-1 -7An integrated injection |ogic sem conductor integrated circuit Device
The presént invention relates to an integrated injection logic

seni cofidict or integrated circuit device. The nunber of gates in such '
devi ceWreases with the increase in the range of uses to whg‘ggg@,?ﬁ -
are put;—and the consunption of electric power increases corre ndi ngly.

An integrated injection logic (hereinafteTlTeferred to as [err]) circuit ¢

construction which is called.stacked Letr]. has been _enployed in order to
reduce 10 the power conéﬁnb?%ﬁﬂrﬁge%eﬁp%eggﬁeaiﬁ§g®%FEEA%ﬁﬂ§aqﬁﬁpﬁésed
nunbers of gates. The stagked [grih &9PahirChedicaonsi sts of a plurality of
[err] blocks, each forne P%;1#%n?gTg7—Ug—Perrf-e+9ﬂﬁnts—thaf—pruvide a
logic structure in an el ephéi gabbint SPhobAtisaTreqates! ¥o ra%g'i%egtéz’a%eh&?

I 2L bl ocks being connected in series between a reference potential” (earth
potential) and aimjeckisn nlogicssgnriyonanetbraintegratéd cigcuivy devddelle
degree of -freedomin the wiring |layout of stacked I L devices and to 20

i ncrease the degree of i nMThgratmber of gatpssihbbachodewﬁcmptim@rhasnﬁnany-
cross-under wirings, which utilize a diffusion layer in the sem conductor.

-2- with the increase in the range of uses to which they
5 are put, and the consumption of electric power increases
correspondingly. |
o An integrated injection logic (hereinafter ) =
Y g j g | &

referred to as IZL) circuit construction which is

2L has been employed in order to reduce

10 the power consumption of IzL circuits which have increased

2

called stacked I

numbers of gates.' The stacked I“L construction consists

of a plurality of 12

2

L blocks, each formed of a plurality
of I°L elements that provide é.iogic structure in
an electrically isolated semiconductor regioh, the

15 12

L blocks being connected in series between a reference
potential (earth potehtial) and a predetermined §upp1y

N ' . potential.

| In order to increase the deéree'of freedom

" in the wiring layout of stacked 2

L devices and to
20 increase the degree of integration, it is possible
to attempt to form many cross-under wirings, which

utilize a diffusion layer in the semiconductor.



We have previously proposed cross-under wirings of the construction shown
in Figure 1 of the acconpanying drawi ngs for use in stacked [err] devices.
iAs shown in Figure 1, the cross-under wiring is formed by formng an 5__._
[err]-type dikffusion wiring | ayer 5, which crosses an alumniumwri
on a portion of the surface of an N -type epitaxial layer 2 on a P -
sillicon substrate 1, with an internedi at R-type di ffusion |ayer 3.
reason for using the N+ -type-diffusion wiring layer 5 as a cross- 10 under
Wiring i s because t e [feave -tnedialislypmposed mydssremden wifrdmyged of

si mul taneously with the formation of the collector region (N -type

di f fusi on | ay&hd egnstruGtien sshawmridt figurg 1l Mheo|agaompanatididbecause
the N -type diffusion wiring | ayer 5 has gn inpurity concentration 15
greater than 4%aings (fRF F‘lﬁg"’yp'e%/cﬁ??'i]%%%ri[ Infsvises:d, AfefhOvmdd a | ow

sheet resistance, |endi itself well for_ bein ed a ¢y oss-under
wiring. I'n staé;’c%[ rﬁq%e?ﬁ%%ssfur}‘{eﬁ swﬁ:’tf@ptl%dt%’érﬁaqsé’é’ trfr(?r&lé’(?t Acal |y
connect t . 3§ . r MM ] - 2Q 1. e&;sg t A l.ayver
in a giveg?llftb éﬁﬁf%#%?%ﬁﬁﬁ;w#¥ﬁﬁiﬁﬁ%ﬁé?ﬁ%/ gg%%ﬁ}. _%ﬁsrgﬁéﬁéﬁgg“ﬁg%
Figure 2, N -vaﬁ\fmaaﬁaal PO Gh 298 1A AUk fAce|BCH §FJeygeSol ated by
the 2 p-type isolation layer 6 are used as | L blocks having quite

di fferent potepitastial rdyeach oi herr” Rofpd NEilaeh sifbddtadee 1Gasatef a
three-stage stacked 12L IC shown in Figure 2, the N -type epitaxial |ayer
2a has a pot eamt i itefdvediatey B4tsypd el ffudgre lepidraxd .al Thay atreadonhdora

potential V2b = 0.7 volts, and the N -type epitaxial |ayer 2c
U/ using the N -type diffusion wiring layer 5 as a cross-

10 under wiring is because the N+-Eype diffusion wiring
layer 5 is formed simultaneously with the formation of the

collector regibn (N+—type diffusion layer) of the inverse

2

transistor of an I“L element, and because the N+—type

diffusion wiring layer 5 has an impurity concentration
15 greater than that of the P-type diffusion layer 3 and,
hence,.has a low sheet resistance, lending itself well for
being used as a cross-under wiring."
_ In stacke& IzL devices, it is accepted practice to
% ' 2

electrically connect the I“L blocks by under wirings, and

2

20 to extend the wiring layer in a given I“L block into other

12L blocks by detour. With reference to Figure 2, N -type
epitaxial layers 2a,'2b and 2c electrically isolated by the
p-type isolation layer 6 are used as IZL blocks having
quite different potentials from each other. For instance,

25 in the case of a three-stage stacked I2

L IC shown in Figure
2, the N-4type epitaxial layer 2a has a potential V2a =
1.4 volts, the N -type epitaxial layer 2b has a potentials

V,, = 0.7 volts, and the N -type epitaxial layer 2c



-3- has a potential [err] 0 volt. Therefore, when the [err]-type

di f fusi ross-under wiring |ayers 5a, 5b, 5c are fornmed in the N-type
epi taxift~Yayers 2a, 2b,2c, the N+-type diffusion cross-under wiring |ayers
_being 5\ contact with the wiring layers that electrically connect the I

L bl ocks—éand being further in contact with the detouring wiring | ayers, _
there arises a problemwi th regard to poted=ials of the P-type diffusion \es
| ayers 3a, 3b, 3c that are forned to provide PN junctions 10 to :
el ectrical ly isolhas & ipotentigle. & { fud oreky ossTherafiores when Itheers from
the [err]-type epigaxial |ayers 2a,2b,2c. The cause, it has been found, is
that part of t he-hbrmméff%#%@mwﬁﬁ# LG, davers, Sax #htic NPN

P Lype di 1 usi oh eyire Faried 4 che Iisihe i cental Thvate i, liay o
P-type di ffu : o Sttt g
i sts Tn an [ or MDA T S L e sl P

vol tage ranges 20 i Qiichdk WP dife doi i Uaydlidlear diledirsaingsed that

the cross-under wring construction exists in -type epitaxial” | ayer

'2a shown in Fig. cortfedtaiis COMDBDdKE Hidi Biing | fuftiter kin fedddmor e,

the wiring layer Mextends fromthe second stage | L 25 block in which the
operational voltagth itdre dtwmening wiring layers, there arises a problem

" with regard to potentials of the P-type diffusion

layers 3a, 3b, 3c that are formed to provide ?N junctions &_}
10 to electrically isolate the N'-type diffusion cross-

under wiring layers from the N -type epitaxial layers

2a,2b,2c.  The cause, it has been found, is that part

of the cross-under wiring construction serves as a

parasitic NPN transistor'Qp which is made up of N+-type
15 Qiffusion wiring layer 5, P-type diffusion layer 3

and N -type epitaxial layer 2 as shown in Fig. 1.

