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1l ‘Device Separation Structure and Semiconduc

Device Improved in Wiring Structure
g

BACKGROUND OF THE INVENTION

5 Field of the Invention

Thié invention relates to a semiconduc
circuit device such as memory, photoelectric
converting device, signal processing device, e
to be mounted on various electronic instiument

10 particularly to a metal wiring structure and a
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semiconductor device improved in device gseparation

structure.

Related Background Art

Conventionally, device separation in

15 semiconductor device has been constituted as shown

in Fig. 1. In the Fig. 1, the symbol 1 is metal

wiring, 2, 3 are device regions where transistor,

FET, resistance, condenser, photosensor, etc. are

formed, and electrical insulation thereof is effected

20 by the device separation region, namely the Si

substrate 4 doped with an impurity or the si layer 5

doped with the same impurity. The poteantials of the

device separation regions of 4, 5 are fixed by

metal wiring 1 or 6.

the

25 For example, the device separation region of

a solid image pick-up device is constituted as

-
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Fig..2. In the Figure, the symbo{ 4 is a P type
substrate, 5' an n' buried layer, 2 an n epitaxial
growth layer (hereinaiter epita;kal growth is written
as epi), 5 an nt layer. The above n  epi layer 2 is
a photoelectric converting region, and the n* buried
layer 5' and the nt layer 5 are device regions.

The n~ epli layer 2 is maintained at a certain
positive potential through the n’ buried layer 5' and
the n* layer 5. By the build-in electrical field
through junction between the n~ epi layer 2 and the
n* layer 7, the electroné formed Sy photoirradiation
are absorbed in the n' buried layer 2 and the n*
layer 7, and the positive holes cannot be diffused to
the confined adjacent picture elements, whereby
cross-talk can be prevented. ~

However, prior art examples had the technical
tasks as follows.

] (1) There wds an impedance of about some ten
to some hundred /] . For this reason, current
flowed into the region 5, and when the potential is
elevated, parasitic transistor turned on between the
device regions 2 and 3, whexeby latch-up or unstable
actuation of function was caused to occur.

(2) On account of the impedance in the
region 5, cross-talk in the device regions 2 and 3
was generated to cause unstable actuation.

pParticularly in the case of a solid image
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pick~up device,

(3) The positive holes having acqguired

' g
thermally high energy will be diffused to the

adjacent picrure elements.

(4) since the device separation region is
also a semicoqductor, carriers will be generated when
light is irradiated.

(S) The width of the n*-si device separation
cannot be made narrow in process to obstruct
reduction of picture element, whereby higher -
resolving power of solid imagg pick-up device has
been obstructed.

On the other hand, as the metal wiring
structure in a highly integrated semicenductox
device, for example, there has been known one having
an interlayer insulating f£ilm 52 comprising silicon
oxide, etc. formed on the surface of a semiconductor
substrate 51 comprising silicon and a metal wiring
layer 53 comprising al, Al-Si, etc. formed on the
interlayer insulating film 52 as shown in Fig. 2A.

In the semiconductor device equipped with the
metal wiring of suvch structure, the sectional area of
wiring has been increased by enlargement of the width
dimensions of the respective wirings, thereby
ensuring necessary current tolerant capacities for
the respective wirings, and therefore the flat area

of wiring will be increased and improvement of wiring
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without making greater the device size is limited.

For this reason, for improvement of wiring
density, for example, a semico;ductor device of a
wiring structure having the iespective wirings
laminated in multiple layers as shown in Fig. 2B has
been known. )

In this semiconductor device, two layers of
metal wiring are laminated through an insulating
£ilm.

iIn the following, the outline of the process
for preparing the semiconductor device shown in 2B is
described.

First, after formation of various necessary
functional devices such as bipolar transistor, MOS
transistox, MOS diode, etc. on a8 part of the surface
of the semiconductor substrate 1, on the remaining
surface of the semiconductor substrate 51 is formed a
first interlayer insulating film 52 comprising PSG
{Phospho silicate glass), etc. according to the
normal pressure CVD method with a thickness of §.5 to
1.0 um, and the first interlayer insulating £ilm 52
is applied with annealing.

Next, patterning by use of a resist is
applied on the first interlayer insulating film 52 as
described above to form openings 52a for taking out
electrodes of various functionel devices.

subsequently, according to the sputtering method,
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after deposition of a wiring material comprising, for

example, Al-Si according to the sputtering method on

g .
the surface of the first interlayer insulating film

52 and internally of the openings 52a, the first

wiring layer 53 is formed by patterning by use of a

resist.

Next, on the first wiring layer 53 and the

first interlaver insulating £ilm 52 are formed a

second interlayer insulating film 54 comprising PSG

with a thickness of about 0.5 to 1.0 um according  to

the normal pressure CVD method, openings S4a for

connecting the first ﬁiring layer and the upper

wiring layer as degscribed below to a part of the

second interlayer insulating film 54 corresponding to

the upper portion of the first wiring layer

formed.

Next, on the second insulating film

53 are

54 and

internally of the openings S54a, a wiring comprising,

for example, Al-Si is deposited, followed by

formation of the second wiring layer 55 for

connecting the second wiring layer 55 for connecting

the first wiring layer 52 through the portion of the

openings 54a by patterning.

Next, on the second interlayer insulating

film 54 and the second wiring layer 55, a passivation

£film 6 can be formed with & thickness of 0.5 to 1.0

um according to the plasma CVD method to prepare a

“\\
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semiconductor device with a metal double layer wiring
structure ghown in Pig. 2B.

In the semiconductor dézice having a multi-
layer wiring structure of such constitution, a wiring
with wiring density by far higher than the
semiconductor device with the monolayer wiring
structure shown 2A can be realized.

However, in the semiconductor device having a -
multi-layer wiring structure as described aboaove,
since an interlayer insulatiﬁg £ilm is provided -
between the wiring at the lowerpart and the wiring at
the upper paxt, the surface stepped difference due to
the wiring portion will become greater as the number
of the lamination is more, whereby the degree of
freedom in design in the wiring*structure is
requlated because of movement of the position
(migration) of the wiring portion relative to the

semiconductor substrate at the wiring portion or the

shape of the contact hole necessary for connection

between the respective insulating layers. Thus, also
in this case, improvement of wiring density is
limited and it has been difficult to enhance wiring
density more than a ¢ertain level.

Further, in a semiconductor device with a
multi-layer structure, surface unevenness becomes
greater as the layer is upper, and therefore slippage

in alignment becomes greater during mask registration
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in patterning whem laminating further wiring, whereby

wiring could not be formed with good precision at the

L4 .
predetermined position relative to the semiconductorx
substrate, thus involving the problem with respect to

reliability of wiring.

SUMMARY OF THE INVENTION

A primary object cof the present invention is
to provide a semiconductor device having a wiring
structure more excellent than in the grior art.

Another primary object of the present
invention is to provide a semiconductor device having
more excellent device separation function than in the
prior axrt.

First, an object of the present invention is
to provide a semiconductor device having a device
separation structure with a device region being
férmed on a substrate doped with an impurity, a
device separation region doped with the same impurity
as in the above substrate formed in the device region
and a metal wiring formed on the surface of the above
device region or on the back of the above substrate,
wherein an aluminum deposited layer extending in the
longitudinal direction connected to the above metal
wiring is formed within the above device separation
region.

Another object of the present invention is to

GrudlLd 190y
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provide a semiconductor device which can reduce the

impedance of the device separation region of

semiconductor device, prevent g%nerétion of latch-up
or cross-talk and give stability in actuation,

Still another object of the present invention
is to provide a semiconductor device equipped with a
wiring structure which can ensure necessary current
tolerable quantity even if the wiring flat area may
be small.

Still another object of the present invention
is to provide a semiconductor device comprisiﬁg a
device region formed on a substrate, and also a first
device separation region formed doped with an
impurity formed between these substrate and device
region, with the respective endsg being connected to
the both ends of the above-mentioned first device
separation region, and the respective other ends
exbosed on the surface of the above-mentioned device
regions, thus forming a trench metal layer of
aluminum or composed mainly of aluminum.

