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DESCRIPTION.< 

SEMICONDUCTOR-DEVICE 

.· 
T-he present invention ·relates gener.ally to a 

' semiconductoi davice in whi~~·basi~ ~ells incl~di~g a 
. . •' . . . 

plu:ral i ty o.f MISFETs (metal ·1n-su"la·to10. semfc<>nductor 

.f :le1d-ef f ect transistors) are contJ1111-0us l.y .f o~·med, and . 

more· partic.ular ly, to a semi:c"t>nduetnr. ·devic-e c_apable of 

.··constructing a CMOS large-scale ln·tegrated · circu·i t by a 

· mast·er slice method. 

Backgrou·nd Arts: 

Turning to FIG. 11, the~e ~J shown a semiconductor 

device based on complem.en-tar,:. iietal~oxide se·miconductor 

(CMOS) field-effect transistors manufactured by a 

generally employed master slice method. The semiconducto~ 

· device depicted in this ·J.lig~re is formed by a gate array 

sethod an the basis of cells each consisting of two P-

--~> channel MOSs and two ~~chann~l MOSs. · A st~tic RAH (SRAM) 

circuit is constructed by employing the semiconductor 

device described above. 

FIG. 12 illustrates a cell 1 on which this 

semiconductor device is based. In thi~ cell l, a high 

concentration H-type diffuse:d layer is formed by 

introduriing an impurity, wherein a mask is a polysilicon 

gate 14 formed in- a P-type welf 10 on the semiconductor · 
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device. This high concentration H-type diffused layer .15·. 

and the gate electro4e 14 const~tute two H-channel ~OSs 

(N'-MOSs) 11, 12.. T·he gate. ele.ctrode~ 14 of these two oz;~ . . · 
MOSs 11, 12 are dis.posed :ln ·p.a·rallel and have the ·same 

orientatio~. The IOS·s 11, 12.-::s·hare the N-ty_pe diffus.ed .. · 

layer 15 with each -0.ther. Thls .reglon is ther·efore ·use~ 

in co.mmon as a source or drah1 region. Further, a sto.;pper 

layer 1·6, i. .e., a high c·ono . .en.tration P-typ~ diffused 

layer, is formed in para-l~·el w.ith these MOSs 11, 12 in .a 

region adjacent to a cell ·ileig:hboring to the cell l. This 

stopper la:yer 16 is a difJ.used layer assuming a 

substantially rectangular sha~e. The stopper layer is 

formed· for separating the H·-Hoas of t..he adjacent cells and 

preventing a channel formatio~ w~en an inter-cell 

semiconductor surface is i~verted. A power supply lin~ is 

connected via this stopper layer 16 to a substrate, 

thereby reducing a difference between a substrate 

,·-· potential and a power supply potential. ·A· latch-up of a 

parasitic transistor formed in the MOS is prevented. 

On the other hand, the cell 1 is formed with two P­

channel MOSs (P-MOSs) 21, 22 in symmetry with the N-MOSs 

11, 12. In association with the P-MOSs 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 

:.-· ..... . 
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layer 25 and the gate.electrode 24, the two P-MOSs 21, 22 

are formed in parallel. As .in the cas·e of -the N-MOSs ll:,;. -_ 

12~ -t.he P-!OSs 21i> 22 share a. s·ource o·r drain region .. wft'~.' · . 

. each ot:her. In associatlon wit·h these P-!OSs 2~. 2~,' .~for.·· · . 
the s-ame purpose .as that ·of the stop.per layer 16·, .a 

stop.per layer 26 i.s. formed of a high ··concent·ration i-'ty:pe 

diffus'ed layer. 

·- A·s d,e:scr.ibed a;bovl!~ ·on:e .basic cell -1 9omprises th·e·. 

two ll'~MOSs 11, 1·2, the <·two .P-MO·Ss 21, 22 and stopper 

layers 16, 26. In the semiconductor device bas·ed ·on the 

master slice •e·thod, the basie cells are continuously 

-formed at co·nstant intervals. Thos-e basic .cells· are 

connected with wires of Al- and the like, thus obtaini.ng a 

deaired circuit. The device depleted in FIG. 11 is one 

example of· this arrange•ent. A SRAH is configured by the 

gate array meth·o.d ·in which· designing is effected in · 

conformity wlth vertical/lat.era1 fixed wiring rules. The_ 

following are problems inherent in the eonventional 

complementary semiconductor de·vice in which the P-MOSs. and 

the N-MOSs are continuously formed. Even when a eircuit 

module of a data switch of the above-described SRAM is 

constructed of unitary elements of N-MOSs. there is no 

alt•rnative but to·use one ·basic cell in terms of · 

designing the circuit. Taking the wiring rules into 

consideration, it. is' difficult to largely change an area 

.· ... 
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of the P-MOS and N-MOS. i.e.~ a channel width. For thiB 

rea~on, an operating. time of the circui.t is determined b.y .· 

the P~MOS whos~ tespons• time is slow. 

