-1 - METHODS OF MANUFACTURI'NG SEM CONDUCTOR Cl RCUI T DEVI CES The present
invention relates to a nethod of manufacturing a seniconductoréiﬁfﬁgtgte
Gircuit device having a conplenentary insulated gate field eff
transistor circuit and an |ntegrated injection logic:5 circuit on the sane
sem._conduct or * substrate. In prior art publications concerned with a—ferr]
sugh as United States Patent No. 4122481 or Japanese Pat ent Lai d- Op
52482/1979, the [err] ICis manufactured Ry.a 10 conplicated proge
‘Therefore, attenpts have been made to form those seni conductor regi
whi ch constitute the CM SFET circuit and those sem conductor regions which |
constitute the [err] circuit using the sane steps as far as possible. For -

‘exanpl e, 15 according to Japanessidds O MMNUFAQTURING 52482/ 1979, the
wel |l region for the [err] .and fhe we region for an N-channel MOSFET are
formed sinultaneously. In a SEMSEENDPETOR CERGUEBIDEVIEES above- nenti oned
met hod, however, the electrical characteristics -2- of either the

CM SFET or the [err] nmust be sacrlflced According to the present invention
there is provided

- The present invention relates to a method of |
maaufacturlng a semlconductor 1ntegrated circuit device
hav1ng a complementary 1nsu1ated gate fleld effect

: transzstor clrcuzt and an 1ntegrated lnjectzon loglc

:5. c1rcu1t on the same sem1conductor substrate. |

In prior art publlcatlons concerned with a
CﬁISFET-IzL IC such as Unxted States ‘Patent No.

4122481 or Japanese Patent La1d—0pen No.

2

3 524&2/1979, the CMISFET-I?L IC is manufactured by a

10 complicated process. Therefore, attempts have been
‘'made to form those semiconductor.regione'which
: conStitﬁte'the'cniSFET;circuit and those semiconductor

2

regions which constitute the I°L circuit using the

same steps as far as possible. For example,

15 . according to Japanese Patent Laid-Open No. 52482/1979,

2L and the well region

the well region for the I |
for an N-channel MOSFET are formed 51mu1taneously.

2

In a CMISFET-I L obtalned by ‘the above-

mentioned method, however, the electrical characteristics



a met hod of hanufacturing sem conduct or integrated'circnit devi ces:

conprising:. 5 - - (a) a step of preparing a substrate of a sem cond-
- uctor of a first conductivity type; (b) a step of formng first and
second- ond- uctor regions in said sem conductor, said first and
second sgi-6gnduct or regions being separated from each ot her and’ 10 being . .
.of a sec /conductivity type that is opposite to said first conductivity At
type; (c) - a step.of sel ectively oxidizing the substrate after the v
formation of the first and second sem conductor regions; 15 (d) 'a”
?teptof fgrning a plurality of third saﬁ- conductor regions having the

irst conductivity type in said first duct or, i on orn1the
el enent s .of aﬁflzl‘;tEPFcE“? C%%%Flf'g)or p‘{]d‘} 58 ﬁ%"&lﬁ Wity of

fourth sem - §£8£ egd Of¥ve *@’é ¢ N JdrtSilon! W ral 1sogéaetiaéaty in

sai.d second sen1con glon to Tormthe elements of a MSFET circuit.

According to g %Hﬂ%&ceédﬂsﬁﬁﬁa@t{uimgIé‘é&ﬁ&dﬁ&dﬂoﬁ Ha tiRigeated icdventicon,
in arder to inprove the electrical 25 characteristics w thout redu0|ng the .

degree of intagwatesncomprbasndpeen confirmed that the inpurity
concentration plays a very. inpaortant role in the emtter region qof inverse
5 . (a) a step of preparlng a substrate of a semlcondf .
‘uctor of a first conductxvxty type,
(b) a step of formzng fxrst and second semxcond- |
uctor reg1ons in sa1d semlconductor, sa1d fzrst and second 1;)
- semiconductor reqxons belng separated from each other and h
- 10 bexng of a second conduct1vity type that 1s oppos1te to
-said first conduct1v1ty type; -
(c) a step of selectlvely oxldizlng the substrate
"after the formatron of the first and second semlconductor
: regions: | _
15 (d) a step of forming a plurality of third semi-
conductor.reQions having the first conductivity'type in
said first semiconductor region to;form the.eiements of an
. 12L circuit; and . ..
(e) a step of forming a plurality of fourth semi-
20 conductortreglons having-the first type of_oonduct1vity in
said second semiconductor region to form the eiementslof a
MISFET circuit. |
: Accord;ng to a study conducted by the inventors of
the present 1nventlon,'1n order to improve the electrical .
25 .characteristics without reducing the degree of integration,
1t has been conf1rmed that the impurity concentratlon plays

