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" A SEM CONDUCTOR | NTEGRATED Cl RCUI'T DEVI CE AND METHOD OF MANUFACTURI NG THE
SAME". The present invention relates to a semiconductor integrated circuit
device (hereinafter referred to as "I C') having a high density of Qe%
integration and also to a method of manufacturing it. New2$88400
t echni y§§:suited to render, | Cs high in the density of integration are
bei ng deYel oped in |arge nuibers, _Many of them utilize what is known as
the "isofropic" reactive ioq_etc%ing in which side etching is scarcely

i nvol ved, as disclosed 10 i 'Nl KKEI ELECTRONI CS',+ March 29, 1982, pp 90. -

101. Such =iseepTicoNDREIUH AMerE¢RATED 81RPDIITCBEacEoANpOt only bi pol ar
| Cs, but also MOSICs. It can have its nerits exploited especially in the

bi pol ar | Cs _whi METHODIIORE MMNUFACDURENGNTHEgSANE”. | n the 15 fol | ow ng,

therefore,.description wil be centered on the bipolar ICs. As one of the

I sol ation techniques of the specified type, there is a nethod in which the
part of a sem conductor body to becone an isolation region 20 is cut to
forma groove, whereupon the groove is filled up by enploying an insulating

material, such as p02,-gLeRe! YRLLH A dd Herddds b & SehibdhddotBerial.
integrated circuit device (hereinafter referred to as
"IC") having a high density of integration and also to a
method of manufacturing it.
5 New isolation techniques suited to render
ICs high in the density of integration are peing
developed in large numbers. ‘Many of them utilize what
is known as the "isotropic" readtiVé ioh etéhing in
which side etching.is scarcely inéolved, as disclosed
10 in 'NIKKEI ELECTRONICS', March 29, 1982, pp 90.- 101.
| Such isolation technique itself ;s applicable
to, not only bipolar ICs, but also MOSICs. It can
have its merits exploited eépecially in the bipolar
ICs which require deep isolation regions. In the
15 following, therefore,. description will Ee centered
on the bipolar ICs.
As one of the isolation technigues of the
specified type, there is a method in which the part
of a semiconductor body to become an isolation region
20 ié cut to form a groove, whereupon the groové is filled
| up by employing an insulating material, such as Sioz,

or polycrystalline silicon as a burying material.



A known- expedient for filling up the groove part with the burying materi al
is gixen below. On the whole surface of the sem conductor body fornmed with
“the gmoove, the burying material is deposited to be thick. Subsequentt
the whole surface is etched and flattened in order to renove the ex ej%k
burying material. Inan IC, in laying out various el enments such as
transistors, a large isolation region forL foLmng wiring is inevitab
in a selected part of a chip, 10 particularly the peripheral part thereof.
This poses the problemof the flattening of the surface of that part. The
i sol ation regi aAnkpawh whpehibhtNabF OP4ATDIRAG! 8 thel §Bodept pars wbthvery
serious because the groove is alnost filled up. In contrast, regarding the
i sol ation 15 pehe bhrghngsmatdeiabnpargivenl pelowit sOdephé, whobeosdrfabeéy a
| arge hol | ow devel ops on the surface even after the deposition of the
buryi ng mat eri aff. thepsemdsondnctari bodycéorned wothi thengroevarttheng such
surface is considerably conplicated. Therefore, a process for 20 the whole
tevi ce beconesbusypnocheEerand isrdepasitefote BefEhigkey PHPPREUERBLEL of
production_ As a neasyre for solying suchh a. difficult we have_siudied a
met hod in §hicﬁhﬁhgb°iFd§Hr6FcFhésagBGEeQeFBsr33a¥g35¥8068 P§¥§§t£3t a
substantially constant.25 _small_valu it hj .aqhnge of e.g. about 1.0 -
2.5 [ERR] in rﬁﬁgPVSnEPS Fﬁge?8%3?3#Hgyg%ée#gggr%%2fo | i t hography.
' ' In an IC, in laying out various elements such

as transistors, a large isolation region'for forming
wiring is inevitably set in a éelected part of a chip,
10 particularly the peripheral part thereof. This poses
the problem of the flattening of the surface of that
- part. The isolation region part wﬁiéh is narrow compared
~to its depth is not very serious because the grodve.
is almost filled up. In contfast, regarding the isolaﬁion
'15 part which is wide comparatively to its depth, unavoid-
ably a large hollow develops on the sufface even after
the deposition_of the burying material. A process which
\r is necessary for further flattening such surface is
considerably complicated. Therefdre, a process for
20 the whole device becomes complicated and forms a serious
difficulty in the aspect of production.'

As a measure for solving such a difficulty,

<)

we have studied a method in which the width of the above
referred to groove is set at a subStantiaily constant
25 small value within a range of e.g. about 1.0 - 2.5 pum

in relation to the resolving power of photo lithography.



-3- The reason is that, mAth the CVD .(Chem cal Vapour Deposition) process
for depositing the burying material, the narrow groove is readily filled up

beca the burying material is piled up also fromthe side surfaces 5 Fof
t he On the other hand, however, in the case where the w dth of “The
groo¥e\ Rdr electric isolation is rendered constant, wirirg nust be forned
on the—fnactive area of a senictohductor body (the area where no 10

sem conductor element is formed). The inactive area is not covered thereon

W th a thinek dasdmtidadd M@stbt g nedpbY chBmikas %gbbﬁ I sopl anar
technique. Wth such wiring structure, accordingly, the wiring capacitance
bet ween De@odifiitth RSk ddies S e aepss 9ting thedpukgsadehatledlige, resulting
in the problemthat the electrical characteristics of the device worsen, in
parti cul ahet mairridwe gxignad i apegkd 1pnfisldal apedhechiusees tae obj ect of the
present invention to solve, in producing an IC by applying the 20

i sol ati oburgdmg aquededuiscl i bedidbed eypt dbsdi frboulthy witle saxfecest o

manuf acture and al so the-delay in signal propagation. According to one

“aspeét oPfiA&epazo@Me  nvention there is provi ded a sem conductor device 25

I ncluding: (a) a sem conductor body; )
On the other hand, however,. in the case where

the width of the groove for electric isolation is
rendered constAnt, wiring must be formed on the inactive
area of a semicoﬁductor body (the area.wheré no ; ' W
10 semiconductof element is formed). The'inactive area
is not covered thereon with a thick insulating film
as_obtained_by_the use of the isoplanar tecﬁniéue}
With such Qiring structure; accdrdingly,_the wiring
capacitance between the wiring and the semiconductor
15 body becomes'large, resulting in the problem that the
electrical'characteristics of the device worsen, in
particular that the signal propagation is delayed.
It is an object of the present invention ' _ | KJ
to solve, in pfoducing_an IC by applying the
20 isolation technique described above, thé difficuity
- with respect to manufacture and.also the delay in
signal propagation. |
According to one aspect_of,the_present
invention there is provided a semicondugtor device
25 including: |

.. (a) a semiconductor body;



-4- (b) an isolation region which electrically isolates a major surface of
sai d send conductor body into a plurality of sem conductor regions, and
whi ch ggnprises a groove extending in the major surface of said -
~sem conductor body 5 and a burying material filling up said groove;
sem conduct or el ement "‘which is formed w thigy each of selected first
sem conductor regions of said plurality of sem conductor regions, each

sel ected first sem candu dlsoledion kaying ahithasleattht81Dyi Ueofates 10
fornmed by oxidizing its major surface; (d) a thick oxide filmwhich is
fornmed within atmd pastsurfaceeodndaddmsemidootioctpegbodyoinsai @ plural ity of
sem conductor regions so as to cover substantially the whole surface

t hereof , whi ciPgeRiqandnuqaten Kegiensyhand1 FhighdCPRPRLIBRE d’ FFPPYDuUt | ess

than the depth of the gr.oove, and which_is forned prior . to the formation of
L ha ot bove. by SIS e i M OF P EEESE SEBa i BoEoRit SR Lol RAY or

region; ang (e | hng . r Iy xtend over _saj.d Lck,oxide 20 film
ﬁﬁthin-sai zﬂgq%iét oﬁéﬁégggﬁ é%gigé% ﬁg?oPsrgéign?ggggghhich are used
for interconnecting (che 5 YURLRAUGERbreLeBRBEE . wASERT U5 NEolRed WELRIK
aspect of the invention there is provided a nethod of nmanufacturing a