Still another object of the present invention
is to provide a semiconductor device comprising a
device region formed on an insulating substrate,
having a trench metal layer of aluminum or coméosed
mainly of aluminum which becomes the device
separation region extending in the longitudinal

directicn with its one end being in contact with the
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above—menéioned insulating substrate and its othér
end being formed exposed.on the surface of the above-
mentioned device region. g

Sstill another object of the present invention
ig to provide semiconductor device which removed
cross-talk between the picture elements and enables
higher densification of picture elements by using a
trench metal layer constituted by selective gzrowth
deposition of aluminum ox a metal composed mainly of
aluminum within the trench for forming the device -
separation layer.

5till another object of the present invention
is to provide a semiconductor device which can also
reduce the lay-out, because the trench metal layer
can be used as the wiring line. .,

8till another object of the present invention
is to provide a semiconductor device comprising a
meéal wiring layer for connecting at least two
functional devices to the inner portion of a

semiconductor substrate having at least functional

devices as mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A, 1B, 2h, 2B are constitutional views
for illustraticn of the semiconductor device of the
prior art.

Fig. 3 is a constitutional view of the

—_—
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1 pertinent portion of the semiconductor device showing
. a first example of the present invention.
Fig. 4 is a constitutiazal view of the
pertinent portion of the semiconductor porxrtion
5 showing a second example of the present invention.
Fig. 5 is a constitutional view of the
pertinent portion of the semiconductor portion of the
seniconductor device applied to the present
invention.

10 Fig. 6A is & constitutional view of the -
semiconductor device applied to the present
invention, Pig. 6B is a circuit diagram of the same
device.

Figs. 7A to 7D are diagrems of the steps for

15 preparing the semiconductor device applied to the
present invention.

Fig. 8 is a constitutional view of the
pértinent rortion of the semiconductor device showing

- a third example of the present invention.

20 Fig. 9 is a constitutional view of the
semiconductor device showing a fourth example of the
present invention.

Figs. 10A and 10B are schematic views for
illustration of the logic circuit according to the

25 present invention.

Fig. 11 is an upper view showing the logic

circuit according to the present invention.
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Fig. 12 is a schematic sectional view showing
the wiring structure intended to apply a pcsitive
potential. 7

Fig. 13 is a schematic sectipnal view showing
the wiring structure intended to apply a negative
potential.‘

Fig. 14 is a schematic sectional view showing
an example of a multi-layer wiring structure in the
semiconductor device of the present invention.

Figs. 1SA to 15C are schematic views for.
illustration of the preparation method of the wiring
structure in Fig. 14.

Figs. 16, 17 are schematic view showing an
example of the film forming device to be used for
practicing the film forming method suitable for
formation of the wiring layer in the semiconductor
device according to the present invention.

. Fig. 18 is a schematic plan constitutional
view of the device shown in Pigs. 16, 17.

Fig. 19 is a schematic constitutional wview
with the movement order shown by arrowheads in Fig.
18.

Figs. 20A to 20D are schematic view for
illustration of the film forming method suitable for

formation of the'wiring layer in the semiconductor

device according to the present inventicn.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One preferred embodiment of the present

invention has a longitudinally'ﬁengthy buried region

comprising a metal in the device separation region.

When the predetermined region which is a part

of the semiconductor substrate and the longitudinally

lengthy buried region of a metal are electrically

connected, the following embodiment is taken.

For example, when the metal is electrically

connected to a predetermined region only at bottom,

the whole side wall should be preferably coated with

an insulating film.

On the other hand, when the metal is

insulated from a part of the side groove or bottom of

the groove, only said part is coated with an

insulating £ilm.

Example 1

Fig. 3 is a drawing representing best the

specific feature of the first example of the present

invention, in which the symbol is the device

separation wiring formed in the longitudinal

direction within the device separétion region 5 as

described below according to the Al-CVD method as

described below, 2 the first device region, 3 the

second device region, 4 the 5i substrate doped with

an impurity, 5 the device separation region doped

with an impurity of the same type as in the substrate
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As shown in the drawing, by deposition the
device separation wiring 1 deé%ly in the longitudinal
direction with an aspect ratio'of 1.0 or more,
preferably 2.0 or more, optimally 3.0 or more, the
impedance of the device region 5 cen be reduced
without bringing about increase of chip area. By
reduction of impedance, the following effects can be .
obtained:

(1) Prevention of latch-up; -

(2) Improvement for functional lowering due to
mutual interference between devices (reduction
of cross-~talk).

Next, the process for preparing a
semiconductor device having the device separation
structure with the above constitution is described.

i) On a mono-electroconductive semiconductor
s;bstrate, for éxample, a P-type Si substrate 4, amn
n-type epi-layers 2, 3are formed by epitaxial growth
as the layer having the impurity of the reverse
conduction type to the substrate 4.

ii} Next, after formation of the oxidized film
to 0.5 to 1.0 ym on a surf;ce of ébove—mentioned epi~
layers 2, 3 by thermal oxidation, impurities (e.g. P
type) with the reverse counduction type to the epi-

layers 2, 3 are formed on the device separation

region 5 by patterning by ion iniection with the
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above~-mentioned oxidized £ilm as the.mask. The
diffusion layer is made so as to reach the subbing
;emiconductor substrate 4. e

iii) Next, after the oxidized films on the
surfaces of the’epi—layers are removed, agai
oxidized films with a thickness of 100 to 1000 A are
formed. Then, the above-mentioned device separation
region 5 is internally opened by regist patterning,
and the oxidized film and the epi-layer are etphed
in two steps with the resist as the mask to form .

grooves. In this case, the depth of the groove is

. made to reach the subbing semiconductor substrate 2,

After completion of étching, the resist is removed.

iv)  Next, by use of DMAH and hydrogen as
the Al-CVD method as described above, Al is buried
in the grooves provided within the epi-layers 2, 3.
Here, the material to be buried within the grooves
is not limite to Al, but Al-Si, Al-Ti may be also
used as the metal material as described above.
Example 2

Fig. 4 shows a drawing representing best the
specific feature of the second example, wherein the
symbol 1 is the device separation wiring of the
buried type with a large aspect ratio, 2 the first
device region, 3 the second device region, 4 the Si

substrate doped with an impurity, 5 the device
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separation Si doped with the impurity of the same

type as in 4, and 6 the back metal wiring.

By fixing of the potential in the device
separation region 5 with the de:ice separation wiring
1 and the back metal wiring 6, no wiring from the
chip upper su;face will be required to result in
reduction of chip area.

Nexf, the process for preparing the
semiconductor device having the device separation
structure having the above-mentioned structure is
described. -

The steps i) - ii1) are practiced in the same
manner as in Example 1, and hence description thereof
is omitted, iii) Wext, after formation of an
oxidized £ilm on the back surface of the
semiconductor substrate 4 by thermal oxidation,
patterning is effected so as to form openings only on
the back surface of the semiconductor substrate 4
immediately below the above device separation region
5.

Then, continuously to the oxidized £ilm from
the back surface of the semiconductor substrate 4,
the semiconductof substrate 4 is etched to provide
grooves on the back surface of the semiconductor
substrate 4. The depth of the grooves is made to
extend through the semiconductor substrate 4 until

reaching the above-mentioned diffusion layer 5 for

\\

\_\
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devige separation. iv) Next, as the Al-CVD method,

al is deposited selectively at the groove portions

similarly as in Example 1 to bufy Al within the
grooves. Then, according to'the sputtering method of
the non-selective mode, an Al £ilm is formed on the
whole back surface of the semiconductox substrate 4.
Example 3

Next, the semiconductor functional devices
formed in the device region 2 or 3 is described by
referring to FPig. 5 and Fig. 6. The semiconductor
functional device is characterized by forming a
device wiring 12 with a large aspect ratio for fixing
the back gate of the MOS type transistor (P well
region 10 of uwMOS, and n-epi or n-well region 11 of
pMOS) at any desired potential in the P-well region
10 the n-epi or n-well region in the longitudinal
direction according to the Al-CVD method as described
abéve. .
Example 4

Fig. 6A is a sectional constitutional view of
another semiconductor functional device, and Fig, 6B is
the circuit diagram of the same device. The device
is characterized by forming the device separation
wiring 12 for reducing the resistance in the back
gate when the P-well 10 which is the back gate of the
MOS type transistor and the n-epi or n-well 11 are

at the same potential as the source region (or drain
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region) in the source (or drain) region 13 according

to the Al-CVD method as described above.

