-1 - "A SEM CONDUCTOR MEMORY DEVI CE". The present invention relates to a
sem conductor nmenory device, and nore particularly to a dynam c Sah@mh\\{
actess nmenory (hereinafter referred to as a "DRAM'), and also to a netho
of 5 manuf act uri ng ‘a sem conductor nenory device. In order to make a &y
sem conductor nenory device of this MS (Metal-Insul ator-Sem conduct or) @j
type having a high operating speed and abhigh I ntegration density or
packagi ng density, it has 10 been proposed to enploy a high-fusing netal,
such as nol ybdenum (Md), tantalum (Ta) and tungsten (W, as the material of
the gate el ectrodes of the"AeSEMICONRUVCEOR NEMOREtIREVICE hat eri al s have the
advantage that they are lower in resistivity than polycrystalline 15
silicon, and the advantage that in form ng source and drain regions, they.
can be self-aligned |ikew sBhe¢ PHRFSRE yEREERFIRN sT¢1at3E Yheét efore, they

B o e RSl ol SSALEL Meh e Mal S0 A L PSS I,
e L SPLY SSRARRLE a0 St o bl A nd o o
above is 25 described,-}84tP§ PLLL1CHLRAM"), and also to a method of
5 manufacturing a semiconductor membry device.
| In order to make.a semicénauctor memory
— dévice of this MIS (Metal-Insulator-Semiconductor)
type having a high operating speed and a high
integration dénsity or packaging density, it has
10 been proposed to employ a high-~fusing metal, such
as monbdénum (Mo), tantalum (Ta) and tungsten (W),
as the material of the'gate electrodes of the memory
device. Such metallic materials have the advantage
that they are lower in resistivity than polycrystalline
15 silicon, and the advantage that in forming source
P and drain regions, they can be self-aligned
likewise to polycrystalline silicon. Therefore,
they are very effective for realiziné the high
 operating speed and high packaging density of the
20 'éemiconductor memory device.
Especially in the D-RAM, it is highly
desirable to achieve a high operating speed
and a high packaging density. A D-RAM employing
the metallic material referred to above is

25 described in the publication



-2- "I EEE Transactions on El ectron Devices", Vol. ED-27, No. 8, August
1980, p. 1602 - p. 1606. According to this publication, a polycrystalline

Si | ayer which is a first layer of wiring is utilized as the gate 5
el de of each of the insulated gate type field effect” transistors
(h nafter referred to as "M SFETs") of a peripheral circui't for

operating a nenory cell and as one el ectrode of the charge storing

capaci tor ofnfeEE ToER=actions @nd Fledtiron Devideds Wl.CIED-273 10

second layer of wiring is used as the gate electrode of a MSFET in the

menory cell
used only
menory cel

noted the f

nmx in a mdd scfinsty leyver-of wixing is utidd

metal film

cannot be obt ai ned.
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5 seasiony, BB AL R e, s,

cl ose adhesion with an [err] film | mpurities such as sodiumions which

zed @srdhe &ate t hrough the

If they reach the interface between Si and [err] they vary
t he ®hr esholelectirodge ofVieach ©f tthet imsvylefien (gatentypenlflieldharacteristics

of a peripheral circuit fer oberating a memory cell and

as one electrode of the charge storing capacitor of

the memory cell, and a molybdenum layer which is a

second layer of wiring is used as the gate electrode

of a MISFET in the memofy celi, that 1is, as a word line.
_Accordingly; the ﬁoljbdenum layer is used

only within a membry_array which is constructed of a

plurality of memory cells.

- In applying such high=fusing metal, we have

noted the folloﬁing problems:

The high-fusing metal film is inferior in the

close adhesion with an Si0, film., Impurities such as

2

sodium ions which mix in a manufacturing process are

liable to penetrate through the metal film. If they
reach the interface between Si and SiO, they vary
the threshold voltage (vth)' so that a MISFET having
stable characteristics cannot be obtained. This is

particularly the case for a MISFET which constitutes

_ This is particularly the case for a M SFET whi ch
constitutes gffect transistors (hereinafter referred to as "MISFETs")

-



-3- a peripheral circuit such as sense anplifier which is required to
anplify a mnute signal, in contrast wwth a MSFET within a nenory cell. In
thts case it was dlsadvantageous to use only the high-fusing netal ~1t \
the gate el ectrode of the MOSFET. Further, notw thstanding that a Al
| ayer made of the high-fusing netal is forned on a field insulating
havi ng been forned by applying the LOGOS3 (+ocal Oxidation of Silicon)

t echpi que which affords a 10 gentle step, the sane high-fusing netal is
enpl oyed for the sepenilpherahgcirageit swch hesceenser e hif ier [whidle o
occur in the position where the second wiring layer intersects with the
first wiring | ayerequsreddtagamplifie prbewte | siamlonin eorttast 5vigov ded
a sem conductor nmenory device including: a nenory cell array in which a
plurality of nennmysEéTlgltBthah@%mﬂﬁyaF%bbaci%%rtQ&ﬁi%ﬁﬁ?rﬁiﬂ%&%ﬂ gat e
type field effect sistor, are, forned nduct or nd are
arrayed in rows aﬂﬂ %@Yﬁ%ggé%saﬁ‘a ‘b%?l%gYaY r?r”c‘ﬁ? NS éﬁd‘?lasla as

associ at ed wnéht %9 $§F§r¥%§§%%° LT ay @ﬁg M%%ffbls constructed of

i nsul at ed gat Fansi stors Torned on said sem conduct or

body; wherein one electrodepggtggfh Rgtﬁp@hgggggiﬁgr§h5§ 5mw¥&l %qu vt
a

| ayer of polycrystalline 25 silicon which is forned on an insu ing film
formed on made of the high-fusing metal is formed on a field

insulating film having been formed by applying the LOCOS
" (Local Oxidation of Silicon) technique which affords a
lb gentle step, the same high-fusing metal is emplbyed for
the second w1r1ng layer, and hence, breaking is liable
to occur in the 9051t10n where the second wiring laver
intersects with the first wiring Iayer.
Accofding to the present invention there is
15 provided a semiconductor memory device including:
a memory cell array in which a plurality of memory
cells, each having a capacitor and an insulated gate
- type field effect transistor, are formed in a
semiconductor body and are arrayed in rows and columns;
20 and peripheral circuitry which is associated with said
memory cell array and which is constructed of insulated
- gate type field éffect transistors formed on said
- semiconductor body; wherein one electrode of each of
the capacitors is made of a first 1§Yer of polycrystalline
25 silicon which is formed on an insulating film formed on

said semiconductor body; and wherein a gate electrode



sai d sem conductor body; and wherein a gate el ectrode -4- of each of the
| nserated gate type field effect transistors of said nenory cells and said
eral circuitry is nade of only a two-layer structure conprising
sexdnd and third | ayers, which two-layer 5 structure is fornmed on an .
insulating filmformed on said sem condyctor body, the second |ayer being
constituted by a |lower |ayer of polycrystalline silicon and the third | ayer

bei ng constituted by an upper | gyer of high-fusin tal containing silio@h
wi t hout a 10C§UE§F§hF&éF1 ﬁ&ﬁ@ﬁﬁﬁﬁﬂ-ﬁﬁ§ﬁnéyﬁﬁt5FgP§§8§f8FFectIy t her eon
and wherein the saqurce or drai.n reai ons of .. said insulated gate.type field
ef f ect transF§F&ﬁ§%§9§sbP§€F§é§ P%%§§#a?§&&5cgﬁguéﬁi Bsaﬁpﬂﬁral

sel f -al i gnmeng; .\, 1. e t er p | 1'ine 15
silicon. TheQ:t)lrl'”\eM_s!"té."nri:tl%it r%\?eﬁ‘t%?dgng\?vi F’Fﬁ%g\(/;v l%gl%delsagfrefbglg#i%%)ég%gat er detail by
way of exanpl@ymprdilsimRf 3eRRnd badl ke iFSCAERAPY, NGhIdcRMERBS 1aRer ei N: -
Figure |Ais a partial sectional view show ng 70 a menory cell structure

W t hin the maErictairied )l soff ormedebfr afd iheulatfing F&MmCEBgMedOBnMENDIY

device; Figure 1B is a partial sectional view show ng the structure of a
M SFET whi ch siad & semdcanducterpbodyhethe second layer being

constituted by a lower layer of polycrystalline silicon
and the third layer being_constituted by an upper layer
of high-fusing metal containing silicon without a \;)
10 substantially pure high-fusing metal layer directly
thereon; and wherein the source or drain regions of
.said insulated gate type field effect transistors
are provided in said semiconductor body in self-alignment
with at least the second layer of polycrystalline
15 silicon.
The present invention will now be described
in greater detail by way of example with reference to
the accompanying drawings, wherein?- .
Figuré_lA is a partial sectional view showing ~
20 a hemory cell structure within the memory array of a
preferred form of a semiconductor memory-device;
Figure 1B is a partial'sectional view showing
the structure of a MISFET which is formed in the periphery

of the memory array of the semiconductor memory device;

25 Figure 1C is a partial sectional view of a
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of the menory array of the sem conductor nenory device; 25 Fi gure
1Cis a partial sectional viewof a - -5- portion in which a first |ayer.

of-wiring and a second |ayer of wiring intersect within the nenory array
the sem conductor nenory device; Figure 24 $ & circuit diagramof a 64 '

5 D-RAM Figure 3 is a plan view of the I1C chip of the 64 kb|t D
Figure 4 is a perspective sectional view of a nenory cell; 10

Figure 5 is a p@ogyidon e wbdchogalfirsdylayer afimwiniag anﬁlgumecﬁnds a
partlal perspective sectional view of a seni conductor device which

constitutes a pQayeicod wirityg tintérsect within the im@tiody’ aryay Riran Vi ew
of the nmenory array and dummy array; Flgure Is a plan view show ng the

Froure s 15 a pite celieopes My e 0 "B T Tat | ayer o
pol ycrystalline silicon m%ﬁhln t%?i@?@P@&rcuf@“diagram of a 64 kbit
5 D-RAM;
Figure 3 is a plan view of the IC chip of the
64 kbit D-RAM;

Figure 4 is a perspective sectional view of

U
a memory cell;
10 Figure 5 is a_perspgctiv? sectional view of a
dummy cell; |
Figure 6 is a partial perspective sectioﬁal
view of a semiconductor device which constitutes a
peripheral circuit;
15 = .Figure 7 is a plan view of the memory array
W, and dummy array; |

Figurela is a plan view shoﬁing the basic
patterﬁ of a field insulating film within the memory
- array;
20 Figure 9 is a plan view showing the basic
pattern of a first layer of polycrystalline silicon
:within the memory array;
B Figurg 10 is a plan view of the sémiconductor .

device which constitutes the peripheral circuit; and



“ Figure 10 is a plan view of the sem conductor device which constitutes the

iARsral circuit; and - 6 - Figures 11 to 26 are sectional views of
INkbit D-RAM during the various steps in the nmanufacturing process

. The present invention will be gescribed in 5 ° conjunction with

practicabl e enbodi nents, as applied tO & 64 kbit D RAM of the one-device

cell type. Referring first to Figure 1A two nenory cells are formed on a. .

P-type silicon substrBigut@s. 1ibte 26carei sektionalf wtews0dLothéi el d -

silicon oxide 10 Si2 for insulating isolation is fornmed in the-

substrate 184, xBi¥ bDORAMEAGFYngethé| ¢arioabestepsethi ¥Ry forned in the
upper surface parts of the substrate 101 surrounded with a field [err] film

105. 15 rr]. is constructed of a M SFET
whose sourc%a%% ‘ﬁ?%?%gpgﬁ?gﬁgaérEﬁk#?%§be regions 119 _ -7 - and 120

formed in the selecteg parlssdhe! ISveuEioh?ki11 be described in

5 conjunction with practicable embodiments, as applied
to a 64 kbit D-RAM of the one-device cell type.
Referring first to Figure 1A, two memory
cells are formed on a P-type #ilicon substrate 101. ¥
More specifically, a film 105 of field silicon oxide
10 8102 for insulating isolation is formed in the
substrate 101, and the memory cells M—CEIH-and M-CEL2
are'respectively formed in the upper surface parts
of the substrate 101 surrounded with a field 810,
£4i1m 105. |
15 . The memofy cell H—CEL1 is constructed

of a MISFET whose source and drain regions . -

are N*—type regions 119
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1017 ‘respectively, and whose gate el ectrode is a conductor |ayer of a =
mul tilayer structure consisting of a polycrystalline silicon |ayer 114 é;::)
a silicon-containing nolybdenum5 | ayer 129 that are forned through

gate Si2 film 109 on the surface of the sufgstrate 101 between the
[err]-type regions 119 and 120; and a charge storing capacitor whose one

el ectrode (plate electrode) is a polycrystalline silicon | ayer 108, whose

dishectric 10, ohVehol BoBRof 1 44l 0108:300 iaese ot el SlBghrgds 3 ¢

is an N-type i nvefSio ayer t7shown hat e ga
St film106. Onyphe PEgﬁﬁcﬁéqélythﬁnHEWBBEeC?aEe[%&%Ltb%a%0&§t%Uebﬁﬁueio?

