-
" Sefi conduct or read--only: menory" The present invention relates to a : .(gi)
sewi.contluct or read-only menory (hereinafter referred 9.0)859-&0'%'), and
nor‘e particularly to a longitudinal type ROM As disclosed in the
specification of U S. Patent 5 No. 4, 240, 151, a“longitudinal type ROM
constituting a logic block (memory arrayy gonprises a plurality of
inﬁglated- gate field effect transistors (hereinafter referred to as
" FETs") which are nected,in series, Each of the,plurality of series
M SFETs exhibits the gg%“@'t"r‘?ﬂ#%o?eﬁ@“’“ Y HeeBAR¥ncenent node,
dependi ng upon the wi tE T UTTIETT O " ANDNGST"The" ™M SFETs connected in
series, one which is to be swtched and controlled by an input signal
exhi bits the enhanchmtpresent alnvemeiohi célatesotot a bemivonduetoand
controlled by an input 'signal exhibits the depletion 15 node. The

| ongi tudi nal ‘e M PafenidlSy  GhdAd AAEE £21 46 ferraleL5OHECR UROMS of the

M SFETs adj acent to edch ot and the drain of the other M SFET are

el ectrically conpected in compn., Accordi ngl t sou sgpi,conduct or
region of 20 an_rﬂ??ﬁfﬁ%ﬁté%%&%¥&yd¥%iﬁ E&ﬂé%Bﬁggg?grEﬁﬁﬁigﬁhgf the other
M SFET which are formed in a single sem conductor substrate by_the '
semi conduct or i nt egrig eiisclesed inckhe| speciffication of>U.S.” Patent

5  No.4,240,151, a longitudinal type ROM constituting a logic
block (memory array) comprises a plurality of insulated-
gate field effect ﬁransistors (hereinafter feferred to as
"MISfETs") which are commected iﬁ series, Each of the |
plurality of series MISFETs exhibits the depletion mode or

10 the enhancement mode, depending upon the write informatioﬁ; -.
Amongst the MISFETé cﬁﬁnebted in series, one which is
to be switched and controlled by an input signal exhibits
the'enhancement mode, and omne which.is not to be switched
-and controlle&_by an input éignal eﬁhibits the depletion
15 mode, | ‘
The longitudinal type ROM has the following features.
The source of one of the MISFETs adja@ent to each other and
the: drain of the other MISFET.are electrically connected in
common, Accordinglf, the source semiconductdr region of
20 one MISFET and the drain Semicohductor region of the other
MISFET which are formed in a,éingle semic§nductor.substrate

by the semiconductor integrated circuit technology can be



n region of the adjacent M SFETs can be connected w thout "using an# $
e .porated al um niuminterconnection |layer, the contact area on the sem- 5
conduct or substrate can be reduced. In a sem conductor integrated circuit
(10, accordingly, the ROM can be Lorpmed on a conparatively small area. The
| ongitudinal type ROMis suitable especially in the case where the ICis f

con- struc E aS | T 0 t he™
source reg%%ﬂ g%&”%gg §§a|na§@gﬁ n§§d§ﬁﬂ§4#§ﬁ%£?€g¥iéhbjﬂ%ﬂﬁ% ttéfth t he
gate electrode. In the lon |tud|nal type however, it nust be

r emenber edSPHEESt RESHPBF gda region gﬂr%cﬁé&a‘iglﬁ W%ﬁr of i nput
term nal s -of tEe ROM ar e connected in 15 series, so that the '

resi st ancecanl be conneectend: without emia‘rglmnte'\tapmfattéé altiﬁﬁﬁsmhecorres
conparatively large, and also that parasitic capacitances, which linmt the

operating §ﬁeeﬁlcaﬁn&aemhr L r,' HhHeS RUALULE. ldréd) ol k@ SEemi-t he nunber
of t he M SFETs. Iongltudlnal type ROM which is enployed as

- nunbe a”%é@&?&% 5@3?%%3?@%3 SHGRLdy) 18 SR Beabifbl L0,

of input termnals qf the
P in ntegrated circuit (IC), accordingly, the ROM can be formed

’ i tuted by a common sem conductor region. Since t he source regi on and

on a comparatively small area. The longitudinal type ROM
is suitable especially in the case where the IC is con-
structed of MISFETs, such as silicon gate MISFETs, in which

10 “the sburce region and the drain fegion are formed in self-
aligmment with the gate electrbde.

In the longitudinal type ROM, however, it must be
remembered that the MISFETS_whose hnmber corresponds to the
number of input terminals of the ROM are connected in

15 séries, so that the "on“_resistance value of the entire
series commection of the MISFETs becomes comparatively.
large, and also that parasitic capacitances, which limit
the.operéting speed of the circuit, increése-due to an
increése in the number of the MISFETS.

20 In a 10ngitud1na1 type ROM whlch is employed as an
OR array in a PLA (programmable logic array), a comparat-
ively large number_of MISFETs are commected in series in

correspondence with the number of input terminals of the



of #t he M SFETs becones conparatively large and the parasitic capacitances
i'ncfease.- When the number of the input terminals to be supplied with
address 5 , si‘gnals has increased in this manner, the speed of reading
data is reduced. By way of exanple, in order to fabricate a ROM havi ng
qugran1addresses=of 256 steps, 256 series M SFETs are required. 10

The probl em concerning the speed can $&=-sol ved by the use of a divided type
| ongi tudi nal ROM which is dis- closed in Japanese Lai d-open Patent

Appl | cati on Nk AP H. rddult) SLROVod® SEEdBstanke dHPAki 8¢ PheNwhone

signals are nto a pIurallty of groups, and out put. S|gnals from15

the serially-connected FETsS | Ghe & tiye oups ar.e

conbi ned- by’ IGHES atmect ton o SHOMESEELS | ¥eePhad RafbReptdvily )
conparatlvely hi gh operatlng speed characteristics_because the nunber of
the M SFETs tlange anthdheparastkiescapacttanegs ipcrease. Whemidieheen
reveal ed, however, that when the di.vided type |ongitudinal ROMis -put into
the formof anmber tdf the cimput stéimbhel s otonbéusuppdiednwithoaddreiss
undesi rabl e capacitance coupling between one circuit node and anot her

circuit gi0de.gjgnals has increased in this manner, the speed of reading

As a result the "on" resistance value of the whol e series connectlon(2§%

data is reduced.
By way of example; in order to fabricaté a ROM
having érogram addresses of 256 sfeps, 256 series MISFETs
#re required.
10 The pfoblem'concérning the speed can be solved by
ﬁhe use of a divided type longitudinél ROM which is dis-
- closed in Japanese Laid-open Patent Application No.53-80931.
In this ROM, MISFETS t§ be supﬁlied with input signals are
divided intb a'plurality of groups, and output signals from
15 the serially-connected MISFETs in the respectiﬁé gfouPS'
are logically combined by logic cifcuits. The divided type
longitudinal ROM exhibits_comp#ratively-high ope:ating
speed characﬁeristics bec#use the number of the MISFETs to
ﬁe conmected in_series is.reduced. | |
20 It has been revealéd;.however, that when the divided
| 'tfpe longitudinal ROMIis put.into the form of an IC, the
circuit is liable to ﬁalfunction-on account of undesirable'
capacitance coupling betwegn one circuit node and another

circuit node.



- ‘According to the present invention there is provided a.sem conductor
. réigsbnly menmory including (a) a plurality of first input lines whicch ase
S ied with-first input signals including a signal which is set 5 at a.
first level when any of second.input signals is not set at the first |evel
in order to bring an enhancenent- node insul ated-gate field effect *
transistor intothe "off" state; (by & plurality of second input |ines —
whi ch are supplied 10 with said second input signals including a signal ™
which is set at sabdokiding teVeheVprestit Anventidn hetd Pl pLEGREEAI S
" not set at said first level; (c) afirst series circuit which includes a

plurality of | -gate fial ' connected in series 15
bet ween a f%rggﬁgé%ﬁﬂcggkmrﬁgﬁ gggga%o;{f@%%%iheg potential termnal
and with their (espectiv ates cqupled to the corresponding first input
lines; (d) a §@ oﬁdpisraié.%mpéuiftlm dnRWc | kines avl'pfqhaweysepphed

insul ated-gate field effect transistors connected in 20 . series between a
second out pwithefirstl iaputssignalsstincdiwling a igmal athiehnisasetind with.
their respective gates coupled to the correspondi ng second input |ines;

-9 -5 at a first level when any of second input signals is not

set at the first level in oxder to bring an enhancement-~
mode insulgted-gaté field effect transistor into the "off"
state;.
(b) a plurality of second input lines which are supplied
10 with-said sécond input signals including a.signal which is
set at said firsﬁ.level when any of said ‘first input
signals is not seﬁ at said first ievel;
(c) a first series circuit which.inciudes a plurality of
insulated-gate field effect transis;ors.connected in series
15 between a first output terminal and a first reference
pétential terminal and with their respéctiQé gates coupled
to the cﬁrresponding fi?st input lines;
(d} a second series ;ircuiﬁ which includes a pldrality
of insulated-gate field effect transisﬁors cﬁnnécted in
20 series between a second output terminal.and.said first
reference pétential terminal and.with their respective

gates coupled to the corresponding second input lines;



(e) first precharge, nmeans connected between a second reference potenti al f(ti/
terminal” and said first output termnal and to be maintained in the "on" .
statefwhen all said first input signals are set at a second | evel bringing

the en~ 5 hancenent-node insul ated-gate field effect transistor into the
"on" staté and (f) second precharge meads=connected between said second
reference potential termnal and said second output term - nal which is

ma-nt ai ned in tife)" ®irst Precharpaiheans dcdfinectédcbatdwetilul segbdlds are

set at said second |level. The present invention will now be described in

greater detaiEe?ﬁr@@&&??gﬁ?ﬂ?ﬂéﬁ‘M%fh{ﬁgfrgﬂﬁefégdtEir@ﬁcﬁg%?ﬂéigggﬁinal

drawi ngs, wherein : IS alogic circui agram's own 15

dravi ngs. vher gre TS aTogre ci Feli
exanpl 6 of an®bek 6 beoRALREatand o thne ont cAFACEIBRAT, ALk gadd Eitst

Figure 3 is a waveformdiagramto assist in the 20 expl anation of the
circuit showninpuki gignals Eineirset) at a $egondclevelt btinging theaen-
preferred form of sem conductor read-only nenory; -6- Figure 5is a ;

circuit giagr hangepientomdde difilsted-gate field effect transistor into
the "on" state; and
(£) éecond precharge means connected between said éecond
reference potential terminal and said second output termi-
nal which is maintained in the "on" state when all said
10 second . input signals are set at sﬁid_se;ond level.

