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i Semicohductor Device and Method

for Producing the Same

BACKGROUND OF THE INVENTION

Field of the Invention

The presenl invention relates to a semiconductor .

inteératad circuit such as a memory, a photoalectric

converting device, a signal processing device or the

- 1ike adapted for use in v%rious electronic appliances;
- and more particularxly to i semiconductor device featured

~ in the elactrode structure of functional elements znd

a method for producing the same.

Related Background Art

| for providing a highly integrated semiconductor
circuit device, the development of miniaturized
functional elements, sﬁch as a MOS transistor with é

submicron gate length, is desired in recent years.

_As a specific example, a MOS transistor with a gata

length of 0.8 um occupies an arsa of ca. 20 umz,
suitable for a high level of integration.

However the highezr level of integration achieved
by the minjaturization of functional elements has not
necessarily lead to the anticipated satisfactory

characteristics. Such discrepancy has been considered

'attributable to the method for producing such functional

elements, and the efforts t© solve such drawback has

inevitably been directed to the improvement in such
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perception has been that the preparation oi a
satisfaclorily functioning element in stable and

reproducible manner is an important factor for the

_ improvement of production yield.

However, the detalled investigation of the
present inventors on the element structure and on the
producing method therefor has revealed that a novel
structure in the electrodes and/or the wirings'therefor
can achieve a finer geometry and a higher level of
integration, with improved performance. This fact

will be cxplained in the following, taking a MOSFET

ang a planar CMOS tranaistoi as examples.

Fig. 1A is a schematic plan view of an example
of the conventional function element, and Fig. 1B is a
schematic cross-seétional view along a line A-A' in
Fig. 1A.

There are illustrated an n—-type semiconductor
substrate 1, and a p -type semiconductor area (p well)
2, in which formed are a drain area 3 and a source area
4 both of an n*—tyée gseniconductor, and a sub area 5
for ohmic connection of the p  well 2 with an electrode.

Above a channel area in the p . well 2, there is provided

a gate electrode 6 across a gate insulation £ilm, and an

n—channel MOSFET is thus formed. A drain electrode 7
and a source elactrode 8 respectively contact with the

drain area 3, and with the source and sub areas 4, 5
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Multi-terminal elements, such as functional
elements, are often used with a fixed ﬁotential at a
terminal. The above—explainad MOSFRT is used with
the source and sub areas thereof maintained at a same
potential. For this purpose, the sub area 5 is

positioned horizontally next to the source area 4

‘acxross a fleld insulation' £ilm 10, and said source

area 4 and sub srea 5 are short-circuited by the source
electrode 8 connected through the_céntact holes.

guch structure requires a_plurality_of'field |
insulation £ilme 10 and c¢ontact holes pusitioned in the
horigzontal Qlrecticn, thus oc¢cupying # large area, and
cannot achieve a sufficiently high level of integration
even if a fine geometry can be realized. |

For resolving the above-menticned drawback,
there is proposed a semiconductor device as shown in
Figs. 2A and 2B, which are respectively a schematic
plan view and a schematic cross-sectional view along a
line B-B' in Fig. 2A. In this structﬁre, the source
area 4 and the sub area 5 are positioned in mntpally
contacting manner, thereby dispensing with the field

insulatien £ilm therebetween and requiring oniy one

contact hole for said two areas, instead of one contacti

hole for each area.

However, even in this structure, the horizontal

positioning of the source area 4 and the sub area 5
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hole requires a certain large diameter for achieving

sufficient shori-circuiting of the source area 4 and

the sub area 3, 50 that the design freedom of the

production process is difficut to increase.

In the following there will be explained an
example of the planar_CMOS'transistor.

The logic circuit in an integrated circuit
regquires functional elements with features such as
possibility for a high level of integration, a high-
spoed operation, a low power consumptlion etc., and the
planar CMOS trahsistors are recently used as the
elements meeting such reqﬁlrements for constituting the
logic circuit. Fig. 3 schematically illustrates the
structure of an inversion logie circult cvomposed of
convenlional planar CMOS transistors. |

On a p~type substrate 501, thexre are formed an
n~ layer 502, a p layer 503, a LOCOS oxide f£11lm 504,

"and an interlayer insulation £ilm 505. The PMOS

transistor includes én'n+ layer 506 for obtaining the
substrate potential, a.p+ drain layer 507 and a p+
source layer 508, while fhe NMOS transistor includes
an n+ source layer 509, an nf drain layer 510 and a
p+ layer 511 for obtalning the substrate potential.
There are further provided a gate oxide film 512, a
gate electrode 513 for the PMOS transistor and a gate
elactrode 514 for the NMOS transistor. | |
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1 The drain S07 and the n+ layer 506 of the PMOS
transistor are given a highest potential, while the
drain 510 and the p+ layar 511 of the NMOS transistor
are given a lowest potential. The gate electrodes 513,

9 514 of the PMOS and NMOS transistors are mutually
connected by a metal wiring to constitute an input
terminal, wbile the sources 508, 509 of said transistors
are mutually connected by a metal wiring to constitute
~an output terminal, whereby an inversion logic circuit

10 is constructed. .
When a voltage equal to or higher than V., of
the NMOS transistor, for example the highest potential,
is applied to the gatc electrodes 513, 514, a channel
is formed below the gate of the NMOS transistor, whereby
15 the drain 510 and the source 509 are connected. Thus
an electron current flows through said channel, thus
maintaining the output terminal at the lowest potential,
Then, when a voltage equal to or lower than.
. {highest potential + Vth.of PMOS transistor), for
20 example the lowest potential, is applied to the gate
electrodes 513, S14, a channel is formed below the
gate of the PMOS transistor, whereby the drain 507 and
- the source 508 thereof are connected. Thus a hole
cﬁxrent flows through said channel, thus maintaining
25 the output terminal at the highest potential.
The inverter function is thus realized, as the

cutput terminal is maintained at the lowest or highest
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potential respectivelyIWhen the hiéhest or lowest
potential is given to the input terminal.

'~ In such conventional CMOS transistors, the
device dimension is reduced by miniaturization of the
gate length, contact holes and wiring width. However
such conventional structure requirss formation of gate
areas on the surface, and isolation of the NMOS and
PMOS transistors bg a Locds oxide £film, so that the
device dimension has a limitation and a further reduction

in size is difficult to achieve.

SUMMARY OF THE INVENTION

In consideration of the Foregoing, an object of
the present invention is to provide.a semiconductorx
davice suitable for achicving a fine geometry and a
higher level of integratiocn.

Anothex objéct 6! the present invention is to
provide a samiconductor.device including very small-
sized functional elements.

8till another objec_l: of the present invention
is to provide a semiconductor device in which tha
number of electrodes is reduced and the element
jsolation area can be reduced in size, that the
dimension of the element can be further reduced.

Still another object of the present invention
is to provide a ﬁethod for producing a semiconductor -

device suitable for achieving a fine geometry and

\
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a higher level of integration.
S§till another object of the present invention

is to provide a method for producing a samiconductor

device capable of filling a finc contact hola or a
fine, deep trench, thereby realizing satisfactory
electrical connection. '

Still another objecti of the present invention
is to provide a methed for producing a samiconductor
device, capable of significantly improving the
electrical characteristics of the above-mentioned
semiconductor device and of improving the production
yield.

