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Field of the Invention

The present invention relates to a semiconductor
‘.; integrated circuit device such as a memory, a
photoelectric device and a signal processing device
10 mounted on various electronic equipments and a method
for manufacturing it, and mofe particularly to a
semiconductor device incorporating electrostatic
capacitive element and a method for manufacturing it.

Related Background Art

15 There is a semiconductor integrated circuit
incorporating a number of electrostatic capacitive
elements. :Recently, along with the emergence of -
higher density and higher speed integrated circuits,
a capacitive element of smaller size and with larger

20 capacity is sought.

Fig. 1 is a typical cross-sectional view of
a MOS capacitor generally used in an integrated circuit,
and Fig. 2 is its equivalent circuit. This MOS
capacitor comprises a lower electrode layer of an n+

25 layer 103 formed on an n- layer 102 buried into a
p-type substrate 101, an upper electrode 105 via a

dielectric layer 104 and an extraction electrode 106



p-type substrate 101, an upper electrode 105 via a dielectric |layer 104and
an extractj.an cgﬂode 106 2 _ fromthe n+t layer. An Atermnal and a B

t er mi na@®THS qui valent circuit correspond to the upper electrode 105

and the | ower extiaction electrode 106, respectively. As shown in the

equi val ent circui't, 5 since an el ectri @ conductor such as an n+ diffusion

| ayer is used as the | ower electrode, parasitic devices such as a diode D

and a capacitor Ccs are produced relative to the substrate, and there is a
resistive conponent R due to the n+ diffusion |ayer 10 between a capacitor
Cl and thk B £&PH &ie DAl d6Ye%s e Aupsemididcardd@ Batesmipétlysilicon is

generally wused, ,but when polysil.icon.,is used, a resi%hive conponent R2

due to po!ysiPPc& S §MUdyEdS _\ﬁ%ﬁfUHWECQEIFEFWPHaFoa_ ©t W&PE3paci tor. Cl.
15 According| %’1e‘g%?@d'¥0§0§?ga%§ e '1%%%:6%%%%[ t&%%a%'lte'c AR G8%,Such as a

resi stor, capacitor and are containée r than the capaci'tor Ci,

the frequency charaglenisti s ahdiie MORHEARARLAN Alte cik@slik,ct ed under

the influence of "those parasitic 20 devices. Also, when one terninal of
capaci tive. elapRal anl $1630% id RUHEIIMREINGER dnN@+CAFEM odi Vi Sion

with ClL and Ccs is caused owing'to the parasitic elenent Ccs. 25 Mreover,
dependi ng on tk&epoliar nisedofas the lower electrode, parasitic

devices such as a diode D and a capacitor Ccs are

produced relative to the substrate, and there is a

resistive component R1 due to the n+ diffusion layer

10 between a capacitor Cl and the B terminal. Also, as

the upper electrode, Al or polysilicon is generally

used, but when polysilicon is used, a resistive

component R2 due to polysilicon is added between the

A terminal and the capacitor Cl'

15 Accordingly, when MOS capacitor is used, as
parasitic devices such as a resistor, capacitor and
diode are contained other than the capacitor Cl' the
frequency characteristics of the MOS capacitor are
restricted undér the influence of those parasitic

20 devices.

Also, when one terminal of capacitive.element
is used at a high impedance, the capacity division
with C1 and Ccs is caused owing to the parasitic
element Ccs.

25 Moreover, depending on the polarity of

applied voltage, the capacity value is changed with

the voltage due to the CV characteristics of MOS



applied voltage, the capacity value is changed with the voltage due to the
CV characteristics of MOS | ~r rya~~;5 3 - 1 structure. Fig. 3 is a typica
cross- s8¥tiona@iew of a pn junction capacitor generally used for an
integrated circuit, and Fig. 4 is its equivalent circuit. This 5 capacitor
conprises an n layer 102, a p layer 10¥ and n+ layers 103, 108 forned on a
p-type substrate 101, and el ectrodes 109, 110 opposed via a dielectric

| ayer 104. Nunerals of a structure as shown in Fig. 3 10 correspond to
those of termnals in the equivalent <circuit. The capacitance between
term nal § X a#feruwCctwres2+C3, but any pn junction can be used as capacitor.

As the pn junction capacitor contains parasitic resistance and parasitic
capaci tance, the f req"tE;’eEh'cy3 155 char ¥R1E} sETRES F e ¥R Rfe 20 their

i nfl , d. further th i t | ue_| |y_depend th
vol tage. Nbr ddelinT L FHAC BTSN EREbhY YHEh tHe Fh TUTCHI T becorres

bias. Fig. 5u+%f&]t_é/p! c%é n}g{%sséz gtlé)gaéq%\?%\ﬁﬁgﬁt g%r&f@pagfﬁ%éle el enent

of netal -ins fon fi 1 ructure has been devised to inprove

di sadvantages. gfa ENe MBRSPPSES Ohn OF PRYEHNESS ONa SAPARLE Of g RSaPOVe
descri bed. This capacitive el ement conprises a surface
n+ layers 103, 108 formed on a p-type substrate 101,
and electrodes 109, 110 opposed via a dielectric layer
104.
Numerals of a structure as shown in Fig. 3
10 correspond to those of terminals in the equivalent
circuit. The capacitance between terminals X and Y
is C2+C3; but any pn junction can bé used as capacitor.
As the pn junction capacitor contains parasitic
resistance and parasitic capacitance, the frequency
15 characteristics are restricted due to their influences,
and further the capacitance Value largely depenas on
the voltage. Moreover, it can not be used except.
when the pn junction becomes bias.
Fig. 5 is a typical cross-sectional view of
20 a capacitiye element of metal-insulation film—metal
structure which has been devised to improve
disadvantages of the MOS capacitor or pn junction
capacitor as above described.
This capacitive element compfises a surface
25 metal (lower electrode) 202 formed on a semiconductor
substrate 201, an interlayer insulation film 203, an

upper layer metal (upper electrode) 204, and a thin



25 netal (lower electrode) 202 forned on a sem conductor substrate 201, an
i hterlayer insulation film 203, an upper |ayer netal (upper electrode)

204, "anéd a thin 4 insulation film(dielectric layer) 205 which is a
capacitive portion. As netal filns of the upper and |ower |ayers, Al or A
all oy fornmed by the magnetron sputteri dg-5 nethod, tungsten, or tungsten
formed by the chem cal vapor deposition (CVD) nethod are used. As the thin
insulation film205 serving as a capacitor, SiO 2' Si3N4, or Ta20 forned
by CVD, Al12Q3 formed by anodizing, or a | am nate nade of a conbination of
those filks cdRsydatignydddm |(igdiestrdsadiaviard d%emich dsr @ is an

advant age t hat paraiytic capaci tance or parasitic resistance nay not be

pr oduced. Hows\& R C 4 ﬁ&@ﬁ??onal technol ogy, the surface of el ectrode

Mg &5
was coarse, 50 15'thayd by GO B9 INIGLEASG d heudheathantatic

capacity per unit area of capacitive el enent. IS, on an- el éctrode

surface for med. byt e canwentdciipla yeaohfhe didd A RB3pg ght be

produced as shown | argér scale in Fig. 5, so that "a probl em arose 20

such thatsif tRendd,Clei@esten i etindstdray@rmQb by tHEdEdntlidaer to
increase the electrostatic capacli tance per unit area of capaci tive

el enent, the diglactddposiltdysr @D )mamethdrakenisaid.a EesithHeorhilner e
hillock 202A is produced, or becone extrenely thin and thus

insulation f£ilm 205 serving as a capacitor, SiOz, Si3N4,

or Ta formed by CVD, Al formed by anodizing, or

2% 293
a laminate made of a combination of those films can be

10 used.

In this capacitive element, there is an

advantage that parasitic capacitance or parasitic
resistance may not be produced. However, in a conventional
technology, the surface of electrode was coarse, so

15 that it was difficult to increase the electrostatic
capacity per unit area of capacitive element. That
is, on an electrode surface formed by the conventional
technology, hillocks 202A might be produced as shown
on larger scale in Fig. 5, so that a problem arose

20 such that if the thickness of dielectric layer“205 is
made thinner to increase the electrostatic capacitance
per unit area of capacitive element, the dielectric
layer 205 may be broken at a position where hillock
202A is produced, or become extremely thin and thus

25 has a lower electrical withstand voltage. In other
words, a metal film formed by a conventional method

such as sputtering method or CVD method became quite



25 has a lower electrical wthstand voltage. In other words', a netal film
formed by a conventional nmethod such as sputtering nmethod or CVD nethod
becarre quirte 5 1 irregular on the surface of nmetal film because the
stress built up in the filmmght be dispersed in the formof hillocks
with the heat processing after deposition, whereby it was difficult to
forma thin 5 insulation layer. In a highly integrated circuit system it
is required to formthe thin insul ation Iayer uniformy at high
dielectric constant. Particularly, capam tive el ement of

Al -i nsul ati on F&PELAT PO é:t}\euétutfrfécq PfAI‘@dI?]w My Besrdser theconst ant of

8 to 10 can be used, as the i nsul Q Iayer by an0d|2|n degree
of integratioff T&THEYGrk “rrﬂ"rahc?vegl \%’@ddéélcft?‘ﬁed with

t he conventio hre orruchlrr r|t|es on the 15
surface of Al r’l‘%go toh%C Wass |th sﬁt\g%sgﬁa% [ €dni for m y at
practical vyiel gll%»&!%l OthgY Ety,-]nqt Qﬁa g 16 15 %@%Stt%t |f% apagiity ve el ement
used for a dyrﬁ% % au(i:lll rrcw OV\l/n in 3 novvnllynn whi ch a

capacitorgis 2Q cA8Ced 4y t.he dral n si de of I\/%FET F| g. 7 is one of
t he devi ce structures for inplenmenting that <circuit, referred to as a

stack type. This strugure hllg]ﬁdyude&eamai\@zliﬁﬁwmmgsy&tw,yild iigon gate 23
on a gate oxide film22 forned on a p-type substrate 21,
required to form the thin insulation layer uniformly
at high dielectric constant. Particularly, with a
capacitive element of Al-insulation layer—Al
10 structure, if A1203 with a dielectric constant of 8 to
10 can be used as the insulation layer by anodizing
Al, the degree of integration can be gréatly improved.
However, as above described, with the conventional
technology, there were too much irregularities on the
15 surface of Al, so that it was indispensable to form
A1203 uniformly at practical yield.

On the other hand, as an electrostatic
capacitive element used for a dynamic RAM, a circuit
as shown in Fig. 6 is known in which a capacitor is

20 connected to the drain side of MOSFET. Fig. 7 is
one of the device structures for implementing that
circuit, referred to as a stack type. This structure
includes a pMOSFET having a.polysilicon gate 23 on
a gate oxide film 22 formed on a p—type-substrate.2l,
25 a source 24, a drain 25,.a source.electrode 26, a

field oxide film 27, an oxide film 28 and an

interlayer insulation film 29, and a capacitor composed



25 a source 24, a drain 25, a source electrode 26, a field oxide film 27,
an oxide film28 and an interlayer insulation film29, and a capacitor
conposed 6 1 of a polysilicon 30 provided in contact wth the drain of
pMOSFET, and a further polysilicon 32 provided via a dielectric film31l. A
trench type as shown in Fig.8 and a fPn"type as shown in Fig. 9 are

obtai ned by 5 deform ng the shapes of respective polysilicon |ayers 30A,
32A and 30B, 32B as shown, in order to increase the capacitance of

tack-t it d . d its,. .si.ze. t f ired,

o oveneht  obEof cbrHESLALTER 1B BEPRLAFRhFOREREE] POk EAE BrEdTousl y
described, thge Ljokegse facapagiinnrepad thecLedyst hog,ehegl gyent area
for capacitor betans a farge technical probrem wever, in the stack-type

as above descyl BedeLles ENELEASSIOf ACRRBAEhARGB.ARD LHBWACHHCEIGNSOf
el ement area for 15 capacitor are not consistent, In the trench fype,

there is a prohhem oinl €3Kei BsC8R3Wht @h, FRBd bNatBeopthinbdpBy there is a
- problemthat the manufacturing process beconmes conpl ex because the shape

of polysi4icogefsrnongl €ne Shapbat oft re@pedtirecpblybolidbnplayede a nmenory
cell at lower price with increased degree of integration. That is, with
t he conventi oB@h,t 32Anande30Bs 3Pheasonbbwhut innosderahaf aotuenng treéhod
for capacitor was not sufficient, it was difficult to forma capacitor
' capacitance of stack-type capacitor and decrease its
size.
Apart from a desired improvement of electrostatic
10 capacitive element itself as previously described, the
increase of capacitance and the reduction of element area
for capacitor became a large technical problem. However,
in the stack-type as above degcribed, the increase of
capacitance and the reduction of element area for
15 capacitor are not consistent, in the trench type,
there is a problem of leak in capacitor, and in the
fin type, there is a problem that the manufacturing
process becomes complex because the shape of
polysilicon is complex, so that it was difficult to
20 provide a memory cell at lower price with increased
degree of integration.
That is, with the conventional technique, as
the constitution or manufacturing method for capacitor
was not sufficient, it was difficult to form a capacitor
25 with small occupying area and large capacitance at
good yield.

In a semiconductor circuit, a storage element



25 with small occupying area and | arge capacitance at good yield. In a
semi conductor circuit, a storage elenment _ 7 1 (thereafter referred to as
a nenory cell) having a circuit configuration as shown in Fig. 10 is

known. A typical cross-sectional view of such a nmenory cell is shown in
Fig. 11. As shown in Fig. 11, a capacitbr 5 C as capacitive el enent
incorporated into the nenory <cell is constituted of a | ower el ectrode 30,

an upper electrode 32, and a dielectric film31 forned between both

el ectrodes 30,,32. Wien the higher integration is regured for 10 such
menory cefl, iié’fesr%%tg%%ﬁalf ?’gr?‘idﬁ%eagh% Py & ]gg) et i tor C as
capacitive pord{on, 8&%‘1@&%&%&' Y dﬁ]o&ﬁ BP%%? #6‘%[ U cel |

normal ly, it 1S necesSary 1o build up e quant’i of electric charge as

much as about ZO0fC; idh tHE, $APSCLL En G 1Pidw SECMIE thend RS PLANCE agai nst
soft error due tothe aray emtted froma ceram c package of DRAM for

instance. |If sgdtémged hen pegr Vol t age showay i thidhisl, caddpdyiedr char ge,
and representing the capacitance between source and earth for the
capaci tor sC asC Gss Cépadibnids e1d&ékt esrpdeated| Botdithd ihemadyi s a
general Si oxide film it is known that the electric field applicable to
the dielectriceX¥l|is MdonstEutabouf &Nwer bebecseodd 30, an upper
electrode 32, and a dielectric film 31 formed between
both electrodes 30, 32.
When the higher integration is required for
10 such memory cell, it 1is necessary to reduce the plane
area of capacitor C as capacitive portion in each
bit. 1In order to operate‘the memory cell normally,
it 1is necessary to build up the quantity of electric
charge as much as about 200fc in the capacitor C to
15 secure the resis;ance against soft error due to the
o ray emitted from a ceramic package of DRAM, for
instance. If setting the power voltage at 5V with this
quantity of charge, and representing the capacitance
between source and earth for the capacitor C as Cs,
20 then
Cs > 40fF
When the dielectric f£ilm 31 is a general Si oxide film,
it is known that the electric field applicable to the
dielectric film 31 is E < about 5MV/cm because of
25 the reliability for the Si oxide film. Thus, when a

method for applying a voltage half the power voltage

is used, the thickness of Si oxide f£ilm that can be



25 the reliability for the Si oxide film Thus, when a nethod for applying
a voltage half the power voltage is used, the thickness of Si oxide film
that can be - 8 1 sufficiently used as the dielectric filmis presuned to
be 50A. Since the dielectric constant Er of Si oxide filmis 3.7, it is
necessary to secure the plane area of &apacitor C as large as 6 un® or
nore, 5 in order to realize Cs > 40fF A nenory cell conprising a capacitor
havi ng such a Iarge pl ane area can not neet the recent requirenents of

hi gher de ree of nt egrati on as abqve descrlbed Thereb with the
capaci t or C ofsulférh Yst995& @ § tdr?‘éa 593 upwar d
convex as shown in Ri@g 11, for ece gsary ca tance was
secured by i chreasﬁn théSlsd:ref §ch§ a ea%gi’/ﬁftﬁ t°EH aarnéclyng OCIJ Sgr oj ection
pl ane area of cig.qr, G RY &% THRd #@g%? £gct of the
pr esent |nvent?§%ﬁislﬁb pf%?PEWA gzsenlcon uct gpblce nDre SU|tabIe for

hi gher | nt egratdrpn dhan ot anal ones Ydders i1at f ddr present

invention is to provide a nore reliabl e sem conductor device than 20
conventiomal GRE.orAdrurtdefe DB ACtCOR> LA egeMendMENdd 10N ddmprd Sy i de a

met hod for manufacturing a sem conductor device with higher integration
and nore reli aidagacittdean ieonventswriala dregeatplgocd ariesd dcan not
meet the recent requirements of higher degree of
integration as above described. Thereby, with the
capacitor C of laminated structure in the shape of
10 downward or upward convex as shown in Fig. 11, for
example, the necessary capacitance was secured by
increasing the surface area without enlarging the

projection plane area of capacitor C.

SUMMARY OF THE INVENTION

15 ' An object of the present invention is to provide
a semiconductor device more suitable for higher
integration than conventional one.

Another object of the present invention is to
provide a more reliable semiconductor device than

20+ conventional one.

A further object of the present invention
is to provide a method for manufacturing a semiconductor
device with higher integration and more reliability
than conventional one, at good yield.

25 Another object of the present invention is
to provide a semiconductor device characterized by

comprising a capacitor consisting of an Al region



25 Anot her object of the present invention is to provide a sem conductor
terized by conprising a capacitor consisting of an Al region
n a sem conductor substrate, an Al oxide film formed on a
surface of said Al region, and an el ectrode opposed to said Al region with

devi ce charac
9 1'fornéd o

interposition
invention is

of said Al oxide film 3 Another obj ect of the present
to provide a nethod for manufacturing a sem conductor

havi ng a capacitor for accunulating el ectric charges, characterized

|nclud|ngla p
capaci t or ~hy

met hod of usi
process of fo

devi ce
by

f th | ectrod ti.tuti, the 10
GRRTER: Py 2nPeDr AT AEAP St EhE e en B ARI% Fiifne (VD

%rﬂle@aanofa] %L@f'acea'olfms@gq Rydrids ,gnd pace Og'ieC%Qg

rmng an al um num oxi de m of he dur

e
one OF sai d

el ectrodes. 1% b@s@ﬁetgr%%ﬁﬁtNln%%@ﬁoﬁnw1§hDQQté&pQ%1%hoﬁlb@ysagﬁleCt'Vely
a senlconductor substrate is wused aS a lower netal |ayer, an

deposited on
el ectrostatic

papaGigel ¥e1gl.enent of Al -insulation filmAl structure

havi ng

hi gh withstand voltage and with high reliability 20 can be fornmed at good

yield. Al so,
el ectrostatic
and junction
parasitic ele

10

15

20

25

as the Ahlnelt@etr otgccs wsedheopriackhteliaotenedes ak tbe

capacitive elenent, the influences of diffusion resistance

Capadideanc setio ddoel imanndtaetur ing ehaenikendotitoence of
ment can be

device having a capacitor for accumulating electric
charges, characterized by including a process of
forming one of the electrodes constituting the
capacitor by depositing Al or a metal with the base

of Al, with the CVD method of using a gas of alkyl
aluminum hydride and hydrogen, and a process of forming
an aluminum oxide film on the surface of one of said
electrodes.