M SFET whose source and drfai n regions are [err[-type 15 - regions 121 and

122 formed in thelggescbedapaulsithyebe sgphsturec cbibistangeeli webylyapgstalling
whose gate electrode is a conductor' layer of a nultilayer structure

consi sting of a psilytcyat Aklyere 144l andnal ajdd cbhécantaindingi modybdenuami ni ng
nol ybdenum | ayer 129 that are forned through 20 a gate [err] ilm109 on
t he surfaceSof thba$ebsﬂ29t&hgmlabetﬁeenedh¢hF®PSP-aysetﬁeéﬂ@asfiim and
122; and the charge_storing capacitor whose one el ectrqode_ (plate e|ectrode)
is the poIycrysta?P?n@nsFFPCSHrfﬁfér°£0$hewﬁB§§t€P§PeéPﬂlPeF&VQP thet he

[err] 111100 angewhose 28¢1ons°hR5' oHei2b9 50l o Bialgh! BEoblg ' 0"

capacitor whose one electrpde (plate electrode) is
a'polycrystalline silicon layer 108, whose dielectric

10 layer is an'813N4 film 106 and whose other electrode
is an N-tjpe inversion layer (not shown) that is induced
under the gate Si0, film 106. |

On the other.hand, the memory cell MQCELZ is constructed

of a MISFET whose source and drain regions are N'-typs

15 regions 121 and "122 formed in the selected parts of
the substréte 101, respectively; and whose gate electrode
is a conductor layer of a multilayer structure consisting
of a polycrystalline silicon.layer 114 and a silicon-
containing molybdenum'layer 129 that are formedlthrough

20 a gate SiO2 film 109 on the surface of the substrate
101 between the N+-type régions 121 and 122; and the
charge storing capacitor whose one electrode (plate |
electrode) is the polycrystalline silicon layer 108,
whose dielectric layer is the 313N4 film 106 and whose

25 other electrode is the N-type inversion layer induced
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-8- under the gate [err] film 106. As_apparent fromthe figure, the

poly talline silicon | ayer 108 serves as the comon el ectrode of the

capa rs in all the nmenory cells. The N-type 5 inversion layer -is -
i nduc by applying a supply voltage [erL]stg this polycrystalline silicon

| ayer 108. Although the common el ectrode of the capacitors is nmade of the
polycrystalline silicon |layer of conparatively high resistivity, it does .
not affect the operating speed 10 of the DDRAM at all because the -

mul 11 ayer ot MR E0s RAIRE o+ T2y 115 118" 120) s SPPe Gat e el ect rode of -
Lhe M STET and is oGl 400l U Fneckl 8l WOLfl! bR yecyddal 1 1ne

Formed on the nmult ructure conduc ayer as—an

| nter-layer | nalRidd'd dyd 168 % £P0SR s Sthe CebiinBhAatet Exbliel bEM 118,

which is overlaild wth ine DL that 1s ma f alumniumand that is

connected to tdhe Nagaditd®i DM Sall otR80mdddry20ells. The ﬁ’EfzyPéi ng to
Figure 1B, a single MSFET is forned on the P-type silicon substrate 101.

- By way ®f exanpiversivrs MygEfrHdabndusedobycapptging, adsapplyegblbaggat e
insulating film and gate el ectrode made up-of an N+ -type region 123,
[err] type redicen tieahigmtpolyerystal hineosilhdoaslayer ¢08ducAdthbugbr of
a miltilayer %ﬁﬁffﬁ;ﬁ;%é“ﬁ?iéﬁ}éﬁé of the capacitors is made of the
polycrystalline silicon layer of éoﬁparatively high
resistivity, iﬁ does not affect the operating speed
10 of the D-RAM at .all because the fixed voltage (supply
voltage Vo) is normally applied tﬁere:o.
| The multilayer-structure cbnductor layer (114, 129) is
the gate electro&e-of the MiSEET and is also a wiring
layer called "word 1ine".
15 Formed ‘on the multilayer-structure conductor
layer (114, 129) as an intef-layer insulating film
~is a phospho-silicate glass (PSG) f£ilm 118, which is
overlaid with a data line DL that is made of alumi%@m \;j
~and that is comnected to the N+—type regions 119 and 122.
20 Referring to Figure 1B, a single MISFET is formed
on the Pntype_silicon subétrate 101. By way of example,
'thié MISFET has its source region, drain region, gafe
insulating film, and gate electrode made up of an N+-type
region 123.'N+vtype region 124, gate Sidz film 109, and

25 conductor layer of a multilayer structure consisting -



Y

of & -polycrystalline silicon layer 11-4 and a silicon- containing

nol ybdenum | ayer 129, respectively. The sanme nmultilayer-structure
conductor layer (114, 129) as that of the gate electrode is connected t
the 5 N -type region 123, while a conductor layer (wiring |layer) 12
made of al um s connected to the [err]-Lyge.region 124. The M SFET of
.such structure constitutes a peripheral circuit, for exanple,a sense
anphifier. In the following, there will be stated effects 10 whi ch are
attai ned by the cepskrpeliyopyeftaliiéngr aiddiconndayeron:14( Endllae sididohi-ne
and the gate electrode of the M SFET in the peripheral circuit can
sufficiently enducenthiéningpmedybdenui layenr 11294 frfespestivel yf.or flheg t he
15 source and drain regions, and their principal constituent is the

hi gh- fusi ng met al semeemnatidayeswstayicdung opnductor deyerdi(iddy A899i bl e
to formthe source and drain regions in the selected parts by enpl oying the
gate el ectrodes a§$atﬁ&§k9fsEhPh&Ptﬁhé188iﬁﬁﬁﬁn§saﬁ€§%2§ted t°om?’lehe

M SFETs b L. Accordi , hi,ghl d RAM h

Sbin med o oo I stypengeRigraizs, Bplad sl sRRatiten, dae (¥iriter raw
onta | R perat o st ¢ _ K |
the reststivity otSVRE)niPd Paderss, 91l 43S cBloc MY 3o°RA ;wffﬁéo
to 150 [err]cm wheghohsS12QQut TRREMISHEST of such structurelm

a peripheral circuit, for example,lsense amplifier.

N~ . In the foliowing, there will be stated effects
.10 which are attained by the construction of the present
invention:

(1) The'mord line and the gate electrode of the
MISFET in the paripheral-circuit can.sufficiently endure
the temperature of.impurity diffusion .for forming the
15 source and drain fegions, and their principsl constituent
is the higﬂ-fusing.metal material of low resistivity.
It is accordingly possible to form the source and
drain regions in the selected parts by employing the
_ gate electrodes as a mask, so that the occupying area
20 of the MISFETs becomes small. Accofdingly, a highly
packaged D-RAM can be obteined. 1In addition, the
operating speed becomes higher than in a D-RAM which
uses palycrystalline silicon for word lines etec. More
- specifically, the rasistivity of the mﬁltilayer-structure

25 conductor layer is 80 to 150 FQ-ém, which is about one order
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- 10 - lower than the resistivity of the polycrystalline silicon used in

th por-art D-RAM  Accordingly, a DDRAMwhich is shorter in the del ay

ti " signals than the prior-art D RAM can be obtained. 5 (2) -
As the word line, there is enployed thagcanductor | ayer of the nultilayer
structure consisting of the polycrystalline silicon |layer and the

hi gh-fusing nmetal |ayer fornmed thereon. That is, the |ower conductor |ayer

~of the word | hggerS tERAC tie QESHQQﬂyﬁﬁﬁnéfﬂﬁﬂéiﬂg%ﬁé?ystalfﬂﬂécon | ayer

which is good in the step coverage and the cl ose adhesion to an insul ating
film especiakhiyikenr hslkid An AbopHikd-arteNRMEN Ad¥bidimiTy,ayer
insulating filmbetween the plate el ectrode of the capacitor being the
first layer aedD-RaMwwhdchi ds Shorter Hei rihe hdelugy onidnd ayfersigndler med to
be thick to the end of reducing the capacitance between |ines, the breaking
of the word | theni $hgi priigm-arto DodAl carhdte iahtadmedahen the step S from
t he surface of the(g%te [err] film109 to_the surface of the inter-I|ayer

[

i nsul a®i ng 20 | S1 EDeh ¥oade d inesg dher & Hew il gy efliridel condies tor
e St ucr oo gL banel, A2 dnel s e el e 1o
Lores, sutl! opaibbkvhipit sy shan iy W QR SR Voo
metal layer'fonméd thereon. That is, the lower conductor
layer of the wqrd.line is_made up of the polycrystalline ‘;?

10 silicon layer which is good in thg step coverage and

the close adhesion to an insulating film, especially

8i0, film. ACcordihgly, even when the inter-layer

insuiating fiim between the plate electrode of the

capacitor being tﬂé first.lajer and the word line
i5 - being the second layer is formed to be thick to the

end of redﬁcing the capacitance between lines, fhe

breaking of the word line is difficult to occﬁf. That

is, even when the step S from the surfaée of the gate

8102 film 109 to the surface of the inter-layer insulating \;}
20 film 110 becomes large as shown in Figure 1C, the

multilayer-structure conductor léyer (114; 129) used

as the word line is difficult to break. Therefore,

the inter;layer insulating film 110 can be'formed

sufficiently thick by, for examplé, the CVD (Chemical

v :
25 Vap?r Deposition) process without relying_on the oxidation



of the polycrystalline silicon | ayer 108 used as the plate electrode. 1In
consequence, the capacitance between |lines becones |ow, 80 that the tlne
constant of the word |ine becones small and that the propagation 5
delay tinme of signals is sufficiently shoq?eged On the other hand, in
t he conductor layer made only of the high-fusing metal material is enpl oye
as the word line as disclosed in the literature mentioned before, there is
t he\pr obl em t hat B?etﬁgr90&&@%y§%§§&§n§05111cohnl%ﬁ%rpab@ i3 edhiagh thige
plate el ectrode of the capacCitor and the word line intersect. 'The reason
is that the condughatel ayeetwode.be IThocond elyenee, dhHe@apaciftancieke, so
the step coverage of the word line is inferior. Mreover, the conductor

| ayer is bad in tbetekemclihes becaieesilow,t aot [thad Ghef itiime céanadeditngl y,
the inter-layer insulating filmbetween the plate el ectrode and the word
line cannot be t hpEkthedwoedndinaehelcpmesy smaideanchdhadsithea propegation
word line ig nmade | gw by the use of the high-fusing netal material, the

capacitancé§20 delgy: kimg Pfn&iepadsndé H%%ﬁé°%ﬁﬂ$¥ﬂu§hﬂq¥§n@@nstant of

the word |line does notobe g iﬁff'ﬁ gf é snal | herefg# 3

propagation del ay timeBf “8PgRAPET] & F88i% qﬁ? 8F5F The

hi gh-fusing netal jLaye b u Y t yer

of t he nultllayer- ?%uépgsgb¥ QEQ Hﬁkﬁ ?5%1%% metaTM%églﬂfil H% %RB&By%ﬁ_
as the word'ling as disclosed in the literature mentioned

W before, there_is thg problem that the_wordlline breaks
10 in the part in which the plate electrode of the capacitor
and the word line intersect. The reason is that the
conductor layer must be formed by sputtering or the
like, so the stgp coverage'of the word line is inferior.
| Méreover, the conduétor layer is bad in the clo§e
15 adhesion to the 8102 film. Accordingly, the inter-layer
insulating film between the plaﬁe electrode and the
word line cannot be thickened. Consequently, even
when the resistance of the word line is made low by
the use of the high-fusihg metal material; the capaciteance
20 betweeh lines beccmes large, and the time constant
of the word line &oes not become sufficiently small.
Therefore, the propagation delay time of signals is
not sufficiently shortened.
(3) The nigh-fusing metaljlayer (molybdenum'layer)

23 which is the upper layer of the mﬁltilayer-structure



-12- conductor layer contains the sem conductor (silicon) which is the sane
mat e as that of the lower layer. OnMng to this sem conductor, the-close
adhe bet ween the high-fusing netal |ayer of the upper |ayer and the .
sen1c---uctor | ayer of the |ower layer is ensured. In order to prevent both
the |l ayers from bei ng separated by any-hg® L reatnent, for exanple, thernal
diffusion, after the formation of the nultilayer-structure conductor |ayer,
the Si content of the sem conductor |ayer should 10. preferably be g
about 40 wei ghdeoriéwetomrkayér) cSnBaling stheceembcontdetors (efpiogrd as t he
dielectric of the charge storing capacitor. The specific inductivity of

Si 3N4 i s aboutwhiiblies t tle s4mée¢ anatenhathassthstapfytheedouert heydrel ectric

of a capacitor. Therefore, 15 t he capacitance per unit area of the.
capaci t or errpl%’%ﬁg &g iy sswa#'@%ndwstarr ethet c1ppe sdbapjpngbateeent the

ahoved. (%) e qﬁ?@%ﬁ%ﬂ%’é&ﬂ%ﬁ% of nohPoupReTy H?g?{;g”@&zlgobe
i oot vont act™Hg et e LR aveF oL b %%2998%%%'913 SBREBouc o
substrate. ACCﬁIQixﬂﬂézy té*}f‘ré@é/rxﬂg %QE%tEﬁesf&gﬁf i‘%ﬁﬁa BEJ. %angégfgngm

made versatile. e pres
by any heat treatment, for example, thermal diffusion,

after the formation of the multilayer-structure conductor
layer, the Si conﬁent.of fhé_semiconductor layer should %QJ
10 preferably.be abouf 40 weight-% or more.

(4) Sl _4 (silicon nltrlde) is employed as the
dlelectrlc of the charse storing capacitor. The specific
1nduct1v1ty of 813 4 is about double that of 8102 which
is usually used as the dlelectrlc of a capacitor. Therefore,

15 the capacitancé per unit areé of the capacitdr émploying
| Sl3N4 is large. As a result, the occupying area of
the capacitoré can be feduced, and the high packaging
of the D-RAM can be achieved. )
(5) Since the second leyer of wiring in the multilayeghd
20 structure overlies the poljcfystalline silicon layer,
it is éapable of direct contactlwith the sémiconéuctor
regions formed in the semiconductor subétrate. Accordingly,
the layout of the sgéond layer of wiring can be made
#ersatile. . o

25 B&u&#“{he 64.kbit D-RAM of the present embodiment



-13- will now be described in greater detail. Figure 2 is a circuit diagram
of the 64 kbit D-RAM according to the present invention. The princi pal
portions of this DRAM are a nenory array M ARY which 5 i s. conposed

a plurality of menory cells [err] and peripfgral circuits, i. e., a sense
anplifier [err] a dummy array D-ARY, a colum swtch [err], a row decoder

and, col um decoder - DCR, an addrega Suzagr QB%F data input buffer DIB,

and\& data out put _huf ?’§§B. e € is an area where the

memory cells [err]"% { SRS tﬂﬁ or St oring @ah infornation gat her,

and the peripheral cirgui fs ' | e nmenory
Flgurd Y iy 1} meqw%i%@ﬂa& ﬁfﬂeecé‘t g1 e

cell M CEL and readi ng, 1 fying a I verl e Informati on. Mre

specifically, 15 p-raM bR ARG thePhEsen | IAPStici) | B fohdi

outside an IC, into proper signals and then transmts the converted signals
to the RGC-DCR Onpoigikany ooftHie - mNate, a hemdiy QTS| 10cABY aire chor d

line, e. g.,_ [err] and a pair of data lines DL 20 and DL
cor r espondi ﬁg to dre coniposedwift ch.pluielki teaf tmemory MEELS | M- GlElsp et
The M CEL stores the information in the formof the presence or absence of
charges in a char gerdphensg cFpiitter, Gs. aers S¢pae MBREL¢RI$4,4 s
turned "on" by the~signal appl i ed ) .

