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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 particulaxly tn a semiconductor device featured

~ in the elactrode structure of functicnal elements znd

a method for producing the same.

Related Bag&g;gund Art

For provid;ng a hxghly 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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in vafious electronic appliances, and nore particularly §o a skEAL@&CRJUCt Or
device featured in-the electrode structure of functional elements and—a" "
met hod for producing the sane. Related Background Art For

providing a highly integrated seni.conductdr~ circuit device, the

devel opnent of m niaturiZzed functional elenents, such as a MOS transi stor
with a submcron gate length, is desired in recent years. As a specific

example, a I\/DSltranS|£:tlc%.r W th a gatftated differently., the predominant

pro ng method.
perception has been that the preparation oi a
satisfaclorily functioning element in stable and
reproducible manner is an important factor for the
5 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
- 10 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 transistor as examplas.
Fig. 1A is a schematic plan view of an example
15 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)
20 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 acrxoss a gate insulation £ilm, and an
25 n-channel MOSFET is thus formed. A drailn eleétrode 7
aﬁd a source elactrode 8 respectively contact.with the

drain area 3, and with the source and sub areas 4, 5
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not necessarily lead to the anticipated satisfactiofy: characteristics.
Such di screpancy has been considered attXi-butable to the nethod for

produci ng such functional elenents, and the efforts to sol ve such drawback
has inevitably been directed to the inprovenent in such
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through contact holes formed in an insulation layer 9.
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 purpoge, 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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reproduci bl e manner is an inportant factor for the i nprovement of

production yield.

However, the detailed investigation of the

present inventors on the elenent structurg and on the producing nethod
t herefor has reveal ed that a novel
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requires an excessive surfacc area. A2Also the contact
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 the 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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finer ‘geonktry and a higher level of integration, wth ijnprovREPLACED

performance. This fact w Il be explained in the follow ng, taking a MOSFET
and a planar CMOS transistor as exanples. Fig. 1A is a schematic
pl an view of an exanple of the conventToﬁdT function elenment, and Fig. 1B

Is a schematic cross-sectional viewalong aline AAA" in Fig. 1A

There are illustrated an n-type sem conductor substrate 1, and a p -type
sem conauctor grea (P wel gy Brabl) Y6} hnd WP 818y S 464 of 'S5 TBR °
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. {highest potential + Vv

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,
514 of the PMOS and NMOS transistors are mutually
connected by a metal wiring to constitute an input
terminal, while the sources 508, 509 of said transistors

are mutually connected by a metal wiring to constitute

~an output terminal, whereby an inversion logic circuit

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
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.
th.of PMOS transigtor), for
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

current flows through said channel, thus maintaining
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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connection of the p well 2 with an electrode Above a c | RBMesacEpn t he
p well 2, there is provided a gate electrode 6 across a gate | nsuratton
n- channel MOSFET is thus forned. A drain electrode 7 and a
source el ectrode 8 respectively contact=Wth the drain area 3, and with
the source and sub areas 4, 5 : ’

film and an
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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 fixed potential at a terminal. The above-expl ai ned MOSFET 15 '

t he 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 across a field insulation film 10, and said source area 4 and sub area

5 are short-circuited by the source electrode 8 connected through t he
contact holes.; .

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
5 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

10 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

15 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

20 ~ conductive, is featured by facts that an electrade
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.

25 The above-explained siructure is additionally

featured by facts that said second semiconductor area

is a source or drain area of a field effect transistor,
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contact holes positioned in the horizontal direction, thus np”““’:ug a

| arge area, and cannot achieve a sufficiently high | evel of i ntegration

even if a fine geonetry can be realized., ,For resolving the above-nentioned
drawback, there is proposed a sem conductor device as shown in Figs. 2A

and 2B, which are respectively a schematic plan view and a schenatic
cross-sectional viewalong a line B-B in Fig. 2A In this structure, the

source area 4landghdietisatd) sAikP eledtLaf@sSis i cURRpbsed 6Pt ARmihum 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

5 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

10 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

15 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

20 area thereby exposing a part of said first semicounductor
area, and a sccond step for depositing a conductive
material in said aperture, whexein sald second step is
to deposit aluminum ér a conductive material principally
composed of aluminum into said aperture by a CVD ﬁethod

25 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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t herebetween and requiring only one contact hole for sai
i nstead of one contact hole for each area. However, even in this
positioning of the source area 4 and the sub
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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 transister 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

This Sheet Has Been Replaced
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certain |drge diameter for achieving sufficient short-ciktcuiti ¢
source area 4 and the sub area 5, so that the design freedom of “the
production process is difficut-to increase. In the follow ng there
wi |l be explained an exanple of the planbk €MOS transi stor. The
logic circuit in an integrated circuit requires functional elenents with
features such as possibility for a high | evel of integration, a high-

speed operatio a | ow power cons ion etc., and the anar C%F%
transistors ar r eBdgRd ?Eﬂiiyé§ Hginq the ‘laycut arca ahid adaptad Zor

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
5 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

10 nydride gas and hydrogen, thereby significantly
improving the electrical characteristics and the

production yleilad.

BRIEF DESCRIPTION OF I'HE ORAWINGS

15 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

20 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
25 a conventional CMOS transistor;
Pigs. 4A, 4B, 4C and 4D are cross-sectional

views showing features of the semiconductor device of

This Sheet Has Been Replaced
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Fig. 3 schematically illustrates the structure of an inv }

circuit conposed of conventional planar CMOS transi stors. " On a
p-type substrate 501, there are formed an n |ayer 502, a p[err] layer 5083,
a LOCOS oxide film504, and an interlayqad ensulation film505. The PMOS
transistor includes an n[err] layer 506 for obtaining the substrate
potential, a p[err] drain |ayer 507 and a p source |ayer 508, while the
NMOS transi stor includes an n source |layer 509, an n[err], drain |ayer 510
and a 1 the present invention and illustrating variations theéxeof;
Fig. 5A is a crossa-sectional view of a preferrad
embodiment of the present invention;
Fig. SB is an equivalent circuit diagram
S  thereof; _
Figs. 6 to 17 are views showing steps 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

- 10 CVD-AL 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
15 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;
20 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 produc;ng the MOSFET shown
in Figs. 23A and 23B;

25 Fig. 25A is a schematic cross-sectional view of
a2 semiconductor device, coﬁstituting a second embodiment

of the present invention and applied to a CMOS inverter

—_—
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plerr] layer 511 for obtaining the substrate pot elﬁtolzal nere Ag@gt'ﬁg’?‘ P‘“
provided a gate oxide filmb512, a gate electrode 513 for ey '
transi stor and a gate el ectrode 514 for the NMOS transi stor.
-5- The drain 507 and the n[ed?] =l ayer 506 of the PMOS

transi stor are given a highest potential, while the

1 circuit:
Fig. 25B is a circuit dlagram of said embodiment;
Fig. 25C is a schematic crosg-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 Pig. 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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potential . The gate el ectrodes 513, 514 of the and @ea2
are nmutuall'y connected by a netal wiring to constitute an input ternlnal
while the sources 508, 509 of said transistors are mutually connected by a
metal wiring to constitute an output terk¥ mal, whereby an inversion logic
circuit is constructed. When a voltage equal to or higher than

Vlerr] of the NMOS transistor, for exanple the highest potential, 1is

applied to the,gat sg ALY QiR pibizon 'O finé FHkieinrep eMpoDIMENTS

Now the present invention will be clarified in

detail by preferred embodiments thereof.
| A preferred embodiment of the present invention
S 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
10 a first conductive Lype, a second scmiconductor area of
a second conductive type, and forming an electrode
contacting said first semiconductor area-thiough said
‘second semiconductor area. |
Figs. 4A to 4D are schematic cross—sectional
15 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.
20 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
25 10?, as in the casa of Fig. 4A, but merely contacts
the upper surface thereof. 121 indicates a source

elactrode wiring.
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t he source 509 are connected. Thus an electron current fHows—h¢ i aniddg&“
channel, thus maintaining the output termnal at the | owest potential.
Then, when a voltage equal to or lower than (highest potential + V[err] of
PMOS transistor), for exanple the IomEEtldeential, is applied to the gate
el ectrodes 513, 514, a channel is fornmed below the gate of the PMOS
transi stor, whereby the drain 507 and the source 508 thereof are
connected. Thug a hole cuysant shl pY¥S4¢ QUL Mot €HaNBED  atdilS Such
mai ntaining the output termnal at the highest potential. .

o 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
5 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

10 area exposed in said insulation 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

15 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

20 201 of an NMOS transistor, a channel 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

25  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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respectively when the highest or | owest potential is given to
the input termnal.

I n such coavgsgtional CMOS transistors, the

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

—
- This Sheet H,

- //ml///m/////nm?i“"

T ———



{ RECEIVED 82/28 15:5
devi ce_di fesnedsen B 0800 gye "¥5y1 oy al tFE ‘fﬁtmgﬂf

dhtrens 1HHA ont ac

hol es' and Wi ring wi dth. However such conventlonaﬁy ruc ure r ﬁEe-s———-““\t'a‘“

formati on of gate

areas on the surface, and isolation o he NMOS' and

PMOS transistors by a LOCOS oxide film sggthat the device dinmension has a

limtation and a further reduction in Si
"SUMVARY OF THE | NVENTI ON In consideration of the foregoing, an

Ts difficult to achieve.

object of the present invention is to provide a sem conductor device
suitable for aghi eghnge defp NANGROTRERY. 2N &
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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 aperture 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.-
l1).

Then the gate oxide £film 54 was formed by thermal

oxjidation (Pig. 12).

!\
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i nvention is to
si zed functi onal

size, that the

provi de a sem conductor device |nclud|ng very snall-

el enent s. Still another object of the present
invention is to provide a sem conductas jgewi ce in which the nunber of
el ectrodes is reduced and the el enent

producing a seqi conduct Of gypgequently polysilicon was deposited in the

S
~
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et
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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
(Pig. 15).

Then Al was deposited in the contact holes by
£he above-mentioned CVD utilizing DMAH and H,, thereby
‘forming the electrodes 60, 61 common for the dra}ns
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 connectedf
Thus an electron current flow through said channel to

maintain the output terminal at the lowaest potential.

Thxs Sheet Has Been Rep
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i sol ation area can be reduced in
di nrensi on of the el enent can be further reduced.
Still another object of the present invention is to provide a nethod for
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| evel of |ntegrat|on Still another object of tle.pLégghfc
invention is to provide a nethod for producing a sem conductor deV|ce
capable of filling a fine contact hole oryg ~fine, deep trench, thereby

realizing satisfactory
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Then, when a voltage equal to or lower than
{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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structure.
of the present invention, provided with a first sem conductor area of

1 principally composed of aluminum such as AL=Si, AL -Cu,
- aLi-Ti, AL-Si-Ti or A&-Si—Cu.

Besides such material is

preferably deposited by a depositing method to be

explained in the following.

5 {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 £illing an aperture

10 with a bonductive 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’

15 gas and hydrogen gas (said melhod being hereinafter

called AL-CVD method).

An aluminum film of satisfactory quality can

be deposited by heating the surface of the substrate

N in the presence of a gaseous mixture particularly

20 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 al a tempcrature at least egual ta the

25 decomposition temperature of alkylaluminum hydride

but lower than 450°C, more preferably between 260°C

and 440°C, by direct or indirect heating.

I‘!ns Sheet Has Been Rep laccd
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first sem conductor area, of a second conductive type di
first conductive, is featured by facts that an el eétrode electrically
connected to said first seniconductor -aR@a=is forned through said second
sem conductor area, and that said first and second sem conductor areas are
electrically short-circuited by said el ectrode. The above- expl ai ned

structure is ditionally eatured by facts t | sem conduct or
area is a soﬁl(rjce or drai ﬁ'hﬁrgﬁa%’f % &%& gp 5@’5 %ig’f’ Fg o= '

mentioned temperature range may be achieved by direct

or indirect hecating, but formation of an A% £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 direct heating
~ 10 (substrate being heated 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 support
menber, for éupporting the subsﬁrate to be subjecteé
to film deposition, provided in a £ilwm depositing
space. |
~ This method, if applied 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 fr_equ’e.ncy.

This is presumably because the semiconductive

—
“fhis Sheet Has Been Replaced
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material principally conposed of al um num . /Sai d

further featured by facts that the field effect tranS|stor has a buri ed
drain area and a buried gate area, that a PMOS tranS|stor and an NMOS
transi stor are fornmed on respective si@de®)o&
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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 aperture formed in an insulating f£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 Rep laced
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buried drain area, and that said electrode reachlng the

provi ded in at

| east either of said PMOS and NMOS transistors.

Said structure is further featured by.agjact that said electrode is
conposed of alum numor a conductive material principally conposed of
An additional feature is that said sem conductor device

al um num

is a NOT circuit elenment, a NOR circuit elenent or a NAND circuit el enent.

Al so the seniconBL(ERY) gevBrsopr oduci ng net hod

5
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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 by sputtering.
(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

x!us Sheet Has g
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aperture in said second seni conductor area t hereby:.. expoﬂ' EDt |
first sem conductor area, and a second step for- dép05|t|ng a conductive
material in said aperture, wherein sai econd step is to deposit al um num
or a conductive material principally ™ yosed of alumnuminto said

aperture by a CVD nethod wutilizing al kylal um num hydri de gas and hydr ogen.
Said method is further featured by a fact that said al kyl al um num hydri de

i s di methyl alum agptivebigdifetal £ilm forming apparatus suitable for
' executing the film forming method explaincd above.
As shown in Fig. 2, said apparatus is composed
of a loading chamber 311, a cvﬁ reaction chamber (first
5 £ilm forming chamber) 312, an Rf etching chamber 313,
a 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
10  oan be respectively made vacuum or redu¢ed in pressure
by vacuum Systeﬁs 316a - 316e. The loading chamberx
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
15 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
el formation at least within a temperature range of 200° -
20 450°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
25 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

f his Sheet Has Been Replace
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invention'is furthernore featured by: _a step for ' :

areas of PMOS transistor and an NMOS tranS|stor i a sem conduct or

substrat e; a step for formng an aperture so as to penetrate the
junction portlon between the drain arga4? = '

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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a step f or formng an insulation filmcovering the int tt-Faceof

sai d aperture; a step for depositing, in said aperture, a conmmon
gate for said PMOS and NMOS transisth?' and . a step_for formng a
buried el ectrode reaching at |east el ﬁer of the buried drain area of said

PMOS transistor and the buried drain area of said NMOS transistor.
Said method is further featured by a fact that said buried electrode is
formed by folnatdi 1@fadifig chamber 311, CVD reaction chamber 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

5 also as the chamber 315. In said tramsport 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

10 311 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)

15 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
20 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
25 for example at 250° - 450°C. Thermal CVD conducted in
-a mixed atmosphere of DMAH gas as alkylaluminum hx@ride

and hydrogen gas causas selective deposition of AR .on

-+ This Sheet Has Been Replaced
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sel ecti ve deposition of alunlnunlln said aperture by a C =

utilizing dinmethylalum num hydride and hydrogen. The present
i nvention can provide a sem conductor- 2&w ce including very -snal

functi onal el enents which

wi t hout unnecessary planar areas, thereby being capable of

1l
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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_l.. 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'his Sheet Has Been Rep 1 ced
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a fine géonetry and a high level of integration. . ARk

invention allows to reduce the number of el ectrodes and reduce the el ement

i solation area in size, thereby furthekpsdecreasing the dinension of the

el enent . Furthernore, the present invention utilizes alunm num

el ectrode formation by | owtenperature alum num deposition by a CVD net hod

‘utilizing al kyl al uni num | o
1 Pplaced 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
5 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. '
.10 Also hydrogen as the reaction gas 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
1s introduced into the reaction chamber from the DMRH
| 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. .
20 After a predetermined deposition time, the
DMAH supply is inte{rupted. Sald deposition time is so
selected that the AL £film on Si (monocrystalliine silicon
gsubstrate 1) becomés equally thick as S§i0, (thermai
silicon oxide film 2), and can be experimentally
25 determined in advance.
In this process, the substrate surface is heated

to ca. 270°C by dixect heating, and the procedure

This Sheet Has Been Replaced
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Figs. 1A and 1B illustrate an exanple of the conventional
1A« 98a- schematic plan view thereof and
Fig. 1Bis a schematic cross-sectional viewalong a line A-A" in Fig.
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sem conduct or device, wherein Fig.
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Figs. 2A and 2B’ illustrate another exanple of the conventi onal

sen conduct or
l

10

1s

20

25

devi ce, wherein

axplained above causes selectzve depcsition of an AL
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

reaction chamber 312 is evacuated, by the vacuum

system 316b, to a pressure 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.

