ates to a sem conductor 5 integrated circuit device, and
fticularly to an art which can be effectively adapted to sem conductor

5144268 “A SEM CONDUCTCR I NTEGRATED CI RCUI T DEVI CE' The present
rel

i nbegrated circuit devices that include sen conduct or nennrﬁgiqggqgﬁéi

as random access nenory (hereinafter reféried to as RAM

(hereinafter 10 referred to as ROM, and the |Iike. A sem conduct or
menory device such as RAMor ROMis constituted by an electrically
conductive polycrystal- line silicon layer in which word |ines are forned
together with gate electrodes of elenents that formnenory cells, 15
order to increase the degree of integration. The electrically conductive
pol ycryst al | i né'2s SEMIGONDUCTOR BN BEGRATEDr €EREVIVi PEVECELs rel ativel y high
as 30 to 40 ohns/D and causes the propagation of signals to be delayed. 20
In order to reduce the delay of signal propagation, it has been proposed to
forma nmetal wiring |ayer of a small resistivity (e.g., severa
mlliohnms/D) in parallel with the wiring nmeans, and connect them together

after every prede rn1ned i,stanc

above constructio &”ﬁf ﬁ%%ma%Qy?ﬂ518%cﬁ?}§%8§ g? E EFSE SRARS

bel oy NaPRLYrbRe@238 Adf eRi Qb1 08 | 1 Bfa! BYRE1ES1arly to an art

10

15

20

which can be efféctively adapted to semiconductor
integrateé circuit devices that include semiconductor
memory devices such as random access memory (hereinafter
referred to as RAM), read-only memory (hereinafter
referred to as ROM), and the like.

| A semiconductor memory device such as RAM or ROM
is constituted by an electrically conductive polycrystal-
line silicon layer in which word lines are formed together
with gate electrodes of elements that form memory cells,
in order to increase the degree of integration. The
electrically'conduétive polycrystalline silicon layer.
has a sheet resistivity of as relatively high as 30 to
40 ohms/n and causes_Fhe propagation of signals to be
delayed. T

In order to reduce the delay of signal propagation,

it has oeen proposed to form a hetal wiring layef of a
small resistivity (e.g., several milliohms/m) in parallel

with the wiring means, and connect them together after

evéry predetermined distance.

i nvention

uch
nory

in

ve f.ound_t hat the
tggscribed

e



broken.due to defects during the manufacturing process, 5 resi stance of

thg wiring layer fornmed on the side renote fromthe broken portion becoses
extremely greater than that of the current which supplies signals tot
word lines. Electrically, however, the above-nentioned circuit and a ‘-ﬁa y
cell are coupled together via 10 the elet®rically conductive
pol ycrystalline S|I|con | ayer having.relatively | arge reS|st|V| In ot her

words, the menmory cell - é@V&EﬂeHee@Qﬁewﬁgw éhﬁﬁzﬂ i Qﬁfl tiugtion
been broken, Thegshek 3&&?%353%5%@?@%9&“ A a5 @ ”}934 on
- adar eié"i{ghzf’stﬁswﬁ' o s SHPBIXauaPo! ansn&ﬁ?sl?@a%‘le%erﬁlﬁeﬂ?elb fzrgpjﬂ%élrggt he
metal wiring | apeby @ﬁSaaQ +Be BB £REKe Ry ﬁr%)t%ec?rlarﬁamgnals Y pdealdle

renot e fron1the portion are serve hsele

.electricall congeg&gzsnegl ¥er EREAMIiR oS 1ldyen dciyfla Raviee il | vel v

| ar ge reS|st|V|ty Ther ef or e, e tinme ' ecting -such nenory - -cells 25
becone |onger thaambhe Fireh ftate pebren Pordlilte JRBMes idrenely Y¥eater
above-nentioned D.C. operation -3- test is not capable-of detecting a-

sem conduct or nmegpay d@BwitCof( kheeicuaiest AR @thpp i EHGNA)s Wo ch
cont ai ns menory cells that require different tinmes for selection
the word lines. Electrically, however, the above-mentioned
circuit'and a memory cell ére coupled together via
10 the electrically conductive polycrystalline siliCon
'layer having relatlvely large resistivity. 1In other -
words, the memory cell is selected even when the metal
wiring layer has been broken..
Therefore, breakage in the metal wiring layer.
15__in the semlconductor memory device can no more_be
detected by the D.C. operation test according to which
output signals are simply checked by supplying address
'signals to the semiconductor memory device.
’ o | In the caee where the metal wiring layer has
20 = been broken, memory cells formed on the side rerote
from the broken portlon are served mlth select 51gnals
via the electrlcally conductlve polycrystalllne
silicon layer havlng_relatlvely large res;stlv;ty.
Therefore, the time for_selecting such memory cells
25 become longer than the time.for selecting other memory

cells. The above-mentioned D.C. operation



P S ' . . L .
opgration. Consequently, nmenories having low reliability 5 are often -
> pped.  To sort out nenories that are regarded defective, it is necessary .,

{ perform an A. C.operation test according to which output signals are

exam ned after a predetermined period of tinme has passed fromthe, supply of:
address 10 signals, resulting in very-8unbersonme sorting operation. In.
other words, attention nust be given sufficiently to timngs for supplying
signals-to the menory that is to be tested and to tim ngs for exam ning the
signal s produced by the nmenory, requiring cunbersonme testing. 15
procedur e. téstpast nhotl eapablet bf datectfing remeni ot teE méndry
~large-scale integrated circuit device such as one- chip mcroconputer, in
-gener al , ideviceot(herkdnadter defectried tepEsy nedies)s whighl contaiag he
external unit 20  and to directly take out the output signals to the
external umémoryAcedidi khay, requikeCddffiexterdn tioms nict $eleomilrct ed by
- giving attention.to-the delay tine of a logic circuit interposed between a
“termnal otpenatiohi.p Robsedveptiyr, memoxiesidasing now xeliabiklity a 25
menory contained therein,as well as to the delay-tine -4- of a logic
circlit inpeepestanpebi®BRda data input/output termnal of the menory
contained therein and a-termnal of .the gne-chip mcrogcopmputer. That is, by
taking at |east t hECaBBYE- Rkt PEROFiefo thatypus kegarded Qriechet¥Rion, the
tln?' it is necéssary'td perform an A.C.operation test according
to which output signals are examined afteér a predetermined v
period of time has paséed-from the supply of address
10 signals, resulting in very cumbersome sorting operation.
' In_other words, attention must be given sufficiently
to timingsffOr'Supplying signals to the memory that is
to be tested and to timihgs'fdr_eXamininé”the signéls'
produced by the memory, requiring-Cumberéoﬁé'teStihg'
15 procedure. |
:'In'particular;'in the case of a memory cbntéined
in a large—SCalé'integratedNCirCuit deviCe'sﬁéh as one-
: chip micrdboﬁputer,-in general),it is not allowed to
directly.supply'aadreSS signals-frbm the external unit-
20 and to directly take out the output signals to_thé_-
external unit. 'Acc¢rdingly, the A.C.operation test
must be conducted by giving attention to the delay time
of a logic cirduit_interpqsed-between a terminal of one-
' chip microcomputer and an address input terminal of a

25 memory contained therein, as well as to the_delay.iime



5 is found at which output signals of the nmenory will be pro- duced from
tgg’nicroconputer after address signals have been input to the 7
m'croconputer. The operation test is carried out by supplying addresgig
signals to the m . croconputer, .and exam ni ng output signals of the @
m croconmputer after the 10 above-found t4 me has passed. As described>above,
it Is necessary to find the above-mentioned tinme beforehand, making the
operation tesk fug EERLSH! &y : T b re
not expect ed?tfel;t%%??&lgh?éhgg %Ejtggr o:‘é%t t?eeceg{ereeggtr?t | nvenltst}%jnt;t!?épé%%i de
15 a senm condyuehohai N6 LIt AbClembir Gl icondRMined Wherle itARAME £asd i fYRl spt ed
. through a sinple test. According fo a first aspect of the present invention
“there is proyhéegna-eRipCRndretomputieddr atetkhCiilsCUidy 4 iGRy idt€! 1Lskh 9. tRd
(a) a first wiring layer; (b) a first circuit having a first insulated gate
field ef fectaboassinehbionadsewondeldiay g medy dmtithiconsitleraiilat, tthd heimat e
.electrode of said first insulated gate field effect transistor, and neans
for appl ysngia foyndl aRSwhioch eatgufti sdignaills g tdee memoryaiwi sk dondowe+ i n
| ayer, said first wiring |layer and said second wiring |ayer being L
subst anti al | gupedafren theeminrochmputerd afdera asdoess sidnals Henedeen
.second insul ated gate field effect transistor, a third wiring |ayer
which is coupnpukdteothaemysrecempetesde Jihes gneraddend tiesdulif «nrpied

field effect transistor, and neans f or, applying a signal fromsaid
: B out by supplying address signals to the microcomputer, and

U examining output signals of the microcomputer after the

10 above-found time has passed. As déscribed.above, it is
necessary to find the above-mentioned time beforehand,
making the operation test further difficult. Moreover, -
correct results of tests are not expected, either.

It is an object of the present invention to provide

15 a semiconductor integrated circuit device which can be |
easily evaluated through a simple test.

According_tb a first aspect of the present ihvention
there is prbvided a semiconductor.integrated circuif device
-including:

20 o ~ (a) a first wiring layer;

(b) a first circuit having a first ihsulated_gate
field effect transistor, a second_wifing layer which is
coupled to the gate electrode of said first insulated gate

- field effect transistor, and means for applying a signal

25 from said first wiring laYer to said second wiring-layer,
said first wiring_layer and said second wiring layer being
substantially parallel to each other; and

(c) a second circuit having a second insulated gate



"'st'mnrlng | ayer to sald third mnrlng | ayer substantlally 5

Itaneously with the appllcatlon of the signal fromsaid first vmrlng s
A’i:r'to said second wiring layer, said first wiring layer-and said third
W ri'ng. | ayer being substantial ly paral lelgto each other. According to a
second aspect of the present inven- 10 tion there .is frovrded

sen1condurfof1rﬂfbdﬁ (ﬁlﬁﬂﬁ%§§§EV|éb 1%&?&P?( 3Y%dea+§ml}§ epup- |

() st LRACER: b et el 3@@3‘% SR idlndomnd ndtlafth Fifrostaray
field. eff

' g:t: el 2ct r'gaé%é%t‘: sé:%%ms drl'ns at e% THat e&Tg Ae‘l?%f}éﬁ‘ga% %f Ir%%lfg%"egmt%%%ge

First wiringeluer mtin;,au%a% Cel ild %@y/%%@ﬁb 18 Alh¥ially

20para||e| to each oth or ap ing a from sa

Wi ring | ayer glighygly %e%%qrjﬂ With e DT AV dF)of S8 Bflyka 1 Cf'rémV‘QéE&

has a menory cell that i ncludes a second insulated gate field effect
transistor, gjblier driwiim ngdy%M:ertd Ralid S<cvHd 66 Dndg NEa gt £ €4 £&t £ PHSt Of

25 said second i nsufated gate field effect transistor, said first wiring

| ayer and sawdriiligr dayier rmd apdd tiirg sihsimntlayéy wwaahbsoami\ny _
ot her, and neans for applying a signal fromsaid first wiring |ayer to said
- third mnrlngpha;&ﬂeﬂuhst&mmhahthem nultaneously W th the application of
i -6-

Accordlng to a second- aspect of the present 1nven—
1g'tioﬁ'there is provided a semiconductor'integrated cirCuit ' ;J
| device comprlslng. | |

(i) a plurallty of memory cell columne each of
y which 1nc1udes. |

'".(a)da:first wiring layer; -

15 - ~ (b) a first circdit which has a memory cell that
-includes'a'first-insuleted gate field effect transistor, a
second.wiring layer that is coupled to the gate electrode of
seid first insulated gate field effect transistor, said firet"
wiring layer and said second wiring leyer'being substaotially

2opara1Le1 to each other, and means for applying a signal from
said first wiring laYer'to.said’second_wiring layer; and
| (c) a second circuit which has a memory cell that

: 1nc1udes a second 1nsu1ated gate fleld effect tran51stor, a
| third”wiring_layer that is coupled to the gete-electrode of

25said second insulated gate'field'effect transistor,'eaid ,

“first wiring-layer-and said third wiring layer being
- substantially-paralleldto each other, and means for applying
a signal from said first wiriog leyer to said third wiring

layer substantially simultaneously with the application of



the signal fromsaid first wiring layer to said second wiring |layer; and
(ii) a select circuit which selectively supplies a signal to said pIuraI' y
of first wiring layers, so that a 5. menory cell colum including the f

‘Wi ring layer to which said signal fromsaid select circuit is applied,
sel ected out of said plurality of nenory cell columms. The present

i nvention will now be described in gre&ter detail by may of exanple with
reference to the 10 acconpanyi ng_drawi ngs, wherein; Fig. 1 is a circuit

di agram of a tkeMssiansifren Sad chbbet nehtiBg 1A¥eHr ‘é?eﬁ?lfinﬁéﬁf’ﬂén Fig.

2 is acircuit diagramwhich illustrates the |layout of ROM 15 Fi g.
3 is a bl ock Wirdqrarhadeni |13R9e- scal e seni con- ductor integrated. circuit

.’E?YLED""&FQQ?%&%?%""&a{md' Sk °%1%$§1 L¥REEh, ARG %avsax s%ggﬁlﬁsne 20
F9 51 2 Blama A el R AL £ eifaﬂggt%é 1ol SEPIAL B0
line A-A fB ?%4% .géslf'@@i OinEigalgg Ehe gzrgi algﬁﬁg qa \é'rewoaumh

the line ayou |a ram o ection view

along the ling #@&%{éeé?eiiéﬂogﬁlé'§9i38k0515b91t5athﬁplgeBS isﬁb@qwdked

di agram of the I g. 3 according to.the enbodi nent
- out of said plurallty of memory cell columns.

The present 1nventlon will now be descrlbed in
1% greater deta11 by way of example w1th reference to.the
| 10 accompanying drawings, wherein: -
Fig. l.is a circuit diagram of a ROM according to
an embodlment of the present 1nvent10n-' |
Flg. 2 is a c1rcu1t dlagram which 111ustrates the
layout of ROM, |
15 Fig. 3 is a block diagram of a large-scale semicon-
dﬁctor inﬁegratéd circuit deviée accdrding to an embodiment .
of the present-iﬁvention;
Fig. 4 is a circuit diagram of a ROM RO shown in
Fig. 3 accordlng to the embodlment-'
20 Fig. 5 is a plan view 111ustrat1ng the layout of ROM
that corresponds to the circuit dlagram of ROM.of Fig.-4§
Fig. 6 is a séction view along the line A-A of thé
layout diagram of Fig. 5; |
Fig..7 is a section viéw along the line B-B of the
25 layout diagram of.Fig. 5;
Fig. 8 is a section view along the line C-C of the
iéyout diagram of Fig. 5; _
Fig..9 is a circuit diagram of the RAM RA of Fig.

3 according to the embodiment;



-7- F|g 10 is a plan V|em1|llustrat|ng the layout of RAMthat corresponds
to theccircuit diagramof Fig. 9; and Fig. 11 is a circuit diagramof a RAN,

accor '~€ 5 to another enbodi nent. of the present invention. Fig. 1is a

?, )i agram of a |ateral ROM according to an enbodi nent of the present
i nvent¥eNn, the circuit elenents being forAed on a seniconductor substrate
- such as single crystalline SI|IQOn by .the 10 .cqQnventiagnal 'trechni que for .
produci ng CMOS. (conplenghGar} NES)a|H9@§r§FSH éﬁaaﬁqﬁé ting e oder
. X-DCR receives a_pl ural of first: conple tar s si gna axi
consi sting of &b IE?%IF%9¥0F°FHF§PR g% r %h lity 15

of internal ad ess glgnals havi ng substantlally |nverted phase rel ative
thereto, forns a*%eléét g gnal , and sends thé select signal to a word |ine

- Wthat is selected by t I t Hawfa
~of WordI Fi ?\gsegorGrredyi nnggrg%rgggr%r ?M i&\(ﬁiﬁf%pgéfgress d@%c’o}d&iﬁé(l b
recel ves 3 plur gl Lophese mseaqmltemnweyp&@sss sialsoderr], forms a

.sel ect. signal, and sen e sel ect signal t0 a colum switching circuit’
such that a data |ine DF5.§ sgl &t ad d3rcfit sqrsajzsﬁeraﬁra/ Bokkess rognals 25

out of a plurality of data Iines. forned:
- : according to an embodlment of the present 1nventlon,
the c1rcu1t elements belng formed on a semlconductor
substrate such as 51ngle crystalllne 5111con by the o
10 conventlonal technique for produclng CMOS (complementary ¥J |
| MOS) 1ntegrated c1rcu1ts.' - |
An address decoder X DCR receives a plurality
-of flrst complementary address 51gnals axi con51st1ng
of a plurallty of 1nterna1 address signals and a plurallty
15 of 1nterna1 address 51gnals hav1ng substantlally 1nverted
' phase relatlve thereto, forms a select 51gna1, and |
.sends the select signal to a word llne W that is selected
by the complementary address signals out of a plurality
of word lines formed in a memory array.M—ARY An | N
20 address decoder ¥-DCR receives a plurality of second
.complementary address 51gnals aYI, forms a select
. signal, and sends the-select signal to a column.
switching circuit such that a data line D is
selected by the complementary address signals

25 out of a plurality of data lines formed



in the nmenmory array MARY. The nmenory array M ARY consists of a plurality
of~x word lines WDOto Wn a plurality of data lines DO to Dn, insul ated gate-
field effect transistors (hereinafter 5 - referred to as MOSFET' s) Eﬁ%
storkng data that .are selectively provided according to stored data a
inter- secting points of these word |ines—gad data |ines, and col um
'switching MOSFET''s" QL to B that are provided between the data lines DO to
Dn and a conmon data line 10 CD. Here, to sinplify the drawing, Fig. 1

‘representa- tively shows word |ineg , WL, Wn and data lines DO D1, Dn
among a pl urd i'&%ﬁvd‘fe’%‘ﬁﬁ IS %%mx\gta lines. .Further, Fig. 1 shows only

solect Tevel 15 Ty et tetefy RARY eGpKEst R0 8, PARRELLEY B 17O

VOSFET S Whidkd fiddi 188l € fmoraﬁwg\@tghsfgagﬁat 9indsabs chave not

been connect nmenory afra ates o e menory MOSFET's Qm

arranged on gie é%%%e £6 e£ £OTACEE et Ot bHRsREErS MAE¥Onbe Ll 20

that are corresponding t eto, respectively. Drains of the nenory

MOSFET' s QM #N06d €8 4HMGTBT o)V 862 Seppeayedata thatdaka |ines DO to
Dn that are correspondi ng thereto, respectively. Though there is no

particul ar |dgidetively throveded yadESE&Ing €0 sedreedatauant dnitech- 25

ing MOSFET's QL to @ consist of n-channel MOSFET's -9- ' .

