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Field of the Invention

This invention relates to a semiconductor
integrated circuit device such as memory, photoelectric
converting device, signal processing device, etc. to
be mounted on various electronic instruments,
particularly to a semiconductor device having a
specific feature in its electrode structure and a
method for preparing the same.

Related Background Art

To describe the prior art, as an example, the
vertical PNP (hereinafter abbreviated as V-PNP)
transistor which is used in recent years as the
functional device for hiéhly integrated semiconductor
device may be mentioned. For example, one having
the structure shown in Fig. 1 has been known. In Fig.
1, the symbol 1 is a P~type silicon substrate. On
the P-type silicon substrate 1 is formed an Nt puried
layver 2, and on the Nt buried layver 2 is formed a
collector region 5 comprising a P* puried layer 3
and a P well layer 4. Within the P~ well layer 4 of
the collector region 5 is formed an N well layer 6,
and further within the P well layer 6 are formed a

+ +
P layer 7 and an N layer 8 made apart from each



devi ce may be nentioned. For exanple, one having the structure shown
in Fig. 1 has been known. In Fig. 20 1, the synbol 1 is a P-type silicon

substrate. On the P-type silicon substrate 1 is fornmed an N err]

buri ed- | ayer 2, and on the N buried layer 2 is forned a

collector region 5 conprising a P[err] huried |layer 3 and a P well

| ayer 4. Wthin the P well |ayer 4 of 5 the collector region 5 is forned
an N well |ayer 6, and further within the P well layer 6 are forned a
Plerr] layer 7 and an N |layer 8 nade apart from each

-2- 1  gtheptneW t hwithhg Bhe“ﬁrlwéﬁyeia§e9f4t89 eRb| &1 DEctor TEQiOn
5is forned a P |layer 9 apart fronlthe N wel | ayer 6. And, on the P
layer 7, the N eeglohayeis8swihbana p* 1&9@:N9 wehtt! ayst Bnangd ther Pl err]

| ayer 9 within the P 5 well layer 4 are respectlvely+forned an emtter
layer 6. And, on the P 1layer 7, the N layer 8 within

10

25

the N  well layer 6 and the P layer 9 within the P

5 well layer 4 are respectively formed an emitter
electrode 10, a base electrode 11 and a collector
elecfrode 12.

Around the collector region 5 as mentioned

above, an N epitaxial layer 13 is formed.

In the V-PNP transistor with such structure,

when the transistor actuation enters saturation region

{(stage), current may be sometimes leaked from the

collector region 5 through the N-epitaxial layer 13

into the P-type silicon substrate 1, thereby forming

15 a parasitic PNP transistor. For this reason, as shown

in Fig. 2, there has been also known a transistor which

has been made to have a constitution having a deep

+ . .
N layer 14 in contact with the N+ laver 2 and

surrounding the collector region 5 formed within the

20 N epitaxial layer 13, and further in which the emitter

grounding current amplification B of the parasitic PNP

transistor is reduced by biasing to the maximum
potential, whereby the leak current to the P-type

silicon substrate 1 can be reduced. The guard ring

Nt buried layer 2 through the N' layer 14.

However, in the transistor of the type shown

electrode 15 of the transistor is taken out from the



el ectrode 10, a base electrode 11 and a collector
Around the collector region 5 as nenti oned above,
13 is forned. 10 In the V-PNP transistor wt
when the transistor actuation enters saturation region
current may be sonetines | eaked from ghe col | ector

el ectrode 12.
an N epitaxial |ayer
h such structure,
(stage),
region 5 through

the N-epitaxial |ayer 13 into the P-type silicon substrate 1, thereby
formng 15 a parasitic PNP transistor. For this reason, as shown in

Fig. 2, there has been also known a transistor which

has been nmde to

have a consti tiut Fan.havieng @ideep, the Murkayer £iémi Aheoshaetewi th the N

| ayer 2 and surroundi ng the collector _region 5 formed within the 20
N epitaxi al kdpetrdde afdfflowshéntonthki h whéledmyeerof thegroundi ng
current anplification [err] of the parasitic PNP transi stor is reduced
by bi asi ng tocechdegarirmyegion Spendntheal P whoréby dhgeredk current to the
P-type silicon substrate 1 can be reduced. The guard ring 25

el ectrode 15 WhefRErORaisi d6oitakent ghén tdgpupghohehB layerN? dbried | ayer
2 through the N |ayer 14. However, in the transistor of the

type show? the transistor surface at the collector electrode 12,

and therefore the resistance of the P well layer 4

becomes larger, thus involving the drawback that the

collector series resistance becomes larger as a whole.

Further, when the collector series resistance becomes

10 larger, the emitter grounding current amplification B8

of large current region becomes lower, while when

collector region 5 is taken larger, there will occur an

inconvenience that the device size becomes larger.

In the transistor shown in Fig. 2,

because the

+ . . . s -
15 N layer 14 is required to be provided within the N

(epitaxial) layer 13 around the collector region 5,

the margins of the collector region 5 and the device

separation region 16 are required to be taken

sufficiently large due to the influence of lateral

20 spreading of the diffusion layer, and therefore the

device size becomes large also in this case, and yet

the junction capacity with the N+ layer 14 of the

collector region 5 will be increased.

The technical task as described above is

25 marked in V-PNP transistor, and also in other

functional devices, there is main electrode region

{buried collector, buried base, buried emitter,



-3 71 in Fig. 1 and Fig. 2, the current fromthe emtter el ectrode
10 flows into the P well |ayer of the collector region 5 and the P
buried | ayer 3, wherefromit is taken out through the P+ layer 9 on 5
the transistor surface at the collector electrode 12, and therefore
the resistance of the P well layer 4 4 - beconmes |arger, thus involving

t he drawback that the col l ector series resistance becones |larger as a
whol e. Furt her, when the collector series resistance beconmes 10

| arger, the emitter grounding current anplification [err] of |arge
current regi onbhetedesolveer  bwhi¢d dihahn, buried |exhter eteglonwixhisn t aken

| arger, there will occur an i nconveni ence that the device size becones
| ar ger. semicOnfyuctpe $hkeisTater amdwht ks ARPLicale figel kaiely 15
Nerr] layer 14 is required to be provided within the N (epitaxial)

| ayer 13 arounaftﬁer%%¥?%cfeﬁ ?%EF?FFEPg electrically salid electrode

region to the electrode wiring on the substrate surface

5 is regquired.

SUMMARY OF THE INVENTION

A primary object of the present invention is to

provide a semiconductor device more excellent than in
10 the prior art.

More specifically, the present invention has
been accomplished in order to solve the technical task
as described above, and its object is to provide a
semiconductor device capable of great current

15 actuation.

Another object of the present invention is to
provide a semiconductor device including a bipolar
transistor, having a collector region including a
first semiconductor region of the first

20 electroconduction type and a second semiconductor
region of the first electroconduction type having
higher resistance than said first semiconductor region,
a base region including a semiconductor region of the
second electroconduction type, and an emitter region

25 including a semiconductor region of the first
electroconduction type, said device comprising a

metal layer region for connecting said first



the margins of the collector region 5 and the device separation

region 16 are required to be taken sufficiently large due to the

i nfluence of lateral 20 spreading of the diffusion |ayer, and therefore

t he devi ce size becones large also in this case, and yet t he
junction capacity with the N layer 14 of _the collector region 5 wll
be increased. The techni cal task as described above is 25
marked in V-PNP transistor, and also in other functional devices,
there is main el ectrode region (buried collector, buried base, buried
emtter, ;  semiconductor region and the coflecto} ehHELBHasOWhCe, buried
drain, buried gate, etc.) within sem conduct or substrate, and it is
appl i cabl e si mMgadd Yollectch aeg@@noprbendeanneehingselacketeaklly said

el ectrode region to the electrode wiring on the substrate surface 5
I's required. semiconductor region layer of said collector region.

5 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic sectional view showing an
example of the bipolar transistor of the prior art.

Fig. 2 is a schematic sectional view showing
another example of the bipolar transistor of the priorx

10 art.

Fig. 3 is a schematic sectional view showing the
first embodiment of the present invention.
Figs. 4A to 4I are schematic sectional views
for illustration of the preparation method of the
15 semiconductor device according to the present invention.
Fig. 5 is a schematic sectional view showing
the second embodiment of the present invention.
Fig. 6 is a schematic sectional view showing
the third embodiment of the present invention.

20 Figs. 7A to 7E are schematic views for illustration
of the semiconductor device according to the third
empbodiment of the preéent invention.

Fig. 8 is a schematic view for illustration
of the CVD apparatus to be used for preparation of

25 the semiconductor device according to the present

invention.

Figs. 9, 10 are schematic views showing one



SUMVARY OF THE | NVENTI ON A primary object of the present

invention is to provi de a sem conductor device nore excellent than in
10 the prior art. More specifically, the present invention
has been acconplished in order to solve the technical task as
descri bed above, and its object is to provide a sem conduct or device
capabl e of great current 15 actuation® ~ Anot her object of the
present invention is to provide a sem conductor device including a

bi pol ar transi stor, having a collector region including a first

_ _ ;
sertconduot 91 " ERLARE GENeLLl K5l POmEhEChLBERINE!Lon, %§§€eﬁa§?ﬁgsec°”
hi gher resi stan 9aggaela LT ESLeSR0bENTOLLEOLON  poq AcDBSE Tegi on

i ncluding a se con ucto regi fon type,

and an emtter 4egiAg 143er! gl lﬂﬂbngeﬂl88%88@990&861589%8{90% fpe i rst

el ectroconduction type, said device conprising TaVe? F2gion
for connecting sAkdpkeksht invention.

5 Fig. 11 is a schematic plan constitutional view
of the apparatus shown in Figs. 9 and 10.
Fig. 12 is a schematic constitutional view of

the movement order of the substrate in Fig. 11 added

with arrowheads.

10 Figs. 13A to 13D are schematic views for
illustration of the preferable film forming method
for formation of the wiring layer in the semiconductor

device according to the present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following, preferred embodiments of the
present invention are described.
An electrode structure to be used in a
preferred embodiment of the present invention is an
20 electrode region comprising a metal region with an
aspect ratio buried within the semiconductor
substrate.
The electrode structure of the present
invention forms a part of the electrode wiring
25 internally of the semiconductor substrate in the
sense of series resistance reduction, and can be

utilized for all functional devices, namely functional



- 5- I sem conductor region and the collector el ectrode on said

col l ector region provided within said second sem conduct or region

| ayer of said collector region. 5 BRI EF DESCRI PTION OF THE DRAW NGS
Fig. 1 is a schematic sectional view showi ng an exanpl e of the bipolar
transi stor of the prior art. Fig. 2 is a schematic sectional

Vi ew show ng anot her exanpl e of thé bi pol ar transistor of the prior

10 art. Fig. 3 is a schematic sectional view show ng the
first enbodi nent of the present invention. Figs. 4A to 41 are

schematic sectigpak -¥keWScn as FOE15! L %EE@t£9€ﬂ8£S£QF gy ation met hod

re
C p?l .
of the 15 sem conductor aeV|ce accorglng to the présén nventi on.
transistor, diffusion resistance, etc. Particularly,

great effects will be exhibited when it is utilized for
the collector electrode of a bipolar transistor, above

5 all V-PNP transistor.
(First embodiment)

Fig. 3 is a schematic sectional view showing a

V-PNP transistor as its example. 1In Fig. 3, the same
symbols are attached to the same constitutional

10 portions as in the V-PNP transistor of the prior art
shown in Figs. 9 and 10, and description thereof is
onmitted.

In Fig. 3, the symbol 20 is a first electrode

region comprising a metal as the electroconductive

15 material. Here, W < H, with H/W being 1.0 or higher,
preferably 2.0 or higher, optimally 3.0 or higher,
whereby the area occupied by the collector electrode can
be made smaller. The first electrode region 20 connects
the P+ buried layer 3 in the collector region 5 to the

20 collector electrode 12, and is formed here along the
direction crossed at right angle as the crosslinking
direction relative to the surface of the P-type silicon
substrate 1 within the P well layer 4 of the collector
region 5 between the pT buried layer 3 and the

25 collector electrode 12 and the interlayer insulation
film 18. The P well layer 4 has higher resistance

+ . :
than the P buried layer. 1In the present embodiment,



Fig. 5 is a schematic sectional vi ew show ng t he second enbodi nent of

the present invention. Fig. 6 is a schematic sectional view
show ng the third enbodi mrent of the present invention. 20

Figs. 7Ato 7E are schematic views for illustration of the

sem conduct or device according to the third enbodi nent of the present
I nventi on. Fig. 8is a scRefatic view for illustration

of the CVD apparatus to be used for preparation of 25 the sem conductor

devi ce according to the present i nventi on. Figs. 9, 10

?re Zigﬁg?gigfv%%éngeﬁﬁbggﬁ?%%tagﬁﬁ%ﬁ?u%a¥8rb%su%%dd}B?Ct Om“%?acticing-
the preferable Lohihberyieg URENGY Bhri08 1averY4!TAG LAYSL I 1lfer
sem conduct or device according to e pfesent Tnvention.
corresponding to the p* layer 9 in the transistor of
the prior art shown in Figs.l and 2 is formed.

5 As the electroconductive material for forming
such first electrode region 20, materials conventionally
employed for electrodes or wiring in electronic devices
or integrated circuit devices by use of semiconductors,
and among them pure aluminum or an aluminum composed

10 mainly of Al and containing silicon as a metal (Al-Si),
etc. may be preferably employed. Particularly, Al is
inexpensive, has high electroconductivity, and also
can form a dense oxidized film on the surface, thereby
having a number of advantages such that the inner

15 portion is chemically protected to be stabilized
and has good adhesion with Si, and therefore it can
be preferably used when connecting well the P+ buried
layer 3 to, for example, a collector electrode 12
comprising Alp

20 Thus, when the metal buried electrode is
electrically connected to a predetermined portion only
at the bottom of the groove, the whole side wall
surface should be preferably covered with an insulation
film.