FIGS. 3 and· 4 show a ci·rcuit of the· SRA! in this 
·• 

embodiment. The SRA! in this embodi-ment is a 9-ele,111ep·.t--·: 

based logic· circuit in whicll the N-MOS· -s·erve.s a.s a 

transmission gate. Th·e tra·nsinission gates ·provided bo.~h~ 

on the readin·g side and on .the writing sid.e of this 

circuit ar·e constructe·d of N-.·10.S·s 41, · ·42. If the c.frcutt ... 

in which the gates ~re composed of unitary element~ of ~­

MOSs is configured by the conventional complementary 

semiconductor device ~iven above, as illustrated in FIG~ 

11, three pieces of basic aells, viz ••. an area of 12 

element·s is req·uired for the· 9-element-based circuit. 

On the other hand, the iollowing relation about the 

operating time of the semiconductor device is establiBhed: 

tr = 4 x C I ( /J x H x Vdd) (1) 

--· where tr is the response time indicating a rise or decaf 

time of the MOS, C is the load 6apacity 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; and P is the current amplification 

rate per unit length of the !OS. ~he curren~ 

amplificati-0n rate of the P-MOS i~ approximately a half or 

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

··'··· 
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Namely, if the channel widths ·H are· substantially equal, 

the response ti~e tr ·of the ~-MOS is approximately twice 

or three times as large· as that of the N-MO-S. For .:, . 
. . ·: 

"instance, in. th'e conyentional complementary semicondu~tor· 
, 

devic·e·, an inverter ·is ·composed of the P-MOS and ·the N~, 
. . . :.' .... ·. 

MOS. In thi.s c.ase .•. be·caus.e of the channel widths B. l>f~:~g .. ·. · · 

equal, a rise time .(;>f·this· inverter is requi:red to be.·. ; .. ·: 

ap·proxima tely twice ·o:r thte".~ times -the decay time. .. Heiice,> > 

iri the circuit.wher~ a pt~rality of i~verter~ are 

connected, the operating time ·of the device is conditi-bned ·•· 

·by the res·ponse time of ·the .. P-MOSs. 

In the ligh·t of such problems, the present inven'j;fon 

aims at improving a. working _efficiency of a semi conduct-or : 

device by ameliorating a layout of the ~emiconduetor 

device based on a master slice method in which P-!OSs and 

N-MOBs are ·continuously formed and reducing an area 

occupied by a circuit. It is an ~bject of the present.>. 

', invention to· attain a semiconductor device capable of an 

operating time of a MOS l6gic circuit by restraining an 

increase in the area occupied by the circuit. 

Disclosure of the Invention: 

A complementary semiconductor device based on a 

master slice method includes a plurality of bas·ic cell~· 

continuously disposed. This basic cell consists of a .' 

single ·or~ plurality· of metal insulator semiconductor 
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field-effect transistors (MISFETs) and a stopper layer for. 

separating these MISFETs from MISFETs of ~n adja9eni ba~io 

eel 1. The basic ce 11.s are continuously arranged :s.o .~tb.a·t 

the MISFETs and the stopper layers are parallel. ·with :.eac·h 

other. In sueh a semiconductor devi~e. a saall~si~ed 
: . . ·. . 

HISFET can. be formed adjacently t·o the stoppf!r la:Ve«r. i.n ·.a. 

region ne~ghboring to the basic cell in whi-0h th~ ~t-OP»~f 

layer is .. f·ormed. More specifically, in addition to 1; .. he 

stopper layer, ·a sub-'MrSFET having an area sma,~ ler .t_h:a~ 

that of the MISFETs co~stituting the basic cell in a 

regi·on neighboring ·to t4e basic cell whic.h has hitherto 

been occupied by the stopper layer. 

The sub-!ISFET.aay be formed in parallel wi~h •first 

coriductive type MISFET through a first conductive type 

diffused layer. The sub-MISFET may be also formed in 

par-all el with a sec.ond conductive type MISFET through a 

second conductive type ~iffused layer. Besides, the sub-

'~ !ISFE~s of the respectite conductive types ~ay be also 

formed in parallel wiih the first conductive type MISFET 

and the second conductive type MISFET, respectively. 

