© 2128024 -1- METHOD OF NANUFACTURING SENICONDUCTOR | NTEGRATED CI RCUI T DEVI CE -
Backgr qund of the. | nvention. The present invention .relates to a nethod of
nanuf agt uri ng a seni conductor integrated circuit deV|ce (here|nbelow
- terned "Bi-MOS 1c ) in which bipolar transistors and -
.nebal-lnsulator-sentconductor field effect transistors (here|@p$ %
"M FETs") are formed within the sane = seniconductor body.” Ther e have
her et of ore- been deével oped various processes by whi'ch bipolar transistors
and n-channel MOS FETs' (n-MOS FETs) or- conpl enentary MOS.FETs (c- MOS FETs)
are caused to coexist within a single senigonductor. body. An exanple: of
conventional processes is as described below. (1) .An n -type buried Iayer
"is formed in a part of the mjor surface of a p-type siticon (Si) '
.substrate. Further, an n-type Si Iayer |s epltaX|aIIy grown on the p- type

Si substrate. (2) @ﬁ&%(@aw DB CebR! INTEGRABED of the
n-type epitaxial | #%rntp type I ffused Iayers for i sol ati on
reaching the §ﬁ?ﬁt te, thereby to form several - : I
_eIectrlcaIIy E§%¥@fg g%d regions within the n- type S| Iayer.

_Back round of the Invention

The present invention relates to a method of manufacturmg
_ a.semiconductor integrated circuit device (hereinbelow, :
K;)“ - ':1termed “Bi—MOS IC") in which bipolar transistors ‘and
| -nlmetal-insulator-semiconductor field effect transistors -
(hereinbelow, termed "MOS FETs“) are formed within the - -
.same : : semiconductor body. h |
There have heretofore been developed various processes h
by which bipolar transistors and n-channel MOSs FETs.:7
"(n-MOS FETs) or complementary MOS FETs (c-MDS FETs)
are. caused to coexist within a single semiconductor
i'body. An example of conventional processes is as’ described
- : . below'_' . | y . o o
yK*J:t o .:(1) An n -type buried 1ayer is formed in a part of the |
o - major surface of a p-type silicon (Si) substrate. Further,.z'
"an n—type Si layer is epitaxially grown on the p-type }
st substrate.ft S "ﬂ” S ""““ '
”(2) Boron (B).is diffused from parts of the surface |
-of the n-type epitaxial layer so as to form p-type diffused
1ayers for isolation reaching the p—type substrate, thereby
o to form several electrically-isolated island regions

"”' within the n-type Si layer.



Rt

-2- (3) I n another :part of the n-type epitaxial |ayer, a deep .p-type
- regirg (usually called "p-type well") is fornmed by similar boron diffusion
B e surface of the epi t axi, al Iayen. (4).An n-channel MOS EET is forned .
-type well region.. On the other hand, a p-channel MOS FET and a

bi pol

_ f transistor are formed in the other. |sland regi ons within the n- type."
_'Si-“layer.” The above process is disclosed ‘in the official gazette of” A
Japanese- Lai d- open Pat ent Appllcatlon No. 54-131887. ‘Such process is. . DR
- directed toward a Bi-MXS I C in which ttm>2¢nckness of the epitaxial n- typelﬂw‘
silicon layer is approxi matel y 10 [err] or greater (the depth of. an - i
~emtter is approximately 5 [err] ~Recently, |Cs have_been. made. finer in IR
order to edhhhdblmh@t@peraﬁrmgogbebesn-ﬁwpeléﬁéﬁﬁ§lél LayeBedude the chip -~
area . In this regard, when the thickness.of -an egptaX|fi i Iayer becomes .- .
as small adieep @NWP[eeMeBiOFhéuFBﬁééd 681pe8cERstEPPEeLibdulst he probl em -
t hat the base-col | ectqr _br eakdown v Ita of  the olar transistor i
- becones srmﬂqnﬂed bNbFé”é&éE’iP?&Pl ggﬁnt§ﬁgmwgh ffsgngﬁg the - Rf':_i
n- channel %t g rendered deep to sone extent (approximately as "
deep as th (1 i | Ti'n-order to ensure the source-drain breakdown
vol tage of mea %h%mtmlwﬁfaspeht 3aPPobAblPdn BnbNg-ByperweuLiace
region. on. the other hand, a p-channel MOS FET and :1_iter;
a bipolar transistor are formed in the other island ' ..g'thQ
- L R
_regions within the n-type Si layer. | S
The above process is disclosed in the official _
t gazette of Japanese Laid-open Patent Application Nb.54—131887
Such process is directed toward a Bi-MOS IC in :
which the thickness of the epitaxial n—type silicon B
1ayer is approximately 10 Fm or greater (the depth of
iian emitter is approximately 5 Fm) Recently, ICs have ;
been made fmer in order to enhance the operating speeds |
__of elements or to reduce the chip area.: In this resard»-l°'" _
- when. the thickness of an epitaxial Si layer becomes lj".f'jfp'l;J'ff