_ ad y array D-ARY, a column switch G-SW1, a row decoder

and column decoder RC-DCR, an address buffer ADB,

QM} a data input buffer DIB, and a data output buffer DOB.

10 ' The M~ARY is an area where the memory cells M-CELs

each being a unit for storing an information gather,
_and the peripheral circuits_pefform such functions.

as selecting one memory cell M~CEL and reading, amplifying
and delivering the information. More specifically,

15 the ADB conerts address signals A, - A, and A; , - Aj
entered from outside an 1IC, into proper signals and then
transmits the converted signals to the RC-DCR. On
the basis of these signals, the RC-DCR selects one
word line, e. g., WL1_2 and & pair of data lines DL1__1
20 ahd 5f1_1 corresponding to one column switch. As a

result, one M-CEL is selected. The M~-CEL stores the
information in the form of the presence or absence of

charges in a charge storing capacitor C When a

s.
gate MISFET QM is turned "on" by the signal applied
25 to the WL,_,, the information is read out onto the DL, ,



t hef min which the charges in the [err] are discharged. The SAl )
anpNLif'es the read information, and thg, amplified information is delivered
via the DOB. Now, t.he |layout pattern of the 64 kbit DDRAMcircuit shown in
Figure 2 will be described with reference to Figure 3. Two nmenory arrays
[err] and [err] each being constructed of a plurality of nmenory cells

M CELs are ardangde dorum din whifcla e pchafgey wm ctipy Ghoare 6di YeHdrged. ~Qf/
the area of the chip. 1I1n the peripheries of the menory arrays, there are
arranged as i Theh&4 iagpld fiites pgre prredl infomuatiornhowrd | theriappified
nanmely, sense anplitiers [err],. row dgco_der%%e]rar and [err] colum

swi t ches [err PRERdm@bdAp 5 delivgred vig A * D- ARY2 whi ch correspond
to the respective nory. .arr.ays, and addr gss, buffer ol umm
decoder G DCR ‘a ddP¥s rdftf 1aauy Regrerh of debe %%ﬁ&ﬁ%%%hf' DOB whi ch
s conm®n to Q[ r . 5 ' tr | ' e
2, in the MAE%%CE%@QWay 0 el%n%y%r% 1'\'/\]/E)]F]('j tf? n%éggwiéégt%#&fﬁﬁé%%m e
[err] intersegl Wilghnreo6 data lines[err] which extend fromthe C DCR and

through the [err]Jas well” as the D ARY
Two memory arrays M—ARY1 and M-ARY2 each being

25 %% to the [err] the information is read out onto the [err] 14 - in

constructed of a plurality of memory cells M-CELs are
arranged centrally of a.chip. They occupy about 60 %

10 of the area of the chip. 1In the peripheries of the

' memory arrays, there are arranged as- in the figure

the periphérél circuits shown in Figure.z, namely,
sense amplifiers SA1 end SAZ’ row decoders.R-DCR1
snd R-DCR,, column switches C-SW, and C-SW, snd dumny

15 arrays D--ARY1 and_D-ARYé which correspond to the respective
memory arrﬁys, and an address buffer ADB, a column
decoder C-bCR,.a data input buffer DIB and a data
output buffer DOB which is cormon to the two memory
arrays. S | “J

20 As illustrated in Figure 2, in the M-ARY, by wey
of example, 256 word lines WIs extending from the R-DCR,
intersect with 256 data lines DIs which extend from

the C-DCR and through the C-SW, as well as the D-ARY1

1
in. a manner to be oi-thogonal to the WLs. One M-CEL

25 is m::(in correspondence with each point of intersection.



correspondence with each point of intersection. - 15 - As shown in

Figure 3, the W. is nmuch longer than the DL. Therefore, it is indispensab

to the fast operation of the DDRAMto shorten u@e.propagatron delay tine of -
a signal on the W.. 5 In addition to the above referred to

O L 1T e Y BRI R e L1 el ?@é‘é?a s 2]
geﬁérsaggel um aqgressf) srgg&l a.%prl?htor CAS-. SG, at%ASJ_lsaégems &Ponv c

BB Al ong the upper edge and | ower edge of the chrp, ‘bondi ng pads P- RAS,
P-WE, [err] [errthe DxRAM oo shonten propagatiiondedaysitdme o B RAM | C
into the IC chip are arranged as shown. A preferred structure of the 64
kbit D-RAM W | | gignaleosicttel W] in greater detail with reference to
Figures 4, 5 and 6. 20 Referring to Figure 4, the structure

of ‘a singe menory cell MrgFladditdlon4s thedbive 3eF2 YePletrcults,

in-a-nanner to be orthogonal- to the W.ss. One M CEL 25 S rjiégéb

there are arranged a read/write signal generator

R/W-SG, a RAS (row_address)'signal generator RAS-SG, a
RAS-system signal generator SG‘. a CAS (coiumn address)
signal generator CAS-SG, a CAS-eyetem signal generator

10 SGZ, e main amplifier MA and a V.

BB voltage generator

Vpp~G- - : |
Along the upper edge and lower edge of the
chip, bonding pads P-RAS, P-WE, P-D, ., P-Vgg, P-CAS,

P-D ., P-V., and PBAO to PhA7 for introducing inputs

out cC
15 from outside the D-RAM IC into the IC chip are arranged
as shown.
A preferred structure of the 64 kbit D-RAM
will now be described in greater detail_with_reierence
to Figures 4, 5 and 6.
20 ' Referring to Figure 4, the structure of a
| single memory celi M-CEL, includes: a P-type semiconductor
substrate 1, a comparatively thick insulating £ilm 2
(hereihafter referred to as a "field insulating film")

made of Si0,, a comparatively thin insulating f£ilm 3

2



te 1, a conparatively thick insulating film2 (hereinafter referred
h "field insulating film) made of .Si2, a conparatively thin
sUfgting film3 -16- (hereinafter'ra eftfed to as a "second gate

inswating film') made of [err] a nmultilayer insulating film 37

(her ei naf t e{ herednadtetrorefexred tot agage "secons igatef insulatdng of an
[err] filmand an [err] filmoverlying it, 5 [err]-type

sem conduct @1 1m®)i @ade’t oINSiD,,,2af multifelyer insulatingsifiilen’7l ayer 6, ae
N-type surface inversion Iaye? 7, a second polycrystalline silicon |ayer 8,

s TR e R, 3 i e e iy ety

Tayer The M SFE In the
single menory cell, M Al S _SUDSLI §f,e 0 SQUNCE I Q] L@ n region,
gate insula Pt ﬁf’acghd;a?éhﬂ &’h %@egﬂ‘@%ma‘ﬁ%&%ﬁé@r’ef erred to
LertBotype Somiypeisendcondaesars regions & aithd iR dines patyesvsterianend
err ype ; g n
a multilayer electrode consisting fo the second pol ycrystalline silicon

| ayer 8 andsifdcon layercbipt anniNadype swrndiace [inmersion deyesc,vael y. The

mul tilayer electrode is used as, for exanple, the word line . shown in

Figure 2. sEh%n&Opolgo@lyUﬁaﬂ.ﬂ.umel ‘a1 cbh Qayercisyd d endliybdesium - t ype

sem conduct or -regi on is used as, for exanple, the data line [err
layer 30 containing silicon, a PSG (phospho-silicate

glass) layer 9, and an aluminium layer 10. .
10 The MISFET QM in the single memory cell M-CEL
has its subsfrate, source region, drain region, gate
insulating rilm'and gate electrode formed from the above -
réferred'to P=-type semiconductor substrate 1, Nf-type
semiconductof region 4, N*-type semiconductor region 5,
15 second gate insulating film 3 and a multilayer electrode
consisting fo the second'polycrystaliine silicon layer 8
and the silicon-=containing molybdenum layer 30; "o
respectively. . The multilayer electrode is used as, for

example, the word line WLH shown in Figure 2. The

-2
20 aluminium layer 10 connected to the N’-type semiconductor
region 5 is used as, for eiample, the data line DL1_%.

shown in Figure 2. | |
On the other hand, the capacitor for storage

(information storing capacitor) Cg in the memory cell



shown in Figure 2. On the other hand, the capacitor for storage

(information storing capacitor) [err] in the menory cell -17- M CEL pgas._
its one electrode, dielectric |layer and other el ectrode made up of the
first polycrystalline silicon layer 6, first1gate insulating film37 and
N-type surface inversion |ayer 7, respectively. Since the supply voltage

5 [err] ISMGDELIhdstQtshonélexecpnbde;ydialéctniellayen angeotherit
i nduces the N-type surface inversion layer 7 in the surface of the P-type

seni conduct or Sﬂgééfﬁ%&elmﬂ&énﬁptSftﬁﬁefffigteﬁ&fﬁ%r&?ﬁ&!ﬂbnéhﬁiiﬁééﬁ gate

insulating film Referrin to Figure 5,

eoions 11 1o (Ve or FIERE EptE; el ?yﬁiéﬁﬁfﬁ%dﬁﬁéﬁ

first gate |nsulat|n f|In138 cgnsi stin n SiR . filmand an Si NA_film
overlying 15 nvgr pnnlayeE iur?ﬁﬂﬁegﬁ%ﬁ?i Yon I§}BFelﬁhes§BBHHY voltage

polycrystalline silicon layers 17 and 18, nol ybdenum | ayers. 31 and 32
containigg sili¥ ¢e isnspphiedutonthen £iyat n@lyﬁrmstﬁ;lipergiliconn t he
single dummy cel "D-CEL 20 - has its substrate, drain region, source
region, gate inyayeri6g itl ihaudegathecNstipedgurtdceuinvérsion layer 7
in the surface of the_P-type semicopductof substrate 1
owing to the field'éffect_through the first gate
in#ulating film 37. | |
10 Reterring now to Figure 5, the structure of
a sinéle dummy cell D-CEL includes: N*-type'seniconductbr
~regions 11 %o 14, a first ﬁolycrystﬁlline silicon
layer 15, a multilayer firét gate insulating film 38
-consisting of an Sio2 film and an 813N4 film overlying
15 it, an N-type surface inversion layer 16, second.
:polycrystqlline silicon layers 17 end 18, molybdenum
layers 31 and 32 containihg gilicon, and an aluminium
layer 19. _ |
. A MISFET Qn, in the single dummy cell ﬁ-CEL
20 hag its substrate, drain region, source region, gate

insulating f£ilm and gate electrode made up of

the P-type semiconductor




. the P-~type seni conduct or substrate 1, [err] -type sem conductor region

11, -type sem conductor region 12, second gate insulating film 3+-and a
mul t er electrode consisting of the second polycrystalline silicon |ayer .
17 ant”the silicon-containing 5 - mal ygdenum | ayer 31, respectively.

This multilayer electrode extends on the P-type sem conductor. substrate 1
as, for exanple, a dummy worgd line [err]2 shown in Figure 2. The al um nium
| ayer 19 conneuttetnate hts NV -tijee seemiopadee berreggben 111 exlenti¥Pon the
P-type 10 - semiconductor supstrate 1 as, .for exanple, the dupmy data
line DL . sh@&anispngugier region ster #pong $ﬁEedb%lé‘é%P8 B has its

bstrate, drgj ' ' te i ti fl d t
cl'ect 1 ode mmdg upbe - EETEE cEF Braf: Srnaietine"dr, of LFReqtE ©
_t 1 H . _ . d . ;
Lo 1] tyPe SN O 180 o FReoh L EyehYOT 3R EAUMELSEoheBbolting
second gol ycr)ﬁﬁl%}ﬂdé}ﬁn&'iéf&ﬁ ?f‘}’ef-eiﬁeéﬁﬂvéff.s' ‘I’hi‘@nmﬁ&?ﬂi@i;?wg ,
nol ybdenum | ayer “32, respectively. This nultilayer 20 el ectrode is

supplied W th gleltrdidd 0ex Seide| oh ethe PLOYPei SemiOonauotdresubserdveny
cell D-CEL in Figure 2. A capacitor Cds in the dummy cell D-CEL has its one

electrode,'did<a§;iﬂnﬂeamamphd,oaheumnyeubrddminadawny_gfsthnfirst
pol ycrystalline silicon |ayer t _ _
in Figure 2. The aluminum layer 19 connected to the

N+-type'sem100nductor region 11 extends on the P-type
10 semiconductor substrate 1 as, for example, thg dummy
data line DL, _,
A MISFET Qp, in the dummy cell D-CEL has its

shown in Figure 2.

substrate, drain region, source region, gate'insulating

film and gate-electrode made up 6f the P-tyﬁe semiconductor
15 substrate 1, N*-type semiconductor region 13, N+-type

semiconductor region 14, second gate insulating film

3 and a multilayer electrode consisting of the second

polycrystalline silicon layer 18 and the silicon-containing

_molybdenum laye?'32, respectively. This multilayef TG
20 electrode is supplied with & discharge signal ¢ﬁc

shown in, for example, the dummy cell D-CEL in Figure 2.