In the present invention, since Al or Al alloy
selectively deposited on a semiconductor substrate is
used as a lower metal layer, an electrostatic
capacitive element of Al-insulation film-Al structure
having high withstand voltage and with high reliability
can be formed at'good yield. Also, as the Al electrode
is used for both electrodes of the electrostatic
capacitive element, the influences of diffusion
resistance and junction capacitance can be eliminated,
so that the influence of parasitic element can be
reduced as compared with MOS capacitor and pn junction
capacitor, whereby the frequency characteristics of

capacitor can be improved.



25 reduced as conpared with MOS capacitor and pn junction capacitor,

wher eby the frequency characteristics of capacitor can be inproved. - 10

1 Furtherimore, the surface of Al electrode according to the present
invention is quite flat, so that it is possible to make an insulation

| ayer thinner than conventional one; &Rd~increase the 5 electrostatic
capaci tance per unit area. Furthernore, another object of the present
invention is to provide a sem conductor device characterized by conprising

a capacitor consistin a | ongitudi nal ion fornmed Q
senlgonddctor 10 subsgPﬁFEerﬂﬂHeantEFeEPFSBEeOBSOQéd398C§£PﬂeAl region

with interposit ectric t he.present gﬂant|on si nce
S

LELgpagf a.di electt vght opL
one el ectrode® Pel Foﬁg Fualnép strakturg GH ondfict or
substrate, anggs 2e0TR 'kopstoiaPEs, hike! SnTifiguidcisn 9B9LEIT! O

structure, it IS possi | enent a sem con VICE haV|ng a

snal | - si zed C€H§ﬁhé9rtﬁhhhcbﬂ696t969§§'BMeanQnﬁxgﬁEEEQEedHBéb'"ty in the
sinpl e process. Also, since an electrode material having 20 excellent

selectivigy aadeetregedtiuathpiceannbe pdepasitedren.forning el ectrodes
constituting a capacitor, the capacitor having small occupying area can be
formed at good yi el dFruFtheheoper, eananaehebbgbicecbfoktheherpsesent
invention is to provide a semiconductor device
characterized by comprising a capacitor consisting
of a longitudinal Al region formed on a semiconductor
10 substrate, and an electrode opposed to said Al
region with interposition of a dielectric layer.
In the present invention, since one electrode
is formed as longitudinal structure on a semiconductor
substrate, and as a result, a capacitor is made as
15 longitudinal structure, it is possible to implement
a semiconductor device having a small-sized
capacitor with largé capacity and excellent durability
in the simple process.
Also, since an electrode material having
20 excellent selectivity and of good quality can be
deposited in forming electrodes constituting a capacitor,
the capacitor having small occupying area can be formed
at good yield.
Furthermore, another object of the present
25 invention is to provide a semiconductor device and a
method for manufacturing the same having a capacitor with

the structure capable of accomplishing further higher



25 invention is to provide a sem conductor device and a nethod for

‘manuf acturing the same having a capacitor with the structure capable of
acconpl i shing further higher - 11 1 degree of integration and fineness.
Ahot her object of the present invention is to provide a sem conductor

devi ce characterized by conprising a ¢4pacitive elenent including a first
5 electrode having a |l ower |ayer portion formed on a |ower surface within
an opening where the |lower surface is exposed forned in an insulation film
on the conductive | ower surface_and an upper |ayer portion extending out

in a d|réktloﬂeFF%ﬁ1§§|HnFﬁﬂéﬁtF99ePn§0be?PP6ﬁ along sald | oner surface,
and a second electrogP ;E via a a.surface of said
first el ectrode. Sai d*Pf ?rePBE?FBd8 nﬁ BBﬁﬁﬁpﬁ éﬂVEPE&?Plésconductlve
material of epfh t lo ntaln Ieas ne kind of 15
kboBEofban e Rpudbotlndtaf nERRhE Shafaflenitin Y

atom anong Si, sal 203. Between

sai d @'e|eCtrb8mF£h§hﬂ8d sessacék1b@aé&emeﬁt0§neehﬁlﬁbegt%Eggﬁ can be

conprised a dielectri¢ layer he above construction~o e present 20

i nventions canebecerpgbaghvifg W tBwarnehbed pBekydhn@ormelr 8aegs of forning
a first electrode having an upper |layer portion and a |ower |ayer portion

in which sai diowewesukayee parhiAnahsopenirdg hyedepeset iBgesel ectively
conductive material on a | ower surface within an opening

surface is exposed formed in an insulation f£ilm on
the conductive lower surface and an upper layer portion
extending out in a direction from said lower layer

10 portion along said lower surface, and a second
electrode formed via a dielectric film on a surface
of said first electrode. Said first electrode may
contain an electric conductive material of either Al
metal or Al alloy containing at least one kind of

15 atom among Si, Ti and Cu. Also, said dielectric film
can be A1203 Between said dielectric film and said
at least one of both electrodes can be comprised a
dielectric layer.

The above construction of the present

20 invention can be manufactured with a method including
a process of forming a first electrode having an upper
layer portion and a lower layer portion in which said
lower layer portion is formed by depositing selectively
conductive material on a lower surface within an opening

25 where the lower surface is exposed-formed in an

insulation film on the conductive lower surface and

then said upper layer portiqn is formed by depositing



25 where the I ower surface is exposed fornmed in an insulation filmon the
conductive |l ower surface and then said upper layer portion is fornmed by
depositing - 12 1 selectively conductive material in a direction from an
upper portion of said | ower |layer portion along said |lower surface, and a
process of exposing a |lower face of sdiZd -upper | ayer portion and a surface
of said 5 lower layer portion by renoving a portion of said insulation
filmwhich is | ocated under said upper |ayer portion of said first

el ectrode and surrounding said |ower |ayer portion, a process of formng a
dielectrid fiSCheGtiVIEd Yo £posv¢ teie Mt 3tiadaiip A ddregitdeny 4d€m 10 and a
process of form ng a second el ectrode conposed of conductive material on
sai d dielectri®® P%PﬁF PR théFd Ol FEEPRG E48Pd 3PS el ect r ode

can be acconpl w th the CVD nethod __using a gas _of .al kyl -al um num
o de-and hyasggdghes st 4gt L E it R Sredn g drite Ty be

di met hyl al umgnan bydrd de; u%%%go\ggyersﬁoqfti@nelagﬁ[ d GulddBMR)E RGN

-alum numoxide film A pro formng a dielectric l'ayer on said

dielectrig filowesan e wotrhalod M ydathv iy | ddig ihesgntsdilvent i on,

since the first electrode has a | ower |ayer portion on conductive |ower
surface and annupper ilody & 1RORHIGh ed arbidt®EOWinddm saidl @geiron afyle@m t he

| ower | ayer portion along the |ower surface, it is possible to increase
the surface portion of said first electrode and surrounding said
lower layer portion, a process of forming a dielectric
film on the exposed surface of said first electrode,
10 and a process of forming a second electrode composed
of conductive material on said dielectric film.
Hereby, the process of forming said first
electrode can be accomplished with the CVD method
using a gas of alkyl aluminum hydride and hydrogen.
15 In this case, said alkyl aluminum hydride may be
dimethyl aluminum hydride. Moreover, said
dielectric film may be an aluminum oxide film. A
process of forming a dielectric layer on said dielectric
film can be further included.
20 In the present invention, since the first
electrode has a lower layer portion on conductive
lower surface and an upper layer portion extending out
in a direction from the lower layer portion along the
lower surface, it is possible to increase the surface
25 area and capacity of whole capacitive element by making
a projected plane'area of the upper layer portion to

the lower surface larger than that of the lower layer



25 area and capacity of whol e capacitive elenment by nmaking a projected

pl ane area of the upper layer portion to the |ower surface |arger than
that 'of tHe lower layer - 13 1 portion. As above described, as the first
el ectrode has a double layer structure, it is possible to increase
greatly the degree of integration by Tekinmg the effective use of a space
on the ower surface 5 | ocated beneath an overhung portion of the upper

| ayer portion as the space for other elenents. Also, in the present
invention, as the first electrode is formed with a netal depositi.on

t echni quel usiBRF el oew AVD FRAYR Aeserikedosat tite thd Ty mlarmPdpper | ayer
portion extendlqg out in a direction along a |ower surface by grow ng

crystal of |ow# I%ly%?ub]pﬁ)r]t?wvﬁ"i‘fP%t‘f%ﬁ:etltde‘p%rﬁﬂwkb]r? t4R" f ace

orientations of | ower er. portio andlo r surf efroma face
'%/ %ﬁHﬁ%tlve

of |ower |ayer*horidon ?’6 by Ui 5 i es%’fae
mat eri al on théihé Oe\_’Pf SHJ&GEse W £ N 1 C;?a(‘ n?er{"ﬂge X Qﬁ%‘ﬂ TI ON O THE
| ona

DRAW NGS Fi is at ypl cal ~cross-se VI ew o a conventional MOS

capaci tor 5 2 20 F8atda | Sela Y A SO g bt gl uhher capaci tor as

shown in 1. Fig. 3 1s a typical cross-sectional view of

convent i onal Pa & Chd PP SRPAS I 418 - sFhde for ok 2R M e . Ci rcwt di agram
of the

Also, in the present invention, as the first
electrode is formed with a metal deposition technique
using a new CVD method, it is possible to form an

10 upper layer portion extending out in a direction along
a lower surface by growing crystal of lower layer
portion with a facet depending on the face orientations
of lower layer portion and lower surface from an upper
face of lower layer portion formed by depositing

15 selectively conductive material on the lower surface
within an opening.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a typical cross-sectional view of
a conventional MOS capacitor.
20 Fig. 2 is an equivalent circuit diagram of
the capacitor as shown in Fig. 1.
Fig. 3 is a typical cross-sectional view of
a conventional pn junction capacitor.
Fig. 4 is an equivalent circuit diagram of the
25 capacitor as shown in Fig. 3.
Fig. 5 is a typical cross-sectional view of

a conventional capacitor of another type.



25 capacitor as shown in Fig. 3. Fig. 5is a typical cross-sectional view
of a conventional capacitor of another type. - 14 1 Fig. 6 is acircuit
di agram of a conventional nenory cell. Figs. 7 to 9 are typica
cross-sectional views of conventional sem conductor nenory cells,
respectively. 5 Fig. 10 is an equiva amet- circuit diagramof the
conventional nenory cell. Fig. 11 is a typical cross-sectional view of

anot her conventional sem conductor nmenory. Fig. 12 is a typical
cross-sectional view 10 show ng a capacitor according to one exanple of
the presént inventiofFidki ¢ ik3 d siadwigi cHlagrans ©fs ec tdomvain tdiomsl show ng
a capacitor according to one exanple of the present invention. 15 Fig. 14
is acircuit deMPEIMSSHIWi ng a DRAM according to one exanple of the
present invention. Fig.. 15 is a circuit diagramshow ng an optical sensor
according to one exa. g%t 1 HE P St YRIRRNIGIOFS 5 Hhignals Viiews circui t

dlagran1shomﬁn n %ratl nal 6ﬁi accordi ng tqo one exanple of the
present |nvent|oﬁ nﬂi& %?W%g% '1%ﬁ1angﬁth%ﬁ%ﬁfﬁar%ﬁﬂﬁ%%%%ﬁﬁy'
circuit agcordlng to %T%fafyniéaéﬁ éJ&ivalaneticircuit diagram of

the conventional memory cell.

Fig. 11 is a typical cross-sectional view of
another conventional semiconductor memory.

Fig. 12 is a typical cross-sectional view

10 showing a capacitor according to one example of the
present invention.

Fig. 13 is a typical cross-sectional view
showing a capacitér according to one example of the
present invention.

15 Fig. 14 is a circuit diagram showing a DRAM
according to one example of the present invention.

Fig. 15 is a circuit diagram showing an optical
sensor according to one example of the present
invention.

20 Fig. 16 is a circuit diagram showing an
operational amplifier according to one example of the
‘present invention.

Fig. 17 is a circuit diagram showing a

comparator circuit according to one example of the
25 present invention.

Figs. 18A and 18B are typical views for explaining a

semiconductor memory according to one example of the



25 present invention. Figs. 18A and 18B are typical views for explaining a
sem conductor nenory according to one exanple of the 15 - 1 present
invention. Fig. 19 is a typical cross-sectional view of a semi conductor
menory according to one exanple of the present invention. 5 Fig. 20A to
20H are typical views for explaining-alsprocess of manufacturing a

sem conduct or nenory according to one exanple of the present invention.
Fig. 21 is atypical circuit diagramof a sem conductor circuit device
according to one exanple 10 of the present invention. Fig. 22 is a typical
cross-sedt i onBFefBly dRVeRntient conduct or circuit device according to one
exanpl e of the presen#.invigtlon. Fig. 23 1S a tg i cal cross-sectional view
of 15 a seni conduct of *&r rtdi £SdBvFERTGRLoFEP AT PoaChHenabxaHpY 2B t he

present inventign. .Fi 24 1s_a ical view for explaining a
seniconductorgn%%%%?°§%%8?%¥nﬁe?%¥§n3c8§ﬁhﬁ?% g? R eﬁ?@%g%toanQ%tion. 20
Figs. 25, 26 ﬁPQségtagﬁvéMQESH[ views for explaining processes of
manuf act uri ng- sem conductor nenories according to exanples of the present

invention, Figs. 28 apdg2928herbypbhabr¥i eypishOW, DwONEor CERPPA EnPlgaafilm
form ng apparatus used in carrying

process of manufacturing a semiconductor memory

according to one example of the present invention.

Fig. 21 is a typical circuit diagram of a
semiconductor circuit device according to one example

10 of the present invention.

Fig. 22 is a typical cross-sectional view of
a semiconductor circuit device according to one
example of the present invention.

Fig. 23 is a typical cross-sectional view of

15 a semiconductor circuit device according to one
example of the present invention.

Fig. 24 is a typical view for explaining a
semiconductor memory according to one example of the
present invention.

20 Figs. 25, 26 and 27 are typical views for
explaining processes of manufacturing semiconductor
memories according to examples of the present invention.

Figs. 28 and 29 are typical views showing one
example bf a film forming apparatus used in carrying

25 out a film forming method suitable for formation of
an interconnection layer in a semiconductor device

according to the present invention.



25 out a filmformng nmethod suitable for formation of an interconnection
{ayer in a sem conductor device according to the present invention. 16 1
Fig. 30 is a schematic plan constitutional view of the apparatus as shown
in Figs. 28 and 29. Fig. 31 is a schematic constitutional view adding the
novi ng order of base body as shown in Rigg- 5 30 by the arrow. Figs. 32A to
32D are typical views for explaining a filmform ng nethod suitable for
formation of an interconnection layer in a sem conductor device according
to the present invention. 10 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBCDI MENIS An exanplragqf 3ihd splaeseibenidtvientdlcim Wdnlstieutiowadescri bed
wth reference to the drawi ngs, but the present inventionis not |imted
to these exanpliew, of ¢dwbiapgparatust asssdniwnalint Gulygs.qRSs and @&8ch exanpl e

15 or various changes of design can be nmade. Exanple 1 An exanple 1 of the
present invention wilFige 3deser idbethesiadwd radetditiubiionialr afieWence to the
drawi ngs. 20 Fig. 12 is a typical cross-sectional view show ng a preferred
embodi ment of NGr E3ENMAVAHPEhIATEIRT o RSty iad EHeey Ut éd9such t hat

a predeterm ned region of an insulation layer 2 formed on the surface of a
sem conduét or 3§)ul?§’tgrt§'tee af Loy -

Figs. 32A to 32D are typical views for explaining
a film forming method suitable for formation of an
interconnection layer in a semiconductor device
according to the present invention.

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An example of the present invention will be
now described with reference to the drawings, but the.
present invention is not limited to these examples,
a combination of essential techniques in each example
15 or various changes of design can be made.
Example 1
An example 1 of the present invention will be
described below in detail with reference to the
drawings. |
20 Fig. 12 is a typical cross-sectional view
showing a preferred embodiment of the present invention.
A capacitor 1s constructed such that a
predetermined region of an insulation layer 2 formed
on the surface of a semiconductor substrate 1 is
25 removed, and on a specified region of the semicoﬁductor
substrate is formed a metal layer 3 as a lower electrode,

on the surface of which a first dielectric film 4 is



25 renoved, and on a specified region of the sem conductor substrate is
formed a netal layer 3 as a |lower electrode, on the surface of which a
first dielectric film4 is 17 1 formed, and further via a second
dielectric layer 5, a second netal Iayer 6 is provided as an upper

el ectrode. The surface of |ower electrdde netal |ayer 5 according to the
present invention is a quite flat surface, on which a quite thin
dielectric is formed. Such a netal |ayer can be forned with a new CVD
method as will_ be described. At |least one of the electrodes is Al or a
metal with t hdFassd nfang %P%‘Qsaﬁ -sgeong dijeleqtrge 1Riye§ 2T or

Al - Si - Cu. Partlculaci 4311 %% is nmore preferable. | ower

seni conduct or aresgeﬁ?ﬁ’ Jie El 5 R5Peethd S atnyblé’peind a filmmde
of barrier %_ uch as TiN can be interposed, but with new CvD nethod 15
(referred to as - nethod) as wll be described later, the barrier

metal is not necessar |.1lry% rE ok 48 o PecaNSE d NG ld tetqh fll Iyrglt 0 be

deposited is quite excellent. And as its surface property 1$ also

excel lenty  2Qddhg- i) acd rire fptdrdiy Moty Ot idie ird apA t@@rike made  thin
and the capacity can be increased. The dielectric filmcan be fabricated

as a thinner aigfddees dr Iwhichvd hpdiee cetiidatd il edftreledls ddamesn that it
is possible to further increase the capacitance of capacitor.

Such a metal layer can be formed with a new CVD
method as will be described. At least one of the
electrodes is Al or a metal with the base of Al such

10 as Al-Si, Al-Ti, Al-Cu, Al-Si-Ti or Al-Si-Cu.
Particularly, monocrystal Al is more preferable. A
lower semiconductor region can be either of n-type
and p-type, and a film made of barrier metal such as
TiN can be interposed, but with new CVD method

15 (referred to as Al1-CVD method) as will be described
later, the barrier.metal is not necessarily required
because the quality of film to be deposited is quite
excellent.

And as its surface property is also excellent,

20 the dielectric film formed on the surface can be made
thin and the capacity can be increased. The dielectric
film can be fabricated as a thinner and finer film,
with the oxidation of electrode, so that it is possible
to further increase the capacitance of capacitor.

