2098396 "A seni conductor me menory". The present invention relates to a sem -,

conductor nenory. More partlcularly It relates to a sem conductor nenosy ¥

mhlch 7 constructed of M SFETs (Metal-Insul ator-Sen conductor Field Effect;

5 i*\~ Transistors) represented by MOSFETs (Metal - Cxlde- Se gt
Fi el ¢ Ef f ect Transi stors) (hereinafter abbreviated to "MOS"). Herernalte
a P-gchannel MOSFET and an N-channel MOSFET shall be respectively call

"P- MOS" 10 and "N-MOS"; and a conpl enentary MOSFET with both
MOSFETs conbi ned shall be called "CMOS". A pair of data |ines connec 0
a sense anplifier as are fornmed in parallel wth each other shall be naned
"folded data |ines". 15 The so-call ed one-el enent nenory

cell which is constructed of one MOSFET and one capacitor has few el enents
and al so has few connections, and therefore has the advantage that the size
of the nmenory cell is small. For this fleason, a 20 sem conduct or
menory- enpl oyi ng one-elenent type - -2- nmenory cells is being put into
extensive use as a 'dynamic RAM having a | arge nenory capacity. Since the

perfornance of a sense anplifisr gemiconductor memory".

The present invention relates to a semi—
conductor memory. More particularly, it relates to
a semiconductor memory which is constructed of
MISFETs (Metal-Insulator—Semiconductor Field Effect

5 | Transistors) represented by MOSFETs (Metal-Oxide- - |
Semiconductor Field-Effect Transistors) (hereinafter
abbreviated to "MOS").

_ ~ Hereinafter, a P-channel MOSFET and an
N?channel MOSFET shall be respectively called “P—MOS*
10 and "N-MOS", and a complementary MOSFET with both

| the MOSFETs combined shall be called "CMOS", A

pair of data 1inés connected to a sense amplifier as are
formed in'parallei with each other shall be named
nfolded data lines". |

15 - The soaéalled one—-element memory cell which

is constructed of one MOSFET and one capacitor has
few elements and_also_hés_few cbnnections, and
thérefbre has the advantage that the size of the
memory'cell is small. .Fdr this reason, a

20 semiconductor memory employing one-element type




-~ i nhe dynamic RAMis greatly influential on the 5 operation margin
& nenory, the sense anplifier is the nost inportant in the C|reU|t

Wan as to the one-element type nmenory cell. In addition, the sen
i _‘J"ﬂler nmust be formed in one seniconductor substrate together W th fﬁe
newory cells by the 10 - sem congluctor integrated circuit technol ogy

efficiently so as not to require a | arge occupying area. On the other hand,
in the dynamc RAM the structure of the menory cell nust be conS|dered SO
that a soft dpemeryiteelbstis belng petrinpar exsensiye use as a

(al pha-parti ated to be unltary

with the sens%faaﬁf?F*éyeﬂéﬁgﬁgeﬂﬁ}gyééhﬁémgFPequ#Eégg?b be high in the -
speed of read-out of aSiné@%mt%OFfoManéeaﬁfOHJ gehsef aimptipiepent

i nvention 20 to enhance the performance of a dynamc RAM which is =

constructed ofnobiee cdymemic t BAM hensrgat%Y|§nfbuen§i gnsgbeific f
S renory coPpOFERiod ndbpli' SE Cuhe RodGhIT B! pbpBp RHELLEERR [U1LL1C ©

present invenigothé R6eti Smpopvantdin 'enm cfpdustodentghr wsformed in a
sem conduct or |ntegrated circuit including: (a)_a seniconductor substrate
of a first 30to the opemelenent  {ype pReMmATEhCRA3.at ERasHdEkione) |

the sense amplifier must be formed in one semiconductor
substrate together with the memory cells by the
10 semiconductor integrated circuit technology efficiently
80 as not to require a large occupying area.
On the other hand, in the dynamic RAM, .
- the structure of the memory cell must be considered
so that & soft error attributed to an ¢-narticu1e
15 (alpha-particle) is preventable. | Further,'when "\
integrated to be unitary with the sense amplifier,
the memory cell is required to be high in the speed
of read-out of an information.
It is an object of the present invention
20 ' to enhance the performance of a dynamic RAM which
" is constructed of one-element type memory cells, owing
to a specific combination between the structure of |
a sense amplifier and the structure of the memory
cell. . |
25 According to a first aspect of the nresent
| invention there is provided a semiconductor memory
formed in a semiconductor integrated circuit
including: _ |
(a) a semiconductor substrate of a first
30 conductivity type which has at least one well




of a secohd éohductivity type; - (b) an array of nenory cells which are |
formed. in said well region, said.each cell of said array including a M3 “y
transjistor of the first 5 .“'conductivity type and a capacitor; (c) as °

pIuraJ\T& of data |ines which extend oyes said well region, and each of
which is electrically connected to sel ect ones of said nenory cells of sat
arrays 10 (d) a plurality of word |ines which extend ov__-

said well region,_ and each_of whic ctrically connected to gates of

t he MOS tran&:ﬂQﬁsﬁ(ﬂeﬁﬂﬂﬁc?gﬁdﬁﬁg§viFys ¥Behenoiy cells of said array;
and (e) a plurality of sgg?e ﬁﬁpéfﬁh eﬁggﬁpg @ngg g&@ﬂ to a pair
a e

of adj acent ones of said I nes eac nse anp i ncl udi ng a
pair of first N[Ibzl'memsintmsdoﬁelmeré'gien,caadldcbacht peﬂ.ﬂ.peﬁ/vlnaﬂd are
formed in one 20 ' regi on_of .the se ond COHgUCtIVI type forned
in said sen1condH@Fﬁf %RE%?¢%B5 a MaS tpapeis °§e93n sistors of

t he second cond ea f sai d sen1conductor
substrate; said palr 6¥$¥€fs?9kffeﬁéans?s ogékgg having their
respective gates and dr ai fis) craspluraliptydofodatehldnies whithhextendsai d

respective drains electrically conpected to sajd pair of data |ines; said
pair of secondlﬂE?#r%ﬁ%#§VB1i resipg, and each’o? ngcth

electrically connected to select ones of said
. memory cells of said array; _
10 ' (d) a plurality of word lines which
extend over saidfwell region, and'eacn of which
is electrically connected to gates of the MOS
transistors of selected ones of said memory cells
of said array; and
\;) | ; (e) a plurality of sense amplifiers
each of which 1is coupled to a pair of adjacent
-ones of said data_lines, said each sense amplifier
- including a pair of first MOS tramsistors of the
-firsf_conductivity type which are formed in one
20 well'region of the second conductivity type formed
in said semiconductor substrate, and a pair of
second MOS transistors of the second conductivity
type which are formed in said semiconductor
substrate; said pair of first MOS transistors
25 having their reSpective'gates and drains cross-
“coupled to each other and having said respective
drains electrically connected'to Said pair of data
lines; said pair of second MOS transistors having
fheir respective gates and drains cross—coupled
30 to each other and having said respective drains



-

' respective gates and drains cross-coupled 30 to each other and

said respective drains -4- electrically connected to said pair of
ines. The present invention will now be described in greater detail
of exanple wi.th reference to the acconpanyi ng draw ngs. S5 N

Fr gure 1 is a diagramof a sem conductor,menmory systemin a dynam ¢ RAM
(D-RAM); Figure 2 is a block diagram of 4 DRAM Firgures 3A and 3B are

“ﬁvefor”‘d'agrQ?ES?}égﬁ}ﬁxwfoenEg%eQ'géNLaEh 4Afi a@ab&985 di agram of * a

first enbodi nmen ure 4Bis a form |agramo§the D RAM
shown in Figure 4A; 10 rhe. ﬁAesent 1nveEEQHﬁew gl'ﬁ EO@ESQEQQE?”‘Of a
second enbodi nent of the D Figure 4D i1s a m1ave19or m di agram o
D- RAM shown i nihi geeatde; dekadnendEwhy afbbrakpdeagiam ebfarkhted 15
enbodi ment of a D-RAM .

to the accompanylng draw1ngs.