Sem conduct or each of selected first semiconductor regions of said

plurality of semiconductor regions, each selected first
semiconductor region having at least a thin oxide film
10 formed by oxidizing its major surface;
(d)_é thick oxide film which is formed within at
least one second semiconductof region of said plurality
of ‘semiconductor regions so as to cover substantially the..
wholé surface thereof, whiéh.pxidé film is thiéker than
15 said thin.oxide film but-iesé than the depﬁh of the -groove,
and which is formed érior to'the.formation of the grodve'
by oxidizing the major surface of said secbndgsemi-
conductor region; and |
(e) wiring layers which extend over said thick oxide
20 film within éaid at least one secohd semiconductor regién,
and which are used for intgrcohhecting the semiconductor_
elements. -

According to a second aspect of the invention there

[

is provided a method of manufacturing a semiconductor
25 device including the steps of:
(a) preparing a semiconductor body;

(b) selectively férming an oxidation impermeable mask



.15

25 device including the steps of: (a) preparing a sem conductor body; (b)
sel ectiyeNy form ng an oxidation inperneable mask -5- on a mgjor surface
of said {semi conductor body; said mask covering a first surface portion{of
each of urality of first sem conductor regions in which sem conductor
el ement s
second sem conductor region whi ch 7 Pes anong said plurality of first

' tor. ' nd_Ln_which i sol at ' is to be f d,
" eavi natas: R 8 CEPT RS ok 1PN R S SR Ao whi ch
For mi neone S i bRy B A MY S e Y et

oxi dat bonE of st NeelBE SRS S ACLe P ot th SATE PG gyt at e by enpl oying
sai d oxidation inperneable nmask; (d) renoving said oxidation inperneable
mask oélédBests dasecondos lrdsper fiovd1WIEornd faidTia G e B0 @We Fiakesai d second
surface portion of said major surface of said sem conductor body by _
end oyPogtien aof e2 c¥eorpdestmidendud ke wegienf iWwhicholiies amosai d t hird
surface portjon frior.to the formation of the groove and said oxidation
i nper &bt PIRERL Doy RF FiTRE IEREGINANC LA RIS ingh insshdclr oove havi ng
a depth grea{er.than_the thicknﬁfsigﬁ the thick oxide filmand electrically
isolat?%glso ation region is to be formed, leaving a third ,
surface pbrﬁioﬁ of a third semiconductor region which
separates said'first-and second semiconductor regions;
10 (c) forming a thick oxide film in said third .
surface portion by thefmal oxidation of the major surface
of séid semicondudtof substrate by employing said'
oxidation impermeéble mask;
(d).removing said oxidation impermeable mask of
said second surface portion;
- (e) fondngiignxmé h1sahiseimd:atfax:pmdﬁoncﬁ_ﬁﬁd
major surface ofsﬁddrsemkxmbucum:hndykW'emphadng as an etching
mask the thick oxide £ilm formed in said third surface portion prior

to the formation of the groove and said oxidation impermeable mask S

20 ¢o~erihg said first sﬁrfacé portion, said grooﬁe having a depth greater
than the thickness of fhe thick oxide film and eléctricall? igolating
said_major-surface of said semiconductor body into said plurality of
first semiconductor reéibns; :' | |

| (£) £illing up said groove with a bﬁfying maﬁerial;

25. (g) forming the semidonductorzéléménté'in said

fir;t_semiconductof regions;.the.ﬁéjor surféce of said each

first semiconductor region having a thin oxide film which

e to be respectively forned and a second surfdce 5 portion of a

/



said maj or surface of said sem conductor body into said plurality of fi rst

sem conductor regions; (f) filling up said groove with a burying materia
25 ', (g) formng the sem conductor elenents in said first
sem conductor regions, the major surface of said each first sem conduct oy

regi on having.a thin oxide filmwhich -6- is fornmed by thermal oxidat
and which is thinner than said thick @i-de filmof said third surface
portion; and (h) forming wiring | ayers over said thick oxide being used for
i nt erconnecting said sem conductor elenents. 5 The present
invention will now be described in greater detail by way of exanple wth
reference to the acconpanyi ng drawi ngs, wherein:- Fig. 1 is a sectional
view of a preferred formof bipolar 1C 10 Figs. 2A and 2F are
processing step diagrans showing a preferred method of nanufacturing the

bi pol ar | C shown_in_ Fi 1. Fig.3is | a I f a
mask pattern f‘%rfﬂ’é@e?gb¥ h%h?rxé'ﬁau]f O&J[ﬁqa\wgoq %8‘?1‘%]"31}‘:\% f% WhinhdPehal
feferring to S r¥%¥§ Qng ri | ayer 5
and further ag‘l"%d-%%éelke%ﬁ%% al 1layer on a%iafsy%re}%i |conlsgm ?grcllduct or
substrate 2. A bipolar t{RnstStwing Sef Wi dye ) GVdrd Waid thick oxide

being .used for ihterconnecting said semiconductor elements.

5 The present invention will now be described in

\j greater detail by way of example with reference to the
accoﬁpanying drawings, wherein:-

"Fig. 1 is a sectional view of a preferred form
of bipolar IC;

10 ' Figs. 2A and 2F are processing step diagrams
showing a preferred method of manufacturing the bipélar:
IC shown in Fig. 1.

Flg. 3 is a dlagram showing an example of a
mask pattern for use in the manufacturlng technique.

15 referrlng to Flg. 1, a semiconductor body 100
has an N+-type bﬁried layer 5 and further an N -type
epitaxial layer 9 on a P-type silicon semiconductér
substrate 2. A bipolar transistor is formed in an active

? area 1 where the element is to be formed, that is, a

20 gelected one of semiconductor areas which are electrically
isolated by ¢ groove 3 forming an isolation area. The
active area includes a P-ﬁype base fegion 19, an N+4type
emitter region Zi_and an N+-type collector contact

region 18. An electrode 30 of aluminium is held in



~area 1 where the element is to be forned, that is, a 20 selected one of
tDr areas which are electrlcally |solated by [ ERR] groove 3

ation area. The active area includes a P-type base reglégr

e emtter region 21 and an N -type col | ector *cont act regi on
18. An elektrode 30 of aluminiumis held in -7- ohmic 'contact.with the
base region / Likewi se, an alumniumelectrode 31 is held in ohmc
contact with the emtter region 21, and an al um nium el ectrode 32 with the

col l'ector cont act 18.. The I B
(hroush oafgmcaa:agacéé Akt g e R 15y ¢ RS L B0 Cscveral
ens n or.ne
W%ﬂy “?1 {B"rf?s%d 9h QIWH@ &Hé@&@ with he

sem cond@} a passivati on m 22. As will be
stated ldellomitid f‘g:éé’i’c?ﬂ B3 ari hrd% Oimn 1k rléllé&@i‘&ié ogzed on a thick
silicon OXI m727n an i hactive area 6, nanely, the area where no

sem CO”Q}iCEtPrtl'@ Bl edoF Womthcdrggidie BRI (Thesetelectrade=| ectrical ly -
i solated by the isolation area or groove 3. In accordance with this :

i nVent | e trOUREP mmv@ox&amosmlmubm ¢entact swbbearwhi¢hy constant (for

exanple, 1.0 - 1.5 pn) Is formed in one surface
are provided in a thin oxide film 20 (several tens

nm) formed by the thermal oxidation of the surface
of the semiconductor body 100 and a passivation film ' y
10 As will be stated later, wiring layers 33
-and 34 of aluminium are formed on a thick silicon oxide
-£ilm 72 in an 1nact1ve area 6, namely, the area where
no semiconductor element is formed among ‘the semiconductor
~ . areas electrically isolated by the isolation area or
1S  groove 3.
In accordance with this invention, the deep
groove 3 whose ﬁidth is set'substantially'constant'
(for example, 1'0.- 1.5 pm) is formed in'one surface g)
of the semiconductor body 100 and over the whole area
20 thereof, and the groove 3 is filled up with a burying
material 4 which is an insulating material such-as
Sioz, Thus, the electrical isolation among the elements
is effected. The burying material may well be a material
other than the insulator, for example, polycrystalline

