SEM CONDUCTOR DEVI CE Technical Fiel d:” The present inwemts orfs

rel ates generally to a semiconductor device in which basic cells including o

a plurality of M SFETs (netal insulator sem onductor. field-effect
triansistors) are continuously formed, and nore partjcularly, to a
sem conduct or device capable of constructing a CMOS | arge-scal e i ntegrated
circuit by a master slice method. Backgfound Arts: Turning to FIG 11,
there is shown a sem conductor device based on conpl enmentary metal - oxi de
seni conductor (CMoS) field-effect transistors manufactured by a general |y
enpl oyed master slice nmethod. The sem conductor device depicted in this
Figure is forned by a gate array n@EsoRI®TIONe basis of cells each :
consi sting of two P- channel MOSs and two N-channel MOSs. A static RAM
(SRAM) circuit 1s constructed BEHECPNDYCTOR t PEVE@E conduct or deV|ce '
descrlbed above‘“FIG. 12 |Ilustrates a ceII 1 on whi ch this
Technxcal Field: o
The present 1nvent10n relates generally to a
-sem1conductor device in wh1ch bas1c cells including a.
. 'plura11ty of MISFETs (metal insuiator sem1conductor
- field~ effect transistors) are contlnuously formed and
._more part1cu1ar1y, to a sem;conduster device capable of .
hconstructlng a CHOS large- scale 1ntegrated circuit by a -
‘master slice method.
Background Arts:
Turning to FIG. 11, thers ‘is shown a semiconductor
device based on complementar&.ﬁetalﬁoxide-semiconductor
(CHOS) field-effect transistors manufactured by a
generally employed master slice method. The semiconductor
“device depicted in this'Figure is formed by a gate array
method on the basis of cells each consisting of two P-
et? channel K0Ss and two N- channel HOSs.' A static RAM (SRAN)
'cxrcu1t is constructed by employ1ng the semlconductor
device described above.
FIG. 12 illustrates a cell 1 on which this
semiconductor device is based. ‘In this cell 1, a high
‘concentration N-type diffused layer is formed by
introducing an impurity, wherein a mask is a polysilicon

gate 14 formed in a P~type welrvlogoh the semiconductor -



'senj conduct or device is based. 'In this cell ‘1, a high concentration:!
diffused layer is formed by introducing an inpurity, wherein a nask is a
polysilicon gate 14 formed in a P-type well 10 on'the sem conductor - 2-
device. This high concentration N-type diffused | ayer 15 and the gate

el ectrode 14 constitute two N-channel MOSs (N-MOSs) 11, 12.. The gate -

el ectrodes 14 of these two NN MOSs 1%, 212 are disposed in parallel and have
the sane orientation. The MOSs 11, 12 share the N-type diffused | ayer 15 -
with each other. This region is therefore used in commopn as a source or
drain region. Further, a stopper layer 16, i.e., a_high concentration
P-type di f leyddel ay8hisi Bighr seacentpationeN-twern dhéSesabsiayer 15.in a
regi on adjacent to a cell neighboring to the cell 1_ "~ This stgpper |ayer 16
s a diffusBl theeBakesBleRGTade b BRPFLELY tPotFanturapnanl HO8S 1o T

stopper | aygr ,ps $ofged,for ggpacating e NyNESs0f et bgoadi gggny cel Is and
' ﬁOSs 11, 12 are'disppséd ihfbifallel and have-the'Same'f_hg;€ ' 
orientation. The HOSs 11, 12'share the N-type diffused. . =~
"~ layer 15 with each othér.-'fhis.regipn is therefore nséilg ;f'¢“f
in common as a source;of drain region. Further, a sfo@b@;
layer 18, i.e., a high-cbnbéhifétion P-type diffused" |
layer, is fofmed in parallgl-yith these MOSs 11, 12 in-a'.
region adjacent to a ceil-heighboring to the cell 1. Tﬁis_
stdpper layer 16 is a diff#séd layer assuming a
substantiall; rectangular shape. Thé stopper layer is
formed for separating the N-MO0Ss of the adjacent cells and.
preventing a channei formation when-an inter-cell |
semiconductor surface is invefted. A power supply line is
connectedivia this stopper layer 16 to a substrate,
_ thereby redﬁcing a difference between a substrate
-, potential and a power supply potential. A latch-up of a
parasitic transistor forﬁed_in the MOS is prevented.
On the other hand, the cell 1 is formed with two P-
channel M0Ss (P-M0Ss) 21, 22 in symmetry with the N-M0Ss
11, 12. In association with the P-M0Ss 21, 22, as in the
case of the N-MOSs 11, 12, a high concentration P-type
diffused layer 25 is formed with a polysilicon gate

electrode 24 serving.as'a mask. Owing to this diffused



‘preventing a channel formation when an-intef-cell sem conductor surface is -
I nverted. A power supply l'ine.is connected via this stopper layer 16 to a
substrate, thereby reducing a difference between a substrate potential and
a power supply potential. = Alatch-up of a parasitic transistor forned in
the MOS is prevented. On the other hand, the cell 1 is formed with two P-
channel MOSs (P-MOSs) 21, 22 in symetry with the N-MOSs 11, 12. In
association with the P-MOSs 21, 22, as in.the case of the NFNMXSs 11, 12, a
hi gh concentration P-type diffused.layer 25 is formed with a polysilicon
gate el ectrode 24 serving as a mask. Omng to this diffused -3- layer 25
and the gatEaﬁéeczsOddeﬂhetbstemmléhtfﬁﬁe214,ZﬂharEwch+&ﬂSsrﬂluU2wleI

As in the case of the NNMOSs 11, 12, the P-MOSs 21, 22 share a source or
drain regi carei féorredhist baralleh. askocimtilbe oase ofede MRS ohl;: 22

the same purfose as_that of the stopper .l ayer 16, a
e P-¥0Ss 21, 22 share 2. source or drain region. w1th

each other. In assoc1at1on w1th these-P—HOSs 21, szgfonqaujﬁh
the same purpose as that of the stopper layer 16, a : . |
-stopper layer 26 is formed of a hxgh concentrat1on N-type |
dxffused layer. . .

| "As.deSc;ibed;above;fpne_baeic celi'lleompfises the;_
two N-MOSs 11, 12, the “two P-MDSs 21, 22 and stopper |
layers 18, 26. In-the-Sehicenducter.deviCe based on the
master-elice method, the.ﬁasie cells are eontinuonsly
formed at conetant intervals._ Those basic cells are
connected with wires of Al and the like, thus obtaining a
desired circuit. The device depicted in FIG. 11 is ome
example of - this arrangement. A SRAM is configured by the
gate array method in which;designing is effected in
eonforﬁity-iitﬁ vertical/lateral fixed wiring rules. The;
folloﬁing are problemseinhereﬁt in the conventional
complementary semiconductor device in which the P-M0Ss. and:
the N-M0Ss are continuously formed. Even when a circuit
module of a data switch of the abeve-described SRAM is
constructed of unitary elements of N-MO0Ss, there is no
alternative but tO'use.one-baeic cell in terms of
designing the circuit. = Taking the wiring rules into

consideration.'it_is'difficult to.largely change an area




‘st opper layer 26 is formed of a high concentration N-type diffused layer. -
As described above , one basic cell 1 conprises the two N-MOSs 11, 12, the
two P-MOSs 21, 22 and stopper layers 16, 26. In the sem conductor device
based on the master slice nmethod, the basic cells are continuously fornmed
at constant intervals. Those basic cells are connected with wres of Al
and the like, thus obtaining a desired gi¥cuit. The device depicted in
FIG 11 is one exanple of this arrangenent- A SRAMis configured by the
gate array nmethod in which designing is effected in conformty with
vertical/lateral fixed wiring rules. The follow ng are probl ens inherent

