"METHOD OF MAKI NG A SEM CONDUCTOR DEVI CE" This invention concerns a nethod
of making a sem conductor device. A nethod of making a sem conduct,:zgcg@vlqg‘
i's known which conprises formng a recess in a sem conductor substtdte and ’
5 i ntroducing an insulating filminto the recess. The known net hod

Is satisfactory if the recess is narrow. jHoswever, if the recess is w de,
the insulating filmnmay be provided at the corners only of the recess.
According, therefore, to the present invention, there is 10 provi ded
a met hod of maki NgYETHEIOEOMXKICE0X SEHYCEDUCDOPMESIOY' et ching a

sem conductor substrate to format least a first recess and a second recess
therein, the second recess enclosing a portion of the sem conduct or
substrate; introduci ngfhiissiseenithon raneerns ai muhodhef friakétg a@ndemizooddctor
recesses; and oxi ¢igipg the 15 said portion of the sem conductor
substrate, whereby there is formed in the same sem conductor substrate a

rel atively narrow el eremethedoft nalingedyi SPRLOPRIUSELPE deFASE | isukpeFmhyhitie

i nsul ating materi gbmprideiCrdinfinl 4 8688Ss aRUaasdrglbatdierby Wirderslearat

i solating region which is constituted both by the insulating 20

material ih the sd@bFRAUCEREAD IRFIAFLIRE L1dT; P8O FBT e pdr (1PBNKR9Pef er abl y,
prior to the oxi dakthéd Ak sAsTactbriyoif ithe BécesBt is mardod] MosH@sSde,i Bf

appl i ed over the ole of the m condyuct Qr substrat e except,for the

okl dl sed port i on a8 Sare28) it part i rsatd ik PrceE HskadL e

An inmpurity may bs_hbmmdusmlvmft.h@ebamssf each of the recesses so as to
forma stopper T egi Oy 3Rl Abhrecble, Wolthe Grabli; Undgnaloeiarespl aling o
region is several [err] The said etching is preferably anl.sot’ropl c etching. ¢
Thus 30 10 thepP3e # crerdied rpfy mpking pneepisonderter ndeviseseqmpriaing r at e

etching a semiconductor substrate to form at least a first

~ecess and a second recess therein, the second recess enclosing
a portion of the semiconductor substrate; introducing insulating
material into the first and second recesses; and oxidising the

15 said portion of the semiconductor substrate, whereby there is
formed in the same semiconductor substrate a relatively narrow
element isolating region which is constituted by the insulating
material in the first recess and a relatively wide element
isolating region which is conétitutgd_both by the insulating

20 material in the second recess and by the said oxidised portion.

Preferably, prior to the oxidation of the said portion an

anti-oxidation mask is applied over the whole of the semiconductor (_

n

substrate except for the oxidised portion and an adjacent part
of the second recess. '
25 An impurity may be introduced to the base of each of the
recesses so as to form a stopper regiomn.
Preferably, the width of the wide.element isolating region
is several & m..
The said etching is preferably anisotropic etching. Thus
30 the second recess ﬁay be formed by forming on said substrate
" an anti-anisotropic etching £ilm having a recess portion therein,
which extends to the substrate so as to expose a portion of the
latter, effecting_anisotropic etching of the said recess

portion, and removing the anti-anisotropic etching film,

L)



an anti-ani sotropic etching filmhaving a recess portion therein, which
extends to the substrate so as to expose a portion of the latter, effecting
ani sotropic etching of the said recess portion, and renoving the
anti-anisotropic etching film 2 The insulating nmaterial may be a
silieon oxide film A polycrystalline sijJicon filmnay be introduced into
the second recess and is oxidised to formthe said silicon oxide film 5
Preferably, the polycrystalline silicon filmdoes not conpletely fill the

second recess. Preferably, after the said silicon oxide filmhas been
formed in the first andh§cogulptipgaratesialympyrhenarsiditpor opidsifddnsiimis

formed over the whol e aupstycay€rai0i@s si0iGANEAG ndf be introili@edSihiL @Re OXi de
filmin the first and second recesses, .an anti-oxidati ondnggfk film being

formed on the furt A& Feee5A TG 42 PiALTedrhe foTBsthearal Hona0%ide; con

substrate, the furtbmr. silicon oxide filmbeing fornmed by thermal oxidation

of the 15 silicop_substrat | nsul at i_ng, mat er..al be i ntroduced
into the first recess. ?‘ﬁﬁe’erra%f\%,ng |h% ozyggs(?(a)rg%)lﬁessé{sné:oggﬁ#@o%&ﬁc?%r devi ce -
conpri sing sem condemptlerelulfsil ahe dexondiresesseast a first recess 20

and a second recess thg&@f&abgﬁgﬁ@&m&ﬂe rs%gﬁts.lejieﬁ?% Q3189 Ay Rlsdh &k

portion of the sem conductor substrate, an Irst and second recesses
cont ai ni ng i nsul at ferredaivrthal firghcindhfecamd searseefracferthenpddiegn is
provided with a rebgideveid A8 fdWed over the whole substrate so as to contact
10 the silicon oxide film in the first and second recesses, an
o anti-oxidation mask film being formed on the further silicon
oxide film.