25 silicon. 1In this case, the surface of the polycrystalline



of the sem conductor body 100 and over the whole area 20 thereof, and the
groovg 3 is filled up with a burying material.4 which is an insul atj
mat erifal. such as Si 2. Thus, the electrical isolation anong the
is effected. The burying material may well be a material other t
insul ator, for exanple, polycrystalline 25 silicon. In this case,

surface of the polycrystalline - 8- siILc@n;fiILing up the groov eeds
to be oxidized. The isolation area defines a plurality of elenent formng
areas. In the case of the bipolar IC, the deep groove 3 needs, at |east,

to be deep enogdhitenb £ilneaghuphehee Firodvél sle@idss Wos bealokiditdaaqugh t he
‘buried layer 5, and its depth dinension is greater than its width

di mensi on. I n The ciselatianVaBeq dedimesr a plargildtye ofare lemesital | owed
within a range which the electrical isolation anobng the elenents is
possible. 10 Aesvivgngkeastheloxphessiase 'ofedgpe bipadlardidéh dheove 3
signifies that the groove has a _depth sufficient for_electrically isolating
“the elenents. PReRIEFOPER, 3t REERSoxRYe 1EASHy P HSd CREP ARG MER due to

he | | gxidatio t he surface . : :
the loca g- reacg gLe semicon uctor substrate 2 through the buried

) layer 5, and_its depth dimension is greater than its
width dimension. In the case of a.MOSIC, however,
the groove can be shallowed within a range which the
electrical'isolatibn among the elements ié possibie.

10 Accordingly, the expression "deep" in the deep groove
3 signifies that the.groove has afdepth'sufficient
for electrically isolating the elements. | |

In addition, thick oxide films 71 and 72

are formed due to the local oxidation of the surface .



-9- of the sem conductor body 100 over the whole surface parts of the areas
(i nactive areas) 6 where the sem conductor elenents such as tranS|stors are
not formed. The thick oxide films 71 and 72 serve to reduce the stray
capacit- 5 ances of the alumniumwiring | eads 33 and 34 to be forrnaa"J

t her eqn They accordingly need, at |least, be thick enough to | ower the
str v.‘apacitances of the mﬁring-l@ads. The t hi cknesses of the oxide filns
@ 2 are selected within a range fromseveral hundred nm10 to a few

ERR s val pye i nsi erabl reater t han t.he thickness of the
Eher]rralogxab%ﬁ%ﬂ‘nl???aﬁﬁgoﬁf PR Qé é’é’?rof the, whadg cﬁﬂ?cﬁ?cﬁ%?aﬁﬁay in the

area where the sem copduct or el enen enbodlnent 15

thin si PEcbhecararst [+ARCEyVe ?53?85 dWLﬁthghﬁrﬁﬁwéCBBB R The S|I|con
oxi de f} dié‘ﬂxéz?t%Ssxli’él?"égegréﬂs%@%st 3o S ey “rf’ﬁ}at(f"ficwe |

sem conduct or body exposed roove agai nst” m nati on I n

later sgepfe f£iImd hﬂcaﬁe 05 Sﬁ‘f‘b@Wt'&gx@Eﬁé& Rfe Y z%pdl Yapdd itaan the

i nsul ator as the burying material, the silicon oxid Im™17 1s

| ndsSpeggadk Cof e ! amﬁlﬁsﬁﬂleﬁfélﬁg tBhak 33 apdenal tbupdr egrmed A -t hick
silicon oxide film70 serves to iSolate the collector contact region 18

and t hethnmmegl‘ﬂmxgacemndiﬁgly neelds, fadr rimhsé: st eiembks|y with the
other tggéﬁ%h to lower the stray capacitances of the wiring
leads. .The thicknesses_of the oxide films 71 and 72
are'selectgd within a rénge from severél hundred nm
10 to a few Pm; .This value is considergbly greatgr than
the thickness of the thermal oxidation film 20 of the
- surface of the semicbnduétor body in the area' where
the semiéonductorjelemeht is formed. |
Ih_the above embodiment, ' - o . -
ls.thin.silicon oxide film 17 is formed in the groove
- portion. The silicon oxide film 17 is provided in order

tc protect the surface of the semiconductor body exposed -

in the groove 3, against contamination in later ' ;\}”

steps. In the case of emplbying.any other material
20- than the insulator as the burying material, the silicon | -
| "oxide film 17 is indispensablé, and it is rendered as

thick as several hundred nm.

A thick silicon oxide film 70 serves fo isolate the

coilector contact region 18 and the base region 19, and

25 is formed simultaneocusly with the other thick



-.10 - silicon oxide filnms 71 and 72. The thick oxide filnms .71 and 72
adjoin the isolation area 8 anobng the el ements to formthe deep groove 3.
There'sfore, the thick oxide films 71 and 72 can be utilized as a t sk at
the st& of forming the deep groove 3. Fromthis viewpoint, it /sy~
favorable to formthe thick oxide films 70, 71 and 72 by the lo ”

oxi dation and thereafter formthe deep grdfve 3. In order to isolate the
col l ector contact region 10 18 fromthe base region 19 by enpl oying an

i nsul ator instead of the thick oxide film 70, a groove shallower than the

groove 3 cangghspoheousad £iiHawedennd wat,he present enbodiment, the thick
oxide film70-1s used ?or pre- vgnting P%e deterioration of the electrica

characteristics 1fnhef thiekt baides¥8lms P anedaidifoimstbeeissbayeiaped
foll ow ng our experinment on the isolation technique. Qur
study has regeeke8 ahehg thenelleaentisddof iflorm/Glies degy agrsowve t P, t HEhegreoove
shal l ower than the groove 3, defects concerning_the characteristics 20 of
the el enent &pseli shepethickr pxidenfipmsy7di andy 78t caRebenytiddeedgrsode.
They are attributed to crystal defects caused by dislocations, and are

di fficul t 5t omagli ati bheesitepsodr fomsingr dbeudesn @rRaavR) 3he B ect or
eontact region_and_ the base region by the_use of_ the 25 shallower groove.
Wth regard $BifhELleWRELNEN st igcfavorable to form the thick oxide

films 70, 71 and 72 by the local oxidation and thereafter
form the-déep groove 3. | |
_ In order to isolate the collector contact region
10 18 from the base region 19 by employing an insulator
instead of the thick okide film 70, a grobvé shallower
' than the groove 3 can also be uéed. However, in the
presént émbodi;nent, the. thick 'dxide film '70 1.s used for pré-
venting the deterioration of the electrical chéracteristics.
15 of ‘the transistor. Ihis ﬁechnique hés been |
~ ‘developed folldwingiou; | =ekperiment on the isolation
.téchniqué. o " our gtudy has revealed that, wheh
N __the oxide film 70 is replaced with the groove.shalloﬁer
than the gfodve 5, defects concerning the characteristics
20 of the element are liable to arise in the vicinity of
< ) the shallower groove. They are attributed to crystal
defects caused by ﬁislocations,_and are difficult to
avoid in -devices of the structure isolating the-coliector
.contact region and the base region by the use of ihe |

