2107117 SEM CONDUCTOR | NTEGRATED Cl RCUI T DEVI CES AND METHOD OF
MANUFACTURI NG THE SAME. The present invention relates to a sem conductor

_i.ntegrated circuit device having a conplenentary insul ated gate
effect transistor circuit and an integrated injection logic circ

"Sem conduct or

integrated circuit devices ( ereinafter 2 10 referred tf

ST

sang .sem conduct or substrate, and to a nmethod of manufacturing the sa @

CM SFET-[err]
“transistor circuit (hereinafter referred to as a CM SFET) and an i nt egrat ed

injection logic 2 circuit (hereinafter

| Cs) having a conpl ementary Thsul ated gate field effect

semi-conduct or subst r at eggMEMENIRIRIFO TN GROAE DK taWuT TFBEVEBESi NSt ance, a

'CM SFET- |

L I'C has beermdofsSTroSed Im UTTTed States Patent No. 4122481 or

Japanese Patent Lai d- Operang. MESRIRR (OFO #MANUPAE TUR INGE THEN ShRES €
publ i cati ons,

process.

a CM SFET-[err] TC 1s manufactured through a conplicated

Therefore, it has been attenpted to formsem - 20 conductor

regi ons whi ch constitute a CM SFET circuit and 2 sem conductor regi ons
whi ch constitute an ITH?(ﬁ#QﬁﬁQttkﬁW%}ﬂﬂﬂy Felatesepe assemicandpetarhpl e.
For exanple

wel |

\v)

regionéforl%ﬁF?
be forned sinult neo S| n,a ,CM. SEET-
menti oned net ho %owev%dr ezqén
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accordl%ék Japanese Pat ent Lai d- Open No. 52482/ 1979, _the
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1njectlon logic circuit on the same semiconductor substrate
and to a method of manufacturing_the same.

Semiconductor integreted circuit deﬁiees (hereinafter
referred to as CMISFET-IZL ICs) having a complementary
1nsulated gate field effect tran51stor circuit (herelnafter
referred to as a CMISFET) and an 1ntegrated lnjectlon loglc
circuit (hereinafter referred_td as an IzL ) on the“same
semiconduetor“subetrate, have heretofore been known. For
instance, a CMISFET-I°L IC has been dieel6sed ir_ﬁnited |
States Patent No. 4122481 or in'JaEanese'Patent Laid-Open

o. 52482/1979. As is seen'in'these publications, a

CMISFET-I“L IC.is.menufactured through a complicated

- process. Therefore, it has been attempted to form semi-

cdndﬁctor'regidns which constitute a CMISFET circuit and
semiconducror regions.which.censtitute en Izﬁ.eircuit using
theesame steps as farras:pdssible; Por'egample;'accqrding
to_Japanese Patent Laid-Open No. 52482/1979,_the.we11
.reéion for an IZL'aﬁd"the well regioﬁ for_en N-channel
MOSFET can be formed simultaneously.

“In a CMISFET-IZL IC obtained through the above-

mentioned'method, howeVer, the'electrical characteristics

referred to as an [err] on the sane

in -

an
e-



22- of either the OM SFET or the | L nust be sacrificed. Accordi ng to a
study conducted by the inventors of the present-invention, in order to

Sinprgue~the electrical characteristics w thout reducing the degree of N
i nt ggnati on, 5 it was confirnmed that:- the inpurity concentration plays a .. _
“very ifrgoftant role in the emtter region of the inverse 2 transistors tk{a}
oper As driver transistors in t+Be | L, and in the sem conductor region '

_ egi on) where channels are fornmed in the CM SFET anong the plurality
of 10 sem conductor regions that constitute the integrated circuit. These
I nverse transistors each have a‘'col |l egtor region, a base region and an . :

‘eni tt er of g1 bR hblee LUIFRERRF i 18 ke LdMtoRRGAGFT ddFES-ate in that order

fromthe main surf&Ce t owar e of.the substrate. Thuys the 15
LI e WY HEOLS SPi nary

d-the insi

i nverse transtStRFHRI st r%%‘f‘g’ﬁ. FPRESH 5 _ -
transis Wi ch, i VAR SN € A@?y% rJn hter and wel |
regi onsus?lénﬁ*?%%@%us?‘\{/mﬁ&?hen?%p%% f_/.é_j%oln en;‘{é;tﬁndéqngﬁ;tseg%ré?gésed I n order
to increRapatPEr L6188 wARUL | FUOThd atOTadred o0 inlthRyravimse -
~transistors in an [err],- the operating frequency of the CM SFET decreases.
Thas i siti®ashConfpriied Yt g0 el rivipuri 4y ddrcemtidatieg @lays & gh, the.
-depletion |ayer spreads |ess easily. Therefore, the junction capacity

i ncr easeeryoimpartate sale cin nithepnidtteansadiahe23heCinSEEFeare no | onger

capabl e of follow ng high-frequency signals. To increase theoperating
f r equentyang hgtems cthat operate as ‘driver transistors in the I'L, _

and in the semiconductor region (well region) where o U i
channels are formed in the CMISFET among the plurality of
10 téemiconductdr régions that c¢nstitute_the-ihtegrated_
circuit. These'inﬁe;se trénsistors each have a collector
‘region, a base.régioQ aﬁd an -emitter region that are fgrmed
in the semicéﬁducto: substrate in that Qrdef frpm.the main
surface toward thé_inside_of the subétrate, Thus the |
15 inverse transistor is cbnsﬁ:ucted in the-opposife way to an
'Qrdinary traﬁsisﬁor;.whigh'is why it is so called. |
When forming the emitter-and well :égions
éimultaneoﬁsly;.if the_impuriiy concéntratidn_ié_increased
in 6rder £o increase the current amplificatioh,factor Bi of
- 20 the invérse'trénsistors in an IZL, the operating f:equency'
of the CﬂISFET'decreéseé._ That is, if the impurity -
cOngenﬁratioﬁ in ;he;well_regioﬁ is hiéh, theidepletion'
iayer spréadszlgSS easiiy. Therefdre, the junciion
capacity increaseg”so'that the;switchinq operations_of the
25 CMISFET ére no longér-capable of fqllowing high-fréquency
sighalsf Tb ihcrease the opérating freguency, thé gate |

width_of-the MISFETs must be increased to inCréése the



width of the M SFETs nust be increased to increase the current capacity.
Therefore, the M SFETs occupy an increased area, and the degree of -
i ategration decreases. On the other hand, if the inpurity concentrations.

in these regions are made small in order to inprove the operating freque ‘\\
of & the CM SFET, the current anplifi-cation. factor Bi becomes small, \

oper ati.ng speed of the [err]. decreases, and the power consunption L
i ncreases. I'n Japanese Patent Laid-Open hb, 52482/1979, further- nore, the
source and drain regions of the MSFETs are forned 10  prior-to the

formation of the, %?ém‘far?@“ﬁ% e nc&ﬁxesﬂIgﬁlrLﬁgﬁggué@ﬁﬁii’r‘?cfé’aée@

gate el ectrodes. redgion in the

sem conductor rggion iﬁﬁf%%h'de&ﬁee\%ﬁ|1dﬁﬂyﬁ¥%r%hed@95e§§EE al¢ﬂn@ﬂe other
either. Therefore, a sufficient” masking nmargi n nust be prOV|ded

Accordingly, ithéeepnes ¢hé fimpurdigyw dihidi!ﬁtr@MxSEETi['AEE.h}:séCﬁegﬂoﬁs hapdl y

- i ntegrated fornl.FurthernDre United States Patent No. 4122481 or Japanese
Pat ent Lai d- Opemadip. sib@UB2ir INSiaio twotimpieyiedéhet hperekingofisegpendy tdfe
connection between the CM SFET circuit 2 20 __and the |I L circuit. In a

first aspec? theh@rEMEFKET nvidie icoH ey M’@l‘fﬁ%ﬁ’!‘déécﬁ%eﬁ%cmw

integrated circuit_device com prisi pi taxial sem conductor er
having a first tBaHbct FR§ (9P an%ﬁﬁfagé% t&@nﬁc&n GEFSPsgﬁbS??%I e first

25 and second SgﬂéPQQﬂﬂg&ﬁgt%%ﬂ'1dé¥¥é££% havi ng a second

: \*j- ' ' In Japanese Patent La1d-0pen No. 52482/1979 further-
| more, the source and draln regions of the MISFETs are formed
10 prior to tﬁe formationlof'the gate electrodes. ehd are not
| self-aligned relative_to'the gate electrodes. Similarly,
ehe well regioh in the Izp and thersemiconductor'region
formed in the well region ere.not:seif—aligned, either._
Therefore, a suff1c1ent masklng margln must be provided.
15 'Accordlngly. it becomes dlfflcult to obtaln CMISFET-IZL ICs'
in a highly integrated form. _
. Furthermore, UniteoIStates Peteoﬁ'No. 4122481 or
s Jepaﬂese Patent beid—Open No. 52482/1979 do not oonSidef the
relationship of the connection between the CMIS?ET_cireﬁit
20 and the I’L circuit. |
| In a firsﬁ aspect the present invention therefore
provxdes a semlconductor 1ntegrated c1rcu1t dev1ce com~
. prising an epxtaxlal semlconductor 1ayer having a first
conduct1v1ty type formed on a sem1conductor substrate, flrst
25 and second semiconductor well regions having a second
conductivity t&pe opposite to said first conductivity type

that are formed in the epitaxial semiconductor layer



" of a

conductivity type opposite to said first conductivity type that are formed -
In the epitaxial sem conductor |ayer - 4 - separated fromeach other, a
regi ons which constitute the elenents of .

pIuraP‘ of third sem - conductor

an | Sy fuit that is formed in the first sem conductor region, and a .

pl ural of fourth sem conduct or régl"ons which 5 constitute the el errenij
SFET circuit that is formed in the second sem conductor region,

wherein the first seni- conductor region has aninpurity concentration that

i s greats@ipdriaded Bomd aEpleoggggnd igﬂgg{lggct O§< {,‘b’?‘é‘? % Enbodi nents of the -

i nvention will now be describ “E‘h reference to

the acceonduyitds ee@%ﬂgSwhmcnhbshstEth lth 2 of an
integrated circuit according to the flrs? e dﬁéﬁgﬁé Eﬂ grébent :

i nvent i GAFcRigsthas te Pbrmed Smcthenpdryi ey@nféo&d&&%f Tddi®nl5 process.
- for producing the integrated eircuit of Fig.- 1; Fig. 3 is.d cCi Weuit di agram
_mhlch séﬁénﬂtPé&FPQlFVI9§tfenetht$Emi¢onﬂuc£ﬂxxhé§¥6nslﬂhlchﬂ is a plan view
%h schenatlcallz shows -t he |'ayout of ‘the connection between circuit | -
ci r GAPEEEFUSE the elgrents mé a MISFET gqirguit ehayf itsh€ormed |