25 On the other hand, when the metal buried
electrode is insulated from a part of the side wall

or the bottom of the groove, only said portion is



5 ' Fig. 11 is a schematic plan constitutional view of the

apparatus shown in Figs. 9 and 10. Fig. 12 is a schematic
constitutional view of t he novenent order of the substrate in Fig. 11
added wi th arrowheads. 10 Figs. 13A to 13D are schematic
views for illustration of the preferable filmformng nethod for
formation of the wiring layer in the s&nfconductor devi ce according to
the present invention. 15 DETAI LED DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS In the follow ng, preferred enbodi nents of the

pr esent iqyent&on arg degﬁribed. atio . An el ectrode structure to be
used in a BYef &fr B4 BnBBat AR 2 5+°PnE BPesent invention is an 20

el ectrode regi on conpry,sing IO | a pe ratio buried
within the seniconduct%?kg' §y2§%§%¥%§%g QOW%{Q' Ih tofﬁgibléétfghe

structure of the.pEeseat tne pkDYERLI ORLLALIE, 4 PLaehside, o eotode

wring 25 interna em conductor substrate Int sense of
series resistance redug{iop; 8Rd €38 Bfample, on the surface of a

5 P-type silicon substrate 1 having an impurity
1
concentration of l()‘4 to lols/cm3, a thermally

oxidized film 30 comprising SiO. for diffusion mask,

2
etc. is formed with a thickness of, for example, 0.8
to 1.0 mm, and the by patterning of the thermally
10 oxidized film 30, openings 31 with predetermined sizes,
shapes are formed. Next, with the thermally oxidized
film 30 as the mask, an N-type impurity such as Sb
{(antimony) or As (arsenic) is introduced according to
the ion injection method in the surface of the P-type
15 silicon substrate 1 through the openings 31 of the
thermally oxidized film 30, heat treatment is carried
out to activate the N-type impurity simultaneously
with diffusion thereof internally of the P-type
silicon substrate 1. Thus, for example, an N+ buried
20 layer 2 with a sheet resistance 40 to 120 Q/[1 is formed
(Fig. 4A).
2) Next, after removal of the thermally
oxidized film 30 as described above, a thermally

oxidized film 32 comprising another SiO etc. 1is

2!
25 formed with a thickness of, for example, 100 to 1000

o

A. Resist patterning is effected on the thermally

oxidized film 32. After incorporation of a P-type



utilized for all functional devices, nanely functional

-7- 1 devi ces such as field effect transistor, bipolar

transi stor, diffusion resistance, etc. Particularly, great effects
will be exhibited when it is utilized for the collector electrode of
a bipolar transistor, above 5 all V-PNP transistor. (First

enbodi nent) Fig. 3is a sch@nmatic sectional Vi ew showi ng a
V-PNP transistor as its exanple. In Fig. 3, the sane synbol s are

attached to the same constitutional 10 portions as in the V-PNP

transistor of tHGRELY ¥ s (borBAPMinid th%ng’gpﬁgggén%?ng gessy' prion

thereof is flrst

el ectrode BQ PRgGAIPLIIBYNA ;i MG BB akNEreLRE KOCRNEYEL] Yayer

B through the openings of the resist, heat treatment
is applied after removal of the resist. By such heat
5 treatment, the impurity as described above is
activated simultaneously with diffusion internally of
the substrate 1. Thus, P+ layers 33, 34 of, for
example, 200 to 1000 Q/[3 are formed (Fig. 4B).
3) Next, after removal of all the oxidized
10 films on the silicon substrate 1, an N-type epitaxial
layer 13 is grown. The N-type epitaxial layer 13
should desirably have its thickness of about 1 to
5 um, and a specific resistance of about 1 to 20 Q/cm.
In such epitaxial growth, the impurity is diffused
15 into the N-type epitaxial layver 13 from the p* layers
33, 34. Particularly, from the N* buried layer 2
(P+ layer 33), the N-type and P-type impurities are
diffused into the N-type epitaxial layer 13. However,
since the P-type impurity with greater coefficient of
20 diffusion is diffused at higher diffusion speed, a P’
buried layer 3 will be formed on the N+ buried laver
2 (Fig. 4C).
4) Next, a thermally oxidized film is formed
on the surface of the N-type epitaxial layer as
25 described above, the thermally oxidized film is
subjected to patterning to form openings. After

introduction of a P-type impurity such as B into



15 material.
2.0 or higher
the coll ector

regi on 20 connects

Here, W< H wth HWbeing 1.0 or higher, preferably
, optimally 3.0 or higher, wher eby the area occupi ed by
el ectrode can be made snaller. The first el ectrode

the P buried layer 3 in the collector region 5 to

the 20 collector electrode 12, and_iglfgrned here al ong the

direction crossed at right angle as thé crosslinking direction
relative to the surface of the P-type silicon substrate 1 within the P
wel | layer 4 of the collector region 5 between the P buried |ayer 3
and the 25 calleh@itaRlces adRr 23l e taiian! angeri N3UbatbeRing film
18. The P well |ayer 4 has higher resistance than the P buried’| ayer.
In the present wyriedi Meijtlection through the openings with the - 8- 1
because the first wiring layer is in direct ohmc contact with the P

buried | ayer 3,thecmaifyr idxidizger £ilm asorthes pasdi,NGpeba theaPmehayer 9 in
the transistor of

10

15

20

25

is effected to have the impurity diffused internally of
the N-type epitaxial layer 13. By such ion injection
method and heat treatment, a P~ well laver 4 is formed
on the P+ buried layer 3 (Fig. 4D). The well layer 4
should desirably have a sheet resistance of about 2
to 10 kQ/f71.

5) ©Next, after removal of the thermally

oxidized film from above the N-type epitaxial layer

13, a2 thermally oxidized film with a thickness of 100 to

1000 A and a non-oxidizable film comprising Si etc.

3Ny
with a thickness of 1000 to 2000 A are successively
laminated. Next, on the laminated film, patterning
is applied to form openings for device separation
region as described below. And, according to the
selective oxidation by use of the laminated film as
the oxidation resistant mask, a field oxidized film
region 17 for device separation {thickness 0.8 to
1.0 um) and a device region for bipolar region are
formed, and then the laminate film as described above
is removed (Fig. 4E).

6) Next, a thermally oxidized film with a
thickness of 200 to 1000 A is formed on the N+ type

epitaxial layer 13 in the device region, the thermally

oxidized film is applied with resist patterning to



the prior art shown in Figs.1 and 2 is fornmed. 5 As the

él ectroconductive material for formng such first electrode region 20,
mat eri al s conventionally enpl oyed for electrodes or wiring in

el ectroni c devices or integrated circuit devices by use of

sem conductors, and anong them purge_al umi num or an al um num conposed
10 minly of Al and contai ning silicomas a netal (Al -Si), etc. may
be preferably enployed. Particularly, A is i nexpensi ve, has high

el ectroconductivity, and al so can forma dense oxidized filmon the

surface, thereb hawil ulrb, @g¥ﬁ953Q§ sugh t the inner 15
portion is ghemy%%Tl?/pproﬂt@%t%%Pt 0 %ée g‘%% 1TTZe e ancﬁcﬂgasr good adhesi on
ith Si, dth | ti |1

W ., an ff&ﬁ&i@téff. Caf%e% afgerxprféﬁ é’tf&?ﬁf"’%%{‘ z\f:-g{i{?bgec ' ng we

the P[err] buried ayer exanple, a collector trode 12

comprising Al. i@urity throdihSendhefed 18 dTEtdle butid ol 6l ey g, ds

electrically connected to a predetermned portion only at the bottom
of the groove, themwhelfembeledahd then Belf aceeshmin he drmfarabl y
covered with an insulation film 25 On the other hand, when

the metal bérieBy doing so, a N well layer (base) 6 is formed within
the P well layer 4. The formation conditions of
the base layer 6, which depend on the characteristics
of the bipolar transistor to be prepared, should
desirably be made to have a sheet resistance of about
10 0.6 to 3 k/[0. (Fig. 4F).

7) Next, on the surface of the device region,
a thermally oxidized film is formed, and the thermally
oxidized film is applied with resist patterning to
form openings at the positions corresponding to the

15 N well layer (base) 6 of the thermally oxidized
film, namely the emitter formation region of the
resist and the PN device separation region. Next,
after introduction of a P-type impurity such as B,
BF2 etc. through these openings, the thermally

20 oxidized film as the resist is removed.

Next, a thermally oxidized film is formed on
the surface of the N well layer (base) 6, the
thermally oxidized film is applied with resist
patterning to form openings for formation of the N+

25 layer of the base contact. Next, after formation of
an N-type impurity such as As, etc. though the

openings according to the ion injection method,



el ectrode is insulated froma part of the side wall or the bottom of

‘the groove, only said portion is . -9-

1 covered with an insulation film Next, by referring to
Fig. 4Ato Fig. 41, an exanpl e of the present invention is described.
1) First, for exanple, on the surfaqglgg_a 5 P-type silicon substrate 1
having an inpurity 14 15 3 o .
concentration of 10[err] to 10 /cnierr] a thernally oxi di zed film 30
conprising SiJerr] for diffusion nask, etc. is formed with a

t hi ckness of , 4 Q{heﬂ:)frﬂﬂ}lgﬁ,oﬂcﬁzed £110 o GHEreaNd NG By RRL.erni ng of
the thermally 10 oxi di zed film 30, openings 31 with predeterm ned sizes,

shapes are forned. Nexthewy tthd hre-dyher madduriayi disze@tivated iahep 30 as the
mask, an N-type inpurity such as Sb (antinony) or As (arsenic) is
I ntroduced accbrfifivepd dy application of heat treatment to form the
P+ layer 7 and the N+ layer 8 separately from each
5 other at the upper portion of the N well layer (base)
6 (Fig. 4G).

The ion injection conditions of the P-type
impurity in this step and subsequent heat treatment
conditions are determined depending on the

10 characteristics of the bipolar transistor to be
prepared.

8) Next, on the whole surface of the device
region and the device separation, for example, BPSG
(Boro-phospho silicate glass), etc. is deposited to a

15 thickness of about 0.6 to 1.0 um according to the CVD
method, annealing is applied to form an interlayer
insulation film 18.

9) Next, a thermally oxidized film is formed

on the interlayer insulation £ilm 18, and the thermally
20 oxidized film is applied with resist patterning to

form openings for contact hole. Subseguently,

through the openings the interlayer insulation film

18 and the P well layer 4 are applied with etching

in two steps to form collector contact holes reaching
25 the surface of the P+ buried layer 3, and then the

thermally oxidized film as the resist is removed.

Then, a first electrode region 20 comprising an Al film



the ion injection method in the surface of the P-type 15 silicon

substrate 1 through the openings 31 of the thermal |y oxidized film
30, heat treatnent is carried out to activate the N-type inpurity

si mul t aneousl y with diffusion thereof internally of the P-type
silicon substrate 1. Thus, for exanpl ﬁ an N[err] buried 20 layer 2 with
a sheet resistance 40 to 120 [err]/[er f I's forned (Fig. 4A).

2) Next, after renoval of the thermally oxidized film 30 as descri bed
above, a thermally oxi dized film 32 conprising another Sierr], etc.
Is 25 formed thisc S ;Qf r.ae ... 10Q .t 0Q0_ A

Resi st patgérnfﬁggﬁgégf éc?ggﬁbﬁgtggkiegréggp$%1né Qoogpéiggdc Pln132.

After incorpor gdigi0f ra gP- ype - 10 -

1 i mpurity of B (boron) i nto'th_e N buried layer 2 and t he region
surroundi ng outside of jighe Nexuriced thay@lurface of the device region

is formed a thermally oxidized film, which thermally

) oxidized film is applied with patterning to form
resist openings for formation of contact holes for
base and emitter. Next, through these openings, etching
is applied on the interlayer insulation film 18 to form
base contact holes and emitter contact holes,

10 respectively. Subsequently, within these base contact
holes and emitter contact holes, electrode layers 21
and 22 comprising an Al film or an Al-Si film are again
formed so as to be coplanar with the interlayer
insulation film 18 according to the Al-CVD method.

15 Next, an Al film or Al-Si film is formed with
a thickness of 0.5 to 1.0 um on the whole surface of
the device region according of the non-selective CVD
method or sputtering method, and by application of
patterning to the Al film, etc., the respective

20 electrodes of emitter electrode 10, base electrode 11,
collector electrode 12 and the wirings accompanying
these are formed to prepare desired V-PNP (Fig. 4I).

As shown in Fig. 4H, the first electrode
region 20 is grown so as to be coplanar with the

25 interlayer insulation film 18 according to the Al-CVD
method, but it is alsoc possible to stop once the

selective growth at the stage when the first wiring



B t hrough the openings of the resist, heat treatnent is applied after
‘removal of the resist. By such heat 5 treatnent, the inpurity as

descri bed above is activated sinultaneously with diffusion internally
of the substrate 1. Thus, P layers 33, 34 of, for exanpl e,
200 to 1000 [err]/[err] are formed (Fiig -4B). , 3) Next, after
renoval of all the oxidized 10 filnms on the silicon substrate 1, an
N-type epitaxi al | ayer 13 is grown. The N-type epitaxial |ayer 13
shoul d desirably have its thickness of about 1 to S [egrr]m and a

speci fic nesi steamoe 2 razouteeh tgr@th @ccmoplanar Witdhucheepi t aeildl growt h,
the inpurity is diffused 15 into the N-type epitaxial layer 13 fromthe P
| ayers 33ay®r. 4.pand @ifadty seflagrhitviee gxowilr bad indyélting (Plerr]

| ayer 33), the N-type and P-type |rrpur|t|es are di ffused into the
N-type epitaxiagaimydie F3.-Qidhaiadhod afteyi feamadop Ofpéhienpasiety with
greater coefficient of 20 dlffu5|on is diffused at higher diffusion

speed, a P an4nﬁW¥ﬁ$?§nﬁ9“??9ﬁIhoHﬁ§1%ﬁwﬁﬁf95%bﬁﬁeaﬂovﬁurF@&rFQYer 2
F 4C th d fi | f d
E)nI tghe erSf ac®BE &g tﬁ%é’eé:ﬁijtvﬁluéip%r naé‘r"ysi‘g:xel o The leiTe® TOr

electrode region 20 and the electrode layers 21, 22
coplanar.

In a V-PNP transistor thus constituted, since
the first electrode region 20 is provided, the

10 collector series resistance of the P well layer 4
can be reduced to great extent, and therefore reduction
of the emitter grounding current amplitude B of the
large current region, namely the present transistor
can be ameliorated.

15 ({Second Embodiment)

Fig. 5 is a schematic sectional view showing
another embodiment of the present invention. Also
in Fig. 5, the same constituent portions as those of
the V-PNP transistor of the prior art showing Figs.

200 1, 2 are attached with the same symbols, and
description there of is omitted.