i n-the conwdhttbmnad-Hhp ehdht#S, serfi.cortdthannalew iddli.n BorcHhige P-MoSs
~and the NN-MOSs ‘are continuously fornmed, . Even when a cjrcuit, nodul e of a
dat a swi t cIF &S QThe ahRRELAINE HelPesrdyi ke Orqtifctisd dort anmimgd) b erent s
of N-M3Ss, there js, nq alternative but ta use one basic cell in ternms of
desi gni ng. tiHhe CPI_rdéfﬁ “.Chqsera‘iﬁw-”c% %% F A into consideration it is
difficult to largdly DUMP L% circuit of the SRAK in this 1
. _embodimenf: Tﬁe SRAM in'this émbodiment is a-9*eiemeg§;f:5f
baséd'legic‘circuit in whiéh the N-MOS:serﬁegwas a B
transmission gate. The tranémission gaﬁes=pfo§ided'bo;#{
on the reading side and on the writing side of this ._ _
circuit are constru¢ted'0f.NéﬁOSs 41, 42. If the pircﬁit.ﬁf
in which the gates are composed of unitary elements of N-
H0Ss is configured by the conventional complementary
semicodductor device given above, as illustrated iﬁ FIG.
11, three pieces of basic'celis, viz.,_an area of 12
elements is required for the 9-element-based circuit.
On the other hand; the following relation about the
operating time of the seniconductor device is established:
tr =4 xC/ (BxHx vdd) ceeee (D
:g:;;" where tr is the response time indicating a rise or decay
time of the HO0S, C is th? load capacity indicating a
capacity of the MOS itself and a capacity of wires ,
parasitic to the MOS, H is the channel width, Vdd is the.
power supply potential, aﬁd‘P is the current amplification
rate per unit length of the MOS. The current
‘amplification rate of the P-MOS is approximately a half or

a third the current amplification rate of the N-MOS.



-4 of 'the’ P—NCS and N—NCS i.ej; a channel -width. For this reason, an .
operatlng time of the circuit is deternmined by the P-MXS whose response
time is slow FIGS. 3 and 4 show a circuit of the SRAMin this enbodinent.
The SRAMin this enbodinment is a 9-elenent- based logic circuit in which
the N-MOS serves as a transmi ssion gate. The transm ssion gates provided
both on the reading side and on the wiging side of this circuit are
constructed of N-MOSs 41,42. |If the circuit in which the gates are
conposed of unitary elements of NN MOSs is configured by the conventional
conpl ement ary seni conductor device given above, as illustrated in FIG 11,
three piecapamélPasif thél shawhdl ,wbdtlss e ofe 1Puled eaverisl 1y egaalyed for
the 9-el enent-based circuit. On the other hand, the follow ng relatlon
about the oples atesponserct bitet be sérrth;@rﬂﬂt@%rlsimwxsnmbbltmhed =4
xC/ ([err]x Hx vdd) . ..... (1) where tr is the response tlne
| nd| Cat| ng grrtlgee@rtu@eayas la.rge as. that of the N-HOS. FOI‘ e

1nstance, in the conventaonal complementary semxconductor

devrce, an’ 1nverter is. composed of the P- HOS and the N—av ~- '

'HbS. In this case, . because of the channel widths H bew,

equal, a rise'time-of'this-1nverter is required ta’be;,
approx1mately tw1ce or three times the decay time. 'Hemée;ii--'
in the circuit where a plurality of inverters are =
connected, the operatlng time of the device is cond1t10ned

by the respomnse time of the: P- MOSs.

In the light ef-such problems, the present imvenﬁion.
aims at immroving a working efficiency of a semiconductb:;
device by ameliorating a layout of the semiconductor
device based on a master slice method in which P-M0Ss and
N-M0Ss are continuously fermed and reducing an area
occupled by a circult It is an object of the preSentivr;*

N invention to-attain a sem1condnctor dev1ce capable of an
operating time of a MOS logxc circuit by restra1n1ng_an_ o
increase in the area occupied by the circuit.

Disclosure of the Invention:

A complementary semiconducior device based on a
master slice method includes a plurality of basic cells:.
continuously disposed. This basic cell consists of a .

single or a plurality of metal insulator semiconductor'“*"




tine of the MOS, Cis the load capacity indicating a capacity.of the MOS =
itself and a capacity of wires parasitic to the M3S, H is the channel
width, vdd is the power supply potential, and [err] is the current
anplification rate per unit length of the MOS. The current anplification
rate of the P-MOS is approximately a half or a third the current
anplification rate of the N MOS. Naned v if the channel widths H are
substantially equal, the response tine tr of the P-MOS is approxi mately
twce or three tines as large as that of the NNMOS. For instance, in the
conventional conpl enentary sem conductor. device, an inverter is conposed of

the P-MS arfdqlfr alfagis trans ishior MU SHTs L ndore hordpdnlaves ks H
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the MISFETs and the stopper layers are parallel with'each -
other. in'such a semiconductor deviée, A-Smaiiﬁgiz§@- ~f 
-HISFET c#n.be_fo;med adjaceﬁtly to the'stoppggiiéﬁé?fi#ﬂg.
region neighboring to the basic cell in wh#cﬁ:fhéf§£o§§e§
layer is formed. Hore specificaliy; in addition to"the_;'
stopper layer, a sub-HISFET having an area sgglierg;h@g'.
that of the MISFETs constituting the basic cell in a
region neighboring to the basic cell which has ﬁitherto
been occupied ﬁy the stopper layer. _

The sub-HISFET. may be formed in parallel with a first
conductive type MISFET through a first conductive'type
diffused layer. The sub-MISFET may be also formed in
parallel with a second conductive type MISFET through a
second conductive type diffused layer. Besides, the sub- .

‘& MISFETs of the respective conductive types may be also |
formed in parallel with the first conductive type MISFET
and the second conductive type MISFET, respectively.:

Where the channel regiqns are so oriented as to
equalize the forming directfon of the sub-MISFETs and the
direction of the MISFETs constituting the basic cell, the
wire design with respect to the sub-HISFETS can be

effected by the gate array method. Those sub-MISFETs may




In the light of such problens, the present invention ains at inproving a.
wor ki ng efficiency of a sem conductor device by aneliorating a | ayout of

t he sem conductor device based on a master slice nmethod in which P-MOSs and
N-MOSs are continuously fornmed and reducing an area occupied by a circuit.
It is an object of the present invention to attain a sem conductor device
capabl e of an operating tine of a MOS |Ibgtc circuit by restraining an
increase in the area occupied by the circtit. Disclosure of the Invention:
A conpl enentary sem conductor device based on a master slice nethod

i ncl udes a pIurallt of basic cells.continuyous di sposed. This, ba5|c cel
consi sts ofb& fsﬂfrl'qu\; it eenhinuatign Srafetthe |Mngﬁ.ﬂ Efiso e odidh iddHARSE o - 6-

field-effect tran5|stor (NlSFETS a st oppe Iayer for se tlng t hese
M SFETs fr drtavbesEes Yad}se?cé#t %Is&%lq‘l trf Jagies - cePﬂ%‘sare

contlnuowﬂ&G useéﬁ¥Lf§}tJ§y be employed as a source or draxn reg1on
| common to the HISFETs and the sub- MISFET.
In the semlconductor devxce including ‘the baszc cell
having-the sub-HISFET according to-the.present-1nvent1on,
a circuit:element-of unitary elements_canfbe'copfigufcdcby
use of this sub-MISFET. Actualized, for excmple;_ﬁ a
c1rcu1t 1nc1ud1ng a transmission gate . constructed of a
single piece of second conductive type MISFET by-us1ng the
‘semiconductor device, formed with the second conductive -
type sﬁb-HISFET,.of this inventioo. In this ccsc, the
transmission gate is composed of the sub-MISFET, whereby a
numerical quantity of the basic cells occupied by the
circuit can be reduced. Therefore, unlike the
conventional complementary semiconductor device, it is
unnecessary to occupy the oasic cells including the
L KISFETs of two conductive types for the circuit element

actualized by the single elcoent. For this reason, a.
working efficiency of the semiconductor device can be
improved. Moreover, the numerical quantity of the basic
cells constituting one circuit can be reduced, with the
result that a length of wires for connecting the
respective MISFETs can be shortened. This in turn

decreases a capacity of wires parasitic to the MISFETs. .