25 éhal_lower groove. With regard to the function of the



10 appear, either. Moreover, defects having originally

isolation, the isolation area 8 and the shal | ower groove for isolating the

col l ector contact region join each other at both the ends of the shall ower

groove, so that the steps of the grooves develop in those parts. 5 5
Si ncg he col l ector contact region 18 is isolated by the oxide 70 produced
by t ocal oxidation of the surface of the sem conductor body.100, the

steps of the grooves are not involved, and the crystal defects due to the
di sl ocati ons do not 10 appear, ei t her . Mor eover, defects having originally
exi sted can be caused to disappe@u.by perform ng the | ocal oxidation at a
hi gher tenperature of, e. , about 1100 C In the next place, there will be

ﬁ?BL%ﬁfﬁ%ﬁ% %ti{sa'a]?ﬁ%ﬁ”?r?é%m'%? iy Siat i “'te%é’éveﬁéi’ﬂﬁcié‘gf "
ERR 2
havi iR e Sk E Pl oBTabP oM kB 3Y RekGn AL PP e (17

[ERR oAU ot B EndgRET BRUK brdtnd SpRTIOWe Jerbdve pegongyddie active parts
a qransistor | orne her eon. conductor ody 100 is

Obt a'ﬂ&‘éj stéybseﬂueﬂélgrobbessaeﬁaq ofmt hmo%e qRisex] al layer 9 is

thermal 'y oXidized to Torm25 an { I m(silicon oxide film 10 which

I g about Since, the collector contact

region 18 is isolated by the ox;de 70 produced by the local
oxidation of the surface of the semiconductor
'_body 100, the steps of the;grooves-are“not_involved,

and the cfystal defects due to the dislocations do not

existed can be caused to disappear by performing the
local okidation_at a-higher femperature of, e. g., about
1100 °c. | | | o o

In the next place, there Wlll be explalned a manufacturlng

[
I

'ﬂPthOd wh1ch is well-sulted for producing the bipolar

IC Sucwn in Flgure 1. _
First, an n? ~-type burled layer 5 Whlch isl -2 Fm _ -\J

thick is formed on the major surface of a P-type Si .

substrate 2'havin5 th? cryetal face £100), and _' o

20 an N -type Si epitaxial layer (1 - 2 pm thick, more

desirably 1.4 - 1.6.Pm thick) 9 to become the active

‘parts of a transietof is formed thereon. Thus, e semiconductor

body 100 is ob@ained, Subsequently, the surface of

.the Si epitaxial iayef 9 is thermally oxidized to form

25 an SiO, film (silicon oxide film) 10 which is about



- 12 - 500 900 Athick. On the [ERR] film 10, an oxidation inperneabl e
film _e.g. " TERR] film 11l is deposited by the conventional CVD technique,
and fyrther an [ERR] (or phos- phosilicate glass) film12 by the |ow 2
pressufe CVD 5 technique, .in succession. Thereafter, as shown iqfigé;)
2A, the [ERR] film12 and the Si3N4 film b are patterned by the '
conventional photolithography technique, to open parts which are to becone
an isolation asepd amoog A&l emdeks adth ahe mmﬂg'fdlaré@.GaMOgsﬁﬁeﬁimmth a
col l ector contact- 10 isolation portion 13. Next, selected parts of the
opened i sol ati dmpereeadlemfidm.he . .gl-efdny fidmdieriad ARPOsiAed PERENE | m
(silicon nitride film 14. As shown in Figure 2B, usig& t he [g%@] film1l4
and .t he opened qoE@ntipnah CVDateshnique 1 @and furdher,@d 10495 PHSSY 100

is locally oxidized, whereby thick Qxi fil 7Q, 71 and 72 havi ng a
t hi ckness of amRh@silicpke) g raésf)or_fﬁgé“ ﬂ% tq"}’era’(fs & RFESFHSs o t he

collector contact .isolatiqn portion.l3 ang,t ' i &% 8n FA%. 2a
gxanpl e of 2 he techBigug. 8‘& ﬁ%ﬁ?s(ﬁl%sk%%ég%?ds\é%o?huse ?’r? t ﬁL se” '

steps is shown qi(l_g_zr %’i%ur &13m R?Qn‘ﬁ e{%{i@ﬁ%}%ﬂﬁgpiﬂg N Wit e rEs by

pattern 15 for n@ the pattern o _ II'm 12 as well as the
P 111 AL S B e dag iy Sl dorcuen dures
to overlie which are to become an isolation area among elements and
an inactive area 6 together with a collector contact
10 isolation portion 13.
- Next, selected parfs.of the opened isolation area
ST e -8 among the elements are covered with an'SiBNh film
- (siligon nitride film) 14. As shown in Figure 2B, using

the SizN, film 14 and the opened Si,N, film 11 as a mask,

15 .the surface of the Si body 100 is locally oxidized, whereby |

'thick 6xide films:?O, 71 and 72 each having a thickness
P - of about 1 Pm aré'formed in the respective parts of the
-fcbllector contact isolation portion 13 and the inéctive
Y | - areas 6. An example of the essential portions of mask
20 Dpatterns for use in these steps is shown in Figure 3.
Regarding tﬁé-positioningibetween a mask pattern 15
for forming the pattern of the 5102 film 12 as well as
-the.SiBNh film 11 and a mask pattern 16 for etching
o _the.SiBNh film 14, the inner peripheral edge 1l6a of
25 the mask pattern 16 may be arranged so as to overlie

the mask pattern 15, and the positioning is easy. Thus,



the mask pattern 15, and the positioning is easy. Thus, - 13 - the

wi dt h a groove 3 to be fornmed | ater .becones slightly greater at both
ends gﬁgﬁhe oxide film70. However, the change of the groove width to §ygh
exten es not affect the filling operation. 5 After the | ocal
oxi dation has been ended in thisyway, the [ERR] film 14 used as the mask
for the local oxidation is renoved, and the underlying [ERR] film10 is
partly re®weildtisof ca tdodire 33Utdi ben £4rmedt batetrhbedoyeet shighatlechni que
or the wet etching technique with hot phosphoric 10 acid nmay be enpl oyed.
As to thgreatier |yt npotiERR)AS | 0fn the oxedesEidm 7hAe dHgwevehynghes
reconmended. The reason is that, since the thick oxide filnms 70, 71 and
72 are &hangePhsthe gERove width: bai sYchf exkentEdRpst net abfeche
overetchin hihen1should be avoided. Basically, 15 neither of the

et chi ng Eﬁgpgi 1RGOPRIREIPRt m 14 and the SiCR fil m10 requires any new

k Oow f_etchi th tt of the  Si
body 100 cor r oMEReH gt ool SEHEFFERRCRES BanorpoPacin BRER s T -
exposed gg, SO 'f‘lf h 014 Afs %f abNEheahhEk- f&?ethg' %cg? %aggfibhms to
serve as a mask 4or form ng Fhe groove are etched over the € surfaces,
then, thes Wahdvéd, t&@aQEH@V@n&éﬁl9§n§H§foanﬂiﬁaioaisdﬁﬁgifﬂ- That is, the. "

thin parts (known As bird s beak parts) at 2t he ends of
_removed As to the 313N4 film 14, either the dry etching
technique or the wet etching technique with hot phosphoric
10 acid may be employed. As to the underlying S-iO_2 film 10, -/
the use of therdry.etéhing is recommended. - The reason
is that, since the thick oxide films 70,-71 and 72 are - -
-utilized as a mask in the etching of the'SiO2 film 10, |
the overetching of them should be avoided. Basically,
“°15 neither of the etching steps of the Si;N, film 14 and the 'l-.
Sio2 film 10 requires any new mask. Owing to the series
— -of etching processing, Si in the bart of thé Si body 100 -
"corresponding to the isolation area 8 ﬁmong the elements
is éxposed as shown in Fig. 2C. 1If thereafter, the thick .
20 oxide films to serve. as a mask for forming the groove

ars etched over the whole surfaces, then, the width of the :

groove can be made as. great as desired. That is, the thin

i3

parts- (known as bird's beak parts) at the ends of the:
thick oxide films are etched to increase the exposure of »
25 the Si body.