The present invention can be suitably used
for the second wiring layer comprising an
electroconductive material shown by the symbol 24 in

25 Fig. 5. The second electrode region 24 connects the
guard ring electrode 15 on the interlayer insulation

film 17 to the N+ buried layer 2, and is formed along



25 described above, the thermally oxidized filmis subj ected to

patterning to form openings. After I ntroduction of a P-type inpurity
such as B into 1 the surface of the N-type epitaxial |ayer
13 according to ion injection through the openings with the
thermal |y oxidized filmas the mask,-hgat-treatnent Is effected to
have the inpurity diffused internally of 5 the N-type epitaxial |ayer
13. By such ion injection met hod and heat treatnent, a Plerr] well

| ayer 4 is forned on the Plerr] buried |layer 3 (Fig. 4D). The well

| ayer 4 1 shhel didestiabl ygrdbayeng sheetghesasgbnces othaboutfée of to 10
k[err]/[err]. 10 5) Next, after renoval of the thermally
oxi di zed fil m thenPabppe $heidbhypebeprébxi blsdagerto extdi3] thiadwegimal |y
oxidized filmwth a thickness of 100 to

the N epitaxial layer 13 surrounding the collector
region 5 and the interlayer insulation film 17.

5 As the electroconductive material forming the
second electrode region 24, the same kind as that
forming the first electrode material region 20 as
described above can be used. And, when forming both
of the electrode regions 20, 24, for example, after

10 formation of necessary contact holes according to such
steps as resist patterning, etching, etc., the both
electrode regions 20, 24 can be formed at the same
time according to the Al-CVD method preferable for
formation of the electrode regions according to the

15 present invention.

In a V-PNP transistor thus constituted, since
the second electrode region 24 is provided, even a
parasitic PNP transistor may be constituted at the
saturation step as the transistor actuation, the

20 emitter grounding current amplification B of the
parasitic PNP transistor can be reduced, and also the
leak current to the P-type silicon substrate 1 reduced
by biasing to the maximum potential. And, in the
V-PNP transistor, as different from the structure of

25 the V~PNP transistor of the prior art shown in Fig.
1, the seconé electrode region 24 is provided

comprising Al, etc. instead of the deep N+ layer 14,



1000 A and a non- oxi di zabl e filmconprising Si[err]Nerr], etc. with a
t hi ckness of 1000 to 2000 A are successively 15 |amnated. Next, on the

| am nated film patterning is applied to form openings for device
separation regi on as described bel ow. And, according to the

sel ective oxidation by use of the Ian1f2t§d filmas t he oxidation
resistant mask, a field oxidized film region 17 for device separation
(thickness 0.8 to 1.0 [err]nm) and a device region for bipolar region
are formed, and then the lamnate filmas described above

renmoved (Fig. , r f ﬂrnvmth a
25 thlckness éghzg%ef%fﬁﬁ%onoe?%g%uggé%r%€d£@§ &%&é%FQ%$%%4§Q;p& epi taxia

layer 13 in theagdevice i@gf@@m{r@@ thepaebbsidereq OXigh 7&d, fdém s appl l ed
wWith resist patterning t 12
f or m openi ngs §9éa’@aﬁ§r<§9ﬁn@f|@Heoéolbéc@éﬁoféélon 5 and the device
separation region 16 is required to be taken, whereby
5 the device size can be made smaller and also the
junction capacity of the collector region 5 can be
made smaller,
As described above, for formation of the first
electrode region 20 or the second electrode region 24,
10 other methods, for example, the.sputtering method, the
gas phase method such as the CVD method, etc. by use
of triethylaluminum can be used, provided that such
deep hole can be buried. However, particularly with
respect to the point that Al, films of good guality,
15 etc. can be formed in the case when the aspect ratio
(depth of hole/hole diameter) is relatively larger and
the hole diameter itself is smaller as the contact
hole for wiring layer as described above, the Al-CVD
method as described below is preferred. According to
20  the Al-CVD method, fine working can be suitably
effected not only for an aspect ratio of 1.0 or higher
as a matter of course, but also for 2.0 or higher, or
3.0 or higher.
Referring now to specific examples, the
25 present invention is described in detail.
[Experimental example 1]

In the following manner, a V-PVP transistor



transistor. Then, after introduction of an N-type I mpurity through the
openi hgs, the thermally oxidized filmis renoved and t hen heat
treatment is effected. 5 By doing so, a N well |ayer (base) 6 is forned
wi thin the P well layer 4. The formation conditions of t he base

| ayer 6, which depend on the charactgrh%ths of the bipolar transistor
to be prepared, should desirably be nade to have a sheet resistance of
about 10 0.6 to 3 k[err]/[err] . (Fig. 4F). 7) Next, on the
surface of the device region, a thermally oxidized filmis forned, and

the thermaljly with @Hediczed diduPilch apRkned ey .M 8siel pakbakBiang to
form openings at the positions corresponding to the 15 N "well |ayer

(base) 6 of the thernalfdiy-axi Jrz@the surtddemornamplyyibe sgemitbgr formation
regi on of the resi st and the PN device separation region. Next,

after introductsubstafat®e Prawipe; bmpQMpurﬂﬁwﬂmomteaxrationBEEe&UF4et©.
t hrough t hese op%%ing , the thermally 20 .oxidi;eq fi!n[as t he rgs[st S
renoved. 1077 /em s ferreet rmaltdhe roveildiyz et idilzedi € iftor medponsing
the surface of the N well |ayer (base) 6, the thermal Iy oxidized film
i's app|ied3M1j$hq§gi§¢c. for diffusion mask with a thickness of
0.8 to 1.0 um, and the thermally oxidized film was
subjected to patterning to form openings with
predetermined sizes, shapes on the thermally oxidized
film. Subsequently, after ‘introduction of an N-type
10 impurity such as-Sb (antimony) or As (arsenic) into
the P-type silicon substrate through the openings
31 according to the ion injection method, heat
treatment was effected to activate the N-type impurity
simultaneously with diffusion internally of the
15 P-type silicon substraﬁe. Thus, an N+ buried layer
of 40 to 120 Q@/[0 was formed.
Next, after removal of the thermal fixed f£ilm
as described, another thermal oxidized film comprising
SiOz, etc. was formed with a thickness of about 100
20 to 10000 A. On the thermally fixed film was applied
resist patterning, and after introduction of a P-type
impurity of B (boron) in the Nt buried layer and
the region surrounding'the outside of the N+ buried
layer through the openings of the resist, heat
25 treatment was applied after removal of the resist.

By such heat treatment, the above-mentioned impurity

was activated simultaneously with diffusion internally



patterning to formopenings for formation of the Nferr] 25 layer of the
Next, after fornmation of an N-type inpurity such as

base contact.

As, etc. though the

- 13 - 1 a thermally oxidized filmas the resist is formed. _
Then, the P-type inpurity is activated and di ffused by application of
heat treatnment to formthe P layeld9-and the N |ayer 8 separately
fromeach 5 other at the upper portion of the N well layer (base)

(Fig. 40G). The ion injection conditions of the P-type

I mpurity insthis p and .subsequent heat treatnent ; conditions are
ngerni%ed epeﬁﬁsﬁ A&on] GUbsHERLEr er Thes 20f t R8YBp8EfarOfr &Asi st or
to be Prepaf %% /0 was formed.

10

15

20

25

As the next step, all of the oxidized films on
the silicon substrate were removed, and then an N-type
epitaxial layer was grown. The N-type epitaxial layer
had a thickness of about 1 to 5 pm and a specific
resistance of about 1 to 20 Q/cm. By such epitaxial
grown, a P+—type buried layer was formed on the N+

buried laver.

Next, on the surface of the N epitaxial layer,

a thermally oxidized film was formed, the thermally
oxidized film was subjected to patterning to form
openings, and after introduction of a P-type impurity
such as B, etc. into the N epitaxial layer surface
with the thermally oxidized film as the mask through
its openings according to the ion injection method,
heat treatment was effected to have the impurity
diffused internally of the N epitaxial layer. By
doing so, a P well layer was formed on the P+ buried
layer. The P well layer had a sheet resistance of
2 to 10 kQ/0.

Next, after removal of the thermally oxidized
film from above the N epitaxial layer, again a
thermally oxidized film with a thickness of 100 to
10000 A and a non-oxidizable film comprising SiBN4,
etc. with a thickness of 1000 to 2000 A were

successively laminated. Then, the laminated film was

openi ngs according to the ion injection method,

6



8) Next, on the whole surface of the device region and the device
separation, for exanple, BPSG (Bor o- phospho silicate glass), etc. is
deposited to a 15 thickness of about 0.6 to 1.0 [err]maccording to the
CvD met hod, annealing is applied to forman interl ayer i nsul ati on
film18. 9) Next, a thermally oxidized filmis forned on
the interlayer insulation film18, anmd 2the thermally 20 oxidized filmis
applied with resist patterning to f orm openi ngs for contact hole.
Subsequent |y, t hrough the openings the interlayer insulation film

18 and the P well %é%fr, are appli.ed mﬁth et ching . In two steps to
form col | ect or RPatdsiting 5 a9 Oﬁ?g¥1§8§ érx ﬁ@"lj‘ceburl ed
| ayer 3, and then the mal | y. oxi di.ze il mas . the reS| i's
renoved. TRERT A0 é‘iegejioébtarsodiee%%rg‘lbcﬁ?dﬁflé’d"rrpr By bé(n € film

- 14 selective oxidation by use of the laminated film as

oxidation resistant mask, the field insulation film

5 region for device separation (thickness 0.8 to 1.0 um)
and the device region for bipolar transistor were
formed, followed by removal of the laminated film.

Subsequently, on the surface of the N
epitaxial layer in the device region, a thermally

10 oxidized film with a thickness of 200 to 10000 A was
again formed, which thermally oxidized film was applied
with resist patterning to form openings for base
formation of bipolar transistor. Then, after
introduction of an N-type impurity through the

15 openings according to the ion injection method, the
thermally oxidized film as the resist was removed,
following by heat treatment. By doing so, an N well
layer (base) was formed within the P well layer.

The base layer had a sheet resistance of about 0.6 to

20 3 k@/0.

Next, on the surface of the device region a
thermally oxidized film was formed, and the thermally
oxidized film was applied with resist patterning to
form openings at the positions corresponding to the N

25 well layer (base), namely the emitter formation region
and the PN device separation region. Then, after

introduction of a P-type impurity such as B, BF etc.

2!



1 or an Al-Si filmis formed according to the A -CVvD met hod (Fig.

4H) . - 10) Next, on the surface of the device region IS
formed a thermally oxidized film which thermally 5 oxidized filmis
applied with patterning to form resi st openings for formation of
contact holes for base and emtter. Next, through these openings,
et chi ng is applied on the intertagker-insulation film18 to form
base contact holes and emtter contact holes, 10 respectively.
Subsequently, within these base contact hol es and emtter contact

hol es, electrode |ayers 21 and 22 conprisin n Al_ filmor an Al -S
filmare againghrou ¥o %%%es%P%gl?%sb%c%%éﬁéﬁﬁutéafh?t%ﬂpi%ﬂlﬁ?%ﬁﬂﬂ
insulation fil cc i - d. . Next, an Al
filmor Al -Si lglé%%)?é ?%grrgge%\n&?%{? &l@%}%ﬂg‘g irﬁ:fe%"‘ssasog’cg}be‘f 5§ St d“'a[ser rlmon
t he whol e surface 0fs. t he device region according of the non-selective
CvD nmet hod or sputtering nethod, and by application of patterning

tothe Al film etc., $88s6§8PREIV Ve LRerkhELY rQdes: Als e 1 &fa £l ectrode
10, base el ectrode 11, coll'ector electrode 12 and the w rings
acconpanyi g forme8hesetReenT ongel 1Qy8F epPsdSe desdd@dnt AR AR Ly 41) .

oxidized film was applied with resist patterning to

form openings for formation of the n* layer for base

contact. Then, after introduction of an N-type

impurity such és As, etc., the thermally oxidized film

10 as the resist was removed.

Then, the P~type and N-type impurities were
activated, diffused by application of heat treatment
to form the P+ layer and the N+ layer separate from
each other on the upper part of the N well layer

15 {base).

As the next step, after growth of BPSG, etc.
on the whole surface of the device region and the
device region to a thickness of 0.6 to 1.0 um
according to the CVD method, annealing was applied to

20 form an interlayer insulation film.

Next, a thermally oxidized film was formed on
the interlayer insulation film, and the thermally
oxidized film was applied with resist patterning to
form openings for collector contact hole. Subsequently,

25 after formation of the interlayer insulation film and
the P~ well layer through the openings, etching was

applied in two steps to form contact holes reaching



As shown in Fig. 4H, the first el ectrode region 20 is grown so as to
be coplanar with the 25 interlayer insulation film 18 according to the
Al - CVD met hod, but it is also possible to stop once the

selective gromh at the stage when the first wiring

- 15 - 1 | ayer 20 has been grown to coplanar with the P well

| ayer 4, and effect selective growh-b¥2initiating again the A -CvD
met hod after formation of the base and emtter contact holes as
descri bed above, thereby 5 mnmking the respective upper surface of the

copranar. 1 - ene’S® BSTL2R IRR shataferorobhieeBURkIFAlvuA of nbie
the first el ectnadRai89!80:20,La PION 88%nknEeste. CORLEE! o SEI4©S

resi st ance of

the collector contact holes, a first electrode region
comprising an Al film was formed by use of DMAH and

5 hydrogen while maintaining the substrate surface
temperature at 270°C. The first electrode region was
permitted to grow until its surface became coplanar
with the interlayer insulation film surface.

Next, a thermally oxidized film was formed on

10 the surface of the device region, and the thermally
oxidized film was applied with patterning to form
resist openings for formation of contact holes for
base and emitter. Subsequently, through these openings,
the interlayer insulation film was applied with etching

15 to form base contact holes and emitter contact holes,
respectively.

Then, within these base contact holes and
emitter contact holes, respective electrode regions
comprising Al filﬁ were formed according to the Al1-CVD

20 method.

Next, according to the sputtering method, an
Al film was formed with a thickness of about 0.5 to
1.0 um, and the Al film was applied with patterning to
form a desired V-PNP transistor having the respective

25 electrodes such as emitter electrode, base electrode,
collector electrode, etc. and the wirings accompanied

with these formed thereon.



can be reduced to great extent, and therefore reduction of the emtter

groundi ng current anplitude [err] of the | arge current region, nanely
t he present transistor can be aneliorated. 15 (Second Enbodi nent)
Fig. 5is a schematic sectional view show ng anot her enbodi mrent of the
present invention. Also in Fig. 5 the same constituent portions as

t hose of the V-PNP transistor of-the prior art showing Figs. 20 1, 2
are attached with the same synbols, and description there of is
omtted. The present invention can be suitably used for

the second wiring layer_conprising an . . electroconductive materi al
shown by the symbol 24 it ths VENP Sransipteddit ARG regi on 24

connects the uard ri el ectrode 15 on the interlayer insul ati.on
fi1m17 to the ERT Burdied iRl o fF TE e By ampl 1t teat ion

- 16 - B could be ameliorated.