25 The second dielectric layer can be made of any
one of oxide or nitride with high dielectric constant.

Furthermore, an electrostatic capacitive element can



25 The second dielectric |ayer can be nade of any one of oxide or nitride
with high dielectric constant. Furthernore, an electrostatic capacitive

el ement can 18 1 be constituted using a si ngle dielectric by onmtting the
second dielectric layer. Also, a multilayer interconnection can be forned
in such a way as to forman interlayer lithsulation 5 filmon a netal |ayer
of upper electrode, provide an opening reaching the upper electrode, and
deposit a netal in its opening for connection with an inter- connection
pattern provided on the interlayer insulation film 10 A sem conductor
devi ce havi ngbg cepatiitinred slsdmehta Wingle stiedeafrdcabyskowttiingri g. 12
was made. On a face (10% of exposed Si nonocrystal substrate 1, Al was
sel ectively dépssiSes@nd HelifetaVs Idia¥od usi ng DMAH (di net hyl al uni num
hydri de) and 15 hydroge The tenperature of base suhstance was 2900 C. At
this tine, A rmnocrygta?l O i I’i‘“’altfjéc?é’eo’%llé‘rﬁe&tqoé‘ﬁec(t]}ﬂ’) CRds Grown Its

surface was quite f

h
nonocr yst al é’r"ﬁrdo&é"sssélcf% r?t 3""3’ gf'resgl e fls]ﬂ‘h%g’ b rg%eé }nfsul’lr%tﬂ’o\ﬂas 20
deposi tedgin g5 tlm 5 %[s%eoc 1%%% V}_at c?ng:e e(i\él%t@%tdtéodgr];@qg ap openi ng

portion vvas provi de ace corres ng to cap Citive portion on

the Al nopnocr i t resist
patterning % ln?&%%gyﬁﬁllﬁlg&gheélﬁ%fgﬁ' v?/g?e?@gr?%&%aas

metal in its opening for connection with an inter-
connection pattern provided on the interlayer insulation
film.

10 A semiconductor device having a capacitive
element with éIStfuctﬁre as shown in Fig. 12 was made.

On a face (100) of exposed Si monocrystal
substrate 1, Al was selectively deposited with the CVD
method using DMAH (dimethyl aluminum hydride) and

15 hydrogen. The temperature of base substance was 290°C.
At this time, Al mbnocrystal with a face orientation
(111) was grown. Its surface was quite flat. With
RIE (reactive ion etching) method, Al monocrystal was
processed into a desired shape, and a SiO2 film 2 was

20 deposited in a thickness of 8,000A, with the CVD
method. Then, an opening portion was provided at a place
corresponding to a capacitive portion on the Al monocrystal

by etching the SiO, film with the photoresist patterning

2

and RIE. Next, by dipping the whole of water into a
25 solution of H202 H,0=1:1, a Al,O; film 4 with a thickness
of about 153 was formed on exposed surface of Al

monocrystal 3. It should be noted that in the above



25 solution of H202: H20=1:1, a A1203 film4 with a thickness O of about
-15A was forned on exposed surface of Al nonocrystal 3. It should be noted
that in the above 19 1 procedure, it is also possible to firstly formthe
SS2 film2 on the Si substrate 1, provide an opening portion reaching the
surface of Si substrate 1 at a predetéPnined place, selectively deposit Al
on an 5 exposed surface of the Si substrate 1, and formthe A1238 film3
on its surface. Next, the substrate was heated to about 350 C, and a

silicon nitride film 5. was deposited.in a,thickness @f about 100A, with
Lhe OVD bt hof ¥ GSPAS*Rits 15ad SaRd o8 FRSGAB ISPt RaF REFY, TOTB RPEh or ) nary
CVvD net hod, anp.upper. .l ayer . i n Licon_pLiejide filmbs
and the Si O ZQl#EI%%}% éngngkhgﬁ§érg§?§§k%§ge ) &ggvig%ne aP%hE%ﬁe
patterning. TRE. WNRGr Jayelnd thiel BLr¥alel o#e8eSsabktyatBuge ¢ hh the CVD
net hod, but t%gr D met ho lfglnnfe 15 Srefgrable than Fhe degosition wth
hi gh energy sugghgeds e canpheie,NGe10Reaveeyt Aepodiel att bhCcahi Imis |less
darmaged. It is also possible to formthe AI2G3 filmin a desired thickness
and onmit the feapoRidorueifacs lbifcamenidir istdstirate 20 Zha femwf abkuring yiel d
and presence and absence of hillocks of an electrostatic capacitive
el ement nmade mnzm@efanmva way idsc eudiflaget.0 Nextpr ébensubstrate

was heated to about 350 °C, and a silicon nitride film

5 was deposited in a thickness of about 100A with

the CVD method using NH

gas and SiH4 gas. Furthermore,

3
.10 with ordinary CVD method, an upper layer Al was -
deposited on the silicon nitride film 5 and the SiO2
film 2, and an upper electrode 6 was formed with the
patterning. The upper layer Al film is not necessarily
made with the CVD method, but the CVD method is more
15 preferable than the deposition with high energy such
as the sputtering, because thin dielectric film is
less damaged. It is also possible to form the AJ.203
film in a desired thickness and omit the formation of
silicon nitride film.

20 The manufacturing yield and presence and
absence of hillocks of an electrostatic capacitive
element made in the above way according to the present
invention is shown in Table 1, as compared with the
electrostatic capacitive element formed with a lower

25 electrode A1 using a conventional magnetron

sputtering method (substrate temperature 250 °C,

Ar pressure 6mTorr). As the parameter, the alloy



invention is shown in Table 1, as conpared with the electrostatic
capacitive element fornmed with a lower 25 electrode Al using a conventional
magnetron” sputtering nethod (substrate tenperature 250 C, Ar pressure
é6mrorr). As the paraneter, the alloy 20 processing tenperature after
formati on of upper Al electrode is tak¥h,-in which values for 20

manuf acturing exanples are shown in Table. Table 1 5 Al oy processing
Yield(%9 HIlock Present None 100 Not seen invention 400 C, 30 Mn. 100
Sane as above 450-C, 30 M n. 95 Sane as above 10 Conventional None 75

Exi sts ndt hoPORGiny Mgmpe oty yakiestfouBot iHn 30 MpreRRlSane as
above As shown in Table 1, according to the present 15 invention, the

el ectrost ati ¢ LFHHGTAV el IR » cHh Heldhprakig 2dtF tHdbUranifagersingh t he
surface of Al electrode and at hjgh vield. Furthernore, according to the
present i nvent‘?’béﬂ‘,‘f%a S 1™ q%’i’cf"g’tﬂg T%‘?]eef'ectri c filmecan be fornmed because
of its flat surface of Al 20 el ect rﬂ_ﬂ)el alsem conduct or device including an
el ectrostatic capacitive elenent in Stwl I=size and with | arge capacity.can
be realized. A conventional DRAMwas formed in a polycrystal -
Si-Si 2/ Si 3N4/ Si O2-

Alloy processing | Yield (%) Hillock
Present None 100 Not seen
invention 400 °C, 30 Min. 100 Same as above
450-°C, 30 Min. 95 Same as above
10 Conventional None 75 Exists
method 400 °C, 30 Min. 30 Many exists
450 °C, 30 Min. 20 Same as above

As shown in Table 1, according to the present
15 invention, the electrostatic capacitive element can
be fabricated without hillocks on the surface of Al
electrode and at high yield. Furthermore, according
to the present invention, as the quite thin dielectric
film can be formed because of its flat surface of Al
20 electrode, a semiconductor device including an
electrostatic capacitive element in small-size and
with large capacity .can be reaiized. A conventional
DRAM was formed in a polycrystal Si—Si02/8i3N4/SiOZ—

polycrystal Si structure, with a thickness of

25 insulation layer of about 100A in terms of SiO As

T
the dielectric constants of SiO2 and A1203 are 3.9

and 10.0, respectively, the area to be occupied by



pol ycrystal Si structure, with a thickness of 25 insulation |ayer of about
-1000A in terns of SiO 2* As. the dielectric constants of SiO 2 and A12(3
are 3.9 and 10.0, respectively, the area to be occupied by 21 1
accurnul ati on capacity with same thickness can be reduced up to about 40%
that of conventional one, according td the present invention, so that it
is possible to decrease the dinension of chip greatly. 5 Exanple 2 Fig.
13 shows another structure of an electrostatic capacitive el enent
according to a second exanple of the present invention. This exanple
conprisesla fecsumAlatlient rageciydepbii seteobhdckflessncaandact or substrate
11, with the CVD nethod using DMAH and hydrogen as previously described, a
di el ectric | ayefuegd ursteoplont 4P&cthedeof4cdnpesitiedalunselectively with
sputtering nmethod, a dielectric layer 15, a third Al electrode 16 deposited
unselectlvelyacfgr@FPﬁ §BuFP§rPﬁ@sﬁﬁFhéﬂveBﬁlpﬁsuFQtFBﬁtI&?e#sl7 and
interlayer insulatjon film18, wherein a first electrostatic capacitive
element is foPﬁE&lb ¢t 8 HFF§Fa58I§§Fr8&@eT§l°Ph8 farBiBcOrPet ¥yer 13 and

t he secong Eggk%zge 14, and a second dielectric layer is forned 20 of the
second el éctro ghe dielectric layer 15 and the third el ectrode 16.

The dielectric |ayers 1@ ggd %gwgang% fgigrngltgucﬁylgésogfaﬁleCG,f or conpl ex
ectri Si )

| ayers with other die ayer icon nit
electrostatic capacitive element according to a second

example of the present invention. This example
comprises a first Al electrode 12 deposited on a
10 semiconductor substrate 11, with the CVD method using
DMAH and hydrogen as previously described, a
dielectric layer 13, a second Al electrode 14 deposited
unselectively with sputtering method, a dielectric
layer 15, a third Al electrode 16 deposited unselectively
15 with sputtering method, an insulation layer 17 and
interlayer insulation film 18, wherein a first
electrostatic capacitive element is formed of the first
electrode 12, the dielectric layer 13 and the second
electrode 14, and a second dielectric layer is formed
20 of the second electrode 14, the dielectric layer 15
and the third electrode 16. The dielectric layers 13
and 15 can be single layers of A1203, or complex
layers with other dielectric layer of silicon nitride,
for example.
25 In this way, as two capacitive elements can
be formed by lamination on the semiconductor substrate,

the area of chip can be reduced. Furthermore, if the



for exanple. 25 In this way, as two capacitive el enents can be fornmed by

1 am nation on the sem conductor substrate, the area of chip can be
reduced. Furthernore, if the 22 first electrode 12 and the third el ectrode
16 are connected, it is possible to obtain |arger capacity wth the sanme
area, with the parallel connection ef22the capacity between first el ectrode
12 and second 5 el ectrode 14 and that between second el ectrode 14 and
third electrode 16. Al so, the capacity can be further increased by

i ncreasing the nunber of Ilamnations in the capacitive el enent.

Furtherndre, fBystorheagrede 1?r§ﬂdeFéétﬁbééd12 éstardapper axe el ectrode of
MOS capacitor as shown in Fig and connecting_it in parallel to a | ower
MOS capaC|torconPQFB%?'céba&Ft?oééﬁbﬁﬁ bPoPPYedn AcZgrdi RgPesitke present

t t | at b dwith th 15
area, ne rabFBr SRR PTEnayoPn PORB hloc RA*Be RAGEO RRGEEPM 851 0, 1 or

exarple, i1 tPRCARAGLLON b ABRh 89:L0 31300RLe2Rd NRhdCLLay! L. A so. [n

a Ssensor usl ngt e sanp Circurt sensitivity of sensor can

e o, QeRKERLL] o chce e spt bRkt b0 B
exanpl e of DRAKsstaiageetekbkroWBenei.N Also, the capacity can be
further increased by increasing the number of
laminations in the capacitive element. Furthermore,
by forming the first electrode 12 on an upper
10 electrode of MOS capacitor as shown in Fig. 1, and
connecting it in parallel to a lower MOS capacitor,
larger capacity can be provided.
According to the present invention, as the
accumulation capacity can be increased with the same
15 area, the transfer efficiency in reading can be made
closer to 1.0, for example, if the capacitor is
applied to a sample-and-hold circuit. Also, in a
sensor using the sample-and-hold circuit, the
sensitivity of sensor can be improved.
20 Example 3 |
Fig. 14 shows an equivalent circuit of a
semiconductor device according to the present invention.
This device is an example of DRAM storage cell, wherein
nMOS transistor 521 for read/write and an electrostatic
25 capacitive element 522 for accumulation of electric
charges with a structure as shown in Fig. 12 or 13 are

formed on a semiconductor substrate, and further, a



nMOS transi stor 521 for read/wite and an electrostatic 25 capacitive

el ement 522 for accurul ation of electric charges with a structure as shown

in Fig. 12 or 13 are formed on a semiconductor substrate, and further, a -
23 1 bit line 523 and a word line 524 are wired. To inprove the degree of

integration for DRAM it is necessary2io secure a capacitance of | OF with
smal |l area, and forma reliable charge accunulation 5 elenent of dielectric
| ayer in the capacitive portion. As previously described, according to the
present invention, the capacitive elenent satisfying such a condition can
be i npl eneént e®ido i Ik aAvhred’Prd Yime gk iah® W I99AM can be i nproved.

10 Exanple 4 Fig. 15 ows an exenplary circuit, diagramof _ a photoelectric
transfer element of tﬁﬂ;o"tlj‘ﬂ%rqu? v'\ﬂpecﬁig?%ﬁer iotlejérsmé:re@%&td&?ulfé’tre@W’a base
region as the .contral el ectrotdoe re ion and a si naIe io _rle(l)a% ‘%ft an

emtter 15 folTowsr "GFCUTY ' vilti TH T He prevenm= 1 Tvéntion i s - appl i cabl e.

This examl e O $6% AN IRN-AA0E o AOHALANSIRhOYe SRLuRuGARRS tor 532

added onto a contr el ectrode as require a reset p transi stor 533

for clanpisng Rasdit ¥ ie1 &t O10 L Sfe F 5Pt IRD MR WASipth¥ion34 for
extinguishing carriers accunulated by connecting an emtter to a

predet er m ned ad gfrehaiRAfs MOl deager BiKh | oK i AN GHN @ Rasatem tter,
read nMOS transistors 535 and 537, an accunul ation

invention, the capacitive element satisfying such a
condition can be implemented so that the degree of
integration ih DRAM can be improved.

10 Example 4

Fig. 15 shows an exemplary circuit diagram of

a photoelectric transfer element of the type in which
carriers are accumulated in a base region as the control
electrode region and a signal is read with an emitter

15 follower circuit, to which the present invention is
applicable. This example comprises an npn-type
phototransistor_53l, a capacitor 532 added onto a
control electrode as required, a reset pMOS transistor
533 for clamping base potential, an emitter reset

20 nMOS transistor 534 for extinguishing carriers
accumulated by connecting an emitter to a predetermined
reference voltage and forward biasing the base emitter,
read nMOS transistors 535 and 537, an accumulation
capacitor 536 and a load capacitor 538 with the

25 structure as shown in Fig. 12 or 13, which are formed
on a ‘semiconductor substrate. This basic structure

is disclosed in European Laid-Open Patent Application



capacitor 536 and a | oad capacitor 538 with the 25 structure as shown in
Fig. 12 or 13, which are forned on a 'sem conductor substrate. This basic
structure” is disclosed in European Laid-Open Patent Application - 24 1
No. 0132076 and a corresponding U. S. Patent No. 4,791,469. The area of the
accunul ation capacitor 536 may normalKy -occupy 10 to 25% that of a
nonocrystal 5 sem conductor substrate on which the photoelectric transfer
etenment is forned. Accordingly, by applying the present invention, the
accunul ati on capailtor can be made smaller, so that the area of

phot oel eclric A3 CePEfe it c&’ﬁrﬁs@é’ﬁ‘ddé‘gr tfced HyS N8-20% as 10

conpared with cgggegglonal one. Exanple 5 Fig. 16 shows an exenpl ary
circuit diagr§ﬁ1 R operatlonal anplifier to which the present invention

i s applicable. This opgratianal |f!gy r.i se i.n I|fier
541, an anplifying stg‘gle %rr%lr‘]dl ro5 uérﬁﬁggt}tloﬂ %a?%gfé%gﬁp%:é%l er °543 and

a phase CONPEBIARLING CRRAFH! o 44 0 et o3t rauerro%%r@%t%hom in Fig. 12

-or 13, mhlch are fornmed on the sane sem conduct or subsfrate. 20 In
general, in themapehdauiceod sabFtddter orf Mhidhase ePRRIHLRE capacitor

544 is added between input and output of anplifying stage where input and
out put are intrevwefeedelem@hnitonis Advjedl. pWduesalislgly, by applying
the present invention, the accumulation capacitor can
be made smaller, so that the area of photoelectric
transfer element chip can be reduced by 5 to 20% as
10 compared with conventional one.
Example 5
Fig. 16 shows an exemplary circuit diagram of
an operational amplifier to which the present invention.
is applicable. This operational amplifier comprises an
15 input amplifier 541, an amplifying stage amplifier
542, an output stage amplifier 543 and a phase
compensating capacitor 544 with the structure as shown
in Fig. 12 or 13, which are formed on the same
semiconductor substrate.
20 In general, in the operational amplifier, the
phase compensating capacitor 544 is added_between
input and output of amplifying stage where input and
output are in reversed relation. A major purpose of
the phase compeﬁsating capacitor is to stabilize the
25 operation of circuit by biasing the frequency component
more than or equal to that in the frequency

characteristics of amplifying stage. However, as



the phase conpensating capacitor is to stabilize the 25 operation of
circuit by biasing the frequency conponent nore than or equal to that in -
the frequéncy characteristics of anplifying stage. However, as 25 1
previously described, when a capacitor having bad frequency
characteristics with conventional tecl# que is used, the effects of phase
conpensating capacitor can not be sufficiently obtained. On the contrary,
5 according to the present invention, a capacitor having excellent
frequency characteristics can be used so that the effects of phase
conpensating EEEHUSHEY idssariBed o iR FeEarasd tore Neyang b8] of circuit

can be nmade stable. 10 Exanple 6 Fig. 17 shows an exanple of g conpar at or
circuit to V\hlfdfl‘?qc"r?élcdf é’g@'ﬁaqtrﬁfé'rﬁti’tﬁ? |"“sltzib;5:|qné’ té nag LEERAFST of this
exanpl e conprises a ers 1, 552 and 553 |tors 554 .and 555 with
the 15 structdre "aif’sf;‘qi'ho"i/pﬁe ﬁ‘f‘ﬁﬁ f?fsé?‘af‘f cé’ﬁ'ﬁ’ S5 CBRERWEF. First,

t he t f t whi ch
SW th:;aS{/\:n &g 1O \C;@engsﬁgaéd\ﬁgle\ﬁédlys q:lag% ne'Ebhe capaC| tgﬁafg);ﬁ i ISCZO
charged wsth tar@c g 4y tt?g-:e pie Mt thR, QfdiSel, &/ UdRas «Jr aRind er 551,

and the capacitor 555 |s rged wth the out put vol tage of anpli f| er 551
and the of fselyMoliape OfepiBldy | @arRAdeNlicSWdChRS used, so

that the effects of phase compensating can be sufficiently
exhibited, and the operation of circuit can be made
stable.
10 Example 6
Fig. 17 shows an example of a comparatoxr
circuit to which the present invention is applicable.
A comparator of this example comprises amplifiers
551, 552 and 553, capacitors 554 and 555 with the
15 structure as shown in Fig. 12 or 13, and switches
SW1-SW4.
First, the operation of the comparator will
be outlined. In a state in which switches SWl, SW3,
SW4 are ON, and SW2 is OFF, the capacitor 554 is
20 charged with the input voltage Vl and the offset
voltage of amplifier 551, and the capacitor 555 is
charged with the output voltage of amplifier 551 and
the offset voltage of amplifier 552. Next, switches
SW1l, SW3, SW4 are turned OFF, and SW2 is turned ON,
25 and then the voltage V, used for charging and the

input voltage V., are compared.