The substrate may be a silicon substrate, the further

silicon oxide film being formed by thermal oxidation of the
15 silicon substrate.
- Insulating material may be introduced into the first
recess. '

The invention also comprises a semiconductor device
comprising semiconductor substrate having at least a first recess

20 and a second recess therein, the second recess enclosing an
oxidised portion of the semiconductor substrate, and the first
and second recesses containing insulating material, whereby the
semiconductor substrate is provided w1tn.é relatively narrow
element isolating region which is constituted by the insulating

25 material in the first recess and a relatively wide element
isolating region which is constituted both by the insulating
material in the secoﬁd recess anﬁ by the said oxidised portion.

The invention also comprises a semiconductor device when
made by the method described above.

30 | The invention is illustrated, merely by way of example,
in the accompanying drawings, in which:- '

Figures 1{(a) to (h) illustrate a first embodiment of a
method of making a semiconductor device according to the present
invention, Figure 1(h) being a section taken on the line A-A'

35 of Figure 2, -

Figure 2 is a plan view of the structure, shown in

Figure 1(h),



el ement isolating region which is constituted by the insulating 25

material in the first recess and a relatively wide elenent isolating region
which is constituted both by the insulating material in the second recess
and by the said oxidised portion. The invention also conprises a

semi conduct or devi ce when nmade by the nethod descri bed above. 30

The inventionis illustrated, nerely by Wday of exanple, in the acconpany#ng
drawings, in which:- Figures 1(a) to (h) illustrate a first enbodi nent of a
met hod of maki ng a sem conductor device according to the present invention,
Figure 1(h) being a section taken on the line A-A" 35 of Figure 2,
Figure 2 is a plan view of the structure, shown in Figure 1(h), 3
Figures 3(a) to (f) ill pséursse3 ga)seoonth dibestinabata skcondremhotimeht maki ng a
sem conductor device according to the present invnetion, Figures 4(a) to
(c) illustrate a thefc eethedi pErmakdng a Semcmduat%tdhﬁﬁcﬂaﬁcﬁ%éwg a

sem conduct or device according to the present invention, and Figures 5(a)
to (c) illustrate atkﬁ@MMPﬂﬁﬁﬁdeUPeﬁﬁ%hng a sem. conductor device. Figures
5(a) to (c) show a nethod of nmakin

' trench type Jenent
i sol ating reg| on of a kAbFresehih ué‘f’or"‘léﬂé"iﬁréée ?l"‘?‘%f?)&p"’ﬁg i

Fi gure 5(a an anti -ani sotropic etchln fi.l.m is formed at selected
9 2 3
places on of a method of making a emlcon uc or device according

to the present invention, and
Figure$ 5(a) to (c) illustrate a known method of
making é semiconductor device.
Figures 5(a) to (c) show a method of making a
10 trench type element isolating region of a known semiconductor
device.
Firstly,as shown in Figure 5(a5, an anti4anisotropic_
etching film 503 is formed at selected_plaqes on a
semiconductor substrate 500. The anti-anisotropic etching
15 film 503 is used as a mask for etéhiﬂg. The semiconductor
substrate 500 is etched to form reéesses 501, SOLE having
a depth 6f 7000 2 by anisotropicetching such as reactive
ion etching (hereinafter referred to as RIE) using CBrF3.
The recess 501lfinaliy becomés a wide element isolating region
20 '507,.whi1e the recess 501a finélly becomes a narrow element
isolating region 502.
Secondly as shown in Figure 5(b), the anti- anisotropic
-'etching film 503 is removed by etching. An insulation film,
such as a silicon oxide film 504 having a thickness of 1ym,

25 is deposited by a chemical vapour deposition method (hereinafter



sem conduct or substrate 500. The anti-ani sotropic etching 15 film
503 is used as a nmask for etching. The sem conductor substrate 500 is
atched to formrecesses 501, 501a having a depth of 7000 [err] by

ani sotropi cetching such as reactive ion etching (hereinafter referred to as
RIE) wusing CBrF3. The recess 501 finally becones a w de el enent isolating
regi oks20 507, while the recess SO}a finally becones a narrow

el enent isolating region 502. Secondly as“shown in Figure 5(b), the anti-
ani sotropic etching film503 is renoved by etching. An insulation film
such as a silicon oxide film504 having a thickness of [err] 25 i's
deposited by a chem cal vapour deposition nmethod (hereinafter 4 referred
to as CVD) on the sem conductor substrate 500 containing the recesses 501,

501a. Thirdly, as s Ln Figu 5(¢c),, nost. of _.the _silicon oxide film 504
i s removed by etchf%%ewsggbt oaﬁgt%‘gms{ﬁ?f%‘ges%’?lctc’ﬁ%u or subsgr%%em')gggnduct or

substrate 500 is expased: h8 f&aUkis dofe il con oxide film 504 remains
only in the recess 501a a?lgg%at t{% s%%es 6f tfre recess 501 so that the

remaining silicon oxiden{idifs 2033 ﬁpﬁi&&reﬁsgé)e RLETRR i Bh A1 LD
regi ons 502, 507. The elenent isolating region 02 has a snall area and the

10 el ement |i&alcat EQGn 5081 O reldvd®By detlcREALE s3l &fat the IR FKEOWE the
sem conduct or device shown in Figure 5(c), the narrow el ement isol ating
regi on 5025f unct i oseniasnduciondsistretd 5080iAlekpesddegrd R beswEutsethdie silicon
oxide filmsubstantially conpletely fills the recess 50la. However, when 15
a field insul ati ngs#lileanioxideqfilmed04 rremaimslendy da the xecess 501a and

\'/ at the sides of the recess 501 so that the reméining silicon oxide
films 505 and 506 form the elemént isolating regions 502, 507.
The element isolating region 502 has a small area and the

10 element isolating region 507 has a large area.