A capacitor C s in the dummy cell D-CEL has its

d |
one electrode, dielectric layer and other electrode
made up of the first polycrystalline silicon layer

25 15, first gate insulating film 38 and N-type surface




- =

25" 15, first gate insulating film38 and N-type surface -19- _
I nversion |ayer 16, respectively. Since the supply voltage [err] is =

applied to the
N-type surface
sem conduct or

5 .
first gate insulBYeFRLon| Lager

first polycrystalline siligog?lgyer 15, it induces the
i nversion layer 16 in the surface of the P-type

substrate owing to. the field effecf. throu t he
éﬁgu?%gB ?Elg?ﬁﬁrtiaﬁiﬁﬁ?s et Y ctional

vi éw whi ch shows the structure of devices in the eriEheraI circuit that is

formed in the peolbége\Voi iscapphied to the fitray po

takbime RAM for

exanpl e, an active restofé AR that is shown in Figure 2. The devices in

t he peri pheral

to 23, second pol ycrystal

§11Leon quei-mspdﬁ: r Dndhees | the PN-tepe courfater ineersion 20
ine silicon layers 24 to 27, nolybdenum | ayers 33

to 36 Contai”i”ﬁa§é%if6"&n1@he suﬁfgc@”of;ﬂﬂ%gbf?¥ﬁ§y§ém£§on&hé%§FET Q in

the active restore

err] shown 1n Figure ubstrate, source

he P tyBe som SORRBRREE T peierke 18ne rIbIR aBPGe LRECUBRC AR £ife”

the P-type sem

region 20, [err]-type sem conductor region 21, second gate insulating film
3 and a nmultil aftecinenlabingofiimi$8y of the second pol ycrystalline
silicon layer 24 and the silicon-containing nolybdenum | ayer 33,

respectively.

10
15
20

Figure 6 is a partial perspective sectional
_view which shoﬁs th; structure of deviées 1ﬁ the ﬁeripheral
circuit that is formed in the périphery of the memory
array M-ARY of the D-RAM, for example, an active
restore AR1?that is shown in Figure 2. The device§ in
the peripheral circuit are formed from N’-type semiconductor
regiohs 20 to 23, se;ond polycrystglliﬁé silicon layers
24 to 27, molybdenum layers 33 to 36 containing silicon,
and an aluminium layer 28.

A MISFET Qgg in the active restore AR, shown
in Figure 2 has its substrate, source region, drain
region, gate insulating film and gate electrode made up
of thé beyﬁg semiconductor suﬁstrate 1, N+—type

semioonductor region 20, N+-type semiconductor region 21,

- second gate insulating film 3 and a multilayer electrode

consisting of the Second polycrystalline silicon layer 24
and the silicon-containing'molybdenum layer 33, respectively;

A MISFET Qsh in the active restore AR1 has its



ET [err] in the active restore [err] has its -20 - substrate,
g\region, drain region, gate insulating filmand gate el ectrode made

up \dXt/he P-type semiconductor substrate 1, [err] type sem conductor region -
€rr]-type sem conductor region 23, sed@hd=-gate insulating filmb5

3 and a nultilayer electrode consisting of the second pol ycrystalline
silicon layer 27 and the silicon-containing nolybdenum |ayer 36, :
respectively. sultsiteahd t iseyrge eﬂ'QEiCP@dedr%llSup%i@ds véa te ainsela ting est oRgy
control signal [err] shown in Figure 2. rg A capacitor [err]

in the active fidst and [&at4eg qﬂe%c'ﬂf%d%rféa@te‘é!;]r@)%lethﬁdl’dt@%c%¢¢ﬂe<l=?fa®1€¢t¢iade
f | | a | t t

oFi Pcon Tayer SEEHRRtand milf | COTPS FEBFoE O?a S0 eS CReRLAE | SN Saeyehd ¢ he
d

o eolroda T At didi kel G, 14503 gote inaylatiiR 1LY

el ect sode whi ah éx%polﬁs%mlt zgaéfeﬁze&&éoggnﬂigﬂ?% f[SFﬁI? [seé&%rhe A part

. 25a of the secon ycrystalline silicon | ayer i'ng above

mul tilayer el ¢&inR4gdtaldiitRetddZbn layes OINEFAEIES H‘Plé\a'nlé/d}?talnln%
sem conductor region 22 of the M SFET [err] The reason is that, when the

second- pol ycrmgludemmsulam 36y eresivectivély. [e-mis tivpEt BBy &onduct or

electrode is supplied w1th an actlve restore control

signal ¢bg shown in Figure 2. - : -
10 | A capacitor Chyq in the active restore AR, has

its one electrode and dielectric layer made up of a

multilayer electrode consisting of the second polycrjstalline

silicon layer 25 and the silicon-containing molybdenum

layer 34, and the second gate ineulating_film 3; respectively.-
15 The multilayef electrode is continuously connected |

to the already-stated multilayer eleetrode which is

used as the gate electrode of the MISFET st. "A part

25a of the second polycrystalline silicon layer 25

constituting the above multilayer electrode is directly W
20 connected to the N+-type semiconductor region 22 of N

the MISFET QS4° The reason is that, when the second

polycfystalline silicon layer 25 and'the'N+-type semiconductor

region 22 are connected through an alumiihm wiring

layer, the contact area betweeQ the second polyefystalline

L
23 silicon layer 25 and the alumiqhm wiring layer is necessary,



regton 22 are connected through an alumnium wring l'ayer, the contact

area between the second pol ycrystalline 25 silicon |ayer 25 and thke
alumnium wiring |ayer is necessary, -21- so the wiring density c'
be enhanced. Accordingly, the connection-n2hns stated above is adopted_fo

enhancing the wiring density. The other electrode of the aforenentioned
capacitor 5 [err] is forned by an inversion |layer which is fornmed in

heNsur f f th ' d b 1. This | ' | |
establ | shed by a 901 TALCVLT | ST bET 1 epaPE: P, BpbaREedr oaaolfRindly,

10°° = % o or o€ A4 EEor Inding bt RATTRBTE, SATA4ORER) £0F Dol

restore control SiKE“%iﬁfﬁéﬂdéﬂbfiﬂyre 2 is applied, though the region is
not shown in Figure 6. A nultilayer el ectrode consisting of the second

pol ycrystal line silicomé aygienbe B¢t 68e SbLi €R8- 600F8nBhBY0ABA capacitor
nmol ybdenum | ayer 35-is one el ectrode of a capacitor [err] shown in Figure

2. A partd of the i1sayPormédchy osie isvelrsionl Jagennshiel i9 féwmsdurce
region of a M SFE S shown in Figure 2, likew se to the capacitor [err]
whil e the other pertthe swrfaceif|theosemicondunhert subsbrabe Yat eThis

el ectrode of a M SFET 7 Referring now to Figures 7, 8, 9 and 10, | ayout
inversion layer is established by a voltage supplied

to the multilayer electrode. The inversion layer
W, is continuous to an N+-type semiconductor region which
10 'is.férmed in the semiconductor substrate 1 and to which
the active restore control signal %ps in Figure 2
is applied, though the region is not shown in Figure 6.
A multilayer electrode consisting of the second
pdlycrystalline silicon layer 26 and the silicon-containing
15 molybdenum layer 35 is one electrodé of a'capécitor
Cpi2 shown in Figure 2. A part of the multilayer
electrode is directly connected to the source region
of a MISFET st shown in Figure 2, likewise to' the
capécitdr CB11, while the other part is continuously
20 conhected to the'gate electrodé of a MISFET QS?’
Referring now to Figures 7, 8, 9 and 10, layout
patterns in the 64 kbit D-RAM will be described.

The layout patferhs of the mémory array M-ARY

and the dummy array D-ARY will be described with reference



patterns in the 64 kbit D RAM wi || be described. The |ayout patterns of the

menory acray MARY and the dummy array D-ARY will be described with -
ref erl@peg -22- to Figure 7. The nmenory array M ARY shown in Figure 7 is
such a plurality of nenory cells BCELs as showni nFigure 4 are arrayed

on the sem conductor substrate 1. On the 5 ot her hand, t-he dunmy array
D- ARY shown in Figure 7 is such that a plurality of dummy cells D CELs as
shown in Figugg agﬁﬁeaqgayed on the semi conductor substrate 1. First, tRg
menory array M ARY shown.in Figure 7 is constructed as stated below. 10

I'n order to isol at-?hferﬁ@nai*? anelae MRy RiHewa iy Ffguor W ahdch M CELs,
each being constructed of the MSFET @ and the storage capacitor [err], in

the surface othabeaspiucaldigt of sicmoinyatcellls MiCHIshS shothliatFipmrie l4m 2
is formed in a manner to have a basic pattern shown in Figure 8. Unlike
such basic paarerarraiyed anf itbled siemigiomduetoit |subdtrietearrandgd theder a
contact hole [err] for applying the supply voltage Vcc to the first

pol ycr%st al | i ather| hepfs| dher dgmmy arprayad-dRY W&OW'QG'-H Figuymessible to

revent the fault that.an al ugi ni - silicon all whi ch i's produced on
Fhe basi s of ?ﬁespﬁ e%aeﬁiaanhra&g%y of dummy cé?is D-CELs 4% shown

in Figure 5 are arrayed on the semiconductor substrate 1.
First, the memory array M-ARY shown in Figure 7
is constructed as stated below. : v
10 In order to isolate from one another the plurality
of memory cells M-CELs, each being constructed of the
MISFET-QM.and.the storage capacitor Cs, in the surface
of the semiconductor substrate 1, the field insulsting
film 2 is formed in a manner to have a basic pattern
.15 shown in Figure 8. |
Unlike such basic pattern rule, a field insulating

film 2g is (exeeptiomeddy) arranged under a contact

hole CHO for applying the supply voltage V to the

CC
first polyerystalline silicon layer 6. It is accordingly

20 possible to brevent the fault that 2zn alumiﬁpm - silicon
alloy which is produced on the basis of the interaction
between the alumiqpm layer and the polycrystalline
silicon layer near the contact hole CHO penetrates
the insulating film.immediately underlying the contact

25 hole CH0 and undesirably reéches the surface of the



T -

bet ween the al uminium |ayer and the polycrystalline silicon |ayer near the
contact hole [err] penetrates the insulating filminmmediately underlyi ‘3
t he contact 25 hol e [err] and undesirably reaches the surface of éé@;
- 23- semconductor substrate 1. On the field insulating film2 and the—
first gate insulating film37, the first pglisrystalline silicon | ayer 6
which is used as one el ectrode of the storage™5 capacitor [err] in the
menbry cell MCEL is fornmed .in a nner, to, have a basic pattern shown in
Figure 9. Further Se9H aoRdyqtan ﬁﬁgiiﬁ%@ﬁa]1ine silicoh layer 6, word |ines
WL to W each of which is f.0 d the L layer. w.ri conmposed of
t he second 10 pol ycqxﬂlstﬁ%ﬁ If%e&irﬁ%%?%gu%ré %rh%w":he First gate
silicon-containin d 304l | ' e, s [£al
direction of Fi gu%ﬁl%ﬁ%e@hﬁg%%ﬁﬂ?e@ﬂ ?eo yg%%"j # orii}ur%%lesf:{%éé e
supply vol tage Vcgghar0@hidilvh Gntiidd il e dledfrode 42 tHE storage
polycrystalline silicon layer 6 serving as one electrode of the storing
capacitor [&rr] exiapadd tior t0)e imtiHalmehidertdsll Qf-CEY W formay tire ot her
hand, the data lines [err] ed&th of which is fornmed by the al um | ayer 10
in 20 Fi gure 4 asenmed sicbdi=are ismlbasic pebtdtelshowh ithdFigure 9. '

Further, on the first polycrystalline silicon

layer 6, word lines WL to WL,_g each of which is

1=~1
N\ formed by the multilayer wiring composed of the second
10 polycrystalline silicon layer 8 and the silicon-containing

molybdenum layer 30 in Figure 4 extend in the vertical
direction of Figure 7.
Further, a power feed line vCC-L for éﬁpplying
the supply voltagé Voo through the contact hole CH,
15 . to the-polycrystalline silicon layer 6 serving as

one electrode of the storing capacitor C. extends

S
in the lateral direction of Figure 7.

On the other hand, the data lines DL,_, and DL,_

each of which is formed by the alumiqu layer 10 in

A 1

20 Figure 4'extand substantiﬁlly in psrallel with the
power feed line V., . as shown in Figure 7. The data
line DL, _, is connected to the drain region of the
MISFET QF in the memory cell M-CEL through a contact

hole CE,, while the data line L is connected to

1-1
25 the drain region of the MISFET Qu in snother memory



power feed line[err] as shown in Figure 7. The data line [err]is connected
to t drain region of the MSFET [err] in the nmenory cell M CEL through a
contggﬁb'hole [err], while the data |line [err] is connected to 25 t he
drai mTegion of the MSFET [err] in gn?%hgr menory  -24- cell M CEL
t hrough a contact hole CH2. Likew se the data lines [err]- - the data
lines [err] and DL extend in the lateral direction of Figure 7, and in
predet er m ned ekl M-i0EL cdirougleya stentenhcbede GH,.  LbkeWeserbPn regi ongy
of the MSFETs [err]in the nenory cel | s.M CELs thrgugg ﬁpntact hol es.

0

Secondly, the tdianAa s rEnes By shoRdi Blfigar RS 78 LRedcPld-as stated

bel ow. The field igsulating film 2, d, o, 10, . of th f
of the sem comifb il el RATeRS M HAF| bEERES? RefeBRibuces Bigare T, U 2

insulating fil t r t e of

t he sen?cgndud¥§%%gbagg?é&égﬁ?{ééﬁsﬁ%P??ePﬁe?%ggfa??%g ??Fn?§n§%%£€ﬁe gate
insulatigg 154, {yd i nfhéSioR®! ¥ET ¥YRLAMESR Télh!gcs?ﬁ tR¥ehemdrg and 15b
extend ih the vertica Irectton as-viewed 1n Figurg€ 7 and in a nmanner to
be spaced frorpgac Miders  tieowgt fortas8Chodbsthe first polycrystalline

silicon layer.15a and 15b is very inportant. in determ ning
Secondly, the dummy array D-ARY shown in Figure 7
is constructed as stﬁted below.
The field insuiating film 2 is formed on a part ]
- 10 of the surface of the semiconductor subétrﬁte 1, while b
the first and second gate insulating f£ilms 38 and 3
are formed on the~oﬁhér p#rt of the surface of thé
semiconductor substrate 1.
On the field insulating film 2 and tﬁe gate insulating
15 film 38, first pdlycrystélline siiicon layers 15a and
15b extend in the vertical direction #s viewed in Figure 7
and in a manner to be spaced from each other. The
width of each of the first polycrjstalline silicon
1ayer.15§ and 15b is'véry important in determining _'x;)
20 the capacitance value of the capacitor Cds in the
dummy cell D-CEL. The N+-type semiconductor region
14 shown in Figure 5 is_locatgd between these first
polyerystalline silicon layers 15a and 15b. The N'-type
semiconductor.regioh 14 is used as the common earth

25 line of a plurality of dummy cells D-CELs.