~a very important role in the emitter reg1on of inverse



.-3- transistors that nmay operate as driver transistors in the [err] and in
the sem conductor region (well region) where channels may be fornmed in the
[err] - among the plurality of sem conductor regions that constitute the
integrated 5 circuit. These inverse transistors may each have a coll -
ector region, 'a base region and an enitter region forned in the S
sekconduct or substrate in that order fromthe main surface towar Jt -

i nside of the substrate. Thus an inverse transistor nmay be constnuct in
the opposite way 10 to an ordinary transistor, which'is why it is

called. If the emitter and well regions &3¢ forned. sinul- taneously, and
the inpurity concentration is increased in order to increase the current
anpl i fication ft&@pgisters] thatiney i orerate tasdyisven $riansistpesr Lnt hhe
operating frequgncy 15 of the CM SFET. decreases. That .is, i.f the inpurity
P nton. Drati o ity AR 981 EAS SPRICTRANRRE B A e 20402) ShPER .

| ess easily. erefore hg_j [ on, [ ' t

swi t chi ng opergﬁgéﬁgigfm?kegfmfgék%?a¥g%%%§f%ﬁggﬁﬁégﬁgﬁﬁéigf Egkfé&ﬁﬁ

hi gh-frequency 3 gB@lisondQctori PEE LGRS Ll YUH ALtk thdUgREgrhBBagat e
wi dth of the. M SFETs should be inhcreased to increase the currént capa-

city. There§oreirichit)V Sthdsenbiverse pyraisidusmns; @ach Aadet hecdeyree of
i ntegration decreases. On the other hand, if the inpurity concentrations
in these regi orstorer2gionul & baserxegion andrany emitdegpargiongiprogdebny
of the CM SFET, the current anplifjcation factor [err] becones small, the
operating speedhSf SeRicppAuFtogenhstrate oy that RFder from the main

S surface toward the inside of the substrate. Thus an

‘inverse transistor may.bé constructed_iﬁ ﬁhe opposite way

10 to an ordinary transistdz._which_is why it is so éalled.

If the emittér and well regions are formed simul-
taneously, and ﬁhe'impurity cbncentratidn is increased in
order to increase the cur;énf amplification factor Bi of
thé inverse transiétors in éﬁ 121, the 6pe:ating frequency

15 of the CMISFET decreases. That is; if the“impurity concen-
tration in the well region is high, the depletion 1ayér
sp:éads less eésily. Therefore, the junction capacity
increases sd that the switching operations of the CMISFET
are no longer-cabable.oflfdllowing highifrequeﬁcy signals.

20 To increase the operating freqﬁency, the gate width of the.
MISFETs should be inéreaéed'to increase the current capa-'
city. Therefore, ﬁhe MISFETs may oécupy an increased area
and the degree of{iﬁtegratibn decreases. On the other

'.hand, if the impufity_concentrations in these regions are
25  small in order to improve the operating frequency of the
CMISFET, the curfent ahplification factor 8i becomes small,

the operating speed of the I2L decreases, and the power



-3a- consunption increases. In Japanese Patent Laid-Open No. 52482/1979,
“the source and drain regions of the M SFETs are fornmed prior to the o
formati on ofthe gate el ectrodes, and are not self- 5 aligned relative to

the gate: rodes: Simlarly, the well region in the[err] and the
- sem coendu region formed in the well region are not self-aligned, .
either. "There- fore, a sufficient nmasking margin nust be provided. - ST S

Accordingly, it becomes difficult to obtain CM SFET- [err] ICs 10 in a f?;__-

highly integrated form An enbodi ment of the invention will now be
~described, by way of exanple, with refergnce to the acconpanying draw ngs,
inwhich: Fig. 1 is a sectional view of an integrated - -4.- circuit

produced by tbkensuinpdiornincFegses2A to 2H are sectional views of the steps'

conprising the enbodinent. Fig. 1is a dlagranishomnqg t@ﬁ constructlon 2
5. of a CM SFET-| LInomasve%at%It%%oﬁ-w%rgOR@é?P 52482/1979;

source and draln regions of the MISFETs are formed prlor to -
the formatlon of the gate electrodes, and are not self-

) .allgned relatlve to the gate electrodes.. slmllarly, the
"well regxon in the IZL and the semzconductor region formed
in the well regxon are not self-allgned, exther. There-77-
fore, a sufficient masklng marg1n must be provzded.
Accordlngly, 1t becomes difficult to obtain CMISFET-IzL ICS'

.10_‘1n a h1gh1y integrated form. - .

" An embod1ment of the invention will now be descrlbed,'
by -way of example, w1th reference to the accompanylng
drawings, in whlch:_

Fig. 1 is a sectional view of an integrated



R

rénbodinent'of the present invention, in which the region X1 shows the

“construction of the conmplenentary M SFETs; and the region X2 shows the
gonstruction of ‘2 the I L elenents. 10 As shown in Fig. 1,