In the known semiconductor device shown in Figure 5(c),_
the narrow element isolating region 502 functions as a good
element isolating region because the silicon oxide film
substantially completely fills the recéss'SO{g. However, when-

15 a field insulating film is required in a wide area of a

\_} semiconductor substrate, the element isolating region 507 does
not function satisfactorily because the silicon oxide film
506 does not completely £ill the recess 501. Therefore, in a
semiconductor device as shown in Fiqure 5(c) there is an

20 increase in interlayer capacity between a conductor layer

and the substrate, and there is liable to be disconnection
and short circuiting of the connector pattérn formed in
later process steps.

In order to try to solve such problems, some improved

25 semiconductor devices have been disclosed in Japanese Laid



sem conductor substrate, the elenent isolating region 507 does not function
satisfactorily because the silicon oxide film 506 does not conpletely fill
the recess 501. Therefore, in a sem conductor device as shown in Figure .
- 5(c) there is an 20 increase in interlayer capacity between a

conductor |ayer and the substrate, and there is liable to be disconnection

and short circuiting of the connector patf)ern formed in later process &
steps. In order to try to solve such problens, sone inproved 25 -
sem conduct or devi ces have been discl osed in Japanese Laid 5 Open
Applications Nos. 55-78540, 56-94646 and 56-94647. However, in the
arrangenents shown in these citations, it is inpossible to repeatedly form

an elenment isolating regi-on in a subm cron sem conductor device. 5

It is therefore desiopd gpplicptonsd®os. B5E-NBBH0GT Seredderg @ndsea+BBaduct or

devi ce which provides a satisfactory elenment isolating region regardl ess of

t he area, configuratBomevend in ghé agratdmmepte nshowni Poltheseigitayians, it
Referring now to Figure 1(a), a mask (not shown) 10 was first used

to forman anti-ani sbt AoppesidlentnFepratndlyifom ap|dement gisatakingi . e. in a
predeterm ned pattern, on a sem conductor substrate such as a P-type
silicon-substrate 10¥RFiPReiN At PURRCTOR rRSTRECRAUCKPRFFEFM 101 was t hus

formed with recess portions 10la, 101b d to the

whi ch, 15 ext end
substrate 300 so as to ekbdSetPortiesA ST ahte Itat?’é‘?"’.idgeac&?ﬁg?ﬁe °4s shown in

Figure 1(b), the ant&iﬁ%ﬁgséngéggégSGuctor.device which provides a satisfactory
_ elemént isolating region rega:dless_of_the area, : \;)
configuration and width of_the element isolating region.
Referring now to Figure 1(a), a mask (not shown)
10 was first used to form an anti-anisotropic etching film
101 at selected places, i.e. in a p:edeterminea pattern,
on a semiconductor substrate such as a P-type silicon
substrate 100. The anti-anisotropiq etching film 101
was thus formed with recess portions 10{3,_10{2 which
15 extended to the substrate 100 so as to expose portions of
the latter. : _ _ _ \—)
Secondly, as shown in Figure 1(b), the anti-anisotropic
etching film 101 was used as a mask and recesses 102, 102a
were formeﬁ.in the P-type silicon substrate 100 by
20 anisotropic etching such as the use of the RIE method. In
detail, recesses 102, 102a, as deeg as 7000 X were formed

by the RIE method using CBrF gas in the substrate 100 in

3
alignment with the recess portions 101a, 101b. For the
fabrication of a wide element isolating region 110, a recess

25 102 wvas formed so as to enclose a predetermined location



etching film 101 was used as a mask and recesses 102, 102a were formed in
the P-type silicon substrate 100 by 20 ani sotropi c etching such as
the use of the RIE nethod. In detail, recesses 102, 102a, as deep as 7000
[err] were fornmed by the RIE nethod using [err] gas in the substrate 100 in
alignment with the recess portions 10la, 101b. For the fabrication of a

w demgl-ement isolating region 110, a recggss 25 102 was fornmed so as
to encl ose a predeterm ned | ocation for the wide elenment isolating
region 110. In Figure 2, a recess 201 corresponds to the recess 102. Each
recess 102a was provided for the fabrication of a narrow el enent isolating
region 111. 5 As will be seen fromFigure 2, the recess 201 is
annul ar, the term"annul ar" being used herein in a wide sense to include a
rectangul ar, ring- Eokettehejpde alesdrnisoldting|negias oW iMgergwere 1(c),
boron was i nplanted as necessary by ion inplantation in the recesses 102,
102a to f or Roredesg 20e corremponds iyl §hé mgcess)il@ds Babd, rdceEs t he boron
ions being indicated at 103. The concentration of boron 15 -2 was 3 x 10
cm with respect 28283WarReRrovifed fexophr fapeifabhsn RfiaRITEOF#IRBENEL t he
base of the recesses 102, 102a. Fourthly, as shown in Figure 1(d), the

anti - ani sotropi c 1%solatingixegipachlilngs renpved and a silicon oxide

“insulating _film 105, having a.thickness of u o] m_ was. posited by the
CVD net hod2on the P-ty/§ '5’?]#]1 PSnS%ﬁ?bgf?%fég‘i'Eﬂ) ha?j}'f)enéef?‘r"‘es ?gge’fses 102,

