2148593 - 1 - PROCESS FOR MANUFACTURI NG A SEM CONDUCTOR | NTEGRATED CIRCUVTkt
DEVI CE The present invention relates to ‘a process for -manufacturing a

sem conductor: integrated circuit, and is particular to a pr iu@S&g %LV|ng
the formation of isolating regions for isolating el enents of é

It is known to isolate elenents in sem gonductor integrated circuit devices
by a nmethod known as pn junction isolation, which uses diffusion |ayers, or
by a net hod known as oxidation filmisolation, which uses |ocal oxidation
films formed over the surface of the 10 substrate. The wi dths of the

i solation regions f@ROSESSy FORc MANJERAETUBANGe AhSEMICONDUCEDAL INEEGRATHR.
Ther®~fore, as the size of the elenments becomes smaller, the isolation
regi ons occupy proportional Iy |arger aF3BSUIThPEVAERes it difficult to
obtain large-scale integrated 15 circuits (LSl circuits) in a very densely
integrated form The applicants have therefore proposed an isolation
techni que e called U arpove .isaol %t .or s_that ac as._

I n.which rti%
i sol ation regions betwg §Eﬁafg ré@ §RE1SP 5?&%&3?5 Sré EﬁPCFssfo m
U shaped grooves, ;20 JCIRaS 0 LLANENERLRBLCLARELSE Lol uLed o gfa

U- gr ooves) i'con di OXi groovés

then filled W“lsngaw D¥shaly ivee sb&beges Ih%@v&%mtﬁge%%aﬁehaafng

regions. This techiique has been di'sclosed In,
isolating regions for isolating elements of the davice.

5 It is known to isolate elements in semiconductor
&J} integ}ated circuit devices by a method known as pn
junction isolation, which uses diffusion layers, or by
a method known as oxidation film isolation,.which uses
local oxidation films formed over the surface of the
10 substrate. The widths of the isolation regions formed

by such isolation methods, are relatively wide. There-
fore, as the size of the elements becomes snaller,'the

isolaticon regions occupy proportionally larger areas.
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ais makes it difficult to obtain large-scale integrated

circuits (LSI circuits) in a very densely intecratzd

-
L

form. The applicants have therefore proposed an

lation technizve called U-agroove isclatior in which.
gortions that act as lsolahlon regions between active
regions of elements are cut to form p—shaped grocves

20 (moats or trenches, hereinafter referred to as U-grooves!.

A silicon dioxide film is formed within the U-grooves

o

vwhich are then filled with polycrystalline silicon.
These form element-isclating regions.

This technique has been disclosed in, for



-2- example, the journal "N KKEI ELECTRONI CS', March 29;,1982, No. 287, pp.
90- 101. Bipolar ‘transistors are the nmain elenents in thé%construction of a
bi pol ar type of semiconductor 5 integrated circuit device, -‘However

bi pol ar transistors nust be isolated fromeach other by U grooves when they
are very densely arranged on a sem cpnductor substrate. To reduce the size
of a bipolar transistor, 10 however, an n -type sem conductor region that
acts as a collector contact region nust be isotated by an insulating
material froma p -type base region. The inventors have discovered that a

probl em ari sesxamisre Archd tR5tEnd 5 TRIGKAD BRtdmionidese Mavehl D9, "
requi rements sinultaneously. Wien deep U-grooves isolating individual tmrgé-
sistors and sitagd owdl) g&byapd I-eltdg each base region and col |l ector
region are used, the manufacturing process is conplicated, and increased
col l ector resistan@imian dkensistons tate nthe peeich drlgment®ninJ- gr ooves are
used to isolate individual transistors, and when a field oxide filmis used
to isol ate eddit menstRtHPMME @ IRiRAIRT repo ! tsrmigandaiar vol t age at
the pn junction between the base 25 region and the collector regi on drops
due to "bPrd NiRgHated Gikapit 4916199 of HYBYRF £ iRiRolar transistors

must be isolated from each other by U-grooves when
they are very densely arranged on a semiconductor
substrate. |
To reduce the size of a bipolar transistor, . \ui
10 however, an n+-typé semiconductor region that acts
as a collector'contaét region must be isolated by an
insulating material from a p+-type base region.

The inventors have discovered that a problem

arises when an attempt is emade to satisfy these two
15 reqguirements simultaneously.

When deep U-grooves isolating individual tran-
sistors and shallow U-grooves isolating each base region
and collector region are used, the manufacturinag process
is complicated,_and increased colléctor resistance

28 nakses tiae switching speed drop.

“When U-grooves are used to isolate indiv:dual
transistors, and when a field oxide £film is used to
isolate each base region and collector region, the

' breakdown voltage at the pn junction between the base
25 - region and the collector regioh drops due to "bird's
beaks”" formed in the'field'oxide\filml