; ... 

Where the channel regions are so oriented as to 

equalize the forming direction of the sub-MISFETs and the 

directio~ of the MISFETs constituting the basic cell, the 

wire design with respect to the sub-MISFETS can be 

effect~d _by the gate array method. Those sub-MISFETs may 
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be formed in continuation from the MISFETs constituting 

the basic cell by use of the same diffused layer.- This 

.difflis~d. layer may be employ~d as a source o~A~ain regio~ 

commo·-n to· ·the MISFETs and the sub-MISF-ET. 
, 

In the semic-onduct.or device including th·e basic cell 

having the sub-MlSFET according to th·e pre~ent inve:ilti(>.n; 

a cirquit .element. of unitary elements can :be cc;>nfigured .b~ 

use ·of this· sub-!l'iSFET. Actti-alized, for exam:p_le·, i.s a 

circuit including a trans•ission gate construc~ed of • 

sin_gle piece -of s~cond conductive type MlSFET ·by using the 

semiconductor devi-ce, formed with the. second c·onductiv-e 

typ~ sub-MISFET, of this invention. In thi$ ca~~. the 

transmission gate· is· compose·d o·f the sub-IISFET 1 wher.eby a ·. . . 

numerical quantitt of the basic cells occupied by the 

cir·cui t can be reduced. Therefore, unlike th·e 

conve~tional complementary semiconductor device, it is 

unnecessary to occupy the basic cells including the 

MISF&Ts of two conductive types for th~ circuit element 

actualized by the single element. For this rea~on~ A 

working ~fficiency of the semiconductor devi~e can be 

improved. Moreover, the numerical quantity of .the b~sic· 

cells constituting one circuit can be reduced, with the 

result that a length of wires for connecting the 

respective MISFET~ can be shortened. This in turn 

dec~eases a capacity of wire~ parasitic ~o.the MISFETs •. 

·. ··.·' 
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.The load ~apaci ty expres.sed by the formula (1) can be. 

decrea~ed~ It is theref~re possible to reduce. the. 

operating ti•e: of the circuit by configuring the ci~~uit 
,· .. ·' 

by use of the se•iconductor device of this invention~ 
' ·On· the ·other hand, w.here a logic circuit· is 

con,striu:~t.ed b.Y· '.Ufd~g the semi.conductor device, formed wlth 

the_ fir;st· co:nductive ty,p·e sub-MISFET, of the .P.:resent 

inventi.o·n, th·e. operating time of the circuit c:a:n l)e 

lar.g.ely decrea:;ed. To be specific, the firs:~ -.co.ndu.cti:ve 

type sub~:MISF·ET is conn·ected in parallel to the .first 

condtictive type HISFKT. ~n apparent channel width.can be 

ex,panded. For this reason, as expressed in the:. formula 

(1), the response time of the first conductive type one 

can be approximat·e to that of the second conductive type 
. 

one. Hence, the operating time of the logic circuit 

configured by ~ue of the semiconductor device of this 

invention can be reduced. 
·. 

__ , Brief Description of the Drawings: 

FIG. l is a layout diagram showing a construction -0f 

an SRAM using a semiconductor device including an N­

channel sub-MOS in an embodiment 1 of the present 

invention; 

FIG. 2 is a· layout diagram showing a configuration of 

a basic -cell of the semiconductor device illu$trated in 

FIG. 1; 

., .... 
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FIG. 3 is a circuit diagram illustrating a logic 

circuit of the SRAM of FIG. l; 

, lllG. ·4 is a circuit diagram illustrating a circuit of 

th·e SRA! of llIG. 1 :. 

FI~. 5 is a layout diag_ram showing .a co~f iguratio.n -of 

an out.put. mul tipl.exer em·ploying th·e -semiconductor devic~ 

inclu-"d'ing a P-channel sub~Mo.s in an embodiment 2 of this . . . . 

invent lo-ti; 

F.IG; ·6· is a circuit diagram i 11q.strating a logic 

circuit of. the output mu1 tiplexer shown in FIG. 1; 

FIG. 7 is ~ circuit diaJram illustrating a circuit of 

the output multiplexer shown in FIG. l; 

FIG. 8 is. a layout diagram showing a.·configurati-0n of 

the SRAl using the semiconductor device including the N­

arid-P channel sub-MOSs in a third embodiment of this 

invention; 