Figure SAis a circuit diagramof a fourth enbodi nent being a 2-mat typé
Kbit D-RAM Figure 5B is a waveform diagramof the 2-mat type 64 Kbit i
shown in Figure 5A; 20 ' "Figure 6 is a diagrammatic _
arr &hgement of a fifth enbodi ment* of a 2-mat type DDRAM I C. Figures 7A and
7B are partial layout pattern diagrans of=the=2-mat type D-RAM I Cs shown in

Figure 6; 25 Figure 8A is a perspective structural view of
a menory cell; Figure 8B is, a perspective structural view of a dummy cell;
Figure 9A is a di agrammat il8itenyeke ¢kagram of a sepicepducion. - 6-

Figure 9B is a diggr | & Qg}.ﬁ | O%RAM | (DL AM nory; Figure 9Cis
an el ectrode di agranﬁ CQJ%JO,# ?jlﬁg dCa acﬁib‘? I'n a@r-errorw‘éel l; 5

Figure 9D is a diagranmat iRiguren®echerd bock ndtagyamrofiya dweRAMdunmy
array; and Figures 10 to 35 are sectional_views of a C M) dynam c RAM

showi ng the respective stdpBunes A ARAIZR (AT YARERFm dipgrams of
Enbodi gent s I N whiyh m;| nvention is -
' Figure 4A is a block diagrem of a first
_e_mbodiment of a D—RAM; _ _
| Figure 4B is a waveform diagram of the D-RAM
shown in Figure AA; _ .
10 Figure 4C is a block diagram of a second
embodiment of th_e_ D-RAM;
Figure 4D is a waveform diagram of the
D-RAM shown in Figure 4C; _ _
| Figure 4E is a block diagram of a third
15 _ embodiment of a D-RAM; '
- Figure 5A is a é_.ircu;lt diagram of a fourth
embodiment being a 2-mat type 64 Kbit D-RAM;
Figure 5B is a waveform diagram of the
-2-mat type 64 Kbit D-RAM shown in Figure 5A;
20 | Figure 6 is a diagrammatic arrangement of
a fifth embodiment of a 2-mat type D-RAM IC:
Figures 7A and 7B are partial layout pattern
diagrams of the 2-mat type D-RAM ICs shown in
Figure 65 | | '
25 , | Figure 8A is a perspective structural view
of a memory cell; | | |
Figure 8B is a perspective structural view
 of a dummy cell; B '
| Figure 9A is a Hdiagrammatic arrangement of

30 a memory array;



red to a dynami c RAM enploying one-el enent type nenory cells will now
g¢ribed with reference to the drawi ngs. The construction of a dynamc
system 15 will be explained with reference to Figure 17

/. a bl ock diagram MS encl osed vvithlﬁal dotted line indicates a dynar’h'-é’ .
nenory system This systemis constitTRed by a DD RAM I C ARRAY portion in
- which a plurality of IC chips IC11 - 1CnB of 20 a D-RAM are arrayed
(hereinafter referred to as.a "D RAM'), a central processmg unit portion

of a conputer: (not shobiguaved 9Bris mafdicigreat ot ad txexws a "CPU'), and an
interface cir | E between the CPU and the D-RAM 25
Next, input a sb‘a‘laﬁi}?‘ dm@& RMEMPNYe dynami ¢ menory- system and t he

CPU wi || be expl ai ned. s for_selecting the
address of the D RAM %ﬁf'g eneqnséeéétnfﬁe Hﬁg%m %r?al for
refreshing t hetoringy capeeitor dn 30 memory c¥llzhe D RAM WE denotes a
write enabl e signal, _7- which is a read-out and wri-te-down instruction

sigfal for data in t he FHERRD 9D {8 & aarammatin \armangensnthal f or
hput ot put R eBEy sty el R, aradthiladd [V L SOTLON e
D- RAM - Figures 10 to 35 are sectional views of a
' ' ‘C-MoS dynamic RAM showing the respective steps in
_ the manufacture thereof. _
10 '~ Embodiments in which this invention is
applied to a dynamic RAM employing one-element type
memory cells will now be described with reference
to the drawings.
| The construction of a dynamic memory system
15 ~ will be explained with reference to Figure 1. - o
First, a block diagram MS enclosed with a dotted
line indicates a dynamic memory system.  This
system 1is constituted by a D-RAM IC ARR_AY portion
in which a plurality of IC chips IC,, - IC . of

_ 11 , mB
20 a D-RAM are arrayed (hereinafter referred to as a

"D-RAM"), a central processing unit portion of a
computer (not shown, and hereinafter referred to as
a "CPU"), ‘end an interface circuit IF between the
CPU and the D-RAM.

25 . Next, iﬁput and output signals between the
dynamic memory system and the CPU will be explained.
‘Address signals A = A are signals for selecting
the address of the D-RAM. REFGRNT denotes a refresh
grant signal for refreshing the hemory information

30 of the D-RAM. WE denotes a write enable signal,



X

REFREQ desi gnates a refresh request signal for the nenory information of.-
the D-RAM The dynam ¢ nenory systemw ||l now be expl ained on the D RAM.apeTs
the interface circuit - 10 (I'F) separately. The D-RAMis nade up o‘é’? ]
an I'C~array which is formed into a matrix arrangenent of (n x m words X<B '
bits I'n such a way that n.kbit integrarea Tircuits received in individual

| C packages (hereinafter referred to as "nk") are 15 - arrayed in a

nunber min each ¢oJum, and in nupber , B i p, each 1 ow. I ul d be noted
that 1 kbit ini dod fedd) Eei‘gz‘a“  Fad rEe et LastrpbReR) T e
first described. gjghatapod@atd! 19WRE DORRMPENt MS-défotes a memory (a)

.a row address recei ver RAR which receives the address signals [err] anong
the address signagtaftrsignaknfortstarting the meupnydoperetie9fris t hem

into addre [ I fot.m d,to,th {1 f th 25
(b) a col o Zldg[]@%é &M?epg@agga aehd?_giﬁﬁ‘%‘égpfﬁﬁ“ﬁgﬁ‘r‘g?%%s&%ﬁ%l [err]
anong tdie addr essg sagt@! Bus WhichRNgouples €REVEPUSahictheNDORAMIr ess

signals of timngs adapted to the operation of the DDRAM 30.
(c) an address rREEREQrdestenstes acrefresh reqgest signal for the

memory information of the D-RAM.
_ | The dynamic memory system will now be
' explained on the D-RAM and the interface circuit
10 (IF) separately. The D-RAM is made up of an IC
_array which is forméd into a matrix arrangement of
(n x m) words x B bits in such a way that n-kbit.
integrated circuits received in individual IC

packages’ (hereinafter referred to as "nk") are

15 arrayed in a number g_in'eaéh colum and in a
number B in each row. ' It should be noted that
1kbit inidcates 2'0 = 1024 bits.
‘The interface circuit IF will be first
described. It has the following components:-
20 . . . (a) a row address receiver RAR which
. receives the address signals Ay - Ai among the
address signals AO - Ak transmittgd from the CPU
and which converts them into address signals of
timings adapted to the operation of the D-RAM.
25 (b) a column dddréss receiver CAR which
receives the addreﬁs signals A, , - AJ among ﬁhe
address signals Ao - Ak'and which converts them
into address signals of timings adapted to the
operation of the D-RAM.
30 o (c¢) ‘' an address receiver ADR which receives