't he NISFETs and the stopper | ayers are parallel with each other. In such a:
semi conduct or device, a small-sized M SFIT can be formed adjacently to the
stopper layer in a region neighboring to the basic cell in which the

st opper layer is formed. More specifically, in addition to the stopper

| ayer, a sub-M SFET having an area small-er than that of the M SFETs
constituting the basic cell in a regionh séetghboring to the basic cell which
has hitherto been occupied by the stopper |ayer. The sub-M SFIT nay be
formed in parallel with a first conductive type M SFI T through a first
conducti ve %ﬁpe diffused | ayer. The sub-M SFIT may be gl o forned in

paral | el mmmweﬁﬁé NAYSH e tﬁrPrfd\PdH e@@ﬁ‘d beonduct i ve

t diff d | d t h b M SF f th duct

Lybes. mmy  bACHIRFTadmodt § rhAEANGIOG (1P RTAD U A TEdHERe Ievte yoe MSH T
dth d nduct 't 4 | |

Fegi ons ar o SR TAYIAR A5 ' Al .f}e‘“t% Fadniignifac s, ety

sub-M SFI Ts yan qlstéﬁﬁf'{wtgm&f%m# ﬁMe%T & Y tiptilt umemqoaaw c ce"

the wire desi"gn w r espect e ‘sub SFETS can be
On the other hand where a logic clrcu1t 1s

.constrnpted by;usxng the semiconductor dev1ce. formed WIth
thq.fiﬁsf'cbﬁductive type sub—-MISFET, of thé}present
inventiba;_thejoﬁerating time of the circuit anfbe_
largely decreased. To be specific, the firSi;éQnductive
type sub-MISFET is connected in para}iel to the first
conduciive type MISFET, an apparent channél width,cﬁn be"
expanded. For this reason, as expressed in fhe;formula
(1), the response time of the first condﬁctive type omne
can-be_approximaﬁe to that of the second conductive type
one. Hence, the operﬁting time of the logic circuit
configured by sue of the sgmiconductbr device of this
inveﬁtion can be reduced. ‘
_— Brief.Description of the Dr;wings:
FIG. 1. is a layouf.diagram showing a construction of
an SRAM using a semiconductor device including an N- I
" channel sub-M0S in an embodiment 1 of the present
inventioﬁ; | _
FIG. 2 is a-layout diagram showing a configuration of

a basic cell of the semiconductor device illustrated in

FIG. 1;




effected by ‘the gate array method. Those sub-M SFETs may’ ~ 7- be formed in
continuation fromthe M SFETs constituting the basic.cell by use of the
sane diffused layer. This diffused |ayer may be enpl oyed as a source or
drain region comon to the M SFETs and the sub-M SFET. In the sem conductor
device including the basic cell having the sub-M SFET according to the
present invention, a circuit elenent -ofg unitary el enents can be confi gured
by use of this sub-M SFET. Actualized, for exanple, 1is a circuit
including a transm ssion gate constructed of a single piece of second
conductive type M SFET by using the sem conductor device, formed with the
second conduct i FdGyPe isuls igemit dfiagriad jidlasticating 3 deigdccase, the.

transm ssi on-gate i s, cqnpased of syb- M SFET, whereby a numeri cal
quantity oP?FW@4Ha§§§é§§Ié?%kéﬁb&§§°by-the circuit can be reduced

iTger' efore. ~unl L kgd g M AW AP A 138 THRE 8 21 20u TR P> !
the SRAM éf’FIG; 1; ' |  ..
| PIG,-%;is a layout diagram shpwing“a cpﬁfiéﬁratioh.of .

an oﬁtgﬁﬁ-huitiplexer:embloying the .semiconductor device
iQCLudingﬁa é*dhanpél.subrﬁus in an embodiment 2 of this
inventiohii?: |

FIG. 6 is a circuit diagram illustrating a logic
circuit ofrfhe output multiplexer shown in FIG. 1;

FIG. 7 is a circuit diagram illustrating a circuit of
the output multiplexer shown in FIG. 1;

FIG. 8 is a layout diagram showing a'configuraﬁion of
the SRAM using the semiconductor device including the N-
and-P channel sub~¥0Ss in a third embodiment of this
invention;

FIG. 9 is a circuit diagram depicting a logic circuit

— . of the SRAM shown in FIG. 8;

FIG. 10 is a layout.diagram showing a construction of
the semiconductor device of this invention of FIG. 8;

FIG. 11 is a layout diagram showing a codfiguratioh
of the SRAM using a conventional complementary
semiconductor device; and |

FIG. 12 is a layout diagram showing a configuration

of the basic cell shown in FIG. 11.



unnecessary to occupy the basic cells including:theé M SFETs of .two .
conductive types for the circuit elenent actualized by the single el enent.
For this reason, a working efficiency of the sem conductor device can be
| nproved. Moreover, the nunerical quantity of the basic cells constituting® -
one circuit can be reduced, with the result that a length of wres for
connecting the respective M SFETs can bg ghortened. This in turn decreases:

a capacity of wires parasitic to the M SFETs. 8- The | oad capacity

expressed by the formula (1) can be decreased. It is therefore possible to
reduce the operating tinme of the circuit by configuring the circuit by use

of the sen Gesdudtodte dni Carafy ity utn\tdre ilmven@ionhe other hand, where a -
logic circuit is constructed by using the sen conductor device, f or med with .~
the first conductPned enged subodisemEts of tahesqaxmdtucutwerdtavawe t he

operatlng time of. the circuit can be L
, accord1nx to ‘the present 1nvent10n wxll herexnafter be- R~

'-”descr1bed with reference to’ the accompanylng drawlngs.

-[Embodlment 1]

FIG. -1 111ustrates a layeut of an SRAH us1ng a

-sem1conductor device formed thh an Y-channel sub-M0S in
 aneembod1ment 1 of the present 1nvegttog.;-1n this’
embodiment, among basic celLs,formed iﬁ'the_Semicondﬁcter«
_'device, two basic cells 1.1,.1.2 ceﬁstifute one memory
circuit of the SRAM.

FIG. 2 shows a configuration of the basic cell
constituting the semiconductor device depicted in FIG. if
A.basie.cell 1 includes a P-type well 10 formed with two
N-channel ¥0Ss (N-K0Ss) 11, “12. A stopper layer 186
composed of a high-concentration P-type diffused layer is
formed-in pafellel therewith. A sub-M0S 13 is formed on

_;:;‘ the'oepOsite side to P-channel M0S (P-M0Ss) 21, 22 which
will be'menfioned later, with this stopper layer 18 being
interposed therebetween. This sub-MOS 13 is an N-channel
MOS composed of a high concentration N-type diffused layer
15 which is, as in the case of the N-HO0Ss 11, 12,
introduced with a polysilicon gate electrode 14 serving as
a mask. The sub-M0S 13 is formed in paraliel_with the N-

'MOSs 11, 12. The N-type diffused layer 15 used as a




largely decreased.. To be speC|f|c the first: nductlve type sub- NISFET IS
connected in paraIIeI to the first conductive type M SFET, an appar ent
channel wi dth.can be expanded. For this reason, as expressed in the
formula (1), the response tine of the first conductive type one can be
approximate to that of the second conductive type one. Hence, the operating
time of the logic circuit configured by ijgue of the sem conductor device of
this invention can be reduced. Brief Descri-ption of the Drawings: FIG 1 is
a layout di agram showi-ng a construction of an SRAM usi ng a sem conduct or
devi ce including an N channel sub-MOS in an enbodi ment 1 of the present

i nvention; Blo@rc2 o aradpowt dihdgr smbsHOs g - aSCGdﬁngmpaﬂluntbfaa basic

cel | of the semiconductor device illustrated i.n-FIG 1; \
- -N-type diffused layer 15 for constxtutlng the N- MOS 11 -

”descr;bed-ahove. ;A region of-th;s:N;typesd;ffused layer
:iﬁjgdﬁ”be*therefdre used in commén to the sdb-ﬂﬂs 13 as a
_fééion:Of.;hé source or drain of thé'ﬁ-uﬂs 11. This sub- :.-'3”
'HOS 13 is- formed in line with the stopper layer 18 in a
3ireglon,:adaacent'to_other basic’ cell,zof-the.bas1g cell;l.-‘
Hencea channel width H' of the :.éu'bauo-.s 13 is
approximately a half the channel width H of the N-MO0Ss 11,-
12 ﬁﬁich constitute the basic cell 11. As discussed
above, in the device in this embodiment, fhe sub-HOS is
incorporated into the basic cell withoutwincreasing thé
area of the basic cell ovefifhat of.ﬁhé conventional
semiconductor device shown in FIG. 12.