FIG. 9 is a circuit diagram depictin_g a logic circuit 

of the SRA! shown in FIG. 8; 

FIG. 10 iB a layout diagram showing a construction of 

the semi~onductor device of this invention of FIG. 8; 

FIG. 11 is a layout diagram showing a corifiguration 

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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Bes~ Mode for ~arrying out the Invention:· 

Preferred embodiments of a semicondu~tor deviae 

accor.ding to "the present in:vention will h:ereinaf.ter be 

·described.with reference to the accompanying drawing~~ . 
[Enibo.dfinent l] 

FIG. 1 illustrates a layou.t of :8..n:SR~M ·using a 
.• 

semiconduct.or dev.ice formed wi:th an N ... chi!,nnel sub-MOS i.n 

~n emb~diment 1 of the present inventiop~ 1n this· 

embodiment, among bas le c·el l:s formed in the. semicon:duc_to.r -·. 

device. two basic cells 1 •. 1;.1.~ co~stitute on~ memory 

circuit of the SRAM. 

FIG. 2 shows a configuration of the basic ~ell 

constitutiil-g the semiconductor device depi~ted in ·FIG. 1.­

A basic cell 1 includes a P~type well 10 formed with two 

N-channel MOSs (ll-MOSs) 11, ··lZ. A stopper layer 16 

composed of a hrg·h.;... .. c.oncentration P-type diffused la.yer is 

formed in parallel therewith. A sub-MOS 13 is formed on 

-~ > the opposite side to P-channe 1 MOS (P-llOSs) Zl, ZZ which 

will b~ mentioned later, ·with this ~topper layer 16 being 

inter~O$ed therebetween. This sub-MOS 13 is an N-channel 
. . 

MOS composed of a high concentrat~on N-type diffused layer 

15 which is, as in the case of the N-MOSs 11, 12, 

introdu~ed .with a polysilicon gate electrode 14 serving.as 

a mask. The sub-MOS 13 is formed in parallel _with the N-

. MOSs 11~ 12. lhe N-type diffused layer 15 used as a 

• 

·. r 
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source or drain of this sub-MOS 13 is identical with an 

N-tjpe diftused layer 15 for constituting the H-MOS 11 
. . . 

des·crlbed above. ..A region of this N"'."ty·pe diffus~d layer 

. \ 

15 . can be therefo·re used in common to the sub-MOS 13 as a . 
region of the source or drai·n -of the lf-MOS 11.. This sub.;.. 

MOS l.:3 is· f-or.med in line with· the: _stopper ·layer 16 in a 

· region·~ adjacent· to .other bas i<f ·:c,e 11, of the b~s ic .ce-11. l. · 

Hen-Ce·, a channe 1 width H' of the :sU:b~MQS 13 is 

appr'oxi-illately a half the channel width H of th,·e lf-!OS·s lt •.. 

f2 wbfch constitute the basic cell. ll. As discussed 

above; in the d~vice in this embodim~n~ the sub-MOS is 

incorporated into the basic cell without· increasing the 

area -0f the ~asic ~ell over that -0f the conventional 
· .. 

semiconductor device shown in FIG. 12. 

On the other-hand, two pieces of P-MOSs 21, 22 

constituting the ba~ic cell in this embodiment are, as in 

the case of the conventional complementary type basic 

cell, formed in symmetry with the two N~HOSs 11, 12. 

Furt·her, a stopper layer 26 for se.parating the P-MOSs 2i, 

22 from the adjacent basic cell is also formed as in the 

same way with the conventional basic cell. These 

components are marked with the sa~e 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-MOSs 11, 12, two pieces of P­

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

··. ·semi~onductor devi.ce in this embodiment, one N-c·hannel 

sub~MOS 13 is added .to those components to .configure th-e 

ba·sic cell 1. With this arrari·gement, a circuit element· 

·sµch as a trans·mission .gate comp_osed of a unitary e·leme,nt 

o.f -N-MO.S ca·n. -be formed by .u!!ing the sub-MO·S 13. 
. . 

FIGS. 3 and 4 show a circui~ ot the SRAM illustrated 

in FIG. 1. The SRAM in this embodiment i·s ·conceived a.s a,. 