- and
ransi rs rcul I'agram show n h n
_t ans SER the sgcgnd semlcogﬁuétgr éLé%%ét She;eléaéhe?fiigi geml_

conductor reglon has an impurity concentratlon that is.
greater than that of the second semlconductor region.
Embodlments of the lnventlon w111 now be descrlbed by._ o : ;*J
;0' way of example, with reference to the accompanylng draw1ngs- |
in which: '
Flg. 1 is a sectlonal v1ew of an 1ntegrated.c1rcu1t.
_ accordlng to the flrst embodiment of the present 1nventlon:
Figs. 2A to 2H are sectlonal v1ews of steps in the
15 process for produc1ng the lntegrated clrcult of Flg.”lJ
| Fig. 3 is a-c1rcu1t dlagram which schematlcally
illustrates the flrst embodlment, - '
. Fig. 4 is a plan view which schematlcally shows the —_
layout of the connection between circuit I and circuit II |
.20  of Flg. 3; o

Fig. 5 is a plan view of the load transistor;



enbodi nent of the present'invention Fig 7 is a circuit diagram show ng

the third enbodinent; 5 Fig. 8 is a sectional view of an integrated
ciercuit according to the fourth enbodi ment of the present invention; QLE\
Flgfr9 is acircuit di agr am whi ch schematical ly illustrates the fourt

enbadi nent. 10 Reference will first be made to Figs. 1 to 5,

illustrate a fi'rst enbodi nent of the present invention. Fig. 1-is a diagram
showi ng the construction of a 2 CM SFET-[€éri] |C according to the present

i nvention; in which the region X1 shows the construction of the

conpl ementary 15 M SFETs, and the region X2 shows the construction of the

[err] elements: As shpyg ip Fila dirdthd ki £QRENIHARMNG R4 GRSonkihe

integrated circuit of t i s enbodi nent is prepared by growi ng a p-type

epitaxial 20 | auBbd2mehtaok Ovhé NPresdnt Caifaiilcisi on on a p-type silicon
substrate 1 of .a low inpurity concentration. Reference nunber- 16 denotes

-an n -type buried, [ ayBigtofnmks ancircuit @iagtdm radgiwimg fthie whikdf orm t he |
L circuit, 3 denotes a first n-type well region of a | ow concentration
fornmed in 25 tRebpdipentiepitaxial layer 2, and 4 denotes a second n-type
wel I region having an lnpurlt concentratj on snaller than that .of .the first
n-type wel | Sregion 3. Figp ?ngoﬁs?%E§9Qﬁa¥1V1ew of an lntegrated c1rcu1t

'~ according to the fourth emqulment of the present
~ invention; and
A . Figq. 9 is a circuit diagram'which sehematically
illustratee the fourth embodimenf.' | |
10 ' Reference will first be made to Figs. 1 to 5, which
" illustrate a firs£ embodiment of the p;eseht invention. .
| Fig. 1 is a'diagram shdﬁing the coﬂstruction of a
'CMISEET-IZL IC aécording'to the present invention, in which
the region Xl shewé the.constfuetien of the complementary
15 MISFETs, and the region xz_shows the coﬁstruction_of the
VIZL elements. |
) | As shown in Figqg. 1, unllke convent10na1 dev1ces, the
~ Lntegrated czrcult of
thls embodlment.ls prepared by growing a p-type epitaxial
20 layer 2 of a low impurity concentration on ‘a p-type'silicen
. substrate 1 of a low.impufity eohcentration. -Reference |
humber 16 denotes an n+-t§pe buried[layer formed under the
well region that will form the 1%L, circuit, 3 denotes a
fifst'n-tYpe well region of'a'low conéehtration*formed ih
25 the p-type ep1tax1a1 layer 2, and 4 denotes a seoond n-type well
| reglon having an 1mpur1ty concentration smaller than that -

: of the first n-type well region 3. Aan 12L consists of a



o<

-6- p-type injector region 5 a p-type base region 6 of an npn inverse
transistor, an n -type collector region 7 of the npn inverse transistor and
an n - . emtter contact region 8 formed in the first n-type well region
3. ThE?%D n-type well region 3 forns an emtter region for the npn :
i nvers&_transi stor. A p-channel M SFET consists of p -type source and - r

~drain regions 9 forned in the secegd n-type well region 4, a gate _
~insulation film 11, .and a polycrystalline silicon |ayer 14 that serves as a
gate electrode. An 10 n-channel M SFET consists of n -type source and
drai.n regions 10 forned in the p -type layer where no well region is :
fornmed, Patyaeeinrdeeter i 6p0¥on .12 rRokyRe feisec megianl nefsihi opn | ayer 15
that serves as a gate electrode, Figs. 2A-to 2H are diagrans illustrating
the protB¥ETi® L¥HMSHFWRACi Iy » ih¥RR Sfldissran wegiionofl pEgthe. 2 _
. Conpl e a Is_are forned. in the area X1, .and | L elenents are
fornednﬁﬁﬁt%%Y%%%gEaéén?#ﬁEﬁﬁi?ﬁfti?Iﬂgi?ﬁgﬁ eMLEERE GOPFBET npurities such
as arsepigs b réd tidel vty odyged iR 20 redeterm ned
porti onP% 1%%{’%%%‘@&3? Iailrrgoéni%s%s%s\réat% e#be;_g)%iliﬁf%seigé%gt géhn'lrages or ion
| D ant @ ¢ Pfle LRETINI FaPton AN Edimis) R EAAEeY lrleg3Bn EoUCPAS] ﬁﬁﬁ’. on
the' substrate by .epitaxial growh to forma p -type epitaxial |ayer 2
(i npur i iyverse entarsgistomN 0 b5 a1 MISFETACohBEseaNBEt pieryga 25 n.
-type -buried layer 16 is also formed owing to the diffusion of the n-type
i npur i tsearcenanh dwaim mrEgjionaB 9 fiommedy ia whel seeghdnnétiype well

region 4, a gate insu;ation_film ll,.aﬁd a polycrystalline o K;j
éilicon layer 14_that serves as a gate electrode. An o
10 n-chanhel'MISEET consists of h+-type SOufce aﬁd dréiﬁ 
'_regions 10 fo:med-in the p--type iayér where no well fegion
_is_formed;'a,gate insulation_film 12, aﬂd a polycrystalline
silicon léyer.ls_that serves as a gate éleétrode. '
- ?igs. 2A:to 2H are diagfams illuétrating the pfocesé
is for producing the integrated cifcuit_qf'Fig. 1. |
Complementary MiSFETs are formed in the area Xl; and_I?L
elements are formed in the_a:ea xz. '
| Referring to Fig. ZA, first, n-typé_impurities such
as:arsehic'impu;ities are selectiveiy.intrqducéd into.a
20 predetermined_pof£ioﬁ.offa ﬁ-tfpe silicdn_$§b$trétefl by“
o diffu#ion techﬁiques or ibnzimplantation:techniques, aﬁd
Pftype_doped silicon.is depdsited Oh thé'substﬁate by'-
epitaxial grthh_ 1_':__0 form a p -type epifaxial layer 2 (inwfity

15 :
, atqms/¢m3). At the same time, an

concentration N: 10
+ C e il . '
25 n =-type buried layer 16 is also formed owing to the
diffusio@ of the_n-typé impu:itiésf_ |

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



p-type injector region 5 a p-type base region 6 of an npn inverse
transistor, an n -type collecter region 7 of the npn inverse transisto
ah n -type emitter contact region 8 forned in the first n-type wel E? on
3. _The 5 n-type well region 3 forms an emtter region for the nprs
inuggseftransistof; A p-channel M SFET consists of p -type source amd7drain-
regions 9 formed in the second n-type wellsiegion 4, a gate insulation film
11, and a polycrystalline silicon layer 14 that serves as a gate el ectrode.

" An 10 n-channel M SFET consists of [err]-type source and drain regions 10
formed in the p -type |ayer where no well region is forned, a gate .
insulation fil npd@yp@nihfedtdy afegiical 15 ,na p-typen bazgeregdonhét ofeanespas a
gate electrode. Figs.- 2Ato 2H are diagrans illustrating the process 15

“for producing thevensegrearesiisioruian of fEype tollecsopl argivary NESFEFs are
formed in the area X1, and | L elenments are fqrnmed in the area X2.. - -
"Referring to Figpn2inversettransiston mnd ian & ~&yPe £814te&nrenFadtrities
are selectively introduced into a 20 predeterm ned rtion of _a p@hépe

silicon substraf@Iiomy8 FPFMRY Ghp (tdteh filRids M5i=YPsn Wedl A5FAPPOR *t e&RRI ques,
and p-type doped silicon 4s_ deposife | t he t : epi.t.axi.al ‘oWt h
to fgrmyg p !to y‘béEY%?/e‘i’en]Zi (rf%%ﬁ?’} t%/e%t% aba eiH%%&r)Iﬁtggéi rat ?%% Elbalﬁgﬁ '
atoms/cm). Al hherSane LidBsedN. 2% glcHatifRe1PWrstdr @bAkisesi s£ab30type
formed owing to the diffusion of the n-type inpurities. As shown in Fig.