On the other- hand, two pieces of P-M0Ss 21, 22
constituting the basic cell in this embodiment are, as im.
the case of the conventional complementary type basic
cell,.formed in symmetry with the two N-M0Ss 11, 12.
Further, a stopper layer 26 for separating the P-M0Ss 21,
22 from the adjacent basic cell is also formed as in the

~same way with the conventional basic céll. These

" components are marked with the sane numerals because of
being identical with the conventional ones, and the
description will be omitted.

As explained above, the conventional basic cell




FIG. 3 i's'a’'circuit diagramillustrating a logic-circuit of the SRAM of .
FIG 1,"FIG 4 is acircuit diagramillustrating a circuit of the SRAM of -
FIG 1; FIG:-5 is a |layout diagram showi ng a configuration of an output
mul ti pl exer enpl oying the sem conductor device including a P-channel
sub-MOS in an enbodinent 2 of this invention; FIG 6 is a circuit diagram
illustrating a logic circuit of the outpuz +ultiplexer shown in FIG 1;
FIG 7 is acircuit diagramillustrating a circuit of the output
mul ti pl exer shown in FIG 1; FIG 8 is a layout diagram showi ng a
configuration of the SRAM using the seniconductor device including the N -
and: P channetomphi sgsst 1 mieess o lenbtfihentlofld.hitwa pidreof G 9 is.a;. &
circuit di.agram de igﬁng logic cifcuit o t_(r}fe SRAM shown in FIG 8; FIG:
10 i's a'l aydASsi s‘h‘b‘ﬁn i PP RPRONAFRS i Uiy A+t nd sdi®onduct or device
g];mE'ihl S 'I’-_-n'ygﬁr.lptulzfcno&{uclzéo% -févf’c!eG inljtﬁiss ae-n'ﬂ?&'cf’f%encg,a%rnaemNs-hcc-ixvgnr_]&f‘.
igurati ke .
"~ sub~M0S 13 is added to those components to .configure the

" basiec Cell‘l. _With fhis.arfangement, a circuit elgmentf'
-;chh'as a transmission.gate composed of a-unitﬁry'eiement
of N-MOS can. be formed by;using,the sub*HOS'ls.
: FIGS,'3 and_4-shpw a;éirCﬁit'of the SRAM illustrated.
" in FIG. 1. The SRAX inctﬁiS“eMbodimeni-is conceived aé a. -
9-element-based mémory qi:cuit in which the N-MOS is
employed as a transmission gate. In this circuit, a
transmission géte 41 is at first opened based on a write
enable signal W. A signal from a data iine-Sl is applied
to an inverter 31 consisting of a P-HOS 46 and an N-HOS
47. A signal amplified by this imverter 31 is then
applieﬂ to an inverter 32 constructed of a P-M0OS 44 and an
- N-MOS 45. When the write enable signal W is turned OFF,
the transmission gate composed of the N-MOS is closed,
whereas a transmission gate 43 composed of a P-M0S is
opened. For this reason, the-signai amplified by the
inverter 32 through this transmﬁséion gate 43 is applied
again to.the inverter 31. The information is recorded by
the inverters 31,'32.._
Next, when a transmission gate consisting of an N-MOS

‘is opened in response to a read enable signal R, the



of the SRAM using a conventional conpl ementary sem conductor device;. and"
FIG 12 is a layout diagramshowing a configuration of the basic cell shown

in FIG 11.. - 10 - Best Mbde for Carrying out the Invention: Preferred

enbodi nents of a sem conductor device according to the present invention
wi |l hereinafter be described with reference to the acconpanyi ng draw ngs.
[ Enbodinent 1] FIG 1 illustrates a | ayord of an SRAM using a sem conduct or,
device formed with an N-channel sub-MOS in:an enbodi nent 1 of the present
invention. In this enbodinment, anong basic cells forned in the ' ' .
sem conductor device two basic cells 1.1, 1.2 constitute one nenpry circuit -
of the SRAMimflaznat kpp\teld dohfigurivesitens tHe Bdsiie e@mlidded ib¥uting =
the sem conqu et olvarter 3¢ Pons Fudted 'cF 4 P-MOS 48 and an N-HOS 49
z-iand-appearsiinia bit line 52. | | |
| ..In-thé_sehidonductor~¢§vic§ in this embodiment fo; T
-a_ctu;l;i-z' ing this circuit, the basic cells 1 shown in 15_1'.3;. - o
.2,a?e'contihnous1& fopmed-vépticailw;and.lgtéfally. Thésé'  |
-bésic Cells_are'conneéted thfohgh internal-wiring to
-obtain a.desiréd cifcuit, ;Thé #bove?mentioned-diréuiﬁlis,
as'illustrafed-in FIG. 1,.attainéd"with.the two basic :
cells 1;1, 1;2. A desién of. in;ernal wiring invplves the
use :0f a gate array method having.a_design rule in which
the_wires are orthogonal. At the first onset, power
supply wires are arranéed orthogonally to the respecti?e
M0Ss. Vdd is connected to ihe P-HdSs, wvhile Vss is
connectéd to the N-H0Ss. The respective power suﬁply
wires are connected through'viaholes 19 to stopper layers
16.1, 16.2, 26.1, 26.2 for breventing a latch-up by.a
PV tfaniistor'parasitic to the MQOS, with a drop of substrate
potential. |
The wires are connected to the respective M0Ss
contained in these cells 1.1, 1.2 to configure the SkAH.
To start with, a read transmission gate 42 is formed of an
N-channel sub-X0S 13.1 of the cell 1.1. Next, a P-M0S
21.1 and an N-MOS 11.1 are combined to constitute the

inverter 33. A_P-HOS 22.1 and an N-HOS cooperate to



A ba5|c cel11 |ncludes a P-type well 10 forned ‘with two N-channel NCSs CE
(N—NCSS) 11, 12. A stopper |ayer 16 conposed of “a- hi gh-concentration P-type
diffused layer is formed in parallel therewith. A sub-M3XS 13 is forned on
t he opposite side to P-channel MOS (P-MOSs) -21, 22 which will be nmentioned
later, with this stopper |layer 16 being interposed therebetween. This
sub-MOS 13 is an N-channel MOS conposediaf -a high concentrati on N-type

di ffused | ayer 15 which is, as in the case-of the NNMOSs 11, 12, introduced
with a polysilicon gate el ectrode 14 serving as a mask. The sub-MOS 13 is
formed in parallel with the N MOSs 11, 12. The N-type diffused |ayer 15
used as a cosamnﬁstertheaumvertenl§lsubIWC$h§3cBé1|aeﬁtlcawrmﬂah an N-type
di ffused | ayer 15 for constituting the NNMXS 11 described abgve. A region
of this N—t?ﬁénaﬂﬁﬁ§é@6 S&ﬁér4151§aﬁ°BB°Fﬁ€rEfoﬁesuéeﬁ Sn3lofrondto the

b- MOS 13 f th f. hi b-
VDS 13 15 f BRBASENIBIAGTE CROBABLSEOPPcRray AP 18 PARGLricted of'a® S