The present invention will now be described in greater
detail by way of exémple with reference to thé accompanying
drawings, wherein :-

Figure 1 is a logic circuit diagram éhowing a known

15 longitudinal type ROM;

Figure 2 is a circﬁit diagram showing one known
example of an output logic circuit for the circuit shown in
Figure 1;

Figure 3 is a waveform diagram to assist in the

20 ~ explanation of the circuit shown in Figure 2;
Figu;e 4 is a logic circuit diagfam of a preferred

form of semiconductor read-only memory;



in the ex- planatlon of the CIrCUIt shown in Flgure 4,5 - » N
fFlgure 7 is a block circuit diagramshow ng an ex- anple of the application
of a sem conductor read-only nenory; Figure 8 is a waveformdi agramto
assist in the explanation of the cirguit shown in Figure 7; 10 ¢

Figure 9 is a perspective view of the sem conduct or read- onIy menory; and

Figure 10 is a clrcuit antaf ouj.put c.circuit shows ™~
the | ogic circui FLEUSE g agrqnb%}} W&aﬁnmgﬂhﬁihas been

considered.i n accordance mnth the i dea taught in Japanese Laid-open Patent
Appl i c- at senthionsefathel cinicai tr shiown dneFigwe 4C i npl enentation. I n order
to facilitate understanding of the present invention, the logic circuitry

shown in Figure figurel 6bds2@ waviorm dkhdrwdmrto rﬁsi:stngnt thehex-
sem conduct or read- onIy menory of the present invention In Figure 1, a

0PN e A SRR 06l e
Lis 5 Figure 7 is a block circuit diagram showing an ex-
ample of the application of a semiconductor read-only
memory;
Figure 8 is a waveform diagram to assist in the
explanation of the circuit shown in Figure 7;
10 Figure 9 is a perspective view of the semiconductor
read-only memory; and S
Figure 10 is ; circuit diagram of an output logic
circuit.
Figure 1 shows the logic circuitry of a divided type
15 longitudinal ROM which has been considered in accordance
with the idea taught in Japanese Laid-open Patent Applic-
atipn No.53-80931 which facilitates the IC implementation,
In erder to facilitate understanding of the present
invention, the logic circuitry shown in Figure 1 will be
20 described before referring to the semiconductor read-cnly'
memory of the present invention.

In Figure 1, a longitudinal type ROM 1 has program

addresses of 256 steps as a whole. According to the



di vided into, for exanple a longitudinal type ROMla receiving address

deoode %lgnals [err] - [err] and a longitud- inal type ROMIb receiving
address decode signals [err] - 5 [err]. Read signals a and b delivered
fromthe rgspective divided 1ongitudinal type ROV la and Ib are supplied
to alogic circuit 2. A read output signal QUT for all the address decode
Q{ als [err]. is formed by a logic circupte2. 10 In this exanple
he C|rCU|try, the respective |longitudinal type ROV |la and I b include

elght colum |Lj ry : n [¢rgk and
[err] consti t&t &[turmf] sFe egcm‘é% ndnséfgelgﬂrﬁ{%dfﬂm%f%%cgléve% %
colum sel ect 15 signal s r - Cof ajtrue Ie nd a false IeveI It
shoul d be undéd¥dded ¢ eé9¥(ﬁx§WR;QxﬂQw%P¢$¥&% f@?f]tynetﬁé

| ongi tudi nal type ROM | a consists of a plurality of M SFETs mhose.sources_

and drains ar eecedvirgdddress idecadel signalgal es-alp ?eapdcai&ongitud-
supplied wth 20 ‘the signals [err] - Cand [eTr]. E kew se, each of the

colum lines [{¢]] élqu(Iuwféativingyé&dfé%&'&ee@aél§i§nalsalgluralIty ;
of ‘M SFETs connected 'in seri &. Anongst the M SFETs constituting

STgnal's e bilgsse  Redd ‘Agtard'd S B et oLEdy! Eofl chi®rklBleeive

divided longitudinal type ROMs la and lb are supplied to a
logic circuit 2, A read output signal OUT for all the

address decode signals 1'o - I is formed by a logic

255
circuit 2,

10 _ In this example of the circuitry, the respectlve
longitudinal type ROMs Lg and 1b include eight column lines

CL11 - CL18 and CL21 -_CL28‘ Some of the column lines

CLl1 - CL 18 and CL2l - CL28

portlons la and 1b' which receive 3-bit column select

constitute column select

15 signals A - C of a true level and a false level.
It should be understood that each of the column lines

CL.., - CL18 in the 10ngitud1na1 type ROM la consists of a

11
plurality of'MISFETs whose sources and drains are connected
in series and whose gateéaare respectively.snppliedlwith

20  the signals A - C and io_- 1i27. Likewise, each of the

column lines CLy; - CLzs'in tne'longitudinal type ROM 1b

consists of a pluralitf.of MISFETs connected in series.

Amongst the MISFETs constituting each column line, those



9* enhancenment node, and the others exhibit the depletion node. Each of
. ,/4l colum select portions la' and | b' has the / 5 nodes of "its ‘M SPETs
det ermi ned so that, anongst the eight colum lines, only one correspondi ng
to the 3-bit colunn sel ect signal may be-sel ected. Each of the addgess
decode signals lo - 1127 and [err] prgvided from an address decoder (not
shown) 10 has its non-selection level set at a | evel which brlngs the .~

. '
F”ﬁi’EFTlieL “g@“&# “#%Ja'; i egr’isﬁﬁfelﬁ&aeéﬁ%?ﬁm@@ﬁﬁﬂgﬁe% grﬁar@s d&%‘ n

_ RCNB
Itaearc13 ?J[)m & e t e qiqe@n&tﬁmqmys @mxbéﬁéﬁhédﬁﬁahé{té@ ROM

shown in F|gure 1 has addresses corresponding to 256 x 8 or 2,048 program
steps By @modeti ng the divided structure and the col um selecting structure
in this manner, the nunber of 20 M SFETs whi ch are connected in series

Wi thin the |ongi Badi oRItHe/ RO IREM Coel dee Spdst dohsalhy AAAUIBI. hiRe the
| ongi tudinal type ROM 1 shown in Figure 1 is forned aS a ratiDless type,

1 0gi c5C1 T CiiphelsOof 1Ed MTSP¥TY deténtined so that, amongst the eight

column lines, only one corresponding to the 3;bit column
select signal mai.bejselected,
.Each of the address &ecode signals Io - 1127 and
L0 = Igss proiided from an address decoder (not shown)_
10 has its non-selec;ion level set at a level which brings
the-MISFETs in the column line into their "on" states, and
has its selection level see_ae a level which.brings the
MISFETs of ﬁhe enhancement'mode in the column line into
their "off" state. |
15 Since the.divided'ROMs ig and 1b have eight column
lines respectively, the longitudinal type ROM shown in
Figure 1 has addresses corresponding to 256 x 8 or 2,048
program steps. By adopting the divided structure aﬁd the
column selecting structure in this manner, the number of
20 MISFETs whieh are connecﬁed in series within the longitudi-
nal type ROM can be substentially reduced.
The longitudinal type ROM 1 shown in Figure 1 is

formed as a.:atioless typé logic circuit for the following



reason.._In the case where |ogic blocks are constructed of a |arge nunber oxéfgi
semi es MSFETs, it is difficult to properly set the nutual conductance :
rati o between | oad neans and the series MSFETs. As a result, it becones /

5 diffieult to forman output signal of a desired level. Therefore, an

out put | oad capacitance (not shown) is pge- charged by precharge M SFETs

[err] and [err] which are switched and~cOnfroll ed by a clock pulse [err]

wher eupon di scharge M SFETs .(indicated by circles) which are | ocated

between 10  reasansi ckn MlsrrTasarwhareubpgicvbloaks prer pomsérugtiesy " on”

by the pulse [err] . Wen the discharge M SFETs are turned "on", whether or

not charges stof edl hargetmuhbepi of ssérbesd MISFETEyaiceisr didifdichdtgad i s
det ermi ned dependi ng upon the "on" states or "off" states of the series

M SFETs. of 1?%?9?%13'5 séérg %}E?erg?gﬁag’gééﬁdﬁéfahgeCQ 8! PetWde TP Y

M SFETs, chan way of exanple so that the precharge
M SFETs [err] and [err be of t -mchanpel type I l,st ,the series
M SFETe | ncl udiorRe rne of BN sefea MESFERS e ARaa KESHLEoh Aty Pebrgiere “ray |
be of 20 the n-channel type. The ogeratign of the circuit shown in
Figure 13s ad¥fficnktitotbermaan ontput: signslunt ecdesiredydevelerr] -
C are set so as to select the colum lines [err] and
Therefore, an output load capacitance (not shown) is pre-
charged by precharge MISFETs Q and Qz'which'are switched
' ¢

and controlled by a clock pulse © , whereupon discharge
MISFETs (indicated by circles) which are located between
10 the series MISFETs and a suppiy voltage -Vbb are turned
"on" by the pulse ﬁ. When the discharge MISFETs are turned
- ”og", whether or not charges stored at output ﬁoints a énd
'g in advance are discharged is determined depending upon
the "on" states or "off" states of the series MISFETs.
. of
15 : In the case where the IC consists/complementary
MISFETs, chammel t&pes'are selected by ﬁay of example so
that the ppecharge MISFETs Ql and Q, may be of the p-
chanmel type, whilst the series MISFETs including the
column select portions and the discharge MISFETs may be of
20  the n-channel type. |
The operatién.of'the circuit shown in Figure 1 is

as follows in the case_ﬁhere the column select signals

A - C are set so as to select the column lines CLli and



CL21 and where the address decode signals [err] are set so as to

‘ect the first address input terminal. First, the clock pulse [érr] *is
;‘aydered to a low level substantially equal to the supply voltage [err],
ereby 5 t he precharge M SFETs | 6 and [err] are brought intg the
"on" states, wth the result that Th&Yoltput points a and b of "the
Iongltudlnal type ROMs la and | b are precharged substant - |aIIy to earth
potenti al ClSubsayliwhiéne the addrésgudeecodei sigmadsr did =0 @rel0

| evel subst ially equal to earth potential, whereby % he charge M SFETs

[err] and'detf 'do HS 8 sélléct “ElQet Persef édd’iiaﬁbeinpﬁ'&d th'iﬂti‘i'iaic har ge
M SFETs are brought into the "on" states At this tinme, the first address

decode si gnal tantd ally 15
equal to the sup?% i@%eﬁéﬁ]%%gl stighggggﬁggﬁ k’g %d(}r%gp?' Sgc]b
signals are_at the non-selection |evel or_the h| gh | evel substantlally
equal to @&hﬁtwwmeq%komﬁbeysuapm Ve r@sleery n#hexebng the
colum line [err] are brought into the "on" states even mhen the exhi bi
20 © 5 t he thehprsuteatgeMESFETS Q. randl Q, aire buwppghtpdntio ithes ' td!:har ged
to the |l evel approximtely equal To the gupply voltage [err] in

correspon ﬂ&@%lge%ﬁgéﬁféttﬁat' gMel ofitpat! polatddd e B ele

signals [err

0y
- o

the longitudinal type ROMs la and lb are precharged substant-
ially to earth potential, |
Subsequently, the clock pulse d is rendered to a high
10 level substantially equal to earth potential, whereby the
precharge MISFETs Q, and Q, afe brought into the “off"
states, and the discharge MISFETs are.brought into the
"on" states, At this time; the first address decode.signal
I° is at the eeleetion level or the low level substantially
15 equal to the supply voltage - DD’ whllst the remaining
address decode signals are at the non-selection level or
tﬁe high level substantially equal to earth potential,
| Accordingly, all the MISFETs constituting the column line
CL,, are brought into the "on" states even when they exhibit
20 the enhancement mode. As a resﬁlt, the output point b is
discharged to the level approximately equal to the supply
voltage -V in correspondence with the non-selection level

DD

of all the address decode signals I 1 On the other

128 = '255°



handwhen that one of- the: M SFETs constituting the colum line [err] which [-2%
i sesupplied'with the address decode signal [err] of the selection |evel is\

held in the "off" state by being made the enhancement node in advance, the
output 5 ¢ poi'nt a is maintained at the precharge | evel or the high |level.