102a. Fifthly, as grrllr?u ari, r]'!:hFei Q.eh.{'u? -%&Ehar 'hgefnigl {zgeo hgéie{jne il;zi Ia rBide
N2 sense to include a rectangular, ring-like shape as shown.
Thirdly, as shown in Figure 1(c), boron was implanted
as necessary by ion implantation in the recesses 102, 102a
0 for forming the element isolating :egions 110, 111, the
boron ions being indicated at 103. The concentration of boron
was 3 x 1015cm-2 with respect to 30 KeV. Thus stopper regions
104 wérg formed at the base of the recesses 102, 102a.
Fourthly, as shown in Figure 1(d), the anti-anisotropic
15 film 101 was removed and a silicon oxide insulating film 105,
having a thickness of up to 1um, was deposited by the CVD
méthod on the P-type silicon substrate 100 haviﬁg the recesses
102, 102a.
Fifthly, as shown in Figure i(e), the silicén oxide film
20 105 was reﬁoved by the RIE method using.CFh + CI;F3 gas so
that the silicon oxide film 105 remained only in the recesses
102, 102a. The P-type silicon substrate 100 was exposea except
at the recesses 102, 102a. Thus a silicon oxide film 106,

constituting an insulating material, was formed in each of the

25 recesses 102,.1022 in the P-type silicon substrate 100.



20 105 was renoved by the RIE nethod using [err] + [err] gas so that
the silicon oxide film 105 renmained only in the recesses 102, 102a. The
P-type silicon substrate 100 was exposed except at the recesses 102, 102a.
Thus a silicon oxide film 106, constituting an insulating material, was
formed in each of the 25 recesses 102, 102a in the P-type silicon.
substrate 100. 7 Sixthly, as shown im Figures 1(f) and 1(g), the P-tife
silicon substrate 100 was thermally oxidized in a dry oxygen atnosphere at
1000 C for about 100 m nutes to forma silicon oxide film 107 having a

t hi ckness of about 800 5 _ The silicon oxide film 107 having a

t hi ckness of about 800 [err] can be placed on the surface of the P-type
silicon substrate 100 by accurately controlling the filmthickness of the
silicon oxide film 105 shQ in Figure 1(d). an on lling,th hi n
time. The silicon oxide %’T\@’r?'nlﬁb &8 Shown 1“1%?“5)9( 2%(% f:l)lz’/ée?1 (lghéqvl\ﬁoﬁ-et e 9

substrate 100 so as 4;Q; SQMABLedt8 b6 iwggnt%gglé :+%£Q§a i'iﬂ 4 Rgyrecesses

102, 102a. A silicon nitride anti-oxidation ma i'm 108, having a

thi ckness of about 1300ed @ithbspitde LOT190E°E Eokhabstit! 1 6O miktee b k&Rl 07 by
- vapour growth, e.g. by the-CVd?nethod..Then, 15 In order to renove
the silicon nitride S ishmdBokiunes ubstoanhivilngya the cuheds otf aidie Boai&.

el ement isolating region 110, a photo resist |ayer 109 was forned by the
use of a pask (not shevwylizonsetidet £illupliat amvang thehstknezanofidboute fil m

108. The photo resist |ayer 109 was used as a mask 20 . and the
silicon nitride fil o208 camsbe alaced v ¥he eswrfece f phePraype diildgonusi ng -
CF4 gas so that the silicon nitride W

substrate 100 by accurately controlling the £film thickness
of the silicon oxide film 105 shown in Figure 1(d) and
by controlling the etching time. The silicon oxide film
10 107 extends over the whole substrate 100 so as to contact
‘the silicon oxide film 106 in the recesses 102, 102a. A
silicon nitride anti-oxidation mask film 108, having a
thickness of about 1500 %, was formed on the silicon oxide
film 107 by vapour growth, e.g. by the CVD method. Then,
15 in order to remove the silicon nitride film 108 from
substantially the whole of the wide element .isolating region W/
110, a photo resist layer 109 was formed by the use of.a
" mask (not shown) at selected places on the silicon nitride
film 108. The photo resist layer 109 was used as a mask
20 and the silicon nitride film 108 was selectively removed by
plasma etching using CF4 gas so that the_silicbn nitridé
film 108 remained substantially only around the wide
element isolating region 110. Then the photo resist layer
109 was removed by etching.

25 Seventhly, as shown in Figure 1(qg), the silicon nitride



film 108 remai ned substantially only around the wi de el enment isolating
region 110. Then the photo resist |ayer 109 was renoved by etching. 25
Seventhly, as shown in Figure 1(g), the silicon nitride 8 film 108 which
remai ned was used as a mask, and the P-type silicon substrate 100 was
selectively oxidized in a wet oxygen atnosphere at [err], 8 atm for 1

hour \IThus, as shown in Figure 1(h), a predeterm ned oxide film 112 was
formed. 5 And then the silicon nitride film 108 was conpletely
removed by etching, thereby formng the required el enent isolating regions
110 and 111. Figure 1(h) corresponds to Figure 2 as follows. In Figure 2,
reference nuneral 200 shows a P-type 10 "silicon substrate. The hatched
portion 201 and the dotted portion 203 correspond to the recesses 102, 102a
respectively. The fidfhel@Ehwbichumenained8as Msed20Y ar magfocrnd dihe BifyBet he

