a cap insulating film is formed
on top ofmthe first and second MISFET gate electrodes, the
first side walls composed of the first insulating film are
formed on side surfaces of the second MISFET gate

electrodes, and the second side walls composed of the second
insulating film composed with a member different from that
of the first insulating f_ilm are formed outside the first
side walls. "Then, a conductor portion connecting the first

(55 MISFET semiconductor area to a member formed in the upper

e
T

layer of the first MISFET is formed in a self-matching manner
with respect to the third side walls formed with the first
insulating film, and the second MISFET high density
semiconductor is formed in a self-matching manner with
respect to the second side walls formed with the second
insulating film.

According to the semiconductor integi'ated circuitry,

since the first and second insulating films are formed on



since the first and second insulating filns are formed on

side surfaces of the gate el ectrodes, the connecting portion connecting a
menber formed in the upper layer of the first MSFET is forned in a
sel'fsmat ching manner with respect to the third side walls forned with the
first insulating film and the second M SFET hi gh density sem conduct or
area is formed in a self-matching mannét-with respect to the second side
walls formed with the second insulating film the degree of integration
and the performance of the sem conductor integrated circuitry can be

i nproved significantly. In other words, the third side walls forned
with the first_insulating filmcan secure the self mat chi.ng properties of
the conduct orSiRg §P6ﬁ39§§d>ft B GARER 1 A 0495 s E LR e LERIBAE Lt Br ar ea
to the nmenber forned in the _upper of the first M SEET, as, well as
the second si@ANEEHIRT PoRREREH: '%-CHTI‘E%% 150 EBRIUPRETI HAY Iy Ofi FREcEH Dt i ni ze

the position of the hlgeaﬁggs ty sem_.conductor area nec ssaré to forma

so-cal | ed LDBM¥F¥heSs MIS@E?elgomaFﬁﬁfng%a%%%ﬂﬂ' SEE eﬁf:gtho

f t .d the fi
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formed in a self-matching manner with respect to the second

a

side walls formed with the second insulating film, the

degree of integration and the performance of the
semiconductor integrated circuitry can be imprgved
significantly.

In other words, the third side walls formed with the
first insulating film can secure the self-matching
properties of the conductor portion used to connect the
first MISFET semiconductor area to the member formed in the
upper layer of the first MISFET, as well as the second side
walls formed with the second insulating film can optimize

the position of the high density semiconductor area

necessary to form a so-called LDD of the second MISFET, so
that the second MISFET high performance can be kept
satisfactorily. In other words, the first insulating film
may be, for example, a silicon nitride film, which is a
material having an etching selection ratio for the silicon
oxide film, which is a material of general interlaminar
insulating films and the second insulating film may be a

silicon oxide film that can block implanted ions necessary



insulating filns and the second insulating filmmay be a silicon oxide
filmthat can block inplanted i ons necessary
-12- ‘ for form ng an LDD. And, the second insulating film
does. not disturb self-matching connection for the first M SFET.
On the other hand, the first and second jnsulating filns can
function as effective spacers for fornrﬂg'the LDD
Consequently, as for the first insulating film it is no need
to take any space into consideration when in designing an LDD
structure and it is only needed to nmake the second i nsul ati ng
filmthick engugh to realize the self-ngtchin

Ra f &

) . connection.
Thus, the sec AEDLRY i3y LG9 -m £RF bERRedET insulating ﬁlﬁﬂlﬁpgﬁness to
make the first M SFET integrated re . hi ghly.. On her
hand, as for PRE éiﬁﬁﬁﬁpis ér&?Fﬁggng COHHGCtIOQiﬁoﬁ;gﬂ?y#%r%%gﬁggﬁh%o t ake

Eg(ram! QBGQYEL BRI 0 etk hana, ehact i Serare St T hehda idel FERE BB o be
it . Ll t hi ck to.k th d M SFET
pgiggrng%ce, SBHFﬁéPntﬁ%aﬁét?%%ﬁ%%gﬂggggFﬁngeg%ﬁﬁuﬁﬁégﬁf %%Eﬁcgg i mproved

more signifi Ceg}llsgquently, asSIf%lé the Flgg"celﬁgﬁfgtﬁ.ﬂglsﬁelaﬁd ngtfiisl J{irt}%%'%dbe t he

first and thir wal T~ 'spacers conp dgf"a‘siTicon nitride

LT o vave gy AR LU0 S ek R

second at’l ng m can e secon wa spacers

~conposed LDD struftufeShhlC af)%(i&?l)f' IldBdL RS ik eSitife Fedoaees of the

gat.e el ectrodes wt irst” side wall spacer put therebetween
nE insulating film thick enough to realize the self-matching

connection. Thus, t—he second insu_lating film can be reduced
in thickness to make ;he first MISFET 'integrated more
highly. On the other hand, as for the second insulating
film, it is no need to take the interval between gate
electrode wirings in the first MISFET forming area into
consideration. Thus, side wall spacers can be formed with
a film thickness enough to keep the second MISFET

performance, so that the performance of the second MISFET

can be improved more significantly.

The first insulating f£ilm can be the first and third
side wall spacers composed of a silicon nitride £ilm formed
on side surfaces of the gate electrodes and the second
insulating £ilm can be the second side wall spacers composed
of a silicon oxide film formed on side surfaces of the gate
electrodes with a first side wall spacer put therebetween

respectively.



respectively. - 13- The first
insulating filmcan be a silicon nitride filmformed on the sem conductor
substrate including side surfaces of the gate el ectrodes and the second
insulating filmcan be side wall spacers conposed of a silicon oxide film
formed on side surfaces of the gate eleiérodes wth a silicon nitride film
put therebetween respectively. In such ~d case, when the connecting holes
are opened for connecting each M SFET, the etching process can be divided
into the first etching process for etching a silicon nitride filmand the
second etching process for etching a silicon nitride film so that a

atchi ng process. fwﬁﬁcﬁﬁﬁi CREMY SRR ELER € B ROT I i ES suen
| t . . ..
over - etchi ng ExH b HREL it She REFeo TR ity v bedbhats2ad
’ ’ ! et
| nvent1 on | nePURERCER A i ABC e\ Coer it 40 W SREP M PR R R e
second M SFETe a0l SO0 AR Gia10 COBREEFEN Afgdedd FFEL ShIYELU' Bxidecor ding
crtcurtry, I gher d a

to the sem con i ntegrate perfornmance an

Fae”, PO CEIBUTBULAR SArtep BBt aSg e o e, GMABERA ighley, o
logic circuitg; ¥$i8g e 1 cReeLNt ot FrekerBiient Res &M HANLHCGT shakhegr at ed
a case, when the connecting holes are opened for connecting
v each MISFET, the etching process can be divided into the
first etching process for etching a silicon nitride film and
the second etching process for etching a silicon nitride
film, so that a siliconnitride £ilm can be used as an etching
stopper for the first etching pfocess. When the etching
process is divided into two stages such way, connecting
holes can be opened surely in the first etching and
over-etching can Beprevented in the second etching process.
- Furthermore, the semiconductor integrated circuitry
(ﬁﬁ of the present invention includes an N channel MISFET and
a P channel MISFET in the second MISFET and can have a C
(Complementary) MISFET structure. According to the
semiconductor integrated circuitry, a higher performance
and a lower power consumption can be realized due to the
CMISFET structure, so that it is possible to form not only
DRAM peripheral circuits, but also logic circuits using the

second MISFET. Thus, the semiconductor integrated

circuitry can have memory and logic circuits together.



circuitry can have nenory and logic circuits together.

- 14- (2) The sem conductor integrated circuitry of the present
inventioh is as described in (1), and the first MSFET is a DRAM sel ecti ng
M SFET di sposed in the DRAM cell nenory array area and the nenber forned
in the upper layer of the first NISFEIli§ a DRAM storage capacitor or a
bit |ine. According to the sem conductor integrated circuitry, the
DRAM nmenory cell integration degree is inproved and the performance of the
peripheral circuits formed with the second M SFET is inproved, so that it
is possible to realize a high speed high performance DRAM i nt egrated
circuitry. '@)294id <Ry BHASRNSE Usnt Sqfioped Db Pl Seting M SFET
sem conductor area as an i fpurity and at R arseni c can be doped in the

| ow density of. DLah dENSLLY, o &L CANUCLEN e 0T e alachARNEL I SFET of

t he second I'n addition, channe T can include the

first N changksﬁ/i-:@ﬁ@aaﬁﬁm he13e¢9nd %%§Pﬁﬁ'2ﬁsﬂ\4§:o'51n @i prafeckigst N

channel M SFET can include an arsenicC ped | ow™ density sem conduct or

area, a phosphghysy doped, kgl 985Sy mex®/8:C 2BEHEHOIn AR upRRe BaPeseni C
doped high density” sem'conductor area. In addition, the first N channel

M SFET can i gelwler ars€MIeeRAUCS QIDRAN ¥hbEigO¥aRRdiTodaRed Bit @lnearea in
contact with the high density sem conductor area under the |ow density

Eem‘ cogducf]I or areaadddtrditg secdy shiniebaanetoM Sitdgnesi sakcunekude any
oron dope

the DRAM memory cell integration degree is improved and the

performance of the peripheral circuits formed with the
second MISFET is improved, so that it is possible to realize
a high speed high performance DRAM integrated circuitry.
In addition, phosphorus is doped in the selecting
MISFET semiconductor area as an impurity and at least
arsenic can be doped in the low density or high density
semiconductor area of the N channel MISFET of the second
MISFET. In addition, the N channel MISFET can include *the
first N channel MISFET and the second N channel MISFET, and
£y the first N channel MISFET can include an arsenic doped low
) density semiconductor area, a phosphorus doped high density
semiconductor area, and a arsenic doped high density
semiconductor area. In addition, the first N channel MISFET
can include a semiconductor in which boron is doped in an
area in contact with the high density semiconductor area
under the low density semiconductor area, and the second N

- channel MISFET does not include any boron doped

semiconductor area.



sem conduct or area. -15 - When
phosphorus is doped in the selecting M SFET sem conductor area as an
impurity such way, the selecting M SFET dielectric strength can be

i nproved and the leak current from between source and drain can be reduced
to inprove the refreshing characteristi&%s_ of the DRAM Furthernore, when

arsenic is doped in both low density and” hi gh density sem conductor areas

of the first N channel M SFET, the first N channel M SFET channel | ength
can be shortened and when phosphorus is doped in the | ow density
sem conductor area and arsenic is doped in the high density sem conductor

area of the secondv}}{eglg%ﬁjﬁ%%h%ggis & eddigl@ﬁé%ﬁﬁgﬁrytﬁlﬁEf he second -

N channel M SFET can rove ignitrcantly since a

bor on- doped ! i.s.fo ot i h FET so
as to functi O%&g%&gﬂ%ﬁ: eﬁ%gggﬁhs%xg%gg?ytﬂgc%%a?ﬁelgh% g%g?kt?&ﬁ
further be sh aod Si egwth,p -1 0 p L8P ided in

t he second N gﬁgﬁﬁgﬁdM SF‘TsEéTI?E:ths;& e e?%rnl l%res;irg‘grl;gt%%ao ﬁ?hgﬁﬁ/l I"ISIQZ%lI(' can

further be inmprpyedt from BR¥IS Mifbcd antPl-A8 ne¥RECHRd rbAgkeROL i | i Ci de
| ayer is fornmed on the surface of the selecting M SFET sem conductor area

and a silicidenpayee tsef0smekiomd hharathacarakst be Rhahpdamsity

sem conductor area. Since no silicide layer is fornmed on the surface of

the sel ecti ngruMEERoseMaRIlEEEBhiar £8,ddged Leakothorowaandychaanel s
high density semiconducto; areas of the first N channel

TS MISFET, the first N channel MISFET channel léngth can be
shortened and when phosphorus is dopgd in the low density
semico;ductor area and arsenic is doped in the high density
semiconductor area of the second N channel MISFET, the
dielectric strength of the secona N channel MISFET can be
improved significantly. Furthermore, since a boron-doped
semiconductor area is formed in the first N channel MISFET
so as to function as a punched-through stopper, the channel

length can further be shortened and since no punched-through

stopper is provided in the second N channel MISFET, the

dielectric strength of the MISFET can further be improved.
Furthermore, it can be expected that no silicide layer
is formed on the surface of the selecting MISFET
semiconductor area and a silicide layer is formed on the
surface of the high density semiconductor area. Since no
silicide layer is formed on the surface of the selecting
MISFET semiconductor area, the leak from between channels

can be suppressed to form a DRAM having excellent refreshing



can be suppressed to forma DRAM havi ng excell ent refreshing

- 16- characteristics, and since a silicide layer is forned on the
surface of the high density sem conductor area, the resistance in the
second M SFET connecting holes and the sheet resistance of the

sem conductor area can be reduced to Ee the M SFET operation faster and
i nprove the perfornmance of the senicogg Ctor integrated circuitry.

The selecting M SFET gate insulating filmcan be thicker than the second
M SFET gate insulating film Since the second M SFET gate insulating film
is thinned such way, the second M SFET channel |ength can be shortened,.

and since the selectin SFET gate insul ati ilmi hICk ned_ssuch
way, the di el &RAF3CE %’ﬂ%ﬁ(ﬁ% BRdSHE A @@E‘Fl(?&:%l%oi:a}’%rgvt SForif a DRAM

havi ng excel | ent f hi h t

M SFET cﬁaﬁneﬁ?zﬁ £4R sﬁ; d%ﬁbae?b BSieis &8 et 95?2{%%%9 fed cireutry
can increase d

h gher and 1 155 SRR s Theor HiSRABRARLE b ouaPer ShAMIRE 1O b
integrate C|rCU|tr of th

| niearated o Leuld e Sl its RECRRNL RUENAON. L8 AR Lener bcfbld) . anc
i nsul ating f'hm Sk dll %isplé&s% rtl_g.ofn' 'f@st&eahh%sgevegef«s type M SFET

i s disposed i e neno y array r nonvol at'1| € nenory cells

i nol udi ng the, gat g el ool Tgfes e ddAliif9Rkesn-agdatant Eokgatey. for med on

the floating

The selecting MISFET gate insulating film can be
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thicker than the second MISFET gate insulating film. Since
the second MISFET gate insulating film is_ thinned such_way,
the second MISFET channel length can be shor‘:ened, and since
the selecting MISFET gate insulating'film is thickened such
way, the dielectric strength of the MISFET can be improved
to form a DRAM having excellent refreshing characteristics.
Furthermore, when the second MISFET channel length is
shortened, the semiconductor integrated circuitry can
increase the MISFET driving current and enable its

gﬁ% performance to be higher and its operation to be faster.
| (3) The semiconductor integrated circuitry of the
present invention is as described in (1), and the first
MISFET gate can be a floating gate type MISFET, where the
insulating film is a tumnel insulating film. The floating
gate type MISFET is disposed in the memory array area for
nonvolatile memory cells including the gate electrodes,

floating gates, and control gates formed on the floating

electrodes via an insulating film.



el ectrodes via an insulating film -17-
According to the sem conductor integrated circuitry, just |ike the DRAM
described in (2), the nmenory array area for the nonvolatile nenory cells
can be highly integrated and the performance of the peripheral circuit
M SFET of the nonvolatile nenory corrpoz.ep_ of the second M SFET can be

i nproved significantly. The second ‘M SFET gate insulating filmcan be

thicker than the first M SFET gate insulating film Since the second
M SFET gate insulating filmis thickened such way, the dielectric strength
of the peripheral circuit MSFET of the nonvolatile nenory driven with a

general hi gh vol tage. cat e IGEa8Rd HRERCEHINLL ALY cirous eal) The

sem conductor int egra(i c ry~o resen ionincludés both
wr ds, tho 11 10EE TFETY REPYGREEL R R () aoPhR Ml el pfga” "

| nt eor ated ci FE6 P9, PORTLAFAT 2STOERe RO or 2R TE ey o Ry °5P%a can
oty |t eor Brad e P TR R B R G ST e he

upper layer ﬁtm’%/BQFULQ@tﬁ@ﬂoﬁgt@orﬁﬁc{?ed\ﬂosﬂ:@ﬁé:%&ﬁldc YTREGT Rahhge sane

process. Consequent t he nunber of processes can be
improved significantly.

The second MISFET gate insulating f£film can be thicker
than the first MISFET gate insulating film. Since the second
MISFET gate insulating film is thickened such way, the
dielectric strgngth of the peripheral circuit MISFET of the
nonvolatile memory driven with a general high voltage can
be increased more significantly.

(4) The semiconductor integrated circuitry of the
present invention includes both the DRAM and the nonvolatile
memory as described in (2) and (3). In other words, the first
MISFET includes both the selecting MISFET and the floating

gate type MISFET.

According to the semiconductor integrated circuitry,
the DRAM and the nonvolatile memory array area can be highly
integrated and the peripheral or logic circuit area can also
be highly integrated.

The DRAM bit line and the wiring formed in the upper
layer of the floating gate type MISFET can be formed in the
same process. Consequently, the number of proceéses can be

reduced.



reduced. - 18- The insul ating
films of the selecting M SFET, the floating gate type M SFET, the
peripheral circuit or logic circuit MSFET that drives the DRAM and the
peripheral circuit MSFET that drives the floating gate type M SFET are
differ in thickness fromeach other. Angdg_it can be expected that the gate
insulating filmof the peripheral circuit M SFET that drives the floating
gate type MSFET is thicker than that of the floating gate type M SFET,
and the gate insulating filmof the floating gate type M SFET is thicker
than that of the selecting M SFET, and the selecting M SFET gate

insulating filmisqf %%mamgt £168t6ri ooyl 84186c 144 W oifed haper i pher al
circuit or logic circuit MSFET"t drives the DRAM Consequently, the

gate insulati pgodt{A® gadfe E%esﬁ@é@ ng_hM pEEIpnkbe1 fd patiing otat 8gt ¥ pe
M SFET, and the peripheral "circuit or logic circuit M SFET that drives

the DRAM andciRenperypdesal cdd @ity ShieT DRiagt, dhiveset Bérlfah@ﬁél ng gate
type M SFET can be optim zed in thickness for each M SFET In the

sen conduct or ci A& €D MISFES f1Eakt HYvas tHiegChhbetgigntanyypé MISFEOatd), it
can be expected that a silicon nitride filmis formed in the second M SFET

formed area goffertia €RVekndsie reepativbEREr . andady hiec semimoestgetoed
substrate respectively. According to the sem conductor integrated

circuitry, that the gate insulating film of the peripheral circuit

MISFET that drives the floating gate type MISFET is thicker

than that of the floating gate type MISFET, and the gate
insulating film Z)f the floating gate type MISFET is thicker
than that of the selecting MISFET, and the selecting ME:SFET
gate insulating film is thicker than the gate insulating
film of the peripheral circuit or.logic circuit MISFET that
drives the DRAM. Consequently, the gate insulating films
of the selecting MISFET, the floating géte type MISFET, and
the peripheral circuit or logic circuit MISFET that drives
the DRAM, and the peripheral circuit MISFET that drives the

floating gate type MISFET can be optimized in thickness for

each MISFET.

In the semiconductor integrated circuitry as
described in any of (1) to (4), it can be expected that a
silicon nitride film is formed in the second MISFET formed
area so as to cover the second MISFET and the semiconductor
substrate respectively.

According to the semiconductor integrated circuitry,

since a silicon nitride film is formed in the peripheral



since a silicon nitride filmis formed in the peripheral

-19 - circuit or logic circuit area on the sem conductor substrate,
the el enment isolating area can be prevented from over-etching even when
connecting holes are formed in the elenent isolating area on the

sem conductor substrate. Thus, no | eak occurs from between el enents. And
accordi ngly, the sem conductor |ntegraté§ circuitry can prevent generation
of defects, inproving the reliability and perfornance. (5) The
nanufacturing met hod of the sem conductor integrated circuitry of the
present invention includes processes (a) for formng a gate insulating
filmon the main

gat e el i roﬁlégcaﬁﬁ 68t e R e e i, B e ok o 1 e
¢
KAT)SFE%:I ﬂgaaigﬁﬁﬁa?%kf%s%?ﬁﬁ%?lg“% HRndralsa bﬁé%%%%ﬁ‘&deé TR e
t f
el ecirodes eéngchloﬁ %r& rc%t n%' gﬁnﬁfih!)léga&% Sf g% %ﬂr faces

of each of t e seco
spacers outsi de bl fa&a&aémg g@é Ssen(lfaoriéafctf&r @u@)%tr%t@
density sem co Oor area in a se f |ng manner W th respect to the

second i de vacepAGeLEsR of oLbe, SoERn 1 b%\ﬂv%:&-r’@(&)eﬁt%r dgpesi ting an

interlam nar insulatin conposed of a silicon oxide filmall over the

sem conduct or ac%BQa&haw:, (R stpldagatdteod Ntrfd AEHRT diRedididhNgaki | m and

prevent generation of defects, improving the reliability

and performance.

(5} The manufactuiing method ofm the semiconciﬁctor
integrated circuitry of tk:é present invention includes
processes (a) for forming a gate insulating film on the main
surface of a semiconductor substrate; (b) for forming gate
electrodes and a cap insulating film on the gate insulating
film; (c¢) forming a low density semiconductor area of the
first and second MISFETs in a self-matching manner
respectively with respect to the gate electrodes; (d) for
€l forming the first side wall spacers on side surfaces of each
‘ of the gate electrodes; (e) for forming the second side wall
spacers outside the first side wall spacers; (f) for forming
a high density semiconductor area in a self-matching manner
with respect to the second side wall spacers of the second
MISFET; (g) for depositing an interlaminar insulating film
composed of a silicon oxide film all over the semiconductor
substrate; (h) etching the interlaminar insulating film and

the second side wall spacers and opening the connecting



t he second side wall spacers and opening the connecting

- 20- ~holes in a self-matching manner with respect to the first side
wal | spacers of the first M SFET; and (i) for forming a conductor portion
in each of the connecting hol es. Furt hernore, the manufacturing

met hod of the sem conductor integrated. circuitry of the present invention
i ncl udes processes (a) for formng a galzg) insulating film on the main
surface of a sem conductor substrate; (b) for formng gate el ectrodes and
a cap insulating filmon the gate insulating film (c) formng a | ow
density sem conductor area of the first and second M SFETs in a

| f- hi h h
for d‘eT;‘Eé; ti g il‘;‘é‘{‘féc%%sﬁefm?ghﬁpsnfnarﬁgiﬁiﬂreErzesirzﬁ%% s G hgstes (9
em con t t f th
ol ectrodes; (E1OPorThARARE™S: He W gﬂtz@é%‘g%%%e%ﬁl%e Coek.Borhifele gat e
el ectrodes mégcgnducwonopé{éade fe'a'c!ﬂ ¥ el Lhgrghetugens (L) for

form ng ensi R conddet SEAr ea i a se hi'ng “'Mnner with

respect to the side; wg{lng er§hgfmggggggggpgn§4$§Egéd 69>tﬁ$f depositing

an interlamnar insu m conpose rcon oxrde filmall over

the sem Cond“%{f{ﬁfoﬁ&ﬁé%?tﬁ’t L BHEAG IS bRai g g LasubaLbRg 11 m

and the side wall "spacers orm openings irn a sel ing nmanner with

respect tot h?néﬂﬂi& Phisdgles f('a)”’fo&“f&?ﬁing% U iR 1SitingORi Mt ri de
filmat the bottomo eac

on the main surface of a semlconductor substrate; (b) for

forming gate electrodes and a cap insulating film on the gate
insulating film; (c¢) forming a low density semiconductor
narea of the first and second MISFETs in a self-matching
manner respectively with respect to the gate electrodes; (d)
for depositing a silicon nitride f£ilm all over the surface
of the semiconductor substrate including the side surfaces
of each of the gate electrodes; (e) for forming side wall
spacers on side surfacés of the gate electrodes with a
silicon nitride film formed therebetween; (f) for forming
a high density semiconductor area in a self-matching manner
with respect to the side wall spacers of the second MISFET;
(g) for depositing an interlaminar insulating f£ilm composed
of a silicon oxide film all over the semiconductor
substrate; (h) etching the interlaminar insulating £ilm and
the side wall spacers to form openings in a self-matching
manner with respect to the silicon nitride £ilm, further

etching the silicon nitride film at the bottom of each



-21- opening to open the connecting holes; and (i) for formng a

conductor portion in each of the connecting hol es. According to the
sem conductor integrated circuitry, it is possible to forma sem conductor
integrated circuitry as described in (1). (6) In the process (c),

the manufacturing nethod of the sem conductor integrated circuitry can

i npl ant  phosphorus in the first M SFET %Seni conductor area and i npl ant
arsenic in at |east one or nore |ow density n-type sem conductor areas of
t he second M SFET. According to the manufacturing nmethod of the

sem conductor integrated circuitry, the dielectric strength of the first

M SFET « be i .G 1S j i
sen gonﬁgé‘t or %gﬁﬁé’lﬁ%?%% P A RraRRringrnbdBe S A, LR i dRRe LY
can t . F h i i

© S e aangpergr PUE R Phceadd $E LRGSR Ak bahb he 11!

M SFET gate 2n&g e second gate r/nsulating film

can be formed in the Sane: Bl 96e5Re ool U GaSEr L GRLA JcULAL I N0

filmform ng process tan shortened and sinpli urt her nor e,
t he process ( . fQrm i i ideg,C L : I s for
formng the f?L%‘s{‘gpé’é%é@%ﬁﬁgﬁfﬁ‘géﬁ%&nﬁﬁéggﬂg egﬂ\%/%lgféey?ﬁe%lﬁogégggﬁd

second M SFE‘g]§ ﬁ%‘%c??b@ﬁdina(ﬂ ocess for renoving the first insulating
filmselectively fromthe area where the second

(6) In the process (c¢), the manufacturing method of

the semiconductor integrated circuitry can implant

phosphorus in the first MISFET semiconductor area and
implant arsenic in at least one or more low density n-type
semiconductor areas of the second MIgFET. According to the
manufacturing method of the semiconductor integrated
circuitry, the dielectric strengfh of the first MISFET can
be improved and when arsenic is implanted in the low density
semiconductor area of the second MISFET, the second MISFET
channel length can be shortened.

Furthermore, in the process (a), both the first MISFET

gate insulating film and the second MISFET gate insulating
film can be formed in the same pfocess.

In such a case, the gate insulating £ilm forming process can
be shortened and simplified.

Furthermore, the process (a) for forming an
insulating film can includes a process for forming the first
gate insulating film in an area where the first and second
MISFETs are formed, a process for removing the first

insulating film selectively from the area where the second



-22- M SFET is forned, and a process for formng the second insulating
filmin an area where the second MSFET is forned. Wen those additional
processes are included in the process (a), since the first and second

M SFET gate insulating filnms can be forned differently in thickness from
each other and after the first gate inzﬁéating filmis formed, the second
insulating filmis forned, the second gdt® insulating film can be thinner
than the first gate insulating film The manufacturing nmethod of the
sem conductor integrated circuitry of the present invention is as

described in (5), and the gate insulating filmcan be a tunnel insulating
fil f the f Walo t M SFET ' lLatil d

the process fBECTB nRgr CHATD LT G S Hhe a8 R rDe s PR 1 or i ng
the floating.gat L ectt. f the f [ ET

e elhonI N0 fake elegaden, ot Lhe, Lhasiag satsabips ST Andec
M SFET. Accorging E@oéé‘gdﬁg'@%ﬁ&i ilt[%o'el%[sosfé;’ngPQ ﬁielﬂlﬁé?ﬁ' Sedyetak

integrated circurtry, 1 pOSsS rma nonvolafilé nemory i n which

the memory anLay &f6a €48 A& Qﬂh%éc%%%%f‘élf?g%@Ie;f&?s@fé{%%@%ﬁgf the

peripheral circuit area can be 1nproved signi _ _
manuf act ur i ng -gRt HO %k Hndd 181 $EBLERA! nc%rg;thoi'rd?@n%%rsa’fggm%éw!c;ifl'}’exOfathe

present invention is as described | (6), and in prior to the
process (a) ap@teknehelded-x BheECSSsi DAt {4y MiNeh hRerbunag) dHswleabhag film

insulating film is formed, the second gate insulating film

can be thinner than the first gate insulating film.

The manufacturirzg method of tile semiconductor
integrated_circuitry of the present invention is as
described in (5), and the gate insulating film can be a
tunnel insulating film of the floating gate type MISFET
composing a nonvolatile memory and the process for forming
gate electrodes can include a process for forming the
floating gate electrodes of the floating gate type MISET and
a process for forming the control gate electrodes of the
floating gate type MISFET. According to the manufacturing
method of the semiconductor integrated circuitry, it is
possible to form a nonvolatile memory in which the memory
array area can be highly integrated and the performance of
the peripheral circuit area can be improved significantly.

(8) The manufacturing method of the semiconductor
integrated circuitry of the present invention is as
described in (5) or (6), and in prior to the process (a) are

included a process for forming the tunnel insulating film



-23- . of the floating gate type M SFET conposing a nonvol atile nenory
on the main surface of the sem conductor substrate and a process for
formng the floating gate el ectrodes of the floating gate type M SFET on
the tunnel insulating film According to the manufacturing nmethod of
the sem conductor integrated circuitry,_jt is possible to manufacture a
sem conductor integrated circuitry provided wth both DRAM and nonvol atil e
menory in which the nenory array area is highly integrated and the
performance of the peripheral circuit area is inproved significantly.

The gate electrodes fornmed in the process (b) and the control gates of the

fl i M_SFET . be f d _| h , i.qplif
(21 18,021 e L MSEET oD e LTl el scess. sl [y
th te i | at i filmf dingth . Th
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decided so that an e ction ratio can-be taken for the second
silicon semiconductor integrated circuitry, it is possible to

manufacture a semiconductor integrated circuitry provided

with both DRAM and nonvolatile memory in which the memory
array area is highly integrated and the perfor;nance of the
peripheral circuit area is improved significant_i(.

The gate electrodes formed in the process (b) and the
control gates of the floating gate type MISFET can be formed
in the same process to simplify the process.

- Furthermore, the tunnel insulating f£ilm can be
thicke? than the gate insulating film formed in the process
(a).

i (9) The manufacturing method of the semiconductor

. integrated circuitry is as described in (5) to (8), and in
prior to the process (g) can be included a process for
depositing the second silicon nitride film in the area where
the second MISFET is formed, etching the interlaminar
insulating film in the area where the conductor portion
connecting the second MISFET to a member formed in the upper

layer of the second MISFET on conditions decided so that an

etching selection ratio can be taken for the second silicon



-24- . nitride filmto formopenings, and furthernore etching the second
silicon nitride filmat the bottom of each opening to open connecting
holes to forma conductor portion. According to the manufacturing

met hed of the sem conductor integrated circuitry, since etching of the
interlamnar insulating filmis stopped $¥]the second silicon nitride
film then the second silicon nitride fifm that can be thinned nuch nore
than the interlamnar insulating filmcan be etched, over-etching will be
enough if it is made up to 1/2 of the second silicon nitride film And,
even when connecting holes overlap on the elenent isolating area on the

over-etching. TEIGEEanPI U0 73 HERiBIth T poCoeI e rgrrER e pee
securcd e o Lol ns bagiiom o i eLemen o alat g e oan
and the oilica GHop FRBneRE AREOHRE st o T FORRRER SR i Can e
the  represont at vers SOCAETE S ofo¢ el Sffeur 53 ML BES o0 chR, OPL 21 ned B
described briefd¥.conductor integrated circuitry, since etching of the

" interlaminar insulating film is stopped by the second

silicon nitride film, then the second silicon nitride £ilm

that can be thinned much more than the interlaminar
insulating film can be etched, over-etching will be enough
if it is made up to 1/2 of the second silicon nitride f£ilm.
And, even when connecting holes overlap on the element
isolating area on the semiconductor substrate, the element
isolating area can be prevented from over-etching.
Consequently, a proper etching process margin can be
secured, the element isolating function of The element
isolating area can be kept, and the performance and

éﬁi reliability of the semiconductor integrated circuitry can
be secured.

The second silicon nitride film and the silicon
nitride film formed as the first insulating f£ilm can be
formed in the same process.

Hereunder, the effects to be obtained by the

representative inventions of the disclosed ones above will

be described briefly.



-25- . (1) The present invention can provide a sem conduct or
integrated circuitry technology for dividing the nenory cells of the DRAM
or the nonvolatile nenory finely so as to be integrated nore highly and to
make.the operation faster in a semiconductor integrated circuitry provided
with a DRAM or a nonvolatile nmenory. (2) The present invention can
provi de a sem conductor integrated ciréanry technol ogy for dividing
menory cells finely so as to be integrated nore highly and make the
operation faster in a sem conductor integrated circuitry provided with a
DRAM or an electrically rel oadable nonvolatile nmenory. (3) It is

Com conduct of i nt egfl G BYPRRIEr P VT U BT B AR T 81 SO T
ol 121 ng a hi GRSPTRNEL i S Lo RGAn S ok S 0F YL AR T CEITR AR °C
Over - ot chi ng. Wieen bomEeeiho e Bad h1 AT RBRUEY S ol Thl
Ciroul LTy, pr oviat Wk o EAM o ancect o 1o oF Seagb e honial ati | e

menory. BRI ER DES(R| FEHAN o PRAVENGY ed circuitry provided with a DRAM

or a nonvolatile memory.

(2) The present invention can provide a semiconductor

integrated circuitry technology for dividing memory cells

finelgf so0 as to be integrated more highly and make the
operation faster in a semiconductor integrated circuit;y
provided with a DRAM or an electrically reloadable
nonvolatile memory.

(3) It is possible to provide a technology for
realizing a high performance semiconductor integrated
circuitry with excellent DRAM refreshing characteristics.

(4) It is possible to provide a technology for

realizing a highly reliable semiconductor integrated

circuitry that can prevent the element isolating area on the
semiconductor substrate from over-etching when connecting
holes are opened.

(5) It is possible to simplify the manufacturing
processes for a sémiconductor integrated circuitry provided
with a DRAM and an electrically reloadable nonvolatile
memory.

BRIEF DESCRIPTION OF DRAWINGS



- 26- Fig.1is a cross sectional view of the major portion of a
sem conductor integrated circuitry in the first emnbodinent of the present
invention. Fig.2 is atop view of a DRAMin a nenory cell area, included
inthe semconductor integrated circuitry in the first enbodi nent of the
present invention. Fig.3 is a block dia m of the sem conductor
integrated circuitry in the first enbodi“tent of the present invention.
Fig.4 is an equivalent circuit diagramof the DRAMincluded in the

sem conductor integrated circuitry in the first embodi nent of the present
invention. Figs.5 to 25 are cross sectional or top views of an exanple of

h ¢ h X ) ! ) o T
e%voé?ngﬁ?”i ﬁEE‘#&Zr :ocf-lfﬁg §?€€§§%%Lecv‘t%?%é?&@‘%gnﬁfa%ﬁn{e%é% BRELOH ohal
vi ews of anot her h . . i
inéegra}edh cP c3??gggFﬁn?ﬁ%t???%%éé§%§§§¢§§%¥€§fﬁgﬁé%gggggﬂgggﬁggntion in
order of the Fi g. i g i i ,

%{'ng)?) grsng%ﬁ] %%n%ec tpoxlre%le%;?: '1§1v%n§5.8§13. S??#' ?.nlaé ahv't% gfleghe

maj or portion egrated Clrcurtfy in the Secon

embodi ment of the pﬁgﬁe% 5%%’55%3?%%@ Brdd LRALRE i @8 sectional

views of a manufacturing ne sem conductor integrated circuitry

in the second egbadl gp iirh&fgfi%fte%f c&?@u?f%%ﬁ?%ﬁe first embo@id@nks a

( to
cross secti onal™ Vi ew o? tﬁe major portion of a sem conductor integrated
circuitry in (e hliffosent invention. Fig.3 is a block diagram of the

semiconductor integrated circuitry in the first embodiment

of the present invention. Fig.4 is an equivalent circuit
diagram of the DRAM included in— the semicondu;tor integrate:i
circuitry in the first embodiment-:m—of the present invention.
Figs.5 to 25 are cross sectional or top views of an example
of how to manufacture the semiconductor integrated
circuitry in the first embodiment in order of the processes.
Figs.48 and 49 are cross sectional views of another example
of how to manufacture the semiconductor integrated
circuitry in the first embodiment of the present invention
&% in order of the processes.

Fig.26 is a cross sectional view of the major portion
of a semiconductor integrated circuitry in the second
embodiment of the present invention. Figs.27 to 29 are cross
sectional views of a manufacturing method of the
semiconductor integrated circuitry in the second embodiment
in order of the processes.

Fig.BO is a cross sectional view of the major portion

of a semiconductor integrated circuitry in the third



-27- . enbodi nent of the present invention. Figs.31 to 33 are-cross
sectional views of a manufacturing nethod of the sem conductor integrated
circuitry in the third enmbodi nent in order of the processes. Fig. 34
is a cross sectional view of the major portion of a sem conductor
integrated circuitry in the fourth enbodi nent of the present invention.
Figs.35 is an expanded cross sectional View of the areas C and D shown in
Fig.34. Fig.36 is atop view of an electrically rel oadable batch erasure
type nonvolatile nenory, so-called a flash nenory array area included in
the sem conductor integrated circuitry in the fourth enbodinent. Fig.37 is

an equi val ent emﬁbﬁgfﬂ%ﬁt%fa&géag]vrvgéﬁﬁ JJe"%félo@Pm%’l Sp%r f:cg)@?» gr@%ﬁ%@st 0 46

are top or cross sec I-onal a manu cturing net for

serm conduct of sbakeghal efs St 14 d i Laud grlet?fstao%'fﬁ% in order of

t he processes a Cross secti Vi ew of e maj or

port-i onof 3 semaandusi o, ndedael ekl e Uiy chi thierd iaspaedi ment

of the present 1nvention. IS a cross sectional view of a

menory cel | §ﬁegr@grtg§ SN i d e sixth enbodi ment of the present
invention. Fig.50(b) is a cross sectional view of a peripheral circuit

area of the DRAMIi m%ejz}suéw &Rl EBRE ona Fivi &d JEStRe D) i @Wrefiohhe
menory cell area of t

of a semiconductor integrated circuitry in the fourth

embodiment of the present invention. Figs.35 is an expanded

cross sectional view of the areas C and D shown in Fig.34.
Fig.36 is a top view of an electrically reloadable batch
era;ure type nonvolatile memory, so-called a flash memory
array area included in the semicondﬁctor integrated
circuitry in the fourth embodiment. Fig.37 is an equivalent
circuit diagram of the flash memory portion. Figs.38 to 46
are top or cross secktional view of a manufacturing method
for the semiconductor integ?;fated circuitry in the fourth
embodiment in order of the processes.
Fig.47 is a cross sectional view of the major portion
of a semiconductor integrated circuitry in the fifth
embodiment of the present invention.

Fig.50(a) is a cross sectional view of a memory cell
area of the DRAM in the sixth embodiment of the present
invention. Fig.50(b) is a cross sectional view of a

peripheral circuit area of the DRAM in the sixth embodiment.

Fig.51 is a top view of the memory cell area of the DRAM



- 28- in the sixth enbodinment. Fig.52(a) is a cross sectional view of

the line llla-Illa showmn in Fig.51. Fig.52(b) is a cross sectional view of
the line Illb-111b showmn in Fig.51. Figs.35 to 79 are cross sectional
views of a manufacturing nethod for the DRAMin the sixth enbodi nent in
order of the processes. Fi gs. 80 81 are cross sectional views of

a manufacturing nmethod for the DRAM i n ‘tthe seventh enbodi nent of the
present invention. Figs.82 to 84 are cross sectional views of a

manuf acturing nmethod for the DRAMin the eighth enbodi nent of the present
invention. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Her eunder, the
enbodi nents of, _t

te re§ nt .i nvention_.w Il’sg be descri bed vm'Eh reLer.ence to
the.acconpanyiRg- TSP AR AGEAH TGt RSP ANRAGS BXTIGRTFRG I L IHEH ment s,
th I i, b i to.th hawvi . f ti ,
hoi ding 1 eauRAaS dBeaRRer ohd BrebR ROy . 57y, J8IE bR | 002
ti | vi ‘ : . . ; r q
sectional v eyealibhe: i gL 00 Lhgn Lol SAPMEMERL ey aed
f DRAM : I i | n .t i i :
ol reuitry 1 Fads 35 o I rNELYOC At It L STLGRNIE Mar FEHAEE

bl ock di agr amyat nhhe: SeMROBANAt O (it 89k ah e Sdffulid iy bPabhef ikt

enbodi ment of the present 1nvention.
processes. :

Figs.80 and 81 are cross sectional views of a

manufacturing method for the DRAM in the seventh embodiment
of ti'le present invention. Figs.82 to 84 are cross sectional
views of a manufacturing method for the 5£AM in the eighth
embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereunder, the embodiments of the present invention
will be described with reference to the accompanying -
drawings. In all the drawings explaining the embodiments,
the same numerals will be given to the members having the
5;* same functions, avoiding redundant explanation.