" This Shieet Has Beeri R
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cross-sectional viewalong aline B-B in Fig. 2A Fi BEPLAGED a

|

schematic cross-sectional view of a conventional CMOS transistor.
Figs. 4A, 4B, 4C and 4D are cross-sectiggal views show ng features of the
sem conduct or .devi ce of

1 gurfacial 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

5 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

10 chamber is 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. '
15 Subsequently the sputtering chamber is
waintained at argon atmosphere of 10 % - 10> Torr
as in the Rf etching chamber 313, and the substrate
holder 323 is maintained at 200° - 250°C. Argon
~r dlscharge is induced by a DC power of 5 - 10 kW to
20 scrape the target of AL or Az-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
25 electrodes.
After the formation of the metal £ilm of about

5000 A on the substrate, the argon supply and the DC

Tlus Sheet Has Been R eplaced
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Fig. BAis a cross-sectional view of a preferred enbodient of the present
i nventi on; Fig. 5B is an equivalent circuit diagram thereof;

Figs. 6 to 17 are views showi ng steps fo produci ng the structure shown in

Fig. 5; Figs. 18 to 20 are schertatTc views of continuous neta
filmformng apparatus suitable for formng a CVD-Alerr] filmor a netal
filmprincipally conposed of

1l power application are terminated. 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

5 closed, the ioading chambexr 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
10 above forms an AL film 406 on the 8i0, £ilm 402, as
shown in Fig. 22C.
Subsequently sald Al £film 406 is patterned
to obtain the wirings of desired shape.
(Experimental examples) |

15 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.

-~ ' Thers were prepared plural substrates, sach
20 consisting of an N-type monocrystalline silicon wafer,

provided thereon with a thermally oxidized Si0, f£ilm

2
of a thickness of 8000 i, in whidh grooves of differant _
sizes from 0,25 x 0.25 um to_loo X 100 um were formad
by patterning to expose the underlying monocrystalline

25 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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shown in Fig. 20; Figs. 22A, 22B and 22C are schematic
views showing filmform ng procedure for formng
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el ectrodes and wirings by

the Alerr]-CVD net hod; Fig. 23 is a schematic plan view of a
MOSFET constituting a first enbodi nent of the present invention;
Fig. 23Bis a schematic cross-sectional view along an X-X line in Fig.
23A; - '

1
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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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for producing the MOSFET shown in Figs3223A and 23B; FI g.
a schematic cross-sectional view of a semiconductor device, constituting a
second enbodi nent O the present invention and applied to a CMOS inverter
-12- -
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Fig. 25C is a schematic cross-sectional view of a device by the prior art,
as a conparative exanple to the above-nentioned enbodi nent; Fig.
26A is a schematic plan view of a sem ggnductor device constituting a
third enbodi mrent of the present invention and applied to a CMOS inverter
circuit; Fig. 26B is a schenmatic cross-sectional view along a |line
Y-Y' in Fig. 26A

1 As will be apparent from Table 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

5 heating.

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

= 10 ©f 90 - 95%, a hillock (Z 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° -

15 250°C was socmewhat 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

- 1000 - 1500 A/min.

20 ' At the subatrate 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%.

25 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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schematic plan view of a sem conductor device constitutMng—ea—foturth-
enbodi ment of the present invention and applied to a NAND circuit
conposed of vertical MOS transistors; — 34 = Fig. 27Bis a schematic

cross-sectional

circuit diagramof said enbodinent; Fig. 28 is a schematic

cross-secti onal
b §
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view of a fifth enbodlnent of the present invention; and

Sald method can be advantageously applied to

the grooves composed of the materials explained in the '

followisng.

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 §i0O
(or simply 810,) /monocrystalline silicon".)

2

. There were aléo 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

This Sheet Has Been Re placed
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present inventi on. - 13 L.

DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Now t he present invention
will be clarified in detail -by preferre3d5 enbodi ments t hereof.

1 silicon; _

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)/
5 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.
- 10 ---  Further, samples 1=-11 tb 1-179 were preparcd: by - -
taking all the combinations of the first surface
materials of 18 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,
15 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 silicide
20 (WSi), titanium silicide (TiSi), aluminum (Af), 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

26 (Ta-S8i). The second substréte surface materials employed
were T-8i0,, §i0,, BSG, PSG, BPSG, P-8iN, T-5iN, LP-SiN
and ECR-SiN. In all these samples, thexe could be

Tlns Sheet Has Been Rep laced
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followi ng ‘manner. In functional elenents such as fiel deffect=tramrstst
transistor, diffusion resistor etc., termnals to be used in an

bi pol ar

arfi:pent 9903 BRE PIBsent | nvORABECTOKY0-2 con:truct@i&LA@E@

el ectrically short- C|rCU|ted state are forned by formng, on a first
sem conduct or

area of a first conducfl%ﬁ'fype a second sem conduct or
of a second conductive type, and form ng an electrode contacting said

first sem conductor area through said second sem conductor area.

Figs. 4A to 4D apgesfhedtldidsFattorgchl | PIBks HnPYRaBRBEHJEYSEd Qys nodes

of the present

~art
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I nventi on.
the aforementioned samples 1-1.

Suhsaquently, the AL was non-selectivély
deposited by sputtering on the substrates subjected to
the selective AL 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-holes an

This Sheet Has Been.Rep laced
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reaches a first sem conductor area 102, penetrating the center—of—a

second sem conductor area 104. ' In an exanple shown in Fig. 4B, the
el ectrode 120 reaches the first sem coggductor area 102 through an end
portion of the second sem conductor area 104. I n an exanpl e shown

in Fig. 4C, the electrode 120 does not sink into the first sem conductor
area 102, as in the case of Fig. 4A but nmerely contacts the upper
surface therdof. ib3tlatdionafibn dowiceilicon oxida; and a field

insulation £ilm 110 with bird‘'s beak formed by selectiv;
oxidation.
An electrode 120, c_onstii_ﬁuting the most

5 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

10 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.

15 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

20 +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 ;
photolithographie process utilizing photoresist was

25 ‘applied to form a hole, as.a photoresist image, on
the insulation layer 109 above the éource.area 104.
Then dry etching with CHF3 - czr6 was -conducted to form

N 1.}
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to 4C do not show the sub area. Such sub area can be df
mat eri al of the

senm conduct or
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el ectrode 120 can nmake ohmic contact with the first

area 102. |If necessary,_asgub area 105 nmay be forned, as

shown in Fig. 4D, at a position

l
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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 Az-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
(Al 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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el ectrode 120 is preferably provided with an insul ati on*fa R ge
part of the lateral wall thereof and contacts the area 104 through a
silicon area exposed in said insulatiemgidm Fig. BAis a

schematic cross-sectioanl view of another enbodi mrent of the present

i nventi on,

and Fig. 5B is an equivalent circuit diagramthereof.

In Fig. 5A there are shown a p-type substrate 57, an n diffusion |ayer 56,

a buried draib ar

"t
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PMOS transistor, a channel area 52 of the
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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and NMOS transistor, a poly- S|I|con gate 55, an insul atfomrTTTmM 53, a

source area 201 of an NMOS transistor, a channel area 202 thereof, a

buried drain area 203 thereof, a buried electrode 60 commopn for the drain

and well of- the PMOS transistor,

drain and well

a bar #8d~el ectrode 61 common for the
of the NMOS transistor, source el ectrodes 62, 63

respectively of the PMOS and NMOS transistors, and a comon gate el ectrode

64. Ap shoundedrble £OUA) S apbatlht EPodii the 3R 1ustrations, _

S
A\ .
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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
respaectively for the drain 209, source 210, and’

- This Sheet Has Been: Repl
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the PMOS transistor 30, while a |lowest potential is.given to the drain ZUS

and the well 202 of the NMOS transistor 31. The conmpn gate 55 of the
PMOS and NMOS transi stors constitutes anlnput termnal, while the sources
53, 201 of the PMOS and NMOS

10

15

20

25

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
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
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 the PMOS transistor. A second input

terminal 216 of the NOR cixcuit 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 equal to or larger than Vth of the NMOS
transi#tox, for exapple a highest potential and tﬁe
second input terminal 216 receives a voltage euqal to

or lower than [highest potential + Vth of PMOS

transistor], for example a lowest potential, a channel

is formed below the NMOS transistor, whereby the drain

203 and the source 210 thereof are connectad and the

output terminal 217 is maintained at the lowest

potential. In the PMOS transistor in this state, the -
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whereby an inversion logic circuit is constituted. Wen the hlghest

pot enti al
render ed
potential .

realized.

is applied to the input termnal, the NMOS. transistor 31 is

871

conductive to provide the othuL ternlnal with the | owest

When the | owest potenti al |s applied to the input term nal,
PMOS transi stor

t he

30 is rendered conductive to provide the out put ternlnal
with the highest_PotentlaI The inversion logic operation is thus

1aydNA00r @A@NELe BtACeOAreassshare ¢ondédtedA, flne

buri ed electrodes 60, 61 are buried deep into
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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 transistor are connected
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
highér 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 sem CH#HOYEPoRT5Thst BAII2ULB0Re pri or GRABE TPRYO-has beken dirihigets to
fill, even a contact hole of a |arge aspect ratio, conp '
conduct i ve neterial, -and it has been inpossible to'forn1a deep buried
el ectrode as shown in Fig. 5A by netal deposition. The present

I nvention is based on a finding that a 4ktal of satisfactory quality can
be deposited Wi th extrenely good sel ectively by a novel CVvD net hod

1  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 conneéted
to the power supply, since a channel is not formed

5 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

10 - 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
15 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
4

layer 218 of the PMOS transistor, and an n' drain

20 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 NMOS side.
Said electrode 220 is also formed by selective

25  aluminum deposition utilizing DMAN and hydrogen. The .
structure shown in Fig. 29 can be prepared by steps
similar to those in Figs. 6 to 17;

This Sheet Has Beeu Repiaced

HIIIIHIIIH i [ lII

Qe72



1 6- BBDEIV%D IgleDoa
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anneallng step (Flg 6) .

substrate
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process. for producing the CMOS transistor SHOWT T
with reference to Figs. 6 to 17. At first, in the p-type substrate
diffusion | ayer 56 was fornmed by ion |nplantat|on and an
Then—-t%& M[err] drain |ayer 203 in the
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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

thae 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

IIH
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respectively by ion inmplantation and annealing (Fig. 7). Then

| ayer 52 was subsequently forned over the entire surface by CvD (Fig. 8).
Then an etching process was conducted to forn1 an aperture penetrating the
n layer 52, p layer 51 and n |ayer 20#%and reaching the n layer 56 (Fig.
9). | 6n i npl antati on was conducted in an area for formng the
NMOS transistor in the n layer, followed by annealing, the formthe p

layer 202 (Fiy. 1l(}le wMos transistor. Then, when the first and seconé
' input terminals both receive a voltagé equallto or

lower than [highest potential + V ep Of PMOS transistor),
for'example the lowest potential, a channei is forméd

5 bhelow the PMOS transistor, whereby the drain 51 is
connected with the souxce 53, 218 through sald channel
and the output 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

10 ~ foxmed 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
example the ﬁigheat potential, a channel is formed
below the NMOS transistor, ﬁhereby the drain 219 is

13 connected with ihe source 200 through the nt 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

A formed below the PMOS transistor.

20 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

25 potentials.

lnlso this NAND circuit device is prbv;ded witb'

a reduced number of electrodes and can therefore

This Sheet Has Been Replau.ed
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were formed in the n layer 52, and the n source area 20f—amd—tieparea

204 for electrode connection were formed in the p layer 202, . respectively

by ion inplantation and annealing (Fiq 41 Then the gate oxide
filmb54 was fornmed by. thermal oxidation (Fig. 12). '

1
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25

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 advantages dan be obtained also when
the pol&silicon electrode is replaced by a metal or
silicide electrode. _

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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fol | owed’ by an etch-back process, to formthe buried p yalilbun ayer
(Fig. 13). The interlayer insulation film58 was deposited by CVD
(Fig. 14), and the contact holes for 1hgy drains 51, 203 and the
202 were formed by etching (Fig. 15). Then Al mﬂ |iﬂ
the contact holes by the above-nenti oned CVD utiIizing
t hereby .

1  CLAIMS:

1. A semiconductor device provided with a first
semiconductor area of a first conductive type and a
second semiconductor area, formed on or under said first

5 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 .
10 said first and second semiconductor areas are

electrically shortcircuited by said electrode.

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

i5 drain area of a field effect transistor.

3. A semiconductor device according to claim 2,
wherein: |
NI said field effect transistor includes a huried
20 -drain area and a buried gate area;
a PMOS transistor'and an NMOS transistor are
formad on respective sides of said buried gate;
| said second semiconductor area constitutes
said buried drain area;y and
25 an electrode feaching said drain area is
provided in at 1e§st either of said PMOS and NMOS
transistors,

heet Has Been Replac¢i .
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Contact holes for the source and the gate were forned by etching (Frg.——

17). Finally Al was deposited in the contact hﬂmulmmmﬂm

the source electrodes 111, 112 and the=- gate el ectrode

conplete the structure shomn in Fig. 5A. The inversion Todic®ci"rcdit* mas
formed by patterning the Al wrings in such a nmanner that the source

el ectrodes of the PMOS a d t.r an |s QLS. &r rrutu%I d¥ geactedf
Wen a vol tagé equal to o REPICRRRUGEOT Javice according ny o

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

10 3, constituting a NOR circuit element.

7. A semiconductor device according to claim

3, constituting a NAND circuit element.