2B, an n*type_“§$ﬁréégéﬁﬁfakéih regions 9 formed in the second n-type well

\/ ' region 4, a gate insulation £ilm 11, and a polycrystaliine
silicon layér 14 that-Serves as a gafe electrode. An
10 n-channel MISFET consists of nt-type source and drain
regions 10 formed in the p--type 1ayer'whefe no well fegion
is formed,.a gate'ihsulation film 12, and a polycrystalline
silicqﬁ_layer'ls that serves_és a-gaﬁe eleétrode.
figs. 2A.to 2H are diagrams illustrating the process
15 for producing the-integra£ed_circuit-of Fig. 1.
| Complementary MISFEfs are;formed in the area Xi, and'Izt
elements are formed in the area X, '
Referring to Fig. 2A, fifst; n-type impurities'suchi
as arsenic impurities are séiéctively introduced into a
20 predetermined portion of a'ﬁ-type silicon substrate 1 by
diffusion techniques or ion implantation techniqués, and
p-type doped éilicbn is deposifed on the substfaﬁe by
epitaxial growth to fOrh'a'p’&type.layer.2:(impurity
concentration N:_lols-atoms/ém3); At the same time, an
25 n+—type bﬁriéd.layer 16lis also formed owing to the
diffusion of the n-type impurities. |

As shown in Fig. 2B, an n?tYpe well region 4 is



selectively forned in the p -type layer 2 in order to form p-channel
In order to selectively formthe n- type well region 4, an oxide

M SFETs..

nmet hod) .

region is to be forned and 10

of . a thi ckness of 500 angstroms is first formed by thernal

Then the oxide film 30 on that portion where the n-type well

by pl asma etching using a photoresist film (not _shown) as a mask,

t he surf%ﬁ%?Qﬁlw

all the
positio

n- type mell |ons are conpleted in this_stép so that al

R aQﬂq t”ﬁ?F S \elHp P66F5n§°aréeééFEFHFﬁedfﬁﬁmtﬁEen%sks

.4

on.the whole 5 surface of the p-type-epitaxial |ayer 2, and an
31 of a thickness of 1500 angstrons is forned theéreon by t he
vapor deposition nethod ¢HBreinafter referred to as the CVD

g{

the SI3Nd film 31, are selectively renoved

such t hat

t he

-Thereafter wi_ndqws for forn1 % %hﬁﬁ 3by§|tabkklﬁg éogz%%hgéofornythe

| ow concé’rﬁﬁ' atd c}h r[egrlrojn ar’e aé’m%‘r;e

phot or esj,te fided 32 a5 ShOWR éhgng?Nta%T 80081 BXREOhTBH' Lhé CnstEh as

phosphorus 1ons are inplante

atons/ ormt

wel I re@‘ﬁrfa%émafcftﬂaa@-% WebARHkE AY qap&enurahhanan é\i{g guﬁmﬁhe
e

I mpurity concentrationis [ow, the well region 4 should p

erably be

f or med hm.kﬁéa<ﬂhudnwesmtaflaﬁonehhgdtrbmselstfDSmadsshbteoﬁobyontro

concent

ration precisely. 25 .~ Then, the |low concentration n-type well

a thick

e n -type

t he

regi on Fhes cﬂmmmalayamepnsttgonzmethn«ﬂt éhethenpﬁbeoreeferrédl m32 is

renoved,

10

the n-type well region 4 is covered with a
to as the CVD method). Then the oxide film 30 on that

portion where the n-type well region is to be formed and

the'Si3N4 film 31, are selectively removed by plasme--

| etching using a photoresist film (not shown) as a mask,

such that the surface of the p-tYpe'epitexial layer 2 is

‘exposed. Masks for forming ali'the netype well regions are :-

completed in this step so that all the p051tlons of all the

15

20

25

well regions are determlned by the masks. Thereafter, the
windows for forming the n—type well regions that'form the

low-concentration IZL are covered with a suitable mask such

as a thick photoresist f£ilm 32 as shown in Fig. 2B, and

n-type impurities such as phosphorus ions are implanted

(N- 1016 atoms/cm }) to form the n —type well reglon 4 whlch

has a 1ow lmpurlty concentratxon. Although the 1mpur1ty '
concentration is low, the well region 4 should preferably
be formed by the ‘ion lmplantatlon method 51nce it is
posslble to_control the concentratlon prec13ely.

: Then, the low-concentratlon n-type well reglon 3 is
formed as shown in. Flg. 2C.' After the photore51st fllm 32 .

is removed, the n—type well reglon 4 is covered w1th a

p‘-qrwei dpi the B -ltaper 1avps 2xpBseader veakEOFBr for ming.

“



thick photoresist film33, and n-type inpurities such as phosphorus ions
are inplanted (N: 10 atons/[err]) to formthe | ow concentration n-t A
wet | “region 3. The well region 3 should preferably be formed by the (i )

i mplantation 5 technique since it is possible to control the inpunN
concsatration precisely as nentioned above. A field oxide filmis then
fornmed as shown in Fig. 2D. After the phot9955|st film33, the Si3Nd film .
31 and the [err] film30 are renoved in succession, an oxide film T[err] 10
film 34 of a thickness of 500 angstronms is fornmed by thermal oxidation on
t he exposed surfaces of the epitaxial layer 2, and then an Si3N4 film 35 of
a thickness of 1sBichnpsorenesist fTirkmddhy a(ddemmtlhv@lrlfhesswm asl'm
35 is then selectively renoved by plasnma etching usizng a 15 pRot or esi st
film (not shown)PheSRRGER%, ians (3ke iRl qrted (ﬁPI#PB4aF§mﬁéFF|éIF9 ERBBsed.

To prevent the fo I on of an i nversion nder the fie OXi film
-undgr ‘this condit %BiOYFTSRﬁFWFﬁﬁﬁﬁ?qeﬁfgﬁf Lib6}e'§'r’r°|nor?s ahg Egnted

e oo’ orEebtn [ PAEAE ded Ml 25 el BRBCLEH, T % pRaHin
oxi dation tosa tHhEkAERSe Oéu%@oi@r!&gtp’dyﬁb‘i%‘ S Tc'&?nt?b?iN@hE' EHE&?:.*.:W' ch

i's not permeable to"oxygen, as a nask.” Then, as shown in t he gate'

i nsul ation fil mcafcemiithtith gtsﬁeﬁ:ﬁeaqﬁ radl@ferfi olea IabSIGETs are formed.
After the [err] film34 and the Si3N4 film 35 are renoved, a gate

‘insul ation f|In1(S|C2 AlfI@ld&D#lﬂeniihm)xsIﬂhemkﬁe&medfaEOQhown in Fig. 2p.
-K/f- : After the photoreSLSt film 33, the Sl3N4 fllm 31 and the
.5102 £ilm 30 are removed 1n succe351on, an oxlde fllm (5102
lO. film) 34 of a thickness of 500 angstroms is formed by
- thermal oxidation on the exposed.sﬁrfaces of the'epiﬁaxial
. layer 2, and then an SJ.3N4 f11m 35 of a thickness of 1500
 'angstroms is ermed by the CVD method.  The 513N4 film 35
ié then selectively removedlby plasma etching using a
15 photbrésist £ilm (not_shown)_as a mask, so that the SiO2
- film 34 is §artially exposed. To preveﬁt thé'formation.of
an'inversion layer:under'the field oxide film under this
condition, p-type impu:ities.such as.boron ions are -
"implanted while the photoresist film is still in.plaée.,Thé
20 'photofesist film is then remoﬁed, and a field oxide film
-(5102 film) 17 is formed by'thermal oxidation to a
thickness of 9060 angstroms using the SisN, film 35,.which
is.not permeablé'to oxygen, as a:mask.
-Thén, as shown in fig. 2E, the gate ihsulétion films
25 and the gate electrodes of the MISFETs are formed. ~After_-'

"the-SiOé film 34 and ‘the 813N4 £ilm 35 are reﬁoved, a gate

insulation film (Sio2 film) is fo?med to a ‘thickness of 500



- 10 - angstroms by thernal oxi dation on the whole surface of t he exposed
layer 2. A polycrystalline silicon layer is then forned to a

epi taxi gl

t hi ckn€s¢

- CVD fﬁgé 5 Phosphorus inpurities are introduced into the

‘pol ycrys#al line silicon layer by diffusion to decrease its sheet re5|stamge

to such a level that it can be use@-as gate el ectrodes. To conplete the
gate el ectrodes, the polycrystalline silicon |ayer and the gate insul ation
film10 are selectlvely removed by plasma etching ‘'using a photoresist film
as a mask. The-gate insulation films 11,12 and the gate el ectrodes 14, 15 of
the M SREgstaemst hustberpabtegidapion ten sthe whoke surfane fafcahef t he

~epitaxial 2 layer 2 on the | L side is exposed. 15 ‘Next, a p-type - -
sem conaaepﬁedregremglfb@m 2s hRMLYTE¥FEplbime mildcon dapﬁeévent the .
exposed, ep| axi | aye e|n nat e an [err] film25 is
formed &8 5 BRi gﬁﬁ’@@é {)‘P ?‘ﬁ)g ?én%%s d'{zﬁbé‘?srré? Sati on on the

f h | f f th
ot ver yerarb] REER R CGE %gﬁg‘éb%%‘ﬁ‘gg B er;tn‘;[fl B 36 15 formed to a
thi gknesogbnd 208 ﬁﬂgéri€f§sb¥rérﬁhé%@hﬁ@%i“&hto1§ﬁe[err] film36 is

sel &ctively renpoved by plasma etching using a photoresist film (not shown)

as a Mepklytfyseapleré §1Eideskldsr vy MIRFddiRm o/ RRdre@isenses?5 Wen
form ng the nmask 36, the processing with photoresist does not require so

- high a gpheetstesistdhee tes, sudte ambéwemwﬁ::ft s:lt gldn Yes hidddedspr ovi ded t hat
its ends 36a, 36b and : o
gate electrodes. _-;o_complete the gate electrodes. the ' W/
'_polycrystalline silicon layer and the gate insulation film |
10 are selectiVely remo&ed by plasma etching dsing a.
.photoresist film-as.e_ﬁask. _-The gare icsulation:films_ll,lz
‘and the gate.electrodesil4,15 of the_MIS?ETs are thus
completed. At_the_same tiﬁe, the surface of the epitexial
layer 2 on the 1%L side is exposed.
.15' T Next, a p-type semiconductor region is formed as
fshown in Fig. 2F. First, to prevent the exposed epitaxial
leyer 2 from being contaminated; ao 3102 film 25 is formed -
to a thickness of 100 to 200 angstroms by thermal.oxidafion
.on the surface of the epitaxial layer 2, and elso on the
_20. surfaces of the polycrystalline silicon.layers 14,15, Then -
'an'Sioz film 36 is formed to a thlckness of 1500 angstroms
by the CVD method. The-8192 f11m 36 is selectlvely removed
by'plasma etching using a photoresist film (hot showni.as.a
‘mask, to complete the mask for forming the p-type reglons
25 When forming the- mask 36, the processing w1th photore51st

does.not requlre so hlgh a precision. That is, the mask

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

of 3500 angstronms on the whole surface of the substrate by the .