(1st Embodiment)

Fig.l is a cross sectional view of the major portion
of a semiconductor integrated circuitry in an embodiment of
the present invention. Fig.2 is a top view of a DRAM memory
cell area included in the semiconductor integrated
circuitry in the first embodiment of the present invention.
Fig.3 is a block diagram of the semiconductor integrated

circuitry in the first embodiment of the present invention.



-29- . Fig.4 illustrates an equivalent circuit of a DRAMincluded in the
sem conductor integrated circuitry in the first enbodinent of the present

i nvention. The sem conductor integrated circuitry in the first

enbodi mrent of the present invention, as shown in the area Ain Fig. 1,

i ncl udes storage capacity elenents (capacitors) C2 and C3 for storing

i nformati on and conposi ng DRAM nenory ¢€lls; selecting M SFETs 2 and 3
connected to the storage capacity elenments C2 and C3; and word lines W1
and W.4 adjacent to those 2 and 3. The cross section of the DRAM
shown in Fig. 1 indicates a cross section of the I-1 line in the top view

f the DRAM
ci fdt ry in FRE-Bi fgilusrié?ﬁ%as%ﬁn“%‘qﬁggﬁs%marﬁ%‘é?ﬁejf%ﬂﬁ%a a8t ed
n N M SFET
N channel ”M SHBT A2 B PBAE TP LS %%Qcar“@aiﬁg& R
menor t
i nt eg)r/a'?:d (S:I FE‘%P%EEWPE ?ﬁ @ﬁ? réfogseéﬂ% ernctt%&l:ls shown |-rll-h|§| ;e? ciogd;ctor
m eroconput er T or el oL e HAL EARGUChEL %»ggpga "3 £odi LAPN L 0B

i nformation proce55|ng ut "an analog igrtal

circuit ADC, {{MenQSOWIJle Qﬁfe%en%ghﬁeknﬁiﬁﬁu' is O?vgh RM¢ 0L r850r | Ng

CsS, etc.; and a used as circuits the m croconput er
are connect edat 0, 36N 10t He¥1udes storage capacity elements (capacitors)

C2 and C3 for storing information and composing DRAM memory

cells; selecting MISFETs Qs2 and Qs3 connected to the

storage capacity elements C_2 and C3; and word lines WL1 and
WL4 adjacent to ;hose 0s2 and Qs3. The cross section of the
DRAM shown in Fig.l indicates a cross section of the I-I line
in the top view of the DRAM memory cell area shown in Fig.2.
The semiconductor integrated circuitry in the first

embodiment, as shown in the area B in Fig.l, includes an N
channel MISFET Qnl, a P channel MISFET Qpl, and the second

N channel MISFET Qn2 used to compose peripheral circuits

other than DRAM memory cells, as well as other logical

circuits.

The semiconductor integrated circuitry in the first
embodiment, as shown in Fig.3, is a microcomputer formed on
a semiconductor substrate 1 together with an information
processing CPU; input and output ports; an analog digital
circuit ADC; a timer, as well as a logical circuit LG; a ROM
for storing 0S, etc.; and a DRAM used as a memory. The

circuits of the microcomputer are connected to each other



- 30- . via a bus BUS. The N channel M SFET Onl and the P channel M SFET
Q1 can be used for logical configuration such as the information

processi ng CPU. As shown in the equivalent circuit in Fig.4, a single
bit menory cell is conprised of the storage capacity elenent C for storing
information and the selecting M SFET (s 2 and &3). The storage
capacity elenent C and the selecting M T (& are connected serially. The
gate el ectrode of the selecting MSFET s is connected electrically to
word lines W (WO W1, and Wen) and forned integrally. The word line W
is connected to a word line driver WD. One of the source or drain area of

the selecting M SFET Qs_i| ted electrically t i de el ectrod

of the. St or A& CaBabRE US| o JCShaRRe bIFLT L) 9 1oRBR: FRRS ST sour ce
dr ai | ect i FET ar, ted to.a bit.line BL and

Che bit 11 ne. SETRETCORhGATCRS (P Conasdhrty Frar: aareCi i QUoR GAy e no

single bit nmenory cell. is_disposed a n intersection point of the word
line W and t H&H YR8 Bl’f.ocgfgl{l% éggdescri bed | ater, the word line W is

extended in the figst, 'V%F‘ihi e %1%%@91'&%%’:8&1?"111 ¥i ..%?ggeéﬁqlse "ot

vertically in the secon I rection. sense anprfi

ified [ t. qiqt : i apel T 1l
and the P ChateriRpSEr it € BrBESERTLL 3RC Brord Lef A e eRe™  he
word line driver Wsra8ihQ NRerfestiichednhat gl s L3 tW8g MISFET 0s (Qs2

and Qs3). The storage capacity element C and the selecting

MISFET QOs are connected serially. The gate electrode of the
selecting MISFET Qs is connected electrically to wo-rd lines
WL (WKO, WL1, and WLn) and formed integrally. The worc;line
WL is connected to a word line driver WD. One of the source
or drain area of the selecting MISFET Qs is connected

electrically to one side electrodes of the storage capacity
element C. The other side electrodes of the source or drain
area of the' Selecting MISFET are connected to a bit line BL
and the bit line BL is connected to a sense amplifier SA.

In such way, the single bit memory cell is disposed at an

intersection point of the word line WL and the bit line BL.
As to be described later, the word line WL is extended in
the first direction and the bit line BL 1is extended
vertically in the second direction.

The sense amplifier SA is not specified specially, but
it can be comprised of the N channel MISFET Qnl and the P
channel MISFET Qpl. " The N channel MOSFET used to compose

the word line driver WD, as to be described later, can be



-31- . conprised of the N channel M SFET On2 containing different
inpurities in a | ow density sem conductor area fromthose of the N channel
M SFET Onl. In addition, this N channel MSFET On2 is used for a circuit
of a charger punp circuit, as well as input and output ports as needed,
which are operated with a higher voltage than that of the N channel

M SFET nl. Next, each part conf i-ggr ation will be described with
reference to Fig.l indicating a cross sectional view of the nmjor portion
of the sem conductor integrated circuitry in the first enbodi ment of the
present invention. The single bit nenory cell is conprised of the

storage capacity ele f i L i -and AQde th

;el ecti ngI :\/I ﬁuig s?ﬁ’? 5%8 D&%%%%ggﬂgg?%g{%I%&%lﬁ&d%%?or med i ﬁ a
-type we . fo n e I ; - ! duct
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bit line storage capacity, a substrate bias can be app to the P-type

wel | area 5, ;wh&h iS5 & shanngla reauel pbessakeabiAdaM whkdh Gre
The selecting MSFET (5 i1s forned inan activating area 5b limted by a

field insulathpgritddn i d h8gRebkYPE1ltage than that of the N channel

MISFET Qnl.

Next, each part configuration will be described with
reference to Fig.1l indicating a cross sectional view of the
major portion of the semi::onductor integrated circuitry in
the first embodiment of the present invention.

The single bit memory cell is comprised of the storage
capacity element C for storing information (C2 and C3) and
the selecting MISFET Qs (Qs2 and Qs3). The selecting MISFET
Qs is formed in a P-type well area 5 formed on the main

surface of the P-type semiconductor substrate 1. The P-

type well area 5 of the memory cell is separated electrically

from the P—type semiconductor substrate in the N-type
semiconductor area 3. Consequently, in order to prevent
noises from other circuits mounted on the same semiconductor
substrate 1 and reduce the DRAM bit line storage capacity,
a substrate bias can be applied to the P-type well area 5,
which is a channel area of the selecting MISFET Qs.

The selecting MISFET Qs is formed in an activatingn

area 5b limited by a field insulating film 2 in the P-type



-32- . well area 5. The selecting MSFET & is conprised of a P-type
well area 5 (channel formng area); a gate insulating film 6; a gate

el ectrode 7; and a pair of low density N-type sem conductor areas 9
conposi ng source/drain areas, into which inpurities are doped at a | ow
density. To reduce the resistance, the_gg;e el ectrode 7 may be structured
wth nmultiple layers of a silicon film<containing inpurities of
phosphorus (P), etc. or a silicon filmon which silicide such as tungsten
silicide (Wsi) or a nmetallic filmsuch as tungsten (W is formned.

The top of the gate electrode 7 is covered with a silicon nitride film$8

and on the si %13“{1%%&%5 %Bet%d%ﬁém%q ﬁk§€£{*gg%ejl% %r'i'%%gs%ﬁ Eg}?ﬁ)&é” de

film8 are forme first 'si space conpose n

ni tride and the1Secands Side ol (SPAGRES.Le FOPESEd OhosiLEERD @Xide.
% 1S g SO t% e Sa S >aa]SO

ae . ¢
The silicon nitride ?lln1 or me at th me pattern

formed on the gate £leCLhRdesode 7; ali_lld dnphpe Lew r@éﬂé’ié\ljtﬁﬁpﬁrpe .
p an i nmpurity

sem conductor area™9, for exanple, osphorus can be doped “as

Consequent |y, dhf Shserabl abehBecelsgbbital fbehée/d8dientdnof ithe

electrical field at the end portion of the "drain) between the end portion
of the gate e'm@ﬁ@k@_@ﬁ?u?i@ﬂés d:ee aBpb¥Pe: e llbwadgas Pran Teerbaues &dhe and

further it is possible to prevent generation of defective crystallization
resistance, the gate electrode 7 may be' structured with
multiple layers of a silicon film containing impurities of
phosphorus (P), etc. orasilicon filmonwhich silicide such

as tungsteﬂ silicide (WSi) or a metallic film such as
_t:,-ungsten (W) is formed.

The top of the gate electrode 7 is covered with a
silicon nitride film 8 and on the side surfaces of the gate
electrode 7 and the silicon nitride film 8 are formed the
first side wall spacers 14 composed of silicon nitride and
the second side wall spacers 15 composed of silicon oxide.
The siliconnitride £film 8 is formed so that the same pattern

Fr is also formed on the gate electrodes 7.

In the low density N-type semiconductor area 9, for
example, phosphorus can be déped as an impurity..
Consequently, the strength of the electrical field
{strength of the electrical field at the end portion of the
drain) between the end portion of the gate electrodes 7 and

the P-type well area 5 can be lowered, and further it is

possible to prevent generation of defective crystallization



-33- when inpurities are inplanted to reduce the | eak current and
extend the refreshing tine. As shown in Fig.6 to be described |ater,
the selecting MSFET s is separated electrically fromthe nmenory cells
(inwunits of a pair of nenory cells) by a field insulating film2 and the
active area Sb is limted by the field _qqsulating film 2. One | ow
density N-type sem conductor area 9 of the selecting MSFET 5 is
connected to an electric conductor 20 via connecting holes 19 and the

el ectric conductor 20 is connected to one side electrodes of the storage
capacity elenment C for storing information. The el ectric conductor
20 is formed Whed Sfhlr RILNRAG infBAREAU) i BSRChe RakGuLL &L glgde val

spacers 14 conpos of silicon nitride. In other words, the connecting

holes 19 are f.Qreed kRearaelbsHBish Nig MaNner with respect to the first
side wall spacers 14 conposed of silicon nitride and fornmed on side

surfaces of the gatgs eheehr PEeS gl 6 &b Beedes Pl SEE ARG T, dEnadd] citaegr s 15
are formed with silicon oxide, which is the sanme material as that of the

insulating fiMIRFE® b8 be skasordtert ehateriandlihersecemns rtdrterywwaldi1sspacers

15 and the insulating film18 are forned wth a material whose etching

rate is differ@ntuhiom éhad pafirt b€ mdndst ilde )wsly| a shiskl Snbdlattheg
el ectric conductor 20 can be connected to the |ow density N-type
sem conduct or fdidea2 and the active area Sb is limited by the field

insulating film 2.

One low density N-type semiconductor area 9 of the
selecting MISFET QOs is connected to an electric conductor
20 via connecting holes 19 and the electric conductor 20 is
connected to one side electrodes of the storage capacity
element C for storing information.

The electric conductor 20 is formed in a self-matching
- manner with respect to the first side wall spacers 14
- composed of siliconnitride. In other words, the connecting

holes 19 are formed in a self-matching manner with respect
frs to the first side wall spacers 14 composed of siliconnitride
and formed on side surfaces of the gate electrodes 7. Since
the second side wall spacers 15 are formed with silicon
oxide, which is the same material as that of the insulating
film 18 to be described later and the second side wall
spacers 15 and the insulating £ilm 18 are formed with a
material whose etching rate is different from that of the

first side wall spacers 14, the electric conductor 20 can

be connected to the low density N-type semiconductor area



- 34- 9 in a self-mtching manner such way with respect to the first
side wall spacers 14. In other words, when the insulating film 18 and the
second side wall spacers 15 are to be etched, the first side wall spacers
14 are etched under nore strict etching conditions than those of the
silicon oxide. Consequently, when the cgpnecting holes 19 are to be
formed, the connecting holes 19 are opeﬁgg—mﬁdely and a proper |arge
margin i s secured, so that the interval between gate electrodes 7 can be
reduced to inprove the integrating degree. This is because the electric
conductor 20 is connected in a self-matching manner with respect to the

first sid Id . 14. . In.oth ds, ' i

hf Zreﬁ'ce:t z’aé ¢ %C%&éﬁ-mgﬁﬁeﬁé Freth apocBoril ot S8 Ne Y hhes in
the secon irection,. i he _i i
reduced to i Cé#%E% & %ﬁ%&b%??%ﬁgshggﬁgg, tﬁgﬁ%%ﬁﬁggﬁ%ﬁda#o 229 Ssc;nlsbe

opened Wi dely A0S 600636! 1§ SR LAICE0Ln AN O 108BackE S| LAl I

addi ti on, when e connecfting are or med ogr aphy

margi n of aligupat.ddhddeAEGANL e ¢ §&GR19NSAN RS 1uedUe 8Y chel ddifer

interval in the séecon di rection can %e r educed. In the first

enbodi nment , t%r@%@ﬂ;%t@iﬁﬁ @:8¥135€io£9rﬂﬁ§nn9ﬁo§é’ be pasidiones on top

of the gate electro top of the gate el ectrodes 7, however, a

si-licon nitriglg dd! mBnseqakse1{oriRsh B tdnetiest hBdeBol 9sadd to

be formed, the connecting holes 19 are opened widely and a

PN
.
Yo
o

5 .g0
Q‘ (A
i

proper large margin is secured, so that the interval between
gate electrodes 7 can be reduced to improve the integrating
degree. ';his is because the electric conductor 20 is
connected in a self-matching manner with respect to the
first side wall spacers 14. In other words, as to be
described with reference to Fig.8, even when the interval
between adjacent word lines in the second direction, that
is, the interval between gate efsctrodes 7 is reduced to
improve the integrating degree, the connecting holes 19 can
be opened widely and the contact resistance of each hole can
be lowered. In addition, when the connecting holes 19 are
formed by lithography, the margin of alignment in the second
direction can be reduced, so the interval in the second
direction can be reduced.

In the first embodiment, the connecting holes 19 are
formed not to be positioned on top of the gate electrodes
7. On top of the gate electrodes 7, howéver, a silicon

nitride film 8 is also formed, so the connecting holes 19



-35- . may be opened so as to be positioned on the gate el ectrodes 7.
Consequently, a larger margin of alignnment can be secured. The ot her
| ow density N-type sem conductor area of the selecting MSFET & is forned
integrally with the bit Iine BL and connected to an electric conductor 22
via the connecting holes 21. Just_like the electric conductor 20,

the electric conductor 22 is also formé®in a self- mat chi ng manner with
respect to the first side wall spacers forned with silicon nitride on side
surfaces of the gate electrodes 7. In addition, just |ike the connecting
hol es 19, the connecting holes 21 led to the bit line BL nay be extended
to be positioned on top of the e electrod 7. _Conse ue . _Jike the
connecti ng hoW%¥q1 PFW@dCEHﬁE%F%deHHF%% %ﬂ? T B%eéﬁﬁﬂ% éépgeﬁnd t ake
a large narglg of aI| nnment, The _ interval het ate el ectro es 7
(interval bot heerCoBFHINPRLS \R )1 HFY MEEDE “?e&clganfr@fﬁt PBVES he

i ntegrating denS|t% In other words, as to be descri bed Iater wth
reference to even when the interval between adjacent menory cel
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BL and comnnected to an electric conductor 22 wvia the

connecting holes 21.

Just like the electric conductor 20, the electric
conducto; 22 is also formed in a self-matching manner with
respect to the first side wall spacers formed with silicon
nitride on side surfaces of the_gate electrodes 7. 1In
addition, just like the connecting holes 19, the connecting
holes 21 led to the bit line BL may be extended to be
positioned on top of the gate electrodes 7. Consequently, -
like the connecting holes 19, the connecting holes 21 can
be opened widely and take a large margin of alignment. The

interval between gate electrodes 7 (interval between word

lines WL) can thus be reduced to improve the integrating
density. In other words, as to be described later with

reference to Fig.20, even when the interval between adjacent
memory cell selecting MISFETs Qs in the second direction,
that is, the interval between gate electrodes is reduced to
improve the integrating degree, the connecting holes 21 can
be opened widely and the contact resistance of each hole can

be lowered. And, when the connecting holes 21 are to be



- 36- formed by |ithography, the margin of alignnment in the second
direction can be reduced, so the interval between gate electrodes 7 in the

second direction can al so be reduced. The el ectric conductors 20 and
22 may be formed with silicon containing inpurities such as phosphorus,
etc. or silicide such as Woi to Iomer_}ﬂg resi stance. The storage

capacity element C for storing information is conposed of electric
conductors 25 and 27 conposing one side el ectrodes (I ower electrodes), a
dielectric material 28 and upper el ectrodes 29 conposing the other side
el ectrodes. As to be described later with reference to Fig.22, the

| [ d 25 27 ¢ L
S: Sciéhgeﬁ?{‘fﬂ 8&%‘%@%’ 5 RS ERRT o o8 BEER TS ot I shetd REPEROL e
el ectr t, i i
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ensit t 1 t i i
Lo the ol ectr S3ecorpaln Fifl (BBl HEEPLESh dith MiSchhe B capgepond! ng

capacity | element CyloisariRochakOLOBLL o AR 9TREPS ccabet kel 1Y Lo

bet ween plural nenory ce n an area ustrated), for exanple,

those el ect r0§§§i§;§ sgg%fﬁﬁ@g i 1Rl dlse sRehent | ho Shal Ol . oW t

whose voltage is t he suppl'y vol t age.
- 37- silicide such as WSi to lower the resistance.

The storage capacity element C for storing

information is composed of electric conductors 25 and 27

composing one side“ electrodes (iower electrodes), a
dielectric material 28,;;11'1(1 upper electrodes 29 composing the
other side electrodes. As to be described later with
reference to Fig.22, the electric conductors 25 and 27 are
connected to the electric _conductor 20 via connecting holes
24 and isolated electrically from one side respective
electrodes of the other storage capacity element C for

storing information. Each of the one side electrodes 1is

connected to one low density N-type semiconductor area of

£
v

one selecting MISFET Qs corresponding to the electrode.
Each of the other side electrodes of the storage capacity
element C for storing information are connected
electrically to between plural memory cells. In an area (not
illustrated), for example, those electrodes are connected
to a plate potential generator circuit whose voltage is 1/2

of the supply voltage.



The el ectric conductors 25 and 27, and the upper electrodes 29 are forned
with a silicon filmcontaining inpurities such as phosphorus to reduce,
for exanple, the resistance respectively. The dielectric material film 28
is formed with a lam nated film conposed of, for exanple, a silicon
nitride filmand a silicon oxide film 95 a | am nated fil m conposed of a
tantalumoxide film etc. The N channel M SFET Qnl is fornmed in the
P-type well area 5 and the 1l is conposed of the P-type well area 5
(channel formng area); a gate insulating film®6; gate electrodes 7; and a
pair of |ow density sem conductor areas 10 conposing a source and a drain.

Und t he | d i ] d 0.] -
sem conduct or ar ea 11 TOGRCS SORIRECRAnALl SRRSEET Tohor s CHEPE ) whose
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sem conduct or area unctions as a so-ca punc t hroug g?opper of
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of silicon nitride and the 'second "side wall spacers 15 conposing of
silicon oxidejsTherhéd@hviensitmibatyper semi @lo RS drlexagpldescri bed

later, is formed in a self-matching manner with respect to the second
side wal | spagesslibogonpesidg Pflsididen fiXiiddn oxide film, or a
laminated film composed of a tantalum oxide film, etc.
= The N channel MISFET Qnl is formed in the P-type well
area 5 and the Qnl is composed of the P-type well area S
(channel forming area); a gate insulating film 6; gate B
electrodes 7; and a pair of low density semiconductor areas
10 composing a source and a draiﬁ. Under the low density
semiconductor areas 10 is formed a P-type semiconductor area
11 to obtain an N channel MISFET (short channel) whose gate
is shorter than that of the N channel MISFET Qnl. The P-type
semiconductor area 11 functions as a so-called punched-
through stopper of the MISFET.

Just like the DRAM selecting MISFET Qs, a silicon
nitride film 8 is formed on the gate electrodes 7 and on side
surfaces of the gate electrodes 7 are formed the first side
wall spacer 14 composing of silicon nitride and the second
side wall spacers 15 composing of silicon oxide. The high
density N-type semiconductor area 16, as described later,

is formed in a self-matching manner with respect to the

second side wall spacers 15 composing of silicon oxide.



Since the high density N-type sem conductor area 16 is forned in a

sel f-matching manner with respect to the second side wall spacers 15 such
way, the thickness of the second side wall spacers 15 can be optimzed to
i nproeve the performance of the N channel M SFET Onl. The | ow density
N-type sem conductor area 10 is inplanted, for exanple, arsenic (As) as an
inpurity to obtain a |ong-gate and shori®thannel N channel M SFET. ~ Since
the thermal diffusion coefficient of arsenic is snaller than that of
phosphorus, the horizontal diffusion of inpurity can be shortened. It is
thus possible to obtain a long-gate and short-channel N channel M SFET. In
addition, singe_the _therr di ffusi coefficient is small _sych.way, the
density of thglp&‘ff/ aéﬁsflgs%s‘éﬁ?%b%ﬁ\&@fpearsﬁémcﬂ? Ye arﬁ?taelii%nc}lseased.
The parasitic_resi 8t ance CZ?_thg . be reduced. and a _hi gh gerfor mance N
channel M SFETCERRE SoBEar idd-CAHE FEn§&ngt ’i@%%&%% O REGERSr ar ea
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area P-type 55@%89%%9&@0@% Il asy irﬁ’fgféTerﬁ nce this P-type

sem conduct or “ar ea I'S prow%led Such way, the ‘extension of a barrier

llayer can be suppregsed,@bnsity N-type semiconductor area 10 is39-

implaf;ted, for example, arsenic (As) as an impurity to
obtain a long-gate and short-channel N channel MISFET.
Since the thermal diffusion coefficient of arsenic is
smaller than that of phosphorus, the horizontal diffusion
of impurity can be shortened. It is thus possible to obtain
a long-gate and short-channel N channel MISFET. 1In
addition, since the thermal diffusion coefficient is small
such way, the density of the low density semiconductor area
10 can be more increased. The parasitic resistance can £Hus

be reduced and a high performance N channel MISFET can be

obtained. The low density N-type semiconductor area 10 is

formed in a self-matching manner with respect to the gate
electrodes 7 and the silicon nitride £ilm 8.

Under the low density semiconductor area 10 is formed
a P-type semiconductor area 11 that functions as a
punched-through stopper. Boron (B) is implanted into the
area P-type semiconductor area 11 as an impurity. Since this
P-type semiconductor area 11 is provided such way, the

extension of a barrier layer can be suppressed, and



accordingly the short channel characteristics can be inproved. The P
channel M SFET 1 is fornmed in the Ntype well area 4. The Q1 is
conposed of the Ntype well area 4 (channel forming area); a gate
insulating film®6; gate electrodes 7, and a pair of |ow density P-type
sem conductor areas 12 conposing a source and a drain. The | ow density
P-type sem conductor area 12 is f or med3Bét ween the channel forni ng area
and the high density P-type sem conductor area 17. Under the | ow density
P-type sem conductor area 12 is fornmed an N-type sem conductor area 13 to
obtain a short-gate and short-channel P channel M SFET, which can be

obt ai ned by short ni the gate |ength qf e channe SF he
N-type sem coﬁﬂﬁ@f nﬂé ‘n'i% sﬁ’tﬂfé‘t |C5’%§m§3 §&’§5a5§FFéatlﬁﬁn8ﬁ85b?hough
stopper of the M SFE Just like the DRAM selecting M SFET Qs, a silicon
nitride film8&8™5°Y%fned on the gate eI ectrodes 7. On the side surfaces of

both th | .'
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composing a source and a drain. The low density P-type

semiconductor area 12 is formed between the channel forming

area and the higmh density P-type semiconductor area 17.
Undermt:_he low density P-type semiconductor area 12 is formed
an N-type semiconductor area 13 tp obtain a short-gate and
short-channel P channel MISFET, which can be obtained by
shortening the gate length of the P channel MISFET Qpl. The
N-type semiconductor area 13 functions as a so-called
punched-though stopper of the MISFET. Just like the DRAM

selecting MISFET Qs, & silicon nitride £ilm 8 is formed on

the gate electrodes 7. On the side surfaces of both the gate

electrodes 7 and the silicon nitride film 8 are formed the
first side wall spacers 14 composed of silicon nitride and
the second side wall spacers 15 composed of silicon oxide.
The high density P-type semiconductor area 17, as to be
described later, is formed in a self-matching manner with
respect to the second side wall spacers 15 composed of
silicon oxide. Since the high density P-type semiconductor

area 17 is formed in a self-matching manner with respect to



the second side wall spacers 15 such way, the thickness of the second side
wal | spacer 15 can be optim zed to inprove the perfornmance of the P
channel M SFET (l. Consequently, the high density P-type sem conduct or
area- 17 can be prevented fromdiffusion over the |ow density P-type

sem conductor area 12. Boron is i anted into the |l ow density P-type
sem conductor area 12 as an inpurity. Under the | ow density P-type

sem conductor area 12 is formed an N-type seni conductor area 13, which
functions as a punched-through stopper The N-type sem conductor area 13
is inplanted with arsenic or phosphorus as an inpurity. Since the N-type

i d 13 d h f he b
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Boron is implanted into the low density P-type

P
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W semiconductor area 12 as an impurity. Under the low density

P-type semiconductor area 12 is formed an N-type
semiconductor area 13, which functions as a ;unched-through
stopper.- The N-type semiconductor area 13 is implanted with
arsenic or phosphorus as an impurity. Since the N-type
semiconductor area 13 is provided such way, the extension
- of the barrier layer can be suppressed and further the short
éﬁannel characteristics can be improved.
The N channel MISFET Qn2 is formed in the P type well
» area 5 and composed of the P type well area 5 (channel forming
area); a gate insulating film 6; gate electrodes 7; and a
pair of low density semiconductor areas lOb composing a
source and a drain; and the high density N-type
semiconductor area 16b. The pair of low density
semiconductor areas 10b are formed between the channel
forming area and the high density N-type semiconductor area

16b. Just like the DRAM selecting MISFET Qs, on the gate

electrode 7 is formed a silicon nitride £film 8 and on the



side surfaces of the gate electrodes 7 are fornmed the first side wall
spacer 14 conposed of silicon nitride and the second side wall spacers 15
conposed of silicon oxide. And, the |low density sem conductor area 1Cb is
formed in a self-matching manner with respect to the gate el ectrodes 7

and the silicon nitride film8. The hig@ldensity N-type sem conductor area
16b, to be described later, is fornmed i “a sel f-matching manner with
respect to the second side wall spacers 15 conposed of silicon oxide.
Since the high density N type sem conductor area 16b is forned in a
self-matching manner with respect to the second side wall spacers 15 such
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i nterval between gate el eCtrodes of the selecting MSFET & can be reduced

azg the conneghingnBokesi ddnantk 2L € 8. The high density N-type

semiconductor area 16b, to be described later, is formed in

a self-matching manner with respect to the second side wall
spacers 15 composed of silicon oxide. Since the high density
N-type semicorIductor area 16b is formed in a self-matching
manner with respect to the second side wall spacers 15 such
way, the high density N-type semiconductor area 16b can be
prevented from diffusion over the low density semiconductor
area 10b and the strength of the-electrical field in the low
density semiconductor area 10b can be réduced. Inaddition,

the thickness of each second side wall spacer 15 can be

optimized so as to have a specified resistance value and to

improve the performance of the N channel MISFET Qn2. In
other words, even when the thickness of the second side wall
spacer 15 is optimized to improve the performance of the N
channel MISFET On2, the interval between word lines WL in
the second direction in the memory cell array, that is, the
interval between gate electrodes of the selecting MISFET Qs

can be reduced and the connecting holes 19 and 20 can be



opened widely to take a large margin of alignnent. Thus, the contact

resi stance of each hole can be | owered. For exanpl e, phosphorus is
inplanted into the low density N-type sem conductor area 1Cb as an
impurity and under the | ow density N-type sem conductor area |0Ob is not
provi ded a punched-through stopper of the P type sem conductor area. Since
the | ow density N-type semiconductor arga 10b of the N channel M SFET (n2
contains phosphorus as an inpurity, the withstand voltage can be set

hi gher than that of the N channel M SFET Qnl in which the sane |ow density
sem conductor area 10 is formed with arsenic. In addition, since no

raner i o RPeBhARRERe 1Y RiRMe 1atBE HALERLF AR LA, cro
mist oper at e VEPh BIREGher SVoTABE That ThACLST S R CRERKEE M SFET Qn.
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nitride on side surfaces o gate electrodes 7 in case of need.
In Fig.1, thep$h@€ded a punched-through stopper of the P43ype

semiconductor area. Since the low density N-type

semiconductor area 10b of the N channel MISFET Qn2 contains
"phosphorus as _an impurity, the withstand voltage can be set
higher than that of the N channel MISFET Qnl in wh—ich the
same low density semiconductor area 10 is formed with
arsenic. In addition, since no punched-through stopper is
provided, the withstand voltage can be set higher. This N
channel MISFET Qn2 can be used for a circuit such as a DRAM
word line driver WD, a charge pump circuit, or an

input/output port, which must operate with a higher voltage

than that of the N channel MISFET Qnl.

The semiconductor area composing each source/drain of
the N channel MISFET Qnl, the N channel MISFET Qn2, and the
P channel MISFET Qpl is connected to a connecting member 31
connected to the first wiring 32, via connecting holes 30.
The connecting member 31 can be formed in a self-matching
manner with respect to the first side wall spacers 14
composed of silicon nitride on side surfaces of the MISFET

gate electrodes 7 in case of need. In Fig.l, the side



surfaces of the gate electrodes 7 nentioned here are the left connecting
area of the P channel M SFET Qpl. In addition, each line of the first
wiring 32 is connected to a connecting nmenber 35 connected to the second
wiring 36, via a connecting hole 34. Each line of the second wring 36 is
connected to a connecting nenber 39 connggcted to the third wiring 40, via
a connecting hole 38. And, on those first, second, and third wirings is
formed a passivation film41l on which a bonding area 42 forned The
material of the connecting nenbers 31, 35, and 39 for connecting upper and
| ower wirings is not specified specially, but may be conposed of tungsten

(W. The ”atersiﬁicac%f 59 hwoiaya;égtré ézglc;é?@% snecd thed or

specially, but may AR 1Nt tltanlun1n|tr|de
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respecti vely and the, ?@?P&P&ﬁ,ngeafqﬂ TP o 233 40 AT 6030 sor ed

with a silicon oxi mor a silicon oxide filminto which either of

boron or phosphgidstell t8Y BothetheRYy MEsianed. cdigecPas oV ahe Mbddddn 41
can be forned with a silicon oxide film or a silicon oxide filminto which
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nitride filmfornmed on the film -44-

wiring 36 is connected to a connecting member 39 connected

to the third wiring 40, via a connecting hole 38. and, on

those first, second, and third wirings is formed a
passivation film 41 on ‘which a bondi—hg area 42 fo;:med .

The material of the c;;nnecting members 31, 35, and 39
for connecting upper and lower wirings is not specified
specially, but may be composed of tungsten (W). Thematerial
of the wirings 32, 36, and 40 is not specified specially,
but may be composed of an integrated filmof titaniumnitride
(TiN) and aluminum (Al) containing copper (Cu).

Each line of the wirings 32, 36, and 40 is insulated

by insulating films 18, 23, 33, and 37 respectively and the

insulating films 18, 23, 33, and 37 can be formed with a
silicon oxide film or a silicon oxide film into which either
of boron or .phosphorus, or both of them are doped. The
passivation film 41 can be formed with a silicon oxide film
or a silicon oxide film into which either of boron or
phosphorus, or both of them are doped, or a silicon nitride

film formed on the film.



Next,.- a method for manufacturing the sem conductor integrated circuitry in
the first enbodiment will be described with reference to Figs.5 to 25.
Figs.5 to 25 are cross sectional or top views indicating a nethod for
manuf acturing the semiconductor integrated circuitry in the first

enbodi nent in order of the processes. At first, as shown in Figs.5
and 6, field insulating filns 2 are fof%%d in speC|f|ed areas on the P
type sem conductor substrate 1. The field insulating filnms 2 can be
formed with silicon nitride using the LOCOS (Local Oxidation of Silicon)
met hod that uses a mell-knomn sel ective oxidation nethod or a shall ow
groove isol ation t l-al_n Lefly. bel . hal | ow
i sol ation nethod forns g s?ﬂﬁ%ﬁﬁﬁgQ? 89?8Fé8%u¥%8§1ﬁwésemﬁcgndug%8§3|Ilcon

nitride Ti1m jseayetial Ly-00, Lhe BB SWLAGe B ABINPssgMEgonduct or

substrate 1. é srirtcon e siTicon nitride filmare

removed with a@g&&lli?ga'ﬁ qle(ferfeégwt'ic?eb“l thﬁe Elgs setd adaykating

film2 is forne erea err]n1groo orne t he
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silicon oxide mis forned on the 5| e surfaces "and at the bottom

surface of thg,9neQ¥e UshidHd 8R! dds@ltdY tht8grhtb@ AT RNty dakhan mask.
And, a silicon oxide film is deposited all over the thermal Silicon oxide

filmwth first embodiment in order of the Hcesses.

At first, as shown in Figs.5 and 6, field insulating

films 2 are formed in specified areas on the P type
semiconductor substrate 1. The field insulating films 2 can
be formed with silicon nitride using the LOCOS (Local
Oxidation of Silicon) method that uses a well-known
selective oxidation method or a shallow groove isolation
method to be explained briefly below.

The shallow isolation method forms a silicon oxide
film (not il]:ustrateci)’ and a silicon nitride film
‘sequentially on the main surface of a P type semiconductor
; substrate 1. Then, the silicon oxide film and the silicon
nitride film are removed with photo resist, etc. from the
area where the field insulating film 2 is. formed.
Thereafter, a 0.3 to 0.4xm groove is formed in the depth
direction of the P type semiconductor substrate 1. Then,
a thermal silicon oxide film is formed on the side surfaces
and at the bottom surface of the groove using the silicon
nitride £ilm as an oxidation maék. And, a silicon oxide £ilm

is deposited all over the thermal silicon oxide film with



the CVD (Chem cal Vapor Deposition) nethod, then the silicon oxide filmis
renoved fromthe area except for the groove wth the CWP (Chem cal
Mechani cal Polishing) method or the dry etching nethod, silicon oxide
enbeddi ng sel ectively in the groove. The silicon oxide filmis densified
(thermal treatnent for densifying) wthséhe CVD nethod in an acid

at nosphere. Then, the silicon nitride filmis renoved, so that the field
insulating film2 is formed with the shallow groove isolation nmethod. The
residual portions are forned as active areas 5b. Next, an N type
sem conductor area 3 is fornmed as shown in Fig.7 The N type sem conduct or

area 3 can be dir eed, (&%&&%ﬁf%&o 5599 PH9T RltBRIS L 1dsh BnlBsk g, by
a

ion- inplantation of phosphorus, er t e conditions ccelerating

energy of 500 dﬁd@@@lh\eYsaf‘&n@vé@sﬁf&n %‘H@P'&rreaogxégﬁt't ?&f(léhé-?gr ove

atons/cnferr]). The phosphorus is inplanted once or a few tines
changi ng the cand thensveaehdmidal MJBﬁéﬁﬁééﬁrpoll@iﬂrdgté gecAbatde t@{eea are

activated with a thermal treatnment of about 1000[err] In this case, the
thermal treatamneteBindendHdOr BRAit6h Rid® cdbdidingnsaledt (PsPhge of
ni trogen including about 1% of oxygen. Preferably, the RTA (Rapid Thermal
Anneal i ng) nettdhed gtrtbatreus eBharnsinfdar ekidd ghtmf 06 dendiAesha e used
to finish the thermal treatnent within a short tine to enable the

di stribution dfreatmenti foesdeashéyitngl rwitledthe CVD method in an acid
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i
FaEE that the field insulating f£film 2 is formed with the shallow

atmosphere. Then, the silicon nitride film is removed, so

groove isolation method. The residual portions are formed
as active areas 5b. )

Next, an N type semiconductor area 3 is formed as shown
in Fig.7. The N type semiconducfor area 3 can be formed,
for example, using photo resist as a mask and by ion-
implantation of phosphorus, under the conditions .
(accelerating energy of 500 to 1000 keV and a dosing amount * -
of about 1X10712 atoms/cm?). The phdsphorus is implanted

f, once or a few times by changing the conditions each time.
Thereafter, impurities of the area are activated with a
thermal treatment of about 1000C. In this case, the thermal
treatment can be performed for 20 to 30 min in an atmosphere
of nitrogen including about 1% of oxygen. Preferably, the
RTA (Rapid Thermal Annealing) method that uses an infrared
light for heating should be used to finish the thermal

treatment within a short time to enable the distribution of

impurities to be controlled.



Next,- an N type well area 4 and a P type well|l area 5 are fornmed. The N
type wel| area 4 can be fornmed, for exanple, using photo resist as a nask
and by ion- inplantation of phosphorus, which inplantation is perforned
once or a few tinmes by changing the conditions each tine, under the
conditions (an accel erating energy of 3%% to 500 keV and a dosing anount
of about 1X10[err] atons/cnferr]). The type well area 5 can be forned,
for exanple, using photo resist as a mask and by ion-inplantation of
boron, under the <conditions (an accelerating energy of 200 to 300 keV and
a dosing anount of about IXlO[err] atons/cn{err]) The phosphorus is

i mpl ant ed ' b h_t
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formed. A silicon oxide is fornmed wth a thermal oxidation nethod of 700

to 800[err] Gungbenre %h@lltrﬂ%wsataﬁgaédél@r@tq@@p@ﬁb@gyoéfezsosu kiocopo oxi de
filmcontaining nitrogen by a thermal treatnent in an

-47- keV and a dosing amount of about 1X10' atoms/cm?). The P

type well area 5 can be formed, for example, using photo
resist a-s a mask and b}; ion-implantation of boron, undexr the

conditions (an accelerating energy of 200 to 300 keV and a
dosing amount of about 1X10'? atoms/cm?). The phosphorus
is implanted once or a few times by changing the conditions
each time. Thereafter, a thermal treatment of about 1000C
is performed to activate the impurities. In this case, the
thermal treatment can be performed for 20 to 30 min in an
atmosphere of nitrogen including about 1% of oxygen.

S . Preferably, the RTA (Rapid Thermal Annealing) method should
be used to finish the thermal treatment within a short time
to enable the distribution of impurities to be controlled.