P-¥05 21.2. A P-HOS 22.2 and an N- M0S 12.2 are combined
:fq_consﬁithte the inverter 32. A ggté-electrodelof thé
_fnJKOS 11.2 of this cell is Cdnnected'via_the'stopper layer

| ﬁlﬁ 2 to a power supply Vss‘tO'éeparateqthe sub MOS 13.2 |
-'used for the transmission. gate 41 from ‘the N-MOS 12.2 used
for the 1nverter 32. |
As explained above, the SRAM can be attained with two
basic cells by use of the sémibondnctor.device-#aving the
sub-M0Ss in this embodiment. To configure such a circuit,
in. the convéntional semiconductorﬂdevice, as illustratéd

in FIG. 11, three pieces of cells are needed. Based on

the device in this embodiment, however, as depicted in

"FIG., 1, the write transmission gate'il is constructed of

the sub-H0S 13.2 of one cell 1.2, while the read

transmission gate 42 is constructed of the sub-HOS 13.1 of
the other cell 1.1. Thérefqne, the 9-element-based memory
circuit can be composed of the two cells.
In the c1rcu1t formed in the device in thls
embodiment, the N-channel H0Ss are adopted for the
 transmission gates 41, 42. A rise time thereof is
relatively short. Hence, an influence on a working time

of the circuit is small even when those transmission gates



regi on, adjacent to other ba5|c ceII of the ba cell 1..Hence, ha
mﬁde*H‘ of the sub-MOS 13 is apprOX|nater a‘hal f the channel wi dth H of.:
the NN-MOSs 11, 12 which constitute the basic cell 11. As discussed above,"
in the device in this enbodinment., the sub-MOS'is incorporated-into the
basic cell without increasing the area of the basic cell over that of the
conventional sem conductor device shown,i.-n _FIG 12. On the other-hand, two
pi eces of P-M3Ss 21, 22 constituting the basic cell in this enbodi ment are,’
as in the case of the conventional conplenentary type basic cell, fornmed in
symretry with the two NN-MOSs 11, 12. Further, a stopper |ayer -26-for

separating yhe Eizl\/@%% 3bas22 k@ biTe tadi s0PMOBaSLE. £l 13( 8 akvankoamed ‘as
in the sane way with the conventional basic. cell. These conmponent s are o

mar ked i t hphle owazhanuedr alid thecadse: cbnbentjondéntdeedbenrehutibes - o
conventional ones, and the description will be omtted. As explalned above_
the convent ithirale baenesceﬁlcells for confzgurxag the clrcult in thzs_;“;;~\
‘embodiment. In a comparison w1th the conventxonal dev1ce,
a wxrxng cepaclty associated w1th the HOSs 1s reduced and
a parasitic capac1ty is" also decreased in the deVIce _ |
according to-th1s embodlment;' An- operatxng ‘time of the
circuit is, it can be sazd decreased

The circuit can be eops;ructed by the eells.whose
number is two thirds that ‘of the convéntidnei
semiconductor device. A ﬁorkdng efficiency of the
semiconductor device is, as a matier of course, improved.

For this reason, the IC'for;memonyican be miniaturized by
enploying the device in this embodiment, and a degree of
integration can be also increased.

[Embodimenf 2]

FIG. Slillustrates the semiconductor device in this
embodiment, wherein P¥channe1 sub-H0Ss relative to an
embodiment 2 are formed. The circuit shown in this
embodiment is 2-output multielexer. In the semiconductor
device according to this embodiment, P-channel sub-M0Ss
23.1, 23.2 are, in sharp contrast with the embodiment 1,
formed adjacently to stopper layers 26.1, 26.2 on the side

of the P-M0S. Other basic cell configurations are the

same as those in the embodiment 1, and the description



- 12 -..conprises two pieces of NNMXSs 11, 12, “two pieces of P- MOSs 21, 22
and stopper layers 16, 26. In the sem conductor device in this enbodinent,
one N-channel sub-MOS 13 is added to those conponents to configure the
basic cell 1. Wth this arrangenent, a circuit el enent such as a

transm ssion gate conposed of a unitary el enment of N-MOS can be fornmed by
using the sub-MOS 13. FIGS. 3 and 4 shoewig circuit of the SRAMillustrated
in FIG 1. The SRAMin this enbodinent is conceived as a 9-el enent - based
menory circuit in which the NMOS is enployed as a transm ssion gate. In
this circuit,a transm ssion gate 41 is at first opened based on a wite
enabl e signakiW ba omdmaeds wbrihie d¢hex hRrepcmBrkied wpphi thet bike inverter 31,
consisting of a P-MOS 46 _and an N-MOS 47. A signal anplified by this

i nverter 31 nymgRadsapplhedarsaagepppdr tpt3dbhesnsbaseecacbtsaapenmos 44 and

~an ' N-MOS 45. Wien the wite enahl e, signal . rnegq OFF

transni ssi onCgRtdRUgHSLedosmend BN Y sﬁglg%h§&§?°ﬁh ?gégéagggaﬁgﬁP§SIQn
gaﬁe 43 conp%%eghqg_%mgbyggehi is thgTsime with the embodiment 1. . |
R Turni;g to.fiGS.-S;ghd 7; thére is illustrated a.
circuit configured in the device in this embodiment. This |
circuit conceived as'a 2-output mﬁltiplexer consists of:

"  inverters 61, 62 féri&mpiifying"the outputs and |
transmission gates 83, 64 apenéd.and closed by the read
enable signal R and an inverted signal XR thereof. 1In
this circuit, when the t:anémission gate 63 is opened by
the read enable signal R and the inverted signal XR
thereof, an output 01 is amplified by the inverter 81l. As
a result, an output signal.XI appears on the output side.
The situation is the same with relations between an output
02 and an output signal X2 and between a transmission gate
64 and an inverter 62. |

o .In the circuit described above, a signal rise time is
conditioned by a respohse'time-of the P-¥0S conmstituting
the inverter. In general, the response time of the P-M0S
is, as discussed above.-one-half-or one-third of a |
response time of the N-M0S. A reduction in the operating
time of this circuit requi:es a decrease in the response.
time of the P-M0S. In this situation, the conventional

semiconductor device :takes such a countermeasure that two




opened. For this reason, the signal "anplified by the inverter 32 through -
this transm ssion gate 43 is applied again to the inverter 31. The
information is recorded by the inverters 31, 32. Next, when a transni ssion
gate consisting of.an NNMOS i s opened in response to a read enabl e signal

R, the - 13 - information held by the inverters 31, 32 is anplified by
an inverter 33 constructed of a P-MOS 48;and an N-MOS 49 and appears in a
bit line52. In the sem conductor device in this enbodi ment for actualizing
this circuit, the basic cells 1 shown'in FIG 2 are continuously forned
vertically and laterally. These basic cells are connected through |nternal
W ring to omidaesa afedHSxianai¢connatredibioy cpamaitliedned Henvan,i tonlg as-
illustrated in FIG 1, attained with the two basic cells 1.1, 1. A .
design of i A& rﬂaxvemtrqmgla RSB g Hd Lpsfe tdre ebagsawe carlrlaw%kaaw ng

I whi eh
de5|gn rute éﬂL PIHOSs and the N-MOSs by twos as the case may be.,

In the dev1ce accordlng to this embodxment as . -

111ustrated in FIG 7 the response txme of the P- HOSQJl'“J

-1mproved by connecting a P channel sub M0S 73 to a P-Mﬁsl
71 in parallel. W1th th1s arrangement, the 1nverter and
the transm1ss1on gate can be composed of one cell, thereby
mak1ng it possible to 1mprove the working eff1c1ency of
the semiconductor device. |

Circuitry in this embodiment will be explained
referring to FIG. 7. An inverter 61 consists of the P-H0S -
71, the suB-HOS 78 and the N-M0S 72 which are connected
in parallel. A transmissiom gate 63 is constructed of an:
N-¥0S 74 and a P-MOS 75. Similarly, an inverter 62
consists of a P-HOS 76, a sub-KOS 77 and an N-HOS 78. An
N-H0S 79 and a P-M0S 80 are combined to constitute a