Here, it is supposed that the cross-under wiring

construction of Fig. 1 exists in an IZL block (a.third _

stage block) in which the operational voltage ranges N
20 from 1.4 volts to 2.1 volts. That is, it is supposed

that the cross-under wiring construction exists in |

the N -type epitaxial layer 2a shown in Pig. 2 of

the accompgnying drawings. In Fig. 1, furthermore,

2

the wiring ‘layer M extends from the second stage I‘L

25 block in‘which the operational voltage lies between

2

1.4 volts ahﬂ 0.7 volts (i.e. extends from.the I°L



-

1.4 volts and 0.7 volts (i.e. extends fromthe I2L -4- bl ock that exi

in the N -type epitaxial layer 2b shown in Fig. 2) and connects to the
ftype diffusion wiring layer 5. In the above-nentioned cross-under wirin
construction,” the P-type diffusion | ayde 3 5 has a potential of 1.4

vof'ts, which is the sane as the potential of the N -type epitaxial |ayer
Wienn the wiring layer Mhas a potential of 0.7 volts, there- fore, a

forward bias is appbigdehar! B¢:Bhel ¥ACLHE NI -EbUCERs LREIAE 17ty Py

diffusion layer 5 an

the P-type 10 usi on yer € parasitic

NPN transi stor QoshB@halASFigPeRRt hR@ EbnAEEEsatdatREl T CtHFd 41 £ASE SERT

becones a problemin a portion where the wiring l-ayer whic

| ow- pot enti al "driwimgng 2ayeroSk 15n theaabogé-mehtioheéd Grossrgnder ']
crosses under the diffusion layer in the high-potential driving I
The acti owivinghcopatrectionNrPther Brtype odififiusiontlayems3ible to

bl cok,
bl ock.

properly operate the inverse transistor of an | L element that is connec
t he & osshafdarpatentiabnofaled. vattsr dvhichoishthersametas nvention

via 20

there is provided
circuit device in

10

15

20

n integrated %nLection Iogic sem conductor integrated
Eﬁﬁd?ﬂﬁ?,tla of the N -typé epitaxial layer 2. en

the wiring layer M has a potential of 0.7 volts, there-
fore, a forward bias is applied to the PN junction

J between the N+-type diffusion layer 5 and the P-type

_diffusiqn layer 3, and the parasitic NPN transistor

Qp operates.
Operation of such a parasitic NPN transistor

becomes a problem in a portion where the wiring layer

2

which extends from a low-potential driving I“L block

2

to a high-potential driving I“L blcok, crosses under

the diffusion layer in the high-potential driving
IZL_block. The action of the parasitic NPN transistor
makes it impossible to p:opérly operate the inverse

transistor of an 12

L element that is connected via
the cross-under difiusion layer.
According to the present invention there

is provided an integrated ihjection logic semiconductor

~  integrated circuit device including :

sts

N ~

(&

2.

extends from a

2L

t ed



(a) first, second and third sem conductor regions that are electrically
I.sol at ed from each other; (b) a first integrated injection |ogic block

i ncl udi Agwa plurality of integrated injection logic 5 elenments formed in

t he fi r{s\ m conductor region; (c) a second integrated injection-|ogic

. bl ock X ding a plurality of integrated injection logic elements formed
In the second sem conductor region; (d) a-=Skird integrated injection |ogiC et
block 10 including a pluraljty of integrated i.njection |ogic elenents

formed in the third senicotallickirst egerand &nd i thixd semiwordutctdr rd net al

wiring layers formed in said first, second and third integrated injection

| ogi ¢ bl ocks, restrgions|thatmare electriqadly, ¥sqlated Jizom epgh other;

sem conductor. | ayer which grosses, under and is electri.cally isolated from
‘the first netal wring IayéP)f%wékﬁf?riQ?ﬁgqqﬁ%ﬁa e Rgis Rikf%on;

- d - uhd m duct. | ayer, 20 which, d d
lbctrical y | SolREIGIAA rRFCATHY i APSATRatrd Jpeaeiond s no
rical ly i sol e TF et o WP ¥ bt T ot b 10
i oh-cr ossess undtyunieh Forud, & wié TG SeERAERFCINEA 1DV

wiring layer forned in thedfig dssddiia HAUYGNA 'BfRion logic block

including a §1urality of:integréted injection logic

" elements formed in the second semiconductor region;
| (d) a third integrated injection logic block o/

10 including a plurality of_integrafed injection logic

'elements formed in the third semiconductor region;

| (e) first, second and third metal wiring
layers formed in said first,-second and third integrated
injection 1o§ic blocks, respeCtivély;

15 (f) a first cross-under semiconductor layer
which érosses under and is electrically isplated from
the first metal wiring layer forhéd in the first semicon-
ductor region; | | . :

| (g) é second cross-under semiconductor layer ~

20 which crosseé under and is electriéally isolated from
the second metal wiring layer formed in the second
semiéonductdr region: | |

(hi a third cross-under sémicdnductor layer
whicﬁ'crosses under and is electrically isolated from

25 the third metal wiring laYQ:formed in the third semi-

conductor region;



-6- (i) a first sem conductor |ayer which has a conductivity type opposite
to that of said first cross- under sem conductor |ayer, and which is_
Focated adj acent to said first cross-under sem conductor layer to 5\
electrically isolate said first cross-under sem conductor |ayer fr ﬁi .d
first sem conductor region; (j) a second sem conductor |ayer which.has a
conductivity type opposite to that of said second cross- under

sem conductor |ayer, and which is | 6c&t &d adj acent 10 to said second

cross- under seniconductqh)la‘ . t% electrically_isalate aig econd _

cross-under sem conduct ort |§§3ﬁrFroﬁﬁ&$98“§§86§5 ég#FEbﬁﬁﬂg o] aF_eaion; and
k third |, QL |42 ' d I\istay. et ite t

thit of sai d GO aany (Y SRl el ch (RN ol AR, BRpasLie fo

| ocated adj acqfadi® seitdnductdr’ 1aye)dangs WHieANd4Cdcalt@bChaldcent
electrically isolate said third croSs-under sem conductor |ayer “fromsaid

third sem condistsid ¥t diftysSivndedi Gehictnduteoendaged tbird sem - 20
conductor regions are provided with potentials set at |evels which are

di fferent & oralesxtirictadldry imod atMecsaiid fdirdtf ioress-uaderd semd cbhdndtor
sem conductor |ayers are provided with potentials set at levels to prevent
a forward bi as Eyesmfixem ¢ adsh|fiigs ta segdcongdiug tiorr $1egd®nsross- under

sem conductor | ayer and said first sem - conductor |ayer, across said
second cross-under seni-{j) a second semiconductor layer which has a

conductivity type'dpposite to thét'of said second cross-
under semicbnéuétdr layer, and which is located adjacent

10 to said second cross-under semiconductor layer to
electrically isolate said second cross-under semiconductor
léyer from said second semiconductor region; ahd

| (k) a third semiconductor layer which has a
condﬁctivity type oppositelto that of said third cross-

15 under semiconductor layer, and which is located adjacent
to said third cross-under semiconductor layer to

-electricélly isolate said third cross-under semiconductor

\_ _layer'from said third semiconductor region;

| wherein said first, second and third semi-

20 conductor.fegiohs'are provided with potentials set at
levels which are different from each othet, and wherein
said first, second and third semiconductor layers are
provided with potentials set'gt levels to prevent a
fbrWafd bias'from being appliea across said first

25 éross-under semiconductor layer and said first_semi4

conductor layer, across said second cross-under semi-



-7- conductor |ayer and said second sem conductor |ayer, or across said

third 0ss- under

sem conduct or | ayer and said third sem conductor | ayer.

