OF THE | NVENTI ON Fiel d of the Invention: The invéntion of the prese
application relates to a Bi MOS sem conductor device conprising a bip Hﬂfﬁ
transistor.and a MOS transistor in a sane sem conductor base, and a
nanufactur*ng nmet hod thereof. Description of the related Art: Fig. 1 shows,
as a rel BISHOS SEMACONDUCTOR, DENICH ANR: MANIFAQTURING METHOD THEREDE oad
type Bi CMOS- SRAM (see TECHNI CAL REPORT OF THE | NSTI TUTE OF ELECTRONI CS

| NFORVATI ON. AND COMMUNI CATI ON ENG NEERS, SDIWB3- 151 CD93- 145(1993-11)). This
Bi CMOS- SRAM has a nenory portion 1 and a peripheral circuit portion 2. In
the menory portion 1, therearecRsoNd ded: ria NWAONTEeRsi stor 3a which is a
bul k transistor; and a PMOS transistor 4 wWhnich 15 a thin filmtransistor.
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The invention of the present appllcatlon relates
to a BiMOS semiconductor device comprising a bipolar
transistor and a MOS transistor in a same semiconductor

base, and a manufacturing method thereoff

Description of the related Art:

..Fig, 1 shows; as a related art of the invention of
the present appllcatlon, a TFT load type BiCMOS-SRAM (see
TECHNICAL REPORT OF THE INSTITUTE OF ELECTRONICS INFORMATION
AND COMMUNICATION ENGINEERS, SDM93-151 CD93-145(1993-11)).
This BiCMOS-SRAM has a memory portion 1 and a'peripheral
circuit portion 2.

In the meﬁory poftion 1; there are provided: an
NMOé trensistor'3a which is a bulk transistor; end a PMOS
transistor 4 which is a thin film transistor. In the
peripheral circuit'portion'z, there are brovided an NMOS
transistor 3b and a PMOS transistor 5 both of which are bulk
transistors; and an NPN bipelar transistor 6.

In tﬁis related art, gate electrodes of the NMOS
transistors 3a, 3b and of the PMOS transistor 5 are formed
by a firsf polycrystalline Si layer 12 on an Si base 11,
while a base electrode of the NPN -bipolar fransistor 6 is
formed by a second polycryétalline Si layer 13.

Further, both a ground line of the memory portion'
1 and an emitter electrode of the NPN bipolar transxstor 6

are formed by a third polycrystalllne Sl layer 14, whereby a



transi stor 3b and a PMOS transistor 5 both of which are bulk transistors;
and an ,NPN bi polar transistor 6. In this related art, gate el ectrodes of
the NMOS transistors 3a, 3b and of the PMOS transistor 5 are fornmed by a
first polycrystalline Si layer 12 on an Si base 11, while a base el ectrode
of the NPN bipolar transistor 6 is formed by a second polycrystalline S

| ayer 13. Further, both a ground |ine of t he menory portion 1 and an

emtter electrode, of the NPN bipol ar tranS|stor 6 are forne thlrd
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: layer and a power supply line of the PMOS transistor 4 are
forméd by a fifth polyérystalline Si layer 16. |

. Contact holes 17 to the Si base 11 and the
polycrystalline Si layers 13 and 14 are filled up with plugs
consisting of W layers 21. Further, a wiring consisting of
a first Al layer 22 is brought into contact with the W layef
21, while a wiring consisting of a second Al iayer 23.is
brought into contact with the first Al layer 22.

In this related art, the NPN bipolaf transistor 6
is of ‘emitter-base self alignment type. For this reason, an
opening portion 25 reaching the Si baée 11 is formed
continuously both in an Sib2 layer 24 acting as an
interlayer insulator on the polycrystalline Si layer i3 as a
base electrode and in the polycrystalline Si layer 13; an
SiO2 layer 26 depbsited all over the surface is
anisotropically etched; and thﬁs a sidewall congisting of
the SiO2 layer 26 is formed on an inside surface of the
opening portion 25 Sdéh that a contact hble 27 for the
emitter electrode, surrounded by that sidewall, is finally
formed. '

As is apparent from the above explanation, by the
way, the SiO2 layer 24 acts not only as.an interlayer'
insulator between the polycrystalline Si layers 13 and 14,

but also as an offset when the sidewall consisting of the



Contact holes 17 to the Si base 11 and the polycrystalline Si |ayers 13 and
14 are,filled up wth plugs consisting of Wlayers 21. Further, a wring
consisting of a first Al layer 22 is brought into contact with the Wl ayer
21; while a wiring consisting of a second Al layer 23 is brought into
contact with the first Al layer 22. In3his related art, the NPN bi pol ar
transistor 6 is of emtter-base self alignnment type. For this reason, an

openi ng pordi®n oy &Lashi Ny b8eng £6288a 1l rérfoniBdregsbhnNuens! §ibgth in
an [err] layer® 24 acting as an interlayer insulator on the polycrystalline
Si layer 13 asm baseustepératie1aadti D0d heo ppdycrinisial thhekSessayer 13; an
[err] layer 26 deposited all over the surface is anisotropically etched;
and thus a sidewal | comstkéi oghef baed| eas]is$ agppaléntsifonntbeodrawingsi de
surface of the -opening portion 25 such that a contact hole 27 for the
“emitter el eft ridte, MenPFPUPAEHi®y Lhathei Gd0gml layexs 24nds| yefbrardthas s
apparent fromthe above expl anation, by the )

NMOS transistor 3a of the méemory portion 1 and is supposed

to be left also on both the NMOS transistor 3b.and the PMOS

transistor 5 of the péripheral circuit portion 2. For this

reason, step of the NMOS transistors 3a and 3b and the PMOS

tfansistqr 5 of the memory portion 1 and the peripheral

'circuit portion 2, respectively, is large and the contact

hole 17 is deep. |

As a result of this, the contact hole 17.is filled

up with the W .layer 21 as the plug and, consequently, there

arises a decrease in the 'step coverage of a barrier metal

layer (not illustrated in the figure) formed in a lower

layer of the W layer 21, even though a break at the step of

the Al layer 22 may not arise. This problem becomes

problematic especially with a contact hole in relation fo a-

source/drain region of a MOS transistor having a shallow

junction: there may result, e.g., a short circuit by alloy

spike between a source/drain region of the NMOS transistor

3b of the peripheral circuit portion 2 and the Si base 11.

