2113915 -1- SEM CONDUCTOR | NTEGRATED CI RCUI T DEVI CE Background of the

I nvention The present invention relates to a sem conductor .integrated
C|rCU|t,’deV| ce, and nore specifically to the wiring constructlga‘li39&/5
|ntegrated injection |ogic) sem conductor integrated ci t ce.
er /of gates in such devices increases with the increase in the .
Uses to which they are put, 10 and the consunption of electric C
power increases correspondi ngly. An [err] Tircuit construction which is
cal |l ed stacked |I2L has been enployed in order to reduce the power
consunption of [err] ciraul el i e 15 gates.

The stacked [err] con 3 d@%dﬁ. 5 HED SR r] bl ocks,

each fornmed of a plurality of I L elenments that provide a | ogic structure

in an electrically isolated sem conductor region, the[err]bl ocks being

connected i N 88ckeBoREVWBENtRel Bh@ERAEENPOt enti al (ground 20 potential) and
a predeterninéﬁ“@%ﬁﬁTV‘ﬁﬁTéﬁTTﬁTT‘1n order to increase the degree of
freedomin the wiringel pyesénof isvteskédnl r@ladesi cesaasemiocondecease t he
degree of integration, it is possible to attenpt to form many cross-under
W rings, ®hichntegragedacli¢vusi daviagerang marehsreehf toatlyt be. thhe

inventors of the present invention_have QreV|oust groposed Cross- under
Wi rings of t hELEDNSt FRREERRCEIon of an I (integrated 1njection logic)

semiconductor integrated circuit device.

’

The number of gates in such devices increases with $
the increase in the range of uses to which théy are put,
10 and the consumption of electric power increases
correspondingly.
An IzL circuit construction which is called stacked
IZL has been employed in order to reduce the power
consumption of IZL Circuits which have increased ﬁumbers of
15 gates. The stacked IZL construction consists of a
plurality of IZL blocks, each formed of a plurality of IZL
elements that provide a logic structure in an electrically
isolated semiconductor region, the 12L blocks being L
connected in series between a referenqe potential (ground
20 potential) and a predetermined supply potential.
In order to increase the degree of freedom in the
wiring layout of stacked IZL devices and to increase the
degree of integration, it is possible to attempt to form
many cross-under wirings, which utilize a diffusion layer
25 in the semiconductor.

The inventors of the present invention have

previously proposed cross-under wirings of the construction



-2- shown in Fig. 1 for use in stacked |I2L devices. As shown in Fig. 1, the
cross-under wiring is formed by formng an N+-type diffusion wiring | ayer
5; which crosses an-alumnumwring 4, on a portion of the surface of an N
-type 5 epitaxial layer 2 on a P -type silicon substrate 1, with an:,
internmedi ate P-type diffusion |layer 3. The reason for using the [ert-type
diffusion wiring layer 5 as a cross-under-auring i s because the [err]-type
diffusion wiring layer 5 is formed sinmultaneously with the formati on of the
collector 10 region (N -type diffusion |ayer) of t?e i nverse transistor of
an | L el ement,swowh hecause tth€ol usgpéndsthokednI Vil rdengides/er A e wan

I mpurity concentration greater than that of the P-type diffusion |ayer 3
and, hence, hasim Bigv shedther esiossanoder| ehding L sEprme|py ffrMHaigh¢rused
as a cross- 15 upder wiring. In stacked | 2L devices, it is accepted,

practice to el ttTh¥Rg 1474 S Wigdng 3RYBFocks¥BICRt TSI A I der
wirings, and to extend the wiring.l ayer in a_given [err ock, into ot her
[err]blocks by Gtidif 47 W # nggﬁgﬂcgfzﬁgFoSEFé:‘C‘z°f\| %? %e%{]axi al

| ayers 2a, &b L elegtriGalsl i Sokbat Yk - { ' ti onyila 6
are used asgl Zﬁ%%l?%gvapﬁg%ac%u%{‘e%dgpffg?g%t sgﬁg?gﬁ?i% S %lf%én?ela'chmloﬂgn.

For inStance1_ifhﬂél‘?né‘d%?a@:@“?-&y?@@inhé@lgnslaijggdﬂ LTh& sdwsdn ifodi 9. 2,
the N-type epitaxial 25 layer 2a has a potential V2a 1.4 volts, the N

-type epitaxi aludiayerehd Niae ypendi€fuisdbn| eiring Dayewo$tss antkdde-udderype
epitaxial layer 2c has a potential [err] = 0 volt. o _
wiring is because the N -type diffusion wiring layer 5 is
formed simultaneously with the formation of the collector
10 region (N+-type diffusion layer) of the inverse transistor
of an IZL element, and because the N+-type diffusion wiring
layer 5 has an impurity concentration 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-
15 under wiring.

In stacked IzL devices, it is accepted practice to
electrically connect the 12L blocks by utilizing cross-
under wirings, and to extend the wiring layer in a given

12L block into other IZL blocks by detour. With reference

20 to Fig. 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, in the case of a three-stage
stacked I°L IC shown in Fig. 2, the N -type epitaxial

25 layer 2a has a potential V,_ = 1.4 volts, the N -type
epitaxial layer 2b has a potential V2b = 0.7 volts, and the
N -type epitaxial layer 2c has a potential V2c = 0 volt,



-3- Therefore, when the [err]-type diffusion cross-under wiring |ayers
5a,5b,5c are fornmed in the [err] -type epitaxial |ayers 2a,2b,2c, the [err]
type diffusion cross-under wiring |layers being in contact with the wiring
| ayers that electrically 5 connect the I L blocks and being further in
contact Mith the detouring wiring layers, there arises a problemwith
regard.to potentials of the P-type diffssion |ayers 3a,3b, 3c that are
formed to provide PN junctions to electrically isolate the [err]-type

di ffusion cross-under wiring laygrs 10 fromthe N -type epitaxial |ayers
2a, 2b, 2c. Theerefere, iwhemsthredh ftoped diffusian papssornéaes €ivbdrRg under
W ring construction serves as a parasitic NPN transistor Qo which is nade
up of [err]-+3¥Rx%i I3 uf of #59 (FPamefelins the. Ny sEYRRf fRFARIRAYRRYS BNd N

-t i taxial .l h [ Fig. 1. He t I d t hat
(P L B el B SNEAO S rhog Uy Wb sSRREREC
third st . | t | I | t