The pr '? t invention will now be described 5 in greater detail by way

of ex with reference to the renaining_;igures of the acconpanying
drawi ngs7 wherein : Fig. 3 is a diagramof a stacked [err] circuit te which.
the present invention can be applied; 10 Fig. 4 is a sectional ‘w

vi ew showi ng a cr
of a stacked [err

oss- under wi-ring in an [err] block; Fi is a plan view

. 5
¢ondncrenriayerand 3aidisesonrd); mcwg\t%"ﬁ) reAYaN -

Lié?;?i ?2; aFifp?aR%é aFERsh, LA LERLTE STORE-GRASE FHBL CoRTED AYer
enbodi nent of t j ion; Fig. i ' i i i

_ reRA ERIA 17T poBicopductor ndyaErt fOnal AW SION TG B
view of a stacked 12U |C apggrgilgehf Fublhifof Wor] TEok Bl ddeciBee!

portion of the cr

i nvention; and Fi
W ring accorgli ng

g. 10 is n vi ew Show ng a portion e cross-under

18 GriltlPoieERRRIbyeRhy 25t eRinble PiEOPbeéraREe] ON.

to the remaining figures'of the accompanying drawings,

whe:ein ]

10

15

20

2

Fig. 3 is a diagram of a stacked I“L circuit

to which the present invention can be applied; . W/

Fig. 4 is a sectional view showing a cross-

2

under wiring in an I”L block;

25, 1C

Fig. 5 is_a plan view of a siacked I
according to a first embodiment of fhe present invention;
.Fig. 6 is a seétional.vieﬁ which corresponds
to Fig. 5; |

2;, 1C

Fig. 7 is a plan view of a stackéd I
according.to a second embodiment of the present invention;

Pig. 8 is a sectional view showing a po;tion
of tﬁe cross-under wiring of Pig.7;

Fig. 9 is a plan view of a stacked 12L IC

~ according to a third embodiment of the present invention;

25

and
Fig. 10 is a plan view showing a portion
of the cross-under wiring according to a further embodiment

of the present invention.

J



Fig. 3 shows a portion of the stacked IL circuit, and |Ilustrates [err]
bl ocks .of the n-th stage, (n-1)th stage, and the first stage, as L? as
<t he rmanner in which they are interconnected. In Fig. 3, thick sol ynes
represent 5 - netal wiring layers for connecting | L elenments with t he
| 2L bl ocks and for connecting the [efr§=blocks. Resistors [err]
’ eqyivalently demonstrate cross-under wiring |ayers (diffusion layers)
formed in a sem conductor jntegrated circuit device. A resystor [err] has

a resistance greaterFig. Bhahovaoacportiga efstheostagked ]I orkbrewitshift
the level and to progerly operape the transistor C¥of the (n-1)th stage,
and further woRRS &3lustrases hdk, blpekagof The arkhp ﬁFGQvahnebL#P

has been i ndepen y.forped in an N -type epifaxial senjconductor Ia er-
Mhrch Tn | P arer Fhal i EoPsrdnr T pBnelL aBnkhE BAPRSTLLS RACE ey

Z?”%ﬁg?dfﬁt3fréggsééﬁégséagggsédFa§¥56F538 TnihieR Forig 'fg%ﬁgcﬁﬁﬁiﬁﬁ%ﬁg'
layers 9,18 ar§8§§}e9§kigﬁyl%géggdbe Egﬁnéégigéefzﬁ] L¥RENER! LAKAA the
seni conduct or eSemcondactor tayer 7 serves as an

|nJector regi of L'bﬁocﬁ@raﬁa Qéraéoﬁﬁbéﬁfﬁgoﬁhé taieﬁﬁbcfyp tReppsedPs. the
N -type epitaxial sem conductor |ayer 2 sefves as a base of the transistor, ~

and t he P—typeR libCéqdﬂﬁhmén’tayedeﬁoﬁEtr‘eﬁeaarﬁsﬁehhﬁéi'om.ﬁinéhBa;?&rs

transi stor. the N -type epitaxial sem conductor |ayer 2 serves

as an emtter oﬂlﬂﬁusmoarieyEPN)tfanmeétmn a semiconductor integrated

W, circuit device. A resistor R, has a resistance greater

10 than those of the resistors Rl,R3, works to shift the level
and to properly operate the transistor Q of the (n~l)th ’
stage, and further works as a.cross-under wiring.

The IZL bléck in each stage has been independently

.formed_in an N -type epitaxial semiconductor layer 2 which

15 is electrically isolated from its counterparts by a P -type
semiconductor substrate 1 and a P-type isolation layer 6,
as shown in Fig. 4. That is P-type semiconductor layers
7,8, and N+-type semiconductor layers 9,10 are selectively
formed in the isolated N -type epitaxial semiconductor

20 layer 2. The P-:ype semiconductor layer 7 serves as an
injector region, i.e. serves as an emitter of a lateral PNP
transistor, the N -type epitaxial semiconductor layer 2
-serves as a base of the transistor, ‘and the P-type
semiconductor layer 8 serves as a collector of the

25 transistor. Moreover, the N -type epitaxial semiconductor

layer 2 serves as an emitter of an inverse NPN transistor,

the P-type semiconductor layer 8 serves as a base of the



t he P-type sem conductor |ayer 8 serves as a base of the transi stor, and

i the N e sem conductor layer 9 serves as a collector of the transistor.
Thus," L elenment (a circuit elenment having a-logic function) is
const . Therefore, a plurality of the thus constructed [err] elenments
) ar€Tforned in each of the epitaxial sem conductor |ayers that are i

| isolated fromeach other, to constitute the ¥%dividual | L blocks. In Fig.\d
-4, the N -type semiconductor layer 5 formed in the P-type sem conductor
| ayer 3 serves tgandigitbiysiagd the Nsitypensenficonthidtiamg dyer |9eserveshiash
. also serves as a cross-under wiring, as mentioned above, and forms a
i resistor R as sheellieectidryof3 then tranwiddors wiThust,hanilcie el ementntliaon,
the stacked | L circuit is fornmed in a sem conductor substrate as- 15
i | lustrated incilreuidl ledemente haiing: & Jogen funation). iE gongtnuated.at es
a stacked I 2L ICin which the P-type layers 3a, 3b and 3c areconnected to
a ni ni mum pot efhexefereno aymdwr@lidye @i Fhe Ghys constcted Ly flemepts
cross-under wiring |ayers (N - e Jayers) ba, ,5h and 5¢c. fromthe N -type
oy Tt ol Payers e forhechin machtind Sha e bani Al Samiepdusias, dayer S|
[err] Dblocks in.three stages., | his case, .potentials of the N.type
epi taxi al | ayerHath afe ‘f%iﬁted'c#&?“bfeat eorF?\ 'stté’ggc(rtﬁﬁ'td‘% t"hs%lage) ,
I 2L bl ock of trl%d(i%’ild)l.{[arl sltzigesl(o%qg).nd stage) and .
- In Fig. 4, the N'-type semiconductor layer 5 formed
- in the P-type semiconductor layer 3 serves as a diffusion
10 resistance for shifting the level, which also serves as a
cross-under wiring, as mentioned above, and forms a
resistor R, as shown in Fig. 3.
In accordance with the present invention, the stacked .
IZL circuit ié formed in a semiconductor substrate as
15 illustrated in the following embodiments.

Embodiment 1:

Fig. 5 illustrates a stacked IzL’IC.in which the
P-type layers 3a, 3b and 3c are connected to a minimum
‘potential or to ground éotential (GND) in order to-isolate
20  cross-under wiring layers (N+-type layers) 5a, 5b and S5c -

from ﬁhe N -type epitaxial layers 2a, 2b and 2c.