' ' secting points of these word 1ines and data lines, andj
column switching MOSFET's Qf to Q3 thae are provided
between the data lines DO to Dn and a common data line

10 CD. Here, to simplify.the drawing, Fig. 1 represente-

.'tively shows word lines W0, W1, Wm and data lines DO,
D1, Dn among a plurality of word lines ana data lines.
Further, Fig. 1 shows only those.memory MbSFET!s of_ﬁhich
the threshold voltaée is turned on at the select level

15 of the woﬁd lines, but dees not show those memory |
MOSFET;s which are turned off, or of which the gates
or drains have not been connected. In the memory array

L/ MrARY,.gates of the memory MOSFET's Qm arranged on the |

same column are connected to the word lines WO to Wm

20 that are corresponding_thereto,-respectively. Drains
of the memory MOSFET'S Qh arraﬁged'on the same row are -
connected to the data lines DO to Dh that are correspohding-
thereto, respectively. Though there is no particular
limitation, the memory MOSFET's Qm and the column switch-

25 " ing MOSFET's Q1 to Q3 consist of n-channel MOSFET's



P 'are formed in the sane wel|l region. The connDh data line CD is ’
o gcted to the input terminal of- a sense anplifier SA which anmplifies the;f

data of nmenory MOSFET's (nenory cells), transmtted to 5. - the comon
~data line CD.” Depending upon the data of memory cells, therefore, the
sense anplifier SA produces a read siggal of the high I'evel or the |ow

|l evel .. In this enbodinment, though there is no particular li'mtation,
precharging MOSFET's Q6 to Q7 are provided 10 for the data lines DO to
Dn in addition to a precharging MOSFET Q4 that is provided for the common
data | i n&Ha, are ofdemedoinntheasamtheedfeedgdbn.eadi ng operation. Though
there is no particular limtation, these pre- charging MOSFET's (4 to Q7
consi st of p-chdiinel cemhancdataslinenedt isOsenhested Hoeditar gmmitgnal Op is
commonly applied to the gates of these precharging MOSFET's. The pre-
charge sitgrmijal r¢fis pevnsecaupbjfieri fAnyhdichnampdfdest dthe not

diagramed) that is formed on the sane sem conductor substrate as that of
the | at ed@taR@F memory MOSFET[Eq (mempryaceildsdi trainsmidheshiteh illustrates
the nenory array M ARY ac ording to_the enbodinent. Nanely, in this: _
ebodi rre%‘e, (FRIPRR A L4De\FRRY Perepfinguspen ihejdads wdd bel ow in
order to shorten t prgﬁagagion dﬁgay tinme in: word |ines 25 and in
- the groufPRReCRHTLEnetRPFELPT S ahifi®s5oPfig: AP ltdaRagd FTAURES can be
easily def gelofl o8k 'S¢ '@ﬁgrﬁ%ﬁsi@%gi B Wi ae?.
 In this'embodimént,-thqugh there is no'particular" o gj
limitation, precharging MOSFET's Q5 to Q7 are provided |
f10' for the'dafaliines DO to Dn in addition to a precharging
MOSFET Q4 that is provided for the common data line CD,
~in order to increase the speed of reading operation.
Though there is no particular limitation, these-pre?
charging MQSFET'S'Q4 to Q7 consist of p-channel enhance-

15 ment MOSFET's. A precharge signal @p is commdhly applied
to'the gatés‘of;these'precharging MOSFET's." The pre-
charge signai'ap is produced by a timing signél-generatbr
(not-diagréméd) that is formed on the same semiconductor

 substrate as that of the lateral ROM.

20 .~ Fig. 2 is a circuit diagram which .
illustrates the'memory'array MFARY according to the
embodiment. Namely, in this embodiment, the membty.
array M-ARY is constructed as described below in order
to shbrten the propagaﬁioh délay time in the word lines

25 and in the ground lines of the circuit, and so that



WL in Fig. 2, gates of four menmory MOSFET' s Ch](though t he nunber needs not
 bg, limted to four) arranged 5 on the same row are comonly connectZ£d
together by an electrically conductive polycrystalline silicon |ayer
that is forned tqgether with the gate electrodes as a unitary structu
Furt her, although there is no particular 4li0r tation, a second al um ni um

| ayers - 10 errL 2 is formed on the sem conductor substrate via an
insul ati on | ayer PFearkagenofowingsd cprs &Pr&ﬁ@édysﬁﬁ%¥¥ﬁﬁ34ﬂ ly in parallel
with the electrically conductive polycrystalline S|I|con | ayer PSi. The

el ectrically conductive PBRfcAfat &S| Fﬁé’r§5ﬁ"§@ﬁ’ byy sonssilifigs My 1
d al I Ni At?2 ted t h ot t t
one point) . gbﬂr@iaiﬁre’éwodgirgﬁi%%n%? FouTe FEMPTNONGEFED Orbave(tﬁméﬁ by
di ff N | ted t th Th
iomgi_f'fusfihgﬁs Apbeh nB@deDnbec BRI T It ¢edl RES s CAF e p0| ht), to
-anearth i e G\lgn hENgafhb! ‘EBW a‘é@ %n&b%?stc%n?fcec@efd £ aﬂht Jim | ayer
trate via N |onI

that is for e sem - conductor ayer and

that runs in the?ﬁa@?e@ﬁ%%’l‘%&ﬂ%nﬁ%t‘i%aﬁdl?% st%r &Zi%eb'éhci | words,

whi ch consists o Irst a um layer A or e stantially in
parall el wth theagalapkinenkt is %Eﬁ@de'i:og@%%@:&h#lw ecl'ies gactewﬁédwaaas

_I|n1tat|on t he 1 ndividual drain regions of nenory MOSFE
as a un;tary structure. Further, although there is
no particular limitation, a second aluminium layers
10 AX2 is formed on the semiconductor substrate via
| an insulation layer for each row, and is arranged
substantially in parallel with the electrically conductive
polycrystalline silicon layer PSi. The electfically |
conductive polycrystailine silicon layer PSi-and the
15 second aluminium layer A 2 ére~¢onnected'to each
‘other at one place (ét oné point). | |
Source'electrodes of the four memory MOSFET's
- Qm are formed by a common.diffusiqn layer N+ and ﬁre
s ' commonly connected together. The common_diffusion
| '26 layer is connected,'through one place (one point),
to an earth line GND of tﬁe.cifcuit which consists
of a first aluminium layer that is formed on the semi-
conductor substrate via an insulation layer and that
runs in the same direction as the data line D, or
25: "in other words, which consists of a first aluminium
layer A_{1 formed substantially in parallel with

the data line D.



ar d on the same col um are connected to data lines DO to D7 which

0 ~of first alumniumlayers 5 ‘A | formed on the sem conductor
SUR? rate via an insulation layer. The electrically conductive
polycrystalline silicon l'ayer PSi is formed on the sen1conductor substrate .
via an insulation film Further, an instthtion film10. . -is forned betmeen

th | ect |1 d I I I .
st ahum o umt ayer | HARORR vl 168 Lt AR tA Ty Lot A 8 B en,

ol yeryetall | ne tie KB ARALEPEHLAL P SEMET HOMFER TR bl e avc
Ther ef or e, when b GaN build Gl U1 A0P 0o RoofituoLed {ooghper such as

t he case of - coup Ing e second un1n|un1 ayer [err ectrically

conducti ve pol yqrg%tsa'dd S P7 WHLH BSs df%% of Pﬂ To{ufifRi gt 14 gier med

~in an insulation I'mthat Is forne t ween t ese W rings, t hese
- wiring arescouplpef it ¢geiedy off &Hd & diR Cond St G SSHbHEFa BOOYEa amen
~different wiring layers are to be coupled together through one place (such:
as the ‘case of gaepliatdonhgay@r.crystalline silicon |ayer_ PSi. and t he
~second 25 . alunminiumlayer [err] and the case of coupllng a sem conduct or
region formed in the senmeomdmmHQHCEMIyr¢ﬁnﬁu&mh¢@epélyetystal12ne

al um nium | ayer ‘Alerr]), a hole for contact is-forned in"-

silicon . 1ayer PSl is formed on the semiconductor substrate'

via an 1nsulat10n.f11m,- -Further, an 1nsu1at10n film
10 . is forméd between.the_electrically conductive polycrystal-
_1ine silicon layer PSi and the_first aluminium iayer -
 A4Li, between theIfirst aluminium layer A.A.1l and the
.secoﬁd aluminium 1ayer'A,L2, and.between the electfically-
.ccnductive polycrystalline silicon 1ayef~PSi'and the
15 ',1se¢ond aluminium layer Aci2._ Thefefore, when different
wiring 1éyers'are to be coupled together such as the
case Qf,éoupling-the second aluminium layer Ailzland.
~ the glectrically-conductive pclyqrystalline éilicon
layer PSi, a hole for contact is formed in an insulation
- 20  " £ilm that is_formed bétween,thesé wiriﬁgs, and these
wiring are coupied'toéether_via;the hole. As described
- aboye,,when different wiring layers are to be coupled
| together through .one  place (suchsas the;case.of coupling
_'the polycrystalline silicon layer PSi and the second
25 aluminiuﬁ 1ayer:A;L2,,and-the.case of coupling a |
_ _semiconductor region formed in the semiconductor

'substrate'and fhe first.

v .



the:insulation fil minterposed therebetween, and the Mﬁrings are coupl ed
together via the contact hole. The circuit of this enbodi nent operate Egi .

descgibed 5 ‘bel ow. The precharge. signal Op assunes the | ow | evel
to reading the data stored in the nmenory cells. There- fore, the
precharging MOSFET's ‘4 to Q7 are renderedlgenductive, and the comon “ddat a
line CD and the i'ndividual 10 data lines DOto Dn are precharged to the.
| evel of power- source voltage VDD. Then, the precharge signal [err]

assunes the high level to render the prechargi ng MOSFET's 4 to Qr

d I I dd d d
o onduct | MEranEaRYagEIL I £ o) hondig ELechod L Lhe Adargsq decoders
sel ect ed oM ol dPaESSH P 101400 MOL APIREY MOSEET < &Bgdt;how havi ng

a high thershold voltage re atlve to e se Fnes, or
assune the Emuﬁﬂgswgﬁgﬁﬁ, ?Qﬂh@r'@!ﬁtEBESEBh@a$Qlh@ﬁg.relat'Ve to
the select |evel. The sel ected nenory cells are served wth a sel ect

level fromthe addﬁﬂ§§ cleeoder d@f¥ﬁ£§'émweaﬂméhﬂeé g@@gfggedegg§1gsﬁory

MOSFET''s constituting nenory cells are rendered non uctive or conductive
depefdi ng upmldvwe data witten therein. Depending upon the data witten in
the 25 sel ected nenory cells, therefore, the data |ines assune: -13-

the high level or tThe pmedkarde sidums] ¢§uas§ﬁmaso£haemawy1§9éh8prlor
transnltted to the data-lines are sent to the conmon
to reading the data stored in the memory cells. There-
> ' fore, the precharging MOSFET's Q4 to Q7 are rendered
cdndudtive; and the common data line CD and the'individual-

10 data lines DO to Dn are prechargéd to the level of power-
source VOltage Vop* fThen, the precharge signal @p assumes
the high level to render the precharging MOSFET's Q4

- to Q7 nonconductive, whereby memory'célls'are selected
by the address decoders X-DCR and Y-DCR. Depending upoﬁ '

15 the data written therein, the selected memory cells
assume the form of memoxry MOSFET's'(not.shown) having
a high thershold vpltage relative to'the select.level
of word lines, o:lassﬁme the.form of MOSFET's Qm'having'

a low threshold voltage relative to the'select level.

20 The se1ected“memory cells are served with a select ie&el
from the'address decoder X-DCR via.word lihes. - Therefore,
the memory MOSFET{S constituting memory cells are rendered
nonconductive or conductive'depending upon the data
written therein. Depending upon the data written in the

- 25 selected'membry-cells, therefore, the data lines assume



@

address decoder  Y-DCR, am 5 - plified through a sense anplifier SA,
are produced as read signals. In Fig. 2, if thé word |ine-WD has been
broken at a position of mark X, select signals of the X address decoder
X-DCR are not supplied to the nenory cel+4l8-t hat 10 are formed on the
side nore away fromthe X address decoder X-DCR than the broken position

aa? l.ine CD via col um smﬁtching'NCSFET's that are rendered conductive by
(4

(mark X). That is, in Fig. 2, the select signals are not supplied to the
four menory NCSFET'S Om of the upper |left side Therefore, even when

conpl ement e i er. e -
rregry ﬁ% ﬁgggiei%ﬁ%%??’?d%th% t ch )#% coder %C% Cfif t%PW%der
Y-DCR, theg e S I rye i Mes.
That |s, doctur F??‘;‘%*“Ft%%ﬁﬁ%&%“r 065 PR I Sortd G o oS-

Ther ef or e, abg gakage 6b WAkl dolRfn BURCHIHG oD o rinacarde detected

through the d-c operation test that was nentioned earlier, and ROMs which.

are regar deenderbe dehaokitioecdy Rtied @GR a‘édaaélelmm paed.- Since the

word |ine is conposed of the al um nium 25 | ayer [err] the delay tine
unts | the peifiédsthroughsa senké ampdrifiicrt Skt ardaremroduwedd s can be -
shortened, nmaking it possible to increase the operatlon speed of ROM Fig.
3is a bl ogk ﬁea@ra&gnﬁl&.large scale i nte-.

In Fig. 2, if the ‘word line WO has been broken
at a: positlon of mark X, select signals of the X address A &J
‘decoder X-DCR are not_supplled-to the memory cells that .
10 - are formed on the side more away frem the'xjeddress
IAecoder X—DCR than-the'broken position (mark X). That .
is, in Eig. 2, the_select signals are ﬁot supplied to
the‘feur memory MOSFET's Om of the upper left side. -
Therefore, even when complemehtary address.signals Byt
15 Eyi that select these four memory MOSFET's'are supplied
to the X decoder XéDCR and to the Y.decoder Y-Dck,_the_
sense emplifier SA.produces-predetermined siénale at
all times. That is;.data written in the four memory-
' MOSFET's are not produced.
20 SR Therefofei_breakage of word_liﬁe (alumindmnlayer
.AiZ)hcan besdetected.through-the.d-c operation;test
* that was mentioned earlier,-and ROM's which are regarded
to be defectlve can be prevented from being shipped.

. 8ince the word line 1s composed of the aluminium

25 layer A%2, the delay time until the select signal is.



grated circuit device to which the present invention 5 | s adapt ed,
wherein the bl ocks surrounded by a broken line are forned-on a

sem conductor substrate by the technique for formng CMOS integrated ' '
Z 3¢

‘g;ﬁi

gS

‘circuits. In Fig..3, symbol LGC denotes a logic circuit which enplo
RO and/or RAM RA in the step of effect- Hl4- - ing predeterm ned
operations. As Wl be described later in detail wth reference ta
to 8, the ROM RO receives conpl enentary address signals [err], a which are
produced by the logic circuit LGC, and sends the data of menory cells

desi gnat ed I r r $9 Ik Iogic
circuit L(Iggéééﬁﬁe€§abggggé§rﬁgﬁgrya?g?gg %geta IQ%D?ﬁ & éré%%épﬁo Fi gs.