20 ‘the capacitance value of the capacitor Cds in the dummy cell D-CEL.
The N -type sem conductor regi-on 14 shown in Figure 5 is |ocated betweep-
these first polycrystalline silicon |ayers 15a and 15b. The N -type (?§§3
sem conductor region 14 is used as the common earth 25 line of a
plurality of dummy cells D-CELs. -25- Fur@%es, the dumy word line [err]
which is formed by the multilayer electrode consisting-of the second

poI?ﬁrystalllne silicon | r 17.and, t he SI|I n- ai nin | ybdenum
| ayer 31 in Figure 5 e%P %é? ry the %Wr %' 3@hysnm4ﬁ#%§ Sicon
| ayer 15a. This &5 fs tr of the
M SFET QD1 in theggg%m%é{l Ithﬁ @% ]ﬁfet he o qr%#] é"esctg'n foq:% naI

[ine [err] which i8chRuTBE1R A Milik é%&%&l:ﬁ PP’L%iaStﬂr{LG sqflltc%%-
second 10 polycrysta I'i Ilcon ayer 18 an e silicon-contal ning
nol ybdenum | ayer 23nit@ihidg tod i Qhu ey Vs itrp pe e erdsar ge

control signal [err] illustrated in Figure 2 is spaced fromthe dumry word

line [err] Aand exbandhei fipatalpodycriystaliline Bild cantlajersiigml This
line [err] constructs the gate electrode of the MSFET [err]in the dumy
cell D-CEL. Simnil|dumpy woeddddime Wid | reerdiiricts dive t@ad e @itecdiragiegnal
line [err] extend in garallel W th
of the MISFET QD1 in the dummy cell D-CEL. On the
other hand, a control signal line ¢ﬁc-L1 which is formed
./ by the multilayer electrode consisting of the second
10 polycrystalline silicon layer 18 and the silicon-containing
molybdenum layer 32 in Figure 5 and which serves to
apply the discharge control signal yhc illustrated
in Pigure 2 is spaced from the dummy word line DWL1_1
and extends in parallel therewith. ' This control signsl
15 line ¢gc-L2 constructs the gate electrode of the MISFET
QDZ in the dummy cell D-CEL.
Similarly, the dummy word line DWL,_, and the
o control signal line $3c-12 €Xtend in parallel with
xp_/" : h

the dummy word line DWL
20 . line

4.4 8nd the control signal

¢hc-L1‘

Further; the data lines DL,_,, 551_1, DL, _, and
551_2 extend from the memory array M-ARY as shown in
Fﬁgure 7. The 551_1 is connected to the drain region
of the MISFET QD1 of the dummy cell D-CEL through a

25 contact hole CH,, and the DL, , is similarly connected



the dummy word line [err] and the control signal 20. line [err] Further,
t he lines [err] and [err] extend fromthe nenory array M ARY as shown
in F e 7. The [err] s connected tC)%%e drain region of the M SFET QDL -
of the dumy cell D-CEL through a 25 .~ ntact hole CH3, and the DL12 is
simlarly connected -26- to the drain region of the M SFET [err] I n
another D-CEL through a contact hole [err] The layout pattern of a part of

the peri pherlan?Ci;ﬁ&uaf- ﬁOf F§§éﬁpbf thgemigpﬁﬁ' amol il @hokfer] pshewn in

Figure 2 is ustrate rgure 1 I n |gure AR I ndi cates an active
restore portigiroag £{b@n§geguhblaocnlon for precharglng the data |ines.
Two active restores [err] as shown in ﬁlgure 2 are 10 arranged in the -

active restore-portion AR That is, one active restore is constructed on
the side of arrow A shown in Figure 10, while the other active restore on
t he side of arrOM/Thelhayﬂetap&tberneefoaeppnmtb@nthﬂ pacipheradst or e
control signal lines [err] . and a supply_voltage line [err] which
are conmon to°%h@u¥%sp§%¥|%%aﬁklﬁvethésﬁepé§ 8FplafigngSd,asheHBuN i n

Flgu;e 10. in Figure 2 is illustrated in Figure 10.

In Figure 10, AR indicates an acfive restore
portion, and PC a circuit portion for precharging the
data lines. |

Two active restores AR1 as shown in Figure 2 are

10 arranged in the active restore portion AR. That is,
one active restore is constructed on the side of arrow A
shown in Figure.10, while thé other active restore
on the side of arrow B. In the active restore portion
AR, active restore control. 31gna1 lines ? and s ~1,
15 and a supply voltage line VCC L which are common to
the respective active restores are arranged as shown
in Figure.10,- |

On the other hand, in the precharging circuit e

portion PC, two data line precharging circuits corresponding
20 to the two active restores are arranged. 1In the precharéing

circuit portion PC, a potential line VDP L* & precharge

control signal 9., B and the date lines DL, _,» DL,_,»
DL1_2 end 351_2 extenalng to the memory array M-ARY

in Figure 7 are arranged as shown in Figure 10.



On the other hand, in the precharging circuit portion PC, two data |ine
precharging circuits correspondi ng 20 to the two active restores
arranged. In the precharging circuit portion PC, a potential line [er
precharge control signal [err] and the=d&a=lines DL11 DL11 [err] and DLC12
extending to the nenory array MARY in Figure 7 are arranged as shown in

Fi gure 10. -27- The M SFETs [err]and the capacitors [err] and [err] in
Figure 2.are arranged @geSROWPETS B u&g_@%. Nowa, fhgecggggﬁggygrbng process
of the 64 kbit D-RAM wi || be descriféd wit®/reference to Figures B115

to 26. In each oanéhe_fLginerigitedenares azrangiedonsl sposneia giggramot a
section [err] of the nB ry array MARY shown in Figure 7, X2 a sectiona
process di agram of a s¥ewjobhx2menifacturingapiriocessesifotbeAR4skbit i n

Figure 10, and X a sectional process 3 10 di agram of a section X - X3 -
of the active resPoR&MARLEkoRA AAspribed wdtharedlegwmcientpi Figures 1an

oxide filnm102 and ap_ insulating filmwhich does not all ow oxygen to pass
therethrough, i. 9 28n o*Rd88FBnOfr §be FﬁSHPP§’ X, depgies, & gSFﬁéBnBﬁ t he

surface of a Sen‘S?Qggggoaigggaﬁrg}ealg%btion X, - X, of the memory

array M-ARY shown in Figure 7, x2 a sectiongl process
diagram of a section X, - X, of the active restore
Y AR shown in Figure 10, and X; a sectional process
10 diagram of a section XB - X5 of the active restore

AR shown in Figure 10.

As shown in Pigure 11, an oxide film 102 and
an insulating film which does not.allow oxygen to
pass therethrough, i. e., an oxidation-proof film
15 10% are formed on the surface of a semiccnductor substrate
101. o
As favo?able(mmatérials of the semiconductor
substrate 101, oxide film 102 and oxidation-proof |
film 103, there zre respectively used a P-type single-
20 - crystal silicon (Si) substrate hﬁving the (100) crystal,
a silicon dioxide (Sioz)~film and a silicon nitrige
(Si3N4) £ilm.
The 510, film 102 is formed to a thickness of

X crn @ ' '
approximately 500 A by the surface oxidation of the



As favourabl e specific materials of the sem conductor substrate
10¥< gxide film 102 and oxi dation-proof film 103, there are respectively

a P-type single- 20 crystal silicon (Si) substrate having the
‘crystal, a silicon dioxide [erm 2Bimand a silicon nitride [err]
film The SiQ2 film102 is forned to a thickness of approximtely 500 A by
t he surface oxidation of the -28 - Si substrate 101, forgthe follow ng
reason. | ngiheutadrater©thecd -t fol1evid heeadsen i &lisehoinky QN
the surface of the Si substrate 101, a thermal "distortion develops in the
surface of - tthe Si Sfiilat @1 0D heen Been formedudiredtlneoni e epancy
bet ween-the coeffi‘cients of thermal expansion of the Si substrate 101 and
the [err]filswarfede RiertdteorSd aubstirgtelcf@li 2 athenmad cdis vortionsur f ace of
the Si substrate 101., In order_to prevent this drawback, the [err] film
102 is for mé@VEGOPS iy the,sunface ooHitheSiisubstrate c1AbOmef ore the

f ' f th _ film103. On t th d, the.S 3N film 103
orma Lo o SCHRteEE dHe, shasrenany, Helte ot phhie wotf Tiehen i (o oal
\V De il g ] SaslD - k f th
sglogg{i vepgészjg:?ll@rn g]?%%ﬁ’}’%ﬁ%gﬁgog Légféesﬁbls%%s%\f%‘]fg%e&%e%& i ped |O;1 dete ail

later. 513N4 film 103. Therefore, crystal defects are cdused

in the surface of the Si substrate 101. In order to

prevent this drawback, the SiO, film 102 is formed . - T

2 o
10 on the surface of the Si substrate 101 before the -

formation of the Si'3.N4 film 103. —
Cn the other hand, the SisN4 film 103 is formed
to a thickness of approximately 1400'X_by; e. g. the
CVD (Chemical Vapq? Deposition) process betause it is - —
15 used as a mask for the selective oxidation of the B

Si substrate 101 as will be described in detail later.

In order to remove the selectéd parts of the | o
SijN4 film 103 which overlie'thosé areas of the surface
of the Si substrste 101 where a comparatively thick -
20 - insulating film or a field insulating film, a photoresist
film 104 is first formed on selected areas of the surface
of the'SiBN4 film 103 as an etching mask. Under this

state, the exposed barts of the 813N4 film 103 are removed



I n*order to renove the selected parts of the [err] film 103 which overlie
t hose areas of the surface of the Si substrate 101 where a conparati .
t hi ck 20 insulating filmor -a field insulating film a photoreéiggg
film104 is first formed on sel ected areas,gf _the surface of the S

film 103 as an etching mask-.- Under this STate, the exposed parts of the
Si Nfilm21l03 are renoved 3 4 .-29- by, e. g., the plasma etching capabl e
of \-gh- precision etching. Subsequently, in order to prevent the so-called
i nversion |ayer or a layer of the conductivity type 5°_ _  opposite o that
of the Si substh®t 1@  rehe 2l 2gma ceheling ¢apaklerafchighrprecidteRate
on which the field jnsulating filmis formed, an inpurity of the sane
conductivity typeching§hat of the Si substrate 101 or a P-type inpurity is

i ntroduced into the q%%%ﬁ%f 0 in %Eégggg?tgfg{gﬁé]téglghggélﬁégosed in
th tate in which t S st 4 . 12.
Thg ?oﬁ ?ngrantgfion is f VY rq&*e a%a epe&?ozh f ggazgﬁigfe'n #Qeué?type
i mpurity. By vvaV'Y) b5 fe’,’éjf)o onai ong of "Thé %—?ype mpum*ygya e

| Pl antedsinto dgosd ed o -chatbSE BhE $D1sdbsBPatEPLON! PELAMLEDREDY OF 75

formed in the surface of the substrate on which the
field insulating film is formed, an impurity'of the
same conductivity type as that of the Si substrate
101 or a P-type impurity is introduced into the substrate
10 through the §i0, film 102 exposed in the state in which
the photoresist film 104 is left as shown in Figure 1l2. -
The ion implﬁntation is favé;able as a method of intro-
Fucing the P-type impurity. By way of example, boron
ions of the P-type impurity are implanted into the Si
15 - substrate 101 at an implantation energy of 75 keV.

An ion dose at this time is 3 x 1012

atoms/cmz.
N The field insulating film 105 is formed on the
selected areas of the surface of the Si substrate 10l.
As shown in Figure 13, after remoﬁing the_phétoresist
20 film 104, the selected areas of the surface of the
' Si substrate 101 are oxidized by the thermal oxidation
employing the SiaN, film 103 as a mask, thereby to
form the Si0, film 105 (hereinbelqw, called '"field
$10, £ilm") which is approximately 9500 X thick. During



An ion_dose at this tine i's [err] atons/cm The field insulating film 105
s f d on the selected areas of the surface of the Si substrate 10> As
sho +k Figure 13, after renoving the_phatoresist 20 film 104, the

sel ecTed areas of the surface of the Si Substrate 101 are- oxi di zed by the

t hermal oxidation emplying.the Si3N4 film 103 as a mask, thereby to
formthe [err] film 105 (hereinbelow, called "field S filn') which is
approxi mat el y §h0FdrridtLdn oPUn&Urield 3810, heiinr et opnel 1dheikb ehhlt o &
film105, the ion-inplanted boron is introdu€ed into the Si substrate 101
by the drive- ivorbdf fisiimtraduced Rhy@ethavet ssabspreventdvebfayee (not
shown) having a predeterm ned depth is 5 formed directly under the
field [err] fidmiviedSin |diffulssiono anxposeP+bypear tnversioheprevéntivef the S
substrate 101 where the field [err] film105 is not formed, the Si 3N4 film
103 i s renovedayamh, (not ghovn hdraphes phcpredetermined) depthtisn. |
Subsequgntly, 10 the Jerr 1 1mJ102_|s.renpved Wth, e. g., a fluoric
aci d (rﬁ) so|&%Eﬂfd'ﬂﬁﬁﬁ°{¥¥;éﬂﬁ%ktEHeaFéaédoﬁlpzef 1402 of the Si
substrate 101 are exposed as shown in Figure 14. In order to obtain the
dielectric layers of the 15 capacitors [err] in the nmenory cells

M CELs and _

In order to expose the areas of the surface of

the Si substrate 101 where the field SiO, film 105

5 ..
is not formed, the 813N4 £ilm 103 is removed with, ~
e. g., a hot phosphoric acid (HBP°4) solution. Subsequently,
10 the'SiO2 film 102 is removed with, e. g., a fluoric
acid (HF) solution. Then, the selected areas of the

surface of the Si substrate 101 are exposed as shown

in Figure 14.