Accordingly, reliability of the related art shown in Fig. 1

was not always high.

OBJECTS AND SUMMARY OF THE INVENTION

A first object of the present invention is to

provide both fast operation and high reliability of a



way, the [err] layer 24 acts not only as an interlayer insulator between
the polycrystalline Si layers 13 and 14, but also as an offset when the
sidewal I consisting of the 3 [err] layer 26 is being formed. For this
reason, the SiC2 layer 24 nust be at least 100 to 200 nmin thi ckness. On
the other hand, as is apparent fromthe drawi ng of the menory portion 1,
the [err] layer 24 is left on the NMOS tg4ansistor 3a of the menory portion

f I th the tor 3b and the
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improve rellablllty of the BiMOS semiconductor device by
reducing step in a blpolar transistor portion and a MOS
transistor portion.

A BiMOS semicondﬁctor device of the pfesent
invention is characterized in that, in a BiMOS semiconductpr
device comprising a bipolar transistor and a MOS transistor
in a same semiconductor base, an . emitter electrode is
provided on an insulator layer covering a base electrode of
the bipolar transistor; and the MOS transistor is not
provided with the insulator layer.

A BiMOS semiconductor device of the present
invention is characterized in that, in the above-mentioned
BiMOS semiconductor device, a gate electrode of the MOS
transistor is formed by a first conductive layer on the
semiconductor base; the base electrode is formed by a second
conductive layer on the semiconductor base; a wiring of the
MOS transistor and the emitter electrode are formed by a
third ;onductive layer on the semiconductor base; and the
insulator layer is an interlayer insulator formed between
the second conductive layer.and the third conductive layer.

A BiMOS semiéonductor.device'of the present
invention is characteriéed in that, in the abdve-mentioned
BiMOS semiconductor device, a sidewall comprising a second

insulator layer is provided on an inside surface of an



up with the Wlayer 21 as the plug and, consequently, there arises a
decrease in the step coverage of a barrier nmetal layer (not illustrated in
the figure) forned in a |lower |ayer of the Wlayer 21, even though a break
at the step of the Al layer 22 may not arise. This probl em becones

probl ematic especially with a contact hole in relation to a source/drain
region of a M3S transistor having a shalPow junction: there may result
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NMOS transi ROr Circuit portion and t ase
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i nvention Iélé&tzpé&éngﬁt@@ab i%idep%at ggaewatiml @¢hd dheahbidéty of a 4
transistor is not provided with'the first insulatér layer.:

A manufacturing method of BiMOS semiconductor
device of the present invention is characterized, on
manufacturing any one-of the above-mentioned BiMOS
semiconductor device, in having the steps of: forming
successivély a conductive layer for the base ele;trode and
an insulator layer on the conductive layer over the whole
surface; and etching the insulatqr layér at least in the
region of the formation of the MOS transistor by setting the
end point of the etching at the conductive layer.

As, in a BiMOS semiconductor device of the present
~invention, no insulatér la?er electrically isolating the
emitter electrode and the base electrode of the bipolar
trahsistor from each other is provided in the MOS
transistor, an increase in the stép in the MOS transistor
due to the.insulator layer needs not be coﬁsidered, i.e.,
the insulator layer can be ﬁade sufficiently thick.

As, in a BiMOS semicqnductor'device of the present
iﬁvention, no second conductive layer on the seﬁiconductor
base is provided in the MOS tfansistor, no trouble occurs
even when no interlayer insulator is provided between the_
second and third conductive iayers.

In a BiMOS semiconductor device of fhe present

invention, the first and second insulator layers



bi pol ar transistor in a Bi MOS sem conductor device. A second object of the
present invention is, in a manufacturing nmethod of Bi MOS sem conduct or
device, to inprove reliability of the Bi MOS seni conductor device by
reéducing step in a bipolar transistor portion and a MOS transistor portion.
A Bi MOS sem conductor device of the present invention is characterjzed in
that, in a Bi MOS seni conductor  devi ce &nprising a bipolar transistor and a

MOS transe&éetrh&a&l@amoa@ﬁecm@nmtt@ﬁ%1emzemé tf1d elrectsfele is
provided on an insulator |ayer covering a base el ectrode of the bipolar

transi st oeleafftotike oOShier drijiodtad Hren¥is tyoVimad addih diter NS at €tie

| ayer. A Bi MOS sem conductor device of the .present invention is

char act er fzedti inshdia tom lidyeralseamrarers @ared BidddS Wem ddmducidewalklvi ce, a
gate el ectrode of the MOS transistor is forned by a first conductive | ayer
on the seapnspdlidngr ofadde sesdrss dnsd@tariddyer dedeing f aaeerhd

conductive |ayer on the _sem conductor base; a wiring of the
the first insulator layer is large in its thickness. The

first insu;ator layer is not provided in the MOS transistor,
however. Therefore, the step is small in the MOS
transistor.