9 and 10, U GL e cee! yaerbigeconul BpRRbRIYNAY R3S of gof, S axi. ayi

produced by the logic circuit LGC, as we as a wite enab signal VE, and
sends the data 20 rig S3Oi§dalﬁlbbﬁ AeEBEYNCEE & d8%ihanaiad by nite

-conpl enent ary address signals [err] to.the logic circuit LGC, or stores the
data of theytaged circuwit d&Fice tbewheohr ¥heeblresehat iavenddsngnat ed by

t he conpl enentary address signals [err] 25 In Fig. 3, synmbol I1-
den& es extis raxdapied) rehsrein- tbe bdockspplyirogndednblys af bawkan ext er nal
unit to the above- nentioned logic circuit LGC, and 10 denotes external
termnal s flkne e yfwgnecﬂgml 3 pemdgoadubyorhsubegmtel byuithelLGC to an

external unit.:Further, mbol [err '
technlque for orming CMOS integrated c1rcu1ts.

In Fig. 3, symbol LGC denotes a logic circuit
which employs ROM RO ‘and/or RAM RA in the step of effect-
10 ~ ing predetermlned operatlons.- As w1ll be described
larer in_deﬁail with reference to Fige. 4 to 8, the ROM
RO receives.complementary address signals By éyi which
are produced by'fhe logic circuit LGC, and sends the
data.of memory cells designated by the complementary

15 address signals 2y to the logic circuit LGC. As

yi
will be described later in detall w1th reference to Flgs.

9 and 10, the RAM RA receives the complementary address

' signals a

2.3 Yl produced by the loéic circuit LGC, as

well as a write enable signal WE, and sends the data
20 stored in the memory cells designated by the complementary

address signals a_., Bos to the logic circuit LGC, or

stores the data of the logic circuit LGC in the memery
‘cells that are designated by the complementary- address

signals a

xi’ 2

yi® | - _
25 ~In Fig. 3, symbol II denotes external terminals



5 -denotes a precharge signal which is the sane-as the one mentioned
'_R'reference to Fig. 1. In atest for evaluating the ROM RO and RAM RA
Hained in the large-scale integrated circuit device, though there is no

WVcular limtation, signals cor- 10 responding to the.conpl enentary

. address signals supplled to the ROM RO orl®RAM RA, are supplied through the

external termnals |l, and signals corresponding.to output signals of the
ROM RO or RAM RA are produced fromthe external term nal 00. 'In testing

the RAM RA, furtherngore, when 15 the data are_.to be MWIt in the
memory cel | £0%; Yimng: élgﬂ%l'tss #ﬁ?%aﬂ’?l%ﬁtgnﬂ npRiti gQ, t ﬁea§?§ﬁal s

Sormina 11 meptyohed 3o taﬁ&%&%@&f” R T BRhb RS PRBgEaL ", STl
i nplif h Pri nci pal
'.izggu:tg gh%ﬁ%ﬁi#ﬁ@g fFigééggﬁ' rranéééég cgﬁ %? ﬁ§2%$$§ fo;hgglgﬁ
the sem congckaie H,E&t 3 &n Q:It‘éi‘r{alarﬁ SR e r anhol bgpdescr i bed
i g n Fi

later in detail reference to - 16- ﬁbol X- DCR
denoges an. aéngi%e%%gg%chsq% 151%1Ywﬂg%ﬂei@tt3ﬁeas%négééeéﬁedéﬁéder - The

X address decoder. X- recei'ves a plurality of conple- _ ment ary
address si gpghtibaedl witw&@ﬂe&daﬁ‘d@md heig 00l ¢
In a test for evaluating the ROM RO and RAM RA
contained in the large-scale integrated circuit device,
though there_is no particular limitation, signals cor-_
10 lresponding to the complementary address signals supplied
| to the ROM RO or RAM RA, are supplied through the external
' terminals 11, and signals corresponding to output signals
of the ROM RO or RAM RA are produced from the external
terminal OO In testing the RAM RA, furthermore, when
15 the data are: to be written in the memoxry cells, though
there exists no particular limitation, the signals cor-
-Hresponding to the data to be written are supplied through
the external terminal II.
Fig. 4 is a circuit diagram of the ROM RO of
20 - Fig. 3. o _. . _.
- | _To-simplifj the drawing, Fig. 4 shows.onlj a
_portion of the ROM RO. Principal circuits shown in
Fig. 4 describe the arrangement that is really formed

on the semiconductor substrate. Circuit arrangement

25 will be described later in detail with reference to



circuit LGC, selects word |ines designated by the conplenehtary addre_
si-gnal s a out of a plurality of -word lines form ng the nmenory arr and
- sup Iies the select signal to the sel.ected word lines only. 10

a sent fromthe logic circuit LGC, forskéa select signal, and suppt
t he select signal" to MOSFET's which constitute col um swi t ches. Ther ef or e,
the MOSFET's Qs constituting 15 colum switches work to couple the
data | ines designated by the conplenentary address signals a anong a
plurality of data lines formng the menory array, to the common data |ines

CD. The nerdky. abray conS|sts of a plurality of 20 word |ines
Terr] (MWD to [erani % Iuraliti of data lines [err (DO to [err](Dn),
menory MOSFET" nhFig- afle sEmbel; ¥sPGRpAsnpries aap agfoferhe wite

data at intersecting_points of the word li.nes and data Ilnes and earth .
lines G\D t$REe5uppng ¥zPER ésnotes Bo¥epfdzesss desedem-cuTa & the menory

o Terr) (WHOGEEFS SPROSSr RrPEBoFSreThe Bl Bonyadisy] i ““”1 - oo e
Eg;r EST)o?q%%%a€§££g§LE§h?ﬁggga}%:2;; %ﬁ?ﬁ@ﬁggcﬁggﬁf p;;aﬁ producéd.
by the Y.aqgifé&igeﬁeé, sgigéﬁg.word lines designated by the
| complementary address signals éxi out of a pluralify B
¥/ of word lines forming the memory array, and Suppiies
the select signal to the selected word lines only.
10 The Y address decoder Y-DCR receives a plurality of
-complementary address signals Eyi sent from the
logic circuit LGC, forms a select-sighal, and'supplies

the select signa1 to-MOSFET‘s which constitute column . .

switches. Therefore, the MOSFET's Qs constituting

15 column switches work to couple the data lines
designated by the compleﬁentary address signals-gyi
&;/ among a piuréliﬁy of data lines forming the memory
array, to the common data lines CD.
The memory érray consisté of a plurality of
20 " word lines A%2(WO) to A22(Wn), a plurality of data

lines A%1(DO) to AgLl(Dn), memory MOSFET's QOm which
are selectively provided dependihg upon the write
data at interseéting points of the word 1ines-éhd
data lines, and earth . lines GND that supply earth

25 potential of the circuit to the memory MOSFET's Qm.



- I'n this enbodi nent, though there is no particular limta- tion, two data
lines constitute one set, and one data line is selectively coupled to the o
g Nata |ine CD depend- 10 i ng upon a signal produced by the Y .
decoder Y-DCR.- Wth regard, for exanple, to a set of data,lines
ted by data lines D9 and D10, eitheé* one data line is sel ect ed by a
signs_ produced by the Y address decoder Y-DCR, and the sel ected data |ine
"i's. connected to the correspondi ng 15 common data |ine CD4. Therefore,
"the data which is transnmtted froma memory MOSFET to the sel ected data
line, is transnmitted to the comon data |line CD4, and is supplied as output
dat a ED4T¢031Mp1iﬁg|the|ﬂmamdn@GCFiﬁxttngﬁowuanﬂﬂwtnnes AL2(WOY. 4, each
of the 20 - data lines is provided with a prechargi ng MOSFET for
pr echar gtogAp2fus) i datapadnes Ad(0N fhredRit (D24 Rndaasl (Pme?) Though
not specifically limted, the pre- chargi ng MOSFET consists of a p-channel
enhancentot AMDSPEY PhRy . t he precharging MOSFET's Q4 to Q7 illustrated 25

in Fig. 1, and the gate electrode -thereof is served with -18- ‘a
prechar ge si gnaBafbr Pf ﬁh@d@@&&li}QQEaﬂﬁxﬁQPQQQQQﬁttQIEBEF%@Puh shows -onl y
the menmory MOSFET' s that, W | | be rendered _conductive a select signal

fro@thetmaﬂﬂsg d @PS%FB"CQ that )quf'ﬂf:‘é'ﬂel% ¥ohsi st 5 of
Wil be PEMESEaIBRRETOALOST P & Adde RETATE TR sl cot
-potentlai (Ehgs embodlment though there is no partlcular limita-
tlon, two data llnes constitute one set, and one data line : v/
iS'seleCtivély coupied to the common data line CD depend- |
10 ing upon'a'signal.produced by the ¥ address éecoder Y-DCR.
With régard, fo;-example, tp a-set'ﬁf data lines constituted
by data lines D9 and DlO,'eithér one data line is selected
by a signal produced by the Y address decoder:Y-DCR, and
the seleéted data line is COnnected to the corresPOhding .
15. 'common data line CD4. Theiefore,-the.data which is:'='
transmitted from a memo:y MOSFET to the selected data
line, is traﬁsmitted to the'common.data line CD4, and is U
supplied as oﬁtput data DO4 to thellogic circuit LéC.
| Although not shown in-Fig} 4, each of the
20 .data lines is prdvided withla~precharging MOSFET for.
precharging pa:asitic capécity that.is present in the
data lines. Though not specifically limited, the pre-
charging MOSFET consists of a p-channél énhancement
MOSFET like the precharging MOSFET's Q4 to Q7 illustrated.

25 in Fig. 1, and the gate electrode thereof is served with .



5 volts) is received fromthe X address decoder X-DCR, but does not show
the nmenory MOSFET's that do not sub- 10 stantially work as MOSFET' §7
t he above-nentioned nenory array, gates of the.nenory MOSFET' s Qm arr8
along the sane columm are electrically coupled to the sane word |ines \af
drains of the nmenory MOSFET's Qm arrange¢l8+ong the sane row are 15

. electrically coupled to the sane data line. In this enbodi nent, the nenory
array is constituted as described below in order to shorten the signal
~prop- agation delay time on the word lines, and so that breakage of word
lines can Rep3adnargdeistigm produced by \eWE! YogiBOgPchher EcCs NO
particular Iimtation, circuit blocks are constituted each substantially
“having ei ght menmops gVOFEhawddBn 1y tfige dhéfR6Ey MOSFET 05 UM that OhEL wor ds,
each colum has a plurality of.circuit blocks, each circuit block including
subst ant i abey rénderedicgriduttiive WPGrEHdékect Heignaht £edwh i the skoul d be
-given to the fact that the eight nmenory MOSFET's constituting a circuit
bl ock i ncl adéressodedddsitE K-PAhat - Tloe noemexp SNRSTFER! $ yomocenassMOSFET' s
even when wite data is input thereto. The nmenory MOSFET' s constituting

t he55 ofi ncwhanpledc MOSFER' sjat Namely r iks. t hashows énlyretheoget her

with the electrically conductive polycrystalline silicon |layer_as a unitary:
struct ur e. MEMOIH ms*\f’\ﬁa?r'cfs thate Vil kibe rendered eondushive onlyality of

menory MOSFET' s that. .work as FET s, theiys gate electrod?s
: when a select signal having a select potential (e.g..

W 5 volts) is received_from the X address decoder X-DCR,

' but does: not show the memory MOSFET's that do not sub-

10 stantially work as MOSFET's. |

In the above-mentioned memory array, gates of the
memory MOSFET'S~Qm arranged'along the same column ére
- electrically coupled to the same word line,; and drains
Qf'the memory MOSFET's Qm arranged along thé.same Yow are
15 electricaliy-coupled to the same data line. |
In this embodiment, the memory array is constituted
as described below in order to shorten the signal proP;_
agation delay time on the word lines, and so that sreakage
~of word lines can be easily detected.

20 Namely, though there is ho_particular limitation,
circuit blocks are constituted each substantially having
eight memory MOSFET's Qm in the direction of column.

In other words, each column has a plurality of.circuit

“blocks, each circuit block including substantially

25 = eight memory MOSFET's. ‘Here, attention should be given



10 .are cdupled tOgethef by the eIeCtricaIIy conductive polycrystalline
-S|I|con_layer Here, attention should be given to the fact that the

el egt | Iy conductive polycrystalline silicon |ayer PSi.couples the gate
el ectgbdes of -only those nenory MOSFET: s at are con- 15 tained in the
sane cuit block, but does not couple fHe gate el ectrodes of menory

NCSFET'S that are contalned in other circuit ‘bl ocks. The circuit bl ocks _
arranged al ong the same colum are coupl ed to each other. via an al um ni um
| ayer that forns a word.line. That is, the 20 electrically conductive

pol ycryst algd Neysi 460N k2t oF e PSLGRE FbhbSYCRbSPETSY) th%@?.lﬁ%tih% COUpI ed
to each other via the alumniumlayer which fornms a word |ine.

enbodi ment ,a tdpk@ki € NSISck SLNEL @S thénbay MOSFER? s508hathaowabe | I nes are
formed by second alumnium25  layer At2 as will be described |ater with

- reference tsmubstarfialiywork tas MOSFET her eveht Whaghwklieeedatandasparti cul ar

~limtation, the second alum niumlayer [err] and the elec- trically

'conductlveﬂnpgtxghﬁrﬂﬁo:ma%hélmmmpryyﬁ®SFET ar econpstiptetiinggehker as

descri bed below. That is, as 5 - shown in Fig. 8, the second alum nium

layér [err]cmsctbﬂEebMIpﬁ diave gakefelectrofesi bhat rugefokmed] which is

. coupled to the el'ectrically conducti ve. pol ycr sta[llne silicon |ayer PSi.
This hel ps tegatder el th ddhe r@le%r%%@%lgn ¢on EéGﬁVPnBOF—HEIXFG#ilAP-RﬁI ayer

[err] and the electrlcajlg'lo conductive polycrystalline silicon layer
PS| togethéi licon layer as a unitary structure.’ 'In other words, .

when a circuit block contains a: plurality of memory
MOSFET's-that-work aS'MOSFET s, their gate electrodes -
.10'- : are cohpled_tbgéther by the electrlcally conductive--
| polycrystallinéwéilicon layer. Here, attention should
be giyen to the.fact-thatrthe.electrically conductive
polycrystalline siliooh'layér-PSi'coupléslthe'gate~
electrodes of only.those memory MOSFET's that are con-
- l5 : tained.ih the same circuit block, but.does not COople-
the gate electrodeS'of.memory MOSFET's that.are contaipedr
-in other circuit blocks. The circuit blocks arranged
élongithe same column are coupled to eaoh.dther via an
aluminium layer that forms a word line. That is, the
) 20. N electrically conductive polycrystalline siliconzlayers
' pSi of different circﬁit blocks are-ooupledito each
otherlvia tbé ahﬁﬁnnm{layer which forms a word line.
- In this“embodimeﬂt, though there is no particular'
limitation,_the'wordllines are formed by second aluminium

25 layer AR2 as will be described later with reference to



Anong the eight nmenory MOSFET's constituting a circuit block, four nmenory

- MESFET"s have source regions that are formed by a comon N -type

sem conductor region that i.s coupled to.-a earth line G\D which is forned '
subs&antially in parallel with the data line. In this enbodinment, thoug
there is no particular. limtation, the -eapph [ine GNDis formed by an N
-type sem conductor region; the N -type sem conductor region GND and the
above-nmenti oned common N-type sem conduct or region. have 20 been fornmed
as a unitary structure. Drain regions of the nenory MOSFET' s arranged al ong
the same line are connected to the first alumnumlayer [err] which fornms a
data |ine. FigsROM doz ol di rijuxbhen; sakohodghetheppelat ae particmdar! y in
the same manner as the aforenentioned enbodi - -21- nment of Figs. 1 and
2, and is nddimjidationed the second glumninh lapewoRd2| and tber pleOr has
been broken at a position marked with X, the select signal is not supplied
to the circhnlqrldok canfurlivh PHbyeryetallingr 8idhagnt laerhBSk addr ess
decoder X-DCR than the_ broken position, just_ljike the case of enbodinent of

Fig. 1. Naffi§ Cqupked) together 2 described Pelave <TPBEi &8+t 8Sthe
Gecoder x DRl a1 P+ U S4EHA LabmivhwrkRUeE BPyia GPER
conpl ement ai, JAULS W% Srd € " drddRlul Lo 2 AT WHEIR ¥ sC8hhB1ea
' | ﬁo_thé electrically conduétive polyérystalliné silicon
. ‘layer PSi. This helps feduce the area that is needed
for coupling'the almdnimﬁ'iayer Af2 and the electrically
10 conducti?e polycrystalline silicbn layer PSi together.
| Among theleight memory MOSFET‘é constituting é
circuit block, four memory MOSFET's have s¢ﬁrce regions
that are_fofmed by a common N+—tjpe semiconductér regioh'
that is éouplea to a earth lineféND which is formed
15 substantially in parallel.with the data line. 1In this
embodiment, £hough there is no péﬁticular limitation,

the earth line GND is formed by an N+-type semiconductor

3
region;.the N+-type semiconductor region GND and the
~above-mentioned common N-type semiconductor region have

20 been formed as a ‘unitary structure.