2

The stacked I“L IC of Fig. 5 consists of 121 blocks

in three stages. In this case, potentials of the N-—type

2

epitaxial layers in the I"L block of the thh'stage (third

25 stage), 1%L block of the (n-1)th stage (second stage) and

1%L block of the first stage, are held at 1.4 volts, 0.7

volts and 0 volt, respectively. In each of the'IzL blocks



TN _
21 L block of the first stage, are held at 1.4 volts, 0.7 volts and ‘\
volt, respectively. In each of the I L bl ocks -10- as will be obvi Q}“
JromFig. 5 furthernore, potentials of the P-type |ayers 3a, 3b, 3c"-
cross-under wiring |ayers 5a,5b,5c are formed under the netal wiring | ayers
(al um num layers) La,Lb,Lc, are naintahned at a mnimum potential, 5 I.e.
maint ai ned at ground potential (O voltY)”"bei ng connected through wi rings
I'la,l1b,Ilc. This makes it possible to prevent the parasitic transistor
“oper ation thatasyiwillbde sy owhefrdy Big. ¢ oshanpivemanie, rptentdrad s( WE
-type layers) which have a high potential, the P-type |ayers and 10 the N
-type epitaxi dthe Rrhype hayers 33, Huig whereFregarundern (wining Hayersnds
fromthe [err]_ block of the (rrl&fh stage is connected tq the cross-under
wiring |ayer 2R3 rafihformed ander thedtad firingyavers Hadunisumed
to it a potentyal . vqlits to 1.4 volts). which is higher than the 15
botent tal (0 IANSTT TN pete, AAingAi Agh iak o e, peeniad s <
appl i ed acgoss; the cr. -”ngfr i I . R-¢ | ayer 3a, .and
no parasi tcgl c t’ih‘;]n'si“g’%féaolper atal%mn%%‘&s a%ﬁ%'g&a ?#engoolstr)t ?ﬁgeﬁin(% >é:[Qr? <eted
cross-under wigy Iz $58gs 4 ol , APt abn 3 Midid a%epds 3 4N di ng
fromthe 12L b otgﬁléo}?x?hzéﬁﬁqﬁ h stage | S connect edﬁt o the (Pros iund)(goew ring
Ia%'ert_5bi (Tge}ﬁf@i&t titfe POEBsitiEloir dhdi ot Adratidineridlviad e it a
potentia 4. _ _
established by the cross-under wiring layers (N+-type_
(/ layers) which have a high potential, the P-type layers and
10 the N -type epitaxial layers. That is, a metal wiring layer
M, which extends from the 1%L block of the (n-1)th stage is )
connected to the cross-under wiring layer 5a. Accordingly,
the cross-under wiring layer 5a has applied to it a
potential (0.7 volts to 1.4 volts) which-is higher than the
15 potential (0 volt) of the P-type layer 3a. Therefore, a
reverse bias is applied across the cross-under wiring layer
S5a and the P-type layer 3a, and no parasitic transistor
operation takes place at the position of the cross-under
wiring layer 5a. Further, a metal wiring layer M,

.20 extending from the 12

L block of the n-th stage is connected
to the cross-under wiring layer Sb. Therefore, the cross-
underﬁﬁiring layer 5b_has applied ﬁo it a potential (1.4
volts to 2.1 volts) which is higher than the potential (0
volt) bf'the P-type layer 3b. Conse@uently. a reverse bias

25 " is applied across the cross-under wiring layer 5b and the

P-type layer 3b, so_that no parasitic transistor operation

takes place at the positidn of the cross-under wiring layer



volts to 2.1

volts) which is higher than the potential (0 volt) of the

P-type 3b. Consequently, a reverse bias 25 is applied across the
cross- uf wi ring layer Sb and t-he P-type layer 3b, so that no parasitic
transi s peration takes place at the position of the cross-under wring

| ayer b. Furthernore, a netal wiring layer [err] in the [err] bleck of
the first stage is connected to a cross- r wring layer 5c. Therefore, ‘&

the cross-under wiring layer 5c has-applied to it a potential (O

7 volts)

which is equal s9, Piréherfiore)ca méeal wheingt rayesl M(Oinothe pfLt bBock

P-type | ayer

3c. Accordingly, no forward bias is ever applied across the

cross-under wiofngheafirstcstaget he fGonpectéedyto dccrissmundevnwilribgve, no

forward bi as

is applied across the cross-under wiring |ayers 5a, 5b,5c and

the P-type 10 1egeon§caa Thegefored, theneﬁosﬁo“péﬁﬁsW%Féﬂﬁr&ﬂ!ﬁst§¢ has
operation takes place. Fig. 6 is a secti naI g EMICh hemat|0ﬁE %
i|lustrates thé?ﬂ}%Fﬁgtel+Eu¥tP%FeF$§315 OAECSP k8 ¥BifRelanggua ﬁ r oflEd

enbodi nent, t
potential" 55

. operation. Thegefor

P-type | ayers

"Sreatabr e, Eoe pornaciet. PEREET: SEHEE, prhvPrclaberore-
EPEG1nblY, MO EbRRhrBohERs s E aeekaxghil anas%sg tRet Ne

Ing In a decrease I n e ree o

i ntegration ofc}ggssggagpnggfpa aSI?ggrgEeqnglﬁﬁgl -@9§bcqay39 3c. I n

preventing the occurrence o

Ic transistor operation, it wll be

;_ understood that' the RstyeRtisnedSabBve, no forward bias is applied across

10

- 15

20

25

the cross-under wiring layers 5a,5b,5c and the P-type o/
regions 3a,3b,3c, and, hence, no.parasitic transistor
opefation takes place. Fig. 6 is a sectional view which
schematically illustrates the wiring circuit of Fig. 5.

According to the aboﬁe—mentioned embodiment; the P-
type layers 3a,3b and 3c are maintained at ground potential
in order to prevent the occurrence of parasitic transistor
operation. Therefore, the number of metal wiring layers
connected to the P-type layers increases, resulting in a
decrease in the degree of integration of the éemicqnductor
ihtegrated circuit device.

In preventing the occurrence of parasitic transistor
operation, it will be understood that the P-type layers in
the 1L blocks need not necessarily be maintained at a
minimum voltage,.provided the wiring layers extending from
the low-pptential driving Izn blocks to the high-potential
driving 1% blocks, " do nét cross under the metal wiring
layers in the high-potential driving 12L blocks. The

following embodiment is to realize a semiconductor

>



the I L blocks need not necessarily be maintained at a m ni num vol tage,-.
provided the wiring |layers extending fromthe | ow potential driving |

sbl ocks to the high-potential 25 driving [err] blocks, do not cross {u
theemetal wiring layers in the high-potential driving [err] Dbl ocks.
foll owi ng enbodinment is to realize a.sem conductor -12- ,integrated
ciircuit device which'is constructed in.gshighly integrated form conpared
wi th the above-nentioned enbodi ment 1, by taking this point into

consi der at i on. iftegratedt c2rceit deviceFwhyich i$|constrwsted simckdrighly | C
in which the P-type regions 3a, 3b,3c where cross-under wiring |layers (N
-type |ayers) bategratedi formmhcomparedpvithsthe caboyvermentioned enbadizent
that are set to be equal to the potentials of the N -type epitaxial |ayers
2a, 2b,2c. 10 1. by taking thispeint intercongideratidRe clectrically
connected to the N:t ge eBitaxiaI | ayers 2a, 2b,2c by nmetal wiring |ayers
(alum num | aye @?od ,agh,izc, respectively. -In practice, each of the