In the MOS type transistor of the prior art,
the resistance of the back gate has been a cause for

latch-up or lowering in function. Also, since the

device region and the wiring region have been

increased in-order to reduce this problem, increase
of layout area has been brought about.

In contrast, in the above-mentioned device,
as shown in Fig. 5 and Fig. 6, by depositing thg_
device wiring 12 deeply in the longitudinal direction
according to the Al-CVD method, the resistance of the
back gate can be reduced with smaller wiring area to
ameliorate latch-~up or lowering in function which has
been the problem in the prioxr ﬁft' Particularly, in
the logical circuit (e.g. invertor) as shown in Fig.
6, the wiring structure can be made as éhown in the
fiéure in the region where the power sounrce and the
source (or drain) are at the same potential, whereby
less wiring area is required and the problems of the
prior art can be improveé.

Next, the process for preparing the device
shown in Fig. 5 is described by referring to Fig. 7A
to Fig. 7D.

First, according to the known C-MOS
breparxation technique, working is practiced to the

state immediately before formation of contact holes

. This Sheet Has Been Replaced
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1 {Fig. 74). _
Next, according to the photolithography by
use of a resist, a resist image @orresponding to the
openings to be formed of shout 0.8 um at the P-well
5 portion of n-MOS, the n-epi or n-well portion 11 of
P-MOS (Fig. 7B).

Next, by use of the CHF3—c2F6 type dry
etcﬁing, openings 22 extending through the two layers
of the interlayer insulation layer 20 and the field

10 oxidized film 21 are formed. Then, without removal
of the resit, the silicon substrate is etched
vertically to about 1 uym by the ClszBrFs type dry
etching.

Next, by use of the AL-CVD method as

15 gescribed in E’:xample 1, alvminum, 12 is buried to the
upper surface of the interlayer insulation film. The
total amount buried is made 2.5 Um as thé total
wiih the silicon substrate groove being 1 pre,
the field oxidized f£ilm 21 being 8000 A, and the-

20 jinterlayer insulation layver 20 being 7000 A. (Fig. 7C).

Employing subsequently known technigues
contact opening formation, aluminum wiring formation,
etc. can be practice to complete the sample.

Preparation of the example shown in Fig. 6

235 can be also practiced according to the same procedure
as in ¥ig. 5, The difference is only that the

- .
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i opening formation site becomes the 'source (or drain)

'-_ poxrtion of the MOS transistor, and the interlayer
insulation layer-gate oxidized %ilm is extended
through instead of extending through of the

5 interlayer insulation layer-field oxidized film
during opening formation.

As described above, by depositing Al in the
longitudinal direction by use of the Al-CVD method
within'the device separation region, reduction of

hd 10 chip area can be effected as compared with the case
when obtaining the same effect without use thereof,
whexreby Al-wiring portion can be made smaller, with
the result that the production cost can be made
lower,

15 Example 5 N

Fig. 8 is a drawing showing best the specific
feature of the present example of the present
iﬂ&ention, in which the symbol 4 is a P substrate, 5°'
an n' buried layer, 2 an n  epi-layer, and 1 a trench

20 metal layer formed according to the CVD method. The
above trench metal layer 1 has its one end exposed on
the above n~ epi-layer surface 2 with other end being
connected to the above n” buried layer 5°'.

The nf epi-layer 2 is a photoelectric

25 converting region (called device region or activation
region), and the nt buried region 5°' and the trench

metal layer 1 are device separation regions. The
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trench metal layér 1 also a wiring Zine.

_The n~ epi-layer 2 is maintained at a certain
potential through the nt buried layer 5' and the
9

In the above—mentioned structure, the
electrons formed by photoirradiation are absorbeq
primarily intc the n*_buried layer 5' through the
built-in electrical by the junction of the n® buried
layer 5' and the n~ epi-layer 2. The positive holes
are closed within the picture elements by the built-
in electrical field. .

The positive holes which tend to be diffused
to the adjacent picture elements will be all absorbed
in the trench metal layer 1, and therefore there can
be no cross-talk between picture elements.

The device separatiomt region 1 is forméd by
fo;ming the trench {(groove) by etching, and then
deﬁositing aluminum or a metal composed mainly of
aluminum on the groove according to the selective CVD
method as described above, whereby the device
separation region width can be reduced as compared
with the prior art, enabling higher densification of
picture elements.

| The trench metal layer 1 has a low resistance
and therefore can be also utilized as the wiring
line, whereby reduction of the la&er is rendered

possible.

————
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Next, a process for preparing the device

separation structure semiconductor device of the

above constitution is described,

i) On a monoconduction type semiconductor,

for example a P type Si substrate 4 are formed

grooves with wide width shallowly on a part thereof.

In the groaoves, n* buried layexr 5' containing

impurities of the opposite conduction type to the

substrate 4 accofding to the epitaxial growth by use

of as mask.

ii) On the substrate 4 having the n' buried

layer 5' formed as described abaove, an n~ epi-layer 2

which becomes the photoelectric converting region is

formed by epitaxial growth.

iii) Next, after formation of oxide flms

&

with & thickness of 0.5 to 1.0 um on the surface of

the sbove n~ epi-layer 2 by thermal oxidation,

opening are formed internally of the above n  epi-

layer at the both ends of the above-mentioned n’

buried layer by resist patterning, followed by .

etching with the resist as the ask to form a trench.

In this case, the depth of the trench is made the

depth which reached the subbing n' buried layer 5°.

After completion of etching, the resist was removed.

iv) Next, by use of the Al-CVD method as

described below using DMAH and hydrogen as the

selective CVD method,
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temperature was maintained at 270 °C, and Al is

" buried in the trench provided within the n~ epi-

layer. Here, the material to Ye buried in the trench
is not limited to Al, but Al-Si, Al-Ti, etc. may be
also employed as the metal material.

Example 6

Fig. 9 is an éxam@le in which the present
invention is applied to a semiconductor device having.
an insulating substrate. 1 is a trench metal layer,
4°' an insulation substrate and 2 a semiconductor -
substrate laver.

The above semiconductor layer 2 is a
photoelectric converting region, and the trench metal
layer 1 is a device separation region and a wiring
line. By the trench metal layer 1, it hecomes
possible to obtain a semiconductor with high density
without cross-talk.

) Next, a process for preparing a device
separation structure semiconductor structure of the
above constitution is described.

i} On an insulation substrate 4' comprising
sapphire, a sémiconductor layer 2 comprising a
photoelectric converting region (device region) is
formed by epitaxial growth.

ii) Next, after formation of an oxidized
film to 0.5 to 1.0 ym on the surface of the above

semiconductor layer 2 by thermal oxidation, opening

S .
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are formed internally the above semiconductor layer

by resist patterning, and etching effected with the

resist as the mask to form a trepch. In this case,
the depth of the trench is made the depth which
reaches the subbing insulating substrate 4'. After
completion of etching, the resist is removed.

iii) Next, by use of DMAH and hydrogen as
the selective CVD method as described above, the
substrate surface temperature is maintained at 270 °C,
and aluminum is buried in the trench provided within
the semiconductor layer 6. Here, as the metal )
material, aluminum is not limitative, but Al-si, Al-
Ti, etc. may be also used as mentioned above.