el enent isolating region having a |arge area 110 and the el ement isolating
regi on having a sifdlicen sxbyarpteThD was shecbivalyePiidiesd in a wels shows t he

same portion as indicated b¥ t he ref ergnce nuneral 2Q4. Fiqg;es 3(a) to (f)
i |lustrate anot heP*¥BEhAF BFPHRERI Ay 220seni% 8RBudPEr ! FOWF cBN5ecdF MGt o t he

present invention., F'{Stly , sem co 2uctpr dggjce ? wn in Fiqure 3(a)
20 was for med‘nbb Rirged ﬁ@d & ?ﬁ‘% SF5PRA? Jsdﬁoahafnlﬁ i "G\ g% 4) to
() amce S SqB Rk g SR B 05 Sl B0 MR Sl
nuneral s 302, IBOZ%YSQP&Qing, thereby forming the required element isolati_ng
) regions 110 and 111,
Figure 1(h) corresponds to Figure 2 as follows.
‘In Figure 2, reference numeral 200 shows a P-type

10 silicon substrate. The hatched portion 201'and_the dotted portion
203 correspond to thé recesses 102, 102a respectively. The
reference numerals 202 and 204 respectively show the element
isolating region having a large area 110 and the element
isolating region having a smali area 111. The reference numeral

15 | 203 shows the same portion as indicated by the reference
numeral 204.

Figures 3(a) ﬁo (£} illustrate ;nother method of making
a semicénductor device according to the present invention.
Firstly, a semiconductor device as shown in Figure 3 (a)

20 _ was.formed by a method similﬁr to that shown in Figures 1(a)
té'(c). The referencé numéra1.300 shows a P-type silicon
substrate. The reference ﬁumeral 301 shows an anti-anisotropic
etching film. The reference numerals 302, 302a show |
recesses. The reference numeral 303 indicates boron ions.

25 The reference numeral 304 shows stopper regions. The

reference numerals 313 and 314 show narrow and wide element



recesses. The reference nuneral 303 indicates boron ions. 25 The

reference nuneral 304 shows stopper regions. The reference nunerals 313 and

314 show narrow and wi de el ement 9 isolating regions respectively.
Secondly, as shown in Figure 3(b), a silicon oxide film 305 having a
t hi ckness of 800 [err] was forned in a dry oxygen atnpsphere on the P-type
silicon substrate 300 5 havi ng 2he recesses 302, 302a. Then as™n
anti-oxidation mask film a silicon nitride film 306 having a thickness of

about 1400 [err] was fornmed on the silicon oxide film 305 by vapour grow h,

e.g. by the CvD nethod. Further, a polycrystalline silicon film 307 having
a thi ckness of about 10 3500 was al so forned on the

pol ycrystalline silicon film 307 by vapour growth, e.g. by the CVD nethod. -

A thernoplastic photo resist film 308 having a thickness of [err] was
coated on the pol yésglkttihpi yrgions ixespeftivel807. Then the outer surface of .

the photo-resi st film 308 was snoot hed by 15 heating at about 200 C
for5 mnutes. Thirdly, S§scoadidinas thPF"@LH“b Figgne 3k aoP-‘Hfé"“pﬂﬁ’c‘?? resi st
film 308 was reaned framthe surface. of the ﬁﬁ&% II|ne silicon film
307 by pl asme- et chfiP d9P AP gRFPithReeS%eP on ﬁff 86t A9 W Ydet ect ed
by the state of the surface 8? ?é? yS a# licon film
307. In this case, SPfETo2FAYRRETS R FB 'r"r@ae sﬁ&éx’%%rstui’% raftﬁe3§d)ecess 302a
in the elenent iso atln on 313...F0 S Qﬁl {p |gggq>3(d) t he
phot o resi st 308 gg'élr[%%l fed-Th 3Rg geotgess théwas hsed™as"d ask and
the _ mask film, a silicon nitride film 306 having a thickness of Y,
about 1400 3 was formed on the silicon oxide film 305
by vapour growth, e.g. by the CVD_methgd. Further, a
polycrystalline silicon £ilm 307 having a thickness of about
10 3500 X was also formed on the polycrystalline silicon
film 307 by vapour growth, e.qg. by the CVD method. A
thermoplastic photo resist £ilm 308 havzng a thickness of
2um was coated on the polycrystalline silicon film 307. Then
the outer surface of the phqto—resist film 308 was smoothed by
15 heating'at about 200°C for 5 minutes. _
\o/

Thirdly, as shown in Figurg 3(c), ﬁost_of the photo-resist
film.308 was removed from the surface of tﬁe po;ycrystalline
silicon film 307 by plasma-etchigg using oxygen. The
termination of etching was detected by the state of the surface

20 of the polycrystalline silicon £ilm 307. In tﬁis case,
éhoté resist 308 remained in # par£ qf the reéessl302§ in the
element isolating region 313,