S transmission gate 64. |

In the semiconductor device according to this
embodiment, this circuit is, as depicted in FIG. 5,
composed of two basic cells 1.1, 1.2. According to this
embodiment also, as in the same way with the embodiment 1, -
wiring is effected using the gate array. The power supply
wires Vdd and Vss are,”4s in the embodiment 1, connected

to the stopper layers 16.1, 16.2, 26.1, 26.2. 1In




‘the wires are orthogonal. : At <the first onset, power supply wires are. -
arranged orthogonally to the respective MXSs. Vdd is connected to the
P-MOSs, while Vss is connected to the N-MOSs. The respective power supply
wites are connected through viaholes 19 to stopper layers 16.1, 16.2, 26.1,
26.2 for preventing a latch-up by a transistor parasitic to the MOS, with a
drop of substrate potential. The wres_ajg connected to the respective M3Ss
contained in these cells 1.1, 1.2 to configure the SRAM To start with, a
read transni ssion gate 42 is formed of an N-channel sub-MOS 13.1 of the
cell 1.1. Next, a P-MOS 21.1 and an N-MJS 11.1 are conbined to constitute
the invertercganeds PoMGbi €R. i andg aof NeMOSheobpecal b k.o, gatdd -
constitute the inverter 31. In thecell 1.2, a wite transmi ssi on gate 41
i s conposed eleatsobed/Ohddeef aﬂescmag@tMImn'ghw amsﬁ#%'sﬂ% Zg%-tb 118 is

constructed of a
parallel with a P= -M0S 21. 1. Dralns of these HOSs are’

connected to a draxn of the N MOS 11 1, thus constltutlng

the rnverter 61;'_The';ransprss1on gate 63 1s-conposed;qu ;'

the P-~MOS 22.1 whﬁse'ébﬁrcefreéiOn.isha drain-regiéﬁi_ft_Jggd,_

the P-M0S 21.1'a@d the.ﬂhﬂﬁs 12.1 whose?source-régibﬁ;igiélli'

drain region of the.NQHDSfiiai,_-In the thus coﬁfigutédﬁ;?:;
~cell, the oﬁtput_ﬁi iS»abplied to the gate eLectrodes.6$J;3 

the N -H0S 11.1 and of‘the.PhHOS 21.1. Output.signalstxi .

are fetched from the drains of the N-M0S 12.1 and the P-

HOS 22.1, whereby a mult1p1exer is constructed

The same w;re.a;ranxement with the cell 11.1 is
applied to two P-H0Ss 21.2, 22.2, two N-KOSs 11.2, 12.2
and further a sﬁb*HOS'23.2 which are formed in the cell
1.2. A nmultiplexer is thus configured.

As discussed'abote, in the semiconductor device
accofding to this embodiment, the imverter and the-
transmission gate can be constructed of one cell.
Simultaneously, the operating time of the inverter can bé
reduced by use of the sub-M0Ss. Therefore, the operating
time can be decreased with no decrease in the working
efficiency of the semiconductor device. Besides, the ...
conventional semiconductor device involves the use of;at

nultiplicity of basic cells to- reduce the operating time, . .




P-MOS 21.2.° A P-MOS 22.2 and an N-MOS 12.2 are conbined t'dg:'constitute the -
inverter 32. A gate electrode of the NNMOS 11.2 of this cell is connected
via the stopper layer 16.2 to a power supply Vss to separate ‘the sub-MS
13.2 used for the transmi ssion gate 41 fromthe N-MOS 12.2 used for the

i nverter- 32. As expl ai ned above, the SRAM can be attained with two basic
cells by use of the sem conductor devicejdaving the sub-MXSs in this

enbodi ment. To configure such a circuit, i-n the conventional sem conductor
device, as illustrated in FIG 11, three pieces of cells are needed. Based
on the device in this enbodi nent, however, as depicted in FIG 1, the wwite
transm ssi oncegsd kbt ¥dlg | n mnsinmr;éaje oin tﬁee sper a1 il3. ca p ¢ ione o:ﬂal |

while the read transm ssion gate 42 is constructed of the sub-MOS 13 1 of
the other cetirds ifor Manndoting tthe @@mllﬁ}sed‘wa@eﬁJlmmn be
conposed of the two cells. |n.the circuit formed . in the device in this
embodi ment, TeARQEIHhHAS Waﬂlﬁ?%ﬁj’dbt edibefe t"rhfIe tGldfhitssison gates 41,

42. A rise tine thereof ,is rel at] short n .i nfl.uen o a
morklng tlrﬁgonstfkut by use of fié’sem{con c d?v1ce fﬁ ti e n

embodlment howevér._the number of“basic-cells-doeS“not’ 
_increase, and there is caused a less. amount of 1nf1uence',
on the operat1ng tlme due to an increase in: the paras1t1c  
-capaclty-of wires. A driving capgb111ty of the_P.ghgnnelJ
" M0S in this circuit is enh#nced, whereby a balance of

logic level can be kept, . Ag and DC characteristicé are

also ameliorated.

[Embodiment 3]

FIG. 8 illustrates the semiconductor device in,this_.
embodiment, wherein one cell includes an N-channel sub-M0S§
and a P-channel sub-M0S. A circuit constructed in the
device according to this embodiment is the SRAM identical

~with that of the embodiment 1. 1In this embodiment,
. trgnsﬁission gates 41, 42, 43 are constructed of the N-
channel MOSs and the P-channel MOSs. |

‘The circuit of this embodiment is demonstrated . by
FI1G. 9. The write transmission gate used for the circuit
in this embodiment is opene&.and closed based on a write
enable signal W and an inverted signal XW thereof. The
read transmission gate is opened and closed based on a

read enable signal R and an inverted signal XR thereof.




of'the circuit is snall'even mhen those transn155|on gates 41, 42 are
constructed of the sub-M3Ss 13.1, 13.2 having a narrow channel w dth. The
conventional device requires three pieces of cells for configuring the
circuit in this enbodinent. 1In a conparison with the conventional device,
a wiring capacity associated with the MOSs is reduced, and a parasitic
capacity is also decreased in the device %cgording to this enbodinent. An
operating tine of the circuit is, it can be said, decreased. The circuit.
can be constructed by the cells whose nunber is two thirds that of the
conventional sem conductor device. A working efficiency of the

seni conduct ofp gy fénd Sof dhé (RdéPte P IOUISE, UMY Uhhdiy- 4Me sthgason,
the 1C for nenory can be mniaturized by enploying the device-in this

enbodi ment,” sl aaglegicee ofn i thegembodimemn he aidchdmmys edsed. [En‘nodl ment
2] FIG ‘5 lllustrates the sem conductor -device in this :
e . description thereof is omltted wh1le the components are

| marked with the 11ke numerals, o |

In the semlconductor dev1ce according to th1s

-emBadlment, the clrcu1t descrlbed above 1s constructed of
. two b381c ceils 1.1, 1 2. Hore spec1f1ca11y._the E '

”transm1ss1on gate 41 con31sts of the P-channel sub MOS
23.1 and the3N channel_sub,ﬂos 13.1. The transmLssipn_
gate 43 consists of the N-HOS 11.1 and the P-HOS 21.1. -
The inverter .32 is composed of the P-HOS 22.1 and the N-
M0S 12.1. 1In the cell 1.2, the P-chanmel sub~M0S 23.2 and
the N-qhannel sub-H0S 13.2 are combined to constitute the -
read transmission gate 42.. The inverter 33 is constructed
of the P-M0S 21.2 and the N-MOS 11.2. The inverter 81 is

----- constructed of the P-HOS 22.2 and the N-MOS 12.2. An :
oﬁtput of the transmission gate 42 is connected to a bit
line 52.

Sucﬁ a 12-element-based circuit has hitherto been
configured by use of three gieces of cells in the:
conventional semiconductor device.wherein the basic cell
is composed of two N-M0Ss and two P-M0Ss. The
12-element-based circuit composed of two basic cells each

having the same area is, however, atﬁainéble with the

semiconductor device according to this embodiment. An:




‘enbodlnent mhereln P—channel sub NCSS relatlve to an enbodlnent 2 are

f or med. The circuit shown in-this enbodinent is 2-output nultiplexer. In

t he sem conductor device according to this enbodi nent, P-channel sub-MOSs
23.1, 23.2 are, in sharp contrast with the enbodi nent 1, forned adjacently
to stopper layers 26.1, 26.2 on the side of the P-MOS. O her: basic cel
configurations are the sane as those inngatjhe enbodi nent 1, and the
description - 16 - will be onitted while they are marked with the |ike
nuneral s. The arrangement that those basic cells are continuously formed in
t he semi conductor device according to this enbodinment is the same with the.
enmbodi nent intﬁg&amﬁgnt@aEbGﬁf ghaznadenicohdustios deviser gadd be circuit
configured in the device in this enbodinent. This circuit conceived as a
2-out put nuithiemedoee dapsioved,ornd; gtether S28¢, ngmepsr 2AnIPCEFtigdE he -

outputs and transm ssion_gates 63. opened,and ¢l osed
P velocity can ﬁ%;also ame! %orgte% by reﬁucing;g¥ewgapqsﬂi;c_

capac1ty of wires., .