36c are on the field oxide film17. Then p-type inmpurities such ag” ‘pn
ions are inplanted (or diffused) into the surfaces of the n-type ;
r,egi ons 3,4 not. covered by the polycrystalline silicon |ayer 14, t field
oxide film17 5 and the nmask 36, in order to formthe p-type regions 5
and;§ 6 that serve as the injector and base of the | L, and to formthe p
-type source and drain regions 9 of the p-fehannel M SFETs. As will be
obvious fromFig. 2F, the p-type region 5 is self-aligned by the field
oxide film10 17, and the p -type source and drain regions 9 are self- .
aligned by the field oxide film 17 and by t-he polycrystalline silicon 14.
Next, as shown BBcFage @, thetFsld e izt dlictorl Tegilhen Peypel dophvakyjes
fornmed in the epitaxial layer 2 and 15 in the n-type well region 3. First,
the [err] film Sechsaschoven, iongl aredrglantyed (9f fiitused)dateothe |
t hi ckness of 1500 angstrons bg t he CVQESE%hOd” Thediq{r film37 ig thﬁn

sel ectively renBY¥ES2E§S pPhasHRE R THIRR FEF It oAt FVEESENEY SRSwn)

o5 8 oSk, L0 COmpleliel 08y TRekyl Pod L JAEIIG, Ui iR 008, Wer

formng .the mask ng” W ot or -does- not require a

hi gh preci sLon. a5 PHENGEEKTSAT LGSk F-£ iR HE HAYHdRG0RES sSugh as

phosphorus Fons are Inplanted into t surface of thée epitaxial |ayer 2
where the pol yceyghat! 588v@5as Sthé CON 4y i asubd heE fotad d 2wl ddf itbm 17
~have not been fornmed, and into the surface of .the well region 3 where the
mask 37 and t hefbical dhexplet{pé nsdirdmvandairdicerregions 9 of the p-
ij.' _ channel,MISFETs. As will be dbyious from Fig. 2F, the
| p-type region S is self-alignea by the field oxide film
10 17, ana the pf-type source and drain'regions 9 are self-
aligned by the field oxide £ilm 17 and by the |
polycrystalline silicon 14.
"Next, as showﬁ in Fig. 2G, n-type Qemiconductor
'regioné aré.éelectively forméd in the epitaxial laygr 2 ;nd |
: is -in the.n-type well regionf3. First, tﬁe sio, film_36 is
| rémoved, and a new Sio2 film 37 is formed to a thickness of
1500 anéstroms by the CVD method. The Sio2 film 37 is then
N ) selectively remerd by plasma etdhing using a photoresist
| film. (not shown) as a mask, té_compléte ;he mask fdr
20‘ fprming the n-type regions. When forming the mask_37;-th§
ptdcessing-with éhotoresist-doés-not.requiré a high
précision,'as when forminé the maskl36; Then n-type
impﬁfities sﬁch és_phosphorus ions are implanted into ;he_.."
-surface of the epitaxial layer 2 where the polycrysﬁélliﬁe
25 silicon layef-ls and.the field oxide filﬁ 17 ﬁave not been
formed, and into thé'sqrface of the well region 3 where

the mask 37 énd thehfield oxide film 17 have not been



hereby forming the emtter contact region 8 of the 2 -+
the n -type source and drain regions 10 of the n- channel

gxt, an n-type collector region is fornmed as shown 5 in Fig.

s, after the [err] film37 is renoved; a new [err] film38 is ._
+0 a t hickness of 1500 angstrons by the CVD nethod. The Si Q2 fiInT@B
i-s then selectively renoved by plagma etching using a photoresist film(not
.shown) as a mask, to conplete the mask for formng the n- 10 type
collector region. Then n-type inpurities such as phosphorus ions are

i ntroduced by inplantation (or- diffusion) to forman n-type collector 7.
After tperneay] thét8bPOfotmimgrontesl, emit e rdorfida®d kgione 8Fiog. the is fornmed
on the wjol e surface of the sem conductor 15 body thus fornmed to a

t hi ckne3SLof ad806hanysSttype - asowrce raret |dnadm inegilontsi A9 oifl hiey nt-he CVD

met hod. After contact holes have been forned in the [err] film 18, _
~al um nuahprngp¥ESFBEBSthereon to a thickness of 8000 angstrons by the-
vacuum evaporation nethod. The alum num/!ayer, is patterned to the 20

desi red shapeNeBt offh RHEYRE (FR AR &S ifg fogmes @%8PQWR i n ohni ¢
contact ;wi Lh ea region.. _ Thu , SFET:. of. t he canstruction
shoé/n_ i ﬁnF#b'.g‘ 15%?3 c'g%{gei’%ﬂ.a%:’:ec%:ﬁl‘e%g% ¢/ tﬁn]'llé“ I(_:307lns(£t?’r ng“log’ﬁfa'us%e is made
of a p a.Ly epgl axi R FYels r 3 j fyie - 25
tion, - arrllﬁat ﬁgogeﬁ'fﬂ‘c?é cﬁi‘itf an@ c.%ﬁtye&p&E o hal%r#e I\%I g;uﬁ%s?to?r (eéggg?%glgi n the
n-type uplthéeGvONfiethicd . arthe 0 A1 M f38 MR thed Relekitivelyl | ayer.
Therefore, the inpurity - R ' -
removed by plasma etching using a photoresist film (not | W

-_Shown) as a mask, to comélete the mask.for1forming the n~-
10 typé'cbilectbr regibn.' Then n-type impuritieslsuch as
phoséhorus ions are introduced by implahfation (or
diffusion) to form an n-type collector 7.

After the 5i0, film 38 is removed, an $i0, film 18
(see. ?ig_, 1) is formed on the whol,e-sﬁrfaeé of the semiconductor |
15 Body thus formed to a gh_ic':léxess of 1500 angstroms as an interlayer.
insulafion film by the CVD method. After contact holes '
have been'formed_in'the'Sioé,fiim 18, alﬁminum is deposited
théreoh to a thicknessfaf_SOOO,angstroms by the vacuum'
e#aporafiqn method. The aluminum. layer ié.patterned to the
20 'désired shape to~£dfm the'éluﬁinUm electrodes 19 to-24 that
are_in-ohmié'ébnﬁact with each regioﬁ.  Thus, the CMISFET-

1%L 1C of the construction shown in Fig. 1 is completed.

According~to this construction; use is made of a p ~
type épitaxial'silicon-layer of a low impurity concentra-

%, circuit and the p-channel MISFETs are

| 25 - tion, and the I
' ' formed in the n-type well regions that are separately

formed in the epitaxial:layer. ' Therefore, the impurity -



concentration can be controlled for each of the well regions. By making the
I mpurity concentration in the n-~ type well region 3 on the [err] side
greater than the inpurity concentration of the well region 4, theref@y€
the 5 i nverse current anplification factor Bi of the inverse transi

in tQe [err] ‘circuit can be enhanced to realize a I L which operates at

hi gh .speeds and whi ch consunes a reduced q@punr of electric power. Wth
the inpurity concentration being nade | ow in the n-type well region 4 on 10
the.p-channel M SFET side, furthernore, high-speed operation can-be -
real i zed even when the gate width of the MSFET is reduced. Accordingly,.
the chip size c - e.hiah- | i LAt ai ned.
Further, as wl ?ggggggggggggfgg{ln %%ec%e ol(sjp%fdffglp%% g%t lf?llerrlrg}e{i%e :
integrated circyeh3or)R! aB?eﬂakﬂn. Ot & N O Y tdbrdeifer 244 dn0 idHenkhg-vel |
regions 3,4 are formed in the epitaxial layer 2 before formng the field
oxide film 17 byypbewatleeegionoXisnttnd 1achidpiegrddtdrhananwehle region 4
constituting the I L, therefore, a field 2 20 oxide filmcan be forned in
the | L el ement $mpurptgveohcehtraviomtodDneld walklasidgion rdantihetrefereThéhe
surface of the well region 3 under such a thick field oxide filmis
difficult t& inkBVerseTRBreent campl if ratignLantqpovidr ofs e (Lnveirsgges can
be applied, and increased freedomis 25 proyvided for |aying out the wring.
Further, the sufFfF3B&18Foffeitethe b it 9%#53%&3?ﬁf%ﬁ€%ﬂ4%4n§q Feeidze a

ACCOI"dI' ngly, th‘izﬁbg ?E:Henct:ﬁgpg e_sad‘-}tlis_le £ esspaer_eedsbref)n"@%ich consumes a -

ka’ _.. ‘reduced amount of electric power. With the impurity ..
| concentration being_made'lbw-in the n-typé well régioﬁ 4 on
"10 .the p-channel MISFET side, fﬁrthermﬁre, high-speed
| operation can be réalized even when the gate width of the
MISFET is reduced.”:Accordinglyi the.chip size can be
reduced but the high-speed operation iS-mainﬁainéd.
Furthér, as will be obvious ffom the method Of
15 manufacturing the integratéd Circuits explained in -
cbnﬁunction with Figs.IZA té_ZH, the well regions 3,4 are
forméd in_the epitaXial layer 2 before forming the.field'
oxide film 17 by the selective oxidation technigque. In the '

2L,.tﬁherefore_, a field

well region 4 constitﬁting-the I
20 oxide film can be formed ‘in the IZL elements to prevent the
formation of parésitic transistors. The surface of the
well region 3-uhder'such.a thick field oxide film is
difficult to invert. Therefore, a wide range'qf power-
supply voltaées can be applied, and increased freedom is
f:25 pquided for laying out the wiring. Fu:ther; the surface

of the well region 4 is also difficult to invert.

Accordingly, the abbve—mentioned advantages are brqught



about. Wen form ng the CM SFETs, furthernore, enploynent of t:he silicon
gate prosessing techni que makes it possible to 2 obtain a CM SFET-1 L |IC of
a highg ity. 5 _ ‘In order to obtain the CM'SFET-1 L IC having a
conpl epeny/ary M- SFET circuit which’ operates at high speeds 2 and which is
hi ghly “itegrated, and an t L circuit which operates at hi ght speed and z
whi ch consunes a reduced anount of‘%omer fornmed in the sane epi-taxi al ‘*'
|l ayer, (1) the 10 conplenmentary M'SFET circuit which operates at speeds 2
faster than the |I. L circuit should be disposed on the .input 2 stage of the
integrated .circuit, and the I L circuit should be di sposed on the out put
stage, a2 the output of t he conpl enentary M SFET circuit shoul d be
directly 15 connected to the input of the |I L circuit mnthout an |nterface
circuit bei ng whewd Fcchinde teke e e RETE, gfugthérﬁogea%ﬁiﬁéym % ¢ he
circuits of a CM SFET-12L I'C which is const ruct ed by taking the above-

- rrentlonaxhqocsﬂms:dmtqaueop&-bdesstmqnte’éﬁnlque mak8sFig pSsshI&utd | is a
-"hi gh-speed circuit conS|sblng of -a conpl.ementary M SFET circuit, circuit I
consi st ®hdfaign 3 qmnﬁﬂﬂﬂmItLop§ratlﬁghaghsgeedstgLomer t han circuit I, and
circuit 11l acts to'bias the | L circuit. In §ig. 3, the synbol [err]

dendt es M SFE'iEé'1 oxf@ri topabtain §P32§MF§F$T Bk {%rhi}v-‘emno%e p- channel

M SFETs

JHEH;LrYn%IE%E&]CerUlt which operates at high speeds
and which is highly 1ntegrated,.and an- IZL circuit whlch
‘operates at high'speed and-which consumes & reduced amount 'K;J

--of'power, formed in the samenepﬁtaxial iayer, (1) the |
10 complementary MISFET circuit which operates at speeds

. faster than the IZL c1rcu1t should be. disposed on the 1nput'

:_stage of the lntegrated c1rcu1t, and the-IZL circuit

should be disposed on the output stage, and (2) the output

of the complementary MISFET circuit should be directly |
15 connected to the lnput oflthe 12L circuit without an

interface circuit being disposed therebetween. |

| Fig.'3 is a diagram'showing the circuits of a =~ . - _ —

CMISFET-IZL IC which is constructed by taklng the above-

mentloned points 1nto cons1deratlon.