Drain regiqns of the membry MOSFET's arrahged
along the same ling are cdnnected'to the first aluﬁhﬁum
layer A%l which forms a data line. |

The ROM acéording.to thi$ émbodiméht 6perétes

25 | nearly in the same manner as the aforementioned embodi-



a'i med in these circuit blocks, the ROM RO sends to the logic circuit
predeterm ned signals only, instead of data that have been witten in
'thenselected menory 15 cells. This nakes it possible to easily test the =4
nmenories contained in a large-scale integrated circuit device. Further,
since the select signal is supplied to.the2t+rcuit bl ocks through alun1n|um
- l'ayer, operation speed of 20 the ROM RO can be increased. Fig. 5is a
plan vi ew showi ng a nmmj or portlon of the ROMof Fig. 4. Nanely, Fig. 5is
“a plan view of the nmenory array consisting of data lines Al (D9) to
[err]([Xﬂ@ntvmﬁcfigﬁesl[énﬁ]?wcpnﬁoiﬁszmﬁﬁeSQtheﬁ NEBEET'S provi ded 25
at intersecting p0|nts of the data lines [err] (D9 -22- [err](D24)
~and the word |iFesF {%rrf(V@f the| worp( Mpe éd@(ﬁoﬁl@ﬁﬁlhqﬁnﬁ ground |ines

G\D, that are shown in t he regi gns surrounded by broken

lines rdprkematy at%\%lEgﬂPcBﬁd‘K@Eiog’ Fggrxon§hﬁor5r?é&‘%¥n signal isnpin
N f f Wel, | t f id th duct
Substr adtPt FREPELES JS?yﬁﬂ'GZE?FEBAt %@?FF??{ B ORbA RS ounded by

R TS
Ve .
v sha S ey R g g 1T

. Fig. 1. Namely, in Fig. 4, the select Signal is not
"supplied to the c1rcuit blocks of the 1eft lower Sidef
Therefore, when the x address decoder x-DCR and-the Y
.10 address decoder Y—DCR are served with complementary

address Signals a_ .o g&i that will select memory cells

i
y.contained in theseICircuit blocks,-the ROM RO sends to
the logic Circuit LGC predetermined Signals only, instead
'of data that have been written in the selected memory
15 cells. | | |
This makes it p0551b1e to ea511y test the memories'
'contained in a 1arge-sca1e 1ntegrated circuit deVice.
Further, since the select Signal is supplied to the \;
:circuit blocks through ahmunrmn layer, operation speed of
20 .the ROM RO can be increased
Fig. 5_is.a plan view showing a major portion of
the ROM_of.Eig,.4. Namely, Fig. 5 is a plan view of.the.
memory array consisting of data lines A2l (D9) to Azl(D24),
- word lines AzZ(WO) to A£2(W5), memory MOSFET s provided

25 at intersecting pornts of the data lines Azl(DS) ‘to



surrounded by two-dot chain lines represent first alu mniumlayers [e r]
and.regions surrounded by solid |lines 15  represent second )
al uni ni uni ayers [err]. In Fig. 5 further- nore synbol D denotes N igjb
seni conduct or- regions for formng drain regions of nmenory MOSFET' s
el ectrically conducti've pol ycrystalline si+22o0n | ayer PSi forned as a :
unitary structureé together with the gate 20 el ectrodes of a plurality of
menory MOSFET's constituting the circuit block, is electrically connected

to the second alum numlayer [err] (W via the flrst al um num | ayer

[er]r(C). Therefore, signals produced by the X address decoder X-DCR are-
transm tt ag i (®24ie agad etldd wor@| Einhesdne 2{WaknboyAMNDHRE] ', samidi eh constitute

the circuit -23- bl ocks.. Though not shown in Fig. 5, an insulation film
is formeddletnedeity raf fground| Limes uBNDaythafearg ahdwnhhéns®dgnd4al uni ni um
| ayer [err] and another insulation film5 . Is al so fornmed between the

~first al um numlmyRg { & r | tledregiors esurroandgdcbydoroken péngsrystal line
.silicon layer. In Figs. 4, 5, 6, 7 and 8, the sane portions are denoted by
t he sane epysisentiM ~type seml@@du%t% regéersofioymed apokBethe |ine A-A
of Fig. 5. In Fig..6, reference nuneral 1 denotes_a thin |nsulat|on film
(e.g> simadan sHXSaqR 9F |P)-WPeWebl ngegions Well that are

' formed in the semiconductor substrate (such as n -type
silicon substrate) Sub. Regions surrounded by one-dot
cnein lines represent elecfrioally conductiueﬁpolycrys-
talline silicon layers formed on the main surfaces of
10 p -type well regions Well via an insulation £ilm (such
| as silicon dioxide f£ilm) that is formed on the main
_surfaces of the p_-type well regions Well. .Regions
surrounded by two—dot chain llnes represent first alu
minivm layers A21, and reglons surrounded by solid lines
15 .:represent second aluminium layers A%2. 1In Fig. 5, furtherf
more symbol D denotes N+-type semiconductor regions
L;/ ' for forming drain'regions of memory MOSFET's. The
electrically conductive polycrystaliine_silicon layer
PSi formed as a unitery structure together with_tne gate
20 electrodes of a plurality'of memory MOSFET's constituting
the circuit biock, is electricaily connected_to”the
second aluminum layer ALZ(W) via.the first aluminum
layer All(C). Therefore, signals produced by the X
address decoder X-DCR are transmitted to the gate

25 electrode of memory MOSFET's which constitute the circuit



ate ins

i nsul ation

ulation filmfor the menory MOSFET's. The 15

film1lis formed. That is, the.-electrically conductive

ancement -type nenory MOSFET's are forned inthe region where the gate .,

pol ycrystal line silicon layer formed on the gate insulation film1 serves -
ectrode for the enhancenent-typ@3menory MOSFET's. 20 On the

as gate el

ot her hand,

reference nuneral 2 denotes an in- sulation film(e.g.,

silicon

dioxide film which is thicker than the gate insulation film1, and which

forns a fi
sem conduc
N+-type se

eld dioxide film Reference nuneral 6 denotes a p -type

#ﬁ%)re I on which forns a channel 25 _stopper. GN\D-denotes an
ct.or region -24- that forms the earth line nmentioned

earlier. Referenc

- separ at es
fromthe f
phosphosi I
denotes a

| Shlrfini
first alumniumlayer [err] (C) andthe elec- trical

The of ot Mot SRR P2 Rab0L 5 OB, EhRunaREoR, e3a) o ”‘fpé‘.” o
465 AU, Baod Uk B ikat et 1M0EE LS, SARPRRES, OF 2,

"Bl é P Abﬁ,'ﬁﬁérﬂﬁgtﬁEE HBFH&QE&%B feislymg 3.

y con Uctive

The

pol wcryst aljld RA1sd |fcimed Destwdsh dRe firate taniahedalagenrar via the
|l e C2. Ref erence nuneral 45 denotes an insulation filmwhich

consi sts ofar the &iwetirical hputehdaotivenpoygrysa®linknkilacen - posed
e first alumniumlayer [err] and the second alun1n|unllayer'

" contact ho

bet ween th
lerr], and

10

'ihsulation £film (e.g., silicon dioxide f£ilm) which forms

15

kayennal passi.vation f|In1

- In Flgs._4 5, 6 7 and 8, the same portlons are_'

denoted by the same symbols.' |
| Flg. 6 is a section v1ew along the line A-A of
Fig. 5. |

In Fig. 6, reference numeral 1 denotes a thin

a gate insulation film for the memory MOSFET's. The

enhancement-type memory MOSFET's are formed in the region

‘where the gate insulation film 1 iS'formed.':That is,

20

25

the electrically conductive pelycrystalline silicon
layer formed on the gate insulation film 1 servee.as
gate.eleetrode.for the enhencement-type memery'MOSFET's;
On the'other hand, :efe:ence-numerel_z denetee an_in—.
sulation £ilm (e.q., silicon dioxide film) which is

thicker ﬁhan_the gate insulation film 1, and which

forms a field dioxide £ilm. Reference numeral 6 denotes

a pf—type semiconductor region which forms a channel

stopper. GND denotes.an N*ftype semiconductor region



15 . (e.g.,[err]) forned on the second alumniumlayer [err]. In Fig,
6,~8ynbol Sub denotes an n -type sem conductor substrate, and Wel| dengtes
ap '{type well region.formed in the n.-type sem conductor substrate. Fi
is a'section view. along the I'ine B-B of 20 Fig. 5 In Fig. 7, [err{
(D23) denotes a first alumiiumlayer which 2051 s a data l'ine [err](D2 -
that is coupled to an n -type sem conductor region D via a contact hole . C

formed in the internediate insulation film3. The 25 n -type

sem conductor region Dis formed on one main -25- surface of the p- type
wel | region Mél r r%&ﬁ FE ference
nuneral 4 denot%sf%ﬁgn?iég | at e }ggélétgflg%gﬁ ﬁg%(%%%elg? -ﬁ grﬁa%n '

surface of thigedtd Bt gEhoLes ahaYﬁEeLﬁé&lS@@%msuIQ‘tioﬂ fllm %%&.S

undesirabl e el ectrical connection between the first alumniumlayer [err]

and the secaubataresithel @yeettecaliySrshatethioer %\é/:w\i\;y r&%tLaqu&h(eV\A) denote

second alum niumlayers that formword lines [err] [err](W). Ref-

erence nunersilfcelenbaper aP$inftopatheéVviirss ahhdmlaﬁldlk er Afigenotes an n
- -type sem conductor region that serves as source region tor the .nenory

MOSFES" s, arahd hebich hbsigtonpesediefna phosphokailikciatiet glliagss, (herker med
together + with the above-nentioned n -type sem conductor region G\D as-a
unitary strunafter referred to as PSG film). Symbol C2 denotes
a contact hole formed in the 1ntermed1ate 1nsu1at10n
'\__,/: © £ilm 3. The first almm.nmm layer-A!.‘l (C).and “the.elec~
trically conductive'polyCrystalline silicon layer PSi
10 are connected t_ogether'via the contact hole C2. Reference
numeral 45 denotes an insulation-film which consists of
an intermediate insulation film (e.g., PSG film) inter-
posed between the first  aluminium layer A%1 and t_hé
second .allirninimn layer A22, and a final passivation film.
15 (e,g.; Si,N 4) formed on the second aluminiom layer Af2.
.In Fiqg. | 6, symbol Sub denotes an n -type- semiconductor
substrate ,' and Well denotes a'p-—type well region formed
‘in the n-—type semigonductor substrate.
.Fig. 7 is a section view_; along the line B-B of
20 Fig. 5. _
| In Fig. 7, A£;(D23) denotes a first aluminium
layer which forms a data line .A21(D23) that is coupled
t_o an n+-type. semiconductor region D via\ a Fohtact hole
C1 formed in the intermediate insulation film 3. The

+ . o . o . e
25 n -type semiconductor region D is formed on one main



In Fig. 7, attention should be giveh to the fact that

15 |

I nsul afion}filns forned under the electrically conductive polycrystalline
si lifc ers PSi have dif- ferent t-hicknesses dependi ng .upon-the

“pol ycrigstal | i ne silicon Iayers PSi. This enables the nenory MOSFET's 20

constituting the nenory cells to work as@mnhancenent - type- MOSFET' s or not
to substantially work. as MOSFET's, depending upon the data to be stored in
~the nenory cells. In Fig. 7, the insulation fil.mhas a small thickness _
under: the electrically conductive polycrystalline silicon 25 | ayer PSi
whi ch i s suarfierte af ttiee npstypkeWeldi degiohhwedl to -f2frm {@¥erin a nenOry

- MOSFET of the enhancenent-type is formed in this region. On the other hand,
the insulxedgions ifo tlmennqunyeMOSEEtE sf. t Refpalepceystwmidrale &ilicon
layers PSi have a large thickness, so that menmory 5 ~ MOSFET's formed in |
_these re@ﬁnqteﬁ|anrmmtgnmgéaQFEannyuﬁétnoasfwmsFEvnmedaqy the s a section
'view along the line CC of -Fi In Fig. 8, synbol C2 denot es a' cont act
hol e 10 main rwriace el |hhergéaﬁ§t@wmat Hayer PRlID23Dhe FThis -

aIu inium | ayer [err and the electrically conductive po crystalllne
_ SI| con I&Eﬁ-}? "Fté é é%%% Péf EoEELREFaYi &Wﬁ@cﬁﬂ"a EESynboI
denol 5 T it BLUES ! 6 e TR LTSN s e
' A2, _Symbole-AlZ(Wl) to AL2(W4) denote second Aluminium
layers that form WOrd'lines.AQZ(Wl) tolAQZ(W4). kef— 
erence numeral 5 denotes a finel passivatioh film, ahd

10 - 7 denotes an n. -type semlconductor reglon that serves
as source’ reglon for the memory MOSFET s, and that, though
there is no pa:tlcula: limltatlon, is formed together
with the ahove-mehtioned n+—type semiconduetor region
GND as a unitary structure. o _

15 - 'In Fig. 7, attention should be given to_the_fact
thet_insulation films_fotmed under.the electrically' |
conductive polyofystalline silicon layers PSi heve_diff'
ferent thicknesses depehding uoon the polyeiystelline
Silioon layers PSi. This enables the memorf MQSFET;s

20 constituting the memory'cells to work as enhancement-
type MOSFET's or not to substantially work as MoSFET's,
depending'upon the'data to be stored in the memory cells.
In Fig. 7,ithe:insulation £ilm has a small thickness
'nnder:the_electrically conductive poiycrystaliine silieon

25 layer PSi which is formed'on the most left side. There-



[err](WB) and the first alumniumlayer A 1 (C) are coupled together via
the contact hole C3. Thus, the second al um niumlayer [err] (W) formn
word line A2 (W)is.electrically coupled to the electrically 20 )
conductive polycrystalline silicon layer PSi that is forned together
gate el ectrodes of nenmory MOSFET's as a uppgary structure.. Thus, the
second alum niumtayer [err] is coupled to the electrically conductive
polycrystalline $idreGo Zemody @ WOSFER off aHdeerdhdfteméntEypen 1 Qypérhéd ]
Accord- ingly, the second alumniumlayer [err] is coupled to the

el ectrically condactthdi® pegiony.st ¥ ithe YilHex0rhand; 2the | fysusil&H o equi ri ng

a.relatively small area. |If it is attenpted to directly couple the second
-al um nium | ayer. [fdilns edmede wident mect lof advel ysd I wer ot 3TY i1s¢ asi 1 heon
silicon layer PSi together, a large contact hole nust 5 be formed to

coupl e the al un dayersy ®Si] diavie and arge polickness) | smetkat inemorynyer PSi
.together, since the thickness of internediate insulation |ayer becones

rel atively ¥ ar ge MOSEESY & fiozmed im $hemcharegians ekl moeaswstartiably
coupling than when the coupling is jO' effected in the enbodi ment of the
pr esent inventioﬁprﬁya@OMd%F tSre second al uninium | ayer Jerr] and the

AT A G I A I AR Y )
and " of Fig. 5. - - | | o
K?l 'In;Fig. 8, symbol C2 dehotes'e contact hole
| 10 formed in the intermediate insulation film 3. The
first aluminium layer A.L1 (C) and the electrically
‘conductive polycrystalline silicon layer PSi are coupled
together via the coﬁtact hole C2. Symbol C3 denotes |
a contact hole formed in the intermediate insulation
15  film 4. The second aluminium layers A2 (W2) ,
A L2(W3) and the first aluminium layef A 1 (C) are
ceupled together via the contact hole C3. Thus, the
second aluminium layer a{ 2(Wn) forming the word line
A,EZ (W3) is electrically.coupled to the electrically
20 | conductive polycrystalline siiicon layer PSi that
is formed together with gate electrodes of memory
MOSFET’s'as a unitary etructure,..
. Thus, the second aluminium layer A2 is coupled
to the electrically conductive polycrystalline silicon
25 iayer PSi via the first aluminium layer AL 1(C). Accora-
ingly, the second aluminium leyer A2 is. coupled

to the electrically conductive polycrystalline silicon



15 .the degree of integration-can be increased. In the present

i nventi.on, however, the coupling nethod needs not necessarily be linmted toL,
t he abg *ent | oned nmet hod only. - Theal um nium layer [err] and the

el ectrics conductive polycrystalline silicon |layer may be directly 20
coupl egXt gget her. Descri bed bel ow i s 27T ocess for produ0|ng t he