L A9 Lol R TS T o 2 1 B 1
3 e, & e o MELAGeLSNEE G516 30%hed2 oo Opnder! Qi HMEN BIF 2

gir 388-7 ung'_ﬁre W [}NGr{B¥clageraNdss sk £8R08ESehCnt HE R Ab1YEKS NSrd Bs¥mdd, Of

have potentiéls that are set to be equal to the potentials
(*j | of the N -type epitaxial layers 2a,2b,2c.
10 In Fig. 7, P-type layers 3a,3b,3c are eleétriéally
connected to the N -type epitaxial layers 2a,2b,2c by metal °
' wiring layers (aluminum layers) 12a,12b,l2c, respectively.
In practice, eaéh of the metal wiring layers l2a,12b,1l2c is
formed on an ﬁttvpe layer 5' which electrically connects
15 the N -type epitaxial layer 2 to the P-type-layér 3, like.
a metal wiring layer (electrode) 12 of Pig; 8, in which a
"metal ﬁiring layer (aluminum lajer) 4 formed on.an Sio2 |
film 13 traverses the cross-under wiring layer 5, and
corrésponds to the metal wiring layer La of Fig. 7.. The
20 métal wiring layer 4 fLa) extends from the IZL block (low-
: potehtial driving IZL block) of the (n-l)th stage to the
.IzL block (high-potential driving IZL block) of the n-th
-stage, and does not use a cross-undef wiring layer in the |
12L b1ock of the n-th stage. The N+-type'1ayer-5lallows
25 the wiring layer M, in the 1%L block of thein-th stage to
- cross under the metal wiring layet 4 (La).

lTable_l shows potentials vepi' Vp and V, of the



. layer &
' 'stage to cross und
" potentials V epi

P-type | ayer amd-dypeypepitarialn kayernr Gstypeddiayen iand INMydiypesd Hter in
of the stacked [err]

driving=herr]
tial
f W ring
| ows 25

(diffusion resisto

| ayer in the [err]
the wiring |ayer. [err]
er the netal
VP and VN of. the -13-

rs [err])

bl ock of the n-th stage.
in the [err] block of the n-th
wiring=layer 4 (La).
[err]-typ3

wiring layer 4 (La) extends fromthe [err] block (Il ow potenti al
bl ock) of the (n-1)th stage to the [err]
driving | 2L bl ock) of the n-th stage,

bl ock
and does not use a

TABLE 1 [err] Rdweesrogis-anderywiwing Jayers 5a,3dbffusion fegistans

(n-1)VF (n-

layer (fixed p&an

Potential V of cr

“(variable potentia

2)[err]V potential)
ﬁ)zah Pf]_ t

0oss- under wiring |ayer
1) in to nferr]V

he stagke &231 ' tts.’"’(gf%%%‘*'fl e-r

Table 1 shows '
epi taxial |ayer,
| C thus constructed. 5
] of P-type
ts 15
(n-1)VF (n-1)VF

to n[err]VF volts [err]:

The N -type

forward bi%§ = 0.7 volts 20 paBLE 1 Number of stages
R11 R2
Potential V,,, of N -type
10 epitaxial.layer (fixed (n-1)-vg (n-2)-vg
potential) in volts
Potential V, of P-type _ .
1ayer (fixed potential) (n-l).vF (n-2)-vF
in volts
15 Potential Vv of cross-
under wiring layer (n-1) Vg (n-1)-vg
(variable potential) in to n-Vg to n-V,
volts ' L '
Vp: forward bias = 0.7 volts
20 n: number of stages

As will be obvious from Table 1, the potential of the

P-type layer never becomes lower than the potential of the

cross-under wiring layer.

According to this embodiment,

25 therefore, no parasitic transistor operation develops even

wheg.the potential of the P-type layer is changed from

ground potential to the potential of the N -type epitaxial



As will be obvious fromTable 1, the potential of the P-type | ayer never
becones | ower than the potential of the cross-under wiring | ayer. Acc | ng
‘to this enbodinent, 25 therefore, no parasitic transistor operation G‘E gi
dewvel ops even when the potential of the P-type |ayer is changed fro nd
paitential to the potential of the N -type epitaxial -14- layer in which
the P-type layer is fornmed. For insLiqge, In the case of the stacked I2L
IC of three stages as shown iin Fig. the potential of the P-type |ayer 3a
in which the clayeruddewhiichi nhel ayeypealagetf isi 6ormedi st Rogeihstandejs 5
fornmed, is 1.4 volts which is equal to the: potential of the N -type
epitaxi al. | ayein €Ghet kaset oér thendtackedcIobsICundér threengtageer adashewn
provided with a potential of 1.4 volts to 2.1 volts. Therefore, forward
bias i s never appFigd dActhesposentiadsofingbe Rreyrg Layer 3a indwhhkehptheg

e ey 5 eeagsLapee: el Jiven' Bac (oFAFhelR) Slebinen e, ot
vol X MY | it 35t 2PN Shagh Wi alals e ER BSkEhckafche 1
79 L) ke, oM Ry Tadir' B Dhel kool Lig LipLg =t ooc
ey Ty SPOREC IR SBE 20 (T preidase s W potinta o0
W ring volts to 2.1 volts. Therefore, forward bias is never
k?) applied across the cross-under wiring layer 5a and the P-
;o' type layer 3a. The potential of;the P-type layer 3b in
which thé cross-under wiring layer 5b (diffusion resistance ’
Rz) is formed, is 0.7 volts which is equal to the potential
of the N -type epitaxial layer. The cross-under wiring layer
5b, on the other hand, is conpected to the metal wiring |
15 layer'M2 which extends from the I°L block of the third
stage, and is provided with a potentialfof 1.4 volts to 2.1
volts. Therefore, forward bias i§ never applied across the
_ cross-under wiring layer 5b and the P-type layer 3b.
~ In the stacked 1%L 1cC of-this.embodiment, the wiring
20 regions can be greatly reduced compared with the stacked
IZL IC of the above-mentioned first embodiment. That is,
éince the potential of the P-type layer is se# to be egual
to the potential of the N -type epitaxial layer in which
‘the P-type region is formed, a long wiring for ground
25 potential can be eliminated, and the shortest wiring is
required €o connect to the neighbouring N -type epitaxial

layer. To realize a semiconductor integrated circuit



20" regi ons can be greatly reduced conpared with the stacked [err] |IC of the
abovez=nentioned first enbodiment. That is, since the potential of the .
ayer is set to be equal to the potential of the N -type epitaxial -
| ayey #i*n which the P-type region is formed, a long wiring for ground 25
pot’e#al can be elimnated, and the shortest wiring is required to connect>
to the neighbouring N -type epitaxial aY To realize a sem conduct or
integrated circuit device of a highly ntegrated formwhile preventing

t he occurrencedg{,,_@grgfllegw }i]ﬁ ?rQQSEaEbQB wiEger gradehihg €he

enbodi nent, the wring | ayer ends froma |low potential driving

[err] block topachipéneet 88t pataditiengrankibtorbbpekathonl, dasebrasfg to
cross-under wiring, and the cross- under wiring |layer should be connected

to a metal wirtngsl expodihent,athenwirihgslayert whieh exneadslﬁnomnahlowa
single [err] block only. In the cgse of a wiring layer M extending fro

10 hi gh- pot enpoeéntiiali dgivihgbISbkbiock towapbnthpetentuaangrﬁgmnsléck

as will be obvious fromthe above-nentioned enbodi nents 1 and 2, no

parasitic Branbleckrsbpuldt hot Pakesrﬁﬁécﬁnéﬁﬁn“%ﬁéﬁgbhéﬂér6§§ GREEE-Wi ri ng

| ayer 5b is used. Below is nentioned an enbodi nent |n whi

t echni cal |deauF§eﬁo§PFFOSI}aMPFIPE@Hl ERSoGPRERCTS f°FPgme§ahIV&§?P§tes a -

stacked | L lci;9e¥hhﬁ1ch accomplishes electrical connectzon within a

single IZL block only. |
'In_the case of a wiring_laYer'Mz exﬁending from a s

10 high-potential driving IZL block to a low4potentia1’driving
IZL block as will be obvious from the'abdveementioned
embodiments 1 and 2, no pafasitic transistor opefation
takes'plaée even when the cross-under wiring layer S5Sb is
used. Below is meﬁtioned an embodiment in which this

15 technical idea is positively utilized.