Then, as shown in Figs.8 and 9, the silicon oxide film
is.removed from the P type semiconductor substrate 1 and a
clean gate insulating film 6 is newly formed. A silicon
oxide is formed with a thermal oxidation method of 700 to

800C, then a gate insulating film 6 composing of a silicon

oxide £ilm cont:aining nitrogen by a thermal treatment in an



at nosphere of nitrogen oxide conposed of NO or N20 is forned. In the
atmosphere of NO the thermal treatment in the at nosphere of nitrogen
oxi de can be perforned at 900 to 1000C. In the atnosphere of N20, the
thermal treatnment can be perforned at 1000 to 1100C for 20 to 30 mn
respectively. O herwi se, the RTA nethogd can be used to finish the thernmal
treatnent within a short tine at 1000 t©0*1100[err]C. Wth this thernal
treatment, the phase boundary between the gate insulating filme6 and the
P type sem conductor substrate 1 is formed satisfactorily, so that the
gate insulating film 6 can be suppressed from degradation due to the hot
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treatment within a short time at 1000 to 1100C. With this

thermal treatment, the phase boundary between the gate

insulating £film 6 and the P type semiconducto_r substrate 1
is formed satisfactorily, so that the gate insul_;lting film
6 can be suppressed from degradation due to the hot carrier
generated by a MISFET operation. The reason why this phase
boundary is formed satisfactorily is based on the
- presumption that Si-N binding that is stronger than the Si-0
binding is formed on the phase boundary between the gate
insulating film 6 and the semiconductor substrate 1.
‘ The thickness of the gate insulating film 6 is set so
that the maximum electrical field becomes 5 MeV/cm or under
in operation. For example, when in an operation at 3.3V,
the thickness can be set to 7 to 9nm. When in an operation
at 2.5V, the thickness can be set to 5 to 7nm and when in
an operation at 1.8V, the thickness can be set to 4 to 5nm.
Next, the gate electrodes 7 and the silicon nitride
film 8 are forr-ned sequentially. Each gate electrode 7 is

formed with a silicon film containing impurities such as



phosphorus or with a nulti-layer structure forned wth silicide such as
WS or netal such as Wis formed on a silicon film Those conductor filns
are deposited all over the surface with the CVD nethod or spattering

met hed. Then, a silicon nitride film8 is deposited all over the filmwth
the CVD or plasma CVD nethod, then for exanple, a silicon nitride film and
a conductor filmare patterned sequentially as specified using photo
resist as a mask. Wth this, the gate electrodes such as the DRAM nenory
cell selecting MSFET @, the N channel M SFET Onl, the N channel M SFET
2, han:‘j the P channel M SFET pl, as well as the word lines W extended
inthe first dir a 0, s %Spel h e

el ectrode 7 igthﬁbr%%ugoégs %ﬁrgéej JEE%' o ‘4[Strlﬁ%%%%zoﬁﬁgaa¥lgﬁell ectrodes

7-and the mrgﬁ.gkgf §e Wucd 35%@1@9&%1:3'1' %19(95'&1@"}7 dffo{r.hécirbﬁ églﬁﬁcbﬁ have

on the sane ter urities for controlling the

Vi SFET thresaoid ngaJFH‘ﬁ VB &% 1 11 ae{]:teec&%éaé&g{ég hasletl e before

the gate insula 6 Is fTorme after t el ectrodes 7 are

formed. E!N%ét:e @ﬁﬂw%&e@w NePhdd R soEiceRduct REtREEa Frefn t e

selecting M SE and a low density N-typé sem conductor area 10b of the

N channel M SEEL@B% ﬁi@ri@é rfel(im's§|§§td i t &6 a3novBek Ntk g5.1k0waRd 11
usi ng photo resist as a mask. The |ow density N-type sem conductor area 9,

10b are formednBycvp or plasma CVD method, then for exarfde, a silicon

nitride filmanda conductor film are patterned sequentially

as specified using photo resist as a mask. With this, the
gate electrodes such as the DRAM memory cell selecting

MISFET Qs, the N cl';annel MISFET Onl, the N channel MISFET
On2, and the P channel MISFET Qpl, as well as the word lines
WL extended in the first direction are formed. The channel
length of each gate electrode 7 is formed so as to be 0.2
to 0.4um. On the gate electrodes 7-and the word lines WL
is formed a silicon nitride film 8 so as to Have on the same

flat pattern.

&

Channel impurities for controlling the MISFET
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threshold value (Vth) can be implanted by ion implantation
before the gate insulating £film 6 is formed or after the gate
electrodes 7 are formed.

Next, a low density N-type semiconductor area 9 of the
sele_cting MISFET Qs and a low density N-type semiconductor
area 10b of the N channel MISFET Qn2 are formed selectively
as shown in Figs.10 and 11 using photo resist_ as a mas}-c. The

low density N-type semiconductor area 9, 10b are formed by



ion inplantati on of phosphorus at an accel eration energy of 20 to 40 keV
and at a dosing anmobunt of about 5x10[err] atons/cnferr]. The |ow density
N-type seiiconductor area 9, | Cb are formed such way by inplanting
inmpurities in a self-matching manner wth respect to the gate el ectrodes 7
and the silicon nitride film8. In othefjowords, a |ow density N-type

sem conductor area 9, 10b are formed in a self-matching manner with
respect to the gate electrodes 7 and the silicon nitride film 8.

Next, the | ow density sem conductor area 10 of the N channel M SFET Onl
and the P type sem conductor area 11 under the area 10 are forned

selectively usigigi g%ﬁtae%ﬁtofaﬁhaspﬁaﬁks athen | Qi et dibrs eAbegRAET Or
area 10 is forned exanple, by 1on inplantation of arsenic at an

accel eration RNepoY0 Rbv24hd at4d dkeYnagth@intodashig 3500A aebmapent. 1
X1 err] atonms/cnferr]. In this case, arsenic can be inplanted at an angle

of 30 to 50[ erfHe tewtdensi e Nsibacsewicartirigat areal 2etinederé fatmatd to
50[err] to the perpendicular of the P type sem conductor area), although

it is not spedddredayspedmdilbyiticgnaenuedias ithe skof-densht ygaemmanduct or
area 10 is also forned under the gate electrodes 7, so the hot carrier
resi stant properdh esspaothe thpyateckledterddas 7 dewdsthy siHtiype senrodmduct or
area 10 is forned such way by inplanting inpurities in a self-matching
manner with risedt tin olibegaverds cet t odeders idndNt-hepei $énbromduetiae film

8. In other words, the |ow density sem conductor area 10
-50- area 9, 10b are formed in a self-matching manner with respect

= to the gate electrodes 7 and the silicon nitride film 8.
Next, the low_density semiconductor area 10 of the N
channel MISFET Qnl and the P type semiconductor aJ;ea 11 und;r
the area 10 are formed selectively using photo resist as a
mask. The low density semiconducﬁor area 10 is formed, for
example, by ion implantation of arsenic at an acceleration
energy of 20 to 40 keV and at a dosing amount of about 1
X10* atoms/cm?. In this case, arsenic can be implanted at
an angle of 30 to 50° to the side surface of each gate -
¢ h electrode 7 (at 30 to 50° to the perpendicular of the P type
semiconductor area), although it is not specified
specially. Consequently, the low density semiconductor
area 10 is also formed under the gate electrodes 7, so the
hot carrier resistant properties can be improved. The low
density N-type semiconductor area 10 is formed such way by
implanting impurities in a self-matching manner with
respect to the gate electrodes 7 and the silicon nitride film

8. In other words, the low density semiconductor area 10



is formed in a self-matching manner with respect to the gate electrodes 7

and the silicon nitride film 8. The P-type sem conductor area 11 is
fornmed, for exanple, by ion inplantation of boron at an accel eration
energy of 10 to 20 keV and a dose of about 1X10[err] atons/cnferr]. 1In

this case, boron can be inplanted at an ghgle of 30 to 50 to the side
surface of each gate electrode (at an angle of 30 to 50[err] to the

per pendi cul ar of the P type sem conductor area), although it is not
specified specially. Consequently, the boron can be supplied enough under
the low density sem conductor area 10, so that satisfactory short channe

characteristic .0bt aj o} . = Le, i.Ly P-type
sem conductor(i%a?(zlgn% l%féﬁéel%m(?ﬁgﬁlﬁgﬁ ﬁ@%%ﬁ %%1%5? g\e’ﬁd‘?y%gta“e

sem conduct or (3688 -4deUndChnkNenCPLs P Eod A Bkad e Lipw . densi ty P-type

sem conductor area 12 is formed, for exanple, y 1on inplantation of boron
at an accel eration eRergyeile sardiQoknltd¥raRded 4950k 2haH! §§£O[err]

atons/cnferr]. In this case, boron can be inplanted at an angle of 30 to

S0[err] to thexahbde, SByf 868 Ohptacta 9fde &f esdraidand aln AR ANFRtbn30 to
50[err] to the perpendicular of the P type sem conductor area), although

it is not speghbirgd sPaAY abl Yo kB2 Y B scSE HARNAUGHOL 0BT £8orlS/ 4y .f OF Med,
for exanple, by ion inplantation of phosphorus at an accel eration energy
of 50 to 80 keVtang eagdesebofomlaaii bbXidpeahkedt agsatd®d1d .ofl 1IB( Rios case,
-51-

50° to the side surface of each gate electrode (at an angle

t
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of 30 to 50° to the perpendicular of the P type semiconductor
area), although it is not spécified specia{lly. “
Consequently, the boron can be sul—:;i)lied enough under the low
density semiconductor area 10, so that satisfactory short
channel characteristics can be ébtained.

Furthermore, the low density P-type semiconductor
area 12 of the P channel MISFET Qpl and the N-type
semiconductor area 13 under the Qpl are formed. The low
density P-type semiconductor area 12 is formed, for example,
by ion implantation of boron at an acceleration energy of
5 to 10 keV and a dose of about 5x10%° atoms/cm®. In this
case, boron can be implanted at an angle of 30 to 50° to the
side surface of each gate electrode (at an angle of 30 to
50° to the perpendicular of the P type semiconductor area),
although it is not specified specially. The N-type
semiconductor area 13 is formed, for example, by ion

implantation of phosphorus at an acceleration energy of 50

to 80 keV and a dose of about 1X10® atoms/cm®. In this case,



boron can be inplanted at an angle of 30 to 50 to the side surface of each
gate el ectrode (at an angle of 30 to 50 to the perpendicular of the P type
senmi conductor area). Consequently, the boron can be supplied enough under
the tow density P-type sem conductor area 12, so that satisfactory short
channel characteristics can be obtai ned Thereafter, inpurities are
activated by a thernmal treatnent of aboujt 850[err]C. In this case, the
thermal treatment is perforned for 20 to 30min in an atnosphere of
nitrogen containing about 1% of oxygen. Preferably, the RTA nethod shoul d
be used to finish the thermal treatnment of about 1000vaithin a short tine

| the di but of i
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end portion o eac i nne n patterning

can be reinforgednet gpbﬁﬁieﬁw?l6f‘eth¥“15ht§ﬁ@dséé&éo%ﬂﬁéﬁore%%agate

As shown in Figs.12 an rst side wall spacers 14 conposed of

silicon nitri fé%n%re@;utegw;d tg'ﬂa beﬁoﬁldiﬁl beWirpeePEnbhsh iR et g ibedes 7

and each silicon nitride” fil . The first side wall spacers 14 can be

formed by de@é?ﬂstl't’j}gPatﬂzlé's@ﬁc@nﬁUc@%rf btanald, evethibessurdraeeomth the
CVvD or the plasma CVD t hen etchlngthefllmvvlth

-52- short channel characteristics can be obtained.

Thereafter, impurities are activated by a thermal

treatment of about 850C. In this case, the thermal
treatment is performed for 20 to 30min in an atmosphere of
nltrogen containing about 1% of oxygen. Preferably, the RTA
method should be used to finish the thermal treatment of
about 1000TC within a short time to control the distribution
of impurities.

The thermal treatment can also be performed at 700 to
800C in an atmosphere of oXidation before each of the low
density semiconductor areas is formed. Consequently, the
end portion of each gate electrode 7 that is thinned when
in patterning can be reinforced, thus improving the
withstand voltage of each gate.

As shown in Figs.12 and 13, the first side wall spacers
14 composed of silicon nitride are formed on the side
surfaces of the gate electrodes 7 and each silicon nitride
film 8. The first side wall spacers 14 can be formed by
depositing a silicon nitride film ali over the surface with

the CVD or the plasma CVD method, then etching the film with



ani sotropic dry-etching. The thickness of each first side wall spacer 14
conposed of silicon nitride should be 0.04 to 0.08[err] min the

| ongi tudi nal direction (the second direction) under the gate el ectrode 7.
Consequently, each gate electrode 7 is covered with the silicon nitride
film 8 on its top and with the first sige wall spacer 14 conposed of
silicon nitride on its side surfaces. Thus, connecting holes 19 and 21 to
be explained | ater can be opened in a self-matching manner. |In addition,
since the thickness of the first side wall spacer 14 can be thinned to
about 0.04 to 0.08um the interval between gate electrodes 7 of the

sel ecting M SEEE<G8ybRiENer9eo0a: gl T 8hiom Cambss dused £1pst mque the

integrating degree of the sem conductor integrated circuitry o

present invent:an. spacer Thecdhdsdedivte sHalikosPacersaddsraupassd @fossilicon
nitride can also be thinned and the | ow density sem conductor area nmay be
formed after theqf g sid I ; S 114 fs el IS case, nore
shorter channtéll cha a%ter?%%{?ciéo%%n ger%blt;éil%reeg:.tlﬁ?wggﬁleer gv%lrggg as shown
in Fig. 48, aft@redhteoh)rshash dhavabkesfbsettodd Al ecbRE8BGent 1 W Laisi ty
N-type sem conductor areas 9, 10, and 10b, as well as a low density P-type
sem conduct or gareaeldceabdbe7 ioOrdmebrdd wistl thavs £hi ogn eI dav i espect
to the first side wall spacers 14. -53-
Next, as shows on figsobdanmdvith, théefisanosddeiwkel Waidacer 14 composed

of silicon nitride on its side surfaces. Thus, connecting

holes 19 and 21 to be explained later can be opened in a

seJ:f—matching manner. In addition, since the thickness of
the first side wall spacer 14 can be thi;med to about 0.04
to 0.08um, the interval between gate electrodes 7 of the
selecting MISFET Qs in the secona direction can be reduced
to improve the integrating degree of the semiconductor
integrated circuitry of the present invention. -

The first side wall spacers 14 composed of silicon £

nitride can also be thinned and the low density

semiconductor area may be formed after the first side wall

spacers 14 are formed. In this case, more shorter channel
characteristics can be obtained. In other words, as shown
in Fig.48, after the first side wall spacers 14 are formed,
low density N-type semiconductor areas 9, 10, and 10b, as
well as a low density P-type semiconductor area 12 can be
formed in a self-matching manner with respect to the first

side wall spacers 14.



spacers 15 conposed of silicon oxide are fornmed on the side surfaces of
the first side wall spacers 14. The second side wall spacers 15 can be
fornmed by depositing a silicon oxide filmall over the surface with the
CVvD or plasma CVD nethod, then etching the filmwth anisotropic
dry-etching. The thickness (width) of h second side wall spacer 15
should be greater than that of each first side wall spacer 14. The total
thickness t2 of the first side wall spacer 14 conposed of silicon nitride
and the second side wall spacer 15 conposed of silicon oxide should be 0.1
to 0.15[err]min the channel direction under the gate electrodes 7. At

oxi de t111s betweer Ty é%fz”%@ﬁ%%@%‘ fp%%f%a“t FOCRRREE Siaderia”
t he second di rg?%tclegg 15906%{1% e%m ‘ho l%l‘l sgxgge r‘ijueesdc“ b L s%td%r

ot her words, y a space \l space conposed of
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holes 19 and can be opene I ng manner w respect

the first sidg, E@ é@é‘fd.?&% tdn 15O f%%e'd”ﬁﬁrd’egio%lc{)l%goé §0es Eok %t)(lh% ede wal |

spacers 14 in't RZond direction s ass e openi ngs of
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of the first si spacer 14 can be mnim zed the sec ection

- 54- unti 'th@nslé%%hﬁhﬁdtﬁénha% WSk Satmwp@csmﬂdhﬂdge ifeer val s
t3 of the first side wall spacers 14.

thickness (width) of each second side wall spacer 15 should

be greater than that of each first side wall spacer 14. The
total thickn:-:*ss t2 of the f'irst side wall_spacer 14 composed
of silicon nit;;de and the second side wall spacer 15

composed of silicon oxide should be 0.1 to 0.15um in the
channel direction under the gate electrodes 7. At this time,
even when a second side wall spacer 15 composed of silicon
oxide fills between two gate electrodes 7 of the selecting
MISFET Qs in the second direction, no problem will arise as

to be described later. In other words, only a space t3 of

the first side wall spacer 14 composed of silicon nitride

is needed between them. In other words, the connecting holes
19 and 21 can be opened in a self-matching manner with

respect to the first side wall spacers 14, so the intervals
t3 of the first side wall spacers 14 in the second direction
is assumed to be openings of the connecting holes 19 and 21
respectively. In other words, the thickness tl of the first

side wall spacer 14 can be minimized in the second direction



Next,- the high density N-type sem conductor area 16 of the N channel

M SFET Onl and the high density N-type sem conductor area 16b of the N
channel M SFET On2 are formed as shown in Fig. 16. The high density N-type
sem conductor area 16, 16b of the N channel M SFET Onl and the high
density N-type sem conductor area 16b %f the N channel M SFET On2 can be
formed, for exanple, by ion inplantatio 4b i npl anting arsenic at an

accel eration energy of 20 to 60 keV and a dose of about 1 to 5xl O‘15
atons/cnferr] . At this tinme, no high density sem conductor area is forned
in the selecti ng M SFET . Consequently, it is possible to suppress
crystalllzatlon fects. ca i t| isn.torpming of a
hi gh density geﬁll ‘Fidu%?g 221 %@g%gﬁltaa{ncgf][ﬁée%%nttaa%acae pro Ia\e%%%}ﬁgt l%’hEH'Fegk
current from crLhonci ! rt raf reshing tine.
Next, the hi gﬁnggﬁghgg E’btgfpe&ééénmflcrg%sdt%%e? vgdrrlceia s%i%cter}% tl%e P chagnel

M SFET Qb1 is for Malogd Nl GACRBLLY ey vl WS SEI COMRLEY, e, 1€ can be

formed, for exanple ioni Ian ron at an acceleration

energy of 10 o] e t f ne.
Thereafter, tﬁtg |t ﬁrr%uirﬁl %\'[ngg?% %ﬁs@?arﬂ aragﬁgt%}}e\%g%%f )l%g‘a]&tya ;m%%
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mn in an at m)sphere of nltrogen

contai ni ng abgut sA&Rfi0xMgeN 6 . Prefenaliny dehBet i tipid edmizedud tbe used
to finish the thermal treatnent of about

area 16, 16b of the N channel MISFET Qnl and the high density

N-type semiconductor area 16b of the N channel MISFET Qn2
can be formed, for example, by ion implantation '—by
implanting arsenic at an acceleration energy of 20 to _6~O kev
and a dose of about 1 té 5x107~15 atoms/cm®’. At this time,
no high density semiconductor area is formed in the
selecting MISFET Qs. Consequently, it is possible to
suppress crystallization defects causing by ion
im_plantatfo’n when in forming of a high density semiconductor
area, and prevent a problem that the leak current from a PN
{22 junction is increased to shorten the.refreshing time.
Next, the high density P-type semiconductor area 17
of the P channel MISFET Qpl is formed. The high density
P-type semiconductor area 17 can be formed, for example, by
ion implantation of boron at an acceleration energy of 10
to 20 keV and at a dose of about 1 to 5x10°15 atoms/cm?.
Thereafter, the impurities in the area are activated by a
thermal treatment ;f about 850C, which treatment is

performed for 20 to 30 min in an atmosphere of nitfogen



1000[Lerr]Cwithin a short time to control distribution of the inpurities.
Since the second side wall spacers 15 are provided and the high density
sem conductor area can be formed with the optinal side wall spacer length
t2 such way, a high performance N channel M SFETs On1l and Qn2, as well as
a P channel M SFET Q1 can be obtained__On the other hand, in the nenory
array, the thickness t1 of the first sraé'mall spacers 14 and the interval
t3 between the first side wall spacers 14 can be reduced respectively and
the interval in the second direction can be mnimzed. In addition, the
opening margi n of the connecting holes 19 and 21 can be taken wdely to

| ower the contact resistance. Next, an insulating fi is,forned
as shown in FPYLHHNGGPPHE FHePLF OPHIER | ng%#ﬁ%%é%’oft%‘g g#g:%%%ﬁ%;q de
filmor a silico i de fi i nt.o . whi ei_ther _or r d
phosphor us ar%h‘a‘g]p‘gé?e'ﬁfee %ulrktdﬂl\r%g %P‘Fmt§§rfr‘§9 Fg%re ¢ \ %I))gp%g? ing a
silicon oxide filgnor a,silicon oxide film.int 1_ch. . Qr t f boron
and phosphorujso%9§ Y5841 & FRgverC iR tqurché’tFé,oaf gﬁ]‘sgigéﬁ%?é,gnvmg?hg? e CVD
or plasma CVD netq%p then the filmis smoothed with the reflowi ng nethod
or the CVP nmetTOH % %%ai the height fromthe surface of the substrate is

smoot hed in uni forlEi.nce he second side wall spacers 15 are provided an®6-
Furt hernore, connecting holes Pt e Formed 80 as to be

connected to {g 0N FeditleelhPdotaRtdHareO0baHee formed with the

optimal side wall spacer length t2 such way, a high
performance N channel MISFETs Qnl and Qn2, as well as a P
channel MISFET Qpl can be obtained. On the other hand, in
the memory array, the tl;ickness tl of the first side wall
spacers 14 and the interval t3 between the first side wall
spacers 14 can be reduced respectively and the interval in
the second direction can be minimized. In addition, the
opening margin of the connecting holes 19 and 21 can be taken
widely to lower the contact resistance. -

Next, an insulating film 18 is formed as shown in

’ Figs.17 and 18. The film 18 is composed of a silicon oxide
| film or a silicon oxide film into which either or both of
boron and phosphorus are doped. The insulating film 18 is
formed by depositing a silicon oxide film or a silicon oxide
film into which one or both of boron and phosphorus are doped
all over the lsurface, for example, with the CVD or plasma
CVD method, then the film is smoothed with the reflowing

method or the CMP method so that the height from the surface

of the substrate is smoothed in uniform.



capacity elenent C for storing information, for the DRAM menory

cells. The connecting holes 19 are forned by dry-etchi ng under
the conditions decided so that the selection ratio of the
s!chon nitride film8 on the gate el ectrodes 7 and the first
side wal | spacers 14 conposed of _gg- Silicon nitride to the second
side wal | spacers 15 conposed of silicon oxide and the
insulating film 18 conposed of silicon oxide is set large. In
ot her words, the etching conditions are set so that the etching
speed (capacity) of the silicon nitride is slower and the

etening speed  pureperifigpackhy Aeeéug%ehoa d GON 10X 8 hea FRS AT £oSuch

etching is together wmth Ar spattering

performed for,the,m xed,gas, OL]fhe f |8 e s Flogr "tl'leaggooﬁéér]
OM/t e

Et chi ng under hé ¢onditions to connecting holes 19 to be opened

in aself- nate&%%% E?”@fé éﬁérbrfgﬁkguoffﬁg informationt N@okl 8k BREG Wal |
spacers 14 er since the Ilght | i t hogr aphy

technol ogy | Sméﬁgﬂyt@ei% m thige CUMRLHIMY holes 19 areh@omed9byt he margin
of alignment In the second direction can be reduced and fine

pi tches can b@r?5§98?ﬂn$nuﬁ@@rS@Hé”andltlons decidid®e gl @hat the
Furthernore, a polycrystal silicon film containing inmpurities
such as phospBgnustisnfesees od lcheveiltiBen nitride filmsehiapntecyate
substrate 1 to lower the resistance. Then,

-57- - ani sete@predes Chiand tise fanfsar stdetwn X mpaeerisel patompomsicabt
S|i;con filmexcept for the connecting holes 19 to form an

g silicon nitride to the second side wall spacers 15 composed

of silicon oxide and the ihsulating film 18 composed of
silicon oxide is set large. In other words, the etching
conditions are set so that the etching speed (capacity) of
the silicon nitride is slower aﬁd the etching speed
(capacity) of the silicon oxide is faster. Such etching is
possible when performed together with Ar spattering
performed for the mixed gas of, for example, C4Fs and O,.
Etching under the conditions to allow the connecting holes
_Q&@ 19 to be opened in a self-matching manner with respect to
the first side wall spacers 14. In other words, sincé the
light lithography technology is used to form the connecting
holes 19, the margin of alignment in the second direction
can be reduced and fine pitches can be assumed in the second
direction.

Furthermore, a polycrystal silicon film containing
impurities such as phosphorus is formed all over the

semiconductor substrate 1 to lower the resistance. Then,



el ectric conductor 20 in each of the connecting holes 19. Thereafter,
an insulating film(silicon oxide film not illustrated)is deposited to
cover the electric conductor 20. Next, connecting holes 21 to be
connected to the DRAM nenory cell bit lines BL are formed as shown in
Figs.19 and 20. Dry etching is perfornmegd-to formthe connecting holes 21
on conditions in which a large selectionratio of silicon nitride to
silicon oxide is taken , just |like the connecting holes 19. Consequently,
each of the connecting holes 21 can be opened in a self-matching manner
wWith respect to the first side wall spacer 14. Thus, just |ike the

connecting hol 'so]tgcfp"f?ﬁ@tz:ﬂ?.néLi%Feg%%gﬁgawg&éﬂwgﬁetﬁo P4 e

connecting- holes € marg nment in e second direction can

be reduced and; e fif B8 1pi Lebes: HoMerRersn6al: Pegass®d o kB Edensecond

di rection. urthermore,”a silicon ?Pﬁnycon?alnlng Inmpurities such
as phosphorus Ofe& ,Sid idond8ckbkMEULh Sicnr kel CbRREActiAg! RYBEs LI,

resi stance. Then, an electric conductor 22 is formed in each connecting

hol e 21 using photorhgskaktas, dan MG I RAeANedi30cbhabxide #ivetric
conductor 22 is extended vertically (to second direction) to the word |ine

W to serve asmgk hitidddi@tBld)is deposited to cover the electric -58-
Next, as shown in Figs.21 and 22, an insulating film 23 conposed of
silicon oxi de g¥nd&idtdaxOrRoexi de i nto whi ch one

Next, connecting holes 21 to be connected to the DRAM

memory cell bit lines BL are formed as shown in Figs.19 and
20. Dry etching is performed to foulrm the connecting holes
21 on conditions in which a large s;lection ratio of silicon
nitride to silicon oxide is taken , just like the connecting
holes 19. Consequently, each of the connecting holes 21 can
be opened in a self-matching manner with respect to the first
side wall spacer 14. Thus, just like the connecting holes
19, when the light lithography is used to form the co_annecting? -
holes 21, the margin of alignment in the second direction
can be reduced and the fine pitches of members can be assumed
in the second direction.

Furthermore, a silicon film containing impurities
such as phosphorus or a silicide f£ilm such as WSi is formed
to lower the resistance. Then, an electric conductor 22 is
formed in each connecting hole 21 using photo resist as a
mask and patterned so that the electric conductor 22 is
extended vertically (to second direction) to the word line

WL to serve as a bit line BL.



or both of boron and phosphorus are doped is fornmed. The insulating film
23 is forned just like the insulating film 18 with, for exanple, the CVD
or plasma CVD nethod so that a silicon oxide filmor a silicon oxide film
in which one or both boron and phosphorus are doped is deposited all over
the surface, then the filmis fIattened_%élh the reflowng or CWP nethod
so that the height fromthe surface of t substrate 1 is snoothed in
uniformall over. Then, connecting holes 24 are fornmed so as to be
connected to one side electrodes of the storage capacity elenment C for
storing informati on of DRAM nenory cells. The connecting holes 24 are
dry-etched to form S [Walolp : rd ongdyc : he
etching is possibl eﬁ%g’n <{psgr or neéhhltg%)%éeﬁierdr% EE'A?HS%E%I?%%?In%gSgH%r med
wth a mxed gas : SR 6 111 f '3 ic
conductors 25@?r58%%?%§%?ﬁ%ﬁégﬂg?ectﬁ?%g%%ﬁﬁd@fﬁ?gg%%&gséﬁﬁgg%lgéQﬁ%ﬁ si de
el ectrodes of orl Boh! 8Fag6yr6hCdRA pHodiHori0bi-ala MBS ¥né®! | The
information. Each electric conductor i's formed with a polycrystal silicon
film containi ng TR 8$1RUED iaS FoPREEAPNOS Y, K €heOinduBat ik OB i | M
such as WGi, etc. to reduce the resistance. Then, an insulating film 26
conposed of , ffgiiexanpbe, exdpON thel deD 65 Flasied cCamdmathedess ritat

-59- conductor 25 is fornmed in each connecting hol e using photo resist
as a mark. And, digtikkohhexiasukftmngr fd lshlAGoandxtile film in which one

or both boron and phosphorus are doped is deposited all over

the surface, then the film is flattened with the reflowing
or CMP method so that the height from the surface of the
substrate ]j is smoothed in uniform all over. Then,
connecting holes 24 are formed so as to be connected to one
side electrodes of the storage dapacity element C for
storing information of DRAM memory cells. The connecting
holes 24 are dry-etched to form holes reaching the electric
conductors 20. Such the etc_hing is possible when performed

together with "Ar spattering performed with a mixed gas of

CFy, and CHF;.

Furthermore, electric conductors 25 are formed. The
electric conductors 25 are used as one side electrodes of
the storage element C for storing DRAM memory cell
information. Each electric conductor is formed with a
polycrystal silicon film containing impurities such as
phosphorus, etc. or a silicide film such as WSi, etc. to
reduce the resistance. Then, an insulating fj:lm 26 composed

of, for example, silicon oxide, is formed and an electric



el ectric conductors 25 are patterned so as to be used as one side

el ectrodes of the storage elenent C for storing information.

As shown in Fig-23, a polycrystal silicon film containing inpurities such
as phosphorus or a silicide film such as Wsi is forned to | ower the
resistance. Then, anisotropic dry etchidy is perforned to formelectric
conductors 27 connected to the electric conductors 25 on the side surfaces
of each insulating film26. The electric conductors 25 and 27 are used to
formone side electrodes of the storage capacity elenment C for storing

i nformation. As shown in Fig. 24 after the insulating film26 is

removed, a di oﬁﬁ#%kgr% ard gl rfnleh a%{}fe’ %B%rc&?.#xgcﬁlifge@sn?qg oo or med

sequent | al | Yy e storage cap aCI ment storin or mat i on.

e dielectl! ¢ umLerialg alrﬁ? 28And83%@_wreﬂewémaaé@f{§ 'E@LtlﬁleE'A*ﬂi ¢pposed

of silicon oxid icon nitride or tantalumoxide (Ta[err](err])

film The upe%c%k@etéﬁgﬁ&@o%sabs 304 pRd tWirhRaas PAY eb e Akedi db R film

containing inpurities s as phosphorius or a silicide filmsuch as Woi to
| ower the resisi@neeectrodes &8 EHOW bFadd Ge PimerdONedyd NG d1ales 30 are
formed. The connecting holes 20 are used to connect the first wring 32
to gate el ectrig@esmakiansem conductor area. Just |ike

- 60- t he connecting holes 19 and 21, the connecting holes 30 are

formed on conditions to thgkehawhaie&isel2act mopolatipstal s¢ikicon film

containing impurities such as phosphorus or a silicide film

such as WSi is formed to lower the resistance. Then,
anisotropic dry etching is performed to form electric
conductors 27 connected to the electric conduct_grs 25 on the
side surfaces of each insulating film 26. The elect_:ric
conductors 25 and 27 are used to form one side electrodes
of the storage capacity element C for storing information.
- As shown in Fig.24, after the insulating film 26 is
removed, a dielectric material f£ilm 28 and upper electrodes
29 are formed sequentially for the storage capacitor element
4 C for storing information. The dielectric material £ilm 28
is formed with a laminated film composed of silicon oxide
and silicon nitride or a tantalum oxide (Ta;0;) film. The
upper electrodes 29 are formed with a polycrystal silicon
film containing impurities such as phosphorus or a silicide
film such as WSi to lower the resistance.
As shown in Fig.25, connecting holes 30 are formed.

The connecting holes 20 are used to connect the first wiring

32 to gate electrodes or a semiconductor area. Just like



silicon nitride 8 and the first side wall spacers 14 conposed of silicon
nitride to the second side wall spacers 15 conposed of silicon oxide and
the insulating film8 conposed of silicon oxide. Then, a connecting nenber
31 is formed in each connecting hole 30. The connecting nenber 31 is
formed by formng a titanium (Ti) filmof .10 to 50[err]min thickness and

titaniumnitride (TiN) filmof about 10Oimin thickness by the spattering
nmet hod, then renoving the tungsten filmfromareas other than the
connecting holes 30 with dry etching or the CVMP net hod. Furt her nore,

the first wiring 32 is fornmed. The first wring can be forned wth a

| am nated fil f titani i trat TiN) .and ' AL) Afil

cont a i ng coppet opasy iy Ro it pb U0 AR GBI BE BRI 20 tier s ng

hol 34, ' r.s. 35 i I ' | at | fil

37, connect | ng ROIEL O3 SRt R Tetpar i SiThelRen Tl i o
¢ q ‘i The i , CL st

ke the i noul SRt s 538 ¢ SR eB Flket bR oA M ddn R COBSS UG

just like the dof%rlﬂ Cédri‘%i@i?% 3@ tgfgesaeegacgaga_ H&f?%iac”ér g 39 and

thir and I'ke

t he second an W rings are tfornmed just | the connecting

nmenbers 31 and.dsoddd 8 M 1HidMh 32iaéahd fhe insulating film 8 composed
-61- siliconnitride or a | am nated passivation film41l conposed of

silicon oxide 4 JoriReh brdek .t henhéh| I £ WbAHdIHIGR BenR® 31 is formed

in each connecting hole 30. The connecting member 31 is

formed by forming a titanium (Ti) £ilm of 10 to 50um in
thickness and titanit:un nitride (Til:T) film of abou—t 100nm in
thickness by the spatté—ring method, then removing the
tungsten f£ilm from areas other than the connecting holes 30
with dry etching or the CMP method.

Furthermore, the first wiring 32 is formed. The first
wiring can be formed with a laminated f£ilm of a titanium
nitrate (TiN) and an aluminum (AL) film containing copper

(Cu) .

b F‘inally, an insulating film 33, connecting holes 34,

connecting members 35, the second wiring 36, an insulating
film 37, connecting holes 38, connecting members 39, and the
second wiring 40 are formed sequentially. The insulating
films 33 and 37 are formed just like the insulating film 23.
The connecting holes 34 and 38 are formed just like the

connecting holes 30. The connecting members 35 and 39 and
the second and third wirings 36 and 40 are formed just like

the connecting members 31 and the first wiring 32. And, a



CVvD net hod, then a bonding area 42 is fornmed alnost to conplete the
manuf acturi ng of the sem conductor integrated circuitry shown in Fig.l.

(2[err] Enbodi nent) Fig.26 is a cross sectional view of the major
portiton of a sem conductor integrated circuitry in another enbodi nent of
the present invention. The sem cornghuctor integrated circuitry in the

second enbodinent is the sane as that in the first enbodi nent except that
a silicon nitride film104 is fornmed on the N channel M SFET Qnl, the N
channel M SFET On2, and the P channel M SFET 1l respectively, and this
silicon nitride film104 _is used as an etching stopper for formng

connecting holkes;-3Q. mTt{%Sde 6&%%&&%'&9%‘5&%@61&9 f'ltlﬁl@l {ofpoliggsane as
those in the first enbodi ment, explanation for themwl omtted. And,

since a silicef ilitshe duilgm 104 d2incll @¥kdet: n& UG 1wa hmckb&emﬁ@nduct or
integrated circuitry in this second enbodi nent, even when sone of

connecting hokes aBtheder tBent depdnd@inl i a4 ng fidriMed agmd@Wroon the
right side of the P channel M SFET ol in Fig.26, the field insulating

film2 is prevenpedtereme awelfatelirifgWiethichsenmtobn@ct t 0 ihtledsad@aar e

opened. Leak current and other problens to be caused by over-etching can

t hus be circuitry shown in Fig.l. -62- suppressed, naintai ning

the perfornmance and reliability of the sem conductor integrated circuitry.
(2*¢ Embodiment) -

Fig.26 is a cross sectional view of the major portion

of a semiconductor integrated circuitry in another
embodiment of the —present invention.

The semiconductor integrated circuitry in the sec;nd
embodiment is the same as that in the first embodiment except
that a silicon nitride film 104 is formed on the N channel
MISFET Qnl, the N channel MISFET Qn2, and the P channel
MISFET Qpl respectively, and this silicon nitride £ilm 104
is used as an etching stopper for forming conhecting holes
30. Thus, since other configuration items are the same as

those in the first embodiment, explanation for them will be

omitted. And, since a silicon nitride film 104 is provided
such way in the semiconductor integrated circuitry in this
second embodiment, even when some of connecting holes 30
overlap the field insulating film 2 as shown on the right
side of the P channel MISFET Qpl in Fig.26, the field
insulating film 2 is prevented from over-etching when the
connecting holes 30 are opened. Leak current and other

problems to be caused by over-etching can thus be



Her eunder, a manufacturing nethod of the sem conductor integrated
circuitry in the second enbodinent w Il be described with reference to
Figs.27 to 29. Figs.27 to 29 are cross sectional views indicating howto
manuf acture the sem conductor integrated circuitry in the second

enbodi ment in order of the processes. _gp- Just like the first enbodi nment,
at first, the selecting MSFET @, the N channel M SFETs 1 and 2, and
the P channel M SFET Ql are forned, then a silicon nitride film2104 is
deposited on the N channel M SFETs Onl1 and Qn2, and the P channel M SFET
Q1 with a thickness of about 50nm respectively. Then, the silicon nitride

film 104 maskgghpMiddedhabeont8shehgithdpbrEgrmradein@tehiinpigxeopstfor at
| east the area d%ere t he connecting holes 19 and 21 of the DRAM nenory

cells are forges. sdddcdbrdfictor intedhareadf kercujibst,.like in the first

enbodi ment, the insulating film18, the bit lines BL, the storage capacity
el ement C for storigegeunBernaki anaf £ctf ifegl. mdittedd othethe t he connecti ng
hol es 30 are opened, the first stage etching is perforned (Fig.28). In
this first stageicemdidithr antegtatedgizeletiriyam thkisedandenbsditndmt t he
silicon oxide etching is faster than the silicon nitride etching, so to
speak, in thewtbhdie Benceibbdghitét ehfegesebend iFdgsr.&t7eto 29. Figs.27

- 63- Consequently, the connecting holes 30 can be opened surely up to
t he surface ofoth® aré¢ icesidadtdenidQ4viewsadddticating how to

manufacture the semiconductor integrated circuitry in the

second embodiment in order of the processes.

Just like the first embodiment, at first, the
selecting MISFET Qs, the N channel MISFETs Qnl and Qn2, and
the P channel MISFET Qpl are formed, then a silicon nitride
film 104 is deposited on the N channel MISFETs Qnl and Qn2,
and the P channel MISFET Qpl with a thickness of about 50nm
respectively. Then, the silicon nitride film 104 masked
with photo resist is not removed by etching except for at
least the area where the connecting holes 19 and 21 of the

DRAM memory cells are formed. (Fig.27)

Thereafter, just like in the first embodiment, the
insulating £ilm 18, the bit lines BL, the storage capacity
element C for storing information are formed. Then, when
the connecting holes 30 are opened, the first stage etching
is performed (Fig.28). 1In this first stage etching, an
etching selection ratio is set so that the silicon oxide
etching is faster than the silicon nitride etching, so to

speak, in the condition of high etching selection rate.



inthis first stage etching, since the silicon nitride film 104 functions
as an etching stopper, the etching can be performed enough to take a

| arger process nmargin without considering a peril of over-etching.