_“f'as small as below 5 Fm, the foregoing process brings
-p.about the problem that the base-collector breakdown't
P?{ivoltage of the bipolar n—p-n transistor becomes smaller. a
| Mbre specifically, the p-type well for forming .'
":gthe n-channel MOS FET must be rendered deep to some o

:e:?extent (approximately as deep as the epitaxial layer)
| -in order to ensure the source-drain breakdown voltage_*

of the n-channel MOS FET to be - formed in- the maJor surface. S




-3--of the well. On the other hand, since the surface inpurity density of
the p-type well deternmines the [err] (threshold voltage) of the MOS FET, |
the ditfusion of an impurity at - a high density is undesirable. In f orm.n
the:p-type’ wel I, therefore, the dlfoSIOH treat ment needs to be perfor
at-e.IOM/den51ty [err] "as wel |- as a-high tenperature [err] and for -}/
| ong: time of. 4-6 hours. During the heat treatment, an n-type inpurity (such
as Sb.or- P) .diffuses.fromthe [err] type burled Iayer I'ocated just under = .
the base | ayer of the bipolar .transistor, upwardly into the epitaxial |ayer"
as high.. as about. 3.5 [err] and reaches the-V|c|n|ty of -the base |ayer of S
the n-p-n transistor. In consequence t he col | ector-base breakdown voltage‘ .

i s made | ower. er:-ef Vﬁﬁ&d exd fiee cﬂhe)fsuﬂm@erimnmrp@Y - .,
“buried |ayer s kgﬁgihto acgguntEhyﬂe thi ckness' of the epitaxial |ayer is

limited to 7 Jerch.aset a i Vegetéimiress bigen f(threshoddrake the
Bi-MXS IC flﬁ%% &Ifgfngﬁan?ttgyfhwg smal | er thlcknessqghd t o .enhance the
operating spegﬁtgkeqhgfbtgglnostFEﬂSItherdiffwsiﬂﬂcﬂﬁa%ﬂlﬁmﬂﬂrﬂﬁg'the
present invention-is disclosed in the official azette of %%%

Lai d- open Patggnia faghi @shisdbyNbs ﬁﬁdﬁsﬂasbleq'he %f% s ehowever

must introduce - inpurities fromthe surface of a _se G t dy by
separ ate stemmn d;héepfpue, the diffusion 8 tmerrft r?geddg t?d ‘:QP

_ "f_performed at a low density (c £1x 10 3) as well—
.';k»; L‘”~. :'as a high temperature (1200 c) and for a 1ong time
of d- 6 hours.. During the heat treatment, an n-type 1mpurity
ﬂ(such as . Sb or P) diffuses from the n_-type buried . - .
i ,layer 1ocated just under ‘the base layer of the bipolar -
transistor, upwardly Anto the epitaxial layer as high
.as about 3 5 Pm and reaches the vicinity of the base.“
| layer of the n-p-n transistor. In consequence, the
colleotor-base breakdown voltage is made lower.
Therefore, when the upward extension of the n -tyoe
'Lburied layer is. taken into account, the thickness of

\/i_-"d. lthe epitaxial layer is limited to 7 um as the minimum :

e | jvalue., It has been difficult to make the Bi-uos Ic flner by
- forming it with a smaller thickness and to enhance the
']..operating speed of the bipolar transistor. f.. l ' o

| ‘A technique similar to the present invention 1s f_”i |
. ;disclosed in the official gazette of Japanese Laid-open -
{il_Patent Application No. 57-75453. The disclosed process,t
' ?however, must 1ntroduce impurities from the surface

- of a semiconductor body by separate steps in order to



4, forntancisotathh'region-and a p-type mélt.region and ‘has .t he R
- di sady tage_of a |l arger nunber of steps Therefore-the present invention,-;f_ _
_prov a nmethod of manufacturing a.sem conductor .int egrated circuit . - - -',,',._:

devise£om 5 prising: (1) the step of introducing an inpurity of a flrst
conductivity type intaora plurality of parts of . one major surface of a -~ _ -
substrate contalnlng a first conductivdty type inpurity, to forma ’ : &df _
plural ity of i npurity-doped reglonS-- 10 whi ¢h have an inpurity -density " “
- hi gher than'that of said substrate; (2) the step.of formng an epitaxial -
. sem conductor |ayer contalnlng an inpurity of a.second canductivity" type

‘0N the 1mBj OFog hACEsolatibl Pe§S6HaRA; alh-type wéBl FdFis GhdThas PR
|ntrodu0|ng a first -conductivity type.. inpurity sinultaneously into those_., T

parts of theheudﬁaadvahtagedofpathargersnmmbenduftstepmyer whi ch overtie " -
~ said.: plurality of i npurjty-doped-regions,. ‘the Stb; of “di ffusi ng the-.;j_c
S first conductlV|tyTh9E€f999|hb@rpt95%mtstﬂYP$FLPQuPtqv eSrﬁnﬂQQWmhdﬁéd o

regions into said e axi al copduct or er heat -t reat mrent, and.