Fourthly, as shgwn in Figure 3(d), the photo resist 308

which remained in the recess 302a was used as a mask and the

25 polycrystalline silicon film 307 which was exposed on the P-type



25 pol ycrystalline silicon film 307 which was exposed on the P-type
10 silicon substrate 300 was renoved by plasma-etching using CF4 gas so
that it remained only in the recesses 302, 302a. As a result,
polycrystalline silicon 309 remained in a part of each recess 302, 302a

w theut conpletely filling 5 the latter. The remmining photo
resi &, 308 was renoved by etching. Fifth%, as shown in Figure 3(e) except
for a-region substantially corresponding to the wi de el enent isolating
region 314, the device was nasked by a photo resist |ayer 10

310. For exanple, the silicon nitride film 306 was sel ectively renoved by
pl asma-etching using CF4 gas. Sixthly, as shown in Figure 3(f), after
removal of the photo re5| st _lLa erfrﬁ %@8 t he P-t b§§|pll| ggan_estgﬁstrate 300 was

masked by the silicofi WiPPi HESFFT Ky éﬁm - < 5%i-% zati on

mask in a wet oxygencgt ggg_{%rtga@qq Shki2at & \f@sﬂ,@cg?g@gﬁ% a? ofpout

[err], 8 atmfor 2 how S a pre etern1ne oxl de fi ormred

and the pol ycrystal | A& %ééaﬁonpgﬁ%rv@féaﬁ%mﬂlew 3%9%4;:&&%@&% de
insulating film312. The silicon nitride 2

exposed on the surfaggtobstdrnPrécdee 01 czonamluswtcemﬁme\wswﬁmed by
etching. As a result, the narrow el enent isolating region 313 and the wi de

el enent $sol ating reg'heorlaeﬁék.wene depaifthg Photy @esi{ta308 GwasCyemddedst r at e
yet anot her nmethod 25 for maki ng a sem conduct or device

according to the preserttchizgnti on
W, | Fifthly, as shown in Figure 3 (e) except for a regioﬂ
substanﬁially corresponding to the wide element isolating
regibn 314, the device was masked by a photo iesist layer
10 310. For example, the silicon nitride film 306 was
selectively removed by plasma-etching using CF# gas.
Sixthly, as shown in Figure X (f), after removal of the
photo resist layer 310, the P-type silicon substrate 300
was masked by the silicon nitridg film 306 as an
15 anti-oxidization mask in a wet oxygen atmosphere and
oxidization was accomplished at about 950°C, 8 atm for
2 hours. Thus a predetermined oxide film 311 was formed
and the polgxrystalline silicon 309 was formed into a
silicon.oxide insulating film 312. The silicon nitride
20 £ilm 306 exposed on the surface of the.P-tyﬁe silicon
substrate 300 was removed by etching. AS é result, the
narrow elemeni iéolating fegion 313 and the wide element
isolating region 314 were formed.
Figures 4(a) to (c) illustrate yet another method

25 for making a semiconductor device according to the present

invention.



In this particular enbodi nent of the invention,

nmet hod enpl oyed correspond to those |IIustrated in Figures 3(a), 3(b),
and 3(d) respectively. Thus Figure 4(a) shows the condition in which the
308 has been renoved after a step corresponding to

photo resist 5

that of Figure 3(d). The reference nuneral 400 shows a P-type silicon
substrate corresponding to the substratet 300. The reference nuneral

shows a narrow el

t he recesses 302, _
I sol ating region corresponding to the region 314. The reference nuneral

401"

the first four steps in the

3(c)

o

ement isolation region corresponding to the region 313.
The reference nunerals 402, 10 402a show recesses corresponding to

302a. The reference nuneral 403 shows a w de el ement

shows st opper regions corresponding to the stopper regions 304. The
405 shows a silicon 15 de fllnlcorrespondlng

The F@fEﬂ*?n?%’?&ﬁﬂ%?ﬁJeqh?ﬁ‘?ﬁﬂﬁmgfequlF?Yﬁﬂ? APt rt§e film

ref erence nuner al
to the film 305.
corresponding to

process corr espon

C, 8atmfor 4 hout

%re film 306. hlco Oélde
TRF £ ﬁé’Fﬁil ’r’y

309 as shown in Flgluus?_EBéecQ inl J_gmtrgg gﬁadl oXislat besy 204 3 ) res;t@{gg ﬁ}

exanple y, as Shown in ure

404

fi 409 was .pr epar by a
P ng mtpﬁ.%y polcoj'":e §’t°nfl £ong:%mg i con

950

silicon nitride fiqlfg %Q«g? /14405 dhclalPened tbhellof Ults Whdlse 1-_41@0 MBS gaﬁse:d by

a pattern of photo resi

e unnasked silicon n|tr|de film 406 was

renoved gby pl asmazgd Gk NKeddsS kBboddataBisr alstep correspondinngﬂbrﬂ{éib oS shown
I n Flgure 4(c), the exposed P-type

10

Figure 3(d). Thg reference numeral 400 shows a P-type
silicon subsﬁrate corresponding_to the subst;ate 300. The
reference numeral 401 shows a narrow element isolation region
corresponding to the region 313. The reference numerals 402,

402a show recesses corresponding to the recesses 302, 302a.

The reference numeral 403 shows a wide element isolating

'fegion corresponding to the region 314. The reference numeral

15

20

25

404 shows stopper regions coriesponding to the stopper
regions 304. The reference numeral 405 shows a silicon

oxide film corresponding to the film 305. The reference
pumeral 406 shows a silicon nitride film cérresponding to the
film 306. A silicon oxide film 409 was prepared by a process
corresponding t§ thermally.oxidizing the polycr&stalline
silicon 309 as shown in Figure 3(d), the thermal oxidation

being at 950°C, 8atm for 4 hours, for example.