The objéct'of the present invention is to



The object of the present invention is to -3- increase the degree of k?L
i ntegration of bipolar sem conductor integrated circuit devices, w thout
ingpairing their elec- trical characteristics. According to the present

i nvention, there is 5 provided a process for manufacturing a sem conduct or
integrated circuit, conprising: formng a sem conductor body having a
substrate of a first conductivity type, a buBied | ayer of second con-
ductivity type, and an epitaxial |ayer of the second con- 10 ductivity
type; formng aisckeesa theddefreenah imeedmabion lof diipoder semdeondugtor
havigg.a first part and a second part, the first part having a greater

t hi chefess t han ihtegiasad; cLBFw hley irpRs Withawt dewedsiadctBribogyeSrhose
15 grooves extending_ through the oxide filmthe epitaxial and buried |ayers
to the substratEFngérEB§rg8tﬁFb?E&F?he epitaxial and buried layers into a

plurality of isolated Agg%gagggs{gn%ﬁggﬁg#%%%b§§§E%?%°%prE?%%eskgicon oxi de

films 20 on the surface Seém con e rur rr Stlicon
Cirtrer 1 TobIobLRteR b pEbebit e 4B U kdedanyented socond
t hi ckness than gheegeaead 8atéudf, tddmpdglndd | m on a part of the
forming a semiconductor body having a substrate of a
first conductivity type, a buried layer of second con-
ductivity type, and an epitaxial layer of the second con-
~ 10 ductivity type:;
forming a silicon oxide film oﬁ the body, the
silicon oxide film having a first part and a second part,
the first part having a greater thickness thanfthe second;
forming grooves in the semiconductor body, those
15 grooves extending through the oxide film the epitaxial and
buried layers to the substrate, thereby to divide the
epitaxial and buried layers into a plurality of isolated
regions;
| simultaneously forming'further silicon oxide films
20 on the surface of the semiconductor body, the further |
silicon oxide films including a first further film within
the grooves and a second further film in the second part of
the first oxide film and of greater £hickness than the
second part of the oxide film on a paré of the
25 surface of at least_cge isolated region, such that the
surface 6f the e§itaxia1 layer of the or each such isolated

region is divided into a first and a second part by the



25 surface of at |east one isolated region, such that t surface of the
epi taxial |ayer of the or each such isolated region is vided into a first
and a second part by the -4- second further film form,nng-isol-ation
materials in the grooves; and form ng a sem conductor elenent in at |east
sone of the isolated regions, the sem conductor elenment including a 5 base
region in the first part of the epitaxia% layer and a collector region in

t he second part of t he epitaxial layer. Tn this way it becones possible to

provide a s fﬁ@@ﬁ{g Mpgrated circuit device, in which sem conductor
regi ons th act as co ector ‘contact regions and base 10 regions are '

sufficiently isol afSehnfdd M LA B at e id1Qtin ML YTodTekieanunber of vt
processi ng steps. An enbodi ment of the invention will now be described, by

way of exanple, wifdrfifiersenomicnidur e @ampntndndaanilegst somehogéh: 15
Figs. 1, 2, 4 to 6, and 8 to 16 are cross-sectional views show ng various
steps in thEhemumﬁkaieﬂexeﬁlanM[nﬁaﬂsamqmpndamtman@d@m@ntlnnegndnad gircuit
device according to the present invention; Fig. 3'is a plan view of the

bi pol ar % ypeasenregion cUhd‘d’tQ Finsh pk &f dﬁ%tﬁptlteé“}laée layerngnéhe step

corres- ponding to Fi , the section of Fig. I ng al on he line A-A
in Fig. g- cotector egion in the second paé% of Q% %pltaxgaa ?ayer.

In this way it becomes possible to provide a semi-
conductor integrated circuit device, in which semiconductor
regions that act as collector contact regions and baée

10 regions are sufficiently isolated from each other, without
increasing the number of processing steps.

. An embodiment of the invention will now be
describéd, by way of example, with reference to the
accompanying drawings, in which:

15 Figs. 1, 2, 4 to 6, and 8 to 16 are cross-sectional
views showing various steps in the manufacture of a'bipolar
type semiconductor integrated circuit device according to
the present invenﬁiqn:

Fig. 3 is a plan view of the bipolar type semi- i;}

20 conductor integrated circuit device during the step corres-
ponding to Fig. 4, the section of Fig. 4 being along the
line A-A in Fig. 3; and |

Fig. 7 is a plan view of the device during £he step
corresponding to Figs. 8 and 9, the section of'Fig. 8 being

25 along the line B-B in Fig. 7 and the section of Fig. 9
being along the line C-C. |

Figs. 1 to 16 illustrate an embodiment of the



H

Fig. 7 is a plan-view.of the device during the step corresponding to Figs.
8 and 9, the section of  Fig. 8 being 25 along the line B-Bin Fig. 7 and
the section of Fig. 9 being along the line CGC. Figs. 1 to 16 illustrate an
enbodi nent of the - 4a - present invention being a bipolar type - of

sem conductor integrated circuit device. The figures illustrate the
sequence of steps in the manufacture of tleddewi ce. According to this
enbodi nent, it is necessary fjrsé)S tao Eprn1a s§gicon uct ot bog €4. '

Hol es for the fRTHETT ot BICHHTLPI A e PAPE LIPS MBS AP SEFRABPR %6 ?%i ons
in a{;%llcon-oxiﬁgé féé@é(%i AV e CEEWI%%%g%ﬁgggﬁ§u9§ﬁﬁgkﬁaée. ﬁ&h.
consists of p-type nocrystalline silicon. ing the silicon oxide film
-5- as a nmask, dedvdifcd BRITdddgds i H tatRlclav cdibf Bgednbnhevibe, substrate
1 toforma local n -type buried |ayer 2. After the silicon oxide filmis
renoved, an n -type edeodding ayerthls enpodimentt, 0ith@sSnavbssanyefirdy a
vapour grow h nethod, and the resultant structure forns the sem conduct or
body 24. A §il ittonfasm de fendinaqnsiveor baojdy4 24nd Hodkeki €on the formation