(1113t o BhOg) | RN PR OTl A3 g0OEEeLE L fy vl

constructi on.gxhads ik LI MIdoMe A4 v EuFenbadYeh 28neho¥N it Fig. 2.
In Fig. 1, furthernore, the wiring | ayer Mextends fromthe second stage

| 2L bl ock i nthéi &dtdinei ropesiatimndlayealst,aghelriecarhebseanptodlyml #semnd 2 0.7
volts (i.e. extends fromthe | L block that exists in the N -type epitaxial
| ayer 2b shomegard Rqg.pdyeranich 125 ofandhec Prigples didfukéohl layees dB4f dsi on
wiring layer 5. In the above-nentioned cross-under wring construction,
t he 3c that are formed to provide PN Jjunctions to electrically
isolate the N+-type diffusion cross-under wiring layers
10 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 diffusion wiring layer 5, P-type
diffusion layer 3 and N -type epitaxial layer 2 as shown in
15 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 from
1.4 volts to 2.1 volts. That is, it is supposed that the
cross-under wiriné construction exists in the N--type
20 epitaxial layer 2a shown in Fig. 2. In Fig. 1, furthermofe,
the wiring layer M extends from the second stage IZL block
in which the operational voltage lies between 1.4 volts and
0.7 volts (i.e. extends from the 12L block that exists in
the N -type epitaxial layer 2b shown in Fig. 2) and
25 and connects to the N'-type diffusion wiring layer 5. 1In

the above-mentioned cross-under wiring construction, the

P-type diffusion layer 3 has a potential of 1.4 volts,



P-type diffusion layer 3 has a potential of 1.4 volts, -4- which is the
sane as the potential of the N -type epitaxial |layer 2. Wien the wring

| ayer M has a potential of 0.7 volts, therefore, a forward bias is applied
to the PN junction J between the N -type 5 diffusion layer 5 and the P-type
diffusion layer 3, and the parasitic NPN transistor Q operates.” Cperation
of such a parasitic NPN transi stor becones problemin a portion where the
wiring |ayer which extends froma |low poténtial driving [err] block 10 to a
hi gh-potenti al dwhi¥ehgiEethg bhmekascthespstantdtaltbé dhéf NSieppkayer in

the high-pot ent gl 94ith01 LGEE] bl OcineIenachi anngl 1LDECPR AELTI © PN
transi stor nmakes I npossi bf & roperly opera rnverse-transi stor
of an [err] el en@npPot@ntipd 9§ @@ﬂnéeiéaovthethéocﬁose findwardi biasi on

| ayer. AccordlnglgoabaﬁleaeeenihenvﬁnPuﬂetieﬁr9 bét@é@ﬁ'@ﬁ@ a*seykéonductor
i nt egrat ed circu evice | nc t%;\ﬁ B first sem cond UCt or 1S
R

regi on of 20 & f@?gguﬁbﬁﬁuéﬁyﬁFt9 gQﬂe typer 8ifEHSdANal &¥RF cdnduct or

substrate; (b) aan@cend parhedBdUCNON tshﬁedsteglqp epesatdsfirst
conductivity type which is_.for d Qn

( _ _ gaL eniconduc%or ﬁggs%ratg.a g whi ch
Is electrically 25 i sol at edPFF885i 8 flVg SeRfEBRAGE o I'sFARE %5g on;
becomes a problem in a portion where the wiring layer
which extends from a low-potential driving I?L block
10 to a high-potential driving I*L block, crosses under
the diffusion layer in the high-potential driving
I’L block. The action of the parasitic NPN
transistor makes it impossible to properly operate
the inverse transistor of an I%’L element that is
15 connected via the cross-under diffusion layer.
According to the present invention there
is provided a semiconductor integrated circuit
device including:
(a) a first semiconductor island region of
20 a first conductivity type which is formed on a
semiconductor substrate;
(b) a second semiconductor island region
of said first conductivity type which is formed on
said semiconductor substrate and which is electrically
25 isolated from said first semiconductor island region;
(c) a high potential driving circuit element
which is formed in said first semiconductor island
region and which is driven by a first potential level;
(d) a low potential driving circuit element
30 which is formed in said second semiconductor island



(c) a high potential driving circuit elenment which is formed in said first
sem conduct or island region and which is driven by a first potential |evel;
(d) a.low potential driving circuit elenent 30 which is forned in said
second senlconductor i sl and -5- region and which is driven by a second
potenthiial” level less than said ficsg potential level; (e) a first wiring

| ayer for providing said first potential |evel which is fornmed on said
first 5 sem conductor island region; (f) a second wiring |ayer for
provi di ng said second potential | evel which is forned on sai d second

sem conductor island r % crossbunder sem,con gor | ayer ,of said
10 first condBE8FOPt§" yBglﬁﬂlg ?F&gggs ¥nderes8Ny B8 Sﬂ 1oty ?%5 ﬂayer
whi ch I t | and d
Whi ch i ol ectpriarhancsREd FassR BokkhLaTcTeGREY ot Pl Lo o a0y A

sem conductor region Of(@)Ssceags%5w99@ﬂ§05hyb&yfbypsrepme§h esh@gsaid
first conductivity type which is selectively fornmed in said first

SeﬂlCOﬂdUCtOffhikengoﬁeﬁtQalsQeaéltQh&@thundoiﬁéd ehossibn@ekst
sem conductor |ayer; wherein said sem conductor region has a 20 potenti al

that.is seb tesehtcendattbe tbeapdt eeyiah;of said first sem conductor island
regron: (f) a second wiring layer for providing said
second potential level which is formed on said second
semiconductor island region}
(g) a cross-under semiconductor layer of said
10 first conductivity type which crosses under said second
wiring layer, which is selectively formed in said
first semiconductor island region and which is
electrically connected to said first wiring layer; and
(h) a semiconductor region of a second
15 conductivity type opposite to said first conductivity
type which is selectively formed in said first
semiconductor island region so as to surrcund said
cross-~under semiconductor layer;
wherein said semiconductor region has a
20 potential that.is set to be equal to the potential of
said first semiconductor island region.
In the remaining figures of the accompanying
drawings:-
Figure 3 is a diagram of an example of a

25 stacked I’L circuit which does not form part of the

present invention;