As described above, by use of the trench
metal layer as the device sepayxation region, it
becomes possible to obtain a sé;iconductor device
with high picture element density and reduced chip
si;e without cross-talk between the picture elements.

Another preferred embodiment of the present
invention has a part of the metal wiring for
connecting a plurality of devices formed not on the
insulating film on the semiconductor substrate but
within the groove formed on the semiconductor
substrate,

Example 7

Fig. 1l0A is a circuit diagram showing a part

of the logic circuit of the CMOS constitution, and

I

———
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Fig. 10B a schematic view showing the lay-out

thereof,

Thus, the power source line Vec and the

earthline GND are commonly arranged for the

respective cells. In these lines, reduction of the

impedantce, avoidance of erroneous actuation and

further avoidance of lowering in reliability by

migration, etc. are particularly demanded.

Hence, by use of buried wirings in these

lines, in addition to functional aspect, improvements

in physical aspect such as reduction of occupied

area, yreduction of stepped difference, etc. c¢an be

effected.

Similarly, the buried wiring has also the

effect even by use of the clock-line for transmitting

the clock signals. 1In this case, after formation of

the groove for forming such wiring in the

semiconductor substrate, the whole inner surface of

the groove is covered with an insulating layer.

by depositing a semiconductor material or

an

electroconductive material within the groove, a

subbing layer for selective deposition of

a metal

is formed. And, by burying a metal within the

groove, the semiconductor device of the present

eﬁbodiment is formed.

And,

Fig. 11 is a schematic view for illustrating

in more detail Fig, 10B, and 63 is the same invertor
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Here, the line Vcc and the line GND are both

g X
buried wirings connected to the source region and the

well region of the two MOSFET's, forming the common

line for the both adjacent cells 61, 62.

a is the polycrystalline gate electrode which

becomes the input of the invertor, out is the drain

wiring which becomes the output of the invertor. In

this example, as different from the prior art, the

power source lines Vecc and the earthline GND are -

wirings of the lower layers than the gate electrode

e

—

In the semiconductor device of the present

embodiment, since the metal wiring layer is provided

within the substrate, a predetermined current

tolerant capacity can be ensured by making larger the

depth dimension without increasing the plan area of

the metal wiring layer, &nd also the unevenness of

the device surface can be inhibited minimum, whexreby

the relative movement of the wiring layer relative to

the substrate can be removed to improve the precision

of the formation position of the wiring layer.

Example 8

Fig. 12 and Fig.

13 are both Figures

representing the characteristic portions of the

wiring structures in the semiconductor devices of the

present invention. Here,

This Sheet Has Been Replaced
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structure constituted for the purpose of applying a
positive voltage as the power source line, and Fig.
13 the wiring structure constigzted for the purpose
of applying a negative voltage as the earth line.
These wiring structures are the embodiments of the
present invention in that they are constituted on the
basis of the technical thought of the present
invention except that the kinds of the materials for
forming the respective portions are different

concerning the application method of voltage.

Therefore, the constitution of the former and the

preparation method thereof are described before
description of the constitution and the preparation
method thereof in difference from the former.

In Fig. 12, the symbol 710 is a P type
semiconductor substrate comprising, for example,
silicon, etc. On the surface of the substrate 710
ié formed a groove 711 by conventional means such as
etching, etc., and the imner surface excluding the
bottom surface of the groove 711 and the surface of
the substrate 710 is formed an insulation layexr 712
comprising oxidized silicon, etc. formed by the
thermal oxidation method or the CVD method, etc.
continuously. From the bottom surface of the groove
711 to internally of the substrate 710 as described
above, if necessary, an N type diffusion layer 713

is provided, which is formed by thermal diffusion as

L
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the semiconductor region doped with an impurity of
fhe opposite type to the conduction typs of the
semiconductor such as silicon ;orming the substrate
710.

Internally of such groove 711, a metal wiring
layer 714 comprising a metal such as Al, etc. is
provided. The metal wiring layer 714 may be also
foxrmed by use of a conventional method such as bias
sputtering, etc., but preferably it can be also
formed by use of the Al-CVD method as described
below. The Al-CVD method is a film forming method
with good reproducibility which can form a metal film
of Al, etec. selectively on the substrate 710, namely
the bottom of the groove 711 in this case without
formation on the insulation layér 712 comprising
silicon oxide.

The wiring f£ilm thus formed is used fox
c&nnection between the predetermined electrode
terminals mutually between two funciional devices or,
if necessary, 3 or more Ffunctional devices, to
constitute an electrical circuit. For example, it
may be used suitably used for connection between two
source-drains of MOSFET or collectors of a bipolar
transistor, or between MOSFET or a bipolar transistor
and a diffusion resistance, between MOSFET or &

bipolar transistor and a capacity device, etec.

Next, an example for preparing the wiring

S |
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structure with such constitution is- described.

First, as shown in Fig. 12, a P type silicon
&
substrate 710 is prepared as the semiconductoxr

substrate.

Subsequently, on the surface of the substrate
710, after application of a patterning by use of a
resist, a groove 711 for formation of a wiring layer
is formed by application of etching.

Then, an insulation layer 712 with a f£ilm

 thickness of 0.5 to 1.0 ym is formed according to the

thexrmal oxidation method oxr the CVD method con the
surface of the substrate 710 and the inner surface of
the groove 711.

Next, after application of a patterming by
use of a resist on the whole surface of the substrate
711 excluding the bottom of the groove 711, the
oxidized film layer formed on the bottom of the
gréove 711 is removed by anisotropic etching such as
RIE (reactive ion etching) to have the silicon
portion of the substrate 710 exposed.

Next, at the silicon exposed portion of the
bottom of the groove 711, an impurity of the type
opposite to the conduction type of the material for
forming the substrate 710 is doped according to the
ion injection method of the thermal diffusion method,
followed by diffusion to form an N° type diffusion

layer 713.
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- Subsequently, on the Nt type diffusion layer
713, according to a 6onventiona1 £ilm forming method
such as sputtering or the Al—ch method, a metal
wiring layer 714 comprising Al, etc. is formed. The
metal wiring layer 714 should be desirably formed so
that its upper may be coplanar with the upper

surface of the insulation layer 712 formed on the

surface of the substrate 710 around the groove 711 in’

accomplishing surface flattening ¢f the semiconductor
device. In such metal wiring layer 714, electrical
separation is effectad from the P type silicon
substrate 710 through the insulation layer 712 as the
insulation film formed on the inner surface of the
groove 71;_aﬂd the N+ type diffusion layer 713 as
the P-N separation layer formed:on the bottom of the
groove 711,

According to the selective Al—cvp method as

described above, the Al film is deposited selectively

on the NV type diffusion layer 713 comprising silicon

as described above, but not on the insulation layer
712 comprising silicon oxide. Therefore, by use of
the selective Al-CVD method, there is the advantage
that neo patterning with resist, etc. as reguired in
the case of a conventional film forming methed such
as sputtering, etc. need be applied. BAlso, the depth
dimensioﬁ of the groove 711 as described above is

relatively longer than the width dimension, and even

This Sheet Has Been Rep

GG Illl

REPLACED

THIS SHEET HAS BEEN

.



B3 3213 1354 IRaze ToRTe-2

10

15

20

25

there is the advantage that an Al film of good

SV bur iV 134 f.ic9

- 30 -
in the case when the width dimension itself is short, i

quality can be formed from the Hottom of the groave

711. Therefore, it is sufficiently applicable to a

fine structure with an éspect ratio of 1.0 oxr more as

a matter of cpursé, even 1.5 or more, further 2.0 oxr

more. Further, because an Al film of good quality

can be also formed internally of a deép groove 711

easily, the current tolerance of the metal wiring ] i
layer 714 can be easily increased by enlarging the

depth dimension without enlarging the width dimension

of the metal wiring layer 714.