of buried layers are formed at suitable positions in a
silicon -oxide film formed over a semiconductor substrate 1
which consists of p-type monocrystalline silicon. Using

the silicon oxide film



nitride film(Si3N4 film 5 are forned on a main surfacerof the

sem conduct or body 24. 10 The silicon nitride fi¥¥m5 is renoved
from portions where wiring will be fornmed, around the periphery of the
chip. Using the silicon nitride filmb5 as a mask, the main surface of the
substrate 1 is cut by e.g. a convensienal isoplanar technique, followed by
thermal 15 oxidation, to forma field oxide film®6 of a thickness of
between |[err]mto 1.2[err]m as shown in Fig. 1. Since the field oxide
film6 is so thick, it is possible to reduce the electrostatic capacity of
the wiring pravidicersk, thetypPei HpPreltbas. apy thermallyi@iffpsedn nitride
film5 is.renmpved, anc another sjlico nitrigﬁ fLIn;ZS I S fornqg over thes”
whol e surf acet™° t1Re sSSP ebrdte: brtBotgrB42 o2l cbPaitvredtiim25 is

tched t it_f t] _whi ch. i sol ation. regi i1l be 25
formad. i oo TH¥a 2 ne BEPFEHERT ealhi ot Sride FlR s el ¢ om
- i bet H i o1 i f h

LT ol ot oA NG JBE SepPla Rl Payaf $0Ls Gk lm SGREEUnL o0  ON DL S8CR

of the semjc Lit&0HYb ¢ 4a | apbf 3G+ SO Hb 2883 PYaR@at hddresh] L4090 oXi de
films 26a, 26b wth a thickness between 300 mm and 350 mmare then 5

formed over tSer@eEli@Nfofhs WhéhséMEcbi@hetoPboep DAS

A silicon oxide film (Si0O, film) 4 and a silicon

nitride film (Si_N, film) 5 are formed on a main

374
surface of the semiconductor body 24. CJ
10 The silicon nitride film 5 is removed from portions

where wiring will be formed, around the periphery of

the chip. Using the silicon nitride film 5 as a mask,

the main surface of the substrate 1 is cut by e.gq.

a conventional isoplanar Egchnique, followed by thermal
15 oxidation, to form a field oxide film 6 of a thickness

of between lum to 1.2um, as shown in Fig. 1. Since

the field oxide film 6 is so thick, it is possible

tc reduce the electrestatic capacity of the wiring

provided in the wiring r=gions.

h
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film 5 is removed, anc
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The silicon nitri
another silicon nitride £film 25 is formed over +the
whole surface of the semiccnductor_bod§ 24.

- The silicor nitride film 25 is etched to remove
it from portions at which isolation regions will be

25 formed, i.e., from the peripheries of bipolar tran-

sistors and from regions between the base region and

the collector contact region of each transistor.



will be formed, as shown in Fig. 2. The isolation region, base region,
col l ector contact region, and the isolation region between the base region
and the coll ector: contact region are defined by the silicon 10 nitride
film 25. The regi on between the base region and the collector contact
region is covered with a photoresist film_27 and the exposed oxide filns
26a are then renoved by wet etching.. The silicon oxide film 26b 15 S

| eft between the base region and the collector contact region, and is used
as a mask for the etching cf the sem conductor body 24 and for the

i mplant ation cf iing Hd &¥iliRomhatdiey il (2 26 iaS ma@KVese the
operwAgs of the grooves are tapered, as shown in 20 Figs. 3 and 4,. by
etching with hydramflece dihetls |dedicomdudedr lbuadi6l24 dsndiocatldlyed by t he
hydrazine. |If the surface of the sem conductor body 24 has been
sufficiently tapertididadrby heatiingon SdxXiidgerf idxisie? 4 vy @ 6laee 2 6benoved,
etching with hydrazine is not 25 necessary. 4 pm deep grooves 7 are
forned by dry et dHitly msqmg:lir%@%iheitewmﬁto?ﬁ g @ndn329 Fd agie tHEER oxi de
-7- film26b as masks so that the grooves 7 extend intq the sem condquctor
body 24 as fat as¥fRES MET dthe PO ARt Mrishy the Iped addom F§9188Gces

the thickness will be formed, as shown in Fig. 2. The isolation

region, base region, colléctor contact region, and
the isolation regioﬁ between the base region and the
o/ | collector contact region are defined by the silicon
10 nitride film 25.

The region between the base region and the
collector contact region is covered with a photoresist
film 27 and the exposed oxide films 26a are then
removed by weﬁ etching. &he silicon oxide film 26b

is left between the base ragion and the collector

Pt
w

contact region, and is used as a mask fcr the etchin

0
15}

15}

cf the semiconductor body 24 and for the implantaticn
cf Zcons. After the photoresist film 27 is removed,