In a manufacturing method of BiMOS éemiconductor
device of the presehf invention, on etching an insulator
layer at least in the region of the formation of thehMOS
transistor, the end point of the etching is set at the
conductive layer which has a large etching selectivity to
the insulator layer. Therefore, insulator layers below that
conductive layer can be prevented from both reduction in
thickness and déterioration-in gquality.

. BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side sectional view of a related art
to the present invention;

Fig. 2 is a structuréi sectional view of a first
embodiment of a BiMOS semiconductor device of the present
invention; and

Figs. 3A'to 3K shows a second embodiment of the
present invention, namely of a manufacturing method of a

BiMOS semiconductor device of the present invention.

' DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following referring to Figs. 2 and 3, there



MOS transfstor and the emtter electrode are forned'by a third conductive
| ayer on the sem conductor base; and the insulator |ayer is an |nterlayer'

i nsul ator forned between the second conductive layer and the third

conductive |ayer. A Bi MOS sem conductor device of the present invention is
characterized in that, in the above-nentioned Bi MOS sem conductor devi ce,
conprising a second insulator Iayer I s provided on an inside
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of the above-nmenti oned Bi

bipolar transistor and an N-channel MOS transistor.
Fig. 2 is a structural sectional view of a first

embodiment of a BiMOS semiconductor device of the present

~invention.

Referring to Figs. 3A to 3K, there will be
explained a second embodiment of the present invention,
namely, qf a ﬁanufacturing method of the above BiMOS
sethiconductor deviée.

In the second embodiment, as shown in Fig. 33,
first, an SiO2 layer (not shown in the figure)_having.a
thickness of about 400 nm is formed by thermal oxidation on
the surface of a P type Si substrate 61, and an opening
portion (not shown in the figure) is formed by selectively
etching this SiO2 layer. Then, an N* type buried layer 62
is formed in the v1c1n1ty of the surface of the Si substrate
61 by 1ntroduc1ng Sb into the Si substrate 61 by thermal
diffusion or ion implantation using the sio2 layer as mask.

| The Si substrate gets covered by an antimony glass
.layer at the time of introducing Sb. ‘Therefore, the

antimony glass layer and the SiO2 layer are then removed by

~ etching with a buffered hydrofluoric acid or the like.

Then, an N type monocrystalline Si layer 63 having a
thickness of about 1.5 um is epitaxially grown on the

substrate 61 using a gas such as SiH2C12 with added P or the
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I'nsul ator |ayer. A nanl¥actun|#frmnhod of BI MOS sem conduct or
i énﬁtcﬁ@f-acféseé iz 0N g B CEEd NepRNY one

a



sem conduct or device, in having the steps of: formi ng successively a
~conductive layer for the base el ectrode and an insulator |ayer on the
conductive .l ayer over the whole surface; and etching the insulator |ayer at
| east in the region of the formation of the MOS transistor by setting. the
end point of the etching at the conductive layer. As, in a Bi MOS

sem conduct or device of the present in8ention, no insulator |ayer

el ectrically isolati t he .enitter, el ectrode and the sg.e of the
bi pol ar tr‘:i%(ﬁ &oo?ﬁﬁﬁrlgrﬁnegsc St5Fert b s roTRR 4jn°%]h%1?§/cglt %'g%%:ig?%re -an

I ncrease i6rl the }th%ordo%oté}ﬁzé\égslf'rnaé“%ft I dlg 40 the insulator |ayer needs
not be considered, 1.e., the insulator l'ayer can be made sufficiently

thick. As, in a Bi Mya,SeMLORMGIOTi oM £€ 98, L4 PIESenhybbveat hgwn%%s
second conductive |ayer ‘on the sem condlctor base is provided in the

transi st ofy ¢Ha drnRidd SOGBHT A0 ers Nk 1 X EIVEVer £bARBEaLYT Lbeopr ovi ded
bet ween the second and third conductive |ayers. In a Bi MOS sem conduct or
devi ce of pltidd esenthe surface of the Si base 41, whereby an
isolation region in which the Sioz'layer 64 is formed is
marked off from an active region which is surrounded by the
Sio2 layer 64.
Next, as shown in Fig. 3C, a P well 65 is formed 
, in a region of the formation of an NMOS transistor by
selective ion implantation of B into the monocrystalline Si
layer 63, while in a region of the formation of an NPN
bipolar transistor there is formed a P type impurity region
{(not éhown'in the figure) for making a PN junction isolatioh
between the NPN bipolar trapsistors. an NV type impurity'
'region 66 is formed as plug region relative to the N¥ type
‘buried layer 62 by selective ion implantation of P into the
region of the %ormation of the NPN bipélar transistor.
Thereafter, an Sio2 layer 67 as Qate oxide is
formed on- the surface of the active region. A polycide
layer 73 is formed using CVD method, sputte;ing method or
the like by_successively depositing a polycrystalline Si
layer 71 and a silicide layer such as WSi layer 72 or the
like, their thickness beiqg about 70 to 150 nm. The
polycide layer 73 is then worked according to the pattern of

the gate electrode of the NMOS transistor.