For attaining lhe above-mentioned objects,
the present invention is fealured by'the following
structure. The semiconductor device of the present
invention, provided with a first semiconductor area of
a first conductive type, and a second semiconductor

area, formed on said first semiconductor area, of a

‘second conductive type different from said first

conductive, is featured by facts that an electrode
electrically connected_ﬁo said first semiconductor
area 1s formed ihrough sald second semiconductor area,
and that said first and second semiconductor sreas are
electrically short-circuited by said elqcérode.

The above-explained siructure is additionally

featurad by facts that said second semiconductor area

is a source or drain area of a field effect transistor,
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and that'said electrode 1s cumposed of aluminum or a
conductive material principally composed of aluminum.

Said structure is further Featured'by facts
Lthat the field c¢ffect transistor has a ‘buried darain
area and a buried gatc area, that a PMOS transistor
and an NMOS Lransistor are formed on respective sides of
said buried gate, that sald second semiconductor area
constitutes sald buried drain area, and that sald
electrode reaching the drain area is provided in at
least either of said PMOS and NMOS transistors.,

Said structure is further feaiured by a fact
that said el&ctrode is composaed of aluminum or a
conductive material principally composed of aluminum.

An additional feature ie that said semiconductor
device is a NOT circuit element, a NOR circuit elament
or a NAND circuit element.

Also the saemiconduclor device producing method
of the present invention is featured by a first step
for forming an aperture in said second semiconductor
area thereby exposing a part of said first semiconductor
area, and a sccond step for depositing a conductive
material in said aperture, wherxein said_second step is
to deposit aluminum ér a conductive material principally
composed of aluminum into said aperture by a CVD ﬁethod
utilizing alkylaluminum hydride gas and hydrogen.

Said method is further featured by a fact that
saiad alkylaluminhm hydride is dimethylaluminum hydride.

——
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The semiconductor device producing method of
the present invention is furthermore featured by:
a step for burying drain areas of PMOS

transistor and an NMOS transaistor in a semiconductor

.substrate;

a step for forming an aperture so as to
penetrate the junction portion between the drain area
of said PMOS transistor and the drain area of said
NMOS transistor;

a step for forming an insulation £ilm covering
the internal surface of said aperlLure;

a step for depositing, in said apexture, a
common gate for said PMOS and NMOS transistors: and

a step for forming a buried electrode reaching
at least either of the buried drain area.of said PMOS
transislor and the buried'drain area of said NMUS
transistor.

Said method is further featured by a fact that
said buried electrode is formed by formation of an

aperture reaching at least either of said two buried

drain areas, and by selective deposition of aluminum in

said aperture by a CVD method utilizing dimethylaluminum

hydride and hydrogen.

The present invention can provide a semiconduclor

davice including very small functional elements which

can be formed with necessary minimum components without

unnecessary planaxr areas, thereby being capable of
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significantly reducing the 1ayout arca and adapted for
achieving a fine geometry and a high level of integrat1on.

Also the present invention allows to reduce
the number of electrodes and reduce the element
isolation area in size, thereby further decreasing
the dimcnsion of the element.

Furthermore, the present invention utiliczes
aluminum electrodc formation by low-temperature aluminum
deposilion by a CVD method utilizing alkylaluminum
hydride gas and hydrogen, thereby significantly
improving the slectrical characteristics and the

production yleilad.

BRIEF DESCRIPTION OF I'HE ORAWINGS

Figs. 1A and 1B illustrate an example of the
conventional semiconductor device, wherein Fig. 1A is a
schamatic plan view therecof and.Fig. 1B is a schematic
cross-seclional view along a line A-A' in Fig. 1A:

Figs. 2A and 2B illustrate another example
of the conventional semiconductor device, wherein
Fig. 2A is a schematic plan view thereof and Fig. 2B is
a schematic cross-secticnal view along a line B-B' in
Filg. 2A;

Fig. 3 is a schematic cross-sectional view of
a conventional CMOS transistor;

Pigs. 4A, 4B, 4C and 4D are cross-sectional

views showing features of the semiconductor device of
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the present invention and illustrating variations thereof;

Fig. 5A is a crossa-sectional view of a preferrad
embodiment of the present invention;

Fig. SB is an equivalent circuit diagram
thereol; _

Pigs. 6 to 17 are views showing sta;?s for -
producing the structure shown in Fig. 5;

Figs. 18 to 20 are schematic views of continuous
metal £ilm forming apparatus suitable for forming a
CvD-aAf film or a metal f£ilm principally c&mposed of
aluminum;

Fig. 21 is a view showing the function of the
apparatus shown in Fig. 20: '

Pigs. 22A, 22B and 22C are schematlc perspective
views showing £ilm forming procedure for forming
electrodes and wirings by the Az4CVD method: -

Mig. 23A iB a schematic plan viaw of a MOSPET
constituting a first embodiment of the present
invention;

Flg. 23B is a schematic cross-sectional'view
along an X-X' line in Fig. 23a; |

Pigs. 24A to 24E are schematicIcross-sectional

views showing the method for producing the MOSFET shown

in Figs. 23A and 23B;
Fig. 25A is a schematic cross-sectional view of
a2 semiconductor device, constituting a second embodiment

of the present invention and applied to a CMOS inverter

_\.

This Sheet Has Been

RIS



'L RECEIVED U2/20 15:58 1996 AT 5354864 PASE 1
'98 02/20 17:05 @03 3211 5038 2 ORABE Tomes 134 1.

THIS SHEET HAS BEEN g4
REPLACED

—12-

1 circuit:
Fig. 25B is a circuit dlagram of said embodiment;
Fig. 25C is a schematic cross-sectional view
of a device by the prior art, as a comparative example
5 to the above-mentioned embodiment ;
rig. 26A is a schewatic plan view of a
semiconductor device constituting a thlrd embodiment oI

the present invention and applied to a CMOS invexter

circult;
-
10 FPig. 26B is a schematic cross—-sectional view
along a line Y-Y' in Fig. 26A;
Flg. 26C is a circuit diagram of said
embodiment; |
| Pig. 272 is a schematic plan view of a
15 semiconductor device constituting a fourth embodiment
of the present invention and applied to a NAND circuit
composad of vertical Mps.transistozas
Fig. 27B is a schematic cross-sectional view
~ along a line 2-2' in Fig. 27A:
20 Fig. 27C is a ¢ircuit diagram of said
embodiment:

Fig. 28 is a schematic cross-scctional view of
a fifth embodiment of the present invention:; and -
Fig. 29 is a schematlc cross-sectional view of

25 @& sixth embodiment of the present invention.

[
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now the present invention will be clarified in

detail by preferred embodiments thereof.

A preferred embodiment of the present invention

is cénstructed in the following masmmer. In functional
elements such as field effect transistox, bipolar
transistor, diffusion resistor ete., terminals to be
used in an electrically short-circuited state are

formed by forming, on a first semiconductor area of

a first conductive Lype, a second scmiconductor area of

a second conductive type, and forming an electrode

contacting said first semiconductor area through said

‘'second semiconductor area.

Figs. 4A to 4D are schematic cross—sectional
views showing various modes of the present invention.

