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DESCRIPTION -
SEMICONDUCTOR . DEVICE

© ‘Techmical Field:

The present 1nvent10n relates generally to a

-sem1conductor device in wh1ch bas1c cells 1nclud1ng a.

. 'plura11ty of MISFETs (metal insuiator sem1conductor

- field~ effect transistors) are contlnuously formed and
._more part1cu1ar1y, to a sem;conduater device capable of:.
hconstructlng a CHOS large scale-;ntegrated circuit by a -
‘master slice method.

Background Arts:

Turning to FIG. 11, thers ‘is shown a semiconductor
device based on compleméntar&.ﬁetalﬁoxide-Semiconductor
(CHOS) field-effect transistors manufactured by a
generally employed maéter 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-
channel HOSs and two N-channel MOSs. A static RAM (SRAM)
'éifcuit is constructed by employiﬁg'the semiconductor
device described above. l

FIG. 12 illustrates a cell 1 on which this
semiconductor device is based. ‘In this cell 1, a high
'concentfation.N-type_diffused:layér'is formed by
introducing an impurity;'ﬁherein=a'mask'is a polysilicon

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



device. This high concentration N-type diffused layer 15
and the gate electrode 14 gqqstitute_two N-channel HOSs_fff-'
- (N-H0Ss) 11, 12.. The{gate;éléétrOQes 14 of these two N-.

- M0Ss li, 12 are'disposéd infpifallel and have-the'Same'f_\rnf

orientation., The MOszll;ﬁiZ%Share,the'R—txpe_diffuﬁed};ﬂ;YAV*'

"~ layer 15 with each othér.-'fhis.regipn is therefore nséﬁlg-;}'ﬁﬁf

in common as a source;of drain region. Further, a sto@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-&n& 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



layer 25 and the gate electrode 24, the two P-M0Ss 21, 22

are formed in parallei. As in the case of the N-HOSs 11, - .

12, the P-¥0Ss 21 22 share a source or drain reglon w1th;V:”

each other. In assoc1at1on w1th these: P HOSs 21, 22 forfh;jﬁg

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;aboveecpne_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




of the P-MO0S and N-H0S, i.e., a channel width. For this

reason, an operating. t1me of the circuit is determxned by

_ the P -M0S whose response time 1s slow.

FIGS. 3 and ‘4 show a c1rcu1t of the SRAH 1n th1s

_embodiment The SRAH in th1s embodlment is a 9 element-ﬂ's“

based leg1c circuit in wh1ch the N-MOS serves as a
transmission gate. The transmlss1on gates prov1ded both
on the readzng side and on the writing side of thxs |
circuit are constructed of N- HOSs 41, 42. If the clrcult
in which the gates are composed of unitary elements of N-
H0Ss is configured by the conventional complementary
semicoeductor device given above, as illustrated in FIG.
11, three pieces of basic'eelis, 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 semiconductor device is established:
=4xC/ (BxHx Vdd) ceee. (1)

where tr is the response time indicating a rise or decay
time of the MOS, C is the load capacity indicating a
capacity of the MOS itself and a capacity of wires
parasitic to the M0S, H is the channel width, Vdd is the.
power supply potential, aed‘P is the current amplification

rate per unit'length of the HOQS. The current

‘amplification rate of the P-MOS is approximately a half or

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



Namélvf if the channel.widths~H are substantially equalf_f
the response time tr=of the P-M0S is approximately tWch?;“~-
or three times as large as that of the N-HOS. _Eor'.-,f-fﬁxﬂ
:1nstance, in the conventaonal complementary semxconductorl:f;_

dev1ce, an 1nverter 1s composed of the P- HOS and the N—lw o

'HOS. In this -case, . because of the channel widths H beingtiza'[
equal, a rlse time of this 1nverter is required te be h
approx1mately tw1ce or three times the decay tlme. Henee,
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-sueh problems, the present iﬁvenﬁion.
aims at imefoving 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;*
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.