Next, the deep groove 3 is formed as shown in Fig.2D.



thick oxide filns are etched to increase the exposure of 25 the Si body.
Next, “t he deep groove 3 is formed as shown in Fig.2D. - 14 - The deep
groovg, 3 needs to have a depth at which it reaches the seni conductops /fi
substrate 2 by penetrating the buried layer 5. In order to formth a%é#’
groove 3, a reactive ion etching technique is used in which side etthing is
scarcely 5 involved. As a gas, it is QrzEeLable to use [ERR] to which [ERR]
i s-added. The capability of masking thé“etching action of the reactive ion
etching becones higher in- the order of Si, [ERRl and [ERR." [ERR] can
be rendered. about 10 tinmes higher than Si in the 10 capability, and Si Q2
about 20 ti nHe HSARBRINYE 5 Needs kR lepVye 2hdeptBpagr BBi&h3idaneBehesr ned

by utilizing ,such differences..aof the etching resistance.  In_formng such
a deep groove'% S&R{HA %ﬁkﬂ&h%ﬁbﬁl 8114 Je% Hﬁ?egﬁa dPBedhenPER16Bper part

pot assi um hAYSE: ge RELRGEd, 5 KercbRel JeoPo g aRYe: g, AarearitEvarg
added | 0 or JAFTHES, FAERRIGH de  BEGR TH, Wln' RO Bethanld b st Lt on
Sf the etsChijngod@eliQr e a0 ,050048 PrefleableNtd kls®@ 11 as the mask 3 4
cc14-gas to which O,-gas is added. The capability of
masking'the etching action of the reactive ion etching becomes
o  higher in the order of Si, SigN and 510,. SizN,
can be rendered.about 10 times higher than Si in the
10 capability, and Si0, about 20 times higher than Si.
Accordingly, the deep groofe-S can be formed by utilizing:
 such differences.of the etching resisiance.: In forming such
a deep groove 3, an obliquely.etched surface may be
formed in én upper'pérf.by'aﬂisotropic'etching with'an_
15-a1ka1ine'etchant such as hy&razine br fbtassiumlhydrOXide-
KOH before the reactive ion etching. Alternativeiy,. |
after fhe reactive ion étbhing,.etching with.fluofic
br nitric acid may be added in order to shape the e#poséd
surface. At the time of the completioﬁ of.the etching
20 for the deep'grbove 3, the SiBNh film 11 és the mask
" can be removed almost entirely. Of course, the SiBNh
film 11 can be left behind depending'upon the selection
;atio of the ion etching, the thicknéss of the siBNh' |
film and the depth of the etching groove. |
25 Subsequently, a silicon oxide film ('Sio2 film) 17



| ef t

thi ckn®¥€ of the Si N3 4 filmand the depth of the et chi ng groove. 25(;{
‘Subsequently, a silicon oxide film(SiQ film 17 - 15 - having a

iad dependi ng upon the selection ratio of the ion etching, the

can baigzgnved almost entirely. O course, the Si N3 4 film 11 can be
€

t hi ckness of 250 - 4000 A is forpeflson the exposed inner ‘surface, of the
deep groove 3 by thermal oxidation. At thg same tine, or after the

formati faiiing e thicknddd od 7250 he spporasisipeemed bhethenegposedt or body

100 5

is again covered with a silicon oxide film 20 being 500- 900 A

—

t hi ck byirirdeer tdierfede axf detie odeépegeobve 3 nbyothermal hexbdatikohi| m 20, the

oxide film 10 needs to be renmpved in advance.

can al sAtehe@anedtine h ohcabkerethie| fiormation| of pbheecexideformthe 10

oxi de fi

‘insul ati

Si subst
depodi ti
t he next
et chi ng
surface

10

15

20

25

| m 20 anew. Thereafter, a burying material 4. whjch is_an

Al t hough the oxide film 10

figt ek Br i the rirnssprfageof ssemicendprkonnbrdystiPPace of the
t he

te 2 by the CVD ) hown, in Eig: .. _.Th t of
Ly S e e R oK o8 FiShonRiid Flfn FFpeeddsg™ °

At

ot 5 5008 SRHRL PO TRAELLR sfokdo SR Bty ool L7

e oxide film 20, the oxide film 10 needs to be removed
ih advance. Although.the oxide film 10 cén'also be
replaced with the oxide fiim 20, it'is bettér to form the
oxide-film 20 anew. Thereafter, a.buryiﬁg'métgrial 4
which is an insﬁléting maﬁeriél'sucﬁ as Si_o2 ié deposited
on the'whole'sﬁ:faée of the Si substrate 2 bf the CVD
p:oceés as shoﬁn in Fig. ZE; The amount of the depoéitioﬁ
has to exceed at least the depth of the groové 3.

At the next step, the deposited'bﬁrying materia1.4-
is.removed by an isotropic etching technique such 55 
plasma etching, in ordér to flatten ﬁhe_major surface of.
thé_si:body 100 as éhqwh'in Fig. 2F. Thué; the isolation
steps are completed.  Since, in ﬁhis cése, the_width of
theﬁaeep groove 3 is rendered constant over the whole.
area of the Si body 100, the surfacé of the burying
materiél 4 aﬁ.deposited is substantially fiat; and the.
surface flatténiﬁg.méntionedIabove'iS'substantially
simplified. It is sometimes fecommended that.the

.deposited burying material 4 is coated with



the Si body 100 as shown in Fig. 2F. Thus, the isolation steps are i
conpl-€ted. Since, in this case, the width of 20 the deep groove 3 is _ \\
rendeged constant over the whole area of the Si body 100, the surface (f £;f
the burying material 4 as deposited is substantially flat, and the sur
flatteni ng nenti oned above is subStanLi?hlx simplified. It is sometines
recomended that the 25 deposited buryfhg material 4 is coated with -

16 - a photoresist or SOG (Spin On d ass), whereupon:the surface is
flattened by an isotropic etching technique resorting to physical neans.

Thus, the flatd estiotprefsisie srirfese(Spinbeneadasty] WREPefpbACth¥CkYrfatd
the case where any 5 material other than the insulator is enployed as the

burying material f1hteefddf Bgecanegdotrophe eevhifgd vethnbguénsekertingFor
exanpl e, in case of enploying polycrystalline silicon, the surface is
flattened, anda tphysicalemern®i h BhugERFpef flatbgningr ofil thei darfene

t hereof. 10 After the isolation steps,_the N -type collector contact
portion 18 anfamh®epaxgrtpd morgiohfaotivelyer néa thet masepwhaxeafn¥ayer

9 as shown in Fiqure.2F. .The gollector, confact portion_18 i s forpmed by
enpl oyi ng 3t he &ﬁ%IQﬁhﬁfeﬁhFQréb?s%?%? %ﬁ°ﬁr 8 emBlo¥erndg 4HE 15 in

sel f - al i gnnment reto. S 1.On.19 is simlar formed.. In _forping
the two regioggﬁ%ﬁﬁg ?EH%%?? ﬂgihfggsurfage neéeds ko Lg covered w1t£ GH!

insulator. For example, in case of employing polycrystalline
. silicon, the surface is flattened, and it is covered with
an Sio2 film by thermal oxidation thereof.