Embodiment 3:

Fig. 9 illustrates a stacked IzL IC in which the
metal wiring layer Mg of the high-potential driving 12L §‘)
' biock is allowed to run inﬁo a low-potential driving IZL
20 block in detour due to the requirement of wiring layout,
and use is made of the cross-under wiring layer 5b.
In Fig. 9, potentials of the P-type 1ayers'35,3c in
which cross-under wiring layers (diffusion resistances) 5b,
5¢c are formed, are set to be'equal'to the potentials of the
25 N -type epitaxi#l 1ayers'2b,2c in which the P-type layers
afe forméd._ The potentials of the P-type layers 3b,3c may

. instead be maintained at a minimum potential (ground
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2 netal wiring layer [err] of the high-potential driving | L block is
allowed to run into a lowpotential driving I L 20 block in detour due

the requirenent of wiring |ayout, and use is made of the cross-under Wti%g?
| ayer 5b. In Fig. 9, potentials of the P-type layers 3b,3c in which
crass-under wiring layers (diffusion resistances) 5b, Sc are fornmed, are
set.to be equal to the potentials of tl3g.25 N -type epitaxial |ayers 2b,2c
in which the P-type |layers are:formed. The potentials of the P-type |ayers
3b, 3c may i nst bgefBi Nt ai ned at -a nininum potential (ground - 16-
potential). The above stacked [err] IC prevents the operation of a

parasitic transistor ehatasbbe Seaskéabifshee prevbsts cthé -opdPet B tKi Al
| ayer 2b, P-type layer 3b, and cross-under 5 wring layer (N -type |ayer)
5b, because of papasbEtcrepansisesrERat owElll ibetsstabbshe® by 2thé v~ -
particular, the potentials of the N -type expitaxial |ayer 2b and the P-
type | ayer 3b doypetepitaxiatqliajero2bhePpoypetlayenf 3bheand ossosscender
wiring |ayer 5b, but are necesgarily smaller 10 than the potential of the
cross-under Swi r vhgingaytayes by atypealeyeri oPhmrbepauseoftthhe sane|reasons
(0.7.volts), to provide increased margin, |In this_circuit, also, the

wiring regions fanmeBtipRed jnrthacenbedinerbuht of ntPATELFRIARASERR as
mentioned.in thSogggggglgnggdngn&'-type expitaxial layer 2b and the P-
type layer 3b do not become equal to the potential of the
N ‘cross-under wiring layer 5b, but are necessarily smaller
10 than the poténtial of fhe cross-under wifing layer 5b by at
least a forward_bias voltage level (0.7 volts), to provide
increased margin. 1In this circuit, also, the wiring regions
can be greatly reduced on account of the same reasons as
- mentioned in the second embodiment.
15 The stacked IZL IC of the third embodiment can be
modified as mentioned below.
(1) In Fig. 9, the cross-undef wiring layer 5b
\_ contacting to the mgt;l wiring-layer-us may ‘-be formed in the
12L block in which the croﬁs-under wiring layer 5c has been
20 formed.
| In this case, the potential of the P-type layer 3c is
- lower than the potential of the P-type layer 3b, and the
parasitic transistor does not operate.
(2) The cross-under wiring layer 5b may be formed ih
25 the N’—typerepitaxial liyer 2a (Izn block of the n-ﬁh
stage) instead of the N -type epitaxial layer 2b (12L biock

of the (n-l)th stage), and the potential of the P-type



15 The stacked | L I C of the third enbodi nent can be nodified as
nentigﬁﬁg below. (1) In Fig. 9, the cross-under wiring |layer Sb contacting
to theZmgtal wiring layer [err] nmay be formed in the | L block in which the s
cross\uder wiring |layer 5¢c has been 20 formed. In this case, the
potential "of the P-type layer 3c is |lower than the potential of the P-type .

| ayer 3b, and the parasitic transistor does not operate. (2) The s
cross-under wiring |layer 5b may be foﬂ%ijTrIZS the N -type epitaxial -
layer 2a ([errlapeechaqf peliaget ith deSled@Al itdsdrd oY R eSRLaxi al

| ayer 2b (1 L blgck of9the (n-1)th stage), and thep%%fgﬁﬁfgl4§fetee&P-type
-17- | ayer naytigpesepitaxialeqayert @bt HEZNDWkabefth@?Qan YerP e tareh @9 al

| ayer 2b ([err] block of the (n-1)th stage)to isolate the cross-undér

wiring |ayer 5Bsbletet kheNcrogseunderawialingalaye?a S5 from the N1-kigpe

case, the potential of the P-type layer is-lower than the potential of the

N -type epitaxPREtRE}@L 2ayexn@af.orward bias is not applied across the

P-type layer and the_N -type epitaxial |ayer 2a. The cross-under wiring

| ayer is pPovided wi tR %hpSt EASREal thegpotentialt 9 fhecRrtypeldayert e

P-type |l ayer, and. fo rd _bias iis _nqt .applied aeross the cross-under wring
| ayer and the_$9F§5eE$§9eFBeIP°F§ntlal o% t%e- -type epitaxial layer 2a,

and forward bias is not applied across the P-type layer and

the N -type epitéxial 1aye:'2a. The cross-under wiring

-layer is provided with a potential higher than the potential‘dj
10 of the P-type layer, and forward bias is not applied across

the cross-under wiring layer and the P-type layer. It is

therefore_poséible to prevent the occurrence of parasitic

transistor operation.

When the potential of the P-type layer is set to be

15 lower than the potential of the N--type epitaxial layer, it .
is possible to form a plurality of cross-under wiring layers
close to each other in the P-type layer. This point wiil
be described below in detail. . J

Fig. 10 illustraﬁes a portion of a stacked IZL IC in

20 which two cross-under wiring layers 5a1.5a2 are formed
close to each other in a P-type layer 3.

When the two cross-under wiring layers 5al-.5a2 are
formed close to each other in the P-type layer 3 aé shown
in Fig. 10, however, there arises the problem of a parasitic

25 1lateral transistor Qp méde.up of the two cross-under wiring

+
layers (N -type layers) 5a1,5a2,.and the P-type layer 3.

'Namely. parasitic lateral transistor operation will develop



t heref ore possible to prevent the occurrence of parasitic transistor
operatieon. \Wen the potential of the P-type layer is set to be 15 | ower
than the potential of the N -type epitaxial layer, it is possible to {&~m:
plurality of cross-under wiring |layers close to each other in-the P-typ

| ayer. This point will be described belowin detail. 2 Fig. 10 illust
a‘portion of a stacked I L ICin 20 whieh8+#wo cross-under wiring | ayers
[err] are forned close to eachh other in a P-type layer 3. Wen the two
cross-under wi riGRFS Hler LHHALBVanok Aa%alaR éﬁﬁ% g’o depenging upen [the

P-type layer 3 as shown in Fig. 10, however, there arises the problemof a
parasitic 25IaﬁQ§é§t¥9Qﬁ$istor Q made up of the two cross-under wring

| N -t | nd the P-t | 3._ Nanel asi ti

Y eral tranarstor opdale @ and¥ ik 4% ey rdgiindesh §iT3n. o)
B), d i tde - i ] Y notentjal s of th

r oae- uhder i rYSTEREAD (SIE, O e he FJRd SO B0/ilsel hedle 21°) 5

and B. TABLg 2 s A Case B 10 Potential [err] of first
TABLE 2
N Case A Case B
10 _
Potential VNl of first -
cross-under wiring layer (n-1)-¥, (n-1)-v |
5al {(varying potential) to n-vp
in volts