Next, the wiring structure shown in Fig. 13
is described. In Fig. 13, the same portions as the
constitution in Fig. 12 are affixed with the same
symbols for brevity of the description,

In Fig. 13, the symbol 720 is an N type
séﬁiconductor substrate comprising, for example,
silicon, as the substrate. On the surface of the
substrate 720 is formed a groove 711 by conventional
means such as ethcing, etc. and on the inner surface
excluding the bottom internally of the groove and the
surface of the substrate 720 is formed continuously
an insulation £ilm 712 comprising silicon oxide, etc.
according to the thermal oxidation method or the CVD
method. Internally of the substrate of the substrate

720 f£rom the bottom of the groove 711 as described

——
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above, an impurity of the conduction type opposite

to that of the semiconductor such as silicon, etc.

for forming the substrate 720 £8 provide a Pf type
diffusion layer 21 as the semiconductor region formed
by thermal diffusion.

Internally of such groove 711, a metal wiring

layer 714 comprising a metal such as Al, etc. is

provided. Iln such metal wiring layexr 714, electrical -

separation is effected from the N type silicon
substrate 720 through the insulation layer 712 as-the
insulation film formed on the inner surface of the
groove 711 and the P-N separation layer formed on the
bottom of the groove 711l. Therefore, substantially
no leak current from the metal wiring layer 714 to
the substrate will occur, =

The wiring structure of the present invention
with such constitution can be utilized for all
fuﬁctional devices, namely field effect transistors,
bipolar transistors, diffusion resistances, etc.

Fig. 14 is an example of the wiring structure
of the present invention, which is a schematic
sectional view showing a wiring structure 0f two
metal layers.

In Fig. 14, the symbol 730 is an N type
semiconductor substrate comprising, for example,

silicon. On the surface of the substrate 730 is

formed a groove 731 according to conventional means
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such as e€tching, etc., and on the inner surface

excluding the bottom internally of the groove 731 and

g
on the surface of the substrate 730 are formed

continuously an oxidized film layer 732 comprising

silicoin oxide, etec. according to-the thermal
oxidation method or the CVD method. From the bottom
of the groove 731 as described above to internally of
the substrate 730 is doped an impurity of the
conduction type opposite to that of the semicornductor
such as silicon, etc. forming the substrate 730 to”
provide a P* diffusion layer 733 formed by thermal
diffusion.

Internally of such groove 731, a first wiring
layer 734 comprising, for example, Al, etc. is formed
accoxrding to the selective Al-CVD method as described
below. The first metal wiring layer 734 has its
upper surface coplanar with the surface of the
suéstrate 730.

On a part 6f the oxidized film layexr 732 as
desc ‘ibed above, openings 735 for taking out the
electrode of the semiconductor device reaching the
surface of the substrate 730 are formed.

On the surface of the oxidized film layver 732
together with the inner portion of the openings 735
and the inner portion of the groove 731 at upper
portion of the fiirst metal wiring layer 734, a second

metal wiring layer 736 comprising & mtal such as Al,
e

-

'This Sheet Has Been R

LT Illl

Ia
13

]




<ace

A

[LS-1

<A

10

15

20

25

l

R

3 KABE ToEYC-2

H fﬁ"/J_I,,HJ iboew

etc. is formed., A passivation film 737 comprising,

for example, silicon nitride, etc. is formed on the

second metal wiring layer 726 afid the oxidized film
732.

Referring next t¢o Fig. 135A to Pig. 15C, a
method for prgparing a semiconductor device having
the wiring structure with the constitution shown in
Fig. 3. |

First, as shown in Fig. 14A, an N type
silicon substrate 730 is prepared.

Next, after application of a patterning by
use of a resist on the surface of the substrate 730,
a groove 731 for formation of a first metal wiring
layer is formed.

Next, an oxidized film layer 732 with a film
thickness of about 0.5 to 1.0 um is formed on the
surface of the substrate 730 the inner surface of the
gféove 731 according to the thermal oxidation method.

Next, after application of a patterning by
use of a resist on the whole surface of the substrate
730 excluding the bottom of the groove 731, the
oxidized film layer formed on the groove 731 is
removed by anisotropic etching of RIE (reactive ion
etching) to have the silicon portion of the substrate
730 exposed.

Next, the silicon exposed portion at the

bottom of the groove 731 is deped with B as the
T

— .
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impurity of the conduction type opposite to that of
the material for forming the substrate 730 accoxding
to the ion injection method, followed by diffusion to
form a P diffusion layer 733.

Next, on the P type diffusion layer 733 is
formed a first metal wiring layer 734 comprising Al,
etc. according to the selective AL-CVD method as
described above., The first metal wiring layer 734 is
formed so that its upper surface became coplanar
with the upper surface of the substrate 730 around
the-groove 731. The first metal wiring layer 734 is
separated electrically from the N type silicon
substrate 730 through the oxidized film layer 732 as
the insulation £ilm formed on the inner surface of
the groove 731 and the P’ type diffusion layer 733 as
the P-N separation layer formed on the bottom of the
groove 731. And, it is confirmed that there is
sugstantially no leak of current from the first
w1r1ng layer 734 to the substrate 730. .

Next, after application of a patternlng by
use of a resist on the surface of the oxidized £ilm
layer 732, openings 735 for taking out the electrode
of the semiconductor device reaching the surface of
the substrate 730 are formed in a part of the
oxidized film layer 732 (Fig. 15B).

Next, internally of the openings 735 and

internally of the groove 731 at the upper portion of
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the first metal wiring layer 734 is formed by
depositing a second metal wiring lower. layer 736a

comprising Al utilizing DMAH afld hydrogen as the Al-

CcVD method at a substrate surface temperature of 270 -°C.

The second method wiring iower layer 736a is

formed so thgt its surface may be coplanaxr with the
upper surface of the oxidized film layer 732. Next,
on the respective upper surfaces of the second metal
wiring lower layer 736a and at the predetermined
positions on the suxface of the oxidized £ilm layer
732 are formed the upper second metal wiring layer
736b comprising Al according to the sputtering method
(see Fig. 15C).

Further, on the second metal wiring layer 736
and the oxidizea film layer 732, a passivation £ilm
737 comprising silicon nitride with a £ilm thickness
of about 0.5 to 1.0 um is formed according to the
piasma CVD method to obtain a semiconductor device
equipped with the metal double layer wiring structure
as shown in Fig. 14.

Also in the semiconductor device with such
constitution, the first metal wiring layer 734
provided internally of the N type silicon substrate
730 is separated from the N type silicon substrate
730 through the oxidized film layer 732 as the
insulation film on the inner surface of the groove

731 and the P’ type diffusion layer 733 as the P-N
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separation layer at the bottom of the groove 731, and
there will be substantially no leak current from the
first metal wiring layexr 734 tm?the substrate 730.
In the first metal wiring layer 734, the desired
current tolerance can be ensured by enlarging the
depth dimens;on without enlarging its flat area.
Also, since the unevenness of the surface of the
semiconductor device can be inhibited minimum, there
is no relative movement of the first metal wiring
layer 734 to the substrate 730 to effect improvement
of the precision of the formation position of the
first metal wiring layer 734, and also the number of
the multiple layers of wiring can be increased within
the range of a limited thickness of the device.
Further, since no interlayer insulation £ilm is
required between the first metal wiring layer and the
second metal wiring layer, the surface stepped
difference can be reduced in the case of providing
wiring layers of the third metal wiring layer et seq,
whereby reliability of the wiring layers of the third
layer et seg can be improved.

as described above, according to the present
invention, a wiring structure capable of ensuring
necessary curxrent tolerance can even with a small
wiring f£lat area and also capable of being forxmed at
& high positional precision can be obtained.

The film forming method suitable for the
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present invention is to form 3 deposited £ilm by the

surface reaction on an electron-donative substrate

by use of a gas of an alkylalumgnum hydride and
hydrogen gas (hereinafter called the Al-CVD method).