Ih t he remai ni ng figures of the acconpanying drawings:- Figure 3 is a
di agram of an exanple of a 25 stacked 12L circuit which does not form part

of the present invention; 5a - Figure 4 is a sectional view showing a .
cross-under wiring in an [err] block; Figure 5 is a plan view of a stacked,
12 L 1C according to the exanple shown in Figure 3; 5 Figure'6 -

is a sectional view which corresponds tocEigure 5, Figure 7 is a plan view”
of a first enbodi ment of a stacked I2L Ié according to the present

invention; Figure 8 is a sectional view showing a 10 portion of the
cross-under wiring of Fi guFégpreridgidse a9 sestdopadn wiekwsdpPwangupat her
exanpl e of a stacked [err] | C which ,does nqt formpart of the present

i nventi on: and FCGQSE1AIEE ¥igRR dhe@Pofl & S18CKEd [err] 15 in which two
cross-under wiring layers are farned close to_each qther. -6- ,Fig.. 3
shows a portion of the sta%%garﬁ gE&Fr@uPﬁFn vieW ot a%stacked 1°L Yc

according to the example shown in Figure 3;
5 Figure 6 is a sectional view which corresponds
to Figure 5;
Figure 7 is a plan view of a first embodiment
of a stacked I®’L IC according to the present invention;
Figure 8 is a sectional view showing a
10 portion of the cross-under wiring of Figure 7;
Figure 9 is a plan view of a further
example of a stacked I?L IC which does‘not form part
of the present invention; and
Figure 10 is a plan view of a stacked I°L IC

15 in which two cross-under wiring layers are formed

close to each other.



and illustrates I L blocks of the n-th stage, (n-1)th stage, and the first
stage, as well as the manner in which they are interconnected. In Fig. 3,
thick.solid lines represent 5 metal wiring |ayers for connecting |I L

el ements within the I2L blocks and for connecting the I 2L bl ocks.

Resi stors R1, R3 equivalently denpnstrate cross-under wiring |ayers

(di ffusion layers) forned in a sem conductor integrated circuit device. A
resistor R2 has a resistance greater 10° than those of the resistors [err]
works to shift the level and to properly operate the transistor Q of the

(n-1)th stage, ang%{#J{]t eS%hn%ﬁf%?‘é%w %%Slg%d%@a%EE”SZLTQ?ré l_t'bl ock in

each stage has be rmed in -type epitaxia

semi conduct 0gn4 ayeruLe Mg 14, i RhRCE ¢alkl ¥-krokahge,f (RN I E8 stage,
counterparts by a P -type sem conductor substrate 1 and a P-type isolation

| ayer 6, as sh@whé Nfirdk shagdlatad weR-lt \ge thenmannduCiAr whayRr 6hdy 8, and
N+-type sem conductor layers 9,10 are selectively fornmed in the isolated N
-type epitaxané berermthexttord 20 ImFdg .2.3,ThkbdiPkt gpéidehivesduepoesémyer 7
serves as an injector region, i.e. serves as ansemtter of a lateral PNP
transi stdr, mekaN viging eavend fors@vnsesdiogol Fagépmentsr veshin thease of
the transistog, and the P-type sem conductor | ayer 8 serves as a collector
of the 25 trhrksiRieFks Mid canmesting, shee fi LaRiaFkSeni RBALUSESDF | ayer 2

serves as af ot ot £la Al LY L RN L2 nab oW E L X 258 gOndUCt o

(diffusion layers) formed in a semiconductor integrated
circuit device. A resistor R, has a resistance greater

10 than those of the resistors Rl'RB' 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 block in each stage haé 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-type semiconductor layer 7 serves as an
injector regqgion, 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 trapsistor;'

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



transistor, and the N -type sem conductor |ayer 9 serves as a collector of
the transistor. Thus, an [err] elenent (a circuit elenent having a | ogic
function) is constructed. Therefore, a plurality of the thus constructed
[err] 5 elenments are fornmed in each of the epitaxial sem conductor layers
that are isolated fromeach other, to cpnstitute the individual 12 L -

bl ocks. In Figure 4, the N -type senmiconductor layer 5 fornmed in the P-type

sem conductor |ayer 3 serves as a 10 diffusion resistance for shifting the

| evel , which al soraesdetsons and ridss -Ninderpen semigzondu et | arer dbh@ar,vesnd
forns a resistor R2 as shown in Figure 3. Figure 5 illustrates a stacked
2L 1 C in which ahea Rellrcteyat e BRnmis e ar CvhnaR e b ¢ lemept

m ni mum potential or to ground potential (GND) jn order to isolate
cross-under wirifRy $EERHSE (N eNSe NaKidI%)2 sL0IEh ERFRIOR} onf tFRASFEUSRE -
epitaxi al layers 2a, 2b and 2c. The stacked [err]_ |C of, Fi onsi sts
of 20 [err] bl ockRETFEUFT £ s?%‘bfe%.l% ?é:]i%‘;ca s (GRS ]f%%é%fﬁrfc'ue N -type
epitaxial layers jn the [ ] of t - i S dide

bl ock of the n-?j}?’ﬁe’gsl%%g%% sée%c%ﬁ slt%ge c}pané ﬁé??gﬁ%ﬁ{% gt e foir} st °r

stage, are held dréd YRLES3r O s yPAisa akb OLR  o2ReF £SEECEYSE Mrute | N
each of the 12 L B ocks -%- as wll be obvious fron1ng. 5, furthernore,
potentials of  the individual I?’L blocks.
In Figure 4, the N+-type semiconducto£ layer 5
formednin the P-type semiconductor layer 3 serves as a
10 diffusion resistance for shifting the level, which also
serves as a cross-under wiring, as mentioned above, and
forms a resistor R2 as shown in Figure 3.
Figure 5 illustrates a stacked I®’L IC in which
the P-type layers 3a, 3b and 3c are connected to a
15 minimum potential or to ground potential (GND) in order
to isolate cross-under wiring layers (N+-£ype layers)
5a, Sb and 5¢ from the N -type epitaxial layers 2a,
2b and 2c.
The stacked I*L IC of Figure 5 consists of
20 I%L blocks in three stages. In this case, potentials
of the N -type epitaxial layers in the I’L block of
the n-th stage (third stage), I®’L block of the (n-1l)th
stage (second stage) and I’L block of the first

stage, are held at 1.4 volts, 0.7 volts and 0 volt,

25 respectively. In each of the I®L blocks



the P-type layers 3a, 3b, 3c where cross-under wiring | ayers 5a, 5b,5c are
formed under the netal wiring layers (alum numlayers) La,Lb,Lc, are

mai ntai ned at a m ninumpotential, 5 i .e. maintained at ground pot enti al
(0 vaol't) being connected through mnrings I1a,llb,Ilc. This makes it
possjble .to prevent the parasitic transistor operation that will be
establlshed by the cross-under wiring lgyers [err] -type |layers) which have
a hlgh potential, the P-type layers and 10 the N -type epitaxial |ayers.
That is, a netal wiring |layer Mwhich extends fromthe |2L bl ock of the