~ subj ecting FB“HFFGEBFinﬂlffﬁg? FoR %CF?FS%“ %#EE&%#V?%SFQ5&) #Wﬁﬁﬁ|QSP'

_ |ntroduc§ i.n.the major. surface .of said epttaX|aI sem conduct or | ayer , o j
connect oggfﬁgfughe di ffused layers. 2 5 formed by the respectlve

Teaton “for Torm i TR Rp4Y6F Bierbalelig aRoLipiiuep e i
conductivity type into a plurality of parts of one major ' _f
surface of a.substrate containing a first conductivity type ;'K;}~j
impurity, to form a plurality of impurity-doped regions k o )

':'lo'which have an impurity density higher than’ that of said
”ju-substrate,]_ | o o o |
| | (2) the step of forming‘an epitaxial semiconductor _
"_layer containing an- impurity of a second conductivity type, ,L'
- ‘on the major surface of said substrate; '_ 'f.
':151--' :f (3) the step of introducing a first conductivity type;fi
| impurity simultaneously into those parts of the surface of =~Pt
;said epitaxial semiconductor layer which overlie said
_*plurality of impurity-doped regions, i'f' _ '_' o _ |
N : (4) the step of diffusing the first conductivity typej”nly
"ﬁﬁéq”impurity of said plurality of impurity-doped regions into f”:"*"'

'h.said epitaxial semiconductor layer by heat treatment, and

subjecting to drive-in diffusion the first conductivity typefﬁ":f
__impurity introduced in the major surface of said epitaxial
3'semiconductor layer, to connect together the diffused layersﬁ

:T;ZS_formed by the respective diffusions and to form a PN

~:ijunction isolation portion and a, semiconductor region for_:ﬁ

- _forming a MOS FET;.



5 - " (5) the step of selectlvely forn1ng a thick oxide filmon a ngjor
surface of said epi taxi al seni conduct or | ayer which overlles sald
igmpurity-daoped sregi‘on for the PN junction- isolation portion; 5 :
the step of formng the NCS FET in said sem - conductor region; and (
step of forn1ng a bipolar transistor in- another part of said epltaX|"'
sem-conductor |ayer. An enbodi ment of t i nvention will now be described -

10 in detail, by way of exampke, with reference to the accom panyi ng
drawi ngs, i.n which: Figures 1 to 10 are sectional -flow diagranms which shomf
BiCMOS - IC process accordlng to the present- I nveat-ion; and 15

Fi gure 11 is an I mpur ity ns h . DF a
sBIe-ctC:v(EﬁaII Cf Im(;de ?gc;)iiinﬁg?o {:ﬁé ‘é‘krJ ‘?ﬂ?/egﬁo%?ﬂ}ﬁ%ggar %gﬁ?kt IXQJi:SBErreI n. :a L
. o L
io; ygrpirgc::s g&ﬂ' g?o f?‘%géél §ﬁ£§é‘$(§€h§e€iedl ﬁ%%’%%&c%gg?%g?% Sr?bgpﬂgglsall
S n '
of an oxide f:IP%L ghicg ?Y%ls:g agaéwe{ﬁ%&ﬂ%?%eﬁl n. .% teﬂcfrn ﬂ?pbt“;ggd Ny
Si crystal subungtishcisBfaeioni prepsnptivity is prepared, and:an oxide 25.

film(Si@ fil'm 200 formed by oxidizing the surface.thereof is- photoetched“;l
and Sb (ants mony) or (ghethekstep dspﬁsrmmlg the MOS FET in said semi- ST
conductor region- and . S o i
_ &2 the step of forming a bipolar transistor in—r-
: Kf; _ ;.. another part of said epitaxial semiconductor layer. *: )
o _. An embodiment of the invention will now be described o
"lo in detail, by way of example, with reference to the accomr-7“
i panying drawings, in which-' L o o
' ' Figures 1l to 10 are sectional'flow diagrams which

show si-cuos Ic process according to the present invention;

- and _' : 'i - i;' . .
_*_ 15 : Figure ll is an impurity density curve diagram of an f'f'"
- : "n-channel MOS FET in a Bi-cnos Ic mode according to the :

present invention.'