. the address signals [err] anong the address signals [err] and which
sQnverts theminto address signals of timngs adapted to the operation of
D-RAM 5 . (d) a decoder DCR which transmts a'chi@.
el ection control signal for selecting Lhe chip of the D RAM (herei naf Ter.
¢ferred to as [err] where m= [err]). (e) a RAS control circuit RAS-CT
whi ch 10 transmts a chip selection signal and a row address o«
i ntroduci ng '&iqreddnéssisiggaladAS% d-tA tamongethei addoésshe D-RAM (f) an

address nmul tipl exer ADM whi ch nul | exeS the addres ignals [err] and
[err] 15 sggn##t*ﬁoe"séguﬂﬂ@e"ﬁ% t feRVerksskhen iﬁgﬁh Pgdfﬁ%sl} RAM ()

a refresh syg u ] r E@é‘? i eLyi t for _
refreshing t e&n%réfﬁﬁéﬁégi%n &?hggﬁ%l\i’%g&aan b-?‘ ‘Eﬁe (h) a
refresh addrBeRAMount er RAC which transnmits refresh address signals [err]

in order to refresh t mermory information of the DRAM (i), a data bus
dp$ ver DED whose dat an)ﬁpu? degoder rRoW%i%ﬁ.%nﬁ’B{-meﬂ F%@PCPU and 25

"the D-RAM ar ' Lgn t LEGURE C CT which
transmts siég\erlgﬁé?%?d%%?%gﬁ | né %%efg oéé%%%?gn{e:gél?i%?ﬁA RAS- CT, DBD
and D- RAM Ttiee aD-t-RAMs(hére.hnaﬁﬂdrenefergedl towas h_PGS1 - CSm" where _

(e) a RAS control circuit RAS-CT which
10 transmits a chip selecfj.on signal and a row address

introducing signal of timings adapted to the operation
of the D-RAM. | o .

(£) an address multiplexer ADM which | .
multiplexes the a_t;dress si_gnals.Ao - Ai_ and Ai+1 - A—J

15 in time sequence and then transmits them to the
D-RAM. . _ _

(g) a refresh | synchronous generator
RSG which determines a timing for refreshing the.
memory information of the D-RAM. _ . .

20 . (h) a refresh address counter RAC which
transmits refresh address signals Ry - Ry in order
to refresh the memory information of the D-RAM.

| (1) a data bus driver DED whose data
. inpﬁt and output operations between the CPU and

25 the D-RAM are switched by the VE signal.

{3) & control circuit C-CT which trensmits
si_gnals for controlling the above-mentioned RAC, |
ADM, RAS-CT, DBD and D-RAM.

The actions of the address signals within

30 the dynamic memory system will now be described.



39 -. the dynamic nmenory systemw || now be descri bed. The address
signals [err] which are transmtted fromthe CPU are divided into the ,¢- >,
functions of the address signals [err] and the address signals [err] hqm )
the'ﬁyﬁanic menmory system More specifically lhe address signals [err e/ -
used as the address signals of nmenory matrices within the respective chips
of-the DDRAM On the other hand, the address signals [err] becone the chip
sel ection signal which, when viewed fromthe I C chip of the D RAM

det er mi nes whet heThsr afiirese shegnadschpD- & sehdched@rectransmitiad ornity
wth the matrjx within the 1C chip of the D-RAM the address signals [err]
are so desi gncRP™ Fhe (GRY e cdivifgaaintpetine dme funstians #f he

sel ection of the row of the IC chip array,aghi e those [err] tqg the
sel ection of'?ﬁbﬁﬂﬂqﬁﬁF(ﬁlﬁWéi? ohTphgr @ .dQﬁMaQQWQEﬂtskﬁﬁﬁ¥ﬁions

wi thin the dypanic Yo Systemwi,l |l be described. RAS signals or [err]
signals, a [éﬂhﬁ si§§23L§HE%& Pr FYRRAEAS MEPO TV Y fess strobe signal s,
whil e a CAS si gnahg. es tr signal . _The address signals
[err] and those [gdro;r]% %ré%ﬁ%%?ﬁgél ?/h%pﬁﬁlg% stsg waﬁlﬁ\ﬂamrfo t he RAR
and CAR. ere used as the address signals of memory matrices

within the:respective chips of the D—RAM.-

- A

On the other hand, the address signals A, X

+1
- become the chip selection éignal which, when iiewéd
from the IC éhip of the.D—RAM, determines whether
or not the entire chip ié selected.
Hefe, in conformfty viith the matrix wifhin the

IC chip of the D-RAM; the address signals Ao - Ay are

so designed that the eddress signals A, - A; are allotted

o
to the selection of the row of the IC chip array,

‘while those A.

i+1 -:Aj to the selection of the colum

of the IC chip array.

Now, circuit opergtions within the dynamic memory
system will be described.

RAS Siénals or_ﬁIE; q-ﬁK§; signals, @ §I§; signal
end a §K§; signal are r&% address strobe signals, while
e CZS signal is a column address strobe signal.

The address signals A0 ' Ai and those Ai+ - A,

L J
are respectively applied to the ADM through the RAR

and CAR;



- -10<_When the RASb signal has becone a certain level, the row address
. [err] are transmtted fromthe ADM and applied to the addregs
tefffilnal s of the DRAM At this tinme, the colum address signals [err]~
i ed frombeing transm tted. I\Exi ™hen the [err] signal has beco
t‘he™~opposite level to the above, the colunn address signals [err] are
transmtted fromthe ADM and applied to the address termnals. At this

time, th . ted f tted

o ¢ e abui MR R A RLkghl e%éeef%&?féfe” eeﬁ#t"%ﬁe%%%# e applted

to th { f D-RAM t d th

tge Igvglng'lr e%%f“h?@r §ssqsg%a$$§§?née a Iﬁg.f Is cor ol Si gnf’ﬁc&ﬁtrar?]nc?sw
lied t I

P ot (e End Mordtledtol Phieelarels HEAAHRAIL e I © o'

convert eI gméf&%ixﬂéo the %B'lliaﬁﬁg'a‘?fdﬂ Pnid@ls shgnals ferr] (m

[err]) V\/m principally seflect th svmthlnthe D RAM*1 The

09nverteda:@ Pravertidd fﬂ‘dxﬁ'eﬁefﬁ?V%HaQﬁniﬂﬁ&d he [err] signals whose
ti mngs have been controlled by The [err] signal and which are used as the

chi p sel ecti ngextgnaitsernnché hRA‘Sb signal has become the opposite

+1 Aj

are transmitted from the ADM and applied -t_o the address

level to the sbove, the column addr,ess signals Ai

terminals. At this time, the row address signals

Ay - A, are prevented from being transmitted from

0
the ADK.
In this way, the address signals AO - Ay and
A, - A, ere egpplied to the address terminals of -
141 J o

the D-RAM in time sequence in accordance with the.
levels of the R—A'q signal. |
Since a refresh control signal_.Rcs is applied
to neither the ADM nor the 'EAC, the refresh address -
signals R - Rl are not trensmitted from the ADM.
The chip selectlon signals A,

j+t T ‘A‘k are converted
thmgh the DCR into the chip selection control signals
Cs, - Cs, (m = ok - J) which_,_pri'ncip'ally select the

chips within the D-RAM. The converted signals sare

further converted into the ﬁAS1 - ﬂsm signals whose
'timi.ngs have be_en controlled by the RASa- signai'and
which are used as the chip selecting signals "and the .

rov address introducing signals.