Discloeure 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 = -




fieid-effect transistors (MISFETs) -and a stopper layer for
separating these MISFETs from MISFETs of An.#djaggpfzbasip
cell. The basic cells are continuously arraégéﬂ.sbfiﬁét@r
the MISFETs and'thefstopperllayers-are.b#ralléi;yi#@fé#éh,
other. in'such a semiconductor device, A-Smaiiﬁgiz§@- ~f 
-HISFET c#n.be_fo;med adjaceﬁtly to the'stoppggiiiﬁé?fi#ﬂg.
region neighboring to the basic cell in wh#cﬁzﬁhéféioﬁéef
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




be formed in continuation from the MISFETs cbnstituting
the baéic cell by use of the same diffused 1ayer;- This
deffused layer may 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-MISFET according to the present 1nvent1on,
a circuit element of unltary elements can be conflgured by
use of this sub-MISFET. Actualized, for example.._~ a
ci:cuif-includingpa transmission gate.constructed of a
single piecé of se00nd'c0nductive type MISFET by-usieg the
‘semiconductor device, formed with the second conductive -
type sﬁb-HISFET,.of this inventieﬁ. In this cese, 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 basic cells including the
HISFETs of two conductive types for the circuit element
actualized by the single elehent. 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. .



The load capacity expressed by the formula (1) can be
decreased. It is therefore possible to reduce the. |
operating time of the circuit by configuring-the-cirbgiﬁf:
by use qf fﬁé.sem;coﬁductof'device of this inféntibn; |

On the -other hand, where a logic circuit is

constrnéied by using the semiconductor devide;]formed_with -

thq.fiﬁst'cbﬁductive type sub—-MISFET, of thé}pr§éent
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;

“



. FIG. 3 is a circuit diagram illus;rating a logic
-clrcu1t of - the SRAM of FIG. 1;

_ - FIG. 4 is a circuit diagram 1llustrat1ng a cxrcuxt of
the SRAM of FIG. 1; _ |

FIG 5 is 2 layout d1agram showxng a conflguratlon of
an output multlplexer employing the sem1conductor device
1chud1ng,a P chanpel.sub_HUS 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 SRAN 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.
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Best Mode for Carrying out the Inveﬁtion:
."Preférred-embodiments.of-a semjconductor device
accondinx £o7£he present invention will héreinaftérzbe'
T-Ldeséribéd“with':efe:ence to'the accampan&ing_drayings}
[Embodiment 1] - | - | |

'Fié:;lsillustrates a laybu$ bfihn<SRAKfﬁSing a
-semiéénﬂuctor-devipe formed'with-aﬁ.ﬁréhannel sub-M0S in
 énféﬁBbdiment'1 of the present invegtiog;f71n this’
embodiment, among basic celLs,formed iﬁ'the_Semicondﬁctbr--
_'device, two basic cells 1.1,.1.2 cdﬁstifute one memory
circuit of the SRAM.

FIG. 2 shows a configuration of the basic cell
constituting the semiconductor device depicted in FIG. if
A.basi¢.ce11 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 paféllel therewith. A sub-M0S 13 is formed on
the O§p03itg side to P-channel M0S (P-M0Ss) 21, 22 which
will bé'menfioned later, with this stopper layer 18 being
interposed thérebetwegn. 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 sefving_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




 ‘N-type diffused layer 15 for constituting the N-KOS 11

-11..
soﬁrcegor drain of this sub-M0S 13 is identical with an

”ﬁescribed-above. A region of-thisiﬂrtype-diffused layer

:iﬁtgdﬁ“be'therefore used-inqcbmmén to the sdb-ﬂﬂs 13 as a

region of the source or drain of the N-KOS 11. This sub- . -

'MOS 13ﬁi§~forned in line with thg:stbppef-layer-ls ina

3~regibn}]adﬁacent-to_other'basidkcell,;of-the.basig cell 1.

Hence, a channel width H' of the sub=HOS 13 is

approximately a half the channel width H of the N-KOSs 11,-

12 which 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-hgnd, two pieces of P-M0Ss 21, 22

constituting the basic cell in this embodiment are, as in.

the case of the conventional complementary type basic
cell,.formed in symmetry with the two N-H0Ss 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 Pasic céll. These |

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

As explained above, the conventional basic cell

\
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comprises two pieces of N HOSs 11, 12, two pieces of P-

. MOSs 21, 22 and stopper layers 16, 26. In the

"~ﬂtsemiconductor~dev1ce in this embodiment, one N-channel .