10 After the isolation steps, the ﬁf-type collector
contact portion 18 and the P-typé base region 19 are
formed in the epitaxial layer 9 as shown in Figure 2F,

The collector contact p¢rti0n 18 is formed by employing
the oxide_film 70 and the isolatioﬁ area 8 as a mask, and

15 in self-alignment'thereto. The base region 19 is similariy
fofmed.' In forﬁing.the two regions, tﬁe registration
margin'of photoresist masks is unnecessary. A passivation

U . film 22 such as silicon oxide film is formed on the

N sﬁfface and is patterned, and an ﬁ+-type emitter regibn
20 21 is formed. Theréafter, as shown in Figure 1, aluminium
electrodes 30, 31 and 32 are arranged through contact
holes formed in the thin thermal oxidation film 20 and

;v o the passivation film 22, and wiring leads 33 and 34 are

also provided in order to complete the bipolar IC.:

25 In this manner, in the above described bipolar IC, the-



nargln of photoresi st nasks I S unnecessary. A pa55|vat|on film22 such as
siligan oxide filmis fornmed on the surface and is patterned, and an N
-type’gyitter region 20 21 is formed. Thereafter, as shown in Figure 1§JJ
im el ectrodes 30, 31 and 32 are arranged through contact holes ™
In the thin thermal oxidat¥dbrmrfilm 20 and the passivation, film 22,
wt'ri ng | eads 33 and 34 are also provided in order to conplete the

bi polar I1C. 25 In this manner, in the above described bipolar IC the
- 17 - collector contact isolation portion 13 is arranged at the boundary

bet we I c a e ghen 19, and hence,
t he b?géagg&ﬁgv%| g%%tbg%§2%ﬁu?ﬁg aseég%dmg #Fe%?géﬁ%?&t%g transi stor can

5 betgehaBagdas ffoewe@tnl Yhe Idbim@t&ﬁss?ntac%hgowthuﬁt ngt ed exanpl e, the
col l ector contact isolation portion 13 1s forned of the oxide film 70

produggd kliel bage 2eigden A9 ofaridicnéw¢e] thef BsearBiowhevbilthgdy 100.
Therefore, the oxide film 70 can be formed 10 si mul taneously with the t hick
oxi debéitween7thentag2 endommmldatandmﬁetheetcapaistamceanoupIed to the

wi ring. The collector contact isolation portion 13, however,. can also be
céhstbaceehasoedsSuﬁfﬁCiﬁmﬂ&xagyln»khkﬁtﬂaaebuiglﬁgeniﬂéus&ratﬁd5|mIEN

manner to the isolation area 15 8 anong the el enents.
example, the collector contact isolation portion 13

is formed of the oxide film 70 produced by local
oxidation of the major surface of the Si body - o
100. Therefore, the oxide film 70 can be formed o
10 simultaneously with the thick oxide films 71 and 72 in order
. to reduce the capac:l.tance coupled to the wiring.
The collector contact isolatlon portion 13, however,
can also be constructed so ae to fill up a groove with a .
buryirng material in similar manner to the isolation'a:ea
15 8 among the elements.
This invention is greatly effective when applied

to a bipolar 1C, especially:a'bipolar memory such as

a PROM or RAM. It is also applicable to a MOSIC.. i

In the -application to the MCSIC, a P-type or N-type
20 semiconductor body can be used for"forﬁing MOSFETs |
| or for forming a copplementary MOSIC (CMOSIC), In the cMOSIC,
it is also possible to isolate the MOSFETs by thick
axide films and the'weil'regions (of the P type and N
.type) by a deep groove.
25 | -As set forth above,

»



Thi's invention is greatly effective when applied to a bipolar IC,
especially a bipolar nenory such as a-PROMor RAM It is also applicable
to a #OSIC. In the application to the MXSIC, a P-type or N-type 2¢ »\\y
seni conmduct or body can be used for form ng MOSFETs or for formng >Z/E
conplementary MOSIC (CMOSIC). In the CMOSIC, it is also possi b

| sotate the MOSFETs by thick -oxide filnms and the well regions (of the P
type and N type) by a deep groove. 25 18 - As set forth above, - 18 -
the width dinension of the deep groove 3 in the isolation area 8 anobng

elements is tagdgsgthsuPabanibal by thanabant ﬁbg{;é N #10Life SEEB LAABHC! OF

body 100, an ence, a process for atten surface of the burying
material 4 5,¢gn Beafohgt 80bmaht¥ SENPehhieddd MU t1 411 ecdhtdny ck
oxide film7 produced by the |ocal oxidation of the surface itself of the
seni conduct opvEPdYhd OWhblefl geitdontut BOrs boldycA00s) tarnd Hérecépactive area 6
where no sem conductor elenent is forned, the 10 wiring capacitance between
the substratprécessd for flatbgnirgdthensurdace toife theadhixying aweterial e
substantially reduced. Wth, the manufacturing nmethod in which the thhgk

oxi de fil%ms Gan bel shketantdal kY (SimplGihef HMQIRP ]y Since the thic
' ' oxide film 7 produced by the local oxidation of the

surface itself of the semiconductor body 100 is formed
 in the surface part of the inactive area 6 whefe no
semiconductor element is formed, the . |
10 wiring caéacitance bétween |
the suéé}rgte 2 and the wiring lead running on the'inactive'.
rea 6 tan bé;substantially reduced.
'*fﬁith the manufacturing method in which the thick
oxide”films 70, 71 and 72 éré first formed by the local.
- 15 oxidatipn technique and thé'deep groove 3 is thereafter
formed nsing these thick oxide films 70, 71 and 72 as
a pértTpf a mask, a greét effect can be attained in the

— aspect -of production conéerning the mask registratibn,



15 oxi dation techni que and the deep groove 3 is thereafter forned usi ng-

.theseskhi ck oxide filns 70, 71 and 72 as a part of a mask,—a—great effect
can Ntained in the aspect of production co [ ' : T
regi @i on - 19 - CLAIMS: 1. A sem condﬂmmmm"mamﬁpdl ng: (\JY a
sem conductor body; (b) an isolationigegion which electracal 'V solates a

maj or surface of said sem conductor body into a plurality of sem conduct or
regi ons,ciaxmMsvi ch conpri ses a groove extending in the major surface of
sai d seni conductor body and a burying material filling up said groove; 10
(c) a seki-conducternicrsiwritondesticies ihglmdd ngist hi n each of sel ected first
sem conductor regions of said plurality of sem conductor regions, each

sel ected first{&er ERMFAEITET B9PIdving at | east a thin oxide film 15

f d b i dj.zi it i face; . (.d t hi_ ck oxide.filmwhich i
formed wthin UD 1o AL e S Samb i BLsF e GRS or SRRl ural ity of
i ' . t : | f
oo Sor Wakdior MRS ROSAR SUUACAURBLED! Ly ihhg oL SuTface |
than thedepiii ¢y JNSEHIUVHRBuckdt Weigibnss BAEMRMiIBR YonpRilseg formation
a groove extenging in the major éurfade of said

semiconductor quy and a‘burYing_material filling up

said groove;

10 (c) a semiconductor element which is fgrmed within ' \od

each of selected first semiconductqf.regibns of said-

plurality of semicbn@ucto; regions, each seiécted first

semiconduétdr.reéion having at least a thin oxide film
15 formed by oxidizing its_major surféce;

(d) a thick_bxide film which is formed within at
least one second sémicondﬁctor region.bf said plurality
of semiconduqtér régions so as:to.éover substantially |
the wbole surface thereof, whichloxide filﬁ is thicker

20 than said thin oxide film but less than the depth of
the groove, and which is formed prior'to the.formatibn
of the_groove by'oxidiiing'the_majorfsurfacehof said
second-semicondhctor.region: and

(ei wiring layers which extend over said thick oxide

25 £ilm within said at-least one-saimd semiconductor region,
and which.aré used for interconnecting the semiconductor

elements.

b4



of the groove by oxidizing the major.surface. of said second sem conduct or

region; and (e) wiring |layers which extend over said thick oxide {Im

wi thin said at |east one second seni conductor region, and Whl ch ed
for interconnecting the sem conductor elenments. = 20 -

sem conduct or devi ce according to claimlpgwierein an oxi de filmis forrred
on a surface of said sem conduct or body |nS|de sai d groove. 3. A
sem conductor device accor ¢ Reni@ohlddichod devidtheicidr&itig dRIIidih 1
material is silicon dioxide. 4. A sem conduct or devi ce accor d| ng to

claim 2, wherei wheaied nbany ioxd dentfdlmalis €qraed ostaldurfacd Idfc@aid.