. sem conddctor integrated circuit devices (refer to Figs.. 5t0'8).- (A In
~an n -type single crystalline silicon substrate, 25 - a p -type mell

region is formed in a regi on where n- -28- channel MOSFET's are to be
formed.  Nedyes npéberequw&ﬁgw@ e NRH1QR 108 I AN ey N -fgy/Pe Sid T con
-substrate, there are formed a silicon dioxide filmand an & N filmin a
region mer&tﬁbﬁ%&eﬁomEEEtiyab@u&ﬂethfeors@!orﬁ‘daﬁnmumn'Ih)Pef egi on
wher e p-channel FET's (such as the pre- charglng MOSFET' s nenti oned
above) are Af2b&ndiothedelbbtiriealdy edonduRAdvd 3 efdﬁjﬁﬁaﬁlnﬂie formed,

boron jons and phosphorus ions are selectively diffused to forn1channe|
stoppers. dilbcoh lay8rsPsw togethers @hdarge Edntactstyemsonl y t hat
is.formed in the p -type well region. Next, wi'th the Si3Nd filmas a nask

t he ur f accbef £dtwed ubet canplies tiel ad-u:mmiup daysirz k2 aridrihe fiel d
dioxide film2. In this enmbodiment, there is formed neither the 15 = [err]
filmnor tipolycrystaliing Sﬁéip@'@i dayeme PS8 it kogether, since the

thickness of intermediate insulation layer becomes

relatively large therebetween. This réther requifes W, |
increased area for COupiing_tﬁan when the coupling is
30 effecteasin the embodiment'of the:pieSent invention.
| Bj couplino' the second ,aluminimn' layer A%2 and
- the éleCtrically conductiVe polycrystalline silicon
~layer PSi as done in the embodiment of the present
N inﬁention;-thé afea for coupling*cén‘be re&uced, and.
15 . the degree'of_integration can be increased. In:the.
| pfesent invention, however, the coupling methOd:needs_
not'necessafily be limited to the above-mentioned
method only. The aluminium layer Ag2 and the electrically
cohdﬁctive pochrystalline'silicon'1ayer may - be direcfiy
20 coupled together. |
Described below is a process for producing the
'semiconductor-integrated c1rcu1t dev1ces (refer to Flgs.'
5 to 8). |
(8) In an n -type single cryStalline_silicon substrate,

25 a p-—type well regioh is formed in a region ﬁhere n-



"W |l be fornmed gate el ectrodes of - nenDry MOSFET' s that do not substantially
wo k- as MOSFET' s As shown in Figs. 6 and 7, therefore, the p -type
chanpel stopper 6 and.the- field oxide film2 are also fornmed in the -20.
reglbn where there will be formed gate el ectrodes of nenory MOSFET s t hy
do not substantially work as MOSFET's. Gg-the other hand, the [err] fil
and the Si3N4 filmare formed in the region where there mAII be forned
menory MOSFET' s that work as enhancenent-type MOSFET's. 25 Ther ef or e,
t he channel stopper and field d|0X|de film -29- 2 are not formed in this
~region. t her t,he [err and he Si 3\ f|In1are-forned or
not forned &%ﬁ&ﬂﬁﬂm§Qﬁ§§?t%l Tfat t#ﬁu %0 ek 7t $BntRG Phet¥Bfory
‘MOSFET' s MOSFET: s t hat ancenent -
type NOSFETHE L Fegion WL ipd RGBT ShLtron; ubgtiefd RS TPy

ot do nop A FRELC U i ricdla %Eﬁfﬁ;ﬁ&‘t%sﬁmﬁﬁén@ﬁﬂ} ned
10 of f at 3l 'a%agcgﬁs\;éerw é’fuﬁsﬁﬁ‘f’ ﬁéosﬂé’pkéfﬂe&@ﬁat he X

addr ess decoder {urn again e manufacturing process.

(B) sThe [enk] of iddyiangd #H&es'ﬁ-%afﬁﬂéﬂ Ql@sﬂ‘l?ﬁ“é’ eflsudidad h@hg%fe.surface of
.the region where the MOSFET' s (e.g. menory MOSFET' s that work as

enhancenentoﬁ&@@ﬂﬂ@SHEEEEE¥§Whéntivhéd”éﬁﬁbe)Saﬁ%'ﬂozﬁd f6rh@dMm a thin

gate insul a-
In the region where Si3N4 film is not formed, boron ions

/ and phosphorus ions are selectlvely diffused to form
- channel Stoppers. Figs. 6 to 8 show a p —type channel
10 stopper 6 only that is formed in the. P -type well reglon.
Next, with the 813 4 film as a mask, the surface of the
substrate is selectively oxidized to form a field dioxide
£ilm 2. |
Ih this embodiment,'there is formed neither the
15 sio, £ilm nor the 513N4 film in the region where there
will be formed gate electrodes of memory MOSFET's thas'
do not'substantially work as MOSFET's. As shown in -
Pigs.'6.and 7, therefore, the p+-type channel stopper
6 and the field oxide film 2 are also formed in the
20 region'where there will be formed gate electrodes of
memory MOSFET's that do not substantially work as MOSFET's.
On the other hand, the 810, film and the Si N, film
~are formed in'the region where there will be formed

memory MOSFET's that work as enhancement-type MOSFET's. -

25 Therefore, the channel stopper and field dioxide film



tion film-[err} filnm 1 in the substrate Sub and in the mell regi on Well.

5, A polycrystalline silicon |ayer is formed by the 20 CvD net hod "
rntcal vapor deposition nethod) .on the whol e surfaces of the field o
pMytde film2 and the gate insulation film1.. Next, n-type inpurities such
o phosphorus ions are diffused to de2Pease the resistance of the-
~polycrystalline silicon [ayer or, in other words, 25 to forman -
~electrically conductive polycrystalline -30- silicon layer. In this
- case, n-type inpurities are diffused at a high concentration. Thereafter,

the poly- grggeahbitn@orimedcdn ey Aerjienis | Con |G KONWSEAS S €0EY-
~crystalline silicon'layer) having a small resistance 5 - S subjected to

the sel ect 5¥6 efdlinngndeithenGiupion fiflem s cEetmed nox teohnfgrieed That . i
.t he polycrystglllne silicon layer i:s renmoved fromthe unnecessary portrons

except thedgpenddng upen &ber datendhar g o dos rvoibstert MDSEBS' s and the -

portions that correspond to the 10 af orenmentioned electrically _
conductrvemﬁmpywrygﬁﬁﬁﬂrﬁe silicon |ayers PSi. Then, the gate insulation

filmwhich is exposed is_ removed b etchrng (D A photo_resrst mask is
forfred on the regf§¥exnh&he f‘ﬁﬁ‘%—‘fcm NOSHEAE vqik AS FRRAPCPRERY

ons ar e | FEPETHRSFERNRoRTe SRBSmAAh ofa L 8F Frned ﬁﬁ%igtﬁ?}ﬁﬁf‘ﬁr .

surface 9f_§h§-Eign%ﬁeéﬁﬁﬁlie%g@%odhihe x address docoder X—DCR."

On the othexr hand, the memory-MOSFET s that do:pot:subf ' ;J'
stahtially_worEJas_MOSFET's'are those which remain_turned:. |
10 off at all times irrespective'Qfethe.signals_supplied__
from the X address_desoder'x-DCR.:: | |
. We,will-return again_to_the ménufacturing-éroeess.‘
(B) The Si0, film and the Si,N, film are removed, and
the main surface of the region where the MOSEETfs (e.g;,_

15 . memory.MOSFET's that work as enhancement-type MOSFET's)

are to be formed, is oXidizéd_to form a thin gate:insula—;

tion film (SiO, film) 1 in the substrate Sub and in -

2
_the'well region Well,
(C) A polycrystalline silicon layer is_formed by the.
20 CvD method.(cheﬁicél*w#nuf”deposition method)-on-the';
| whole surfaces of the-field oxide film 2 énd,the gate
,insulatioh film 1. Next, n-type imburities such as .
bhosphorus ions are diffuseduto decrease the;resistsnce
of the polycrystalline silicpn layer or, in other words,

25 ~ to form an electrically conductive polyerystalline:



being self-aligned with respect to the gate el ectrodes (inclusive of
pogti.ons that will work as gate el-ectrodes 20 inthe electrically
conductive polycrystalline silicon layer PSi). Therefore, there are forned
an n -type sem conductor region that wll %erve as a source region 7 f
t he n-channel MOSFET 'as well as an n -tyﬁ@ Sem - conductor region th I
serve as a drain'region D 25 therefor. In this case, the photo-r
. mask has -31- not been fornmed on the region whére there will be formed a
sem conductor region that corresponds to the earth'line GND. Consequently,
the n -type ssddicoondiagesr. r ebp cbhidase § onreypé ninparptiégpareel | regi on
as shown in 5 Fig. 6. The electrically conductive polycrystalline
silicon | aySdifiGisgdhrats & higle corcentratidont heThereaftéOpFERespodyd a
wiring layer that ~connects the word line to the gate el ectrode of the
nmenory MOSFEFYst@lling miligen player r telectrbekliyreaendiativie RPdYe step
(D) is renoved.' en, a photo-resist mask is formed on the regi on where
the n- chann@lryﬁ(.tﬁ-gg?'nae Feticrnelarrkedantngna t seatbgreaishaneet he

el ec ricall¥ conducti.ve. pol alljne silicon layer PSi is to be

_ BO! Y=y CTYS (
formdd, and*f- SpPlects ;ﬁ?i?ﬂﬁw%éi%ﬁ?%ﬁﬁﬁ?%ﬁpiﬁﬁoﬁe ¥HRY JrEOR nhh&nt ed.
Nanety, bor L.an: | 'l ant ed onto j.he substrate b- bei sel f-aligned
with respecgﬂto&%t %et%g’;h(;ﬁtﬂedh%eec TR of T IRt Hannthe r%.sgg%ﬂ)ﬁgﬁquent Iy,
there are f@58dch Aayer is removed from the unnecessary portions
\/ except the_portiqns that correspond to gate electrodes
' of MOSFET's and the portions that_correspond_to-the
10  aforementioned electrically conductive polycrystalline

silicon layers PSi. Then, the gate insulation film

which is exposed is removed by etching.

(D) -A'photb—resist mask is formed on the region where
- the p~channel MOSFET's (e.g., precharging MOSFET's) are
15 to be formed, and n-type impurities such as phdsphorus
ions are implantéd. Namely, phosphorus ions are implanted
onto the main surface of the_p--type well region Well_
being self—aligned.with'respect.to:the gate electrodes.
{inciusive of-portions.that will workias'gate_electrpdes
20 in the eledtrically conductive polycrystalline_siligon
layer PSi). Thérefore, there are formed an n+—type
semiconductor region that will serve as a. source regi§n
-7 for the n-channel MOSFET as well'és an n+ftype semi-
conductor region that ‘will serve as a drain region D

25 therefor. In this case, the photo-resist mask has



t ype semi conductor region that serves as a source 20 region for the

annel MOSFET and a p -type sem - conductor -region that serves as a Y

region theréfor. 1n this step, boron ions are inplanted-at a rela- ’

_ ely low concentration. Therefore, like the gate el ectrodes of.n-channel

- MOSFET's the gate el ectrodes 25 - of p3thannel MOSFET's are forned by

the n-type pol y- -32- crystalline silicon layer. (F) The"photo-resist
mask formed in the above step (E) is renoved, and a PSGfilm3 is formed by
the CVD nethod. on the whol e surfaces. 5 (G Contact.holes d, C2 are

erri o A E%?S%i{ 9”;‘39%% v&rys?a?%?ﬁég #RPes, Eheper vhdl 5?%%%?3 the
MOSFET' s. Ep WLEN ! Qtr%okge ggg Eg éggorlza- 10 tion

on the mhole sur ces and |s orned In to

obtain 111 sysl uraaugggm@w, [@ﬁé]nTQ¥pEeééM99)xdhetE§r &L(;%h The data

‘1'i nes [err] DO to Dn) dre coup ed drai n regions of. menory
MOSFET" s wckﬁxaaéfarﬁgﬁfshcﬂher FéVﬁEIl(EegloK)asFBhbhﬁrin15 the
wirings [err](C) are coupled to ectrically conductiyve polycrystalllne
siliscon | ayeiep, BRI via contact holes C2, respectively (Fig. 8). (H) ‘Next,
a. PSG f|In14 is formed again by the CVD nethod on .the whol e surfaces.
o The electrlcally conductlve polycrystalllne 5111con

- _1ayer PSi forms a gate electrode of the.memory MOSFET's,
and a wiring 1ayer that connects the word line to the o’
'gate electrode of the memory MOSFET. |

:10 - (E) The photo—resist mask formed in the above steo (D)
is reﬁoved.l.Theﬁ,:e'photo-resist:mask is formed oh the
region where the n—channel.MOSFETFs are to be formed |
-and on the.:egion whefe the electrically cohductive poly-
crystalline silicon layer PSi is to be formed, and p-

15. - type impurities such as boron ions are impianted. Némely,
:boron:ions are implanted onto the substrate Sub being.
self-aiigned with respect to the gate electrodes of p- .;J
channel MOSFET's. Conseqﬁently,'there are formed a p*-
type semiconductor fegion_that'serves as a source

20 region for the p—channel”MOSFEf'and a p'-type semi-
conductor tegion that-Serves'as a drain_region.therefor.
In this step, boron ions are implanted at a rela-
tiVeiy low concentration. Therefore, like the gate
electrodes'of n-channel MOSFET's, the gate electrodes

- 25 of p-channel'MOSFEI's are formed by the n-type poly-



20.. . A contact hole C3 is forned in the PSGfilm4 that is forned on
thesfirst alumniumlayer [err] (C. Then, an alumniumlayer [err] is
forned by vaporiza- tion on the whole surfaces, and is forned into desired~,
shapes by etching.to obtain second al um nium | ayers 25 -33- AL2(MWD) to
AL2(Wh). The second ‘al.um nium | ayers [er32(WD) to [err](Wh) are coupled @
the first aluminumlayers [err](C) via contact .holes C3, respectively. (I

A final passivation film5 is formed on the whole 5 surfaces to

conpl ete a sem conductor integrated circuit device as shown in Figs. 6 to

8. Fig. 9is acircuit diagramof the RAMRA shown in Fig. 3. To sinplify

t he drawi ®exystiallineg [dilsicen eayety 10 a portion of the RAMRA. As

Wi ll be nentioned later in detail wi'th reference to Fig. 10, major circuits
shown in AFY. Fhephatontresistirmasigefermedhin tber ehblrg BaepedEOn t he

sem conductor substrate. In Fig. 9, synbol X-DCR denotes an X address 15
decoder, & remoRYemiteR PSE dfikess Hechdemed byetheaGWbemsthododer
X-DCR receives a plurality of conplenen- tary address signals [err]

suppl i ed PPork enéﬂi%]gﬁ SWHaRT. LGC, selects a word |ine designated by the

oy TR PTG P o e Lrdehed! BabechstEan " 7
3 on the drain region D and in the PSG film_3'on the '
: eléctfically conductive poljcrystalline silicon iayer
- 'PSi of the memory MOSFET's.
| 'Then; an aluminium layef A%l is formed by vaporiza-
10 "tion_on the whole surfaces, and is formed ihto.desired
shapgs by etchiﬁg to obtain first aluminium layers a2l(C),
A21(D0) to ALl(Dn). The data lines A%1(DO) to A2l (Dn)
are coupled to the drain regions D of memory MOSFET{S
via contact holes Cl, respectively (Fig. 7). Further,
._15 the wirings A21(C) are coupled to the eléctrically
cénductive polyqryStalline silicon layers PSi via
W contact holes C2, respectively (Fig. 8).
(H) Next, a PSG film 4 is férﬁed again by the CVD method
on the whole surfaces. |
20 _' A contact hole C3 is formed'in the PSG film 4
| that is formed on the first aluminium layer ALl (C).
Then, an aluminium layer A22_is'formed'by vaporiza-
tion on the wholé surféces, and.iS"fbrmed into desired
shapés‘by etching to qbtain second'alﬁmhﬁnm layers

25



the.selected word Iine only. The Y address decoder. Y- DCR receives a
plurality of conplenentary address signals a. supplied fromthe |ogic
Circuig=LGC to forma select. signal, ‘and supplies the select signal to
.wcég t hat 25 constitute colum switches. Therefore, the MOSFET' s
- -3 nstituting colum swi tches worB3+0 couple a pair of conplenentary
. data nes designated by the conplenen- tary address signals a anong a

MUrM|typaHs of conpl enentary mnallnesformngthermnmy array, to 5

a pair of conmmon conpl enentary data lines CDO CDO. The nenory array

alrs of o2 b By MUt ahel SR ekrd LR Rl Crid i R e

[err] (Dn), t@ngzgwmyaggl Eﬁu?;ﬁ.g\ﬁ' q(adtﬁte terseatl n% 10gl )ge%gm nts of the

word |ines and data |i1nes ows only the

wor d |Inesh£fv‘(¢1(¥\§& &egrkrseel ﬁﬁ\lfe e?(,Dgf%[e%% #65 [err](D5),

[err](D5), [err d menory ceIIs provi ded

pai e or "R LR M‘;&#H? 5, HpoEp Rl Bh e RN 0,
[em]. Th%ma&h&t&%&n&@@ﬁ é”@eﬁ?@&ﬁ&hé@oﬁso g@@g&fat@at reﬂtrctmm nal s of
one side of the FET' s at w |

be switche a select signal sent
_fron1the ﬁéylce asegxgﬁﬁslgepgggr g’ggﬂg The |nput/output tern1na|s of