Thereafter, regions other than the region of the



I nvention, the first and second insul ator |ayers 6 electrically isolate
the emtter electrode and the base el-ectrode of the bipolar transistor from
each other. As the first insulator |ayer serves as an offset when the
sidewal | consisting of the second insulator layer-is being -fornmed, the
first insulator layer is large in its fhickness. The first insulator |ayer
Is not provided in the MOS transistor,”however. Therefore, the step is

smal | i1 e NS (AR Ginod N AAIBUAC I ROV hPla B ¢

sem conduct o Vi ce t he present Tnvention, on etchi'ng an insulator’

layer at (RAStsHIW Nig rag oniqfrd Pe 40 " e yfe tio M § rdgish oF4 the

end point of the etching is set at the conductive | ayer ich has a | arge
et chi ng s erndd Yoyt Gidheingidt t ©fod ayeras haimf o magissll gior | ayers

bel ow t hat . -
resist as well as the polycide layer 73 and the SiO2 layer
64.. By depositing and anisotropically etching the SiO2
layer 75, a sidewall cons;sting of the SiO2 layer 75 is
formed on the side of the polycide layer 73.
Thereafter, the regions other than the region of
the formation of the.NMOS transistor are again covered by a
resist (not shown in the figure), and an Nt type impurity
regién 76 is formed by ion implantation of As using as masks
the resist as well és the polycide.layer 73 and the SiO2
layers 64 and 75. By then, an NMOS transistor 33 having an
LDD structure is formed. Then, interlayer insulétors such

as SiO, lavers 77 and 78 or the like are formed, and a

2

contact hole 81 is formed, out of the $i0O, layers 77 and 78,

2
in a portion where the base region of the NPN bipolar
transistor is to be formed.

Next, as shown in Fig. 3D, a polycrystalline Si
layer 43 having a thickness of about 100 to 200-nm is
deposited using CVD method, and an ion implantation of B
into the polycrystalline Si layer 43 is carried out. It is
to be noted that, instead of fhe polycrystalline Si layer
43, a polycide layer may:be formed by successively
depositing a polycrystalline Si léyer haviﬁg a thickness of

about 50 to 100 nm and a silicide layer having a fhickness

of about 40 to 100 nm using CVD method, sputtering method or



conductive | ayer can be prevented f+om both reduction in thickness and
deterioration in quality. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
side sectional viewof a related art to the present invention; Fig. 2 is a
structural sectional view of a first enbodi nent of a Bi MOS senm conduct or .
device of the present invention; and Fi%;. 3A to 3K shows a second

enmbodi ment of the present invention, ndfely of a manufacturing method of a
Bi MOS senEE%n%E% or device of the present invention. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS In the following referring to Figs. 2 and 3,

there 7 will be @il nad dridwi ANdrSgCOoRE, egRogifENi gyef shenpuesgnt
i nvention which are appliied to a Bi MOS semi conduct or 2
a thickness of about 100 to 200 nm is deposited using TEOS
as raw material, and on this SiO2 layer 54, then, a
polycrystalline Si layer 82 havinj a thickness of about 30
to 100 nm is depositcd. Thereafter,'as shown in Fig. 3F, an
opening portion 55 is formed, out of the polycrystalline Si-
layer 82, the 5102 layer 54 and the polycrystalline Si layer
43, in a portion where an inner base region of the NPN
bipolar transistor is to be formed.

Then, by ion implantation of an N type impurity
using as mask the resist (not shown in the figure) once used
for thc formation of the opening portion 55, an N* type
impurity region 83 for a structure of a selectively
implanted.collector (SIC) is formed on the Nt type buried
layer 62. By ion implantation of B through the opening
portion 55, a P type impurity region 84 as an inner base
region is formed in a shallow region of the Si base 41.

The ion implantation for the formation.of the N*
type impurity region 83 can also be carried out at the time
of forming'thé contact hole 81. 1In this case, area of the
contact hole 81 is larger than that of the opening portion
55 so that capacitance between the base and the collector
increases. As the cross section area for the collector
current also inc:eases, the collector current increases.

Next, as shown in Fig. 3G, an SiO2 layer 56 having

a thickness of about 100 to 500 nm is deposited by low



devi ce conprising an emtter-base self alignment type NPN bipol ar

transi stor and an N-channel MOS transistor. Fig. 2 is a structural

sectional view of a first enbodi nent of a Bi MOS sem conduct or device of the
present invention. Referring to Figs. 3Ato 3K, there will be explained a
second enbodi nent of the present invention, nanely, of a manufacturing

met hod of the above Bi MOS sen1conductor1ﬁeV|ce In the second enbodi ment,

ek 'S;!}é:éfsgu%éﬁfvﬁ dgé{hoé‘“u%%ﬁeabg e%ﬁerf% HAQWE 1 td1e Jélﬁte”;gj »\E}gv' ng

a thickne nmis rmal oxidation on t ce

of a Pty r@e&@f’é&éf‘t&rﬁ&spﬁé‘ﬁlé“p%%h% RYD! kROl SHAN, T hes

figure) is forned by selectively etching this [err] layer. Then, an [err]

type buri ethdoyet &2t isvdorkd wRolbesuirgihbiet ¥ fofthleh it %ﬁbflaﬁﬁélgfsé,he Si
substrate 61 by introducing Sb into the Si substrate 61 “y therma

di ffusi on wifeddiy | a4 BIdwd 1 DNcons Ngting ber thel syjer, aay@sis 6 The f:Brmed
substrate gets covered by an antinony gl ass -
in the inside surface of the opening portion 55 so that a
contadt hole 57, surrounded by that sidewall, for an emitter
electrode is formed. With the RIE of this case, the |
" polycrystalline Si layer 82 acts as stopper and an end point
detection is pdssible with the polycrystalline Si layer 82
SO that.the'sidewall can be formed in stable fashion.

Next, a resist‘(not.shown in the figure) is worked
according to the pattefn of the base region and the base
electrode of the NPN bipolar transistor, and by using this
resist as mask, the pochrystalline Si iayer 82 as well as
the SiO2 layer 54 ahd the polycrystalline Si layer 43 are
continuously etched, as shown in Fig. 3H. On etching the
-SiO2 layer 54, the pélycrystalline Si layer 43 acts as
stopper so that the SiO2 layers 77 and 78 és interlayer
insulatprs.in the NMOS transistor 33 and the like are not
etched.