15 8. A method for producting a semiconductor
device 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

20 conductive typs, 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

25 a second step for depositing a conductive
material in said aperture,

wherejin said second step includes a step for

[
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the gate electrode 55, a channel is fornmed bel ow t he-gate of The NMIS
transi stor, whereby the drain 203 and the source 201 t

connected. Thus an el ectron current flowgthrough sai dlmﬂﬁ:mm“mullﬂum ain
the output terpminal at the | owest potenti

- 18 -

o
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depositing aluminum or a conductive materi;l 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'

This Sheet Has Been Rep laC
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PM3S transistor), for exanple the |lowest potential, is e

el ectrode 55, a channel i's forned bel ow the PMOS transistor, whereby the
drain 51 and - the source 53 thereof are sgnhRected. Thus a hol e current

flows through  said channel to maintain the output termnal at the highest

potenti al . Thus the inverter operat lon is realized, as the output
t er m nal |s mai nt ai ned at t he | owest or. hest. potepti al respectivel

a CVD method utilizing dimethylaluminum hydride and

hydrogen. W

This Sheet Has

/mmumwm}ﬁi?i "



[- RECEIVED 62/28 16:12 1996 AT S35486% PAGE 168 (PRINTED PAGE 173) ) | THIS SHEET HAS BERM |
is gi ven YR0RP GREYP o B3R 583 ent i al . OKABE TORYO-3rpe i o5 enREBIARED rent @680
can be constructed with only one gate el ectrode, and does not require an
i solation area,. as the gate serves to separate the PMOS and NMOS
transistors. It is therefore rendered —p®ks+ble to reduce the nunber of
el ectrodes and to reduce the isolation area in size, thereby obtaining a
logic circuit of a reduced di nensABRIRACT The source el ectrodes 62, 63

and the gate erecrrude | i ke the el'ectrode 120 in the
af orement i onel fi§ ! M 'I'HOD FOR PRODUCING THE SAME .

There is provided a secmiconductor device with:

very small functional elements, which can be constricted
by necessary minimum components without any unnecessary

5 surface area, thus being capable of significantly _
reducing the layout area and adapted for achieving a
fine geometry an& a high level of integration. The
semiconductor device is provided with a first
semiconductor area of a first conductive type (for.

10 example a p_ well) and a second semiconductor area formed
bn or ﬁnder the first semiconductor area and having a
second conductive type different from the first conductive
type (for example a source or drain area), in which an
electrode electrically connected to the first samiﬁonductor

15 area is formed through the second semiconductor area, and
the first and second semiconductor areas are shortcircuited

by the above-mentioncd clectrode.

20

25
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Alerr], W M, Cu, Aerr]-C, Aerr]-Cu, Alerr]-Ti, A erri=S——F
Alerr]-Si--Cu, Wsi[err], MdSi[err] or TiSi[err], but, in consideration of

the production process, they are preferably conposed of alum numor a
mat eri al

als oo

S’ A.
'////Vg ‘A4
AT A

15.
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Alerr]-Si-Ti or Alerr]-Si-Cu. Besides such nmaterial is preferably

deposited by a depositing nethod to be explained in the following. (Film

- formng nethod) In the followng there will be explained a “film
“formng nethod suitable for electrode formation according to the present
i nventi on. Said method is adapted for filling an aperture” with a
conductive material, for formng the electrode of the above-expl ai ned
structure. Said filmformng nethod consists of formng a
6
)
—
e’
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deposited filmby a surface reaction on anoxeAIBect #ucr)"’nz doraﬂnggsxg an?l:eEN ’Wcsa
utilizing al kylalum num hydride gas and hydrogen gas .(s
herei nafter -called Alerr]-CVD net hod). An.al um num film of
satisfactory quality can be deposited by heating the surface of the
substrate in the presence of a gaseous m xture particularly consisting of
nononet hyl al um num hydri de (MVAH) or di net hyl al um num hydri de (DMAH) as
the raw material gas and hydrogen as the reaction gas. At the selective
Alerr] deposition, the substrate surface is preferably

~1~—501

|
511

!
510

/
512

509

FlG. 3
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t enperature of al kyl al um num hydri de

Ffauk 1647 J

.- OKABE TOKY0-2 THIS SHEET HAS BEEN (@884
mai ntai ned at a tenperature at |east equa

to the dec np05|§ggmmcED

but | ower than 4%8ferriC—TOre

preferably bet ween 260[err]C and 440[err]C, by direct or indirect heating.
20 - The heating of the substrate in the above- nentioned
tenperature range may be achi eved by direct

FIG. 4A

FIG 4B

FIG. 4C

FIG. 4D
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or indirect heating, but formation of an Alerr] |°I2mof %?iségéé@:m}’ Qess
quality can be achieved with a high deposition speed, g '

direct heating. For exanple, with the nore preferred tenperature range of
260[err] - 440[err]C, a satisfactory filmcan be obtained with a
deposition speed of 300 - 5000 A/mn. which is higher than in the

resi stance heating. Such direct heating (substrate being heated by direct
transm ssion of energy fromthe heating neans) can be achieved by heating
with a lanp such as a halogen lanmp or a xenon lanp. Also indirect heating
may be achi eved for

FIG. 5A

39/ 9/ 879 s
/ [ 4
) A ) -204
; g
A G ‘é-—f'-‘"“'zoz
p’ “ ]
564~ __ -“J n j.\‘—ﬂ
- fg
_ ' p-sub 203
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/ 20N
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exanpl e by resistance heating, conducted by a heat ge er at i REPLAEHB

provided in a substrate support nenber, for supportin Substrate to be
subjected to filmdeposition, provided in a filmdepositing space.

This method, if applied to a substrate having both an el ectron donating
surface area and an el ectron non-donating surface area, allows to form
single crystal of alumnumw th satisfactory selectively solely on the

el ectron donating surface area. Such aluminumis excellent in all the
properties reqw red for the el ectrode/vvl ri n% mat eri al , J':.‘,?cl uding a | ow

FIG. 6

FIG. 7

¥ FIG

FIG.

. at®

) 'u'-‘-*:‘o o. ake
..0. LY
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FIG.

FIG.
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presumabl y because the sem conductive condtetrvre

surface constituting an el ectron donating surface can sel ectively devel op
an alumnumfilmof satisfactory quality and excel I ent crystalline
char acter

FIG. 12

FIG. 13

FIG. 14

FIG. 15

FIG. 16

FIG. 17
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formation etc. resulting froman eutectic reaction w ththe '
silicon. Such Alerr] film when enployed as an el ectrode of a

sem conductor device, provides the advantages far exeeding the concept. of
the conventional Alerr] electrode and not anticipated in the prior

t echnol ogy. As expl ai ned above, the Alerr] deposited in an
aperture with an electron donating surface, for exarrpl e an aperture forned

in an insulating filmand exposing the s sem' conduct or
substrate therein, has a rmnocrystal l'ine Y@tur Besi des said

1 He
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Al err]-cvD method can achieve sel ecti ve dep05|t| -8 E EQA@@;a g Qess
films principally conposed of alumnum with"likew se St-oty )
quality. For exanple, the electrode may be forned by selective
deposition of various conductive materials such as Alerr]-Si, Alerr]-Ti,
Alerr]-Cu, Alerr]-Si-Ti or Alerr]-Si-Cu by the use of a m xed gaseous
at mosphere enploying, in addition to alkylalum num hydride gas and
hydrogen, a suitable conbination of: i «tont-ai ni ng gas such as

Si H S H Si | , Sid ,
S:H%E;HCI[ggfirl)r[grr%me”%”] |(_ierr])[err] iCl[err]

-—323
310

1L

327 313

) o ]

326 |
@«L« 318

FIG. 21
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Ti - cont ai ni ng gas such as Ti err], TiBr] «SF‘PF '_{ﬂ“o" REDY 4~or " [ 1]
-22 - Ti(CH3)4; and/or + Cu-cont ai ni ng gas such as-copper ™~

bi sacetyl acetonate Cu(Clerr]Herr]Jerr])[err], copper '

bi sdi pyval oyl methanite Cu(Clerr]H err]err])[err] or copper

bi shexaf | uor oacetyl acet onat e Cu( C5HF602) 2

SHEET HAS BEEM |

FIG. 224

R

FIG. 228

L0S—

FIG. 22C

405
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satisfactory surface characteristics ‘on t#e ‘deposited n _be ’
-obtained a netal filmsuitable and widely usable for the wirings of a

sem conductor device, by enploying a non-selective filmformng nethod in
a next deposition step to forma netal film conposed solely or principally
of alum num not only on the selectively deposited alumnumfilm nmentioned
above but also on the SiQ2 insulation film Exanpl es of such
metal films includé conbinations _ '

FIG. 23A

10‘6

} ' »Sap® o \ 102
R
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AlerrT-Si"-Ti or Alerr]-Si-Cu and non-sel ectively deposited A erTi;
Alerr]-Si, Alerr]-Ti, Alerr]-Cu, Alerr]=Si-Ti or Aerr]-Si-Cu.

Sai d non-sel ective filmdeposition may be achieved by CVD ot her than the
af orenentioned At-CVD, or by sputtering. (Filmformng apparatus)

In the following there will be explained a film formng apparatus suitable
for the electrode formation according to the present invention.
Figs. 18 to 20 schematically illustrate a

_—

FIG.

WINDOW FORMING
STEP

~102

FIG.

ETCHING PROCESS
SHAPING STEP

FIG.

SHAPING STEP

. FG

WINDOW FORMING
STEP

FIG. 24E

WIRING STEP
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f|In1forn1ng net hod expl ai ned above. =i "As shown iTTFgT2sard

apparatus is conposed of a |oading chanber 311, a CVD reaction chanber
(first filmform ng chanber) 312, an Rf etching chanber 313, a sputtering

chanmber (second filmformng chanber) 314

FIG. 25A

FIG. 25B
‘Vop

pMOS

| pMoOS |
- INo—1 out
~ " — nMOS
nMOS
Vss
FIG. 25C
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oUT |
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external atnosphere and nutual |y conmfuni catabl e by nea
310a - 310f and can be respectively made vacuumor reduced in pressure by
vacuum systens 316a - 316e. The | oading chanber. 311 is used for .
elimnating the atnosphere of substrate and replacing it -with H2 prior to
the deposition, in order to inprove the throughput. The next CVD reaction
chanber 312, for selective deposition onto the substrate under normal or

reduced pressure, is provided therein sjrate holder 318 with a
resi stance heater 317 for heating the rat ace subjected to film

Vss

Voo pMOS 72-; nHOS Y
% v | V] | ren |
LI

A Y 7

ouT

— =

FIG. 268
Voo ot 1N ouT N
FIG. 26C "
— t~'pMOS
INO—¢ ouT
—1E7aMos
Vss
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receives the raw material gas such as- o_f ~al kyl al um num™hydri1 de,  whittrs
gasified by bubbling wth 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 chanber 313, for cleaning (etching) of the
substrate surface I n Ar atnosphere € ctive .deposition, is
provided therein with a substrate hoIEfG.[Z 2;?4

REPLACEMENT SHEET
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afd bS ‘Connect':éd to an Ar gas sﬂ:% %%%’?{3’8&25 The fimal unl

315, for adjustnent of the :subsfré@fe® r netal film deposi
to the exposure to the external atmosphere, is designed to b
repl acing the atnosphere with Nerr]. Fig. 19 shows

exanpl e of the continuous netal film form ng apparatus, wher
conponents as.. those in Fig. 18 are represented by sane nunbe
apparatus in Fig. 19 is different fromthat in Fig. 18 in th
substrate surface is directly heated by halogen |anps 330, a
purpose, the substratsemiconductor Device and Method

for Producing the "Same

BACKGROUND OF THE INVENTION

Field of the Invention

T RRE RGN SHEET

Y capabl e of

anpt Y NOV 1996

bi h sane
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TOor this

The present invention relates to a semiconductor

integrated circuit such as a memory, a photoelectric

converting device, a signal processing device or the

like adapted for use in various electronic appliances,

and more particularly to a semiconductor device featured

in the electrode structure of functional elements and

a method for producing the same.

Related Background Art

For providing a highly ihtegrated semiconductor

circuit device, the development of miniaturized

functional elements, such as a MOS transistor with a

submicron gate length, is desired in recent years.

As a speéific example, a MOS transistor with a gate

length of 0.8 um occupies an area of ca. 20 umz,

suitable for a high level of integration.

However the higher léve; of integration achieved

necessarily lead to the anticipated satisfactory

by the miniaturizationof;functional elements has not

characteristics. Such discrepancy has been considered

attributable to the method for producing such functional

elements, and the efforts to solve such drawback has

inevitably been directed to the improvement in suc

-~




ﬂ%lder 312 is provided with projections 331 for supporting StriystT

in a floating state. Direct heating of the.substrat BE?EP&@MEWF‘SHEH
such structure further increases the deposition speed as exgl grned before.
The continuous netal filmform ng apparatus of the above-expl gi nfq NGV 1996
structure is equivalent, in practi€ce 10 a structure shown iln{Fig. 20, in
whi ch -

producing method. Stated differently, the predominant
perception has been that the preparation of a
satisfactorily functioning element in stable and
reproducible manner islan important factor for the
improvement of production yigld.

However, the detailed inveétigation 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 explained in the following, taking a MOSFET
and a planar CMOS transistor as examples.

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

There are illustrated an n-type semiconductor
substrate 1, and a p--type semiconductor aréa (p— well)
2, in which formed are a drain area 3 and a source area
4 both of an n+-typ_e semicéndi;étor,_é _,ar:l_gi_;'_aé:'ﬁsub area 5
for ohmic connection of thé.é-‘wéélf% %i;H an electrode.
Above a channel area iﬁ the p well 2, there is provided
a gate electrode 6 across a gate inSulation film, and an
n-channel MOSFET is thus formed. A drain electrode 7
agd a soﬁrce elect;ode 8 respectively contact with the

drain area 3, and with the source and sub areas 4, 5



- 25-
chanber

conbined by a transport chanber 326. In this structure, the Iaaagﬂggw
311 serves also as the chanber 315. In said transpoft]c 5@@,

chanber

there is provided an arm 327 consti+uBifAag transport neans,
both directions A-A and extendable and retractable in direcfion B-B,
whereby the substrate can be transferred in succession fro ;

chanber

t he | oadi ng chanber 311, CVD reaction chanber 312,

sputtering chanber. 314 and unl oadi ng ' chanber

ofatable in

through contact holes formed in an insulation layer 9.

Multi-terminal elements, such as functional
elements, are often used with a fixed potential at a
terminal. The avae-explaiped MOSFET 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
across a field insulation film 10, and said source
area 4 and sub area 5 are short-circuited by the source
electrode 8 connected through the contact holes.

Such structure requires a plurality 6f field
insulation films 10 and contact holes positioned in the
horizontal direction, thus occupying a large area, and
cannot achieve a sufficiently high level of integration
even if a fine geometry can be realized.

| "For resolving the above-mentioned 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 viéw along a
line B-B' in Fig. 2A. 1In this structure, the source
area 4 and the sub area 5 are positioned in mutually
contacting manner, thereby dispensing with the field
insulation film therebetween and requiring only one
contact hole for said two areas, instead of one contact
hole for each area.