Figures 1 to 10 are sectional flow diagrams corres-

| ponding to the following respective steps of a process for a’ _
20 fine. Bi-cuos Ic wherein the thickness of an epitaxial layer_t;}tﬂf

. is as small as 1 5 - 3 um and wherein an isolation portion o
_is formed of an oxide £1lm and " a diffused layer.'t: B
| (1) As shown in Figure l, a P -tYpe Si crystal sub-”i“"”

strate 100 of high resistivity is prepared, and an oxide 'm

- 25 £ilm (Sioz £ilm) 200 formed by oxidizing the surface thereof :
| '_'is photoetched and Sb (antimony) or the like is deposited '
'and diffused, thereby to form an n*-type buried layer 300.-:r5ji{1



- and diffused, thereby to forn1an [err]type buried layer 300. - 6 This n

-type buried Iayer 300is forned as a part of. the col l ector of a ipol ar _
nS|stor 2) An OX|de f|In14OO is fornmed on the whole .surface - a4
5 shown .i n Flgure 2, i s photoetched t.o open 5 parts for forn1ng
Si yi.on portionand a mell wher eupon B (boron) i's dep05|ted (or .
I on- |nplanted) and. di ffused to forn1p+5type buried | ayers 500 and 600. (3?-*
~As 'shown in..Figure 3, Si' is epltaX|aIIy grown on the- whole surface so as .
“to forman n-type Si layer 700 which 10 is approxi mately 3 [err].thick.

The surface of the n-type Si layer. 700 is oxidized to forman oxide f|Im

.~ 800.. (4) AsTshewn® rhyfeglmeleﬂ Jayes 300 tis fodmad fad @ g taraf the

phot.oet ched. . and opened ‘i n correspondence with the p-type buried |ayers 500

" "and 600, wheebheeﬁoe ?%@MPQ%alaerp-ceTn deFanB shot on-inplanted).. In this™

| caser the LUl b MLEadUE “C“f%&%@fwewggaeax-.,g.
BTN T nCaey é“f%éfzsﬁif el T
| &I?'? (r)l 3: F ﬁ?rt%egggﬁgﬁéjb%é%n oxl d %fﬂlalf(;eo orrredgaﬁ%?v'q' :%ez%gggy,ed
sel ectivel yBplpésshres depéﬁﬁeda (mt ridﬁ-ifmpmnted) and diffused to. |
form p*-type buried layers 500 and 600.;,—_f _ ' ’ |
_ (3) As shown in Figure 3, Si is epitaxially grown on - ’g;}sf
the whole surface so as to form an n-type Si layer 700 which R
. 10 is approximately 3 um thick. The surface of the n-type Si
- layer 700 is oxidized to form an oxide film 800. S
_ (4) As shown in Figure 4, parts of the oxide film 800 o
are photoetched and opened in correspondence with the p—typegayhh".“
buried layers 500 and 600,.whereupon B (boron) is deposited ._
. .-'3:15 (or ion-implanted).. In this case, the impurity is intro— f't“”'.”
"f-.-? : duced in such a quantity that the surface impurity density |
o of the p-type well will be optimised._:e : S L
_ (5) In the epitaxial n—type Si layer 700, the B "tEIf:iSf?fi
(boron) is diffused from the upper and lower parts thereof, B
.'20 to form the p-type isolation portion 900 and p-type well
"ffL 1000 as shown in Figure 5.¥;;q'* ' '

(6) The oxide film 800 is etched and removed.., :l- _[jéi:fgy

Nitride (Si3u4) is deposited on an oxide film 1100 formed R

. anew. and is selectively photoetched to form a nitride film"lfzfi -
25 1200. Using the nitride film 1200 as a mask, the surface ofy ;*Lfff“
. the n-type Si layer is locallydoxidi .

d to_form a'thick

LL field oxide f11m 1300 (1300a, 1300b, l300c) as shownuin



25 1200. 'Using the nitride film-2200'.as a mask, the surface of the.
n-type-Si-layer is locally oxidized to forma thICk field oxide film 1300 -
(;1300a, 1300b, 1300c) as shown in ~ 7 Figure.6. The field oxide fil®&™300 -
i ntrudes bel ow t he surface of the n- type Si | ayer 700 to a depth o P t 1
- um< and. one part thereof 1300a lies in contact wth the upper surface of

- the.p-type’isolation portion 900 SO as bf)forn1an 5 i'sol ation portion .
conmposed -of the two 1300a and 900. Anot her part 1300b.of the field oxide
film1300-is formed in a positioon where it lies in contact with the '

peri pheral part- of the p- type well, and it serves as an isolation portion
between the n-t yer &R I tyi 18eR8wt tA€00C
serves as :an. ﬁ%\?ﬁ?l "(')t?? d%ﬁe%et%ei\éwnét ilms #deoc?'gl(r&na sbage in -the

surface of thgugw a.lsf p&fé'ygr&rm ngd 1alyéxhqom+tbyraeaapthedfl apent L7amAs,

- shownin Figure 1400 i's fornmed by chem cal vapour

deposi tion. (hgpgi ghe! purtt endwsbt Q4¥0a 1ikds dnd contact wiehethel uppgEned by _
photoetching. Using the CVD oxide film 1400 and the field oxide film - :