In contrast, when the M SFET which receilMes t he address decode signal [err]
ofglhe'selectioh-level is made the depletion node in advance, the output
point a is chhapddwhent thatownecof .then MESRETsvwalsstithut ivtg dEve dedltune

|l ongi- 10  tudinal ROV |a and | b, one supplied with the address de- code

signal s of thegjggl eﬁiowiehe'i_sors%ﬁ@ﬁ%&hﬁa{m &didss Niddo §V§¥,g?ﬁél ow

| evel , and the ot her 1dot suppl 1 ed e address decode signals o

sel ection | evel proyide he ,.sianal of, t.he.l level,, 1,9 —on The

si gnal s deIivzbegftéhghéegﬁfﬁﬁpgb%qﬁﬁ}z%%yhéﬁééV% ol 9Ef 1 3take Fggic
circuit 2 whigch essentially perfornms an OR operation, and are thus
converted i nt bedng BAgeathe enhancement maode rin advange; obhe eutputt 2
consists of a NAND circuit which receives the low |level as the logic 20
level "15. Thpolingi a disr maiintaimedsapvthe mrectisrgalclevél i or FtBerRighand
consists of a conplenentary circuit which is clock-driven by sanpling

pulses [err] 189@1ler Th conthedt!,"SHUH e MISFET which .receives the

address decode signal I of the selection level is made the
‘depletion mode in advance, the output point a is changed to
the low levgl. In other words, in the divided type longi-

10 tudinal ROMs la and 1lbp, one supplied with the address de-
code signals of the selection level provides the signal of
the high level or lowfleQel, ahd the other not supplied with
the address decode signals of the'selection level provides
the signal of tﬁé low level,

15 The signals delivered té the output points a and b are
supplied to the logic circuit 2 which essentially performs
an OR operation, and are thus converted into one signal.

In the case illuétfated,'the logic circuit 2 consists of a
NAND circuit which receivés the low level.as the logic

20 level "1",

The logic circuit 2 is shown in greater detail in
Figure 2 and consists of a‘complementary circuit which is

?
clock-driven by sampling pulses ‘-.and.zT. When the output



point b is at the low level as stated above, a p-channel M SFET IS
ght into the "on" state and an n-channel MSFET 4 into the "gff" %tate
e lowlevel. At this tine, when the output point a is at the high
~l'evel, an n- 5 channel M SFET Qis Rrought into the "on" state and g p-
channel MSFET Q into the "off" St by the high level. As a result, when
the M SFETs and are brought into the "on" states by the sanpling \y
pul ses [ epeinting ferat thehdowuldewelOds istatted labdvay |@vp+chdfinel
When a data signal or control signal of a plurality of bits needs to be .

provi ded MISFED nqéaﬂdr Beéughlie igitoC theS "oh'S kMt d hrid % ShlcRéfn

j uxtaposed. In the case of "putting the circuit of Figure 1 into tﬁ% f or m of
an I1C, t ' hCAC it i & a utsj 1 he a_and I'b as
in the Cir}?IC%I a 4‘4a%fgiieﬂr)reﬁ €of O#gu%ggf%wﬁilh%}%ﬁew ti)e‘g?‘ri;'rte‘#n ﬁl}ﬁe -
I nt erconnegtion O-ag ther circuit which receives the output thereof. In
the case e WRED BPC°EFPBGi-P°2‘f§tsEar1rsal?éb(ﬂtﬂJt@8ﬁ lerel prgntudi nal
type ROM |l a, the output |line of 20 the longitudinal type ROMIb is
ext ehded chanmel MISBETNQ, | isebroughite intogithedi'toxd" tgtmet KQAhd aaapd t hen
coupled with one input tefmnal of the logic circuit 2. -13-
channel MISFET Qg into the "off" state by the high level,
As a result, when the MISFETs Q7 and Q8 are brought into the
"on" states by the sampling pulses g' and ', the output
OUT is at the low level,
10 When a data signal or control signal of a plurality
of bits needs to be pfovided from one address, the circuits
as shown in Figure 1 are juxtaposed.
—_ In the case of putting the circuit of Figure i into
the form of an IC, the logic circuit 2 is located outside
15 the ROMs la and LQ as in the circuit arrangement of Figure
1 with a view to shortening the. interconnection to another
circuit which receives the output thereof.,
In the case where the logic circuit 2 is arrangéd
outside the longitudinal type ROM la, the output line of
20 the longitudinal type ROM 1b is extended above the column

lines of the longitudinal type ROM la and then coupled with

one input terminal of the logic circuit 2.



In such a divided type I'ongitudinal ROM however, an undesirable coupling(l;//)
capaci t'ance’ (not shown) of’ a conparat- ively large value is forned between ™
the output line of the longitudinal type ROM|b and a specified col um of

the 5 l@ngi tudinal type ROMla. For exanple, in the case where the

output line of the longitudinal type ROMIb is arranged in proximty to the
colum line [err] of the |ongitudinal=-ti®pe- ROM | a, a coupling capacitance

of “conparatively large value is forned therebetween. Such coupling

capaci tance 10 3G | P f UR& By nay
of exampl e, when tﬁ??ﬁ‘?’g‘a? %&&q%&ﬁﬁﬁelf%%ﬁ%ﬁglﬁ%be @9?5.'oéght

to be at the_ high.l eyel by the specifi colu lin er{],.the situation
o ac foll ovbdiaiable, Souplined Gapas g Cagk, Showhd (o€ BcambaZat?
initiated after the precharge operation, the output point b is changed to .
the | ow | eveAvedyr daree Malueyds fiagmed belyesn the outpatrline pfethsus!y
descri bed because all the address decode signals [err] are nmade the non-
sel ection | elehgifudimal ttiype ROM disainid afspéeifbedacelumidOof theely .
| arge coupling capacitance between-fhe output point b or the output |ine of

(he oS, 1aneiimn R i s SOl idkpl ey Ln Hhe BpbErYhteo

the colum lineTerr si rably changed eve

I ndi cat ed theléutput line of the longitudinal type ROM lb is arranged
in proximity to the column line CLl6 of the longitudinal
ltype ROM la, a coupling capacitance of comparatively large
value is formed therebetween. Such coupling capacitance

- 10 can cause the circuit of Figure 1l to malfunction.

By way of example, when the output point a of the
longitudinal type RO& la ought to be at the high level by
the specified cblumn_liﬁe CL16’ the situation is as follows.

In the case where the discharge operation has been

15 initiated after the precharge operafion, the output point
b is changed to the low'level approximately equal to the

DD
address decode signals I128 - 1255 are made the non-

supply voltage -V as previously described because all the

selection level. At this time, on account of the comparat-

20 ively lafgé éoupling capacitance between the output point
b or_the-output line of the longitudinal type ROM 1lb and
the column line CL16’ the potential of the column line

CL16 is undesirably changed toward the low level as indicated



#— broken line in waveformB of Figure 3. During the period of the

: arge operation, the precharge MSFET is held in the "off"  state, so
a{ the output point ais held in its high inpedance state. Accordingly,

the 5 potential of the colum Iipﬁ%éeﬁr] or the output point-a IQMered
- through the coupling capacitance is Intained at the |lowered | evel “until
the precharge operation js started agai n. Wen,the pgtential of the output. .~
poi nt a hadYo&e Py ddinseyioh MavRioBRi B ofrEigure Vel t Byring the | ogic 10~
circuit 2, a signal of an erroneous |level or the high level is provided
fromthe | perdod rdlithe disclenrge sepebhation, fhe prephamgecMISFETance is
changed dependi ng upon whi ch of the address decode signals [err] is nade

the sel ectignjlsewalld 4h the "off' NsLie] §8 EhaY¥CEhe! BALbALRbiRR &f the
undesi r abl enolcg'upl i ng capaci% ance as above desgrrllsbed the It:ggi‘:g%%ilr cr&u%t 2 s

arranged i gt heqint | 3lL.are n_ihe divi l,eanght udi_nal type

ROMs | a ang'sl E‘.el‘frﬁg:ﬁ% ?%e’:&%&%s#’%gﬁ ak %ngdgﬂgi&dl Itg\ﬁ ng. 20

I n order to supply the output signal of the logic circuit 2 to another g
circudt ar Pevgarialoef the qohgm ytine nak, pawr| bher onsputhpodatp@ | i ne ‘of
the logic circuit 2 needs to be extended above, for. exanple, the ROM I a or

. - 15- lowered through the coupling capacitance is maintained at

the lowered level until the precharge'operatioﬁ is started
again., When Ehe potentiai of the output pdint a has been
lowered beyond the iogic threshold voltage of the logic

10 circuit 2, a sign#l of an erroneous level or the high level
is provided from the logid circuit 2 in responsé'thereto.

Tﬁe coupling capacitance is'chéhged depending upon
which of the address decode signals Io - 1127 is made the
selection level,

15 In order to prevent thé formation of the undesirable
coupling capacitance és'above described the logic circuit 2
is arranged in the intermediate area between the divided
longitudinai type ROMs la and 1b. In such a case, note must
be taken of the following.

20 ' In order to supply the output signal of the logic
éircuit 2 to another circuit arranged around the longitudi-
nal ROM la or lb, the output line of the logic circuit 2

needs to be extended above, for example, the ROM la or



ROM | b., Therefqre a coupling capacitance simlar to the foregoing is .(g%;
f orwred,- ‘and crosstalk results due to the mal- function of the circuit. On et
t he Gt her hand, . is possible to supply the output signal of the logic

‘circuit arraﬂged 5 bet ween the |ongitudinal type ROV la and |b, to

another circuit through a detour interconnection. In this case, however, a
suf{;crent area for forming the detour-ilfier- connection nust be secured
between and around the longitudinal type ROMs la and Ib. As a result, the

occupyi ng aregoMf 18,10 TheFeFIrd,NiL ddu (Pl aé%téﬂ@ée@ﬁﬁﬂlaf”tb“@héase
where the |ongitudMal type ROM i’s divided inhto three or nore parts,

f t f

L daser bod SHESEREE T ZhARAHER IR FELPOH U8 08 phETE im
I h d f he d -

e Goseri bod SHBRELORY O d Ne, G TGS | O GHR (QkRoRINEYbe POVEPSDPEFAEY

of conpl enentary M SFETs as described above and where the logic circuit 2
i s arranged atousupply dhe oatpungiiigmilnaf Athe leghe &idtuit andahped a
plurality of n-channel M SFETs con-. stituting the longitudinal type ROV la’

e g ey e e e R L R oo esotReel
circuit through a detour interconnection. 1In this case,
however, a sufficient area for forming the detour inter-
cennection must be secured between and around the lengitudinal
type ROMs la and 1lb. As a result, the occupying area of a

10 monolithic IC chip must be increased.

In the case where the longltudinal type ROM is divided
into three or more parts, the formation of the logic circuits
amongst the divided longitudinal type ROMs as described
above has no special significadce in the decrease of the

' 15 | coupling cepacitance or the reduction of ;he_detour inter-
| connectiod area as described above.