2
Hereby, the capacitor 555 and the amplifiers



SWL, SWB, SWI are turned OFF, and SW2 is turned ON, 25 and then the voltage
V1 used for charging and the input voltage V2 are conpared. Hereby, the
capacitor 555 and the anplifiers 26 1 552, 553 are used to increase the
gain of comparator, wth the dinmensions being determ ned depending on the
needed gain. Wth conventional MOS cap#citors, as previously 5 described,
there was a di sadvantage that in formng the capacitors 554, 555, parasitic
capaci tances would be likely to occur on the input side of anplifier, to
turn OFF switches SWB and SWI, and place the capacitors in high inpedance
state on éne SisPes YFeradst usdd die I ariegRe dhes gaive fapasinaa®t®Idi vi si on
due to the capacitors 554, 555 and parasitic capacitance of each

capaci tor, andiititrtdies € inen s Paidg st omigfh slerending Grhdfifore, with
conventional capacitors, there was a disadvantage that the charge speed

m ght be 15 r 8G599% SR ng to parasitic resistance existing in series
with capacitor. On th ctntrar aiccordl to gchetcorsesent |nvelntu|S as
parasitic capamtance an (barasﬁl car anee can be' reddded

significantl 1he ller 20

of f set ang fas egrds%ee l%reectcgﬁavsfé?ﬂb a&one QCEOFI}}E%VE desclrr-ulhlgl d, in the

first to sixthpe &L thr%ntpw&rﬁl@rbaanéﬂmmm hod, it
t

is p055|bletofabr|cate el ectTodes
be likely to occur on the input side of amplifier, to

turn OFF switches SW3 and SW4, and place the capacitors
in high impedance state on one sides thereof, which

10 might cause the capacitance division due to the
capacitors 554, 555 and parasitic capacitance of each
capacitor, and increase the offset voltage of comparator.

Furthermore, with conventional capacitors, there
was a disadvantage that the charge speed might be

15 restricted owing to parasitic resistance existing in
series with capacitor; On the contrary, according to
the present invention, as parasitic capacitance and
parasitic resistance can be reduced significantly,
it is possible to fabricate the comparator with smaller

20 offset and faster speed that conventional one.

As above described, in the first to sixth
examples of the present invention, with new CVD method,
it is possible to fabricate the electrodes of
electrostatic capacitive element by selectively

25 | depositing a metal with the surface being quite flat,
e.g. Al, on a semiconductor substrate.

As AlZOB as dielectric layer is formed on



el ectrostatic capacitive elenment by selectively 25 depositing a netal with
the surface being quite flat, e.g. A, on a sem conductor substrate. As
A1203 as dielectric layer is forned on 27 1 nonocrystal A, it becones
quite fine film Accordingly, capacitive elenents with few pinhol es and
excellent wthstand voltage distribyjion can be fornmed. Furthernore,
according to the present invention, since 5 a plurality of capacitors can
be formed on a semiconductor el enent, the sem conductor integrated
circuit can be made at higher density. Mreover, according to the present

inventign, igodSeRAsSiPlA [od B DiRd 1@@"@9{@@1%}1& Cs A@co‘i@i’l‘n@i% 10

senmi conduct or devi‘ces by enhhancing the transfer efficiency of

phot oel ect rigagdansivd &lanmts Gfith MEWWihdie faroushel 16k act eri sti cs
of conparator circuit. Exanple 7 15 A preferred enbodi nent of the present

invention withdteardeseslthest bl s idutionl & Hea fiogmertl cross-secti onal
view of a portion of sem conductor device according to an exanple 7 of
t he present Funtgmrimmre 20 c@otdicrPrioditpal Py serd: oifnvee rdaiminc,o riduncteor
substrate 601 is formed a gate insulation film 602, on the periphery of
which i§ foramrlurakitek ¢f clapaditanat¢am He 15A18631 e &5 to delineate a

regi on of ) ) i
semiconductor element, the semiconductor integrated

circuit can be made at higher density.
Moreover, according to the present invention,

it is possible to improve the characteristics of various

10 semiconductor devices by enhancing the transfer
efficiency of photoelectric transfer element or
improving the frequency characteristics of comparator
circuit.
Example 7

15 A preferred embodiment of the present invention
will be described below.

Fig. 18A is a typical cross—secfionai view of

a portion of semiconductor device according to an
example 7 of the present invention.

20 _ On the principal plane of a semiconductor
substrate 601 is formed a gate insulation film 602,
on the periphery of which is formed a thick field
insulation film 603 so as to delineate a region of
semiconductor element. Within the region of

25 semiconductor element, there are formed dréin and
source region 605, between which a gate electrode 604

is provided via a gate insulation film 602. A capacitor



sem conductor elenment. Wthin the region of 25 sem conductor elenent, there
are formed drain and source region 605, between which a gate el ectrode 604
is provided via a gate insulation film602. A capacitor 28 1 is
constituted such that a |ower |ayer electrode 607 is provided on a surface
of semi conductor region exposed throd®h-an opening formed in the
insulation filnms on the surface of sem conductor region, such as 5
insulation film®606 of gate electrode and field insulation film 603, and
an upper electrode is provided via a dielectric film 608 thereon. Hereby,

t he nost lcharksetenstitufedtsueh gfhatoastiowex i baves elegtndde |her | ayer

el ectrode 607 10 is nmade in a longitudinal structure as shown in Fig. 18B.
Wth such strigtRFVideR upactiairee cah $RM1CoRIREERE ¥WI1 t he area
occupi ed by the capacitor | ong t he, surface gf sem conduct or. substrate is

a .
left small. 9% | O Ui FAICRET RS ut @TFSY ot P sty W SHePet hat t he

length in a q%r ction qgossing a juPction rface with senicquuctor
h 11mMs .on ,the " surface;oi,. semicon %C (] regiorn Slll% as | .
region thereunder is |onger, ~1ncludinhg shap such as cifcurar Tylinder,

prism grcuj S‘ﬁfél@fon pgmm é’%? géﬁé%ﬂ&fgi?@{i‘odé 5&? gar 20

t
par al | el opi pe ape I's favora ause 1t I's easily designed. Wth the
rectangul ar pat&hl £ 00 Peth mSHGPE. aRGSHI B éPeeiéegis@dé’fibs?"%cSvfaéj& of
e

junction surface with the under sem conductor region to
via a dielectric film 608 thereon.
Hereby, the most characteristic feature of
constitution is that the lower layer electrode 607

10 is made in a longitudinal structure as shown in Fig.
18B. With such structure, the capacitance can be
increased while the area occupied by the capacitor
along the surface of semiconductor substrate is left
small.

15 The longitudinal structure is of such a shape
that the length in a direction crossing a Jjunction
surface with semiconductor region thereunder is longer,
including shapes such as circular cylinder, prism,
circular cone, pyramid, etc. Preferably, a rectangular

20 parallelopiped shape is favorable because it is
easily designed. With the rectangular parallelopiped
shape, assuming the length of short side of junction
surface with the under semiconductor region to be W,
the height H is designed so as to satisfy the relation

25 H > w.

Here, a ratio of H to W and a long side L

(>W) of junction surface are appropriately selected in



the height His designed so as to satisfy the relation 25 H> W Here, a
tatio of Hto Wand a long side L (>W of junction surface are
appropriately selected in 29 1 accordance with the capacitance of
capacitor to be designed, and the area occupi ed by the capacitor can be
reduced. i f magnitude relation between?? and Wonly satisfies the above
expression. 5 Wth conventional techniques, it was still difficult to bury
contact holes having |large aspect ratio with electrical conductive

mat eri al conpl et el for exanple. Therefore, because contact portions
could notl 10 anfézoﬁéd’é’qeoﬁﬁi‘irh%l‘faﬁatm&ﬁﬂ% B FAPACIEATCc&VEE that one

el ectrode of tdﬁees.. capaci to S constructed Itlijy tisf tg% above rel ati on.

The present i eI BT Wl hads i The Sk at® Qdality of metal
can be Geposi el . Yard A S SIE S S 01k BL MR VD et hod

as wll be describe ater. As a Tesult of nore detailed study and

exam nation, the PoNCRARLi N LOW KL ba,Ghanggd-lagysse it was found that its
grow h would extend in a 20 |longitudinal direction. The structure of

capaci t or el ect rode ag@aini Rghvdre 1digy Preseiti Judwentiitorvdss Jtaatiangul ar
paral | el opi ped, but includes one having tapered edge portion as shown
difficult to bury contact holes having large aspect
ratio with electrical conductive material completely,
for example.

Therefore, because_contact portions could not

10 be made longitudinal, it could be never conceived
that one electrode of the. capacitor was constructed
to satisfy the above relation.

The present invention was made on the discovery
that good quality of metal can be deposited on very

15 excellent selectivity by using new CVD method as will
be described later.

As a result of more detailed study and
examination, the conception could be changed because
it was found that its growth would extend in a

20 longitudinal direction.

The structure of capacitor electrode according
to the present_invention is rectangular parailelopiped,
but includes one having tapered edge portion as shown
in Fig. 18A.

25 As this electrode, Al or a.metal with the base
of Al such as Al-Si, Al-Ti, Al-Cu, Al-Si-Ti or Al-

Si-Cu is preferable, and W, Mo or Cu can be used.



in Fig. 18A. 25 As this electrode, Al or a netal with the base of Al "such
as Al-Si, Al-Ti, Al-Cu, Al-Si-Ti or Al- Si-Cu is preferable, and W M or
Cu can be used. 30 1 Particularly, nonocrystal Al is nore preferable.

Al so, the under sem conductor region is any of n-type and p-type, and a
filmmade of barrier netal such as -Tij§ can be interposed, but with the new
CVD 5 nmethod as will be described later, barrier netal is not required
because the quality of filmto be deposited is quite excellent. And the
dielectric filmcan be fabricated thin with |arge capacity because its
surface ptopePartitgliarls,soomecaiisaftl. Afhd sdimsirec ried efriabthecan be nmade
thinner and finer if it is obtained with the oxidation of electrode, so
that the capacitance &fSCapddia smdesm Seanifqendvsttormaesdsad 1sTiRayCVD net hod
preferably used in electrode 15 type of the present invention wll be

descri bed. | n%h& P0Gy BtiPSratd™ch @ i ithfagdec @ fnwbar rier @ettéd in

whi ch the contact bet sem condyct or enent an per interconnection
is excellent asﬁlﬁth taﬁe\&eflsgtcaﬁ‘pﬁ)eer 8 eéfrpc?ﬁ%e'ctti“%n wll§q’f %Ir%r?ea’.ewl &Paim20 is

o orom e vaLk b S8 ey ARSI AT I L1
aspect ratiopot FRigulifedCHeRMAbd & HOIdRANG AR &465 ¢l Red
deposited is quite excellent.
And the dielectric film can be fabricated

thin with large capacity because its surface property

10 is also excellent. The dielectric film can be made
thinner and finer if it is obtained with the oxidation
of electrode, so that the capacitance of capacitor
can be further increased.

The CVD me£hod preferably used in electrode

15 type of the present invention will be described.
In the following explanation, an instance will be
cited in which the contact between semiconductor
element and upper interconnection is excellent and
the flat upper interconnection is formed. 1Its aim

20 is to show how well in selectivity good quality of
film can be made in the longitudinal shape, wherein
the burying within contact hole having large aspect
ratio is mainly achieved to form the above-described
electrode, because the film deposited on the

25 insulation film having contact hole is excellent in
selectivity.

With a method as will be described below, it



el ectrode, because the filmdeposited on the 25 insulation film having
contact hole is excellent in selectivity. Wth a nethod as will be
described ‘below, it 31 1 will be understood that the nmultilayer
interconnection can be made via the insulation filmon the constitution

as shown in Fig. 18A. Exanple 8 5 Fg3119 is a typical cross-sectional view
of a nenory cell according to an exanple 8 of the present invention. The
circuit structure of the nmenory cell as shown in Fig. 19 corresponds to a
circuit as shown in Fig. 6. On the surface of a p 10 type substrate 611 are
fornmed a gat ewaiildbef uhdefs2oodndhatf tbkedmalitda aelrmiftér canpekyiohi con
gate 614, an n-type drain region 615, and a source region 616 are

provi ded, thecgdl Y& Madenvaat &hglinsalpgicovéidm owni theagoositdeutibm 617.
On oxide filmon the upper 15 side of the drain region 615 is opened a
contact hol e2Si FPRHPCcARAF ifonddPystal 618 is deposited on the drain, with
the sel ective_deposition nmethod as above described, to thereby constitute
a capaci tor tgﬁﬁgﬁ P 8ith an oxide film (Al 208) 619 and pol ysilicon 620.

20 An upper portion of,.the.,goyrce regi.on,616 of interlayer .insulation film
620 is opgned, in mhi%ﬁgAllélggtgogggﬁga%r85955d§eF$lP§%§rgﬁSWaBFe that the

Al electrode i fegb$9 tB1TEd MR 1hBEt8CLECELYRRIEPRSLE eReMEL hod.

present invention. The circuit structure of the
memory cell as shown in Fig. 19 corresponds to a
circuit as shown in Fig. 6. On the surface of a p-
10 type substrate 611 are formed a gate oxide film 612
and a field oxide film 613, a polysilicon gate 614,
an n-type drain region 615, and a source region 616
are provided, the polysilicon gate 614 being covered’
with an oxide film 617. On oxide film on the upper
15 side of the drain région 615 is opened a contact
hole, in which Al monocrystal 618 is deposited on the
drain, with the selective deposition method as above
described, to thereby constitute a capacitor together
with an oxide film (Al203) 619 and polysilicon 620.
20 An uppér portion of the source region 616 of interlayer
insulation film 620 is opened, in which Al electrode
is provided. It is preferable that the Al electrode
is also formed with the selective deposition method.
Using the Al-CVD method, it is possible to flatten
25 the interconnection without forming irregularities on
its surface as shown. It is also possible to open a

through hole on the polysilicon gate 614, fill its



Using the Al-CVD nethod, it is possible to flatten 25 the interconnection
W thout formng irregularities on its surface as shown. It is also
possible to open a through hole on the polysilicon gate 614, fill its 32
1 inside with Al, with the selective deposition nmethod, and formthe Al

i nterconnection on the interlayer - r&ul-ation film wth the non-selective
deposition, to connect with polysilicon gate. 5 A manufacturing nethod
according to the present invention will be now described with reference to
Figs. 20A to 20H First, as shown in Fig. 20A, a gate oxide film 612 and a
field oxilde fidshdel Jviatte Alor medtorce Edlyyre ivi) dGaestirtaton GiEthddext ,
polysilicon is deposited with the CVD nethod, -and a polysilicon gate 614 is
formed with ankke flgat ethrg g (IF tpr QOB)e ctArom MIS e ugtherl d¥er const r uct ed
in such a manner that with the ion injection nethod, an n-type drain 615
and a sour ce g l@td drorfiedl, M5ighdike o TRe ¢ B AeRCFVE YW on t he
surface of polysilicon gate 615 (Fig. 20C). These processes are the sane
as those of dehveHSsHalV e PR Yokika® $h% is formed by renoving an

oxide fil.m 612 on upper ortion of the drain 615 (Fiq. D). Afterwards,
with 20 the CVD net hdd 'ngf) A iﬁtarfﬁi?k?fc%dﬂ%q‘r%\%‘lqh% PLESH ckness

s perfor med TTVeaqY choraar bl a9 d T Sl a 1a
Figs. 20A to 20H.
| First, as shown in Fig. 20A, a gate oxide film
612 and a field oxide film 613 are formed on a p-type
10 substrate 611. Next, poljsilicon is deposited with
the CVD method, and a polysilicon gate 614 is formed
with the patterning (Fig. 20B). An nMOS structure is
cbnstructed in such a manner that with the ion injection
method, an n-type drain 615 and a source 616 are formed,
15 and an oxide film 617 is formed on the surface of
polysilicon gate 615 (Fig. 20C). These processes
are the same as those of conventional one. A contact
hole is formed by removing an oxide film 612 on upper
portion of the drain 615 (Fig. 20D). Afterwards, with

20 the CVD method using Al (CH;),H and H,, Al 618 having

3)2
a thickness of 1 um is selectively deposited on the
drain (Fig. 20E). This deposition is performed in
self-coordinated manner, in which Al deposited is
monocrystal, with its upper and lateral sides being

25 quite flat. Next, an Al,O0; film 619 is formed by

oxidizing thermally or anodizing the surface of Al

monocrystal 618 (Fig. 20F). This oxide film 619



nonocrystal, with its upper and |lateral sides being 25 quite flat. Next, an
A12C8 film 619 is formed by oxidizing thermally or anodizing the surface
of Al nonocrystal 618 (Fig. 20F). This oxide film619 - 33 1 becones thin
and quite fine because it is formed by oxidization of nonocrystal Al . The
anodi zed film becones especially fi-ne&3 Next, a polysilicon layer 620 is
formed wth the CVD nethod, and nade opposite 5 el ectrodes for capacitor
(Fig. 20Gg. Afterwards, an interlayer insulation film®621 is formed, a
contact hole is opened on the source, and Al is deposited as a source

el ect r ode 1622 hegdmashea Isiputarat iqwi {eFifin @ Qidcauskhel te dpadicqmre o fbyrenory cel |
made in this 10 way has snmall area, with its el enent surface area being

| ess than or egtidlizasidrarcfomMmaneedrstial ridgi orthe aw&Eieed Sidim abl e for

hi gher integration, wherein theefarea of capacitor, i.e., the entire area

of oxide fil RIGRAIGRISTPINAL e et mRAINBLICTS 1ByY et ficiently
| arge, and the oxide filmjs thin.an { ne d furthe the dielectric
const ant of A162?(§§ % ffé’trqu d‘f%g};llncl}ée d‘{%atmeftsﬁoaﬁboal‘ﬂd’ 2“‘%{6% iRERIE of Si o
whereby the c Cl j t ARAc Ly £a o ' d. It should be
not ed tha[g thg&;a)eréeésrce‘% evgzoézﬁlln\a/(:;%fal%n I'S g}lylséc:) anzpp i’ca%{k:éét% ET, and

further, the GAPARIdAajer CHNIIdLH&GH O H ' SOW C&o e, Wicodicton the
drain side. Exanple 9

hole is opened on the source, and Al is deposited as

a source electrode 622 with the sputtering (Fig. 20H).
The capacitor of memory cell made in this

10 way has small area, with its element surface area
being less than or equal to that of the drain region,
and so is suitable for higher integration, wherein
the area of capacitor, i.e., the entire area of oxide
film including the side face of Al monocrystal is

15 sufficiently large, and the oxide film is thin and fine,
and further, the dielectric constant of A120 is at

3
high value, that is, about 2.5 times that of SiO

o7
whereby the capacitor with large capacity can be
constituted. It should be noted that the present

20 invention is also applicable to PMOSFET, and further,
the capacitor is constituted on the source side but
not on the drain side.