-

mow address introduci ng signals. There will now be expl ai ned the ,
operation of setting addresses within the chips in each col um of the
D-RAM ‘First, the.row address signals [err] are applied to the addres: 74
ternmimals of all the IC chips of the D-RA 1t is assuned that when one of -
the [err] signals, for exanple, the [err] signal has thereafter become a
certain level, the 1Cs nunbering B as |ocated in the uppernost stage are
sel ected. At th|'Ig‘°tr|°rré"11t]hé‘9‘6\%Pﬁdﬁ¥E§§1§P&n$h§ p@eratigne 6int r oduced into

the row addresses of the menory, mairi x, arrays wi;thin the ILC ([err]) chips.
Here, the reﬁ%ﬁ*%fdtq?eesr"tﬁ?a’%ﬂ tRin EFSnSPgPFeF-P] "ng to the 1Cs

i n advance of ttg’(f &@ si gnal - |s that, when the [err] signa'l Is applied
before the rgams gnals [err], S|gnals ot her than the row address

Z'LE”ZL? imeghigbte brt %;b%%%gn;' éFsh ndte” uc@h.“gg%é‘f%sfﬁl;% N [le”]
Ther eaf t er Qe ﬁs gvg § th%S&%thPE%f % tHd g,pa
eve a err

has becone a certaln umm a ress sign are |n roduced

into the col um q%d&sssesmeaheaaen@mnwah@ 6 £y RAE ! TASE B 1C chips

of n.k bits |located in the uppernost
signals, for example, the RAS1 signal has thereafter

become a certain level, the ICs m.uhbering B as located
in the upperm;ost stage are selected. At this time,

tke row address signals AO - Ai' are introduced into

. the row addresses of the memory mstrix arrays within

the IC (IC“, IC IC1B)' chips. Here, the reason

12°
why the row .ad.dress signels A, - A  ere applied. to
the ICs in advence of the TAE;
the R—AS_1 signal is epplied before the row asddress

signal is that » When

signsls A, - Ai’ signals other than the row address

0
signels might be introduced.

'Subseqﬁently, the column address signels As g4 - Aj

are applied to the address termin_ais of all the IC
.chips of the D-RAM. .

Thereafter, when the CAS signal delayed with
respect to the RAS,

1
the column address signals Ay

signal has become a certain level,
| +1 " AJ are introduced

into the column addresses of the memory matrix arrays
within the B IC chlps of n-k bits located in the uppermost

stage. Here, the reason yw_hy the column address signals



" The writ

* stafes, Here, the reason why the colum address signals -12- [err] are

d to the I1Cs in advance of the CAS signal is the sane as the

#€yited reason. The action of the CAS signal is to distinguish WhIC

al s are being sent between the «o92address 5 signals [err] and th\s/

colum address signals [err]. By the above operation, the addresses wthin

the B nk chips in the uppernpst stage of the D-RAM have been set. The IGCs,

except t'hose in the upper npst stage of 10 the D-RAM are not selected

because thgq er A}y $rghAPPkied atot hheoISasiire ddnemice @ft ftthd evel of [err].
wQ op ratlon and read-out operation of data in the set

addr essesAN BL8R&K 15 the)same| asnthe mformodAmd gesmodnsi gned that the

write-down op%atlog\}and r -out_aperati on of data are determ ned by the

hi gh | evel whBesdgasile isi dvaidivtingmish The
wite-do e I S _ex cu.tedi h.a way at when the WE signal is
at a Cel’}[%g.ll %BI evgbgﬁ'&atafe[ ﬂnﬁﬁﬁ?ghgeﬁg@e&r %mqwe@Wq% set
ad(yessesslggggsrgad ouit %ec{a.éﬂon L$LEX%8S td%deslsns%léngls Ajq - A,

J

By the above operation, the addresses within

the B nk chlps “in the uppermost stage of the D-RAM

have been set

The ICs except those in the uppermost stage of
10 the D-RAM are not selected because the RA32 - RASm
signals are at the opposite level to the level of

RIS, | |
The write-down operation and read-out ' \/’
operation of data in the set addresses will now
15 be explained. _ . _
The D-RAM is so designed that the write-down
operation and r'ead-out operation of 'data are
determined by the high level or low level of the
write ena'ble signal WE.
20 The write-down operation is executed in
such a way that wh_en_ the WE signal is at a ‘certain
level, data D, - D , from the CPU are applied
to the set addresses. ) ' |
The read-out operation is executed in such
25  a way that when the WE ‘signal is at the opposite

leve; to the abov_e, the data D01 - DOB' of the



Z5- a way that when the WE signal is at the opposite level to the abovey-
the data [err] of the respective addresses having been witten down ssgs
delivered at B bits. In Figure 1, abbreviations signify the actions o
Si gn'a\%é. "The abbrevi ation over which gn1i3n\Lersi on synbol (bar) is
attached indicates that when the signal is”at "0" (low |level), the ac
signjfied by the abbreviation is executed, while the abbreviation w thout

t he bar synbol indicates that when_ the signal is at "1" (high level), the
action i s excxgspectiNe eddressesi heyipse%em wrdttsn & g!'ef romthe CPU,
I.e. the REF ' I ,gnal and MS signal and delivers the CAS
signal, [err] |d‘?§?~% V\Es?’&%' *, VE signal and [err] signal. The
actions of these deli gy @d gt Mgl adbgesiations isigniflyaithed actiien8AS
signal is the signal for distinguishing.which of the row address, signals

[err]. and t he ofoisd@nadddr esThei ghbreviatipn, ayetsiwidoly A% HBVEZS108 t he

respective chi ht i hg D, ' Siraal hiat roduci ng t he

col um addresgggllb\ggr}al y&é) %ea]%%pﬁg.iﬂﬁ?g: i err] si grv]vaeQ{;ht@Le signal for

adj usting the giigiialgdsofat MO {licw Jieyed )y ik motdlon rmjgnidfizd ust ed

signals to the IC chip_array within the D RAM L :

: by the abbreviation is executed, while the :
abbreviation without the bar symbol indicates that

when the signal is at ™" (high level), the action

is executed. _ . _
The C~CT receives the instruction signals
from the CPU, i.e. the REFGRNT signal, WE signel and

MS signal and delivers the CAS signal, RAS_ signal,
RAS, signal, WE signal a.nd-.Rics signﬁl. The actions
- of these delivered control signals will be e'xplai..ried.
The CAS signai is the signal for distinguishing

which of the row address signals A, - A; and the column

0
address signals A, . - Aj are being transmitted to

1+1
the re.spective chips within the D-RAM, and also the
signal for introduciné the column address signsls
of the IC chips. - _

The FE: _signé.l. is 1':he signal for adjust'i'ng the
timings of the CS;I - Cs,, sig.nals and supplying the
adjusted signals to the IC -chip array within the D-RAM.

| The WE Signai is the signal for determining the
read-out of data from the memory cells within the
IC chips of the D-RAM and the write-down of data into

the memory cells.
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Atalt‘he nenory cells. -14- The R signal is the signal -for startigg.
e ef resh operation and for inhi bitiﬂg the ADMfromtransmtting the
.addfess signals [err] and [err] and SiTulT aneously permtting it to
transmt the refresh address signals [err] fromthe RAC. The [err] signalk
is the switching timng signal for converting the row address signals [err]
and col unm abee Bsg sFyEnrd fer the ryignaik foN shavting thee- sequenti al

mul tiplexed signals. In addition, it is nade a signal according to which
the ti rrﬁeae?}hé’gw'ﬁﬁh?ﬁgaﬂétm intd hihing dtleesABMgfnp® [err] and the
colum address, sjgnals [err] is-delayed with respect to the [err] signal so
t hat t hgrwjaﬁm’g%stQPgﬁgFiS'e[s@r SLEREL hahe bebp BREvAded fr 6?1 t he ADM when
one of thﬁ %ierélri signalz I's sel,ﬁ:ct.ed.'-,There wi || now be descrlbed the

rel at i off%%i CPRLYVReIMGTH1nE It eP deFransmitgthoerefpBE. The WE

“si gnal jtted fromthe G- CL.is | i to the D-RAM and the DBD. By
way of éégzon%lfge,s %if EgOV\E- &%&"@W gﬁ'gﬁ f‘ﬂ% high level, the read-out node -
s establishpg, REe-!DFeflalasq tll AMMAE PIAYAESigna1 |