. conventional devices, the integrated circuit-of this enbodi ment
of . a.substrate which is prepared by grow ng a p-type epitaxial |ay
a{®w i npurity concentration on a p-typetstlicon substrate 1 of a
i mpurity concentration. Reference nunber 16 denotes an n -type buried
| ayer formed under the well .region that will formthe [err] circuit, 3
denotes a first n-type well region of a |ow concentration forned in the
p-type |ayer 2civeuit produead ¥ dthmERPdinaltie wel | regi on having an
i mpurity concentration snmaller than that of the first n-t wel | region 2
3. An [err] consistsFbgSy 23 t%-f‘lf)-qrﬁ)es?‘?ﬁ’e‘?ﬂq}r.%sor?fé%%g p-type base
region 6 of an ppn inverse transistor n -type callector region 7 of the
npn ipverSe_tr§ﬁ§P§t8?mgﬁbs%ﬁFrﬁb?)&ﬁp%§%¥{ﬁﬁ‘contact region 8 formed in
Lhe first - type wellgigdi PNid-a diiigram Shéwiiy "hd doMbePRctich M an

emitter region for the
5 of a 'CMISFE1-12L IC fabricated according to an

like |

| ow

. embodiment of the present invention, in which the
région xi shows the construction'of the complementary
U | MISFETs, and the region x2 shows the constrgction'of
| the'izL elements. |
10 . As shown in Fig. 1, unlike conventional
devices, £he-ihgegrated circuit of this embodiment
makes use of a suﬁstrate which is preparéd by growing
--a p-type epitaxi&l layer 2-of a low impurity
concentration on a p-type silicon subst:até_l of a
15 1low impurity concentration. Reference ﬁumbe: 16
denotes an n*-type buried layéi_forméd under the

2

weli'region that will form the I L'circuit, 3.denotes

~ ‘a first n-type well regibn of a low concentration
| formed in the p-type layef 2, and 4 denotes a secqnd
20 - n-type well region having an impurity concentration

smaller than.that_of'the_first n4type_we11 region

2

3. An I"L consists of a



i nverse transistor. A p-channel M SFET consi sts of p -type source and
drain regions 9 forned in the second n-type well region 4, a gate
insulation . film1l, and a polycrystalllne silicon |layer 14 that serves as a

gate el ect)qde. An 10 n-channel M SFET consists of n -type source and

drain re % 10 formed in the p -type layer where no well regionis _

f or nmed, e insulation film12, and a polycrystalline silicon |layer 15- . ..
‘that ser As a gate el ectrode. Figs; Ato 2H are diagrans illustrating < .~
. the process”15 for producing the integrated circuit of Fig. 1. y

Conpl enentary ‘M SFETs are formed in the area X1, and |2L el enents are

fornmed in thq:-atme[enﬁecﬂareregngnt (5.F|agp-z&pef base, regtiyne 6 mfuant nph
such as arsenic inpurities are selectiyvely introduced into a 20

predet er ni nedipoersentoangigtoypeasi in coypsugoliacsor . UpgdpthSmdnthe
‘techniques or ion inplantation techniques, agd p-type doped silicon is
'dep05|ted(M1QPR3%%E§¥P9t57595éﬁﬁpﬁxﬁaﬁ QPOthtVBefSNhﬁ&eﬁ copsactayer 2
(iTmpurity concentrat h { he same tinmg, an 25 n -type buried
layer 16 is XeI1PBr ﬁ°5RF ipg Pﬁef&FFFu§F6NP8f“FH; ReEe® Brpulbhei es. As
- shown in Fig. 2B _an n - sel.ectively fornmed in

The p - tybe IBTENPS Vﬁlﬁ;yﬁsw?a 2o B A B P2 99155 155, $2e’pgn

selectlvely ffﬁ&%i?& fransistor. A p-channel MISFET consists of p -type
| source and drain regions 9 formed-inlthe Seoond-n-type well
reglon 4, a gate 1nsulat1on f11m 11, and a polycrystalllne ' 1;)
silicon layer 14 that serves as a. gate electrode. an
10 n—channel MISFET consists of n -type source and draxn.
regions 10 formed in the p -type layer where no well reglon
1s formed, a gate insulation film 12, and a polycrystallzne
silicon layer 15 that serwes as a gate electrode. _
rlgs. 2A to 2H  are dlagrams 111ustrat1ng the process
15 for produc1ng the 1ntegrated c1rcu1t of F;g. 1.

' Complementary MISFETS are formed in the area xl, and 12L

elements are formed in the area X,. - ' P

Referr1ng to Fzg; 23, flrst. n-type impurities such..
as arsenlc 1mpur1t1es are selectively 1ntroduced 1nto a
20 predetermlned port1on of a p-type s111con substrate 1 by
dxffusxon technlques or ion implantation technlques, and
_p-type doped sxlzcon is depos;ted on the substrate by .
epitaxial growth to form a p -type layer 2 (impurity .

concentratlon N: 1015

atoms/cm_). At the same time, an a
25 n+-type buried layer 16 is also-formed ow1ng to the |
diffusion of the n~type impurities.