~he openings of the grooves are tapered, as shown in

.0 Figs. 3 and <, by etching with hydrazine. The sgilicen
cxide £ilm 26b is not 2tched by the hydrazine. If

the surface cf thé semiconductor bodv 24 has been
sufficiently tapered aiter the silicon oxide films
26a have been removed, etching with hydrazine is not
25 necessary.
4 um deep grooves 7 aré formed by dry etchirg

using the silicon nitride film 25 and silicon oxide

Al



of the silicon oxide film 26b to about 200 nm 5 Using the silicon
nitride film25 and silicon oxide film 26b.as nmasks, boron ions are

i npl anted into the bases of the U-grooves 7, and p -type channel -. st opper

| ayers 8 shown in Fig. 6 are then forned by heat treatnment. The boron ions
are not introduced 10 into the surf@ace of the sem conductor substrate 24
in the regions where the silicon oxide film 26b has been forned. The
breakdown voltage at the pn junction between the base region and the
collector region is increased by the introduction of the boron ions. If 15
the silicon ogille 161 nasGhadles dWUEhdO0tHEN ghockes i 1 estEmdabn €o of
preventing the boron ions being intro- duced into the sem conductor bodyw(f
24. Using thetlse | semiconducider fhddy 254 ass afamsks tihe subdtacetofl | he

sem conductor body 24 is thermally 20 oxi di zed, which fornms a silicon
oxide film9 a$ shawn cknddig of5 abdthe ceoching nredutes- theoteigkness nce t he -
nitride film25 has been renoved fromthe portion between the base region
and the col | e@f otheorikikon cf it &l el 28P vEP yaRPREL20QdMat i on oxide film
10 25 with a thickness betwee about 700 ggf 8?% nmmis forrred at this
portion. >The thi ck‘ﬁ%’s’ég othe et LH F9R ot bt M £ RciRAseE $FMe oxygen

giﬁgges the surf f11m é%bcgs{£§%f§p1§gpggcigﬁsb0d 1mpf£%€% 1£@e silicon

the bases'of the_U-grooves 7, and p+-type channel-

stopper layers 8 shown in Fig. 6 are then formed by

heat treatment. The bofon ions are not introduced | g)
.10  into the surface of the semiconductor substrate 24 |

in-the.regions-where the silicon oxide film 26b has

been formed. The breakdown voltage.at the pn junction

between the base region and the collector region is

iqcreased by the introducfion of the boron ions. If

15 the silicon oxide film 26b is about 100 mm thick, it

’-‘
n
0

apable of preventing the borcn ions keing intrc-

[N

cced into the semiconductor body 24.
Using <he silicon nitride film 25 as a nask, .
<he surface cf the semiconductcr body'24 is thermally

I3  omidized, which forms a silicen cxide film § of a
thickness ¢f about 600 mm in =ach U-grcove 7. Since
<he nitricde film 25 has been remaved.from the porticn
petween the base region and the collector contact
region, a relatively thick isolation oxide film 10

25 with a thickness between about 700 mm and 800 mm is

formed at this portion. The thickness of the silicon

oxide film increases since oxygen reaches the surface



film26b. The silicon Oxide film10 is thicker than the silicon oxide filné3
"9 by the thickness of the silicon oxide'film26b. 5 The device in
this state is shown in Figs. 7, 8 and 9, where Figs. 8 and 9 are sections
taken along the lines B-B and C-C of Fig. 7, respectively. In Fig. 7,
dot-dash lines 2l1la, 21b and 21c denote the positions of contact holes that
will be formed in a 10 subsequent sféﬁ.fAs shown in Fig. 9, the silicon
oxide film 10 has end portions that continue fromthe silicon oxide film9,
.at the sane thickness, so that the base region and the collector contact

regi-on are reliab t?’ Ctjhl?eoI q‘:o]r?duct{c;ro "B t'%tlok(@%&ggl)'\l%h%t rsq.%.g.tcotnh é)xide

coride#it r at i ons ( wou generate cry occur

boundari es bet weegy {6 di 97 0MLSs 141 Uh (I8 &Y 161990 19¢1ide thiilel0 tnAnSi | i con
nitride filmis deposited over the whol e surface of the sem conductor body

24 by e.g. a CVD ¢ hpid, i dich tdialae fSillln GObynithe @8 ifdkn@skl oifs ther #ad iewar
the oxide film9 within the U grooves 7, as shown in Fig. 10.

Pol ycrystal |l i ne sostiderfiilan dgmwsited thickly 25  over the whol e surface of
t he sem conductor substrate 24 by a CVD nethod, so that the U-grooves 7 are
filled with gol ycryst alThendesiidedm this Ishpsre dis sdioyor st Flikisne 7,

8 and 9, where Figs. 8 and 9 are sections taken along

the lines B-B and C-C of Fig. 7, respectively. 1In

Fig. 7, dot-dash lines 2la, 21b and 2lc denote the
(% positions of contact holes that will be formed in a
i0 subseguent steb.

As shown in Fig. 9, the silicon oxide film 10
has end portions that continue from the silicon oxide
film 9, at the saﬁe thickness, so that the base region
and the collector contact®region are reliably isolated

15 from each other. No stress concentrations (which
would generate crystal defects) occur at the boundaries
between the U-grcoves 7 and the silicon oxide film
1G.

4 silicon nitride film is deposited over the

-~

whele surface of the semiconductor body 24 by e.g.

-

a CVD method, so that a silicon nitride film 11 is
Icrned over the oxide filxn 9 within the U-grocves 7,
as shown in Fig. 10.
Polycrystalline silicon is depositea thickliy
25 over the whole surface of the semiconductor substrate
24 by a CVD method, so that the U-grooves 7 are filled

with polycrystalline silicon. The layer of polycrystalline



-9- silicon on the surface of the substrate is rennveiﬂgy dry etching to
flatten the surface, |eaving poly- crystalline silico 2 within the
U-grooves 7, as shown in Fig, 11. 5 Using the sil.icon nitride film,
25 as a mask, the surface of the polycrystalline silicon 12 in each
U-groove is thermally oxidized to forma silicon oxide film13 with a

t hi ckness of 600 nmon top of the pbl%-‘crystalline silicon 12. Then, - as
shown in Fig. 12, ‘10 the silicon nitride film25 is renoved fromthe
col l ector contact region. Using the silicon nitride film25 as a mask,