9,..element~based memo·ry circu-i t in which the N-MOS is 

employed as a transmis~iD~ gate~ In this circuit~.~~ 

transmission gate 41 is at first opened based on a write 

ena·ble signa-1 W. A signa.1 from a dat·a line. 51 is appli~d 

to an inverter 31 consisting of a P-MOS 46 and an N-MOS 

47. A signal a·mpl if ied by this inverter 31 is then, 

applied to an inverter 32 constructed of a P-MOS 44 and an 

N...;Mo·s 45. When the write enable signal W is turned 01!'F, 

the transmission gate composed of the N-MOS is closed, 

whereas a transmission gate ·43 composed of a P-MOS is 

opened. For this r~ason, the signal amplified by the 

in~erter 32 through this transmission gate 43 is applied 

again to the inverter 31. The information is recorded by 

the inverters 31, ·32. 

Next, when a transmission gate consisting ot an N-MOS 

is opened in response to a iead ~nable signal R, the 

.· ... :'·: 

·.r 
--~-

.. f.· 

:~ · .. ~-: 
·,·r 

. :j:; 
,. 

· ...... ... .: 
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information he.Id by the inverters 31, 32 is amplified by 

an inverter 33 constructed· o:f a P-MOS 48 a-nd an N-MOS 49 

and ·appears in a bit line-52~ 

.In the semicon<luctor device in thi·s embodiment for 
• I 

actualLzing this circuit, th~ basi6 cells .1 shown in FIU. 
. . 

2 .ar·e contin\u)usly for-med ·v.e-,r.:ticall.1 ·and. laterally. These 

basic eel ls ·are COilneC't,·ed t:hr·oug,h internal Wiring to 

obt·ain a .desired circuit. .The above;.;mentio.ned circ·uit is, 

as · i 11 us tra·ted in FIG. 1.. .attained with the two basic 

cells 1.1, 1.2. A des-lg.n of. inter.nal wiring involves the 

use ,of a gate array m.ethod .ha:ving a design rule in w·hich 

the wires are orthogonal. At the £irst onset~ power 

supply wires are arrang~d ortho~onally to the respective 

MOSs. Vd,d is connected to the P-MOSs, while Vss is 

connected to the N-MOSs~ The respective power supply 

wires ate connected through viahol~s 19 to stopper layers 

16.1, lS.2, 26.1, 26.Z for preventing a latch-up by a 

tr.ansistor parasitic to the MOS, with a drop of substrate 

potential. 

The wires a~e connected to the respective MOSs 

contained in these cells 1.1~ 1.2 to configure the SRAM. 

To start with, a read transmission 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-MOS 11.1 are combined to constitute the 

inverter 33. A P-MOS 22.l and an ~-MQS cooperate to 

·, .· 
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constitute the inverter 31. In the cell 1.2, a write 

transaiss ion gate 41 is composed of .. a sub-MOS 31. 2. A 

·storage h-olding transmission ~ate 4·3 i-s constructed of a 

P-MOS -21. 2. . A P"'.".MOS 22. 2 and an H.;.MOS 12. 2 are combined 
• 

to ~on~titute the inverter 32. A gate electrode ~f the 

~l~MOS ll~.2 of this ~ell is eon~ected via the stoppe~ layer 

· 16. 2 :t:o a power supply V·ss to s.eparate the sub-MOS 13. 2 

· :US·ed fot ,the transmission ga·t'e 41 f·rom the N-MOS 12. 2 used 

.f,or the in·verter 32. 

As explained above, the SRAM can be attained with two 

basic cells by use of the semiconductor device having the 

sub-KOSs in this embodiment. ·To configure such a circuit, 

in.the conventional semiconductor device, as illustrated 

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

the device in this embodiment, how-ever, as depicted in 

FIG. l, the write trans•ission gate ·41 is c6nstructed of 

the sub-MOS 13. 2 of one c·ell 1. 2, while the read 

transmission gate 42 is constructed of the sub-MOS 13.1 of 

the other cell 1.1. Therefo.r.e, the 9-element-based memory 

circuit can be composed of the two cells. 

In the circuit formed in the device in this 

embodiment, the K-channel HOSs 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 tra~smission gates 
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41, 42 are constructed of the sub~MOSs 13.l, 13.2 having a.· . 

narrow channel w:idth. T"he conventional device requires · ... 

three pie:ces of cells for.~oilfigur.io.g the circuit in this 

embodiment. In a compa:rJ.spl}.· :with the conventional device,. 
. ··, .. 

a wiring .capacity .as·sociat:ed with· t·he M-OSs is reduced, ·and 

a ~arasi~ie capacity l$ •l•o.decreased in th~ deviee 

according to this embodfmen-t. An·•oper'ating time of the 
. •· .. 

circuit is, it can be s·aid,· ·.:d0ec.rea,sed. 