As shown in Fig. 2B, an n-type!well.region 4 is



type well region 4, an oxide film30 of a thickness of 500 angstrons is
first formed by thernmal oxidation on the whole 5 surface of the p-type
epi taxfal layer 2, and an Si3N4 fi.lm 31 of a thickness of 1500 angstrons is
formed thereon by the chem cal vapor deposition nethod {hereinafter
referred to as'the CVD nethod). Then the oxide film30 on that portj
whéee the n-type well region is to be fggned and 10 the Si3N4 film
sel ectively renoved by plasna etching using a photoresist film (not
as a mask, - such that the surface of the p-type epitaxial layer 2 is

cxposed. Vesks Lo/l OLILEg Bbladcid (40, %‘@p«&?féﬁéﬁ 2 £p ofReL €6 4dim
‘this step so p n r r

d db h Kk f

Gel T Tegrons t iR Sw?}hirﬁf%‘otnﬁfem tfed) 060 Bol €Eel JETY MotS e (P
sui tabl e mask e ey tPéEg?] tOsﬁsmaé'fmﬁZ:esofhgéva%@mws[e”i@dld -

n-t type inpuri osphorus 1ons are inpl ant

atoms/[err] to Jz%ﬁ]wﬁs N1§YPLr¥e! fofMed Oy 4t NEERE F@ﬁzeatpahlm%é Ywhole
concentration. ough the inpurity concentration is |low, the well region
4 shoul d prefersibtfabe 60reRé pytipe epﬂtaﬁﬂsnnmyeﬁnzneah@daﬁl {atflﬁn '
possible to control the concentration precisely. 25 Then,

| ow- concentr at i3 oft gpthiekhesegoHnl 300 sahgsteomssishbormed Ehgreéﬁlbyﬁter
‘the photoresist film32 is renoved, the n-type well region 4 is covered ..
wth a ~ the chemical vapor deposxt1on method (hereinafter referred

Ui - to as the CVD method). Then the oxide film 30 on that
| | portion wher§ the n-type well reg1on is to be formed and
10 thé 51384 film 31, are sélectively removed by plasmé
etching usiné_a phbtoresist'film (no£ shown) as a mask,
such that the surface;of the p-tYpe épitaxialciayer 2 is
exposed. Masks for forming ail the n-tfpe weiI.regions are
compieted in this §tep SO that'ali'thé pbsitions of all the
15 well reglons are determlned by the masks. Thereafter, the
- windows for forming the n-type well reg1ons that form the
10w~¢oncentr§t1on 12L are covered with a suitable mask such
as a thick photoresist film 32 aé éhowﬁ in ?ig. 2B, and
n~type impurities such as phdéphorﬁs ions are implanted
20 (N: 1016 atoms/cmB)_to.form the nf—type well fegion 4 which
has a low impurity concentration. 'Alﬁhoﬁgh the impurity |
concentration is lbw.“the well region 4 should éreferably
be fofmed by the ion iﬁplanﬁation method since it is
posslble to control the concentrat;on prec1se1y.
. 25 Then, the low-concentratzon n-type well region 3 is

formed as shown in Fxg. 2C. After the photores;st £ilm 32

is removed, the n-type well region 4 is covered with a



-7- thick photoresist film33, and n-type inpurities such as phosphorus
ilons are inplanted (N: [err] atoms/[err] to formthe | owconcentration
n-type well region 3. The well region 3 should preferably be forned by the
-ion inplantation 5 technique since it is possible to control .the :
inmpurity cofcantration precisely as nentioned above. A field OXIde filmis
then formeq shown in Fig. 2D. After the photoresist film33, the Si3Nd | b
film31 and e Si2 film30 are renovedl Tn succession, an oxi de f|In1(S|CEr
10 film) 347of a thickness of 500 angstrons is formed by thermal oxidation
on t he exposed surfaces of .the epitaxial Iayer 2, and then an Si 3N film 35

of a LM fgnfﬁgtnﬁscngg@go gégieesfagmf 9517e g%ng{egggv@mgmms s8R he' ']

renove

phot oresi st fi ggéﬁﬁ%;é?ofﬂnsaﬁré Hﬁplaniedthﬁt 5lod 5&@%5?&5 ) $8 €8rm

partially exposed.” -fo prevent the formation of an inversion layer under

the field oxi dendiiowvesRéehbiationdntt9pe WellIPeegpur i3ti eThsugbias boron
ions are inplanted while the photoresi-st filmis still in place. The 20

- phot or esi st fIrégidntBeshOEmdvpdefeBdbayfbeldoamedebylhhe[dbh]zmplahtailus
- formed by thermal oxidation to a thickness of 9000 angstrons using the -
- Si 3N4 fil s 35, tedhnique snnceeuneaslpossxbipgsn coptxodnshe Ihpuriay shown
in Fig. 2E the gate insulation films 25 .and the gate el ectrodes of the
M SFETs are foromcentratient REepdpelyf pEnmentinnednabp¥er] film 35 are

reaned a gate insulation film/[err] film .is formed to a_thickness of- 500
_ A field oxlde film is then formed as shown in Flg. ZD.