for converting the row address signals 'Ao - Ay and

column address signals Ay g - A from the ADM into

the time-sequentia_l multiplexed signals. 1In #dd.ition,
it is msde a -s;i_'gnal according to which thé time of the
switching between the row addr'es.s signals Ao - Ai_
and the column gddress signals Ajq - Aj is delayed
with respect to the 'ﬁ'A_§; signal so that the row address
signals AO - A_i may have been provided from the ADM
when one of the RAS (ﬁ'A—S'; - m;) signsls is selected.
There will now be described the relationship between
the WE signal end the data bus driver- (DBD). |
The WE signal transmitted from the C-CT is applied |
to the D-RAM and the DBD. By way of éxample, when
the WE signal is at the high 'level, the read-out mode
is established, and the dat;c.l of the D-RAM are provided
and transmifted to the CPU thi*oug_h_ ti:e DBD. At this
time, input data are controlled by the WE signal so
as not to be intr_éduced-_ from the DBD into the D-RAM.
When the WE signal is at the low level, the write-down
mode is established, and the input- data are applied
from the CPU through the .DBD' to the data input terminals

of the D-RAM and are written into the set addresses.
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ahd transmitted to the CPU through the DBD. At this tine, input data are .
controlled by the WE signal so as not to be introduced fromthe DBD int
the D-RAM When the WE signal is at the low |evel, the wite-down node
est abM’'shed, and the input data are apM|1xﬂ5rﬁnnthe CPU t hrough t he DE
the data input termnals of the DDRAM and are witten into the set

addr gsses. -15- At this tinme, the data outputs of the D-RAM are _
controll ed by agetMEssitgmal, eﬁeaaaaat oli®plesPbevitHedpirAM Ape DBD. In the
menory cell-circuit of the. RAM..an i nformation is retained by

accunul ati ng cnangeglladthv tae ¥EBpaignal sp emenotetol beeprovidednenory

cell, and the g pear with time on account of |eakage current.
Probl emat i ¢ he?ggﬁ %ﬁﬁ Dﬁ%ﬁen the charges of the information "1" (high

| evel ) - have dlSappeareﬂntQhéeﬁéﬂsr&eééllhéﬂréuiefSkeﬂﬁe pergh, f ah
discrimnating the information "1" and "0", -the information A s

di scri mi nat ed 48fopmatienuisi ngtainednbyf ancumutatingnchargest tnkeep t he
i nformation 2. St s, need to be re shed _before they
decr ease beloltPE ﬁb%fﬁ?éﬁgégggvgﬁ tﬁﬁ operPEReE e?X?FoﬂeH8€Xs ﬁﬂi be
carried out wi hﬁdntheechai-géaauaapﬁéaf-a%thl #emef ohh8cBBIRLYof®! | -
Accordingly, the refresh node has preference
leakage current. Problematic here is that when the
charges of the information ™" (high level) have
disappeared to become less than a reference level
for discriminating the information’"1"' d "o, the
information """ is discriminated as "O", resulting
in a malfunction. In order to keep the

information ™" stored, the charges need to be

w rerreshed bei‘dre they decrease below the reference
| level. Thé refresh operation needs must be carried
out within the information storage time of the memory
. cell. . Accordingly, the refresh mode has preference
to the_read-out mode and the write-down mode.
The refresh operation will new be explained with
reference to Figure 1. |
'The refresh synchronons generator RSG transmits
the'refresh request signal REFREQ to the CPU every
period of (1nformat10n storase time)/(number of refresh
cycles). The number of refresh cycles is equivalenc_
.to the number of word lines connected to a column

data line.



=t he read-out node and the wite-down node. The refresh operation wll

wr e expl ained wwth reference to Figure 1. The refresh synchronoys
"ator RSG transmts the refresh request signal REFREQ to the CPU eyefy
“Rerifod of (information storage tine)/(nunber of refresh cycles). The nufber
refresh cycles is equival ent=t®6tde nunmber of word |ines connected to a
colum data |ine. -16- Upon receiving the REFREQ the CPU transmts the
refresh grant signal REFGRNT. At this time, neither the wite enable signal
VE nor the neggdy séééivihgNaheVREFREGANENS {CPU fransmbesCPU.  Wen the
REFGRNT is applied to the control circuit CCT, the refresh control signal
[err] beithe #&Er&sh PEtafitgedigddleREFGRETappAt ethis thmeaddedsbenul tipl exer
ADM and the refresh address counter RAC. Then, the ADMrespands to the -
[err] sighelwiDtscadabhe adgnads WE grar stleachemory sbartesigshl{err] to the
D-RAMin place of-the address signals for random access [err]. Refreshing
met hods M8 1éetiEaméi htedbfoad ythe CRVS | ddhent the WBEFGREToRSt hemis a
met hod in which the respective. rows of the IC chip array ([err] _and [err]
const i t umppbhed r bo) theeceatnedhaimguir 6sCTrhtBe nﬁ?ﬁﬁésg}a@f‘ﬁé'o&dvant age
that the power dissipation . - - o

signsal Rc's being the outpu‘!: signal thereo'f iﬁ applied
to the addres:s multiplexer ADM and :the'.refresh address
counter RAC. mén, the- ADM_responds to the R cs sigﬁal
to send the address 'signai_s- exclusive for refresh '
Ry - Ry to thg. D-RAM in place of the address signals

for random access Ao'. - A.. |

o d :
Refreshing methods in the D-RAM are broadly classified

into two. . One of them is a method in which the respective . N
rows of the IC chip array (IC.H, IC45s *-+** &nd IC,,
constitute one row) are refreshed by turns. This

method has the advantage that the power dissipation

required- for the refresh opération inaj be low, but

has the disadvantaée that the period of time taken.

for the refresh oper_-ation'is long. _

- The_other method is a method in which the whole
Ic_chip. array of the D-RAM is simultanedusly refreshed.
This method pérfbrms the refresh in such a manner
that, although no illustration is made in Figure 1,

the address signals Aj+1

- 'Ak"from the address receiver ADR
are applied to the RAS control circuit RAS-CT without



that the period of tinme taken for the refresh operation is |ong. The

nethqrals a method in-which the whole IC chip array of the DDRAMis

si mul

RAS- CT wi t hout
signals [err]

colums of th
advant age of -t
wher eas the di
in the matri X

The refresh adgﬁegﬁesggﬂélﬁiﬁgrr]

termnals of t

10

neously refreshed. This nmethod perforns the refresh in such a
that, although no illustration is made in i §ére 1,
[errJ fromthe address receiver ADR are applied to the RAS control

required for the refresh operation may be |ow, but has the disadvantage
a»’;{
xTer )

t he address signals
circuit

-17- passing through the decoder DCR, all the output
ﬁéssbgf%&:{gbeeﬁm 86c848FT DORD kEYCtne!betpiEs ofgadls!t he

Sel ected at the safe tine.

RAS ne%hBH +s of sthet RAS+CBdbetoming aakentaﬁn lﬁ%elefresh

oags

I

are applied fromthe ADMto the address

he DDRAM the [err] signal thereafter becones a certain
|l evel, &nd the [err] rﬁheagdvesteseooftﬁbiscmethpdxiaraaghart periedsi vel y

She sbove. Theof ching; Baken "Farithg H68kerR, Sherfte, Oaﬁﬁﬁﬂéﬁn@ﬁ e

is a high power dissipation.

The refresh operation in the matrix array
within the IC of the D-RAM will now be explained.
The refresh address signals Ro R, are

'applied from the ADM to the address terminals of the

\15

20

25

D-RAM, the RAS signal thereafter becomes a certain

level, and the 21+ row addresses of the IC matrix

array are successively selected. At this time, the

CAS signal is held at the opposite level to the above.