Next, as shown in Fig. 3I, there is formed on the
_SiO2 layers 77 and 78 a contact hole 85 reaching the NT type
impurity region 76 which is a source/drain region shared by
two NMOS transistors.33. |

Next, as shown in Fig. 33, a polycrystalline Si
layer 86 having a thickness of about 50 to 100 nm is

deposited. Ion implantation of As is carried out into the



| ayer” at the tine of introducing Sb. Therefore, the antinony gl ass |ayer
and the [err] layer are then renoved by etching with a buffered
hydrofluoric acid or the like. Then, an N type monocrystalline Si |ayer 63
haV|ng a thickness of about 1.5 pmis epitaxially grown on the substrate 61
using a gas such as [err] with added P or the 8 like so that an Si base
41 is conposed of the Si substrate 61 &l the nonocrystalline Si |ayer 63.

Next, as ghewe kOrFhee 3B taB penykrkayani1Ghehavi naya:rt Waknass of about
400 nmis selectively formed by L met hod on the surface of the Si.base

41, wher ebyepsattekat bgndepgeaming whiwsh thgelrenr7] Haavierg &4 tisidloie®s is
narked off froman active region which is surrounded by the [err] |ayer 64.
Next, as sfioabouh BDgto3CPpO0ani,wel po@§ciidef dayed 88 is formed. By

patterning the polycide layer 88, an emitter electrode is

formed in the region of tﬁe formation of the NPN bipolér

transistor, while a deriving electrode from the Nt type

impurity reéion 76 is formed in the NMOS transistors 33.

Next, as shown in Fig. 3K, SiO2 layers 91 and 92

or the like as interlayer insulators are formed, and then by

annealing, solid phase diffusion of As is effected from the

bolycrystélline Si layer 86 into the Si base 41 such that an

N* type impurity region §3 is formed as an emitter region,

while solid phase diffusion of B is effected from the

polycrystalline Si layer 43 into the Si base 41 such that a

p* type impurity region 94 is formed as an outer base

region. By now an emitter-base self alignment type NPN

bipolar transistor 36 is formed.

Next, wirings are forﬁed by polycide layers (nof

shown in the figure) or the like, and thereafter, Sio2
layers 95 énd 96 or the 1like as'interlayer insulators are
formed as shown in Fig. 2, and é contact hole 47 is
selectively formed. The contact hole 47 is then filled by a
plug éonsisting of a Ti/TiN layer 97 or the like and a W
layer 51 as barrier metal layer and closely contacting
layer.

Thereafter, by patterning a Ti/TiN layer 101 or

the like as barrier metal layer or the like, a Cu-containing



in a‘region of the formation of an NMOS transistor by selective ion

I npl ant:ation of B into the nonocrystalline Si layer 63, while in a region
of the formation of an NPN bipolar transistor theré is forned a P type
i.mpurity region (not shown in the figure) for making a PN junction

I sol ati on between the NPN bi polar tran Estors. An N type inpurity region
66 is formed as plug region relative to“the [err] type buried |ayer 62 by
sel ective honlegplaslabindnaofTiPTiint Qallee neg or @het hakeorawmti on of the NPN
bi pol ar transistor. Thereafter, an [err] layer 67 as gate oxide is forned
on the suréatéreflekdiact lageregirotthe Aipel,ya ddrsiydmamihated grlmed using
CVD net hod, sputtering method or the like by successively depositing a

pol ycryst avliicaagSis| fpasmedl afgriheir.i enddnitgydeysacingnlggion dyet 72 or
the like, their thickness being about 70 to 150 nm The polycide |ayer 73
i s then wofReWnadBoitBendigyrene apgt tepgcoONdt Ramgapded) Adt Miduingf (et NMOS

transistor. Thereafter, regions other than the region of the . .
shown 1n the figure) are formed, and théreafter, by forming

an SiN layer (not shown in the figure) as overcoat layer
- using plasma CVD method, the present emboaiments are
completed.

In the above embodiments, the NPN bipolar
transistor 36 is.of emitter-base self alignment type. The
invention of the present application can, however, Se
applied to a BiMOS semiconductor device having non-emitter-
base self alignment type bipolar transistor and its
manufacturing method, too.

| In a BiMOS sehicohductor device of the present
invention, there can be made sufficiently thick an
insulation layer ?hich electrically isolates an emitter
electrode and a base electrode of a bipolér transistor from
each other. Therefore, operation can be made.faster of the
bipolar transistor by reducing interwiring capacitance
between the emitter electrode and the base electrode, while
reliabilit§ of the bipolar transistér.can be raised by |
raising interlayer breakdown voltage between the emitter
electrode and the base electrode.

In a BiMOS semiconductor device of the present
invention, no trouble occurs even when no.interlayer

insulator is provided between the second and third .

“



9 forrmation of the NMOS transistor are covered by a resist (not shown in
the figure), and an N type inpurity region 74 is fornmed by ion inplantation
of As using as masks the resist as well as the polycide |ayer 73 and the
[err] |ayer 64. By depositing and anisotropically etching the SiQ2 |ayer
75, a sidewall consisting of the [err] layer 75 is formed on the side of
the polycide |layer 73. Thereafter, the ﬂégions ot her than the region of the

formati on aforidiec tNMS 14pes SHRT tAEEsapatBnaavebedbh¥eaiheghst Mogot shown
inthe figure), and an [err] type inpurity region 76 is formed by ion -

i npl ant at i dnraofs starsi ngresrefisks, t hethegsast apewrltlioasahBenpahyci de | ayer
73 and the [err] layers 64 and 75. By then, an NMOS transistor 33 having an
LDD st ruct ured iab ¥yt f Thied, bipobarayeensnstbat ors bachchsejedr] | ayers
77 and 78 or the like are forned, and a contact hole 81 is formed, out of

the Si O | ayerthopt dmendmmnce. -

In a BiMOS semiconductor device of the present
invention, while fast operation and high reliability of the
bipolar transistor is achieved, reduction in reliability of
the MOS transistor by wiring break at the step, alloy spike
and the like can be prevented due to small step of the MOS‘
transistor. |

In a manufacturing method of BiMOS semiconductor
device of the present invention, insuiator‘laYers in.the
region of the formation of thé MOS transistor can be
prevented from both reduction in thickness ané deterioration
in quality. Thus, a BiMOS semiconductor device comprising a
highly reliable bipolar transistor fast in operation and a

highly reliable MOS transistor can be manufactured.