20 i In Frg. 3, c1rcu1t_I is a hlghfspeed circuit
: consisting of a complementary.MISFET circuit, circuit'II
consistseof:an Izh circuit operating at speeds slower than
circuit'I, and circuit 111 acts to bias the 1’ circuit.

In Fig. 3, the symbol QM denotes MISFETs, and in partlcular
25 QMll and QMZldenote p—channel MISFETs, -and QMlz and Qsz
. denote n-channel MISFETs. Symbol QI denotes trans;stors-

that constitute the IZL circuit._ In particilar, QIil and

r .



denote n-channel M SFETs. Symbol [err]denotes transistors. that constitute

the I L circuit. |In particular, Q and denote | ateral transisto;?ff\

and Q and Q denote inverse transistors. Input signals VIN from{ap™~
external source-are first received by circuit 1. Circuit | is made up—
for €+ exanple, an input protection circuit consisting of an input =
protection resi'stance R and an input proteggion diode D, a first-stage-

i nverter consisting of MSFETs [err] and [err] 'a signal processing circuit
(not shown) which is connected thereto, and a final-stage:inverter :
consisting of MSFETs 10 [err] and [err] sending the output of the signal
processi ng circu0£3#0déﬂ@té 1até¢amn&;aﬁﬂxﬂuﬁnyxaanwheiiquhdsbgggld&hbke
passes through th nput protection circuit and the fl}st-stag inverter,
and is suitably pneeessedratsistgrspeeds in the signal processing circuit,
and the processed 15 result is produced fromthe final-stage inverter in
circuit 1. The out put ¥RPWs rdignfls e ifFam anagaterpadt spursedprectiyst
connected to the ingu&eéerninal rough an

of circujt Il wi_thout passing_th
interface. Therkf% fﬁ?:&?ﬁﬁﬁﬁﬁnfsighﬂcuﬁFoﬁlﬁﬁemﬁ PBngﬁfaF9rNISFET

Grouit 118 opbtdiey &R SRdTh, Burlhas boRbibluhl BE G Inphd;

transistors [errhyapgdefféd |rdsfditiitle %0 and WFITPUE ProteltibROhi88avH) a

connected thereto, a final- _ , _
first-stage inverter consist;ng of MISFETs QMll and_QMiz._a
l,j _ : signal processing circuit (not shown) which is connected
thereto, and a finai-stage inverter consisting of.MISFETs
10 QMZl and QM22 sending the 6utput of the signal processing
circuit to the IZL circuit. Therefore, the input'éignal
VIN pasées through the input protecﬁion ciréﬁit and the
first-stage inverter, and is suitably processed at high
speeds in the signal'processihg circuit, and the:procéssed)/
15 resuiﬁﬂis produced-from the finai-sﬁage inverter in circuit’
Ny _ : _ .

-The-output terminal of thé'final-stage inverter is
.directly connected to the input terminal of circuit II
without passing through an ‘interface. Therefore, the

20 output sigﬁal from-ﬁhe'cqmplementary MISFET circuit
(circuit I) is directly suﬁpliea'to the_;zt circuit
(circuit II). |

Circuit iI-is made up of, for example, a first-stage
112’

inverter-consistihg of transistors QIll and Q. a signal
25 processing circuit (not shown) connected thereto, a final-

stage inverter consisting of tran‘sistorsQI31 and QI32

sending the output of the signal processing circuit to an



stage inverter consisting of transistors Q 3l and Q sending the output -of

the sfgmal processing circuit to an external unit, and a load transistor
-[err]<§ﬂ;refore, the output fromcircuit | passes through the first-stage »
[

inver

of circuit Il, is suitably processed through the signal processing -
circuit, and the processed result is sent 5 "to an external unit via thg;

‘final-stage inverter and via the Lgad transistor Fig. 4 is a plan view.

which schematically shows -the |ayout of the connection between circuit.|.
and circuit Il of Fig. 3, and. in which cross-sections formed along the 10
dot -dash chain lines [err] denote the sane areas as the-areas X and X of
Fig. 1 exburhBErunibp amdeapbsdd esansinstoniQF g THemsfordsnathed by the sane
ref erence nunbers. Thus, the circuit consisting of conplenentary M SFETs is
pl aced ontpht Enputcircheivfltprsses cghzowgh dthe fiitrstaatag®. circuit || '
conprising the [err] is placed on the output side of the integrated
ci rcui t inperheseobf cirarbhsl ents cfitkt el v\ Procafrsad ot é&\@ M SFET
circuit operates at speeds, faster than the [err] cjrcuit, and the speed of
the int 84F8RLIPEPFEEFINE MM he S b e P %‘%ﬁeéi'irresﬂlti &Y aced on -

e e e R e

nt-drrven: cin circuit “on the output

side, thgre{gLg ti8gEES86S ¢he number of fan-outs that can be obtained,

other integrated circuits cdn be directly driven, and the 25 performance
of the integraigd £iisUatpTan PrewnApiHIecHemdtitfalls} IfHows ltHes directly
connected to circuit - : ' S : h R
| layout of the connection between circuit I and circuit II - \uJ'
of Fig. 3, and in'which-cross-sectidhs formed'along the
10 dot-dash chain lines X, X, denote the same areas as the
areas X, and leof'Figa 1. Further, the same parts as.
those of Fig. 1 are denoted by the same reference numbers.
Thus, the'ciréuit consisting of complementary MISFETs
is plaéed on the input side of the integrated circuit; and
15 circuit II comprising the 12L is placed on the 6utput side
- of the integrated circuit, because of reasons mentioned
below. Thé'complementa:y_MISFET'circuit operates at speeds
faster than the IZL circuit, and the speéd of the
integfaﬁéd circuit can be increased as a whole if it is
20 ﬁlaced on the input side. Futther, unlike the éompiementa:y
MISFET circuit, the izL'circuit can.be cur?ent*driven;
Placing the IZL_circuit on the output side; thefefore,
_iﬁcreaées the numbef_of fah-oﬁts.that can be obtained,
. other in;egrated éircuits,céh be directly ariven, and the
25 §erf6rﬁan¢e of the integrated circuit can be enhanced.
' ~Further,-cir¢uit I is'directly-édnnected'to'circuit:

IT without an interface circuit, because of reasons



Il without an interface circuit, because of reasons ment i oned bel ow.
Wien the power-source voltage V- is 5 volts, the cc conplenmentary MSERT
citcuit produces an output current over a range of 10 to 50 pA and.
out pyt voltage over_a 5 range.of from about O volt to about 5 volt . The

| 2L ®isrcuit, on the other hand, allows the i ntroduction of a current over a
range of 10 to 500 pA, and voltage of 1 to s volts. When the two circuits

are directly connected without an i nterface circuit, the operation will be
as 10 described bel ow. Wien the M SFET [err] is on, and the M SFET Qw2
I's not, -i.e., when a high signal |evel (about 5 volts) Is applied to the

gat e- connectlon RehBiofed ebeldwic 2 current flows fromthe power source’
tothe | L circuit through MSFET [err], and the potential rises at .the
base 15 of the i nver séhem arisé pawexFsourse Meditage | Vs.ct dsn&dvohtsThehef or e,

the output OUT of the first-sta g inverter in the I L circuit goes |ow
(about 0 volt). CSoRelerenreREy i ki H?rltﬁﬁy’d-tt Wém ial‘fdi%‘é’r?é& pyrefet
arrows [err] A potential near uaI s appl e emtter of

t h
the 2 20 transiSYefF ® a"‘iﬁa° 5& é‘& cﬁ"hdcﬁ"t ‘ﬂ“ltP“ Yﬁé&@gﬁr@’eﬁh@n
the M SFET [grr]rég ugp écjjr ?!;Jl}et Qﬁ%lg__ot %nt 'b?:] f5 % Lsr an&.hthE [err]
pari of t owi 'ng

I nst ant aneousl y rls e current ron1the tranS|stor

[err] to the | chfé&f_'é} S Sthd | e rﬁynci,heaﬁwse%@r ih@rbBGckash 8 Lhe

transi stor - _ , _

S ' current over a range of 10 to 500 yA, and voltage of 1 to

i*)l 15-§olts. When the twb.circuitsjere directly connected
without an interface cireuit, the operation will be as

10 described below. When the MISFET Qy,; is on, and the
MISFET Qua2 is not, i.e., when a high signal level (about 5
vblts) is_applied-to the gate-connectipn point G, electric
cur;enthflows'from the power'eouree Véé to the IZL'circuit
through MISFET QMZl,land the potential rises at the base

15 of the inverse transietor QI12 so that it_is_turnea on.
Therefore, the eutput OUT of the first-stage inverter in

- the I2L'circuit goes low (about 0 volt). The chrrent £lows

~ through the pathe indicatea by the arrows @ A potentlal
nea;ly equal to Vee is applled to the emltter of the

20 transistor Qrq; yie the 1L bias circuit III. Therefore,
when the MISFET Qle is turned on, the base potentlal of
the transistor Q112 instantaneously rises, and part of_the
-current'flewing frbm the'transistor QM21 to the’ 12L c1rcu1t
also flows from the collector to the base of the tran51stor

25 QIll' but does not flow to the emitter thereof . The

- current flowing. in the other dlrectlon is so small that 1t

can be neglected. This can be attributed to the hlgh



25 [err], but does not flowto the emtter thereof. The current flow ng

in the r direction is so small that it can be 'neglected. This can Be
attri'bu o the high | inpurity cohcentration in.the well region 3.
When th SFET QW2 is on (M SFET [err] is off), 'i.e. when a | ow signal