[Second Experimental Example]
5 A V-PNP transistor with the constitution shown
in Fig. 4 was prepared. The preparation steps are
the same as those in the first Example as described
above up to the steps before formation of the first
electrode region according to the Al-CVD method.
10 In the present Example, the first electrode
region and the second electrode region were formed
at the same time according to the Al-CVD method.
In the V~-PNP transistor thus prepared reduction
of the emitter grounding current amplification.B could
15 be ameliorated, and further the B8 of the parasitic
transistor could be reduced.
As described above, according to the present
Example, the collector series resistance of the P well
layer of the collector region can be reduced to great
20 extent by the first electrode region for connecting
the surface electrode for collector and the p" buried
region of the collector region, whereby reduction of
the emitter grounding current amplification 8 of the
bipolar transistor can be ameliorated, and also the
25 frequency characteristic can be improved.
Also, according to the present invention, in

addition to the first electrode region as described



1 the direction crossing at right angle to the surface of the P-type

silicon substrate 1 so as to extend through the N epitaxial |ayer 13
surroundi ng the coll ector region 5 and the interlayer insulation film
17. 5 As the el ectroconductive material form ng the second
el ectrode region 24, the sane kind as {hat formng the first el ectrode
material region 20 as descri bed” apbve can be used. And, when form ng
bot h of the electrode regions 20, 24, for exanple, after 10

formati on of necessary contact holes according to such steps as resi st

patterni ng etgg%gg; E&CFpetQgcggéhelecFE8%§g£é§g§§;89&9%%%%%%e%ﬁaCan be

formed at ghe sa e~ according D net erable for

formation of thecelechLods,  6hpRs, 2ALOLAT BGo L LhS: £1Pia PT LA Lgyenti on.

In a V-PNP transistor thus constitute si nce Seco el ectrode

region 24 is PEAYi F€dy ey E8 Rayer, tRATASbEl enENR:ELENS] ST OFaBYs OS,
constituted at the saturation step as the transistor actuation, the

20 emtter gredAdbagredtcent anml hissathenibgkriupfesbero the parasitic
PNP transi stor can be reduced, and also the

5 substrate can be reduced, even if the maximum
potential may be biases without enlargement of the
device size. Further, improvement of frequency
characteristic can be effected, because the junction
capacity of the collector region can be made smaller.

10 (Third Embodiment)

Next, the electrode structure according to
the present invention is described by referring to an
example in which it is applied to static indﬁction
transistor (8IT).

15 Referring now to drawings, an example of the
present invention is described. In Fig. 6, 101 is a
semiconductor substrate such as silicon, 101' a source
region, 102 a gate diffusion region, 103 a drain
diffusion region, 104 an insulation region such as

20 silicon dioxide, 105 a metal wiring region formed
by the sputtering method, etc., 106 an electrode
region comprising aluminum or aluminum-silicon
deposited within the concavity 110 by the selective
aluminum CVD method.

25 Figs. 7A to 7E are preparation steps of the
SIT according to the present Example.

First, on the substrate 401' which becomes



| eak current to the P-type silicon substrate 1 reduced by biasing to

t he maxi mum potential. And, in the V-PNP transistor, as different
fromthe structure of 25 the V-PNP transistor of the prior art shown in
Fi g. 1, the second el ectrode region 24 i's provided conpri sing
A, etc. instead of the deep Nerr] |ay

- 17 - 1 and therefore no diffusio of the dopant fromthe N

| ayer 14 is required to be considered. Hence, no great margin of the
collector region 5 and the device separation region 16 is required to
be taken, wherepye s‘iouré@eré*fyé&e 81 Z£1 £a8h b&&@ﬂé‘e SR o @y ngql]f&aﬁ he
junction capacity of the colTector region 5 can made s

As descri bed ab@§e40@@FAf£Eé6%d£%b(ﬁotiﬁéftﬁéﬁmal oxfﬂé%&dﬂ“ﬁéﬁﬁﬂﬁcghzo or
t he second el ectrode region 24, 10 other nethods, for exanple, the
sputtering nethoide $hkicon substrate 401 provided with an epitaxial
layer with high resistance. Next, at predetermined
5 positions of the oxidized film 404, holes are opened
for the drain region of 1 um square. Next, by way of

16 ions/cmz,

ion injection, arsenic is implanted at 1 x 10
to form a drain diffusion layer 403 (Fig. 7a).
Next, according to the lithographic steps, for

10 example, a resist image with holes of about 0.8 um in
width being opened is formed according to the
lithographic steps. With that resist as the mask, the
oxidized film 404 was subjected to hole opening by dry
etching by use of an etchant of the CZFG CHF3 system,

15 and then a concavity 410 with a depth of, for example,
about 1.0 pym is formed by dry etching of the CC12F2 N2
system on the substrate 401. Then, the resist used for
the mask was removed, and a silicon dioxide film with a
thickness of 1500 A is permitted to grow on the side and

20 the bottom surfaces of the concavity 410. At this
time, also the exposed portion of the drain surface is
covered at the same time with silicon dioxide, and
then reactive ion ethcing with the C2F6 CHF3 is effected

tc have only the bottom surface of the concavity 410

25 exposed (Fig. 7B).

Next, by ion injection, boron trifluoride is

implanted at a density of 1 x 1015 ions/cmz.



gas ﬁhase met hod such as the CVD nethod, etc. by use

triethylal um num can be used, provided that such de
buried. However, particularly with respect to the p

of good quality, 15 etc. can be fornmed in the case whe
(depth of hole/hole dianeter) is reLatigely | ar ger and

dianeter itself is smaller as the contact hol e for
descri bed above, the Al -CVD nmet hod as descri bed be
According to 20 the Al -CVD nethod, fine working can be

of
ep hol e can be
oint that Al, filns
n the aspect ratio

t he hol e

W ring |ayer as
|l ow i s preferred.
sui tably

effected not oghyséQicRM@sPesh dtivaiod O UrHORE in a Bc@J@iter of

course, but also for 2.0 or higher, or 3.0 or highe

r.

Referring now &emspgkétfé Coxatpphesiodder, 260 mimsedd ddvHn @n daxedescri bed

in detail. [ Experinmental exanple 1]
manner, a V-PVRiffassostbayer 402 (Fig. 7C).

Next, burying within the concavity

In the foll ow ng

of the

5 aluminum~silicon which is the specific feature of the

present invention is practiced. For the substrate with

the structure shown in Fig. 7C, the treatment for

burying the aluminum~silicon is described in detail by

referring to Fig. 8.

10 First, a substrate is arranged in the loadlock

chamber 511. Into the loadlock chamber 511 is

introduced hydrogn as described above to form a

hydrogen atmosphere. And, the reaction chamber

512 is evacuated internally to ca. 1 x 10—8

15 evacuation system 510.

Torr by the

However, an Al-Si film can be formed even if the

vacuum degree within the reaction chamber 512 may be

poorer than 1 x 1078 7orr.

And, from the gasline not shown, dimethylaluminum

20 hydride (DMAH) and Si2H6 are fed. For the

through the DMAH line, H, is employed.

2

carrier gas

The second gasline not shown in for H, as the

2

reaction gas, and H., is permitted to flow through the

2

second gasline, and the opening of the slow leak value

25 not shown was controlled to adjust the pressure within

the reaction chamber 512 to a predetermined value.

A typical pressure in this case is made ca.

1.5 Torr.



- 18 - 1 with the constitution shown in Fig. 3 was prepared.

"First, on the surface of a P-type silicon substrate having an inpurity
concentration of 10[err] to 10 /cm was fornmed a thermally oxidized
filmconprising 5 SiJerr], etc. for diffusion mask with a thickness of
0.8 to 1.0 [err]m and the thermal ly_ oy dized filmwas subjected to
patterning to form openings with predeterm ned sizes, shapes on the
thermal |y oxidi zed film Subsequently, after introduction of an N-type
10 i mpurity such as Sb (antinony) or As (arsenic) into the P-type
silicon supst redsoudh atigh OMred opieid NgMAH is idHteeneiedl nghdoo dHee ion

I njection nethod, heat treatnent was effected to activate the N-type
i mpurity reagtuildranadees! y Thd heakidf ystersund ernald.y 1ofs therr ,1mnd P-type
silicon substrate. Thus, an N buried |ayer of 40 to 1,20 [err]/[err]
was forned.  the DMAH pariNexdt prdssure empweddefca hel tther idl filcadrfilm

as described, another thermal oxidized filmconprisif Sigerr], etc.
was formed wit3@ e ckéngdls RATL abbutPueesun® 2 % 40000 LA- Gharhe the
thermally fixed filmwas applied

5 lamp is lighted to heat directly the wafer. Thus, an
Al~Si is deposited.
As the starting gas containing Si as the
second starting gas during formation of the Al-Si flim,
SiH

S1,Hgs 4

190 be employed.

Si3 g7 Si(CH3)4, SiClé, 8iH.,C1 SiH,C1l can

27721 3
By addition of DMAH, H2 and Si starting gas
such as Si2H6, etc., an Al-Si containing
0.5 to 2.0% of Si can be deposited. The reaction tube
pressure may be 0.05 to 760 Torr, desirably 0.1 to 0.8
15 Torr, the substrate temperature 260°C to 440°C, the

5

DMAH partial pressure 1 x 10 °-fold to 1.3 x 107 >-fold

of the pressure within the reaction tube, the SiZH6

partial pressure in the range of 1 x 10‘7 to 1 x 10~4~

fold of the pressure within the reaction tube, whereby
2p an Al-Si can be thus deposited.

After elapse of a predetermined deposition time,
feeding of DMAH is once stopped. The predetermined
deposition time for the Al-Si film deposited in the
process refers to the time before the Al-Si buries the

25 concavity 410 therein, which is about 20 minutes. The

substrate of the substrate temperature by direct heating

at this time is made 270°C. During the steps up to this



resi st patterning, and after introduction of a P-type i mpurity of B

(boron) in the N buried | ayer and the regi on surroundi ng the outside
of the Nerr] buried | ayer through the openings of the resist, heat
25 treatnment was applied after renoval of the resist. By such heat
treatment, the above-nentioned inpurityg _ was activated sinultaneously
with diffusion internally - 19 -

1 of the silicon substrate. Thus, a P layer of 200 to 1000
[err]/[err] was formed. As the next step, all of the oxidized
films on 1 diwp sidd con-substimte ol depniand dd dharveay Nrtiypatr S
epitaxial layer was grown. The N-type epitaxial |ayer had a thickness
of about 1 to 5tHeeradmuanikya wpecidn 610 (sgeedist.amog .of about 1 to 20
[err]/cm By such epitaxial grown, a P[err] -type buried | ayer was
formed on the N bi¥exd, |ayerthe drain region 403, holes are opened

according to lithographic steps, and an aluminum-silicon
]
5 405 is deposited to 8000 A on the whole substrate surface
by the DC sputtering method. Finally, dry etching

according to the Cl,BCl_~He system 1is applied to work the

2 3
aluminum-silicon to a desired wiring shape (see Fig.
7E}.

10 In the Example as described above, description is
made about the case of N channel SIT wherein the drain
electrode 103 is n~type and the gate electrode 102 is
the p~type N channel SIT, but P~channel wherein the drain
electrode 103 is p~type and the gate electrode 102 is

15 n-type can be also similarly formed.

As described above, by use of the selective
aluminum CVD method, a buried electrode region of the
improved type SIT with a width of the concavity of 0.8
um or less can be formed with high reliability.

20 The film forming method preferable for the
present invention is to form a deposited film by the
surface reaction on an electron-donative substrate
by use of a gas of an alkylaluminum hydride and

hydrogen gas (hereinafter called the Al1-VCD method).

25



10

thermal |y oxidized filmwas formed, the thermally

Next, on the surface of the N epitaxial |ayer, a

oxidi zed fil mwas

subj ected to patterning to form openi ngs, and after introduction of a
P-type inmpurity such as B, etc. into the N epitaxial layer surface
with the thermally oxidized filmas thg,mask through Its openi ngs

according to the ion injection nethod,

have the inpurity diffused internally of the N epitaxial |ayer.

doi ng

so, a P well layer was formed on the P buried 20 layer. The P

vel | layerihad a sheet ppeshgh@Beey0f by useZotOmdRokéehylal@hidum

Next ,
epi t ax
100 to

Then,

after

io

15

20

25

. removal of the therma fy oxi di zed . . (
ial | ayenydagakn (AMAH) agheﬁgagtxrexhﬁlggg bt @Mkt By a1 hih ckagss of
25 10000 A and a naon-oxidi zable fi é?

etc. with a thhokpeas @bmMABPO0at0+RO0QLtArVEAE gas,
the lamnated f il mwas

m conpri si ng

reactive gas, and heating the substrate surface under
the mixture of these gases, an Al film of good quality
can be deposited. Here, during the selective
deposition of Al, it is preferable to maintain the
surface temperature at the decomposition temperature
of the alkylaluminum hydride or higher and less than
450°C, more preferably 260°C to 440°C.

As the method for heating the substrate to the
above-mentioned temperature range, there are direct
heating and indirect heating. Particularly, by
maintaining the substrate at the above-mentioned
temperature by direct heating, an Al film of good
quality can be formed at high deposition speed. For
example, when the substrate surface temperature during
Al film formation is made 260 °C to 440 °C which is
more preferable temperature range, a film of good
guality can be obtained at higher deposition speed of
300 i to 5000 ﬁ/min. which is higher than in the case
of resistance heating. As such direct heating method
{substrate itself is heated by direct transmission of
the energy from the heating means to the substrate},
for example, lamp heating by means of halogen lamp,
xenon lamp, etc. may be included. As the method for

indirect heating, there is resistance heating, by

By

filmfromabove the N

[err]Nerr],
@u@cgis@yglyslaménated.

15

heat treatnment was effected to



- 20 - applied with patterning to form openings for device
separation region as described bel ow. And, by the sel ecti ve oxidation
by use of the lam nated film as oxi dation resistant mask, the field
insulation film 5 region for device separation (thickness 0.8 to 1.0
[err]m and the device region for3Bipolar transistor were f or med,
foll owed by renoval of the lamnated film Subsequent |y, on
the surface of the N epitaxial layer in the device region, a thermally
10 oxidized filmwth a thickness of 200 to 10000 A was agai n formed,
whi ch t her el I'§P658 RSEH4Y | 77 eaﬁfﬁﬁ‘iz e bY 5% Yodi et terning to

f orm openi ngs for base formati on of. bi pol ar_ transi stor,. Then, after

i ntroduction o?e%?‘?%lf?%eb?%w&ﬁif t%%‘ﬁ’g‘gecfhaet ol %‘ﬁ%ﬁﬁ’ﬁad'se according to
the ion inject] t : e thernally oxidized filmas the resist
was renoved, éQ&ﬁ‘f%ﬁfﬁ%&? hfe%]f TR rr‘%%é) ye dsouﬁ?l%t%ao,e gcr? N wel |

Layer (base) vgs:{ O5gBI WA Py s FrdRlda | BYne spacdfbbase aver had a

sheet resistance of about
5 formation of the deposited film.