However, even in this structure, the horizontal

positioning of the source area 4 and the sub area 5



3&1 to the CVD reaction chanber 312, Rf etching chanber 313=sptt-teri] £l
chanber 314, and finally to the unloading chanber 315 with uﬂEE EQ$QF

t he external atnosphere, as indicated by arrows in Fig. 21. m form ng
pr ocess) Now there will be explained the filmformijn qungvsggor
formng the electrodes and wirings acgording - to the present}ijvention.

Fig. 22 illustrates the filmformng procedure for form ng f he—eteetrodes

and wirings according to the present invention, in'schenatiE per spective

Vi ews.

requires an excessive surface area. Also the contact
hole requires a certain large diameter for achieving
sufficient short-circuiting of the source area 4 and
the sub area 5,.50 that the design freedom of the
production proéess 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
feéuires functional elements with featureé-such as
possibilify for a high level of integration, a high-
speed operation, a low power consumption etc., and the
planar CMOS transistors are recently used'as the
elements meeting such requirements .for constituting the '
logic circuit. Fig. 3 schematically illustrates the |
structure .of an inversion logic circui; composed. of
conventional planar CMOS transistors.

On a p-type substrate 501, there are formed-an
n  layer 502, a p layer 503, a LOCOS oxide film 504,
and an interlayer insulation f£ilm 505. The PMOS
transistor includes an n+ layer 506 for obtaining the
substrate potential, a p+ drain layer 507 and a p+
source 1ayer 508, while the NMOS transistor includes
an n+ source layer 509, an n+ drain layer 510 and a
p+ layer-Sll for obtaining the substrate potential.
There are further provided a gate oxide film 512, a
gate electrode 513 for the PMOS transistor and a gate

electrode 514 for the NMOS transistor.



At first the outline of the procedure will be described. A sgm ET
substrate with an insulating filmhaving apertures therein i B t@®5ﬁ¢gﬁ SHE !

the film  form ng chanber, and the surface thereof is nmintaife for
exanpl e at 250[err] - 450[err]C. Thermal CVD conducted in a i ded2 7 NOV 196
at nosphere of DMVAH gas as al kyl al um aum hydri de and hydrogen}gds causes

sel ective deposition of Alerr] on
REPLACEMENT SHEET . - 26 -

The drain 507 and the n* layer 506 of the PMOS
transistor are given a highest potential, while the
drain 510 and the p+ layer 511 of the NMOS transistor.
are given a lowest potential. The gate electrodes 513,
514 of the PMOS and NMOS transistors are mutually
connected by a metal wiring to constitute an input
terminal, while the sources 508, 509 of said transistors
are mutually connected by a metal wiring to constitute
an output terminal, ﬁhereby an inversion logic circuit
is constructed.

When a voltage equal to or higher than Vth of
the NMOS transistor, for example the highest potential,
is applied ﬁo the gate electrodes 513, 514, a channel
is formed below the gate of the NMOS transistor, whereby
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 + V of PMOS transistor), for

th
example the lowest potential, is applied to the gate
electrodes 513, 514, 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
current flows through said channel, thus maintaining
the output terminal at the highest potential.

The inverter function is thus realized, as the

output terminal is maintained at the lowest or highest



t he seniconductor exposed in the apertures. . There may nat r AEPLACEMENT SHEET

conducted sel ective deposition of a netal filmprincipally }cGrpesetof
Alerr], for exanple Alerr]-Si, by introduction for exanpl e jof N
Si -contai ning gas, as expl ai ned before.” Then a netal filmdo 03dd gglg%

or principally of Alerr] is non-sel ectg wely fornmed by sput tieri_ng.. _ont-he—
sel ectively deposited Alerr] and on the i nsulation film Supsequently the

non-sel ectively deposited netal filmis patterned into the bhape—ef
desired wirings, thereby obtaining the electrodes and
potential respectively when the highest 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 requires formation of gate
areas on the surface, and isolation of the NMOS and
PMOS transistors by a LOCOS 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 objecf of
the present invention is to provide a semiconductor
device suitable for achieving a fine geometry and a
higher level of integration.

Another object of the present invention is to
provide a semiconductor device including very small-
sized functional elements. |

Still another object of the present invention
is to provide a semiconductor device in which the
number of electrodes is reduced and the element

. isolation 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 method for producing a semiconductor

device suitable for achieving a fine geometry and



the wirings. This procedure will be explained in greater .
with reference to Figs. 19 and 22. At first prepared is a §u EﬁUN@EmENT

consisting for exanple of a nonocrystalline silicon wafer
grooves of different sizes, and covered by an insulation fil ﬁéfﬁ .@ 14
ho agar
s
xide film 402

the bottons of said grooves. . - Fig. 22A schemati cal

of said substrate, wherein shown are a nonocrystalline sil

401 constituting a conductive substrate; a thermal silicon

constituting an insulation film apertures 403, 404 of diff
a higher level of integration.

Still another object of the present invention
is to provide a method for producing a semiconductor
device capable of filling a fine contact hole or a
fine, deep trench, thereby realizing satisfacﬁory
electrical connection.

Still another object of the present invention
is to provide a method for producing a sémiconductor
device, capable of significantly improving the
electrical characteristics of the above-mentioned
semiconductor device and of improving the productioh
yield.

For attaining the above-mentioned objects,
the present invention is featured by the following
structure. The semiconductor device of the present
invention,'provided with a first semiconductor area of
a first cﬁnductive 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 to said first semiconductor
area is formed through said second semiconductor area,
and that said first and second semiconductor areas are
electrically short-circuited by said electrode.

The above—-explained structure is additionally |
featured by facts that said second semiconductor area

is a source or drain area of a field effect transistor,



and a groove 410. The formation of Alerr] film conglifil g o
first wring layer, on the substrate is conducted in the fblg ROEMENT SHEET
manner, with the apparatus shown in Fig. 19. At firs

above-expl ai ned substrate is

27 7 NOV 9%

and that said electrode is composed of aluminum or a
conductive material principally composed of aluminum.

Said structure is further featured by facts
that the field effect transistor has a buried drain
area and a buried gate area, that a PMOS transistor
and én NMOS transistor are formed on respective sides of
said buried gate, that said second semiconductor area
constitutes said buried drain area, and that said
electr&de reaching the drain area is provided in at
least either of said PMOS and NMOS transistors.

| Said structure is further featured by a fact

that said electrode is composed of aluminum or a
conductive material principally composed of alumihﬁm.'

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

Also the semiconductor 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 second'step for depositing a conductive
material in said éperture, wherein said second step is
to deposit aluminum or a conductive material principally
composed of aluminum into said aperture by a CVD method
utilizing alkylaluminum hydride gas and hydrogen.

Said method is further featured by a fact that

said alkylaluminum hydride is dimethylaluminum hydride.



pl aced in the Ioading chanmber 311, in which a hydrogen atno
est abl i shed by introduction of hydrogen as expl ained before

reaction chanber 312 is evacuated by the vacuum system 316bja prox{natel
to 1 x 10[err] Torr, though Alerr] filmformation is still 03Si PTNOV

hi gher pressure. Then DVAH gas. obt ai ned by bubbling
fromthe gas line 319, utilizing H2 as the carrier gas.
hydrogen as the reaction gas is introduced fromthe second

supplied

AS0
as line 319

and the interior of the

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 transistor in a semiconductor
substrate;

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

a step for forming an insulation film cbvering
the internal surface of said aperture;

a step for depositing, in said aperture, 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
transistor and the buried drain area of said NMOS
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 semiconductor
device including very small functional elements which
can be formed with necessary minimum components without

unnecessary planar areas, thereby being capable of



reaction chanber 312 is maintained at a predeterm ned r esse-e; 1Y, |
adj ustment of an unrepresented slow | eak valve. A typi (F:)al p egEPMm SHEET

about 1.5 Torr. DMAH is introduced into the reaction chanbeq ffromthe DVAH
line, with a total pressure of about 1.5 Torr and a DMAH partialgﬂrﬂ@‘idﬂ%
of about 5.0 x 10[err] Torr. Thepg the hal ogen | anps 330 dr
to directly heat the wafer, thereby causing selective Alerr] '
After a predeterm ned deposition tine, the DMAH supply is inferrupted.

Sai d deposition tine is so selected that the Alerr] filmon S~
(ronocr yst adigmief sednclyn redissingt théd) 1bgoutesrequanidy adapdiedasfadi g err|
(thernal achieving a fine geometry and a high level of irntegration.

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

Furthermore, the present invention utilizes
aluminum electrode formation by low-temperature aluminum
deposition by a CVD method utilizing alkylaluminum
hydride gas and hydrogen, thereby significantly

improving the electrical characteristics and the

production yield.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B illustrate an example of the
conventional semiéonductor device, wherein Fig. 1A is a
schematic plan view thereof and Fig. 1B is a schematic
cross—-sectional 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-sectional view along a line B-B' in
Fig. 2A;

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

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

views showing features of the semiconductor device of



silicon oxide film?2), and can be experinmentally determ ned
 REKLAGEMENT SHEET

In this process, the substrate surface is heated to ca. 270

direct heating, and the procedure - 28 -

expl ai ned above causes sel ective deposition of an Alerr] 2 7 NOV 1996
- 11 -

the present invenﬁion and illustrating variations thereof;

Fig. SA is a cross-sectional view of a preferred
embodiment of the present invention;

Fig. 5B is an equivalent circuit diagram
thereof;

Figs. 6 to 17 are views showing steps for
producing the structure shown in Fig. 5;

Figs. 18 to 20 are schematic views of continuous
metal film forming apparatus suitable for forming a
CVD-Ag film or a metal film principally composed of
aluminum;

Fig. Zi is a view showing the function of the
apparatus shown in Fig. 20;

Figs. 22A, 22B and 22C are schematic perspective
views showing film forming procedure for forming
electrodes énd wirihgs by the AL-CVD method; |

Fig. 23A is a schematic plan view of a MOSFET
constituting a first embodiment of the present
invention;

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

Figs. 24A to 24E are schematic cross-—-sectional
views showing the method for producing the MOSFET shown
in Figs. 23A and 23B;

Fig. 25A is a schematic cross-sectional view of
& semiconductor device, constituting a second embodiment

Of the present invention and applied to a CMOS inverter



film405 in the aperture, as shown in Fig. 22B. The foregoi ng_j -
called a first filmformng step for formng an el ectrode infa ﬂTF)ﬁ;'EMENFS'gT'

After said first filmformng step, the CVD reaction chanber
evacuat ed, by the vacuum system 316b, to a pressure not exceddiln
10[err] Torr. Simultaneously the Bfl tching chanber 313 is e acua?éHN°V693‘

pressure not exceeding 5 x 10[err] Tofr. After confirmation sai d
evacuations of the chanmbers, the gate valve 310c is opened, then the
substrate is noved fromthe CVD reaction chanber 312 to the et ching e

chamber 313 pyrthettransport neans, and said gate valve

Fig. 25B is a circuit diagram of said embodiment:

Fig. 25C is a schematic cross-sectional view
of a devicé by the prior art, as a comparative example
to the above-mentioned embodiment;

Fig. 26A is a schematic plan view of a
semiconductor device constituting a third embodiment of
the present invention and applied to a CMOS invefter
circuit;

Fig. 26B is a schematic cross-sectional view
along a line Y-Y' in Fig.. 26A;

- Fig. 26C 1is a circuit diagram of said
embodiment;

Fig. 27A is a schematic plan view of a
semiconductor device constituting a fourth embodiment
of the present invention and applied tb a NAND circuit
composed of vertical MOS transistors;

Fig. 27B is a schematic cross—-sectional view
along a liﬁe Z-2' in Fig. 27A;

Fig. 27C is a circuit diagram of said
embodiment;

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

Fig. 29 is a schematic cross-sectional view of

a sixth embodiment of the present invention.



I's closed. The Rf etching chanber 313 is evacuated to a presf ET
exceeding 10[err] Torr, and is tthen naintained in argon atno ﬂﬁﬁﬁgeﬂﬁENT SHEET
10[err] - 10[err] Torr by argon supply fromthe supply line B2R. The
substrate holder 320 is maintained at ca. 200[err]C, and an p @& NOVo1996
100 Wis supplied to the Rf etching ibeg}rode 321 for about PO}seconds to
generate an argon discharge in said Chanber 313, whereby the}lsubsirate

surface is etched with argon ions and the unnecessary surfacital __layer of
the CVD deposition filmcan be elimnated. The etch depth in this case is

about 100 A pprAILED 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 constructed in the following manner. In functional
elements such as field effect transistor, bipolar
transistor, diffusion resistor etc., terminals to be
used in an electrically short-circuited state are
formed by forming, on a firs£ semiconductor area of
a first conductive type, a second semiconductor area Qf
a second conductive type, and forming an electfode'
contacting said first semiconductor area through said
second semiconductor area.

Figs. 4A to 4D are schematiclcross—sectional
views showing various médes of the present invention.

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

In an example shown in Fig. 4B, the electrode
120 reacheé the first semiconductor area 102 through
an end portioﬁ of the second semiconductor area 104.

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

electrode wiring.



corresponding to the oxide film Said surface etching, of the—~S¥

deposition film conducted in the Rf etching chanber, nay be dﬂﬂﬁ@hg

QHENT SHEET.

with since said - 29 - surf afi layer

is

free fromoxygen etc. as the substrate is transported in vacul 977 NGV 1996

case, the Rf etching chanber 313 _mgy serve for varying the

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 posiiion
where the electrode contacts the first semiconductor
area 102. The electrode 120 is preferably provided with
an insulation film on a large part of the lateral wall
thereof and coﬁtacts the area 104 through a silicon
area exposed in said insulation f£ilm.

Fig. 5A is a schematic cross-sectioanl view of
another embodiment of the present invention, and Fig.
5B is an equivalent circuit diagram thereof.

In Fig. 5A there are shown a p—type substrate
57, an n diffusion layer 56, a buried drain area 51
of a PMOS transistor, a channel area 52 of the PMOS
transistor, a source area 53 thereof, a gate oxide
£ilm 54 common for PMOS and NMOS transistor, a poly-
silicon gate 55, an insulation film 58, a source area
201 of an NMOS transistor, a channel area 202 thereof,
a buried drain area 203 thereof, a buried electrode 60
common for the drain and well of the PMOS tfansistor,
a buried electrode 61 common for the drain and well of
the NMOS transistor, source electroﬁes 62, 63
respectively of the PMOS and NMOS transistors, and a
common gate electrode 64.

. As shown in the equivalent circuit in Fig. 5B,



tenperature within a short tine if the tenperature is signifigantly -

di fferent between the CVD reaction chanber 312 and the sputte'iREPLaﬂmT SHEET
n , -1

the Rf etching chanber 313 is evacuated to 5 x 10 6 Torr. Then|t
Sputtering
the gate valve 310d is opened. The's trate is transferred f

"

After said Rf etching, the argon supply is term

chanber is also evacuated 1o 5 x 10[err] Torr or 1§

etching chamber 313 to the sputtering chanber 314 by the trangport neans,
and said gate valve 310d is closed. - -

a highest potential is given to the drain 51 and the
well 52 of the PMOS transistor 30, while a lowest
potential is given to the drain 203 énd the well 202
of the NMOS transistor 31. The common gate 55 of the
PMOS and NMOS transistors constitutes an input terminal,
while the sources 53, 201 of the PMOS and NMOS
transistors are mutually connected to constitute an
output terminal, whereby an inversion logic circuit is
constituted. When the highest potential is applied to
the input terminal, the NMOS transistor 31 is rendered
conductive to provide the output terminal with the
lowest potential. Whén the lowest potential is applied
to the input terminal, the PMOS transistor 30 is
rendered conductive_to provide the output terminal
with the highest potential. The inversion logic
operation is thus realized.