~level (about 0 volt) is applied to the point G the base of the tran5|stoi4
[err] nearly reaches ground potenLugP 5 so that. Is turned of f, and the
output of the first-stage invertéer in the.[err] CIrCUIt becones a. hlgh
signal level. Nanely, the current flows through the path indicateéed by t he
arrow [err]. In this case, the current taken by the conplenentary M SFET
circuit ¥mpmittie dorcentratiioncdm ltbel@eldbgeglied By sWheabthesetting the
ratio WL of the gate width to %ete | ength of the MSFET [err]. Because of
these r dHSHESE Qe oS dMERFETY QMo SFEF OFEdui d- @anwbendaerVIy connect ed
interface circuit. Accordlng

to the | L t t hout n
tg thg asdtﬂfglrré‘r‘?l( |e(}\rl1me(d‘bou otéSI nﬂ'tt? f-fe 2PBLLERI kG éPFeE?é“Eaﬂ' beh@bt ai ned.
1) Th | t h I SEET ti d
e HE TR LA B o R M R pa e hERRA BEF SR £ e
di fiser el $ifaRts 1620 s Bagnekobee , { fal AWM bhy ﬁQ”E?”Eﬁétki’PsQf gago e |
region can be controlled |ndependent y.- g 6s 1T possrbr 0 slightly
i ncr eas & rivieg teH Tt}heCQRLe&'ﬁ.E:éhh.anEBthQ WehigR 5€ghel Ybgeg.the [err] -

circuit is formed, and to slightly
'~ Namely, the current flows through the path-;ndlcated by the
arrow'@; In this case, _the current taken by the . \J
'complementa£Y_MISFET_circuit from the Izﬁ'circuit can be . | |
.10 absorbed by sﬁitab;y setting the ratio W/L of the gate
f"width to:gate lemgth of the MISFET Qa3 - Because of these
reasons, the complementary MISFET c1rcu1t can be dlrectly
connected to the IZL c1rcu1t w1thout using an lnterface
circuit. |
15 . According to the above-mentioned-embodiment,_the
-follow1ng effects can be obtalned _
(1) The I2L elements and the p—channel MISFETs are
_respectrvely formed in dlfferent-semiconductor-regions,
. i.e. in different well regions-formed at different steps.

. fzo-'Therefore, the impurity conceﬁtration of each weil region .
can be controlled independeﬁtly This makes it p0551b1e to
'sllghtly 1ncrease the - 1mpur1ty concentratlon in the well

. region where the IZL c1rcu1t is formed, and to sllghtly
decrease the 1mpur1ty concentratlon in the well region
25 where the p—chennel MISFETs are formed.'.ACCQrdingly, it is
-possible to form an:I?L-circuit which”operates at hfgh

speeds consuming a reduced amount of electric_power, and a



decrease the inpurity concentration in the well region 25 where the

p- channel M SFETs are fornmed. Accordingly, it is possible to forman [;
cisrcuit which operates at high speeds consuning a reduced anount of E;???
electric power, and a conpl enentary M SFET -circuit which operates at
fastigr speeds and which is highly integrated on the same sem - conductor
substrate. Therefore, a.CM SFET-1 L IC is g#tai ned which features

hi gh- speed -operation, |ow power 5 'consuﬁption, and a high degree of
integration. (2) The well region and the sem conductor substrate have a
reversed bias relationship or are at the sane potential, so that no

i sol ation regi oncémplaRifch Ay NIsHETAA rond tSePACht Bpbhatesr 881 paSter Thi s
means. t hat the 10 degree of integration can be increased accordingly. 2 (3)
The n-type wel |l gpepds dmd Wiiloh g Highlyl iaitegratedt bR phéypemepsémk+ al

| ayer- for formng the n- channel M SFETs and the p-type subsgtrate can be
mai nt ai ned at t heondutguotsuhistadateyr oTherpsfognyi al FMISBEBréveniCthe 15
devel opnent of parasitic bipolar transistors. Therefore, -the reliability
of the'integratRPrinad (whigh Featycesadégh-preefePPeiahiany htoWiRPYPEe
between the_seni conductor re ions_dogﬁ not need to._be ipcreased to prevent

the formatioh of SPRFURTIL bt & NOn SIS OFt ABEFAFRGFERed 20 circuit
g e a1 o) Shecka il e 1S S6Y, SRRSEG oL BBt e ()
circuit without Ve idly@de¥sded bias relationship or are at the same
Kﬁj _..- lpotentialf so that no isolatioﬂ region is neéded to
insuiéﬁe'énd Sepafate these regions. This means that the
10 degree of integrafibn can'be'ihcreésed'aécordingly.
| (3) The n-type well region for férming the'IZL'
circuit, the p-type epitaxialriayef'for forming the n-
channel_MISFETé'and the p-typé substrate can be maintained
~ at the same potential.(ground potential), to prevent the
15 development of parasitic biéolar transistors. Therefore,
'thé reliability of thé integrated circuit can be increased.
o Further, since the distance between 'thé semicbnduptor
~ regions does'notlneed to.bé.increased.to prevent the
formétion of parasitic bipolar-traﬁsistbré) the.iﬁtegrated
20 'circuit can.be easily designed, maintaining an idcreased
degree of iﬁtegration;' | |
(4) Since the COmplemeﬁtarYfMISFET circuit is
directly coupled to the IZL_cirduit without any interfacé
-circdit,'the chip area can be reduced tb_simplify the
25 -désign1 | .
(5) A complemehtafy MISFET éircuit_operates fasﬁer

‘than a I’L circuit. ' By placing the complementary MISFET



circuit, the chip area can be reduced to sinplify the 25 de5|gn (5 A
pentary M SFET circuit, operates faster than al L circuit. By _
q he conpl enentary M SFET. circuit on the’input.side, therefore,
t he \gperating speed of the integrated circuit can be increased as a whol e..
By 2 ptacing the | L circuit on the output side, furthernor'e, an increased
nunber of fan-outs can be obtalnﬁap meking it 5 possible to directly -
drive other elenents. .(6) The output characteristics of the integrated
circuit are greatly inproved by prOV|d|ng the final output stage of the
[err] circuit with a load transistor [err] equivalent to a pull-u
| reS|st§ﬁ€QUI&s°9h§hﬁ iApptgside. ¢ éheeefgre, 3 ¢@ﬁr§#kﬂaxﬁaﬁﬁ4ﬁ the | oad
transi stor err£ é el.imnates the need for at%achln external puII-up
Rek o

" resi st 8f £Be {R&Ee @FaFéHCE?FCﬁ?? be HNREFRECE 2D 2 Q i nt®Yr at ed
t.to.b t h t t t ed '

i rou pya8ipS RhEoTHYeRRONTE 58 48 hafint BTG A AU o ated

circui taoagkng f,a ggssffﬁanoaaég cé‘ﬁ'dbécélrbﬂxpédelrhéﬂie}g% & he defect that

when the exierna up resistance is enployed, ther stance nust be
i ner eagedsbih EBYdiBEEEQ&edtﬂvéh@tﬂ@ﬂeéléﬂ@@iy voltage [err], resulting in
an increase in the' 20 consunption of electric power through the :
resi stance. Fapt irre, oaspEtgchSrschennsttaéqu|thewimfégfaﬁé&3Iayout t he

| oad transistor Q can be-easily formed by providing a p -type region 40

si nul t ahecuskyanet greatly improved by providing the final output '

stage of the I?L circuit with a load transistor QL | o | i;j_
eqpivaléht to a pull~up resistance, as shoWn in Figs. 3 to
10 5. That ‘is, prbﬁisioﬁ”of the load ﬁransisﬁof Q; (a)
eliminates the need for attaching an external pull-up
resistor for thg_integrated éircuit. and hence enables ﬁhe
 integtated cirguit to be directly connected to other
traﬂsistdrs and integfaﬁédncircuité).(b)'helps increase_thé
- 18 ability for driving other integratéd-circuiﬁs (helps.
| increase fan*outs)._aﬁd (c) helps_eliminate the-defect thatf'
wheq the external ﬁullfup“:ésiStance is employed;'the'
resistapée_must be increased with any-incréase_in'the
éower-supply vcltage_vcc, resulting in an increase in the
20 conéumpticn of_e;ééﬁric'powe; ;hrough ;he resistanée.
| Further, as Fig. 5 schematically illgstrates the._
laYout, the load transistor Q.  can bé'easily-fqrmed by
'providing'a p+-type region_46-51ﬁu1£aheoﬁsly with. the
formation of other p+?type_région 6 in the n-type well
25 region 3 in which the I’L circuit is formed, i.e. the load
ltransistor QL can be formed as a pnp lateral ttansistor |

which consists of the regi¢n 40 and the injéctor“region-s,



formation of other p -type region 6 in the n-type well 2 25 region 3 in
which the | L circuit is formed, i.e. the load transistor Q can be forpres
as a pnp lateral transistor’ mhlch consists of the region 40 and the ng:)
injector region 5, - "wthout nodifying the nanufacturlng conditions o
procgss, and wi t hout needing any particul ar design requirements. (7) As
shown'in Fig. 3, an increased current can Pp-passed into the transistor

of the first stage -of the 51 L circuit (the current flows fromthe M SFETs
[err] as indicated by the arrows [err] to increase the operating speed of
the transistor [err] and to reduce the frequency | oss when signals are
transnitted fromittrowomsddfaring $he MaSREACthringt condihtons loxipmdess.10
The present invention, however, should in no way be Iimted to the '
above- nentloned‘%ﬂﬁxﬂiqhﬂﬂﬁ<ﬂﬁ9ﬁlnﬂl@“YGPP§t&°Hla§rQﬁﬁkﬁmcﬁ91¢+iﬁm?Qﬁ%s

th mbodi 1 f t t (N h t
o e TRt oot o e o B30l ABrEREG Ry PRIBLROaidR SaMFe PO LR &