2 in-a portion where the base region of the NPN bipolar transistor is to be
formed. Next, as shown in Fig. 3D, a polycrystalline Si layer 43 having a
t hi ckness of about 100 to 200 nmis deposited using CVD nethod, and an ion
i nplantation of Binto the polycrystalline Si layer 43 is carried out. It
Is to be noted that, instead of the polycrystalline Si |ayer 43, a polycide
| ayer may be formed by successively depdsiting a polycrystalline Si |ayer
havi ng a tywoknesscedrapouis0 to 100 nmand a silicide |ayer having a
t hi ckness ©f —about 40 to 100 nm usi ng CVD nethod, sputtering nethod or
10 the like. Next, ais ShopiMOS EegmcaEdu&molﬁzeﬁre]vﬂc&ye:ronﬁﬁ:m;xmgaa
t hi ckness of about 100 to 200 nmi-s deposited u3|ng TEGCS

bipolar transistor and a MOS transistor in a same

~

semiconducto; base, characterized in that:

an emitter electrode is provided on an insulator
layer covéring a base electrode of said bipolar transistor;
and

said MOS transistor is not provided with said
insulator layer. |

2. A BiMOS semiconductor device cdmprising:

a gate electrode of a MOS transistor formed by a
first conductive layer on a semiconductor base;

a base electrode formed by a second conductive
layer on said semiéonductor base:

a wiring of a MOS transistor and an emitter
electrode formed by a third conductive layer on said
semiconductor base; and

an interlayer insulator formed between said seéond
conductive laye; and said third conductive layer. |

3. A'BiMOS semicondﬁctor device according to
claim 1 or 2, characterized in that:

a sidewall comprising a second insulator 1éyer is
provided on an inside surface of an opening portion which
.penetrates-both said base electrode and a first insulator
layer oﬁ said base €lectrode;

said ehitter electrode extends inside said

sidewall;:; and

A AW R R




as raw naterial, and on this [err] layer 54, then, a polycrystalline S

| ayer 82 having a thickness of about 30 to 100 nmis deposited.

Thereafter, as shown in Fig. 3F, an opening portion 55 is fornmed, out of
the polycrystalline Si layer 82, the [err] layer 54 .and the polycrystalline
Si layer 43, in a portion where an inner base region of the NPN bipol ar
transistor is to be forned. Then, by ib®m inplantation of an N type inpurity

using as mask the resistyddof, sOQYE0+LP § en?:i]:gi?%&)/i&@ﬁeWE%ﬁdSEqﬁ t he

formati on of the opening portion 55, an [err pe inpurity region 83 for a

StFUCtLHEEfgS@ifﬁgﬁigédﬁlyé§gplanted collector (SIC) is formed on the [err]
type buried |layer 62. By ion inplantation of B through the opening portion

55, a P type inpuri4y rmegham Bdcasringi ieehoflaseé BeHOBNsemitonded toxr a

shal |l ow region of the Si base 41. The ion inplantation for the formation of
the [err]ddvwine iaqording e onl&Bncan al so Be cheraetlevdtedt inhbaviimg of
formng the contact hole 81. In this case, area of the contact hole 81 is

| ar ger t hahre tdiepofofhe opening portion '

forming successively a conductive layer for said
base electrode and an insulator layer on said conductive
layer over the whole surface; and

.etching said insulator layer at least in the
regipn of the formation of said MOS transistor by setting
the end point of said etching at said conductive layer.

5. A BiMOS semiconductor device according to.
claim 3, wherein said second insulator layer is formed by a
sidewall.

6L A BiMOS semiconductor device according to
claim 5, wherein said bipolar transistor is formed by an
NPN transistor. N |

- 7. A BiMOS semiconductor device according to
claim 2, wherein said interlayer insulator is formed on said
base electrode layer'only.

8. A BiMOS semiconductor device according to
claim 7, wherein said interlayer insulator is formed on an
isolation region between a base and a collector electrode as
well as on said base electrode.layer.

9. A BiMOS semiconductor device according to
claim 3, wherein an open window region for said emitter or
base, respectively, is formed to extend into said

g
| n

¢ L



55 so-that capacitance between the base and the coll éctor increases. As the -
cross section area for the collector current also increases, the collector
current increases. Next, as shown i'n Fig. 3G an [err] layer 56 having a

t hi ckness of about 100 to 500 nmis deposited by |ow 11 pressure CVD

met hod using TECS as raw material or well-known conventional atnospheri.c
pressure CVD nethod. Then, RIE is carri &d out over the whole surface of the

[err] |ayers&aficoMBiceidr aosddslewal | consisting of the [err] layer 56 is
formed in the inside surface of the opening portion 55 so that a contact
hol e 57, surrounded by i hat BineEeddémidoidanteni déetfcel actoodéngstbor ned.
Wth the RIE of this case, the polycrystalline Si |ayer 82 acts as stopper
and an end qiGiim Yetvwetroin isajpbssetdrd winsulatopol ygreyseatende Sntbayer 82
so that the sidewall can be formed in stable fashion.

said semiconductor base. -

11. A manufacturing method of BiMOS semicohductor
device comprising a bipolar transistor and a MOS transistor
in the same semiconductor.base, characterized in having the
steps of:

forming an etching stoppef layer on a first
insulator layer covering a base electrode of said bipolar
transistor;

forming an opening portion in said first insulator
laver; |
| forming a secénd insulator.layer covering said
opening portion; and “

etching said second insulator layer by setting the
énd point'of said etching at said etching stopper layer in
order to keep a portion of said second insulator layer on
the sidewall of said'opeﬁing portion.