1300a, 1300c garfad@séf tioe p-type duisition @orkiendi900usedasnte §°5§r?ﬁof
the. n-type. l-ayer. 700 of the bipolar portion, wherehy the p- t§ﬁ8 base 1500
of the n-psn isehationrpoxtiomeepmpesed fof Zh%lﬁ'{&ﬁé?toaf *The depth

o éQef T 14bnorbeRcRaEy TSR AF e Field oxide’ flin 1500l T okkea b8
a position where it lies in contact with the peripheral part-
va' ) : of the p-type well, and it serves as an isolation portion :
between the n—type layer and p—type well, Still another-
= 10 part-l300c_serves as an isolation portion between the
o collector and baSe-in the'surface of the bipolar_portion
_ , formed in the n+—type buried 1ayer.."f
et w2 (7) ‘Bs’shown in Figure 7, an 510z £ilm. 1400 .is formed
'-by chemical vapour deposition (hereinbelow, termed 'CVD'), _'
{15:and a part thereof is opened by photoetching. Using the CVD
. - oxide £ilm 1400 and the field oxide £ilm 1300a, 1300¢ as a
| f;';mask, ‘boron. is deposited on and diffused into a part of the't'
: -n-type layer 700 of the bipolar portion, whereby the p-type :'
~f[7base 1500 of the: n-p-n transistor is formed in self—' |
“**iq:alignment fashion. The depth of the base in this case is
;:%jirendered approximately 0.7 um._.e-¢e,~i,-433 - ' ”
- (8) After the oxide £ilm 1400 formed by the e and a
ib-thin oxide film on the surface of . the Si layer have been-
| "fetched and- removed, a gate oxide film 1600 is formed by :

| _25 thermal oxidation, and si is deposited thereon from a vapour_ :

-'.;{phase 8o as to form a- polycrystalline si 1ayer. Photoetching_i_f-_

R "_'.is subsequently performed to leave polycrystalline si gates :



ide filmon the surface of the Si |ayer have been etched

: T(HL a gate oxide film 1600 is. forned by .25 thermal oxi dation; and o

- Sl d osi ted thereon from a vapour- phase so.as to forma’ polycrystalllne -
Si'Ia _ Photoetchlng i s subsequently perforned to | eave polycrystalline

' gates - 81700 -on the MOS FET side as shown in Figure-8. A'nmask made .

of an oxide film 1800 is reforned Usigng t he’ field oxi de fi'lm 13003, 1300hb _

~and pol ycrystalline Si. gate 1700 as a mask, boron (B) s deposited (or -

thin g

- ion-inplanted) and 5. di f fused, mhereby the source and drain -1900 of the-

p- channel” OS FET are formed in selg alhgnnent f ashi on. ] Zg? gﬁgtgxpge ;an{; B
ere err o

P00’ PoniRy i b HR°pER n3AG0 AR sParnoaR RAlRES! 610 A ek uade

~ph0toetCh6d°E0aSp%&1 @rki Olhhgr?%frggo?ﬁgﬁn-|8§§é$e%€ t%i?ﬁﬁsen (As)

deposited (or ion-inplanted) uséd ® N+ type _dm

nd o] h n .the.
Styne ol 13015408, 03008 A gsngertPEaitink sl Gasd g0 asla | N0

. col | ector - ( mask3Cbopoht (B - 1B A3p6svtedheop- mﬂ-iﬁﬁméapranﬂhe -dept h of.

the emtter in this. case-is rendered approximtely 0.4 [err]. The
col | ect o5 nd}fﬁubbdbeWhenebyeﬂheosderpeaandodrehnhl’ﬁﬁ!oﬂ-th@mp*chanﬁélayer

-d'SOO by anot her -step 10) . The oxi-de-fil m 2000 is renoved, . and-an |nsulat-
20 ing f| | nMOBOBES; a%é?ﬁﬂ@@pﬁ%s?#l&ﬁ?b’-@%&? fashien | Kthe depth of

o the p*-type source in this case is rendered 0 4 - 0 5 um. . -
. | (9) The oxide £ilm 1800 is removed An oxide film ' ﬁ',s“;;:
:-”2000 is formed anew by CVD, and is photoetched to open parts o
;1o'thereof as shown in Figure 9. Arsenic (As) is deposited (or
*’ion-implanted) and then diffused, ‘thereby  to form. thetl -
-tYpe source and drain 2100 of the'n-channel Mos FET in 3:lt't
B the surface of. the p-type well 1000 and also to form the n* _ g
_'=l-type emitter 2200 and n*-type collector (contact portion {.f""“'”:
. 17:7J15 2300 of the n-p-n transistor. The depth of the emitter in

':this case is rendered approximately 0. 4 um. The collector -

R Vmay well be rendered so deep as to reach the n*-type buried -1{£i;i:1
layer 300 by another step.-_ _ R _ i*';“ o
o (10) The oxide £ilm 2000 is removed, and an’ insulat-.,i.fgif:i

o Zdting film 2400 of PSG (phosphosilicate glass) or. the like is f,rﬁ'.“H
'“ffformed on the whole surface.; After photoetching the PSG