A sem conductor device according to claim4, wherein a surface of said

pol ycrystal | i ne semiicopduictiori bed}0 ims islel sagidoguedvecovered wi t h a silicon
di oxi de film produced by thermal oxidation thereof. 6.

sem conduct or dévi ce accor & sgmMigoaducher ¢evdles prPnding t\méﬂe‘qlrm Pai d

sem conduct.or body caonprises_a P-type sem cqnductor. substrate, and a 15
‘plurality of | aydeTaim @I?Hdn(’?luﬁcffén@nnﬁ-ttes?ﬂ@ &S é':t’}lrléﬁ?’brﬁi% N-type

cpitaal layery Tored ong Gl At Ol o S SR eoMien L
ks hi gher wherein said burying material is polycrystalllne silicon.
5. - A semiconductor device according to claim 4,
wherein a surface of said polycrystalline silicon filliné
10 up said groove ié covered with a silicon dioxide film
produced by thermal oxidation thereof.
6. _ A semiconductor device according to any one-
.of claims 3.to 5,.wherein said semiconducto¥ body
compriseS'a.P-type semiconductor substrate, and a.
15 plurality of layérs which include an N-type buried region
and an N-type epitaxial layer, formed one on the other
on top of said semiconductor substrate, the N-type buried
'region having an impurity concentration which is higher
-/ o " than that of éaid epitaxial layer; and wherein said
20 semiconductor element is a bipolar transistor, said

bipolar transistor including an N-type collector region

which is composed of said epitaxial layer, said buried

L%

region and a collector contact-region having an
impurity cdncentration higher than that of said

25 epitaxial layer, a P-type base region which is formed
within said epitaxial layer, and an N-type emitter

region which is formed within said base region.



conc

than that of said epitaxial |ayer; and wherein ' sem conduct or

el enment ‘is a bipoglar transistor, said bipolar ;SaFgrggar_TﬁETUdrﬁg

N-type €Qll ector region which is conposed of sa

buri €¢-N\ggi on and a col |l ector contact region ha w
( ation higher than that of sad 25 epitaxial Iéyel" a

regi on which is formed within said epitaxial |ayer, and an N-type emtter

regi on? whi chh i seriiorarethiatidhidewizied deaeadie@ @ claim 2] whérein A

sem conduct or device according to claim®6, wherein said thick oxide fi 1'mon
stihd- el curidiectforlr i Griids sechbinds selticondaxitde keibnang sai d

sai d

sald*

ype base

coIIecth contact region and said base region are isolated by a second

t hi ck 3

first
equal

ons, and which has a thickness sub- stantially

ctor I
%Sno tHaC oS8k g(fil"rnstartenlléﬁlé%ﬁﬂebﬁ’l prsegond thigknppsddeuct or devi ce

i h di wh th
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yi ng~ e

" the respective ends of the

10

15

20

25

8. A semiconductor device according to any one of the
preceding claims, wherein there are spaces between one
side of a reépective groove and the respective adjaéent
second thick oxide films, said spaces being located
between "birds beak" parts of the second thick oxide
film and the burying ﬁaterial.
9. A.semiconductor devicé agcordiné to claim 8,
wherein the_distance between the respective ends of the
first and second thick oxide films and respective sides
of the groove are of unequal iength, that between the
second thick oxide film being longer than thét between
the first thick oxide film to the respective sides of the
groove..
10. A method of manufacturing a semiconductor device including
the steps of:

(a) preparing a semiconductor body;

(b) selectively forming an oxidation impermesble mask on a
major surface of said.semiconductqr body, said magk covering a first
surface portion of each of a plurality of first semiconductor regions

nywhhﬂ1sadcomimxo;e&ammmsametx»hareq;mtbmﬂy:&nmaiamd

%ﬁ??S?WHQﬁ\Mﬁ%ﬁ?|ﬁ§lﬂbrﬁ§é Bpigxicalieggorheontpot saglane of safd

$



" first and second thick oxide filns and reMe groove are

-of unequal length, that between the second mmm”mﬂ ijlmw bei ng | onger
than that between the first thick oxide fillm ' uﬂm\masi<'s§pf t he
20 gr od%e. 10. A met hod of manufacturing a sém &onBuct or+ devi ce-ra&l udi ng

the steps of: (a) preparing a seniconductor body; (b) selectively
an oxi dation inperneable mask on a 25-np or surface of said semi conductor
body, said mask covering a first surface portion of each of a plurality of
first sem conducleafonde guaifatien pakitébnsefii soadaendr senteepductee 189 en
respectively fornmed and - 22 - a second surfabe portion of a second

sem conduct or whdgirorl iisi emonigesaifpRyuzal dtyl aF af tE§t of SR TRIEERTonduct or
regions and in which an jisolation region_is.to be forned leﬁf"é’i&f’m‘?‘ec{hi rd

eparates

surface porti GPIHORE By &ns&'HFEBn_BBcE‘BP1%%i°Pe§f%h°9\/n1'%_ht% _ S d
o o e A A B h0 Sk EeR Berk fon 8E "B 2ed MG SAdIRAdn T 1 1

said third sur ermal ®oxidati on of the maj or

sai d seni condygtgr, s AL Ry AR Q¥iRIr3RLE dRa 9XbSRd T i cmRITEAY e
mask; (d) q‘:’rermli'\%:lg(r?ng:?nsai atc(rl)lx%ggtg%égn irr;g)ér nmeabl e mask of said second surface
portion; regions; |

g
(¢) forming a thick oxide film in said third
sufface pdrtion by thermal oxidation of the major surface
of said semiconductor substrate by employing said
10 oxidation impermeable mask; | |
(d) removing said oxidation imﬁermeable mask of
said second surface portion; | |
(e) fonﬁngaiénxwe‘ﬁlsanisaxmd surface portion of said
major surface of said semiconductor body by employing as a1eﬂﬂﬂng
15 mask the thick oxide £ilm formed in said third surface portion prior
to the formation of the groove and said oxidation impermeable mask
covering said first surface portion, said groove having a depph greater
than the thickness of the thick oxide film and electrically isolating .
% said'major surface of said semiconductor body into said plurality of
20 first semiconductor regions: |
(£) filling up said groove with a burying material;
(g) forming the semiconductor elementé in said
first semiconductor regions, the major surface of said each
firét semiconductor region havihg a thin oxide film which
25 1is formed by thermal oxidation and which is thinner than
said thick oxide film of said third surface portion; and

(h) forming wiring layers over said thick oxide

being .used for interconnecting said semiconductor elements.



. sen conduct%r el enen
r

(e) formng a grobve In said second surface portion of said major surface
of saiff seqi conduct or body by enpl oying as an et chi ng t5task—the_t hi ck

oxi def~f 4 formed in said third surface portion | - ornation;gj
t he gtog and sai d oxidation inperneabl e mask Lm’"””'&"ﬁ ’mst' surfdce
I %

porti oss”"said groove having a depth greater than*the f the thick
oxide filmand electrically isolati said major surface of said

seni conductor body into said plural9ty of 20 first semi conductor regions;
(f) filling up said groove ' wth a burying material; (g) formng the

sem condukt or el enkrmsthed sef dndnufictoum ng el gemicordueter the major
surface of said each_first sem conductor region having a thin oxide film
whi ch 23evi¢eraeecniingcroeflaim i o ing Beferq Hiher than said
thick oxide filmof said third sgr’fa,c . portion; and Q%ftforrri ng Wiring
| ayers cRAFYERY S HEP cktR&i B hd i i ng said

és.' - %?3 fn 11 . Aforre‘;gotq,,é)fe manuf acturing a
sen condtftBrS YT RIUCEIF PO 1P FAF IFIRIHE B %re the burying *
step, the.s o) L dlLzi ng. fa of said sem conductor body inside
sai d 59ro%?/eﬁ?ﬁmeréeb%(jsg%%ﬁp%r?nxg&%i |1§16'n di oxide film 12. A net hod of
manuf actysi ng a sefi gOPRNEtOf MEYh FLcOEEDIGli B dmi cdmdieddy Wherein . said

burying material is silicon dioxide.
device according to claim 11, wherein said burying.
material ié silicqn dioxide.
13. ' A method.of manufacturing a semiconductor
10 device according to claim 12, wherein said stéé
of preparing said semiconductor body consists of '_ -
the substeplof forming an N-type buried-region - |
in a surface of a E-type seﬁiconductor'substrate,_
and the substep of forming an N-type.epitaxial : h ' -
15 layer'lower in impurity é6ncentration thén_said_
.buried region in the surface of said semiconducfor
. substrate; wherein said groove-is.formed so as to - _ -
reach said semiconductor substrate; and whe;ein said ' :-g:)
step of forming said semiconductor elements includes
20 the substep of forming an N-type COllectof contact | : s
region reaching said buried region in a part of

said each first semiconductor region, the substep

=

of forming a P-type base region in another part of
said first semiconductor region, and the substep of
25 forming an N-type emitter region within said base

region.