In the present invention, as shown in Fig. 5A,
fine buried electrodes 66, 61 are buried deep into
the semiconductor substrate. In the prior art, it
has been difficult to £ill, even a contact hole pf 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 present invention is based on a finding
that a metal of satisfactory quality can be deposited

with extremely good selectively by a novel CVD method



Subsequently the sputtering chanber is nmaintained at argon atjnmygp .
10[err] - 10[err] Torr as in the Rf etching chanber-313? and ¢ h DRGEWBN-SHEa;
hol der 323 is maintained at 200[err] - 250[err]C. Argon discharge

i nduced by a DC power of 5 - 10 kWto scrape the target of Allr ]ZéfNOV‘W96
Alerr]-Si (Si: 0.5% with argon Lopg,_.thereby depositing Alery]lor

Alerr]-Si onto the substrate wth a deposition speed of ca. 1P000 A/ mi n.
This is a non-selective deposition step, and is called a second—+m

formng step for formng wirings connected to the electrodes.

After the fggrggiégbfgiﬁ@@ ®¢at . fil mof about

In the following there will be explained the
process for producing the CMOS tfansistor shown in
Fig. 5, with reference to Figs. 6 to 17.

.At first, in the p-type substrate 57, the n_
diffusion layer 56 was formed by ion implantation and
an annealing step (Fig. 6).

Then the nt drain layer 203 in the substrate
57 and the p' drain layer 51 in the n~ layer 56 were
formed respectively by ion impiantation and annealing
(Fig. 7).

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

Then an etching process was conducted to form
an aperturé penetrating the n_ layer 52, p+ layer 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. ld).

Then the p+ source area 53 and the n+.1ayer
59 for electrode connection were formed in the n~ layer
52, and the h+ source 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 gate oxide film 54 was formed by thermal

oxidation (Fig. 12).



5000 A on the substrate, the argon supply and the DC REPLACEMENY SHEEF

power application are term nated. The | oadi ng chanbe}
evacuated to a pressure of 5 x 10[err] Torr or |ower, then the pa W%,
310e is opened and the substrate is noved. After the gate val ye 3208 ¢

T 9

-17.-

Subsequently polysilicon was deposited in the
aperture by CVD, followed by an etch-back process, to
form the buried polysilicon layer (Fig.'l3).

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

Then Al was deposited in the contact holes by

the above-mentioned CVD utilizing DMAH and H2, thereby

. forming the electrodes 60, 61 common for the drains

and wells (Fig. 16).

Contact holes 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 111, 112 and the
gate electrode 63 were formed to complete the
structure 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 mutually connected.

When a voltage equal to or higher than V of

th
the NMOS transistor, for example the highest potential,
is'applied to the gate electrode 55, a channel is
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 lowest potential.



cl osed, the |oading chanber 311 is supplied with nitrogen ga - i
at nospheri c pressure. Subsequently the gate valve 310f is opanﬂx&@ME&I SHE?T
substrate is taken out. The second Alerr] film depoditlion step

expl ai ned above forns :an Alerr] film406 on the Sierr] fil m 4022 72N0V 1996
shown in Fig. 22C Subsequel® |y said Alerr] film 406} g patterned

to obtain the wirings of desired shape. (Experinental exanpldgs) '

In the following there will be shown experi nent al .

Then, when a voltage equal to or lower than

(highest potential + v of PMOS transistor), for

th
example the lowest potential, is applied to the gate
electrode 55, a channel is formed below the PMOS
transistor, whereby the drain 51 and the source 53
thereof are connected. Thus a hole current flows through
said channel to maintain the output terminal at the |
highest potential.
Thus the inverter operation is realized, as
the output terminal is maintained at the lowest or
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 rendered
possible té reduce the number of electrodes and to
reduce the isoiation area in size, thereby obtaining
a logic circuit of a reduced dimension.
The source electrodes 62, 63 and the gate
electrode 64 may be composed, like the electrode 120
in the aforementioned first éxample or the buried
electrodes 60, 61 in the second example, of
- polycrystalline silicon, AL, W, Mo, Cu, Ag-Ci,

AL -Cu, AL-Ti, AR-Si-Ti, Ag-Si-Cu, WSiz, MoSi. or

2
Tisiz, but, in consideration of the production process,

they are preferably composed of aluminum or a material



results indicating the superiority of the above-explained Al
nmet hod and the satisfactory quality of the Alerr] filmdepos
nmet hod in the apertures. There were prepared plura

each consisting of an N-type nonocrystalline silicon wafer,

thereon with a thermally oxidized §i£$eLr] film of a thicknegslof 8000 A
in which grooves of different sizes fromO0.25 x 0.25 [err]m{o 100 x 100
[err]mwere fornmed by patterning to expose the underlying nohoegctystialtife
silicon (sanples 1-1). These sanples were subjected to the Alerr]

film formaty,pd,Byph ey AbEhpbs Lo BRli neiP sRENAsDIAHSAS, Al -Cu,

AL-Ti, AL-Si-Ti or A2-Si-Cu. Besides such material is

o1 AEPLAYEMENT SHEET |

preferably deposited by a depositihg method to be
explained in the following.
(Film forming method)

In the following there will be explained a
film 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 structure.

Said film forming method consists of forming a
deposited film by.a sﬁrface reaction on an electron
donating substrate, utilizing alkylaluminum hydride
gas and hydrogen gas (said method being hereinafter
called AL ~-CVD method) .

An aluminum film of satisfactory gquality can
be deposited by heating the surface of the substrate
in the presence of a gaseous mixture particularly
consisting of monomethylalumiﬁum hydride (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 temperature at least equal to the
decomposition temperatufe 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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- 31 - the raw material gas and hydrogen as the reaction a ' ENT SHEET1
total pressure of 1.5 Torr and a DMAH partial pressure of 5. ?ETgWEM w—

ror T ’
and with the substrate surface tenperatures selected in a rarjggq o ’
200[err] - 490[err]C by direct heating under the regulation £7N‘V R4
- 20 -

The heating of the substrate in the above-
mentioned temperature range may be achieved by direct
or indirect heating, but formation of an A% film of
satisfactory quality can be achieved with a high
deposition speed, particularly by direct heating. For
example, with the more preferred temperature range of
260° - 440°C, a satisfactory film can be obtained with
a deposition speed of 300 - 5000 i/min. which is higher
than in the resistance heating. Such direct heating
(substrate being heated by direct transmission of
energy from the heating means) can be achieved by
heating with a lamp such as a halogen lamp or a Xenon
lamp. Also indirect heating may be-achieved for
example by resistance heating, conducted by a heat
generating member provided in a substrate support. .
member, for supporting the substrate to be subjected
to film deposition, provided in a film depositing
space. |

This method, if applied to a substrate having
both an electron donating surface area and an electron
non-donating surface area, allows to form single
crystal of aluminum with satisfactory selectively
solely on the electron donating surface area. Such
aluminum is excellent in all the prbperties required
for the electrode/wiring material, including a low
hillock frequency and a low alloy spike frequency.

This is presumably because the semiconductive



of electric power supplied to the hal ogen | anps. The obtaine ﬁéﬁiﬂbéﬁgﬁ?‘§HggT

summari zed in Table 1. [err]

...21-.

27 NOV 1996

or conductive surface constituting an electron donating

surface can selectively develop an aluminum film of

"satisfactory quality and excellent crystalline character

of said A% film excludes or significantly reduces the
alloy spike formation etc. resulting from an eutectic

reaction with the underlying silicon. Such A2 film,

when employed as an electrode of a semiconductor device,

provides the advantages far exeeding the concept of the

conventional Af electrode and not anticipated in the
prior technology.

As explained above, the Af -deposited in an
aperture with an electron donating surface, for
example an aperture formed in an insulating f£ilm and

exposing the surface of a semiconductor substrate

therein, has a mondcrystalline structure. Besides said

AL-CVD method can achieve selective 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 conductive materials
such as Ag -Si, Ag-Ti, Ag-Cu, AL-Si-Ti or AL-Si-Cu by
the use of a mixed gaseous atmosphere employing, in
addition to alkylaluminum hydride gas and hydrogeﬁ, a
suitable combination of:

Si-containing gas such as SiH4, Si2H6, Si3H8,

4’ SlH2C12 or SlHClB:

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

Si i
l(CH3)4, SiCl
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In the apertures with a deposition speed as high as 3000 - 50@6—Afmm —at
the substrate surface tenperature of 260[err] C or higher obﬁaingﬂ 3¥ 1996
heat i ng. The Alerr] filmin the apertures, qbtai Z 9% a

di rect

As will be apparent from Table 1, al um num|wREPLAGEMEST tSHEET

_22—

Tl(CH3)4: and/or
Cu-containing gas such as copper

bisacetylacetonate Cu(CSH copper

7920 5+

bisdipyvaloylmethanite Cu(C,H or copper

19927 2
bishexafluorcacetylacetonate Cu(CSHFGOZ)Z'

Aléo since said Ai—CVD method is excellent in
selectivity and provides satisfactory surface
characteristics on the deposited film, there can be
obtained a metal film suitable and widely usable for
the wirings of a semiconductor device, by employing a
non~selective film forming method in a next deposition
step to form a metal.film composed solely or principally
of aluminum not only on the selectiyely deposited
aluminum film mentidned above but also on the Sio2
insulation film.

Examples of such metal films include combinations
of selectively deposited A%, AL-Si, A2-Ti, AL-Cu,

A9 ~-Si-Ti or_Az-Si—Cu and non-selectively deposited AL,
At-Si, AL-Ti, A¢-Cu, AL-Si-Ti or AL-Si-Cu.

Said non-selective film deposition may be
achieved by CVD other than the aforementioned A¢-CVD,
or by sputtering.

(Film forming apparatus)

In the following there will be explained a film
forming apparatus suitable for the electrode formation
according td the present invention.

Figs. 18 to 20 schematically illustrate a



substrate surface tenperature range of 260[err] - 440[err]C, SlﬁE’PERCEMENT SHEET
sati sfactory characteristics, with no carbon content, a resi sii Midof—28
- 3.4 [err]cm a reflectance ' '

-2 of 90 - 95% a hillock (> 1 [err]m density of 0 - 10 cm ahd| a@ ANOYs199%

zero spi ke formation (frequency of -~ @ggstruction of 0.15 [err]nfjlnction)

On the other hand, though the filmquality obtained in a surffce

tenperature range of 200[err] - 250[err]C was sonmewhat inferi @ _tlo-t-hat —
obtained in the tenperature range of 260[err] - 440[err]C, it is :

consi der abl y comttinaoush ae tiallatf idln doxadilney eipgdatdeus oswetmabbeator
t echnol ogy, but the deposition speed could not exceed
executing the film forming method explained above.

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

a sputtering chamber (second film forming chamber) 314
and an unloading chamber 315, which are rendered
sealable from the external atmosphere and mutually
communicatable by means of gate valves 310a - 310f and
can be respectively made vacuum or reduced in pressure
by vacuum systems 316a - 31l6e. The loading chamber

311 is used for eliminating the atmosphere of substrate
and replacing it with H2 prior to 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 éubstxate 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



1000 -

or higher than 450[err]C, the quality of the At filmin the dpgrtures were
deteriorated, with a reflectance of 60%or lower, a hillock (1 P& KO¥)199%
density of 10 - 10[err] " cnferr] and an all oy spike formation Joff 0 - 30%

In the followng there will be explaizged how the above-expl aijned Tettrod

can be advantageously applied to the filling of the grooves.

1500 A/ mi n. At the substrate surface tenperat r QEELILAMEN] SHE,ET

of heating the substrate at least within a range of
100° - 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
a metal film by sputtering in Ar atmosphere, is proéided
therein with a substrate holder 323 to be heated 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
final unloading chamber 315, for adjustment_of the
substrate after metal film deposition and prior to the
exposure to the external atmoséhere, is designe@ to be
capable of replacing the atmosphere with N2.

Fig. 19 shows another example of the continuous
metal film forming apparatus, wherein same components as
those in Fig. 18 are represented by same numbers. The
apparatus in Fig. 19 is different from that in Fig. 18
in that the substrate surface is directly heated by
halogen lamps 330, and, for this purpose, the substrate
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. |

The continuous metal film forming apparatus of
the above-explained structure is equivalent, in

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



- 34- Sai d net hod can be advant ageously applied to [T
conposed of the materials explained in the follow ng. ﬁ%‘rgbﬁﬁgﬁ SHEET

filmformati on was conducted on the follow ng substrates (sajpfjes) under
the sane conditions as in the Alerr] filmformation on the apoye-27@NOONRSS
sanples 1-1. Sampl es 1-2 _were prepared by formng, on '

the loading chamber 311, CVD reaction chémber 312, Rf
etching chamber 313, sputtering chamber 314 and unloading
chamber 315 are mutually combined by a transport chamber
326. 1In this structure, the loading chamber 311 serves
also as the chamber 315. In said transport chamber 326,
there is provided an arm 327 éonstituting transport
means, rotatable in both directions A~-A and exfendable
and retractable in direction B-B, whereby the substrate
can be transferred in succession from the loading chamber
311 to thé CVD reaction chamber 312, Rf etching chamber
313, sputtering chamber 314, and finally to the unloading
chamber 315 without exposure to the external atmosphere,
as indicated by arrows in Fig. 21.

(Film forming process)

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

Fig. 22 illuétrates the film forming procedure
for forming the electrodes and wirings according to
the present invention, in schematic perspecfive views.

At first the outline of the procedure will be
described. A semiconductor substrate with an insulating
film having apertures therein is placed in the £ilm
forming chamber, and the surface thereof is maintained
for example at 250° - 450°C. Thermal CVD conducted in
4 mixed atmosphere of DMaH gas as alkylaluminum hydride

and hydrogen gas causes selective deposition of A% on



nonocrystalline silicon constituting a first substrate surface AEPEAGEMENTASHEET
silicon oxide filmconstituting a second substrate surface natjerfral by
means of CVD nethod, and form ng grooves by a photolithographijc | p 9CRBY 1996
to locally expose the surface of nonocrystalline silicon in the {bottons dp
said grooves. The thermal SiJerr] jié was 8000 A thick, and it
areas of nonocrystalline silicon wer izes from0.25 x 0.25 [ferr]m to
100 x 100 [err]m with a groove depth of 2 [err]m (Such sanples Wit
herei nafter be represented as "CVvD Si2 (or sinply Si Q)/nonocrystalline

silicon”.) the semiconductor exposed in the apertures. There maY

naturally be conducted selective deposition of 2 metal
£ilm principally composed of af, for example AL-Si,

by introduction for example of Si-containing gas, as
explained before. Then a metal film composed solely
or principally of AR is non-selectively formed by
sputtering, on the Selectively deposited AL and on the
insulation film. Subsequently the non-selectively
deposited metal film is patterned into the shape of
desired wirings, thereby obtaining the electrodes and
the wirings. |

This procedure will be-explained in greater
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 film
except for the bottoms of said grooves.