Thi s embodi ment ;%ﬁs‘”g%é{“l%t%”@ @t&?ﬁsh?l@&a{)ﬁt raBﬁ' bl first. sﬁ]%é‘leo{rlir?ecmr-

with respect to R, err belrs St age of

circuit thatg 20 134@%1%1qu¢hlenchbeeﬁu 2iopgbedbrEhe Miféwﬁaﬁgr@btdzrlumliloln of .-

the other parts is the sane as that of the first .enbodi nent
as indicated by the arrows @_) to increase the operating

speed of the transistor QIlz,-and'to reduce:the frequency
\.j ' ioss when siqnais are transmitted from the complementary
MISfET circuit to the IzL circuit.
10 |
‘The preeent invention, however, shodld'in no way be
limited to the above-mentioned embodiment only.
Fig. 6 is e diagram_which illustrates_another
embcdiment_of the preseﬁt_inventicn, in which the same
15 parts as those of the first.embodiment are denoted by.the
same reference numbers. | |
Thls embodlment does not employ the lateral
tran51stor Q]._11 (the 1njector with respect to the' _ _
] transistor QIlZ) in thé first stage of the IZL c1rcu1t that
20 was employed in the first embodlment.. The construction of
. the other parts iS'the same as that of the first embodiment.
The operatlon 1n the past where the complementary
MISFET circuit I is connected to the IZL circuit II in the :
'integrated circuit is described below. . When the p-channel
25 MISFET QMZi ie on (the n#chennel MiSFET bMZZ is off),
to the I°L circuit

current flows from the power source VCC

II via MISFET Qyy1s SO that the base potential of the



The operation in the past where the conplenentary M SFET circuit | is
.connegted to the | L circuit Il inthe integrated circuit is described _
"Mhen t he p-channel 25 M SFET Q - is on (the n-channel M SFET QW2+~ -
[err] 2 current flows fromthe power source Vcc to the I L circuit
SFET [err] so that the base_potentlal of the i nver.se tran5|sngr
Q  ri-ses. Therefore, the transigor [err] is turned on, and the :

first-stage-inverter consisting of the transistor [err] produces a

1T ow1level output. The current runs fron1the power source V to ground. vi a
- the 5 M SFET [err] and transistor errL Conversely, - when the M SFET
Qw2 |leNe€WBSEE$nFesFPr|QIgﬁfylsanls@ ergforer rehe $rBLFHVM t he base

of the transistor round via the -M SFET [err] and the potentia

at the Page &f FHE"?@aﬁgrsPB Faer Firghr P29 ot MERL tF % FRPHIGt T al . 10

Conseque he trapsis ned, of f. and the ifQverter of the

first sP t§¥5r gaeass °ﬁ|énlteeé?dgﬁ?%u?ui?“'}ﬁY%Id%%%?uﬁher ¥ore, only a
ohaChar gy et phnt! 208n! LA LOGeL" Q0IEEL Y[ SHE ol ol WIE Ml W STET QVR2

and no s e curren i ment makes ‘it

posgi bl ﬁzh@z@bbalzn hhe - éaaﬁsf;&ésft@ §5. (1dohPerfe1pPlimdiecenid th the first
enbodi nment . eM2the M SFET. [err] 1 $1¢Ur ned on, no steady-state current 2
fl ows tblt:eBBhr Opg f LssbnStMYSFET Qﬂgll is SEfr)ia,dbsetidqy ddm:arfmsunpt ion
of power to be Pther reduced.

‘ flows from the base of the transistor QIlZ to ground via -

1

the MISFET QMZZ' and the potential at the base of the _ o \V
tran51stor QIlZ nearly reaches ground potential.

'1ol'Consequently, the transistor QI12 is turned off, and the
inverter of the first stage produces a high-level output.
-In this case, therefore, only a discharge current flons:
from the transistor QIlz to ground via MISPET QM22' end no
steady-state current flows.

15 | This embodlment makes it p0351ble to obtaln ‘the same
effects as (1) to (6) obtained with the first embodiment.
When the MISEET QM22 is turned on; no steady-stete current
flows through the first stage of the IZL circuit, enabling
‘the consumption of power to be further reduced.

20 ."yt Fig. 7 is a diagram illustrating.a.further embodiment
accofding to the present invention, in whieh-the same parts
as those of the firstﬁembodiment_are deneted by the same
.reference numbers. |

Thls embodiment does not employ the p-channel MISFET

25 QM21 in the lnverter in the final stage of the complementary

nMISFET circuit that was used in the aforementloned first

'embodlment. In all other reSpects,'however, the



.20 Fig. 7 is a diagramillustrating a further enbodi ment according
to the present invention, in which the sane parts as those of the fir
erbodi nent are denot ed by the same reference. nunbers. This enbodi e S .
not enploy the p-channel M SFET 25 [err] in the inverter in the fi
~stagg,of the conplénmentary M SFET circuit that was used in t he '
_aforenEntloned first enmbodinment. In all opBer respects, however, the
construction is the sane as that of the first enbodi nent. The operation in
the part where the conplenmentary M SFET circuit | is connected to the I L
circuit Il inthe integrated circuit is now explained. Wen the p-channel
5 ° M SFET [err]comstafiction dsrtaet spaehassthetned thenfihet Mmbodireard .
transi stor to the conplementary M SFET-circuit |, the transistor Q
is saturated. THe efreratiome ipasheppasht wheref thaecomphenentrry MIYFET ses

'so that it is turned on, and the first- stgge i pverter produces a | owl evel
10 output.. Thé&igfiidnd rén SOPPERTEAe *RoRER Eoﬁrﬁerf% F]I{cﬂﬁfgﬂﬁd vi a

the I L bias C|rc% I 11,. and transistors anﬂ L L] rﬁm he n- hann%
M SFET Qw2 is dltegratsd (?d‘lrf:ué ef§t B8Yi R*Phd asfle l?;\% BIPAHE S 1 st
embodi ment . 3 R Y Tt 2b%e MRECSyk Leggsﬁéﬁi)eléof&a‘ne@bf?élﬁ‘ she same

effects as (1) to 22he firrst enbo I nventi1 on can further be
modi fited in a vardwdna10f @ndstways. in addtﬁeoeo @éﬁeneapyemmw aftebuit

embodi ments. In the above- nentlonedleﬁbodlnents i nstance, the n -
I, the transistor Q11 is saturated. Therefore, the base_
\; _ potent1a1 of the tran51stor Q112 rises so that it is turned
| on, and the flrst-stage inverter produces a low-level
‘10 output. The current runs frem the power source VCC to
_ groﬁnd via the IZL bias_circuit III, and transistors QIll
and Qxlz,: When the.n—ehannel MISFET Qypo is on, the
_ cifcuit operates in the same manner as in the first
embodiment. _Thiseembodiment also.makes it pdssible to
15 obtain the same effects as (1) .to (6) ef the first
embodiment. |
The invention can furthé:'be modified inh a variety of
other waysrin'addition'ﬁo the above-mentioned embodiments.
“In the above-mentioned embodiments, - for idstance; the.n+-
20 type buried Iayef 16 mayebe'eliminated; In this case, the -
n-type weil'region5'3'end 4 may be fermedlin the p--type;
silicon substrate 1 without forming the p-type epitaxial
layer 2. Further, the hlgh 1mpur1ty concentratlon n-type
well reglon where the IzL circuit will be- formed, may ‘be
25 formed. in the follow1ng manner.- Ions are lmplanted
'simultanéously With-the-formatien of theenftYpe well regioe

4 where the p-channel MISFETs will be formed, and ions are



20 type buried layer 16 may be elinmnated. 1In this case, the n-type well
regions 3 and 4 may be fornmed in the p -type silicon substrate 1 wthout
formnp e p-type epitaxial Iayer 2. Further, the high inpurity
conce i on n-type well region where the [err] circuit will be forned,

may bg formed in the follow ng manner. lons are inplanted srnultaneousLy
with the formation of the n- type—ﬁkkr regi on 4 where ‘the p-channel NlSFETS
will- be formed, and ions are - again inplanted into the well region 3
while .the well region 4 is covered by a mask. The above-nenti oned order may
of course.be reversed. Further, the conductivity types of the .
sen coradnoimpdgnted uayob@heevel%edegioﬂ 3 while the.wedlllshows a
conpl ementary M SFET-[err] 1C according.to a still further enbodi nent of
t he prseenpnrﬁvéﬁtp@ﬁerﬂécbwdengaﬁb t hTBe caboweTieentionet qrdexsircuit is
formed in an epitaxial er t romn on the substrate, the n-channe

| NISFET§m@b°faF8“F§Pn§& Fﬁ FﬁéegprtgﬁF PeFayE?e R Qﬁ%vﬁﬁyr HR%%hse the

| | t th | wh the | L ci it

i &t hi geniBpaaubEbr b lohd mEb ‘r’aé'ﬁ?‘{%&?%zrr ayers that are
| at ed to th

wel Tegh ons THEC B BhBUs0R SSHRARGHELRY (PSRORSL ToC AR 10,1

concentoalal @R 13" SuskABECEmbAaEREAE NEEt Ohé NpSe £EWO 0 iRt t joh . shown in Fig.
8, a.lowconcentration p -type epitaxial layer 52 is allomed to grow on an

n -typecebku&ng sobshiat e 51 - haV|ng a low

‘embodiment, the 1% circuit is formed in an epitaxial U

-1

layer thet"is grown on the substrate, the n—channel-MISFETs

10 are formed in the epitaxial layer, in order_to lncrease_the

locel impurity.coneeﬁeretion in the epitaxial'layer where
- the IZL'cifcuit will be formed. That is, use is made of
.epitaxlal layers- that are insulated and sepafated es
sehieonductér regions that correspond to the well regions

15 in the eforementioned embodiments, and the impurity
concentfations are changed. |

According to this embodlment as shown in. Flg. 8, a .
low-concentratlon P -type epltaxzal layer 52 1s allowed to
grow on an n -type 51llcon substrate.5l hav1ng a 1OW"

26 impurity concenﬁretion. The P —type ‘epitaxial layer 52 is
separated by an n-type lsolatlon reglon 62 1nto the area X1
where the-complementary MISFETs will be formed and the area'

_xz-where the-IzL,circuit-will be formed. P-type impﬁrlties
such as boron ions are implanted.in a part 53 of the p -

25 'type epitaxial layer 52 having a low impurityﬁcencehtration
in the area Xz, ‘to 1ncrease the 1mpur1ty concentration. Aﬁ_'

-type 1n3ector reglon 58, and an irverse transistor



20 inpurity concentration. The p -type epitaxial |ayer 52 is separated by
an n-type isolation region 62 into the area X where the conpl enentary
MSFETs will be formed and the area [err] where the [err] circuit wil _
fornmed. P-type inpurities such as boronions are inplanted in a part f
the .- 25 type epitaxial layer 52 having a low inpurity concentration in
the area X2, to increase the inpurity concggtration. An n -type injector.
regi on 58, and an inverse transistor consisting of n -type base
region.59, an enmtter electrode contact region 60 and an enmitter region 52,
are formed in 2 the region 53 thereby forming an | L circuit. N channel