In the case where the longitudiﬁal type ROM is formed
of complementary MISFETs as described above and where the
legic circuit 2 ie.arranged.around the divided lodgitudinal

20 type ROMs la and lh » a plurality of n-cﬁannel MISFETs con-
stituting'the longitudinalltype ROMs Lg.and 1b cen be formed

‘'within an identical.p?tyPe well region. As a result, the



ation in the divided type longi- tudinal ROM are controll&d by the '
control signal such as an 5 address signal. During a discharge period
or sanpling period the output |evel of one of the plurality of'div%ﬂed
| ongi - tudinal ROMs is changed depenpgng upon the input signals thereof and
t he nodes of .the M SFETs included therein. The output |evel of any other —

di vi ded | ' ' | S haRg by t r,ol of the
prechargqu§§£$¥i§¥ fﬁggé?r€§§53§%aﬁ?ge@goﬁgguéecgﬁggﬁgggperatLon does not
occur even in the presence of the undesirable coupling capacitance as

nent i oned above?ﬁé&?ﬁiﬂ&mFQKﬁPQcP??iFnﬁn1BV?BE§PgudF 8 PERSBAMEd 1 15

is divided into two longitudinal ROV la and | b which include colum sel ect
portions loperatdory andgischaxge opeémationdiu thegdivided tRPes Lomgdnd | b
i nclude eight colum lines [err] and [err] respectively. The l.ongitudi nal
ROM | a i s tudimdleROM tdre3 duritrafled by €ReUSBnELbECE]ighaNalstichedd an C

having the true |level and false level,” and. 128 bits .of "address decode

1003l s [ Qdrelell TN 20 GRS o0 WPESUELELOOhoRIRNLe SAHIALEY Fettod

signals [err] - C and 128 biis of address deco signals [err
g [t%J output level oé one of the pfurafgty gf div&de& longi-

" é%éé)Qing to the present invention, the precharge operat]on'énd di schar ge

tudinal ROMs is changed depending upon the input signals'
thereof and the modes of the MISFETS includéd therein., The
output level of any other divided longitudinal ROM is not
10 changed by the control of the prechafge oﬁeration; As a
| result, ény errone§US circuit ope:ation does ﬁot occur even
in the presence of the undesirable coﬁpling capacitance as
mentioned above,- | |
Referring now to Fig. 4, a longitudinal type ROM 1
15 is divided into two longitudinél ROMs la and 1lb which include
column select portionms la' and 1b' respectiﬁely.
The divided longitudinal kOMs la énd 1b include eight
column lines CL11 - CL18 and CL21 - CLZS’ respggtively.
| The longitudinal ROM la is supplied with 3 bits of
20  column select sighals A - C having the true level and_false
level, and 128 bits of address decode signals Io - 1127

formed by an address decoder (mot shown). Similarly the

longitudinal ROM 1lb is supplied with 3 bits of column select



[err] . Fach of the colunn lines [err] and [err] consists of a plurality of (EZ/
M SFETs whose sources and drains 5 are connected in series. Those .
seri‘al I'y-connected M SFETs in the |ongitudinal ROMI|a which are supplied

with the agdress decode signals [err] and those serially-connected M SFETs

in the longitudinal ROM | b which are supplied with the address de- 10

c'odg; signals [err]- essentially constid gz smenory arrays. Discharge neans
conprising n- channel type M SFETs (indicated by circles in Figure 4) are

ocat ed bet uegnggany B - ke A0 U2 il Fud e 0l odd et ¥

vol t age tern1nag err I t1on, precharge nE ns conﬁ285|ng
p- channel typ% M SFETs [err] and [err] are respectively | ocated between the
colum sel ect *pgnt*i ons |a' and Ib' and a reference potential termnal at
zero volts or earth potential. Figure 5 shows a circuit of one colum I|ine
of the 20 Iongltudl@acthﬁIthe'malumnuﬁinastﬁl |1Hﬁl% nen@eek% FheL
colum |line shown in Figure 5 conprises a series conne ?lon whi % cons?gts

of 6 n- channehontsmtsl\ﬂoiFliTiﬂhﬁrd]]quﬁaﬁmmm ivlloddes6@tee® aRdCErains
portion, :128 n-channel type -18--"M SFETs [err] constituting the nenory
array, agd a did connected in series.
Those serially-cdnnected MISFETs in the longitudinal
ROM la which are supplied'with the address decode signals

I '7,-and those serially-connected MISFETs in the

o~ I12
longitudinal ROM Lg:which are supplied with the address de-
10 code signa1§ 1127 - 1255 essentially consﬁitute mMemory arrays.
| Discharge means comprising n-channel ﬁype MISFETs
(indicated by circles in Figure 4) are located between each
of the longitudinal ROMS la and lg and a supply voltage
terminal -V, . | |
15 | In additioﬁ, prechérge means comprising p-channel type
MISFETs Q1 and Q2 are respectively located between the column
select porﬁiohs'Lg' and LE"and a reference potential terminal
at zero volts or earth potential. |
o Figure 5 shows a circuit of one columm line of the
20 .longitudingl ROM la, for example the column line CL,;-
The column line shown in Figure 5 comprises a series

connection which consists of 6'n-channe1@ype MISFETs Q11 -

le constituting the column select portion,“128 n-channel type



. arge M SFET [err]. The precharge M SFET [err] of the p-chqnnelltypg S

wwpnnect ed between the colum line and the reference potential termnal at ¢
“Jero volts, whilst the discharge 5 M SFET [err] is connected between the
colum line and the supply voltage terminal [err]. The M SFETS sucg as the
M SFET i n which straight |ineg $Ee drawn across their sources and

drai ns exhibit. the depletion node. e other M SFETs exhibit the -

~ enhancenment_ 10 node. In the cirguit of Figure 5 the serially-connected

M SFETs [ FSFEDRSR; 4 uTngaghG°B§FiﬁHt§BSeE CoBeMmogy [BFTaYa @ftha rdkgties
determ ned as follows. In the case of enploying the colum select signals
A, 15 /chaxge O'IIES)FE'ES_Q?QSLngThe precharge MISKET ﬁt »f] ahd prcluamimel t o

decode the first status of The columm select signals A [err] - C, J[err],

the M SFERgyp@rid @ofiné€téd betwabnsbReN:oMindh litecia] e tdfdtender ]
and [err] of the false |level exhibit the enhancenent node, and the M SFETs

[err] (not,, o} [ gEr [ cej ' I and C of

t he trueIE&%&“%&%|bﬁg%?ﬂﬂg%egFe#Fgﬁ %gégS’Ag§§} |n5ﬂéy§3§§¥%ﬁé§signals

[err].and rl _are at,the high level, i.e., when_the 3-bit bipary data are

put i$HC)t¢£§EéTs 14% al BsCOBR cﬁFgFﬁ?ngGPrFPe colygn L %ﬂé:ﬁ r] are

brought into their "on" states. As a result _
supply vdtage terminal -V_. ..

DD u
The MISFETs such as the MISFET Q;, in which straight
lines are drawn across their sources.and drains exhibit the
depletion mode. The other MISFETs exhibit the enhancement
iO mode.
Ih the circuit éf Figure 5, the éerially-connected
MISFETs Q;; - Q¢ constituting the column select'portiqn
ig' have'their'modes_détermined as follows.,
In the case.of employing the column select signals A,
15 - A-¢C, C corresponding to 3 bits of binary data 20 - 22,
in order to &e&ode the first status of the column select
signals A, A - C, C, the MISFETs Q;;, Q;; and Q. (h_ot shown)
" which receive.the signals'z, B, and C of the false level
exhibit_the_enhancemenﬁ mode, and thé MISFETs le, Ql& (not
20 shown) and lefhhich receive the signals A, B and C of the
‘true level exhibit the deﬁletion mode, Accordingly, when the

signals K; E'and C are at the high level, i.e., when the 3-bit

~ binary data are put into the first status, the MISFETs Qll’



t he flrst col urm line is coupled to the output point a. If . the second @
cal um I|ne consists of the MSFETs [err] in Figure 5, the M SFETs [err]
and“Terr] receiving 5° the signals A [err] and [err] exhibit the :
enhanceneng node and the remaining M SFETs [err] 'and [err] exhibit the
depletion node so as to decode the second status of the columm select
?ﬁals A [err] - C TJ[err]. Likew se, 19f «the eighth colum line is con-
lUcted of the MSFETs [err], the M SFETs [err] and 10 [err] receiving

the signal's /g B dgbengé'ﬁrbg hen@ﬁEBGEﬁ Mﬁ'a%%%eﬁat < o? ]f%e

M SFETs exhi brt3t Petion nod® so as to decode the e

Constitute t HEbfe ﬁﬁtstleoimartape;t%eéébb&sﬁem Bhe BpTai, Rt Snde o

t he enhance- nment node in accordance with the wite information. The
M SFETs [err] and [Efrthexaeepndt selumnaddne comsissseof Lhe MISFEIS ni ng
M SFETs exhibit the depletion node. That is, in the coI um of Figure 5,

the M SFETs o@ 2Q tapPhgurg 59 aher éﬁml& ” 9D énd iteddbvi
enhancenent ﬁi; M‘f@or di ngldy, when the colum s 4 %Tr:’dFl gu;erlg e

sel ectedgin cgﬁéegp E8CK, VBt Bnlih $bigt ?Qlfhakﬁ%

signals A’ A - G and t hé addresg E,kh bi% %Hés - or 6 |s se ect&?iaby t he

seI ection levf‘éméiﬁ%éeﬁfbf‘ﬂff 1, Ql&- and Q16 exhlblt the depletion mode
so as to decode the second status of the coiumn select signals
A, A - C, C. Likewise, if the eighth colummn line is con-

structed of the MISFETs Q;, - , the MISFETs Q;,+Q, and

DT
10 le receiving the signals A, B and C éxhibit the énhancement
mode and the remaining MISFETs exhibit the depletion mode so
as to decode the eighth status of éie column select signals
A, A-C, C.
The MISFETs_Q17 - tha which constitute the memory
15 ‘array are set to exhibit thé depletion mode or the enhance-
ment mode in accbrdénce with the write information. |
The MISFETs Q17, ng, Q22 and ng exhibit the enhance-
ment mode, and the remaining MISFETs exhibit the depletion
. mode. That is; in the column of Figure 5, the MISFETs corr-
20 esponding to addresses 0, 2, 5 and 6 exhibit the enhancement
mode, Accordingly, when the columh.shpwn in Figﬁ:e 5 is

selected in correspondence with the first status of the

column select signais A, A - C, C and the address 0, 2, 5



P ) - . | _ .
~aQdress decodeisignal [err] or [err] one of the enhance- nent node M SFETs
T?s'respon3|

ively brought into the "off" state. |In this case, the output® a

set tot

he high level. 5 When any address other than the above

referred to addresses is selected, th éfddress decode signals [err] ,and

[err] are set to the non-selection e

[err].and [
is set tot
to perform

(hi gh Ievel) whereby the M SFETs

err] are brou into the "on" states. refore, the output a

or bohs| eeéecggd by the seé.eﬁéoshdwesle dwbr 9frkhe heod®

the switching operation, it is constructed to exhibit the

enhance- neaddseds. débedeosdighudi 1al, R%I I iosr toneteefl the senhance-
|

manner. |t
a signal of

plurality o

conpri ses divided Iong|PUd

rF&nP :ho?E Mig?ﬁ ei%"r%%gb%eﬁgﬂar X tEJ“Pd%o Aogerds pgry. a

such Tongitu- dinal ranged in para el in

order to prOV|de fr addr ess predet er m ra on
constituting*& ﬁl’urgpl ﬁiﬁf CHSeq. tg@ q"Puet [Pﬁ%é) &9:}01? }{5 L
descri bed above can be formed on a single sen1conductor substrate by t he
known 3eni céhencany addresst otherr tham the ahavearefgrred toladdnesses

p- channel t

substrate whycBelecteds ehenaddiess decode signals I,» I,» Igand I

10

ype M SFETs are forned in the surface of a sem conductor
6

are set to the non-selection level (high level), whereby the
2 : ”n 11
MISFETs Q17, ng, Q22 and Q23 are brought into the "on
states, Therefore, the output a is set to the low level.
Since the discharge MISFET Q145 needs to perform the

switéhing operation, it is constructed to exhibit the enhance-

- ment mode.

15

20

-

The longitudinal ROM lb is constructed in similar

manner, It comprises divided longitudinal ROMs la and 1lb

. which provide a signal of 1 bit in response to an input

address signal. Accordingly, a plurality of such longitu-
dinal type ROMs 1 are arranged in parallel in order to
provide from one address a preaetermined prograﬁ instruction
constituting a plurality of bits,

The longitudinal type-ROM described above can be

formed on a single semiconductor substrate by the known

semiconductor integrated circuit (IC) technology.