Next; the second stage etching is perforned for the silicon nitride film
104 at the bottom of each connecting hghe 30 (Fig.29). This second stage
etching is perforned on conditions for etching silicon nitride, and it is
no need to take an etching selection ratio for silicon oxide. The etching
at this tine is decided to be a little deeper than the thickness of the
silicon nitride film104. For exanple, the etching depth is decided to be

110 10 130% Gfod Acn, 4V kNG5S, OEnkbe: Shd EAREb! Ede 1d Lpelas ool the

[
etching is possible en performed together wwth AR spattering w

m xed gas of (F4 ARd-CHIBradS & EREWL1iddiEnfikelide 108Ul 8l AGaltion? i
hardly etched.” This prevents the bottom of each etched connecting hole 30

from becom ng; gleener £1hap stdife 86BheRGIAULITe 8h8as COIPOS MG radROEILR and a
drain. In other words, the silicon nitride film104 is thinned enough

Wi th respect 1@y tfigndd Rk id16WrAldRGihgl Bcdppse,t BAk e¥eRingheantbe silicon
nitride film104 is over-etched, the field 1i1nsulating film2 is etched
only by |ess péefodnddldnsigh i take a larger process margin without 64-
silicon nitride 104 in thickness, and the over-etching causes no problem
to the process@ssidering Sipwellt bf seearedtshdgeg.etching is perforned using
such -

Next, the second stage etching is performed for the

silicon nitride film 104 at the bottom of each connecting
holé 30 (Fig.29). This second stage etching is performed
on conditions for etching silicon nitride»; and it is no need
to take an etching selection ratio for silicon oxide. The
etching at this time is decided to be a little deeper than
the thickness of the silicon nitride £film 104. For example,
the etching depth is decided to be 110 to 130% of the .
thickness of the silicon nitride £film 104. Such the etchiglg P -
is possible when performed together with AR spattering with
a mixed gas of CF4 and CHF3. As a result, the field
insulating £ilm 2 is hardly etched. This prevents the bottom
of each etched connecting hole 30 from becoming deeper than
the semiconductor area composing a source and a drain. In
other words, the silicon nitride £ilm 104 is thinned enough
with respect to the field insulating film 2, so that even

when the silicon nitride film 104 is over-etched, the field

insulating £ilm 2 is etched only by less than a half of the



a silicon nitride film 104, the connecting holes 30 can be opened surely
wi th an enough process margin. The performance and reliability of the

sem conductor integrated circuitry can thus be maintained.

Hereafter, the manufacturing nmethod of the second enbodinment is conpletely
the sane as that of the first embodiment,_thus the explanation will be
omtted here. (3[err] Enbodi nent) %lg 30 is a cross sectional view
of the major portion of a sem conductor integrated circuitry in another
enbodi ment of the present invention. The sem conductor integrated
circuitry in the third enbodinment is the same as that in the first and

second _enbodigtentsrexsept sbhabsa; gl Lhfltelayel d%n3|§soéeﬁ]{-tfé§c%g‘1%gthe

sem conduct or areas except ast

senlconductorc%5§%5c9g2§§bg%ehggoseHécsr@gg %gg drain of the DRAM nenory

cell selecting M SFET 1tron Inthis third enbodi nent, a silicon

nitride film104 isgphs® trpy uisled shish ddditiddiEhse.Snok eg?ﬁg'gr%t :

Consequently, the parasitic resistance of the sem conductor ar

conposi ng t he ssayn ¢esnand: e driais oaf éﬂ@@ M&F&E&:@W%&Q@%o &yl g1 can

be reduced to inprove the performance of
- 65- M SFigbeQal, sQﬂ%lyaMt@énSéﬂdﬂuéhC@f@éé/sé(\hﬁé}%ﬂn' nenRasing the

| eak current from DRAM nenory cells Next, a manufacturing nethod of
t he sem condugie@iformance and rellablllty of the semiconductor integrated
circuitry can thus be maintained.

Hereafter, the manufacturing method of the second
embodiment is completely the same as that of the first
embodiment, thusﬁ the explanation will be omitted here.
(3" Embodiment)

Fig.30 is a cross sectional view of the major portion
of a semiconductor integrated circuitry in another
embodiment of the present invention.

The semiconductor integrat':ed circiitry in the third

embodiment is the same as that in the first and second

embodiments except that a silicide layer 105 is formed on

the semiconductor areas except for at least the low density
N-type semiconductor area composing the source and the drain
of the DRAM memory cell selecting MISFET Qs. In addition,
in this third embodiment, a silicon nitride film 104 is also
provided just like in the second embodiment. Consequently,
the parasitic resistance of the semiconductor area

composing the sources and the drains of the MISFETs ~in, on2,

and Qpl can be reduced to improve the performance of the



integrated circuitry in the third enbodiment will be described with
reference to Figs.31 to 33. Figs.31 to 33 are cross sectional views of a
manuf acturing method of the sem conductor integrated circuitry in the
third embodi nent. At first, just like the first enbodi nent, the high
density N-type sem conductor areas 16 arngy.16b, and a high density P-type
sem conductor area 17 shown in Fig.16 are formed. Then, an insulating film
106 is formed and the film 106 is renoved by etching using photo resist as
a mask except for at |least the area of the DRAM nenory cells (Fig.31).

Wien an insulating filmexists on the sem conductor area before the

Insul ating “Eﬁ‘sivﬁ@ 651 B arddhBph Ngid AL F DAt 1 7Wliibiots imekeherrgd, and

instead, the insulating fil mnentioned ~above is renoved sel ectively.

Next, a metal kg fbbi 407-6Q0Pos8d m{aM idaiimdelids. or cobalt (Co) is

deposited all over the surface wth the spattering nethod (Fig.32). Then,

the first silicide y&@actd oaruFaReiahgeaetAodanokEnakki ¥emat onaptese of
about 500C, then non-reacted portions of the nmetallic film 107 except for

the sem CO”dU&hQ'égééeédaéﬁré@ﬂ@ﬂﬁdin Ties eafiel embodiater thadtlilv®eat nospher e
of about 700 to 900[err]C, the second silicide reaction is performed to

reduce the regestaitedaniith reference to Figs.31 to 33. Figs.366o0 33 form

a silicide layer 105 (Fig.33). Asilicide layer 105 is thus fornmed on the

seni conduct or agkeearossest thigrtdie viewsr cEsa amadutfhe tarangsmethofeo MEESEET On1,

@2, and Qpl except
semiconductor integrated circuitry in the third embodiment.

At first, just like the first embodiment, the high
density N-type semiconductor areas 16 and 16D, and a high
density P-type semiconductor area 17 shown in Fig.-fs are
formed. Then, an insulating f£ilm 106 is formed and the f£ilm
106 is removed by etching using phbto resist as a mask except
for at least the area of the DRAM memory cells (Fig.31). When
an insulating film exists on the semiconductor area before
tl'}e insuldting film 106 is formed, the insulating film 106

- is not formed, and instead, the insulating film mentioned

% above is removed selectively.

Next, a metallic film 107 composed of titanium (Ti)
or cobalt (Co) is deposited all over the surface with the
spattering method (Fig.32). Then, the first silicide
reaction is performed in an inactive atmosphere of about
500C, then non-reacted portions of the metallic f£ilm 107
except for the semiconductor area are removed. Thereafter,

in an inactive atmosphere of about 700 to 900C, the second

silicide reaction is performed to reduce the resistance and



for the |ow density N-type sem conductor area 9 conposing the source and
the drain of the DRAM nenory cell selecting’ MSFET . No silicide |ayer
105 is needed on the seniconductor area conposing sources and drains of
the output circuit output M SFET and the input protection M SFET.
Hereafter, the processes are the sane as %hose shown in Fig.27 in the
second enbodi nent, so the expl anati on mﬁ§ be omtted here. (4th

Enbodi nent) Fig.34 is a cross sectional view of the major portion
of a semiconductor integrated circuitry in another enbodinent of the
present invention. In the sem conductor integrated circuitry in the

h | ock
(G agram | n A GO Ao eAtehatC R i Eghatent Fof -Hho 4T SRR (ot § on

In Fi g. 34 ar q.l%s u@n%o ﬁear I'lt Eﬁesggﬁlg ﬁlé cgeo%#ﬁ?t%ﬁc%{rﬁpsstlneg %dl ment .

Thus, the ANAl 0N FOr -t ROSE |t BAb Fig.35

'S an expanded i usnlod bE £ Lo Dbe AP, B9, Yo Bb- 8048 2 Top

view of the nmenory array area C rlcal asure

type volatile for the 1ow density N semicond c@Zr rea "€ élﬁ
flash nmenory included in t% ggnlcgﬁﬁhctor intggrate% Cl rcul rf)fh

fourth enbodiNtoukkd. 3dd iche?RraIHi ¥&l @ ﬁﬁm@ﬂgfuog&a&éﬂnsfglé&%g

MISFET Qs. No silicide layer 105 is needed on the

semiconductor area composing sources and drains of the

&5

1ot
fipto

output circuit output MISFET and the input protection

MISFET. )

Hereafter, the process;é are the same as those shown
in Fig.27 in the second embodiment, so the explanation will
be omitted here.

(4th Embodiment)

Fig.34 is a cross sectional view of the major portion

of a semiconductor integrated circuitry in another

embodiment of the present invention.

In the semiconductor integrated circuitry in the

fourth embodiment, a flash memory is used as a ROM as shown
in the block diagram in Fig.3 indicating the first
embodiment of the present invention. In Fig.34, areas A and
B are the same as those in the first embodiment. Thus, the
explanation for those items will be omitted here.

Fig.35 is an expanded view of the areas C and D shown
in Fig.34. Fig.36 is a top view of the memory array area

of an electrically reloadable batch erasure type volatile



flash nenory portion. Hereunder, explanation will be made with reference
to Figs.35 to 37. In the flash nenory in this fourth enbodi nent, a
single bit memory cell is conposed of a tunnel insulating film 202;
floating gate el ectrodes 203; an interlamnar insulating film 204; control
gates 7 formed unitarily with word lings; P type well areas 5 (channel
formng areas); and a floating gate MézET & having a pair of N type
sem conduct or areas conposi ng sources and drai ns. Just like the N
channel M SFET Qnl in the first enbodinent, the source of the floating
%Ste tépe I\P/ISFET X s gorrred with a low density N-type sem conductor area
and a P-type sem gonduct or ea 1 t a 10, and a
hi gh density I?% dﬁdu&? agr ea %‘gggegnggggléﬁ st E{lﬁe floating gate

ype M e el Gl (b lal cdenni by s ﬁhyggssmfeﬂduct or area

rnsulati n IS set to 9 to 100m

The high deng@e(dﬁ%gelg W&%“Sﬁ%qﬂ%e%ﬁ?c*ﬂ% udte AP odepsaty

hi gher than t den3| ty ype sem conductor Tarea 10 and has a

ﬂ: gﬂ ijgggi”ttyyﬁ\ffﬁ'ﬁéfn&“ﬂsg?taenre%&%un@@m eéﬁp%&élémﬁw bacga@é the

sem conduct or f‘{}?ar@f)éré&f@@rté t}qgfsl aat i-kpgsgate el ect rodes 203 when
information is witten. he drain of the floating gate type M SFET

is connected to the ft'hfestfl\ét'sh' REm32yViA 8hLONFEEEtNGeriod®idht, a

single bit memory cell is composed of a tunnel insulating

film 202; floating gate electrodes 203; an interlaminar

insulating £ilm 204; cor;ti'ol gates 7 formed unitarily with
Mword lines; P type well areas 5 (channel forming areas); and

a floating gate MISFET Qf having a pair of N type

semiconductor areas composing soﬁrces and drains.

Just like the N channel MISFET Qnl in the first
embodiment, the source of the floating gate type MISFET Qf
is formed with a low density N-type semiconductor area 10

and a P-type semiconductor area 11 formed under the area 10,

and a high density N-type semiconductor area 16. The drain

of the floating gate type MISFET Qf is formed with a high
density N-type semiconductor area 205. The thickness of the
tunnel insulating film 202 is set to 9 to 10nm. The high
density N-type semiconductor area 205 has a impurity density
higher than that of the low density N-type semiconductor
area 10 and has a high impurity density enough to reduce

depression of the surface of the high density N-type



The first wiring 32 conposes sub-bit lines subBL in the fourth enbodinent.
A nenory cell conposed of 16 to 64 bits is connected to a sub-bit |ine
subBL and to the main bit Iine BL conposed of the second wiring 36 via the
sel ecting MSFET @s. In other words, the flash memory in this fourth
enbodi ment is divided into blocks by the,selecting MSFET Qsf. The bl ock
selecting lines tW.1 and tW.2 are forne unitarily with the gate
el ectrodes 203 of the selecting M SFET Qsf. The nenory cell source
is connected to the source line SL via a connecting hole 21. The source is
$Lso c?nneetedwlgg t he source line BSL shared by all the divided bl ocks.

e selectin E n Rdantial  of
the nign Eit |Pﬁ§° Y §L§ qﬁg;gpg fQ%P€£q 1%2 ctlng M SFET

sho re.ld 7 the bl k

. oS shon W;ozaﬁvg%li%rhﬁel 95 fété{w (7), ock sel ecti on |1 nes

e source 'ines are extended in the first

direction. The sub?ﬁ%td£ ﬂgsofggﬁ*égé%k_ geg%&kngig MrBriheggsegand

di rection. selectin i's conposed of a gate

insulating fid ed 182LhOG Gale wekentr oolas 23 corAket i le 30.
- 69- el ectrode efbg d%spoged .ﬁ thebsane Iayefoas thenglo%t?ng gate

el ectrodes 2%5 %Qsaa mle*inde@@ E¥mPbE¥PesBIbLONTUEs O susBea e onposed
of a source and a drain. In"Fig.34, each gate electrode has a two-I|ayer

structure, buoirtrBn@®688mEASt A memory cell composed of 16 to 64 bits

is connected to a sub-bit line subBL and to the main bit line

BL composed of the second wiring 36 via the selecting MISFET
és. In other words, the flash memory in this fourth
embodiment is divided into blocks by —the selecting MISFET
0sf. The block selecting lines tWL1l and tWL2 are formed
unitarily with the gate electrodes 203 of the selecting
MISFET Qsf.

The memory cell source is connected to the source line
SL via a connecting hole 21. The source is also connected
to the source line BSL shared by all the divided blocks.

The selecting MISFET Qsf selects a block. 1In other

words, the potential of the main bit line BL is supplied to
memory cells via the selecting MISFET Qsf. As shown in
Fig.36, the word lines MWL (7), the block selection lines
tWL1 and tWL2, and the source lines SL are extended in the
first direction. The sub-bit lines subBL (32) are extended
in the second direction.

The selecting MISFET Qsf is composed of a gate

insulating film 201; floating gate electrodes 203; gate



illustrated), a control gate electrode 7 forned unitarily wth a word |ine
is connected to the first wiring 32, and shunted by the third wiring 40.
The thickness of the gate insulating film201l is set to about 20nm

The connecting holes 21 and 30 connected to the source and the drain of
the floating gate type M SFET (X, as shayg_ in Figs.45 and 46 to be
described later, are fornmed in a self-matching manner with respect to the
first side wall spacers 14 conposed of silicon nitride just |ike the
connecting holes 19 and 21 in the first enbodi nent. Those nenory cells are
i solated by the N type sem conductor area 3 so that witing and erasing to

be described helowaddes P efifPdsed in tN¥ 144 Gala R the Elgshingnory
of the present invention is conposed by discharging electrons fromthe

floating gate glecknedesod8s Al AdRrhivh BRa st Ryashaldh s¥al ¥en&Ythdr 1N

ot her words, a negative voltage of about 9V is applied to the control

el ectrodes 7. ZheN 2085 Pesbbb¥E o @l EadecefardautrdVni.s BPRligedat Oetbg drain
so that electrons are discharged fromthe floating gate el ectrodes 203 to
the high densgdte Bibypeocderfifnaduet-Qayairest AScurd) Blitiis andr@dal (not

- 70- t hrough the FN (Fowl er Nordheim tunnel via the tunnel insulating
filmto | ower ilkidtrasddl,davabnerbViddte electriieriagertdatiauntteeiIpns are
charged in the floating gate el ectrodes 203 to increase the threshold
value (Vth). with a word line is connected to the first wiring 32, and

shunted by the third wiring 40. The thickness of the gate

insulating f£film 201 is set to about 20nm.

The connecting holes 21 and 30 connected to the source
and the 5rain of the floating gate type MISFET Qf, as shown
in Figs.45 and 46 to be described later, are formed in a
self-matching manner with respeét to the first side wall
spacers 14 composed of silicon nitride just like the
connecting: holes 19 and 21 in the first embodiment. Those
memory cells are isolate:d by the*N type semiconductor area
3 so that writing and erasing to be described below are
t-w performed.

Writing data in the flash memory of the present
invention is composed by discharging electrons from the
floating gate electrodes 203 and lowering the threshold
value (Vth). In other words, a negative voltage of about
9V is applied to the control electrodes 7. Then, a positive
voltage of about 7V is applied to the drain so that electrons
are discharged from the floating gate eleétrodes 203 to the

high density N-type semiconductor area 205, which is a drain



In other words, a positive voltage of about 9V is applied to the control

gate el ectrodes 7. Then, a negative voltage of about 9V is applied to the
source and the P type well area 5 to charge electrons froman inverse

| ayer fornmed in a channel area into the floating gate el ectrodes through
the FN tunnel via the tunnel insulati n%_Pfi | m Thus, the threshold val ue

IS increased. . The N channel M SFET n3 and the P channel M SFET Q2
are used for a circuit for witing and erasing data in and fromthe flash
menory. Wth the sem conductor integrated circuitry, even when a

fl ash rrerlrzry i's ilgcl ude]gl inthe circuitry, the first and second side wall

spacers and, - ar ta divid t. I Lpely,

(het the LoD & ik ot Ay etrofst Neper EEERRY, P 5l Buchif ofierona,
: : a 2. o1 ' i Vi,gi 0 f th

sem conduct ori?ﬁ‘tlje]%?%%dflcil}fc%é g?oyggah:ﬂehtr}g%%g}ﬁg%ir ngglgc?v%) ) ﬁlext, a

manuf act uri ng et hod, or Lhg, e SANUCHY o ENLRGEELEt £l bYch gt NI S

fourth enbodi nent expl ai ne referenceé to Figs.38 to 4

F195-38 10 400580 & (ASHARCHHANA (ol Rf o/ LAVSLAPELRAL b 1RTROLAACL UM T NG

-71- met h e sem conductor integrated circuitry in this fourth

embodi ment i nrgrdene pfud s PrOEReI8sve voltade &f réboud Ut ilsi kppllheafir st
enbodi nment , tﬁe ??lé d 1 nsul at ?ng fil ﬁ]g? t%géN type sem colndug?or area 3;

the N to the control gate electrodes 7. Then, a negative voltage

of about 9V is applied to the source and the P type well area

5 to charge electrons from an inverse layer formed in a
channel area into the floati_ng gate electrodes _through the
FN tunnel via the tunnel insulating film. Thus,mthe
threshold value is increased.

The N channel MISFET Qn3 and the P channel MISFET Qp2
are used for a circuit for writing and erasing data in and
from the flash memory.

With the semiconductor integrated circuitry, even

when a flash memory is included in the circuitry, the first

s
&

and second side wall spacers 14 and 15 are formed to divide
the memory cell area finely, so that the LDD can be optimized
for the peripheral circuit areas MISFET Qnl, on2, on3, Qpl,
and Qp2. The fine division and performance of the
semiconductor integrated circuitry can thus be improved.
Next, a manufacturing method for the semiconductor
integrated circuitry in this fourth embodiment will be
explained with ré‘fe‘rence to Figs.38 to 46. Figs.38 to 46

are cross sectional or top views indicating a manufacturing



type well area 4; and the P type well area 5 are forned. Fig.38 is a top
view of a flash nenory areas after the field insulating film2 is forned.
Next, as shown in Figs.39 and 40, a gate insulating film201 is forned
with-a thermal oxidation nmethod. Then, the film 201 except for the
selecting M SFET sf, the N channel NLgﬁgI M3, and the P channel M SFET
Q2 is renoved. Then, a tunnel insulating film202 is forned with a
thermal oxidation nethod. Since the tunnel insulating film202 is forned
after the gate insulating film201 is renoved such way, the tunne
insulating film 202 which is thinner than the gate insulating film 201 can

be formed easilyyoqTBEE At &lenildiadl E¥atbaaling, gale 6] egligodes
356 tooaoia the tox

203, as well as electric conductors as t ating gate

el ectrodes 20%09&5*1@%8&%& %Méﬁf&@é tﬁ%ﬂ&&é},@wl M SFET On3, and

the P channel M SFET 2 are forned. The electric conductors 206 are

formed with a silicon #idn i BusthicRel PRUTF1566 Eista AReRNOSRIOTYS 1ar €
inplanted to | ower the resi stance. Thereafter, the silicon film masked

with photo resisgtiatsngatiehMed.che N tyFe semiconductor area 3; the N/2-
As shown in Fig.41, the floating gate electrodes 203 of the flash nenory

and an interl &gﬁ@aw‘eumsukahl 09 Ahd MO dyod GFdIEd drefaneerreoFdraled.
el ectrodes 7. e interlamnar insulating film204 is formed with a
mul ti-layer firign.Beried tby viosw Bdta If] adhSheneon ab@abaffltbm el fd edid i con
nitride film
insulating film 2 is formed.

Next, as shown in Figs.39 and 40, a gate insulating
film 201 is formed with a thermal oxidation méthod. Then,
the film 201 exceptwfor the selecting MISFET Qsf, the N
channel MISFET Qn3, and the P channel MISFET Qp2 is removed.
Then, a tunnel insulating film 202 is formed with a thermal
oxidation method. Since the tunnel insulating f£film 202 is
formed after the gate insulating film 201 is removed such

way, the tunnel insulating film 202 which is thinner than

the gate insulating film 201 can be formed easily.

P
&
3

Thereafter, the flash memory floating gate electrodes 203,
as well as electric conductors 206 used as the floating gate
electrodes 203 of the selecting MISFET Qsf, the N channel
MISFET Qn3, and the P channél MISFET Qp2 are formed. The
electric conductors 206 are formed with a silicon £ilm in
which impurities such as phosphorus are implanted to lower
the resistance. Thereafter, the silicon film masked with

photo resist is patterned.



sequentially. Then, the interlamnar insulating film204 is selectively
renmoved fromthe areas where the DRAM nenory cell selecting MSFET s, the
N channel M SFET Onl, the N channel M SFET On2, and the P channel M SFET
Q1 are formed. Then, the silicon nitride filmon the interlam nar
insulating film204 is used as an oxidaghon resistance mask to forma gate
insulating film6 just like in the first embodinent. Next, as shown
in Figs.42 and 43, the control gate electrodes 7 and the silicon nitride
film8 on the electrodes 7 are formed, then the film8 is patterned using
photo resist as a mask. The floating gate el ectrodes 203 of the flash

menory and the congrsoghg%eiﬁ'lﬁ ‘r4g§e?ﬁg p{Sat NS JO¥dRAectrodes bigseafter,

t he processes are most t hé sa ose shown 1n Fig.10 in the first

embodi ment . Igiq;ﬂber‘l%gﬁ%m?ﬁ? aﬁgoéﬁ‘f' it F18ridhart bﬁsﬁié?in@rﬂlﬁﬁggmd si de

wal | spacers 4 an are tormed 1n the DRAM nenory cell area, and at

the same tine; st ASymM &Jtid@®d cbArthe £lastrs@a®ry. cae anearibibhe sanme
way. The nunber of processes can thus be reduced.

- 73- iReXiatiMgte ihinkeod Ast ferddd oh tAnbeadilreRrlayar fisuiakinag film
18 is forned, then connecting holes 21 are fornmed as shown in Fig.45.

Next, an i nsubgatisnd rfaitli g8 siis itenmsad.ad heln ea@eetiligonhol esi@d fala for med
as shown in Fig.46. The connecting holes 21 and 30, just |ike the

sequentially. Then, the interlaminar - insulating film 204

is selectively removed from thé areas where the DRAM memory

cell selecting MISFET Qs, the N channel MISFET Qnl, the N
channel MISFET Qn2, and the P channel MISFET Qpl are formed.
Then, the silicon nitride film on the interlaminar
insulating film 204 is used as an oxidation resistance mask
to form a gate insulating f£ilm 6 just like in the first
embodiment.

Next, ‘as shown in Figs.42 and 43, the control gate
electrodes 7 and the siliconnitride £ilm 8 on the electrodes
7 are formed, then the film 8 is patterned using photo resist
‘ as a mask. The floating gate electrodes 203 of the flash
memory and the control gate electrodes 7 are thus formed.

Hereafter, the processes are almost the same as those
shown in Fig.10 in the first embodiment. In other words,
as shown in Fig.44, the first and second side wall spacers
14 and 15 are formed in the DRAM memory cell area, and at
the same time, they are formed in the flash memory cell area

in the same way. The number of processes can thus be reduced.



connecting holes 19 and 21 in the first enbodinent, are forned in a

sel f-mat ching manner with respect to the first side wall spacers 14
conposed of silicon nitride, so the interval t3 between word Iines W
(gate electrodes 7) in the second direction, the interval t3 between word
lines W (gate electrodes 7) and block_gglecting lines tW1 and tW2, and
the interval t3 between bl ock selecting Iitnes tW.1 and tWZ2 can be reduced
finely in the second direction. In addition, since the margin of
alignment in-the second direction can be reduced, the interval between
elenments in the second direction can be reduced finely. In other words,
the interval betweegeRBMR%CE] kS 1htid1€1$8¢ UtthodidBR! | QA G 108 sheduced

significantly, enabling the sem conductor integrated circuitry of the
present inventdjam 180;iBerbpheq) alrcth BphdmLey hBEbY 21 are Medfleq the first
wiring 32 is fornmed just like in the first enbodi ment. Consequently, DRAM
menory cell bishdwnngs rBy.anpd flash menory source lines SL can be forned in
the sane process, so the process can be shortened and sinplified.

- 74- Accorgéxg, @ iheuret e £ion 1RnYfAeingd nehbhaorfridtGeRduCt or
integrated circuitry in the fourth enbodinent, the circuitry can be
manuf act ur ed jhadtesl 3Ke atrke fograticasdsicéwn 1mtepyadéed circuitry provi ded
with a flash nenory in the first enbodinment, and the nmenory cell array

can be integrated vehy ¢omedgting tHed dd @dh amenB80y. just like the

connecting holes 19 and 21 in the first embodiment, are

formed in a self-matching manner with respect to the first
side wall spacers 14 composed of silicon nitride, so the
interval t3 between word line“s WL (gate electrodes 7) in the
second direction, the interval t3 between word lines WL
(gate electrodes 7) and block selecting lines tWL1l and tWL2,
and the interval t3 between block selecting lines tWL1l and
tWL2 can be reduced finely in the second direction.
In addition, since the margin of alig_nment i +the

second direction can be reduced, the interval between

elements in the second direction can be reduced finely. In

i
.

e
-l

other words, the interval between memory cells in the second
direction can be reduced significantly, enabling the
semiconductor integrated circuitry of the present invention
to be integrated much more finely.

Next, the first wiring 32 is formed just like in the
first embodiment. Consequently, DRAM memory cell bit lines
BL and flash memory source lines SL can be formed in the same

process, so the process can be shortened and simplified.



addi ti on, the thickness of the gate insulating filmcan be varied
according to the M SFET requirenent. Needl ess to say, the silicon
nitride film104 or the siicide |layer 105 described in the second and
third enbodinments may be included in the nmethod for manufacturing the
sem conductor integrated circuitry int |s fourth enbodinment. In this
fourth enbodi ment, needless to say, t he’*seni conduct or integrated circuitry
is provided with both DRAM and flash nenory, but this invention can al so
apply to a seniconductor integrated circuitry provided only with a flash
nenory. §5th En?odlnent) 4 Fig.47 is a cross sectional view of the
maj or portion of a sem._conduct i nt.egr t d (o] a h

enbodi ment of the 6F8§Eﬁ%ngn58n€?% SRS A A Aoy %g Q%%_er

circuitry in this fliﬂkh enbaodi nment thg He sgnlcon PégLe ?rfg{ated

ggggg:?engosk? cﬂéteajgifFiﬁn g;Q§; e a;ﬁg@i% 7St iéde val |

izg-fl . emﬁ%ﬁ?’gﬁ |oc|:*|nﬁuelr}:s yﬁ‘rze conp etela keaggfnsgﬂ gé th%%ee in
} ?r%c% O ?&%ﬁ%%%d%ﬁ?ﬁﬁﬁ?ﬁ”}g%ﬂdﬁ& wiffdtethdiere. In

the seni condut¥d rcurtry in enbodi nent, a
silicon nitridefiy M ihe Fiist ensidndl| SRAGSS he@ZyOkell ipcdfi ckness

is provided, SO egration degree of the nmenory cell area can be
can be integrated very finely in the flash memory. In

addition, the thickness of the gate insulating film can be

varied according to the MISFET requirement.

Needless to say, the silicon nitride f£ilm 104 or the
silicide layer 105 described in the second and third
embodiments may be included in the method for manufacturing
thé.semiconductor integrated circuitry in this fourth
embodiment. In this fourth embodiment, needless to say, the
semiconductor integrated circuitry is provided with both
DRAM and flash memory, but thi's invention can also apply to
a semiconductor integrated circuitry provided only with a

flash memory.

(5th Embodiment)

Fig.47 is a cross sectional view of the major portion
of a semiconductor integrated circuitry in another
embodiment of the present inirention.

The semiconductor integrated circuitry in this fifth
embodiment is the same as that in the first embodiment except

for that a silicon nitride £film (the first side wall spacer)

207 is formed instead of the first side wall spacers 14.



i nproved and the M SFET LDD structure other than the nenory cell area can
be optim.zed due to the second side wall spacers 15 to inprove the
per f ormance of the sem conductor integrated circuitry just like in the
first enmbodi nent. In the nmethod for manufacturing the sem conductor
integrated circuitry in this fifth enbodj nt, the process for form ng
the first side wall spacers 14 shown in Fig. 12 inthe first enbodinent is

replaced with a process for
t he

ot her processes are omtted to sinplify the manufacturing nethod

21" ho Ca”“yt ﬁé@?eééﬁ% M Eﬂﬁwﬁggfé;' RS BEEH i a8 FeR? Cocona

21, however
enbodi nent .
senlconductor su strate 1 expose

gtﬁrrsq:f e%Bﬁ?ﬁ%ﬁ \t%-h t)é%ctp'lréclra.eﬁ ?)?{iﬁopu{herﬁ 11 be

tons o

19 d 21 d t
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The embodi mentsg; Qf £t Ben PERSSMmdAWVEY I ON HE, 35 £ ARRCHihgd 'tﬂed%aélslc above,

depositing a silicon nitride film 207 al
sem conductor substrate 1. Consequently, the isotropic etching and

over

connecting hol es

but the present invention is not linmted only to those enbodlnen
Needl ess to0 saydel gyl &sHrdes)\vapedras! Qﬁgtﬁfcﬁﬁ@ss%bsstp%%d%fdt
present invention is not overstepped. For exanple, in the flrst to

fifth enbodi meRksSintégtstidn COSPFEIRIR alhe McRfdzl ice1usedeho char Meper | pher al
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improved and the MISFET LDD structure other than the memory
cell area can be optimized due to the second side wall
spacers 15 to improve the performance of the semiconductor
integrated circuitry just like in the fj:—l;st embodiment.
In the method for manufacturing the semiconductor
integrated circuitry in this fifth embodiment, the process
for forming the first side wall spacers 14 shown in Fig.12

in the first embodiment is replaced with a process for

‘depositing a silicon nitride f£ilm 207 all over the

semiconductor substrate 1. Consequently, the isotropic
etching and other processes are omitted to simplify the
manufacturing method significantly. In the processes for
opening the connecting holes 19 and 21, however, the second
stage etching is needed as described in the second
embodiment. The number of processes is thus increased, but
the semiconductor substrate 1 exposed at the bottoms of the
connecting holes 19 and 21 can be prevented from over-

etching, so that the contact reliability is improved.



circuits, but only an N channel M SFET or P channel M SFET may be used to
form perj pheral circuits. In addition, in the first to fifth
the thickness of the gate insulating filmof the DRAM nenory
cell- area selecting MSFET & is equal to those of the gate insulat

enbodi nent s,

films of the

N channel M SFET nl, Ch2,7%qd the P channel M SFET (@

those insulating filns may differ in thickness from each another.

Especi al | y,
@2, and the

converted to

integrated circuitry can

i ng

, but

when the gate insulating films of the N channel M SFET n1,

P channel M SFET Q1 is thinned than the sel ecting M SFET
s, the N channel M SFET nl, On2, the P channel M SFET pl can furt

short g, £ *b%%t iglgngge%pgﬁég%%egﬁt Oin&gxg;fﬁgi £onduct or

re | nprov

e Sane escr

oS OBSEf DSLBL HB Rl 683
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to formthe gﬂﬁiwé%ﬁﬂr”&’ofér{]og‘é[ﬁmodiments. Needless to say, they”

of the flash
separately.

nonvol atile nmenory is used as t

enbodi nent s,

drain

nenory area and t area In different procésses
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is

a

2AvoRAMA St 3t hst RAMrstegprsked ROM etc. may be used instead
of those; for exanple, a nenory structure that a side wall spacer is

between word |ines rd® esanpeet Pacheckeestito Eafdhcembodfméties sA ¢& or the

a complementary MISFET is used to form peripheral or logic
circuits, but only an N channel MISFET or P channel MISFET

may be used to form periphe}:al circuits.

In additior:,- in the first to fifth embodiments, the
thickness of the gate insulating £ilm of the DRAM memory cell
area selecting MISFET Qs is equal to those of the gate
insulating films of the N channel MISFET Qnl, QOn2, and the
P channel MISFET Qpl, but those insulating films may differ
in thickness from each another. Especially, when the gate
insulating films of the N channel MISFET Qnl, On2, and the
P channel MISFET Qpl is thinned than the selecting MISFET
Qs, the N channel MISFET Qnl, Qn2, the P channel MISFET Qpl
can further be converted to shorter channels. The
performance of the semiconductor integrated circuitry can
thus be furthermore improved. In the case of the
manufacturing method of the gate insulating film in such a

case, it is possible to use the same method as that described

in the fourth embodiment to form the gate insulating films

put



area-of the MSFET in a self-matching manner nay be adopted as the nenory
cell structure. (6th Enbodi nent) Fig.50 (a) is a cross sectiona
view of the nmenory cell area of the DRAMin the first enbodi nent of the
present invention. Fig.50(b) is a cross section view of the peripheral
circuit area. Fig.51 is a top view of the DRAM nenory cell area in this
sixth enbodinent. Fig.52 is a cross sectional view of the DRAM nenory cel
area in this sixth enbodinment. Fig.52(a) is a cross sectional view of the
Illa-Il1la line showm in Fig.51. Fig.52(b) is a cross sectional view of the
[11b-11lb line showm in Fig.51. In Fig.51, some nenbers are hatched or

shown wi th brgge&l%"i #£35 Trt%moetsfsr%real 0l R9e PREM ?ZEQ hhnﬁikﬁeféﬂt5l
indicates a <cut-off portion o the %cFoss sectlonal view shown I n

Fi g.50(a). 1 - 78- In the DRAM
menory cel | FeXLTH The Tt t%ﬁ%ﬁmﬁnent, a nenory cell selecting M SFET

Q is formed and ajgharge:Shor 89enGapACd ot QPN AdrDhbnbiyeenft

connected to the el ecting S Q@ are formed on the main surface of the

sem conduct or ; SUbSHJrRiA 230t e memory i|S§ A b50Phel Mekdtey RANIDERI pher al

circuit area Is ormed an n-type FET On conposi ng peripheral circuits.

However, a p-typsc MoREEhnehnbiimshtfl &f) skaml 08Bl & R per haskeal
circuit, and the n-type M SFET On and the p-type

ROM, etc. may be used instead of those; for example, a memory
structd;e that a side wall spacer is put between word lines
= to connect each electric conductor to the source or the drain
area of the idISFET in a self-matching manner may be adopted
as the memory cell structure. )
(6th Embodiment)

Fig.50(a) is a cross sectioﬁal view of the memory cell
area of the DRAM in the first embodiment of the present
invention. Fig.50(b) is a cross section view of the
peripheral circuit area. Fig.51 is a top view of the DRAM
memory cell area in this sixth embodiment. Fig.52 isa cross
L sectional view of the DRAM memory cell area in this sixth

embodiment. Fig.52(a) is a cross sectional view of the
IIIa-IIIa line shown in Fig.51. Fig.52(b) is a cross

sectional view of the IIIb-IIIb line shown in Fig.51. In
Fig.51, some members are hatched or shown with broken lines
for easier looking. The Ia-Ia line in Fig.51 indicates a

cut-off portion of the cross sectional view shown in

Fig.50(a).



M SFET may be conbined to forma CM SFET. In addition to the n-type M SFET
M, a high withstand voltage n-type M SFET (not illustrated) may be

f or med. The sem conductor substrate 301 is conposed of, for _
exanpl e, p-type silicon (Si) single crystal and on the main surface is
formed a shall ow groove 302a. In additton, _in the shallow groove 302a is

enbedded an el enent isolating insulating film 302b conposed of, for
exanple, silicon dioxide (SiJerr]) to forma shall ow groove el enent

isolating area. On the sem conductor substrate 301 is also forned a
p-type well 303. In the p-type well 303 is included for exanple, boron,
which i a p-type | mputid yaabilaro et ypes eLL 308 g uhere a
nmenory cell selecting MS R%M Qé;]?grma rm?d a t etntb% %3’6'3

the deep well 5 3@3BryScimp! @@t@@'t SRIOF eMt p [ ty,
-79- SO that thgysgl ecting M%ﬁ #g I nsu ate #%%Hsu Strate
potential 10 isHBEAYE E&SadDly IR &ﬂ@ethf 1iffes @i 851‘1.13%%! to the'en a
p-type M SFET is forne an n-type well (not 1llustrate rnto whic for

exanpl e, phospboedsing thﬁt@r@@%ﬂé floim@Rd ohNth8enal LWl & (e thet ype

MSFET is fornmed. In addition, in the p-type well 303 and in the n-type

well, if it exestsondaytbe f-,@bgr@ﬁa@e M®&FET threshold value control |ayer.
"In addition, in the DRAM peripheral circuit area is

formed an n-type MISFET Qn composing peripheral circuits.

However, a p-type MISFET (not illustrated) is formed in a
peripheral circuit, and the n-type MISFET Qn and the p-type
MISFET may be combined to _form a CMISFET. In addition to
the n-type MISFET Qn, a high withstand voltage n-type MISFET
(not illustrated) may be formed.‘

The semiconductor substrate 301 is composed of, for
example, p-type silicon (Si) single crystal and on the main
surface is formed a shallow groove 302a. In additton, in

the shallow groove 302a is embedded an element isolating

insulating film 302b composed of, for example, silicon
dioxide (Si0O;) to form a shallow groove element isolating
area.

On the semiconductor substrate 301 is also formed a
p-type well 303. In the p-type well 303 is included, for
example, boron, which is a p~type impurity. Under the p-type
well 303 in the area where a memory cell selecting MISFET
Qt is formed is formed a deep well 303b. In the deep well ‘

303b is implanted phosphorus, which is an n-type impurity,



The menory cell selecting MSFET Q is fornmed in an active area surrounded
by the elenent isolating insulating film302b. In an active area are
formed 2 selecting MSFETs Q. Each selecting MSFET @ has gate

el ectrodes 305 conposed of a-polycrystal silicon film 305a and a tungsten
silicide (Wi[err]) film 305b fornmed on 7t9he sem conductor substrate 301
via the gate insulating film 304 forned'‘i’n the active area of the p-type
wel | 303, and a pair of n-type sem conductor areas 306a and 306b formed on
the p-type wells 303 on both sides of gate el ectrodes 305 so as to be
separated from each other. Each gate el ectrode functions as a DRAM

word line W.. Both n-type sem.caon reas 306a.and .3Q6b a i npl ant ed
an n-type i npuri ?@?t &Ré/t%eefﬁﬁﬂfﬁd’ﬂ %{%tﬁ%{? E?L; &ﬁleFuﬁﬁSESthﬁg‘ Egﬁd bor on
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refreshing ch9£§8+§{]%%ti cs of the DRAM however, phosphorus shoul d
pref erably be T hplanted. The n-type sem conductor area 306a is

shared by two sel E\Elbteg{]\%e . é’s%%m@ngs £ nel, qlr_%ggg nggaﬁgg cting

MSFET Q is forne _ ype Sem conduct or “ar nd 306b.

The gate insu I | : o] or SiJerr]. The
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formed. In addition, in the p-type well 303 and in the n-type

well, if it exists, may be formed a MISFET threshold value
control layer.

The memory cell selecting MISFET Qt is formed in an
active area surrounded by the element isolating insulating
film 302b. In an active area are formed 2 selecting MISFETs
Qt. Each seleéting MISFET Qt has gate electrodes 305
composed of a-polycrystal silicon f£ilm 305a and a tungsten
silicide (Wsiz) £ilm 305b formed on the semiconductor

" substrate 301 via the gate insulating £ilm 304 formed in the
* active area of the p-type well 303, and a pair of n-type
semiconductor areas 306a and 306b formed on the p-type wells
303 onboth sides of gate electrodes 305 so as to be separated
from each other.