The refresh is accordingly performed in such a manner
that the information of the memory cells connected_to
the selected row addresses are amplified by a sense |
amplifier (not shown) s0 as to expand the level
difference between " " and "O",

Since the WE signal is transmitted to neither
the D—RAM nor the DBD during the refresh operation,

the input or output operation of_data'from'the DBD is
not executed. | |

The actions of RAS—group signals (hereinafter,

termed "RAS-g") and CAS-group signals (hereinafter,
termed "CAS-¢") will be explained with reference
to Figure 2. |



* -that t.he information of the nenory cells connected to the selected row
drdsses are anplifised by a sense anplifier (not shown) so as to expand
“tigvel 20 di fference between "1" and "O'. Since the WE signal is -,
itted to neither the D-RAM nor the DBD during the refresh operati&'f,’.
I nput or output operation of data fromthe DBD is not executed. 25
The actions of RAS-group signals (hereinmgfter, termed "RAS-[err]) and N
CAS-group signals (hereinafter, termed "CAS-[err]) will be explained with
reference to Figure 2.. -18- [err]AR is an address buffer control signal,
which is a signal that is applied to an address buffer ADB and t hat
- determ nes whether_or not |levels [err] and [err] corresponding to the row
address si gnalfygs is greraddunessabufiféri contterolDBigral o wieldh ansnitted to a
row and colum decqoder RC-DCR is a word line control signal, which is a
signal thht 3 $igeali dhat imcapplber £od avhaddress huffemtAdBer or not one
sel ected si | is,to be transmtied 10 to_a nenory array M ARY in order
to sel ect@® 3:%,35\,‘, ) d Vﬂlét ERPT ety lenels & perfyp anplifier

control sk, ¥ bl fedpsndily tB%ne” R UL Sigals AP T er A

5 Ao - Ai as latched in the ADB are to be transmitted

to a row and column decoder RC-DCR.
| Py is a word :.L:i:ne cor_i'trol'signal; which is a
signal that is applli_ed. to the.: RC-DCR and that determines
whether or not one selected signal -i-s to -_‘be transmitted
10  to a memory array M-ARY in order to select the row
address of the M-ARY. | _ | |
| bPA is a sense amplifier control signal, which | “
isa signal that is appliéd to a sense amplifier SA
and that drives the SA. o
15 (2 cas-p
éAC- is an address buffer -con_trol signal, which is

a signal that is applied to the ADB and that determines

whether or not le__vels a3411-8343> =------ and a,, a.

' i J° 3
corresponding to the column address signals Ay - Aj

20 as latched in the ADB are to be"trans'mitted to the RC-DCR.

HéY is a column switch, control signall,' which is
a signal that is applied to the RC-DCR and that selects
a columm switch C-SW ,conneci:ed ﬁo the colunm' data line

of the M-ARY, by means of one s_electe,d'- signal, |
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and that drives the SA. 15 (2) CAS-[err] [err]AC is an address buffer
control signal, which is a signal that is applied to the ADB and that @
deteFm hes whet her or -not |evels [err] qg and [err] correspondind ;
t he \e-l/urm address signals [err] 20 as Pat'ched in the ADB are to be
transmitted to the RC-DCR [err] is a colum switch control signal, which

is a signal that is applied to the RC-DCR and that sel ects a colum switch

C-SWconnected to the coI u data,line of RY,. b f one
sel ected signal . gggad&uz} a‘?t‘at%%? $%ier

control sign o a {04 dat 0 ut buffer
DOB and an o%lt)g&?@}m%f'kﬁl er' g:lrltjds'%h sﬁr@ﬁsm@ﬁ Jl"sea%P%ﬁJ( ‘ga % fromthe
‘M ARY 5 a0 daPe Osth PHL £ 0 r lg: '::1[1?5 t &, L nput
buffer control - S|3nal ﬁm.?ﬁ%.ftg%amgﬁgné{‘ft at ap%dl‘flo a data input
buf fer * ehB mmdttaaansmm%mat PeddUdte-glonn AR fonpafpy nput data

termnal [err] to the MARY. [err] is a data output buffer
.contro$ si gnéb, amhoutipirs. aasagme&'mmti i lied to the DOB and t hat
prevents any data,from being delivered t&@%the data output terminal [err]
during the write- W%p@r%t%nlnnﬁé bufferusondirodf- sifgna ,RAMGH | be
descri bed :
is .a signal that is applied to a data input buffer:
- DIB end that transmits a write-down data from an input
~deta terminal D, to the M-ARY.
10 | ¢th is a data output buffer control signal, which
is a signal that i_s applied to the DOB and that prevents .
any data from being delivered to the data output terminal
Dyut during' the write-down operation. '

_ The construction ot the D-RAM will be described
15 with reference to Figure 2.

' In the IC, a block enclosed with a two-dot
chain line is a timing pulse generating block TGB,
which comprises circuits for generating the
signals to control the operations of the various

20 circuits of the D-RAM.
The operations of the various circuits of
the D-RAM will now be described with reference to

Figures 3A ‘and 3B.



.\ Wth reference to Figure 2. In the IC, a block enclosed with a

dt chain line is a timng pul se generating block TGB, which conprises
cuyts for generating the signals to control the operations of theé
‘varrous 20 circuits of the DDRAM_.The operations of the various .
Circuits of the D-RAMwi || now be Te€frMbed with reference to Fi gures 3A
and 3B. -20- When the row address signals [err] have been introduced .
into the address buffer ADB and | atched therein, the RAS signal becones the
|l ow | evel later than the row address signals [err]. The neasure 5 of
maki ng t he RAWhengrtde Irmveraddwess hsiignmaddéesusi tiaadles ey | here, is
intended to reliably introduce the row addreSs siénals [err] as the row
addr ess iintroducedodpta rthe Sldcesscbuffert WBsiagdalatictred del ayed from
the 10 RAS signal is applied to the ADB, so that the levels [err] .....
and [err|thedeiagpdh@ RS cignel dreteriesobbeddrwsd eyiedndleteare transnitted
to the row and col um decoder RC-DCR.. Wen the levels [err]..... and [err]
have beert thedroy @ddnespaisnals Rg DCRy15 ThecHmedsdars t he operation

o B bt gl malti he® R HRS WgndD 1STRE"hDR "ot Sadiens °M9OT I M
signals Ay - A; here, is intended to reliably introduce
the row address signals AO ~- Ay as the row _address |
in the memory srray. _ _
Subsequently, the signal ¢AR delaye'd from the
10 RES signal 'is aspplied to the ADB, so that the levels

8ys 845 v and 855 85

3 _corr_'esponding to .the latched

row address signals are transmitted to the row and

column decoder -_RCj-BCR. “When the levels a seeee s

o T
and a,, 3; have béen. applied to the RC-DCR, this RG-DCR

15 conducts the operation of allowing onlly"selected ones
to remain thé high level and rendering unselected
ones the low level.

The selected signals are'.tra.nsm'itted to the M-ARY

when the signal fx de;l.ayed from the signai ¢AR. is

20 applied to 'the--RC-'DCR. ”The_me.asur.e of delaying '?x
with respect :Po '¢AR here, is intended to operate the
RC-DCR sft.er completion of the opera-tion of the ADB.
The row address in 'the.' M-ARY is thué _sét' iﬁ such a

i+ 1

manner thsat, since one of the 2 oﬁtput Signals




ones the low level. The selected signals are transmtted to the M ARY x
the signal [err] delayed fromthe signal [err] is 20 applied tq
RCDC§/ The neasure of delaying [err] with respect to [err] here, is
i ntended to operate the RC-DCR after 'Co?fbl"étio_n of the operation of the ]
ADB. The row address in the MARY is thus set in such a manner that, since

one of the [ ' kngURBUBGR! §88bhes el nitln Uy &0 DR DRGRIESabbg, N o
b GPRe, T ARy 539

| evel , one row address |ne as correspond erefo is

el ected. Nexine khEntAl ShERMANY Bs Whr dIpdtiad hen 0686 V1 sk LBecopaect ed

to the selected row address line in 5 the M ARY are respectively

anplified by the ReR§s ehRl HhifermaAipipwm W radd ouse f Hhé Smererpti on of
the SA starts upon application of the signal [err]. Thereafter, when the

col um addr e&:eli'sguahseb'eeu] tbhathebamldoteddrmeeddt ©s$ NEiA®Biand | at ched

t her ei gg t he CAS signal becones the low | evel later than the colum -
addr ess’ si gndhe FelRY. ar?heenpasane’ed.fy reep Iigf i dd WALBe gmehséat er than the
colum address signals [err] here, is intended to reliably introduce the
col uim addr e 8P4 hﬁ?ss Sbﬁyncémrﬁim s iThils operahitoneddry array.