13. A nmet hod of manufacturing a senmtrconductor 10 device according to

claimd2, wherein said step of preparing saichi 1 r body consists
of ‘the substep of forming an N-type buriieaim%mﬁﬂnmwg‘mf ace of-a_P-type
sem colduct or substrate, and the substep th an ype i @AXT
| ayer lower in inpurity concentration than said buried region Lﬁ;
surface of said sem conductor substrate; wherein said groove

as to reach said sem conductor substrate; and wherei.n said step of formng
sai d sem conductor el enents includes 2Q er_substep of formng an N-type
col l ector contact region reaching said buried region in a part of said each
first sem conductor region, the substep of formng a P-type base region in
anot her part of said first sem conductor regi on, and the substep of 25
formng an N-typddnitter regiethod i maddifdckasengegi on. - 24 - 14,

A met hod of manufacturing a sem conductor device according to claim13,
wherei n sai d oxi deemigendyedioredieivd censlcciosdimgned edatimelBespecti ve first

surface 5 portions except surface parts over regions to becone regions
bet ween t he col | &ediein said oxidation impermeable mask

" . is formed on the respective first surface
5 portions except surface barts over regions
to become regions between the collector
LJ' | contact regions and the bése.regions;
~and a thick oxide film is formed on
regions between said collector contact
.10 regions and said base fegiohs by thermal
oxidation of sgid major sufface'of said

semiconductor body simultaneously

A



contact regions and the base regions; and a thick oxide f|In1|s formed on
regi ons between said collector contact 10 regions an regi ons by

t her mal dation of saird major surface of: salguﬂ body ﬁ‘
si mul |y - 25 - with the formation ﬁ e Filmof
sai d (¥ d/surface portion. 15. A réddtrod of nanufatturlmg conductor
devi ge“gcgording to Caiml1l, wherein said burying material is 5

pol yc alline silicon. 16. A nmethod of nanufacturing a sem conduct or

devi ce accordlng to Caim15, wherein the polycrystalline silicon is :
cover. ¥4é Chni Sl B%aRE Y 1hh@/Maaiaxitirigon thereof. 10
17. ﬁ¥k ékegb e*éét%f]ng a sen¥con ductor device according to Caim 16,
wher gl f*iéﬁ preparing said sem conductor . body consists of the
substep 0 forn1ng an N-type buried region in.a surface of a P-type

- semi condugk®y Substliicd eof anganthac subshgpaobemdcomipctomM-depieeepi taxi al 15

| ayer lower in inpurity concentration than said buried region-in the
sur f geec efdiveg o Claimdll} owheneinr sadd Wueydng etexjadbovis is formed so.
as to reach sai d sem conductor- substrate; and wherein said step of formng

Sai d pelyeryatal bine sllicon.

~ 16. A method of manufacturing a semiccnductor dev1ce
according to Claim 15, wherein the pqucrystalllne 5111con
is covered with an oxide filﬁ whiéh is.fofméd-by thermal
oxidation thereof. - . | _
10 17. A method of manufacturing é semiconductor device
'accordlng to Claim 16 whereln said step of preparlng
said semlconductor 'body con31sts of the substep of formlng
an N-type burled region in a surface of a P-type semlconductor
substrate, and. the substep of forming an N-type epltaxlal
15 layer lower in 1mpur1ty concentration thgn_sald buried
'region,in.the surfacé of said semiconductor substrate§ : e
wheféin said groove is formed s0.as to reach said semiconductor
uuunrate, and wherein said step of formlng said semlconductor ; A
'elemants includes the substep of forming an N-type collector
20 contact region reaching said buried region in a part
dfisﬁid each first semiconductor region, the substep
of forming a P-type base region in another part of said
first'semicohductor-region, and thc substep of forming

an N-type emitter region within said base region."

"?
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el.ements includes the substep of form ng an—N-type—ecot+eetor—20 contact

region reaching said buried region in a part, sq '-\\

senicq*9uctor region, the substep of form ng E ﬂa ﬁ E gi'on -

anot heMpart of said first sem conductor regi tep I Ng
o]

an N-type emtter region within said-b2a6e reglon . -26 18. A ne d of
manuf acturing a sem conduct or device according to Caim1l7, wherein said
oxi dat i on i npes nreabh emetbéd i'of f manefacturing raspenicondacter devieee
portions: except surface parts over regions to becone regions between 5 the
col I ector coneacordéggote Sldimhdhasheregimnyidrokidatick dupeeméableis’
formed on regions between said collector contact regions and sai d base

regi ons by theesll 16xi fermed on ddied negpectiiveg irst mearfasenpeptiions or
body si nmul t aneous with the formation of said thick oxide filmof said
third 10 surf&EEeBXrFPBﬁacfgpaA'tﬁemcﬁi‘ sregiong 4 hesrpe xepicosdbetween

devi ce aCc aim 10, ereln ai d OX|dat|on | npernmeabl e mask is
aade of a #Bgn %E%F&BrfFﬂ% ast TR angt the hage Fesions; and

?.e[”mcﬁ?,ﬂﬁféfé of KAFR, eRABR; Bt e e on mel SR helngen aefd kol tansior

the former ofcyhtabt! FefbMPUnd" s3'd! vede® v dr by ¥ld AHa P hd A1

of said major surface of said'semiconductor body simultaneously
with the formation of said thick oxide £ilm of said third
10 surface portion. | |
19. A method of manufacturing a semiconductor device
aécording to Claim 10, wherein said oxidation impermeable
mask is made of a silicon nitride film.,
_.20. A ﬁethod of manufacturing a semiconductor device.
'i? 15 according to Claim 19, wherein said silicon nitride |
'm4r' film consists of éilicon nitride films of a first level
- and a second level, the former of which is formed on
| said first surface portion and the latter of which is
\,’- _ “:formed 6n at léast said sécoﬁd surface portion.
io ' 2l. A.method of manufacturing a semiconductor device
accordinglto'Claim-ZO, wherein a film different in property
from said silicon-nitride films istérranged therebetween in-

order to isolate said silicon nitride. films of said first

o ey e

and second levels.

25 . 22 A method of manufacturing a semiconductor device

" according to any of Claims 10 to 21, wherein said groove



formed on at | east said second surface portion. 20 - 21. A nethod of

_nanufacturlng a sem conductor device according to Caim?2 ein a fiIm
ef 2t i'n property fromsaid silicon nitride filnms is arra

e e T L A

devi ce according to any of C ai™s210-to 21, whefeih ai groove
formed by reactive ion etching. 23. A sem conduct or devi ce constructed
substantially as herein described with reference to and as illustrated in

t he accpepeepmed) bl avéa@sivé ion2dtchiAgoet hod of manufacturing a
sem conduct or device substantially as herein described with reference to
Figs. 228{0 2R cfenimonduchonndeéviceraonstsucted substantlally

as herein described with reference to and as 111ustrated

in the accompanying drawings.

5 . 24.. A method of manufacturing a semiconductor-device.

A gt

substantially as’ hereln described with reference to

Flgs. 2A to 2F of the accompanylng draw1ngs.