After the photores;st f11m 33, the 513 4 £ilm 31 and the _ 'K;J_
_s:.o2 f;lm 30 are removed in successlon, an oxide f11m (5102 |
10 fllm) 34 of a thzckness of 500 angstroms is formed by
thermal_oxzdat;on on the exposed surfaces of the epztax;all
" ‘layer 2, and then an Si,N, film 35 of a thickness of 1500
,angstroms is formed by'the:CVD method,. The 513N film 35
is then selectlvely removed by plasma etchlng uszng a
15 photores1st film (not shown) as a mask, so that the 5102
- film 34 is partlally exposed To prevent the formation of
an inversion layer under the f1e1d oxide film under thls t¥j N
..condltlon, p-type 1mpur1t1es ‘such as boron 1ons are
1mp1anted whzle the photores1st film is still 1n place. The
20 _photores;st £ilm is then removed, ‘and a field ox;de film
(5102 fllm) 17 is formed by thermal oxzdat;on to a |
thrckness of 9000 angstroms usrng the 513N4 fllm 35, whlch
_1s ‘not permeable to oxygen, as a mask. '
Then, as shown 1n qu. ZE, the qate 1nsulatlon fllms
: 25 _and the gate electrodes of the MISFETs are. formed After
the 8102 film 34 and the 513N4 f11m 35 are removed, a gate.

1nsulatzon f11m (SJ.O2 fllm) is formed to a thlckness of 500



3

=8 - angstrons by thermal oxidation on the whole surface of the exposed
epi taxial layer 2. A polycrystalline silicon layer is then forned to a
t hi ckness of 3500 angstrons on the whole surface of the substrate by t
CVD nmethod. 5  Phosphorus inpurities are introduced into the
pol-ycrystal line silicon |ayer by'diffusign to decrease its sheet
redstance. to such a level that it can Be“used as gate el ectrodes.,
conpl ete the gate el ectrodes, the polycrystalline silicon |ayer and the
gate insulation film10 are selectively renoved by plasma etching using a
photoresist fil th&iloﬂi%% thermaleokiddtionOon’ ithes whblel 2udddcen8soehe
el ectrodes 14,15 df the M SFETs are thus conpleted. At the sane- tinme, the
surface of the gppbaedalepituxial Qayefre 2.er & polgeriystaildnedsilicon layer -
Next, a p-type sem conductor region is forned as shown in Fig. 2F. First,
to prevent the gspeheth Epirtved zio laathickniessmofeidd®0c anpstiromscon dhel err]
film25 is formed to a thickness of 100 to 200 angstrons by ther mal

oxi dati on on t hehelef suxrfakcet of dhet subsit riatecby? thenfVR smetdod.he 20
surfaces of the polycrystalline silicon |ayers 14,15. Then an [err] film 36
is formed tB a Phosphesusofimpugd tdegs arendnsyrodwced/dned A& The [err]
film36 is selectively remved by_plasma.etching using a photaoresist film

(not -shown) as B°ﬁ!§¥?ﬁﬁ9¥$ﬁﬂ&lé¥éiFﬁé RYRES BY FéfﬁPﬁ@°Ph§°de95€aFEgi§ﬁs 

_ sheet resistance to such a level that it can be used as

-

U j . gate eiectrodes} To domplete the gate électrodés, the
polycrystalline silicon layer apd the gate insulation film

10 'are.seiectivély removed by plasma etching using a
phbtorésist film as a.mask. The gaté insulation films 11,12
and.the-gate e;ectrodés'ld;IS'of the MISFETs are thus
completed. At the same time, the sﬁffacé'of the epitaxial
layer.i.on the IZL side is exposed. . '

15 ' Next, a p-type semiconéuctor regién is formed as

. shoﬁn in Fig. 2F. Pirsg. to préveht the expo;ed epitaxial

layer 2 frqg being contaminated, an sioz fiim'ZS,is formed
to a thickness ofllob to 200 ahgst#Oms by thermal oxidation
on the surféce of thé epitaxial iayér 2;_and aléo on the

20 surfaces of fhe polycrysia;line silicon iayeis 14,15. Then
an $i0, film 36 is formed to a;thickness of 1500 angstroms
by the CVD method. The Sio, £ilm 36 is seleétively removed
by plasma etching using a photdresiét_fiih {not shown) as a
‘mask, to complgte the mask for forming the p-type regions.

25 .when forming_the mask 36, the proﬁeés@ng with_photoresiS£
does not require so'high'a precisioh. That is, thé mask

~may be slightly shifted provided that its ends 36a,36b and



25 Wien. formng the mask 36, the processing wth phbtoreSist does not
require so high a precision. That is, the mask may be slightly shifted
provided that its ends 36a, 36b and -9- 36¢c are on the field oxide film

17. Then ype inpurities such as boron ions are inplanted (or diffused)
into the \faces of the n-type well regions 3,4 not covered by the