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

10 selectivity only on the electron-donative substrate
surface portion. The Al thus formed will have all of
excellent characteristics desirable for the elecﬁrode/
wiring material. That is, reduction of generation
probability of hillock, reduction of generation

15 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

20 good quality can be formed on the surface comprising
a semiconductor or an electroconductive member as the
electron~donative surface, and also the Al is
excellent in crystallinity. And, when employed for
the electrode of a semiconductor device, an effect

25 surpassing the concept of the Al electrode which has
been contemplated in the prior art, and could not be

even expected in the prior art can be obtained.



20 3 k[err]/[err]. Next, on the surface of the device region a

thermally oxidized filmwas fornmed, and the thermally oxi di zed film
was applied with resist patterning to form openi ngs at the positions
corresponding to the N 25 well |ayer (base), nanely the emtter formation
regi on and the PN devi ce separati 8a region. Then, after

I ntroduction of a P-type inpurity such as B, BF[err], etc.

- 21 - 1 t hrough t hese openi ngs according to the ion injection

met hod, the thermally oxidized filmas the resist was removed.
Subsequently, a ther nefayinxidesewibed mbeise Fooutf orhedfant tte tN theel |

| ayer (base), and_the thermally oxi di zed filmwas applied with resist

patterning to 1 depRshiep it B ¢Rchedorat bre ter Neg s |f9myer for base

contact. Then, after introduction of an Ntype
example, within the opening with the semiconductor

substrate surface exposed becomes to have a single
5 crystalline structure, according to the Al1-CVD method,
a metal film composed mainly of Al as described below
can be also selectively deposited, and its film
quantity also exhibits excellent characteristics.
For example, in addition to a gas of an
10 alkylaluminum hydride and hydrogen,
g0 SipHgs
or the like,

a gas containing Si atoms such as SiH

Si Si(CH SiCl SiH,C1 SiHC1

3y, 4 2CLos 3¢

a gas containing Ti atoms such as TiCl

378’

47 T1Br4,

Ti(CH3)4, etc.,

15 a gas containing Cu atoms such as copper
bisacetylacetonate Cu(CSH702}, copper
bisdipivaloylmethanite Cu(cllHIQOZ)Z’ copper

bishexafluorocacetylacetonate Cu(CSHF etc.,

6027 2
may be introduced in a preferable combination
20 to form a gas mixture atmosphere, thereby forming an
eleétrode by selective deposition of an electroconductive
material such as Al-Si, Al-Ti, Al-Cu, Al1-Si-Ti, Al-Si-Cu,
etc.
The Al-CVD method as described above is a film
25 forming method excellent in selectivity, and also the

surface characteristic of the film formed has good

surface characteristic. Hence, by application of a



I mpurity such as As, etc., the thermally oxidized film 10 as the resist

was renoved. Then, the P-type and N-type inpurities were
activated, diffused by application of heat treatnent to formthe
Plerr] layer and the N err] |ayer separate from each other on the
upper part of the Nwell layer 15 (base) .- As the next step,
after gromh of BPSG etc. on the whole surface of the device region
and the device region to a thickness of 0.6 to 1.0 [err]m

according to the CVD nethod, annealing was applied to 20 forman

interl ayer insuhahirealéctive film forming hexhod atd helierabdyt oxi di zed film
was fornmed on the interlayer insulation film and the thermally
oxi di zed fil mwdepapptied wteh,rdsist paneeshi hglnm ocomposddrmm Dpeni ngs for
col l ector contact hole. Subsequently, 25 after formation of the
interlayer insuPftRéncan| keantiso formefieo Wee Al afbim t e lrmfhi tdiey openi ngs,

et chi ng was applied in tw steps to formcontact hol es reaching
deposited as described above and SiOz, etc. as the

5 insulating film, whereby a preferable metal film
having high uéeability for general purpose as the
wiring of semiconductor device can be obtained.

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

10 Al, Al-Si, Al-Ti, Al-Cu, Al-Si-Ti, Al-8i-Cu, etc.
deposited selectively with Al, Al-Si, Al-Ti, Al-Cu,
Al-Si-Ti, Al-Si-Cu, etc.

As the film forming method for non-selective

deposition, there are other CVD methods than the Al-
15 CVD method as described above, the sputtering method,

etc.

(Film forming Apparatus)

Next, a preferable film forming apparatus for
forming the electrode according to the present

20 invention is described.

Fig. 9 to Fig. 11 show schematically a
sequential metal film forming apparatus preferable
for applying the film forming method as described
above.

25 The sequential metal film forming apparatus,
as shown in Fig. 9, is constituted of loadlock chamber

311 connected mutually communicated under shielding



- 22 -, 1

the P[err] buried |ayer surface, followed by renova

thermally oxidized filmas the resist. Next, within the coll ect
a first electrode region conprising an Al filmwas
formed by use of DMAH and 5 hydrogen while maintaining the substrate
surface tenperature at 270[err]C. Jhe_first el ectrode region was

permtted to grow until its surface becane copl anar with the
interlayer insulation filmsurface. Next, a thermally oxidized
filmwas formed on 10 the surface of the device region, and the thermally
oxi di zed film whscmpphied aix htlpeeueh Mg gatd oradves 3XGesitst Mgemi ngs for

formati on of contact holes for base and emitter. Subsequently,

contact hol es,

t hese openings,d CVD fepctiprershareber ndid aa$ drhe i §imstast idpplficath g h

etching 15 to form base contact holes and emtter contact holes,
chamber, an Rfeptchfngithatee Yebe & oirwdietioides hamber

respectively.

emtter contact3ffles, respective_ el ectrode re

5

10

15

20

25

I ONns
as the second film forming é%amber and a loadlock

chamber 315, and the respective chambers are
constituted reducible in pressure by evacuation with
the evacuation systems 316a to 3l6e. Here, the above
loadlock chamber 311 is a chamber for replacing the
substrate atmosphere before deposition treatment with
H2 atmosphere after evacuation in order to improve
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 hydride bubbled and gasified in the
bubbler 319-1 are introduced into the chamber through
the starting gas introducing line 319 for CVD, and
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

of the
or

t hr ough



conprising Al filmwere forned according to the Al-CvD 20 nethod.
Next, according to the sputtering nethod, an Al filmwas formed with a
t hi ckness of about 0.5 to 1.0 [err]m and the Al filmwas applied with
patterning to forma desired V-PNP transistor having the respective
25 el ectrodes such as emtter el ectreodegg base el ectrode, col l ector
el ectrode, etc. and the wi rings acconpani ed with these forned
t her eon. - 23 - 1 In the
V-PNP transistor thus prepared, reduction of the emtter grounding
current anglifrepabba of hegbiny thal dubstamedi oo at ecange of [Sexotal
Experinental Exanple] 5 A V-PNP transistor with the constitution
shown in FPg252 UBsapd eparetecThedpr bpae aféoRStepshine 321, the sanme
as those in the first Exanple as descri bed
anéd also an Ar gas feeding line 322 is connected. The
next sputtering chamber 314 is a chamber for depositing
S non-selectively a metal film by sputtering under Ar
atmosphere on the substrate surface, and internally
thereof are provided a substrate holder 323 heated
within a range of 200 °C to 250 °C and a target
electrode 324 for mounting a sputter target material
10 324a, and also an Ar gas feeding line 325 is
connected. The final loadlock chamber 315 is a
control chamber before taking out the substrate after
completion of the metal film deposition into the outer
air, and constituted so that the atmosphere may be
15  replaced with N, .
Fig. 10 shows another constitutional example
of a sequential metal f£ilm forming apparatus preferable
for applying the film forming method as described
above, and the same portions as described above in
20 Fig. 9 are made the same symbols. The difference of
the apparatus in Fig. 10 from that in Fig. 9 resides
in that a halogen lamp 330 is provided as the direct
heating means and the substrate surface can be
directly heated, and for that purpose, the substrate
25  holder 312 is provided with a nail 331 for holding

the substrate under suspended state.

By heating directly the substrate surface



above up to the steps before formation of the first el ectrode region

according to the Al -CVD nethod. 10 In the present Exanple, the
first el ectrode region and the second el ectrode region were fornmed

at the same tine according to the Al -CvVD net hod. In the V-PNP
transi stor thus prepared reduction ~ 3of -the em tter grounding current
anplification [err] could 15 be aneliorated, and further the [err] of the
parasitic transi stor could be reduced. As descri bed
above, accordin to th ese col |l ector series

resi stance Jof t"%e erf onStlﬁ"aVéDrn'oEiﬁéiecp(ﬂﬁlg&@r P50 T3 arP%e reduced
to great ext eg%:py the f| st e ecgg de, region for connecting t he
surface el ectr ode T8 O ettsr ShdTIE JI%Tedrr Y ed regi on of the

col | ector region, wher r C of e Qun current
anplification [err] of ég&héﬂigg%ﬂﬁﬁt%%eﬁﬁ%ﬂnéﬁymln %par dC'59ated, and

also the 25 fyagy Wﬁw@%&{gﬁe&w WA pig. 11, is A SO
gto the present 1 nventl on, tionto the firs
el ectrode r§g'Cghﬁ@%ékﬁﬁgif&“%qulvalent to one with the structure
having the above loedlock chamber 311, the CVD
reaction chamber 312, the Rf etching chamber 313, the
sputtering chamber 314, the loadlock chamber 315
connected mutually to one another with the conveying
10 chamber 326-as the relay chamber. With this
constitution, the loadlock chamber 311 functions also
as the loadlock chamber 315. 1In the above conveying
chamber 326, as shown in the Figure, an arm 327 as
the conveying means reversibly rotatable in the AA
15 direction and stretchable in the BB direction is
provided, and with the arm 327, as shown in the
arrowhead in Fig. 12, the substrate can be moved
following the steps successively from the loadlock
chamber 311 to the CVD chamber 312, the Rf etching
20 chamber 313, the sputtering chamber 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
25 invention is described.
Fig. 13 is a schematic perspective view for

illustration of the film forming procedure for



- 24 .- 1 above, by the second el ectrode region connecting the

el ectrode for guard ring on the N epitaxial |ayer and the N err]
buried |ayer, the [err] of the parasitic transistor can be reduced,
and also the leak current to the 5 substrate can be reduced, even if the
maxi mum potential may be biases wif hout enl argenent of the devi ce
size. Further, inprovenent of frequency characteristic can be

ef fect ed, because the junction capacity of the collector region can be
made smaller. 10 (Third Enbodi nent) Next, the el ectrode

st ruct ur e laccdritgg- it of thehelpcdagodte iamdentiromg sodesdiingedobyheef erri ng
to an exanple in which it is applied to static induction

transi stor (SIPPesents invention.Referring now to draw ngs, an exanple of the
present invention is described. In Fig. 6, 101 is a sem conduct or

substrate such as sil Fdgt 1¢ie guiddmee is described. A semiconductor

substrate having openings formed on an insulating film

5 is prepared, which substrate 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 semiconductor is exposed
according to the hot CVD method in a mixed atmosphere

10 of DMAH as the alkylaluminum hydride_and hydrogen gas.
Of course, as described above, a metal film composed
mainly of Al such as Al-Si, etc. may be also deposited
selectively by introducing a gas containing Si atoms,
etc. Next, on the Al selectively deposited by the

15 sputtering method and the insuiating film, Al or a
metal film composed mainly of Al is non-selectively
formed. Then, by pattering of the metal f£ilm non-
selectively deposited to a desired wiring shape,
electrodes and wirings can be formed.

20 Referring next to Fig. 10 and Fig. 13,
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

25 respective apertures provided thereon is prepared.

Fig. 13A is a schematic view showing a

part of the substrate. Here, 401 is a single



region, 102 a gate diffusion region, 103 a drain di ffusion region, 104
an insulation region such as 20 silicon dioxide, 105 a netal wiring
regi on fornmed by the sputtering nethod, etc., 106 an el ectrode

regi on conprising alum numor alum numsilicon deposited within the
concavity 110 by the selective at v num CVD net hod. 25 Fi gs.
7TA to 7E are preparation steps of the SIT according to the present
Exanple First, on the substrate 401" which becones

25 - | d d | m 404
to 4000 A écco?ﬁ?ﬁﬁa? Egﬁegfg ﬂglSﬂﬁ%ﬁg%g%na%gghﬁgnéﬁcglve {ﬁegg?rTcon

substrate 401 r8¥£9§ge, ggzan ggl%gg 3f°¥ﬁglﬁ§$dgiﬁﬂé$$lﬁ+ h reS|stance

Next, at prede ermne oSI'TTONS £5hol es are

opened f@ﬁetbﬁsgigfﬂnﬁegigﬂ ?ia§e£?tr]Eb§qg§ée403b§£é SgéHfWQQf

{(exposed portions), having apertures different from
5 each other. 410 is the groove bottom with Si exposcd.
The procedure for forming Al f£ilm which
becomes the electrode as the first wiring layer on
the substrate is as follows with Fig. 10.
First, the substrate as described above is
10 arranged in the loadlock chamber 311. Hydrogen is
introduced into the loadlock chamber 311 to make it
under hydrogen atmosphere. And, the reaction chamber
312 is internally evacuated to approximately 1 x 10-8
Torr by the evacuation system 316b. However, Al
15 film can be formed even if the vacuum degree within
the reaction chamber 312 may be worse than 1 X 1008
Torr.
And, the gas of DMAH bubbled from the gasline
319 is fed. For the carrier gas for the DMAH line,
20 H2 is employed.