Fig. 9 1s a circuit dlagram of the RAM RA shown.
in.Fig. 3. _
| To simplify the drawing, Fig; 9 illustrates only
10 | a portion of the RAM RA. As will be mentioned later.ind
detail with reference to Fid. 10, major circuits shown
_in Fig. 9 represent the arrangeﬁent thet is_really formed
on thejsemicOnductor substrate.
- In Fié. 9; symbol X—DCB,denotes_an_x address_'
15 decoder, and Y-DCR denotes ay addrees decoder. The
| X address decoder X-DCR receives a plurality of complemen-

tary address signals-g ;upplied.from_the logic circuit

xJ .
LGC, seiects elword line'designated by the coﬁplementary
address eignals 23 out of a plurality-of word lines

20 : forming the memory array,'and sends a select signal to
the selected word line only. The Y address decoder Y-
DCR receives a plurality of complementary address signals
§§j_supplied from the logic circuit LGC to form'arse;ect

signal, and supplies the select signal to MOSFET's that

25 .  constitute column switches. Therefore, the MOSFET's

_\P\J__ -

o,

™



the other side of these MOSFET's Qs are coupled to the'pair of common
cogpl enentary data lines CDO, [err] Anong a plurality pairs of

conpl enentary data lines [err] (DO, [err] to [err](Dn), [err], a pair o :
coggleHEntary data |ines designated by the conplenentary -35- addre
signals [err] are coupled to the pailgaof comon conplenmentary data |

CDO, CDO via the MOSFET's Q. Therefore, the data transmtted froma nenory
cell to the pair of conplenentary data lines, is then transnitted.5 to
the pair of conmmon conplenentary data lines via MOSFET's Qs, and is
supplied to. the logic circuit LGC via an anplifier circuit/output buffer.
Though not diagraned in Fig. 9, the RAMRA is providedw th an input buffer
whi ch recei FOBStHEUHdng mplumn ssipitches fwerk tte ¢togptecarpair LGC and
which transnmits it to the pair of conmon_conplenentary data |ines CDO CDO-
In the witPfgCopRlementaxhdaka ol igp| designaked ey bk ccenptementG | s
transmtted _to the commpon conpl enentary data |jnes CDO, [err] via the input
buffer. 15 tarYTﬁéqﬁﬁﬁfi%%Q4HiFtﬁyyuﬂﬂ?ﬂ%xﬁtEﬂ?¥Eﬂ{ﬁWrP®ir§oﬁ§Ienentary

data lines that ;are_coupl to.the pair of co n conpl ementary data |lines"-
CDO, CDO Vi %°?‘R&¢Wﬁ§%§f£’s%‘ia M?%%&FT%% ﬁ:’pa‘“%mya%ﬂ’!. tPerati ons
of tge anpl if | gk, Ci | t ffer 20 and. t he | nput—buffer are
control |l ed Eybglgoﬁ?f%Fhé?ghg#£ﬁ%&ﬂﬁﬁﬁﬁﬁ¥xpiﬁﬁt e Fd 'QECJ?B it LCC. For
I nstance, The memory array consists of a plurality of word

Ny lines A%2(WO) to A%2(Wn), a plurality pairs of com-
plementary data lipes ALl1(DO), AR1(DO) to aLl1l(Dn),
ALl (Dn), and memory ce;ls provided at intgréecting
10 points of the word lines and data lines. To simélify
"the'drawing, Fig. 9.showé only the word 1ines.A22(W5)
to AL2(W7), pairs of data lines ALl (D5), 221 (B5),
A21(D6), AL1(D6) and ALl(Dn), A21(Dn), and memory .
cells provided at intérgecting points of word lines
15 ~ AR2(WS) to AL2(W7) and pairs of data lines A%l (D5),
ALl (DS), A1 (D6), Azl(ﬁa).aqd AL1(Dn), Azl(Bn).

The pairs of data lines afe connected to input/
output terminals of one side of the MOSFET's Qs that
wiil be switched by a select signal sent from the Y
20 address decpder ¥-DCR. The input/output terminals of

| the other side of these MOSFET's Qs are coupled to thé__
pair of common complementary data lines CDO; CDo.
Among a blurality pairs of complementary data lines

A21(DO), AL1(DO) to ALl(Dn), Agl(Dn), a pair of

25 complementary data lines designated by the complementary



xMen Yt he control signal . ORWhas the |ow level, the am- plifier -
{57) cMi t/output buffer operates to produce the data of nenory cells. In -~ ;
[]

#S case, the input buffer 25 remai ns i noperative.. \WWen the control :
. signal ORW has -36- the high level, on the other hand, the input buffer’
operates to wite the data in the nmenor$3telIs. In this case, the anplifier
circuit/output buffer is rendered inoperative. 5 - - " *Though not
shown in Fig. 9, each of the-data lines is provided with a precharging
MOSFET whi ch .is constructed in the same manner as the prechargi ng MOSFET

-~ mentioned with reference to Fig..1, : i,ch neceive [ I
[erri thro%% Egil: ﬁagﬂg?ﬁeggd;%rfOCdygiéMvto'qgﬁﬂ#%%EZékjgéﬁﬁg%ggefigna
consists o i p=f QLEGUIt: EE ' ' f i AUl QAL t i-nal's,
‘an n-channé?ﬂg%%%‘%@;ezgrrgﬁt_a ( Fll"tlm_&? @ﬁ'ggﬁ% maj[sta'lrenlput _E(b'lﬁtgpu el g(r:'[nr gges
coupl ed t OpRUge kBPUY/ SHEPHEhC tEaitniHe ! fhdi I dldirf 4 [e@nd having a
second i nput/ i out put el ectrode connected to thedata line [err] and

an n- channgheephapcgreabmPeREht@E N AL Birddd Stid NHd Ak AndmBLEesd r ode
coupled to the” other inpui/output fermnal of said flip-flop circuit and

havsng a segofHei pREL/ 68! Rombosy BorileiritY A taatd el sl vinMPSFET ' 20

Though not specifically limted, the flip-flop circuit consists of

p- channel @EHFERASikestuppatiedntehahrel1daFEE redidr rGa .vweia an CMOS
~flip-flop circuit. ) ' L ' S

'~ amplifier circuit/output buffer.

Though not diagramed in Fig. 9, 't;hé RAM RA is W

'prgvidédwﬁth an inpuﬁ buffer which'réceivés the:data r

'10_ | suppliéd ffbm theTlogic circuit LGC and which transmits
it to the pair of common éompiéméntary data lines CDO,

_ EBQ; In £hé writing operation, the data supplied from
the logic éircﬁit:LGC'is'transmitted to the common.
compleméntary data lines CDO, CDO via ﬁhé input buffer.

15 The data is then t;ansmittéd to the éair ofﬁdomplementéry
data lines that are coupled to_the'pair of cdmmOn
complementary déta.lihes CDd,'EBO via the MOSFET's Os,
énd is ﬁriﬁtén'iﬁ a memory éell, R

Operatioﬁs of the amplifier circuiﬁ/qutput buffer

20 and ﬁhe'input buffer are ¢Ontrdlled'by'a.control'signai
¢Rw'produ¢ed by the logic circuit LGC. For'iﬁétahdé;. 
when the ébntfbl éigna1'¢Rﬁ has the low level;'thé am-"
plifier éircuit/oﬁtput buffer operates to produce fhé'
data of memory cells. In this case, the input buffer

25 remains inoperative. When the control signal Ppy has



I n the .above-nmenti oned nenory array, the gates of MOSFET's [err]
cogstituting nenory cells along the 25 sane row are electrically

coupged to the same word |ine. -37- Further, the second input/out py
el ectrodes of- MOSFET's Qa, Qa constituting nenory cells along the sa_
colum are coupled to the sane data line. “Pée gate el ectrode of MOSFET '
and the gate 5 °~ ° electrode of MOSFET Qa are coupl ed together through the-
el ectrically conductive polycrystalline silicon layer PSi. Here, attention
"shoul d be given to that the electrically conductive polycrystalline silicon
| ayer PSi h&dhendiidiedreveduplod the gether|lama pddse of npiSPRIE Sed 0 of
other nmenory cells. The electrically conductive polycrystalline silicon
layer is coopedates dxmnidepdht Mpterih |the merfidey e¢elks.a Thghhisfrom
the X address decoder X-DCR is transmitted to the nenory cell via the word
line. \Wenc@se sithealamalddsian drqul tfeutpuprjuiier isceéndésed sel ect
signal (e.g., a signal of 5 volts), the MOSFET's Qa, Qa constituting the
menory cel | 1RPPex &+on,- whereby the data is read out fromthe nenory

cell _or is witten therein. The RAMRA of this enbodi ment receives and 20
prodeces the data \ﬁa’ﬂ?g‘i’ sk 51%_"["?1 I 1% ab LR Of LheARRIin Fig. 3.

produces t hRBE T HEYafke TG B Ml orirtt fanded S Shonn
| constructed in the same manner as the precharging MOSFET
mentioned with reference to Fig. 1, and which receives
a precharge signal @p through the gatelthefeof. |
10 . 'Each of the memory cells conéists of a flip-flop
circuit FF having a pair of input/output terminals, an
_n—channel_enhancement MOSFET Qa having a.first_input/ _”
output électrqde'coupled to one input/output términal
of said flip-flop circuit and having a second inpﬁt/
45 output electrode connécted to the data line A21(Df,
. and an n—-channel enhancément MOSFET 6a héving a first
input/output electrode coupled_td‘the,dther input/outpﬁt
‘terminal of said flip—flop circuit and having a second
-input/outpﬁt_terminal coupled-to the data line.Az1(5)-
20 Though not SPecifically limpited, the flip-flop circuit
| cbnsists of p-channel MOSFET's QJ, Q2 and n-channel
MOSFET's Q3i Q4 i.e., a CMOS flip-flop circuit.
In the above—mentiqned memory array, the gates of
MOSFET's Qa, Qa constituting memory cells along the

25 same row are electrically coupled to the same word line.



fjg. 9 are provided in a plurality of numbers. 25 The X address
cbfer X-DCR-and the Y address decoder Y- -38- DCR, however, wll . be
sgd comonly. The present inven- tion, however, should not be limted to
-the RAM'ROM which receives and produces t he data with a plurality of bits
as a unit. 5 Though there is=3% particular linitation, the word
lines in this enbodi nent consist. of second al umi num[err] Further the
second.alum nium layers [err] form ng the word lines and the electricatly
conductive poly- Crystalline silicon layers PSi are coupled together 10

MERIAN Str—:ﬁ' T BB Ao Tl RO RO oL HiodlepfiiDed Wi th
layers Al hﬁat.c gggn%t' g rmotyP Ft@ﬁ‘sgsa&%eé *a,ejggranmeftmﬁs the

wi-dely kn i S not “descri In case

a word lin S, el I not transmitted to the menory
8rtSc Pﬁ?&%g to th% é%ﬂ?faAEQ?llﬁ% _

- cells that are more away fromthe X address decoder

X-DCR than the brekenqaeel ieARcthidie 0 Maagfo R L dyatle Therefore,
the data stored in thése nenpry cells are 20 . "not read out. This. nakes

it possi bl g1éeteagel vt sOSFETE F3AMre cAUUFidEtddethd ATgerssgh e i nt egrat ed
circuit. device. Further, since the word |lines have been conposed of

al um ni urrt aherelebhe:.EAMlgamdnﬂumnm gb]atcﬁysﬁah]pamlss:.llcon '
jlayer PSi. Here, attentlon should be glven to that the

electrlcally ‘conductive polycrystalline silicon layer
PSi has not been coupled to gate electrodes of MOSFET s
10  of other memory cells. The electrically conductive
polycrystalllne silicon layer is coupled to a correspondlng
word line. . Therefore, 'a signal from the X address |
”decoder X-DCR 'is trahSmitted to the memory cell via the |
word.liﬁe, When'the Signal'tranSmitted to the memory o
15 " cell is a select signali(e.gt, a signal of 5 volts)i the
| ' MOSFET's Qa, Qa constituting the memory cell are tﬁrnea
on, whereby the oata'ls'read out from the memory cell
or:is written_thereinf |
The RAM RA of this embodiment.receives”and
20 .producee'the'oata with'a°p1urality of bits'as.a'unit}
as shown in Fig. 3. To simplify'the description, however,
the circuit of Fig. 9 reCeives'or produces the:data- |
with a bit as a unit. In practice, the circﬁitfshown
in.Fig; 9 are provided in a plurality,of'oumbers.

25  The X address decoder X-DCR and the Y address decoaer:Y-



25 Fi g. 10|saplan view illustrating a major portion - 39-
ofsshe’ RAM of Fig. 9. Nanely, Fig. 10 is a plan view of the nenory array
conS{stlng of pairs of conplenentary data lines [err] word lines [err] W
to AL2(W),.and rmenory cells provided at intersecting points of-
pairs of data Ilnes [err] (D5), [err](D5)3gkerr](D6), [err] and word |{Iies
[err] (W) to [err](D7). In Fig. 10, the same portions.as those of Figs. 5
to 9 are denoted by the sane synbols. Nanely, the 10 portion '
surrounded by a four-dot chain line is an n - type silicon substrate Sub,

and the re S ,surrounded, t hree-dot chain lines are p -type well
regi ons Vel tnqﬁﬂf(ﬁftwﬁ}ﬁ%.h sﬁ?? c%°ﬂ?°?ﬂ¥ n TP?pBr§FPPEoHn¥ﬁB strate

Sub. . Th d
o, som O A Dot %eﬂ?hﬁﬁi\rﬁésmf e XBHEREn - 1ype
Stypeover | S S8 drodybs SEILCRIENCH O BObRIBAEEYET 11 (1e P

represent €y Jlscagg Y2 GRpuct i ve pol ycrystalline silicon Iayers 20
PSi, PSii formed on the surface of an insulation filmthat is formed on the

mi 5 surface of {hecusliie U A5 bhecyehiatogialealeLly fige regions

surrounded by two-dot chain |ines represent first alumnium |ayers

[err] (O, hrd (3es [i8f rdhid esmdddbnent eeodé Do éﬁré@éoﬁé alumffiune

surface of an insulation filmthat is formed on
AL2. Further, the second aluminiim layers AL22 forming

kf the word lines_and the electrically conductive poly-
crystalline silicon layers PSi are coupled together
10  via the first ahmﬁnhmylayerslA21(C) in the same
manner as described with reference to Figs. 5 to 8.
The data lines.consist of first ahmﬁniun.layers_A21.
The RAM shown in Fig. 9 operates in the same manner
as the widely'known static RAM,.and is not described nefe;
15 - ' In case a word line is broken, the select signal
'is not transmitted to the memory cells that are formed

on the side more away from the X address decodexr X-DCR

N
than the broken portion, like the case of ROM of Fig. 4.
Therefore, the data stored in these memory cells'are
20 not read out. This makes it possible to easily test

the RAM's contained in a large-scale integrated circuit
device. '3nrther,.since the word lines have been composed

l.of ahmﬁnhmﬂayers; the RAM can be opefated at high
speeds. |

25 Fig. 10 is a plan view illustrating a major portion



- 40- /the el'ectrically conductive polycrystalllne silicon |ayers PSi, PSii. _
¥\r egi ons surrounded by solid |ines represent: second alun1n|un1layers SV

](Wb) to [err](W) formed on the. surface of an insulation<fi-lmthat is™

“forned on the first alumniumlayers. .In Fig. 10, synbol O denotes
contact holes formed in the insulation fi-B&r3 to couple.the P -type or n -

. type seniconductor regions and the first alunminiumlayers A [érr] t oget her,

- like the contact holes O shown in Fig. 10 7, the insulation film3 being
i nt er posed t herebetween. Synbol C2 are denot es contact holes formed in the
insula- tion film3 to.couple the electrically conducti ve pol y- crystalline

silicon. Iaggr% gSEgPE fHEQEP tghe first alun1n|un1layers [err] together,

| i ke the contact of Fig. 8, the insulation film 3 being

i nt er posed t her ebg,ta\q@q_g,,upl 2 tswﬁ)ois (&< t@§e\goagaghehﬂgﬁgrgor med i.n an

insulation film4 to. c he first alum-niumlayers [err] and the second

-al um ni um bayaks cbﬁrsr:.kttl(ﬁ@erdfe rpaitkeot hGofpemEht B C8aE3 ShAWR in Fig. 8,

the insulation ™20 film 4 being interposed therebetween.  Even in this- :

enbodi nent agu@5)§ KRAGD3N ,f ARSIt (06 U1 A4 VD6 Ry ewerdel ihekOACQURES the

second al um nium | ayers [err](vm) formng the word |ines and. the electri- _

callg conduetnne(WUUycemstmémdrysnéllswpf@vfdsdPSt 2ﬁtereege&hgr li ke the

-enbodi nent described in- conj uncti on ' .
p01nts of the pairs of data 11nes Azl(DS), A21(D5),