n-type inpuri Egggcgé 4ob”12h3”E89 gnd érfethgerﬂ’% kééaﬂ' f‘lgs‘i‘%ﬂwgﬁ Bgﬁts N

sem conduct or ype sem con regl on

15 CO'|eCt0&r§°@%éﬁ3n§egb°@1azggﬁskhbcgﬂr@hEE'd@e%b' olyg-r emoved using
1 de e

the silicon ox as a nas and p-type inpuritrie i npl ant ed

into the whol Qrggltal%!héa.%@l@f:ohh@Zsﬁm:ﬁ@ﬂd‘&ﬁboﬁ -gedyveéd 9 har shawhase
region. A new silicon nitride film15 is fornmed over the

sem conduct or iho@#yg2411and a p -type sen1conductor region 16 that acts as a
base region is forned by a heat treatnent. Ther., as shown in Fig. 13, the
silicon nigride fiInUéSngsthenauédcbnonnthédpofulmn25has @i inbske t he
emtter 25 region. The oxide film4 is renoved by etching fromthe
surface of th&hpostréacenat wkhe pelyneystaidldner egildgon 12 in each

U-groove is thermally oxidized to form a silicon oxide
film 13 with a thickness of 600 mm on top of the poly- .
‘crystalline silicon 12.  Then, as shown in Fig. 12, s
10 the silicon nitride film 25 is removed from the

collector contact region. Using the silicon nitride

film 25 as a mask, n-type impurities are implanted and

are thermally diffused into the semiconductor body 24

to an n+ftype semiconductdr region 14 that acts as a
15 collector contact region.

The silicon nitride film 25 is remcved using the
silicon oxide film 13 as a mask, and p-type impurities
are implanted into the whole main surface of the
samiconductor body 24 to form a base region. £ new

20 silicon nitride film 15 is formed over the semicenduczor -
bedy 24, and a p*-type semiconductor regica 1§ that acts
as a base region ié foermed by a heat treatment. Then,
as shown in Fig. 13, the silicon nitride film 15 is
removed from the portion that will be the emitter

25 region.

The oxide film 4 is removed by etching from the

surface of the portion that will be the emitter region,



-"10 - and a thin layer of polycrystalline silicon is deposited over the 65’
whol e surface of the sém conductor body' 24 by a CVD nmethod. N-type
ippurities such as arsenic ions are inplanted into the polycrystalline
silicon 5 |l ayer, and are then diffused fromthe polycrystalline silicon

| ayer by a heat treatnment to forman n -éyge sem conductor region 18 that
acts as an emtter region. The majority "of the polycrystalline silicon

| ayer is thus renoved by photolithography, the remaining 10

pol ycrystalline silicon form ng an el ectrode 19 on the emtter region 18.
Theresul tant straid W aHih 9@t oF Podyckdsthl lihes sdeicen, ikhaepbbites
regﬁoﬂ 18 is forned by the diffusion of ions fromthe polycrystalline 15
silicon |ayer. Idvedrs theowhode  sarfaceoesi the semicphdatctoenbodygd2dffect a
heat treatnent to formthe emtter region prior to the deposition of the
pol ycrystal | i ne iy iac$iVD Metdodat | Weltypet iapuriities saghoascamseaifor ned by
i npl anting and diffusing ions, and by making 20 the ions diffuse fromthe
pol ycrystal | i ne dianisc@¥e Hamdaateshdaito fhe pelysrystaddane gdlirPpcon. A
PSG fil m (phasphagsilicate glass filn_.is forned over the_sem con gctor body
24 by a CVD met hof¥&F @r"’rﬂgéﬁfq henmdditdused  Sgom £o8 PRl¥cIystadiigea 25

hotoresist filmas .a mask, contact ,holes 21a to,2]1lc are fornee through the
!Dnt ernmedi at e i nsmﬁl;ﬁ'c(ﬂ? f -qyrﬁrz&y tah@eat ?:rea%ment Jf.o zi:lorm an n -—'i:ype 9

semiconductor region 18 that acts as an emitter region.
© The majority of the polycrystalline silicon layer
S is thus removed by photolithography, the remaining
10 polycrystalline silicon forming an electrode 19 on
the emitter region 18. The resultant structure is shown
in Fig. 14.
In this device, the emitter region 18 is formed
by the diffusion of ions from the polycrystalline
15 silicon layer. It is, however, also possible to impiant
iéns and effect'a heat treatment to form the gmitter
region prior to the deposition of the polycrystalline

gilicon. Alternatively, the emitter region can be

form=ad by implanting and éiffusing ions, and by making
20 th2 ions diffuse from the polycrystalline siliiccen,
pefore depositing the polverystalline silicon.