'*}?n'film to form contact holes, Al (aluminum) is evaporated, and

dthe Al is photoetched. Thus, electrodes 2500 ohmically |

‘ "connected to the respective semiconductor regions are com- |
:-Lis-pleted as shown in Figure 10. Although not shown in the
"¥~figure, gate Al electrodes are led out v1a through holes

'?provided in the PSG film in the exten31ons of the




4

formed on the whol e surface. After phot-oet ching the PSG filmto form
contact holes, Al (aluminum is evaporated, and the AL is photoetched.. -
Thus, electrodes 2500 ohmically connected to the respective. sem conduct R
reglons are com 25 pleted as shown in Figure 10. Al though not shown i e
figure, gate Al. el ectrodes-are |ed out V|a t hrough hol es prOV|ded in th

PS ilmin the extensions of the | ycrystalline Si gates. Figure 11°
shows an inpurity. density profile in the section of a part of the n-channel
MOS PET (sectlon B- B in Figure 19) manufactured by the foregoing

P ToTS formed in B shage rouhioh it g Groct y coun et with the b -type
sﬁgsé;gtg;thzbngZFEﬁaggi?ﬂdsﬂd?ﬁte%nrd d|ffus|i£s for form ng tEepmeLYp o
gzéieﬂelgokzagt) canf%ﬂ F%nggrd%° @ %irﬁ ﬁﬁgﬁg gEB%%e&EpEPglohpe 3
upper | ayer tge?q(%rg&r#‘t ﬁ?'l%&éﬁffﬁ%#%%iwﬁﬁtg%dﬂtﬁﬂfl(mgggw B‘T‘hbg?

the ‘peri od Oféh;giggoeoi9§hﬂaﬂ@ﬁactﬁfidrE&“tﬁé”fdﬁﬁqﬁﬂuy‘ﬂﬂb@ﬂﬂd- region is

short- 15 ene ut [err] of that in the prior-art nethod, and the

“upward extgnsion” gh the émbbdlimenltldqsacribed hie dxigidiesdt ashmvc&lhebP‘ :
suppressed to about [err] of that .in thé prior-art nethod.
: type well is formed in a shape in which it is directly

coupled with the pT-type. substrate. In the upward and down—

-
%+ ~

~ | ) ward diffusions for forming the well, therefore, the density
. h of the diffusion from the lower portion (the p—type ‘buried _'

10 layer) can be rendered higher than that from the upper '
portion, and the downward diffusion rate can be increased in

the state in which the upper 1ayer to form the Mos FET

thereinqis.held at .a-low density.- Thus, the period of time “mﬁitzﬁ

of ‘the heat treatment for forming the well region is short- _
15 ened to about i of that in the prior-art method, ‘and the
| 'upward extension' of the n+ buried layer ‘on the bipolar

. side can be suppressed to about i of that in the prior-art
method. : qw.. B L | r,

.: | Accordingly,'even when the epitaxial layer is as thin
720 as 1 5 um - 3 .0 um, the 1ow-density epitaxial layer 0 7 um - ft
H:il 3 um thick remains even after the upward extension of the “

n+-type buried layer, so that the characteristics of ‘the B

T n—p-n transistor do not degrade.lﬁ _” _ T

: . ‘Since the nt buried layerlis not formed in the MOS
“ffzs.FET forming region, the heat treatment is not attended with
‘the diffusion of an impurity into the epitaxial layer, so o

'that the source-drain breakdown voltage ‘does not degrade.



Accordingly, even when the epitaxial layer is as thin 20 as 1.5 [err] .- 3.0
[err] the lowdensity epitaxial layer 0.7 [err] - 1.3 [err] thick rendins-

even aft t he- upmerd'eXtenS|on of the n+-type buried |ayer, so that the

charaq gti cs of the n-p-n transistor do not degrade Since the n+ buried.

I ayer N s _+ot . formed in the MOS 25 FET form ng regi on, t he heat t'reat nent s

- not attended with the diffusion of “an 1@purity into the epltaX|aI Iaye{ '
“that the.source-drain breakdown voltage does not .degrade. = 10 Al so;" the R
- inpurity s i'ntroduced into the major sur- faces of the isolation formng
region and the p-type well formng region at the density at whichthe -

p-type wel I Ttonmes Aldisbavehéhimpptitynisnpatréducedsinto theinaﬁoﬂusur-

treatment 5 is conducted to formthe p-type well and the‘isol ati-on region..