Fig. 222 schematically shows a part of said
substrate, wherein shown are a monocrystalline silicon
substrate 401 constituting a conductive substrate; a
thermal silicon oxide film 402 constituting an
insulation film; apertures 403, 404 of different sizés;
and a groove 410.

The formation of A% film, constituting a first
wiring layer, on the substrate is conducted in the
following manner, with the apparatus shown in Fig. 19.

At first the above—explained substrate is



There were al so prepar ed: a sanple 1-3 of boron-dopeg et
formed by nornal pressure CVD (hereinafter witten as BSG)/ REPLACEMENT SHEET
nonocrystalline silicon; a sanple 1-4 of phosphor-dopefi oxide film
formed by normal pressure CVD (PSG/nonocrystalline silicon; 27 NGV 1996
smaple 1-5 of boron- and phosphor-QoQ%d_pxide filmformed by{nermal
pressure CVD (BSPG /nmonocrystalline -

placed in the loading chamber.3ll, 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 1078

Torr, though A% film formation is still
possible with a higher pressure.
Then DMAH gas obtained by bubbling is

supplied from the gas line 319, utilizing H, as the

2
carrier gas.

Also hydrogen as the reaction gas 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 about 1.5 Tofr. DMAH is
introduced into the reaction chamber from the DMAH
line, with a total pressure of about 1.5 Torr and a
DMAH partial pressure of about 5.0 X 10”3 Torr. Then
the halogen lamps 330 are energized to girectly heat
the wafer, thereby causing selective A% deposition.

After a predetermined deposition time, the
DMAH supply is interrﬁpted. Said deposition time is so
selected that the AL film on Si (monocrystalline silicon

substrate 1) becomes equally thick as SiO., (thermal

2
silicon oxide film 2), and can be experimentally
determined in advance.

In this process, the substrate surface is heated

to ca. 270°C by direct heating, and the procedure



- 35 - silicon; a sanple 1-6 of nitride film foredehy—phaeEm—
CVD (P-Si N/ nonocrystal line silicon; a sanpl e 1-7 df REMEAGEMENT SHEET
nitride film(T-Sin)/ nonocrystalline silicon; a qanptre—tr=8"or |
nitride filmfornmed by low pressure CVD (LP-Si N)/nmonocrystgllfin Lhi '

and _ a sanple 1-9 of nitridesfgi l-mforned by ECR - E?SNbVGﬁOG
(ECR-Si N)/ nonocrystalline silicon. '

explained above causes selective deposition of an Af
- film 405 in the aperture, as shown in Fig. 22B. .

The foregoing is called a first film forming
step for forming an electrode in an aper;ure.

After said first film forming step, the CVD
reaction chamber 312 is évacuated, by the wvacuum
system 316b, to a pressure not exceeding 5 X 10_3 Torx.
Simultaneously the Rf etching chamber 313 is evacuated
to a pressure not exceeding 5 x 10'-6 Torr. After
confirmation of said evacuations of the chambers, the
gate valve 310c is opened, then‘the substrate is moved
from the CVD reaction chamber 312 to the Rf etching
chamber 313 by the transport means, and said gate valve
is closed. The Rf etching chamber 313 is evacuated to
a pressure not exceeding 10—6 Torxr, and is then
maintained in argon atmosphere of 107t - 1073 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 etching electrode 321

-for about 60 seconds to generate an argon discharge in
said chamber 313, whereby the substrate surface is
etched with argon ioﬁs and the unnecessary surfacial
layer of the CVD deposition film can be eliminated.
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

Rf etching chamber, may be dispensed with since said



Further, sanples 1-11 to 1-179 were prepared by taking all th
conbi nations of the first surface materials of 18 kinds and jt
surface materials of 9 kinds shown in the following. (It is{td be_n b d

that the sanple nunbers 1-10, 20, 30, 40, 50, 60, 70, 80, 9q, 10@,7§ 3,1996
120, 130, 140, 150, 160 and 170 are. j@cking.) The first surfiage materials
enpl oyed were nonocrystalline silicon (nono-Si), polycrystallline silicon

REPLACEMENT SHEET
Secont—

(poly-Si), anorphous silicon (a-Si), tungsten (W, nolybdenum{M)-
tantalum (Ta), tungsten silicide (Wsi), titaniumsilicide (TiSi), alum num
(Alerr]), al wanfacisl | 1aywer (¥4 efrée Exomt bkpgennetbumaautheAlerr]-Ti ),
titantum substrate is transported in vacuum. In such case, the

Rf etching chamber 313 may serve for varying the

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

evacuated to 5 x 10_6 Torr. Then the sputtering

6 Torr or lower,

chamber is also evacuated to 5 x 10
and the gate valve 3104 is opened. The substrate
is transferred from the 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
maintained at argon atmosphere of 10_l - 10-'3 Torr
as in the Rf etching chamber 313, and the substrate
holder 323 is maintained at 200° - 250°C. Argon
discharge is induced by a DC power of 5 - 10 kW to
scrape the target of Ag oruAg—Si_(Si: 0.5%) with argon
ions, thereby depositing Az.or Ag-Si onto the substrate
with a deposition speed of ca. 10000 i/min. This is a
non—-selective deposition step, and is called a second
£ilm forming step for forming wirings connected to the
electrodes.

) After the formation of the metal film of about

o _
5000 A on the substrate, the argon supply and the DC



nitride (Ti-N), copper (Cu), alumnumsilicon copper (Alerr] -rSaCu, s
al um num pal | adium (Al err]-Pd), titanium (Ti), nolybdenum si l}i REMACEMENT SHEET
(Mb-Si), and tantalumsilicide (Ta-Si). The second substrate sgr?ate—"*"-‘-'
materials enployed were T-Si(Jerr], SiJerr], BSG PSG BPSG
T-SIN, LP-SIN and ECR-SiN. In all t;gse sanpl es, there coul d}be
- 36 - - - _
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power application are terminated. The loading chamber
311 is evacuated to a pressure-of 5 X 10'-3 Torr .or
lower, then the gate valve 310e is opened and the
substrate is moved. After the gate valve 310e is
closed, the loading chamber 311 is supplied with
nitrogen gas to the atmospheric pressure. Subsequently
the gate valve 510f is opened and the substrate is
taken out.

The second A{ film deposition step explained
above forms an A% film 406 on the SiO2 £ilm 402, as
shown in Fig. 22C.

Subsequently said AL film 406 is patterned
to obtain the wirings of desired shape.

(Experimental examples)

In the following there will be shown experimental
resﬁlts indicaéing the superiority of the above-explained
AL -CVD method and the satisfactory quality of the AL
film deposited by said method in the apertures.

There were prepared plural substrateé, each
consisting of an N-type monocrystalline silicon wafer,
provided thereon with a thermally oxidized 5102 film
of a thickness of 8000 i, in which grooves of different
sizes from 0.25 x 0.25 um to 100 x 100 um were formed
by patterning to expose the under;ying monocrystalline
silicon (samples 1-1).

These sam;les were subjected to the AR film

formation by the AL-CVD method, employing DMAH as



obt ai ned satisfactory Al filnms conparable to those in the aforenentiocred

sanples 1-1. Subsequently, the Alerr] was non-sele
deposited by sputtering on the substrates subjected to the
Alerr] deposition as expl ained above, and was then patterng
deposited filmis effective for three-dinensional connectid
Wi rings. The Al fil m obtainedspy_sputtering and the
deposited Al .filmin the apertures showed electrically and

]

satisfactory contact, because of the inproved surface state
in

URERUACEMENT SHEET |
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the raw material gas and hydrogen as the reaction

gas, with a total pressure of 1.5 Torr and a DMAH

3

partial pressure of 5.0 x 10 - Torr, and with

the

substrate surface témperatures 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.

T




the apertures. Enbodi nent 1 In the following there i REPLAGEMENT SHEET
expl ained a MOSFET constituting a first enbodi nent of the prgsgmnt :
i nventi on. Fig. 23Ais a scheggt i_c plan view of a MOBFET -yf Ovaaﬁg
first enbodiment, and Fig. 23B is a schematic cross-sectiona [ &N zﬂ on

line X-X in Fig. 23A. There are shown a silicon substrate 11!
sem conductor; a p well 102; a drain area 103 of n type forhed'in the p

well 102; a source area 104 forned '
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simlarly to the drain area 103; a p sub area 105 for naki ng reh+€ ' g
contact between the p well 102 and the source electrode; a pol yBE@MQEMEMeSHEET
silicon gate electrode 106; a gate electrode wiring 106' conndctfed to

said gate el ectrode 106 by a through-hole; an '27 NOV 1996
- 37- insulation film 109 of sil+c®h exide; and a field

As will be apparent from Table 1, aluminum was
deposited in the apertures with a deposition speed as
high as 3000 - 5000 i/min. at the substrate surface
temperature of 260°C or higher obtained by direct
heating.

The A% 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 uflcm, a reflectance
of 90 - 95%, a hillock (2 i um) density of 0 - 10 cm—z,
and an almost zero spike formation (frequency of
destruction of 0.15 um junction).

On the other hand, though the film quality
obtained in a surface temperature range of 200° -
250°C was somewhat inferior 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 could not exceed
1000 - 1500 A/min. |

At the substrate surface temperature equal to
or higher than 450°C, the gquality of the AL film in
the apertures were deteriorated, with a reflectance of

60% or lower, a hillock (2 1 um) density of 10 - 10°%

cm 2 and an alloy spike formation of 0 - 30%.
In the following there will be explained how
the above-explained method can be advantageously applied

to the filling of the grooves.



insulation film110 with bird s beak forned by sel ective oxi

An el ectrode 120, constituting the nost. characteristic stru
present invention, is conposed of nonocrystalline alum num
the contact hole in the insulation |layer 109 and the source
reaches the sub area 105 buried in- ghe-p well 102. A source
wiring 121, forned on the insulation |ayer 109 and the el ect
conposed of alum num A drain electrode 122, buried in the c
the drain area 103, is conposed

bnt act hol e on

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

The A% film formation was conducted on the
following substrates (samples) under the same conditions
as in the AL film formation on-the above-mentioned
samples 1l-1.

Samples 1-2 were prepared by forming, on
monocrystalline silicon constituting a first substrate
surface material, a silicon oxide film constituting a
second substrate surface material by means of CVD
method, and forming grooves by a photolithographic
process to locally expose the surface of monocrystalline
silicon in the bottoms of said grooves. The thermal.
SiO2 £film was 8000 i thick, and the egposed areas of
monocrystalline silicon were sizes from 0.25 X 0.25 pm
to 100 x 100 um, with a groove depth of 2 um. (Such
samples will hereinafter be represented as "CVD SiO2
(or simply Sioz)/monocrystalline silicon”.)

There were also prepared:

a sample 1-3 of boron-doped oxide film formed
by normal pressure CVD (hereinafter written as BSG)/
monocrystalline silicon;

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

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

film formed by normal pressure CVD (BSPG)/monocrystalline



of nonocrystalline aluninum There is also provided a drain d GEPLAEMENT SHEET
W ring 123. In the follow ng explained is the nethod {f df '
produci ng the MOSFET of the above-expl ained structure, wth referggngVowgb
Figs. 24A to 24E. On the silicon substrate, there werle conducted,
by al ready known manufacturing process Jformation of the p | |—3-02—ak-at+r
area 103, source area 104 and field insulation film 110, then formation of
the insulation |ayer 109 thereon, and formation of the gate ®erectrrode 106
in said insulation |ayer 109. Then a photolithographic process utilizing
phot or esi st wddicon;

——aen

a sample 1-6 of nitride film formed by plasma
CVD (P~SiN)/monocrysta1iine.silicon;

a sample 1-7 of thermal nitride film (T-Sin)/
monocrystalline silicon;

a sample 1-8 of nitride film formed by low
pressure CVD (LP-SiN)/monocrystalline silicon; and

a sample 1-9 of nitride film formed by ECR
(ECR-SiN) /monocrystalline silicon.

Further, samples 1-11 to 1-179 were prepared by
taking all the combinations of the first surface
materials of 18 kinds and the second surface materials
of 9 kinds shown in the following. (It is to be noted
that the sample numbers 1-10, 20, 30, 40, 50, 60, 70,

8o, 90, 100, 110, 120, 130, 140, 150, 160 and 170 are
lacking.) The first surface materials employed were
monocrystalliné silicon (mono-Si), polycrystalline
silicon (poly-Si), amorphous silicon (a-Si), tungsten
(W), molybdenum (Mo), tantalum (Ta), tungsten silicide
(WSi), titanium silicide (TiSi), aluminum (AL), aluminum
silicon (A%-Si), titanium aluminum (A%-Ti), titanium
nitride (Ti-N), copper (Cu), aluminum silicon copper
(A2-5i-Cu), aluminum palladium (Af-Pd), titanium (Ti),
molybdenum silicide (Mo-Si), and tantalum silicide
(Ta-Si) . The second substrate surface materials employed
were T—SiOz,
and ECR-SiN. 1In all these samples, there could be

SiOz, BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN



applied to forma hole, as a photoresist inmage, on the insu fnsﬁ’CActﬂﬁﬁf SHEET

109 above the source area 104. Then dry etching with CHF| er
Cerr]F[err] was conducted to form

a hole in the insulation |ayer 109 down to the source area 3s

Fig. 24A (hol e opening step). -~ 3gWbsequently dry etch
Cllerr] - CBrF[err] was ' .
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obtained satisfactory Al films comparable to those in

the aforementioned samples 1-1l.

Subsequently, the AL was non-selectively

deposited by sputtering on the substrates subjected to

the selective AL deposition as explained above, and was

then patterned. Such deposited film is effective for

three-dimensional connections of buried wirings.

The Al film obtained by sputtering and the

selectively deposited Al film in the apertures showed

electrically and mechanically satisfactory contact,

because of the improved surface state of the Al film in

the apertures.

Embodiment 1

In the following there will be explained a

MOSFET constituting a first embodiment of the present

invention.

Fig. 23A is a schematic plan view of a MOSFET

of said first embodiment, and Fig. 23B is a schematic

cross-sectional view along a line X-X' in Fig. 23A.

There are shqwn_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




conducted w thout renoval of the photoresist, thereby form ngg

penetrating the source area 104 and entering the p well 102 (EEE&ﬂGﬁMENT SHEET

A

step), and the sub area 105 was formed at the bottom of thu
as shown in Fig. 24B (p form ng step). Then, as sho

al um num was deposited to the upper3§urface of the insulati@n{fi anTﬁé by '
the aforenentioned Alerr]-CVD nethod utilizing DMAH and hydj§o

substrate surface nmaintained at 270[err]C (CVD-Alerr] forni g

orned hole,

step)

|

Then the contact hole is forned in the

insulation film 109 of silicon oxide; and a field
insulation film 110 with bird's beak formed by selective
oxidation.