A PSG film (phecsphosilicate glass film) is
formed over the semiconductor body 24 by a CVD method
to form an intermediate insulation film 20. Using a
25 photoresist film as a mask, contact holes 2la to 2lc are
formed through the intermediate insulation £ilm 20, the

silicon nitride film 15 and the silicon oxide film 4,



SI|ICOﬂ n|tr|de film15 and the silicon oxide film4
shown in Fig. 15, to reach the base region, emtter

reg@%

by etching, as
n and col |l ect or

region. Awring material such as al uni ni um i s vapouri zed onto the whol e

surface of the seni conduct or body 24, 5 and al umi ni um el ectrodes 22a to 22c

is then formed over the device

and alum niumw ring are fornmed by e. ? phot ol i t hography. A fi.nal
lm

passivation film 23, such as an Si Q2

as shown in Fig. 16. Fig. 16 shows only one bipolar transistor with 10 an
epitaxial layer 3 to its right instead of other transistors. This is also

true for Figsbylatthitg, as shownefhoHigents,t e reakat tas gxsde film 10 IS

formed between the collector contact region 14 and the base regi on 16,
si mul t aneous| yegion, t emitSerf veghonoandf cobtestbircoagashde film9 in each”
U-groove isolation region. Therefore, no separate step is required for the

formation of the |soBaV%Ehn%xm@§e¥i$h1§0ch #Far ahemipiem Wkewmapaunhiged! ect or

contact region 14 and base region 16 are isolated fromeach 20 other by a

shal | ow U—gr089E° ?h?swh%k%s§%F§a?% efitthpesemirondustasi hgdywd4steps. I n
be fornmed by a single step,

this enbodj ment 7
i mpl 1yt nh TP AARHRAL 4P PLECH DRI 24M % SOF aRRana baPdBi PRI Wi 2bns <
formed 25 Slgyét€8§8g§|gyMéE§.tp OégquhogpaphytheAskklC?n.OXIde

passivation film 23, such as an SiO2 film, is then

formed over the device as shown in Fig.

Fig. 16 shows only one bipolar transistor with

16.

10 an epitaxial layer 3 to its right instead of other

transistors. This is also true for Figs. 12 to 15.

In this embodiment, the isolation oxide film

10 is formed between the collector contact region

14 and the base region 16,ssimultaneously with the

15 formation of the cilicon oxide film 9 in each U-groove

isclation region. Therefore, no separate st

ep is

regquired for the formation of the isolation oxide

£ilm 10. PFPurthermore, when each ccllector contact

regicn 14 and base region 16 are isolated from each

-V other bv a shallow U-groove, it is nece

ssary

TO CitT

the U-grooves using two steps. 1In this embodimsnt,

however, the U-grocves 7 may be formed by a sincle

-

step, simplifying the manufacturing process.

The isolation oxide film 10 is formed

25 simultaneously with the formation of the silicon oxide

film 9, so that the isolation oxide film 10 is approx-

imately uniform from the central pbrtion to the edge

»



film9, so that the isotation oxide film10 is approx- imately uniform from 67'
the central portion to the edge 12 -*portions thereof, as shown in Fig.
9. On the other hand, when the silicon oxide film9 and the isolation oxide
film10 are formed by separate steps, the boundaries between the edges of
the oxide film10 5 and the U-groove_isplation regions 7 beconme so thin
that there is a drop in the breakdown voltage at the junction between the
base region and the collector region. According to the enbodi nent of the
present invention described above, however, the breakdown 10 voltage does
not.-egcrease butpostiep théfest crdd yshowh.id tFig. €AsSi @n tthec@teal t he

t hirsehess of the oxide film 10 than the depth of the U shape isolation

regi ons, so thathamti athemsthen sl edrecaxidal fidmrh@andl 3het dsiod@itéonof t he
transi stors may be reduced. The nethod in which the collector ccntact
region 14 is iscP¥ids) Hilm 19 e kormed Ry cieRaH th SHelst RBease region
16 has the di sadvantage that the collector resistance increases as the
U-groove reachesPRYRESIE G RekeeR dihes qdgssu it (e &idekitditm dPer 2. when

t he U-groove | hal |.ow, _on the of her hand, the br - down vol.tage at the
juncti gn b\ét W::éZnasrf‘ﬁetl’b%Vs%'gr%%?‘b% 4P AITES B efé’@cé’ﬁ‘edrs\épéu ccor di ng

to the that there is a drop in the breakdown voltage at the
junction between the base region and the collector
region. According to the embodiment of the present
W/ - invention described above, however, the breakdown
10 voltage does not decrease but is kept sufficiently
high.

It is easier to control the thickness of the
oxide film 10 than the depth of the U-shape isolation
regions, so that variations in the electrical charac-

15 teristics of the transistors may be reduced. The
method in which the collector ccntact rsgion 14 is
isolated by a U-groove isolation region from the base
region 16 hss the disadvantage that ths collectoer
resistance increases as the U-groove reaches the

uried layer 3 throuch the epitaxial laver 2. Whern

2
o
(o]

he U-groove is shallow, cn th2 other hand, thz hreak-

ct

Qs

own voltage at the 3uncticn between the base regicn
and the collector region drops. According tc the
embodiment of the present invention discussed above,

25 however, the electrical characteristicé of the tran-
sistors are greatly improved.

In this embodiment, the thick field oxide film



enbodi ment of the present invention discussed above, Lﬁghowever, t he

el ectrical characteristics of the tran- sistors are greatly inproved. In
this enbodiment,. the thick field oxide film - 13 -6 is forned over the .«
regions where there are no transistors. A wring |layer, for instance, may
be. forned over the thick field ox¢de3f4l m6, so that the regi ons covered

by the field oxide film6 my 5 be used as wiring channels.. The emtter
region 18 may be forned by inplanting n-type inpurities into the main
surface of the substrate, wi thout form ng the polycrystalline silicon

el ectrode 19,6ahel formed| ¥Ry okhe oregitons cghere 1therd dEefRPed after the
base region and the emtter_regi on have been fornmed. The field oxide fila$

for the wiringr?REiseRty bR YHFIRY L3YRF ¢ oFRBUEPSEIRER, tFRY fB® nat i on of
Formati on of MM PRRT ohiexFaick (FiFh® oxfee B ER B S BafTi m (an
con-act T gl oharie TRt Lol el 7 HRE £ Ed IofFee ELIREE $8F 20 o of an
oxide filng (igé%%%angs r@_{ﬂégl %?%?nn?ltin t he U-grooves used for isolation.