M SFETs consi st iqapsifsting pfe nsotype hagedraghonef? onansenitter ekpatrode
insulation film®66 and a pqucr%stalline si.licon layer 67 .that serves as a
gate el ectrode, GANFIFLHEFHION MOSPRRs aBoRBEELERGr81QN - PYpeaBR LiREmahdn

drai.n regions 57, a-gat.e insulation fi.lm63 and a2polycrystalljine silicon
Vayer 64 that SERREFSILOR o3 SNSFELY: SAEMIRATL AR h-PyBREGRET- 10V RS 5g.
are forned int ' ity scancant, tat | ' [ I 52 ] : rea
° ROTEd ¢ Bt Wt 168BENG 2LLA0 EBLLEK, Sha AYELn Fedflodd 56
enbodi ment; 4t iS5 0 IR@AT/aRli®nt eilAr ?E_Baa_ﬁQ”H'gHEgé yeM B SiTdbd
whi ch operates at "high 15 speeds and which can be highly integrated, and an
| 2L circuit whildyetp@7atttatasebivgl apeadgatanslattgode | eshd gs-camHgl of
el ectric power on the sanme substrate, just like the first enbodinent. To
obtai n these adWﬂﬁE&gEecsuBﬁs¢ﬁagtbﬁ,ptheypenaeurCensnéh@mathtmeqiansZEU,as

in . ' _ - . '
/- a-gate insulation film 63 and a polycrystalline silicon

;ayer 64 thét serves as a gate elecgrode in- the n-type well
10 'regioﬁ 54, are formed in the low impurity concentration |
epitaxial layer 52 in the area xi'thereby forming a
complementaty MISFET circuit. |
According to this embodiment, it is also possible to
fbrm a compiementary MISFET circuitfwhich_operates aﬁ high
'15 speeds and which can be highly integrated, and an IZL |
'circuit which operates at high speeds consuming a reduced
.amount of electric power bn the samé substrate,.just like
the first embodiment.. To obtain these advantéges |
sufficiently, the connecﬁions should be realizéd'as in
20 Fig. 9. - |
-In fig. 9,-sympols.QIi1_ ...... dénote tfansistOrs
| which correspond to_QIli...... of Fig. 3, and whiéh have
opposite types of Conductivity. Therefore, the
relationship of the potential is reversed reiative to Fig.
25 3. That is, thg'collector (the epitékial 1ayer'52) of the
" inverse transistor'QIIE has a potential of 057 volt that ié

T ' _supplied througﬁ thé_IzL bias circuit III; and the Base of



-

20 Fig. 9. In Fig. 9, synbols [err] denote transistors which correspond to.
Terr]...... of Fig. 3, and which have opposite.types of conductivity.

Therefore, the relationship of the potential is reversed relative to Fig. =
25 3 at is, the collector (the epitaxial - | ayer 52) of ‘the inverse
trans [err] has a potential of 0.7 volt that is suppli’ed t hrough thQAI
L bias circuit Il and the base. gb— the lateral transistor [err] in the-
same region (in t he. epi t axi al Iayer 52) has a potentlal of 0.7 volt that is
supplied by the [err] bias circuit IIl. The injector region which is the
emtter of the lateral transistor Q -has 5 been grounded. The potenti al

in thethe GLypperefpi tanhaﬁ.staye@lﬁl ihethegsame Xdequmn e Erhetleonpl enent ary
M SFET circuit is formed is at “ground potential. Therefore, the p-type
epi t axieplithxyed 3ayer P2ol h@édabyot-ﬁethaltﬂﬁ)eos'én‘f%b‘hoﬁ}m%rl%ubstrate 51

and by the _n- tyBe I sol api on | ayer 62, as_shown 10 ipn Fig. 8. The operation
.of theSyRPLiGAePY the EoﬁpPéﬁﬁn?bF?thSFﬁ# C|TE%|%nJe?§P¥xﬁﬁﬂ&9Qxito the |

L h t ed d d_ Wen th

. Shanbichy seRehAcebPLRERE R Eybinal PERSEN RS AP L L) s
~of ¢th 0 Y \
CufhoavSEf SrauAReo? Fhe é%’%%@t?%%??e?‘zevg g (ot T ey ces a

hi gh- | @Ylelthgui'aﬁﬁ.onv%enwﬁéﬁe nthéh@&ﬁﬁie%n—cfﬂy QAPSFES SrddMSHEET [err] is

of f), the base of t hel transistor [err] nearly reaches ground potential,
i.e. 2@oriBe Lsaasi §teﬁn{1epdsi:enslaurne'dh@f\efm ttlflﬁefp-ﬂsjpétage

epitaxial layer 52 is isolated by the n " -type . semlconductor \;J  §
substrate 51 and by the n-type isolation layer 62, ‘as shown |
10 in Fig. 8.t | | | | |
'Thé operation of - the part where the complementary
MISFET circuit I'ts conneoted'to the IZL circuit IT in the- 
' integréted circuit is now described. When the p-channel
MISFET QNZi is on  (MISFET QM22 is off), the base potential
llS' of the tran51stor QIfE rises above 0.7 volt, the transistor
_ Qiii is turned off'and the flrst-stage'lnverter of the IZL
oifcﬁit 11 produoes a high-ievel output. When the n- _ ) L
channel'MISFET_Qﬁzz-is-on (MIS?ET QMZl.is off), the'base of.
the transistor QIiE‘nearly reaches'ground'poteﬁtial, i.e.
20 the:t:ansistor QITEEiS turned on, and the first-stage.
' inverter produces a-loﬁ-level output. " The current runs
~ from the 1%L circuit II to ground via'thé'tfansistors-QIri,
- OM22° This'embodiﬁent makes it possibie to obtain the same
-effects (1), (4), (5) and (6) as mentioned above.
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‘inverter produces. a |owlevel output. The current runs fromthe [err]

circuit Il to ground via the transistors [err] [err] This enbodi ment mekes
it¢ possible to obtain the sane.effects (1), (4), (5) and (6) as neptQned
above. 25 - 27 - This specification describes matter al so discl e.-» in

U. Ki_Pat ent Application No. 8502453 (published under No. 2154060A)~ant U. K.
Pat ent Application No. 8502454 (published Tfhder No. 2054061A) which were
divided fromthe present 5 application. Attention is therefore drawn to
t hose appli.cati-ons. °~ CLAIM 1. A sem conductor integrated -circuit- _
devi ce conprising an @pid agei rseHtiendueteribayChabedt Ng1so fdisdlosed in
conductivity 5 type forned on a sem conductor substrate, first and second
sem conduct or veelX. rregients Appliitgtd onedonds8600dEst (PubYisPe WdMSIiNE, t o
said first conductivity type that dare fornmed in the epitaxial sem conductor
|l ayer separ at eR¥54060Rc lanst ibK. RaglentaPpp}ioatibnr¥o sedde2hei4ictmrblisgfieshs
whi ch constitute 2 10 the elements of an'| L circuit that is formed in the
first senm condRdsr Ny AP5406dAd which weyeofivbdedhf semithe RrRRAYY -
regions whigch constjtute the elenents of a MS?ET cgrcuit that is-formed in
i he second 2emi ,Qﬁoq%ﬂﬂﬁﬁientlon is therefore drawn to those .

_applications.



wherein the first sem conductor region has an inpurity 15 concentratlon
that is greater than that of the second sem conductor region. 2.

A. devi ge-according to claim1 wherein the third seni-. conductor regions
inclu injector region of opposite 20- conductivity type to the flrst/Q
sem c tor region and a base region of an_inverse transistor. 3. A

: devi ceNatcording to claim1 or cl-afh2, wherein the fourth sem tonductor
. .regions include. source and drain 25 . region Iﬂ"ﬂ"l ircuit of'
opposi te conductivity type to the second sem ﬂlm'mﬁulﬁ A
devi ce cc&$g|ng to any one of clains 1 to 37 HavitngMa plufallty of fifth
sem co regions in part of the epitaxial sem conductor |ayer
separated fromthe first and second semniconductor regions, the: fifth.
sem conductor 5 regi ons form ng sources and drains of M SFETs ‘havi ng .
. channel §_ of - t\1e; SRLABKHREOBI Glri pd ﬂéﬂéﬁp%arQQQttB%vEEHrEBm§EB§§R duct or
regi ons formsources and drains of M SFETs havi ng channels of the first
conduct ayi épitaial l¥emifvonduckcieTay@idheiving &t Egratedondastivieevi ce
. according to claim4, wherein gate el ectrodes of M SFETs havi ng channel s of
sai 8l fitype tfpemed qnnahﬁnmhndqduqﬂmz suhstirateSFEisshaandgsetandel s of said
second conductivity-type, consist of polycrystalline silicon. 15 6. . A
sen1coﬁﬂﬂ%&%ﬂn¢¢ﬁ%2ﬁeﬂﬁii(ﬁqgﬂﬂﬁs(héﬂhﬂg acescanigcepdurhivity Weeein the
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the ep1tax1a1 semlconductor layer separated from each other, i;}

a plurallty of thlrd_semlconductor regions which constitute
10 the elemenﬁs of an 12L circuit that is fofmed in the first.'
seﬁiéondﬁcter region,'and a plutality of fourth semi-
conductor regions which constitute the elemenﬁs of a_MISFET
circuit that is formed in the second semicenductor fegibn,
wherein the first semiconducter regioﬁ has an impurity ‘1'
15 concentration that is greater'than.that.of the second |

semiconductor region.

2. A device accordlng to clalm 1 wherein the third semi- : \q)
conductor reglons lnclude an lnjector reglon of opposlte
- .20 conductivity type to the first semiconductor reg1on and a

. base region of an inverse transistor.

3. A device according to claim 1 or claim 2, wherein the
fourth semlconductor regions lnclude source and draln

25 ‘reglons of the MISFET c1rcu1t of opposite conduct1v1ty type

to the second semlconductor region.
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substantially as any described herein with reference-to_t he
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4. A device according to any one of claims 1 to 3, having

a plurélit? of fifth semiconductor regions in part.of-the
epitaxiai semiconductor layer separated from the first and
second semiconductor regions, the fifth semiconductor
regions forming sources'end drains of'MISFETs haviné
channels of the second conductlv1ty type, and the fourth
semlconductor reglons form sources and dralns of MISFETs

having channels of the first conductivity type.

5. A semiconductor integrated circuit device according to

" claim 4, wherein gate electrodes of MISFETs having channels

of Said'first type’of oonduotivity type and of MISFETSs

having channels of said second conductxvxty type, consist of

polycrystalllne silicon.

6. A semiconductor integrated circuit device according to

claim 5, wherein the first conductivity type is p-~type.

7. . A semiconductor 1ntegrated c1rcu1t dev1ce,

-_substantlally as any descrlbed herein with reference to the

. accompanying drawxngs.