An electrode 120, constituting the most.
characteristic structure of the present invention, is
composed of monocrystalline aluminum, and penetrates
the contéct hole inlthe insulation layer 109 and the
source area 104 and reaches the sub area 105 buried in
the p well 102. A source electrode wiring 121, formed
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 area 103, is composed
of monocrystalline aluminum. There is also provided a
drain electrode wiring 123.

In the following explained is the method for
producing the MOSFET of the_above;explained structure,
with reference to Figs. 24A to 24E.

On the silicqn substrate, there were conducted,
by already known manufacturing process, formation of
the p well 102, drain area 103, 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
photolithographic 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 - CZFG was conducted to form




i nsul ation |ayer 109 on the drain area 103 by a known procds&ERSAGEMENT SHEET
Fig. 24D (hol e opening step), and alum num was deposited by t R
above-nentioned Alerr]-CVvD method. The device was conplete the§7bu.vlnn‘
formng the source electrode wiring 121 and the drain el ectjrdde® 'wiring
123 respectively on said el ectrode-1®8 ahd on the drain arda 03 by
sputtering as shown in Fig. 24E (Al wiring step). explained in

the foregoing, the present invention allows to constitute a-MSSFET—WTTN
gfetc? r Pgal F;eagr%\q’]‘terc]iifng&fé.érng%%?i%a%i%%eggrééﬁg tooe" sblixcan
area as shown in Fig. 24A (hole opening step).

Subsequently dry etching with Cl2 - CBrF, 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 film
109 by the aforementioned AL~CVD method utilizing
DMAH and.hydrogen, with the substrate surface
maintained at 270°C (CVD-A&% 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. 24D (hole opening step), and
aluminum was deposited by the above-mentioned AR-CVD
method. The device was complefed then by forming the
source electrode.wiring 121 and the drain electrode
wiring 123 respectively on said electrode 102 and on
the drain area 103 by sputtering as shown in Fig. 24E
(Al wiring step).

As explained in the foregoing, the present
invention allows to constitute a MOéFET, which is to be
used with the source area and the sub area thereof in
an electrically shortcircuited state, with necessary
minimum components and without any unnecessary surface

area.



m ni nrum conponents and w t hout any unnecessary surface area.
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Embodiment 2

Fig. 25A illustrates a second embodiment of
the preseht invention. |

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

Fig. 25B is a circuit diagram of the present
embodiment, and Fig. 25C is a similar device obtained
by the prior art, for the purpose of comparison. As
will be apparent from the comparison of Fig. 25C
representing the prior art and Fig. 25A representing the
present 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
part 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. 26A and 26B, and in a circuit
diagram in Fig. 26C. The producing process of the
present embodiment will not be explained as it is
basically same as that of the foregoing first
émbodiment.

The present third embodiment also provides a
CMOS inverter, but is different from the second

embodiment in that the MOS transistors have a vertical



In said second enbodi ment, the present invention is applied
I nverter circuit. The production nethod will not be explain d RE
basically same as that of the first enbodi nment. Fig. BlIs a

circuit diagramof the present enbodinent, and Fig. 25Cis | NHI7AN0V 199§
device obtained by the prior art,_fg t he purpose of conparijsgn. As w |
be apparent fromthe conparison of Flg. 25C representing theg p¥ot—art—arrc
Fig. 25A representing the present invention, the |ayout area of the device
can be significantly reduced by the use of the electrode structure of the

present invepiiQAtPel N€aAE0NTEE! bAJapparent from the illustrations,

BLAGEM T SHEET ;

the electrode structure of the present invention is
even more effective for feducind 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 27B, and shown in a
circuit diagram in Fig. 27C. The produciné process
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 composed again
with vertical MOS transistors. As will be apparent
from the illustrations, the glectrode.structure_of the
present invention is effective, also in this embodiment,
for reducing the layout area.

Embodiment 5

Fig. 28 is a schematic cross-sectional view of
a NOR circuit element constituting a fifth embodiment
of the present invention.

In Fig. 28 there are shown polysilicon gates
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



part of the source area and the sub area in the inverter circuit -
Enbodi ment 3 A third embodi ment of the present inventRepPLACEMENT SHEET
illustrated in Figs. 26A and 26B, and in a circuit diagramji n-g—26€ ;
The produci ng process of the present enbodinment will not bg xp&a} HSQ 1;8
it is basically sanme as that of tjmh{oiegoing first enbodijmgnt ¢ 5
The present third enbodi nent al so provides a CMOS inverter,} Qut is :
different fromthe second

D

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 side there is formed a buried
electrode 61 reaching the n+ dréin layer 203, and, at
the PMOS side, there is formed an electrode 211 for
the p+ drain layer 59. These two electrodes 61, 211
are formed by selective deposition by the aforementioned
A%-CVD method. The structure shown in Fig. 28 can be
formed by steps similar 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 the PMOS transisfor. A second input
terminal 216 of the NOR circuit is connected to the
common gate 55 of the.-NMOS and PMOS transistors.

The present device functions in the following
manner. When the first input terminal 215 receives a
voltage equal to or larger than Vin of the NMOS
transistor, for example a highest potential and the
second input terminal 216 feceives a voltage eugal to
or lower than [highest potential + Ven of PMOS
transistbr], for example a lowest potential, a channel
is formed below the NMOS transistor, whereby the drain
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




enbodinent in that the MOS transi stors have a verti cal
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el ectrode structure of the present invention is even nore ef}egttvefor
reducing the layout area in a circuit enploying vertical MOS|t|ans
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p+ layer 101 and the source area 53 are connected
through the channel, but the source 53 is not connected
to the powef supply since a channel is not formed between
the drain 209 and the p+ layer 51. When the voltages
applied to the first and second %nput terminals 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
the lowest potential. In this state the drain 209 and
the p+ layer 51 of the PMOS transistor are connected
through the channel, but the source 53 is not connected
to the power supply, since a channel is not.formed
between the source 53 and the p+ layer 51 of the PMOS
transistor. Then, when the first and second input
terminals 215, 216 both receive a voltage equal to or

higher than V., of the NMOS transistor, for example the

t
highest.potential, a channel is formed below the NMOS

~ transistor, whereby the drain 203 is connected with the
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 channél is not formed below the PMOS transistor.
Then, when the first and second input terminals 215, 216
both receive a voltage equal to or lower than [highest
potential + Vth of PMOS transistor], for example the

lowest potential, a channel is formed below the PMOS

transistor, whereby the source 53 is connected to



A fourth enbodi nent of the present invention is illustrated imﬁmsmﬁﬂﬂ&ﬂiﬁ
and 27B, and shown in a circuit diagramin Fig. 27C. .The pr dw
of the present enbodiment will not be explained, as it is basiically

e TN e

as that of the foregoing first enbodinent. In the pies
enbodi ment, the present invention.igzapplied to a NAND circdity conposed
again wth vertical MOS transistors. As will be apparent frilomthe

illustrations, the electrode structure of the present inventli_an-is
effective, also in this enbodi nment, +
the drain 209 through the p layer 51 and the output
rerminal 217 is maintained at the highest potential.
Tn this state the sources 201, 210 are not connected
té the power supply, since a channel is not formed
pelow the ﬁMOS transistor.

The NOR function is achieved as explained above,
since the output terminal is maintained at the highest
potential only when the first and second input termianls
are given the lowest potential and at the lowest
potential in othe; 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. 5.

Embodiment 6

Fig. 29 is a schematic cross-sectional view of

a NAND circuit device constitutiné a sixth embodiment
£ 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. 1In the present
device, a buried electrode 60 reaching'a p+ drain

" layer 51 is formed at the PMOS side, and an electrode

220 for the n' drain 219 is formed at the NMOS side.
Saié electrode 220 is. also formed by selective
aluminum deposition utilizing DMAH and hydrogen. The
Structure shown in Fig. 29 can be prepared by steps

similar to those in Figs. 6 to 17.




for reducing the |ayout area. Enbodinent 5 Fig. 28 i )
cross-sectignal vie&/cﬁ a NOR circuit elenent constituting g REPLAGEMENT SHEEL%
enbodi ment of the present invention. In Fig. 28 thgrgare shown '
polysilicon gates 205, 207 respectively of PMOS and NMOS tr ”.'S§QVﬁbV‘B96
gate insulation filns 206, 208; a p_qﬂan llayer 209 of the

transistor; an n source layer 210 of the NMOS transistor;
211, 212, 213, 214 respectively for the drain 209, source 21

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 devicg of the present embodiment functions
in the following manner. When the first input terminal
221 receives a voltage equal to or higher than Vin of
the NMOS transistor, for example a highest potential,
and the second input terminal 222 receives a voltage
equal to or lower than [highest potgntial + Vth of
PMOS transistor], for example a lowest potential, a
channel is formed below the PMOS transistor whereby the
drain 51 and the source 53 thereof are connected and an
output 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 source 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 interchanged, 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. 1In this étate 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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53 of the PMOS transistor and the sources 201, 210 of the N EEEEL&L&P;EEEF
are nmutually connected. At the NMOS side there is formed alburie

el ectrode 61 reaching the n drain layer 203, and, at the P siag, NOM P26
is formed an el ectrode 211 for - 45 - '

the NMOS transistor. Then, when the first and second
input terminals both receive a voltage equal to or

lower than [highest potential + Vinh 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 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 below the NMOS transistor. Then, when the first
and second input terminals both feceive a voltage equal
‘of the NMés transistor, for

th
example the highest potential, a channel is formed

to or higher than V

below the'NMOS transistor, whereby 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 maintained at the lowest potential
only when the first and second input terminals are
given the highest potential, but is maintained at the
highest potential at other combinations of the input
potentials.

Also this NAND circuit device is provided with

a reduced number of electrodes and can therefore




the p[err] drain |layer 59. These two el ectrodes 61, 211 are
sel ective deposition by the aforenentioned Alerr]-CVvD nethod
structure shown in Fig. 28 can be forned by steps simlar to
in Figs. 6 to 17. A first input termnal 215 of the
is connected to the gate 207 of the.NMOS transistor and the
the PMOS transistor. A second input —tggndnal 216 of the NOR
connected to the comon gate 55 of the NMOS and PMOS transis
The present device functions in the foll ow ng

reduce the dimension of the device.

RITRCENENT SHEET. |
t hose shown '
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ors.

In the foregoing embodiments 5 and 6, similar

advantages can be obtained even if the semiconductors

of n- and p-type are interchanged.

Similar advantages can be obtained also when

the polysilicon electrode is replaced by a metal or

silicide electrode.

As eéxplained in the foregoing, the present

invention allows to obtain 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.



manner. Wien t he first—fput—termnal 215 #Hgﬁﬁ e?@?ﬁ
| arger than V[err”m m tgnsi st off, THI§ ht gh 7 g §
and the second i IH m,lmurreceiv s_a_ VvRERLAGEDe | gal toﬁiékﬁ&mﬁ SHEET
t han [ hi ghest poterti & + VPer$] of PMOS transistor], for efarple a | owest '
potential, a channel is formed bel the NMOS transistor, wjerjeb? 7ROV 1996
drain 203 and the source 210 there are connected and the }oytput
termnal 217 is maintained at the |owest potential. In the RMOSTTAnNsisTor
in this state, the

CLAIMS:

ge equal to or

1. A 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 said first conductive type, whereiné

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

said first and second semiconductor areas are

electrically shortcircuited by said electrode.

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

drain area of a field effect transistor.

3. A semiconductor device according to claim 2,

wherein:

said field effect transistor includes a buried
drain area and a buried gate area;

a PMOS transistor and an NMOS transistor are
formed on fespective sides of said buried gate;

said second semiconductor area constitutes
said buried drain area; and

an electrode reaching séid drain area is

provided in at least either of said PMOS and NMOS

-
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p[err] layer 101 and the source area 53 ou QMEWF‘SHEET .

but the source 53 is not connected to thdHPOSREETSHADBEEN| hc : 1 -
formed between the draln 209 and t he_p | REBEAGHD \Whenl t helvol ta

appl ied to the mmumg HI HlLI nput termnals 215, 216 arq i i

the drain 203 1 of_tgg NMOS transistor are jcdnnect ed

t hrough the

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

of aluminum.

5. 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, constiﬁuting a NAND circuit element.

8. A method for producting a semiconductor
device provided with a first semiconductor area of a
first conductive type, a second semiconductor area
formed on said first semiconductor area and having a
second conductive type different from said first
cdnductive type, and an electrode for short-circuiting
said first and second semiconductor areas; comprising:

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

a second step fér depositing a conductive

material in said aperture;

- “_Wherein said second step includes a step for
This Sheet H«.s Been Replaced ™
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é nnel , whereby the output termnal is ' ined at the lo PLACEMENf SHEEE.
p%ential. Ln this state the dr\a‘jn 209 aEaHI&wHﬂS’GEEﬁ of 1t E —
|
22N e

when_ the

transi stor ar : hggugh the chia REBUACEMhe soyrcel5
connect ed t.oﬁmgr m since a channel is no med{ .
source 53 and cplerrm lsayer 51 of 4he- PMOS transistor. Then,

first and second input termnals 215, 216 both receive a volft
ghest

age equal to

or higher than Vth of the NMOS transistor, for exanple the Hig
potential, a S ; bel .o t LStQr , t.he
d&%@gfﬁin a}?ﬁﬂﬁﬂ% Sgoﬁﬁéggdyg%§v§ ARSSEAr pARY G I

drain 203 is connecte 10 t hrough “sai d channel
the output .omposed of aluminum in said aperture by a CVD method

utilizing alkylaluminum hydride gas and hydrogen.

9. A method for pfoducing a semiconductor device
according to claim 8, wherein said alkylaluminum hydride

is dimethylaluminum hydride.

10. A method for producing a semiconductor
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 penetrate a junction
part of the drain area of saileMOS transistor and that
of said NMOS transistor;

forming 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 reaching.at least
either 6f the buried drain area 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

and

£

i
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termnal 217 is maintained at the | owest ~patential. The sourg ' T
connected to the power supply, since a f:ﬁ‘ﬂimsﬂaﬂ'zsﬂns)tggf:ﬁr d SR ACEMENT SHEE

PMOS transistor. Then, when the first ahd sedcEROACEWUt termipajs 215 216

both receive a voltage equal to or |ower than [Tighest—poten}ihl 27 HOV 8§96
PMOS transistor], for exanple the |owest potential, a channe s forned
bel ow the PMOS transistor,

wher eby the__ngrQe 53 is connectefl to

selectively depositing aluminum in said aperture by

a CVD method utilizing dimethylaluminum hydride and
hydrogen. '
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4#1 the drain 209 through the p layer bl an®EPhacemt put || SIERLAGEMENT, SHEET
I's mai ntained at the highest potential. |In this state the soufcfS 201, 210
are not connected to the power supply, since a channel is not farr?;iNva‘
bel ow t he NMOS transi stor. The NOR function is achi evgd]as
expl ai ned above, since the output termnal is nmaintained at thelhi~ghest
potential only when the first and $dcend input termanls are §iven the

| owest potential and at the | owe

st
S-EMICONDUCTOR DEVICE AND METHOD FOR PRODUCING THE SAME
T

ABSTRACT OF THE DISCLOSURE
amm———

There is provided a semiconductor device with
§ery small functional elements, which can be constructed
by necessary minimum components without any unnecessary
surface area, thus being capable of significantly
reducing the layout area and adapted for achieving a
fine geometry and a high level of integration. The
semiconductor device is provided with a first
semiconductor area of a first conductive type (fo;
example a p well) and a second semiconduétor area formed
on or under the first semiconductof area and having a
second. conductive type different from the first conductive
type (for example a source or drain area), in which an
electrode electrically connectéd to the first semiconductor
area is formed through the second semiconductor area, and
the first and second semiconductor areas are shortcircuited

by the above-mentioned electrode.

oy

(Fig. 4A) .
.——'\_.\
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potential in other conbinations of the input potentials. AlLso.the :
present enbodi nent can reduce the nunber of electrode and thd GEPEACEMENT GSHEET
the element, as in the exanple shown in Fig. 5. Enbodinent ¢
Fig. 29 is a schematic cross-sectional view of a NAND circuitf devie
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constituting a sixth enbodi nent of the present invention.
29, there are shown - a p source |ayer-2U8-of -the PMOS transi qtd
drain layer 219 of the NMOS transistor. = In the present
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device, a buried electrode 60 reaching a p

t he PMOS si de,
t he NMOS si de.

be prepared by
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and an el ectrode

st'eps

The

drain layer 51 is

220 for the n[err] drain 219
Said el ectrode 220 is also formed by selective
deposition utilizing DMAH and hydr ogen.

structure shown

simlar to those in Figs. 6 to 17.
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A first input termnal 221 of the NAND circuit
207 of the NMOS transistor
second i nput term nal 222 of the NAND circuit
common gate 55 of the NMOS and PMOS transistors.
present enbodi ment functions in the follow ng manne
termnal 221 receives a voltage equal ?o_or
transi stor, for exanple a highest potential,

222 receives a voltage

r.