In an example shown in Fig. 4A, there is
formed an electrode 120 which reaches a first
semiconductor area 102,_penetrating the center of a
second semiconductor area 104.

In sn example shown in Pig. 4B, the electrode
120 reaches the first semiconductor area 102 through
an end poréion of the second semiconductor area 104.

In an example shown in Flg. 4C, the electrode
120 does not sink into the first semiconductor area
102, as in the casa of Fig. 4A, but merely contacts
the upper surface thereof. 121 indicates a source

elactrode wiring.
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Figs. 4A to 4C do not show the sub area. Such
sub area can be dispensed with if the material of the
electrode 120 can make ohmic contact with the first
semiconductor area 102. If necessary, a sub area 105
may be formed, as shown in Fig. 4D, at a position
where the electrode contacts the first semiconductor
area 102. The electrode 120 }s preferably provided with
an insulatlon £ilm on a large part of the lateral wall
thereof and contacts the area 104 through a silicon
area exposed in said insulation f£film.

Fig. 5& 1s a schematic cross-sectioan; view of
another embodiment of the present invention, and Fig.
5B is an equivalent circult diagram -thercof.

In FPig. 5A there are shown a p-type substrate
57, an n  Qiffusion layer 56, a buried drain area 51
of a PMOS transistor, a channel area 532 of the PMOS
transistor, a source area 53 thereof, a gate oxide
film 54 common for PMOS and NMOS transistor, a poly-
seilicon gate 55, an insulation £film 58, a source arez
201 of an NMOS transistor, a channsl area 202 thereof,
a buried drain area 203 thereof, a buried electrnde 60
common for the drain and well of the PMOS transistor,
a buried electrode 61 common for the drain and well of
the NMOS transistor, source electrodes 62, 63
respectively of the PMOS and NMOS transistors, and a
common gate electrode 64.

As shown in the equivalent circuit in Fig. 5B,
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a highest potential is given to the drain 51 and the
well 52 of the PMOS tramsistor 30, whlle a lowest
potential is given to the drain 203 and the well 202

of the NMOS translstor 31. The common gate 5S of the
PMOS and MMOS transistors constitutes an input terminal,
while the sources 53, 201 of the PMOS and NMOS
Lraneistors are mutually connected to constitute an
output terminal, whereby an inversioﬁ logic circuit is
conatituted. When the highest potential is applied to
the input lexrminal, thc NMOS transistor 31 is rendered
conductive tu pro@idé the output terminal with the
lowast potential. When the lowest potential is applied
to the input terminal, Lhe PMOS transistor 30 is
rendered conductive to provide the output terminal

with the highest potential. The inversion logic
operation is thus realized.

In thc present invention, as shown in Fig. 53,

fine buried electrodes 60, 61 are buried deep inLo

the semiconductor substrate. In the prior art, it
has been difficult to fill, even a contact hole of a
large aspect ratio, completely with a conductive
meterial, and it has been impossible to form a deep
buried electrode as shown in Fig. 5A by metal
deposition. _

The ﬁresent invention is based on a finding
that a metal of satlsfactory guality can be depésited

with extremely good selectively by a novel CVD method

—
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In the following'there will be explained the
process for producing the CMOS tranaisiox shown in
Fig. 5, with reference to Figas. 6 to 17.

At firat, in the p-type substrate 57, the n~
diffusion layer 56 was formed by ion implantaticn and
an annealing step (Fiqg. 6)7

Then the n+ drain layer 203 in.the sﬁbstrate
57 and the p' drain layer 51 in the n~ layer 56 were
formed respectively by ion implantation and anncaling
(Fig. 7).

The n~ layer 52 was subsequently [ormed over
the entire surface by CVD (Fig; 8).

Then an etching process was conducted to form
an apérture penetrating the nf layer 52, p' Jayer 51
and n* layer 203 and reaching the n~ layer 56 (Fig. 9).

Ion implantation was conducted in an area for
forming the NMOS transistor in the n~ layer, followed
by annealing, the form the p- layer 202 (Fig. 10) .

Then the p+ source area 53 and the n' layer
59 for electrode connection were formed in the n~ layer
52, and the nt éource area 201 and the p+ area 204 for
electrode connection were formed in the p layer 202,
respectively by ion implantation and annealing (Fig.-
11). .

Then the gete oxide film 54 was formed by thermal

oxjidation (Pig. 12).

!\
' This Sheet

i

\



[ RECEIVED 82/20 16:B8 1996 AT 5354864 PABE 13% (PRINTED PAGE 139) )

__ '88 02/20 17:07 03 3211 5038 OKABE TOEYO-2
-17 =
1 Subsequently polysilicon was deposited in the

3
S
10
15
—
20
25

aperture by CVD, followed by an etch-back process, to
form the buried pelysilicon layer'(Fig. 13;.

The interlayer insulation £ilm 58 was deposited
by CVD (Fig. 14), and the contact holes for the drains
51, 203 and the wells 52, 202 ware formed by etching
(Fig. 15). |

Then Al was deposited in the contact holes by

the above-mentioned CVD utilizing DMAH and H,, thereby

‘forming the electrodes 60, 61 common f£for the drains

and wells (Fig. 16).

Contact holas for the source and the gate
were formed by etching (Fig. 17). _

Finally Al was deposited in the contact holes
by CVD, and the source electrodes lll, 112 and the
gate electrode 63 were formed to complete the
structura shown in Fig. 5A. The inversion logic
circuit was formed by patterning the Al wirings in
such a manner that the source electrodes of the PMOS
and NMOS transistors are matually connected.

When & voltage equal to or higher than V th of
the NMOS transistor, for example the highest potential,
is applied to the gate electrode 55, a channel ié
formed below the gate of the NMOS transistor, whereby
the drain 203 and the source 201 thereof are connected.
Thus an electron current flow through said channel to

maintain the output terminal at the lowaest potential.
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{higheat potential + Vep Of PMOS transistor) ., for
example the lowest potential, is appLied to the éate
electrode 55, a channel is formed below the PMOS
transistor, whereby the drain 51 and the.source-ss
thereof are connected. Thus a hole current flows through
said channel to maintaln the output terminal at the
highest potential.

Thus the inverter operation is realized, as
the output terminal is mgintained at the 1owestlor
highest potential respectively when the input terminal
is given the highest or lowest potential.

The present embodiment can be constructed with

only one gate electrode, and does not require an

~ isolation area, as the gate serves to separate the

PMOS and NMOS transistors. It is therefore reondered
possible to reduce the number of electrodes and to
reduce the isolation area in size, thexeby obtaining
a logic circuit of a reduced dimension, '

The source electrodes 82, 63 and the gate
electrode 64 may bc composed, like the electrode 120
in the aforementioned first example or the buried
electrodes 60, 61 in the second exémple. of
polycrystalline silicon, AL, W, Mo, Cu, Ag-Ci,
AL~Cn, AL-Ti, AL~Si-Ti, AL-Si-Cu, WSi,, MoSi, or
TiSiz, buﬁ. in consideration of the production process.

they are preferably composed of aluminum or a material

\
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ateri, AL-Si-Ti or A&-Si—Cu. Besides such material is
preferably deposited by a depositing method to be
explained in the following. |

(Film forming method)

In the following there will be explained a

. £ilm forming method suitable for electrode formation

. according to the present invention.