Each gate electrode functions as a DRAM word line WL.
Both n-type semiconductor areas 306a and 306b. are implanted
an n-type impurity, but the impurity may be any of phosphorus
and boron (As). In order to improve the withstand voltage

between channels of the selecting MISFET Qt to improve the



strength of the selecting MSFET @ is inproved. In such a case, the
dielectric strength of the selecting MSFET @ is inproved so that the
refreshing characteristics of the DRAMIis inproved. On top of gate
el ectrodes (word lines W) is formed a cap insulating film307b conposed
of, for exanple, silicon nitride via an jnsulating film 307a conposed of,
for exanple, Needless to say. The cap rsul ating film307b functions as a
bl ocking fil mwhen in opening of the connecting holes 311la and 311b in a
process to be explained later in a self-matching matter with respect to
the gate electrodes 305. The cap insulating film307a prevents connecting
menbers such as S fr m_bei n ort-clrcui W th gate el ectrodes 305.
The surface ofefﬁﬁs F&FF%@SEFF%%E D%%S'I'sl?%ev TPQ@@QgBFuEaCh
gate el ectrode,_30 in surfac O the sem conduct or
substrate 301539%£%tp¥%§e¥$hiniﬁﬁ(ﬁﬂ?l €¥he connectlng holes 31la and 311b

tr eat rent egogriiﬁﬁﬁiééel%y% o$”e§<§§%ﬁ'i§& ? i 0a o R W e
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306a and 306b. The gate insulating £ilm 304 is composed of,
for example, Si0;. The f£ilm 304 may be thicker than the gate
insulating £ilm 304 of the n-type MISFET Qn of the peripheral
circuit area to be described later so that the dlelectrlc
strength of the selecting MISFET Qt 1§ﬁ1mproved. In such
a case, the dielectric strength of the selecting MISFET Qt
is improved so that the refreshing characteristics of the
DRAM is improved.
On top of gate electrodes (word lines WL) is formed
a cap insulating £ilm 307b composed of, for example, silicon
nitride via an insulating film 307a composed of, for
i%& example, Needless to say. The cap insulating f£ilm 307b
functions as a blocking film when in opening of the
connecting holes 31la and 311b in a process to be explained
later in a self-matching matter with respect to the gate
electrodes 305. The cap insulating film 307a prevents
connecting members such as plugs from being short-circuited
with gate electrodes 305.
The surface of the cap insulating film 307b, the side

surfaces of each gate electrode 305, and the main surface



isolating insulating film 302b, from over-etching when the connecting

hol es 311a and 311b are opened. At the phase boundary between the
side surfaces of each gate electrodes 305 and the insulating film 309 for
self-matching treatnent may be forned an insulating film (not illustrated)
conposed of, for exanple, Needless to say._ Such an insulating filmand the
insulating film307a are provided to prevent a filmform ng apparatus from
being contam nated with netal that conposes the Wi film 305b and reduces
the thermal stress to the cap insulating film307b and the insulating film
309 for self-matching treatnment when the cap insulating film 307b and the
insulating film . - i a n fo he

i nsul ati ng fiPﬁ]ggg %%@l%éﬁ#g%%?%%gﬁgqg%égt%gﬁtéx?éS%oV%$§%K%§m§ﬁOhg
interlam nar bgsubat Lagabbt it SOPORPLnPi1 1P ¥YeteSC (SPIN On
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shoul d be a sili1con oxi ilmthat can secure a proper etching selection

ratio for siliceatRbhti 8697 édmiBosed 3¢, EBrt BRakpig! ! 2 Marcdsultatigrg film
310a are forned conneciing hol es 311a from whi ch the n-type sem conduct or

area 306a formednas Bk UPREM akaugr £ Ofm 1300 8 §ODEURL ©¢h i iy R daARNZ01 i S
exposed and connecting holes 311b from which the n-type sem conductor area

306b fgr med aguaktYBREr as! &y edtinghe toppeeOnHEA! Ohe Satigid A B hblies
exposed. —

31la and 311b are opened in a self-matching manner with

respect to the word lines, as well as it can prevent the

semiconductor substrate 301, espécially the element
isolatin;insulating film 302b, from over-etching when the
connecting holes 31la and 311b are opened.

At the phase boundary between the side surfaces of
each gate electrodes 305 and the insulating f£ilm 309 for
self-matching treatment may be formed an insulating film
(not illustrated) composed of, for example, Needless to say.
Such an insulating film and the insulating film 307a are

e provided to prevent a film forming apparatus from being
contaminated with metal that composes the WSi £ilm 305b and
reduces the thermal stress to the cap insulating film 307b
and the insulating £ilm 309 for self-matching treatment when
the cap insulating film 307b and the insulating film 309 for
self-matching treatment are formed.

The insulating film 309 for self-matching treatment
is covered bS( an interlaminar insulating f£ilm 310a composéd

of, for example, SOG (Spin On Glass). The interlaminar



The cap insulating film307b and the insulating film 309 for self-matching
treatnment can function as an etching stopper respectively as descri bed
abave when the connecting holes 311la and 311b are opened in a
self-matching manner. In addition, since the insulating film 309 for
self-matching treatnent is fornmed and the connecting holes 311a and 311b
are opened in two-stage etching (the first etching process conditioned to
nmake it easy to etch the interlamnar insulating film 310a (etching depth
and etching speed; larger) and not easy to etch the insulating film 309
for self-matching treatnent (etching depth and etching speed; snmall) and
t he second etchin foce tioned t Kk it S 0 etch.th

noul ating 11 FAFIR8EIER CoHT it RPWaDe FESR niiRT o SR Oa L oCBEEN e
el ement isol afi
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arises no pro I0n1 e process.
substrate 301 is exposed and connecting holes 311b from

which the n-type semiconductor area 306b formed as an upper
layer of tﬁe semiconductor substrate 301 is exposed.

The cap insulating f£ilm 307b and the insulating film
309 for self-matching treatment can function as an etching
stopper respectively as described above when the connecting
holes 31la and 311b are opened in a self-matching manner.
In addition, since the insulating £ilm 309 for self-matching
treatment is formed and the connecting holes 31la and 311b

are opened in two-stage etching (the first etching process

conditioned to make it easy to etch the interlaminar

insulating film 310a (etching depth and etching speed;
larger) and not easy to etch the insulating film 309 for
self-matching treatment (etching depth and etching speed;
small) and the second etching process conditioned to make
it easy to etch the insulating film 309 for self-matching
treatment and not easy to etch the element isolating
insulating f£ilm 302b), the element isolating insulating

film 302b formed up to the bottoms of the connecting holes



For exanple, etching can be controlled equally to or under the thickness
of the insulating film309 for self-matching treatnent. I n each
connecting hole 311b is forned a plug 314 conposed of polycrystal silicon
in which, for exanple, phosphorus is inplanted at a high density. At the
bottom of the plug 314 is forned an el nt isolating insulating film
302b even in an over-etched area. The éggﬁing. depth is controlled to an
extent to suppress problenms in the process as described above. Thus, the
performance of the DRAMrefreshing characteristics will not be affected by
the etching depth at all. On both the interlamnar insulating film
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holes 31la and 311b do not reach the deep area of the element

isolating insulating film 302b. In other words, even when
w5 the element isolating insulating film 302b is etched

excessively, the etching arises no problem from the process.

For example, etc];ing can be controlled equally to or under

the thickness of the insulating £ilm 309 for self-matching

treatment.

In each connecting hole 311lb is formed a plug 314
composed of polycrystal silicon in which; for example,
phosphorus is implanted at a high density. At the bottom

of the plug 314 is formed an element isolating insulating

¥,

film 302b even in an over-etched area. The etching depth
is controlled to an extent to suppress problems in the
process as described above. Thus, the performance of the
DRAM refreshing characteristics will not be affected by the
etching depth at all.

Oon both the interlaminar insulating £ilm 310a and on
the plug 314 is formed an interlaminar insulating f—ilm 310b.

The interlaminar insulating £ilm 310b may be a silicon oxide



but the etching depth is controlled to an extent to suppress problens as
descri bed above. Thus, the DRAM performance is not affected by the etching
depth at all. This bit lines BL are covered by an interl am nar

i nsul’ating-film310c conposed of a silicon oxide film deposited with the
thermal CVD net hod, for exanple, using _gggs. Furthernore, on the
interlamnar insulating film310c is forfred an interlam nar insulating
film 310d and polished and flattened with the CMP nmethod. The interlam nar
insulating film310d is forned with the CVWP nethod by polishing a silicon
oxide filmdeposited with the plasma CV/D nethod, for exanple, using TECS.

The interl am nary i%%‘éles?tgie'agw&kh”@é?ﬂhm?feﬁ:\]}ﬂrﬁ?@&l&?i artsi%r? )ba% 7 BPSG wi th

t he et ch-back net hod, e rnterlam naf 1 nsu 1Ierﬁ 310d

is formed an I§Y5§'¥§@%!Q%5@§5e$ﬂ§§§$§%%$e il m310e conposed, for

- 85- exanple, Ja silicon nit he interlaminar insulating film

310e is used as a bbﬁc&if,élgiﬁemaeﬂ%xain%m%ah ke $50% 285 ddmeN tO

be explained later 1Is or med. On the intérfamnar Tnsulating film

310d is formed,; 13hekage. Capachiy ﬁl}&éﬂ@tcbsi&dﬂ&%@o%yéi;f@w&%ﬁpm in
el ectr e

shape. The storage capacity SN is conposed of capacitor s 320a
conposed of thg ifidost rahactnedasa3i0fsis ainectad ad RRnkelee

sem conduct or area 306b via
electrically to the n-type semiconductor area 306a via
connecting holes 31la. At the bottom of the polycrystal
* silicon film 312 is formed an element isolating insulating
film 302b even in an over-etched area just like the plug 314,
but the etching depth is controlled to an extent to suppress
problems as described above. Thus, the DRAM performance is
not affected by the etching depﬁh at all.

This bif lines BL are covered by an interlaminar
insulating-film 310c composed of a silicon oxide film
deposited with thé thermal CVD method, for example, using
TEOS. Furthermore, on the interlaminar insulating £ilm 310c

‘” is formed an interlaminar insulating £ilm 310d and polished
and flattened with the CMP method. The interlaminar
insulating £ilm 3104 is formed with the CMP method by
polishing a silicon oxide film deposited with the plasma CVD
method, for example, using TEOS. The interlaminar
insulating f£ilm 3104 may be formed using SOG or BPSG with
the etch-back method, etc.

On the interlaminar insulating £ilm 3104 is formed an

the interlaminar insulating film 310e composed, for



connecting holes 311c and the second el ectrodes 320b provided vertically
to the sem conductor substrate 301; a capacitor insulating film 321; and
plate el ectrodes 322 connected to a specified wiring electrically. The
first and second el ectrodes 320a and 320b may be a polycrystal film in
which, for exanple, phosphorus is inplagted at a high density. The
capacitor insulating film 321 may be a am nated filmforned by depositing
Needl ess to say on a silicon nitride film but it may also be a high
permttivity thin filmsuch as tantal um oxide. The plate el ectrodes 322
may be a polycrystal silicon filmin which, for exanple, phosphorus is

i npl anted at a n&gldeedeéwélﬁco% élt&l%@yffgllﬁo ?ectr éghéﬁg ngPnmpound such

as tungsten sT¥5 irst e a are forned

side walls 3|Ergl cfoér)lﬁ}% 9{ 1A oolcrugkal oSkl bEQ?kEh&;”E%%QCwﬁé‘H &

pggycrystal unction as part o
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openi ng connefg# #g hol es 311c and decide the dianmeter of each connecting
hole 311c to a fine one under the resolution of the photolithography.

On the other hand, gphhend-iyper Ml Qusefiathag pelhpher@liscitbenel area is
formed in an active area surrounded by the el enment isolating |nsulat|ng

film302b.  Theorady Reapd ST 616 weAosed 10kegal eyeliadrt odescB6on in

shape. The storage capacity SN is composed of capac:Ltor
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electrodes 320a composed of the first electrodes 320a
connected to the n-type semiconductor area 306b via )
connecting holes 31lc and themsecond electrodes 320b
provided vertically to the semiconductor substrate 301; a
capacitor insulating film 321; and plate electrodes 322
connected to a specified wiring electrically. The first and
second electrodes 320a and 320b may be a polycrystal film
- in which, for example, phosphorus is implanted at a high

density. The capacitor insulating film 321 may be a

laminated film formed by depositing Needless to say on a

e
AT

silicon nitride film, but it may also be a high permittivity
thin film such as tantalum oxide. The plate electrodes 322
may be a polycrystal silicon film in which, for example,
phosphorus is implanted at a high density, but it may also
be a metallic compound such as tungsten silicide.

Under the first electrodes 320a are formed side walls
3204 composed of a polycrystal silicon film 320c and a

polycrystal silicon. The walls function as part of the



conposed of a polycrystal silicon film 305a fornmed on the sem conductor
substrate 301 via a gate insulating film304 forned in an active area of
the p-type well 303 and a Wsi2 film 305b; and a pair of n-type

sem conductor areas 306c formed on both ends of the gate el ectrodes 305 so
as to be separated from each other. _g _The gate el ectrodes 305 are
formed together with the word lIines W. Each n-type sem conduct or area
306c includes a low density n-type seniconductor area 306c-1 and a high
density n-type sem conductor area 306c-2 (higher density than the |ow
density n-type sem conductor area 306c¢c-1) formed in a self-matching manner

ith - j | s, :
e conductor i Ae S066 RAE: 3 5020y | AHCLED Ty Bopear dr iy 20d 7°
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sem conductor area 306d that functionhs as a punched-through stopper. In

the n-type senixoOBdHpEREr&Jf€8acBWtince tiikR! Bit £d.1160F o @XAIRL enchiiasphor us
or arsenic. However, in order to shortenthe channel |length of the n-type

M SFET On to itHd awesdIng: iRer fodr RABCBhoBh3ERNEgEAPH/d be inplanted. To form
a high dielectric strength type M SFET, phosphorus should be inplanted in
the | ow density n-tppethsesthondheid) tHen -I0h5e MIBETCHUIH Ithe t he
dielectric ~

peripheral circuit area is formed in an active area

surrounded by the element isolating insulating f£ilm 302b.
The"n-type MISFET is composed éf gate electrodes 305
compos;a of a polycrystal silicon film 305a formed on the
semiconductor substrate 301 via a gate insulating film 304
formed in an active area of the p-type well 303 and a WSi,
film 305b; and a pair of n-type semiconductor areas 306c
formed on both ends of the gate electrodes 305 so as to be
separated from each other.

The gate electrodes 305 are formed together with the
@%ﬂ. word lines WL. Each n-type semiconductor area 306c includes
a low density n-type semiconductor area 306c-1 and a high
density n-type semiconductor area 306c-2 (higher density
than the low density n-type semiconductor area 306c-1)
formed in a self-matching manner with respect to the second
side walls 323b. In other words, the n-type semiconductor
area 306c has a so-called LDD (Lightly Doped Drain)
structure. 2And, between the high density n-type

semiconductor area 306c-2 formed under the low density



strength between channels is inproved. The gate insulating film 304
is the sane as that of the selecting MSFET @, so the explanation wll be
omtted here. Just like the selecting M SFET @ descri bed above, a
cap insulating film307b is also forned on top of each gate electrode 305
via an insulating film307a. Thus, the _gexplanation will also be omtted

her e. On both side surfaces of each gate electrode 305 are forned
the first side walls 323a and outside the side walls 323a are forned the
second side walls 323b. The first side walls 323a are fornmed by

ani sotropic etching perforned for the insulating film 309 for self-
mat chi ng treah“%%etgeﬁﬁcgﬁé&é&%davl@é &foed=Qr a%?&afﬂ?leechta?ﬁelf Lirsh gkde

wal | s 323a are conposed a silicon nitride fil This first side walls

323a can al sorhenudges ﬁ’-st)l%éj%éﬁﬁl o%ductor area 306d that functions as -88-
for opening connecting holes in a self-matching manner with respect to

gate el ectrodgp3fhaiahAdRync fr ng[rh@h@%-a;ry%e soneshdic t He apaRI pher al

circuit area. The second si | s 323b are conposed of, for

exanpl e, a si BOG@”lQXhﬂﬁléhtéﬂianﬁbﬁ @Aém@ﬂ% UgRbsphorusBek afr@enic.
ion-inplanting of inpurities to forma hlgh ensity n-type sem conduct or

area 306c-2, sgewkhat, titeohiigh tdesisottyen BhbIRrSRIl Tongitis odr tlas ea tyPec-2 i s
formed in a self- natching manner. By controlling the thickness of this
MISFET Qn to improve the performance, arsenic should be
implanted. To form a high dielectric strength type MISFET,
ta phosphorus should be implanted in the low density n-type
éémiconductor area 306c-1. Consequently, the dielectric
strength between channels is improvec;.

The gate insulating film 304 is the same as that of
the selecting MISFET Qt, so the explanation will be omitted
here.

Just like the selecting MISFET Qt described above, a
cap insulating film 307b is also formed on top of each’gate ¥
electrode 305 via an insulating film 307a. Thus, the

@fa explanation will also be omitted here.

On both side surfaces of each gate electrode 305 are
formed the first side walls 323a and outside the side walls
323a are formed the second side walls 323b.

The first side walls 323a are formed by anisotropic
etching performed for the insulating film 309 for self-
matching treatment to be described later. For example, the
first side walls 323a are composed of a siliconnitride film.

This first side walls 323a can also be used as side walls



second side wall film 323b, the LDD structure can be optimzed to inprove
the performance of the n-type M SFET n. As descri bed above, the
insulating film309 for self-matching treatnment on the sem conduct or
substrate 301 is renoved by anisotropic etching and the insulating film
for self-matching-treatnment 309 is not ggavided in the peripheral circuit
area. Thus, it is no need to open the connecting holes in the peripheral
circuit area in two stages, permtting the holes to be opened easily. Wen
the gate electrodes 305 in the peripheral circuit area are connected to a
wiring in the upper layer, the connecting holes can be opened easily. Wy
It is no needgfp J.Irfbecohﬂéctﬂﬁé”l'ﬁ)tl'éwlﬁ'a{ %ﬁ@tméebﬁlf\f/?tnﬁﬂr{& i eat nent

309 in the peripheral circuit area is as follows; the SFET formed in

the peripher aireg%)ééé”tto é&@é‘ ARRSE gk sl POB!wh@na- e @bnnecting holes are
- 89- integration so much and a rather large margin can be secured for

the di sposi ngegi-hedesnofné! Merdls Malduias axemargin can be secured for
form ng active areas. Thus, failures in opening the connecting holes can

be taken into consiges aldchd Wige wa1desB@Bbngre\VBeMpasdd obf j nfegration is
required for the peripheral circuit area, therefore, the etching stopper
104 descri bedekamphe, s&conthi esrbadiieNEidmyahd theyesire sedeattdsvel yask t he
peripheral circuit area after the second side walls 323b are forned, of
course. . for ion-implanting of impurities to form a high density

n-type semiconductor area 306c-2, so that the high density
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n-type semiconductor area 306c-2 is formed in a self-
matching manner. By controlling the thickness of this
second side wali film 323b, the LDD structure can be
optimized to improve the performance of the n-type MISFET
Qn.

As described above, the insulating f£ilm 309 for
self-matching treatment on the semiconductor substrate 301
is removed by anisotropic etch%pg and the insulating film
for self-matching-treatment 309 is not provided in the
ﬁfj peripheral circuit area. Thus, it is no need to open the
connecting holes in the peripheral circuit area in two
stages, permitting the holes to be opened easily. When the
gate electrodes 305 in the peripheral circuit area are
connected to a wiring in the upper layer, the connecting
holes can be opened easily. Why it is no need to provide
the insulating film for self-matching treatment 309 in the
peripheral circuit area is as follows; the MISFET formed in

the peripheral circuit area does not require a high



When it is needed to forma p-type MSFET, it can be forned in the sane
configuration as that of the n-type MSFET n just by reversing the

el ectrical conductivity. At the phase boundary between side surfaces
of each gate electrode 305 and the first side walls 323a may be forned an
insulating film(not illustrated) conposgd of, for exanple, Needless to
say Such an insulating filmand the insulating film 307a are provided to
prevent a filmform ng apparatus from being contam nated with the netal
used for formng the Wai[err] film305b and to reduce the thermal stress
onto the cap insulating film307b and the first side walls 323a when the

cap insulatin L i i I :
The n-type M %Eé%b%ggégcﬁg}%g%br{/d éﬁ}ﬁ,ﬁ%ﬁlg%@%ﬁa |%§S?gﬁ%§%?? ?rend310f

conposed of afggil tk@MBYAS dd bt cHEROSE t&knidrdl | e &1 Bd hodakeling, for
exanple, TECS. In -9 0- addirtion, on

the interl am pap pOSERSOrbE | MBIENy hethemBebaqn rRLS! | & NaFed RaUl ating
film310g flattened with, for exanpl'e, the CWVP net hod. The interlani nar

i nsul ating fi bRen3A8tHBYoREe: Shd h69BsVHHBelidBrlenesidoed iWet-httibe pl asm
CVD net hod using, for exanple, TECS. The interlamnar insulating film 310g

may be for medwhehhi$QesaignBEBG amkn &l el dlened surtdt ildrei stedinhiacda werhod.
On the interlamnar insulating film310g is fornmed the interlam nar
i nsul ati ng-fi kre3dhiplesal bedcabowe candtherébere, the etching stopper

. 104 described in the second embodiment may be formed

5 selectively in the peripheral circuit area after the second
side walls 323b are formed, of course.

When it is nééded to form a p-type MISFET, it can be
formed in the same configuration as that of the n-type MISFET
On just by reversing the electrical conductivity.

At the phase boundary between side surfaces of each
gate electrode 305 and the first side walls 323a may be
formed an insulating film (not illus_trat:ed) ‘composed of, for

example, Needless to say. Such an insulating film and the

,u insulating film 307a are provided to prevent a film forming

Hadt,

apparatus from being contaminated with the metal used for
forming the WSi; £ilm 305b and to reduce the thermal stress
onto the cap insulating film 307b and the first side walls
323a when the cap insulating film 307b and the first side
walls 323a are formed.

The n-type MISFET Qn is covered by an interlaminar
insulating film 310f composed of a silicon oxide f:ilm

deposited with the CVD method using, for example, TEOS. In



interfamnar insulating film310b is fornmed the bit lines BL described
above. The bit lines BL are covered by an interlamnar insulating film
310c descri bed above and on the interlamnar insulating film310c is
forméd the interlamnar insulating film 310d descri bed above. Bot h
on the interlamnar insulating film 310d,@and on the plate el ectrodes 322
is formed an interlamnar insulating film 324 conposed of, for exanple,
BPSG The interlamnar insulating film324 is flattened by the reflow ng
met hod. On the interlamnar insulating film324 in the peripheral
circuit area is forned the first wring layer 325. The first wiring |ayer
325 i s connec . h i ._densi -t 1l duct.qr a -2 of
the n-type  MORLTLeR B BARC e A AT oo R FRorF EatOf 1 ng Raber 525
may be a | am npat i (o] al | i : £

-91- as t?@aﬁﬂﬁ%%égﬁggg?i%gﬁeﬂ%?ﬁ% uﬁ?ﬁ%éﬁ' qugﬁgﬁggéglfprnfoﬁay be

deposited wt QxaﬁBie?X&E@'c%ﬁg #nl%%hégiiit tr']ﬁfé 'ﬂﬂta?igﬂﬁnarpirpéh CHPpesed of

for exanple, tungsten may or e each connecting hole 3Z6. The

tungsten pluganmy Qg M di1WbA dbfad WA 8BpeYPrBBIFOh te Plagnbl M8,

titan nitride sﬁould be used for formng a bonding | ayer beforehand in

each connecticf® RetBod using[NEof | &Edmpid | MEdAY eTha2 3 it AQxhae¢ by an
interlam nar insulating film 327 and on the interlanm nar

insulating film 310g may be formed with SOG or BSPG and

flattened with the etch-back method.

On the interlaminar insulating film 310g is formed the
interlaminar insulating £ilm 310b described above and on the
interlaminar insulating film 310b is formed the bit lines
BL described above. The bit lines BL are covered by an
interlaminar insulating £ilm 310c described above and on the
interlaminar insulating film 310c is formed the
interlaminar- insulating film 3104 described above.

Both on the iAferlaminar insulating film 3104 and on
the plate electrodes 322 is formed an interlaminar
w insulating film 324 composed of, for example,. BPSG. The
interlaminar insulating f£ilm 324 is flattened by the
reflowing method.

On the interlaminar insulating film 324 in the
peripheral circuit area is formed the first wiring layer
325. The first wiring layer 325 is connected to the high
density n-type semiconductor area 306c-2 of the n-type
MISFET Qn via connecting holés 326. The first wiring layer

325 may be a laminated film composed of a metallic film such



insulating film327 is formed the second wiring |layer 328. The second
wring layer 328 is connected to the first wiring |ayer 325 via connecting
hol-es 329. The interlamnar insulating film 327 may be a silicon oxide
filniconposed of, for exanple, a silicon oxide filmand SOG but it should
be a laminated film formed by sandwi chigqg the silicon oxide film between
silicon oxide filns deposited with the pllasma CVD net hod. The second
wiring |layer 328 should take the sane configuration as that of the first
wiring |ayer 325. The second wiring |layer 328 is covered by an
interlamnar insulating film330 and on the interlam nar insulating film
330 1s formed %hx‘?iéiﬁr U9 s Rug" §gl%m§[f%ﬁh” My &nﬁ%ﬁt%éegﬁﬁl | S

connected to e second wirirg “lrayer Via cohnecting The

i nterlam nar |Im t hat
of the interl a nar %teh)sul é:teldn‘ﬁ?% m 2% éﬁﬁa eéﬁﬁ%ﬁ%%%fﬁggﬂoas

- 92- ! ayeézé’ﬁg% ‘a B & §@fr%>{a%?]]egu£ﬂh§§9eﬁsmép%e rtL)n @ ihirst

wiring |ayer irdwr ayer S covere

passivation ghLM é&%lecm%g%%%vmoanﬂé %ﬁégtEEYp?@g%éﬁ@enﬁEEHe&' ! m

conposed of a silicon oxide filmand a silicon nitrid

how to manuf agt Hhethd e iAW biphfedeser i h@dthm-ttthzﬁ@f e;rl%raelen&erfags 53 to
79. Figs.53 to 79 are cross sectional views of a nanufacturing

met hod of theshRAMIIbR Géd £irxtdrntirRpdiv®iding layer beforehand in each

connecting hole.

The first wiring layer 325 is covered by an
interlaminar insulating £ilm 327 and on the interlamir;ar
insulating film 327 is formed t':i'“le second wiring layer 328.
The second wiring layer 328 is connected to the first wiring
layer 325 wvia connecting holes 329. The interlaminar
insulating £ilm 327 may be a silicon oxide film composed of,
for example, a silicon oxide film and SOG, but it should be
a laminated film formed by sandwiching the silicon oxide
film between silicon oxide films deposited with the plasma
f CVD method. The second wiring layer 328 should take the same
’ configuration as that of the first wiring layexr 325.

The second wiring layer 328 is covered by an
interlaminar insulating film 330 and on the interlaminar
insulating film 330 is formed the third wiring layer 331.
The third wiring layer 331 is connected to the second wiring
layer 328 via connecting holes 332. The interlaminar

insulating £ilm 330 may take the same configuration as that

of the interlaminar insulating film 327 and the third wiring



in order of the processes. Figs.53 to 79 except for Figs. 63, 65, 67, 69,
and 71 indicate a portion equivalent to the cross sectional view of the
la-la line showmn in Fig. 51 in each (a) and in each (b) respectively. They
indi cate a cross sectional view of the peripheral circuit area. In Figs.
63, 65, 67, 69, and 71 (a) indicate a.géétion equivalent to a cross
sectional viewof the Illa-llla |ine, (b) indicates a portion

equi valent to a cross sectional view of the Illb-I1Ib line, shown in

Fi g. 51 respectively. At first, as showmn in Fig 53, a shallow groove
element isolating area is fornmed in each specified area on the

sem conduct of 13ylst 5aberddleakn LhE gﬁ'@%ﬂia@'&ﬂﬁ@tuﬁ) Al area

|sforrreda5|l con oxXi efl m an icon nitride f not

illustrated) sgquentjial; é Qg 59e3§§|n surface of the senlconductor
substrate 301. Then, bot 't con oxide filmand silicon nitride filmare

removed by The third wiring layer 331 1s e&¥ered byPAYPL: 488 Siford rOm
the shal | ow groove 302a, then a ggrjooefe of 0.3 to 4[gPr]%m in depth is

formed in the el §9RduUGtQ pasybsht bE B30 BB@XIBa}B%é@ 1 8RN hey il 1mPXi de

film(not illustrated) is formed on surfaces of both sides and bottom
surface of thedipReed dsiangilheosid{i@ent Nk Hndeafdlmam antrodedatinon nask.
Then, a silicon oxide filmis deposited all over the sem conductor

substrate 301 wi th méet C\Vikdby GremitrifacYager tRepDRAMI wh) 1 red hixbcxieedsi | i con
oxide filmis renoved fromthe areas except for the shall ow groove 302a
with the with reference to Figs.53 to 79.
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Figs.53 to 79 are cross sectional views of a
manufécturing method of the DRAM Min this sixth embodiment
in order;f the processes. Figs.53 to 79 except for Figs'. 63,
65, 67, 69, and 71 indicate éportion equivalent to the cross
sectional view of the Ia-Ia line s.hown in Fig.51 in each (a)
and in each (b) respectively. They indicate a cross
sectional view of the peripheral circuit area. In Figs.63,
65, 67, 69, and 71 (a) indicate a portion equivalent to a
cross sectional view of the IIIa-IITa line, and (b)

( ; indicates a portion equivalent to a cross sectional view of
the IIIb-IIIb line, shown in Fig.S51 respectively.

At first, as shown in Fig.53, a shallow groove element
isolating area is formed in each specified area on the
semiconductor substrate 301. In the shallow groove element
isolating area is formed a silicon oxide film and a silicon
nitride film (both not illustrated) sequentially on themain
surface of the semiconductor substrate 301. Then, both

silicon oxide film and silicon nitride film are removed by



CWP (Chem cal Mechanical Polishing) nethod or the dry- etching nethod to
enbed the silicon oxide filmin the shallow groove 302a sel ectively.

The el enment isolating insulating film 302b should be densified in an

at nosphere of oxidation. Then, the silicon nitride filmis renoved with
heat ed phosphoric acid to form an eleneg%_isolating insulating film 302b:
At this time, the elenent isolating insulating film302b is a little
etched with the heated phosphoric acid to be lowered in position than the
active areas on the sem conductor substrate 301. Consequently, the gate
el ectrodes 305 can be patterned nore satisfactorily to inprove the

per f or mance’ gbhosp M;SEETsrom the sé)?aff&)m_n‘d&v@ 9024, el ¥PSoL R i ty,

for exanpl e, oru5|5|on|np anted in the rrermry cell “array form ng

area on the SEU”3CQ%d gims'r‘xl?s(ﬁéﬁt{,ﬁ 201 U NY RN 1 nductor

- 94- as a mask. 0 Fesist 1s removed an a p-type

impurity, for s%?k%rﬂﬂa%e Bornon WextOnai 8PL 286t h&rhde-5RI®s Vi el Indd r ay
form ng area and the n-type M SFET O formng area on the sem conductor

substrate 301 jnaspestived)yis Hmdlioba suPfdcds b bben Jigey addasst woreat
distribution treatnment is performed for the sem conductor substrate 301 to

forma deep wRldfaz@3bratHeagfooned lus383. the $DIieen prittyi@eMESERTas far
exanpl e, phosphorus is inplanted in the area to forman n-well.
oxidation mask. Then, a silicon oxide film is deposited all

over the semiconductor substrate 301 with the CVD {Chemical
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Vapor Deposition) method. The silicon oxide film is removed
fro}n the areas except for the shallow groove 302a with the
CMP (Chemical Mechanical Polishing) met::hod or the dry-
etching method to embed the silicon oxide film in the shallow
groove 302a selectively.

The element isolating insulating f£ilm 302b should be
densified in an atmosphere of oxidation. Then, the silicon
nitride film is removed with heated phosphoric acid to fqrm -
an element isolating insulating film 302b: At this time,
e the element isolating insulating film 302b is a little
etched with the heated phosphoric acid to be lowered in
position than the active areas on the semiconductor
substrate 301. Consequently, the gate electrodes 305 can
be patterned more satisfactorily to improve the performance
of the MISFET.

| As shown in Fig.54, an n-type impurity, for example,
phosphorus is ion-implanted in the memory cell array forming

area on the semiconductor substrate 301 using photo resist



And, in order to optimze the inpurity density in a channel area and
obtain the threshold voltage of a desired nenory cell selecting MSFET Q
or.an n-type MSFET On, a p-type inpurity, for exanple, boron can be
ion-inmplanted in the main surface of the active area of the p-well 303.

As shown in Fig.55, a gate insulating figlym304 is forned on the surface of
the sem conductor substrate 301. This gate insulating film304 is forned
with the thermal oxidation nmethod with a thickness of about 7nm In
addition, a polycrystal silicon film 305a fornmed by inplanting phosphorus
all over the sem conductor substrate 301 and a Wsi[err] film 305b are

i Tooon fi & m 3658 TR T nneng: o TR 2ER fRoss FendiR 448 BOpKEL¥E @
t hi ck |y .Th b q
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sequentially use ormthe insulating film 307a and

the cap i nsul ahl s Lih\-30aNc:IedhiFe 0701 b0 cate T@uTpABEo100N

in thickness respectlve shown in Fig.56, the gate electrodes

305 of the S?EQEEU% %%EEire&véd)ranhhg HE Y seehi bt cenpasRttndntais
pol ycrystal silicon | m305a and a Wsi[err] film 305b and the peripheral

circuit M SFE e@oeﬁl@dff&ﬁreﬁe@énﬁtc@:&au@t@rc@postmw aouiLng tokmBaékp an
insulating filfm307a, a Wi 2 film

well 303b and a p-well 303. To form a p-type MISFET, for
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example, phosphorus is implanted in the area to form an
n-well.
And, in orcger to optimize the impurity density in a
channel area and obtain the threshold voltage of a desired
memory cell selecting MISFET Qt or an n-type MISFET Qn, a
p-type impurity, for example, boron can be ion-implanted in
the main surface of the active area of the p-well 303.
As shown in Fig.55, a gate insulafing film 304 is

formed on the surface of the semiconductor substrate 301.

e This gate insulating £ilm 304 is formed with the thermal

b

oxidation method with a thickness of about 7nm. Inaddition,
a polycrystal silicon film 305a formed by implanting
phosphorus all over the semiconductor substrate 301 and a
WSi, film 305b are deposited sequentially. The CVD method -
is used to form the polycrystal silicon film 305a and the
WSi, film 305b. They are 40nm and 100nm in thickness
respectively. Then, on the WSi, film 305b are depésited an

insulating film 307a composed of a silicon oxide film and



305b,- a polycrystal silicon film305a of an lamnating film sequentially
usi ng photo resist as a nask. Next, the photo resist is renoved, then
a thermal oxidation treatnment is performed on the sem conductor substrate
301 to forma thin silicon oxide filmon side surfaces of the polycrystal
silicon film 305a conposi ng of gate engLrodes 305 and the Wi 2 fil m 305b.
As shown in Fig.57, a p-type inmpurity, for exanple, boron is ion-inplanted
in the main surface of the p-well in the area where an n-type M SFET On of
the peripheral circuit area is fornmed using the lamnated filmdescribed
above and photo resist as masks, then an n-type inpurity, for exanple,
arsenic is ion-iopl I i r.f.ac Futtk er the
phot o resi st #s°F ré§%§¥%é§b#:¥i% n%?ﬂ??f@“@%?e@xgépﬁeg&%ﬁgégﬁégﬁﬁgéé
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inpurities are expan uted to forma |l ow density n-type

seni conduct or 5 ar £§7308Fs 11 Gl FhP-ile0REh SeIMcraRuekar rakpacdediof the
n-type M SFET and an n-type sem conductor areas 306a and 306b of the

sel ecting M SFET Qas Ehdwef Mnarhigdhedi ehecgate esbéensdds mdypet MIGHET,
phosphorus is inplanted in the area. To forma p-type M SFET, arsenic for

a punched-t hr gugBct sh@PRESFEM QDN HHRFHenfoaty 210w denpokygdseti aonduct or
area

polycrystal silicon £ilm 305a and a WSi; film 305b and the

peripheral circuit MISFET QOn are formed by etching a cap
insulating film 307b, an insulating film 307a, a WSi, film
305b, a polycrystal silicon film 305a of an laminat“i_ng film
sequentially using photo resist as a mask.

Next, the photo resist is femoved, then a thermal
oxidation treatment is performed on the semiconductor
substrate 301 to form a thin silicon oxide film on side
_surfaces?of the polycrystal silicon film 305a composing of
- gate electrodes 305 and the WSi, film 305b.

As shown in Fig.57, a p-type impurity, for example,
boron is ion-implanted in the main surface of the p-well in
the area where an n-type MISFET Qn of the peripheral circuit
area is formed using the laminated film described above and
photo resist as masks, then an n-type impurity, for example,
arsenic is ion-implanted in the same main surface.
Furthermore, after the photo resist is removed, an n-
impurity, for exa-mple, phosphorus is ion-implanted in the

main surface of the p-well 303 where a selecting MISFET ot



are inplanted in the area. The | ow density n-type sem conductor area
306c-1 for the peripheral circuit MSFET n and the n-type sem conduct or
areas 306a and 306b of the nenory cell selecting MSFET @ are forned in a
self- matching manner with respect to the gate el ectrodes. As shown
in Fig.58, a silicon nitride film334 is,, deposited. The thickness of the
silicon nitride film334 can be, for exahple, 80nm Then, an SOG film 335
is deposited, and the nmenory array area is nasked with photo resist to
etch the SOG film 335 and the silicon nitride film 334. The etching nmay be
ani sotropi c etching such as RIE (Reactive lon Etching). Consequently, the
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M SFET n  and the cap insu ing f11m307b in e peripheral circuit
ar ea. A308Bo¥A tHk Elelee?ing MEFES ki COfb ®YELalfhidh A ectric

strength n-type MISFET, phosphorus is implanted in the area.
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To form a p-type MISFET, arsenic for a punched-through
stopper and boron {(BF;) for _a low density ~semiconductor ~area
semiconductor area 306c-1 for the peripheral circuit MISFET
On and the n-type semiconductor areas 306a and 306b of the
memory cell selecting MISFET Qt are formed in a self-
matching manner with respect to the gate electrodes.

As shown in Fig.58, a silicon nitride £ilm 334 is
deposited. The thickness of the silicon nitride film 334

can be, for example, 80nm. Then, an SOG film 335 is

—

deposited, and the memory array area is masked with photo
resist to etch the SOG £ilm 335 and the silicon nitride film
334. The etching may be anisotropic etching such as RIE
(Reactive Ion Etching). Consequently, the SOG £ilm 335 and
the silicon nitride film 334 are removed from the peripheral
circuit area to form an insulating film for self-matching
treatment 309 and an interlaminar insulating film 310a in

the memory array area. The interlaminar insulating film



illustrated) is formed all over the surface of the sem conductor substrate
301, then the filmis anisotropic-etched to formthe second side walls
323b on side surfaces of the first side walls 323a. The second side walls
323b 'shoul d be thicker (wider) than the first side walls 323a. The nenory
cell can thus be divided finely and thggﬁbaracteristics of the peripheral
circuit MSFET is inproved. As shown in Fig.60, n-type inpurities,
for exanple, arsenic and phosphorus are ion-inplanted in the peripheral
circuit area where the n-type MSFET On is fornmed, using the gate

el ectrodes 305, the cap insulating film307b, the second side walls 323b,

and phot o resisgtyAase @5% § socl ® Plgé’tf(il e?ié%c %%SQ nand ddie

inpurities are expande di stribute orn1a nsity n-type

d
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density n-type “sem conduc area 306c-2 is fornmed in a self-matching

manner W th respeeflopikhetses LQQ?"QsSpélﬁfdﬁhé& 323bfirst sidSwaDIWB2IR
Fig.61, a TECS silicon oxide filmis dep05|ted to forman interlam nar

insulating filopmpbdfed bE a2@diliten, natsidé cOMALE foined ordeperi ted with

the plasnma CVD nmethod using TECS, then the silicon oxide filmis

flattened w t urfece¥Pofeitwdatpodl edinged G0Bos M e n-type MISFET On
and the cap insulat;.ng film 307b in the peripheral circuit
area.