- polycrystallfne silicon layer 14, the figeld oxide film1l7 5 and t he mask hf-@
36, in order to formthe p-type regions™5 “and 6 that serve as the i njector ™~
and base of the [err] and to formthe p -type source and drain regions 9. of '.
the p- channel- M SFETs. - -‘As wi || be obvious from Fi the p-type region .-
5 is self-alighta Byet e thel §igldjexidenfdidm 17. a%arqrh@-ﬁypwp@mum(es _
“and drain reglons 9 are self- aligned by the field oxide film17 and by the

pol ycrystal | i nBuSh| ASoROIQR AERE, 3ze IMRAPNLE (Pr Faftnsefle idM Edduct or
ntypo vl | T cBnEhages g, & edphgvtps?ﬂ‘a}ﬁ e Aok covred Rtuier 1]
err] i1 m oy Pk Realai i By Shelo Iy e 2T B cflfdng@% g 17
'PQSLSLSSLﬁ fl%ggéagég?%%gnbsas ?%?gvng t he na?i %ﬁﬁ?ﬁﬂﬁ g?%?ng W h'...
_ photore5|st ‘dogs¢ Rk E@Q%br%sathbgﬁnjector and base of the IzL, and.to

‘orm the p -type source and drain regzons 9 of the p-
channel MISFETs. As will be obv;ous ‘from Fxg. 2F, the i
p-type reglon 5 is self-allgned by the field ox1de f;lm

:10- 17, and the P -type source and drazn regzons 9 are self-
“. allgned by the field oxlde f11m 17 and by the
polycrystallzne s111¢on 14. '
Next, as shown in Fig. ZG, n-type semlconductor _
'regions are selectively formed in the epltaxral layer 2 andfl
15 in the n-type well region 3. First. the Si0, film 36 is
| -removed, and a new sio, film 37 is formed to a th1ckness of
1500 angstroms by the CVD method. The 8102 f11m 37 is’ then
selectlvely removed by plasma etchlng using a photoreslst
film (not shown) as a mask, to complete the mask for
'20'_form1ng the n-type reglons. When formxng the mask 37, the
| process1ng with photoreSLst does not requ;re a h1gh
prec151on, as when formxng the mask 36 Then n-type
j 1mpur1t1es such as phosphorus ions are 1mp1anted 1nto.the
'surface of ‘the ep1tax1a1 layer 2 where ‘the polycrystalllne Q_f
25 s111con layer 15 and the field oxlde f1lm 17 have not been -:f'
formed, and into the surface of the ‘well region 3 where

the mask 37 and the field oxide f£ilm 17 have not been



) _
;precision, as when formng the mask 36. Then n-type inpurities such as
phosphorus ions are inplanted into the surface of the epitaxial |ayer 2
where the polycrystalline 25 sflicon |ayer 15 and the field oxide film17
have not been formed, and into the surface of the well region 3 whereAh&\
mask 37 and the field oxide film 17 have not been - 10 - forned, t
folkrting the emtter contact region 8 of gtghe- [err] and the n -type
source-and drain regions 10 of the n- channel M SFETs. Next, an n-type
collector regionis forned as shown 5 in Fig. 2H That is after the

1506 anget ?ansfoé?@'ﬁﬁe thereBY, EBEhinG eﬁkfﬁriﬁtégém%ﬁanrégkéﬁ??ié Pthe
renoved by pl aspey anq @Shi*de ehossaegessnalhg}ﬁHO&e§heﬂg)1asogh€ﬁékn-

to conplete the nask orn1ng type c ect of region

n-type |npur|t|@§aﬁggm gisphquhorus lons are introduced by inplantation
(or. diffusion) to forman n-type collector 7. After the [err] film38 is
removed, an [err] fiImes;%,(saenl;itg?el):ob.se&eba‘edegohhesw/hekﬁeauaéasﬁoeﬁ
the 15 substrate to a thickness of 1500 angstronms as an interl ayer

insul ation $ilnihyFige @HD mThaedisif afterothacSi0gl £41mad2 heepemovedy an
~the [err] film18, alumnumis deposited thereon to a thickness of 8000
angstrons by thnewa8ﬁ051f11m 38 is formed to a thickness of 1500 angstroms- -

by the CVD method. The 5102 f11m 38 is then select1vely
J femovedlby plasma etching usjng a phqtoresist-fi;m (no;
éhoﬁn) as a mask, to completé the mésk for forming the n-
16 typé collector region. Then n¥type impuritieé.such as
phosphérué ions aré'jntroducgd Sy-implantation (or
diffusioﬁ) to forﬁ an n-type coileétor 7.
After thefSioz film 38 is removed, an $i0, film 18
(see Fig. 1) is formed on the'whole surface'of ghé
15 subst:até to a.thickness of 1500 angstroms as an interlayer
_ 1nsu1at10n f11m by the CVD method. Afiér éontact holes
have been formed in the 8102 film 18. alumlnum is dep051ted
thereon to a thickness of 8000 angstroms by the vacuum |
évépora:ion method; The aluminum léyer_is.pattéfned to the
20 desifed éhape to form the aluminum electfodes 19 to 24 th#t
‘are in ohmic.contadt with'each region. Thus, the CMISFET-
IZL IC of the constructzon shown in Fxg. 1 1s completed. -
Accordzng to thls constructzon. use is made of a .
.p ?type silicon layer of a low 1mpur1ty concentratlon as a
25 sqbstrate, and the 1% circuit and the p-channel MISFETs
are formed in the n-type well régibns that are separately

formed in the substrate. Therefore, the impurity



evaporati on nethod. The alum numlayer is patterned to the 20 desired
shape to formthe alum num el ectrodes 19 to 24 that are in ohmc contact
~with .each region. Thus, the CMSFET- [err] I1C of the construction shown in
~Fig. 1is 'o*wleted Accordlng to this construction, use is made of a p