12. A manufacturing metﬁod of BiMOS semiconductor -
device accofding to claim 11, wherein said etching stopper
layer comprises a semiconductor léyer.

13. A manufacturing‘method of BiMOS semiconductor
device according to claim 12, wherein an interlayer
insulator on said MOS transistor is removed by using as an
etching stopper layer a wiring layer that constitutes said
base electrode. | |

L



Next, a resist (not shown in the figure) is worked according to the pattern
of the base region and the base el ectrode of the NPN bipolar transistor,
and by using this resist as mask, the polycrystalline Si |ayer 82 as well
as the Si2 | ayer 54 and the polycrystalline Si |ayer 43 are continuously
etched, as shown in Fig. 3H On etchid@ the [err] layer 54, the
polycrystalline Si |ayer 43 acts as stopper so that the [err]. layers 77 and
78 as interlayer insul ahomsnbBatharANGESnEABSEI sF0BiBdsaREmiRSNlauka s e not
etched. Next, as shown in Fig. 31, there is fornmed on the [err] |ayers 77
and 78 aleoitacichor®ify teachei@ 1R Waekkihypepblputiyistaladnensié which
is a source/drain region shared by tvwo NMOS transistors 33. Next, as shown
in Fig. Bdven polyzidsbabei adeStrbdgerns8tskdvangaa tlicblingsstobpairout 50 to

100 nmis deposited. lon inplantation of As is carried out into the
layer during the formation of said sidewall. -

_

LTI -



12 whol e surface of the polycrystalline Si |ayer 86——aﬁﬁ"fﬁ§?€5TFEF~_by

depositing a WS |ayer 87 having a thickness of aboyys $ilet Has HedRep

pol ycide | ayer 88 is forned. By patternlng t he ponC|
enitter electrode is formed in the region of the for
bi pol ar transistor, while a deriving ehgctrode fron1t
region 76 is forned in the NMOS transistors 33. Next,
| ayers 91 and 92 or the |ike as interlayer

[err]

pol yer st BEEARS SpiSobPuEBRT pRvriE® aR8), BaOFacTyRiEr bbby s oe
i mpurity region 93 is fornmed as an emtter region, while solid phase
diffusion of Bis effected AECFRhRG BY Yoy pralioeere | ayer 43 into the Si
base 41 such that a Pty rwpurrty—regrOﬁ—gg—rs—EErned as -an outer base
By now an efhtéeélhé§es§ﬁ iboAldhu @R heliRe N%NlQ%@@ ndl HRARY stor.

36 is forned.

_ region.

electrodes formed by polycrystalline Si of a bipolar
transistor are isolated from each other by way of a sidewall
and an insulator layer. As this insulator layer acts as an
offset during the formation of the sidewall, its.layer
thickness can be made larger. Further, as this insulator
layer is not provided in a MOS region, its step can be made
smaller. Conseqguently, pa;asitic capacitance ean be redueed
while the insulator.layer can be made thicker. Thus, there

~can be achieved both fast operation and high reliability of

~the bipolar transistor and, moreover, reduction in the

reliability of a MOS transistor can also be prevented.

-

A A

insulators are forned,

.

as shown in Fig. 3K

and



Next, ‘wirings are formed by polycide layers (not shown in the figure) or
the like, and thereafter, [err] layers 95 and 96 or the |like as interlayer
insulators are forned as shown in Fig. 2, and a contact hole 47 is

sel ectively forned. The contact hole 47 is then filled by a plug consisting
of a Ti/TiN layer 97 or the like and a Wl ayer 51 as barrier netal |ayer
and closely contacting layer. Thereafter, by patterning a Ti/Ti N layer 101
or the Iike as barrier netal layer or the like, a Cu-containing 13 Al

| ayer 52 and a Ti/TiN layer 102 or the |jke as antireflection |layer or the
like, a firs t lamnated Al wiring is fdrhed. Further, an interlayer

I nsul ator (not- shown in the figure) andg_sgnd l.am nated Al wiring (not
shown in the figure) are formed, and thexgaf \r %forﬁng :
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an Si'N layer (not shown in the figure) as overcoat |ayer using plasma CVD
nmet hod, .t he present enbodi nents are conpleted. In the above enbodi nents,
the NPN bipolar transistor 36 is of emtter-base self alignnent type. . The
i nvention of the present application can, however, be applied to a Bi MOS
sen conduct or device having non-em tterpsgase self alignment type bipol ar
transistor and its manufacturing nethod, too. In E;BiNCS sem conduct or

devi ce of the present |nvent|oq_ can_bhe nade;suff|0|ently thick an
i nsul ation | ayer which eI §§ ter electrode and a

base el ectrode of a bipgé? ch otqier. Therefore,
operation can be made f Asi st by reducing
i nterwi ring capacitanc n E\eIfi W er ctrlo .and the base
el ectrode, while reliabfyoty 1tk Dipol ansilgt or |can be raised by
rai sing interlayer breaQQg\; ottt he qmittgr el ectrode and the
base el ectrode. | N '
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I.ln a. Bi MO5 semi conduct or- device of the present invention, no trouble occurs
even when no interlayer insulator is provided between the second and third
-14 conductive layers on the sem conductor base in the MOS transistor.
Therefore, both fast operation and high reliability of the bipolar

transi stor can be achieved w thout hindrance. In a Bi MOS sem conduct or
device of the present invention, while It operation and high reliability
of the bipolar transistor is hi eved, reduction in rekgability of the MOS
transi stor' by wiring break e step, alloy spike anEELhe | i ke can be

prevented due to small step tthe MOS transistor. Idzh ﬁ?nufacturing
met hod of Bi MOS semi conduct vice of the present Il on, insul ator

I Qve
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region of .the formation of the MOS transistor can be prevented from both
reductiqQn in thickness and deterioration in quality. Thus, a Bi MOS

sem conduct or device conprising a highly reliable bipolar transistor fast
in operation and a highly reliable MOS transi stor can be manufactured.