Particularly, by use of monomethylaluminum
hydride (MMAH} as the starting gas or
dimethylaluminum hydride (DMAM) as the starting gas,
and H2 gas as the reaction gas, and heating the
substrate surface under the mixture of these gases,
an Al film of good quality can be deposited. Heré,
during the selective deposition of Al, it is
preferable to maintain the surface temperature at the
decomposition temperature of the alkylaluminum
hydride or higher and less than 450 °C, more
preferably 260 °C to 440 °C. x

As the method for heating the substrate to
the above-mentioned temperature range, therxe are
diéect heating and indirect heating. Particularly,
by maintaining the substrate at the above-mentioned
temperature by direct heating, an Al f£ilm of good
quality can bhe formed at high deposition spesed. For
example, when the substrate surface temperature
during Al film formation is made 260 °C to 440 °C
which is more preferable temperature range, a film of
good quality can be obtained at higher deposition

speed of 300 A to 5000 A/min. which is highexr than

in the case of resistance heating. As such direct
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heating method (substrate itself is heated by direct

transmission of the energy from the heating means to

the substrate), for example, 1aﬁp heating by means

of halogen lamp, xenon lamp, etc. may be -included.

As the method for indirect heating, there is
resistance hgating, by which heating can be performed
by use of a heat-generating bedy, etc. provided at
the substrate supporting member for supporting the
substrate to form deposited film arranged in the
space for formation of the deposited film. -

By épplying the CVD method to the substrate
having the electron-donative surface portion and the
non~electron donative surface portion co-present
thereon, a single crystal of Al is formed under good
selectivity only on the electron-donative substrate
surface portion. The Al thus formed will have all
of excellent characteristics desirable for the
eléctrode/wiring material. That is, reduction of
generation probability of hillock, refuction of
generation probability of alloy spike will be
accomplished.

| .This may be considered to be due to the fact

that substantially no or extremely small formation of
alloy spike, etc. on account of the eutectic reaction
with the subbing silicon, etc. is seen, because Al
of good quality can be formed on the surface

comprising a semiconductor or an electro-conductive
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member as the electron-donative surface, and also the

Al is excellent in crystallinity. And, when employed

for the electrode of a semicondlictor device, an
effect surpassing the concepf of the Al electrode
which has been contemplated in the prioxr art, and
could not be even expected in the prior art can be
obtained. | | |

Having described above about the fact that
the Al deposited on an electron-donative surface, for
example, within the opening with the semiconductof
substrate surface exposed becomes to have a single
crystalline structure, according to the Al-CVD
method, a metal £film composed mainly of Al as
described below can be alsoc selectively deposited,
and its film quality also exhibits excellent
characteristics, -

For example, in addition to a gas of an
alkylaluminum hydride and hydrogen,

a gas containing Si atoms such as siH4,

SlZHG' S.’L3 8r Sl[CH3)4, S:.Cl4, S.'LH2C1 SlHCl3, or

2'
the like.

a gas containing Ti atoms such as TiCl4,
T;Br4, Tl(CH3)4, etc.,

a gas containing Cu atoms such as copper
bisacetylacetonate Cu(C5H702), copper
bisdipivaloylmethanite Cu(cllﬂlgoz)z, COppar

bishexafluorocacetylacetonate Cu(CSHFGOZ)z, etc.
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maj be introduced in a suitable combination
to form a gas mixture atmosphere, thereby forming an
electrode by selective deposition of an
electroconductive material such as Al-Si, Al-Ti, Al-
Cu, Al-S3i-Ti, Al-Si-Cu, etc.

The Al-CVD method as described above is a
film forming method excellent in selectivity, and
alsc the surface characteristic of the film formed
has good surface characteristic. Hence, by
application of a non-selective film forming method to
the next deposition step, Al or a metal film composed
mainly of AL can be also formed on the Al film
selectively deposited as described above and SiO,,
etc. as the insulating film, whereby a sﬁitable metal
£ilm having high useability for general purpose as
the wiring of semiconductor device can be obtained.

Specific examples of such metal film include
tﬁe following. There may be included combinations of
Al, al-si, aAl-Ti, Al-Cu, Al-Si-Ti, Al-Si~Cu, etc.
deposited selectively with aAl, Al-Si, Al-Ti, Al-Cu
Al-Si~Ti, Aal-5i-Cu, etc.

As the film forming method for non-selective
deposition, there are other CVD methods than the Al-
CVD method as described above, the sputtering method,
etc.

{Film Forming Apparatus)

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

Fig. 16 to Fig. 18 show schematically a
sequential metal film forming apparatus suitable for
applying the film forming method as described above.

The sequential metal £ilm forming apparatus,
as shown in Fig. 16, is constitﬁted of loaﬁlock
chamber 311 connected mutually communicated under
shielding from outer air through the gate valves
310a to 310f, a CVD reaction chamber 312 as the first
£ilm forming chamber, an Rf etcing chamber 313, a
sputtering chamber 314 as the second £ilm forming
chamber and a loadlock chamber 315, and the
respective chambers are constituted reducible in
pressure by evacuvation with theaevgcuation systems
316a to 316e. Here, the above loadlock chamber 311
is a chamber for replacing the substrate atmosphere
béfore deposition treatment with H, atmosphere after
evacuation in order to iﬁprove the throughput
characteristic. The next CVD reaction chamber 312
is a chamber for selective deposition on the
substrate according to the Al-CVD method as described
above under normal pressure or reduced pressure,
in which a substrate holder 318 having a heat-
generating member 317 which can heat the.substrate to
be formed to a range of 200 °C to 450 °C is provided

internally, and starting gases such as alkylaluminum
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hydride bubbled and gasified in the: bubbler 313-1 are

introduced into the chamber through the starting gas

introducing line 319 for CVD, afd also hydrogen gas
as the reactive gas is introduced through the gasline
319'. The next Rf etching chamber 313 is a chamber
for carrying out cleaning of the substrate surface
after selective deposition (etching) under Ar
atmosphere, and internally thereof are provided at
least a substrate holder 320 capable of heating the
substrate to a range of 100 °C to 250 °C and an -
electrode line for Rf etching 321, and also an Ar gas
feeding line 322 is comnected. The next sputtering
chamber 314 is a chember for depositing non-
selectively a metal film by sputtering under Arxr
atmosphere on the substrate surface, and internally
thereof are'provided a.substrate holder 323 heated
within a range of 200 *C to 250 °C and a target
eléctrode 324 for mounting a sputter target material
324a, and aiso an Ar gas feeding line 325 is
connected, The final loadlock chamber 315 is a
control chamber before taking out the substrate after
c0mp1etion.of the metal f£ilm deposition into the
outer air, and constituted so that the atmosphere may
be replaced with N2.
Fig. 17 shows another constitutional example

of a sequential metal film forming apparatus suitable

for applying the film forming methce@ as described

—_—— .
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1 abovq, and the same portions as described above in
Fig. 16 are made the same symbols. The difference
of the apparatus in Fig. 17 from that in Fig. 16
regides in that a halogen lamp 330 is provided as the
5 direct heating means and the substrate surface can be
directly heatgd, and for that purpose, the substrate
holder 312 is provided with a nail 331 for holding
the substrate under suspended state.
By heating directly the substrate surface
10 with such constitution, the deposition speed can be
further improved as described above.

The sequential metal film forming apparatus
with the above constitution, as shown in Fig. 18, is
substantially equivalent to one with the structure
i5 having the above loadlock chambex 311, the CVD
reactioﬁ chamber 312, the Rf etching chamber 313, the
sputtering chamber 314, the loadlock chamber 315
cohnected mutually to one another with the conveying
chamber 326 as the relay chamber. With this
20 constitution, the loadloék chamber 311 functions
also as the loadlock chamber 315. In the above
conveying chamber.326, as shown in the Figure, an arm
327 as the conveying means reversibly rotatable in
the AA direction and stretchable in the BB direction
25 is provided, and with the arm 327, as shown in the

arrowhead in Fig. 19, the substrate can be moved

following the steps successively from the loadlock
T .
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chamber 311 to the CVD chamber 312, 'the Rf etching

chamber 313, the spuftering chambex 314, the loadlock

chamber 315 without exposure to'outer air.
(Film Forming Procedure)

The film forming procedure for forming the
electrode and wiring according to the present
invention is described.