The second gasline 319' is for H, as the

2
reaction gas, and by flowing H2 through the second gas
line 319' and controlling the opening degree of the
slow leak valve not shown to adjust the pressure

25 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



ion injection, arsenic is inplanted at 1 x 10[err] ions/cnferr] to

forma drain diffusion |ayer 403 (Fig. 7A). Next, according
to the lithographic steps, for 10 exanple, a resist imge with hol es of
about 0.8 [err]min wi dt h being opened is formed according to the

l'i thographic steps. Wth that resist -as8t he mask, the oxidized film
404 was subjected to hol e opening by dry et ching by use of an etchant

of the Jerr]F[err]-CHF[err] system 15 and then a concavity 410 with a
depth of, for exanple, ) about 1.0 [err}n1is formed by dry etching of
the CO [ert] FFQF?FgﬂfﬁgrPnto thegyerehioR ERBSsubsi? atetab1. " Then, the
resi st used for t he magk s repoved, and a_silicon dioxide filmwth
a t hi cknBS§°55F*$566 %Fag %g?ﬁthga 187hr oAt PRLMAYPLRIUZD  t he

bottom surfaces Qf the-8oncavity,410. At thjs, time | so the exposed
portion of thegd?aFnEgurfggﬁrrs Thex, EBEE?EE at ?%%S?iﬁﬁsﬂgﬁﬁ with silicon

di oxi de, and halogggeﬂaﬁsagﬁbvﬁﬁiH%a?tggkggtr%tphérW%% grr]{g§rr]-CHF[err]
y e bo

is effected 0 have~on tom sartaceé of boncav?ty 410 25
exposed (R g. ZB)ig selectivel d%ﬁégitg% ion injection, boron trifluoride
is [ d%at-a d 0 X 10°

i npl ante t ensit ions/cnferr]

After elapse of a predetermined deposition
time, feeding of DMAH is once stopped. The
predetermined deposition time of the Al film deposited
in this process is the time until the thickness of

10 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

15 direct heating at this time is made about 270 °C.
According to the steps up to this state, the Al
film 405 is selectively deposited within the openings
and the grooves as shown in Fig. 13B.

All of the steps as described above are

20 referred to as the first film forming step for
formation of electrode within contact hole.

After the above first film forming step, the
CVD reaction chamber 312 is evacuated until reaching
a vacuum degree of 5 x 10“3 Torr or lower by the

25  evacuation system 316b. At the same time, the Rf

etching chamber 313 is evacuated to 5 x 107% Torr

or lower. After confirmation that the both chambers



- 26.- 1 Subsequently, ion activation is effected in a nitrogen

at nosphere of about 1000[err]C, 10 mnutes to forma gate di ffusion

| ayer 402 (Fig. 70). Next, burying within the concavity of the
5 alumnumsilicon which is the specific feature of the pr esent
invention is practiced. For the substrafe-wth the structure shown in
Fig. 7C, the treatnent for buryi ng the alum numsilicon is described
in detail referring to Fig. 8. First, a substrate is
arranged i n tg? oadl o ‘%% ré er 511 to the Ioadl chanber 511 is
i nt roduced hyd?Pogn 5879 Fied %%?/ev‘tcul{(br @rogen Yfosphere.
And, the react C 2 ca 1 x
10[err] Torr b!;’/PQCh Dgr%%re%%cu%k?%osnd%%aagéjg‘&%ﬂed '}tx%rn{“’%r!eyé\fb wever, an

Al -Si filmcan pgcfp5ech &468 1§13 N& the Rf etching chamber 313 by

the conveying means, and the gate valve 310c closed.

5 The substrate is conveyed to the Rf etching chamber 313,
and the Rf etching chamber 313 is evacuated by means
of the evacuation system 316c until reaching a vacuum
degree of 10°° Torr or lower. Then, argon is fed
through the argon feeding line 322 for Rf etching, and

10 the Rf etching chamber 313 maintained under an argon
atmosphere of 1077 to 1072 Torr. The substrate holder
320 of Rf etching is maintained at about 200°C, Rf
power of 100 W supplied to the electrode for Rf etching
321 for about 60 seconds, and discharging of argon is

15 caused to occur within the Rf etching chamber 313
for about 60 seconds. By doing so, the surface of
the substrate can be etched with argon ions to remove
unnecessary surface layer of the CVD deposited film.
The etching depth in this case is made about 100 a

20 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, etc., no Rf etching may be effected. In

25 that case, the Rf etching chamber 313 function as

the temperature changing chamber for effecting

temperature change within a short time, when the



vacuum degree within the reaction chanber 512 may be poorer than 1 x

10[err] Torr. And, fromthe gasline not shown,

di met hyl al um num 20 hydride (DMAH) and Si[err]H err] are fed. For the
carrier gas through the DMVAH | ine, Herr] is enployed.

The second gasline not shown in for H e ]~ as the reaction gas, and
Herr] is permtted to fl ow through the second gasline, and the
opening of the slow leak value 25 not shown was controlled to adjust the
pressure within the reactjon chanber 512 to a predetermn ned val ue.

A typical pres$GFeSFAtURPS dRséNpsCHRdEeagtienschgpper 12 and the
- 27 - 1 Thr ough .t he line, DMAH is intrqoduced into the
reacti on tube. SPHECEGEAP FREBEEFeOLE B3° F752Fhyr SLARATent-  (ha DOVAH
partyal pressure 19 M98 SReote et cAohe ChalBE phe. ar BB A0 BE o
heat directly BQGR%aE%Ehingbu§lo%@ng of argon is stopped, and the
5 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 to S5 x 10*6
Toxrr or lower, the gate wvalve 3104 is opened. Then,
the substrate is moved from the Rf etching chamber 313
10 to the sputtering chamber 314 by means of a conveying
means, followed by closing of the gate valve 310d.
After the substrate is conveyed to the
sputtering chamber 314, the spﬁttering chamber 314 is

1 to 10*3 Torr

made under an argon atmosphere of 10°

15 similarly as in the Rf etching chamber 313, and the
temperature of the substrate holder 323 for mounting
the substrate set to about 200 to 250°C. And
discharging of argon is effected at a DC power of
5 to 10 kw to cut a target material such as Al or

20 Al-S1i (8i: 0.5%) and effect film formation of a metal
such as Al, Al-Si, etc. at a deposition speed of about
10000 A/min. 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

25 connected to the electrode.

After formation of a metal film of about 5000 A,

flowing of argon and application of DC power are stopped.



Al -Si. is deposited. As the starting gas containing Si as the
second starting gas during formation of the Al-Si flim Si[err]
Herr], Si[err] Herr], Si(CHerr])[err], SiC[err], SSHCI[err] 10 be
enpl oyed. By addition of H Herr] and Si starting gas
such as Si[err]Herr], etc., an Al -Si édnfai ni ng 0.5 to 2.0%of Si
can be deposited. The reaction tube pressure may be 0.05 to 760 Torr,
desirably 0.1 to 0.8 15 Torr, the substrate tenperature 260[err]C to
440[err] C, the DVAH partial pressure 1 x 10[err]-fold to 1.3 X
10[err]-fotd After Fvaqaprasff £hA thRad ki edthiedn 3ldbdC tha

Siferr]H err] -3 _partial_ pressure in the range of 1 x 10[err] to 1 X
10[err] - 1§ ol FFOfE (e IESurd idd i e s 8486 oF @by 20
an Al-Si can bg thu

pr edet er i ned epo%"fslﬁd‘glﬁg% _:‘Fgc?veé' AReeithy (ﬂ‘pgt?tﬁ?/kﬁﬂl!‘%pzﬁcog gtasopped. The
br oot 1110 cygpaq 3 bt o iyt gd 1 Rl S AR U
el AP Sl o noa Y Bh e ST e
the steps up t@at{diPaive 310f opened and the substrate taken out of
the apparatus.
According to the second Al film deposition
step as described above, the Al film 406 can be formed
10 on the SiO2 film 402 as shown in Fig. 13C.
And, by patterning the Al film 406 as shown
in Fig. 13D, a wiring with a desired shape can be
obtained.
(Experimental Examples)
15 In the following, how excellent is the above~
described Al-CVD method is and how good of the quality
the Al film deposited within the operings is are
described based on the experimental results.
| First, as the substrate, a plurality of N-type
20 single crystalline silicon wafers were prepared, which
are thermally oxidized on the surface to form SiO2 of
8000 A, and have various openings with various
apertures from 0.25 pum ¢ 0.25 um square to 100 um x 100 um
square patterned to have the subbing Si single crystal
25 exposed {Sample 1-1}.

These are subjected to formation of Al films

according to the Al-CVD method under the conditions as



- 28 - 1 step, an Al-Si film406 is deposited selectively only at.

the concavity portion 410 (see Fig. 7D). Next, on the drain
region 403, holes are opened according to lithographic steps, and an
alum numsilicon 5 405 is deposited fo 8000 A on the whole substrate
surface by the DC sputtering neth hbdl. Finally, dry etching

according to the C[err]BCl[err]-He systen1is applied to work the

alum numsilicon to a desired wiring shape (see Fig. 7E). 10

In the Exanpl e as descri bed above, description is made about the case
of N channél S@?Sﬂ%&hﬁ@1hﬂ%@wdrapﬁder the| sefPeRe cP0diftd Onst Peusad t he
gate electrode 102 isS p-type N channel SI T, but P-channel wherein
the drain ‘Eﬁé@@ﬁb@@ f@@ §§aﬁtﬂ e 937d ERe &5@§°€F8¢?Fo&83102 is 15
n-type can be al%%t l%gtyaf%ong pressure of 1.5 Torr, a DMAH

partial pressure of 5.0 x lO~3 Torr, the power amount

5 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.

10

15

20

25



As descri bed above, by use of the selective al um num CVD net hod, a

buried el ectrode region of the I nproved type SIT with a width of the
concavity of 0.8 [err]mor less can be formed with high reliability.
20 The filmform ng nethod _ppgferable for the pr esent
invention is to forma dep05|ted fllmby t he surface reaction on an
el ectron-donative sybstratef by Tusee & gas|oft anjal kyl all umi num
hydri de and hydr@gen gag (henei nafiter ¢alf ed tlhe Al -VCD fethod). 25
- 29 - 1 Yarnticuliarly,| by usej of nomet hy| al ym nym
hydri de (MVAH) as tHe startfng gas|or{ difnet hyl gFum' um hydri de (DVAH)
as the starting gas, &diH erF] gas as the feactiye gas, jand heating
the substrate surfage Yinder{ % the m xture|of| thesle gaseg, an Al film of
good quality ¢an be depdsited. Hede,| during{the skl ective
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deposition of A, it is preferable to nmaintain the surface
tenperature at the deconposition tenperature of the al kyl al um num
hydri de or higher and | ess than 10 450[ err] C, nore preferably 260[err]C
to 440[err] C As the nmethod for heating the substrate to the
above-nenti oned tenperature range, therset are direct heati ng and

i ndirect heating. Particularly, by mai ntai ning the substrate at the
above-nentioned 15 tenperature by direct heating, an Al film of good
quality can be formed at high deposition speed. For exanpl e, when the
substrate durface t enpésacanebguserg from TAbLE Lm fbr Aasibatistende
260[err]C to 440[err]C which is nore preferable tenperature range, a
filmof good Z20riggsl tepresath&eobadasgcst hrpghER @épéggtf6n0§peed of

300 A to 5000 A/m n. which is higher than in the case resi stance
heating. As su@HgBFFécﬁlhéét@ﬁ@oﬁéFﬁédSeleCtlF§&BsPFaﬁehF?§e@?p?§lhé%?ed by

direct t the energy f heat to th
Substratey.  28°eRor AP £ ZAT0NELN ﬁrg"%}f"’cﬂiani b1 SHaP L8R amp.

xenon | anp: etc. may be,incl uded he hod f.o0 Lndir . heati ng,
there is rgsistance he Jh ngfﬂsycharac%erlg%ac% of%ne a1 flfg w?gﬁln

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 pQcm, reflectance 90 to

10 95%, hillock density of 1 um or higher 0 to 10 and
substantially no spike generation (destruction probability
of 0.15 pym junction).

In contrast, at substrate surface temperatures
of 200 °C to 250 °C, the film is found to be

15  considerably good as compared with the prior art
although the film quality is slightly worse as
compared with the case of 260 °C to 440 °C, but the
deposition speed is 1000 to 1500 i/min., which can
never be said to be sﬁfficiently high.

20 When the substrate surface temperature becomes
450 °C or higher, the characteristics of the Al film
with the openings are lowered with the reflectance
becoming 60% or less, hillock density of 1 uym or more
10 to 104 cmﬁz, alloy spike generation 0 to 30%.

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

such as contact hole or thru-hole.



+ 30 - | which heating can be perforned by use of a heat-

generating body, etc. provided at the substrate supporting nenber for
supporting the substrate to form deposited filmarranged in the space
for 5 formation of the deposited film By applying the CVD
method to the substrate havi ng thed®lectron-donative surface portion
and the non-el ectron donative surface portion co-present t her eon,
a single crystal of Al is fornmed under good 10 selectivity only on the
el ectron-donati ve substrate surface portion. The Al thus fornmed wll
have all of excel | BRgtcharattefpBt Pesalesi Papferablyt aprbiedt tode/
wiring material. That is, reduction of generation probability of
hillock, reduct£Bf SPnaéﬁ‘éraPiL%ﬁthIB*hﬁ?SbaBFPerﬁfCtalln%ysswk*éhw|| be
acconpllshed nsi dered to be due to the fact

0
t hat substantlamﬁ§eﬁba6ra§xg?§ﬁﬁn€¥§ ?i Yor mati on of

On the sample 1-1 as described above, an Al
5 £film is formed on a substrate (sample) as described
below under the same conditions as when the Al film is
formed.
On a single crystalline silicon as the first
substrate surface material is formed a silicon oxide
10 film according to the CVD method as the second
substrate surface material, and patterning effected
according to the photolithographic steps to have the
single cxrystalline silicon surface partially exposed.
The film thickness of the thermally oxidized
15 8102 film has a film thickness of BOOOA, the exposed
portion of thesingle crystalline silicon a sige of
0.25 ym x 0.25 yum to 100 pym x 100 um. Thus, sample
1-2 is prepared (hereinafter such samples are
represented as “CVD SiO2 (hereinafter abbreviated as

20 SiO2/single crystalline silicon™)

Sample 1-3 is boron doped oxide film formed
by normal pressure CVD (hereinafter abbreviated as
BSG) /single crystalline silicon,
sample 1-4 phosphorus doped oxide film formed
23 by normal pressure CVD {(hereinafter abbreviated as