“/

Secondly, as shown in Figure 4 (b), the silicon nitride film

406 on the P-type silicon substrate 400 was masked by a pattern

of photo resist 407 and the unmasked silicon nitride film 406

was removed by plasma etching using CF4 gas.

Thirdly, as shown in Figure 4(c), the exposed P-type



12 silicon substrate 400 was oxidized in a wet oxide atnosphere at [err], 8
atm for 1 hour, for exanple. Thus a predeterm ned oxide film 408 was
fiormed. Then the silicon nitride film 406 on the surface of the P-type
silicon substrate 400 was 5 removed by etching. As a result, the
narrow el enent isolating region 401 and the wide el ement isolating region
403 were obtained. In the enbodi nents descri bed above, a P-type silicon
substrate was used as a sem conductor device, but an N-type 10

silicon substrate can be used if desired. Wien an N-type silicon substrate
I s used, phosphorous or arsenic instead of boron can be inplanted by
st-opper ion inplantation. In the enbodi nent of Figure 3(a) to (f), a photo
resi st 308 was used which extended into a recess in the 15

polycrystal line silsitotorf shbstiate J0cwpbohadiesd sh 30kt boidw atposphsrde
repl aced by a BPSG (boron phosphorous silicate glass) film Wen such a
BPSG filmis etcheat 235CR & atat, hiak ushogr 2 for examplef Thas eopsedararhined
[err]2 can be enployed. Further, in the so-called active region of the

devi ce 20 o idechidmy4 Qs wahefmﬁowhehe#MFilmnanimdﬁegﬂm and the
wi de isolating reg| on fornmed as descri bed above, an MOS t electric field
effect transistor Pstﬁ’bGPars"frﬁﬁéet‘?fa%‘FSR‘GVPWIB@W é’aé’f 400, ¥l

nmet hod. The "wi de el enment isol ati ngﬁregl ons" referred to_above 25

mean the>r egi ons WRBSEPLPELSERIBIeS FsELF YT 1HE prErRselenent;$sqigsing ),
402 and may be sev%!eglorl QBE]arlJ'tWe dv;ige element isolating region 403

o/ were obtained.
In the embodiments described above, a P-type silicon
substiate was used as a semiconductor device, but an N-type
10 éilicon substrate can be used if desired. When an N-type
silicon substrate is used, phosphorous or arsenic instead
of boron can be implanted by stopper ion implantation,
In the embodiment of Figure 3(a) to (f), a photo
resist 308 was used which extended into a recess in the
15 polycrystalline silicon £ilm 307. The photo resist 308,

K~/ however, can be repiaced by a BPSG (boron phosphorous silicate
glass) film. When such a BPSG film is etched, the RIE method
using a mixture of gaseous CF4 + 32 can be employed.

Further, in the so-called active region of the device
20 outwardly of the narrow element isolating region and the
wide isolating region formed as deécribed above, an MOS type

electric field effect transistor or bipolar type transistor

may be formed by a normal method.

The "wide element isolatingregions" referred to above

25 mean the regions whose areas are enclosed by the recesses



It wll be noted that in Figure 3(d) the polycrystalline éilicon 309 in

the recesses 302, 302a does not conpletely fill the latter so that parts of
the side walls of these 5 recesses are exposed. This is a desirable .
feature since the thernmal oxidation of the polycrystalline silicon 309

whi ch occurs subsequently, as illustrated in Figure 3(f), causes expansi-on

of the polycrystalline silicon 309 so asqgo fill the recesses 302, 302a ‘s
therewith. However, it is not essential 10 to provide this feature.

14 CLAI MS 1. A met hod of making a sem conductor device conprising

etching a sem conductor substrate to format |east a first recess and a
second recess therein, the second recess enclosing a portion of the
sem conduct or substrate introducing insulating 5 material into the

first and second r idis Lng the said portion of the

seni conduct or SubS?ﬁZ’[ é%%h ?@g?"?h’%"’rye BsS$6r At ﬁgt‘ﬁéitgarre seni conduct or
substrate a relatively narr el e sol at eg g |s co Eltuted
by the insul ating materita riﬁ/]vb[%grrgﬁ Qaféﬂ’egég%ﬁ?d 3% %‘é‘

el enent isolating 121%1‘: on 589'1% |§ehﬁe:%ses oR tlgd{[ eai bé’om&‘: e Psul akl ng

material in the seC reCess an e sal d’oxi ort

rethod as clai med ey ¢l deid) L aﬂtp{oms b dlicse %@g&w%ﬁom;@ sai d

portion, an anti - oXi GatTon nesk s appl fed over ol € of
sem condugg or SUbSEE@é&e@.XS?PtexBQEeé henis is a @Qi@hﬁf@ feQEdi OB :a0d A0

adj acent part of the second recess. 3. hod as clained in claiml
or 2 in which an | gRé¥daly okfadtibhOsit!aae Mykb?sééﬁi@n@fsaﬂﬁs&l Gost g checesses
so as to form W/

occurs subsequently, as illustrated in Figure 3(f), causes
expansion of the pdlycrystalline silicon 309 so as to fill
the recesses 302, 302a therewith. However, it is not essential

10 ' to provide this feature.