(n-1)th stages iwiilh eenrestiest §rbhe FEEQSS, URdethdt kbR, | fyedndilals of
Accordingly, the cross-under wiring |layer 5a has applied to it a potenti al
(0.7 volts tuhel Prtygle d)ayerisci¥al, Sbhidgheherbaorvbe-dadeoteintiey (dyers t) of
the P-type layer 3a. Therefore, a reverse bias is applied across the
cross-under 3% rSmgd @rer o medd underpthgpmetaleviBing akalyers plalast itnvm

t ransi st or operatlon takes place at the position of the cross-under wring
| ayer 5a. Pudefs), L oy é‘lc'vmatrienﬁ‘allaﬁélmﬁé 36 &xPERHTWHY BERRtIRE 1 2L bl ock
of the nsth stage .S Nelelly cted to t

Therefor®, theé crEL ANEs rgrrﬁbmgaygg'ggglﬁngépﬁ?{‘égg‘f% qercfrﬁiﬁcétrﬁdi al
(1.4 volts ttqb‘“tz)cu]qeonsequgnt 'l‘i'% |l§_bh|lgger rhap ég]ge,_pqg:}% L vy t) of the

P-type | ayer réverse bias across t he
cross-under gidydid Itaﬁéerpaﬁ.»lasa@dct heaRsi¥PSr! 8Y8Fasbon S&ma&lno gRar asi tic

transistor operatlon takes place at the position of the Cr 0Ss- under wring
| ayer 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
Ml which extends from the 12L block of the (n-l)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
5a 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 IZL block of the n-th stage is connected
to the cross-under wiring layer Sb. Therefore, the cross-
under wiring layer Sb has applied to it a potential (1.4
volts to 2.1 volts) which is higher than the potential (0
volt) of the P-type layer 3b. Consequently, a reverse bias

25 1is applied across the cross-under wiring layer S5b and the
P-type layer 3b, so that no parasitic transistor operation-

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



-9 - 2 5b. Furthernore, a netal wiring layer M3 in the I L block of the
first stage is connected to a cross-under wiring |layer 5c. Therefore, the
cross-under wiring layer 5c has applied to it a potential (0.7 volts) m@ich
is equal .to, or 5 greater than, the potential (0 volt) of the P-type " .

| ayer 3c. Accordingly, no forward bias is ever applied across the
cross-under wiring layer 5c¢ and the P-typé’layer 3c. As nentioned above, no
forward bias is applied across the cross-under wiring | ayers 5a, 5b, 5¢c and

100, B 8y, L POy AR 5 8 o

operation takes place. I ona ematically

illustrates the, pifid0e idCUliadd 4 Lomhectifl Rd VP& AuEmdd WBiriaRd 3c

are mai ntained at ground potential 15 1n order to prevent the occurrence
of parasitic trpfpdsStsy, Opeiedd Mre I s Wlimldwrdiaring I@Bied 34 Mhazg

| ayers connected to the P-type |layers increases, resulting in a decrease in
the degree of iapEDieditdm D & hsotsent cahdi@iDrvaoits)grwitieth dis cagualdend,.cor
20 In preventing the occurrence of parasitic transistor operation,

it will be lindegseatelr ttizan i Hehe-potrntiglr 0 ivekthe af |the FikyRedd st 3c-
necessarily be maintained at a m ni numvol tage, provided the wiring. |ayers

ext endi ng fromAFROTSPHLY ert? af OFYITA R 311 D| BEKS atRf’]t‘f?é RGP Sot el i al

i gh- pot eni al PR HPIEBLVET TRkeLANTE 101 10 THF ArEOMHAYSS TG real i zo
a sem conduct or As mentioned above, no forward bias is applied across
the cross-under wiring layers 5a,5b,5c and the P-type

10 regqions 3a,3b,3c, and, hence, no parasitic transistor

operation takes place. Fig. 6 is a sectional view which

schematically illustrates the wiring circuit of Fig. 5.

The P-type layers 3a, 3b and 3c are

maintained at ground potential

15 1in 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 semiconductor
integrated circuit device.

20 In preventing the occurrence of parasitic transistor
operation, it will be understood that the P-type layers in
the IZL blocks need not necessarily be maintained at a
minimum voltage, provided the wiring layers extending from
the low-potential driving IZL blocks to the high-potential

25 driving 12

L blocks, do not cross under the metal wiring
layers in the high-potential driving IZL blocks. The

following embodiment is to realize a semiconductor



'-10- integrated circuit device which is constructed in a highly integrated
form conpared wth the above-nenti oned exanple ,by taking this point into
consi deration. 5 Fig. 7 illustrates a stacked [err] ICin which the
P-type regions 3a, 3b, 3c where cross-under wiring |ayers (N+-type |ayers)

5a, 5b,5¢ of each of the blocks are formed, have potentials that are set to
be equal to the potentials of the N -type—epitaxial | ayers 2a, 2b, 2c. 10

In Fig. 7, P-type layers 3a,3b,3c are electrically connected to the N -type
epitaxial |ayers 2a,2b,2c by nmetal wiring layers (alum num | ayers)

12a, 12b, 12¢, ineegeatedet yrowht pdeviceewhiecl hi of comet et tdd vin i i ghiler s
12a,12b,12c is fornmed on an N -type layer 5 which electrically conpects 15
the N -type tpregxated| f9Ep czomamé ¥l th pehe agkeve;men kkonedrpwimple i ng

| ayer (el ectrod % 12 of Fi 8, in which a netal wiring layer (alum num

| ayer) 4 forned®Hntafirg ¥$IH?i%tt+%5%r%%%5%¢ﬁfiﬁ%%% under wiring |ayer

5, and corresponds to the netal wiring layer La of Fig. 7. The 20 netal
wiring layer 4 (La) extends fromthe | 2L block (low potential driving |

2L bl ock% of the (grd)th StALS %&%%Sahﬁackg%(ﬂ%m%%ﬂl% driving |

2L bl ock) of the n- t st age, use a Ccross-un W ring |layer in
the I 2L bl opke phe t PegTohA §sa9@ 3¢ TBe b - éb’&@#@ﬁ’@ér Se8 s Arer d he

wiring layer [err]in the | 2L bl ock of the n-t stage to cross ‘under the

met al mﬁring(ﬁﬁyefpé-1éﬁérswabé¢5ﬂ,5@0@5 S RNdf Hige [K14410d 48 formed,
have potentials that are set to be equal to the potentials
of the N -type epitaxial layers 2a,2b,2c.