~3
m by
o =
el N4 s
= (
O ':3- n
.=
| 9—_/ m
~
-
N 1
o Q. ’
‘\—_’-———5‘:
wn
+
c
0
L
s =
Y
5 2
m [
T~ o
o ¢ 1
=
o~ ~
—
w 'U'Q. Pra
O—rd S
+ <
c wn
N
g —t—
e N

504

and the gate 205 of the PMOS tranfi
i s connected

The

When th
hi gher than Vth og
and the second i

is connected to the_qate

CEMENT SHEET

ice of the
i 157 NG %
t he NMOS

ot

t er m nal




equal to or lower than [highest potential + Vth of PMOS trangi REBLACEMENT SHEET

exanple a | owest potential, a channel is fornmed belowthe P tr-arrsT St or
whereby the drain 51 and the source 53 thereof are connected 2@h 0%
output termnal 223 is maintained at the highest potential. | h L

t | et

transistor in this state, the n[err] layer 203 is connected
219 through the channel, but the sourcg 201 is not connected fo the power
source since a channel is not formed between the source 201 akeé—the-n

| ayer 203. When the voltages applied to the first and second i nput
termnals 221, 222 are interchanged, the drain 51 and the source 218
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of the PMOS transistor are connected through the channel V\/ne-ExHJe/' 1
output termnal 223 is maintained at the highest potential. |n WEMEM&SHEH

the source 201 is not connected to the power source since a :hfnnel 'S not

formed between the drain 219 and the n |ayer 203 of 2 7 NOV 199
-45-
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the NMOS transistor. Then, when the first and second input termnals both
receive a voltage equal to or |ower than [highest potential +pferrt—ogt—"To
PMOS transistor], for exanple the |owest potential, a channel iéEH”LA}EMﬂ” SHEET
bel ow the PMOS transistor, whereby the drain 51 is connected W the
source 53, 218 through said channel and the output termnal 2p3[i 7 NOV 1996
mai nt ai ned at the highest potential. Inghis state the sourcej2pl Is- not
connected to the power source, since a channel is not forned bekeow-the

NMOS transi stor. Then, when the first and second input term ngls both-
receive a voltage equal to or higher than V of the NMOS tranststor, 1ofr
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th exanpl e the highest potential, a channel is formed belo 1SS
transi stor, whereby the drain 219 is connected with the sogrBéP@@@W:NFo‘i@ET

the n layer 203 and the output termnal is maintained at the{TOWEST
potential. In this state the sources 53, 218 are not connegted ¢ ¢ b 1094
power source, since a channel is not fornmed below the PMOS!tgansistor. "

The NAND function is thus achi eved, as yhe output term nal !i S—pai-pt-ained
at the |l owest potential only when the first and second inpl{lt termnals are

gi ven the highest potential, but is maintained at the N

53 201 o

FIG. 12

FIG. 13

FIG. 14

FIG. 15

FlG. 16 “,2 GRS,
5

3
=3
[}
o
1
L -
B + S
F Q\ SN
” % 4
=

FIG. 17

60
527




hi ghest potential at other conbinations of the input poterua. ~
Al'so this NAND circuit device is provided with a reduced r,uﬁﬁBMC&MENT SHEH
% -

el ectrodes and can therefore
reduce the dinmension of the device. ; 2 7 NOV 1996
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In the foregoing enbodi nents 5 and 6,
even if the sem conductors

Sim | ar advantages can be obtained al so when
silicide el ectrode.
I nvention allows to obtain a semc

repl aced by a netal or
f oregoi ng, the present

simlar

of n- and p-type are interchan@é

the polysili
As exp

advant ages can be obt ai ned
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adapted for achieving a fine geonetry and a high | evel of i ntegration.

-47- W claim 1. A sem conductor device having a geT r—hoty
provided with a vertical field-effect transistor, which bcd;ﬁtkmss E.E%

first sem conductor region and a second sem con- duct gr {region of a
first conductivity type to pro- vi de source and drain |r4gi 2SNOV 996
third sem conductor region of a second gpnducti v-
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ity type different fromsaid first conductivity type h

REPLACEMENT SHEET

internmediate portion to provide a chan- nel portion an

portion; said first sem conductor region disposed on sai @ ifiter-

nmedi ate portion; said third sem conductor region dispose 4n iay QOV 9%
second sem conductor region,; a gate el ectrode separated firgm Sai

i nternedi ate portion by an insulatipg material, whereins ,
and drain regions and said channel portion -are arrange onIy vertlcally

al ong a side surface of said gate el ectrode; and a burted-etectTUode
electrically connected with said second sem conductor region and said
third sem - conductor region via a through hole penetrating sai d
third sem conductor region, wherein_said sec- ond region and said third
region are thereby short ci rcui ﬁ ein said buried el ectrode
i's formed in said body. 2. A s con devi ce according to claim
1, constituting a NOT circuit el enent. 3 A sem conduct or devi ce

according to claiml1, constituting a NGB6C| rcuit el enent.
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second sem conductor region is buried
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4. A sem conductor device according to claim1, constituti ‘
el enent . 5. A sem conductor device according to claiml, V‘RE’FLWC'EMERT(BHEET
second sem conductor region is a drain. 6. A sen conduct oG-

‘according to claim1, wherein said second sem conductor re% ? bur | ed

Wi thin said sem conductor body, and is provided on a substfafe

second conductivity type. 7. A sem go?_gugtor devi ce accofding _to cI aim6
wherein said buried electrode is contacted with said substfate. _

- 48 - 8. A sem conductor device according to claiml, “whereil—sailde |

WINDOW FORMING
STEP

02

ETCHING PROCESS
SHAPING STEP

SHAPING STEP

WINDOW FORMING
STEP

WIRING STEP



Wi thin said sem conductor body, and is provided on a fourth_sem conduct or

regi on of the second conductivity type. 9. A sem conducto Mi
according to claim8, wherein said fourth sem conductor regj og uﬁeﬁ\f‘@% §g§ET

on a substrate of the first conductivity type. 10. A semfonhductor devic
according to claim1, wherein said buried electrode is nmad at: QITJNGNUM‘
1. A sem conductor device having a semygonductor body provided with a
vertical conplenentary MOS i nverter, sald body conprises: a tirst

sem conductor region and a second seni con- duct or regi af _an N
conductivity type to provide source and drain regions; athird

sem conduct or region of a P conductivity type havi ng an internedi ate
portion to provide a chFl& 225%“(”] and a surfammn, 5 i d
first sem conductor regiWfo Sp said inter- e er B;
said third sem conductor region disposed on said second m conduct or
r egi on; a fourth ; ' and a fifth sem con- YOO ductor

region of a P c¥p@ i de
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source and drain regions; a sixth sem conductor region Of mah—pt
conductivity type having an intermediate portion to proliREPLACEMENT SHEET
channel portion and a surface portion; said fourth sem cohdpTTor T €gi on
di sposed on said - I ntermedi ate portion; said sixth sentc nqy?an,“”‘
regi on di sposed on said fifth sem conduct or region; aj;comon gate

el ectrode separated fromsaid inter- _ ,,nedi ate portions of bt
sem conductor re- gion and said Six%% sem conductor regijon by a gate

insulator to provide an input-term nal, wherein each of sard~source and
drain regions and said chan- nel portions are arranged only vertically

al ong opposite sides of said co at erpl EQrodes; a first buried
el ectrode electrically connected w WIU saz& ond sem conduct or region
and said third sem conductor region which are thereby short

circuited; and a secon&hburieiﬁﬁbgctroﬂﬁ electéhﬁfllyV$bnnected W th
said fifth seniconducto??aygion saiﬂ:zt*th BEM ~7xgndygt or region
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wherein said first buried el ectrode and sai d second buri ¢d e T
are formed in said body. 4 Rgﬁﬁ%l&‘“ﬁﬁsr‘ﬁe
sem conduct or device having a sem conduct or body prOV|ded Wi h at |east two

vertical field-effect transistors said body conprising: at as? TtN@V 1996

first sem conductor regions and a second sem conductor r gﬂon of a
first conductivity type to provide ggurce and drain regldna athrrd
sem conduct or region of a second conductlv- ity type dlfherent from

said first conductivity type’ ' medi ate portion to provide
at | east two channel portions !g; ur gﬂportlon said first

sem conduct or regi ons di sposed on sal
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I nternmedi ate portion
second - sem conduct or region;
said inter-

at least two gate el ectrodes

medi ate portions by an insulating nmaterial,
portiors

each of said source and drain regions and channel

only vertically along a side
el ectr odes; and
of

region via a through hol e penetrat
wherein

sem conduct or regions,

surface of each said at |eas
a buried electrpgle-el ectrically conneft

said first sem conductor regions and said third
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1. A semiconductor device having 2 semconductor
body provided with a vertical field-effect trans:stor,
which body comprises:

a first semiconductor region and a second semicon-
ductor region of a first conductivity type to pro-
vide source and drain regions; ,

a third semiconductor region of a second conductiv-
ity type different from said first conductivity type
having an intermediate portion to provide a chan-
nel portion and a surface portion;

said first semiconductor region disposed on said i mter-
mediate portion; :

said third semiconductor region disposed on said
second semiconductor region;

a gate electrode separated from said intermediate
portion by an insulating material, wherein said
source and drain regions and said channel portion
are arranged only vertically along a side surface of
said gate electrode; and

a buried electrode electrically connected with said

- second semiconductor region and said third semi-
- conductor region via a through hole penetrating
said third semiconducror region, wherein said sec-
ond region and said third region are thereby short
circuited; and wherein said buried electrode is
formed in said body.

2. A semiconductor device according to claim 1,

constituting 2 NOT circuit element.

3. A semiconductor device according to claim 1,

constituting 2 NOR circuit element.

4. A semiconductor device according to claim 1,

constituting a NAND circuit element.

§. A semiconductor device according to claim 1,

wherein said second semiconductor region is a drain.

6. A semiconductor device according to claim I,

wherein said second semiconductor region is buried
within said semiconductor body, and is provided on a
substrate of the second conductivity type.

7. A semiconductor device according to claim 6,

wherein said buried electrode is contacted with said -
substrate.
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8. A sémiconductor device accordifig to claim 1,
wherein said second semiconductor region is buried
within said semiconductor body, and is provided on a
fourth semiconductor region of the second conductivity
type.

9. A semiconductor device according to claim 8,
wherein said fourth semiconductor region is provided
on a substrate of the first conductivity type.

10. A semiconductor device according to claim 1,
wherein said buried electrode is made of aluminum.

11. A semiconductor device having a semiconductor

body provided with a vertical complementary MOS
inverter, said body comprises:

a first semiconductor region and a second semicon-
ductor region of an N conductivity type to provide
source and drain regions;

a third semiconductor region of a P conductivity type
having an intermediate portion to provide a chan-
nel portion and a surface portion;

said first semiconductor region disposed on said inter-
mediate portion;

said third semiconductor regxon disposed on said
second semiconductor regml;

a fourth semiconductor region and 2 fifth semicon-

ductor region of a P conductivity type to provide _

source and drain regions;

a sixth semiconductor region of an N conductivity
type having an intermediate portion to provide a
channel portion and a surface portion;

said fourth semiconductor region disposed on said
intermediate portion;

said sixth semiconductor region disposed on said fifth
semiconductor region;

a common gate electrode separated from said inter-
mediate portions of said third semiconductor re-
gion and said sixth semiconductor region by a gate
insulator to provide an imput-termial, wherein
each of said source and drain regions and said chan-
nel portions are arranged only vertically along
opposite sides of said common gate electrodes;

a first buried electrode electrically connected with
said second semiconductor region and said third
‘semiconductor region which are thereby short
circuited; and

a second buned electrode clectrically connected with
said fifth semiconductor region and said sixth semi-
conductor region wlnch are thereby short cir-
cuited;

wherein said first buned electrode and said second
buried electrode are formed in said body.
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12. A semicdnductor device having a semiconductor
body provided with at least two vertical field-effect e

transistors said body comprising:

at least two first semiconductor regions and a second
semiconductor region of a first conductivity type

- to provide source and drain regions;

a third semiconductor region of 2 second conductiv-
ity type different from said first conductivity type
having an intermediate portion to provide at least
two channel portions and a surface portion;

said first semiconductor regions disposed on said
intermediate portion; '

said third semiconductor region disposed on said

~second semiconductor region;

at least two gate electrodes separated from said inter-
mediate portions by an insulating material, wherein
each of said source and drain regions and channel
portions are arranged only vertically along a side
surface of each said at least two gate electrodes;
and '

a buried electrode electrically connected with one of
said first semiconductor regions and said third
semiconductor region via a through hole penetrat-
ing the one of said first semiconductor regioms,
wherein the one of said first region and said third
region are thereby short circuited, and wherein

said buried electrode is formed in said body.
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ABSTRACT

SEMICONDUCTOR DEVICE AND MﬁTHOD FOR PRODUCING THE SAME

There is provided a semiconductor device with
very small functional elements, which can be constructed
Ey rnecessary minimum components without any unnecessary
surface area, thus being capdble of significantly
reducing the layout area and adapted for achieving a
fine éeometry and a high level of integration. The
semiconductor device is provided with a first
semiconductor area of a first conductive type (for
example a p~ well) and a second semiconductor area formed
on or under the first semiconductor area and having a
second conductive type different from the first conductive
'type (for example a source or drain area), in which an
electrode electrically connected to the first semiconductor
area is formed through the second sémicdnductor area, and
the first and second semiconductor areas are shortcircuited

by the above-mentioned electrode.

(Fig. 434)