} . —__-_—-_____’__,—-————
a stopper region. 4. A nmethod as clainmed in any preceding claimin
whi ch the 20 wi dth of the wi de el ement isolating r “HW“ﬂWIﬂML
[err] 5. A method as clainmed in any preceding cl a|‘m id

etching is anisotropic etching. 6. A met hod as claived ih claitms in
whi ch the second recess is fornmed by fornming on said substrate an
antla-@nl sotropic 25 etching film having a recess portion therein,

whi ch extends to the substrate so as to expose a portion of the Iatter
ef fecting anisotropic etching of the said recess portion, and renoving the
anti-anisotropic etching film 7C L A IAM®ethod as clainmed in any preceding
claimin which 30 the insulating material is a silicon oxide film
15 8. A nmethod as clainmed in claim7 in which a polycrystalline silicon
filmis introduded i nfonatiied icapkingee aaeaiegniiucsondevieseqorryipdrgn t he said

silicon oxide fikfRin® a semilodBebbRd s@bstGadl "®A shih Ghaidhs® 4 Eipbich the
polycrystalline 5 silicon filmdoes not conpletely fill_the second

recess. 10. TACEAS: ABY 21 8e¢qnd PRSP ntheRgins the afteﬁ'ﬁ“di rch?P RRELGFINGS t or
the said silicoa ﬁx:ltdenfdﬂ fhd aenbendué oreabdtrat e tht feducangl i59€0itdng

.recesses, .a further .s on_oxi_de f|| is fornmed over the substrate
so as to cont acPetFd2 ; ﬁ:t oh& fg Pétond CEHISSA ??ﬁieq‘%',%}?lm%rfg‘esecond
recesses an ant isabkipdaticmnofratdie éedmmcmgrfmbsetht@whmbfu.rttelnerlssifbi'mn

oxide film 11. 4, rneAsiit RO c%%d ' skPafd @ FéljaQif&Mb%wt Efem%HPSt rate
Is a silicon substrate, the urt stlicon oxide film’berng forne
thermal oxidati dgoktingcregien @bﬁcfsl}ﬁsfqrmtetuted by the insulatmg material
o _ in the first recess and a relatively wide element isolating
10 region which is constituted both by the insulating material

in the second recess and by the said oxidised portion.
2, A method as claimed in claim 1 in which prior to the
oxidation of the said portion, an anti-oxidation mask is applied

over the whole of the semiconductor substrate except for the

15 oxidised portion and an adjacent part of the second recess.
3. A method as claimed in claim 1 or 2 in which an impurity
. e is introduced to the base of each of the recesses so as to form

a stopper region.

4, A method ‘as claimed in any preceding claim in which the
20 width of the wide element isolating region is several um.
5. A method as claimed in any preceding claim in which the

said etching is anisotropic etching.’
6. A method as claimed in claim 5 in which the second recess
is formed by forming on said substrate an anti—anlsotroplc
25 etching film, having a recess portion therein, which extends
to the substrate so as to expose a ﬁortidn of thé ilatter, effecting
anisotropic etching of the said recess portion, and removing )
the anti-anisotropic etching film. .
7. A method as claimed in any preceding claim in which

30 the insulating material is a silicon oxide film.



as claimed in any preceding claimin which i

| nsul | al is introduced into the first recess. 13. A
seni c mmm en nade by the nmethod of any preceding claim 14. j
A sem e corrpri si ng sem conductor 20 substrate having -
at least a first recess and a second recggs therein, the second recess -,
encl osi ng an oxi di sed portion of the sem Conductor substrate, and the fiwest
and second recesses containing insulating material, whereby the

sem conductor substrate is provided with a relatively narrow el enent

I sol ating 25 regi on which is constituted fl the insulating materi al
inthe first reces$: and‘ gethada s diagued de eladmentin which preplysgythelhiRch i s

constituted both byilien pS ki [krEBENdl Bhtd Bhé NRcEREC ARdesL@RESIAND by the
sai d oxi di sed porti t hod, of.. maki n L 2 ?E{H conductor device -

substantial ly 30 °x"‘hse§ t%éf’é’f‘n"g‘gf 834 GaLtePh

9. A method as claimed in claim 8 in which the polycrystélline
5 silicon film does not completely fill the second recess.
10. A method as claimed in any of claims 7-9 ‘in which,

after the said silicon oxide film has been formed in the first
and second recesses, a further silicon oxide film is formed
over the ﬁhole.sﬁbstrate so és to contéct the silicon oxide
lv film in the first and second recesses.an anti-oxidation mask film \;J
being formed on the further silicon oxide film.
11, A ﬁethod as claimed in claim 10 in which the substrate
is a silicon substrate, the further silicon oxide film being
formed by thermal oxidation of the silicon substrate.
15 12, A method as claimed in any preceding claim in which
insulating material is introduced into the first recess.
13. A semiconductor device when made by the method of
any preceding claim.
14, A semiconductor device comprising semiconductor
20 substrate having at least a first recess and a second recess
therein, the second recess enclosing an oxidised portion of
the semiconductor substrate, and the first and second recesses
containing insuiéting material, whereby the semiconductor N
substrate is provided with a relatively narrow element isolating
25 region which is constituted by the insulating material in the
| first recess and a relatively wide element isoléting region which
is constituted both by the insulating material in the second
recess and by the said oxidised porﬁion.
15. A method of making a semiconductor device substantially

30 as hereinbefore described.