Azl(DG), AZl(DG) and word llnes A£2(W5) to A£2(D7)
In Flg. 10 the same portlons as those of Flgs.
5 to 9 are denoted by the same symbols. "Namely, the
lb_ ' portion surrounded by a four—dot;chaln_line is an n—-
type silioon'suﬁstrate Sub, and the regions surrounded
by three-~dot chain lines are p——type well regions Weil
formed on one main surfaoe of_the n--tyPensiiicon-sub—
strate Sub..'The regions surrounded by broken lines are
15 | p+—type.semiconduotor regions formed on.the main surface
. of the n--type.siliCon~substrate Sub, or are n+—type B
.semiconductor regions formed in'the p_—type well regions _
Well. The reglons surrounded by dot dash llnes represent
electrlcally conductlve polycrystalllne silicon layers'
20 _ PSl, Psli-formed on the surface of an insulation film
that is formed on the main surface of the substrate Sub
or the well reglons Well. . The reglons surrounded by |
two-dot chain lines represen't first aluminium. .]_.aye.rs. |
All(C), A21(D5), a1l (D5), Azl(DG), A2l (D6) formed

25 ‘on the surface of an 1nsulatlon fllm that is formed on



-41- wth Fig. 5. The electrically conductive polycrystalline silicon
| ayers PSi formgate el ectrodes of the MOSFET's Qa, Qa, and the wiring-

| aygrs that coupl'e these gate.elec- 5. trodes to the word lines (sec
alum nium |l ayers).[err] (W). The electrically conductive polycrystallin
sili- "con layers PSii° formgate el ectrodes —the MOSFET's Q to [err]

the wring layers for fQrmng flip-flop, circuits.
t he source regions
sem conductor reg

] 10 _ In Fig. 10,
the slestiicallcmondvgtdivg Relysorsieal bine siliron

VDD, _.Th -t em conduct or regions are coup| ed
t oget her via secon r"!‘?Xlelfr?‘i fi5d ﬁ’ﬁ&-syrﬁ&{]rimn%m‘?l:w abX/cﬁclf]a’g‘%':\ﬂ_?S-
' lied h 1 i A i ndi vi dua -chaynel - 's
Via the second al GOPREREPay EFCTE ALemind i daYere KRBT LF O of (7

via the second

B et gt nEPTREC AN el SERF MU N L SPR R BT 0T

are coupl ed togethér vi

OEO%%eF ﬁ%g%e% @?ﬂéfiﬁ?dﬂ¥ﬂﬂdﬁjf L, dfie source regions of

t he i ndi vi dual n-channe

Earth potentisgl

exanple,” the secon

S via the second alumniumlayers [err]. . A

| ayers [err] like in the enbodi nent 2 mentioned 1 n conjunction

final passivation filmb5yanetgshqwy) dyscdlr Bl quhd s Seaak @l & %E}]rmea
' [ wth
+

Figs. 5to 8.

'\'.‘/J
15
20
25

10

in the insulation film 3 to couple the P+-type or n -

type semiconductor regions and the first aluminium layérs
A,Ll togéther,_like the céntact holes Cl1 shown in Fig.

7, the insulation film 3 being interposed therebetween.
Symboi C2 are denotes contact holes formed in the insula-. 
tion fiim_3 to couple the elecfrically'conductive poly-

crystalline silicon layers PSi, PSii and the first

~aluminium layers AJGI together, like the contact holes

C2 of Fig. 8, the insulation film 3 being interposed
therebetween, and symbol C3 denotes contact holes formed in
an insulation film 4 to couple the first aluminium layers

A,él and the second aluminium layers A.Lz'together, like

‘the contact holes C3 shown in Fig. 8, the insulation

film 4 being interposed therebetween.

.Even in this embodiment, use is made of first

‘aluminium layers A«Li(c) to couple the second aluminium

layers A L2(Wn) forming the word lines and the electri-
cally conductive polycrystalline silicon layers PSi

together, like the embodiment described in conjunction



-42 The RAM accordi ng to this embodi ment i's manufac- tured by the sane

AT ufacturlng met hod as the one nentioned with reference to Figs. 5 to 8, é;;
20d) i s not described here. 5 For the. purpose of each ' R
fpr-ehensi on, synbols of the. correspondlng MOSFET''s of Fig. 9 are enployed
in the plan view of nmenory cells describedlen the upper |eft side of Fig..
10. Further, in the plan view of nmenory cells descri bed on the | ower . side
of Fig. 10, 10 the second alum niumlayer [err](W) -and the first alu
mniuml-ayers [err](D6), [err] have been described being partly renoved
away. Fig. 11 shows a RAM according to anot her enbodi nent of the present

I nventi on. with Fig. 5. |n Fig. ‘11, the sane portion as those of Fig. 9
are denoted by the same synbols. Construction and opera- tion of the RAM of
Fig. 11 are near| fhehelemtrismaldgn-conduative pollycppshaldnnef stifidcBAM of
Fig. 9. Therefore, described bel ow are differences between the RAM shown 20
in Fig. 1113H§r§hQSRAWP§Nb®WﬁQ1Qi%ftKPdQ§mP%|hh¢aM®$F§§ &r@anot referred

to. That is, in the RAM shown in Fig. , a circuit block is constituted by
a pIuraI|tQa@faP@méthWPW??QaﬁiﬁﬁqﬁnﬁbaﬁmﬁﬁHEJ%e$h§s?hﬁﬁtﬁr81?6rned al ong’
the 25  sanme row of nenor ells. The elecirically: conauctlx

5 - trodes to the word lines (second ahmunurnlayers) AX2(Wn).

The electrically conductlve polycrystalllne sili-
con layers PSil form gate electrodes of the MOSFET'
"Q1_t° Q4 and the w1rlng layers for formlng fllp-flop.
circuits. _ . |
10 | . In Flg. 10, the source reglons of p—channel
: MOSFET s Q1, Q2 are formed by p* -type semiconductor

reglons_v The p -type semlconductor reglons are

DD*
~coupled together v1a second ahmunlmn layers AR2 (not
_shown),_and a vqltage VbD is applled to the source
15 _ regions of the individual p—chaynel-MOSFET s via the
second aJUMﬁﬁﬂmlayers.Azz. _Further, the souce regions
- of nfchannel.MosFET's'are formed by n+-type_semiconductor. \J.
-regions GND which are coupled together via, for‘example;
the second aluminium layers Ag2. Earth potential of
20 - the circuit is applled to the source reglons of the
1nd1v1dua1 n—channel MOSFET' s via the second ahrnnnr1
~layers AL2.
lA final passivation film 5'(no£ shownl is formed
.on'the second aluminium layers A2 like in the embodiment

25 mentioned in conjunction with Figs. 5 to 8.



-43- polycrystalline silicon layer PSi is coupled to the gate el ectrodes of

ET"s Qa, Qa for selecting address provided in the sane c
bu §|S not coupled ta the gate el ectrodes of MOSFET's @Qa, [e
selecting 5 - - .address provided in other circuit bl ocks.
trically conductive polycrystalline silieap-layer PSi is cou
corresponding word lines |ike the electrically conductive po
silicon layer PSi shown in Fig. 9. Nanely, in Fig. 9, a circ

ircuit bIoc_
rr] for
The el ec-
pled to the
| ycrystalline
uit 10 -

bl ock was constituted by one nenory cell. In this:- enbodi ment, however,

possibl e ?Skrééu?é*’* LM e ¢ g fandy m?é%ﬁ%%lﬁa

-al um ni um d
pol ycryst alltl | ne Srl |t]gl(($\r/1\'}? ayer %é%{éotgg%#ﬁ%é% he? pgﬁgegﬁ%
restricti ogehfdlontlde iRt YBLRiBeMs ®igeons acy §9l gRa0fst

.occupi ed by the contact hol es, when attenpt is made'to reduc
menory- cel escbed here. Accordlng to the present inventi

nggbg_nakes |t

€ second

ive
e the

hAstar eas

e the size of
on as wll be

obvious fromthe foregoing description, the effects are obtained as
botygit. bl ocks

dessri bed bel ow. Pognahe purgdsanof tdch t@mﬂaﬁeh@ﬂsﬂoﬁlwahym
through netal - wiring layers; i.e., signals are 25 transm

tted to the

‘circuit bl efkthe idorrelsponding MGEHHET's -oll-Fig. 9 are employed

in the plan view of memory cells descrlbed on the

upper

L left side of Fig. 10.. Further, in the plan view of

memory cells described on the lower side of Fig.

10,-

.10 the second aluminium- layer A22(W7) and the first alu

minium 1ayers-A21(D6); All(EGY have been described

partly removed'away.

beihg.

Fig. 11 shows a.RAM-according to another embodiment

of the present invention.

15 | In Fig.*11,_the same portion as those of Fig. 9

are denoted by thé same symbols. Construction and opera-

L tion of the RAM of Fig. 11 are nearly the same as
- :

con— -

struction and operation of the RAM of Fig. 9. Therefore,

described below are differences between the RAM shown

20 in Fig. 11 and the RAM shown in Fig. 9, and similarities

are not referred to.

That is, in the RAM shown in Fig. 11, a circuit-

block is constituted by a plurality of (two in ‘this

émbodiment) memory cells that are formed along the

25 same row of memory cells. The electrically conductive

a



m conductor integrated circuit device can be operated at high speeds. 5“§:L-

a fiay,tines. Accordi ngly, menori es, or memories that are-con- tained in a-
en a signal is supplied froma first wiring layer to a second wiring =~ >
Ia$er contained in a first circuit block, the signal is also supplied
~substantially sinultaneously fromthe f4% wiring layer to a third wring
| ayer contained in a second circuit block. The 10 second wi'ring | ayer

and the third wiring |layer have not been directly coupled together. o
Therefore, when the first wiring layer is broken, the signal is supplied to

Hence, ¢ E?P%@&%??@%%ﬁﬁﬁp%ﬁ%&??% T4 de#%#'f)%é?%?%ﬁﬂa%“ %—h%gs;?éﬁé' |
breakage oPefRoSreritadt U MOSKRT S Ya (R B0 BB rindnoRRkRE.) o

test that wag,iRARAI 9RCEHeAld: -cifdhdﬂ%fﬁo&?,r ®ue MELASE EBBRIEASE Wi ring

I s "broken or not 20 can be detecte y a sinple test. the circuit

bl ocks contgi ppeCightll b1lctrdmy SRAMbINET Y (BAGaha¥iNgelebeliali vely
l arge resis- tivity for connecting the circuit elenents. The wring neans -

havg ng a rglarkuysl proeided dsi Fther \circwnNsTéexs at ore ghaee to a netal
~wring layer that reduces the  -45- propagation delay tine. Therefore,
the circuitrbtatBy conductive polycrystalline silicon layer PSi.
|  is coupled to £he-corréspondingzwofd-lineS'liké'the;f-
.'.electfically.conductive.ﬁolycrystalline-silicon 1éyéi}ja : oo/
PSi shown inIFig¢-9.  Namely;'in Fig. 9, a'circuit-;yfa--
':10 block was'constituted by_one.mémory cell. In this -

o emboaiment,'however,‘a circuit-block.is'conétitutéd]*ﬁv --'
by é_pluralitj of memory cells. This makes it possibiej'
;tO'réducé the numberlof'contact'holes-for.coﬁpling'the'
second almninimn layer AL2(Wn) and the electricélly -

.15 conductive polycrystalline silicon layer.PSi'tOgethér.

 This helps reduce the restriction that stems.from*fhe_u
‘number of contact'ho1es or the areas occupied by_the
contact holes, when 5ttempt is made to reduce.the*size:-

_of memory cells. |

20 . . According to. the préseht invention as will be

i obvious from the foregoing.description} the effects:

are.obtéined és-described_below.':
Signals-are transmitted to the individual circuit.

.blocks through metai wiring layers; i.e., signalswareg_

25  transmitted to thé circuit blbcks.With'relatively-SmaIls-



are sefved with predeternined signals via netal wiring layers at all tines.

I faa metal wiring layer breaks, the signal jis not transmtted to the
circuit blocks | ocated on the nore renote side than the broken portlon.dg%i>

Therefore, defect.in the netal wiring l'ayer that shortens the propagati
del'ay tinme, can be detected through the D4 operation test. This fact —
al so makes it possible to sort out the semconductor integrated 10 circuit
devi ce at hi gh speeds maintaining increased relaibility. The circuit

bl ocks | ocated on the nore renote side than the broken portion do not
properly opg 3 or do not operate). Accordingly, the internal circuits
in the larg8®s@¥ &'Mfifegrated circuits can 15 be evaluated relatively

Sinply. In the foreqai e descrihed exmaples in which the |nvept|on was
adapted to a Iatergg ﬂf%ﬁ ¥4 TEROriasuvor ARRQLARSHERAE . SRR~ shoul d

Tor cen conietlierfn, BypLRls R dithedbde it b ANl PR 1y
(word lInesbeFékﬁrhtaasatohﬁ?ﬁig%léd@es of the circuit) of various

pr.ogr ammabl e S or dynam s, or that include circuits in which a

nunbergof circuit ﬁhgﬁegt gl%glcg_@n%gp?q_lteg %}é;nplaatfl\{:e_gty Ji%d"" rings.

46 CLAINB 1. : A sem conducto tegrated circuit device
- layer to a second wiring layer contained in a first

circuit block the signal'is also supplied subStantially
% Simultaneously from the first erlng layer to a third
w1r1ng layer contained in a second circuit block The
.10 second erlng layer and the third wiring layer have
not been directly coupled together. Therefore, when _
the first erlng layer is broken, the signal is supplied
- to the second wiring layer but is not supplied to the
third w1r1ng 1ayer. Hence, the . first circuit block
5 operates properly, but the second circuit block does
not properly work (or does not work). Accordingly,
breakage of thelfirst wiring can be easily detected by
the DJZ operation test that.was nentioned earlier.' In
other words, whether the first wiring is broken or not
20 can be detected by a simple test. |
| Each of the circuit blocks contains circuit-ele-'
nents and wiring means having agrelatively large resis-
tivity for connecting the circuit elements. The wiring
means having a relatively large resistivity is connected

at one place to a metal wiring layer that reduces the



L-clqdlng (a) afirst wiring layer; (a) a first circuit having a first- —
ééb ulated gate 5 field effect transistor, a second wiring |ayer which is RO
“hyipl ed to the gate el ectrode of sai.d first insulated gate field effect -
“transistor, and neans for applying a sidgnal fromsaid first wiring layer to
sai d second wiring |ayer, said first wr+4% l'ayer and said second wiring
| ayer being 10 substantially parallel to each other; and (c) & second
circuit having BF@E@@mﬁl¢nsé¢§§Edtga?e f TBegedpireot theamdirsiugrt, bl aaks d
wiring layer which is coupled to the gate el ectrode of said second
‘insul ated gate anrel%leéw@ctnFhaﬁEPé?‘éﬁrmaﬁednﬁaﬁaaflér Vigppted arirdng gnal
fromsaid first_ wiring layer to said third wiring. gyer substantially

si mul t aneousl y %ﬂY%rﬁh%taﬁbilﬁawﬁﬁn oFftﬁe“EﬁﬁﬁanFﬂdﬁl§&$f9|9¥ﬁahﬁ¢|ng ;
- t d d d.f t 1 d thi d -
il Cayer b2€»§§”§ﬁ%‘%%tn?§ap¥§ Ba?uﬁ'ﬁwéw't% a&”cr%a apes Bk Y
sen1conduc#g L4 ed c éed 0 e¥ % t%C%QP% tag eﬂémﬂy %@emhqﬁﬁg.§§ahd._ .

third wiri substant i a

second W ring l'f?(gf%fgs\ﬁérdefecﬁe?tﬁmtﬁgnﬂggaqr 1'}&% qta hCaLEt &y 25

according to claim gate e trodes o rality o |rst.

insul ated gate fjgl ﬂrsﬁéssh&ﬁaaénay%amér ecsaudeedettec%@ad éﬁ:‘a%ﬂjh wiring

| ayer, and the gate
the D.C. operatlon test. Thls fact also makes 1t

p0551b1e to sort out the senlconductor 1ntegrated
10 c1rcu1t dev1ce at. hlgh speeds malntalnlng 1ncreased
| relalblllty. The c1rcu1t blocks 1ocated on the more
remote 51de than the broken portlon do not pronerly
:ooerate (or do not operate). Accordlngly, the 1nterna1
circuits in the large-scale 1ntegrated circuits can
15 be evaluated reiatively siholy; ' |
_ In the fore901ng were described exmaples 1n
whlch the 1nvent10n was adapted to a lateral ROM and
-a_statlc RAM. The 1nvent10n, however, should not
neceesarily be 11m1ted thereto only, but can be w1dely ~
20 utlllzed for semlconductor 1ntegrated c1rcu1t dev1ces
that 1nc1ude memory array {word 11nes, data 11nes, _
or earch 11nes of the c1rcu1t) of varlous programmable
.ROA's or dynamlc RAH s, ‘or that 1nc1ude c1rcu1ts in '