Said method is adapted for filling an aperture
with a conductive material, for forming the electrode
of the above-explained strﬁcturé.

Said film forming method consists of forming a
deposited film by a surface reaction on an electron
donating substrate, utilizing alkylaluminum hydride’
gas and hydrogen ¢gas (said melhod being hereinéf£ér
called AL-CVD method).

An aluminum f£ilm of satisfactory qualiﬁy can
be deposited by heating the surface of the substrate
in the presence of a gaseous mixture particularly
consisting of monomethylaluminum hydriée {MMAH) or
dimethylaluminum hydride (DMAH) as the raw material

gas and hydrogen as the reaction gas. At the selective

Al deposition, the substrate .surface is preferably

maintained at a tempocrature at least egual to the
decomposition temperature of alkylaluminum hydride
but lower than 450°C, more preferably between 260°C

and 440°C, by direct or indirect heating.
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1 The heating of the substrate in the above-
| mentioned temperature range may be achieved by direct
or indirect heating, but formation of an At film of
satisfactory guality can be achieved with a high
9 deposition speed, particularly by direct heating. For
example, with the more prcferred temperature range o
260° - 440°C, a satisfactory film can be ohtéined with
a deposition speed of 300 - 5000 i/min. which is highear
than in the resistance héating. Such diract heating
10 (substrate being hedted by direct transmission of
energy from the heating means) can be achieved by
heating_with a lamp such as a halogen lamp OX a Xenon
lamp. Also indirect heatihg may be achieved for
example by resistance heating, conducted by a heat
15 generating member provided in a substrate suppert
menber, for éupporting the subsﬁrate to be subjecteé
to film deposition, provided in a £ilwm depositing
space. |
~ This method, if ggplied to a substrate having
20  both an electron donatin;-surface area and an electron
non-donating surface area. a2llows to form single
crystal of aluminum with'satisfactory Ralectively
solely on the electron donating surface area. Such
aluminum is excellent in all the properties reguired
25 for the eleclrode/wiring méterial,'including a low
hillock frequency and a low alloy spike frgquéncy.

This is presumably because the semiconductive

—
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or copductive surface constituting an electron donating
surface can salectivelf develop an aluminum £ilm of
satisfactory quality and excellent crystalline character
of said A%t film excludes or scignificantly zreduces the
alloy spike formation etc.-resulting“from an eutectic
reaction with the underlying silicon. Such AL film,
when employed as an electrode of a semlconductor device,
provides tha advantages far exesding the concept of the’
conventional A2 electrade and not anticipated in the
prior technology. |

As explained above, the AL deposited in an
aperture with an electron donating surface, for
example an aéerture fdrmed in an insulating £ilm and
exposing the surface of a semiconductor substrate
therein, has a monocrystalline structure. Besides said
AR-CVD method can achieve selactive deposition of
following metal films principally composed of aluminum,
with likewise satisfactory quality.

For example, the electrode may be formed by
selective deposition of various conductivg materials
such as Ag-Si, Ag~Ti, Ag-Cu, éz-Si-Ti or Ak-8i-Cu by
the use of a mixed gasenus atmosphere empioving, in
addition to alkylalumihum hydride gas and hydrogen, a
suitable combination of:

Si-containing ¢as such as siu4, 312H6, 51338.
Si(CHB)4, 51014, S:I.l‘!z,(.‘.l2 or SiHCl3:

Ti-containing gas such as TiCl,, TiBr, or

’F}ns Sheet Has Been Replaced
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Ti(CH3]4; and/or

Cu-containing gas such as copper

. bisacetylacetonate Cu(c 702)2, copper

bisdipyvaloylmethanite Cu(cll 19 212 or copper
bishexafluorocacatylacetonate cu(csnrsoz)z

Also since said Ai—CVD method is excellent in
selectivity and provides satisfactory surface
characteristics on the deposited film, there can be
obtained a metal f£ilm suitable and widely usable for
the wirings of a semiconductor device, by employing a
non-salactive film forming method in a next deposition
step to form a metal £film composed solely or principally
of aluminum not only on the selectively deposited
aluminum film mentioned above but also on the 8i0,
ingulation film.

Examples of such metal films include combinations
o{ selectively deposited AL, AL-Si, Ai-Ei, aL-cu,
AL~8i-Ti or A¢~Si-Cu and non-selectively deposited A2,
AL-Si, AL-Ti, AL~Cu, AL-§i-Ti or AL-Si-Cu. '

Said non-selective film deposition may be
achieved by CVD other than the aforémantioned A£-CVD.
or hy'8phtter1ng.
(Film forming apparatus)

In the folloﬁing there will be axplained a £ilm
forming apparatus suitable for the electrode formation
according to the present invention.

Figs. 18 to 20 schematically illustrate a

Tf“-~_~_ﬁx_“\‘ﬂ‘
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continuous metal £ilm forming apparétus suitable for
executing the film forming method explained above.

As shown in Fig. 2, said apparatus is composed
of a loading chamber 311, a cvﬁ reaction chamber (first
£ilm forming chamber) 312, an Rf etching chamber 313,

& sputtering chamber (second film forming chamber) 314

and an unloading chamber 315, which axe rendered

sealable from the external atmosphere and mutually
conmunicatable by means of gate valves 310a - 310f and
can be respectively made vacuum OX redu¢ed in pressure
by wvacuum Systeﬁs 316a —~ 316e. The loading chamber

311 is used for eliminaling the atmosphere of substrate
and replacing it witth2 prior Lo the deposition, in
order to improve the throughput. The next CVD reaction
chamber 312, for selective deposition onto the substrate
under normal or reduced pressure, is provided therein
with a substrate holder 318 with a.resistance heater 317
for heating the substrate surface subjected to film
formation at least within a temperature range of 200° -
450°C, and receives the raw material gas such as of
alkylaluminum hydride, which is gasified by bubbling
with hydrogen in a bubbler 319-1, through a raw
material gas supply line 319, and hydrogen as the
reaction gas through a gas line 319'., The Rf etching
chamber 313, for cleaning {etching) of the substrate
surface in Ar atmosphere after the selective deposition,

is provided therein with a substrate holder 320 capable
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1  of heating the substrale at least within a range of
' 1L00° - 250°C and an Rf etching electrode line 321,
and is connected to an Ar gas supply line 322. The
sputtering chamber 314, for non-selective deposition of
S5  a metal film by sputtering in Ar afmosbhere, is provided
therein with a substrate holder 323 to be heatad at
least within a range of 200°.- 250°C and a target
electrode 324 for mounting a sputtering target 324a,
and is connected to an Ar gas supply line 325. The
10 £inal unloading chamber 115, for adjustment of the
substrate after metal f£ilm ﬁeposition and prior to the
exposure to the external atmosphere, is designed to be
capable of replacing the étmosphere with Nz. |
Fig. 19 shows another example of the continuous
15 petal f£ilm forming apparatus, wherein same components as
those in Fig. 18 are represented by same numbers., The
.apparatus in rig. 19 is different from that in Fig. 18
in that the substrate surféce is directly.heated by
halogen lamps 330, and, for this purpose, the substrate
20  holder 312 is provided with projections 331 for supporting
the substrate in a floating state.
Direct heating of the substrate surface with
such structure further increases the deposition speed
as explained before.
25 The continuous metal f£film forming apparatus of-
the above~explained structure is eguivalent, in

practice, to a structure shown in Fig. 20, in which

L]
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the loading chamber 311, CVD feaction chambexr 312, Rf .
etching chamber 313, sputtering chamber 314 and unloading
chamber 315 are mutually combined by a transport chamber
326. In this structure, the loading chamber 311 gerves
also as the chamber 315. In said transport cﬁamber 326,
thera 1s provided an arm 327'conétituting transport
means, rotatable in both directions A-A and extendable
and retractable in direction B-B, whereby the substrate
can be transferred in succession from the loading chamber
311 to the CVD reaction chamber 312, Rf etching chamber
313, sputtering chambexr 314, and finally to the unloading
chamber 315 without exposure to the external atmosphera,
as Indicated by arrows in Fig. 21.