‘and | b 15 whi ch provi de



singl e4crystal silicon, ‘and the n-channel type M SFETs are fornmed in the
Sdﬁ}ace of a p-type well region which is 5 formed in the surface of the
sem conduct or substrate. The p-channel type and n-channel type M SFETs are
formed sows to have gate el ectrodes which are made of, for exanple,

pol ycrystalline silicon | ayers. The source regi on and drain regi on of each
MISFET are formed by the self- 10 alﬂénnent techni que in which the
corresponding gate elect- rode is utilized as a mask. Figure 9 shows a
partially sectional The bmkﬁﬂebet ePMISFETsViaee fbrtded NNSERES surface
constituting the Iongltudlnal a. As shown a p-type well region 11 is

formed in thedd, ¢ eﬁffﬁéﬁ&&c%ra&uﬂsfﬁaﬁesﬁﬁhﬁ %Chﬁﬁes%tlstr{-ﬂ:’y‘iaelo A

field oxide film12 of a conparatively great t ckness of

®

_E‘Sp;"ﬁhgﬁée'sé?%taéfééimév%ﬁ I54 880 ofinfc ERA Ao naRnely S R Y,

conparatively_small t hi ckness of, e.qg. apprOX|nater 500 [err] is
f ormed on thef%m?‘&c%nothﬁhéup fagpcofierl préypenvel lnmegdorebdal tis t he
field oxide film12, that is, the surface corresponding to an active -
region. A pl ufeimhéd bh uheysa;-ﬁahecwsthbl semicondddtod Isubwtdatyey s 15a -
15e which constitute the input lines of the ROM and the gate el ectrodes of
the MSFETs areé ' The p-channel type and n-chammel type MISFETs are
formed s§ as to have gate electrodes which are made of, for
example, poiycryStalline silicqn layers. The source region
and drain region of each MISFET are formed by the self-
10 alignment technique in which the corresponding gate elect-
rode is utilized as a mask, |
_Figure 9 shows a partially sectional and broken pers-
'pective view of the MISFETs constituting the longitudinal
ROM la. As shown a p-type well region 1l is formed in the
15 surface of an n~-type semiconductor substrate 10. A field
oxide film 12 of a comparatively great thickness of, e.g.
approximately 1 um is formed on the surface of the p-type
well region 11 by a knqwn.selective thermal oxidation
technique., A gate oxide film 13 of a comparatively small
20 thickness of, e.g; approximately 500 ? is formed on the
surface of the p-type well region 11 not covered with the

field oxide film 12, that is, the surface corresponding to

an active region. A plurality of n-type polycrystalline



énded on the field oxide film12 and the gate oxide flln113 5

the surface of the p-type well region 11 covered with neither the fleld *
de film 12 nor the polycrystall- ine silicon |ayers 15a - 15e, there are
fornmed n-type sem - conductor regions 14la - 14le, 142a and 143a whikch
function as the source regions and dr@ n reglons of the M SFETs. 10 The
n-type sem conductor regions are forneg by a known sel f- alignnent -
technique in which the field oxide film 12 and the pol crystalllne silicon -
| ayers are $bbiican lawgsr Log rnpPgnwhigh keusdiswie the igpti hkpnesty. As
will be seen fromFigure 9, one of the plurality 15 “of M SFETs
constltutlngftbhecROMnanalnhe[gath|&1dbhﬁﬂdé§IuﬁntﬁuaMESEEEsséneconductor
regions 14la and 141b, the gate oxide film 13 and the n-type

pol ycrystal kpended santhayﬁetaaoxme M1FEE L2 i ete agwetd

sem conductor region 2 Is forned in the surface t he p- type wel |
region 11 uggﬁP %Rng the gate el ectrode 15b exhi bits the enhancenent node.
The n-type condluctor region 18 is formed by an ion inplantation /
techni gue.- After forntng t he gate oxide - 23 - f|In113 phot oresi st -
filmi& formed onIBhEhgusnadacss ofh&heem-dtomeotehl siaeiont bl cpyeradent |y,
t he photoreS|st '
with neither the field oxide film 12 nor the polycrystall-

ine silicon layers 15a - lig, there are formed n-type semi-
conductor regione l4la - l4le, 142a and 143a which function
as the souree regions.and drain regions of the MISFETs.

10 The n~-type semiconductor regions are formed by a known self-
alignment technique in which the field oxide film 12 and
the polycrystalliﬁe silicon layers are used as a mask for
implanting the ions of an n~type impurity.

As will be seen from Figure 9, one of the.plﬁrality

15 of MISFETs cons;ituting the column line CL18 is formed f:om
the n-type semiconductor regions léig and 141b, the gate
oxide film 13 and the n-type polycryetalline silicon layer
15a.

The MISFET in which an n-type semiconductor region

20 18 is formed in the surface of the p-type well region 11
underlying the gate electrode 15b exhibits the emhancement
mode, The n-type semiconductor region 18 is formed by an

ion implantation technique. After forming the gate oxide -



films rennved_fronfparts which are to formthe channel regions of the C{iﬁ
depl et?on rode M SFETs. At the next step, 5 using the photoresist film

“as -a mask, n-type inmpurity ions such as phosphorus ions are inplanted into

the 'surfage of-the p-type well region 11 through the gate oxide film13. As

a result, the n-type sem conductor region,18 is fornmed. In the |ongitudinal
type ROM. the depletion node 10 M SEEF3 § not utilized as a switching
el¥hent, but is utilized as the cross interconnection between the input

line such as tfidlpolJerasphbkomesdisti Fddm dgerfoamed e ddieurmurfane of the

case where the depletion node MSFET is utilized as the cross

i nt er connect i ogemflcbhduaboye stbstrateineSubseqantls e tphotmr@sbsge as
that of the enhance- nent node M SFET and does not require any speci al

contact regiongy3h §8akehved’ FRRACHR LlHikh Mre S Qi hd W tiddnel

arrangenment in Figure 9is facilita An Insulating film 16 of
o1 a5 and wh cHEELPPEc s Ehio deRleFiaRomaRs MSERTR 11 (4K GHAATHS c5EFPs
i nterconnect- ions, is forned.on the surface of the sem conductor substrate
10 i ncl udbng tneivgrtheephotormnsiss fidpsias la mask, ncdiype impurityeiensan
I nterconnection |layer 17 which is made of evaporated alumniumis fornmed on
the surface of gh8RA hB- phosphorus ions are implanted into the surface of
‘the p~-type well region 11 through the gate oxide film 13,
As a result, the n-type semiconductor region 18 is formed.
In the.lbngitudinal.type ROM, the depletion mode
10 MISFET is not utilized as a switching élement, but is
utilized as the cross intercommection between the input
line such as the polycrystalline silicon layer and the
column line, In the case where the depletion mode MISFET
is utilized as the cross interconnection in the above
15 manner, it can be made Ehe same size as that of the enhance-
ment mode MISFET and does not require any special contact
region, so that the arrangement of the HISFETs of-thé métrix
arrangement in Figure 9.ié facilitated.
An insulating.film 16 of coﬁparatively great thick-
20 ness which is made of phosphosilicate glass and whiéh serves
as the interlayer insulating film of multilayer intefconnect-

ions, is formed on the surface of the semiconductor substrate

10 inCluding the.surfaces of the polycrystalline silicon



sulating film 16. The interconnection layer 17 is used as the out put §

[

|nterconnect|on of the longitudinal ROMIb shown in Figure 4. The
:§?%nterconnectron | ayer 17 is extended substantially on the field oxide frlm
~’U)2. That is, the interconnection Iayer 17 is extended so as to avoked
ositions over the MS- FET formn ions to the utnost. Since, however .
the 10 i nt erconnection |ayer 17 1< conparatively near to the col um -
lines [err] and [err], it forms unnegligible coupling capaci- tances with

t hese col ubayeirges. AmrﬂnhsﬁQQQHQQihQthﬁYﬁftlﬁaWh&&#rh@ BagacPtances, that

part of the field oxide film 12 on which the interconnection |ayer

be 15

17 is to
esiapoedted alamindencds formedrenswlee $urface,ofethet $nkn

lowering the density of integration of the longitudinal ROMla. In order to
pr event angwighﬁﬁgc tFsqt, glt,ri buted to the coupling capacitances as stated

above, clocC

and Tb t L?LL]ghaSir%G”rrraﬁ”d mesttetafer 17 £3 0o6g' S8R BARRLE T

err] are 20 - applied to the respective precharge

4, each of the gate circuits [err] and [err] is_a 2-input NAND ci,rcuit.

|nput5ternnnabrcbn@&@thﬂn QhﬁelQﬂgkﬁﬁdkﬂ%%rR?Ma%E FEPWP PsFéﬁﬁﬁpred

with the

10

15

20

4, The interconmection layer 17 is extended substantially

on the field oxide film 12. That is, the intercommection

" layer 17 is extended so as to avoid positions over the MIS-

FET forming regions to the utmost. Since, however, the
interconnectioﬁ layer 17 is comparatively near to the column
lines CL16 and CL17,

tances with these colum lines, With a view to reducing

it forms unnegligible coupling capaci-

the coupling capacitances, that part of the field oxide
£ilm 12 on which the interconnection layer 17 is to be
extended can be widened.l This measure,.however, results
in lowering the density of integration.of the longitudinal
ROM 1la.

In order to prevent any malfunction attributed to the
coupling capacitances as stated ebove, cloei pulses g are
applied to the respective precharge MISFETs Qi.and Q2 and -
discharge MISFETs of the longitudinal ROMs la and 1b through

gate circuits G1 and Gz.

a

One



clock pul'se [err], whilst the other input termnals. of the res- 5 _ igﬁ
pettive gate circuits [err] and [err] are supplied with gate con- trol

signals [err] and [err]. The gate control signal [err] is brought intoits

| ow | evel @r négative logic level "1" in response to the fact that one of

t he address decode signals | - 1127 is nmade 10 the selection | evel or

the | ow | evel substantially equal to th@%Supply voltage [err]. On the dher

hand, the gate control signal [err] is brought intoits lowlevel in

response to the facist féﬁovﬁﬂirﬂ@i%ﬁﬁ@dﬁ,r el e dths | gae scipealtssgmade
the selection level. 15 ccordingly, the gate control S|gnal§

[err] and [er can 2 +COJ NCI | e A5~k OPLL .S | .of the
nost signifi cé%l‘fi El“Zt q%hlgg%eiig‘%g&plm t%il{%‘efé;ﬁd?%gé i?i%%%e?égﬁ%g%?to?not-
shown) for form pg the 256 kinds of address de-. code signals. [efr]. Jn 20
As illustrat esﬂﬁgwefgmeos@fteﬁwle‘—,s Q30 fx5eks %ugmfbﬁda%t%upbet
fromthe gate [err] constijute a signal whicth is opposite in phase to the

cl ock pul ses pdock pulisiec ggemihdd stf the: dthet daputbfterminals ebfnthel res-
signal [err] and which is - 26 - maintained at the 1ow | evel

i rrespecsi vef plecth¥eC hateeTidediits @f%d)_tdzseé:e slippIiDed @i ER' abeOkohbe

/
hi.gh | evel o
trol sighalslz; and A7.
The gate control signal'z; is brought into its low

level or negative logic level "1"

in response to the fact
that one of the address decode signals Io - IiZi is made

10 the slection level or the low level substantially equal to
ﬁhe supply voltage -V On the dher hand, the gate control

DD’
s fow |
signal A7 is brought into itsb&-ﬂ level in response to the

fact that one of the address decode signals 1128 - Izss'is
made the selection level.
15 : 'Aécofdingly, the gate control signals K; and A7 can

be made coincident with the address input signal of the
mo#t significant bit which is applied to the address decoder
circuit (not shown) for forming the 256 kinds of.address de-
code signals Io - 1255.‘ |
20 : 'As illustrated/égveform D of Figure 6, clock pulses ‘é
| which are output from the gate G1 constitute a signal which

is opposie in phase to the clock pulses $ in the period of

the low level of the gate control signal'z; and which is



. B gate control signal [err]. Likew se, clock pulses b which are output
dom the gate circuit [err] are changed according 5 to the changes of ¢
" Xhe clock pulses [err] in only the period of the Iow level of the gate
control signal A7 as illustrated in waveformE of Figure 6. Oning to the
provision of the gate circuits [err] gnd [err], the operations of the ~
| ongitudinal ROVs |a and | b are 107 26532 fol | ows. ' When any of the address\g
decode signals [err] is made the selection | evel by the address decoder
circuit (meirstwimedtde theelownlevelsigmespéctivebodudite iohangds dDw

| evel as shown in waveform A of Figure 6, so that the 15 clock pulse a

I s changed-pd €pg 13819@3@& ? &hi:i!nghEhE' pelkibd oF [t#e highhanvde &f ock

pul se [err] Is he at the Tow |l evel approximtely equal to the supply

voltage [ t he a T [ cor t he
‘on" state: h%ogateAgélg?’c'ﬁgg %ggn%gﬁgm pg' %m %e, l?’%?ﬁ}q ongl tud| na

la is precharged substantially to earth otentlal ¥2enq&u&clock pul se a
i s broughta¥® Qgedwk gflr?@v'éheaSBFéxFﬁfﬁ'F ¥ Qquﬁret & RRAES ]a‘Pg t hes
prechar ge - 27 - M SFET IS corresponding]y brought into the "off"
stat €5 anctd hehelichimggs OESERE clock pulisesughtin mndy Hthe period of

the low level of the gate control signal A, as illustrated
in waveform E of Figure 6.