When the sign \Egrr | ayed from_the CAS signal is subseguently appl i ed
to the ADB ﬁ@ vatarga, upon appllcatlon of the s:.gna PA -

Theresafter, wben the column address signals Ai+1 "_Aj
have been introduced into the ADB and latched therein,

10 the CAS signal becomes the low level later than the
column_.address. siguais Ai+1 - Ay The measure of
making the CAS signal later than the column address
signal-s.A.. 1 - Aj ﬁere, is.intended to reiiabiy infroduce'

" the column address s:Lgnals as the column address in

15 the memory array. -

When the slgnal ¢AC delayed from the CAS 31gnal

is subsequently anpln.ed to the ADB, the levels a, a

i+1? Ti41

secee and e.j, 5}' corresponding to the column address

siguals are transmitted to the RC~DCR. Then, the
20 RC-DCR conduets an operation similar to the abeve.
The selected. si-grial.s, are tre.nsmitt.ed to the. column
switch C-SW s.hown in Figure. -2 when the signal ¢ delayed
from the 51gna1 ¢AC is applled to the RC~DCR. The
column address in the M-ARY is. thus set in such a manner

25 : that, since one of the 2‘] output signals of the




t } DCR. Then, the 20 RC- DCR conducts an operation simlar tao.the
abQye.) The selected signals are transmtted to the column switch G SWshgwn

[ igure-2 when the signal [err] del ‘ﬁd_fromthe signal [err] is applTed.
to the RC-DCR  The colum address in e MARY is thus set in such a '
manner 25 that, since one of the [err] output signals of the -22- .

AD- DCR b | ah S PW eq, ' dd
(e or GAPR Racolelo B R Fevely bhe TR AR, ARl T 2001 055

address wlhj Qo&%nMg?r%éésss Sfine%or data é&gxber LR RN LM i t e- down

operations for the a ss set as describe ove W1l now be explained. In

the read- @yis &G jisheMestemal becomes the high level. This VE signal is
desi gned so "és ;ég, l%ecor?e the high level before the CAS signal becones the

low 10 | evely thike wadfsWné heneteesi witthdn thenos-AHK iovsdavel of the
CAS signal results in setting one address of the MARY, the WE signal is

brought into frhe pegd-bateanlewrideaddwn opesiationsrdior thedy for the
read-out operati-on and to shorteen a read-out_starting tipe, 15 When
the signaladdregs et s desoriRes 3bewe vilhRevhe texplrinedput anplifier
QA, this output anplifier beconmes active,__and the infornmation of the set
address ~ In the read-out mode, the WE signal becomes the
hii;h level.. Thi_s WE signal is designed so .as "td become
the high level before the 'GK'S' ;igrial_ becomeé_ the low
10 level. The reason therefor is that, | since the low
level ._of the CAS signal i'e_sults in setting_gne address
of the_H—ARY,' the WE signal is .bf-ogg'ht intd the high
ievel béforehand, fhéreby to make r_e_ady for the read-out
opération and to..shorfben a read-out .starting time.
15 When the si_éﬂal ¢OP of the Cgs-gfoup signal is
| applied to the output ampiifier OA, ‘hhis putput amplifier
becomles_ active, and the information of the set address
is smplified and then read out ét the data output
terminal .Dout through the data oqtpﬁt b.uffe.r DOB.
20 The read-out is c¢arried out in this fnanner, and the
" read-out operation is .completed\ when the CAS signal
becomes. the _h::i;gh lewl_l.ell.' _ | |
In the next piace » in the _'wr_'ite-down' mod‘e;.thé
¥E signal beéomes the .low l.evel. 'When thé signal wa

25 vhich is formed by the WE signal of the low level and



-

ig anplified and then read out at the data output terminal [err] thrd
the data output buffer DOB. 20 The read-out is carried out in thfe
manner, and the read-out operation is conpleted when the CAS signal\ be

the Migh level. In the next place, in=t23 write-down node, the WE siU
becones.the I ow | evel. Wen the signal [err] 25  which is fornmed by the
~VEE sjgnal of the low |evel and -23- the CAS signal of the |Iow | evel

becomes the high level and is applied to the data input buffer DIB shown in

Figure 2, thegl) RBrSegopRalapli thedNdy N vél 16 somesdeha hig 1Bgeinput
data termnal Din is transmtted to the set address of the M ARY,'whereby -

the wite-downd®RSer applhedstoarhec @it i@t bererhpIBNYRGHAI Signal of
the signal [err], that is, the signal ~[err] of the lowlevel is applied
to the DOB, tin @igurel 2{he¢hst ARB dectndd g¢tireat ahietheadrite-abwany dat a
during the wite-down operation. A first, preferred enbodi nent of the D RAM
is shown in Fahsr €rdi. the iNpCEL detel tErminmaki b ] bé btrempmitted [err] for
storing an information and a P-MOS for selecting an address. The

i nformati on oko |thgi set1addresg’ ofs theMchRY), 1 Waerebm thet weitri-downce or

nonexi stence of charges in the capacitor [err]. The information of
operation is carried out.

Méantime, the inverted signal of the signal ¢Rw’
that is, the signal _¢ﬁw of the low level is applied -
to the DOB, to control the M-ARY so as to prevent

the read-out of any data during the write-down operation.

A first preferred embodiment of the D-RAM is

shown in Figure A4A. _

.An M-CEL of 1 bit consists of é. qapacitor Cq
for storing an inf_‘ormati_ori and a P-MOS Qy for selecting
an sddress. The iﬁfbmatiori of logic "1" or "O" is
stored in the:form of the existence or nonexistence
of charges in.thé capacitor Cg. The information of
the logic nn is accumﬁlated by a voltage vcc’ and -

that of the logic'-"O" by the null potential.

The gate of the P-MOS Qv is .commected to the
word line WL, -and one of the source and drain thereof
is conn_ec_ted to the data line DL and the other to the

capacitor CS .



ogic "1" is accunulated by a voltage [err], and that of the logic "0"
09 “the null potential. The gate of the P-MOS [err] is connected to &4 he word
INN~e W., and one of. the source and drain thereof is connected to the thrgi_ :
line" DL and the other to the capacitor [err]. -24- \Wen the gate volTage
of the P-MOS QM or a word vol tage R4 become lower than the power source
voltage [err] by a threshold voltage [err] (the threshold voltage of the .
P-MOS [err]), the P-MOS QM turns "on" to permt the selection of the nenory
cell MCEL. In the case where_an NNMXS is used for a prior-art menory cell
(not shown), Whem the gete veltage nis thec® WS he 9F AnwPxdero) V to
“lerr] ([err%ﬂ; the threshol d voltage of the N-MOS , the NNMOS QM turns
"on" to peltage hias heeemehower: kBape ey POMET SOHF QS YRME#8L speed of the

e R s At N STRRE SR
"o ) . B | ] ' U : : T .
detai 1 caShelt FHID o) ¢ B8P HRS O BerE ofihl TP BREETS contained

in J . ' ' i d- " o f i i No. 44189/81. S
in Japangge eq_tﬁ%rgloﬁppéfc?ﬂéolgehgiﬁ 2Rg7 ﬁq | i cation ense

anplifiers [err] and [err are sense anplifier's
In the case where an N-MOS is used for a prior-art memory

cell (not shown), when the word vo"ltage' has been changed
from 0 (zero) V to (V. = V) (Vg ; the threshold
-Qroltagé of the N-MOS Qﬁ) , the N-MOS QM.turhs "on" to
permit the selection of the memory céll.