PSG)/single crystalline silicon,

sample 1-5 phosphorus and boron doped oxide



al | oy. spi ke, etc. on account of the eutectic reaction wi th the subbing
silicon, etc. is seen, because Al of 20 good quality can be forned on the
surface conprising a sem conductor or an el ectroconductive nmenber as
t he el ectron-donative surface, and also the Al is excellent in
crystallinity. And, when enployed for. 4¢ -the el ectrode of a sem conductor
device, an effect 25 surpassing the concept of the A el ectrode which has

been contenplated in the prior art, and could not be even expected in
the prior art can be obtai ned. - 31 -
1 1 Havi nign desoreddry altvovelalmgs sure fGin  theate itad terx Al
deposited on an el ectron-donative surface, for exanple, wthin the

openi ng with thealumtiaiidttanr BSPG) /ssiuissle ainy shalfldoe odddses becones to
have a single 5 crystalline structure, according to the Al -CVD nethod,

a netal film conposed mei&BAfl A reist Hiedee fiiddy fnamgd by plasma CVD

{hereinafter abbreviates as P-SiN)/single crystalline
5 silicon,
sample 1-7 hot nitride film (hereinafter
abbreviated as T-SiN)/single crystalline silicon,
sample 1-8 nitride film formed by low pressure
CVD (hereinafter abbreviated as LP-SiN)/single -
10 crystalline silicon,
sample 1-9 nitride film formed by means of an
ECR apparatus (hereinafter abbreviated as ECR-SiN)/
single crystalline silicon.
Further, according to all combinations of the
15 first substrate surface materials (18 kinds) and the
second substrate surface materials (9 kinds), samples
1-11 to 1-179 (note: sample Nos. 1-10, 20, 30, 40, 50,
60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160,
170 are lacking) are prepared. As the first substrate
20 surface material, single crystalline silicon (single
crystalline Si), polycrystalline silicon
{(polycrystalline Si), amorphous silicon (amorphous
Si), tungsten (W), molyvbdenum (Mo), tantalum (Ta),
tungsten silicide (WSi), titanium silicide (TiSi),
25 aluminum (Al), aluminum silicon {Al-si), titanium
aluminum (Al~-Ti), titanium nitride (Ti-N), copper (Cu),

aluminum silicon copper (Al-Si~Cu), aluminum palladium



can be al so selectively deposited, and its film quantity al so

exhi bits excell ent characteristics. For exanple, in addition
to a gas of an 10 al kyl al um num hydri de and hydrogen, a
gas containing Si atons such as SiHerr], Si[err]Herr],

Si[err]Herr], Si(CHerr])[err] SiCO{eé&r}, SiHerr]CJ[err], SiHC[err], or

the |ike, a gas containing Ti atons such as Tid][err],
TiBr[err], Ti(CH err])[err], etc. 15 a gas containing Cu
at ons such as copper bi sacetyl acetonate Cu(Clerr]Herr]gerr]),

copper 1 pi i Pidlad dyAtrehami ¢80 )Gu (g leradequst rsjlé{léwi]e) [(éfﬁorﬁldopper
bi shexaf | uoroacet yl acet onat e Cu( err HF[err]C{errE¥£err] etc.
may be i ntroduced iR prid i n@iormeieyady f dsmtkegSechng ur e

at nosphere, thereby formn e rode by sel ectlve de 05|t| on of
an el ectrocondusclfek?%}erate S‘g‘rfg?ceer'n%ﬁtesﬁ}cﬁ go% % SAQ;mi BSK .- EFC/ABPSG.T) |
Al -Si - Cu, |be above is
afilm 25 foﬁﬁ%g“nﬁﬁ&p eMﬁﬁ% eﬁﬁ %Wﬂgﬁ%P g

surface ch ract ,gﬁé C ag{yplté? Jé | on g%aedd ha%W 90 00a a1 sf%fn%ce

characteristi nce applica
comparable with the sample 1-1 could be formed.

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

10 described above, followed by patterning.

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

15 high durability due to good surface characteristic of

the Al film.

20

25



- 32 - 1 non-sel ective filmform ng nethod to the next

deposition step, Al or a netal film conposed mainly of Al can be al so
formed on the Al filmselectively deposited as descri bed above and
SiJerr], etc. as the 5 insulating film whereby a prgfgrap.epd®kelacdd | m
havi ng high useability for general purpgse.as the 1

sem conduct or devi ce can be obtai ned. Specm“g“m lH“l)f
such netal filminclude the follow ng. There nay be

conbi nations of 10 A, Al-Si, A-Ti, Al-Cu, AI-Si-Ti, Al-Si-Cu, etc.
deposi ted zflecEkﬁﬁk%?mdth A, A-Si, A-Ti, A -Cu, A -Si-Ti,

Al -Si - Cu, c. ——— As the filmformng nethod for non-selective
deposition, there are other t ha Al - . nmet hod as
descri bed above, the sp&fte#?%%mggkﬂgggtor Ee&?@? l'Um:lgigll—'lngxri?form'ng

Appar at us) bipolar transistor, having a collector region including

a first semiconductor region of the first

5 electroconduction type and a second semiconductor
region of the first electroconduction type having
higher resistance than said first semiconductor region,
a base region including a semiconductor region of the
second electroconduction type, and an emitter region

10 including a semiconductor region of the first
electroconduction type, said device comprising a metal
layer region for connecting said first semiconductor
region and the collector electrode on said collector
region provided within said second semiconductor

15 region layer of said collector region.

2. A semiconductor device according to Claim

1, wherein said collector region is formed on a third

semiconductor region of the second electroconduction
20 type different from said first electroconduction

type, and surrounded with a fourth semiconductor

region of the second electroconduction type having

higher resistance than said third semiconductor region,

said fourth semiconductor region comprising a second .
25 metal layer region for connecting the electrode on

said semiconductor region and said third semiconductor

region provided therein.

HER 0RO



Next', a preferable filmform ng apparatus for form ng the el ectrode
according to the present 20 invention is described. . ~ Fig. 9
to Fig. 11 show schematically a sequential metal Tr]ils E}@tfyBE &eggeplaced

apparatus preferable for applying the filmformn
descri bed above. 25 The sequential net aglﬂﬂ Mﬂammw
appar at us, as shown in Fig. 9, is #¥nstituted of |

311 connected nutual ly conmuni cat ed under shi el di ng

- 33 - fromouter air through the gate valves 310a to 310f,

CVD reactiqn chanber 312 as the first filmformng chanmber, an Rf
etchi ng chamber 313, a 3put fefFeRycendnpepr devicglaceerdieg sewobthim| m
form ng chanbe& and_a | oadl ock 5 chanber 315, and the respective
chanbers are OrcdmstPetuedn Faddcisbeli AaprEssasionyisvirtearail wit h

formed with said collector electrode.

5 4. A semiconductor device according to Claim
2 or 3, wherein said second metal laver region is

formed integrally formed with said electrode.

5. A semiconductor device according to any
10 one of Claims 1 to 4, wherein said metal layer region

is formed of a single crystalline aluminum.

6. A semiconductor device according to any
one of Claims 1 to 5, wherein said second metal layer

15  region is formed of a single crystalline aluminum.

7. A semiconductor device having a
semiconductor electrode region comprising a semiconductor
of the first electroconduction type provided internally

20 of a semiconductor substrate, an electrode provided on
one surface of said semiconductor substrate, and a metal
electrode region provided internally of said
semiconductor substrate for connecting said semiconductor
electrode region and said electrode.

25

8. A semiconductor device according to Claim

7, wherein an insulation film is provided around said

AL



t he '‘evacuati on systens 316a to 316e. Here, the above | oadl ock chanber

311 is a chanber for replacing the substrate atnosphere before
deposition treatnent with 10 H2 atnosphere after evacuation in order to
i nprove t he throughput characteristic. The next CVD reaction

chamber 312 is a chanber for selective g position on nisﬁ%aggﬁ%ﬁ&%

according to the Al -CVD nethod as scri bed above .
pressure or reduced 15 pressure, in which a substrate 3 mH@IH ing a
heat - generati ng nenber 317 which can heat the subst J med
to a range p f 200! err]%to 450[ err is provided internally, and
starting gases ectrogde %ﬁﬁ num hydri de bubbl ed and gasified in
the 20 bubbler 319 1 are introduced into the chanber through t he
starting gas introducing |ine 319 for CVD, and al so hydrogen gas as

the reactive gas is introduged thr h the asllne 319
et chi ng chamber 313 ° |59% gfg'gﬁﬁh &Préﬂggnrﬂggfiém of the

subst rat e Surfgc%rafet%q%‘ile%t 'svd%ﬁ Us8Bcrrone (epeRhngL ynder A

at nosphere, i nt er'nal er eo are provide a substrate
hol der 320 5 coj1jector electrode of a bipolar electrode.

10. A semiconductor device according to Claim
7 or 8, wherein said metal electrode region is a source
or drain electrode of the insulation gate type

10 transistor.

11l. A semiconductor device according to Claim
7 or 8, wherein said metal region is a gate electrode

of electrostatic induction transistor.

15
20

25
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- 34~ | capabl e of heating the substrate to a range of 100[err]C

to 250[err]C and an electrode line for Rf etching 321, and al so an Ar
gas feeding line 322 is connected. The next sputtering chanber 314 is
a chanber for depositing 5 non-selectively a netal filmby sputtering
under Ar at nosphere on the substrate surface, and internally

thereof are provided a substrate hol der 323 heated within a range of
200[err]C to 250[err]C and a targetABSTRAG] ectrode 324 for nounting a
sputter target naterral 10 324a and aIso an Ar %as feeding line 325 is
connect ed. 1 The 0 HQ , : ‘ &88Er ol chamber before
taki ng out the substrate after gg etion_ o | m deposition

: i
into the outer ai §W&c88ﬁ§ttPﬁt VégetﬁgfﬁPhéngtﬁDEbﬁﬁrﬁrnay be 15
repl aced mntrrrﬂ iJJlstor s 2 qol%e%to Or%BQ%ﬁ agg&h ons%rtu i onal
1l

r
exanpl e a sequent'i orm-ng appara? ggp?e et &bl e
semiconductor region of the first electroconduction

5 type and a second semiconductor region of the first
electroconduction type having higher resistance than
the first semiconductor region, a base region
including a semiconductor region of the second
electroconduction type, and an emitter region including

10 a semiconductor region of the first electroconduction
type. The semiconductor device further comprises a
metal layer region for connecting the first
semiconductor region and the collector electrode on
the collector region provided within the second

15 semiconductor region layer of the collector region.

20

This Sheet Has Been Replaced
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for applying the filmformng nmethod as descri bed above, and the sane
portions as described above in 20 Fig. 9 are nmade t he sane synbols. The
di fference of the apparatus in Fig. 10 fromthat |ﬂnfghgetﬂgsge@§k SiSed
in that a halogen lanp 330 is provided as the direct and,
the substrate surface can be directly heated, and f mmu“ Jﬁm

the substrate 25 holder 312 is provided with a nail 331

t he substrate under suspended state. By heating directly the
substrate surface - 35 - 1 wth such
constitution, the deposition speed can be further inproved as
descri bed above. The sequential netal filn1forning appar at us
wi th the above constitution, as shown substantial ly
equi valent to one with the structure/d'/rI havy ng ck chanber
e evb ] PRIGR: ARP
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reactfon chanber 312, the Rf etching chanber 313, the ~ sputtering . . __
chanber 314, the |oadl ock chanber 315 connected nutually to one
anot her with the conveying 10 chanber 326 as the rel ay chhigbigetHas Béeh Replaced

this constitution, the |oadl ock chanber 311 functions jmil““&m me
able I n

| oadl ock chanber 315. In the above conveying chanber 3
. the Figure, an arm 327 as t he conveyi ng neans reversibly rota
the AA. 15 direction and stretchable in the BB direction is provi ded,
and with the arm 327, as shown in the arrowhead in Fig. 12, the
substrate ‘can be noved foll owi ng the steps successively fromthe
| oadl ock chanber 311 to the CvD_chanber 312, the Rf etching 20
chanber 313, the sputtering chanber 9 t he-< 0adl ock chanber 315
Wi t hout exposure to outer air. (EMm Formi ng Procedure)
The filmform ng procedure for form ngpthe ectrode and wiring
according to the present 25 inventio0 | Sqd E ELed. " Fig. 13
; 1
is a schematic perspecgive view g§of: g i?l stfr/8i0k %f the filmformng
procedure for ( \ \ \ (§§
Poosion |\ RS0z \N ’? Si02
P+ \\ \ P+ ‘N+ % P+
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- 36 ) 1 formation of the electrode and wring according-to.the __

present invention. First, the outline is descrlbed A

sem conduct or substrat e havi ng openi ngs forned onT l&mdn1
5 i's prepared, which substrate is arranged in a film '

chanber, and its surface is maintained at, for exa

450[err] C to deposit selectively A at the portion where the

sem conductor is exposed according to the hot CVD nethod in a m xed
atnosphere 10 of DMAH as the al kyl al umi num hydri de and hydrogen gas.

Of course, as described above, a netal film conposed ﬂai y of Al such
as Al-Si, etc. may be al so deposited selectively by 3her ucing a gas

y the

cont ai ni ng Sl etc. sel ectivel
15 sputterin 6od &Athel Iatlng TI‘{m /N‘»(Ré‘)a ( a1
conposed mai nl'y o on-sel gctively patterln% of

the netal film non- Psub
34 2 33 32 34
F/G 48 {\_P*_/ VNt T T =N
Psub 41

FIG. 4C

n~ {Epil

p* (PBLI~
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N* (NBL)
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selectively deposited to a desired w ring shape, el ectrodes and

Wi rings can be formed. 20 Referring next to Fi¥sShest cerj Replaced
description is made in nore detail. First, a substram ﬁH ﬁﬁ ﬁ As
the substrate, for exanple, a single crystalline Si i
insulating filmprovided with openings with 25 respective apertures

provi ded thereon i s prepared. Fig. 13Ais a schematic view
showi ng a part of the substrate. Here, 401 is a singhe 1

crystalline silicon substrate as é?conducﬂ;v_e 6 subs

thermal |y oxidi iligon fil myag the ingul ating f}lI
and 404 are opgz 4ﬁ exXpos
from 5 each ot T4 is thg

%/ ) :
LEAAPOTICT OT1S) VT T 5

b grigoye tht)‘rrwex osed.
The procedure for formng Al fil i ; N

P +\ p
1

FIG. 4G

N*{NBL)
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beconmes the electrode as the first wiring | ayer on the substrate is as
follows with Fig. 10. First, the substrate as descri bed above
is 10 arranged in the |oadlock chanber 311. Hydrogen is i ntroduced
into the | oadl ock chanber 311 to make it undekhis/Shet éﬂaﬂ&ﬁ@@ her e.
And, the reaction chanber 312 is internally ev roxi mately
1 x 10 8 Torr by the evacuation system 316b. fllnlcan
be formed even if the vacuum degree within the reactlon c a 312
may be worse than 1 x 10 8 Torr. And, the gas of DNAH
bubbl ed from the gasline 319 is fed. For the carrier gas for the DVAH
line, 20 Herr] is enployed. The second gasline 319" is for
H2 as the reaction gas, and by flow ng H2 through the second gas

line 319" and controlling the opening degree of the sl ow | eak val ve
not shown to adjust the pressure 25 wthin the reaction chanber 312 to a
pr edet er m ned val ue. A typical pressure in this case is preferably

about 1.5 Torr. Through the UWNﬂIiryEIZ§MH 2;
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- 38-! I i ntroduced into the reaction tube.