Owing to the provision of.the gate circuits G1 and
G,, the operations of the longitudinal ROMs la and 1b are

10  as follows. |

When.any.of the address décode éignals Io - 1127 is
made ‘the selection level by the address decoder circuit
(not shown) the gate control signal'z; is brought into the
low level aé shown in waveform A of Figure 6, so that the

¢

15 clock pulse "a is changed-in correspondence with th%?clock

pulse g.

When the clock pulse da is held at the low level
approximately equal to the supply voltage =~ DD’ the pre-
charge MISFET Q, is correspondingly held in the "on" state.

20 Accordingly, the output point a of the longitudinal ROM la
is precharged substantiaily to earth potential.

]

When the clock pulse "a is brought to the high level

approximately equal to earth potential, the prechargg



state. "gAs a result -the potential of the output point [err] is at a val ue (Zﬁ
whi®ch is det'er m ned by the arrangenent of the 5 menory array. During the
period in which the gate control signal A is held at the |owlevel, the

gate contral signal [err] is held at the high level as illustrated in

wavef orm B of Figure 6. The clock pulse27b=is maintained at the | ow | evel

10 .. i'rrespective of the | evel change of the clock pulse [err]. Since the

precharge M SMIBFET i qa‘ hics detflréﬁlpon@mgbyabﬁob hthsneboghepvbﬁ" Rteftd,he
| ow | evel , the output ¥ine of the 1ongitudinal - i s nmaintai ned at the

precharge | evgipndre ut n| | n.e of

t he | ongit udi narll Rﬁ% Fé‘%\t a#sr’]% a?l#ﬁe pre hﬂg Fg’\?‘gl But put
poi nt of the | tudi i s_not_subj ect to_any noise mhlch coul d
undesirably | o?(/lbéq‘%t S %\Pelre?r‘ﬁ sB°5\ﬁ€Féa%hechﬁeuPPtaPFaP@éﬁ’én@ ds
shown in 20 Figure 4 is not conforned with, a potential change in the

pr edet er i ned &olaikelue ailvich his | deternined! bRCJ&héaarsaggemanlto otfheheut put
line of the longitudinal ROM I b through the undesirable coupling

capaci tarfce. memodfr darsypntrast, the circuit arrangement shown in Figure 4’
Is provided-with the gate circuit G as descri bed above, .

During the period in which the gate control signal
Z; is held at the low level, the gate control signal Ay is
held at the high level as illustrated in waveform B of

g

_Figure 6., The clock pulse "b is maintained at the low level
10 irrespective of the level change of the clock pulse g.
Since .the precharge MISFET Q, is held in the "on" state by

the.clock_pulse $

b of the low level, the output line of the
1ongitudinal ROM 1b is maintained at the precharge level or
earth potential, :

15 | Since the output 1i:ie of the longitudinal ROM 1b is
maintained at the precharge level,. the output point §f the
longitudinal ROM la is not subjeﬁt to any noise which could
undesirably lower its level,
| In the case where the circﬁiﬁ arrangemenﬁ as shown in

20 Figure 4 is not conforméd-with a potential'chahge.in the
predetermlned colunn line of the 10ng1tud1na1 ROM la is |

given to the output line of the 10ng1tud1na1 ROM 1b through

the undesirable coupling capaditance.



O\that the clock pulse [err] is maintained at the |ow | evel when any  of

¢ address decode signals [err] is set 5 at the selection |evel. fhus,%
en any of the address decode signals [err] [err] is selected, the output
ne of the longitudinal ROMla is nmaintained at the precharge level. As a
result, the output line of the Iong&%udinal ROM | b does not receive any 1Q
noi se whi ch could undesirably | ower“PtS level. Since, in the circuit ff
arrangenment shown in Figure 4, the output |evel of one of the | ongitudinal
ROMs |a and | b iEnncomtuastyd thet bérpndthargengementosheowih Ireigunege
logic circuit 2 is a 2-input NOR circuit which regards the high 15 | evel
i nput as the Hegpdvided OBLiER! ENel gatl. cidcpief €. r ed desvrdbddaatiegs) i ve
[err] NOR circuit is shown in Figure 10. This N&R circuit consists of

: r y ) : .
n- channel %%lﬁg%ig{_%gﬁgfge[ Lr ‘}LF ,}Q%Prﬁ?aigﬁélc%ﬁn%eﬂidvp P& ES

bet ween a 'y VO erm na _ an output termnal OUT
SUtput 1 onvham S8 hrthepodress "desbde’ bighgisd 1o tha AssET o 1], -
and [err] are respectively supplied with sanpling pulses [err] and [err].
The 5 ef eraectliorsebéctbonclevetui t shown in Figure
Thus, when any of the addréss decode signals 1128 -
1255 is selected, the output line of the longitudinal ROM
la is ﬁaintained at the p:echarge level. As a resulﬁ, the
output line of the longitudinal ROM 1b does not receivg any
10 noiée which could undesirably 1dwer'its.level.
Since, in the circuit arrangement shown in Figure 4,
the output level of one of the longitudinal ROMs la and 1b
is maintained at the.pfecharge level or high level, the logic
circuit 2 is a 2-input NOR circuit which regards the high
iS level input as the negative logic level "0"., A preferred
form of tne negative logdi NOR circuit is shown in Figure
10. |
This NOR circuit consists of n-éhénngl type ﬁISFETs
Q3', QA' and Q7 which are comnected in series between a
20 supply voltége té:minal -VDD and an output terminal OUT,
and p-chénnel type MISFETs Q8’ Qg and Q6' which are Connected

between the output terminal OUT and earth.



10.has "t he folloming-advantages. 5 The rate of change of an out put <&£
signal  at the output terminal OUT is limted by capacitances (not shown)

stich as stray capacitances coupled to the output terminal, and the "on
resi-stances, of the switching MSFETs. In the case where all the M SFETs

shown in Figure 10 have equal "on" 10 resi stances, the changing rate of
the_output signal fromthe high level {2%c-volts) to the low |evel (-VDD)

is greatly limted because the three M SFETs B', Q' - and are connected

bet ween t he supply Tﬁ tggﬁeger |yﬂe-ﬁf@%€?%§9rmaﬂ&n utg. fér?&%éémeen ]

the two M'SFETs 7 are cthnected

out put term nal nd rth ) | der to increase the
changi ng rate$ B‘POE[JE % é%%[ ﬁ“@% M%ﬁi‘ﬁ[ 4152 to the low level,
the "on" resistances of the M SFETs [err and [err] need to be small in
conpari son with t hodaeopreferred,LommsreaTlqgke [cirguit eshqwn abni Eigure

known, the "on" resistance of a M SFET is proportional to the ratio WL

between the clfnhals whet foblowdmhadvantagesh L thereof. In general, the |,
channel - 30 - length-L of the M SFET designed as part.of an IC has its

o ool e HS, g KO it 'Sl P LEREE |
terminal OUT is limited by capacitances (not shownm) such
as stray cepacitances coupled to the output terminal, and
the "onﬁ.resistances of the switching MISFETs. In the case
where all the MISFETs.shewn in Figufe 10 have equal "on
10  resistances, the changing rate of the output signal from
the high level (zero volts) to the low level (-V ) is
greatly 11mited because the three MISFETs Q3 ’ Qa- and Q7
are connected between the supply VOltage terminal -VDD.and
the output terminal OUT and the two MISFETS Qg and Q5' or
15 Q8 and QG' are connected between the output terminal OUT.
| and earth. In this respeet, in order to increase the
chenging rate of the eutput signal from the high level to
the low level, the "on" resistances of the MISFETs Qé',
| Q4' and Q7 need to be small in comparlson with those of
20 the MISFETs Q8’ Q5 and Q6 .
As is well knowﬁ, the "on" resistance of a MISFET

is proportional to the ratio W/L between the channel width

W and channel length Lihereef. In general, the channel



" SFET to exhibit a |lower "on" resistance it nust have a'5 | ar ge

i hannel wi dth Wwhich neans that it will occupy a conparativel y Iarge’areaa
Si nce an n-channel type M SFET has a conparatively great nmobility for

el ectrons, it exhibits a low "on" resistance as conpared with a p-ghannel

‘type M SFET even when nade conparati3@Rly small in size. 10 In the
circuit shown in Figure 10, the M SFETs Q[err] and [err] whose "on" S
resi st ancéengedd I @ foetrs MISERT ydé We@ &5 ALt NoENAANEL h¥Reits
Accordirgly, the area on a sem - uctor substrate for formng the

M SFETs 45@# cuit -
shown i n”g?ba%?qu.mﬁ{]%ﬁ cfer r] %??T]'%oseaagsrgf:gswgtlghc&?nneed -
to be esp CI al namm nel Accor.d ly, a conp
arativel y Bi&r g rié Eat eAF§°F€é|BSg¥d for for ni ng
the M SFETs I n the circuit arrangerrent shown in Figure 4,

either one Mﬂsm tooekxhibitesa kowexd "d¢n'f sresistancedibt mise hawel avel ,
wher eby the discharge M SFETs in one of the -31- longitudi nal ROV Ia

and Bb ar ¢alrgled charind wildth W aiigich thedns SthaPeidi gghhar secaggf %tlon in’
one of the longitudinal ROW |a and Ib is inhibited. As are

reducti onchlipbatAVMYy 13854 LN BiddE SIS aﬁ%&ley%%hM‘i‘é‘i“ht o-
has a comparatively great mobility for electromns, it
exhibits a low "on" resistance as compared with a p-éhannel
type MISFET even when made comparatively small iﬁ size,

10 In the circuit shown in.Figure 10, the MISFETs Q3',
QA' and Q, whose "on" resistanées_need to be especially low
are of the n-channel type. Accordirg ly, the area on a semi-
conductor substrate for forming the MISFETs may be ﬁompara-
tively small, o |

15 In the known circuit shown in Figure 2, the MIéFETs
Qg Qs and Qg whose “on" resiétances need to be especially
small are made the p-chammel type. Accordinglj, a éomp-
arativeiy large area of the semiconductor subsfréte is
required for forming the MISFETs, |