':1sub HOS 13 is added to those components to configure the

. bas1c cell 1. Wlth thls arrangement, a circuit element

-;euch as a transm1ss1on gate composed of a unltary element
of N- 0S can be formed by us1ng the sub-HO0S 13

: FIGS, 3 and_4-show a_clrcu;t of the SRAH 111ustrated.
" in FIG. 1. The SRAX inctﬁiS“embodimeni-is conceived ae a. -
9-element-based mémory qi:cuit in which the N-MOS is
employed as a transmission gate. In this circuit, a
transmission gete 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
applieo 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 co-posed of a P ~-M0S is
opened. For this reason, the 51gna1 amp11f1ed by the
inverter 32 through this transmlssxon 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
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information held by the inverters 31, 32 is amplified by
- an inverter 33 constructed of a P-M0S 48 and an N-HOS 49.
-iand-appears7inia bit line 52.

In the semiconductor device in this embodiment for

actualizing this circuit, the basic.cells 1 shown in FIG. - =

.2,a?e'contihhouslf fopmeﬂ-vépticallw;and.lgtgfally. These .
-bésic Cells_are'conneéted thfohgh internal-wiring to
-obtain a.desiréd cifcuit, ;Thé 4boveFmenticned-diréui£ is,
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-M0Ss. 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
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-MOS
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
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constitute the inverter 31. In the cell 1.2, a write
‘transmission gate 41 is composed of. a sub-H0S 31.2. A
-;stobage'holding transmission:gate-ga-is ponstructed of a
P-M05S 21.2. A P-HOS 22.2 and.ﬁn N-MOS 12.2 are combined
:fq_consiithte the inverter 32. A ggté-electrodelof thé
_fNJKOS 11.2 of this cell is Cdnnected'via_the'stopber layer
| ﬁlﬁ 2 to a power supply Vss‘tO'éeparateqthe suB-HOS 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
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41, 42 are constructed of the SubFMOSs-13.1. 13.2 having a.~
narrow channel width. Thé}convg@;iohal device requires.jffﬂuﬁ¢_f‘

three pieces of cellé-fotfbonfigu#iag the circuit in thi§_;“-ﬁ :

‘embodiment. In a cbmpafigpﬁ%hith the.conventional dewice}¢7.;7
a wiring c;paéity'assobiaiéd §ithJ£hé HOSs is reduced, an@f9:f
a ﬁarﬁsitic.capacify isiai§§ﬂﬁecréase&'in'thewdévice
according to this embodiﬁéﬁﬁ;'.Anyoperatingltimé'of the
circuit is, it can be said, decreased.

The circuit can-be“gbpsﬁrucfeﬂ by the ¢§11s.whose
number is two thirds that ‘of the convéntidnéi
semiconductor device. A ﬁorking 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.

[Embodiménf 2]

FIG. Slillustrates the semiconductor device in this
embodiment, wherein P¥channél sub-H0Ss relative to an
embodiment 2 are formed. The circuit shown in this
embodiment is 2-output multiblexer. 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
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will be omitted while they are marked with the like
.numerals. The arrangement that those basic cells are
continuously formed in the semiconductor device_accordins'-;
to this.embodimen£ i§ thgTsime with the embodiment 1. |

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, 82 for amplifying the outputs and |
transmission gates 63; 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. |

.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
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pieces of P-M0Ss are connected in parallel. Hence, only .

one 1nverter is constructed of the. bas1c cell 1nc1ud1ngiﬁ+&ﬁ

~ the P- HOSs and the N- HOSs by twos as the case may be.‘=
| In the dev1ce accordlng to this embodxment as . -

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

-1mproved by connecting a P channel sub M0S 73 to a P-ﬁﬁsjﬁt':;[i

71 in parallel. W1th th1s arrangement, the 1nverter andr*

the transm1ss1on gate can be composed of one cell therebyf{~ﬁbﬁ.f

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
_transm1ss1on 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
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connection with wiring §f_;he basic cell 1.1, gate.
electrodes thereof are connected so that a sub-40S ZS;QLisﬁ._
parallel with a PﬁMOS*21i1, =Dr;ins.of_these udss gr9f.n1ij
COnnécted to a dﬁaﬁn Q£.£he K;HOS?ll.l, thus cbnstitu£§§g§ j-

the inverter 61;'_The“ﬁfanspission gate 83 is-conpOSed;Qfﬁfi'

the P=-MOS 22.1 whﬁse'éﬁﬁrce7re§ibn-is*a dfain-resiéﬁf:f[_dﬂdds-

the P-M0S 21.1'a@d the.ﬂhﬂﬁs 12.1 whose?source-régibﬁ;i§;é  1'
drain region of the.NQHDSfiiai,_-In the thus coﬁfigutédﬁ;?;;
~cell, the oﬁtput_ﬁi iS»abplied to the gate eLectrodes.df;gl'
the N -M0S 11.1 and of‘the‘PhHOS 21.1._ Output.signaLs}x; ;
are fetched from the drains of the N-MOS 12.1 and tﬁe P-
H0S 22.1, whereby a multiplé&er is constructed.