The cfrcuit can be con:Sti·ucted by ·the cells whose 

number is two thirds tha-t 'of the conventional 

semiconductor device~ A •orking efficiency of the 

semiconductor device is~, as a matter of course., improved. 

For .this reason, the IC for memory .can be miniaturized by 

employing the device in this embodiment, and a degree of 

integration can be also increased. 

[Embodiment 2] 

~IG. s/i 11 ustrates th:e semiconductor d.ev ice in this 

· _:~ embodiment, wherein P~channel sub-MOSs relative to an 

embodiment 2 are formed. ·The circuit shown in this 

embodime~t is 2-output multiplexer. In the semiconductor 

device according to this embodiment, P-channel sub-HOSs 

23.l, 23.2 are, in sharp contrast with the embodiment l, 

formed adjacently to stopper layers Z6.1, 26.2 on the side 

of the P-MOS. Other basic cell configurations ar~ the 

same as those in the embodiment l, and the descrip~ion 

1: .. 
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will be omitted while th~y are marked with the like 

numerals. The arrangement.that those basic cells are 

conti.nuous ly formed in .. the semiconductor device according 

to this embodim.e-n.t is the s.a.Die with the embodiaen~. L 
·' 

Turning to FIGS. 6 •~d 7~ thire is illustrat~d a 

circuit conf igure.d in· the. d·evice in this embodiaent.· This 

circuit c·onceived as a .. 2 .... out.Put multiplexer consis.ts .of: 

in·v.erters :61, ·62 tor. :a·m·plifying t,he outputs and 

transmission gates 68, 64. o.:p.ened and closed by the read. 

enabl~ signal R and an in~erted signal XR thereof. In 

this circuit, when the transmission gat~ 63 is opened by 

the read enable signal R •nd the inverted signal IR 

thereof, an output 01 is amplified by the inverter 61. As 

a result, an output signal Xl appears on the output side. 

The situation is the same with relations between an output 

02 and an output signal 12 and between a transmission gate 

64 and an inverter S2. 

In the circuit described above, a signal rise time is 

conditioned by a response ·time of the P-KOS constituting 

the inverter. In general, the response time of the P-MOS 

is, as discussed above, one-half or one-third of a 

response time of the 1-MOS. A reduction in the operating 

time of this circuit requires a decrease in the response 

time of the P-MOS. In thia situation, the conventional 

semiconductor device ;takes such a countermeasure that two 

·. 

. .. ; ..... ~. 
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pieces of P-MOSs ar_e connected in paral.lel. Hence, only 

one inverter is constructed·of the.basic cell including 

the P-MOSs and the ·N-KOS:s -.::by ·twos·. as the case may be._. 

In t·he devi.-ce -ac·co-rd·i·Jlg. to ·th.i-s -e~bodi=m·ent·, · '1S .· .· ~ 

illustrated in FIG. 7," t·Jie :res.p.on-se t-i,me of the P-MOS::::i::s :.·. 

imp-roved by connecting ·a :_p,.-c·ha.iJ.n,el ·sub"-MOS 7.3· to a p-:n~:~ 

71 in parallel. Wit:h this ar,rang~ment, :the inverter -~nd 

·. ' . 
. ··'·· 

the transmission gat·e can ·be comp,osed of one cell, the.r·e'by .. 

making· ii possible to improve the working efficiency -0£ 

the semiconductor device. 

Circuitry in this embodi·ment will be explained 

referring to FIG. 7. An inv·erter 61 consists of the P-MOS .. 

71, the sub-"MOS 73 and the .N ... :MOS 72 which are connected 

in parallel. A transmission"'gate 63 is construc:ted of an· 

N-MOS 74 and a P-MOS 75. -Similar_ly,- an inverter 62 

consists of a P-MOS _76, a sub-MOS 77 and an N-MOS 78. An 

N-MOS 79 and a P-MOS 80 are combined to constitute a 

-~ 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,-•s in the embodiment l, connected 

to the stopper layers 16~1, -16.2, 26.1, 26.2. In 

."·.~ . 