20 In the cirﬁuit arrangement shown in Figure.a, either

]

one of the clock pulses "a and g b is maintained at the low

level, whereby the discharge MISFETs in one of the



5. gether with ihelbrevention of any malfunction as referred to above. (lﬂg%)

Ei@ure i s ‘a bl ock di agram showi ng an enmbodi ment in the case where the
sem conduct or read-only nmenory has been applied to a digital control
circuit. 1Q ’ Unlike the circuit of the so-called static |ogic

-system wherein randomlogic circuits which are arranged individually in
correspondence w th various functions ar¥ used to execute the respective
i nf'of mati on processi ng oper- ations as predeterm ned, the digital control

circuit of thi qéﬁaxgggggn | 3 i CLY S al nd .G

| ogi c system (léflks%:rtl sys]t-é‘e% dv\/rolieé e#lé ctgé\]fégfni ﬁ%%r ué??onéeaﬁglhgt'en
in a ROM are ccessively read out to operafe the circuit which is used in
conmon for th s %{fe %%zerr@%ﬁ%%m @08 oF; Fhe) _fOPseFHeéga&
l ongitudinal 20 - type ROM1. The ROM'1, in simlar manner to those des-
cri bed above, ROMssilg angf lborig tinkiibitedd\s As andesvlt pcaudedyctdbomin
sel ect portions la'" and Ib' respectively, and a precharging circuit lc. A

plurality of M?@Wer, dishipdtiion G f Oftse e@TFc ity | @an b8 A6haeoedt €bed in
the ROM 1. Each of the longitudinal- ROV |a and | b has 128 addresses. Each

g}c g;gf’s?%'Agg‘; F}:’é#%% vﬁt@f']l{e iﬁ‘?{g] gdleel}gél}&?mir& SE Sy HaPrOhifibh 48! PUReIELAC!
to.above. |
Figure 7.is a'biock diagram showing an émbodiment in
the c#se where the.semiconduct§r read-only memory has been
applied to a digitél contiol circui#. |
10 " Unlike the circuit of the so-cailed static logic
. system wherein random logic circuits which are arranged
individually in correspondence ﬁith various functions are
used to execute the respective information processing opef-
~ations as predeterﬁiﬁed, the digital control ciréuit of this
15 embodiment is é_circuit of the so-called dynamic iogic
system (PLA or ROM-RAM system) wherein control instructions
written in a ROM are succeésivély re#d out.to operate the
circuit which is used in hommon for the various.operations.
The digital coﬁtrol cifcuit includes a longitudinal
20 type ROM 1. The ROM 1, in similar manner to those des-
cribed.above; cénsists of longitudinal ROMs la and 1b
including column.seiect pértions Lg'.and 1b' respectively,

.and a precharging circuit lc. A plurality of program

-



5 type ROM 1 has (128 x 2 ) x 2 or 2,048 program addresses. A gate
guit Gis arranged in-order to control the precharge operation and Y
harge operation, i.e., the sanpling operation of the divided
| ongi tudinal ROMla. Like- wse, a gate circuit Gis arranged in grder to
control the 10 operation of the I3@ngitudinal ROMIb. Essentially, one
gate circuit suffices for each of the gate circuits [err] and Q. HoweverZ]

i f necessphytfaetdohyi BaCH! %MWM%T%@%&MG{IQ%M Skdpfspat high

speed, a plurality of gate circuits for dellverlng t he same signal may well

SFET, t
cirou s Edeoof, 0E Fopptclaital, Ko I Rnd anﬁé‘#@s%%% aa?ed
[t ed t 2. A di ngl vy, th t tion wor
conoi 51 EAGh AED 'Fﬁec” T, sadect: pamtiets "* Sapgam Loetiuction

digital control circuit also includes an address decoder circuit 3 (or AND
array). Thbtedofesslusnodelecir signalsdecddeniihigly pftlealdiesgicudinkh}
[err] - [err] - 33 - dellversd froma program counter 4, and thereby,
pr ovj des @%ﬁéeﬁﬁMdECﬁﬂg ¢1g8aks 2t’g &ezs%&pb<U&d(pf&§%é&\ﬁ&ﬁ¥bé9&9'tud'“a
ROVs | a an
A gate circuit G1 is arranged in order to control the
pfecharge operation and discharge operation, i.e., the
sampling 6peration of the divided longitudinal ROM la. Like=- -
wise, a.gate circuit G2 is arranged in order to control the
10 ' operation of the longitudinal ROM 1b. Essentially, one
gate circuit suffices for each of the gate circuits Gl and
GZ‘ However, if necessary for driving precharge MISFETs =~
and discharge MISFETs at high speed, a plurality of gate
circuits for delivering the same.signal may well be arranged

15 so as to reduce the number of MISFETs which one gate circuit

is to drive.

Output signals ffom the divided ROMs la and LE are
supplied to a logic circuit 2. Accordingly, the pfogram
instruction word cons1st1ng of m bits is prov1ded from the

20 logic circuit 2,

The digital contol circuit also includeé an address

decoder circuit 3 (or AND array). The.address decoder

circuit 3 decodes 8 bits of address signals A, A - ALK



- The address decoder circuit 3 substantially con- 5 sists of a ~(Eé)/
Lomthu&inaF ROM  Serially-connected M SFETs (not shown) which are '
supplied with the 8 bits of address signals [err] either exhibit the
enhancenent, node or the depletion node, whereby.the selection |evel of the
address decode signal is nmade a | ow | evel, and the non- 10 sel ection .

| evel a high level. In this case, a cldCk pulse [err] for operating the
address decoder,¢ircuit .3, a clock pulse [err] for operating the

| ongi t udi nal derivezrd Exhm PngrBSP-'?&'scPa["F]eJaﬁu [BéKf ]th%ifeqapeméen@e% he
logic circuit 2 have the waveforns shown in respective wavefornms A to D of
Figure 8 15 addnessddecodecsigoalsppoope suppdiedatticorttef diveidedcuit: By
maki ng the clock pulse [err] the lowlevel at a tine [err], the precharge
operation of lLomghtddténaldROMdelacianhduilb,3 is started. The clock pul se
[err] to be supplied to the gate™circuifs [err] and [err] is set to the

O el 2t e oBE Aarest' HBbARE cirdY & 10 eul BN AR don,

operation of the ROM1 Is also starte etime [err

| ock to the high | tigre , ,_the disch
operat | ob of §hata P oac apethuntaat Ay sexeilbgonected NISETs o a

time [err] when the discharge operation of the address decoder circuit 3
has been subs{BOE| ahp\yn owpichedre supplied with the 8 bits of address

signals Ab’ A.0 - Ay, A, either exhibit the emhancement mode

/

or the depletion mode, whereby the‘seléction level of the
address decode signal is made a low level and the non-

10 selection level a high 1e§e1. In this case, a clock pulse
dd for opefating the address decoder circuit 3, a clock
pulse g for operating the longitudinal Roﬁ 1 and sampling
pulses g' and g' for operating the logic circuit 2 have the
wﬁveforms shown in respective.waveforms A to D of Figure 8

15 ° in order to effect appropriate operation of the'circuit..

By making the clock pulse do-the low level at a time
th’ the precharge operation of the address decoder circuit
3 is started. The clock pulse.? ﬁo be supplied to the gate
circuits G, and G, is set to the high level at the same

20 time t0° Acéordingly, the pfecharge operation of the ROM 1
is also started at the time th’
By setting the clock pulse do to the high level at a

Fime tll’ the discharge.opération éf the address decoder

circuit 3 is started.



the clock pulse [err]-is set the lowlevel. 5 As a resul't, the g

arge operation of the ROM1 is started. At a tine [err] when the
di scharge operation of the ROM 1 has been substantially conpleted the
sanpling pulses [err] and [err] aremﬁgt to the low level and the high |evel
respectively. As a result, signals” ch correspond to signals provided 1gj
fromthe ROM 1 are output fromthe logic circuit 2. At atine [err], the
clock pul ses [eAg a r{lesrtidz whencthecdischargeseperatiba lofvthevel and
the high | evel again. Accordingly, the precharge operations of the address
decoder cCiddd#dss3 ddtbddr AP die’® Kasrbeen $iBseHhPYh]1IyIR¥ndp1Pteld

the logic circuit 2 are held by capacitances existing at fhe correspdhding

tput t ) | ' t ' | - ] Q. t 4
el udes THEE S0 Widn (o SGEPLAS Saddr 888! E0RECE TgnlS, HaBORRRE DO &0 ¢
4b for 20 hol di.ng .8, Qits of_  address_signals. <£he 3 bits_of _.address
signal s arf®tyitebhe I'k\éblf%‘ﬁ?’to the ¢locknpulpecl s gréndhealosnd auel of

the respective longitudinal ROV6 la and I b as. the colum sel ect signals.
The $ bit dsofa avkulds, sihpadkschargs-operatiippl pédthe ROM Addrse staismmtler
circuit 3. The digital control circuit also includes an inform

At a time t13 when the discharge operation of the ROM 1 has

) zgé%)is, when one of the address decode signals has been set’ to the high
I
h

- been substantially completed the sampling pulses g' and g'
are set to the low level aﬁd'the high level respectively.
As a result, signals which cor?espond to signals provided
10 from the ROM 1 ére output from the logic circuit 2.

At a time 40 the clock pulses ‘o and § are respect-
ively set to the low level and the high level again.
Accordingly, the precharge operations of the address decoder
circuit 3 and the ROM 1 are started. The output signals of

15 the logic circuit 2 are held by capacitances existing at the
corresponding output terminals until the sampling'is stérted
again,

The program counter 4 includes a portion 4a for
holding 3 bits of address signals, and a portion'@h for

20 holding 8 bits of address signals, The 3 bits of address
signals are directly supplied to the column select portions
1a’ and 1b' of the respective longitudinal ROMs la and 1b as.

the column select signals, The 8 bits of address signals



ation p?oces§ing‘éireuit'5 whi ch receives the programinstruction of n1bits_4;%
outiput Tromthe logic circuit 2. The 5 I nformati on processing circuit 5
i ncludes : an instruction decoder circuit which decodes the instruction
word to forygnfifrstly control signals required for a predetermined i nform
ation processing operation, and secondly_gchenent and junp control signals
for_t he programcounter; a RAM (random 10 access nenory) for hol ding
data; a logic-arith jc,unit; an er of regqisters; and_an i nput/output
circuit (none &f® \&H&Fﬂaﬁ‘% e .a‘klgg%?(%c@?‘ég eEeChredétesi ned '
infornation\gyocessing operation in accordance with the instruction words
of the ROV Ma and |The idigital controlhoitrcubt adsedinhiudesi ant inifferm-

| ongituditial type ROM has been described as the conpl enentary type
circuit, it natien |phecessing leipsubé SriNiehchasagie! EEET?r@Vg:@fH y

n- channel M SFETs. Moreover, the logic circuit 2, and the gate Circuits 20

[err] and [errgn SR AR IES H@%}%enﬂrﬁ F’f‘éﬁgi’%%“t ggg%ﬁ‘h N9 4RoN

signal levels. The colunm sel®ct po may wel ~and t°he

may wel |l e digvigded into three or, nore,parts. -36- I n the lqgic cirguit
as shown §|)n Fi%ﬁ#oé:’%i,t%ﬁrPYQI%e%?jg‘?ﬁl %1g°'éﬁg ) é’r“éfﬁﬂﬁﬁged ap instruction
conparatively | ow speed, -

decoder circuit which decodes the instruction word to form

/

_firstly control signals required ?or a predetermined inform-
ation prbcessing operation, and secondly iﬁcrement and jump
control signals for.the.progrém counter; a RAM (random

10 access memory) for holding data; a ldgic-arithmetic unit;
a'nuhber of registers; and an input/output circuit (none of
which are shown); It executes the predetermined information
processing operation in accordance with the instruction
words of the ROMs la and ih.