-type 5|I|€§;;7

the [err]
regions that- are separately forned i khe substrate. Therefore, the R
inmpurity 11 - concentration can be controlled for each of the well -
" regions. By meking the inpurity. concentration in the n- 2 type well region
'3 on the | ,che P t@aﬂ Béecbﬁt’f'éll!dcfefeéaéﬂtb?ntﬁé wezivell
region 4. ther ore, inverse current anplification factor [err] of
the inverse iy LY Eors O Ssynméiafnd; thei impuriegncbacenbpationt nrenkise a |- L
whi ch operates” at hi gh speeds and whi ch,consunes a reduced anmount of :
electric puwwgypeVW§h1tbegieﬁuB|oy thecEﬁLraldengheangrnahanltheln t he
n-type well region 4 on 10 ‘the p-channel M SFET side, furthernore,
. hi gh-speed opnm@ﬁtﬂﬂyCeonbenteatxondoévthemheh1theggane4wndhhrefothe thFET
is reduced. Accordingly, the chip size can _be reduced but the hi gh-speed
operatumsls mmwatsenedrrﬁnttA@PllﬁscﬁFFPnbéaQEOFoﬁé pfokheninuerfied of

transxstors 1n the IzL czrcult can be enhanced to real;ze a'

IZL whrch operates at hzgh speeds and whlch consumes a

'-reduced amount of e1ectr1c power. With the 1mpur1ty ' __kJ

_concentratlon belng made low in the n-type well reglon 4 on’

10 the p-channel MISFET sxde, furthermore. hxgh-speed _
operation can be realzzed even when the gate wzdth of the
MISFET is reduced. Accord1ngly. the ch1p-s1ze can be -

'reduced but the hlgh-speed operatlon 1s maintained.
Further. as wxll be obv1ous from the method of

15 manufacturlng the 1ntegrated clrcults explalned in

| conjunctlon w1th Figs. 2A to 2H, the well. reglons 3,4 are
formed in the ep1tax1a1 layer 2 before formlng the f1e1d s
oxxde f11m 17 by the selectzve oxidation technlque. In the

. well regxon 4 constltutzng the IzL. therefore, a. fzeld

20 oxide fllm can be formed 1n the IZL elements to prevent the

N formatlon of paras1t1c tran51stors. The surface of the
well reglon 3 under such a th1ck f1eld oxlde f11m is
difficult to invert. Therefore. a w:de range of power—

..supply voltages can be app11ed, and increased freedom is
- 25..prov1ded for laylng out the w1r1ng. Further, the surface o

of the well region 4 is also dlfficult to 1nvert.'

Accordxngly, the aboveémentloned advantages are brought

ayer of a low inpurity concentration as a 25 -substrate, and. .
Zuit ‘and the p-channel MSFETs are forned in the n-type’ well ,c{?'

€

u*.
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.15 manufacturing the integrated circuits explained in conjunction with
Figs. 2Ato 2H, the well regions 3,4 are forned in the epitaxial |ayer
hefore formng the field oxide film17 by the selective oxidation & i}

~ technique. In the well region 4 constituting the [err] therefore, el d
- 220 . oxide frlmcan be forned in the | L elenments to prevent .the tion
oﬁupara5|t|c trarsistors. The surfaceldf=the well region 3 under such a :
thick field oxide filmis difficult to invert. Therefore, a wide fange of
power - supply voltages.can be applied, and i ncreased freedomis 25

provided for laying out the wiring. Further, the surface of the well
region 4 is aP@@“&rfflcult to invert. Accordingly, the above-nentioned

d br ough - 12- h |
further or e enml oy oihenoEaEmd ng #*eoﬁ‘@%&@tra«oéﬁi‘gﬁﬁéﬂggsﬁﬁaé°mﬁ8§ 't
ible to obtai oM, SEET-
P vention can Sty 'F?ﬁaﬁ 520R gatel brbrelleifia nATONE! hakis it possiBfe
limted to thg eahqdaenl dAsEERG®:, 1cThd gﬂgghmhggxyconcemraﬂon
e

n-type well region ere t CIFCUIt Wi | forme may be fornmed in

the fol | owgng manner THe Wit 0PI Thriher! B b%'&e(iﬁib}’pwablﬁzbéeln

formation of ‘the n-type wel
a variety of ways and is not limited to the embodiment

described. The high impurity concentration n-type

\*j' ‘well region where the I2

L circuit will be formed, may be
formed in the following manner. Ions are implanted

10 simultaneously with the format;on of the n-type_well
region 4 where the p-channel MIS?ETs.will'be formed,
and ions are again implanted into the well region 3 while
‘the well region 4 is covered by a mask. The above-
mentioaed order may of course_be-reversed._'Eurther; the

15 conduct1v1ty types of the semiconductor reglons may be

reversed.