{Film forming process)

Now there will be explained the f£ilm forming
process for forming the electrodes and wirings according
to the present invention.

Fig. 22 illustrates the film forming procedure
for forming the eleétiodes and wirings according to
the present invention, in schematic perspective views.

At Eirst the outiine of the procedure will be
des¢ribed. A semiconductor substrate with an insulating
film having apertures therein is placed in the film

 forming chamber, and the surface thereof is maintained

for example at 250° - 450°C. Thermal CVD conducted in

a mixed atmosphere of DMAH gas as alkylaluminum hydride

and hydrogen gas causas selective deposition of AR .on

-+ This Sheet Has Been Replaced
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the semiconductor exposed in the apertures. There may

naturally be conducted selectivé deposition of a metal
film principally composed of AL, for example AL-Si,

by introduction for eiampie of Si-cbntainipg gas, as
explained before. Then a metal £ilm composed solely
or principally of At is non-selectively formed by
sputtering, on the selectively deposited A@.and on the
insulation f£iim. Subsequently the hon¥selective1y
deposited metal film 1s patterhed into ;he shape of
desired wirings, thereby obtaining the electrodes and
the wirings.

This procedure will be explained in greaater
detail with reference to Figs. 19 and 22. At first
prepared is a substrate, consisting for example of a
monocrystalline silicon wafer bearing thereon grooves
of different sizes, and covered by an insulation £iim
axcept for the bottoms'of said grocves.{

Fig. 22A schematically shows a part of said
substrate, wherein shown are a monocrystalline silicon
substrate 401 constituting a condﬁctive suhstrétét a
thermal silicon oxide film 402 constituting an
insulation film; apertures 403, 404 of differént sizes;
and a groove 410. )

The foimation of Af f£ilm, constituting a first
wiring layer, on the substrate is conducted in the
following manner, with the apparatus shown in PFig. 19.

At first the above-explained substrate is

L
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placed in the loading chamber 311, in which a hydrogen

atmosphere is established by introduction of hydrogen

. as explained before. Then the reaction chamber 312

is evacuated by the vacuum system 316b approximately
to 1 x 10'8 Torr, though A; film formation 1is still
possible with a higher pressure.'

Then DMAH gas obtained by bubkbbling is
supplied from the gas line 319, utilizing H, as the
carrier gas. '

Also hydrogen as £he reaction gaa is introduced
from ‘the second gas line 319', and the interior of the
reaction chamber 312 is maintained at a predetermined
pressure, by the adjustment of an unrepresented slow leak
valve. A typical pressure is'aboui 1.8 Torr. DMARE is
introduced into the resaction chamber from the DMAH
line, with a total pressuﬁe of about 1.5 Torr and a
DMAH partial pressure of about 5.0 x 10~2 Torr. Then
the halogen lamps 330 are energized to‘girectly he&t
the wafer, thereby causing selective Al 'depos.ition. .

After a predetermined deposition time, the
DMAH supply is interrupted. Sald deposition time is so
selected that the Az £film on Si (monocrystalliine silicon
gsubstrate 1) becomes equally thick as S§i0, (thermal
silicon oxide film 2), and can be experimentally
determined in advance.

In this process, the substrate surface is heated

to ca. 270°C by dixect heating, and the procedure
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explained above causes selecgive depcsition of an Ai
film 405 in the aperture, as shown in Fig. 22B.

The foreéoing is called a first £film forming
step for forming an electrode in an aperture,

After said first f£ilm forming step, the CVD
renct;on chambaxr 312 is evacuated, by the vacuum
system 316b, to a pressuie not exceeding 5 x 10-3 Torr.
Simultaneously the Rf etching chamber 313 is evacuated

to a pressure not exceeding 5 x 10”0 Torr. After

confirmation of said evacuations of the chambers, the

gate valve 310c is openéd, then the substrate is moved
from the CVD reaction chamber 312 to the Rf efqhing
chamber 313 by the transpori means, apd Séid gate valve
is closed. The Rf.etching chamber 313 ié evacuated to
a pressure not exceeding 10 ° Torr, and is then
maintained in argon atmosphere of 10_1 - 10-3 Torr by
argon supply from the supply line 322. The substrate
holder 320 is maintained at ca. 200°C, and an Rf power

of 100 W is supplied to the Rf aetching electrode 321

for about 60 seconds to generate an arqon_discharge-in
said chamber 313, whereby the substrate sﬁrface is
etched with argon ions and the unnecéssary-surfacial
layer of the CVD deposition f£film c¢an be eliminatad;.
The etch depth in this case is about 100 i, '
corresponding to the oxide film. Said surface
etching, of the CVD deposition film, conducted in the
RE . etching chamber, may be dispensed with since said.
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surfacial layer ié free from oxygen et¢. as the
substrate is transported in vacuum. In such case, the '
Rf ctching chamber 313lmay serve for varyinglﬁhe
temperature within a short time if the temperature

is significantly different between the CVD reaction

chamber 312 and the sputtering chamber 314.

After said Rf etching, the argon supply is
terminated, and the Rf etching chamber 313 is
evacvated to 5 x 10~5 Torr. Then the sputtering
chamber 1s also evacuated to 5 x 10~ ° Torr or lower,
and the gate valve 3104 is opened. The substrate
is transferred from tha Rf etching chamber 313 to
the sputtering chamber 314 by the transport means,
and said gate valve 3104 is closed. '
| Subsequently the sputtering chamber is
waintained at argon atmosphere of 10 % - 10> Torr
as in the RE etching chamber 313, and the substrate
holder 323 is maintained at 200° - 250°C. Argon
dlscharge is induced by a DC power of 5§ - 10 kW to
scrape the target of AL or Ag-Si_(Sia 0.5%8) with aigon
ions, thereby depositing Aufor Ag~S8i onto the substrate
with a deposition speed of ca. 10000 A/min. This is a
non-selective deposition step, and is called a second
film forming step for forming wirings connected to the
electrodes. _

After the formation of the metal £ilm of about

5000 A on the substrate, the argon supply and the DC
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power application are terminaﬁed. The loading chamber
311 is evacuated to a pressure of 5 x 10 5 Torr or -
lower, then the gate valve 310e 1z opened and the
substrate is moved. Aftexr the gate valve 3l0e is
closed, the ioading chamber 311 is supplied with
nitrogen gas +o the atmosﬁheric pressure. Subsequently
the gate valve 310f is opened and the subst?ate is
taken out. _

The second A% film deposition step explaihed
above forms an AL film 406 on the 8i0, £ilm 402, as

_shawn in Fig. 22C.