10 In Fig. 7, P-type layers 3a,3b,3c are electrically
connected to the N-—type epitaxial layers 2a,2b,2c by metal
wiring layers (aluminum layers) 1l2a,12b,l2c, respectively.
In practice, each of the metal wiring layers 12a,12b,l2c is
formed on an Ntwype layer 5' which electrically connects

15 the N -type epitaxial layer 2 to the P-type layer 3, like
a metal wiring layer (electrode) 12 of Fig. 8, in which a
metal wiring layer (aluminum layer) 4 formed on an SiO2

film 13 traverses the cross-under wiring layer 5, and
corresponds to the metal wiring layer La of Fig. 7. The
20 metal wiring layer 4 (La) extends from the IZL block (low-
potential driving IZL block) of the (n-1l)th stage to the
1%L block (high-potential driving 1%L block) of the n-th
stage, and does not use a cross-under wiring layer in the

I2L block of the n-th stage. The N+-type layer 5 allows

2

25 the wiring layer M, in the I"L block of the n-th stage to

cross under the metal wiring layer 4 (La).

Table 1 shows potentials Vepi’ VP and VN of the



N -type epitaxial layer, P-type layer and [err]-type layer in the
cross-under wiring |ayers 5a,5b (diffusion resistors [err] of the

stacked[err] I1C thus constructed. 5 TABLE 1-
Potential Vepi of N -type 10 epi taxi al layer (fixed v
(n-1)[err] [err] potential) in volts Potential V of P-type P |ayer
(fixed potential) (n-1)[err] -ll¢n-2)[err] in volts 15
Potential [err] of cross- under wiring |ayer (n-1) [err]

(n-1)[err] (variable potential} [N to n[err] 40 n *VF volts
[err] forward bitast¥P§. 7oPofa¥13h laver, P-type layer @nchdl -5#P&t dgueradn
wi || be obvious from Tahl e the potential of_ the P-type . ayer neyer
becones Iomer_tﬁaﬁ Fﬁ@sﬁoPEéFFa lﬁ?“?hga%?%%$§?ﬁ1en(%heﬁ%ﬁjqnaﬁgffs£858rding
to this embodimgnt, 29 bRCLRELOLFackEaPE*RSIE | Cnidd A aREr ati on

devel ops even whéd'tRBe potential of t type lTayer 1s changed from ground

potential to the potential of the N -type epitaxial -12- layer in which
the P-type layer is formed. For instance,
5 TABLE 1
R11 Ry

Potential Vepi ©f N -type
10 epitaxial layer (fixed (n-l)'VF (n-—2)-VF

potential) in volts

Potential VP of P-type

layer (fixed potential) (n—l)-VF (n-2)-VF
, in volts
15 Potential V of cross-
under wiring layer (n-l)'VF (n-l)-VF
(variable potential) in to n-vVg to n-Vp
volts
VF: 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
when the potential of the P-type layer is changed from

ground potential to the potential of the N_-type epitaxial



in the case of the stacked I2L IC of three stages as shown in Fig. 7 the
potential of the P-type layer 3a in which the cross-under wiring |ayer 5a
(diffusion resistance R11l) is 5 formed, is 1.4 volts which is equal to
the potential of the N -type epitaxial |layer. On the other hand, the cross-
under, wi ¥ing layer 5a is provided with a potential of 1.4 volts to 2.1
volts. " Therefore, forward bias is never, applied across the cross-under
wiring layer 5a and the P- 10 type Iaye} 3a. The potential of the P-type

| ayer 3b in which the cross-under wiring |layer 5b (diffusion resistance R2)

is formed, i %a&e@ val L5 Rl Ehggf-gﬁgél 15Qet NEs E%Sﬂmd al @ g Ny pe

epi taxial |aye The cross-un Ing Tayer on the other hand, is

connected t 0 jthenEetakeWoki BHel5tabR¥8 1fEr1d VE Cihd andsyyds B tdhewh L
bl ock of the third stage, and is provided with a potential of 1.4 volts to

2.1 volts. THer efigr.e7 thewpbdehtaali 6 neverPapypbe ebh vt 056 itrhevhdicds hender
wiring layer 5b and the P-type |layer 3b. In the stacked | L 1C of this
enbodi nent, threswi-nndgr2@irapgohsyeansdel gk etusion ethigertarmepdngd vist h t he
stacked I L 1 C of the above-nmentioned first enbodinent. That is, since the
potenti al® of fioF&eRt y§ell-4y¥PlEs WBicholpeePitial 2 A hPPREHIE Aot behe N
-type epitaxigl layer i.n which .the P-type region is fo nq@i a long wiring
for ground 7L p&?@ﬁtF&FtéﬁﬁageléVFﬁfpa%gd?hﬁdﬂt?%ﬁég?ﬂét(3 € W%y i s
required to GOIMGCL;Lqy, hgaQS%QBQOEE' Bgcigkaéapﬁiﬁ{”é Pd@nd BMeloe 104 ealize
a sen conductor nt egrare Ircult - -
volts to 2.1 volts. Therefore, forward bias is never
applied across the cross-under wiring layer 5a and the P-
10 type layer 3a. The potential of the P-type layer 3b in
which the c¢ross~-under wiring layer Sb (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 connected to the metal wiring
15 layer M, which extends from the 12L block of the third
stage, and is provided with a potential of 1.4 volts to 2.1
volts. Therefore, forward bias is never applied across the
cross~under wiring layer Sb and the P-type layer 3b.
In the stacked IZL IC of this embodiment, the wiring
20 regions can be greatly reduced compared with the stacked
I2L IC of the above-mentioned first embodiment. That is,
since the potential of the P-type layer is set 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 to connect to the neighbouring N -type epitaxial"