Example 9
Fig. 21 shows another circuit to which the

25 present invention is applicable. This circuit is

used as a sample-and-hold circuit or switched

capacitor circuit, with a capacitor being connected



Fig. 21 shows another circuit to which the 25 present invention is
applicable. This circuit is wused as a sanple-and-hold circuit or swtched
capacitor circuit, with a capacitor being connected - 34 to a drain region
conmmon to two MOSFET. Figs. 22 and 23 are typical cross-sectional views
showi ng a device structure for inpredénting the circuit as shown in Fig.
21. A device as shown in Fig. 22 shares a drain 5 615, in which the
capacitor is constituted such that Al nonocrystal 618 is deposited, in
self-coordinated manner, on the drain of two nMOSFET having polysilicon
gates 614A 6¥%2B2 58iBeECE16A, COTPRNak $HGr MOSEEDet r 465 -622Aan8228
using the sel gctive 10.gr Wt h neLhod,.inaéh%i%%gesﬂax.as in FL?. 19. A
devi ce of Fi g223 Ra§YRIFart FEPSPnEFELI8] apaditance™ By Bof&titfGting a
capacitor in y at: ntact .hol es are farnmed by.renoving two
pl aces of ox%ggnf?Pﬁgoﬁg?hénl?%Fﬁ%gfé% kpenﬁﬁggPﬁgtgﬁss 78R 15 618B are

deposited in f - ggor din er, t l.ac rain. wth the
sel ecti ve groaﬁﬁ'ng?ﬁod% ak?%&%a %Iﬁggg?ng g?&% g?e% g%ggdgbékg%Pdizing

its surfgce, sasd theghacpokyei khpari®2? iis OnwRd tyirkh hen E¥Renet hod.
Each device as shown in Figs. 22 and 23 20 has capacitor with |arge

capacity and smakbnekerentl suisf deedapeaitsdsr by sehe-casraehbeelys as t hose
in the exanple 7 can be provided. It should be noted that the present
I nvention manner, on the drain of two nMOSFET having
polysilicon gates 614A, 614B, sources 616A, 616B
and source electrodes 622A, 622B, using the selective
10 growth method, in the same way as in Fig. 19. A
- device of Fig. 23 has a further increased capacitance
by constituting a capacitor in such a way that two
contact holes are formed by removing two places of
oxide filh on the drain 615, Al monocrystals 618Aa,
15 618B afe deposited in self-coordinated manner on two
places of the drain, with the selective growth method,
A1203 films 619A, 619B are formed by oxidizing its
surface, and then a polysilicon 620 is formed with the
CVD method. Each device as shown in Figs. 22 and 23
20 has capacitor with large capacity and small element
surface area, whereby the same effects as those in
the example 7 can be provided.
It should be noted that the present invention
is not limited to the above circuit, but is applicable
25 to semiconductor devices incorporating capacitors as

shown’ in the examples 3-6. That is, a capacitor can

be constituted by selectively depositing Al in self-



is not limted to the above circuit, but is applicable 25 to sem conductor
devi ces |ncorporat|ng capacitors as shown"in the exanples 3-6. That is, a
capacitor ‘can be constituted by selectively depositing Al in self 35 1
coordi nated manner at a desired position on the sem conductor substrate, as
required in the circuit design, and @ dizing its surface. As above
described, according to the exanples 5 7-9 of the present invention, it is
possi ble to reduce the dinmension of device while increasing the

capaci tance of capacitor, and thus, to provide higher integration and
faster opérat icovsiiecdt edf mang@r cdnductemirgeyipositibmr thertimer e, accordi ng
to the present invention, the 10 sem conductor device manufacturing process
can be S|rwﬂ|Sqmy$0m§u9ﬁﬂnaSHPSMi&%GmnﬂﬁaHﬂquﬂﬁédpﬂ@sé#@ iCA¥sHditon wil |l be
now described with reference to the drawings. 15 Fig. 24 is a typical
cross-secti on&eSHBw Ko dNFIgHer "k arfi e“Bf a%eseni conduct or devi ce

according to the present |nve t he surf.ace  of sem cqnduct or
substrate 701 with a fcéRi% %ﬁ‘ird?Poﬁ('lo"(?)c o119 &0 5&5’9 &4 g‘ﬁ(fuctl ve

“Fface n 207 I%]ﬂ%r %r IensS"f'm aty Ianne 1one,7QL% %féc %%1%1% %‘_?2

This insulation as an EITEI’] paratio regi on

mgre' n. On the SYihaGs ¥n é@@&&@%&&é%%feaatsqn@%@ c%p%Qﬁ'ttdn% of f

of capacitor, and thus, to provide higher integration
and faster operation speed of a semiconductor device.
Furthermore, according to the present invention, the
10 semiconductor device manufacturing process can be
simplified.
Example 10
An example of the present invention will be now
described with reference to the drawings.
15 Fig. 24 is a typical cross-sectional view
showing an example of a semiconductor device according
to the present invention. On the surface of a
semiconductor substrate 701 with a face orientation
(100) as an electrical conductive surface, an
20 interlayer insulation film 702 such as Si0O, is formed.
This insulation film 702 has an element separation
region 721 formed therein. On the surface of
semiconductor substrate 701 at a position off the
element separation region 721 1is formed a gate oxide
25 film 22 for formation of MOS transistor, on which a
polysilicon electrode 703 is formed.

Between the element separation region 721 of



el enent separation region 721 is forned a gate oxide 25 film 22 for
formation of MOS transistor, on which a polysilicon electrode 703 is
formed. Between the el enent separation region 721 of 36 1 this insulation
film 702 and the polysilicon electrode 703 is forned an opening 702A
through which an n-type layer 711 on 3 surface of sem conductor substrate
701 is exposed. Wthin this opening 702A and on an 5 upper portion of the
opening 702A, a netal layer 704 is fornmed as a first el ectrode projecting
fromthe surface of insulation film702. This nmetal |ayer 704 is
constitut éd ofthissustudmtiian i i H iasd theowmal sdyldieoraliasttrrEe havi ng
a height 1 fromthe 10 surface of sem conductor substrate 701 within the
openi ng 702A, Hhd B thanked & cﬂﬂ?é”d’&p It i ey £ podi¥B%ned over

an upper surface of i s |ower ortion 741 and h | a bottom
ot on win Y Engthl £ P AR 1% TS o TR oy er 15

portion 741 al g té’uf ai) rgea e Q»flusm[rﬂ Ct% ¢l oernlngL; z?ta%dm q,pd a hei ght

h fromthe upper sur | over Tayer 1 on hi's rre al | ayer 704

s an Al JTonapIyst alo B aofa@y%oa%egm,gé'mz( 111) etamd 1d L doriq ahl y

f or med u5| ng new CVI od as descr'] be | at er. is CVD
net hod, it Ismdﬂlaes éofﬁﬁéﬂr@leéwd&éﬂﬁréﬁ.ﬂ:ﬂ%gg@r&n&fhé ower |ayer

portion 741 and the length a and height h of bottom portion of upper
| ayer portion sifiFdey dthein@ipdtiayefilm470The This metal layer

704 is constituted of a substantially cylindrical
lower layer portion 741 having a height 1 from the

10 surface of semiconductor substrate 701 within the
opening 702A, and a truncated cone upper layer portion
742 positioned over an upper surface of this lower
layer portion 741 and having a bottom portion with a
length a in a direction from a side of lower layer

15 portion 741 along the surface of semiconductor
substrate 701, and a height.h from the upper surface
of lower layer portion 741. This metal layer 704 is
an Al monocrystal with a face orientation (111), and
is desirably formed using new CVD method as will be

20 described later. With this'CVD method, it is possible
to control suitably the height 1 of lower layer portion
741 and the length a and height h of bottom portion of
upper layer portion 742 for the metal layer 704. The
lower layer portion 741 grows with a facet (face

25 orientation (111)) depending on the face orientation
(100)" of semiconductor substrate 701, while the upper

layer portion 742 grows with a facet depending on the



| ower | ayer portion 741 grows with a facet (face 25 orientation (111))
dependi ng on the face orientation (100)"of sem conductor substrate 701,
whil e the ‘upper layer portion 742 grows with a facet depending on the 37

1 face orientation of |ower |layer portion 741 in addition to the face
orientation of sem conductor substragg@ %. In this way, if A (111) crystal
is grown using Si (100) substrate, the upper surface 5 becones flat, and
suitable for integration. In order to increase the surface area of netal

| ayer 704, it is sufficient to increase the length a by growng the bottom
portion, ¥aki igceneslephatdenarfohovne larehanpchliost 7éhgih of bottom
portion of upper 10 |ayer portion 742 and the positional interrelation with
ot her el enent 83dgftgony °sﬁgﬁsfﬁﬁ§ eoASRLtRLLPBNCSf SAMiEPRENEEEE 741 by

renmovi ng the insulation_layer iich determpes.1l. and h for clearness. The
el ectrode naté?ﬁﬁFrﬁﬁFc 'caﬁnbEﬁEEeHaVOrlfhélnzgéi?lﬁrVﬁ§é; ¥84 is

f bly Al : i f h A-si, AI-Ti, A -Cu,
N siion or AEoE yhBl s (k)T ouBEERaRh, ChuS HPRE RbFEchrcr e

Al -Si-Cu or I |y, nonocrysta ferabl e

because of 11 Beexet! enbeuBhace REARFL! Yor ThELaUILRTENOT HR!BLabgYer 704

with excellent 20 surface property is forne I'électrrc 'lm751
such as Al2GBtandnardk8beehei Guka%er 4PEaSHENmefa1T23(R0R0a, POrtion

exposed fromthe insulation [|ayer 702, which are lamnated in order. On
t he it is sufficient to increase the length a by growing
the bottom portion, taking into consideration the
mechanical strength of bottom portion of upper
10 layer portion 742 and the positional interreiation with
other elements. Fig. 24 shows the constitution of
Al electrode 741 by removing the insulation layer
which determines 1 and h for clearness. The
electrode material which can be used for the metal
15 layer 704 is preferably Al or Al alloy with the
base_of Al such as Al~Si, Al-Ti, Al-Cu, Al-Si-Cu
or Al-Si-Ti. Particularly, monocrystal Al is more
preferable because of its excellent surface property.
The surface of metal layer 704 with excellent
20 surface property is formed with a dielectric film
751 such as A1203 and a dielectric layer 752 such
as Ta205 on a portion exposed from the insulation
layer 702, which are laminated in order. On the
dielectric film 751 and dielectric layer 752 and
25 the insulation layer 702, a metal layer 706 as the

second electrode is formed in a predetermined

thickness of film. The first and second electrodes



dielectric film751 and dielectric layer 752 and 25 the insulation |ayer
702, a nmetal layer 706 as the second electrode is fornmed in a
predeterm'ned thickness of film The first and second el ectrodes 38 1 704
and 706, together with the dielectric film 751 and dielectric |ayer 752,
constitute the capacitive elenent. -The above netal |ayer 704 is excellent
in surface property at any portion, so that the dielectric 5 filmforned
on the surface can be made thin, and the capacity of dielectric filmcan
be increased because _of its large surface area. The dielectric filmis
nore preflerab?§4oBR@i AB6 b?oﬁﬁFH?Qiﬂgtbhéh%I@é?%@@érlclfllme75brﬂn@ion
material of netal |ayer is for 10 exanple, the dielectric |ayer
obt ai ned by oRr8F¢GHF&f 16¥eFt7?§ AF?@EtlEHHeaEthCﬁaécétHY%l%%?P?Et-

tant of 10.0, Mh | h S th f diel t
fQCZraganobe further 'ﬁ%rgégg%r%3£§£ fnge%hgaﬁléfgﬁgggif?ﬁ e?n Ta58565|[h$
ith 15 di t _of th
i 18" G glaetiie copaten or 22 e dROsLL el Lot Aol A

manuf act ugi ngei@ sgg}ﬁggdgﬁtgﬁ dgMi-£8c8CE9HdbAY t resggt nvention
as shown in Flé m2 w il be degcrlbegczoe§ntbg g g?eggéﬂfoﬁﬁggghéZS to 27.

The Si O 2 andc§b§5@t§lbﬂﬁdﬂéﬁeeﬁﬁﬂ@dfﬂmmtagn BHr iAcLe9Ecl- b¥B8use
sem conductor substrate 701 with a face orientation (100), and the Si 3N4
filmis only of its large surface area. The dielectric film is
more preferably obtained by oxidizing the electrode.
If the formation material of metal layer is Al, for
10 example, the dielectric layer obtained by oxidization
of it is Al 03, and as it has a dielectric constant of
10.0) which is larger_than SiOz, the capacity of
dielectric layer can be further increased.
Also, as the dielectric layer, Ta205 film with
15 a dielectric constant of 722 is deposited, for
example, the capacity can be further increased.
Next, an example of method for manufacturing
a semiconductor device according to the present
invention as shown in Fig. 24 will be described
20 with reference to Figs. 25 to 27.
The 8102 and 813N4 films are bonded on the
surface of p-type semiconductor substrate 701 with
a face orientation (100), and the 813N4 film is only
left on a portion where the formation of transistor
25 with photoetching is expected. Furthermore, B is

introduced by ion implantation with a photoresist

film as mask, and then the element separation region



left on a portion where the formation of transistor 25 with photoetching is
expected. Furthernore, B is introduced by ion inplantation with a
photoresist filmas mask, and then the el ement separation region 39 1 721
is formed on a portion of sem conductor substrate 701 where there is Si 3N
filmby wet oxidation. Next, after Té&%vwving Si3N4 and SO 2 filnms, a gate
oxide film 722 is formed by dry oxidation and HC1 oxidation. 5 After Bis
introduced into the gate oxide film722 by ion inplantation, a polysilicon
el ectrode 703 is .deposited by thermal deconpositiqn of Slkﬁ Then, wth
dry etchihg usig ¥hdCs8EchORy 2aRPTERET RS, SEMd <OBINGEPFi EBRSEFEEEr ode 703

d th.the 10 | il | de .703 k., As
P oaeea by Ton et Liche 43 B3 X0 IR o7, S R adBiofon: Rektng. b
t | 72 t
(RS 5o | el Geilotihg] 924 Gib0r FAGpRY o BLER BXThe PRAR OV,
725 i s deposi ?% qry tehgmalashi fdﬂyﬂoZ&%awlfolﬂ Lhe ¥R peiRadiow.th resist

patterning an eactive 1on étching (RIE), an opening 702A is fornmed so as

to exposest he prwdrace i@f iRrtngERcd@Vigitol the( 3@ eFogki 3261120 7hlexby an

el ectrical conductive material such as A is selectively deposited from
the surface ofiom-imgerntayedion/,1h wdllyisi ltilkeno pdeictgode2A03wish new CVD
met hod as will be described later. The parti al

deposited by thermal decomposition of SiH Then,

4°

with dry etching using photoetching and CF, gas, the

4
polysilicon electrode 703 is processed. Next, with the
10 polysilicon electrode 703 as mask, As is introduced
by ion implantation, and then SiO2 film (PSG) containing

P, n-type layer 711 and Sl3N4 film 724 are formed as
interlayer insulation film 723, with the CVD method
(see Fig. 25).

15 Then, after the SiO2 film 725 is deposited

on the 813N4 film 724 with the CVD method, with resist
patterning and reactive ion etching (RIE), an opening
702A is formed so as to expose thé surface of n-type
layer 711 (see Fig. 26).

20 Next, an electrical conductive material such
as Al is selectively deposited from the surface of
n-type layer 711 within the opening 702A, with new
CVD method as will be described later. The partial
pressure of Al source gas and the temperature of

25 sﬁbstrate are increased at a position where an upper

surface of Al film exceeds an upper edge of opening

702A, so that a metal layer 704 is formed by deposition



pressure of Al source gas and the tenperature of 25 substrate are increased
at a . position where an upper surface of Al film exceeds an upper edge of
opening 702A, so that a netal l|ayer 704 is formed by deposition - 40 1 in
a direction along the surface of sem conductor substrate 701 (see Fig.
27). Then, the netal |ayer 704 is expd¥ed by selectively renoving the SiO
2 film725 positioned 5 under a bottom portion of upper |ayer portion 742
of© netal layer 704 and near the side of |ower layer portion 741. Next, a
dielectric film 751 such . as Al2(8 i fornmed on _the surface of netal |ayer
704 by ox}dat it®n2 dféefﬁéoﬁxF&Qpﬂbﬁ%ﬁbﬁﬁﬁéaﬁﬁy°6eSFE&ﬁOHaHEEPF Then, a
dielectric layer 752.su as, Si 3 IS posited, with the CVD nethod under
Py i gade e sl

reduced pressure &ﬁ%%f as © ‘gas, after heating the substrate

701 to a predeternin@%eEpnngﬁpyg&%%lNﬁg?r\gd%hi%;gkggﬁgdcg 15 et hod

havi ng excel | ent coating property, exanp eposited on the

dielectric | ayn of3ave1dNdendBid dry&iol0& i oMl wirliBhkle patterning.
This nmetal |ayer 706 can be nade of polysidicon with the bias sputtering

whi ch pergits @ Rasid byt tiim Igd¥t idh (R RINayeierortadnt g 2bage
substance where Al has been selectively deposited as above described, A
is unsel ecti weltaldapgsirt exbadnd tnears pilid eviideg afetlbadr layer
portion 741.
Next, a dielectric film 751 such as A1203 is ..
formed on the surface of metal layer 704 by oxidation.
10 The oxidation method may be lamp anneal. Then, a
dielectric layer 752 such as Si3N4 is deposited, with
the CVD method under reduced pressure using NH3 gas
and SiH4 gas, after heating the substrate 701 to a
predetermined temperature. Next, with ordinary CVD
15 method having excellent coating property, Al for
examplé is deposited on the dielectric layer 752,
and a metal layer 706 is formed with the patterning.
This metal layer 706 can be made of polysilicon with
the bias sputtering which permits deposition at low
20 temperature.
Next, on the base substance where Al has been
. selectively deposited as above described, Al is
unselectively deposited with the sputtering method
as described so as to make the patterning.
25 As a result, the Al film with the sputtering
method and the Al film selectively deposited within

opening are placed in excellent contact state which



as described so as to nmake the patterning. 25 As a result, the Al filmwth
the sputtering nethod and the Al filmselectively deposited within
openi hg are placed in excellent contact state which 41 1 is durable

el ectrically and nechanically because of the good surface property of Al
filmw thin the opening. A nenory celdl having a capacitive elenent 5 with
a structure as shown in Fig. 24 was made. As shown in Fig. 25, firstly, an
el enent separation region 702 was forned on an insulation film2 on a

sem conductor substrate 701. Afterwards, to forma MOS transistor,.a 10
gate oxidd filh$ 7a8Irake folertricatly aul yrddharpicaldl e diecalesd 0E was f or med
thereon. As shown in Fig. 25, after form r}glra SO 2 filmas interl ayer

insul ation fiFRf 0PH-TYHEAFaRFOREIE et A5k ekl ™ skt hisithe il m 724 was
deposi ted V\nthothe CVD. Then, the 15 SiO 2 film 725 was further deposited
with the cvD, Fnd A openi ng was made t hereon so as to expose the surface

of n-type layer 711 w atte n| n reactjve ion etching
(RIE) (see Fig. 26). nn% ls]g)fl'pp oI'e ih BIR ! vt ouefllue%%ﬁespond 20

to a depth of ppanlaspnsiiche Ey@'&tbm d%dﬁcymw JdU Spagamle. Mext.
after an upper portion of I m excee an upper enda openl ng port| on
W th previous shown in Flg. 25, firstly, an element separation
region 702 was formed on an insulation film 2 on a
semiconductor substrate 701.
Afterwards, to form a MOS transistor, a
10 gate oxide film 732 was formed, and a polysilicon
electrode 703 was formed thereon. As shown in Fig.
25, after forming a SiO2 film as interlayer insulation
film, an n-type layer 711 was formed, and a 813N4 |
film 724 was deposited with the CVD. Then, the
15 SiO2 film 725 was further deposited with the CVD, and
an opening was made thereon so as to expose the
surface of n-type layer 711 with the resist patterning
and reactive ion etching (RIE) (see Fig. 26).
The height 1 of pole in Fig. 24 could correspond
20 to a depth of opening portion, which was 1.0 um in this
example.
Next, after an upper portion of Al film
exceeded an upper end of opening portion with previous
selective CVD, deposition was also performed in a
25 horizontal direction around Al pole, so as to make a

trapezoidal pole having a bottom length a of 0.5 pm

for the opening portion as shown in Fig. 27. At this



sel ective CVD, deposition was also perfornmed in a 25 horizontal direction
around Al pole, so as to nmake a trapezoidal pole having a bottomlength a
of 0.5 pm’ for the opening portion as shown in Fig. 27. At this 42 1 tine,
the height h of trapezoid was 0.4 pm Next, by renoving selectively the
SO 2 film725, Al nonocrystal was ex¥@osed. Then, by dipping wafer to a
solution of H2M2: H2C=1:1, an Al12G3 film 751 having a thickness of 5 15A
was formed on exposed surface of Al nonocrystal 704. Then, by heating the
substrate_to a.tenperatuyre of 3500, a Si3N4 film 752 was deposited in
about 100 t itdiE” %Q%Wh@/@ Pt FS@PEFRA MeFuled pessie&tusPig NH3 gas

and. Si H4 gas. _Furthermore, Al. S depasited o pper, | ayer with_ordinary

CVD method to™Form sl?glﬁecrtlé'}lég&?t (gfe%}&a i ?’ﬁg}% ’pg‘tlt gpﬁf’ﬁ&.yskal _

capacitive el q,rgsnte,?jogé% PIRS n,t By gﬁ)ll % rg%g% i tah% @[llol%\i%nwa occupi ed
0 1. 96 t S con

a projection area pm 2+ 0 e uctor substrate I, with a
15 surface argaoof: fhofd AML.aiar epy dihg GARAGAY ngoUl €n iR plAGr ggsed nore
“than twice that & P anar néﬁ%ryz Gl Furtheﬁhopg?%éiné% Rf%CB§Si3N4 was

used as the disal ey iIfodmEon IBRRAGUIE A0S JN@NEABRG Y st4d% 20 As
above descri bed, according to the present invention, since the first

el ectrode has 704.owahdmy &ty Heeiting) thie aubeitecitel ¢al aCeReipeliataroner
surface, and an upper |layer portion extending out in a '
of 350°, a Si3N4 film 752 was deposited in about 100A
thick, with the CVD method under reduced pressure
using NH

gas and_SiH4 gas. Furthermore, Al was

3

10 deposited on upper layer with ordinary CVD method to
form an upper electrode 706 with the patterning.