As shown in Fig.5§, a TEOS silicon oxide film (not

__illustrated) is formed all over the surface of the
semiconductor substrate 301, then the film is
anisotropic-etched to form the second side walls 323b on
side surfaces of the first side walls 323a. The second side
walls 323b should be thicker (wider) than the first side
walls 323a. The memory c¢ell can thus be divided finely and
the characteristics of the peripheral circuit MISFET is
improved.

As shown in Fig.60, n-type impurities, for example,
arsenic and phosphorus are ion-implanted in the peripheral
circuit area where the n-type MISFET Qn is formed, using the
gate electrodes 305, the cap insulating film 307b, the
second side walls 323b, and photo resist as masks. Then,
the photo resist is removed and the impurities are expanded
and distributed to form a high density n-type semiconductor

area 306c-2 of the n-type MISFET Qn. To forma p-type MISFET,



interlamnar insulating film310g. In the nmenory cell portion is deposited
a TECS silicon oxide film 310f and another silicon oxide filmwhile the
SOG film335 is left as it is. The surface is flattened with the CWP

nmet hod. Thereafter, in the menory cell portion are left the SOG film 335,
the TECS silicon oxide film 310f, and thg polished silicon oxide film
This 3-layer insulating filmis referred to as an interlam nar insulating
film 310g9. Next, as shown in Figs.62 to 65, the interlam nar
insulating film310a is etched using photo resist as a nask to form
connecting holes 311b. The connecting holes 311b are opened by etching

per f ormed i n 5. for a nifh oSt eyt BenbLbARUELER! AbegrOgESS IS
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gases. In thls |rst etching process, it is not easy to etch the S|I|con
nitride filmpganetching plspder ddtedd AEdwa igind alkiing fibbw.310a conposed
of a silicon oxide is advanced into the stage in which the insulating film
for self-matching taeaHmp i30FigowposadTedbsassiitennoxpdér fdemfigmis
exposed. Figs. 62 and 63 indicate this state. In other words, the
insul ating fi kepbstteeltfo Ferahimd ntordatieatr 8Hdulaming didma31laf. etfahi ng
stopper in.the first

addition, a silicon oxide film is deposited with the plasma

CVD method using TEOS, then the silicon oxide film is
flattened with the CMP method (polishing) to form an
interlaminar insulating film 310g. Ih the memory cell
portion is deposited a TEOS silicon oxide film 310f and
another silicon oxide film while.the SOG film 335 is left
as it is. The surface is flattened with the CMP method.
Thereafter, in the memory cell portion are left the SOG
film 335, the TEOS silicon oxide £ilm 310£f, and the poli_s.hed A
silicon oxide film. This 3-layer insulating film is
ﬂé; referred to as an interlaminar insulating film 310g.

Next, as shown in Figs.62 to 65, the interlaminar
insulating film 310a is etched using photo resist as a mask
to form connecting holes 311b. The connecting holes 311b
are opened by etching performed in two stages.

At first, the first etching process is performed on
conditions to make it easy to etch the silicon oxide film

and not easy to etch the silicon nitride film. Such the

etching is performed as an anisotropic plasma etching using



et chi ng process. Next, the second etching process is perforned on
conditions to nake it easy to etch the silicon nitride film Such the
etching is performed as an anisotropic plasma etching using a m xed gas
containing CHF[err], CFlerr] and argon is wused as nmaterial gases. 1In the
second etching process, it 1is only neeqf to etch the thinner insulating
filmfor self-matching treatment 309, sifhce the thicker interlam nar
insulating film310a is already renoved in the first etching process. In
other words, it is possible to etch the insulating filmfor self-matching
treatment 309 with an enough process margin by suppressing over-etching to

th d of h | m f | f - h
means that on C%weeh”éﬁga‘séﬂﬂww ol iRl O 158 £l B0 THIS
fg'kgg“ O”Tgﬁg&n%ggfg gh! L5Q0 Mty ds, s f Idis gtéhkhgogre&lgg Hmss il ggn

nitride and silicon oxidg Eh!anglﬂgoﬁtﬁf@gl%ol E; res%ﬂét Sgs[lﬁv"ft}{ enment

Fi gI 65, when teﬁgybottom of "any~connectin ‘1b over

|soat|ng|nsl I f
silicon oxi deLinf %glmf%hg 1ﬁ9ﬁ?ﬁt%ﬂ§%{'§g ?%%Qagcf&hﬁé%i@g%c%?%qs%éfd ge a
j ust etching to@&gi ﬂ% %all cbasltﬁe%tt 9 ridlg® {ﬂhh%%hfthe FREGNERYnG 'Makent

309 is etched an etC|ng|s ended Just after the insulating filmfor

sel f-mat chi ng dyvealT@nhat3f9nkStreapyese 169 Somehesaldy idfiidd

however, to open
nitride film is exposed. Figs.62 and 63 indicate this state.

In other words, the insulating film for sel_f—matching
treatment 309 functions as an etching stopper in the first
etching process.

Next, the second etching process is performed on
conditions to make it easy to etch the silicon nitride film.
Such the etching is performed as an anisotropic plasma
etching using a mixed gas containing CHF;, CF4 and argon is

used as material gases. In the’ §econd etching process, it

is only needed to etch the thinner insulating film for

self-matching treatment 309, since the thicker interlaminar -
insulating film 310a is already removed in the first etching
process. In other words, it is possible to etch the
insulating film for self-matching treatment 309 with an
enough process margin by suppressing over-etching to the
ground of the insulating film for self-matching treatment
309. This means that on conditions to make it easy to etch
siliconnitride films, no selection ratio—of siliconnitride

films to silicon oxide films can be taken. Thus, both



connecting holes 311b in every area on the substrate and performa

j ust -etching because of problens such as etching speed distribution on the
substrate, etc. Over-etching cannot thus be avoided to a certain extent.
Wien the bottom of any connecting hole 311b goes over an active area and
overl aps-the el ement isolating insulatinggfilm302b, therefore, the
insulating film 302b m ght be over-etched. |In this nethod, however, the
insulating filmfor self- nmatching treatment 309 is as thin as 80nmand it
is needed to etch only the insulating filmfor self-nmatching treatnent

309, so the over-etching will be enough if the depth reaches 30 to 50% of

the thickness oflidenimisidiald R@df ki miEen oxedé - MBRLRNIANE WiedlEnt 2309 and
at nost the thickness of the insulating filmfor self-matching treatnent

309. Over- etcdsulrfas dhevel et 655 okiaéh RBel HStE & b@garfy EBhBOER: &N
thus be minimzed and the refreshing characteristics of

-101- DRAMLG ke i Fptoweckrsiag friheartlleyehe um@nawngh@nsﬁlé@i nggimof the
DRAM In the second etching process, the gate el ectrodes 305 are
covered by bot302ihe thesihatilagifig!|flon 028 tonpbebingt d keataBAt 0308 and
the cap insulating film307b as shown in Fig. 64, so the gate el ectrodes
305 are not exbobedsewdsowhtphedesilgnbd sdedhhy, titee eaarddeiy BRohdlase 311b
overlap the gate electrodes 305. Connecting holes 311b can thus be opened
in a self-mat chitip reatidring rhetthenlwotde, inkelahsnpatiby for self-

matching treatment 309 is etched and the etching is ended
et just after the insulating film for self-matching treatment
309 is removed. It is generally difficult, however, to open
connecting holes 31lb in every area on the substrate and
perform a just-etching because of problems such as etching
speed distribution on the substrate, etc. Over-etching
cannot thus be avoided to a certain extent. When the bottom
of any connecting hole 311b goes over an active area and
koverlaps'-the element isolating insulating film 302b,
therefore, the insulating film 302b might be over-etched.
In this method, however, the insulating film for self-
matching treatment 309 is as thin as 80nm and it is needed
to etch only the insulating film for self-matching treatment
309, so the over-etching will be enough if the depth reaches
30 to 50% of the thickness of the insulating film for
self-matching treatment 309 and at most the thickness of the
insulating film for self-matching treatment 309. Over-
etching for the eiement isolating insulating film 302b can

thus be minimized and the refreshing characteristics of the



filmfor self-matching treatnent 309 can function to open connecting hol es
311b in a self-matching manner with respect to gate el ectrodes 305 and
functions to suppress over- etching of the elenment isolating insulating
film 302b. In the two-stage etching nmethod that uses the insulating
filmfor self-matching treatnent 309 such, way, the degree of integration
is inmproved and effective especially forra DRAMin which the interval

bet ween gate electrodes 305 is narrow. In other words, when side walls

are formed on side surfaces of each gate el ectrode 305 for opening
connecting holes in a self-matching manner with respect to the gate

| des 305, f. N form [
over e on no. B B TRY LB R Eent iy PATA APR SRk ebigsuan ooo

connecti ng hgke ﬁél nposi ng each space between gate el ectrodes 305 is
filled or even mﬁen e Space is not filled, the bottom

102 area of e3chncanneeld Dochohep3Llbdss MidigaEeseAnthaddings mkes

it difficult to secure an enough connecting conductivity. In the case of

the manuf act uging.-geL o8 i bdehe tabXiAseodhgen in e en f-natehdagwal | is

-89
formed for se??-natc I ng ‘openi ng of connecting holes with respect to gate

el ectrodes 305rchpsbRathod hevd REM! @dp NchhilaBiiy £isel SoMBladish@un eat ment
309 is provideg wth a function for such a self-nmatching opening, so that

a space can bejgeeyr esh tBBHE bebweesdgatin eheetndexpd8bdaskn when
connecti ng -

designed so that the connecting holes 311b overlap the gate

RN
o

e electrodes 305. Connecting holes 311b can thus be opened
~in a self—matchinb'manner. In other words, Ehe insulating
film for self—matchihg.treatment 309 can function to open
connecting holes 311b in a self-matching manner with respect

to gate electrodes 305 and functions to suppress over-

etching of the elemeht isolating insulating film 302b.

In the two-stage etching method that uses the

insulating film for self-matching treatment 309 such way,

the degree of integration is improved and effective

especially for a DRAM in which the interval between gate

AT
ah

electrodes 305 is narrow. In other words, when side walls
are formed on side surfaces of each gate electrode 305 for
opening connecting holes in a self-matching manner with
respect to the gate electrodes 305, if an attempt is made
to form a stopper film to suppress over-etching of the

element isolating insulating film 302b, each connecting
hole 311b composing each space between gate electrodes 305

is filled or even when the space is not filled, the bottom



reliability is assured while the process margin for opening connecting

hol es 311b is kept properly. Next, as shown in Figs.66 and 67, a plug
314 is fornmed in each connecting hole 311b. The plug 314 nay be

pol ycrystal silicon inplanted with phosphorus. The plug 314 can be forned
by depositing a polycrystal silicon filLagalLl over the surface of the

sem conduct or substrate 301, the etching-back the polycrystal silicon
film Since the bottom of the connecting hole 311b does not reach the
depth of the elenent isolating insulating film 302b, the bottom of the
plug 314 is formed in a shallow area even in an area where a connecting

hol e 311b overh@BSo8Neddie dorsidcdlingdhbiém B0l ns@ikiakdt headg) italid ity of
the DRAM i s i nproved. Next, as shown in Figs.68 and 69, an

interlam nar maredl ati AAEELEIL 8100 s&civs Nt &sRAseshiiedt iHES silicon
oxide filmall over the sem conductor substrate 301, then

-103- congeaduegikates 3idaley easer sEdthdheasepacetr Mgy hdweopBlika can
be formed in a two-stage etching process just like the connecting hol es

311b. And, jushel skethoanbedimenholesvevdtlbnot Beédpl wgll si®otodmudady n t he
depth of the elenment isolating insulating film 302b even in each
connecti ng holself3thd&ching opéeiktg & cohmwatiingFhgiegOwatld vdspect to
polycrystal silicon film312 inplanted with phosphorus and a Wsi[err] film
313 are deposiese sdgasnpideb| O t hInseeaRVD teg hiotulatsimg £ilm for
self-matching trea:tment 309 is provided with a function for
i such a self-matching opening, so that a space can be secured
enough between gate electrodes 305 and the connecting
reliability is assured while the process margin for opening
connecting holes 311b is kept properly.
Next, as shown in Figs.66 and 67, a plug 314 is formed
in each connecting hole 311b. The plug 314 may be
polycrystal silicon implanted with phosphorus. The plug 314
can be formed by depositing a polycrystal silicon film all
over the surface of the semiconductor substrate 301, the
ey etching-back the polycrystal silicon film. Since the bottom
of the coﬁnecting hole 311b does not reach the depth of the
element isolating insulating f£ilm 302b, the bottom of the
plug 314 is formed in a shallow area even in an area where
a connecting hole 311b overlaps on the insulating £ilm 302D,
so that the reliability of the DRAM is improved.
Next, as shown in Figs.68 and 69, an interlaminar

insulating f£ilm 310b is formed composed of a TOES silicon

oxide £ilm all over the semiconductor substrate 301, then



patterned to formbit lines BL. The bit lines BL are connected to one
n-type sem conductor area 306a of the nenory cell selecting MSFET Q.
Just like the plug 314, the bottom of the polycrystal silicon film312 is
formed in the shallow area even in the area where the connecting hol es
3lla overlap the elenent isolating insyygging film302b. The reliability
of the DRAMis thus inproved. As shown in Fig.72, on the

sem conductor substrate 301 is deposited an interlamnar insulating film
310c composed of a silicon oxide filmand an interlamnar insulating film
310d with the CVD net hod, then the surface of the interlam nar insulating

film310d is 1‘?:% angth Wotlgs jleLra af¥anfed t e LMEnABE POy N esN®l1a

sem conduct or strate 3-1 1's formed an interlamnar insulating film 310e

conposed of @aﬁ'ﬂé %%Qm'%'dt £hde thid-Mtage etching process just like the
-104- shown in Fig.73, a silicon oxide film336 is deposited,

then a pol ycraéﬁﬁéc@iﬂg o dd 13m320c angl, depesilivd, cbhfacpahg eidbes usi ng
photo resist as a nmask. Furthermore, a polycrystal silicon film (not

il lustrated) 31{fpdeposigrdy and iyt Folrinedl dnetdbedepehfl Of Meikédelawmens 320d.
Since side walls 320d are torned such way, holes can be fornmed with a

smal | er di anet es14 hady tikese aefingh®ei poByebysteh inséatl @orfidanidzOcopat t er ned
with the mninmumresolution of |[|ithography. As shown in Fig. 74,
connecting hogesa3llc, nasked by

Next, as shown in Figs.70 and 71, a polycrystal

silicon film 312 implanted with phosphorus and a WSi; film
313 are deposited sequentially with the CVD method, then
patterned to form bit lines_BL. The bit lines BL are

connected to one n-type semiconductor area 306a of the

memory cell selecting MISFET Qt. Just like the plug 314,
the bottom of the polycrystal silicon £ilm 312 is formed in
the shallow area even in the area where the connecting holes
31la overlap the element isolating insulati_ng film*302b.

The reliability of the DRAM is thus improved.

As shown in Fig.72, on the semiconductor substrate 301

is deposited an interlaminar insulating f£ilm 310c composed
of a silicon oxide film and an interlaminar insulating film
3104 with the CVD method, then the surface of the

interlaminar insulating film 3104 is flattened with, for
example, the CMP method. On the semiconductor substrate 3-1
is formed an interlaminar insulating film 310e composed of

a silicon nitride film.



t he polycrystal silicon film 320c and the side walls 320d, are opened.
Then, as. shown in Fig.75, the first electrodes 320a inplanted with
phosphorus and a silicon oxide film 337 are deposited sequentially on the
sem conduct or substrate 301. Each of the first electrodes 320a is
deposited in a connecting hole 31ilc agg %gnnected to a plug 314. As
shown in Fig.76, the silicon oxide filn1% 7 masked by photo resist is
etched, then the first electrodes 320a and the polycrystal silicon film
320c are etched sequentially. The treated first electrodes 320a and the
pol ycrystal silicon film 320c are used as part of the storage capacity

el ement for storing jnf.ornmat.ion.in-the 0L el.l. qjar .
- 105- Nextg'.;"b,‘s tsrpeo“gholtno%rlgs'?éf Fggrg?ei%\?feid%)kéd%ofggpy:}s %I *$silicon

film(not ill s i ' iy Ry~ t
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el cet rodes 32087 ERE ERbr TAre D1 Re SIS con ek ihe T Fre 536 snd 337 ar e

removed by hBPe USi xanghesic8A ACiA (ddatonndessohubion to
formthe fir!?%g?gg??gggé % Og?kﬁﬁgﬁgecondlglectrodes 350b,sang thz

o S SoECHSarhiaten 88 paseseaatic gommluvet Ly snicor 111 m
) g. 78, polycrystal silicon

particles of gince side walls 3204 are formed such way, holes can be
formed with a smaller diameter than those of the polycrystal
silicon film 320c patterned with the minimum resolution of
lithography.

) As shown in Fig.74, connecting holes 31lc, masked by
the polycrystal silicon £ilm 320c and the side walls 3204,
are opened.

Then, as shown in Fig.75, the first electrodes 320a

implanted with phosphorus and a silicon oxide f£ilm 337 are

deposited sequentially on thésemiconductor substrate 301.

Each of the first electrodes 320a is deposited in a

T,

%ﬁg connecting hole 311lc and connected to a plug 314.

As shown in Fig.76, the silicon oxide film 337 masked
by photo resist is etched, then the first electrodes 320a
and the polycrystal silicon film 320c are etched
sequentially. The treated first electrodes 320a and the
polycrystal silicon £ilm 320c are used as part of the storage
capacity element for storing information in the memory cell

area.



about - 40nmin dianeter are grown on each capacitor electrode 320, then a
silicon nitride film(not illustrated) is deposited on the sem conductor
substrate 301 with the CVD nethod. An oxidation treatnent is performed for
the film to forma silicon oxide filmon the surface of the silicon
nitride filmand forma capacitor insulﬁging film321 conposed of a
silicon oxide filmand a silicon nitride’film on the surfaces of the
capacitor el ectrodes 320. Thereafter, on the sem conductor substrate 301
is deposited a polycrystal silicon film(not illustrated) with the CVD

met hod and this polycrystal silicon filmis nasked with photo resist and
etched to formplate electrod BPSG film

i_rﬁeﬁeposi ted and affieal ethfsjﬁgzn%'ﬁﬁi?EE %ZI;/:S?H‘%VE%&?E%B?%\Z?&%&?M324.
insuiating fi?ﬁ%%ﬁ%nigih%skiﬁf\ﬁ%%?ﬁﬁﬁﬁﬁ?d%ré§igPpgﬁ&tggcﬁgd§ 8" Bpdh
comect 13 Folgs 126, VT L6 M0LER 0 S8 Shanch, Vi cabde el
rea. Fur't herferBots ¢ heny  Fa b SR, de peagR D EBE Mng 0 CT e

sequential | yagﬁﬁygg#@é?%‘lﬁggﬁgfi?%w%@n{ éﬁe‘ge'bi??lgl & YL Gtrek 390! nner

surface of e necting may al so be deposited titan to forma

tungsten fil %HH&H&&VQg@% ot Bﬁgdf@tm% BagkardP3h9rdRe 2ehbbagt en

plug. The spattering method can be use or -
by wet etching using, for example, an acid fluoride solution

A

to form the first electrodes 320a, the second electrodes
320b, and the crown-like capacitor elec_trodes 320 corﬁposed
of a polycrystal silicon film 320c and s—i—de walls 3204.
As shown in Fig.78, polycrystal silicon particles of
about 40nm in diameter are grown on each capacitor electrode
320, then a silicon nitride film (not illustrated) is
- deposited on the semiconductor substrate 301 with the CVD
‘flethod. An oxidation treatment is performed for the film
to form a silicon oxide film on the surface of the silicon
2 nitride film and form a capacitor insulating film 321
composed of a silicon oxide film and a silicon nitride film
on the surfaces of the capacitor electrodes 320.
Thereafter, on the semiconductor substrate 301 is deposited
a polycrystal silicon film (not illustrated) with the CVD
method and this polycrystal silicon film is masked with
photo resist and etched to form plate electrodes 322.
As-shown in Fig.79, a BPSG film is deposited and

annealed to form an interlaminar insulating £ilm 324. Then,



depositing titan nitride, alumnum and titan. Finally, a TECS
silicon oxide filmis deposited with the plasma CVD nethod, then an SOG
filmis coated on the film and a TECS silicon oxide filmis deposited on
the filmwith the plasma CVD nethod to forman interlam nar insulating
film327. Just like the first wiring |laygs. connecting holes 329, the
second wiring layer 328, the interlamnar insulating film 330, connecting
hol es 332, and the third wring |ayer 331 are fornmed. Then, a TECS silicon
oxide film and a silicon nitride filmare deposited on the surface with
the plasma CVD nethod to forma passivation film333. Thus, the

ranuf act uri ng, g frtf\?ef.%wr%!lo% LRaFige50i iR AIADY malsidelasShedn pn
-107- éccor ing to thesDEﬁM ?% t:kLli S sixth énr?t?odi ment , l:s)i%%:% t he

insulating Tiloy{or S&dTe kBIohERAL SR B0 iro1used 261.0 ARBA Ehe
connecti ng ho*es ggla aﬁ 311b byo%mo-stagé: et'ching, plugs 314 a%d bi t

lines BL can pg1£9rImAarB Sped&d [ tHR! 60LBE SRIWGRa1Wst B238sRatbet Bsgat e
el ectrodes 305, as well as the elenent isolating insulating film302b is

prevented fropy,oyedn etehtBlnedbend efd1RsNBNG isharsqifemation sigohahhiér DRAM
can thus be inproved. In addition, no side wall is fornmed on the side

surfaces of egehh SadFed e tO@egd308 életheod@snB(s Gel lthar pariphesasi Xt h
enbodi ment can al so cope with higher integration of the DRAM

circuit area. Furthermore, titan, titan nitride, aluminum,

and titan are deposited sequentially and patterned to form
""" the first wiring layer 325. On inner surface of each
connecting hole 326 may also be deposited titan to form a
tungsten.filnlﬁgth the CVD method, then etched back to form
a tungsten plug. The spattering method can be used for
depositing titan nitride, aluminum, and titan.

Finally, a TEOS silicon oxide film is deposited with
the plasma CVD method, then an SOG film is coated on the film
and a TEOS silicon oxide film i§ deposited on the film with
the plasma CVD methed to form an interlaminar insulating
i film 327. Just like the first wiring layer, connecting holes

| 329, the second wiring layer 328, the interlaminar
insulating film 330, connecting holes 332, and the third
wiring layer 331 are formed. Then, a TEOS silicon oxide £ilm
and a silicon nitride film are deposited on the surface with
the plasma CVD method to form a passivation film 333. Thus,

the manufacturing of the DRAM shown in Fig.50 is almost

finished.



In addition, the insulating filmfor self-matching treatnment 309 is
provided with two functions for formng self-matching contacts with
respect to the gate electrodes 305 and for preventing the el enent
isolating insulating film 302b fromover-etching, so it is no need to form
a nenber for realizing each of the fungtynans specially. The nunber of
processes can be reduced, suppressing an increase of processes. I n
this sixth enbodi nent, plugs 314 are used. However, no plug 314 is used
and the capacitor el ectrodes 320 may be connected to the n-type

sem conductor area 306b directly via connecting holes 311b. In this case,

connecting hol es 31@@c@£§1%@&ﬂ?9h@@ﬁﬂh¥anIB@l@%ﬁﬂ&ﬂﬁeHBBQLHent, since
-108- becones snal treat nent of those holes becones difficult.

Wien the two- @0enet tht N8y ift 1kESr & éﬁlﬂlma%@ﬁgﬂgngﬂéatzﬁeﬂsg@9 Rewewe! . the
etching margin is increased and it beconmes possible to cope with opening

of the conneald rpenoltes. cbAnetbehgWeblss IMER £60d PI L P two Usthe the

effect of the present invention becones nore clear. Needl ess to say,
the two-stage e2lcthingg @Sk Bed anbopet NBynes SBL heapeasd of smebd@sire et i nuous
processes. In Fig.60, after a high density n-type sem conduct or

area 6c¢-2 of tded fanaypdikbSREANEN wistH arambett he ghktecobectiddeéslesds | m 104
shown in the second enbodinment is formed selectively in the peripheral
circuit area, ashemlfthesTEBS element isolating insulating film 302b is

prevented from over-etching. The refreshing

characteristics of the DRAM can thus be improved. 1In
addition, no side wall is formed on the side surfaces of each
gate electrode 305 in the memory cell area, this éﬁxth
embodiment can also cope with higher integration of the
DRAM. |

In addition, the insulating film for self-matching
treatment 309 is provided with two functions for forming
self-matching contacts with respect to the gate electrodes
305 and for preventing the element isolating insulating film

302b from over-etching, so it is no need to form a member

i
T

for realizing each of the functions specially. The number
of processes can be reduced, suppressing an increase of
processes.

In this sixth embodiment, plugs 314 are used.
However, no plug 314 is used.and the capacitor electrodes
320 may be connected to the n-type semiconductor area 306b
directly via connecting holes 311b. 1In this case,

connecting holes 311b are formed deeply, the etching margin



silicon oxide filmshown in Fig 61 is deposited to forman interlam nar
insulating film310f. The subsequent processes can al so be perforned.
After a high density n-type sem conductor area 6c¢-2 of the n-type M SFET
M is fornmed as shown in Fig.60, the third enbodi nent can be perforned.

In other words, after a high density n-{ygpe sem conductor area 6¢-2 of the
n-type MSFET On is fornmed, high nelting-point netals such as nol ybdenum
and cobalt are deposited in the peripheral circuit area to forma silicide
| ayer on the surface of the high density n-type sem conductor area 6c¢-2 of
the n-type M SFET On for peripheral circuits. Thereafter, non-reacted high

- 109 "o HEAGPE e LRI ARV ed A0052 BERRsshebensT1 LI Shovn

in Fig.61 is o forman in am nar 1 nsul ating f|Fn1310f. The

subsequent prgegspes ean plse fif REIIAHIRAoccning Thecabave;xampl es can

al so be applie e case of he seventh and eirghth enbodi ments. (7th

Enbodi nent) emb?ﬁ?a&%ﬁ?he Sho@éeeffgtﬁ%ré@@mﬂ@%ar&iﬁ%s hpdi-eakkRy a

manuf act uri ng e I'n ano enbodi mrent of the present

nvention.  ang IRCHOELAGY $&¢s fBUIALyddariidie SRR othichesevent f

enbodi nent are the sane as t In the sixth enbodi nent up
connecting holes. In other words, when no plug 314 is used,

the effect of the present invention becomes more clear.

Needless to say, the two-stage etching described
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above may also be performed as continuous processes.

In Fig.60, after a high density If—type semiconc—iuctor
area 6c-2 of the n-type MISTE‘ET On is formed, the silicon
nitride film 104 shown in the second embodiment is formed
selectively in the peripheral circuit area, then the TEOS
silicon oxide film shown in Fig.61 is deposited to form an
interlaminar insulating film 310f. The subsequent
T processes can also be performed.

After a high density n-type semiconductor area 6c-2
£ s of the n-type MISFET Qn is formed as shown in Fig.60, the
third embodiment can be performed.

In other words, after a high density n-type
semiconductor area 6c-2 of the n-type MISFET Qn is formed,
high melting-point metals such as molybdenum and cobalt are
deposited in the peripheral circuit area to form a silicide
layer on the surface of the high density n-type
semiconductor area 6c-2 of the n-type MISFET On for

peripheral circuits. Thereafter, non-reacted high



to the formng of the gate el ectrodes 305 and the cap insulating film 307b
(Fig.57). The explanation will thus be omtted here, avoiding redundant
expl anation. The nmethod for manufacturing the DRAMin this seventh
enbodi ment indicates a case that the gate el ectrodes 305 in the nenory
array area are disposed finely and the_iggul ating film 309 for
self-matching treatnent is renoved w thout using any mask fromthe
peri pheral circuit area. After the gate el ectrodes 305 and the cap
insulating film307b are forned, a silicon nitride filmto be used as an
insulating filmfor self-matching treatnent 309 is deposited as shown in
Fig.80, then aSithig0Ro9xtIRethl & 339 rdmoreposid ed mibd ha ifiidom 399n I n the
menory array area, Since the gate el ectrodes 305 are di sposed
finely as showndp ;B r948812)s §BS0SLEESSES Arrh N Siddramnrade fil m 339
are filled conpletely, So that the surface is flattened. On the other
hand, the gat g Rhagkrades: B3 1are fafdrBdpEBERchbi pitdceddbd BEnPEIsHhRY al
circuit area as shown in Fig.80(b) than in'the nmenory array area, SO
unevenness of meldect rodes 305 appear alnost faithfully on the surface
of the film 339. As shown in Fig.81, the silicon nitride film 309 and
the silicon oxide frhaalfraegafplisetcdyy adRicsber oppLiedtiehtng. cdde et chi ng
is perforned on conditions to make it easy to etch silicon nitride filns
usi ng, for exaN seveartti xed gashoh &bSdimEAtsand argon. In the nenory
array area,

(7th Embodiment)

fom iy
Sl 't
[
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'Figs.80 and 81 are cross sectional views indicating

a manufacturing method of the DRAM in another embodiment of
) the present invention.

The method for manufacturing the DRAM in this seventh
embodiment are the same as that in the sixth embodiment up
to the forming of the gate electrodes 305 and the cap
insulating film 307b (Fig.57). The explanation will thus
be omitted her_e, avoiding redundant explanation.

- The method for manufacturing the DRAM in this seventh

embodiment indicates a case that the gate electrodes 305 in

the memory array area are disposed finely and the insulating
film 309 for self-matching treatment is removed without
using any mask from the peripheral circuit area.

After the gate electrodes 305 and the cap insulating
film 307b are formed, a silicon nitride film to be used as
an insulating film for self-matching treatment 309 is
deposited as shown in Fig.80, then a silicon oxide film 339

is deposited on the £ilm 309. In the memory array area, since



since the surface of the silicon oxide film339 is flat, only the silicon
nitride film309 is etched both on the flat surface of the silicon oxide
fil'm 339 and on the surface of the silicon nitride film 307b.
Consequently, in the nmenory array area, the silicon nitride film309 is
left on the main surface of the senlcog_ yctor substrate 301 and the film
309 functions as an insulating film 30 or self-matching treatnent. On
the other hand, in the peripheral circuit area, the silicon nitride film
309 and the silicon oxide film 330 on the main surface of the

sem conductor substrate 301 and the surface of the cap insulating film

307b except fome e iR ctubhacesosf atheagebssgheel 5 ops 30nahe £f ched

The silicon nitri fil1m 309 and the silicon 330 are

eft only as e, fdgeh Side wetkssdedse At e i2er0Rd gbdei1alis Jaib of

the gate el ectrodes . According to the nethod for manufacturing
the DRAM in tﬁmé@&smbmee@bydls@eﬂﬁattt@@ bAsEh8b N Fl b ALALA. SBhithe
mat ching treatnment 309 1s f or ned the menory array area and at the sane

time the firstowdd seeendesé d%d’@'e'l%c%%@@esamﬁis?a%’@f%%fhe@em&?é el 101, t he
side surfaces of each gate ctrode in the peripheral circuit area even
wi t hout using imphofed peRskberal Coiddubt d4a RIsOeBSSMCaAA Pegssopb) fileth
Hereafter, the processes are the sane as those shown in Fig. 60 in the
si xt h enbodi neid taednafidéey arthe ex@d aat inevernéss tdflishbeeosl édtexbdeey e,
avoi di ng- redundant expl anati on.

305 appear almost faithfully on the surface of the £ilm 339.

ey
W

e

ars

As shown in Fig.81, the silicon nitride film 309 and
| the silicon oxide film 339 are etched by anisotropic
etching. This etching is performed— on conditions to make
it easy to etch silicon nitride films using, for example,
a2 mixed gas of CHF;, CFy and argon. In the memory array area,
since the surface of the silicon oxide £ilm 339 is flat, only
the silicon nitride film 309 is etched both on the flat
surface of the silicon oxide film 339 and on the sur_face of *-
the silicon nitride film 307b. Consequently, in the memory
s array area, the silicon nitride film 309 is left on the main
surface of the semiconductor substrate 301 and the £ilm 309
functions as an insulating film 309 for self-matching
treatment. On the other hand, in the peripheral c¢ircuit
area, the siliconnitride £ilm 309 and the silicon oxide film
330 on the main surface of the semiconductor substrate 301
and the surface of the cap insulating £ilm 307b except for
the side surfaces of the gate electrodes 305 are etched. The

silicon nitride £ilm 309 and the silicon oxide £ilm 330 are



(8t h -Enbodi ment) Figs.82 to 84 are cross sectional views indicating
a manufacturing method of the DRAMin another enbodinent of the present

i nvention. The manufacturing nmethod in this eighth enbodinent is
the sane as that in the sixth enbodinment up to formng of the gate

el ectrodes 305 and the cap insulating fjijym 307 (Fig.57). The explanation
for the sanme processes wll thus be onltted her e. The manuf acturi ng
method in this eighth enbodiment indicates a case that the gate el ectrodes
305 are disposed thinly in the nenory array area and a mask is used to
renove -112- the insulating filmfor

sel f- mat chi ng][g{te%&l 0%53913ei%ef§?siﬁ%r%?@§éai2§éraﬁi& @ 88cond siddfter

the gate el ectrodes cap insulating film307b are formed, a
silicon nitrigde {dl e%aﬁg c@Bckpsybatspg filmfor self- natchlng
treatnment 309 T1s p05|te forma photo mask 340 in the nmenory array
ar ea. Then, Aééo§ti€2w8 w t'ﬁ'egmééhoa fd RaphahbBarih MHODRAM in
self-matching treatnment 309 masked by the photo nask 340 is etched by

ani sotropi ¢ efeid Ndhy{ts @iiddif@nits R8Ef enBRUatoNgContint EORSséDEABkeE it
easy to etch the silicon nitride filmusing a mxed gas of, for exanple,

g':Fg. dgF4 angh BRIy £/ CRNSREIENObY st herféd Sin Sittke mamiolry 32Bayaseed or med
and at the same time the first and second side walls 323a
and 323b can be formed on the_;ide surfaces of each gate
3 electrode in the peripheral circuit area even without using
photo masks, etc. Thus, the proces:s can be simplified.
Hereauf.ter, the processes are the same as those shown
in Fig.60 in the sixth embodiment and after. The explanation
will thus be omitted here, avoidihg redundant explanation.
(8th Embodiment)
Figs.82 to 84 are cross sectional views indicating a

manufacturing method of the DRAM in another embodiment of

the present invention.

B

£

The manufacturing method in this eighth embodiment is
the same as that in the sixth embodiment up to forming of
the gate electrodes 305 and the cap insulating f£ilm 307
(Fig.57). The explanation for the same processes will thus
be omitted here.

The .manufacturing method in this eighth embodiment
indicates a case that the gate electrodes 305 are disposed

thinly in the memory array area and a mask is used to remove



surfaces of each gate el ectrode 305 in the peripheral «circuit area.
Furthernore, the photo mask 340 is renoved, then a silicon oxide film 341
is.deposited all over the surface of the sem conductor substrate 301.
As shown in Fig.84, the silicon oxide film 341 may be etched by
ani sotropic etching on conditions to nekgyit difficult to etch silicon
nitride filnms using, for exanple, a mxed gas of CJerr]Ferr] and argon
Consequently, the second side walls 323b are forned on side surfaces of
the gate electrodes 305 not only in the peripheral circuit area, but also
in the nenory cell array area. -113-
According to the JmauAG 'frigmn?&h%lfth}%u&a%a&agm&btnadsorm the
self-matching treatment 309 is renoved fromthe  peripheral circuit area
and the seco e§1§¥@y§dI§L§§§Q:%@@a_be formed on side surfaces of the gate
el ectrodes 305. And as described in the sixth enbodi nent, the thickness
of the second si de sl $ha2ghr & Al e radidssBed &AAofté mag:ﬁlhbﬁlb.DD'lg
structure. The subsequent processes are the sane as those shown in
Fig. 60 in thessixtinoaskod Ferheanda afiileicort hisridexpl anats dse fused hsse
processes will be omtted here, avoiding redundant expl anati on. The
i nvention of sheipsesevind NFEN ofort SAS -desehibed trebawenyi 8A9r éference to
enbodi ments, but the present

deposited to form a photo mask 340 in the memory array area.

Then, as shown in Fig.83, the insulating film for

gself-matching treatment 309 masked by the photo mask 340 is
etched by anisotropic etching. This etching is performed
on conditions to make it easy to etch the silicon nitride
film using a mixed gas of, for example, CHF3;, CF4, and argon.
Consequently, the first side walls 323a are formed on side
surfaces of each gate electrode 305 in the peripheral

. circuit area.

‘Furthermore, the photo mask 340 is removed, then a
silicon oxide film 341 is deposited all over the surface of
the semiconductor substrate 301.

As shown in Fig.84, the silicon oxide film 341 may be
etched by anisotropic etching on conditions to make it
difficult to etch silicon nitride films using, for example,
a mixed gas of C4Fg and argon. Consequently, the second side
walls 323b are formed on side surfaces of the gate electrodes
305 not only in the peripheral circuit area, but also in the

memory cell array area.



invention is not limted only to those enbodi nents. Needless to say, the
enbodi nents may be varied freely as long as the substance of the present
invention is not overstepped. For exanpl e, although the el enent
isolating area is provided in the shallow groove el enent isolating area in
the sixth to eighth enbodinments, the ehegent isolating area may be
conposed of a thick field insulating filmformed with the LOCOS nethod. In
the present invention, since the shallow groove of the shallow groove

el enment isolating area is fornmed nore sharply than a bird' s beak of the
field insulating film the present invention, when applied to a

-114- shal | ow el &mns ﬂgsebaéwﬂaﬁﬁfacwﬂnw k- hbe, aélf@(itn%@latlng

significantly even by a slight deviation from connecting holes, can obtain

nore remar kableg 1 gf E@Pt§elfﬁﬂgtcﬁ S@f@atn@‘ﬁ@@%%i@ 2R vRe QQbﬁq' Rgd when
the present invention is applied to an elenent isolating area formed with

a field i nSUPéEhﬁﬁef:hl%lﬁuﬁ@Wr%% and the HRRRIEELHE WAVENIIZTDL 2bsO
i ncludes the following inventions (1) The sem conductor integrated

circuitry of blefoRficsem! siay enlrifalkce0sPiiRe§a e SEMYAG 905SUsEr at e
having an el enent isolating area and active areas surrounded by the

el ement i sol abisnge 8t £doé@SiPehievel yriorendlinint, shef aittckregater icheul ati ng
filmfornmed on the main surface;
second side walls 323b can be adjusted to optimize the LDD

N structure.

“gﬁ The subsequent processes are the same as those shown
in Fig.60 in the sixth embodiment and after, thus,
explanation for thgse processes will be omitted here,
avoiding redundant explanation.

The invention of the present inventor is as described
above with reference to embodiments, but the present
invention is not limited only to those embodiments.
Needless to say, the embodiments may_be variedfreely as long
as the substance of the present invention is not

g2 overstepped.

For example, although the element isolating area is
provided in the shallow groove element isolating area in the
sixth to eighth embodiments, the element isolating area may
be composed of a thick field insulating £ilm formed with the
LOCOS method. 1In the present invention, since the shallow
groove of the shallow groove element isolating area is

formed more sharply than a bird’'s beak of the field

insulating film, the present invention, when applied to a



gate el ectrodes fornmed on the gate insulating film a cap insulating film

formed on the gate electrodes; an M SFET including a sem conductor area

formed in both active areas on both sides of the gate el ectrodes; and an

interlamnar insulating filminsulating the M SFET and a conductive

menber formed in the upper |ayer of the SFET, wherein an insulating film

for self-matching treatnent having an ‘€iching selection ratio for

interlamnar insulating filns is formed on the main surface of the

sem conductor substrate including the top and side surfaces of the cap

insulating filmin all or part of the MSFET areas, as well as side

surfaces of t I 20 1 .and t L,n ting fi -

sel f - mat chi ngskﬁa}gg%vr?re%t&?‘ats{tuge ltaéqgge%§faﬁe%#éf&eg9?%rbé(r:%%ﬁé%fle%g t he

conductive ne N ¥o) 1.GO t QR ; a gl sel /ARt ehi er with
é@%}é %1c%4\§£$é§)§gls%%§ ;%él).l r% dehBaR 188! FrBR Eghﬁgcehﬁ'?@

respect to the event the bottom of eac

connect i ng hol &y o 9Oi &igh idhrQ ik ehenens -ksol atd A rea gkl t bRcaskhye area
from over - et chi ng. According to the sem conduct or i nt egr at ed

circuitry, Séf'f&:x% head SWAbNgLELt Al A e fhdreicdd theahkBBh i§
formed on side surtaces of the gate el ectrodes and on the main surface of

the seni condughof i saIbss rat et tiddatusedaras FodteWallishoh thelgate
el ectrodes to open the connecting holes in a self-nmatching nmanner and as a

stopper filmigsupseventrine eJemRRirdesol ating .area on the sem conduct or

The present invention also includes the following

inventions.