15 It should be noted .that whilst the longitudinal type
ROM has been described as the complementary type circuit, it 
may well be constructed of only p-channel MISFETs or only
n-channel MISFETs, |

Moreover, the logic:circﬁit 2, and the gate circuits

20 | Glzand G2 can be replaced wiéh AND and OR cifcuits, depend-
ing upon.signél levels.

The column select portions may well be omitted, and

the ROM may well be divided into three or more parts.’



-channel M SFETs and the n-channel M SFETs are simul- taneously

ydht into the "on" states. Unless the M SFETs 5 Q7 and @B are . ®
bvyded, this will result in causing a penetrating current to flow across
e~ supply voltage term inals. Therefore, the circuit of Figure 1Q -

I ncludes the M SFETs Q7 and 8B to be _driven by the pulses [err] and [err]
In spite of being constructed of tne3@MeS circuit which has the 10 - =
feature that direct current beconmes substantially zero. However, when the
penetrating currkmttheylagicegiecutt, ashehbWiFERs FYguaied 9B wiigh henoni tt ed.
In this case, the output of the circuit of Figure 10 nay be held by an
appropﬂaﬂgigﬁgmg ageld el i ' u S LR-J| i 15 . i 37 -
CLAIMS : 1. A sem?%onduchgog?fe%g#ggfe %\gm%r gglln%r‘:?&?.ﬁréﬁj (Clg%v; ast??ﬂ'hl ity of

i e gt SRR g B e B

not 5 set at Tg; first level in order to bring an enhancenent- node
i nsul at ed-tAReOYS Y PrIvght intestheoronnt stakes.of Unless che MISFETSs
plurality of second input |ines which are supplied with said second i nput

signdl s i ) tai'idlgluga argrprovided, i shi§ willekregiltaiith augingee! when any
of said fir'st inp signal s : _

penetrating current to flow across the supply voltage term-

inals.. Therefore, the circuit of Figure 10 includes the
MISFETs Q, and Qg to be driven by the pulses ¢' and g7 in
spite of being constructed of the CMOS circuit which has the
10  feature that direct current becomes substantially zero;
However, when the penetrating current may be negleéted, the
' MISFETs Q7'and Qg can be omitted. In this case, the output
of the circuit of Figure 10 may be held by an appropriate

sample-and-hold circuit such as flip-flop circuit.



i s not »get at saLd firrst ‘level; (c) a first series circuit which includes(%ii;)
pldhality of insulated-gate field effect transistors connected in series
between a first output termnal and a first refer | al

terminal and with their respective gates coupled:t ndi ng first
I nput lines; (d) a second series circuit which incﬂ Eﬂlﬁmigﬂ I !It of S
I nsillhated-gate field effect transistoss3Zornected LES N ' a

second output terminal and said first reference 20 potential term nal
and mﬁth_tkmﬂé}A ective gates coupled to the correspondi ng second i nput
l i nes; - - Ee§ tirst precharge neans connected between a second

reference potential termnal and said firnst output termngl .and to be
mai ntained in th ‘oﬁg %%%&%Pﬂﬁ%ﬁ§%F|r§a¢a°Piys eWﬁ5¥t1§FgH93§8are set at a
second level bringing the en- 5 hancenent - node i nsul ated-gate fiel d
effect transi stGa) arplurabitynofsfirst inputflizesowhishears ar

tonnect ed between said second reference potential termnal and said second
out put ternm Rl tWhfLhst sinpavt sigrdlsnihbtuding 3t stignalewhdldh d9a detecond
10 i nput signals are set at said second level. 2. A sem conductor

read-only mengyvg ap£PLE figvb? $hehhdy bE' 5BEbnd"Ihtit"&ignals is not

/

5 set at the first level in order to bring an enhancement-
mode_insulated;gate field effect transistor into the "off"
statg; | |

(b) a plurality of second input lines which are supplied
with said éecond input signals including a signal which is(

10 . set at said first level when any of said first inppt signals
is not set at said first 1eve1;.

(c) a first series circuit which includes a plurality of
insulated-gate fieid effect tfansiétors connected in series
between a first output terminal and a first reference pot-

.15 ential terminal and with their respective gates coupled to
the corresponding fifst input lines;'

(d) a second series circuit which includes a.plurality of
insulétéd-gate field effect transistors connected in series
between a sécond outpuﬁ terminal and'éaid first reference

20 potential terminal and with their respective gates coupled

to the corresponding second input lines;



(9) t hi rd—out put tern1na| and (h) a logic circuit mhlch qulcally .
c€Q n s a si naI dellvered to said first output term nal and a ¢
s deI ,ﬂ '"ﬂuﬁ”“",second out put terminal, in order to deliver a.
termnal. 3. A sen1conductor read-only nenory
ng to clfaim 2" vherein said ngst-precharge means i ncludes a 20
i nsul ated-gate field effect transistor which is con- nect ed betmeen,;

sald second r r t a m nal ,

and a first GRE EHFE:phERhapee' blhg olictud ddtnled 4 Ml ST N,
of said first_insul ated- a:e field,effect tra r; and wherein said, -
second prerQ§ﬂﬁ§RF¢m29Eﬁ taljkermi Eégoﬁﬂq ﬁé%iﬂéiFiﬁuqu?Eﬂﬁ teymipal
transi stor which is connected between said second reference 5 potenti al
terni nal amhddicl bemaintaiped inrtheal'onfhétateothen @ik satdufirshi ch
supplies a clock'pulse to a gate of said second insulated-gate field effect

transistor g é‘ﬂ) adafé%eﬁeaé anlshcmmemcuﬁmﬁg Ehéi én3,
wherein said™firs erles circuit includes a third i nSul at ed-gate ;

manned to & rﬁ%@ﬁéﬁl fgulagkizaate %ﬁgdﬁfﬂ% o HERRLEET AR,

sai d second serjes circuit includes a fourth I nsul ated-gate field
the "on" state; and

(£) second precharge means connecﬁed between said second
reference potential terminal and said second output terminal
wﬁich is maintained in the "on" state when all said sécond

10 input signals are set At said secondllevel.‘
2. A semiconductpr read-only memory according to
claim 1, further including :

(g) a third ouﬁput terminal; and

(h) a logic circuit which logically combines a signal

15 delivered to said first output términél and a signal del- °
ivered to said second output terminal, in order to deliver
a signal to said third output termin#l.
3. A semiconductor read-omnly memory according to
claim 2, wherein said first precharge means includes a
20 first insulated-gate fieldieffect-transistor which is con-

nected between said second reference potential terminal and

said first output terminal, and a first gate circuit which



effect {ransistor which i's turned "on" and "off" in conple- 15 ment ary é{;;
marher to said second insulated-gate field effect l”lﬂlmlﬂlm,ml"w _

sem €onductor read-only nenory according to claim il _

insul ated-gate field effect transistors constituting sail ffrst @nd second

series circuits are of a 20 first condd@t+vity type, and said first and
secand insul ated- gate field effect transistors are of a second

conductivity t3tisplies -a 4dlocl. pvl $€M&0RIYEEET oFead] ANiFY reRMIns1AY i ng
to claim5, wherein said |ogic %ircuit hasgits operation con- trgﬁlg%&g§ a

cl ock pulse. 7 ' - e Yy kding.t.o claims 4,
furt helro I ncl ucﬁarﬁ;é Zﬁd%%g e c%%uéfgﬁm%?%]%g?br%g&sglﬁgfg Epsggéﬂd Si&?&?d Iil'ﬁeput
signal s by decqdi ng bi nar ignals of a plurality_o its. 8.
se%icondugtoréhﬁﬁé%ﬂﬂ%ﬁ%%nﬁmsﬂ%é%%r%iﬁ@c?BdciBFH4¢Fedn5ﬁ§ﬁnfésdﬁ &if fesitd
first and second gate circuits re- 10 ceive firstly as a gate control

signal a bi narsransjetios yiplcledis ccomnectied cbetweenusaidasdcondondference
cl ock pulse. 9. A sem conductor read-only menory according to claim4,

wherein i d gotutitfaRrtefid®l Hd 2s8id05Ec6RAT 6ABEUE! RerRdBalr aleg 3Nd
sai d second series circuit is connected to
second gate circuit which supplies a.clock pulse to a gate
of said second insulated-gate field effect transistor.
4, A semicondpctor read-pnly memoty according to claim
3, wﬁetein said first series circuit includes a third
10 insulated-gate fisld effect transistor which is turned "on"
and "off" in complementary manner to said first insulated-
gate field effect transistor; ana wherein said second
series circuit includes a fourth insulated-gate field
effect transistor which is turned-"on" and "off" in comple-
15 mentary mammer to said second insulated-gate field effect
transistor,
5. A semiconductor read-only memory accdrding to claim
4, wherein said insulated-gate field effect transistors
constituting said firstland second series circuits.sre of a
20 first conductivity type, and said first and second insulated-

gate field effect transistors are of a second conductivity

type.



" 15.: said second out put t er ni nal t hrough an |nterconnect|on layer Mhl&h S
ndedMsald i nsul ated-gate field effect tranS|stors_ L
of)
£ )

itutin ies circuit. 10. A sem conductor read-only -
y accmgm \‘“m‘? 9, wherein each of said first and second
eTies Cir es at least a first circuit which is forned froma
'pIurallty of |nsulated gate field 2f4@ct transistors connected in series, h,
and a second circuit which is formed froma - 41 - plurality of

i nsul at ed- gat & | A ssenfiiconductonisead sonbyneenetyi acsordéagand which is
connected in parallel with said first circuit. 11. A sem conduct or

read- onl y TRy Y5,C WHd e eéhﬁdlbl:oéi@rléi?éhi(t aﬁaBei%noﬁeiaﬁziiBﬁd W
reference to and as |IIustrated in" Figures 4 e acconpanyli ng

dr awi ngs ation has been reproduced by photocopyi ng
t he applléégﬁg'orlgpnméﬁ% g It nay contain a few amendnents which
are difficult to read rﬁcrlpt con ng these anendnments nmay be

i nspected on tfe ﬁ*éﬂ*%kﬁg uGkRr e T° Yimegmory according to claim

¥

5 4, further including a decode circuit which forms said first
and second input signals by decoding'bihary signals of a
| pluralify'of bits, | o
8. A semiconductor read-only memory éccording to claim
7, wherein‘ea;h.of'éaid first and second gate circuits re-
10 .ceive.firstly as a gate.céntroi signal a binary signal
supplied to said deéode ciréuit, gnd secdndly a clock pulée.
9. A semiconductor read-only memory accdrding to claim.
4, wherein said circuits are formed on a éingle semiconductor
substrate, and said second'sefies.circﬁit is connected to
15 said second oﬁtput terminal'thfoﬁgh an interconnection layer
which is extended on an érea forming said insulated-gate
field effect transistors conmstituting said first series
circuit,
10. A sémiconductor readeon1y memory according to claim
20 9, wherein each of said first and second series circuits
includes at least a first'circuit which is fofﬁed from a
plurality of insglated-gate field effect transistors connected

in series, and a second circuit which is formed from a
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plﬁrality of insulated-gate field effect transidors
connected in series.and which is connected in parallel with
said first circuit.

11, A semiconductor read-only memory constructed sub-
stantially as hereiﬁ aescfibed with reference to and as

illustrated in Figures 4 to 10 of the accompanying drawings.

The taxt of the specification bas been Teproduced by photocopying the spplicmnts original
typescript. It may oontain a fev anendamnts which avre &iffionlt to read. The

oxiginal
typescTipt containing these amendnents ssy be inspected on the premises of the Patent Qffice