The same wiré.grrﬁngement with the cell 11.1 is
applied to two P-HOSs 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 above, in the semiconductor device
accofding to this embo@iment, the inverter and the:
Fransmission 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;a.;_

nultiplicity of basic cells to- reduce the operating time, . .
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resulting in an increase in thé parasitic capacity of
wires for conhecting the basic cells. No_sufficien;:tiﬁe.-~'
reduction was given therein. Whebé-the circﬁii.i#ifﬂ;f}én.
constituted byhﬁSe of the semiconductor dgvicé in:t§is¥;}¥
-gmbodiment: hoie&er,_the.nﬁmber offbasicicells;@ogsgnétﬁi_:
incréase, and there is caused a.1ess.§mogntvof_ihfihﬁﬁp§ ,
on the Qperatiné time due to an ihérease in-ihe baziéifid 
capacity of wires. A driving capability of the P-channel
" M0S in this circuit is enh#nced, whereby a balance of
logic level can be kept. AC and D characteristics are
also ameliorated.

[Embodiment 3]

FIG. 8 illustrates the semiconductor device in,this_.
embodiment, wherein one cell includes an N-channel sub-H0S
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-chanmel HOSs. |
' ‘The circuit of this embodiment is demonstrated. by
FIG. 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 1is opened and closed based on a

read enable signal R and an inverted signal XR thereof.
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Operations of the inverters 31, 32, 33 and others are :the

' same as thosé in the embodiment 1, and hence the
description thereof is*omitted while the components are.:

marked with the: 11ke numerals,

In the semlconductor dev1ce accordlng to th1s

-emBadlment, the clrcu1t descrlbed above is constructed of.
. two b381c ceils 1.1, 1 2. Hore spec1f1ca11y._the R
”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:
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integration rate of the semiconductor device can be
therefore 1mproved and at the same moment an-operatinéﬁﬂ
velocity can be also amellorated by reducing the parasxtlci'
capac1ty of wires., . _ | i |

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 formed vertically and laterally by ihe
master slice method. A muitiplicity of memdry circuits
are conf1gured by inter-cell connections with the w1res,
thereby obta1n1ng a single integrated circuit.

Note that the embodiments discussed above present ani
example where all the sub- KOSs 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 inw@rdly of the basic cell, whiie 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
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efficiency'of:the semiconductor device. .Besides,gthe_

operatlng tlme can be also reduced -Hence;fit;iS'possible
to actua11ze - small s1zed and high- speed I/O unlt as well
as the memony element havzng a hxgh degree of 1ntegrat1on

o -

by us1ng the dev1ce in the present embodlment.
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WHAT IS CLAIMED IS:
1. A senicbnductor device qomp#ising; |
a'plufality of basic cells arranged in which a
predeterm1ned circuit is conflgured by 1ntra ba31c cell
connectxon; and inter bas1c cell connect1ons.
characterlzed by said baszc cell 1nclud1ng main HISFETs
constltutlng 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 c&nductive type
HISFET formed with at least one first conductive channel
and 'a second conductive type MISFET formed with at least
e one second conductive channgl, said main MISFETS are
HISFETs of any ome of said.first and second conductive
types, said stopper layer ip a diffused layer of said
cohductive;type different from that of said main MISFETs,
and said sub-MISFET is a MIPFET formed with a chanﬁel
having the same-conduc;ive type as th#t of said main
MISFETs.

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




—
0

- 24 -

wherexn channel regions of said f1rst and second
conductlve type MISFETS are or1ented in the same
“.vdxrectxon. _ | _ _
4. The semlconductor device as set forth 1n c1a1m 3,
e.wherexn gate electrodes of sa1d first and second "”
- fconductive type MISFETS are disposed in parallel w1th each
-.- ther.p:ﬂ | | |
"]-5 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 iybes, and said pair of HISFETs share any one
of seurce 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
¢ of claims 2 to 6, wherein a channel width of said sub-
HISFET.is narrover than a channel width of said main

v

MISFETs.