.··'.·· 

···. 
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connectibn with wiring of th~ basic cell 1.1, gate. 

electrodes th·ereof are .connected so that a sub-MO.S 23. l. is . 

parallel with a P•MOS ··2L. 1. Drains of these MOSs ar.e 

connected to a .dr.ain ·o.f t-he N-M.OS :11.1, thus constitutin·g_ 

the inver:ter 61. The t:r.ansmiss ion .gate 63 is comp_osed of::·. · · 
. . ..:· .. ::;: .:· 

the P--MO'S 22.1 whose s_:·o:U,.rce ·r.egion. is·· a drain r.e·gicui::-~~,\.~ ·· 

the P-MOS 21.1 a~d the :N ... ·MO.S 12.1 who·s-e source regio.n: . .i·s·. a 
. . ' ··,· .·. 

drain re.gion of t•he N..:.MDS :ll. L In the thus conf.lgu_r~d.; 

cell, the ou·tput 01 is.-applied to the gate el-ectrod.es of·:· 

the N -MOS 11. 1 and of· t.he .P-M-OS -21.1. Outpu·t. s ig-nal-s Xl 

are fetched from the dr•ins of the 1~MOS 12.1 and the P-. 
'• 

MOS 22.l, whereby a multiplexer is constructed. 

The same wire ar-rangement wi ~h the eel l 11. l is 

applied to two P~MOSs 21.2, 22.2, two H-MOSs 11.2, 12.2 

and further ·a sub•MOS 23. 2 which are formed in the c·el l 

1.2. A multiplexer is thus configured. 

As disc•ssed above, in the se~iconductor device 

according to· this embodime~t. the inverter and the· 

transmission gate can· be c·onstructed of one cell. 

Simultaneously, the o~erating time of the inverter can be 

reduced by use of the sub-MOSs. Therefore, the operating 

time can be .decreased with no decrease in the working 

efficiency of the senicondu;tor device~ Besides, the ·· ... ' 

~onventional semiconductor devici involves the use .of.a 

multiplicity of basic cells to reduce the ciperating time, . 

. :: 
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resulting in an increase in the parasitic capacity of 

wires for connecting the basic cells. No suffici~nt time 

raduction was giv~n therein. Where the circuit is, :.·.·. 

co·nsti·tuted by use of the semiconductor device in this· 

embodiment, howeve·r •. the number of :basic eel ls :d-o~:s not: 
. . . .··. . .·· 

. increase., and there is caused a le~s a·moun·t of. influence . 

on the o.p-erating time due to a-n in.er-ease in the Parasitic 

.capa:ci:ty of .wires. A dt'.ivi-n·g capabi 1 i ty of the ·P-:-~hann-e~. 

MOS in t-his circui·t is en-hanced, whereby a balan.c.e o"f 

logic level oan be kept. . AC and DC characteristics are -. 
also ameliorated. 

[Embodime-nt 3] 

FIG. :.8 illustrat.es the semicondu·ctor device in this 

embodiment, wherein one cell includes an N-channel sub-MOS 

and a P~channel sub-MOS. A circuit constructed in the 
' device according to this embodiment is the SRA! identical 

with that of the embodi~eil.t 1. In this embodiment, 

•. :<·:> transmission gates 41, 42, 43 are constructed of the N­

channel MOSs and the P~channel MOSs. 

The circuit of this embodiment is demonstrated.by 

FIG. 9. The write transmission gate used for the circuit 
·. 

in this embodiment is opened 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. 

··; ·. · .. ·. 
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Opera·tions of the inverters 31. 32, 33 and others".· are :the 

same as those ·in the embodiment l, and hence the 

description thereof is omit·ted :ahile. the componen-ts ars-.· · 

marke~ with the lik~ numerals. 

rn· the semi'conductor device ac-co_rding to this .. '· 

embodiment, th·e circui-t d.e.scrlbed above is ·constr:u.cted ·of. 

two basic cells Ll, 1 .. 2. !ore specifically._ the· 

· transmission :gate ·41 ·cbnirists of the P-chan·nel sub.-MOS · .·. 

Z3. 1 and the N-channel su·b-:M.OS .13. l. The transmission 

gate 43 consists of the N~MOS 11.1 and ~he P-:MOS 11.1~ 

The inverter. -32 "is .compo-s·ed of the P-MOS 22. l and the N­

MOS 12.1. In the· cell 1. 2, the P-channel sub-MOS 23. 2 and 

the N-chann:el sub-MOS 13. 2 are combined to constitu·te· -the · 

read transmission ga.te 42.· The inverter 33 is cQnstructed 

of the P-MOS 21.2 and the N-MOS 11.2. The inverter 31 is 

constructed of the P-MOS 22.2 and the N-MOS 12.2. An 

output of the transmissi~n gate 42 is connected to a bit 

line 52. 