Potential V, of P-type
15 P

layer 3 (fixed potential) (n-1)-vg '(n-z)-vF
in volts
_ Potential V2 of second
\ cross-under wiring layer .(n-l)'vF :(nhl)-vF
 5a, (varying potential) to neV, to n-v,
20 in volts
) The above-mentioned cases A and B will be described
below in detail in connection with a three-stage stacked
25 1%L IC (n=3). |

(1) Case A:

As shown in dotted lines in Fig. 10, the P-type layer



crags-under wring |ayer (n-1)[err] (n-1)[err]VF. [err]

(varyi pg=potential) ton VFin volts Potential V of P-type P 15
| ayer /8 xed potential) (n-1)[err] (n-2)[err] in volts
Pot ent N2 of second cross-under wiring |ayer .(n-1)[err]

C(n-D)[

Sa2 (‘varying potential) to n*vV to nvF 20 - i
volts The above-nentioned cases A and Bygill be described bel ow in detai

n
%

in connection with a three-stage stacked 25 [err] I1C (n=3). (1).Case ?:dAS
shown in dottedsljgesonflebtea €9 theonT-LtyPE LBYEAxial 18yes bSt&d
to the N -type %pitaxial l ayer 2 through gﬁ e gctr%ﬁ% 1%%33 §é§ﬁ'¥he

O nmaln

potential of theléctydde! DAR] Boahaindai® the pdbentile Bﬁtéﬂélﬁlt%ethe
first cross-under wiring layer [err] is [err] = 2.1 voIFs, and t he
potential of thrageroddatrbsé-volies. Wiwhew theepotential Sof eehd Fidsd
volts, the potential of a portion of the P-type layer (base) 3 rises, so

t hat the parasi¢ress=mndet wiahngslmyeﬁpSmilisdwﬁia$e2.Ihvslt§,hﬁﬁmuﬁﬁathe
P-type layer 3 has a |low inpurity concentration and, hence, has

10

15

20

25

potential of the second cross-under wiring layer 5a2 is
Va2 = 1.4 volts, the potential of a portion of the P-type
layer (base) 3 rises, so that the parasitic lateral
éransistor dp will operate. This is because the P-type
layer 3 has a low impurity concentration and, hence, has
resistance Rg which causes the potential Vpgp of a portion
of the P-type layer 3 to become greater than 1.4 volts.
Therefore, a voltage greater than 0.7 volts is applied
across the P-type layer (base) 3 and the second cross-uﬁder
wiring layer (emitter) 5a,, so. that the transistor Qp will
operate. Further, when the first cross-under wiring layer
5a1 has a potential VNl = 1.4 volts, and the second cross-
under wiring layer 5a2 has a potential VN2 = 2.1 volts, the
parasitic lateral transistor Qp will also operate.” In this
case, thg first crosé-under'wiring layer 5alserves ;s an
emitter, and the second cross-under wiring layer 5a2 serves
as a collecﬁor.
(2) Case B: |

As shown in bold lines in Fig. 10, the potential of
the P-ﬁype”layer 3 is éet to'beléqual to the'pbtential'(0.7
volts) of the N -type epitaxial layer in the I%L block of
the (n-l)th stage by a metal wiring layer 14B.. That is,

the potentiéi of the P-type'léyer 3 is'set to be lower than



5w
10 resistance R5 which causes the potential VPR of a portion of the P-type
| ayer 3 to becone greater than 1.4 volts. Therefore, a voltage greagel t han
':0.7 volts is apptied across the P-type |ayer (base) 3 and the seco _
- cross-under wiring layer (emtter) 5a2, so that the transistor Q _
operate. . Further, when the first cross-under wiring layer [err] has a
patential [err] = 1.4 volts, and the se cross- under wiring |layer [err]
has a potential VN2 = 2.1 volts, the_parasitic lateral transistor Q will
al so operate. thetpotential.bEether ¥t ~typesephtiexialrlagetader [err] serves
as an 20 emtter, and the second cross-under wiring |l ayer Sa2 serves as a
~collector. (2) Case Bheastbmrofirst boPgsrunderiwiring layerhdapobastaal of
- the P-type layer 3 is set to be equal to the potential (0.7 25 volts) of
. the N -type epPphgntialaV¥gy Fn2eheVPiER) Bﬂécghﬁf5?ﬂeﬂd(ﬁ?99§h“§@%§e by a

. metal wiring layer 14B. That is, th tential_of the P-t | 3
' set 1o be I oweriERRA LavesoBap, Bag,AcBRaRt L gz nt- LybcvOREBa taF |ayer
© 2. \Wen the fi - ypd i i.ng | h tial =
5 1 Volts SanaPeheRtaal HECR pekkiRg, of) Eha Prhime TafeP L B8t 3 Ehtes,
=1.4 . : L.al j t _ t .
(bast) 3 riseatseilfftPateBOLATERE cBbelalol ibflya, ' Sinke YRE bOYEALIal
of the rest of gkhgnB- bBe b2yehe3pLeyBeNiagbr034rémhis bBC0.4 volts, the

15

potential Vpp at this portion of the P-type layer never

R
1,/ . rises about 1.4 volts. Therefore, the parasitic lateral
10 transistor Qp does_hot opefate.

When the potential of the P-type layer is set to be
lower.than the potential of the N -type epitaxial layer as
in the.above-mentioned case B, the parasitic lateral

_ transistor does not operate even when a plurality of cross-
15. under wiring layers are formed in the P-type layer close to
each other. '

Therefore, in the case of a stacked IZL which

) requires a plurality of cross-under wiring layers formed
~ close to gach other in the P-type layer, it is desired that
20 the ?-type layer is electrically connected to a lower
2

potential, e.g. to the N ~-type epitaxial layer in the I“L

.block of the previous stage.



potential [err] at this portion of the P-type |layer never rises about 1.4
volts. ARerefore, the parasitic lateral 10 transistor (@ does not .operate.

When notenti al of the P-type layer is set to be | ower than the

pot e of the N -type epitaxi-al |ayer as in the above-nentioned case B,
the pRY tic lateral transistor does not operate even when a plural ity of.-
cross-~15 under wiring layers are formed in the P-type layer close to eachw -

other. 2 Therefore, in the case of a stacked,l _L which requires a plurality
of cross-under wiring layers forped close to each other in the P-type

| ayer, it is desired that 20 the P-type layer is electrically connected to
a lower 2 potential, e.gAttgntiennis; @rawsnitoaeudl coRERAing the | L bl ock

of the previous stage. . -21- At i.on . is dr t o._oyr, .c din
applica?ion hbgpgi?giﬁé?? Peerﬁér5§§512,if??éfgygF?o 'dﬁﬁd&ﬂgﬁis )

appl i cation ha%rggevr}hgic}/\i %ﬁ.dls app'].%,%'atgb_'f'il R ‘been divided.