Fig. 20 is a schematic perspective view for
illustration of the film forming procedure for
formation of the electrode and wiring according to
the present invention.

First, the outline is described. A
semiconductor substrate having openings formed on an
insulating film is prepared, which substraté is
arranged in a film forming chamber, and its surface
is maintained at, for example, 260 °C to 450 °C to
deposit selectively Al at the portion where the
seﬁiconductor is exposed according to the hot CVD
method in a mixed atmosphere of DMaAH as the
alkylaluminum hydride and hydrogen gas. Of course,
as described above, a metal film composed mainly of
Al such as Al-Si, etc. may be also deposited
selectively by introducing a gas containing Si atoms,
etc, Next, on the Al selectively deposited by the
sputtering method and the insulating film, Al or a

metal £ilm composed mainly of Al is non-selectively

formed. Then, by patterning of the metsl film
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non-selectively deposited to a desired wiring shape,

electrodes and wirings can be formed.

Referring next to Fig.?17 to Fig. 20,
description is made in more detail. First, a
substrate is prepared. As the substrate, for
example, a single crystalline Si wafer having an
insulating film provided with openings with
respective apertures provided thereon is prepared.

Fig 20A is a schématic-view showing a part of
the substrate. Here, 401 is a single crystalline
silicon substrate as a conductive substrate, 402 a
thermaily oxidized silicon £ilm as the insulating
film (layer). 403 and 404 are openings {exposed
portions), having apertures different from each
other. 410 is the groove bottom with Si exposed.

The procedure for forming Al £ilm which
becomes the electrode as the first wiring layer on
tﬁé substrate is as follows with Fig. 20.

First, the substrate as described abhove is
arranged in the loadlock chamber 311. Hydrogen is
introduced into the loadlock chamber 311 to make it
under hydrogen aimosphere. 2And, the reaction chamberxr
312 is internally evacuated to approximately 1 x 1078
Toxr by the evacuation system 316b. However, Al £film
can be formed even if the vacuum degree within the
reaction chamber 312 may be worse than 1 x 10 ° Torr.

And, the gas of DMAH bubbled from the gas
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line 319 is fed. For the carrier gas for the DMAH

line, H. is employed.

2
e
The second gas line 319' is for H, as the

reaction gas, and by flowing H, through the second

gas line 319' and controlling the opening degree of

the slow leak valve not shown to adjust the pressure

within the reaction chamber 312 to a predetermined
value. A typical pressure in this case is preferably -
about 1.5 Torr. Through the DMAH line, DMAH is
introduced into the reaction tube. The total i
pressure is made about 1.5 Torr, and the DMAH pressure
5.0 x 1073 rorr. ‘Then, current is passed to the
halogen'lamp 330 to heat directly the wafer. Thus,
Al is selectively deposited. |

After elapse of a predetermined deposition
time, feeding of DMAH'iS once stopped. The
predetermined deposition time of the Al f£ilm
deéosited in this process is the time until the
thickness of the Al film on the Si (single
crystalline silicon substrate 1) becomes equal to the
£film thickness of the Sio2 (thermally oxidized
silicon film 2), and can be determined previously by
experimentation.

The temperature of the substrate surface by

direct heating at this time is made about 270 °C.

According to the steps up to this stage, the Al f£ilm

405 is selectively deposited within the openings and

—
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the grooves as shown in Fig. 20B.

All of the steps as described above are
referred to as the first film é;rming atep for
formation of electrode withiﬁ contact hole.

after the above first f£ilm forming step, the
CVD reaction chamber 312 is evacuated until reaching
a vacuum degree of 5 x 10"'3 Torr or lower by the
evacuation system 316b. At the same time, the RE
etching chamber 313 is evacuated to 5 x 10-6 Torr ar
lower. After confirmation that the both chambexs’
have.reached the above vacuum degree, the gate valve
310c¢ is opened, the substrate moved from the CVD
reaction chamber 312 to the Rf etching chamber 313
by the conveying means, and the gate valve 310c
closed. The substrate is conveyed to the Rf etching
chamber 313, and the Rf etching chamber 313 is
evacuated by means of the evacuation system 31é6c
until reaching a vacuum degree of 10-6 Torr ox lower.
Then, argon is fed through the argon feeding line
322 for Rf etching, and the Rf etching chamber 131
maintained under an argon atmosphere of 1071 to 1073
Toxr. The substrate holder 320 of Rf etching is
maintained at about 200 °C, Rf powex of 100 W
supplied to the electrode for Rf ethcing 321 for
about 60 seconds, and discharging of argon is caused

to occur within the Rf etching chamber 313 for about

60 seconds. By doing so, the surface of the
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substrate can be etched with argon.ions to remove
unnécessary surface layer of the CVD deposited film.
The etching depth in this case?is made about 100 A in
terms of the oxide. Here, surface etching of the CVD
deposited film is effected in the Rf etching chamber,
but since the surface layer of the CVD film of the
substrate conveyed through vacuum contains no oxygen,
etec., no Rf etching may be effected. In that case,
the Rf etching chamber 313 function as the
temperature changiﬁg chamber for effecting -
temperature change within a short time, when the
temperatures in the CVD reaction chamber 12 and the
sputterihg chamber 314 are greatly different.

In the Rf etching chamber 313, after
completion of Rf etching, flowing of argon is
stopped, and the argon within the Rf etching chamber
313 is evacuated. After the Rf etching chamber 313

is evacuated to 5 x 10~ °

-6

Torr and the sputtering
chamber 314 o 5 x 10 Torr or lower, the gate valve
3104 is opened. Then, the substrate is moved from
the Rf etching chamber 313 to the sputtexing chamber
314 by means of a conveying means, followed by
closing of the gate valve 3104.

After the substrate is conveyed to the
sputtering chamber 314, the sputtering chamber 314 is
1 -3

made under an argon atmosphere of 10 ~ to 10 Torr

similarly as in the Rf etching chamber 313, and the
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temperature of the substrate holder 323 for mounting
the substrate set to about 200 to 250 °C. and
discharging of argon is effectdd at a pe power of 5
to 10 KW to dut a target material such as Al or Al-Si
(Si: 0.5 ¢) and effect film Fformation of a metal
such as Al, Al-Si, etc. at a deposition speed of
about lOOOOIAImin. on the substrate. This step is
a non-selective deposition step. This is called the -
second film forming step for formation of the wiring
to be connected to the electrode.

After formation of a metal film of about 5000
i, flowing of argon and application of DC power are
stopped. After evacuation of the loadlock chamber
311 to 5 % 10"3 Tory or lower, the gate valve 310e is
opaened and the substrate moved.. After the gate valve
310e is closed, N2 gas is permitted to flow into the
loadlock chamber 311 until reaching atmospheric
péessure, the gate valve 310f opened and the
substrate taken out of the apparatus.

Adccording to the second Al film deposition
step as described above, the Al £ilm 406 can be

formed on the SiO2 film 402.

And, by patterning the Al film 406 as shown
in Fig. 20D, a wirxing with & desired shape can be
obtained.

(Experimental Examples)

In the following, how excellent is the
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above-described Al-CVD method is and how good of the

quality the Al film deposited within the openings is

are described based on the expe;imental results.

~First, as the substrate, a plurality of N-
type single crystalline silicon wafers were prepared,
which are thermally oxidized on the surface to form
Sio2 of 8000 ;, and have various openings with
various apertures from 0.25 pym x 0.25 pm sguare to
100 pm x 100 um sguare patterned to have the subbing
si single crystal exposed (Sample 1-1).