In order to obtain the dielectric layers of the
15 capacitors C, and C,. in the mémory cells M-CELs and
dummy cells D-CELs, a first gate insulating film 106 Y
is formed on the exposed areas of the surface of the
Si substrate 101.as shown in Figure 15. First, an
Si0, film being approximately 150 2 thick is formed
20 by thermally oxidizing the exposed areas of the surface

of the Si substrate 101, whereupon an Si film being

3Ny

o)
approximetely 200 A thick is formed on the entire surface



dunhy cells D-CELs, a first gate insulating film 106 is forned on the ;&
exposed areas of the surface of the Si substrate 101 as shown in Figur fﬁz

First, an O.[err] filmbeing approximately 150 A thick is forned 20

by thermally oxidizing the exposed areas %ﬁ the surface of the Si substrate
101, whereupon an‘[err].filmbeing O appreXi Mately 200 A thick is fornmed on
the entire surface -31- by the CVD process. Accordingly, the first gate
insebating film 106 is a | tilayer filmcaonsisting of the [err]. fi.l mang.
the overlying [erPF {EBC Vi ST EES6 wHF 49 ﬁ%ﬁ%ﬁﬁiﬁhﬁis%%éﬁi%éa%ﬁ%ﬁ%fi§%lng
used as the first e .inpsyl.ati folslam: 5 | J§H¥¥¥' | sthe
speci fic inducti _vffgé}nof‘]bgi liﬁ % g&lglﬁgljﬁqﬁé{&}gf B‘log;hr ea er‘% réaiﬁ ‘{}%ZES]'O [err]
as stated before. eiRa! ahd tBLERvVERATikEe BCQPW NGy Ar eas of the capacitors
[err] are made small by formng 10 thé(ﬁeﬂectric | ayers thereof by
the use of the substanqgeepigigbion Myt e rSIAN S EICIn | ¥s Iqelitidnd taly

sufficient charge-storing quantities are at thided. The reason why the thin
[err] film$s forwseédbaisorthet fd risdr gattieorinsfulatd g rfiln 109 irs dHis t he
formation manner, is that the specific inductivity of Si3N4
is about double greater than that of 3102 as stated
before. That is, even when the occupying areas of
U the capacitors Gs and Cds are made small by forming
10 the dielectric layers thereof by the use of the substance
| exhibiting the great specific inductivity, sufficient
charge‘storing'quantities are attained. .
The reason why the thin Sio2 film is formed before

the formation of the Si film, is that the formatidn

354
15 of the 5i,N, film directly on the Si substrate 101

is ﬁnfav%?éble as already described;

_ In order to use it as one electrode of each of
b the capacitors in the memory cells and dummy cells,
a first conductor layer 107 is formed on'thé entire

20  surface of the Si substrate 101 as shown in Figure 16.
‘More épecifically, e. g€. a polyerystalline silicon
layer 107 is formed on the entire surface of the Si

substrate 101 as the first conductor layer 107 by the

CVD process. The thickness of the polycrystalline silicon



as dy described. In order to use it as one el ectrode of each of the
cap ors in the nmenory cells and dumry cells, a fijrst conductor |ayer 107 -
is formed on the entire 20 surfacespf_the Si substrate 101 as shown in
Figure 16. Mrre specifically, e. g. a polycrystalline silicon |layer 107 is
formed on the entire surface of the Si substrate 101 as the first conductor
| ayer 107 by ¢t oignd #u g?_tkghaggdugﬁgﬁ Iline silic
-32- | ayer 10%3?5%/5%3%%%?5@%00%&%1?; i . ubsequentTy, i nﬂor der to w
| oner the resiat arderofta leowea Vhirey dtedilstencs |0f cthd Xy chdys t el i Ype

I mpurity, e. g., phosphorus is introduced into the polycrystalline silicon
| ayer 5 sd1ipgpnt Raydirf @S ,ommplbdame impurl tws# ¢ 8 ¢ heohasgilstrarsce of
the polycrystalline silicon |ayer 107 becones approxi mately 30 [err] per
square. In or &8r ipSTRCULSSE ot the RMHfatIRts e g¥ikigon layer

pol ycr stalliqs silicon |la %r 107 into a predeterm ned 10 el ect rode
conf i gér ati on, %h ysg Cldé'\é. FEHOR HTQRS K ¢ A5 oI BRI 0l theFegistance

| ayer 107 are_pe e .Qet chi I QCESS own in Figure.l7,
thereby to fo?% gﬁ\écgroo gsr}%&%a%ee ﬁq&g%a&eﬁ'&ﬁ%%?aég’oqcewbﬁs spproximately
hi gh- preci si oBgegChieRd sighatiél.t abl € as a : o

.15 gEcﬁ the [err] filmdirectly on the Si substrate 101 is unfavourable

o

In order to bring the first conductor layer or
first polycrystalline silicon layer 107 into a predetermined
10 electrode configuratioh, the selected parts of the
- first polycrystalline silicon layer 107 are removed
by the photoetching process as shqwn in Figure 17,
thereby to form electrodes 108. The plasma etching
capable of high-precision etching is suitable as a
15 method for the selective removal of the first polycrystslline
silicon layer 107.
Subsequently, in the state in which the first "QQ
gate insulating film 106 or the SiX, £ilm and 510,
film is/sre fully left, the surface of the electrode
20 108 made of the polycrystalline silicon layer 107
is oxidized by a hest treatment so as to form an sio,
f£ilm 110 being approximately 2200 X thick. This Si0

2
film 110 performs the function of the inter-layer insulation



15 % met hod for the selective renoval of the first polycrystalline
silicon layer 107. Subsequently, in the state in which the first gate -
insulating film2106 or the [err] filmand [err] filmis/are fully |ef he
surface of the el ectrode 20 108 made of the polycrystalline si

| ayer 107 is oxidized by a heat treatnentéﬁg as to forman [err] film110
bei ng approximately 2200 [err] thick. Thi 1 Q@ film110 perfornms the -
fungti on of the inter-layer insulatian 33 - between the el ectrode 108
and an el ectrode habeéeen SbeoﬁaeﬁGP9éPy§P§lPpﬁea§|P@@Sﬁr963b§a§ﬁa9§d | ater.

At this t d wi the Si, 3N4 fil t
Phant he brt ace. SPeoRa v Eheraabed1ing Shada kbR eaRYed Bokakee he
Si3Nd filmis the oxygggsgﬁ?g ggﬁ?kegigﬁgkghl@%ve¥gg|%étﬁh%hgx§ga i on-

proof filmas already to obtarn gate i nS@lgting

films of the M SFEf$niH tEﬁ?SEF?E¥ PeEI¥nMVeARY ¢ % sU¥FEK e2b aihﬁo electrode

D- ARY and the periphera portron, a second gate insu atlng

is formed s showog ni&i goteok8aikbasbechlieectpessd m?{r rs1mf ihenki rst. gate
insulating film2106 or the[err] filmas well as [ePr]f fi.lmare renoved to

expose the corresprygemginpetrmeablehénsulbidaglFilm oef thleeolidatlhshrat e
101. The Si 3N filmis renoved
proof film as already described.

\_J . In order to obtain the gate insulating films of
the MISFETs in the memory array M-ARY, the dummy array
10 ' D-ARY and the peripheral circuit portion, a second
gate insulating fiimf109 is formed as shown in Figure 18.
First, the exposed parts of the first gate insulating
£ilm 106 or the Si,N, film as well as SiO, film are

374 2
removed to expose the corresponding parts of the surface

374
with, e. g., a hot phosphoric acid (H3P04) solution

15 of the Si substrate 101. The Si,N, film is removed

and by employing an_8102 film 110 as a mask, whereupon

the 5102 film being the exposed first gate insulating-

f£ilm is removed with, e. g., a fluoric acid (HF) solution.
20 Since the mask for the removal of the 813N4 film is

the 8i0, film 110, the Si_ N, film extends into the

2 374
vicinity of the terminal part of the oxide film 110.

At this time, the Si film is somewhat etched laterally

374
from the terminal part of the oxide film 110. Since, however,



-

wth, e g., a hot phosphoric acid (H3P04) solution and by enpl oying an
[e/fL]gN | m 110 as a mask, whereupon the Si2 film being the exposed first

ga sulating filmis renoved with, e. g., a fluoric acid (HF) solution.
20 Si nce the mask for the—rennvgh af the [err] filmis the [err] film

. 110, the -Si-3M filmextends into the vicinity of the termnal part of the
oxide film110. At this time, the [err]filmis sonewhat etched laterally

f h f th de f] 10, . S h he f

< a5 thinas B fam £ 4 iR o 208 Rt s mET hmaperd chbetl aSpe‘arE‘“

On the oth I t he f

I nsul :t |Onge1[| :Lqp%vérfiusirr? %%&I‘%%?ﬁé e[ncﬁﬁnéhh? Ihét%’glgéé‘i’rf%i

wi t hout enpl oyl Iﬁ% i t%%d“ éﬁﬁf?h| sgfp¥@3$% {E§h4€%erally
i

fromthe tern1na| an ov ng scar

appears becausd I, IﬁtE¥atﬁBMb¢§a15@ fﬂ@ﬁ?ﬂ#eéﬁéﬁln$h@héxﬂﬂéfg & f the

surface 10 of the Si substrate 101. are thermalTy oxidi zed re y the

second. §at e i neitihatitneriplogikld dey ngastopr okt nehes yi e, [f%ristiﬁﬁéhhé% _
formed on the surface. Accordingly, the second-gate |nsulat|ng film2109 is

made of Si.C2. ediched drecars M wi f1rom hthé ot emrtinal opat-tleoSeﬂwds:UgwE' 15

insulating filmor second gate [err] film 109, the
film, but an overhang scarcely appears because it

is as thin as 150 3.
| Subsequently, the exposed areas of the surface -

10 of the Si substrate 101. are thermally oxidized, whereby

the second gate insulating film 109 being approximately

500 K thick is formed on the surface. .Accordingly,

the sécond'gate insulating film 109 is made of Si02.

Simultaneously with the formation of the second gate
15 insulatinglfilm'or second gate Si0, film 109, the

Si0, film 110 is lightly oxidized again. At this time,

the very small overhang is removed.

In order to regulate the low threshold voltages
of the MISFETs QS1 - QSB’ st and QS? shown in Figure 2,
20 a P-type impurity is introduced into the substrate

surface through the second gate Si0, film 109 by the

) 2
ion implantation pfocess as shown in Figure 19. Boron,

for example, is used as the P-type impurity. Preferably,



[err]“film110 is lightly oxidized again. At this tinme, the very smal
overhang is renoved. In order to regulate the |ow threshold voltages ‘e he .
M SFETs [err] shown in Figure 2, 20 a P-type inpurity is introduced
into the substrate surface through the §pg@pq_gate SS2 film109 by the ion

I mpl ant ati on process as shown in Figure 197 Boron, for exanple, is used as
the B-type inpurity. Preferably, -35- the inplantation energy is 75 keV,
and he dose of ions is[err] Since the ion inplantation_at this tine does
not use any sel ecttie iRplantatgion ?W@F%ﬁrbﬁnyé keV¥p #RE bBACERSS °of  nto
the surface parts of the substrajeiwhere othee M SFETs, e. gf[err]

and are to bet9W} My éjTi ’br{]‘g‘r tHUBYUFBt 2 the threshol d vol t ages of

ngri\ﬂsﬁg\lfz\gsi Ea\lé: ggrtehrzegi}gég %?% E)f&giié%?éﬁ%%ggﬁﬂ %ggﬁglgfe#{agl %?‘fﬁg‘%’émry
cell's, the M SFETs;d&rddyided ﬁma&eléf 111 hend 565da i?fﬁis@nﬁflﬁéﬁt&ﬁed

In the active restores, a nmask for ion Inplantation or photoresist fi

is formed oh the paité tHe LerBEed B BEs o €Re f 5LBEEPAL60KKEBER00EHES 15
to the channel regions of the MSFETs [err] and [err]as illustrated in

Figure 20, and it NISFETs, e. 8+ Qu» Qpqs Qpos Qgy and Qg5 are to be formed.

kyi | In order'fo regulate the threshold voltages of
the MISFETs having threshold voltages higher than those
of the MISFETs QS1'- QSS’ st and QS7.shown in Pigure 2,

- 10 for example, the MISFETS Qy in the memory cells, the
MISFETs Qp, and Qp, in the dummy cells or the MISFETs
QS4 and st in the active restores, a mask for ion
implantation or photoresist film 111 is formed on the
parts of the second gate Siq2 film 109 corresponding

15 to the channel regions of the MISFETs Qqq - QS3’ Qg

and QS7 as illustrated in Figure 20, and it is not -
formed on the channel regions of the MISFETs Qus Spi»
QDZ’ Qs4 and st. Under this state, boron ions are
implanted. Preferably, the implantation energy is

011-atoms/cm2.