) 1) The semiconductor integrated circuitry of the
present invention comprises a semiconductor substrate
having an element isolating area and active areas surrounded
by the element isolating area réspectively on its main
surface; a gate insulating film formed on the main surface;
gate electrodes formed on the gate insulating film; a cap
insulating film formed on the gate electrodes; an MISFET
including a semiconductor area formed in both active areas

i on both sides of the gate electrodes; and an interlaminar

insulating film insulating the MISFET and a conductive

member formed in the upper layer of the MISFET, wherein an
insulating film for self-matching treatment having an

etching selection ratio for interlaminar insulating films
is formed on the main surface of the semiconductor substrate
including the top and side surfaces of the cap insulating

film in all or part of the MISFET areas, as well as side

surfaces of the gate electrodes, and the insulating film for



substrate fromover-etching, the gate el ectrodes can be disposed at fine
intervals to inprove the integration degree of the circuitry and
especially to secure an enough connecting area at the bottom of each
connecting hole even in every MSFET in the highly integrated DRAM nenory
mat area. As a result, even in a highl %ntegrated sem conduct or
integrated circuitry, self-matching congact technol ogies and over-etching
preventive technol ogies for the elenment isolating area can be used
together to inprove the integration degree and reliability of the

sem conductor integrated circuitry.

;ﬁigiatlng f||n1#2%akgP$H§a?§%Lg££??g% r égﬁcanq%%Q%g?%%gk%Fﬁya djacent to
the side S“”%g;%ﬁe%ftﬁglﬁ %%@Q:drf?ﬁ%'tﬁ’iﬂquex}xb%Pt}@’iﬁe P?mﬂ&%&%lé@&l ra‘}%%s or

via a thinner Insul-ating or ‘se ng treéatment.

In addition, i J Sce feedntnql pLmMANY, sLEe allcanang ddigdisul ating fil m

for self- natchlng treat ment, e sur aces the cap T nsulating film

and the gate ehechhades. aJ@ttg élse\;@'ﬁak'ﬁé ndthteort BEWatl Benhbbiifighole

sel f-matching treatnment can used as side walls of each gate el ectrode.

Consequent |y, dH@g FRES ehé%léam NG ARG reoareat bR PRk e caivdaridicr eased
and the process can be sinplified to mnimze an increase of processes.

(3) In additi Gyont R&ernieukatihgg filmfor self-

According to the semiconductor integrated circuitry,

since the insulating film for self-matching treatment is
formed on side surfaces of the gate electrodes and on the
main surface of the semiconducto; substrate so as to be used
as side walls of the gate electrodes to open the connecting
holes in a self-matching manner and as a stopper film to
prevent the element isolating area on the semiconductor
substrate from over-etching, the gate electrodes can be
- disposed at fine intervals to improve the integration degree
of the circuitry and especially to secure an enough

connecting area at the bottom of each connecting hole even

in every MISFET in the highly integrated DRAM memory mat
area. As a result, even in a highly integrated semiconductor
integrated circuitry, self-matching contact technologies
and over-etching preventive technologies for the element
isolating area can be used together to improve the

integration degree and reliability of the semiconductor

integrated circuiltry.



mat ching treatnment may be a silicon nitride filmand each interlam nar
insulating filmmy be a silicon oxide film And, since the silicon
nitride filmand the silicon oxide filmused frequently in the

manuf acturi ng processes of conventional sem conductor integrated
circuitries such way are used and the_%f%jd state properties of those
filme are well known. It is thus possible to design processes and sel ect
conditions using existing established nmanufacturing processes to start up
producti on processes speedily. (4) I'n addition, the el ement
isolating area can be fornmed in the shallow groove el enent isolating area

(117- struct ur ad)t o $9kaLeneachagLEsENn L QA ryhaldow

groove or in the element isolating area having i'nsul ating

fiimformed vifht e 28 A0 o 08LdalhRoPAl oo GRARCIA be EOrhd Case

of the shallow groove el enent isolating area, the area is forned to rise

sharply at a jhoypdaighibebwess sfi'&ea%%f&cé‘é%f and ¢48 ielsenent nigsel ahi ng

area, so an over-€etched portion fornmed in the elenent isolating area due

to a slight dgyjath@ngaenciddAdE® Ok iaCankechned ReLASthanderpened nore
than the thick field "insulating film so that the over-etching problem

caused by sughsdlgevh@ifiiom gescsd Pethahnig@ti-easmestnr kabhyaivhen, the
present invention applies to a sem conductor integrated circuitry having a

shal | ow gr oovet el eABRedd @batdmiganyen deowa pl eneitig the ialserientings 6k ahi ng
area from over-etching,
for self-matching treatment, the side surfaces of the cap
G insulating film, and the gate electrodes. This is because
the insulating film for self-matching treatment can be used
as éide walls of each gate electrode. Consequently, the
margin for opening each connecting hole can be increased and
the process can be simplified té minimize an increase of
processes.
(3) In addition, the insulating film for self-
matching treatment may be asilicon nitride film and each

interlaminar insulating film may be a silicon oxide film.

And, since the silicon nitride film and the silicon oxide

film used frequently in the manufacturing processes of
conventional semiconductor integrated circuitries such way
are used and the solid state properties of those films are
well known. It is thus possible to design processes and
select conditions using existing established manufacturing
processes to start up production processes speedily.

(4) In addition, the element iéolating area can be

formed in the shallow groove element isolating area



t her ef ore,
sem conductor integrated circuitry of the present invention includes a
DRAM nmenory nat area and the insulating filmfor self-nmatching treatnent
is formed only in the DRAM nenory mat area. In other words, the insulating
filmfor self-matching treatnent is fogf§¢_ only in the nenory mat area
that nust be highly integrated to assure high integration and high
reliability thereof. And, the insulating filmfor self-matching treatnent

i s not

the effect appears nore remarkably. (5) I'n addition,

formed in other areas including the peripheral circuit area,
are not needed to be highly integrated so nuch.

t he

whi ch

Accor di ng

to the sem conguela, d Lot abed-CidL b bi¥nen? |16 Jehledll 1ALPGRALAGH and a

high reliabili
i nsul ati on f'é%&% ?hft}f@ﬁighaﬂttfsf‘o"l 'Eﬁ g hSed YA qlg‘ 2 Qihar £3628°

i ncl udi ng

connecting a
upper

connecting thﬁs%éfﬁl Seﬂ%@%&é& A @d RHaha Relgrheeakienesdi t area to
the’ sem conductor area can be sinplified. In other

t he

wor ds,

etching the

"
g

el
el

| ayer

upper

| ayer o

y are assure mat area, as wel

peri eral circuit area, process fo

orm ng hol es

O#x%%fgti }nowﬁfée& Rgehhere \yetlacrtaefegé&fda@i&%@@ﬁea to the

ayer or the process for formng holes

when anshnsulayifsed | | thd Areelifs Mirelidngo tiiet BRALply aksa formed
in the peripheral circuit area, a two-stage etching process 1s needed for

bhsHbat) Neetuddn far aselitrenateli agd teatdvnterthérollbe ihgl es

“ area, so an over-etched portion formed in the element
isolating area due to a slight deviation when in forming of
conrlecting holes is deepened more than the thick field
insulating £ilm, so that the over—etchingmproblem caused by
such a deviation described above arises remarkably. When
the present invention applies to a semiconductor integrated
circuitry having a shallow groove element isolating area to
prevent the element isolating area from over-etching, .
therefore, the effect appears more remarkably.

(5) In addition, the semiconductor ihtegrated
circuitry of the present invention includes a DRAM memory
mat area and the insulating £ilm for self-matching treatment

is formed only in the DRAM memory mat area. In other words,

the insulating film for self-matching treatment is formed

- only in the memory mat area that must be highly integrated

to assure high integration and high reliability thereof.
And, the insulating film for self-matching treatment is not
formed in other areas including the peripheral circuit area,

which are not needed to be highly integrated so much.



connecting the sem conductor area to the upper layer, as well as the cap
insulating filmfornmed on top of the gate electrodes and the insulating
filmfor self-matching treatment nust al so be etched when the hol es
connecting the wring layer forned together with the gate el ectrodes to
the wupper layer are forned, resulting_ifsghe conplicated process. In the
present invention, however, since no insulating filmfor self-matching
treatnment is formed in the peripheral circuit area, the process is not
conpl i cat ed. (6) In addition, the sem conductor integrated
circuitry of the present invention includes a DRAM nenory

-119 - mat area, : 1de s a C T - . ectrode
formed in areas ot %ech%{}%al%%t E%%%éentg)%&‘%ﬁdggggéaﬁe’l\%g{%&ggéggg*glé [s via
an insul atingcf{ilm depasi {odddhd; g IRCES$: a8 i.psul ating
filmfor self§%a%cﬁ?nggﬁi%€iﬁ {%nﬁfﬁéﬁgﬁ%gﬁfg%t mf%§1%22§§Tﬁ%E§§F¥§§es of
the insulatien {4 ACeoed] NG5t het ey $6H oGk BLGHr abed
circuitry, tl?le LD%)r}?elfrilog%{t Imy Dopeg'Drgi n? of egr& FET fO(I)lr megng nBar eas

ot her than thge BORAY-HPLg 3RAtERALDEs i Zed bensPUAA 1hheuahagnel of
the M SFET in areas other than the nenory mat area and inprove the

perfornance. the periifterEt bedchior ampauwf atidibirBackBer SEMEANIGCHhE L es
integrated circuitry of the present invention includes (a) a process for

form ng an el epBAéct 50 ad | Wlr LA [Rert ORI together with the gate:

electrodes to the upper layer of the wiring layer or the

process for forming holes connecting the MISFET
semiconductor area in the ﬁeripheral cir—cuit area to the
other words, when an insulating film for self-matching
treatment is also formed in the péripheral circuit area, a
two-stage etching process is needed for etching the
insulating film for self-matching treatment when the holes
connecting the semiconductor area to the upper layer, as
well as the cap insulating film formed on top of the gate
‘electrodes and the insulating film for self-matching
treatment must also be etched when the holes connecting the
wiring layer formed together with the gate electrodes to the
upper layer are formed, resulting in the complicated
process. In the present invention, however, since no
insulating £film for self-matching treatment is formed in the
peripheral circuit area, the process is not complicated.
(6) In addition, the semiconductor integrated

circuitry of the present invention includes a DRAM memoxry



surface of a sem conductor substrate; (b) a process for depositing a
silicon oxide film serving as a gate insulating film a conductor film
conposed mainly with a polycrystal silicon film serving as gate

el ectrodes, and a silicon nitride film serving as a cap insulating film
sequentially to forma lam nated fil mcanaposed of those filns all over the
surface of the sem conductor substrate, then patterning the lamnated film
to forma gate insulating film gate el ectrodes, and a cap insulating

film (c) a process for formng a sem conductor area in an active area on
the main surface of the sem conductor substrate,

-120-  sur hRYNEess byunkdhsr & st r f 64 StdMgadlh @R INET gt @rilidRGrode
inmpurities using the gate el ectrodes as a nask; (d) a process for

deposi ting an figisiedat hngréis o fiesr seldn whiechiengryt neatamsd add fovewd he
surface of the sem conductor sSubstrate; (e) the first etching process for

depositing an giidet ealasl vae hAsuhetilagifd| fiah | dawesitde isuntfeceant t he

sem conductor substrate on which the insulating filmfor self-matching

treatnent is fpyoweds Gk) thapr ofeskef tnselahimy file fort exdldivmaarchimgul at i ng

filmon conditions to make the etching of the insulating filmfor

sel f - mat chi ng tresateant orshiowepneaotghithathe heide chimfpasfs tdfe thet er | anmi nar

insulating fil mselectively, and opening part of the connecting holes in a

sel f - mat chi ng imeuiert iwnt iidmspect to the gate el ectrodes; and (g) the

second etching process for . , _

According to the semiconductor integrated circuitry,

s the LDD (Lightly Doped Drain) of each MISFET formed in areas
other than the memory mat area can be optimized to ‘shorten
the channel of the MISFET in areas other than the memori;mat
area and improve the performance.

The method for manufacturing the semiconductor
integrated circuitry of the present invention includes (a)
a process for forming an element isolating area on the main
surface of & semiconductor substrate; (b) a process for
- depositing a silicon oxide film, serving as a gate

f insulating film, a conductor film composed mainly with a
polycrystal silicon film, serving as gate electrodes, and
a silicon nitride film, serving as a cap insulating film
sequentially to form a laminated film composed of those
films all over the surface of the semiconductor substrate,
then patterning the laminated film to form a gate insulating
film, gate electrodes, and a cap insulating £film; (c) a

process for forming a semiconductor area in an active area

on the main surface of the semiconductor substrate,



perform ng anisotropic etching for the insulating filmfor self-nmatching
treatnent at the bottom of each connecting hole. According to the
manuf acturi ng method of the sem conductor integrated circuitry, since the
insutating filmfor self-matching treatnent is deposited wi thout formng
side walls after the gate el ectrodes angzéhe cap insulating filmare
formed, the contact nargin between gate lectrodes can be taken enough. As
a result the reliability of the sem conductor integrated circuitry in
connecting t he -12 1- menber forned
in each connecting hole to the seniconductor area forned in an active area

can be |rrproved mg@(#%% antt{%e.e %]ie %q_gltaln a g ng gg@ngﬁuﬂg hol es

are opened in StH° secon Césses

e e oot e 2 u3RaRShd Pale g%'efct%bgglggamf af'd B asaggct o

the gate el ec ement  1sO atlng ‘aréa going Tnto the

Ronsotuont o Pof cBBBELLES angAr? mcs%pﬁt&% oy @4anl ed.f LaTeoygeegienl no.

Consequent |y, i on “of m conductor integrated circuitry is

i mproved and EPsag éﬁ@%ﬂ'é&éxcguféf e MSHET el ts'%ﬁu.c%?ﬁhEQBQUCt or

integrated circurtry Is inproved to inprove the reliability. The first and

second et chi ng,,PLOLLSSES(d nth%gfﬁéf@ &&ﬁ%gebeebagscw R gentdindedn

processes, of course. In addition, in order to formthe el enent
i solating areantdrihgiREOCHSSuIR)inA MA 16 a:{[lhe ovidrStthe surface of the

semiconductor substrate on which the insulating film for

£
%
‘e’ "v-a

self-matching treatment is formed; (£) a process for etching
the interlaminar insulating film on conditions to make the
etching of the insulating ;ilm for self-matching treatment
slower enough than the etching of the interlaminar
insulating film selectively, and opening part of the
connecting holes in a self-matching manner with respect to
the gate electrodes; and (g) the second etching process for
performing anisotropic etching for the ins_ulating?f’ilm for

self-matching treatment at the bottom of each connecting

hole.

According to the manufacturing method of the
semiconductor integrated circuitry, since the insulating
film for self-matching treatment is deposited without
forming side walls after the gate electrodes and the cap
insulating £ilm are formed, the contact margin between gate
electrodes can be taken enough. As a result, the reliability

of the semiconductor integrated circuitry in connecting the



configuration that a shallow groove is fornmed, then the

shal | ow groove is

covered by a silicon oxide filmand the surface is polished by

et chi ng-back or with the CVP nethod to |eave the silicon oxide filmonly
in the shall ow groove or the second configuration that a thick field
insulating filmformed wth the therns,pxidation nethod sel ectively

using a patterned silicon nitride filmas a mask can be

t aken. Accordi ng

to the manufacturing nethod of the sem conductor integrated circuitry, it
is possible to easily manufacture a sem conductor integrated circuitry
-122- havi ng a shal |l ow groove el enent isolating area or a thick field

insul ating filanboFr edd Intdech Gt ai®ifedhole to tH9kehcaddutton, in

the nethod for manufacturing the sem conductor integrated circuitry of the

present invegtikordde {Nswl &kt g hirkR do beeldpr@tadciignt EeakAedy. may be
a silicon nitride filmand the interlaninar insulating filmmy be a

silicon oxide fil mrgThaqetebhNGirde EbEnéEt $hgeicliNngrpr asassd maythe pl asm
etching using a mxed gas of (Jerr]F[err] and argon and the etching in the
second et chi ggageocesise Byrdie AT I kit ing pgoaessesd, gakeof CHF3,
CF4, and argon. According to the manufacturing nethod of the

seni conduct or cbnhegt fr@chel ¢ widn he sipreedplias @n seflchinagchingpreahoened

using a mxed gas of CJerr]F[err] and argon in the first

et chi ng process,

the silicon owxide féedpraamnobehetgatedebactrodes, as well as the element

isolating area going into the bottom of each connecting hole

can be prevented from over-etching. Consequently, the

integration of the semiconductor integrated circuitry is

improved and the characteristics of the MISFET of the

semiconductor integrated circuitry is improved to improve

the reliability. The first and second etching processes in

the two-stage etching can be continued processes, of course.

(8) In addition, in order to form the element

isolating area in the process (a), any of the first

configuration that a shallow groove is formed, then the -

i shallow groove is covered by a silicon oxide film and the

surface is polished by etching-back or with the CMP method

to leave the silicon oxide film only in the shallow groove

or the second configuration that a thick field insulating

film formed with the thermal oxidation method selectively

using a patterned silicon nitride film as a mask can be

taken. According to the manufacturing method of the

semiconductor integrated circuitry, it is possible to

easily manufacture a semiconductor integrated circuitry



conditions to make it difficult to etch silicon nitride filnms, that is,
the silicon oxide filmcan be etched on conditions that can take an enough
etching selection ratio for silicon nitride films. In addition, the
interlamnar insulating filmin the connecting hole area can be etched
with an enough treatment margin up to thesinsulating film for
self-matching treatnment fornmed on the main surface of the sem conductor
substrate. The insulating filmfor self-mtching treatnment functions a
stopper film In the second etching process, plasm etching can be

per f or med -123- using a m xed_gas of
CHF[err], CF[ 5 eah hatigoga£i] fy- pRt ehi ng
treat ment, coﬁ%%%%%a%%%{lgﬁw (?(S)%Okfﬁi t r?@gkﬁi Iiér;18 %ajflijl%]eaf%ac%?d aeggi‘leg. And,
since only cepagalhyel ¥ fnd MMmSidd.aRiy Rt ded ioRossmekehed in the
second etching process, the connecting holes can be opened wth an enough

mar gi n and accor di nglyy rnt A8aet esRNtir $BledinbBHoGAF &2 nteth R tRrQy@ntad from
over-etching effectively as described above. (10) The nethod for

nmanuf act ur i ngséhec s8ahE0HHULH Bdgrd tHE H it taiyf G the efrekBatpr esent
invention applies over-etching in the second etching process so that the
etching tine igvegdused thainkheating ficeessaryeI Drmetathimy trehenkatal

t hi ckness of the insulating filmfor self-matching treatnent. Such
the over-etchinag bé Possibten hertatisie thidm and the interlaminar

insulating f£ilm may be a silicon oxide film. The etching

in the first etching process may be plasma etching using a
mixed gas of C4Fs and argon and the etching in the second
etching process may be plasma etchingwasing a mixed gas of
CHF;, CF4, and argon.

According to the manufacturing method of the
semiconductor integrated circuitry, since plasma etching is
performed using a mixed gas of C.Fg and argon in the first

i~ etching process, the silicon oxide film can be etched on
conditions to make it difficult to etch silicon nitride
films, that is, the silicon oxide film can be etched on
conditions that can take an enough etching selection ratio
for silicon nitride f£ilms. In addition, the interlaminar
insulating f£ilm in the connecting hole area can be etched
with an enough treatment margin up to the insulating film
for self-matching treatment formed on the main surface of
the semiconductor substrate. The insulating film for

self-matching treatment functions a stopper f£ilm. In the

second etching process, plasma etching can be performed



insulating-filmfor self-matching treatnent is used as a stopper filmwhen
i n opening of the connecting holes by two-stage etching. And, because of
the over-etching applied, connecting holes can be opened surely while
active areas are etched slightly. The connecting reliability at the
bottom of each hole can be inproved. Theg,etching depth in active areas is
equal to the thickness of the insulating filmfor self-matching treatnent
or under, since the over-etching tine is less than the tine of etching
necessary for etching the total thickness of the insulating filmfor

-124- self-matching treatnent. In addition, since the insulating film

for self: matchingyly RakaBN S bArAS CEN NIRAa280R0 40 LRPRAbuLbE;
(0] tchi

over-etching arises no pr emfromthe e ng~ process. (1%) The

met hod for mapuigcies i £hes seliLonducialent!, Nteabaked ekrgustiyceh the
present invention allows the DRAM nenory nmat area to be included in the

sem conduct orni t AL @O B BEl, ChditWd ot tdag imgt hodnianckudes anpyocess for
formng side walls on side surfaces of the gaie electrodes in areas other

than the menpgymp@tael sl vndchie €apicometltatiideg £ilhn yiddrHde ihngnbat i ng
filmfor self-matching treatnment put therebetween after the insul ating

filmfor sel festhéBtthinestrseatsi stitke posinceding holes AfRObd Bfehedt he
manuf acturi ng method of the sem conductor integrated circuitry, a proper
LDD struct urewith an enough margin and accordingly, the element isolating

area can be prevented from over-etching effectively as

described above.

(10) The method for manufacturing the semiconductor
integrat;d circuitry of the present invention applies
over-etching in the second etching process so that the
etching time is reduced than the time necessary for etching
the total thickness of the insulating film for self-matching
treatment. .

Such the over-etching is possible because the

insulating film for self-matching treatment is used as a

ARD

stopper film when in opening of the connecting holes by
two-stage etching. And, because of the over-etching

applied, connecting holes can be opened surely while active
areas are etched slightly. The connecting reliability at
the bottom of each hole can be improved. The etching depth
in active areas is equal to the thickness of the insulating
film for self-matching treatment or under, since the

over-etching time is less than the time of étching necessary

for etching the total thickness of the insulating film for



can be fornmed in every M SFET other than in the nenory mat area. As a
result, the channel of every M SFET in areas other than the nenory nmat
area, for exanple, the channel of the M SFET in the peripheral circuit
area, can be shortened to inprove the performance of the M SFET. And,
since it is possible to generally take;g,margin for the interval between
gate electrodes in the peripheral circuit area, side walls can be forned
on side surfaces of each gate electrode in the M SFET in the peripheral
circuit area even when the -125-
insulating filmfor self-matching treatnent is fornmed there. (12)

In addition, % ?‘%é@@»@lﬁ?'tr@@ngetu&Pnﬁi&f@ on?eg'lﬁ@@qﬂfé 9hshinkeghgt ed

circuitry of e present 1nvention M nenory nat area to be

included in thejnsem %%r:a@ua&e&hm q&r@é&%ﬁ EaHi Eéxasa@ﬁlhﬂ@dr@é hedebnel udes

a process for renoving the insulating filmfor self-matching treatment at

| east on the gpLR Sthd %ﬁeé&?ﬁn@egk(i@@guﬁé%rokﬂ’é}ﬁtﬂ@n? t@¥CepEniAg the
menory mat area after the insulating filmfor self-matching treatnment is

deposi t ed. procé§§ording to the manufacturing nethod of the
sem conductor integrated circuitry, since the nethod includes a process

for removing the ingulatrhegmbiheuf 86r meddfamihing theeakmabninegothe main
surface of the sem conductor substrate except for at |east the nmenory mat
area, it is possehretéd ¢erovesry of etmpresdite inventdbinngllows the

DRAM memory mat area to be included in the semiconductor

integrated circuitry and the method includes a process for
forming s«ide walls on side surfaces of the gate electrodes
in areas other than the memory mat area and t:he cap
insulating film with the insulating film for self-matching
treatment put therebetween aftef the insulating film for
self-matching treatment is deposited.

According to the manufacturing method of the .
semiconductor integrated circuitry, a proper LDD structure
can be formed in every MISFET other than in the memory mat
e area. As aresult, the channel of every MISFET in areas other
than the memory mat area, for example, the channel of the
MISFET in the peripheral circuit area, can be shortened to
improve the performance of the MISFET. And, since it is
possible to generally take a margin for the interval between
gate electrodes in the peripheral circuit area, side walls

can be formed on side surfaces of each gate electrode in the

MISFET in the peripheral circuit area even when the



filmfor self-matching treatnment fromthe peripheral circuit area of the
DRAM Thus, it is possible to easily open the connecting hol es connected
to'the M SFET sem conductor area or the gate el ectrodes in the peripheral
circuit area. (13) Side walls can be fornmed after the insulating
filmfor self-matching treatnent is depgﬁéged by etching the insulating
filmfor self-matching treatnent using photo resist covering the
menory mat area as a mask, then by -126-
removi ng the photo resist, depositing an insulating filmall over the
sem conductor substrate and anisotropic-etching the insulating film The
etching of the in I ng: 11 1 S ment may _be

ani sotropi c e%c |§§l$%%3?%5h ]éq%%suﬁhfcga%%hFQ% E&%% el = ?cheag
treatnent on gjde, surfaces of each gate electrode as S|de wal I s or
isotropic etching not leaving the insulating filmfor self-matching

treatment as side wabhs.p aq 1twbH agﬂétﬁ@nhoa'95rW@%é%%%99n§ﬁg£Q5ﬁ?d after

the insulating filmfor self-matching treatnent
deposi ting ansbmsabdi o ah%bbaﬁe&%\ﬁrcmttw@@tm%f ¢ §aYsRA; By the
gate el ectrodes and the cap inSulating film “formed Tn the menory nmat area

on the insul agingwsi¢me ashy eﬁ&&vﬂwnta&edﬁéﬁult%t b@glhbhﬁaéa api ggkropic
etching. In such a case, since the insulating filmfills each space

between the gaheceh@ett®lantiegrhbedneimdyi it aadethe e HJs vhat 1,88s

a process for removing the insulating film for self-matching

treatment at least on the main surface of the semiconductor
substrate except for the memory mat area afte£ the
insulating film for seEf—matching treatment is deposited.
According to the manufacturing method of the
semiconductor integrated circuitry, since the method
includes a process for removing the insulating film for
self-matching treatment from the main surface of the
semiconductor substrate except for at least the memory mat

area, it is possible to remove, for example, the insulating

film for self-matching treatment from the peripheral

circuit area of the DRAM. Thus, it is possible to easily
open the connecting holes connected to the MISFET
semiconductor area or the gate electrodes in the peripheral
circuit area. |

(13) Side walls can be formed after the insulating
film for self-matching treatment is deposited by etching the
insulating film for self-matching treatment using the photo

resist covering the memory mat area as a mask, then by



filmfor self-matching treatnment fornmed on the main surface of the

sem conduct or substrate, between the gate electrodes in the nenory mat
area is not etched by anisotropic etching perfornmed |ater. On the other
hand, the insulating filmfor self-matching treatment in areas other than
the nenory mat area, for exanple, in t2$69er|pheral circuit area, can be
etched together with the insulating filmused for formng side walls in
the ani sotropic etching, since it is possible to take a margin for the

i nterval between gate el ectrodes -127-

in the peripheral circuit area. In other words, it is possible to omt the

mask form ng p ngﬁﬁ%rﬁ%e §}1§€6 r}%sqgk_y de esl't'l%té} g)% qugsul'al f Ofllm all

sel f - mat chi ng T ea peripheral” cir area. process can

thus be sinpli, geg e semlcor% {{]&S%d&%tﬂeo sldd%%% ot%?g) %O\é%ghtlpg

effects obtalne y represen I've 1 nventions can

foll h
manner even i Fﬁ%ﬁ%ﬁo‘ﬁ% e ares TR ReRary art u%?@?“-’ LT 56 the
el enent isol aking_ QQE@hi‘ﬁgtﬁE‘eatt‘ﬁ%Q%% @SﬂlSSQ?B?EE' 11[5?&? 1%%@19% wed in

prevented from over-etching When connetti ng es are

a self- ”HtcﬂhgglﬁgﬁﬁéElﬁQdfiﬁ@ €8£”§HﬂfJﬁHHc%hb@gt%%%%m%%tﬁQ% ReLom of
each connecting hole is prevented fromover-etching, the treatnent margin

of the conneckipgabekest Gt gatBPENV@Erode as side walls or isotropic

etching not leaving the insulating film for self-matching

treatment as side walls.

In addition, side walls can be formed after the
insulating film for self-matching treatment is deposited by
depositing an insulating film that covers uneven portions
caused by the gate electrodes ana the cap insulating f£ilm
formed in the memory mat area on the insulating film and
etching the insulating film by anisotropic et¢ching. In such
a case, since tHe insulating film fills each space between
the gate electrodes in the memory mat area, the insulating
e film for self-matching treatment formed on.the main surface
of the semiconductor substrate, between the gate electrodes
in the memory mat area is not etched by anisotropic etching
performed later. On the other hand, the insulating film for
self-matching treatment in areas other than the memory mat
area, for example, in the peripheral circuit area, can be
etched together with the insulating f£ilm used for forming
side walls in the anisot;:opic etching, since it is possible

to take a margin for the interval between gate electrodes



(3) When connecting holes are forned in a self- matching manner and the
el enment isolating area at the bottom of each connecting hole is prevented
fromover-etching, the nunber of processes can be suppressed from

i ncr easi ng. (4) The integration degree of the sem conductor
integrated circuitry is nore inproved, _ §7gell as the refreshing
characteristics of the DRAM are inproved to inprove the transistor
characteristics of the nenory cell area.

-128- According to the investigation of well-known exanpl es
carried out by the present inventor after the present invention is nade,
L goas, Lound AHALLLNSLEPEROOL O BRI AL SOl M N, cONEChIipdIoles sof one

side el ectrodés o acl ormng b |1 he connect'i ng holes in a

el f-matchin : j : t ] i i
oubl 1 - r epor LPoF SURGgary WAY PUEE Tngs P BT IREE ok Mo Rt R
No. 4- 342164. tne inIifate6RNPLOQYELL o AR Sldiaert Lt dif 11 m Lo

pr event t he sem conduct or ubstrate or the el ene tl ng I nsul at i ng

filmfrom ovepaet chipg1 WeeACH Ik Opesd Ng Tid HldeLonnectinmg el es of a
capaci tor and connecting holes of bit lines one side electrodes with

respect to angipptegkaginar insulating filmis disclosed in the public
reports of Unexam ned Published Japanese Patent Application No.8-264075

and No. 8- 344906. | npmdghddonnvditiloaghdelsed@ibed above, the effects
) obtained by representative inventions can be summarized as
ey follows.

(1) Connecting holes can be formed in a self-matching
manner even in the highly inte;rated DRAM memory cell area,
as well as the element isclating area at the bottom of each
connecting hole can be prevented from over-etching.

(2) When connecting holes are formed in a self-
matching manner and the element isolating area at the bottom
of each connecting hole is prevented from over—_etchingf “the

treatment margin of the connecting holes can be improved.

(3) When connecting holes are formed in a self-

L T

Fivth

wist,

matching manner and the element isolating area at the bottom
of each connecting hole is prevented from over-etching, the
number of processes can be suppressed from increasing.
(4) The integration degree of the semiconductor
integrated circuitry is more improved, as well as the
refreshing characteristics of the DRAM are improved to
-improve the transistor characteristics of the memory cell

area.



for providing a silicon nitride filmwhen connecting holes are opened to a
source of a drain with respect to an insulating filmon an MOSFET is
disclosed in the official report of Unexam ned Published Japanese Patent

Application No. 6-53162. In addition, the nethod for manufacturing a

sem conduct or device having a double si wall filmconposed of a silicon

nitride filmand a silicon oxide filmon side walls of each gate el ectrode
is disclosed in the official -129-

reports of Unexam ned Published Japanese Patent Appllcatlon No. 3- 276729
and No. 6-168955, as well as USA Patent Filing Reports No. 5 364 and 804.
| NDUSTRI AL APPLI CAl e, e

i nt egrated CIrCUI?%§B§§én?Hg)ﬁEthod ﬂfﬁ%iﬂJ aétd%%zb t he C|rc try of

t he present i t |
and i gf, AL Iét&y)rb Lo a'{elatbl*%tsr?ﬁe{;; Ghgentbeabmeat. chiobrolahegration

electrically etoadahl @ NoaKY aLEl fas RIRLY o tmegmhhe%R%&@Eeéor

sem conductor circuitry provided with a logic circuit
electrically ssghoadablganv) aldiled BBMNY side electrodes of a

capacitor and forming bit line connecting holes in a
self-matching manner with respect to word lines were
) disclosed in the public ;eport of Unexamined Published
& Japanese Invention Application No.4-342164.

i The technoiogy for provimding a silicon nitride f£ilm
to pr;—vent the semiconductor substrate or the element
isolating insulating £ilm from over-etching when in opening
of both connecting holes of a capacitor and connecting holes
of bit lines one side electrodes with respect to an
interlaminar insulating film is disclosed in the public
reports of Unexamined Published Japanese Patent Application
No.8-264075 and No.8-344906. In addition, the technology
for providing a silicon nitride film when connecting holes

| are opened to a source or a drain with respect to an

insulating film on an MOSFET is disclosed in the official
report of Unexamined Published Japanese Patent Application
No.6-53162.

In addition, the method for manufacturing a
semiconductor device having a double side wall film composed
of a silicon nitride film and a silicon oxide film on side

walls of each gate electrode is disclosed in the official



-130-° CLAI V5 1. A sem conductor
integrated circuitry conprising first MSFET including gate

el ectrodes formed on the nmain surface of a sem conductor substrate via a
gate insulating film sem conductor area in contact with a channel area
fornmed under said gate el ectrodes on tbﬁ gal n surface of said

sem conduct or substrate; and seco % M SFET including gate el ectrodes
formed on the main surface of the sem conductor substrate via said gate
insulating film a |ow density sem conductor area in contact wth a
channel area fornmed under said gate electrodes on the main surface of said

sem conduct or 2 %e[]gltftméng &Q&g Sﬂgatyap%ﬁgsceopgygﬂg p%&‘i%a%%ﬁed

outsi de said F&W con area

i nsul ating film | 525855@ r?@l\? C3T68§%'50' Qétﬁ Irs§tt§é%£’ep%t%§1ts%fﬂlln1br5t and

second M SFETS, 'first &7 o ormed wit insulatin

formed on sid agesc of i t | ectrodes of said second M SFET,
second side ﬁlep ?%rﬁédsw ﬁgscej%ﬁdﬁlﬁsul ating film conposed of a

di fferent rren?g]bUgrrﬁ thg ?fc&@ir&’xi\* rst insulating filmare forned

outside said first s a conductor portion connecting said

first MSFET sem C&@d&@é@fl@é@%ﬂo@ea 'Eﬁ@bgém‘l@bﬁa{kt@rtbﬁté‘@ﬁ%ecﬁayer of
said first MSFET i's formed in a self-mtching nanner wit

-13 1- circuitry and the method for manufacturing the c1rcu1try of
the present invention are suitable for fine treatment, high
integration, and high reliability. Especially, they are
suitable for a DRAM, an electrically relo—adable nonvola:tile
memory or a highiy integrated semiconductgf circuitry

provided with a logic circuit, a DRAM, or an electrically

reloadable nonvolatile memory.



respect to third side walls formed with said first insulating film and
said high density sem conductor area is fornmed in a self-matching manner
with respect to said second side walls formed with said second insul ating

film 2. A sem conductor integrated circuitry as defined in claiml1,
wher ei n said first insulating fiLﬁ? orms first and third side wall
spacers conposed -of a silicon nitride fi formed on side surfaces of said

first and second M SFET gate electrodes and said second insulating film
forms second side wall spacers conposed of a silicon oxide filmfornmed on
side surfaces of said second M SFET gate el ectrodes with said side wall
spacers t herebetween. 3. A sem tor integrated circuitry as
defined in claiml1l, wherein sai I'rst insulating filmis a silicon
nitride film formed gn s ' dy t i pel udi ng si de
surfaces of said ggregé|601$§%§gh§§g ggggggéggﬁdéi%gﬁ a% rékmé%*?ﬁ?% a
silicon oxide fil mdrdedeRes £ f | e rod W th
said silicon_nitridé'f¥$n1 FEng§%§§%g%f%%t% eigggr2§§%n§§%ﬁ§uéﬁb§ﬁe
ntegrat ed ci pguht EYrBgcdest Neddili cdRdBol tbstrateMeLelNgate

insulating film; semiconductor area in contact with a
channel area formed under said gate electrodes on the main

surface of said semiconductor substrate; and

second MISFET including gate electrodes formed on the
main surface of the semiconductor substrate via said gate
insulating fi]:;n; a lowdensity semiconductor area in contact
with a channel area formed under said gate electrodes on the
main surface of said semiconductor substrate; and a high
density semiconductor area formed outside said low density
semiconductor area, wherein -

a cap insulating film is formed on top of said gate
electrodes of said first and second MISFETs, first side
i walls formed with first insulating film are formed on side
surfaces of said gate electrodes of said second MISFET,
second side walls formed with second insulating film
composed of a different member from that of said first
insulating film are formed outside said first side walls,

a conductor portion connecting said first MISFET
semiconductor area to a member formed in the upper layer of

said first MISFET is formed in a self-matching manner with

* [% L M N *



said second M SFET includes an N channel M SFET and a P channel M SFET and
has a CM SFET structure 5. A sem conductor integrated circuitry as
defined in claiml, 2, 3, or 4 wherein said first MSFET is a
selecting M SFET of a DRAM disposed in a nenory array area of DRAM cells
and said nmenber formed in the upper Iaxgi_of said first MSFET is a DRAM
storage capacitor or a bit line. =6 A semniconductor integrated
circuitry as defined in claimb5, wherein an inpurity doped in the
sem conductor area of said selecting MSFET is phosphorus and the | ow
density or high density sem conductor area of said N channel M SFET of

i d d M SFET i s doped.at . t ic.. . 7., A.seni cond
niegrated ci PERPEF B BBFTRettan Wk o b namhapith saia 218k GORTI

M SFET includes first N channel SFET and second N channel M SFET and
said first N &HﬁﬁngﬁlWSﬁﬁfn’i l?ﬁ/ludes an arseni ¢ doped | ow density

sem conduct or area dd h%rbk}z\iﬂrc%gg_}%yﬁgpﬁgcghggcﬁgps%]gé(aslegnf% tl?f 8ar ea,

and said second N TChanne _ €S a phosphorus dope ow  density
R e L T e A S
-133- formed with said second insulating film.
2. A semiconductor integrated circuitry as defined in
claim 1, ;;herein
said first insulating film forms first and third side
wall spacers c—omposed of a silicon nitride film formed on
side surfaces of said first and second MISFET gat;
electrodes and said second insulating £ilm forms second side
wall spacers composed of a silicon oxide film formed on side
surfaces of said second MISFET gate electrodes with said
side wall spacers therebetween.
3. A semiconductor integrated circuitry as defined in
claim 1, wherein
e said first insulating film is a silicon nitride film
formed on said semiconductor substrate including side
surfaces of said gate electrodes and said second insulating
film is a silicon oxide £ilm formed on side surfaces of said
gate electrodes with said silicon nitride film
therebetween.

4. A semiconductor integrated circuitry as defined in

claim 1, 2, or 3 wherein

* c L | s *



said first N channel M SFET includes a boron doped sem conductor area in
contact with said high density sem conductor area under said | ow density
sem conductor area and said second N channel M SFET does not i nclude said

bor on doped sem conduct or area. 9 . A sem conductor integrated
circuitry as defined in claim5, 6, 7,_1(3?_8, wher ei n on the surface
of said sem conductor area of said selécting MSFET is not forned a

silicide layer and on the surface of said high density sem conductor area
of said second MSFET is fornmed a silicide |ayer. 10. A
sem conductor integrated circuitry as defined in claim5, 6, 7, 8 or 9,

chor el ' d A gl R Cacting M. .
Uiy cker than that of Sar (T SRkoRT AP orLa Loa8d dn o e e are
integrated cipcyi &}}%@ﬁéldﬁ&g?g@ ?ﬁ@_ﬁé@a{”ém%Eﬁ’s&ruc‘ku‘%ere' n sai d

first MSFET, in gate insulating film thereof 1s a tunnel insulating

film is a floating gal 8ehyPEnaltHEIndbgPased & Nr & fBAPLY QL fYeRlia Of
nonvol atile nmenmory cells including control gate el ectrodes formed on gate

el ectrodes vi ga1Bkgati ng,6 93t eqel gcikeeesn and on said floating gate
el ectrodes via an insulating film 12. A sem conductor integrated

Cilgzui try as defineghidnfotad MIKEETWHES @ Belecting MISFET of a DRAM
- - disposed in a memory array area of DRAM cells and said membex
formed in the upper layer of said first MISFE:—T is a DRAM
storage capacitor or a bit line.
6. A semiconductor integrated circuitry as defined in
claim 5, wherein B
an impurity doped in the semiconductor area of said
selecting MISFET is phosphorus and the low density or high
density semiconductor area of said N channel MISFET of said
second MISFET is doped at least arsenic.
7. A semiconductor integrated circuitry as defined in

claim 6, wherein

said N channel MISFET includes first N channel MISFET

o~
it

and second N channel MISFET and said first N channel MISFET
includes an arsenic doped low density semiconductor area and
an arsenic doped high density semiconductor area, and said
second N channel MISFET includes a phosphorus doped low
density semiconductor area and an arsenic doped high density
semiconductor area.