Subsequently sald Al £film 406 is patterned
to obtain the wirings of desired shape.
(Experimental examples) |

In the following there will be shown experimental
results indicating the superiority of the above-explained
A% -CVD method and the satisfactory quality of the AL
£ilm deﬁosited by sald method in the apertures.

There were prepared plural substrates, each
consisting of an N-type monocrystalline silicon wafer,
provided fhereon with a thermally oxidized 8102 £1lm
of a thickness of 8000 i, in whidh grooves of different _
sizes from 0,25 x 0.25 um to_loo X 100 ym were formad
by patterning to expose the underlying monocrystalline
silicon (samples 1-1).

These samples were subijected to the AL £ilm
formation by the AL-CVD method, employing DMAH as

_____———/—’—,“
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the raw material gas and hydrogen as the reaction
gas,_with a tbtal pressure of 1.5 Torr and a DMAH
partial pressure of 5.0 x 10™3 Torr, and with the
substrate surface temperaturcs selected in a range of
200° =~ 490°C by direct heating under the regulation
of electric power supplied to the halogen lamps. The

obtained results are summarized in Table 1.
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As will be apparent from Tgble 1, aluminum was .
deposited in the apertures with a deposition speed as
high as 3000 — 5000 A/min. at the substrate surface
temperature of 260°C or higher obtained by airect
haating.

The AL film in the apertures, obtained in a
substrate surface temperature range of 260° - 440°C,
showed satisfactory characteristics, with no carbon
content, a resistivity of 2.8 - 3.4 ﬁncm, a reflectanca
of 90 - 95%, a hillock (2 1 ym) density of 0 = 10 em™2,
and an almost zero spike formation (frequency of
destruction of 0,15 um junction}.

On the other hand, though the film gquality
obtained in a surface temperature range of 200° -
250°C was somewhat inferiok to that obtained in the
temperature range of 260° - 440°C, it is considerably
better than that obtainable with the conventional
technology, but the deposition speed oould not exceed
1006 - 1500 A/min.

At the gubatrate surface temperature egqual to
or higher than 450°C, the quality of the AL film in
the apartures were deteriorated, with a reflectance of
60% or lower, a hillock (2 1 um) density of 10 - 10%
cm~? and an alloy spike formation of 0 - 30%.

In the following there will be explaingd how
the above-explained method can be advantageousiy appliedl

to the £filling of the grooves.

\
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Sald method can be advantageously applied to
the grooves composed of the materials explained in the '
following. |

The AL f£ilm formation was conducted on the
following substrates (samples) under the same conditions
ae in the AL £1im formation on the above-menticned
samples 1-1.

Samples l-2 were prepared by.forming{ on
menocrystalline silicon constituting a first substrate
surface materiai, a silicon oxide £ilm constituting a
second substrate surface material by means of CVD
mathod, and formlng grooves by a photqlithographic
process to locslly expose the surface of monoerystalline
silicon in the bottoms of said grooves. The thermal
Sio2 £film was 8000 i th;ck, and the exposed areas of
monocrystalline silicon were sizes from 0.25 x 0.25 um
to 100 x 100 um, with a groove depth of 2 um. (Such
gamples will hereinafter be represented as “"CVD sio,
(or simply 810,) /monocrystalline silicon".)

. There were aiéo prepared:

a sample l1l-3 oflhoron-doped'oxide film formed
by nérmAl pressure CVD (hereinafter written as BSG)/
monocrystalline silicon;

a sample 1-4 of phOSphor-doped oxide film formed
by normal praessure CVD (PSG)/monocrystalline silicon;

a smaple 1-5 of boron- and phosphor-doped oxide

film formed by normal pressure CVD (BSPG)/monocrystalline
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a gsample 1-6 of nitride film formed by plasma
CVD (P-SiN)/monocrystalline silicon;

a sample 1=-7 ol Lhermal nitride f£ilm (T-5in)/
monocrystalline silicon; |

a sample l1-8 of nitride film férmed by low
pressure CVD (LE—SiN)/monocrysfalline silicon; and

a sample 1-9 of nitride film formed by ECR

(ECR~SiN) /monocxrystalline siliceon.

---  Further, samples 1=-11 tb 1-179 were preparcd: by - -
taking all the combinations of the first surface
materials of.ls kinds and the second surface materials
of 9 kinds shown in the ‘following. (It is to be noted
that the gample numbexs 1-~10, 20, 30, 40, 50, 60, 70,

80, 90, 100, 110, 120, 130, 140, 150, 160 and 170 are
lacking.) The first surface materials employed.were
monocrystalline silicon (mono-si); polycrystalline
sllicon (poly-Si), amorphous silicoen (a-Si), tungsten
(W), molybdenum (Mo), tantalum (Ta), tungsten siliecide
(WSi), titanium silicide (TiSi), aluminum (AL), aluminum
silicon (Ak=~Si), titanium aluminum (AfL-Ti), titanium
nitride (Ti-N), éopper (Cu), eluminum silicon copper
(AR-S1-Cu), aluminum palladium (A&-Pd), titaniuﬁ (Ti),
molybdenum silicide (Mo-8i), and tantalum silicide
(Tra=-si). The second substréte surface materials employeé
were T-8i0,, §i0,, BSG, PSG, BPSG, P-8iN, T-5iN, LP-SiN
and ECR-SiN. In all these samples, thexe could be
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the aforementioned samples 1-1.

Suhsaquenfly, the AL was non-selectivély
deposited by sputtering on the substrates subjected to
the selective At deposition as explained above, and was
then patterned. Such deposited £ilm is effective for
three-dimensional connections of buried wiring#.

The Al f£film obtained by sputtering and the
selectively deposited Al £ilm in the apertures showed
electrically and mechanically satisfactory contact,

because of the improved surface state of the Al film in
the apesrtures.

Embodiment 1

In the following there wlill be explained a
MOSFET constituting a first embodiment of the present
invention,

Fig. 23A is a schematic plan view of a MOSFET
of gsaid fixst embodiment, and Fig. 23B is a schematic
cross-sectional view along a line X-X' in FPig. 23a.
There arc shown a silicon substrate 101 of n-type
semiconductor; a p well 102; a drain area 103 of n'
type formed in the p well 102; a source area 104 formed
similarly to the drain area 103; a p+ sub area 105 for
making ohmic contact between the p well 102 and the
source electrode; a polycrystalline silicon gate
electrode 106; a gate electrode wiring 106' connected
to said gate electrode 106 by a through-hole; an
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insulation £ilm 109 of silicon oxida; and a field
insulation £ilm 110 with bird‘'s beak formed by selectiv;
oxidation.