These are subjected to formation of Al £ilms
according to the Al-CVD method undex the conditions
as described below. Under the common conditions by
use of DMAH as the starting gas, and hydrogen as the
reaction gas, a total bressure o5 1.5 Torr, a DMAH
partial presure of 5.0 x 1073 Torr, the power amount
passed through the halogen lamp is adjusted and the
substrate surface temperature set within the range of

200 °C to 490 °C to form films.

The results are shown in Table 1.
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Table 1

01

Substrate
surface
temperature( °*C}

200 |230 |250

260

270

280

300

350

400 | 440

450 | 460 | 470 | 480

490

Deposition
speed (gp/min)

< 1000 - 15003

3000

- 5000

¥ U2ag Sef 1994g sty |

Line defect
of Si '

l_ Not recognized

Carhon
content

.— Not detected

Resistivity
(Quecm)

c-—2.7 - 3.3 —9%%

2.

8 - 3.4

N

Reflectance
(%)

e . 85 - 95

90 ~ 95

60

_%%

"Hillock density
of 1 um or more

1 - 102

0 - 10

10 - 10

Spike generation
(destruction
probability of
0.15 pm junction)

—1_ 0 - 30
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As can be seen from Table 1, at a substrate

surface temperature by direct heating of 260 °C or

higher, Al is deposited selectf%ely at a high
deposition speed of 3000 to 5000 slmin. within the
openings.

When the characteristics of the Al f£ilm
within the openings at substrate surface temperature
range of 260 °C to 440 °C are examined, they are
found to be excellent such that no carbon is
contained, with resistivity being 2.8 to 3.4 ullew,
reflectance 90 to 95 %, hillock density of 1 um orx
higher 0 to 10 and substantially no spike generation
(destruction probability of 0.15 um junction).

In contrast, at substrate surface
temperatures of 200 °C to 250 °G, the film is found
to be considerably good as compared with the prior-
art although the £ilm quality is slightly worse as
coﬁpared with the c¢ase of 260 °C to 440 °C, but the
deposition speed is 1000 to 1500 ;/min., which can
never be said to be sufficiently high.

When the substrate surface temperature
becomes 450 °C or higher, the characteristics of the
Al f£ilm with the openings are lowered with the
reflectance becoming 60 % or less, hillock density
of 1 um or more 10 to 10% cm-z, alloy spike
generation 0 to 30 %.

Next, description is made about how suitablyl
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the method as described above can be used openings

such as contact hole or thru-hole,

Thet 4is, it can be also'preferably applied
to the contact hole/thru-hole.structure comprising
the material as described below,

On the Sample 1-1 as described above, an Al
£ilm is formed on a substrate (sample) as described
below under the same conditions as when the Al film
is formed.

On a single c¢rystalline silicon as the first
substrate surface material is formed a silicon oxide
film accoxding to the CVD method as the second
substrate surface material, and patterning effected
according to the photolithographic steps to have the
single crystalline silicon surface partially exposed.

The film thickness of the thermally oxidized
Si02 £ilm has a f£ilm thickness of 8000 i, the exposed
poftion of the single crystalline silicon a size of
0.25 ¥ m x 0.25 um to 100 ym x 100 pm. Thus, Sample
1-2 is prepared (hereinafter such samples are
represented as "CVD Sio2 {hexreinafter abbreviated
as sioz)/single crystalline silicon"}.

Sample 1-3 is boron doped oxide f£ilm formed
by normal pressure CVD (hereinafter abbreviated as
BSG)/single crystalline silicon,

Sample l-4 phosphorus doped oxide film formed

by normal pressure CVD {(hereinafter abbreviated as
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PSG}/single crystalline silicon,

Sample 1-5 phosphorus and boron doped oxide
€ilm formed by normal pressure?CVD (hereinafter
abbreviated as BSPG)/single crystalline silicon,

Sample 1-6 nitride film formed by plasma CVD
(hereinafter abbreviates as P-SIN)/single crystalline
silicon,

Sample 1-7 hot nitride £ilm (hereinafter
abbreviated as T-SiN)/single crystalline silicon,

Sample 1-8 nitride film formed by low -
pressure CVD (hereinafter abbreviated as LP-SiN)}/
single crystalliine silicon,

Sample 1-9 nitride film formed by means of an
ECR apparatus (hereinafter abbreviated as ECR-SiN)/
single crystalline silicon. N

Further, according to all combinations of the
first substrate surface materjals (18 kinds) and the
second substrate surface materials (9 kinds),
Samnples 1-11 to 1-179 (note: Sample Nos. 1-10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140,
150, lGd. 170 are lacking) are prepared. As the
first substrate surface material, single crystalline
silicion (single crystalline Si), polycrystalline
silicon (polycrystalline $i), amorphous silicon
{amorphous Si), tungsten (W), molybdenum (Mo),
tantalum (Ta), tungsten silicide (WSi), titanium

silicide (Ti$i), aluminum (Al), aluminum silicon
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(Al1-si), titanium aluminum {(Al-Ti), titanium nitride

" (Ti-N), copper (Cu), aluminum silicon copper (Al-Si-

Ccu), aluminum palladium (Al-Pd), ftitanium (Ti),

molybdenum silicide (Mo-Si), tantaltum silicide (Ta-
Ssi) are employed. As the second substrate surface
2 5102.
LP-SiN, ECR~8iN are employed. For all of the samples

material, T-SiO BSG, PSG, BPSG, P-SiN, T-8iN,
as described above, good Al films comparable with the
Sanple 1-1 ¢ould be formed.

Next, on the substrate having Al deposited _
selectively as described above, Aliis deposited non-
selectively according tc the sputtering method as
described above, followed by patterning.

As the result, the Al film formed according
to the sputtering method, and the Al film selectively
selected within the openings are found to be under
the contact state with both electrically and
mechanically ﬁigh durability due to good surface
characteristic of the Al £ilm.

{Experimental Examples)

Samples of semiconductor device are trially
made according to the methods as described in
Examples 1 to 8, and as the result of
experimentation, good characteristics as expected

can be obtained.
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WHAT IS CLAIMED ISs

1. A semiconductor device having a device
region and a device seperation®region formed on a
semiconductor substrate doped with impurities, and
the device separation region having a metal wiring
formed on the surface of said device region or the
back surface of said substrate,

characterized in that an aluminum region
extending in the longitudinal direction connected to
sajdd metal wiring is formed within said device -

separation region.,

2. A semiconductor device having device
separation region, which device having a device
region and a metal region compoged mainly of aluminum
which becomes the device separation region extending
out in the longitudinal direction formed on an
iﬁsulating substrate, one end of the metal region
being in contact with said insulating substrate and

the other end with the surface exposed.

3. A semiconductor device according to Claim

1. wherein said semiconductor device is a

solid image pick up device.

4. & semiconductor device, comprising a

semiconductor substrate having at least two

{ _—
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functional devices, and having a buried metal wiring
layer for comnecting said at least two functional
devices provided internally of%said semiconductor

substrate.

5. A semiconductor device according to Claim
4, wherein further at least one metal wiring layer is

laminated on said metal wiring layer.

6. A semiconductor device according to Claim
4, wherein the metal wiring layer provided
within said semiconductor substrate is formed of &

single crystalline aluminum,

7. A semiconductor device according to Claim
6, wherein said semiconductor substrate and the metal
wiring layer provided within said substrate are
electrically separated with a layer region of the

conduction type opposite to that of said substrate.

8. A semiconductor device according to Claim
4, wherein said semiconductor device includes a logic

circuit.

9. A semiconductor device according to Claim

2, wherein said semiconductor device is a

solid image pick up device.
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5, wherein the metal wiring layer previded
within said semiconductor sub;izrate is foxmed of a . -
single crystalline aluminum.

S . 11. A semiconductor device, comprising a plurality
of active regions each separated one from the other by a
device separation regioﬁ_, which device is characterised
.in that:
each device separation region is provided with a metal or -

1e metallic filling.

15 &

20

235

'This Sheet Has Been Replaced |

B