'whlch a number of circuit elenents are connected to

25 relatlvely long wirings.



el ectrodes of a plurality of second insulated gate field ef f ect transi stors

ated:circuit device 5.according to claim3, where

H el ectrod
said first insulated gate field effect 'tlaﬂ i stor ﬂﬁ]@ﬁﬂ m Wi
elLe ! f s

| ayer are formed as a unitary structure, and the gate

argzcoupled to said third wiring layer. 4., Wte
D4

second insul gt e field effect transistors and said third 10 wiring
| ayer are forned as a unitary structure. 5. A sem conduct or

integrated ciycuit devigesarfbsiidLdP ﬁk@é&féte&hﬁif&ﬂiéaagvif:ést Wi ring
| ayer consists of alumnium and said second and third wring

conposed of dlmaydiasdd y conductive 15 polycrystalline silicon. 6..
sem conductor integrated circuit device according to claim2, wherein

provision is further mage) of fifstirwirimgiTgyéayer for coupling said first
wring layer and said second wiring |ayer together,
l'ayer for coupling sai dd) rstfinst noitayer kavisgia fhrst whsubgtédygate
A seni conductor integrated circuit device conprising:

t oget her. 7. _
(i) a pluPal iftiels efifierty transistenns esadtond wirithgchayer|wbich {s) a

first wiring layer; (b) a first circuit which has a nenory cell

10

15

20

25

coupled to the gate electrode of said first insulated gate

field effect transistor, and means for applying a signal

from said first wiring layer to said second wiring layer,

said first wiring layer and said second wiring layer being
substantially parallel to each.other; and

(c) a second circuit having a second insulated.
gate field effect transistor, a third wiring layer which
is coupled to the gate electrode of said second insulated
gate field effect transistor, and means for applying a

signal from said first wiring layer to said third wiring

layer substantially simultaneously with the application of.

the signal from said first wiring léYer to said second

wiring 1ayer, said first wiring layer and said third wiring

layer being substantially parallel to each other.-

2, A semiconductor integrated circuit device

according to claim 1, wherein said third wiring layer is

composed of substantially the same material as said second

wiring layer.
3. A semiconductor-integrdted circuit device
according to claim 2, wherein the gate electrodes of a

plurality of first insulated gate field effect transistors

‘are coupled to said second wiring layer, and the gate

aid

ayers are

and a 20 fifth wiring

A



C 'L M S- 48 - that includes a first |nsulated gate field effect
trangj stor, a second wiring layer that is coupled‘FU‘rhe~ga%e—eLeeLLode of -
sai, j rst insulated gate field ef fect transistor ng Iayer
an d second wiring 5 | ayer bei ng substanti al I’”“”"“"!@?"’ﬂlm’:h ot her,
- and eans -for applying a signal fromsaid first wi g
second wiring layer; and (c) a second-c#7cuit which has a menory cell that

. .,,,\

i ncl udes a second insulated gate field effect 10 transistor, a third wiring

| ayer that i%r@éﬂ¥d§¥§ﬁbﬂf&iﬁﬁﬁﬁhfiﬁﬁt69d§e@6naahﬂs§QﬁQ@d ga%uleaedagate
field effect transistor, said first wring fayer and said third wring

| ayer being. efifdcnttalnyi prord |ete tooaptédotbesaiandnieanwit@hgappl ying a
signal fromsaid first wring layer 15 to said third wiring |ayer

‘'substantial | lasierul t aneously with the application of the signal fron1sé|d-

first wiring layer to said second wiring layer; and (ii) a select circuit
whi ch sel ect idwel y suppla e condatton satdgpaheélcnycuﬁtfdeyucm ring

|-ayers, so 20 that a nmenory cell colum including the first wiring |ayer. to

whi ch sai @ siageardingntmielaimedi ‘ehetein tbeappteeelecsrgdeecpéd out of

~said plurality of merory, cell colum m conduct or integrated

circuit deV|G@Hﬁxﬁﬁﬁﬁ#m}ﬂﬁ?¥§%§%1Qatﬁhﬁ%ﬁiﬁ §§fGCFhFFGnﬁFFtﬁ§SI996r is 25

conposed of. subst anti al he s mat eri a |d second mnrln | ayer.
P C sal seconABQErf%g { ayer are %orme a unltary g.ay

structure, and,the.gatelelectrodes of said.second
insulated gate field effeet transisﬁors-and said third
10 wiring layer'are formed as a'unitary'etrﬁcture.
5. ~ . A semiconductor integrated circuit device
-eceording.tp_claim 4, wherein said first wiring layer
consists of aluminium, end said'eecond and third wiring
_layeis are composed of electriéally conductive
15 b01YCrysta11ine;silicon;_f-
6. ' A semiconductor integrated circuit device

- according to claim 2, wherein provision is further made

of a fourth=Wiring layer for coupling-said first wiring Ry,

layer and sald second w1r1ng layer together, and a
20 fifth w1r1ng layer for coupling said flrst wiring layer'
and said thlrd-W1r1ng leyer together._
7. - A semiconductor integrated circuit device_
comprising: | _ o |
(i) a plurality of memory cell eolumns'each
zs.of which includes:
| (a) a first wiring layer;

(b) a firet circuit which has a memory cell

m— L L e r——

—————————



- C L M S * 9, - A sen1conductor integrated circuit
dqy4ce according to claim8, wherein the gate el ectrodes of a plurality,

S £5
s s ated gt e e et ?332? i1 |ﬂﬂ'lll|ﬂl;ﬂﬂ'oﬁdseco

i nsul ated gate fleld effect transistors_ @ coupl el tb said thAird wiring

| ayer. 10. " A sen1conductor |ntegrat circuit device according to
claim9, wheng| e des of said
first |nsulate§n§§?gﬁ'8 %lel +£¥§%ﬁ§¢s %?% g?%F d%ﬁ% &gs a unitary

structure, a%aﬁ?é&é&rda%éé&gd'ﬁ’ﬂn ”ﬁafr?f(; HR4E fée&t,upiisa eb spgond

I nsul at ed gate field effect transistors are rmed as a unftary structure.

A1 A s Ed od OO s £l £1 F S {ndleVa€Ea J%t@cwéﬂanaftecel ai m
10, mhereln said insulated gate field effect transi i ncluded i.n a

nenory cell tamsSisto paid efirogerifingi tdyéheafi@t §aldnge&6ngouilredg and
.an earth electrode to which earth potential of the circuit is supplied. 20

12. 5A Senjieaorbhinigrsubdtegitiall ¢ipatral 1l ek vic ceack ostheg, t andl ai m 10,
wherein the nmenory cell further includes nmenory neans having an :

i nput/ out put Meams rkdr taphing datsigrall fhemfsasd ﬁmrsbcwnﬁ1ngshhgéed gate
field effect transistor contained in the nenory cell 25 has a first

i nput / out put & EaidbEecdIwixing thavenplandut put terninal of said nenory

neans and a second input/output el ectrode coupled to the data |ine.
_ (c) a second circuit which has a memory cell

s that includes a second insulated gate field effect
| 10 transistor, a third wiring layer that is coupléd to the
gate electrode of said second insulated gate field effect
transistor, said first wiring layer and said third wiring
layer being Substéntially para11é1 to each other, and
means for applying a signal from said first wiring layer
15 to said third wiring layer substantially Simultaneously.
with the application of the signal from said first wiring.
layer to said second w1r1ng layer; and
(ii) a select circuit which selectlvely supplies
a signal to said plurality_of first wiring layers, so
- 20 that a memory cell column including the first wi:ing layer
| to which said s@gnal from said select circuit is applied,
is selected out of said plurality.of memory cell columns.
8. A semiconductor integrated circuit device
according to claim.?,lwherein said third wiring layer is
25 composed of substantially thg same material éé said second

wiring layer.



. SGW\COHdUCtOF I nte

-50 13. - - A seniconductor integrated circuit device according to claim.
ey ein said nmenory neans consists of a flip-flop circuit having a paitf

Jjj/ out put termnals, and either one of said pa

Wa¥s is coupl ed to said input/output term nal. HIII"“"II"“MW“IH

seni cohductor integrated circuit device ggrcording to ¢laf mal® wier éin

provision is further nade of precharging neans for precharglng sai d out put

el ectrode. 10 15. A sen1conductor i ntegrated, cireuit device according
to claimi142<«wherein §aP&mHQQQ§WHHQI1 Eﬁﬁﬁégég % FV3FSini ni um and

d d_and d | d
Egl yorye al RPRETERRECSR claim . Vhe¥ LA oi%lf fes ‘h‘ﬁ% Wl £rcuin °
d
of "l um ni Rt R0 52X a’?' Eikhr MRS g gé’{lea%:ésf%%@}c/gfn%%%egeg?gse
el ectrical | y gondy S> ls‘éﬁ@'%eﬁ!dﬂd“%ﬂiﬂf?hnygp 1Jnd the gédte
rate

circult evi ce acco tO claim1l, mhereln sai d

-second gnd LRk y Wqésn%f’ Y YPrurda SRSt Addand YnhéhPaG@dW@é'tétfﬂeﬂbt i ne,

- said second wring layer is formed of a material different fromsaid first

wiring | ayepssakd t¥ahdititat2and rddu;piéd/etfoI&i@rmﬁ@fwmmelayér.
. different fromsaid first wiring |ayer.

10. A semiconductor 1ntegrated ‘circuit device

aeeording_toeclaim-g, whe;ein said second wiring layer
and:the gate eleetrodes of said first insulated gate \o’
10 field effeCt traneietors-are formed'eS'a unitary
: strﬁcture; and said third wiring layer and the gate
. electrodes of second ihsuiated gete field effect
tfansietors ere formed as a unitary:structure.
11. ‘A semiconductor integrated circuit device
15.-according to claim 10, wherein said insulated gate
| field effécf'transistor included in a memory cell ‘has
an output electrode to which the data line is coupled,
.and an.earﬁh electrode to which earth'potenfial of the
circﬁit_ie supplied. . |
20 12. A semiconductbr'integrated ciréuit device
o accordlng to claim 10, wherein the ‘-memory cell further
-}1nc1udes memory means hav1ng an 1nput/output terminal
" to store data, and the first or second insulated gate
field effect transistor confained in the memory_cell
25 hasea:first ihput/output electrode'coupled to the-
1nput/output termlnal of sald memory means and a second

. input/output electrode coupled to the data line.



18.- A seniconductor integrated circuit device according to claim 17"
whgrein the gate electrodes of a plurality of fi%sL_Lﬂ§gL§L§QHQ?%§_;|ei ,’
effect transistors are coupled to said second wiring | ayer, an at g S
el ectrodes of- a plurality of second insul ated gat #ﬁwwﬂﬂmMm)mlana stor

are coupled to said third wiring layer. 19. L L _
integrated circuit device. according to=~cl5® m 18, mherelhlﬁ?ovlsrpn IS
further nade of a fourth wiring |ayer for coupling said first wiring 10

| ayer and saigizsecond wpr g ib@*ggggggegm@ﬁ%ﬁgyidaJygqu;ﬁggﬁl | ayer for

coupling said first wiring layer said t W rng _ j%ther. 20.
A sem conduct gecopliedgatedctnimuing,dget@in 3G q{éﬂ‘gﬁrt}p rfdaHg cong 3 Fanl

Said second and third 15 wiring layers lay substantiall’y 1Th a conmmo

strai ght | i neofsai 813pc808pWet reaikayat ing oMY &t angﬁftie/salfé(?lfﬂ fferent

fromsaid first wiring layer, .and said third wiring |ay rmed of a
material diffeeeminalem aatdefithetr vnei of lsaid pad® ¥F input/chtput .
~ semi conductor integrated circuit device according to claim 20, wherein the
gate el ecty odeerminalpl dsacouplefl tor saidnimpatydugpue ftieand nefif.ect
transistors are coupled to said second wiring |ayer , and the gate
eIectrodes-oflﬁ-pluraIiBySsmlGeodnetbmsgh¢eg¢ageﬁecﬁmehdtZﬂe&ﬁkect
- transistors are coupled to said third wiring |ayer. '
- according to claim 11, wherein provision is further
made of precharging means for preCharging said output
electrode.
10 15. - A semiconductor integrated circuit device
according to claim 14, wherein said first wiring iayer
is composed of aluminium, and said second and third
wiring IaYers'are composed of'électrically conductive
.polycrystalline'silicon. |
15 16. - A ‘semiconductor integrated circuit device
according to claim 12, wherein said first wiring layer
is composed of aluminium, and said second and third
J wiring layers are composed of electrically éonductive
polycrystalline silicon.
20 17. A semiconductor integrated circuit device
according to claim 1, wherein said second and third
wiring layers lay substantially in a common straight
‘ line, said second wiring layer is formed of a material
different from said first wiring layer, and said third

25 wiring layer is formed of a material different from

said first wiring léyer.



--52 - 22. - A semiconductor integrated circuit device according.to

cl aim21, wherein said insulated gate field efngéaéggpiLELQL;LﬂtLuded_in.é:;-
merggrgs)cel | has an output electrode to which t ine is coupled, and-=~
~an¥¢apth 5 electrode to which earth potential " qf i ' wumsupplied.

23. 7 A sem conductor integrated circuit 'deWﬂ“ “H“E claim 21,
wherein the nenory cell further includes nenory ans vi*fng®an® :

i nput/output termnal to 10 store data, and the first or second insul ated

gate fiel d ggfect trapsisshidicdniicidied itk f’@t-é@r@iyc&ﬂld?@g$@ first

i nput / out put €l ectrode coupled to the 1nput/output term nal sai.d nenory

nmeans and aa&ee?ad nghReél cQatititl ) eHdrwlin anw| fskd celdetFodas! bpea 15 24.

A sem conductor integrated circuit device according to any one of clainms 7,
20, 21 and gRurwhét§ bfeddlisyf ivaivl Seadrghtedfidid lefféctiot&NEistobs
formed .on an insulating filmwhich is formed on a sem conductor substrate,.
and sai d fiase voupled ayecrsaisl fswomB oviarinky kayelr scand othecgatesubstrat e.
25. - A semiconductor integrated circuit device according to claim?24, -
further Bonplestrgdesf ofr eh plivraild tinyef segondbupisulpted dgdtesfielding

| ayer and said second wiring |ayer, and.a fifth wiring |layer for_ 25

coupl i ng saefifpctstransisdars arempuries 140 repid rihird aybring layer.

19. A semiconductof ihtegrated circuit device .

according to claim lé.-wherein,provisioh-is fUrther;made
of a fourth wiring layer for coupling said.firstjwiriﬁg
10 lafer and said second wiring layer:together, and a fifth
wiring layer for'couplihg said first.wiring layersandj
. said third wiriﬁg_layer'togethér- |
20; A semiconductor integrated;gircuit device .
according to claim 7, whefein'said_second and.thira;;_ -
15 wiring 1ayers'1ay substantially in a common straight
line, said second Wiring iayer is formed of a materiaI:
different from_said_firSt_wiring layer, and said §hira
'wiring'laye: is.formed of a'material different frém,;.. T A
saié first ﬁiring layer. o
20 21. - A sémiconducto;-ihtegratedicircuit deviéef[.:-
according'to'claim 20, wheréinlthe gate electrodéslﬁﬁ'a
plurality'ofwfi:st insulated gate field effect transistors
are coupled to said second wiring layer, .and thé!gate
“electrodes of a plufélity-bf-second_insulated;gateﬁfield
25 effect transistors are coupled to said third wixipggt

layer.



*CL MS - 53 - 26. A seniconduépor_integ;ang_gLLgELL_ggxgce |
pﬁ?gt[ucieg ?Ebfhgn;ngh%aﬁjiEgrgigmfﬁggflbedrﬁfrlreference nd as
prrstes i the secompanye - VLR O 0
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22, A semiconductor integrated circuit device
'acéofding to claim 21, whe;ein.said insulated gate.field
effect transistof inCiuded in a memory cell has_an 6utput
s ~ electrode fo which the data line is coupled, and an earth
. 5 .electrode to which earth potential of the circuit isl
supplied. |
23. A semiconductor integrated circuit device
according to claim 21, wheiein the memory cell further:
includes memory means haviné an input/output terminal to
10 store data, and the first or second insuiated.gate field
effect transistor containedlin the memory cell has a
first input/output electrode coupled to the input/output
terminal of said memory means and a second input/output
.electrode coupled to the data line. | |
15 24. A semiconductor integrated circuit device
according to any one of claims 7, 20, 21 and 22, wherein
each of said second and third wiring layers-is formed on
A an insulating film Which is formed on a semiconductor
substrate, and said first wiriné layer is formed over
20 said semiconductor substrate.
25. A semiconductor integrated circﬁit device
according to claim 24, further comprising a fourth
wiring layer for coupling said first wiring layer and
Said second wiring 1aYer, and a fifth wiring 1aYér for
25 coupling said first ﬁiring layer.and said third wiring

layer.
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constructed substantially as hereln descrlbgd w1§
réféfen;é to and as illustrated in the_accompénylgg

'drawinés.
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