20 75 keV, and the dose of the ions is 1.0 x 1
"As a result, the impurity concentrations of the
parts of tke substréte surface where the MISFETs QN’

QD1’ QDZ’ QS4'and st are to be'formed are raised mo?e,



“forareqd on the channel regions of the M SFETs [err] [err] Under this
st boron ions are inplanted. Preferably, the inplantation energy 1« s 20
75NceV, and the dose of the ions is 1.0 x 1011 atons/cn2 As a result, the -
i mpurity concentrations of the parts ofzghe substrate surface where the
M SFETs [err] [err] are to be forned are rai sed nore, so that these
M SFETs have the high threshold values. The so-called direct contact [err]

or the contact _h € fgreleggngﬁg I ARG eClLG! ﬁ,lg%elf r-%f %ﬁ&é@g_@tor [ er rdy

directly to t A& §&ni cOnduCt of reglion
‘expl ained with reference to Figure 6, is fornmed by the sel ective etching of
the second gate [err] film 109 and by enploying a photoresist film11l2 as a

mask as illustrat ed‘hbnsEl-@'dELQealdﬁb&tS%%fvic@er?t Olor &y dontia@tned on
the whol e 10 surface of the Si substrate 101 i order to use it as the

gate el ectrodnsief fakl cohaebttShgTonand lielkt roidel 25 lofy the Mupacipeei fical ly,
as shown in Figure 22, a conductor layer of a multilayer structure-

consi sting of pe4 glre&téalyorybﬁaw rwepgImamyvdngngtqrtresmmnaaz a
silicon- contarnrn bdenum | ayer 128 is forned on t he whol e surface of

t he Sr5substrﬁfetg91M5§FEﬁng c@ﬁd%&ﬁ¥$ﬁﬂﬁﬂ'ﬂ%ihﬂ?e epgnce to Figure 6,

mul tilayer-st E UC g;ﬁeao%du%h se‘?l ct:.'vse fe Ezrzed A3 istt"%}eedsebc%noalvgate
5102 film. 109 and by employing a photoresist film 112

as a mask as illustrated in Figure 21.

| " The second conductor layer is formed on the whole
10 surface of the Si sﬁbstrate 101 in order to use it
as the gate electrodes of all the MISFETs and the
wiring layer. More specificelly, as shown in Figure 22,
a conductor layer of a multilayer etructure consisting
of, e. g.,la polycrystalline silicon layer 1i3 and
15 a silicon-containing molybdenum layer 128 is formed
on the whole surface of the Si substrate 101 as the
second conducter layer. The multilayer-structure .; N\
conductor layer is formed as stated below.
First, the polycrystalline silicon 1ayer 113
20 is formed on the whole surface of the Si substrate |
101 by the CVD process. The thickness of this polycrystalline
silicon layer 113 is approximately 2000 3. Subseguently,

in order to lower the resistance, the polycryetalline



First, the polycrystalline silicon |ayer 113 20 is forned on the whole __ -
surface of the Si substrate 101 by the CVD process. The thickness of thi s

pot ycrystalline silicon layer 113 is approxinmately 2000 A. Subsequently, N¥&~

order to |ower the resistance, the polywwstalline - 37 - silicon |layer

113 is doped with-an N-type inpurity, for “exanple, phosphorus by the

di ffusion process. As a result, the resistance of the polycrystalline

sil{gon | ayer 113 becomes approximately 30 sl per square. During such phos-

5  phorus ”sﬁiﬂsg !%%gsrpmphgrasgieaw&}:hyFhSNL%’ng&?gg&%&? Ebe S

substrate 101 throu direct contact hole [err]

Si|iCon-ContaiQiﬂﬂpﬂPlYQH8§§H6¥§¥GB?1@ﬁéi8it9ﬁ§§@n0%rbaés§h0|ﬁsSHrEéﬁﬁlﬁt
a

t he polycrystalline silicon 10 yer 113 to a thickness of :

appr oxi mat el y' 8R@0résistahiye 6fJdthet poly9eryptuliinegsplgeenslafert BLS ti e,
the silicon content -should preferably be at |east 40 weight-Z as stated

bef ore. The rebectmestypptokimatelyi Bayepest squaree cOunddogosuchyphoshus
obt ai nedcis 80 to 150[err] 15 The second conductor |ayer or the
mul tilay8r- stpheresctreatments rhecphospbprusnimpurity dscingroduced

pol ycrystalline silicon_|ayer 113 an he,silicon: caontaining nol ybdegum
| ayer 128 is sineetthe §irg §EHaFﬁtgoir§H§988 i kB8 éPE@FFo&gnGFC&iﬂPEG

shapes by the

Next, the silicon-containing molybdenum 1ajér 128 is

-/ formed on the whole surface of the polycrystalline silicon

10 layer 113 to a thickness of approximately 3000 A by, e.g.,

the co-spﬁttering process. At this time; the silicon content

should preferably be at least 40 weight-7 as stated before.
The resistivity of the multilayer-strucfﬁre conductor

layer thus obtained is 80 to 150pa-cm.

15 . | The second conductor layer or the multilayer-
ij. structure conductor layer consisting of the second
| Polycrystalline_siliéon layer 113 and the silicon-
containing molybdenum layer 128 is selectiﬁel& fémo&ed
into pfedetermined electrode or wiring sﬁapes by the
20 plasmé etching. As iliustratgd in Figure 23, thé
multilayer~structure cqnductof after the'etching forms
the word lines WLl-l_to WL, _g» drummy word lines DWL,_; and
DWI..}__’!2 and control signal lines édc_Ll_and ﬁdc—LZ '



yer-structure conductor after the etching forns the word lines Jerr]
word lines [err]and [err] a3§ control signal lines [err] - 38-
shown in Figure 7 and also fornms the”active restore control signal |ine
[err] electrodes of the capacitors [err] and gate el ectrodes of the

@ggﬁslasna etching., As illustrated in Figure 23, the

M SFETs [err] to shown in Figure 10. 5 In order to formthe
source and dragRowAgiANFighrehq NhSFEIsd Toris MeeGlcdd vkarles tofret he Si
.Substrate 101, an N-type inpurity, e. , arsenic is introduced into the §i

substrate 101 tbnongh smgnaéc&mneg %T nswlawtnpdad rforthel Gaphiclitor89 as
illustrated in 10 Fi gure 24. ion inplantation is favourable as
a net hod of in€ QQUendgC?QQ Nndyﬁetﬁnpdﬁwwrodgﬂ\Rﬁ/hﬁb HISFHTS, QarséRi C
ions are |nplan ed into the_Si substrate 101 at an:-inplantation energy of
80 keV. The doQg?oF eNe iBnEigurenil®«tine is [err] 15 An
inter-layer insulating filmis formed on the whole surface of the Si
substrate 101. More specifically, an inter-layer insulating film 118, e.

g , # phospho- sili Cf’fx%@ﬁg (EgGl‘PE‘%gh%ieisg%bst r;atq.@ %jaqlny r%%q%g%er r] thick

is formed on the whol e sur ace 0 as shown
in Figure 25. of#hifRe PREsFEPD 148158 ¥8lected parts of the Si substrate

101, an N-type impurity, e. g., arsenic is introduced
into thé Si substrate 101 thrpugh'the second gate
insulating film or Sio2 film 109 as illustrated in

10 Figure 24. The ion implantation is fav%&able as a
method of introducing the N—type-impurity. By way
of example, arsenic ions are implanted into thé Si

substréte 101 at an impiantatidn enérgy of 80 keV.

016 2

The dose of the ions at this time is 1 x 1 atoms/em”.
15 An inter-layer insulating film is formed on the
whole surfaée of the Si substrate 101. More specifiecally,
an inter-layer insulating film 118, e. g., a phospho-silica;&
gléss (PSG) film being approximately 8000 R thick
is formed on the whole surface of the Si substrate
20 101 as shown in Figure 25. This PSG film 118 serves
also as s getter'for sodium ioné which affect the

characteristics of the MISFETs.



al so as a getter for sodiumions which affect the characteristics of the

M SFETSs. -39- Contact holes are fornmed in the -PSG film 118 and the .
second gate Si2 film 109 for the connections between a third conductor
| ayer and the nultilayer-structure condqgtjg layer consisting of the second

pol ycrystalline si’licon |ayer and the siliTon-containing nolybdenum | ayer

and between the source and drain regions and the third conductor |ayer.
Thatedd s, as shown in Figure 25, the PSGfilm 118 and the second gate [err]
film 109 are sel ecti velCprdtattedalest ging thrrrehtiztthe-BSC (£l 118 - to
[err] Subsequently, in_order to flatten the PSG film 118, this filmis

heat-treated at a8¥hf&eERcOSt &ahs SdiQmiTtip 199 (gor the eenestda®ent
hi . bi i he i an-i ol 9 Yoo : - "

rive-in di 11 usi oReHRER e PR CHRAUETE IR 19 ol Rt eelaTp At Fuctur

having a predetergmoqﬁqmq%g N 3fer fc%rﬂﬁ%c}:i}!g?&‘ [ 1g 4 dsﬁﬁopg%ﬁﬂrihe

regions 119 to 126 becone 't he“source an n regions. I[n or orm

the power 3eed Ii ¥ 1% qﬂet%graﬁd'thé " iddhlddiete iRtid Aotloderdusnomn

in Figure 7, the third con ayer, e. g. alumnium
layer and between the source and drain regions and

the third chductof layer. That is, as shown in Figure 25,

the PSG film 118 and the second gate Si0, film 109
N ~are selectively etched to form the contact holes CE,,,
10 - |
to CH104.

Subsequently, in order to flatten the PSG film
118, this film is heat-treated at a température of
approximately. 1000 ©C. The heat treatment at this

time subjects the ionéimplanted~arsenic impurity to

15 the drive-in diffusion, and the N+-type semiconductor
regions 11§ to 126 having a predetermined depth are

formed. These N*—type semiconductor regions 119 to

126 become the source and drain regions.

In order to form the power feed line Voc-p, 2nd

20 the data lines DL, ., DL,_,, DL,_, and DL,_, shown

1-2

_ : , L

in Figure 7, the third conductor layer, e. g., aluminum
. fo) ’

layer being 12000 A thick is first formed on the whole

surface of the Si substrate 101. Subsequently, this

L
alumiqu layer is selectively etched to form the power



»

| ayer being 12000 A thick is first forned on.the whol e surface of the S
subgtrate 101. Subsequently, this alumniumlayer is selectively etched to

f orirathe power -40- feed line [err], data line [err]and-wiring |ayer 127 .
as own in Figure 26. The 64 kbit D-BAM.is produced by the process
~expl ai ned above. 5 As apparent fromthe foregoing process, the
gate el ectrodes (nmultilayer-structure conductor | ayer) of all the M SFETs

in the D RAM gigaSiiiwd 3neous| ys g r make the G
el ectrical characteristi @8-I¢. < ﬂ esho ‘d-llo %g@%% f%%/rﬁe respecti \%‘

M SFETs 10 120NiglsOlsHowds i qilegirkgafg:g.e, t he conductor |ayer of the
mul tilayer structure causing no separation is enployed as the gate

el ectrodes of the Kh8FBEs kblilterBRNe, i (oM Wy B é SpSdicds £S,
especially, the sense 15- anplifier anmplifying mnute S|gnals are
constructed okxpReimeSFrEbovef. such gate el ectrodes, no problemis involved.
I n theugoreg0|ng process, a nodification to be stated bel ow i's possible. 20
In Figute 23, afteASt 8BPPesIeRt fom [thee fanegaimg procdys, ahe tdete :

silicon- contalg n%be en m.l.ayer
eciro _ tllayer-structure conauctor layer) of

all the MISFETs in the D-RAM are simultaneously formed.
It is eccordingly easy to make the electrical characteristics,
€. .y threshold'voltages vth of the respective MISFETs ;;;
10 uniform. ' |
As stated béfore, the conductor lajer of the
multilayer structure causing no separation is employed
as the gate electrodes of the MISFETs. Therefore,
even when circuits such as, especially, the sense
15 . amplifier amplifying mlnute signals are constructed
of the MISFETS of such gate electrodes, no problem
is involved.
In the foregoing process, a modificstion to be
stated below is possible. ' \J
20 In Figure 23, after the polycrystalline silicon
layer 113 and the silicon-containing molybdenum layer
128.have been selectively'removed, the exposed parts
of the second gate insulating film 109-are further
removed continually by the etching so as to expose

25 the surface parts of the substrate 101.



.t

128~have been sel ectively renoved, the exposed parts of the second gate
insulating film 109 are further renoved continually by the etching so a
expose 25 the surface parts of the substrate 101. Next, the ex
parts of the surface of the Si substrate éQl_are thermally oxidized t
an [err] filmhavi'ng a thickness of approXimately 100 in order that th
surface parts to formthe source 5 and drain regions of the M SFETs
may ot be contaminated. Sinultaneously with the formation of the [err]
film the surfaces of Nextpoltherpxrasdheants @ thy surfereasd tthe

si licon-containing nol ybdenum | gyer 128 which formthe foregajn
nultilayer-structgﬂesB gdgets 143 are thgrma XBQ%GQﬁ%ﬁQLtQMﬁﬂﬁaIﬂE resul t
that these surfacgs .ar | so fQormed wit. errd film.hei approxiomat el y
300 A thick. ThisSaOp FARM PavinE &, Y e g, AR RR R I N AT he
silicon-containin e I r &ﬁﬁ recigifat.es. ] to the
precipitation of gﬂggé‘ﬁ??.c%%?tt %é%sish%cfoancec n en%0 %ec%n‘%‘g gmgro%ﬁg 40
wei ght -% &hd theh@sipbit hegdlons@SitHeE S A infl i S Ioed AR 18R ed
128 | owers. Accordingly, a D-ﬁ%NﬁWhich 'S %Pé er in Eﬂe oper at i ng spgé ©
than the foregoi ngiflltanecvslydwinn tife EUraidtibn JM e eULIfMIm,he
silicon content becane bel ow 40 weight-% after the formation

the surfaces of the polycrystalline silicon layer 113

- and the silicon-containing moldeenum layer 128 which
lLJ’ ' form the foregoing multilayer-structure conductor
10 layer are oxidized, with the result that these surfaces
are also formed with _an_SiO2 film being approximately
1300 & thick.
This Siqz.film is formed in such a manner that
silicon in the silicon4containing molybdenum layer
15 128 precipitates. Owing to the precipitation of the
silicon, tﬁe silicon content becomes lower than 40
weight-%, and the resistivity of the silicon-containing
molybdenum layer 128 lowers. Accordingly, a D-RAM
which is higher in the operating speed than the foregoing
| 20 - embodiment is cbtained. In an exemple, the silicon
confent became below 40 weight-% after the formation
of the SiO2 film, but separation etc. attendant upon

a heat treastment hardly occurred.



of the [err] film but separation etc. attendant upon a heat treatment

h y occurred. -42- It will be apparent fromthe above descri bed

S nduct or nmenory device, the gate el ectrodes of the M SFETS !
o ituting the menory cells and the M &BE¥s constituting the peripheral