A capacitive element of the present invention
made in the above way occupied a projection area of
1.96 um2+ on the semiconductor substrate 1, with a

15 surface area of 4.42 pmz, whereby the capacity could
be increased more than twicé that of planar memory
cell. Furthermore, since A1203+Si3N4 was used as
the dielectric layer, the capacity was increased by
40%.

20 As above described, according to the present
invention, since the first electrode has a lower layer
portion on an electrical conductive lower surface,
and an upper layer portion extending out in a
direction from the lower layer portion along the lower

25 surface, the projected plane area of the upper layer

portion to the lower surface can be made larger than

that of the lower layer portion, so that the surface



direction fromthe lower |ayer portion along the |ower 25 surface, the
proj ected plane area of the upper layer portion to the |ower surface can be
made | arger than that of the | ower |ayer portion, so that the surface 43
1 area and capacity of the whol e capacitive el enent can be increased. As
above described, as the first electTtode has a double |ayer structure, it
is possible to increase greatly the degree of integration by 5 naking the
effective use of a space on the lower surface |ocated under an overhung
portion of the upper |ayer portion as the space for. other el enents. Al so,

accordinglto t%’ée?)r%rffaﬁ’?ﬁje‘?ﬁl% thejvhelg h%af?"i“?Jsttl‘éef $EIE i s formed

with the netal 10 de osition_tec e us W D 0 is
possible to fo?"fWa}he efe ‘—I’%ﬁ/%‘r 7‘t‘-il S Bx eén%]flﬁ%e%’(\jta?wﬁt}ge gt; rlle&IE:f’—tl on al ong

the | ower surfage by QUowing, gxystalyofeloNer,LaYeL, porti obgdd by f acet

dependi ng i ons ower a er portion and 15

surface from ap, UpRELcLacey plal P)‘{“Eihé aaggr@@rsfomté@far@popybpeposl ting
uc a

selectively a con rve naterl on the |ower surface within opening. 20
25 44 1 The fhlamn?rghé‘gef@éé@ﬂvéulhé@béﬁ £08phbeE i espatlowdwention is to

forma deposited filmby the surface reaction on an el ectron-donative
substrate by usg@rfhce located under an overhung portion of the
upper layer portion as the space for other elements.
Also, according to the present invention,
since the first electrode is formed with the metal
10 deposition technique using new CVD method, it is
possible to form an upper layer portion extending
out in a direction along the lower surface by growing
crystal of lower layer portion with a facet depending
on the face orientations of lower layer portion and
15 lower surface from an upper face of lower layer portion

formed by depositing selectively a conductive material

on the lower surface within opening.

20

25



a gas of an al kyl al um num hydri de and hydrogen gas 5 (hereinafter called
the Al-CVD nethod). Particularly, by use of nononethyl al um num hydri de
(MVAH) as the starting gas or dinethylalumnum hydride (DVAH) as the
starting gas, and H2 gas as the reactige gas, and heating the substrate
surface under 10 the m xture of these gases, an Al filmof good quality
can be deposited. Here, during the selective deposition of A, it is
preferable to maintain the surface tenper- ature at the deconposition
tenmperature of the al kyl al um num hydri de or higher and | ess than 450C,

nore 15 pkeferably BT folmseming mpthed rtf ¥l dRn dda mees@istrat e
to the above-pnentioned tenperature range,. therge are direct ating and

i ndirect heatthFPPLR i TRl ‘?I%r“byi‘ %é??ﬁ’a‘?efffn‘gﬂtr% %5 S 35%° t he
above-nentioned 20. tenperature by direct heatin an Al .fjl mof good

qual ity can be1orHEYd A i g%le%cep%%rll—tc?%rha%b‘é%ds. o7 A C v%tgn t he
substrate sur t Erpeﬁﬁaéi‘lgfléjﬂhﬁ.ﬂ%mﬁlx L 4a f 48t leh npde 260C to
440C whi ch isg?%?se 8pre erabl e tenperat Lﬁéellir ange, a%ﬁbrﬁéo} good quality
25 can_be obt gined; 2 £ b ghes) deposid | O S@safe &oPPO A to 500"0 A/ nin.
which is higher than in the case of resistance heating. As such direct
heating nmethod 45 1 gsebséuBi€ly ) 6y fuss heahetomyti) I&imidwansm ssion of

the energy fromthe heating neans to the substrate),

hydride (MMAH) as the starting gas or dimethylaluminum
hydride (DMAH) as the starting gas, and H, gas as the
reactive gas, and heating the substrate surface under

10 the mixture of these gases, an Al film of good quality
can be deposited. Here, during the selective deposition
of Al, it is preferable to maintain the surface temper-
ature at the decomposition temperature of the alkyl-
aluminum hydride or higher and less than 450°C, more

15 preferably 260°C to 440°C.

As the method for heating the substrate to

the above-mentioned temperature range, there are direct
heatiné and indirect heating. Particularly, by
maintaining the substrate at the above-mentioned

20 temperature by direct heating, an Al film of good
quality can be formed at high deposition speed. For
example, when the substrate surface temperature during
Al film formation is made 260°C to 440°C which is more
preferable temperature range, a film of good quality

25 can be obtained at higher deposition speed of 300 A
to 5000 i/min. which is highexr than in the case of

resistance heating. As such direct heating method



f-or exanple, |lanp heating by neans of hal ogen | anp, xenon |anp, etc. may
be included. As the nethod for 5 indirect heating, there is resistance
heating, by which heating can be performed by use of a heat-generating
body, etc. provided at the substrate-supporting nenber for supporting the
substrate to formdeposited film arranged in the space for formation of

t he deposited 10 film By applying the CVD nethod to the substrate having
the el ectron-donative surface portion and the non-electron donative
surface portion co-present thereon, a single crystal of A is fornmed under
good sel edt| \Kl%“)bsﬁgaéﬁl }t@?]{ﬁwéselh@@tﬁe@nbdoﬁ&trﬁ?é §E|‘B§§F‘a§§1§[}rface
portion. The Al thus forned will have all of excell ent char ac- ristics

desirabl e forH e SRETHd ST M’& ﬁ‘&ﬁé’ﬁnél meapyg, o) £h réHBéltFé‘l”re fr

generation probability of h||| uction of g ratio robability of
al l oy spi ke 268’ “B’é S IS |sfeﬁ1 Ysmr‘:f"g &t @ﬁ?ogg.ne F‘B be due to

the fact th%en%qpatgr[btoféﬁe rbeewc%%'ew%' | har g gh,al | oy

spi ke, etc. on accou ectlc reaction e subblng silicon,

etc. is seen,; PRGANSE Hila il &H?é}% qualridof GaMd2e He@iTRd , OByt %1%‘1'1”3(39

conprising a seniconductor or an el éctro-conductive member as
el ect r on- donafdats riylldadf e - RArved By Asd 4G hba@% hb@ﬁttlln@;

crystallinity. And, when enployed for the el ectrode of a sem conductor
devi ce, an efd®Bi, etc. provided at the substrate supporting member
for supporting the substrate to form deposited film
arranged in the space for formation of the deposited
10 film.

By applying the CVD method to the substrate
having the electron-donative surface portion and the
non-electron donative surface portion co-present thereon,
a single crystal of Al is formed under good selectivity

15 only on the electron-donative substrate surface portion.
The Al thus formed will have all of excellent charac-
teristics desirable for the electrode/wiring material.
That is, reduction.of generation probability of hillock,
reduction of generation probability of alloy spike

20 will be accomplished.

This may be considered to be due to the fact
that substantially no or extremely small formation
of alloy spike, etc. on account of the eutectic reaction
with the subbing silicon, etc. is seen, because Al

25 of good quality can be formed on the surface comprising
a semiconductor or an electro-conductive member as

the electron-donative surface, and also the Al is



surpassing the concept of the A electrode which has been contenplated in
-the prior art, and could not be 5 even expected in the prior art can be
obt ai'ned. * Havi ng descri bed above about the fact that the A deposited on
an el ectron-donative surface, for examyde, wthin the opening with the
'sem conductor substrate surface exposed becones to have a single 10
crystalline structure, according to the Al-CVD nethod, a netal film
conposed mainly of Al as, described below can be also selectively
deposited, and its film qual ity also exhibits excellent characteristics.
For exarrplle excaldding omn tores bl otith alAnd - vienlanplaiachyiey de and
hydr ogen, a gas containing Si atons such as SiH4, Si2H6, Si3H3, Si(CH3)4,
Si d 4, Si HCthe flgatrods ‘?%eaﬁ%%lco%ii‘g%ﬁo%cﬂ’ﬁ‘éﬂ‘?ﬁ'ndmne%ﬁ such as

- TiCl4, TiBr4, Ti( etc 20 a gas, .contai Cu at ch as copper
bi sacet yl acet%ﬂéﬁaesscﬂ%%%ﬁm%%%fpe‘??b?%edl \f;lfteo‘%r g"as
Cu(C11H1902)(2]b copper, anIS Iuor acet a?eg ongt £ ca{glcgaqf 02) etc. may

be i ntroduced T sw‘%a%eco T na o‘forma gas m X ure

atmospher e ték%,ﬁng @é{@&lglﬁnuhg';gfgépd&@y SE15E ﬁy&ﬂ%@s' tion of an

el ect roconductl ve terial suc Cu, A-Si-Ti,

A -Si-Cu, - 47 - 1 etgayihg &és@/&@@tm&v@sap@@@run@df@@@%w afilm

the Al deposited on an electron-donative surface, for
example, within the opening with the semiconductor
substrate surface exposed becomes to have a single

10 crystalline structure, according to the Al-CVD method,
a metal film composed mainly of Al as described below
can be also selectively deposited, and its film quality
also exhibits excellent characteristics. |

For example, in addition to a gas of an alkyl-

15 aluminum hydride and hydrogen,

a gas containing Si atoms such as SiH4, SijHg,
SiaHg, Si(CH3)4, SiCly, SiHpClp, SiHCl3, or the like,

a gas containing Ti atoms such as TiCl,, TiBryg,
Ti(CH3)4, etc.,

20 a gas containing Cu atoms such as copper
bisacetylacetonate Cu(CgH70,), copper bisdipivaloyl-
methanite Cu(CjiH;905),, copper bishexafluoroacetyl-
acetonate Cu(CgHFgO5) o, etc.

may be introduced in a suitable combination

25 to form a gas mixture atmosphere, thereby forming an

electrode by selective deposition of an electroconductive

material such as Al-Si, Al-Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu,



f-orm ng nethod excellent in selectivity, and also the surface
characteristic of the filmfornmed has good 5 surface characteristic. Hence,
by ‘application of a non-selective filmformng method to the next
deposition step, Al or a netal filmcgconposed nmainly of Al can be al so
formed on the A fiIn1se|ective|y'ﬂg%%§ited as descri bed above and Si 2,
etc. as the insulating 10 film whereby a suitable netal film having high
usability for general purpose as the wiring of semi- conductor device can
be obtained. Specific exanples of such netal filminclude the follow ng.
There may &ecincl uded conbinations 15 of A, A-Si, A-Ti, A -Cu,

Al -Si-Ti, Al-Si-Cu, etc. deposited selectively with Al, Al-Si, A-Ti,

Al -Cu, A -Si-Ti, Phe SAL€TND atethdd dheaddsdmbest rebuyearstshad fFiokm

non-sel ective deposition, there are other CVD nethods than the Al-CvD 20
met hod as Hexmindere oy eexehbleput irvrsaeaittidd) . aard aXs I'HHS or ni ng
Apparatus) Next, a suitable filmformng apparatus_for formng the

el ectrode BRESRER nghikrerRr bFksert i Hientibh ToEned 85 BIRPd 25 Fig. 28 to

Fig. 30 show schematical]y a sequen: tial netal filmform appar at us
suitabl%fﬁ?rgﬁﬁ?;‘%ﬁ@ra‘fﬁ rﬁT—h‘?for MF methPRE! "s]c‘?’?b%’ggaabgee. 48 1

The sequential ptal, 04! 0 {0F #1.00: APPALAIE e &t Wik ufbdles B | S
step, Al or a metal film composed mainly of Al can
be also formed on the Al film selectively deposited
as described above and SiO;, etc. as the insulating
10 film, whereby a suitable metal film having high
usability for general purpose as the wiring of semi-
conductor device can be obtained.

Specific examples of such metal film include .
the following. There may be included combinations

15 of al, al-si, Al-Ti, Al-Cu, Al-Si-Ti, Ai—Si—Cu, etc.
deposited selectively with Al, Al-Si, Al-Ti, Al-Cu,
Al-Si-Ti, Al-Si-Cu, etc.

As the film forming method for non—selective

.deposition, there are other CVD methods than the Al-CVD
20 method as described above, the sputtering method, etc.
(Film forming Apparatus)

Next, a suitable film forming apparatus for
forming the electrode according to the present invention -
is described.

25 Fig. 28 to Fig. 30 show schematically a sequen-
tial metal film forming apparatus suitable for applying

the film forming method as described above.




311 connected nutual |y conmuni cated under shielding fromouter air through
the gate valves 310a to 310f, 5 a CVD reaction chanber 312 as the first
filmform'ng chanber, an Rf etching chanber 313, a sputtering chamber 314
as the second filmform ng chanmber and,g loadl ock chamber 315, and the
respective chanbers are constituted reducible in pressure by evacuation
with the evacuation 10 systens 316a to 316e. Here, the above |oadl ock
chanber 311 is a chanber for replacing the substrate atnosphere before
deposition treatnment with H2 at nosphere after evacuation in order to

i mprove. the throughpbe srapgotipdrmetipé. fIkm Meoxmi@yDappackioa,chanber 312
is a chanber 15 for selective _deposition on the substrate according to the
Al - CVD met ho@Sash@®8cippEdJabdfe dFdEPNASikHESdpPEsdandleockr eHankar

re re, in ich a substrate ol der 318 havi.ng a heat -generating nenber
217siﬁich.' éﬁﬁ HSBPefﬁsasBBgPF&E¥ FempEntsrLed 88darraﬁggléﬂngooc920 to

. carn fi | ; | of2ooc
hydri de bubbreasd “eanrroanePof EhbL BE Y5Tues AR08 kB dbFed i nio « e
chamber LN Quglpl DEaBLaLh! BHladBs,! B1500UCHAE 08339110k EYPyg and al so

hydrogen gas as the reactive gas is introduced through Bgsline 319'.
The next Rf ehahbBd,CRamRer etdh3ngScRamBapbsh 3f og %BEE%&PQ nghﬁkBéP'”g of

the substrate surface after selective deposition (etching 1 under Ar
at nosphere, 3nd wet eneakkyohhereoh @#bemphgviHasbal Leash 2osdbhstkate hol der

320 capabl e of heating
chamber 315, and the respective chambers are constituted
reducible in pressure by evacuation with the evacuation
10 systems 31l6a to 3l6e. Here, the above loadlock chamber
311 is a chamber for replacing the substrate atmosphere
before deposition treatment with H, atmosphere after
evacuation in order to improve the throughput charac-
teristic. The next CVD reaction chamber 312 is a chamber
15 for selective deposition on the substrate according
to the Al-CVD method as described above under normal
pressure or reduced pressure, in which a substrate
holder 318 having a heat-generating member 317 which .
can heat the substrate to be formed to a range of 200°C
20 to 450°C is provided internally, and starting gases
such as alkylaluminum hydride bubbled and gasified
in the bubbler 319-1 are introduced intQ the chamber
through the starting gas introducing line 319 for CVD,
and also hydrogen gas as the reactive gas is introduced
25 through the gasline 319'. The next Rf etching chamber
313 is’a chamber for carrying out cleaning of the

substrate surface after selective deposition (etching)



the substrate to a range of 100C to 250C and an electrode |line for Rf
etching 321, and also an Ar gas 5 feeding line 322 is connected. The next
sputtering chanber 314 is a chanber for depositing non-selectively a
nmetal filmby sputtering under Ar atmos@ere on the substrate surface, and
internally thereof are provided a substrate holder 323 heated within a
range of 200C 10 to 250C and a target electrode 324 for nounting a sputter
target material 324a, and also an Ar gas feeding |ine 325 is connected.
The final |oadl ock chanber 315 is a control chanber before taking out the
subst rat e 1 afider dHpl BMBIPRIL e ha bt t9ynad e gdsingadh anet reyided out er
air, and constituted so that the atnosphere may be %ﬁglaceq with N2. Fig.