layer. To realize a semiconductor integrated circuit



device ' of a highly integrated formwhile preventing the occurrence of
parasitic transistor operation, according to this enbodi nent, the MArlng
| ayer- whi ch extends froma |low potential driving I L block to a

hi gh-potential driving I 2L 5 bl ock shoul d not use cross-under mnrlng,
and the cross- under wiring |ayer should bf connected to a netal wring

| ayer which acconplishes electrical connec #On within a single I L block
only. In the case of a wiring layer M2 extending froma 10 high-potenti al

o 0.0 kel BRI A o

fromthe above ar asi t

gperati on t akesobkageeRuEnolhER: Lhee £k 0f ayﬁﬁs&igﬂ spefat BYPT Shdsaitifto

Bel ow i s nentioned an exa ni ca ea |'s

positively utilged. eﬁbgdlﬂth ugﬁéaw&agsmy&edwméhl&téhd@lﬁ*bxﬁme gl
wiring layer [err] of the high- potgntlal driving I L block is allowed tqo

run into a | ow petential driving t RlbPOckl e6kai NigRépotesitital Qi heing 1%L
requi renent of wiring |ayout, and use is made of the cross-under wring

| ayer 5b. 168 Fihlo8k phoehii abt véetbrofstypdetrayiringh, &udi rhevhidss-
cross-under mﬁring | ayers (diffusion resistances) 5b, Sc are forned, are
set to be equal ungerhwipbnanipges shouhéd bg @Pnn99beépt9ail%ﬁtakwM#E#QH)2c

in which the P-type I%éers are formed. The potentials of the P-type | ayers
3b, 3c may inst eA@YBE FﬁPaPﬁ%ﬂm&%lﬁhﬁ?thﬁﬁFﬁb?éﬁt?%P“?@?H@de1thlqAa-

single IzL block only.
In the case of a wiring layer M2 extending from a
10 high-potential driving IZL block to a low=-potential driving
12L block as will be obvious from the above-mentioned
embodiments 1 and 2, no parasitic transistor operation
takes place even when the cross-under wiring layer 5b is

used.. Below is mentioned an exnanpbg in which this

15 technical idea is positively utilized.

Fig. 9 illustrates a stacked IZL IC in which the
metal wiring layer Mg of the high-potential driving 12L
block is allowed to run into 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 layers 3b,3c in
which cross-under wiring layers (diffusion resistances) 5b,
5c are formed, are set to be equal to the potentials of the
25 N--type epitaxial layers 2b,2c in which the P-type layers

afe formed. The potentials of the P-type layers 3b,3c may

instead be maintained at a minimum potential (ground



potential). The above stacked | L IC prevents the operation of a parasitic
transistor that wll be established by the N - type epitaxial |ayer 2b,
P-type layer 3b, and cross-under 5 wring layer (N -type |ayer) 5b,
because of the sane reasons as nentioned in the enbodinent . In
particul‘ar, the potentials of the N -type expitaxial |layer 2b and the P-
type | ayer 3b do not becone equal to the potential of the cross-under
wiring |layer 5b, but are necessarily stefTer 10 than the potential of the
cross-under wiring |layer 5b by at |east a forward bias voltage |evel (0.7
volts), to provide.increased margin. In this circuit, also, the wiring
regi ons can B@tSPéé?Pi'reduced on account of the same reasons as nmentioned

in the efﬂaﬂg: glsgse dPacked 10 rﬁ%ﬁ% A 14&;?relFiogferga§to§389ng

exanpl e can be no ed as nentioned

cross-under Wakh89thayerardiSOHF achindeinl the dRia1 \Whdan®y! @yer nferr] may
be formed in the [err] block in which the cross-under wiring | ayer 5c has

been 20 fornegpel Bpibasigdskayéhe2ipptEniypd IfydrheabR- tapde clragerudders | owner

than the potential of the P;type |ayer 3b, and the parasitic transistor

does not Sopewaréng( 2py&he(Er osgpeinteyemi ring depmrseSipfrihebeafmer medsons25
the N -type epitaxial layer 2a (I12L block of the n-th stage) instead of the
N -type epitagi @entageed2bn (the emRiingnt he (rkrl)RATICHIEF, &RE the
potenti al Ofpgggnfig¥geof the N -type expitaxial layer 2b and the P-
type layer 3b do not become equal to the potential of the
cross-under wiring layer 5b, but are necessarily smaller
10 than the potential of the cross-under wiring 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 embodiment.
15 The stacked 12L IC of the second EXCL‘mFLe can be
modified as mentioned below,.

(1) In Fig. 9, the cross-under wiring layer 5b
contacting to the metal wiring layer MS may be formed in the
1%L block in which the cross-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 in

25 the N -type epitaxial layer 2a (I%L block of the n-th
stage) instead of the N -type epitaxial layer 2b (IZL block

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



-1 5- layer may be set to be equal to the potential of the N 2 type
epitaxial layer 2b (I L block of the (n-1)th stage)to isolate the
cross-under wiring layer 5b fromthe N -type epitaxial layer 2a. 5 7,
In this case, the potential of the P-type layer is |lower than the potenti al
of the N -type epitaxial l|ayer 2a, and forward bias is not applied across
the P-type layer and the N -type epitaxi alk5rFayer 2a. The cross-under wiring
| ayer is provided with a potential higher than the potential 10 of the
P-type layer, and forward bias is not applied across the cross-under-wring