The thick ofhgesfpfnthe iselatiowrfoonieg xegion andithe @rbyes oeldo as to .-
"~ prevent the appearance,of a para-_sitjc channe] ascribable to the inversion j.]
~of the [e*rrf°rF'§BS §ﬂ‘é§9¥a¥% th?’h‘?%“?hﬂﬁka'bx‘l’wlhq-hﬁ sReT'ﬂ&,e A gomesmsk -
~for 10 the usi op, of 1 basg of rans stor thls manner, .

e acepe” afe’ hie Bof,shEints: Sudie L FF Sefaftla il § StieRdos

The -t hi clg oxde sp.h @@g t |lgn amtance

is small, IS sébt 18£g%glr:a§| ﬁa g%ﬁﬁl ?d%; r%ésil']rgt olﬁ]letsﬂéjnomfBt Cc’gir)aded :

addi ti on 5'9&61696 dTheUEhP@kqui@@ f&iﬁfﬁszhereafter f£ormed ‘on the .

t_isolation region so-as to prevent the appearance of a para-.. ff:f;--
_ fsitic channel ascribable to the inversion of the P —type B ;

_ substrate. This thick oxide film serves also as a mask for 'f?hr'
10.the diffusion of the base of the n-p-n transistor.:;__- 'fiﬁ }-

| ‘ In this manner. the steps are made common to prevent 3We“ph

the increase of the number of steps. fThe thick oxide film --"':?f”f

' “also has the advantage that the junction capacitance is e f”f*i'?
.:;l:small, so the operating speed of the transistor is not ';h-',
'1'5’degraded-_'_ PR NI A RS - f. T
. ilhh;*;-yu' In addition, since the diffusion of the p-type well hffhz"
| — “and that of the isolation p-type 1ayer are simultaneously | ::Qﬁi:ﬂ

performed from below, the process is shortened, and the

o wlateral spread of the portions can be suppressed.

'“_gq,ea;_;f The formation of the field oxide film requires a heat .-:;-'L

;;fjtreatment at a temperature of about 100 °c for about 7 hours_g57

':iin case of the normal pressure.. since, however, this temp-"f’u'

_'erature is low in comparison wzth 1200 °c which is the temp-f__,,”” :

' =_erature of the diffusion of the p-type well, the heat
_-25 treatment 11tt1e affects the upward extension of the n+-type '
| buried layer._jfz_,; o | '

As explained above, according to the present inven- -

.

.\ N




and that of the isolation p-type |ayer are sinultaneously perforned from
bel'ow, the process.is shortened, and the |ateral spread of the portions-can:
be suppressed. 20 - The formation . of the field oxide film requiFes a
heat treatment at a tenperature of about [err] for -about 7 hours.iin ,f
the nor mal pressure Since, however, this tenp- erature is lowin ~
"cowarrson “with 1200 C\/\/mch is. the teml erature of-the diffusion of the
p-type well, the heat 25 treatnent little affects the upward extension of
“the n+-type buried |ayer. As explained above, according to the present
~inven- . tion, a thin fast-operating bi poI ar transi st'or having an

epitaxial |ayefoghos Gyl Gitioderat {nyf Hipolar Erank sesgrrh%faqtgncoéxr st

with a MOS F e area of can be- re uce ereby a "
Bi-MOS 1 C of 4 0ba 0081 aldyir SaRd aeiﬁcinleersgqscspaﬁr by gassbesppemmieeed The
present invention is applicable at least to the general processes of -
Bi -CMOS 1 Cs apel &e:&h:ﬁlM’lﬂi dVdS GET,2aRd ithies arbhcofi thecebement | gamhen
-appl ied'to devices aimng at a higher operating speed and a-hi gh-density of
i ntegration, Berrehued e wherehy @ Mﬂacobfahibbagpelaklgat speed and?
CLAI M5: -

5 large capacity can be provided. "The . present invention is
' -applxcable at least to the general processes of Bi-CMOS ICs

and Bi-n-channel MOS ICs, and it is effective especially

-
/

. . _when applied t_:o devices _aiming at a higher operating speed
an'd'a'_hi'gh density_ of .integration, for example, a 'gate array

10 of at least 1 k gates. .



| . A net hod of_nanUfactUrin a semn conductor inte- rated GIFCUIt deV|ce

~conprising: (1) the step of mt’ﬂlimm' mnlullnml‘lty of a5 first o o
- condugtivity type into a plural ne major sutface of ;a faj

e containing a first conducfi vt Yy Stype i mpurity,. to forn1a B
~of inpurity-doped regions mhlch have an inpurity density hlgher :
¢ of said substrates 10 12 (2) the step of formng an. \f )
epi t axi al sem - conductor | ayer containing an i npurity of. a séecond conduct-as
ivity type, on the majoor surface of said substrate; - (3) the step of -

introducing a first- conductivity type I.mpurity si‘multaneously into those '"7Lff
“parts -of th SiMsace 15 of said epltaX|aI sem.conductor. | ayer which overlie -
-said pIuraH§1r1%§|rnnu|ty doped regions; (4) the step -of di-ffusing the-U

first conductivity itypa mdthod! bEOmanaiEdcRuringi bysehitondictyr diwes-
" regions into said epitaxial sem conductor |ayer by heat treatnent, 20 and