Ci its are forned by the 5 second multil ayer-structure conductor

| ayer conprising thengolycr{stalline silicon layer and the silicon- -
cont ai ni ng ol ybdenumitayédll becapparenthiromaithe -ahovel deserdbedof the
capacitors constituting the nenofry cells are fornmed by the first

pol ycryst al semg¢contiuctorlfiemoryl dgeicejhthebgatededectiredescoicthduct or
menory device is also applicable to a 256 kbit D-RAM which requires a stil

hi gher packm:smgr cbﬁseﬂtaua& %ﬁBShbﬁo?Pd celicanarehat MrgFapged. As the
hi gh- 15 u3|ng neta material, tantalum tungsten and titanium can be

used as vel . g5.TRBIE UL pertphiral Cbitiisth are £ofudTbHORANC! O

menory devi &

5 second multilayer-structure conductor layer comprising
the polycrystalline silicon layer and the silicon-
containing_m&lyﬁaenum layer. ‘On the other hand, the
electrodes of the capacitofs congtitﬁting the memory N
cells are.tormed by the first polycrystalline silicon

10 layer. |

1he above described semiconductor memory
device is also appliéable to a'256.kbit D-RAM which
requires a still highér packaging or integration.
density and higher operating speed. As the high-

15 fusing metal material, tantalum, tungsten and titanium

can be used as well as molybdenum.
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cell array in which a pIurallty each having a capacitor
and an insulated gate type field @! mmlm‘gﬂmﬂ“ are formed in \ .
sem conductor body and are 5 arra lcn Lows and *col ums; and per|€§z;al
circuitry which is associated with said nenory cell array and which is
constructed of insulated gate type field &Bfect tran- sistors formed on
sai d_seni conduct @r aliedy; wherein one el ectrode of each of the capacitors is
nade/of a first 10 | ayer of polycrystalline silicon which is formed on an
insulating filmfiormed on sedceagueesduntabrpodyyivberftludifgt ea ehenbrpde
of each of the insulated gate type field effect transistors of said nenory
cells and sai d peeiljharaiayci r dni whichsanpliaralibyl gfamemoryagells| reathr e
conprising 15 second and third | ayers, which two-layer structure is forned
on an insulatinghaMimsrorne@asﬁtgaiangenhcénauéa@edbsaye typestitohd ¢bHiert
bei ng constituted by a |l ower |ayer of polycrystalline silicon and_the third
| ayer being con- t¥@nSdSEeryyazR ERFPEI| APeh SFmHFSHdPGEPﬁgbﬁ€¥a§n€0%¥%|n|ng

20 silicon w thout a substantially_pu #a gr directly
thereon: and WheAEFAYERe 1odPug 8ha g iﬁwngegeaﬁspgrlgbﬁa’a SHFSELH Fat &
type field oL el @.pa' b ga%eeraxgﬂ daiB ARhd:3CILERGHELO" 2 RO LD

sel f - allgnnent MA Ieast € secon ayer Sta e sili1con.
25 2. ede g’ nQﬁ!hE@dagseadt?ﬂet918&8'Qkéecﬂhéféhﬂ
the silicon content sal upper layer is af |easl 40 welight %

51stors formed on said semiconductor body; wherein one

N\ electrode of each 6f the capacitors is made of a first

10 layer of polycrystalline Silicon which is formed on an
insulatiné film formed on said semiconductor body; wherein
a gate electrode of each of the insulated gate type field
effect.transistors of said memory cells and.said peripheral
circuitry is made of only a two-layer structure comprising'

15 second and third layers, which two-layer structure is B
formed on an insulating film formed on said semiconductor
body, the second layer being constituted by a lower laYer
of polycrystalline silicon and the third layer being con-
stituted by an upper layer of high-fusing metal'containing

20 silicon without a substantially pure high-fusing metal
layer directly thereon; and wherein the source or drain
regions of said insulated gate type field effect transistors
are provided in said semiconductor body in self-alignment
with at least the second layer of polycrystalline silicon.

25 2. A semiconductor memory device according to
claim 1, wherein the silicon content of said upper laye;

is at least 40 weight %.



- 44 - 3.

A sem conduct or nenDry devi ce according to claim1 or 2,

2’“22@3{& or “emory. devi co alﬂltllﬂlllﬂllﬂﬂlllll!ﬂk. m Lot 2. wherein saic

hi gh- ing metal of said upper 1ayer “i s"tuhgsten. 5. A

sem conductor nenory device according to claim1l or 2, mherein said

hi gh-fusing nmetal of said upper |ayergqgs-tantalum 10 6. A -
sem conductor nenory device according to claim1l or 2 mhérein sai d At
hi gh-f usi ng

sem conduct or

| of d
pt am)?y SRR ey ﬂ%ﬂ%lﬁyao s pesoring SPai ms 1 to

6, wherein sqid, 4 f%lfygrfhe?erl%téék. IS ohd BRI fiXiglad ayer which

is fornmed inii

to any of theg,

t he respective’insul ated gate

sur fac menory deV|ce accordi ng

éﬁkﬁpq%' éNdH%YBJéhJ% wherein said two-|layer structure of

0 type Tield effect transistors arrayed in

each colum of, said nemrdemiddnAidtdr dfendry eiEvildey dcgriing teomMmon and
serve as a word line of said nmenory cell array.

5

10

15

claim 1 or 2, wherein said high-fusing metal of said
upper layer is tungsten. |

5. A semiconductor memory device accdrding to
claim 1 or 2, wherein said high-fusing metal of said
upper layer is tantalum.

6. A semiconductor memory device according to
claim 1 or 2, wherein said high-fusing metal of said
upper layer is titanium. |

7. A semiconductor memory device according to
any of the preceding claims 1 £o 6, wheréin said

two-layer structure includes a thermal oxide layer

‘"which is formed in its surface.

20

8. A semiconductor memory device according to
any of the preceding claims 1 to 6, wherein said
Itwo-layer structure of the respective insulated gate
type fiéld effect transistors_arrayed'in each -
column of said memory cell array are integrally
formed in common and serve as a word line of said

memory cell array.



-

- 45 - 9. A et hod of nanufae%u++ﬂg~a_seﬂngﬂgyctor menory devi ce as
claimed in claim1, wherein said ne imﬂancludes the steps of: (a) fogéggp
.

a first insulating filmhaving 5" "mummmm | i con oxi de and
f a silicon subst¥

upper layer of silicoh nitride over
said first insulating filmcovering first ar €as *of *said main surface in
whi ch said capacitors are to be forned and,second areas of said main 10
surtace in which said insul ated gate type # el[d effect transistors for said
menory cells and peripheral circuit are to be formed; (b) forming a

pol ycrystal line sBkicon | ay8r me¢bedsabsmanufartyring ansemecarductersaid
mai n 15 surface, said polycrystalline silicon |ayer_ being doped with an

i mpurity and haV|HQmPF§ ESV%FSnésoﬁéPF?ﬁﬁg1ﬁaF9§le1saWHe¥?+§ts?h§ulatlng
filmformed over said first aH gond areas .of said main surface; (c) .
patterning said pBFY P?sf&FﬂP Eszg €i FFEBR PLyer to formone el ectrode of
each of said capacitors N qaSnehihihg5Rir800;h0,PAPERE EREnPRLL QL Sald

first insulating filmin each secon iZIrmg’sai

polycrystallige 23 QBMEEOQab@¥96ftQlﬁ?&ghao§&hécQHdoéthpEék”199e§abﬁ

patterned polycrystalline silicon |ayer;
silicon nitride over a main surface of a silicon

substrate, said first insulating film covering first
areas of séid main suiface in which said capacitors
are to be formed and second areas of said main
10 surface in which said insulated gate type field
effect transistors for said mémdry cells and
peripheral circuit are to be formed;
(b) forminé a polycrystallige silicon layer
over substantially the entire area of said main
15 surface, said polycrystalline silicon layer being
doped with an impurity and having its portions
o?erlying parts of said first insulating film formed
NS over said first and second areas of said main surface;
(c) patterning said p§1ycrystalline.
20 silicoﬁ layer to fofm one electrode of each of -
said capacitors in each first area, and to expose
the part of said first insulating film in each
second area; .
(d) oxidizing said patterned polycrystalline
25 silicon layer to form a silicon oxide film on said

patterned polycrystalline silicon layer;



- 46 - (e) renoving the parts of s ' ting filmin said second ﬂ.
ar eas expose the second areas ll!ﬂ “tl iﬁﬂhﬁj@ ilace; (f) oxidizing the
expos reas of said 5 mai n su «'icon oxide filnms on the *

expos reas of said main surface; (g) formng a two-|ayer conductive
struct’e over substantially the entire area of said nmain surface, said

two- | ayer conductive |ayer conprising 046 l-ower |ayer of polycrystalline -
silicon and an upper layer of high-fusing netal containing silicon, sald,!;

conductive structure extondidpbw \fq t3R batdd O Riide ifddem fornmed on said
patterned pol ycrystalline silicon1ayer "and extending over 15 said silicon

oxi de filns figistAhtihd N 19 GON Gl s efontRidt 8 1t oS Wiipder ted (h)
patterning said two-layer conductive structure to formgate el ectrodes of

sai d i nsul at ekagaid dngres fofelshisf medin tswrfacs;ors 20 and said word |ines
and to formsaid interconnecting |ines. - 47 -
(£) ox1d121ng the exposed areas of said
5 main surface to form silicon oxide films on the
exposed areas of'said main surface;
(g) forming a two-layer condﬁctive_structure
over substantially the entire area of said main
surface, said two-layer conductive_layer comprising o’
10 a lower layer of_polycrystalline silicon énd an
.upper layer of high-fusing metal containing silicorn,
said conductive structure éxtending over said
siliFon oxide film formed on said patterned
polycrystalline silicon layer and extending over
15 said silicon oxide films formed on the second area
of said main surface: and
(h) patterning said two-layer conductive
structure to form gate electrodes of said
insulated éate type field effect transistors
20 and said word lines and to form said interconnecting

lines.



10. . A nethod of nanufacturing~h_§§hLQQDQEE%ELTg§nDry devi ce accordj ng
to claim9, wherein said |ower |layer of said conductive |ayer of mulfygayer
structure has a portion contacted w Jﬂlﬂ mt" f one of said hd
areas, and at |east one of said intenX “Bm,:ﬂrm is contacted with the
portion of said second area. 11. A nmét hdd of sanufacturing a
senm.conductor nenory device according to claim9, wherein said 10
hi gh=fusing nmetal of said upper layer is nﬁl§ghénun1 12. A net hod of
manuf acturi ng a sem conduct or nmenory device according to claim9, wherein
sai d high-fusingloetal of Bamdthpgeof| myenfasttningtansemB8conductoA net hod
of manufacturing a sem conductor 15 nenory device according to claim?9,
wherei n sai d hi gherasyndendceal agtosdingupperladpel . i wheneinl said14. A
met hod of manufacturing a sem_ conductor _nenpry device according to claim?9
wherein said higﬁQWG§iggYﬁEt8F spidarandppEivealarersofi pahtikeyed - 15.
A net hod of nanufacturingnsaseniconductor menor | ce according?éo any

e

d
one of the preceﬁFﬁBCEFﬁ § fo??ﬁ?lﬁﬂeF8Pﬁa§§¥G_g%ﬁﬁuﬁt?95t+%§_ of the
respective 'ESU|gﬁsdgggggéérggcghglgrgggec n&rgﬁf}éégEso Lrgyed,ig each

colum of said nenor array are fntegra rmed i n-comMmon and

serve as a word L g rebnfakdiHEMiKeEChl Bbh@Ycted with the portion

of said second area.
va : 11. A method of manufacturing a semiconductor
memory device according to claim 9, wherein said
10 high-fusing metal of said upper layer is molybdenum.
12. A méthod of manufacturing a semiconductor
memory device acgording to claim 9, wherein said
high-fusing métal of said upper layer is tungsten.
13. | A method of manufacturing a semiconductor
15 memory device.according to claim 9, wherein said
high-fusing metal of said upper layer is tantalum.
14. A method of manufacturing a semiconductor
g memory device'according to claim 9, wherein said
high-fusing metal of said upper layer is titanium.
20 15. A method of manufacturing a semiconductor
memory device aécording to any one of the preceding
claims 9 to 14, wherein said conductive layers of
the respective insulated gate type field effect
transistors arrayed in each column of said memory
25 cell array are integrally formed in common and serve

as a word line of said memory cell array.



- 48 ~_16. A nmet hod of manufacturing a sem conductor nenory device
&,

subs] lally as herein described m Lﬁ Figures 17 to 19 of the
acco ying drawings. 5 17. m um Iﬂm manuf actured in b

accordance with any one of the precédifg 'cl &i n§ 9"to 16. 18. A

sem conductor nenory device according to any one of the preceding clains 1
to 8, wherein the nenory device is of the Pybe in which nmenory data in 10 a
menory cell is detected by conparing two parallel data |ines el ongat ed i N .y
proximity to @éch ot her A. mé8hod of mAna€atearndngt ar semivbyddeyvbee accordi ng
to any one of the preceding clains 1 to 8, wherein the first |ayer of
polycrystalI|nem9rV|GGNIGSnQUbEGBnngalSYOGG bereinodesctibadhwitht he

capacitors is cgonprised of a single polysilicon layer on which no silicide
| ayers are forﬁgarence to Figures 17 to 19 of the accompanying

drawings.

5-17. A 64 kbit D-RAM manufactured in accordance
with any oneﬁof the_pfeceding claims 9 to 16.
18. A/semiconductor memory device according to
any one of the preceding claims 1 to 8, wherein the
memory dev1ce is of the type in whlch memory data in k-;

10 a memory cell is detected by comparlng two parallel
data lines elongated in proximity to each other..
i9. A semiconductor memory device according to
any one of the preceding claims 1 to 8, wherein the
first 1layer of polycrystalline silicon constituting

15 one electrode of each of the capacitors is comprised of
a single polysilicon layer on which no silicide layers

are formed.

"~