29 shows anotHerl¥bHstd (IHITHAT OIS PO LARARIEQTAINSHEERT film form ng

appar at itabl e. for applying the fi i.n t.hod as descri bed
aggve, gg Zﬁdtrf%es%basr%rapto“{)ltoﬁcyon%g[aasn%eesocé :%Je(ﬁrgbto%ez?un Fidgd 28 are nmade the
nbol s. T i renc he i ig.. 29 framthat in Fig.
ggmreez%/deg i nel%kﬁta{u({aé ﬁlajlet{oleg:fnoq1I aﬁng %%%Pﬁg& E%égl\slﬁ élen(#:é_%st%eélndiArre@ta%eat i ng
ddh { 14 ect or that
means and § e SuEld af £ S W I ACE Galh g did ! %y%hﬁzi%ﬁﬁe%g%

pur pose, e substrate holder 312 is provide _ _ for hol di ng
the substrat echansier suspendeddmer £odQepo Bt NRAIN L1R&tilietyhe

substrate surface with such constitution, the deposition speed can be
further a metal film by sputtering under Ar atmosphere on the

substrate surface, and internally thereof are provided
a substrate holder 323 heated within a range of 200°C
10 to 250°C and a target electrode 324 for mounting a
sputter target material 324a, and also an Ar gas feeding
line 325 is connected. The final loadlock chamber
315 is a control chamber before taking out the substrate
after completion of the metal film deposition into
15 the outer air, and constituted so that the atmosphere
may be replaced with Nj. |
Fig. 29 shows another constitutional example
of a sequential metal film forming apparatus suitable
for applying the film forming method as described above,
20 and the same portions as described above in Fig. 28
are made the same symbols. The difference of the
apparatus in Fig. 29 from that in Fig. 28 resides in
that a halogen lamp 330 is provided as the direct heating
means and the substrate surface can be directly heated,
25 and for that purpose, the substrate holder 312 is
provided with a nail 331 for holding the substrate

under suspended state.



i mproved as descri bed above. The sequential netal filmform ng apparatus 5
wth the above constitution, as showmn in Fig. 30, is substantially
equi val ent’ to one with the structure having the above |o. adl ock chanber

311, the CVD reaction

sputtering
one another with the conveying chanber 326 as the relay chanber. Wth this
constitution, the |oadl ock

chanber

3

chanber 314, t

15. In the above

chanber 312, thggREL etching chanber 313, the

he Ioadlock chanber 315 connected nutually 10 to

chanmber 311 functions also as the | oadl ock
conveyi ng chanber 326, as shown in the Figure,

an arm 32Y as the coRveppafinsaAsreStigvehsi Bhhstoeteapneiape twbtila
direction and stretchabl e

asSgﬁBmﬁopﬁt%HBtéPPomﬁgﬁddﬁﬁoﬁﬁﬁloglSPFﬁ@ SaBsPeaf BT ERRT be noved
follomnng t he steps._succ SS|veb¥ ﬁﬁ t he | oadl ock chamber 311 to the CVD
Enahger -

arm 327,

chanmber 312, 1PRECVSE &F EEERTA
t he Ioadlock chamber

Procedure) The filmformh

Wi ring acgorgipg EﬂetQBoQEeESHEt&@ﬁ%@BhO”as'§h€@ﬁcﬁhbﬁg

inthe BB direction is provided, and with the

313, the sputtering chanber 314,

REO s WLLARYE al’ R8Td1° 9m°¥89m%ﬂ§'égp FLL”‘For”‘”g

ctfode and
Fbgs §2A to 32D

proce ure ormn

are schemati c perspective views for 1 | ustration gf fhé f|In1forn1ng
procedure fOEuEQEHHEhQQ1y0thH6a§E%Qt&%d%n%n@1WhrtHG aeeqrdihpg to the

pr esent

10

15

20

25

having the above loadlock chamber 311, the CVD reaction

chamber 312, the Rf etching chamber 313, the sputtering

chamber 314, the loadlock chamber 315 connected mutually

to one another

relay chamber.

with the conveying chamber 326 as the

With this constitution, the loadlock

chamber 311 functions also as the loadlock chamber

315. In the above conveying chamber 326, as shown

in the Figure,

an arm 327 as the conveying means

reversibly rotatable in the AA direction and stretchable

in the BB direction is provided, and with the arm 327,

as shown in the arrowhead in Fig. 31, the substrate

can be moved following the steps successively from

the loadlock chamber 311 to the CVD chamber 312, the

Rf etching chamber 313, the sputtering chamber 314,

the loadlock chamber 315 without exposure to outer

air.
(Film Forming

The fi

Procedure)

im forming procedure for forming the

electrode and wiring according to the present invention

is described.

Figs.

32A to 32D are schematic perspective views for



i-nvention. First, the outline is described. A sem conductor 5 substrate
‘havi ng openi ngs forned on an insulating filmis prepared, which substrate
is afrranged in a film form ng chanber, and its surface is maintained at,
for exanple, 260C to 450C to deposit_ d@iegtlvely Al at the portion mhere
"the sem conductor is exposed 10 according to the hot CVD nethod in a m xed
at nosphere of DMAH as the al kyl al um num hydri de and hydrogen gas. O
course, as described above, a nmetal filmconposed mainly of Al such as
Al -Si, etc. may be al so deposited selectively by introducing a gas

cont ai ni n§ Sitlihwsksationept. thexfilmnfomeing repeeduve| foreposnationy t he
sputtering nethod and the insulating film A _or a netal film conposed
mai nly of Al °fsthenelefbepicepryd Vth%ﬂ aqﬂ%ﬁdl%? bt ¥ PFYSDRtt he net al
filmnon- selectively deposited to a desired wiring shape, 20 el ectrodes
and wirings t3neBE? ?%rned Referring next to Fig. 29 to Fig. 32D,

description is medepin prore,debail nElista aoothshrate LepPLopaledo, As
the substrate, for exanp a single crysta?Flne waf er “havi ng

[ nsul at i ng [ LhALPEQKLARE, hiNoBRADhRGS coPRedl b sﬁs&?gm@lageﬂmes

provi ded thereon 1s prepare 2A'1s a schematic view 5how ng a part

of the Substigtsregefsd 4Qﬂleﬁ §u§gegbée65¥saakgh§sd5§n & siljcon substrate
as a conductive substrate, a thermally oxidized silicon filmas the

i nsul ati ng fEbﬁhlng chamber, and its surface is maintained at,
for example, 260°C to 450°C to deposit selectively
Al at the portion where the semiconductor is exposed
10 according to the hot CVD method in a mixed atmosphere
of DMAH as the alkylaluminum hydride and hydrogen gas.
Of course, as described above, a metal film composed
mainly of Al such as Al-Si, etc. may be also deposited
selectively by introducing a gas containing Si atoms,
15 etc. Next, on the Al selectively deposited by the
sputtering method and the insulating film, Al or a
metal film composed mainly of Al is non—selectiveiy
formed. Then, by patterning of the metal film non-
selectively deposited to a desired wiring shape,
20 electrodes and wirings can be formed.
Referring next to Fig. 29 to Fig. 32D, description
is made in more detail. First, a substrate is prepared.
As the substrate, for example, a single crystalline
Si wafer having an insulating film provided with openings
25 with respective apertures provided thereon is prepared.
Fig. 32A is a schematic view showing a part

of the substrate. Here, 401 is a single crystalline



(1 ayer). 403 and 404 are openings (exposed portions), having apertures
different fromeach other. 410 is 5 the groove bottomw th Si exposed. The
procedure’for formng Al filmwhich becones the electrode as the first
wiring layer on the substrate "is as_fgjlows with Figs. 32A to 32D. First,
the substrate as descri bed above is 10 arranged in the |oadl ock chanber
311. Hydrogen is introduced into the |oadl ock chanber 311 to make it

under hydrogen at nosphere. And, the reaction chanmber 312 is internally
evacuated to approximately 1 x 10-8 Torr by the evacuation system 316b.
However, W $ilhrsan sapsbeaterasdacoenduetivie sekstmrtrgré®2vi@thin the
reactlon chanber 312 may be worse_than 1 x 10-8 Torr. And, the gas of DVAH
bubbl ed fron¥?%€m©%§Y|ﬂéléiée?ss+%Hc°Fofl%%ea%aP??e+“@%%aTiﬁ9t DVAH | i ne,

and by 11 ot RPYBR1 pr obih oHE S08oRAocaBer s hEe afexPasdl AT FATTThy the
openi ng degr ge, of thﬁﬁL 5! §7k-upLye POL,SDOW Lonag] sk hes pressure

within the Teact 0 a pre eternlne val ue typica

pressure in { és E@é@e'BOQESEQ&§QBYS§b8H%oséd5 Torr. Through the DVAH |i ne,
DVMAH is intro Into the reaction tu The total pressure is nmade 53

1 about 1.5 Torr angnhthgr VA PECESYN €oPmny AD- BiTArwhicHhB8comelsrent is
passed to the halogen | anp 330 to

the electrode as the first wiring layer on the substrate
is as follows with Figs. 32A tol3ZD.
First, the substrate as described above is

10 arranged in the loadlock chamber 311. Hydrogen is
introduced into the loadlock chamber 311 to make it
under hydrogen atmosphere. And, the reaction chamber
312 is internally evacuated to approximately 1 x 1078
Torr by the evacuation system 316b. However, Al film

15 can be formed even if the vacuum degree within the
reaction chamber 312 may be worse than 1 x 108 Torr.

And, the éas of DMAH bubbled from the gasline

319 is fed. For the carrier gas for the DMAH line,
Hy is employed.

20 The second gasline 319' is for H; as the reaction
gas, and by flowing H2 through the second gas line
319' and controlling the opening degree of the slow
leak valve not shown to adjust the pressure within
the reaction chamber 312 to a predetermined value.

25 A typical pressure in this case is preferably about
1.5 Torr. Through the DMAH line, DMAH is introduced

into the reaction tube. The total pressure is made



heat directly the wafer. Thus, Al is selectively deposited. 5 After el apse
of a predeterm ned deposition tinme, feeding of DMAH is once stopped. The
predetermned deposition time of the Al filmdeposited in this process is
the time until the thickness of the Al chilLmon the Si (single crystalline
silicon substrate 1) beconmes 10 equal to the filmthickness of the SiQ2
(thermally oxidized silicon film?2), and can be determ ned previ- ously by
experimentation. The tenperature of the substrate surface by direct
heating at this tine is nade about 270C. 15 According to the steps up to
this stagd, ekeuAl 1P| #erze5apd $bpebMPicPyegeyssi ted wi 8 1 £RETepeni ngs
and the grooves as shown in Fig. 32B. Al of _the steps as descri bed above
are referred h@8'a§uFH§“F|ﬂ§tPP§FﬁprPWFH5 $edpIedr 1egPnetlofof 20

el ectrode w h|n ontact hole. After t first filmfaormng step, the
CVD reaction n%éfef%éylghgvgéﬁgfed &ﬁPFV %@a&ﬁ'ﬁ&legt&¥83¥n1degree of 5
x 10-3 Torr g O%@% by the evacuation system 316b. At the same tine, the
Rf etching 2 hanber ‘313 is evacuated to 5 x 10-6 Torr or lower. After

confirmation that thnggghqu%ggeB% QaﬁgeEQQQQQQnehh%hgggg g j%acuum degr ee,

the gate valve 310c 1s opened, - the substrate ron1the CvD
reaction chamge ,3¥2edliddt g BMA@It q@ e ceNatRppedl3 Bnet BecaRREeHiRgaTEans,

deposition time of the Al film deposited in this process
is the time until the thickness of the Al film on the
Si (single crystalline silicon substrate 1) becomes
10 equal to the film thickness of the SiO, (thermally
oxidized silicon film 2), and can be determined previ-
ously by experimentation.
The temperature of the substrate surface by
direct heating at this time is made about 270°C.
15 According to the steps up to this stage, the Al film
405 is selectively deposited within the openings and
the grooves as shown in Fig. 32B.
All of the steps as described above are referred
to as the first film forming step for formation of
20 electrode.within contact hole.
After the above first film formiﬁg step, the
CVD reaction chamber 312 is evacuated until reaching
a vacuum degree of 5 x 10”3 Torr or lower by the
evacuation system 316b. At the same time, the Rf etching
25 chamber 313 is evacuated to 5 x 10-® Torr or lower.
After confirmation that the both chambers have reached

the above vacuum degree, the gate valve 310c is opened,



and the gate val ve 310c closed. The substrate is conveyed to the Rf

-etchi ng chanber 313, and the Rf 5 etching chanber 313 is evacuated by means
of the evacua- tion system 316¢ until reaching a vacuum degree of 10-6 Torr
or lower. Then, argon is fed through thg .argon feeding line 322 for Rf '
etching, and the Rf etching chanber 313 nmintai ned under an argon

at nosphere 10 of 10-1 to 10-3 Torr. The susbtrate hol der 320 of Rf etching
i.s maintained at about 200C, Rf power of 100 Wsupplied to the el ectrode
for Rf etching 321 for about 60 seconds, and discharging of argon is caused
to occur WitHt tﬂ@%%ﬁl%@%rﬁéﬂ%rt@l§W%rr%ﬁom53@@b§éc Ads. By

doi ng so, the surface of the substrate _can be etched with argon ions to

renove unnecddhlp Riustde 1qyydiamhen it oy ddifo SAVERING RS ret chi ng

depth in this c i S de about. . 100 in fer of the oxide. Here, surface
et chi ng of thaé‘d?,\s}%’ed«g&r% '8 VeZC?JT]ol ifi '°§eéT ectB THTHEY &t chi ng

chanber, but SIAGE .4 N B 362 J STt ABEYD 11| MOl dfte gubstrate
rﬂF& >§§ Stc.” norQF?f et e

-conveyed t hroug acuum cont al'ns no ‘oxygen, e ing may be

effected. Jn dhal; fAGadle B LUAIAG GRARY, Heh NG 19 a3 he -

tenperature changi ng chanber 25 for effecting tenperature change within a
short time, whigdh tdhesdamarat Whsil ddeen P 4 aardd@n lbfl2 and the

sputtering chanber 314 are greatly different. 55 1 In the Rf etching
chanber 313, mftferrcan@eticwer. Then, argon is fed through the
argon feeding line 322 for Rf etching, and the Rf
etching chamber 313 maintained under an argon atmosphere
10 of 1071 to 1073 Torr. The susbtrate holder 320 of
Rf etching is maintained at about 200°C, Rf power of
100 W supplied to the electrode for Rf etching 321
for about 60 seconds, and discharging of argon is caused
to occur within the Rf etching chamber 313 for about
15 60 seconds. By doing so, the surface of the substrate
can be etched with argon ions to remove unnecessary
surface layer of the CVD deposited film. The etching
depth in this case is made about 100 R in terms of
the oxide. Here, surface etching of the CVD deposited
20 film is effected in the Rf etching chamber, but since
the surface layer of the CVD film of the substrate
conveyed through vacuum contains no oxygen, etc., no
Rf etching may be effected. 1In that case, the Rf etching
chamber 313 function as the temperaturé changing chamber
25 for effecting temperature change within a short time,
when the temperatures in the CVD reaction chamber 12

and the sputtering chamber 314 are greatly different.



of Rf etching, flowing of argon is stopped, and the argon within the Rf
-etching chanmber 313 is evacuated. After the Rf etching chanber 313 is
evacuated’to 5 5 x 10-6 Torr and the sputtering chanber 314 to 5 x 10-6
Torr or lower, the gate valve 310d is gpened. Then, the substrate is noved
fromthe Rf etchlng chanber 313 to the sputtering chanber 314 by neans of a
conveying nmeans, followed by closing of the gate valve 310d. 10 After the
substrate is conveyed to the sputtering chanber 314, the sputtering
chanber 314 is made under an argon atnosphere of 10-1 to 10-3 Torr
similarlyl as in thelRftBecREngtehanpechamBeragdd3y haftenpepaplesionf the
substrate hol der 323 for nounting the substrate 15 set to about 200 to
250C. And d|95h§ﬁg?ﬁ§h6Pgar§6HWF§9ePFe€F€8naﬂSaSEEPﬁéﬁeraBﬂ theo 10 kw to

For mat | on of 2&9M8: H-Cb4Bn e RE. =kEh&hs ghehbsr 813 HEpOYPErBetpeed o
about.10000 fteQ tgg h@ee§#3§h %gambéo g&?sﬁ Qacua%eaogo lective
ep. "This is ca

deposition s € secon ornlng Step for formation

of the wiging §g- beTBQQ”Sﬁhe@hEO %P%t@k?ﬁbrg Gmb t§ﬁ4f95”§tkg%095 a netal

filmof about 5000 O A, flow ng argon-an appFlcatlon of power are

25 stopped. Abter oevaeuati onnaf ghhe baq@bogKoahngegenéél t @hanx 10-3 Torr
or lower, the gate valve 310e is opened and the substrate noved. After the

gate the substrate is moved from the Rf etching chamber
313 to the sputtering chamber 314 by means of a conveying
means, followed by closing of the gate valve 310d.
10 After the substrate is conveyed to the sputtering
chamber 314, the sputtering chamber 314 is made under
an argon atmosphere of 1071 to 1073 Torr similarly
as in the Rf etching chamber 313, and the temperature
of the substrate holder 323 for mounting the substrate
15 set to about 200 to 250°C. And discharging of argon
is effected at a DC power of 5 to 10 kw to cut a target
material such as Al or Al-Si (Si: 0.5%) and effect
film formation of a metal such as Al, Al-Si, etc. at
a deposition speed of about 10000 g/min. on the substrate.
20 This step is a non-selective deposition step. This
is called the second film forming step for formation
of the wiring to be connected to the electrode.
After formation of a metal film of about 5000
2, flowing of argon and application of DC power are
25 stopped. After evacuation of the loadlock chamber

311 to' 5 x 1073 Torr or lower, the gate valve 310e

is opened and the substrate moved. After the gate



56 1 valve 310e is closed, N2 gas is permtted to flowinto the |oadlock
<chanber 311 until reaching atnospheric pressure, the gate valve 310f
openeéd and the substrate taken out of the apparatus. 5 According to the
second Al filmdeposition step as desggibed above, the Al film 406 can be
formed on the Si@2 film402. And, by patterning the Al film 406 as shown
in Fig. 32D, a wiring with a desired shape can be 10 obtai ned.
(Experinental Exanples) In the follow ng, how excellent is the above-
described Al-CVD nethod. is and how good of the quality the A film

deposi t edlwi Yalvet 0@ pahi Ayesed. alie i%sdé§cP?5@HtB%§eH°oﬂl?%el%R%er|nental

|t Fi b I | |1
I Tl e
t Si @2_of 8000 A d t
(0,101 S C2,00,2000, "y 30dDavea 06! 457 OBERLEA ! Byt oLLBEr 420

patterned to Qﬂgg ég b@hggagha§%g%%9 .crystal exposed (Sanple 1-1).

These are su jecte ornatl films according to the Al -CvD
met hod under the C0nﬂb&b98§ng2§oa§hge§€EbQQdA@eEth ¥Bgesithgnconmon

conditionS by use of' DMAH as the starting gas, and hydrogen as the
reacti on gasstapt akaleBtesbdicaBbvd, Sther Al #iDWAK06 can be formed
on the SiO, film 402.

And, by patterning the Al film 406 as shown

in Fig. 32D, a wiring with a desired shape can be
10 obtained.
(Experimental Examples)

In the following, how excellent is the above-
described Al-CVD method is and how good of the quality
the Al film deposited within the openings is are

15 described based on the experimental results.

First, as the substrate, a plurality of N-type
'single crystalline silicon wafers were prepared, which
are thermally oxidized on the surface to form SiO;
of 8000 A, and have various openings with various

20 apertures from 0.25 um X 0.25 pym square to 100 um x
100 pym square pétterned to have the subbing Si single
crystal exposed (Sample 1-1).