~ .subj ecting igratidd cireudit! device t:bmpfru.sihgconduct ivity type i n’pun ty - B
‘introduced i-n the major surface of said epi- taxi al  sem conductor |ayer to',ﬁc
~‘connect toget her the ditilushe is&por off dntradngingeancimpurity @ffausions -
‘and to forma PN junction isolation portion_:and sen1conducto% %%glon for

. .25 fornihg Hows qqgﬁu"("é)"ittWe typep igtos @ B&PW@E}?Yf of nPagEts @ oxi de..
. '_f '1'm on a' _mﬂao orS usruf&ca%eogfs g d %l ta@ alcon%g]iningugt ?irst conductiv- R
| o ity type impurity, to form a plurality of impurity-doped _
Q'regions which have an impurity density higher than that of - '“kiij;
' . said substrate; L R o ' N o
10 ”': o (2) the step of forming an epitaxial semi-:. '
S onductor layer containing an impurity of a second conduct-'i
iv1ty type, on the major surface of said substrate; -
) ,;;1'r (3) the step of introducing a first conductivity
type impurity simultaneously into those parts of the surface o
]f15 of said epitaxial semiconductor 1ayer which overlie said
'hf plurality of impurity—doped regions: o
: ' '. (4) the step of diffusing the first conductivity
type impurity of said plurality of impurity—doped regions o
into said epitaxial semiconductor layer by heat treatment, | |
.20 and subjecting to drive-in diffusion the first conductivity .'”': i;
: type impurity introduced in the major surface of said epi--

taxial semiconductor layer. to connect together the diffused s

1ayers formed by the respective diffusions and to form a PN fif'w
Junction isolation portion and a_semiconductor_region for_
"'-rzé forming a MOS FET; "'-_'_I'f_';,'ina.-f' DA |
' (5) the step of selectively forming a thick oxide :

film on a major surface of said epitaxial semiconductor



13 Iayer which overlies said inpurity—doped—regionfor the PN junction

- isolation portion; (6) t-he step of FET in said sem - .. =
" donduct-or region; ‘and 5 _ Ilﬂ EMJ' ﬂtmf f ormi ng a bi pol ar, : '
transistor in another part of sal sconduct or | ayer. 2.7 .
ording

met hod of- nanufacturlng a sen1conductor integrated-circuit device acc
to\€la|n1l conprising the step of |ntrodu;|ng a first conductivity type:
impurity 10 into a selected part of the major surface of said epitaxial .-
semi conduct or ' | ayer by using as-a mask said thick oxide filmformed on said
maj or- surface of said isolation region, to forma base of the bipolar .
transistor. 3layér whiel GferBIuE afd i | bt IR Udopiadl ¢t *1”5‘.8 tg o 0Pt €d
circuit device according to C.aim 2, conprising the steg |nfro ucing a

second conducnunctyonyrsnlaqiontgortﬁongum d base of "said bipol ar
transistor, to forman emtter thereof, and introducing sai d second

conduct|V|ty type |npurltgﬁz#hﬁ)sbqR)Qﬁufdhming thedMOSi FETYihypaid semi-
sem conductor 20_regions,- to forma source and a drain of said MOS FET. .4.

" A met hod -of rEPRAYRERR |‘fﬂf’é"§erﬂ”<§onduct or integrated circuit device,
substantl | y. as any des d herein w th reference to the acconpanying -

drawi ngs. 5. A sem condﬁfc’t ﬁ ‘i@tj’r cforming . &évpéernﬁaengssmrnéa

met hod accor Cﬁﬁlﬂ:ﬁé} Pard'st Ya il epl'ea&idh n%eﬁt'i%'oglductor layer. '

‘2. A method of manufacturing a semiconductor e

s

_ integrated circuit device according to c1aim l, comprising _
- the step of introducing a first conductivity type impurity %ﬁ‘.:f
10 into a selected part of the major surface of said epitaxial gi;ﬁ;.
semiconductor layer by using as- a mask said thick oxide film_h e
- formed on said major surface of said‘isolation region, to D
'form a. ‘base of the bipolarttransistor. _;;hﬁ-fg;ﬁy-s; - “ﬁ%&gfffsﬁ.;
| | - 3. ‘A method of manufacturing a semiconductor inte-'v :
'15_grated circuit device according to c1aim ‘24 comprising the"
7step of introducing a second conductivity type impurity into‘r:f’-""E
| said base of ‘said bipolar transistor, to form an’ emitter
\f; _- -thereof, and introducing said second conductivity type |
' | rimpurity also into the first conductivity type semiconductor gi e
20 regions, to form a source and a drain of said Mos FET. o
_ ;, _ _54. a method of manufacturing a semiconductor o
' 1-[-integrated circuit device, substantially as any described N
;herein with reference to the accompanying drawings.'
5. A semiconductor integrated circuit device made.

25 using a method according to. any one of the preceding claims.