_ Another pessibility'is to bave a process wherein

N~ | the izL-circuit is formed in an epitaxial layer that is

grown on the substrate, ana the nechannel MISFETs are

20 formed in the epitaxial layer, in order to increase the
local impurity'concentration ip the epitaxial layer where
the I%L circuit will be formed. That is, use is made of
.epitaxial layers that are insulated and separated as
semiconductor regions that correspond to the well regions

25 in the aforementioned embodiments, and the impurity

concentrations are changed.



N

region 4 where the p-channel M SFETs will be forned, and ions are -again

i nplanted into the well region 3 while the well region 4 is covered by a
mask. The abhove- nentioned order may of course be reversed. Further, the 15
conduct i vi pes of the seni conductor regions may be reversed. Another

. possibilit 0o have a process wherein 2 the | L circuit is formed in an
“epitaxial N
are 20 forne

in the epitaxial layer, in order to increase the |ocal

“inmpurity concentration in the epitaxial |ayer where the [err] circuit will

be forned. That is, use is made of epitaxial |ayers that are insulated and
separ at ed as sen cond@hdisoappddicetdonhwascdivadpdndutoofht.Kel Pategtons 25
in the aforenmentioned enbodinments, and the inpurity concentrations are '
changed. - dpplifatdifsp NCcaBiZo? 'R89 dPwpddghed: updep No.palBAll7)
Application NO 82.27060 (Publisheqd under No 107117) ~and contains matter
al so describe&qq1qﬂﬂﬁ?ﬁﬁﬁpmaﬁébeﬁisﬂlgﬁs&F§PGéq18ufh%F BRBE-SPpFPRati on
vas UK Pat e 0 S b o WA dppt SRR S BRI BbLeREOS

5 Application NO. 8502453 . Attention is drawn to_' these:

applications.

[

"é__
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that is grown on the ggbstrate, and the 'n-channel M SFETs ;;&z:



,: 14 - CLAIMS: 1. A met hod of manufacturing sem-eenductor integrated
circui-t devices conprising: (a) a step of ?!i@ﬂrlng a substrate of a

sem conductor of a first conductivity type; "ﬂ step
first and second sem conductor regions in s gﬂ sai £
ot her

and -second :sem conduct or regions bei ng separated Frdm éac
oﬁ:a second conductivity type that is ppposite to said first conductivity
type; 10 (c) a step of selectively oxidizing the substrate after
the formation of the first and second sem conductor regions; (d) a step of
formng a plurality of third sem conductor regions having the first
conductivity tyaamsn 15 said first semi conductor.region to formthe
elements of an 2 T L circuit; and (e) a step of formng a plurality of
fourth sem conductor .regions having the first type of conductivity in said
second seni conductor. region to formthe elenents of 20 a MSFET circuit.
2. A methob. of rBnmebedrphgmaeufaetubingr semicgnduetiori integratedces
according to-cJaim1, wherein the first sem conductor region is fornmed by
.IntrodUC|ng, ?*ﬁﬁﬁ+ tidevifes comprising: -

(a) a step of preparxng a substrate of a semiconductor

of a flrst conductzvxty type:;
5 "_ (b) a step of forming f1rst and second semiconductor

Ao ‘regions in said semiconductot,.said first and second -
semiconductor regiohs being separated from each other and

. being of a second: conduct;v;ty type that is 099051te to
sald first conductivity type;

10 (c) a step of selectively exidizing tﬁe substrate
after the formation of the first and second semiconductor
regions; |

(d) a step of fotming'a plurality of third
semiconductor regions haviné the first cohductivity type in

15 'said first semiconductor region to'férm the elements of an

12L circuit; and |

(e) a step of forming a plurality of fourth

semiconductor regions having the first type of conductivity
in said second semiconductor region to form the elements of

20 a MISFET circuit.

2, A method of manufacturing semiconductor'integrated
circuit devices according to claim 1, wherein the first

semiconductor region is formed by introducing. impurities of

the second conductivity type into the semiconductor of the



3. A et

.«

t he second conductivity type into the sem conductor of the - 15 - first Y
conductivity type such that the inpurity concentration therein becones s
greater than. i mpurity concentration in th or region.

manuf act uri ng semi conduct or nte rated 5 circuit devices '
accor di ng td m 2, wherein said inpurities "”mwﬂmum i Apl anting .
ions. 4. pt hod of manufacturing senicond circuit Kgﬁg
devices, substantially as any described herein 10 with ref érefice to the s
acconpanylng dramnngs o - 15 -

A

first conductivity type such that'the impurityféoncentfatici
thereln becomes greater than the 1mpur1ty concentration in

the second semiconductor reglon.

3. A method of manufacturxng sem;conductar 1ntegrated

5 clrcult dev;ces accordlng to claim 2, wherein said

1mpur1t1es are ;ntroﬂuceé by 1mp1ant1ng ions.

4. A méthod of mannfaéturing semiconductor integrated
circuit devices, substantially as any described herein
10 with_reférence to the acéompanying drawings.

-