pl .
|l ayer and the P-3¥8f M3 &e set ito PReFIPBLetBotirpPRtERt MR b \RMtER -
occurrence of parasitic tr.ansistor er,akl o en_the pptenti.al_ of the
P-type |ayer is—¥Bf SRIGAFIES LANEF ?%aﬁ?thegb8¥gn?fafh%fp?ﬁg)$?-i%&ﬁ?ﬁ¥°
epi taxial layer, A+, ' J.04L0r m:a.:plu LiYeQf SSi I M J 1 ng
| ayers cl ose tolsé&alc#e;ttﬁ’ceé?lexlr?st%hnelgsfe?y%gﬁgbe?’. H#ﬁl ng%‘%\'? 'Vs\nhélrjlrwf)etﬂer
described bel oveg it Hetal l1afdrd-2al0 i1l ustrates a portion of a stacked I 2L
ICin 20 which two cross-under wiring |ayers 5al Sa2 are fornmed close to
each other gn a P-tymh e case\\hehet boteneial 088 - tihecP-type Nayery &'sS
5al ,5a2 are fornmed close to each other in the P-type layer 3 as shown in
Fig. 10, howevekqwarherhamrtheepotientjrdbbéntbe ¥ phypeiepit2bidlatlavdr 2a,
transistor Q@ nmade up of the two cross-under wiring |layers (N -type | ayers)
5al, Sa2, and tHNP-EIxpRndyRdas3 1SNARE| PPPhARSSAEFESE atRe of ~tyRfsiaer and

coperation will ék2”ﬂ4uiype epitaxial layer 2a. The cross-under wiring

layer is provided with a potential higher than the potential

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 possible 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 will
be described below in detail.

Fig. 10 illustrates 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 Sal,Sa2 are
formed close to each other in the P-type layer 3 as shown
in Fig. 10, however, there arises the problem of a parasitic

25 lateral transistor Qp made up of the two cross-under wiring

layers (N+-type layers) Sal,Saz, and the P-type layer 3.

Namely, parasitic lateral transistor operation will develop



-16- (case A), or will not develop (case B), depending upon the conditions.
Table 2 shows potentials of the cross-under wiring |ayers 5al, 15a2, and of

the P-type |layer in these cases A5 and B. TABLE 2 Case A Case B 10
‘Potentialk V [err] of first cross-under wiring |ayer (n-1)[err]
(n-1) .[err] [err] (varying potential) to nferr] in volts
Potentt-al V P of P-type layer 3 (fixed-1®tential) (n-1)[err]
(n-2)[err] in volts Potential VN2 of second cross-under wiring |ayer
(n-1)[err] (n-1) [err]VF 5a2 (varying potential) to [err]

ton [err] 20ase A)jinowovilbl Thet adrmedareridasee®)oadependind Bpon| thee
descri bed below in detail in connection with a three-stage stacked 25 | L

| C (n=3). (1y°Cas8iPASAs shown in dotted lines in Fig. 10, the P-type |ayer
Table 2 shows potentials of the cross-under wiring

layers Sal,5a2, and of the P-type layer in these cases A

5 and B.
TABLE 2
Case A Case B

10

Potential VNl of first

cross—-under wiring layer (n-l%V% (n-l)-vF

Sal {varying potential) to n-VF

in volts

Potential VP of P-type
15 layer 3 (fiked potential) (n-l)'VF (n-2)-vF

in volts

Potential VNZ of second

cross-under wiring layer (n-l)’VF (n-l)-VF

5a2 (varying potential) to n-VF to n-VF
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



-17- 3 i's connected to the N -type epitaxial |ayer 2 through an el ectrode
14A, to maintain the potential of the P-type layer 3 at 1.4 volts. \Wen the
potential of the first cross-under wiring | ayer [err] = 2.1 volts, and__ _
the 5 * potential of the second cross-under wiring layer 5a2 is VN2 = 1.4.
volts, the potential of a portion of the P—type | ayer (base) 3 rises, so
that the parasitic lateral transistor Q W’ operate. This is because t he
P-type. layer 3 has a low inpurity concentration and, hence, has 10

t R5 whi ch, causes t pot ent err]lof a portjion of_the P-type
lrg;:; gntcg becone greca?"enreq[th h P ﬁ\? :Na ?ﬁe}egfﬁfﬁga; 1761’?%19% HHE aan

0.7 volts is appéig‘%ﬁgé)qq& h%opm%éﬁgalﬂy‘é Fgf_g)\t? and tt'he S&Ctoxr/]ﬁdﬁl 15

cross-under wirin ayer (emtter ranS|s

operate. Furt heraye/mw dtha fo reliesr, oswhuadeﬁe%atagdéyeéf [éﬂé]ﬁﬂa& a
potential [err] = 1.4 volts, and the second cross- under wring layer [err]

has a potenti al dﬁd&p\ﬁad]erv@iﬂr&ngt haypar aagt ig Va eap. i reeibt$f Unddiny | |

al so operate. In this case, the first cros unde?I wiring |layer 5a serves as
an 20 enittser, Rekentialseforndec sesondndepsaiunder | ayeing eXayersesa, ezﬁisas a
collector. (2) Case B:. As shown in bold lines in Fig. 10, the poténtial of
the P-type |ayerVyg i ot od tge é&&apoténthélpeﬁentpatt:(@l oL Fhes FA-ttypeof

the N -type e |taX|aI er, i,n the 12L block of the (n-1)th stage by a
rreteal Wi ?/ipng Ipa 4éba¥ﬁat 3 £isege 56t EHPFthGfP'?ﬁ%SP;’E%/p]eaQ%EPér 3 is set

to be Iowver tharkranszstor Qp will operate. This is because the P-type.
layer 3 has a low impurity concentration and, hence, has
10 resistance Rs which causes the potential VPR 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-under
wiring layer (emitter) Saz, so that the transistor Qp will
15 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, the first cross-under wiring layer Salserves as an
20 emitter, and the second cross-under wiring layer Saé serves
as a collector.
(2) case B:
As shown in bold lines in Fig. 10, the potential of
the P-type layer 3 is set to be equal to the potential (0.7
25 volts) of the N -type epitaxial layer in the IzL block of
the (n-1l)th stage by a metal wiring layer 14B. Thaﬁ is,

the potential of the P-type layer 3 is set to be lower than



-18- the potential of the N -type epitaxial layer 2. Wien the first

cross-under wiring layer [err] has a potential VNN = 2.1 volts, and the
second .cross-under wiring layer 5a2 has a potential VN2 = 1.4 volts, the 5
potential of a portion of the P-type |layer (base) 3 rises as illustrated in

the case A However, since the potential,pf the rest of the P-type layer 3
remains at 0.4 volts, the potential VPR at this portion of the P-type |ayer
never rises about 1.4 volts. Therefore, the parasitic lateral 10 transistor