FIG. 10 deplcts the sem1conductor device' 1n this
embodrment- wherezn the basic cells 1 are contlnuously
fOrmed,. A#Hdescrlbed above, in the sem1conductor dev1ce
according to this embodiment, the bas1c-qellsul.a:g |
consecﬁtiveiy f@rmed vertically and laterally by ihe
master slice method. A multiplicity of memory circgits 
are coﬁfigufed'by inter-cell comnections with thé:ﬁifes,'
thereby obiaining a single integrated circuit.

Note that ﬁhe embodiments discussed above preSent-aﬂt
example where all the sub- MOSs are disposed outwardly of
the basic cell, i.e., with the stopper layer be1ng
interposed therebetween. Contrary to this example,
however, one conductive sub-HOS may, as a matter of
coursé, be disposed inwardly of the basic cell, while the
other conductive sub-H0S may be disposed outwardly of the
basic cell.

Industrial Applicability:

Emplbyed is, as discussed above, the semiconductor
device including the basic cell formed with the sub-
MISFETs according to the present invention. The

integration rate can be improved by enhancing the working




‘enabl e si'gnal R and an:j rted signal XRthereof. In this circuit, when
the transm ssion gate 63 is opened by the read enable signal R and the
inverted signal XRthereof, an output 01 is anplified by the inverter 61.
As a result, an output signal X1 appears on the output side. The situation
is the sane with rel ati.ons between an output 02 and an out put signal X2 and
between a transm ssion gate 64 and an 4 eerter 62. In the circuit described
above, a signal rise tine is conditioned by.a response tinme of the P-MOS
constituting the rnverter. In general, the response time of the P-MXS is,
as di scussed above, one-half or one-third of a response tine of the N MOS.
A reduct i on eifif iclienopendt ithe tsiemd comdusitorcideviice.r eBesidesa ¢de€rease in
the response tinme of the P-MOS. In this situation, the cqnuventional

senmi conduct oped@tiag times canctbe addhrednesdar c Hepge 1 by 15 POFFIDLE oces
of P-MOSS arg CONaTie. ! - Hued U Giak bood 1/0, unit as well

as the memory element having a high degree of integration

by'uﬁihg?ihefdéviCQ;in-the present embodiment.




‘one inverter is constructed of the basic celf"mncfﬁding the P-MOSs and thé
N-MOSs by twos as the case nay be. In the device according to this

enbdaTﬁEﬁT*‘as—T++ﬂsLLaIed in FIG 7, the response tine of the P-MOS is
|npro jng a P-channel sub-NCS 73 to a P-MOS 71 in parallel.
Wth B% ,? the inverter and the transm ssion gate can be

conposbd‘b Lon t hereby naking i+ pwssible to i nprove the working

ef ficiency of the sen conduct or device. CGrcuitry in this enbodi ment will
be explained referring to FIG 7. An inverter 61 consists of the P-MOS 71,
the sub-MOS 73 and the NNMOS 72 which are connected in parallel. A
transm ssi onf T el X LA KRIhsEF uct ed of an N-MOS 74 and a P-MOS 75.. : .
Simlarly, an inverter 62 consists of a P-MOS 76,, a, sub-MOS 77 and an N-MOS
78.  An N-MOS 79 bnd A& semise pdugher C‘B?fb’t%oc‘{”bp’cbﬁw’s’i‘?t ute a transni ssion

te 64..1n th duct to t t, thi
g?rguit |sn asedzglr% on ﬁtg{?‘fegégg%ﬁcg% agx?ratxgﬁe as’l (o] ceﬁm{' 1, 1IZ
According to thagteeﬁ,lofgé L8450 i &S ammémwtwmm &5ppdi ment.

o

connectxons and inter bas1c cell connect1ons.
characterlzed by said baszc cell 1nclud1ng main HISFETs
onstltutlng at least one basic cell, a stopper layer
d1sposed 1n parallel with said main HISFETs to separate
fsa1d main MISFETs from main HISFETs of other adaacent -
basic cell and a sub-HISFET having an area smaller than
that of Said main MISFETs formed in a region adjacent to
said other basic cell, in which said stopper layer is
disposgd;
‘9. The semiconductor device as set forth in claim 1,
“”wherein said basic cell includes a first conductive type
HISFET formed with at least one first conductive channel
and 'a second conductive type MISFET formed with at least
e one §ecqqd conductive channgl, said main MISFETS are
HISFEfs of any one of said.first and second conductive
types, said stopper layer ig a diffused layer of said
cohductive;type different from'that of said main MISFETs,
and said sub-MISFET is a MIBFET formed with a channel
having the same-conduc;ive type as th#t of said main
MISFETs.

3. The semiconductor device as set forth in claim 2,




Wiring Ls e ected u5|ng the gate -array. The'pomer-supply w res Vvdd and
VSS‘aLQ““QE—Lgﬁigf_fEEfd'nent 1, connected to the stopper layers 16.1,
26.1 ' 18 - connection with wiring of the basic cel
_ ml des thereof are connected so that a sub-MOS 23.1 is
paral J” ﬂﬁ 21.1. Drains of these MOSs are connected to a drain
of thé NEMOS s_constituting t-hed nverter 61. The transm ssion
gate 63 |s_conposed of the P-MOS 22.1 whose source region is a drain region
of the P-MOS 21.1 and the N-MOS 12.1 whose source region is a drain region
of the N-MOS 11.1. In the thus configured cell, the output 01 is applied
to the gat e whleretimoada nfe It reegN ondO® £1 5ali darfd reft talnd Bew@Bd21. 1. . Qut put
signals X1 are fetched fromthe drains of - the NNMOS 12.1 and the P- MOS
22.1, wher elppndugtivep|tosher K15 Kigies tanec od e rtied dRehg S&8& r angenment with .
t he ceII 11 1is- applled to two P-MOSs 21. 2, 22 2 two - N—NCSs 11.2, 12.2
‘direct tien. .. . _ o
4. The semlconductor device as set forth 1n c1a1m 3
: wherexn gate electrodes of sa1d f1rst and second
“ fconductive type MISFETS are disposed in parallel w1th each
_ other.;.ﬂ | o |
"i'S The semiconductor device as set- forth in any one
of clalms 2 to 4, wherein said ba81c_ce11-ancludes.a pair -
of MISFETs of at least any one of said first and second
conductive tyﬁes, and said pair of HiSFETs'share any one
of source and drain regions with each other.
6..The semiconductor device as set_farth in any one
of claims 2 to 5, wherein said main MISFETs and said sub-
- MISFET share any one of source and draimn regions thereof
with each other. . .
7. The semiconductor device as set forth in any one
Comm of claims 2 to 6, wherein a channel width of said sub-
MISFET is narrower than a channel width of said main

v

MISFETs.




‘and_further:a-sub-MOS 23.2 which are formed in: céfl 1.2. A nultlplex r
IS thus configured. As discussed above, in the ‘seni conductor device o
accordi ng t'ﬁustSIheesHermack : the inverter and the transm ssion gate can be-
constructed |nultaneously, t he operatlng time of the inverter
can be reduc he -sub- MOSs. Therefore, the operating tinme can be
decreased wt no ecrease I n the worKki ef ficiency of the sem conduct or
device. Besides, the conventional sem conducto TﬂEWSﬁBﬂ‘HKQ'Mﬁﬂ he use of
a multiplicity of basic cells to reduce the opefra QEL -{19 -
resulting in an increase in the parasitic: Capacsiv nf Epfnr onnect i ng
the basic cells. No sufficient tinmeApedyaicton was given therein. Were

the circuit is constituted by use of the sem conductor device in this

enbodi ment, howewddscliosednusber semitanidnctelr sledae& rhcanulmzcr ease, -and there. =

|s caused a | ess .anmpbunt- of i nfluence .
_ .complementary metal 1nsu1ator semxconductor field- effect

-transxstors (HISFETS) in wh1ch a pluralxty of bas1c cells
hav1ng N-channel MOSs and P- channel MOSs ane dxsposed In
thls semzconductor dev1ce. a_sub=HIS¥ET ;s-dlsposed-