15 WHAT IS CLAIMED 1S: 1. A Bi MOS sem édBduct or device conprising a bipolar
transistor and a MOS transistQL in a sanme sem conductor baﬁ, characterized
in that: an emtter electrode~#s provided on an insul ator yer covering a
base el ectrode of sai daobipel @y ¥Fansi stor; and sai VS tgHEsi stor is not

provided with said ins r r. 2. A Bi MOS ggm’ ohfucprOdevi ce
R (O e~ L
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a gate electrode of a MOS transistor formed by a first conductive |ayer on
a sem conductor base; a base el ectrode fornmed by a second conductive | ayer
on sai d semnm conductor base; a wiring of a MOS transistor and an emitter

el ectrode fornmed by a third conductive |ayer on said sem conductor base;
and an interlayer insulator fornmed bet n said second conductive |ayer and
said third conductive layer. 3. A Bi sem conduct or deviee according to
claim1 or 2, characteghzgd inEhat: a sidewall co relSi ng\'ﬁ second
insulator layer is progsded o i nside surface oftsam oﬁl‘g portion

whi ch penetrat esypoth s&i baig@ ectrode an@a firsglin agor | ayer on
sai d base el ectroode; saidemtye el ectrode,.c_\)e,x‘__t:ends I\Nsi d sa\' d sidewal |;
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- 16 .said "MOS transistor is not provided with said first insulator |ayer. 4.
A manuf acturing nethod of Bi MOS sem conduct or device according to claiml1,
-2 or 3, characterized in having the steps of: form ng successively a
conductive | ayer for said base electrode and an insulator |ayer on said
conductive |l ayer over the whole surfag% ‘and etching said insulator |ayer
at least in the region of the formati on of said MOS transistor by setting
the end point of said Qij;pi ng@t sai d conductive | ayer. 53A B MOS

sem conduct or devi ce adsadi = claim 3, wherei nexard gggend i nsul at or
| ayer is formedy a si (',s‘e l¢@¢¢d. A Bi MOS sem cono Or deygpce according to
claim5, whereil said bilfotar) tkansistor is foffred Ry an NPN transistor.
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7.- A Bi MOS sem conduct or device according to claim2, wherein said
interlayer insulator is forned on said base electrode |ayer only. 8. A
Bi MOS seni conduct or device according to claim7, wherein said interlayer
insulator is fornmed on an isolation reg bet ween a base and a col |l ector
el ectrode as well as on said base el ectrode layer. 9. A Bi MOS seni conduct of
device according to claim3, wh€gein an open w ndow region fe& said emtter
or base, respectively, isoftynedrto extend into said g 17 s&ffi conduct or

A

base. 10. A Bi MOS senico OkpQgyi ce according to cloa ggmherein sai d
e~T

second insul ator | ayegn ext\ends ) nfo said sem condu
manuf acturi ng met hod Bi ' ' uct or
. L
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devi.ce conprising a bipolar transistor and a MOS transistor in the sane
sem conduct or base, characterized in having the steps of: form ng an
etching stopper layer on a first insulator |ayer covering a base el ectrode
of said bipolar transistor; formng an opening portion in said first

I nsul ator layer; formng a second insu or layer covering said opening
portion; and etching said second insulator |ayer_by setting the end point
of said etching at said etching stopper |ayer indorder to keep a portion of
sai d second insulator |ayer on thq\,s;_dewli_\of""m opening portion. 12. A
manuf act uri ng net hod of Bi MOS seni@o@Iutt oF~de¥Pc® according to claimll,

wherein said etching stopper !ayer \gS_2a serh conductor |ayer. 13. A
manuf act uri ng nmet hod of Bi sef € acfkording to claim 12,
wherein an interlayer N _ -
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i nsul @& or on said MOS transistor is rem&s@deebiaﬂstménﬁ

laeed an etch| ng stopper :

| ayer a wiring |ayer that constitutes sa ode

manuf act yri.ng nmet hod of Bi MOS sem conduc ord n-‘gi’:tL@fIEf\mNﬁS.@—Ei
ase el ectrodellis ug@j\hch’!Qgﬁ

wherein a polycrystalline Si |ayer on sai
et ching stopper layer during the formation of said sidewalllDate ...

19

BISMOS SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

ABSTRACT OF THE DISCLOSURE

-

In a BiMOS semiconductor device, emitter and base
"electrodes formed by polyctystalline Si of a bipolar
transistor are isolated from each other by way of a sidewall
and an insulator layer. As this insulator layer acts as an
offset during the formation of the sidewall, its layer
thickness can be made larger. . Further, as this insulator
layer is not provided in a MOS regiqn, its step can be made
smaller. ‘Cdnsequently, parasitic capacitance can be reduced
while the insulator layer can be made thickér. Thus, thefe
can be achieved both fast operation and high reliability of
the bipqiar transistor and, moredﬁer, reduction in the

reliability of a MOS transistor can also be prevented;'

Figure 2