An electrode 120, cpnstiﬁuting the most
characteristic structure of the present invention, is
composed of monocrystalline aluminum, and penetrateé
the contact hole in the insulation lgyer 109 and the
source area 104 and reaches the sub area 105 buried in
the p well 102. A source electrode wiring 121, formec
on the insulation layer 109 and the electrode 120, is

' composed of aluminum. A drain electrode 122, buried

in the contact hole on the drain axea 103, is composed
of monocrystalline alumlnum. There is also provided a
drain electrcde wiring 123.

In the following explained is the method for
producing the MOSFET of the above-explained structure,
with referance to Figs. 24A to 24ﬁ.

On the silicon substrate, there were conducted,
by already known manufacturing process, formation of
the p well 102, drain area .03, source area 104 and

field insulation film 110, then formation of the

.insulation layer 109 thereon, and formation of the gate

electrode 106 in said insulation layer 109. Then a

photolithographie process utilizing photoresist was

‘applied to form a hole, as a photoresist image, on

the insulation layer 109 above the source area 104. -
Then dry etching with CHF3 - czr6 was -conducted to form

N 1.}
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a hole in the insulation layer 109 down to the source
area as shown in Fig. 24A (hole opening step).

Subsequently dry étching with 012 - csr!'3 was
conducted without removal of the photoresist, thereby
forming a hole penetrating the source area 104 and
entering the p well 102 (etching step), and the sub
area 105 was formed at the bottom of thus formed hole,
as shown in Fig. 24B (p® forming step).

Then, as shown in Fig. 24C, aluminum was
deposited to the upper surface of the insulation £ilm
109 by the aforementioned AL4-CVD method utilizing
DMAIl and hydrogen, with the substrate surface
maintained at 270°C (CVD-AR forming step).

Then the contact hole is formed in the
insulation layer 109 on the drain area 103 by a known
process as shown in Fig. 24b ({hole opening step), and
aluminum was deposited by the above—mentioned AL-CVD
method. The device was completed then by forming the
source electrodae wiring 121 and the drain electrode
wiiing 123 respectively on said electrode 102 and on
the drain area 103 by sputtering as shown in Fig. 24B
{A) wir}ng step) .

As explained in the foregoing, the present
invention.allows to constitute a MOSFET, which is to be
used with the soﬁrce area and the sub area thereof in
an electrically shortéircuited state, with necessary

minimum components and without any unnecessary surface

area,
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Embodiment 2

Fig. 25A illustrates a second embodiment of
the present inventioh. |

In said second embhodiment, the present invention
1s applied to a CMOS inverter circuit. The production
method will not be explained as it is basically same as
that of the first embodiment. |

rig. 25B is a cixcuit diagram of the present

embodiment, and Fig. 25C is a similar device obtained

by the prior art, for the purposé of comparison. As
will be apparent from the comparison of Fig. 25C
rzepresenting the prior art and Fig. 25A representing the
prasent invention, the layout area of the device can be
significantly reduced by the use of the electrode
structure of the'present'invention'in the connecting
par£ of the source area and the sub area in the
inverter circuit.

Embodiment 3

A third embodiment of the present invention is
illustrated in Figs.lzﬁh and 26B, and in a circuit
diagram in Flg. 26C. The prbducinq procass of the
present embodiment wi}l not be explained as it is
basically same as that of the foregoing first
embodiment.

The present third embodiment also provides é
CMOS inverter, but is different from the second
embodiment in that the MOS transistors have a vertical

________________;;_5.
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structure. As will be appareht from the illustrations._
the electrode structure of the present invention is
even more effective for reduciné the layout area in a
circuit employing vertical MOS transistors.

Embodiment 4

A fourth embodiment of the present invention is
illustrated in Figs; 27a and 278, and shown in a
cireuit diagram in Fig. 27C. The producing proceas
of the present embodiment will not be explained, as it
is basically same as that of the foregoing first
embodiment. |

In the present'fourth embodiment, the present
invention is applied to a NAND circuit_qomposed again
with vertical MOS transistors. As will be apparent
from the illustrations, the electrode structure of the
present invention is effective, also in this embodiment,
for reducing the layout area. |

Bmbodiment 5

Fig. 28 is a schematic cross~sectional view of
a NOR circuit element constituting a fifth embodiment
of the preseht invention. _

In Fig. 28 there are shown polfsiliccn gafes
205, 207 respectively of PMOS and NMOS transistors;
gate insulation films 206¢'208; a p* drain layer 209"
of the PMOS transistor: an n* source layer 210 of the
NMOS transistor: and electrodes 211, 212, 213, 214

respectively for the drain 209, source 210, and’
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1  polysilicon gates 205, 207. Also in this embodiment,
' the source 53 of the PMOS transistor and the sources

201, 210 of the NMOS transistor are mutually
connected. At the NMOS.stde there is formed a buriled

5 electrode 61 reaching the n' drain layer 203, and, at
the PMOS side, there is formed an electrods 211 for
the p+ drain layer 59. These two electrodes 61, 211
are formed by selective deposition by the aforementioned
Ai-CVD method. The struéture shown in Pig. 28 can be

10 formed by steps similaf to those shown in Figs. 6 to
17.

A first input terminal 215 of the NOR circuit
is connected to the gate 207 of the NMOS transistor and
the gate 205 of tﬁe PMOS transistor. A second input

15  terminal 216 of the NOR circuit is connected to the
common gate 55'of the NMOS and PMOS transisto;s.

The present device functions in the follgwing
manner. When the first input terminal 215 receives a
voltage egqual to or larger than Vin ©f the NMOS

20 transi#tox, for example a highest potential and tﬁe
second input terminal 216 receives a voltage euqal to
or lower than [highest potential + V., of PMOS

transistor], for example a lowest potential, a channel
is formed below the NMOS transistor, whereby the drain

25 203 and the source 210 thereof are connected and the
output terminal 217 is maintained at the lowest

potential. In the PMOS transistor in this state, the -
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p layer 101 and the source area 53 are connected

throuqh the channel, but the source 53 is not connected

to the power supply since a channel 1; not formgd between

the drain 209 and the p* layer 51. When the voltages

applied to the first and second input texminals 215,
216 are interchanged, the drain 203 and the source
201 of the.NMOS transistor are connected through the

channel, whereby the output terminal is maintained at

thé iowest potential., In this state the drain 209 and
the p* layer 51 of the PMOS tramsistor are comnected
through the channel, bﬁt the source 53 is not connected
to the power supply, since a channel is not formed
betwcen the source 53 and the p' layer 51 of Lhe PMOS
transistor. Then, when the first and seéond input
terminals 215, 216 both receive a voltage equal to or
higher than Yeh of ;he NMOS transistor, for example the:
highest potential, a channel is formed below the NMOS
transistor, whereby the drain 205 is.connected with ghe
sources 201, 210 through said channel and the output
terminal 217 is maintained at the lowest potential.

The source 53 is not connected to the power supply,
since a chamnel is not formed below the PMOS transistor.
Then, when the first and second input terminals 215; 216
both receive a voltage egqual to or lowexr than [highaest
potential + Vip, ©f PMOS transistor], for example the
lowest potential, a channel is formed below the PMOS

transistor, whereby the source 53 1s connected to
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the drain 209 through the p' layer 51 and the output
terminal 217 is maintained at the highest potential.
In this state the sources 201, 210 are not copnected
to the power supply, since a channel is not formed
below the NMOS transistor. ‘

The NOR function is achievad as explained abova,
since the output terminal is maintained at the highest
potential only when the first and second input termianils

are given the lowest potential and at the lowest

' potentiul in other combinations of the input potentials.