Therefore,” the isolation oxi e insulating material providing
The emitter region 18 may be formed by

implanting n-type impurities into the main surface
of the substrate, without forming the polycrystalline
silicon electrode 19, and the collector contact region o/
10 can be formed after the base region and the emitter
region have been.formed.
The field oxide film 6 for the wiring region
- may be formed simﬁltaneously with the formation of
the silicon oxide film 9 ip the U-groove, in the same
15 way as the formation of the isolation oxide film 10.
An isolation oxide film (an insulating material
providing isclation) is formed between the collector

contact region ané the base region simultaneously

.
-

with the formaticn cf an oxide film {(insulating mat=srial)

LIS
(&

in the U-grccves useé for isclation. Thereforsz, the
isolation oxide film (the insulating material providing
i;olation) betwesn ﬁhe ccllector cecntact region and

the thickness of the base region is nearly uniform
from the central portion to the edge portions, so

25 that the base region and the collector region ére
completely isolated from each other, and the thickness

of the isolation oxide film (the insulating material



i§o|ation),betmeen the collector contact region and the thickness of the 67
base region is nearly uniformfromthe central portion to the edge
partions, so .25 that, the. base region and the collector region are
conpletely isolated fromeach other, and the thickness of the isolation
oxide film (the insulating materi al --144-- providing isolation) does not
vary nuch, and consequently, the transistors exhibit an inproved
performance. Moreover, there is no need for there to be a separate step of
formng an isolation oxide 5 fil mbetween the collector contact region and
t he base region, ®¥oviiddngr dsedatian) tdees rotivany fmush, ARG present

i nveN&i on has been descri bed above in connection with a specific

embodi ment . Howev&PPSER¥ENIEMt FBR SFRARFISHRES xhikit & dgFanavedenbodi nent

10, jalone, but can g Rdhtuod, L-ASIARUS RN L FOlo WISLFTER Sl el Y,
e obr ooy LoPEEReCY RphsReloRets!SE Ry B SRl el oo
e cor gy AP ERSIAeh LB R bty et e e |
- need not be fornmegegtionll and the process can thus be simplified.
The present invention has been described above
in connection with a specific embodiment. However,
the invention should not be limited to this embodiment
10 alone, but can be modified in various ways.
For instance, the fiela oxide film provided
over the wiring region in this embodiment need not be
limited to one formed by an isoplanar technigque. The
field oxide film can be gPtained by selective oxidation,
15 without subjecting the surface of the semiconductor
substfate to etching. A p+-;ype buried layer can be
formed just under the field insulation film, or the

field insulation film need not be formed at all.



15 CLAI M. 1. . A process for manufacturing a senicaﬁguctor I nt egrated
circuit, conprising: form ng a sem conductaqr body havi a substrate of a 5
first conductivity type, a buried |layer of second con-.ductivity type, .and
an epitaxial layer of the second con- ductivity type; formng a silicon
oxide filmon the body, the silicon oxids filmhaving a first part and a
second part, 10 the first part having a greater thickness than the second,
form ng groovsAlMS8 £ he sem conductor body, those grooves extendi ng through
the oxide filmthe epitaxial and buried layers to the substrate, thereby to
di vide the epitaxi al® #PARFS £PY AN aRuF imglay SEPLEPNERCESBl ated 15 .
regions; simyltaneously f.orm.,ng further silicon oxide filns on the surfa&gﬁ

of the sem cHRARATIFEFEHEF 7 G249 con oxide filns including a

fi f h fil i this . ' '
Second part of 20 t RS Hhg I AEBERRALA PR CEpbbtlbid OET
second pagt gfiddfie é?iﬂdi%tfii‘)iﬁ?#)'%y%eqaré frilde 19yekage Qbcahal &88L one

i sol ated region, such that thé surface of the epitaxial |layer of the or
each such i s@uditadril80ityipd,S afidviate@pitiaxialfl ilajleraBd @heécsedon@acbnby the

second 25 further film formng isolation materials in the grooves; and
ductivity type;
forming a silicon oxide £ilm on the body, the
silicon oxide film having a first pért and a second part,
10 the first part having a greater thickness than the second; o
forming grooves in the semiconductor body, those ~
grooves extending through the oxide film the epitaxial and
bﬁried layers to the substrate, thereby to divide the
epitaxial and buried layers into a plurality of isolated
15 regions;
simultaneously forilng further silicon oxide films
on the surface of the semiconductor body, the further
silicon oxide films including a first further film within
the grooves and a second further film in the second part of
20 the first oxide film and of greater thickness than the W
second part of the oxide film on a part of the surface of
at least one isolated region, such that the surface of the
epitaxial layer of the or each such isolated region is
divided into a first and a second part by the second
25 further film:

forming isolation materials in the grooves; and

forming a semiconductor element in at least some of

* L M $ *
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farning a sem conductor elenent in-at |east sone of 16 the isol ated

the sem conductor el enent including a base region in the first
part of the epitaxial l|ayer and a collector region in the second part of
t he epitaxi al

regi ons,

col | ector

| ayer. 2. A process according to claim1, wherein the 5
region in the epitaxial layer is a first collector region, and