'adJacently-to-a stopper-layer in a region adjacent to

other basic cell.. An element such as a ‘transmission gate
composed of a s1ngle element can be actuallzed by use .of
" the sub~HIS?ET. In the semiconductor device of this
invention, a working efficiency thereof iS'improved. A
respon§e~jelocity of the P-channel MOS can also be
improved &singjthe sub=-MISEET. A numerical quantity of
the basic cells constituting a circuit can be reduced,
resulting in a reduction in parasitic capacity. An

operating time of the circuit is thereby decreased.




on the operatlng tlne du ; ‘an |ncrease in para5|t|c capaC|ty of

wires. A driving capablllty of the P—channel MOS in this circuit is
enhanced, whereby a bal ance of |ogic |evel can be kept. AC and DC
characterlstlcs are al so aneli qrat ed. [ Enbodi nent 3] FIG 8 illustrates the
semi conductor device in this enbodi pen, wherein one cell includes an
N-channel sub-MOS and a P-channel sub-MOS. A circuit constructed in the-
device according to this enbodinment is the-SRAMidentical with that of the
enbodi ment 1. In this enbodinment, transm ssion gates 41, 42, 43 are
constructed of the N- channel MOSs and the P-channel MOSs. The circuit of
this enbodi nent is denpnstrated.by FIG 9. The BTt EijlEansni sBign bate
used for the circuit in this enbodi ment is ~opened and cl osed based on a
wite enable signal - 5 d av nvert

§ sig XW tlheigeof . The read a
transm ssi on gate- is & ned d cl d bas Ign i r- ad enabl e signal R and
an invert.ed spgnal XR L . _ :

__here
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) -lOﬂS of the |nverters 31. 32, 33-an
those in the embodi ment 1, and hence the descrlptlon thereof is omtted

.others are the sane as -

whil e the conmponents are marked, with the |like nunerals. In the
sem conduct or devi ce according to this enbodlnent the circuit described

above.is constructed of two basic
transm ssion gate 41 consists of

20 b7

channel

1.1, 1.2. Mre specifically, the
sub-MOS 23.1 and the

N-channel sub-MOS .13.1. The transn153|on-gate 43 consists of the N-MOS

11.1 and the P-MOS 21.1. The inverter 32 is conposed of the PsMS
the P-channel B§TbLNGE 23. F 2y

the N-- MOS 12. HhATAL mﬂg cell 1.2,

2 1 and

N- channel sub- 13 are conblned to constltute t he [ead transn155|on

gate 42. The inverWer 33 is cons
11.2. The inverfter {31 is constru

12- elenent based-C|rcu

uct ed of

amad

_}iJ% *_-___ .:.fzg - 32.

DATA LINE

€<:}:__-:

ed of the”
An. out put of the transn155|on-o.'e 42 is

L. 2. and the N-MOS
and the N-MOS 12. 2. _
i bit |ine 52. Such“a..-

42 |52

BIT LiINE Fi9-%




configured™y use of three piceces of cells i] m-onventlonal :
sem conduct or devi ce wherei-n the basic cell isjiconposed of two N MOSs and” 2
two P-MOSs. The 12-el enent-based circuit conp_sed of two basic cells each -
having the sane area is, however, attainable with the senm conductor device "
according to this enbodi ment . An - 21 - integration rate of the

sem conduct or device can be theré3o/e'1nproved and at the sanme nonent an
operating velocity can be al so aneliorated. by reducing the parasitic
capacity_of _wires. FIG 10 depicts the senmiconductor device in this

enbodi ment, wherein the basic cells 1 are continuously fornmed. As

descri bed above, in the sem conductor device according to this enbodlnent o
the basic cells 1 are consecutively formed vertically and laterally by t he S
master slice method. A multiplicity of nennry circuits are configured: by -
inter-cell. connectlons mnth the wres,

Pch . Nch Fig. 5
- 261 T I -
] e 1 }m
o |
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[of S
— 5 }122
o U e ol




ning a 5|ngle lntegrated circui 'that the enbodlnents__
dlscussed above present an exanpl e where all the sub- MOSs ar e di sposed.
outwardly of the basic cell, i.e., with the stopper |ayer being |nterposed-
t herebet ween. Contrary to this exanpl e, however, one conductive sub-M3S
may, as a matter of course, be dispose |nmerdly of the basic cell, while
t he ot her conductive sub- MOS nmay élg%osed outwardly of the bas%f cel

| ndustrial Applicability: Enploged i as dbﬁfussed above,

sem conduct or devi ce incl uding iccC formed with the sub- M SFETs
according to the gresent inv } 'nteﬁration rate can be inproved
by enhanci ng the jor ki Iy ‘ Aof the senmi conductor device.
Besi des, the opergting tinme céan be al ‘reduced.. Hence, it is possible to
actuallze a snaII-S|zed and high-speeFQIﬁO unit as wel | '

| § R

of

Fig. 7’




*as thef

devi ce conpri sing:

y eIenent havi ng a high degre
device in the present enbodi ment. VHAT |

; ntegratlon by usfhéﬂth
_CLAINED 1S 1. A senlconductor

s.arranged, in which a

a plurality of basic cel

predeterm ned circuit is configured by intra basic cell connections and
I nter basic cell connections, g{a21e7|zed by said basic cell including
| ea

mai n M SFETs constituting at

in parallel with said main M SFETs to separate said main M SFETs from nain
M SFETs of other adjacent basic cell and a sub-M SFET having an area

smal | er than that
ot her basic cell,
sem conduct or devi

includes a first conduCfi

conducti ve.. channel

231{

of sald mai n M SFETs f orp

Lg :h;§ Eﬁ%ﬂ\i— clalmli??

d. 2Fighed
; J?&ﬁﬁﬂggld basic cell ) :
typeyéd SFE@J-‘CO-”TE!;WWh at |east one-first. )

hlz
-'-'YT!."QE
- 3 }122 '
Pch |22 162 | Nch 5
Vdd ‘Vss |

—— the first layer ‘wire

-=-- the second layer wire _
O diffusion, viahole for connecting polysilicon to the first

73 viahole for commecting the first layet layer wire
to the second layer '

' o : . _ Fig. g
DATA LINE _ BIT LINE

w3 33

51~ :21_4:;0_—__4f;%5ig_—_
._};%kf:g}izzilij 42 ’;952

41 KW

basic cell, a stopper |ayer disposed

pd in a region adjacent to said -



*and a sécon conductlve typelNLSFET f or med mnthfaf Ieast one second :
conductive :channel, said main M SFETS are M SFETs of any one of said:fiFst
and second conductive types, said stopper layer is a diffused |ayer of . sald
conducti ve type different fromthat of said main M SFETs, and said ¥

sub-M SFET is a M SFET forned mnqy 2/ Qannel having the sanme conductive
type as that of said nmain M SFETs: he sem conductor device as set forth
in claim?2, wher ei n channel regions of -said first and second conductive
type M SFETs are oriented in the same direction. 4. The sem conduct or
device as set forth in claim3, wherein gate el ectrodes of said first and
second conductive type M SFETs are disposed in parallel wth each ot her. 5.
The sem conductor device as set forth in any one of clainms 2 to 4 wherein |
said basic cell includes a pair-
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-:y_'.._one of sai

£ 6-5 - wher ei‘n-sai d mrai-n- “M-SFETS. and sai o sub "M SFET share" an‘y OHE~Hf -
source and drain regions thereof with each other. 7. The sem conduct or
device as set forth in any one of clains 2 to 6,.wherein a channel

wi dt h of
said sub- MSFET is narrower than a channel width of said main M SFETs..
7/
 BIT LINE Fig. 11
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ABSTRACT

SEMICONDUCTOR DEVICE

Disciosed is a semiconductor device having
complementary metal insulator semiéonductor_field—effect
transistors (MISFETs) in which a plurality of basic cells
having N;channel 40Ss and P-channel M0Ss are disposed. In
this semiconductor device, a sub MISFET is disposed
adjécently to a stopper layer in a regiom adjacent to
other basic cell. An element such as a transmission gate
composed of a single element can be actualized by hse of
the sub-MISFET. In the semiconductor de;ice of this
invention, a working efficiency thereof is improved. A
response velocity of the P-channel M0S can also be
improved using the sub-MISFET. A numerical quantity of
the basic cells constituting a circuit can be reduced,
resulting in a reduction in parasitic cabacity. An |

operating time of the circuit is thereby decreased.

Figure 1
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