Such a 12-element-based circuit has hitherto been· 

configured by use of three pieces of cells in the 

conventional semiconductor device wherein the bas.ic cell 

is c~mposed of two N-MOSs and two P-MOSs. T.he 

12-element-based circuit composed of two basic cells each 

having the ·same area is, however, attain~ble with the 

semiconductor device according to this embodiment. An 

••• < 

' .. 
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integration rate of the semiconduct-0r device can b~ 

therefore improv.ed, and at the same moment an_ operating 

vela.city can be_ also· ameliorated by re~ucing_:the parasl:,tJ:e 

capacity of ~i~es~ 

FIG. fO -·depicts the semiconductor device· in >this 
. . . 

embodiment :, wherein the basic -cells 1 a·re .co.ntifiuo.usr; 

formed. A·s desc.tibed above, in the semi~onducto-r ·device .. 

accordfng to this embodiment.. the ·basic ·cells 1 ar.e 

consec~tively f-0rmed vertically and laterally by the 

mast.er slice method. A multiplicity of memory cir:cuits 

ate configured by inter-cell connections with th~ -~ires~ 

thereby ob:tainin-g a single integrated circuit. 
. .... 

Note :that the embodi,ments discussed above prese.nt an 

example where all the sub-MOSs are disposed outwa~dly of 

the basic cell, i.e., with the stop~er layer being 

interposed therebetween. Contrary to this example, 

however~ one conductive sub-MOS may, as a matter of 

course, be disposed inwardly of the basic cell, while the 

other conductive sub-MOS may be disposed outwardly of the 

basic cell. 

Industrial Applicability: 

Employed is, as discussed above, the semiconductor 

device including the basic cell formed with the sub­

MISFETs according to the present invention. The 

iitegration rate can be improved by enhancing the working 

.':", 

.. ~~·. 
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efficiency of the semiconductor device. Besijes, the 

op·erating .:.ti.me. can be also reduced. Hence, i.t is possible 

t·o actualiz~.·,·a,sma11-sized and high-speed ~./0,.·unit·.as well 

as the mtunor;y :element ha·v.i.ng a high degr:ee ·of inte.gra·tion 
- :~ 

: ..... 
: /:'. 

··.?, 

.... :.: 
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WHAT IS CLAIMED IS: 

1. A semi conductor device compr is in_g: 

• plur~lity of basic cells arranged, in w~ich .a 

pre:deter!ilill:.ed circuit is configured· 'by intra basic ·c.ell 

corinections and inter ba~ic eel! connections, 

cbatacter ized ·by sa. id basic -.ce 11 in·cl udin~ main MISFETs 

constli~ting at least one basic cell~ a stopper layer 

dis~os~d.1n· parallel with said mai~ MISFET~ tQ separa'e 

.s·aid main lUSFETs ·from main MISFETs of other· adjacent 

basic cell~~nd a sub-MISFET having an area ~mailer than 

that of said main MISFETs formed in a region adjacent to 

said other basic cell, in which said stoppei layer i~ 

dispos13d. 

2. The semiconductor device as set forth in claim 1, 

~~herein said basic cell includes a first conductive type 

MISFET formed with at least one f irs't conductive channel 

and i second conductive type MISFKT form~d with at least -. 
,_ one second oonductive c~ann-1, sai~ ~ain fflS'E~~ arp 

MISFKTs of any one ·of said first and second conductive 

types, said stopper layer i~ a diffused layer of said 

conductive· type different from that of said main MISF&Ts, 

and said sub-MISFKT is a MipF&T formed with a channel 

having the same eonductive type as that of said main 

MISFKTs. 

3. The semiconductor device as set fo'rth in claim 2, 

..... 
··.·r 
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whereiri channel regions of said first and second 

condttc:t.·Lve type MISFETs are oriented in the same 

dire~_tlon. 

4~ ·.The s.emiconductor de.vic:e as set forth in claim ·a •. 
. . ;' , 

where ~:·'1 · .. g·at:e .elect.rodes of said f-irs·t and second 

·cond·uc;,ti.:e l)'pe MIS·FETs are disposed in J>a;l"allel with each 

.other~·. 

5. The semicondtfctor device as· set forth ·in any one 

of claims· 2 to ·4, wherein said basic ce11·11rcludes a pair·· 

of MlSFETs· of at least any one of· said first ·and sec·ond 

condttctive types, and said pair of MISFETs share any one 

of source and drain regions with each othet. 

6~ Th~ semiconductor device as set forth in any Qne 

of claims 2 to 5, wherein said main MISFETs •nd ~aid sub­

KISFET share any one of source and drain 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

MISFET i~ narrower than a channel width of said main 

MISFETs.· 