These are subjected to formation of Al films

according to the Al1-CVD method under the conditions
25 as described below. Under the common conditions by
use of'DMAH as the starting gas, and hydrogen as the

reaction gas, a total pressure of 1.5 Torr, a DMAH



57 1 partial pressure of 5.0 x 10-3 Torr, the power anount passed through
the halogen lanp is adjusted and the substrate surface tenperature set
within the range of 200C to 490C to formfilns. 5 The results are shown in
Table 1. 10 15 20 2558 - orn O0_QP§9 0000r-'Dr 2C2 OO 5 goo
10 Lbn 0odOM VOO OLnO 22 '

1 partial pressure of 5.0 x 10-3 Torr, the power amount
passed through the halogen lamp is adjusted and the
substrate surface temperature set within the range
of 200°C to 490°C to form films.

5 The results are shown in Table 1.
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0z 2z 200 4-L oF( owSQ O a) 0" 4.3 UoolEOOOU raoa) n 4-1 a)
44 4-) d4 JJ U .-l A74GE&L OC.r .,--a25U) 'n4) a+.) > a U o
f cUc*=-PUa) a ri Q 43 0a 0-1c'oc4) (0 .-i 4aU>COa) OLn

Yd 1J a) --1JJ . a) tpa.--1 14Q -1'ocaUOSI 74C - auo0(n
a) OOa) + In0Q A--1-1-HE x U°. 0 a) 0Ocid4d U 4-4 .4 -Ha) 4a a
41 a) -Hrt) a) a) ---1 >4 Z'00U-- U Oa0l0axx 059 1 As can be
seen from  Table 1, at a substrate surface tenperature by direct heating of
260C or higher, Al is deposited selectively at a high deposition speed O
of 3000 ta 5000 A/ m As wenhhbr skenofepimn@ebls Whentt Aesvhatzateristics of
the Al filmwthin
surface temperature by direct heating of 260°C or higher,
Al is deposited selectively at a high deposition speed
of 3000 to 5000 g/min. within the openings.
5 When the charadteristics of the Al film within
the openings at substrate surface temperature range
of 260°C to 440°C are examined, they are found to be
excellent such that no carbon is contained, with
resistivity being 2.8 to 3.4 uficm, reflectance 90 to
10 95%, hillock density of 1 uym or higher 0 to 10 and
substantially no spike generation (destruction probabil-
ity of 0.15 ym junction).
In contrast, at substrate surface temperatures
of 200°C to 250°C, the film is found to be considerably
15 good as compared with the prior art although the film
quality is slightly worse as compared with the case
of 260°C to 440°C, but the deposition speed is 1000
to 1500 R/min., which can never be said to be suffi-
ciently high.
20 When the substrate surface temperature becomes
450°C or higher, the characteristics of the Al film
with the openings are lowered with the reflectance
becoming 60% or less, hillock density of 1 um or more
10 to 104 cm"z, alloy spike generation 0 to 30%.
25 Next, description is made about how suitably

the method as described above can be used openings

such as contact hole or thru-hole.



t-he openings at substrate surface tenperature range of 260C to 440C are
exam ned, they are found to be excellent such that no carbon is contained,
with'resistivity being 2.8 to 3.4 pxm reflectance 90 to 10 95% hill ock
density of 1 umor higher 0 to 10 and ubstantially no spi ke generation
(destruction probabil- ity of 0.15 pmjunction). In contrast, at substrate
surface tenperatures of 200C to 250C, the filmis found to be considerably
15 good as conpared with the prior art although the filmquality is

slightly worse as c red with the cas of 260C t.a 440C. but the

deposi tidn speed i s% 19t 5t n?ejhs.’? Reht erf:%bgl PRR UaIe said to be
suffi- cient] i gh )S e t becones

450C or hi ghteér(,tr%%ec%’ﬁgar%%#%ﬁ}%{pé%%es%ﬁé| i m W ttﬁ J?Et‘r?eﬁgte;peni ngs are

| owered wit hfbg 16l £Of e NELARNGHOANK Or | ess, hillock density of 1 um

or nore 10 to 104 cm 2, alloy spike generation 0 to 30% 25 Next,

description is nade Ghothe oAnSLE t BH] Yas tdesdBihed Asowescdn ed above can
-be used openings such as contact hole or thru-hole. 60 1 That is, it can

be al so preferahl ys appihéedl oh Oatdebconiect (Haheld hras hidscisibarct ure
conprising the material as described below. On the sanple 1-1 as descri bed
above, an Albelow under the same conditions as when the Al film
is formed.
On a single crystalline silicon as the first
substrate surface material is formed a silicon oxide
10 film according to the CVD method as the second substrate
surface material, and patterning effected according
to the photolithographic steps to have the single
crystalline silicon surface pa;tially exposed.
The film thickness of the thermally oxidized
15 8i05 film has a film thickness of 80003, the exposed
portion of the single crystalline silicon a size of
0.25 pym x 0.25 ym to 100 ym x 100 pym. Thus, sample
lf2 is prepared (hereinafter such samples are represented
as "CVD SiO, (hereinafter abbreviated as Si0O,)/single
20 crystalline silicon").
Sample 1-3 is boron doped oxide film formed
by normal pressure CVD (hereinafter abbreviated as
BSG) /single crystalline silicon,
sample 1-4 phosphorus doped oxide film formed
25 py normal pressure CVD (hereinafter abbreviated as
PSG) /single crystalline silicon,

sample 1-5 phosphorus and boron doped oxide



5 filmis formed on a substrate (sanple) as described below under the sanme
-conditions as when the Al film is forned. On a single crystalline silicon
as the first substrate surface material is forned a silicon oxide 10 film
according to the CVD nethod as the sec qd_substrate surface material, and
patterning effected according to the photolithographic steps to have the
single crystalline silicon surface partially exposed. The filmthickness
of the thermally oxidized O15 SiQ2 filmhas a filmthickness of 8000A, the

exposed  portiiqn, ¢f Lh& $ngl.enehyiallie Sivh A1 A 512500 0. 25 um x
R T A

I
0.25 umto 100 Um x hus,” sanple _ preéepare fhereinafter such
sanpl es are LgpLessAked &S BsEYy /it 1(eggrr¥§:se%f11t1§hea%§rﬁ\éo%t ed as

S 02)/single 20 crystalline silicon™). I's boron doped oxide film
formed by normal presspie VR QHQ&QH@aEHQﬁI%Qﬁﬁéw!ﬁge%l%%nm58§ﬁ¥3|n9|e
[

crystalline silicon, sanple 1-4 phosphorus doped oxide filmformed 25 by
nor mal pr essumnhereVhafhereiamdiriear saly ed at-ad MY siRSGY Tirygtalariyst al | 1 ne
silicon, sanple 1-5 phosphoruss and boron doped oxide - 61 1 filmforned by
nor mal presswidiCvi,(hereinafter abbreviated as BSPG/single crystalline
silicon, sanple 1-6 nitride filmfornmed by plasma CVD
sample 1-7 hot nitride film (hereinafter
abbreviated as T-SiN)/single crystalline silicon,
sample 1-8 nitride film formed by low pressure
CVD (hereinafter abbreviated as LP-SiN)/single crystal-
10 1line silicon,
sample 1-9 nitride film formed by means of
an ECR apparatus (hereinafter abbreviated as ECR-SiN)/
single crystalline silicon.
Further, according to all combinations of the
15 first substrate surface materials (18 kinds) and the
second substrate surface'materials (9 kinds), samples
1-11 to 1-179 (noté: sample Nos. 1-10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160,
170 are lacking) are prepared. As the first substrate
20 surface material, single crystalline silicon (single
crystalline Si), polycrystalline silicon (polycrystal-
line Si), amorphous silicon (amorphous Si), tungsten
(W), molybdenum {Mo), tantalum (Ta), tungsten silicide
(WSi), titanium silicide (TiSi), aluminum (Al), aluminum
25 silicon (Al1-Si), titanium aluminum (Al-Ti), titanium

nitride (Ti-N), copper (Cu), aluminum silicon copper

(A1-Si-Cu), aluminum palladium (Al-Pd), titanium (Ti),



(‘herei nafter abbreviates as P-SiN)/single crystalline 5 silicon, sanple
1-7 hot nitride film(hereinafter abbreviated as T-SiN)/single crystalline
silicon, ‘sanple 1-8 nitride filmformed by | ow pressure CVD (hereinafter
abbreviated as LP-SiN)/single crystal- ¢b0_line silicon, sanple 1-9 nitride
filmformed by neans of an ECR apparatus (hereinafter abbr evi ated as
ECR-SIiN)/ single crystalline silicon. Further, according to all

conbi nati ons of the 15 first substrate surface materials (18 kinds) and

(note: - sahpl BNgbaerum Siageids (-0 a5 t0o 83118608 052 £d, 120,
130, 140, 150re1%pplq¥ ngle%%Légi Q%ixﬁﬁf %R%%%%. %?f%%% EEQ%%HEEbStrate

20 surface nateria i ne si |con(5|n iné Si)

pol yerystal | sl | ean.(Polyer ¥l plddie s AIURROUS pSisheOn

(amor phous Si nol ybdenum (M), ‘tantal um (Ta), 'tungsten

silicide (WaQr-dilN %&leurangndyfé(ﬂe (FdrSig1 JfuraHUBamd1)es alsuni num 25

silicon (Al-Si), titaniumalum num (A -Ti), titanium nitride (Ti-N),
copper (Cyg), @ido¥ipen HBdweON gperl f{iAlmsSicdmparal lemwitm palel adi um

(Al -Pd), titanium (Ti), - 62 1 nolybdenumsilicide (M-Si), tantalum
silicide (Ta-sSimplearie-lenppulyecde Aot second substrate surface materi al,
T-Si 02, Si02, BSG PSG BPSG P-SiN, T-SiN, LP-SiN,

Next, on the substrate having Al deposited
selectively as described above, Al is deposited non-
selectively according to the sputtering method as

10 described above, followed by patterning.

As the result, the Al film formed according
to the sputtering method, and the Al film selectively
selected within the openings are found to be under
the contact state with both electrically and mechanically

15 high durability due to good surface characteristic

of the Al film.

20

25



ECR-Si N are enployed. For all of the sanples as 5 described above, good A~
fil ns conparable with the sanple 1-1 could be-$§1ﬁEﬁ::Ng§t::gﬁ£?E§ égﬂ
substrate having Al deposited selectively as described above s ~——
deposited non- selectively according to the sputtering nethod as 10

‘descri bed above, followed by patternin®3 As the result, the Al filmformed
according to the sputtering nethod, and the Al f|In1serectiver sel ected
within the openings are found to be under the contact state with both

electrlcally éngmechani cally 15 high durability due to good surface
characterlstlt—o¥—the Al film 20 25 63 1 CLAIMS: 1. A sem conductor

device characterized py £08PhiSbRNGuCLSAPEES S QL 89@§£é£é9929§ 69 Al region
formed on a sem conductor substrate, an Al oxide film5 forned on a surface

of said Al regb@pPridify th €64 paAEeEor OPPRS L8t { g SAE dal ALegeghomi t h _
interposition of said Al oxide film 2. A sem conductor device according

to claim 10 forhedachesdi gedicondhatosasabstraeg) oancAbt axhdeafilheast one

ki nd of atons selected fromSi, Ti and Cu. 3. A sem conductor device

accordi ngsto fetmeédndnor Sucrhacactérszed by regpensi agdaetieetradesc
opposed to said Al region with interposition of said Al

oxide film.

2. A semiconductor device according to claim
10 1 characterized in that said Al region contains at

least one kind of atoms selected from Si, Ti and Cu.

3. A semiconductor device according to
claim 1 or 2 characterized by comprising a dielectric

15 layer between said Al oxide film and said electrodes.

4. A method for manufacturing a semiconductor
device having a capacitor for accumulating charges,.
characterized by including:

20 a process of forming one of electrodes
constituting said capacitor by depositing Al or a
metal with the base of Al, with the CVD method using
a gas of alkyl aluminum hydride and hydrogen; and

a process of forming an aluminum oxide film

25 on a surface of one of said electrodes.

5. A method for manufacturing a semiconductor

-_

THIS SHEET HAS BEEN
REPLACED




15 |l ayer between said Al oxide filmand said electrodes. 4. A nethod for
-manuf acturi ng a semi conductor device having a capacitTOr for accurarat= g
charges, "characterized by including: 20 a process of form ng one of

el ectrodes constituting said capacitor by depositing Al or a netal with
the base of Al, with the CVD nethod-usidng a gas of al kyl alum num hydride
and hydrogen; and a process of formng an alum numoxide film 25 on a
surface of one of said electrodes. 5 A nethod for manufacturing a

sem conductor TH S SHEET HAS BEEN REPLACED 64 1 device according to claim
4 charact gri zédvinet hatosdiidg €v/Dcheihod tbanacherx ieedoinushay ganét hyl

al um num hydride and hydrogen gas. 5 6. A nethod for manufacturing a

sem conduct or CVBemethodcésr di GYDt sethafdmging dippbhutt2Fppa@wBy  furt her
including a process of form.ng a dielectric |ayer on a surface of said

al uni num oxi dBYAFifAe 2pd7hyAreeRPc8Aduct or devi ce characterized by
conprising a capacitor consisting of a longitudinal Al region fornmed on a
sem conductor substrate, and el ectrodes opposed to said Al region with

interposition of a digleciric. bavet, A3,8raftiBThGORNINEROLLHEYEES,

according”to claim

device according to claim 4 or 5 characterized by

further including a process of forming a dielectric

layer on a surface of said aluminum oxide film.

10 7. A semiconductor device characterized by
comprising a capacitor consisting of a longitudinal
Al region formed on a semiconductor substrate, and
electrodes opposed to said Al region with interposition

of a dielectric layer.

15
8. A semiconductor device according to claim
7 characterized in that said Al region is deposited
on one of MOSFET source and drain.
20 9., A semiconductor device according to claim

7 or 8 characterized in that said dielectric layer

is an Al oxide film.

10. A semiconductor device according to
25 claim 7 characterized in that said Al region contains
at least one kind of atoms selected from Si, Ti and

Cu.



7 characterized in that said Al region is deposited on one of MOSFET
-source and drain. 20 9. A sem conductor device accordi-hgto—clarm—7—er—8-
characterized in that said dielectric layer is an Al oxide film 10. A
sem conductor device according to 25 claim7 characterized in that said Al
region contains at |east one kind of- &%nms selected fromSi, Ti and Cu. -
65 1 11. A sem conductor device characterized by conprising a capacitive
el enent including: a first electrode having a | ower |ayer portion forned
on a | ower surface within an opening where the 5 |ower surface is exposed
formed inlan insul atidid{i 2SI EHRudaies ST ashad@ea®y an upper
| ayer portion extending out in a direction fromsaid | ower |ayer portion
al ong sai d | o RT ;2 £HRPAF Hebth£IEty o YW MSF via a diel ectric

10 filmon a surface of said first electrode. 12.. A sem_conductqr. device
according to claimi1P c%a‘?%ttee];‘?cz%rd"f% RN 4 dl‘?“l'errsmaé’feerctproor e°tont ai ns
~an electric conductjve nmater.i it . 5.

cont ai ni ng at O-%nsetd one akiflo %% © aﬁ%gﬁggsﬁtﬁgl@:%%&annﬁ{%?he?é C%e

sem condug{ or _ﬂﬁyé e AceLdi 19 éo,gp&é@a Mo rhle P i nl % 1f N QFLAT i AL 4 1% t hat
said dielectric tilmis 20 Al12CS.
on the conductive lower surface and an upper layer
portion extending out in a direction from said lower
layer portion along said lower surface; and

a second electrode formed via a dielectric

10 film on a surface of said first electrode.

12. A semiconductor device according to
claim 11 characterized in that said first electrode
contains an electric conductive material of either

15 Al metal or Al alloy containing at least one kind of

atoms among Si, Ti and Cu.

13. A semiconductor device according to claim
11 or 12 characterized in that said dielectric film is

20
Al,04.

14. A semiconductor device according to claim

11, 12 or 13 characterized by having a dielectric layer

between said dielectric film and at least one of said

25
both electrodes.

15. A method for manufacturing a semiconductor



14. A sem conductor device according to claim 11, 12 or 13 characterized
by having a dielectric layer between said dielectric filmand at |east one
of said 25 both electrodes. 15. A nethod for manuf actTri

- 66 1 device characterized by including: a process of formng a first

el ectrode having an upper |ayer portiorbf@nd a |ower |ayer portion in

which said | ower |ayer portion is fornmed by depositing 5 selectively
conductive material on a |ower surface wthin an opening where the | ower

surface is expposed fqrned .in an jnsulation filmon the conductive | ower
surface ard ttfg%‘”scaﬁ d:()rt?p‘}?é"rtqta’yzeei'd B@ftliwlidslrfcﬁr med by depositing

sel ectively conducti ve, mal'goere! aSI ci.P A 1Oindi rec jrosq: f(erloengtq%&Jeo earvi%orti on of
said | ower |ayer portléh al ong sai ' TTOWEr Surtace; S a process of é&posing a

| ower face of ﬁ?i\%ﬁgpéip%%«%%ﬂﬁtpfgﬁi aaqdl(gd&ur];aﬁ;% %oﬁ%hllﬁg\er | ayer

portion by renovi a por sald I nsulation | ocat ed

under said UPR{idRYE(iPAIhN WyeSGidkdidiSti & Rstkaa Rkl ourdi ng.
-said | ower layer portion; a process of formng a dielectric filmon said

exposed surf acgexdctsiidh f idsiawenid adttemitll 24h & MO&as ssuftday ming a
second el ectrode conposed of conductive material on said dielectric
within an opening where the lower surface is exposed
formed in an insulation film on the conductive lower
surface and then said upper layer portion is formed
by depositing selectively conductive material in a
10 direction from an.upper portion of said lower layer
portion along said lower surface;

a process of exposing a lower face of said
upper layer portion and a surface of said lower layer
portion by removing a portion of said insulation film

15 which is located under said upper layer portion of
said first electrbde and surrounding said lower layer
portion;

a process of forming a dielectric film on said
exposed surface of said first electrode; and

20 a process of forming a second electrode

composed of conductive material on said dielectric

film.

16. A method for manufacturing a semiconductor
25 device according to claim 15 characterized in that
the process of forming said first electrode can be

accomplished with the CVD method using a gas of alkyl



film 16. A method for manufacturing a sem conductor 25 device accordi’ng ™
to claim 15 characterized in that the process of formng said first

el ectrode can be acconplished with the CVD net hod u§Fﬁ§:a:ga§:gE:§£5¥L_67
- 1 alum num hydride and hydrogen. 17. met hod for manufacturing a

sem conductor device according to claim 16 characterized in that 5 said
al kyl al um num hydride is dinmethyl alum num hydride. - 18. A nethod for

manuf act uri ng a seni conductor device according to claim16 or 17

characterhzed '@mi%gmtgghriggdaQEehﬁgggh%nfiIn1is an al um num oxi de film
co

19. A nethod for manuf a turing a se uctor device according to any one
of claim15, 16, 17 or 18 characterized by further including a process of
formng 15 a dielectric layer on said dielectric film 20 25

17. A method for manufacturing a semiconductor
device according to claim 16 characterized in that
5 said alkyl aluminum hydride is dimethyl aluminum

hydride.

18. A method for manufacturing a semiconductor
device according to claim 16 or 17 characterized in

10 that said dielectric film is an aluminum oxide film.
19. A method for manufacturing a semiconductor
device according to any one of claim 15, 16, 17 or 18

characterized by further including a process of forming

15 a dielectric layer on said dielectric film.

20

25