I's made about 1.5 Torr, and the DMAH pressure

. The total

pressure

5. 0 x 10[err] Torr.

Then, current is passed to the hald@eﬁh¢ fheat directly the
waf er. Thus, 5 Al is selectively deposi After el apse
of a predeterm ned deposition tinme, His once stopped.
The predeterm ned deposition tine of the filmdeposited I n
this process is the tinme until the thickness of 10 the Al filmon the S
(single crystalline silicon substrate 1) becones equal to the film
t hi ckness of the Siderr] (thermally oxidized silicon film2), and
can be determ ned_previously by experin LLOL - S— 1
tenperature of t i) bst e surfage ay =15 eat |ng a 5 t4%e
i s made about 270[ i1C According to the steg up to this sgate, the
Al film405 is selectively dé¢posited within t 3openings 4101
401
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‘and fhe grooves as shown in Fig. 13B. Al'l of the steps as
descri bed above are 20 referred to as the first filmformng step for
formati on of electrode wthin contact hole. After the above
first filmformng step, the CVD reaction chanber 312 is evacuated
until reaching a vacuum degree of 5 x 10[err] Torr dthmMHhsb&mk%%mﬁ
25 evacuation system 316b. At the sane tine, the Rf er
313 is evacuated to 5 x 10[err] Torr or |lower. After mmmnﬁ ﬂ’ﬁm
t hat the both chanbers -

have reached t he above vacuum degr ee, t;g g;te | ve 310c i s opened,
t he substrate noved fromthe CVD QL 1on!2hanber 312 to the Rf

et chi ng chanber 313 by t he conveyi ng neans, and the gate val ve 310c
closed. 5 The substrate is con e ed tolé he Rf etchi ng chanber 313,

and the Rf etching chanmber 313 is t by neans
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of.the evacuation system 316c¢ until reaching a vacuum degree of
10[err] Torr or lower. Then, argon is fed t hrough the argon_feedi ng
line 322 for Rf etching, and 10 the Rf etching chanber 313 nalntalned

under an argon at nosphere of 10[err] to 10[err] TorThls
hol der 320 of Rf etching is maintained at about 200[

power of 100 Wsupplied to the electrode for Rf etching ut
60 seconds, and discharging of argon is 15 aused to occur mnthln the
et chi ng chanmber 313 for about 60 seconds* By doing so, the surface of
t he substrate can be ?Yh ar go enove unnecessary
surface | ayer of th dep ted fillm tching depth in this
case i s made about 100[err] 20 intfe 0 ide. Here, surface
etching of the CVD deposited fi i geffegted in the Rf etching
chanber, but since the surface |ayer of \{ he ' filmof the substrate
conveyed t hr ough vacuum cont ai ns no-oxygep, etc., no Rf etching may
be effected. In 25 that case3101n>q i chanber 313 function as
the tenperature changi ng chanber fo ciing 310tenperature change
within a short tine, n_the

~313
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N Zogt 1 tenperatures in the CVD reaction chamber_ 12 and the
sputtering chanber 314 are greatly different. In the RF

et ching chanber 313, after conpletion of Rf dschéenHas HelrQWhig@y Of argon
Is stopped, and the 5 argon within the Rf etchin 'S
evacuat ed. After the Rf etching chanber 313 is - 5 X

10[err] Torr and the sputtering chanber 314 to 5 x 10[err orr or

| ower, the gate valve 310d is opened. Then, the substrate is noved

fromthe Rf etching chanber 313 10 to the sputtering chanber 314 by

means of a conveying means, followed by closing of the gate val ve

310d. After the substrate is convey cb(#o t he sputtering
pde

chanber 314, the sputterd ha 14 is unggy, an argon
“at nosphere of 10[err] tﬁ%ﬁ&?ﬁrr _;ng 15 Sj 35 In the Rf etching
chanber 313, and the enperature of thg ii% for
nount i ng the substrate set to about 22

FIG. 13B
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di scharging of argon is effected at a DC power of 5to 10 kw to cut >a"
target material such as Al or 20 Al -Si (Si: 0.5% and effect fthario2 =F°

formati on of a netal such as Al, Al-Si, etc. at a deposition speed of
about 10000 A/m n. on the substrate. This step is a non-

sel ective deposition step. This is called the second filmformng
step for formation of the wiring to bee 25 - connected to the el ectrode.
After formation ghmraoiRicabr DErekraD eukrs0efndeons | flowing of argon
and application ©of DC power are stopped.

- 41 - 1 After eva%uati%n of J:t he | oadl ock chamber 311 to 5 x

10[ err] Térr o
substrate noved. After the gate valve 31Qe i.s . clased, N2 S is
permtted to flowinto tﬁesgﬂéﬂ?ﬁa}%(’tgr g‘éﬁéﬁﬁermﬂ-fddfhgi 2 géé’g’ﬁiaﬁg

atmospheri c pres%%%%si%@gr, has a collector region including a first

e i s opened and t he

semiconductor region of the first electroconduction

5 type and a second semiconductor region of the first
electroconduction type having higher resistance than
the first semiconductor region, a base region
including a semiconductor region of the second
electroconduction type, and an emitter region including

10 a semiconductor region of the first electroconduction
type. The semiconductor device further comprises a
metal layer region for connecting the first
semiconductor region and the collector electrode on
the collector region provided within the second

15 semiconductor region laver of the collector region.

It This Sheet Has Been Replaced

s NN

20

/' o . . ‘{q_ o afs

. - ab
25 . a/n{

This is the replacement sheet

pate: 13 DEC 9%



gate val ve 310f opened and the substrate taken out of t he appar at us.

According to the second Al fil mdeposition step as described above,
the Al film406 can be formed 10 on the SiJerr] film402 as shown in
Fig. 13C And, by patterning the Al film 406 as shown

in Fig. 13D, a wiring wwth a desired stiape can be obt ai ned.
(Experinental Exanples) 15 I'n the foll ow ng, how excellent is
t he above- descri bed Al-CVD nethod is and how good of the quality
the Al filmdeposited within the openings is are descri bed based on
t he experinental results. First, as the substrate, a
plurality of NNtype 20 single crystalline silicon wafers were prepared,
whi ch are thermal ly oxidized on the surface to formSigerr] of

8000 A, and have vari ous openings wt |ou ures m 0. 25
[errJmc 0.25 [err] msquare to 100 [ xlopﬁ@p K
patterned to have the subbing Si single Crystal ose le 1-1).

These are subjected to fornmation of AI 10Im‘8A11 11 a or di ng to the Al -CVD

met hod under the conditigpns as \ /
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- 42 - 1

pressure of 1.5 Torr,

t he power amount 5

substrate surface tenperature set wt

490[err]Cto formfil ns.

10 15

descri bed bel ow.
DVAH as the starting gas,

and hydrogen as the
a DVvAH
passed t hrough the hal ogen lanp is adjusted and the
of 200[err]Cto

parti al

n the range

)

FIG. 3

reaction gas,

Under the common conditions by use

of

a total

pressure of 5.0 x 1[err] Torr,

The results are shown in Table 1.
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- 44 - 1 As can be seen from Table 1, at a substrate

surface tenperature by direct heating of 260[err]C or hi gher, Al is
deposited selectively at a high deposition speed of 3000 to 5000
Almn. wthin the openings. 5 When the characteristics of the A
filmw thin t he openings at subsjrate surface tenperature range
of 260[err]C to 440[err]C are exam ned, they are found to be
excel l ent such that no carbon is contained, with resl stivity being
2.8 to 3.4[err]Jcm reflectance 90 10 95% ,hillock dehsity of 1 [emr]m
or higher 0 to 10 and substaftial |y o spfke genergfign (dEttrucﬁjgn
probability 0. }5 err]q pPaction) | -lmn_cg 2 3t
substrate surch:J np ures i 0 200 [ r\r};ﬁaAsz)Zﬁd r] G, 1l m
is found to be 15 consi derablly goBd as-co red V- the/prior
al though the filmquality is slightly{worse gs—t ™\
+ l— N#
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conpared with the case of 260 [err]C to 440 [err]C, but the

deposition speed is 1000 to 1500 A/ mi n., which can never be said to
be sufficiently high. 20 When the substrate surface tenperature
becones 450 [err] C or higher, the characteristics of the Al film
with the openings are lowered with the.refl ectance becom ng 60% or

| ess, hillock density of 1 [err]mor re 10 to 10[err] cm , alloy
spi ke generation 0 to 30% 25 Next, description is nmade about
how sui tably t he met hod as descri bed above can be used openi ngs

such as contact hole or thru-hole. -
45 - 1 That is, it can be also preferably applied to

the contact hol e/thru-hole structure conprising the materi al as
descri bed bel ow. On the sanple 1-1 as descri bed above, an Al
5 filmis formed on a substrate (sanple) as described

FIG. 6
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bel ow under the sane conditions as when the Al filmis f or med.

On a single crystalline silicon as the first substrate surface
material is fornmed a silicon oxide 10 filmaccording to the CVD net hod
as the second substrate surface material, and patterning effected
according to the photolithographic stegs to have the single
crystalline silicon surface partially exposed. The film

t hi ckness of the thermally oxidized 15 Sigerr] filmhas a film

t hi ckness of 8000[err], the exposed portion of thesingle crystalline
silicon a size of 0.25 [err]mx 0.25 [err]mto 100 [err]mx 100
[err]m Thus, sanple 1-2 is prepared (herei nafter such sarrpl es are
represented as " | O2pk Er €i naf e 2 A-as =2 ST obe
crystalline sili Sanple 1-3 1s Pboron doped oxifde film
f or med by ‘normal pressure CVD (hereinafter abgpgviated as
BSG /single crystalline silicon, sanpl e 1-4 phosphogus.j¢@qped
oxide filmfornmed 25 by nor ' evi at ed
as PSG /single crystalline silicon, B ,
| ~~401
410 410
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403 = 4401
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sanpl e 1-5 phosphorus and boron doped oxi de
- 46 - 1
abbrevi ated as BSPG /single crystalline silicon,
nitride filmformed by plasma CVD
P-SiN)/single crystalline 5 silico
nitride film (hereinafter
silicon, sanple 1-8 nitride filmf
CVD (hereinafter abbreviated as LP-Si N)/single
sanmple 1-9 nitride filmfornmed by neans of an
(hereinafter abbreviated as ECR-Si N)/
Further, according to all conbinations
materials (18 kinds) and the

e
—319-1

Hz 322

319 L -319

3103

310b
N

|

FHE"

filmfornmed by normal pressure CVD (hereinafter

sanple 1-6

(hereinafter abbreviates as

sanple 1-7 hot

abbreviated as T-SiN)/single crystalline

ormed by | ow pressure

10 crystalline silicon,
ECR appar at us

crystalline silicon.
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second substrate surface materials (9 kinds),
1-10, 20, 30, 40, 50,
170 are lacking) are prepared. As the first
single crystalline silicon (single

(not e: - sanpl e Nos.
120, 130, 140, 150, 160,
substrate 20 surface materi al

crystalline Si), polycrystalline silic%p

anor phous silicon (anorphous

Si),

sanpl es 1-11 to 1-179
60, 70, 80, 90, 100, 110,

(polycrystalline Si),

tungsten (W, nolybdenum (M),

tantal um (Ta), tungsten silicide (Wsi), titaniumsilicide (TiSi), 25
al um num (Al'), alum numsilicon (Al -si), tita?ilbﬁ’]m al um num (Al -Ti ),
titaniumnitride (Ti- opper ,(Cu), a F inum silicon copper
(Al-Si-cu), alum num/ggﬂﬁdi u?n7 .47 -
1 (Al -Pd), titanium (T1), ‘nol ybdenum sjt4 ide“@Mg-Si), t ant al um
silicide (Ta-Si) are enployed. As the setCond Substrate surface
material, T-SiJerr], SidJerr], BSG PS P-SIN, T-SiN, LP-SiN,
ECR-Si N are enpl oyed. For all
310
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-/ . . .
5 /of the sanples as described above, good Al filns conparable with

the sanple 1-1 coul d be forned. Next, on the substrate having
A" deposited sel ectively as described above, A is deposited non-
selectively according to the sputtering nmethod as 10 descri bed above,
foll owed by patterning. s the result, the Al filmfornmed
accordi ng to the sputtering nethod, and the Al filmsel ectively
selected within the openings are found to be under the contact state
with both electrically and nechanically 15 hi gh durability due to good
surface characteristic of the Al film 20 25
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- 48 - We claim 1. An electrostatic induction transistor conﬂ#éi@@i'f’ﬁg”:ma
first sem conductor region of a first conductivity type; a second

sem conductor region of said first conduc- tivity type having higher
resi stance than said first sem conduct or region and bei ng di sposed over
sai d first sem conductor region; an el ectrode di sposed on a surface of
sai d second sem conductor region; andt&-metallic region di sposed within

said second seni - conductor region so as to forma 1@k by
sRAL AR S

connecting a third sem conductor region of a sec- Ivity type
buried in said secoMdeslaim: conductor r egion and sai d el ectrode through
said second sen chnAictlsctrogatio. indoetiontransistow tolprisingyi on i s forned
of single-crys- tgalfilsbsemiconduttor region of a first conductivity
type;
a second semiconductor region of said first conduc-
tivity type having higher resistance than said first
semiconductor region and being disposed over said
first semiconductor region;
an electrode disposed on a surface of said second
semiconductor region; and
a metallic region disposed within said second semi-
conductor region so as to form a gate electrode by
connecting a third semiconductor region of a sec-
ond conductivity type buried in said second semi-
conductor region and said electrode through said
second semiconductor region,
wherein said metallic region is formed of single-crys-
talline aluminum.
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- 49-
SEMICONDUCTOR DEVICE WITH BURIED ELECTRODE REFLACEMENT SHEEY

ABSTRACT OF THE DISCLOSURE

A semiconductor device including a bipolar
transistor, has a collector region including a first
semiconductor region of the first electroconduction
type and a second semiconductor region of the first
electroconduction type having higher resistance than
the first semiconductor region, a base region
including a semiconductor region of the second
electroconduction type, and an enitter region including
a semiconductor region of the first electroconduction
type. The semiconductor device further comprises a
metal layer region for connecting the first
semiconductor region and the collector electrode on
the collector region provided within the second

semiconductor region layer of the collector region.

FIGURE 3

R 1 e tolracenen Samet

VAN S