there is a second collector region in the buyrg ed | ayer, and wherein an
region is formed in the base region. 3. A process according to

emtter

claim1 or clainh2 isodatied te@gibhs, gtbeveemicendwriex dlensrthiimgluéling a A
process according to any one of the preceding clains, wherein the first and

secdwd further b@ﬁﬁsr&séohonneﬁhsyfseﬁbcpﬂvbI9ftth#rﬂnigﬂxﬁékﬁkﬁwﬁftﬁn§ a
seni conduct or

bod process according to any one of the
pr ecedi ng claln§°x®ﬁ€F€Fn

rFHé°PsbPaPBﬁ ?%‘@?B‘?\SP%F% orthal A% 4alng aves -

grooves w th polycryst ne silicon coveri e surface of the
2, Rf{’ﬁegssFFFB’{,ﬁlBﬁ,%% ¥ ngo wigreLn Eﬁf process of

polycrystalline®silico

manuf acturi Bg a
one of the prece

mai n surface of. cUne%Q@rC%QuehQrahedyne%cwtaf@écém SNl tordtrafiich itme

10

15

20

25

gﬁ.ri‘e%%qu% QiohNy ﬁ thé P'iaﬂég‘f’aff £ ng to any

Ing clains urt I nc dlng orm irst mask on one

the buried layer, and wherein an emitter region is formed

in the base region.

3. A process according to claim 1 or claim 2, wherein

the grooves are formed by etching.
4. A proceés according to any one of the preceding
claims, wherein the first and second further films are
formed by selectively thermally oxidizing the semiconductor
body.
5. A process accordingsto any one of the preceding
claims, wherein the isolated regions are formed by filling
the grooves with polycrystalline silicon and by covering
the surface of the polycrystalline silicon with a silicon
oxide film.
6. A process of manufacturing a semiconductor inte-
grated circuit device according to any one of the preceding
claims further including

- forming a first mask on one main surface of the
semiconductor body, except for tﬁe regions at which the
grooves will be formed and the regions where the second
further film will be formed; and

forming a second mask on the regions where the

L

H



25 grooves'w

Il be formed and the regions where the second further film

wll be formed; and form ng a second mask on the regi As where the 17
second further filmwll be forned;, wherein the grooves are forned using
the first and second nmasks, and the first and second further filns are

formed using
wherein the f

the first mask. 5 7. A process according to claim®,
irst mask consists of a siliggn nitride film and the first

and second parts of the silicon oxide filns are.formed by selectively and

thermal |y oxi
claim6 or cl

a silicon oxi
formed, and t
second nmask.

wherein the f

sdezond fhetheni fobmiuwidl bedforBed; = A process according to

aim7, wherein 10 the second mask consists of a silicon oxjide
filmthat is fornmed wWheselactheecgyoevies nare yEoxmeR AHing Hdes flirs A ory g

body using the first nask. 9. A_process_according tq any..qne of clains
6 10 8. wher cPRCOREMAPERoRAE, thEt FLFRE RBS AETONE FUATHER SR PFE nmsk.

ﬁgrééﬁrh%gnégﬁg§d¥?¥g£_&ng[egions where the grooves will be

C mis renoved after the formati on of the

0. § Q£886§§ é&&ﬁfém& t8 DNig"e, Oirlx&&@iim&rﬁe teq St

I rst an econd further silicon oxide filnms 20 are forned

after the forgagkosoREithe €f0QVEs1yohheivhidey H¥Xid) zZany dHee S« andict or

substrate usi
t he second

10

15

ng the first mask whilst the second nask is still in place,

- second parts of the silicon oxide films are formed by

selectively and thermally oxidizing the semiconductor body.
8. A process according to claim 6 or claim 7, wherein
the second mask consists of a silicon oxide film that is
formed by selectively thermally oxidizing the semiconductor
body using the first mask.

9. A process according to any one of claims 6 to 8,
wherein, simultaneously with the formation of the second
mask, a silicon oxide film is formed over the regions where
the grooves will be formed, and the silicon oxide film is
removed after the formation of the second mask.

10. A process according to any one of claims 6 to 9,

' wherein the first and second further silicon oxide films

20

25

are formed after the formation of the grooves by thermally
oxidizing the semiconductor substrate using the first mask
whilst the second mask is still in place, the second
further £ilm being thicker than the fifst further film.
11. A proéess according to any one of claims 6 to 10
wherein, after the formation of the grooves, semiconductor
regions of the first conductivity type are formed in the

semiconductor body in the bottoms of at least some of the

R
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furt her filmbeing thicker than the first further film 11. A process
according to any one of clains 6 to, 10 25 wherein, after the formation of 13
t he grooves, .semconduct.or regions of the first conductivity type are

formed in the sem conductor body in the bottons of at |east sonme of the

18 grooves, the sem conductor region having an inpurity con- centration

hi gher than that of the sem conductor substié&te, and the inpurities are

i ntroduced into the sem conductor body by ion inplantation using the first
and second naskgro@vewi | the fenicansve texs kegion having gnadmpurdty cop~
process for formng a sem conductQr integrated circuit device substantially

as My one her eFFRHRRL DA NG thare afo thee sSeAdGRBINGERG aPAREREES: 4

and the impurities are introduced into the semiconductor

body by ion implantation using the first and second masks,
5 while said second mask is still in place.

12. A process for forming a semiconductor integrated

circuit device substﬁntially as any one herein described

with reference to the accompanying drawings.

* [ L M H *