8. A semiconductor integrated circuitry as defined in

claim 7, wherein

AR



said gate insulating filmof said second M SFET is thicker than that of
said first M SFET. 13. A sem conductor integrated circuitry as
defined in claimb5, 6, 7, 8 9, 10, 11, or 12, wherein said first
M SFET includes said selecting MSFET and said floating gate type M SFET.
14. A sem conductor integrated circui t£¥ gs defined in claiml3, wherein
said DRAM bit line and a wiring forned ﬁ the upper |ayer of said floating
gate type M SFET are fornmed in the sane process. 15. A sem conduct or
integrated circuitry as defined in claim13 or 14, wherein

insulating filns of said selecting M SFET, said floating gate type M SFET,

iaf’ﬁ;})gf?[)ﬁ'er 2 Coied] EmerprSnite, MoREE B e Bhy R dRE QR Wi srer
are di erent _|

of sai d per pREMSFOUFARER AMSFEH Rttt B0 SRtk PR chREERe (Vpe "
M SFET s thi gkt LiancLoata, of saldl 14088 g, Gal5txpe M SEER, and, Sai d

gate insul ating sai I'ng gate type I'S thrckert han

that of sai dﬁggé.%&d 4 1M SEEIna 3" fngah 1f@£%ﬁ“%'e%t 188 1Y sa38' d
selecting MS is thicker an that of sail
-13 5- PepbPBRT @bp&d F Séthic Hal AL LidLuit M SFET that drives said

9. A semiconductor integrated circuitry as defined in

c¢laim 5, 6, 7, or 8, wherein

on the surface of said semiconductor area of said
selecting MISFET is not formed a silicide layer and on the
surface of said high density semiconductor area of said
second MISFET is formed a silicide layer.

10. A semiconductor. integrated circuitry as defined
in claim 5, 6, 7, 8 or 9, wherein

said gate-insulating film of said selecting MISFET is
thicker than that of §aid second MISFET.

11. A semiconductor integrated circuitry as defined

in claim 1, 2, 3, or 4 wherein

said first MISFET, in which gate insulating film
thereof is a tunnel insulating film, is a floating gate type
MISFET disposed in a memory array area of nonvolatile memory
cells including control gate electrodes formed on gate
electrodes via floating gate electrodes and on said floating
gate electrodes via an insulating film.

12. A semiconductor intec::;rated circuitry as defined

in claim 11, wherein




DRAM 16. A sem conductor integrated circuitry as defined in claim

1 or 15, ‘wherein in an area where said second M SFET is forned is
formed a silicon nitride filmcovering said second M SFET and said

sem conduct or substrate. 17. A nmethod for manufacturing a

sem conductor integrated circuitry, CQAR._Sing processes (a) for
formng a gate insulating filmon the main surface of a sem conduct or
substrat e; (b) for formng plural gate el ectrodes and a cap
insulating filmon said gate insulating film (c) for formng a | ow

density sem conductor area for both first and second M SFETs respectively

ina self- matchingaf@naere WAL IASRREE NG T dagdt @etbagl hedes g
(d) for formng first side wall spacers on side surfaces of sal gate

el ectrodes;  thickerekhbar thatnbags§§&05ﬂr§tot@xméd~ spacers outside said

first side wall spacers; (f) for formng a high density

senmi conductor area 1%, B s@tfcori@tiond inRBELRLBAL BiFESPERY 49 S ihesecond
side wall spacers of said second M SFET,

-13 6- in d1@inf @, dep@si ging, anoj ntey | e 1Ay visediating film

conposed of a silicon oxide filmall over said sem conductor substrate;
said first MISFET includes said selecting MISFET and

said floating gate type MISFET.

14. A semiconductor integrated circuitry as defined

in claim 13, wherein

said DRAM bit line and a wiring formed in the upper
layer of said floating gate type MESFET are formed in the
same process.

15. A semiconductor integrated circuitry as defined
in claim 13 or 14, wherein

insulating films of said selecting MISFET, said
floating gate type MISFET, a peripheral circuit or logic -
circuit MISFET that drives said DRAM," and said peripheral

circuit MISFET that drives said floating gate type MISFET

are different in thickness from each other and said gate
insulating film of said peripheral circuit MISFET that

drives said floating gate type MISFET is thicker than that
of said floating gate type MISFET and said gate insulating
£ilm of said floating gate type MISFET is thicker than that
of said selecting MISFET, and said fate insulating film of

said selecting MISFET is thicker than that of said

A



(h) for etching said interlanminar insulating filmand said second side
wal | spacers in a self-matching manner with respect to said first side

wal | spacers of said first MSFET to open connecting holes; and (1)
for formng a conductor in each of said connecting holes. 18. A

met hod for manufacturing a seniconductq&3§jnegrated circuitry, conprising
processes (a) for formng a gateinsulating filmon the main
surface of a sem conductor substrate; (b) for formng plural gate

el ectrodes and a cap insulating filmon said gate insulating film

(c) for formng a | ow density sem conductor area for both first and second
M SFETs respecid, EJ ral cir u%g)orf P& 9$%Q§I&Jng fS?f:‘:’li"t%%Q: 8&;%9%5" m al |
over said sem conductor SUBSTFate THe uding S|§e Sur faces of © -gaid gat e

el ectrodes; pgpay. (€) for formng side wall spacers on side surfaces of
said gate electrodes with said silicon nitride film therebetween;

-137- (f)-koraf j a i : i epl: 0 . a
sel f - mat chi ng manne%g\h/i %hgérlgﬂs{)%g%#gggéﬂgggkg}eée%ﬁgggggc rs g‘%eefglé}%i second
M SFET, id D1 1deposgist i fgeppihnterl am nar insulating film conposed

of a silicon oxide filmall over said seni conductor
in an area where said second MISFET is formed is formed

a silicon nitride film covering said second MISFET and said

semiconductor substrate.

17. A method for manufacturing a semiconductor
integra:ced circuitry,“ comprising p—rocesses

(a) -:E—or forming a gate insulating film on the main
surface of a semiconductor substrate;

(b) for forming plural gate electrodes and a cap
insulating film on said gate insulating film;

(c) for forming a low density semiconductor area for
both first and second MISFETs respectively in a self-
matching manner with respect to said gate electrodes;
ey : (d) for forming first side wall spacers on side
surfaces of said gate electrodes;

(e) for forming second side wall spacers outside said
first side wall spacers;

(f) for forming a high density semiconductor area in

a self-matching manner with respect to said second side wall

spacers of said second MISFET;

RO L



substrat e; (h) for etching said interlamnar insulating film and
said side wall spacers in a self-matching manner with respect to said

silicon nitride filmto formopenings, and further etching said silicon
nitride filmat the bottomof each of said openings to open connecting

hol es; (i) for form ng a conductgrg_n each of said connecting
hol es. 19. A nethod for manufacturing a sem conductor integrated
circuitry, as defined in claim17 or 18, wherein in said process (c)

i s inplanted phosphorus in the sem conductor area of said first M SFET and
at least in one or nore |ow density sem conductor areas of said second

M SFET is inplanted(@f Sef CiepositimP-ar iMRIAA i Ok Rl agtYhENE] 8
sem conductor integrated circuitry,” as defined in claim17, 18, or 19,

wherein ddmpwdicd Ff QCESBid@ ostiBel OITRE 1L Neraata: BN @tddiictfdd ms of
both said first MSFET and said second M SFET in the same process.

-13 8- substrate; 21. A method for manufacturing a sem conductor
integrated circuitry, as defined in claim17, 18, or 19,

wher ei n (h) forsatéhPh@cess (A}ef DamiwariinguSaitdngat e1hnsid ating

films includes a process for formng first gate insul ating
said second side wall spacers in a self-matching manner with

respect to said first side wall spacers of said first MISFET

to open connecting holes; and

(1) for forming a conductor in each of said connecting

holes.

18. A method for manufacturing a semiconaﬁctor
integrated circuitry, comprising processes

(a) for forming a gate insulating film on the main
surface of a semiconductor substrate;

. (b) for forming plural gate electrodes and a cap
insuladting film on said gate insulating film;

(c) for forming a low density semiconductor area for

:@% both first and second MISFETs respectively;

(d) for depositing a silicon nitride film all over
said semiconductor substrate including side surfaces of
said gate electrodes;

(e) for forming side wall spacers on side surfaces of
said gate electrodes with said silicon nitride £film

therebetween;

NN



filmin an area where said first and second M SFETs are f or med,
a process for renoving said first gate insulating filmselectively from
the area where said second M SFET is formed; and a process for
forming second gate insulating filmin an area where said second
M SFET is forned. 22._@3q§thod for manufacturing a

sem conduct or integrated circuitry, as defined in claim17 or

18, wherein said gate insulating filmis a tunnel
insulating film of a floating gate type M SFET conposi ng a
nonvol atil e menory and said process for formng said gate

| nsul ati ng (£) BMEbBGLHECS B 8%%%%8%?5}1&@&%{593&%}9 igat e

el ectrodes sal oating gate t and a process for

form ng a self%ﬂﬁéﬁin?lrﬁ&ﬁ"i&d%ﬁ{ S b dd %t's'ag_.oﬂ% tmﬁl'\/' SFET on

sai d floating gate el ectrodes via an insulating

23. A method EpacEBEUSACEHT & NGe@orSEMERABUCT OF |ntegrated
circuitry, as defined in claim17, 18, 19, 20, or 21, wherein

in prior to said pregesod aa)epo%lmlw dadiatBr08R$HatOinsulatin fiixﬁ’rm ng a
tunnel insulating filmof said floating gate type hﬁ

conposi ng a nebmMpbaedlcr AwmIritdNokb@e il SUI fd@® said semlconductor

-13 9- of said sem conductor substrate and form ng floating gate
el ectrodes of sabstréteati ng gate type M SFET on said tunnel insulating
film 24. A nethod for manufacturing a sem conductor integrated

circuitry, as defin@d ifprcdtaamBsailietreierlaminar insulating £ilm and

said side wall spacers in a self-matching manner with
respect to said silicon nitride film to form openings, and
further etching sai& silicon nitride film at the bottom of
each of said openings to open connecting holes;

(1) for forming a conductor in each of said connecting
holes.

19. A method for manufacturing a semiconductor
integrated circuitry, as defined.in;claim 17or 18, wherein

in said process (¢} is implanted phosphorus in the
{E; semiconductor area of said first MISFET and at least in one
or more low density semiconductor areas of said second
MISFET is implanted arsenic.

20. A method for manufacturing a semiconductor
integrated circuitry, as defined in claim 17, 18, or 19,
wherein

in said process (a) are formed the gate insulating
films of both said first MISFET and said second MIS%ET in

the same process.
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gate el ectrodes forned in said process (b) can be formed in the sane
process as that of control gate electrodes of said floating gate type

M SFET. 25. A nmethod for manufacturing a sem conductor integrated
circuitry, as defined in claim23 or 24, wherein said tunnel
insulating filmis formed thicker than_l§?i_d gate insulating filmin said
process (a). 26. A method for manufacturing a sem conductor

integrated circuitry, as defined in any of clains 17 to 25, wherein

in prior to said process (g) is provided a process for depositing second

silicon nitride filmin an area where said second M SFET is forned,

etching said interlgm 'l@rmeeﬂbﬁJlf%tri t.lifla@tiu&li% rsémWQ§£8ué‘ gonduct or
t'0 a nenber PHCE

portion connecting said second M'S or e e upper

layer of saidisecendsMiSEEICH StiQr nEd cff&ﬁi'fd gecided g tg take an
etching sel ecti ongr atio forc%a?dﬁp'secon%)é]fs]i i con %}fatl?(:?ggqf ﬁ|8m t%5 ?grm
openi ngs, furthereehching the second silicon nitride filmat the bottom of
each openings to open connecting holes, and formng said conductor
portion. said process (a) for formihfUsaid gate iddu14t{®jhod for
manuf acturing a semi conductor integrated circuitry, as defined in claim
26, wherein filmssonél sdsoRdpebbbeONEdY tordenkyl ENrEs Jidmesinathggsane
process as that of a silicon nitride filmformed as said first insulating
film film in an area where said first and second MISFETs are

formed; a process for removing said first gate insulating

film selectively from the area where said second MISFET is
formed; and a procéss for forming second gate insulating
B film in an area where said second MISFET is formed. )
22. A method for manufacturing a semiconductor
integrated circuitry, as defined in claim 17 or 18, wherein
said gate insulating film is a tunnel insulating film
of a floating gate type MISFET composing a nonvolatile
memory and said process for forming said gate insulating

film includes a process for forming floating gate electrodes -

of said floating gate type MISFET; and a process for forming

control electrodes of said floating gate type MISFET on said
floating gate electrodes via an insulating film.

23. A method for manufacturing a semiconductor
integrated circuitry, as defined in claim 17, 18, 19, 20,
or 21, wherein

in prior to said process (a) is provided a process for
forming a tunnel insulating film of said floating gate type

MISFET composing a nonvolatile memory on the main surface

//
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28. A seniconductor integrated circuitry, conprising menory cells in each
of which first MSFET and a capacity elenent are connected serially; and a
peripheral circuit conposed of plural second M SFETs, and said

sem conductor integrated circuitry further includes a sem conduct or
substrate having first area for form nglfgal_id first M SFET; .and second area
for formng said plural second M SFETs; first gate el ectrodes

formed on the main surface of said sem conductor substrate via a gate
insulating filmin said first area; and second gate el ectrodes forned on
the main surface of said sem conductor substrate via a gate insulating
filmin said sgg Alea etoki I ' fil.-m having.the sanme fl at
surface as that o sgi lf-”‘i"??t“é%t eé‘g%%%{?%%géﬂd;%gr@lé .%’248?‘?%%890%"“ 2id
first electrodgseddy ki &Stq 3162+ 5S8C [ [SaTa iy i hayi ng 1 he
sane fault surfa%e as t gt 0 saig stéégvngggg%t%%éle?géf g% er{sglgﬁg %%?’g%ifor med

on said gate e{eaiTpdegy idiigaid second area;
-141- first sem conductor area forned at both sides of said

first gate electrodeg i satdodi £t ﬁ&&miiﬁ?@ ddlidfttor

sem conductor areas forned at both sides of s second gate electrodes in

sai d second arBgtegrated diidcslitshjeawabibrsnageis 608pased, ofndhbid
insulating filmforned on side walls of said second gate el ectrodes in

gate electrodes formed in said process (b) can be

formed in the same process as that of control gate electrodes

%y

A
e

of said floating gate type MISFET.

25. A methbd for manufécturing a sen_xiconductor
integrated circuitry, as definec;in claim 23 or 24, wherein

said tunnel insulating film is formed thicker than
said gate insulating film in said process (a).

26. A method for manufacturing a semiconductor
integrated circuitry, as defined in any of claims 17 to 25,
wherein

in prior to said process (g) is provided a process for

depositing second silicon nitride film in an area where said

second MISFET is formed, etching said interlaminar
insulating film in an area where a éonductor portion
connecting said second MISFET to a member formed in the upper
layer of said second MISFET is formed on conditions decided
to take an etching selection ratio for said second silicon
nitride film to form openings, further etching the second
silicon nitride film at the bottom of each openings to open

connecting holes, and forming said conductor portion.

P et
e
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sai d second area; and second side wall spacers conposed of fourth

insulating filmfornmed on side walls of said first side wall spacers;

third side wall spacers conposed of third insulating filmformed on side

wal I's of said first gate electrodes in said first area; and a
conductor |ayer forned on said senlconq§ﬁi substrate so as to cone in
contact with said first sem conductor ain a self-matching manner with
respect to said third side wall spacers on the main surface of said

sem conduct or substrate, wherein said first sem conductor area is
formed in a self- nmatching manner with respect to said first gate

el ectrodes, said i%cond sggégogductor A ea is formed in f mat chi ng
manner with respect ‘tofs4e RY @%?% BF T TR, S%Wﬁ?%ﬁﬁ QEnrd

duct d t tt
a7 second <t AESgERTed g a3 GeFIE A8, FRRR. 2" WP ERERTCL ot ng

f'1'4r2“3 are for ”Edz‘é“ tﬁ%g%#éélg eqtllg%gbg{ér{&%)@&%ﬂlcbs H 08l ed in the same

CtOI’ egra circulrtry

claim 28, whereiloos oo cSAl dd Wil inal k09 oLl lmils e8-akh gansRiari de

film and saif i nsuf atin mis a silicon oxi
senlconductorfipggg{ﬁg§§g€1£§n§lﬁyJ as defined in claim?29, wherein

28. A semiconductor integrated circuitry, comprising

memory cells in each of which first MISFET and a capacity

san
i

P
B

element are connected serially; and a peripheral circuit
composed of plural second MISFETs, and said semiconductor
ingégrated circuitry further includes

a semiconductor substrate having first area for
forming said first MISFET; and second area for forming said
plural second MISFETS;

first gate electrodes formed on the main surface of
said semiconductor_substra%é via a gate insulating film in
said Ffirst area; and second gate electrodes formed on the

main surface of said semiconductor substrate via a gate

insulating film in said second area;

first insulating film having the same flat surface as
that of said first gate electrodes and being formed on said
first electrodes in said first area, second insulating f£ilm
having the same fault surface as that of said second gate
electrodes and being formed on said gate electrodes in said

second area;

* c L M s *
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the total width of said first side wall spacer and said second side wall
spacer is greater than the width of said third side wall spacer.

31. A sem conductor integrated circuitry, as defined in claim30, wherein
the wiwdth of said first side wall spacer is alnbst equal to the wi dth of

said third side wall spacer. 32. sem conduct or integrated
circuitry, as defined in claim28, wherein sai d conductor |ayer is
connected to one side electrode of said capacity el enment. 33. A

sem conductor integrated circuitry, as defined in claim28, further

i ncl udes a word line connected to said nenory cells and extended in
the row direction; : i C ~5al ¢glls and
extended in the coﬁﬁ%%tdfﬁgégﬁ%ﬁgéébi éy%?A?egﬁgéﬁgé%ﬁaﬁg%%?g?ggié?é ed

circuitry, asgdefined, éfe&l%{@sg§n N 81 Dst area and second and third

- 143- sal d conductor layer s connected to sai ata line.

35. A sem Conﬁéﬁi%mg@é%lf ArRd sCES A BY bHHTBRBEEWF said séeR gakbne

extended in the rowdirection; a data line extended in the col uim
direction; megpEyre6hds. i £38dN OfsedMLhennected to said word |ine and

said data line at an intersection point of said word line and said data
l'ine; and first side wall spacers composed of third insulating
film formed on side walls of said second gate electrodes in

said second area; and second side wall spacers composed of

fourth insulating film formed on side walls of said first
si%le wall spacers;

third side wall spacers composed :)f third insulating
film formed on side walls of said first gate electrodes in
said first area; and |

a conductor layer formed on said semiconductor
substrate so as to come in contact with said first -
semiconductor area in a self-matching manner with respect -
to said third side wall spacers on the main surface of said
£%s semiconductor substrate, wherein

said first semiconductor area is formed in a self-
matching manner with respect to said first gate electrodes,
said second semiconductor area is formed in a self-matching
manner with respect to said second gate electrodes, and said
"third semiconductor area is formed in a self-matching manner
with respect to said second side wall spacers, and

said third and fourth insulating films are formed with

different members from each other.



a peripheral circuit connected to said word line or said data |ine, and
said nenory cell is conposed of first MSFET and a capacity el enent
connected serially and said peripheral <circuit is conposed of plural
second M SFETs, wherein said sem conductor integrated circuitry
further includes a sem conduct or ggbstrate having first area for
formng said nenory cells and second ared%for formi ng said peripheral
circuit; two first conductor |ayers, each of which functions as a
word |ine formed on the main surface of said sem conductor substrate in
said first area; and gate electrodes forned on the mai n surface of said
sen conduct or subsig atAesgl a.a insyl ati

i nsul ating film foried onR-Saf g f %%Er &&f&?&%‘%é Fé§8}l FRY s A% drﬂfrlélledar ea

and having the,s lag syrfa as that of said first conductor |ayer;
and second mgul gtﬁf?%{n %ilm%o%%ed on said gate el ectrodes in said second

area and havi ng tt’geals(ftq:_@l (Si {é@ﬁ? ltrpqts of sai d Ifli‘fe(s: (1des

-144- first sem con orned on~sa

conductor | ay e y i cQ and.third
sem conduct org%raeg??o?%r%%@%nl%éc}%lﬁﬁs (fte 2la5|e rjl ﬁe;’l gttqfic?dgg'lf“n sai d
second area; 34 | hsgeﬁiggnc‘i@étlolsFl@ﬁ%rﬁﬁcc%@jesggu?{r%h'afsd dPWLat I ng

film formed on side surfaces of said gate electrodés
in claim 29, wherein

the total width of said first side wall spacer and said

L second side wall spacer is greater than the width of said

third side—wall spacer.

31. A se;;conductor integrated circuitry, as defined
in claim 30, wherein

the width of said first side wall spacer is almost
equal to the width of said third side wall spacer.

32. A semiconductor integrated circuitry, as defined
in claim 28, wherein

said conductor layer is connected to one side

gg; . electrode of said capacity element.

33. A semiconductor integrated circuitry, as defined
in claim 28, further includes

a word line connected to said memory cells and
extended in the row direction; and

a date line connected to said memory cells and
extended in the column direction.

34. A semiconductor integrated circuitry, as defined

in claim 33, wherein

! Iill"l Iy Ifl!l I I"I



second side wall spacers conposed of fourth insulating film formed on side
walls of .said first side wall spacers in said second area respectively;
third side wall spacers conposed of third insulating film forned on side
wal I's of said first conductor layer in said first area; said main
surface of said sem conductor substrat§143goning in contact with said first
sem conductor area in a self-matching manhner with respect to said third
side wall spacers between said two first conductor |ayers and having a
conductor |ayer fornmed on said sem conductor substrate; said first
sem conductor area is forned in self- matching manner with respect to said
first conductor | awgn b Qﬂg; 1 a ESTR Ea]7 1p a
sel f - mat chi ng nanﬁ%ﬁGWFéﬁagggggct %ﬁggfggggggggdgg?gﬁgﬁ%ggﬁgggé#génd sai d
third sem conduct orycar LS drd- = pat chi ng: n i t.h, respect
to said second si dgs\%aﬁﬁsés%la%% S; adnrglﬁtéskébggi%@%%@a}ngb?g%%gn&
insulating filnme arey6eEPOSEI ex@bndbhf Bl @Rk FERESiYN, AR QL Nehe
- 145- 36. A nethod for manufacturing a sem conductor 1ntegrated
circuitry haveREeABE®" ¥n CEhé Sool e B 2t 10 ; C hherdolrk s telVh SFELaaRd0 2
capacity el enent are connected serially; and a peripheral circuit conposed
of second M SipEish ceRmRicitBdNgo LD line and dhild0AapaEPRid BE an
sem conduct or substrate having

intersection point of said word line and said data line; and

a peripheral circuit connected to said word line or said data

line, and said memory cell is composed of first MISFET and
a capacity element connected serially and said pei‘ipheral
circuit is composed of plural second MISFETs, wherein

said semiconductor integrated circuitry further
includes |

a semiconductor substrate having first area for
forming said memory cells and second area for forming said
peripheralfcircuit;
- two first conductor layers, each of which functions
as a word line formed on the main surface of said
semiconductor substrate in said first area; and gate
electrodes formed on the main surface of said semiconductor
substrate via a gate insulating film;

first insulating film formed on said first conductor
layer in said first area and having the same flat surface
as that of said first conauctor layer; and second insulating
film formed on said.éate electrodes in said second area and

having the same flat surface as that of said gate electrodes;



first area for formng said menory cells; and second area for formng said
peripheral circuit; (b) formng first conductor |ayer on said

sem conductor substrate and first insulating filmon said first conductor

| ayer; (c) for forming first MSFET gate electrodes in said first
area and second M SET gate el ectrodes Lﬂgﬁﬁ[d second area by patterning
said first conductor layer and first i ating film (d) for
inplanting first conduction type inpurity to formfirst sem conductor area
in a self-matching manner with respect to said second gate electrodes in
sai d second area,; (e) for depositing second insulating filmcovering

i i X des: f),f f orm first sid
vl spoceraon ot deirgh FeRLEShRoCERs %%%%n@’é%%de %t é;f#%‘&@% 8% d t_e
d b ' ' I hing.for. said second insulating
Isif?nz | ar e;’vl | .é/orﬁfi.{cft:%mQ?e.?Q'r%%tpre%@l%eﬁ&g%_sgld J.lrSj: azfa) E:f%rs%é%?g%i ;g?g
i i g .
et rodes. and 4 TEEd BeRetlnas oo AR ra0n8Y B HeliP L BRlsl o E G 175! e

wal | spacers qfysd C@Lec%ird(d%%e%no‘csafihr Sbcshfeapahl spacers in said second
: ; AP sad

area by performng anisotropic e ing for sard’third insulating film
first side wall spacers composed of third insulating

film, formed on side surfaces of said gate electrodes; and
second side wall spacers composed of fourth insulating film
formed on side walls of said first side wall spacers in said
second area respectively;
third side wall spacers composed of third insulating
film, formed on side walls of said first conductor layer in
said first area;
said main surface of said semiconductor substrate,
coming in contact with said first semiconductor area in a
self-matching manner with respect to said third side wall
spacers between said two first conductor layers and having
i a conductor layer formed on said semiconductor substrate;
said first semiconductor area is formed in self-
matching manner with respect to said first conductor layer,
said second semiconductor area is formed in a self-matching
manner with respect to said second gate electrodes, and said
third semiconductor area is formed in a self-matching manner
with respect to said second side wall spacers; and
said third and fourth insulating films are compose_d

of different members from each other.

RN O O



(i) for inplanting first conduction type inpurity to form second

sem conductor area in second area in a self- nmatching nanner with respect
to said second side wall spacers; (j) for depositing fourth
insulating filmin said first area; (k) for form ng openings in
said first area so as to overlap aid jiagg gate el ectrodes at sone of said
openi ngs and expose the nmain surface o aid sem conductor substrate; and
(1) for formng second conductor |ayer in each of said openings in said
first area, wherein sai d second conductor |layer and said first gate
el ectrodes are isolated electrically by said second insulating filmfrom

fﬁfgg‘r’;[‘g{j ci roui tr%;g %}gfe‘et?fé% QL PROYECLULING & SSM SonQuet O 147.
T VT ST T S
et o £y LB A U PRSI LS B B
R it e A
process comprising processes

(a) for preparing a semiconductor substrate having
first area for foréing said memory cells; and second area
for forming said peripheral circuit;

(b)_forming first—conductor layer on said
semiconductor substrate and first insulating film on said
first conductor layer; |

(c) for forming first MISFET gate electrodes in said
first area and second MISET gate electrodes in said second
area by patterning said first conductor layer and first
insulating film;

(d) for implanting first conduction type impurity to

form first semiconductor area in a self-matching manner with

respect to said second gate electrodes in said second area;
(e) for depositing second insulating film covering
said first and second gate electrodes;
(£) for forming first side wall spacers on side
surfaces of said second gate electrodés in said second area
by performing anisotropic étching for said second

insulating film;

—_—
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(f). 39. A nethod for manufacturing a sem conduct or

circuitry, as defined in claim38, wherein
are perforned | eaving said masking |ayer as is.

i nt egrated
sai d processes (f) to (1)
40. A nethod for

manuf acturing a sem conductor integrated circuitry, as defined in claim

38, wherein sai d- process (k) inghﬂggs processes

(

m for

etching said fourth insulating filmon “conditions decided so that said
fourth insulating filmis etched nore than said first insulating film and
(n) for etching said first insulating filmon conditions decided so that
said first insulating filmis etched nore than said sem conduct or

substrate or said fgyytéhﬁiéﬁgggﬁgfa E'ggh insul??%ngéfgg

manuf act uri Nng a Sem con I nt egra Clrcul

wherei n second area so as to cover %}df%égbnd gat? el
e S Tor

processes (a) and (b) 1s further provi a proce

t hod ;ora
¥i Aed>fh%cl ai m 40,

S IEE

5 &% ement

orm

isolating areg;@8tt BeégeSWhiACEHQEcs@1 d sem conductor substrate.
met hod for manufacturing a sem conductor integrated circuitry as defined

in claima4l, whereifh) for f¥nfnd eeesnd QhaboLALNdssakd
area includes processes for formng a groove on t

h

gl se

e sur

7

n. said

42. A

fgbsol ating
ace of said

surfaces of first side wall spacers in said second area by

performing anisotropic etching for said third insulating

film;

(1) for implanting first conduction type impurity to

form second semiconductor area in second area in a self-

matching manner with respect to said second side wall

spacers;

(j) for depositing fourth insulating film in said

first area;

- (k) for forming openings in said first area so as to

overlap aid first gate electrodes at some of said openings

and expose the main surface of said semiconductor substrate;

(1) for forming second conductor layer in each of said

openings in said first area, wherein

said second conductor layer and said first gate

electrodes are isolated electrically by said second

insulating film from each other.

37. A method for manufacturing a semiconductor

integrated circuitry, wherein
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sem conduct or substrate; and for filling said groove selectively with
fifth insulating film 43. A nethod for manufacturing a

sem conductor integrated circuitry as defined in claim 38, wherein

anot her process is added so that after said fourth insulating filmis
fornmed, the surface of said fourth insyhating filmis polished. 44.
A nmethod for manufacturing a sem conductor integrated circuitry as define
in claim36, wherein in said process (f) is also forned first side
wal | spacers on side surfaces of said first gate electrodes in said first
ar ea. 45. A nethod for manufacturing a sem conductor integrated

circuitry as definethidsebahi Afbul8hRy Bilm and third insulating £ilm
-14 9- said process (k) is performed on conditions deC|deé SO
that said fouath Fosubatwiehfdl fidrserat Ghethdiy eddiarasal @theecond
insulating film 46. A nethod for manufacturing a sem conductor
integrated circuitryg.an defiheed for fhaufaéburihgr 8 Bemiconds@t sy second
insulating filmis a silicon nitride film and said fourth insulating film
is a silicon brtderétét circuitdy, & eitiored dn RUEAGHYr whgrain

sem conductor integrated circuitry as defined in claim46, wherein

anot her process forbgintdeshiprgcessetsh (ehsahat (fig 3 [ppovided a process

for forming a masking layer to cover said first area

selectively, and no anisotropic etching is performed on said

iy
Y ‘3“!_(-

R e}

second insulating £ilm in said first area in said process
(£).

3§L A method for manufacturing a semiconductor
integrated circuitry, as defined in claim 38, wherein

said processes (f) to (i) afe performed leaving said
masking layer as is.

40. A method for manufacturing a semiconductor
integrated circuitry, as definéd in claim 38, wherein

said process (k) includes processes
Lo (m) for etching said fourth insulating film on
conditions decided so that said fourth insulating film is
etched more than said first insulating film; and

(n) for etching said first insulating film on
conditions decided so that said first insulating film is
etched more than said semiconductor substrate or said fourth
insulating f£ilm.

41. A method for manufacturing a éemiconductor

integrated circuitry as defined in claim 40, wherein

e——
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after said fourth insulating filmis formed is added. 48. A net hod
for manufacturing a sem conductor integrated circuitry having nenory
cells, in each of which first MSFET and a capacity el enent are connected
serially; and a peripheral circuit conposed of second M SFET, conprising
processes (a) for preparing a segiégpductor substrate having first
area for formng said nenory cells and ond area for formng said
peripheral circuit; (b) for formng first conductor |ayer on said
sem conductor substrate and first insulating filmon said first conductor
| ayer; (c) for patterning said first conductor |ayer and first

[ | ati fil [ E I d .

150- 7 "' sai o HielPen £81a ikEeshs WSeES LR At epreriteds i
50 in sald fITSCArEs and “Sessha M SPES . eYH66t

Form Tirat cenpeondic i ooy o ¢ emiel, EPRA ThbaReakrSn' RBEChi Vg °

manner with rgﬁ??&éeté’f sél S%Qrfi’b%r%tceto‘ij Ses@d8Se . (e) for

depositing second I nsulating mso as to cover said first and second

gate electrodes; 43, a &Ekhggrfefrﬁgﬁﬂtggt@91§§£%$ éﬁifgé§4é¥%g(n‘ sai d

second insulating filmin said second area to Irs wal | spacers
on side surfacgeefatad & SLEGONII3EL a8 QdeS1aim 41, wherein

said process for forming said element isolating area

includes processes

£
O]

for forming a groove on the surface of said
semicondﬁctor substrate; and

for filling said groove selectively wiEh fifth
insulating £ilm.

43. A method for manufactufing a semiconductor
integrated circuitry as defined in claim 38, wherein

another process is added so that after said fourth
insulating film is formed, the surface of said fourth
insulating film is polished. -
{#ﬁ 44. A method for manufacturing a semiconductor
integrated circuitry as defined in claim 36, wherein

in said process (f) is also formed first side wall
spacers on side surfaces of said first gate electrodes in
said first area.

45. A method for manufacturing a semiconductor

integrated circuitry as defined in claim 44, wherein



(g) for depositing third insulating filmin said second area so as to
cover said second gate electrodes and first side wall spacers; (h)
for perform ng anisotropic etching for said third insulating filmto form
second side wall spacers on side walls of said first side wall spacers in
sai d second area,; (i) for inplantijg first conduction type inpurity
to formsecond sem conductor area in asélf-matching manner wth respect
to said second side wall spacers in said second area; (j) for
depositing a high-nmelting point netal on the surface of said second

sem conductor area in said second area; . (k) for
performng a therm ggg% f -he L el :

sem conduct or area %%iéﬁm a hi g(g{)ntélgt P%g%%@t‘égl ﬁlcégﬁl J|’1ES::IE((§1£§Iqaaeycelrdetdher eon;
(D) Tor remvidg nep -dracked, bhailling PRLAY s BBLALE more thah Baid”
depositing fourth insulating filmin sal I rst area; ?n)éﬁor

form ng openi ngs.Jriy Salsdbicish aEe@ so that some of said openings overlap
on said first gate electrodes™ and part of the nmain surface of said

sem conductor substigtex hetEXPoEH madRFacturing( @) skdficbatirgsecond
conductor |ayer in each of said

integrated circuitry as defined in claim 4S5, wherein

said second insulating film is a silicon nitride film

and said fourth insulating film is a silicon oxide film.

st

47. A method for manufacturing a semiconductor

integrated circui-try as defined in claim 46, wherein
another proces;for polishing fourth insulating film
after said fourth insulating f£film is formed is added.
48. A method for manufactufing a semiconductor
integrated circuitry having memory cells, in each of which
first MISFET and a capacity element are connected serially;
and a peripheral circuit composed of second MISFET,
comprising processes
" .(a) for preparing a semiconductor substrate having
first area for forming said memory cells and second area for
forming said peripheral circuit;
(b) for forming first conductor layer on said
semiconductor substrate and first insulating film on said
first conductor layer;

(c) for patterning said first conductor layer and

first insulating film to form first MISFET gate electrodes

KA 0D O



openings in said first area, wherein sai d second conductor |ayer and
said first gate electrodes are isolated by said second insulating film

el ectrically. 49. A semiconductor integrated circuitry having
menory cells, in each of which first M SFET and a capacity elenment are
connected serially; and a peripheral cifggit conposed of plural second

M SFETs, further including a sem conductor substrate having first
area for formng said first M SFET and second area for formng said
second M SFETs; first gate electrodes formed on the main surface of
said sem conductor via a gate insulating filmin said first

- 152- ar edn S $9eanda ook @ril seLondamdraadeanl ferdRiBoruphREe  of
sai d sem conductor substrate via a gate insulating fil in said second

ar ea; fhr shignsukekangréd! mformed on said gate electrodes in said
first area and having the sane fiat surface as that of said first gate

el ectrodes; and secaid i gidh@&h@gffﬁétﬁboﬁéﬁﬁ’éﬂoﬁrtyﬁ@ég npeeeayg WAk rm

el ectrodes in said second area and having the sane flat surface as that of
sai d second ga@iestekemico8@Sctor area fid HaisePwidlchea dhea tenged at
both ends of said first gate electrodes respectively in said first area;
and second andtthing meemaronttsrespateas sat dekaindehbe endstebdes;

(e} for depositing second insulating film so as to

cover sald first and second gate electrodes;

(£) for performing anisotropic etching for said
second insulating film in said second area to form first side
wall spacers on side surfaces of said second gate B
electrodes;

(g) for depositing third ihsulating film in said
second area so as to cover said second gate electrodes and
first side wall spacers;

{h) for peérforming anisotropic etching for said third

- insulating film to form second side wall spacers on side
Fs wallé of said first side wall spacers in said second area;
‘ (1) for implanting first conduction type impurity to
form second semiconductor area in a self-matching manner
with respect to said second side wall spacers in said second
area;

(j) for depositing a high-melting point metal on the

surface of said second semiconductor area in said second

area;

Oy



sai d Second gate el ectrodes; first side wall spacers formed on side

walls of said first gate electrodes in said first area; second side
wal-l spacers formed on side walls of said second gate electrodes in said
second area; and a conductor |ayer fornmed on said sem conductor

substrate, coming in contact with said_{ifst sem conductor areain a

sel f-mat ching manner with respect to said first side wall spacers on the
mai n surface of said sem conductor substrate; wherein said first
sem conductor area is forned in a self- mtching manner with respect to
.said first gate electrodes, said second sem conductor area is forned in a

sel f - mat chi ng (k) for performing a thermal tredtm3it gor HHRNBEE b
respect to said second gate electrodes, and said third semcon uctor area

s formed in gesghiaMBted s dRMMaUNI #@3PR6! fhenSal H1539ﬂ89t§h&e wal |
spacers, and said first side wall spacer is narrowel than saird
second side waktaspagesilicide layer thereon;
(1) for removing non-reacted high-melting point
metal;

(m) for depositing fourth insulating film in said

first area;

(n) for forming openings in said first area so that
some of said openings overlap on said first gate electrodes
and part of the main surface o“f said semiconductor substrate
is exposed; and

(o) for forming second.condﬁctor layer in each of said
openings in said first area, wherein

said second conductor layer and said first gate
electrodes are isolated by said second insulating film
electrically. -

*ﬁél 49. A semiconductor integrated circuitry having
memory cells, in each of which first MISFET and a capacity
element are connected serially; and a peripheral circuit
compqsed of plural second MISFETs, further including

a semiconductor substrate having first area for
forming said first MISFET and second area for forming said
second MISFETs;

first gate electrodes formed on the main surface of

saild semiconductor via a gate insulating film in said first
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area; and second gate électrodes formed on the main surface
of said semiconductor substrate via a gate insulating film
in said second area;

first insulating film formed on said gate electrodes
in said first area and having the same flat surface as that
of said first gate electrodes; and second insulating film
formed on said second éate electrodes in said second area
and having the same flat surface as that of said second gate
_electrodes_; ) |

B first semiconductor area formed at both ends of said

first gate electrodes respectively in said first area; and
second and third semiconductor ar-eas formed at both ends of
said second gate electrodes;

first side wall spacers formed on side walls of said
first gate electrodes in said first area;

second side wall spacers formed on side walls of said
second gate electrodes in said second area; and

a conductor layer formed on said semiconductor
substrate, coming in contact with said first semiconductor
area in a self-matching manner with respect to said first
side wall spacers on the main surface of said semiconductor
substrate; wherein

said first semiconductor area is formed in a self-

matching manner with respect to said first gate electrodes,

said second semiconductor area is formed in a self-matching

R R )
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manner with respect to said second gate electrodes, and said
third semiconductor area is formed in a self-matching manner
with respect to said second side wall spacers, and

said first side wall spacer is narrower than said

second side wall spacer.
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