1.°
devi ce |

An integrated injection gic sem conduct or integrated circuit

ncl udi ng:

integrated injection |ogic block |nclud|ng a" plurallty of inte

ar e. el e.ct ri cai ly i ggl) aI ie(rjs;E rofnegggx |mm'mmmr“|‘ond”“ (()[)) r:g} Orst‘t hét
éggégc) a

injection-logic elements formed in the first sem conductor  regitan;
sesgnd integrated injection |ogic block-@ael uding a plurality of integrated

injection logic 1
a third integrate

ent s. f.ormed in the second sem conductor region; (d)
I njection*logic block including a pIurallty of

i ntegrated injectijgn | ogicagl sma&saieanﬁﬁjéetwﬂ w fé S&Mi

regi on;

(e) first,

second and thifd netal Wring- ayers ?orned I'n said

first, second and;hhegiataaeeﬁgEQQtlageg&eonnhgﬁasngkocks respectively;
(f) a first cross-under semi conductor |ayer which crosses under and is

electrically isolated fromalefirst, secehdvandnghizgdesembeonductorhe first

sem con-

20 duct

or region, (g) a second cross-under seniconductor |ayer

whi ch crosses undéﬁganaslshétearﬁle&ecyrlgelbreﬂsolahedhérgncemdhneth¢r.

wiring layer forned in the, second,sem conductor region; (h) a
third cross-@nder senicondéBdor FAFEE &ﬁFGﬁrEFBQSEBjﬁﬁHE9nahG§+€ block

electrically isolated fromthe thligtnetgl MArlngtegyer forped jn the third

seni - conductor r&3FoH

dlng a plura y of integr injection logic

" elements formed in the first semiconductor region;

10

15

20

25

(c) a second integrated injection logic block
includin§ a plurality of integrated injection logic
elements formed in the second semiconductor region;

(d) a third integrated injection logic block
including a plurality of integrated injection logiq
eléments formed in the third semiconductor region;

(e) first, second and third metal wiring
layers formed in said first, second and third integrated
injection logic blocks, reépectively;

(f) a first cross-under semiconductor layer
which crosses under and is electrically isolated.from
the first metal wiring layer fdrmed in the first semicon-
ductor region;

(g) a second cross-under semiconductor layer

‘'which crosses under and is electrically isolated from .

the second metal wiring layer formed in the second
semiconductor region-

(h) a third cross-under semiconductor layer

. which crosses under and is electrically isolated from

the third metal wiring layer formed in the third semi-

conductor region;



-23- (i) a first sem conductor—tayer—whi-eh—as a conductivity type opposite

to thar>~Qf said first cross- r ' uctor layer, and which is _
)gj acent to said fllfllm m ﬂﬂbéﬂ sem conductor |ayer to 5 X
regal/l y isolate said _ : sem conductor |ayer from said

| oca
el ec
firstX\sem conductor region; (j) a second sem conductor |ayer which has a =~
conductivity type opposite to that of said second cross- under ot
sem conductor |ayer, and which is |ocated adjacent 10 to said second
cross-under sem conductor layer to el€ttTically isolate said second
cross-under seniconductgi)lgygir [om sajd second enicqaguctor'region; and

r

(k) a thitd seniconduct b’ 1Byert Thi T AICRHutRYSA t %%%j;%%ﬁ%site to
A PR rla nas . UPPOS
o s O CONaR Ry S s Sl el AL

| ocat ed adj acent to s 0SS-under sem con

el ectrical |y isddt fombbshd it sk CI HFsr Unkied ﬁﬁmﬁoféiuf&&é%éé‘yﬁ%ééé’ﬂ sa

i d
third sem conductor region; wherein sald first, second and third sem - 20
conduct or regi®nsaid ef fry i chosk swuddOt Sethi SdsasStont1 dpasel o Whi ch are

different fromeach other, and wherein said first, second and third
sem conduci orelegteriscal ky prsvlaesl said Hitsntcrdssaaidat davidendwctdevent
a forward bias from being applied across said first 25 cross-under
senmi conduct orl3¥8%erf oM sadd first semicondurhexr oredigrer, across said
second cross-under sem -, , .
(j) a second semiconductor layer which has a
conductivity type opposite to that of said second cross- v
under semiconductor IaYer, and which is located adjacent
10 to said second cross-under semiconductor layer tb
-electrically isolate said second cross-under semiconductor
layer from said second semiconductor region; and
(k) a third semiconductor layer which hés a
condﬁctivity type opposite to that of said third cross-
15 under semiconductor layer, and which is located adjacent
to said third cross-under semiconductor layer to
electrically isoléte said third cross-under semiconductor ~
layer from said third semiconductor region;
'wherein said first, second and third semi-
20 conductor regions are provided with potentials set at
levels which-aré different from each other, and wherein
said first, second and third semiconductor layers are
‘provided with potentials set at levels to prevent a
forward bias from being applied across said first

25 cross-under semiconductor layer and said first semi--

conductor layer, across said second cross-under semi-
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-24- conductor layer and said second sem conductor |ayer, or across said

third cross-under seniconductor | ayerlmunrlmmmm“mllﬁem’ conduct or | ayer.
2. " An integrated injection |ogi o an integrated -
circuit device according to claim1, whereifi tBhe botential of said s

sem conductor ‘region is maintained higher than the potential of sai % gt
semr conductor region, and the potenti al of =84rd third sen conduct or +on

i s “mai nt ai ned hi gher _t han treflo oteptial of_said second sem conduct or
fegion. 3 SONINPEDF 41 AYET ARy BRH | £279RA BERAFRRANGHOT hAKRTA o
[ it devi di laim 2. .wh ' tent i f id first,
cecond and ¢ hi ra Sorfeidahakid, Ehira GRS dits Do ertlindes her |10
potential 15 Ofaﬁ&iga%&r? if&”%&ﬂfg#ﬁ &Et6£¥&§§b 4. An i ntegrated
uc ntegrate dEV|ce acco

I njection |ogic semcon or | a Clrcul rding to claim

2, wherein said farst, secgpdipfegiatéd SRYeCOIBNCIESid W& fodiductor
electrically connected to said first, second and 20 third sem conduct or
regions, regpectiigtégrated circui® dAeVLEE sdccbrdimsit®cligh A, wherein
sem conductor integrated circuit device according to claim?2, wherein said
third sem conductthe| pgtentiall eftsaidl second senicbrducton msyicond

sem conduct or region.

is maintained higher'than the potential of said first

" semiconductor region, and the potential of said third
(g;. semiconductor—region is maintained higher than the
10 potential of said second sémiconductor region.
3. _ An integrated injection logic semiconductor
integrated circuit device according to claim 2, wherein
- the potentials of said first, second and third semi-
gquuctor layers are maintained equal to the potential
15 of said first semiconductor region.
4. . An integrated injection logic semiconductor
integrated circuit device according to claim 2, wherein
said first, second and third semiconductor layerg
\“//_ are électrically connected to said first, second and
20 third semiconductor regions, respectively.
" S. - 'An integrated injection logic semiconductor
integrated circuit device according to claim 2, wherein
'~ said third semiconductor laygr is electrically connected

to said second semiconductor region.



-25 - 6. An i ntegrated InjECLLQH—LOQ+G—8eﬁ+eﬁﬁdUCtOr Integrated circuit

device according to claimb5, wherein ss-under sem conduct or
| ayer baving the conductivity tﬂ H I ﬂ iﬂ[ f said third cross- 5
under gsgoyconductor |ayer, is f d sen1conductor | ayer

cl« aid third cross-under sen1conductor | ayer. 7. An integrated .-
I nj ect | ogi ¢ sem conductor integrated circuit deV|ce according to any ’NU
one of the 10 preceding clains 2 to 6, whébefrn said third metal wiring

| ayer is electrically. connected to an |ntegrated i njection logic elenment in

t he second |ntegrated I njection |ogi.c block.
_ - An 1ntegrate 1n3ect10n logic semiconductor

integrated circuit device according to claim 5, wherein
a fourth éross-under semiconductor layer having the
.conductivity type same as that of said third cross-

5 under semiconductor layer, is formed in said thira
semiconductor layer close to said third cross-under

semiconductor layer.

[P

7. .An integrated injection logic semiconductor _§~J

integrated circuit device according to any one of the
10 preceding claims 2 to 6, wherein said third metal

wiring layer is electrically connected to an

integrated injection logic element in the second

integrated injection logic block.