Qp does not opgrabsceNPeRit e PRECATLEILOfepNEaR 4V PEayEYEE, 1S SEt tO be
| ower than the potential of the N -type epitaxial layer as in the

above-mentioned casghn the Paraci éréssabifdet oiANSySiayeFoRs Nis qperate
even when a plurality of cross- 15 under wiring |layers are formed in the

P-type | ayer pbbestiale ot hel. vdhes pf i@, the sdeovdseredsaursdeacked | 2L
which requires a plurality of cross-under wiring layers forned close to
each ot her inWihén?-lyﬁerlég?rba$tai30destieh Vhat=2D. 4 meoPeg ypend ayer is
electrically connected to a l[ower potential, e.g. to the N -type epitaxial
| ayer in Phe Potentbek of 2heoprion RE thegh-tyeechiyen (Rasghwh Risesur
Application No. 84,03188 %gerial No. 2,133,622) which has been divi ded out
of 25 the pregﬁnfl¥®§F¥EE ojt the case A. However, since the potential

of the rest of the P-type layer 3 remains at 0.4 volts, the
potential VPR at this portion of the P-type layer never
rises about 1.4 volts. Therefore, the parasitic lateral

10 transistor Qp does not operate.

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 each other in the P-type layer, it is desired that

20 the P-type layer is electrically EOnnected to a lower
potential, e.g. to the N--type epitaxial layer in the 12L
block of the previous stage.

Attention is drawn to our Application No. 84.03188

(Serial No. 2,133,622) which has been divided out of

25 the present Application.



*

type which is formed on a sem- 5 *torfiduttof substrat e; (b) a second

sem conductor island region of said first conductivity type which is forned
on said sem conductor substrate and which is electrically isolated from
said first sem conductor island regioenyglQ (c) a high potentia
driving circuit elenent which is forned in said first sem conductor island
regi on and whi chriagmgr.i ven by a first potential level; (d) a |low potenti al
driving circuit elenment which is forned in said second sem conductor island
15 regi on and whi.ch i s dr aveemigoadsetomdiptegmaiceld kévehitedevikan sai d
first potential level; (e) a first wiring layer for providing said first
potential |evel imgilgding:fornmed on said first semiconductor island region;
20 (f) a second wiring layer for providing said second potenti al.
| evel which is formed on d&)d asddafd semiconductor itsiland regiion ofgp a
cross-under sem conductor_layer of said first conductivity type which
crosses under s d&iid Sde SO i i5vh F VP8 athichhiich fiormed @et idy &P ifor ned in

said first s%nicon uctor island region and which is electrically
conductor substrate:

netu ng. (@) & first sem concod IIRIIMRRRC o' 2551 o Conuct i vi

(b) a second semiconductor island region of
said first conductivity type which is formed on said
semiconductor substrate and which is electrically
isolated from said first semiconductor island region;

10 (c) a high potential driving circuit element
which is formed in said first semiconductor island
region and which is driven by a first potential level;

(d) a low potehtial driving circuit element
which is formed in said second semiconductor island

15 region and which is driven by a second potential level
less than said first potential level;

{e) a first wiring layer for providing said
first potential level which is formed on said first
semiconductor island region;

20 (f) a second wiring layer for providing said
second potential level which is forméd on said second
semiconductor island region;

(g) a cross-under semiconductor layer of said
first conductivity type which crosses under said second

25 wiring layer, which is selectively formed in said first .

semiconductor island region and which is electrically



- 20 - connected to said first wiring layer; and (h) a sem conductor region
of a second conductivity type opposite to said first conductivity type
which is sel e¢i | said first 5 sem conductor island region
'so0 as’'to’sur rmumum mﬂmu;[mnder sem conductor |ayer; wherein said

sem conduct or regfon-hds & potential that is set to be equal to the
potential of said first sem conductor _island region. 10 2. A

sem conductor integrated circuit devi &8 according to claim1, further
including: (i) athird wiring |layer for providing said first potenti al

i nel udi ng: (i ; _ N . is{l@nd region; 15
eve ic n%@59@%%@d0Q5ﬂ§41&“¥yygt=%¥Pf¥5“%§%§€ﬁ %%gi ’

(j) a fourth wiring layer for providing a pot vel which is forned
on said second sem condyet)0la isEMRGARI Y Ad9icNYMY Lhsr under _
sem conductor |ayer of a first conductivity type which crosses under said
20 fourth w ricogduaydnitwhiteipe Dgeisdcid W i@ rfed st condhgeany

sem conduct or island region and which is electrically connected to said
third wiring taper whagd (k) saietdervedonifoomidctior sadgi drireft a second
conductivity type opposite to said first conductivity 25 type which is
sel ectivePy f&emagonAusicd dsdomd Fadicmmdwctas tics|sardauegl sriso as to

surround sai d cross-under sem conductor | ayer;
cross-under semiconductor layer;

wherein said semiconductor region has a
potential that is set to be equal to the potential of
said first semiconductor island region.

10 2. A semiconductor integrated circuit device
according to claim 1, further including:

(i) a third wiring layer for providing said
first potential level which is formed on said second
semiconductor island region;

15 (j) a fourth wiring layer for providing a
potential level which is formed on said second
semiconductor island region;

(k) another cross-under semiconductor layer
of a first conductivity type which crosses under said

20 fourth wiring layer, which is selectively formed in
said second semiconductor island region and which is
electrically connected to said third wiring layer; and

(1) another semiconductor region of a second
conductivity type opposite to said first conductivity

25 type which is selectively formed in said second
semiconductor island region so as to surround said

cross-under semiconductor layer;



- 21 - wherein said other seniconductor region has a potential that is set
to be equal to the potenti al LJ#W‘, sem conduct or island region. 3.
A sem conductor integrated circ m @ﬂé ording to claim1l or 2,
wherein said driving circuit el enentés ar |ntegrated I nj ection

| ogi c el enent. 4. A sem conduct or |ntegrated circuit device

substantially as herein described w-thireference to and as il lustrated-in
Figures 7 and 8 of the 10 acconpanyi ng draw ngs.

wherein said other semiconductor region has
a potential that is set to be equal to the potential
of said second semiconductor island region.
3. A semiconductor integrated circuit device
5 according to claim 1 or 2, wherein said driving circuit
elements are each an integrated injection logic element.
4. A semiconductor integrated circuit device
substantially as herein described with reference to
and as illustrated in Figures 7 and 8 of the

10 accompanying drawings.