Also the present embodiment can reduce the
number of electrode and the dimension of the element,
as in the example shown in Fig. S.

Embodiment 6

Fig. 29 is a schematic cross=sectional view of
a NAND circuit device constituting a sixth embodiment
of the present invention.

In Fig. 29, there are shown a p"' source
layer 218 of the PMOS transistor, and an n' drain
layer 219 of the NMOS transistor. In the present
device, a buried electrode 60 reaching a p+ drain
layer 51 is formed at the PMOS sida, and an electrode
220 for the n' drain 219 is formed at the MMOS side.
Said electrode 220 is also formed by selective
aluminum deposition utilizing DMAE and hydrogen. The .
structure shown in Fig. 29 can be prepared by steps
similar to those in Figs. 6 to 17;
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A first input terminal 221 of the NAND circuit
is connected to the gate 207 of the NMOS transistor
and the gate 205 of the PMOS transistor. A second
input terminal 222 of the NAND circuit is connected
to the common gate 55 Of the NMOS and PMOS transistors.

The davice of the present embodiment functicns

.in the following manner. When the first input terminal

221 reccives a voltagg equal to or higher than Viep ©f
the NMOS transisto;, for example a highest potential,
and the second input terminal 222 receives a voitage
equal to or lower than [highest potential + Vth'of

PMOS transistor], for exaﬁple a lowest potential, a
channel is formed below the PMOS txansistor whereby the
drainl51 and the source 53 thereof are connected and an

cutput terminal) 223 is maintained at the highest

'potential. In the NMOS transistor in this state, the

n' layer 203 is connected with the drain 219 through

the channel, but the scurce 201 is not connected to

the power source since a_channel is not formed between
the source 201 and the n' layer 203. When the voltages
applied to the first and second input terminals 221,

222 are intezchanged, the drain 51 and the source 218

‘of the PMOS transistor are connected through the channel

whereby the output terminal 223 is maintained at the
highest potential. In this state the source 201 is not
connected to the power source since a channel is not

formed between the drain 219 and the n' layer 203 of
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the NMOS transistor. Then, when the first and seconc

input terminals both receive & voltage equallto or

lower than [highest potential + V., Of PMOS transistor],

for'example the lowest potential, a channel is formed
below the PMOS transistor, whereby the drain 51 is

connected with the source 53, 218 through said channel

and the 6utput terminal 223 is maintained at the highest

potential. In this state the source 201 is not
connacted- to the power sourcé, since a channel is not
foxrmed below the NMOS transistor. Then, when the first
and second inpul terminals both receive a voltage egual
to or higher than Véh of the NMOS transistor, for
examnple the ﬁigheat potential, a channel is formed
below the NMOS transistor, ﬁhereby the drain 219 is

connected with the source 200 through the n' layer 203

.and the output terminal is maintained at the lowest

potential. In this state the sources 53, 218 are not
connected to the power source, since a channel is not
formed below the PMOS transistor.

The NAND function is thus achieved, as the
output terminal is maintalned at the lowést potential
only when the first and second input ferminals are
given the highest potential, but is maintained at the
highast potential at other combinations of the input
potentials.

lnlso this NAND circuit device is prbv;ded witb'

a reduced number of electrodes and can therefore
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reduce the dimension of the device.

In the foregoing embodiments 5 and 6, similar
advantages can be obtained evan if the semiconductors
of n- and p~type are interchanged. |

Similar adyantages dan be obtained also when
the pol&silicon electrode is replaced by a metal or
silicide electroge. _ |

As explained in the foregoing, the present
invention allows to cbtain a semiconductor device
provided with very small functional elements, which’

can be constructed by necessary minimum components

without any unnecessary surface area, thereby being

capable of significantly reducing the layout area and
adapted for achieving a fine geometry and a high level
of integration. |

/
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1. 2 semiconductor device provided with a First
semiconductor area of a first conductive type and a

second semiconductor area, formed on or under said first

semiconductor area, of a second conductive type different

from gald first conductive type, wherein:

an electrode electrically connected to said
first semiconductor area is fprmed through said second
semiconductor area; and

said first and second seﬁiconducéor areas are

electrically shortcircuited by said electrode.

2. A semiconductor device according to claim 1,
wherein said second semiconductor area is a source orx

drain area of a field effect transistor.

3. A semiconductor device according to claim 2,

wherein:

said field effect tramnsistor includes a huried

.drain area and a buried gate area;

a bMOs transistor'and an NMOS transistor are

formad on respective sides of said buried gate;

said second semiconductor area constitutés.
said buried drain area;y and

an electrode reaching said drain areaz is

provided in at least either of said PMOS and NMOS

transistors.,
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4. A semiconductor device according to any of
claims 1 to 3, wherein said electrode is composed of
aluninum or 3 conductive material principally composed

of aluminum.

'S. A semiconductor device according to claim.

3, constituting a NOT circuit element.

6. A semiconductor device according to claim

3, constituting a NOR circuit element.

7. A semiconductor device according to claim

3, constituting a NAND circuit element.

8. A method for producting a semiconductor
dévice provided with a first semiconductor area of a
first conductive type, a second semiéonductor ﬁrea
formed oﬁ said first semiconductor area and having a
second conductive type different from gaid first
conductive type, and an electrode for shorte-oireuiting
said firxrgt and second-semiconductof areas, éqmprising;

a first step for forming an aperture in said
second semiconductor area thereby exposing a part of
sald first semiconductor area; and

a second step for depositing a conductive

material in said aperture,

wherejin said second step includes a step for

ect Has Been'Repla

\\ll\l\\ L

der?



[ RECEIVED 62/28 16:12 1996 AT 5354864 PAGE 166 (PRINTED PASE 3171) j | THIS SHEET HAS BEEN

.. '96 02/20 17:10 €303 3211 5035 OKABE TOKYO0-2 REPLACED Ge7s

o

10

15

20

25

“as - RN O SV A
* C L ] §

depositing aluminum or a conductive material principally
composed of aluminum in said aperture by a CUVD method

utilizing alkylaluminum hydride gas and hydrqgen;

9. A method for producing a semiconductor devica

'aceording to claim 8, wherein said alkylaluminum hydride

is dimethylaluminum hydride.

10. A method to; producing a gemiconductor
device, comprising steps of:- |

forming buried drain areas of a PMOS transistor
and of a NMOS transistor on a semiconductor substrate;

forming an ‘aperture so as to pehetrate a junction
part of the drain area of said PMOS transistor and that
of said NMOS transgistor;

formlng an insulation film covering the internal
surface of said aperture;

depositing, in said aperture, a common gate for
said PMOS and NMOS transistors; and

~ forming a buried electrode reachiﬁg at least

either of the buried drain arca of said PMOS transistor

and that of said NMOS transistor.

11. A method for producing a semiconductor
device according to claim 10, wherein said buried
electrode is formed by forming an aperture reaching . ..

at least either of said two buried drain areas, and'
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1 selectively depositing aluminum in said aperture by

a CVD method utilizing dimethylaluminum hydride and

hydrogen. m
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