'_The switching speed of the P-MOS Qy shown in
Figure i;_A can be made higher than that of the N-MOS
in suéh.prior-art memo'ry. cell because the information . V_
of the logics 1" and '0" can be .de.t_:ermined with only
the ma.gnitu&e b_gtv;vegni Vcc and 'vth_p' . The detailed
description of the switching operation of the P-MOS
Qy is contained in Japanese Patent Appl:ication Laid-open
Specification No. 4&;‘89/31-

are sense amplifiers

Sense amplifiers SA1 and SAZ




* =

-25- by which the difference of potential changes devel opi ng on fol ded
li-nes [err] and [err] during addressing is expanded in a sense periog/”
determ hed by the. timng signals [err] and [err] (sense anplifier
S|gn§F§) 5 and the input and outB t nodes of which are couple
the pair of folded data Iines [err] and ge?r] arranged in paraIIeI The
sensg anplifiers [err%band err] are connected in araIIeI gP can be

consi dered tHeX "Hafh thssGififier’ense of potenpiels E%Eﬁﬁpfiﬂ’?’ PiNghey
differ, h hat .t he ,SA t
wher eas tﬁﬁe[véi rfpiﬁgtd BAtir SmiRe L ER S oBEy antaF SRE| S0ArERELBBpos! | o

conductivity

Cross-connect %E‘?‘g FFeﬁ'%]n)%ef% Sefp$%}°‘§f§8g$$ﬁgg9ﬁfbﬁo§ﬁ &gmf'lélgdback

6 orent ol At oo @ttt 8ign PRI sl chbaggect o o
posi td ve-f eedfacindl &f—.g Canoﬁfﬂé’dﬂ{)'ﬁé&é@”o?pﬁﬁ%hoareT%u gage

anplitfiers [err| and dermd t he single

conpl ement ar y; 5 48se pafp!- 'off' Yorfed!@d®d Pig¥sonsly, and BEICE, srkengeay
wel | be arranged adj acent to one other. However ™ 1they caﬂ"ﬂe arranged

separatel y fridnpapeloeher as in Figure 4A (for exarrpl e, at both the ends of
the MARY) for the 25 purpose of efficiently packaging themin
consi deration The sense amplifiers SA and SA2 are connected

in parallel, and it can be considered that both constitute
10 a single sense amplifier. ‘They differ, however, in

that the SA, is constructed of N-MOS QS'? and Qgg, Whereas

the SA2 is constructed of P-MOS st and _st of the
opposite conductivity type. Each sense amplifier
N\ is composed of & pair of .eross-connected FETs .(st - QSS)
15 for effecting th_e ‘positive-feedback differential amplification

operation, and a FET (QS4’ ng) connected on the source
- side of the cross-connected FETs and for controlling
the posltlve-feedback dlfferentlal ampllflcatlon operation.
"I_'he sense ampll_flers SA1 and SA2 caen also be
20 deemed the singlé complementary sense amplifier as

stated previously, and hence, they may well "be arranged

adjacent fo 6ne-other._ However, they can be arranged

separately from one other as in Figure 4A
(for example, at both the ends of the M-ARY) for the

25 | purpose of efficiently packaging them 'in consideration




. the arrangenent and configuration of connections, the transistors
regions. The sense anplifier SA and the nenory array 2 M ARY which

of the P-MOS, and the sense lifier [err] and a precharging -
e PC whi ch consist of the N an be arranged in an isol ated N
manner . Therefore, the circuit arrangement within the chip can have the

1T ot 0 B, R P Yl W SO o U (Igideda, B0 00

a net al sucﬂheastzﬂnsﬂhtoﬂw,oﬂaﬂedm Mgidnxe the net aI is very lowin
resistivity, voltage rops in the %ada nes durln he operation are small
and no mal function lﬁ?seﬂ?én ang cthe qgtﬁﬁﬁﬁ}'sed of a pair

of N-MXS [ gfnlgy %j_[&{@m{ﬁ ﬁ ﬁld%\ﬁerri 4@ about half [err]

of the power “sourcé vol tage or elimnating the
unbal ance emplrictiear anid q:;aa:rtatgmgn dirdui h PGt dn nes. As
I ndi cated by marks * the figure, these N are desi gned so as to have

t hreshol d FomsdEds Q%\ﬁé?e NTMOS (fax by agranger in amds nbers of the
memory cel by .he Cm;&&%t%é%uweaﬁ%f&é@e%m [err] and

errl the chip can have the P-MOS portion and the N-MOS
portion :I.soléte_d', and the circuits can be efficiently
| packa_ged. .' '
The folded data lines DL1-_1 amd mfl-l_ are
formed of a metal such as Al, Au, Mo, Ta and W.
Since thé meﬁal :!.s very' loﬁ in resistivity, voltage

drops in the dada lines during the operat:l.on are
small and no maliunction occurs. '

- The precharg:.ng circuit PC is composed of a pa:Lr
of N-MOS Qg9 ‘and QS3 for precharg:l.ng the data lines to
about hglf ('DP) qf the power sourqe voltage Voe» and an
N-MOS Qgq for eliminating the unbalance of precharged vol-
tages between :bofh the data lines. As indicated by marks *
in the ;Eigure,. these N-MOS are designed so as to have
threshold voitages lower 't;l.'xan those of the other N-MOS.

The numbers of the memory cells to be coupled

to the respective félded data lines DL, ; and DL, ,




-27 arranged geonetrically in parallel with each other are nade equal
order to raise the det eecdion accuracy. Each nmenory cell is coupled betf
one word Iine W..and:one of the folded data Iines. Each word line W
crosses the adjoining pair of data |lines. Therefore, even when a noise
conponent devel oping on the word line W g,?s been put on the data |ines by
the electrostatic coupling, the induced n®fse conponents appear equally on
both the data lines and are cancelled by the differential type sense
anplifiers [err] and [err] The operation of the circuit in Figure 4A w |
be descri bed with efer e | f n Fi gure 4B.
Bef ore readi t%%" %églig flé?} ge\&%ﬁﬁg{g@eﬂwg nﬂthe prechar ge

control signgle #.ﬁé]?é% "o 2oXabERSS BRINY BB IR ladsliges, 1S ol

t he high |evel, and [err] become conductive, and the stray
capacrtance%a[uﬁr dm £&11138f cblipiieal wmra drhdasod@ryinand [err] with
respect to earth are precharged to about [err]. At this tine, the N-MXS
becones condycihd Sorbé Netbt EREOBEINed Gateeldimes ovelaotharmrdiclime t ages
precharged by the NMOS Q@S2 and [err] have becone unbal anced, the fol ded
data.lines [wi ehosdek [the] adjeinhngt paiircuift athtandl ines setTherefore,

evenvhen 3 noise component developing on the word

11ne WL has been put on the data lines by the electrostatlc
coupling, the 1nduced'n01-se components appear equally

on both the- data lines and are cancelled by:tl}e differential

type sense amplifiers SA, and SAZ‘_ | | .

‘The operation of the circuit in .F:'L_gure_ 4A will
be deseriiaed with reference to an operating wavefe_rm
diggram in Figﬁre .4B. .. |

Before readiné out the storeci signal of the memory.
cell, when the precherge control signal ¢PC having a |
voitage .higher than the VGC voltage is at the high
level, the N-MOS Qg, and Qg become conductive, and
the stray capacltances CO and Co of the folded data
- lines DL1 1 and DL1 1 with respect to earth are

precharged to‘about % VCC’ At this time, the N_-MOS
QS1 be_c'ome.s. ccnductive sim_"u'l't:.aneously. .Therefore,
“S2
) and Qg5 have become unbalenced, the folded data lines

DL

even when the voltages precharged by the N-HOS Q

3-q¢ @nd DL, _, are short-circuited and are set at



the sane potential. The NNMOS [err] to [err] have the threshold
d wges Vth set to be lower than those of the transistors wi t holit fhe

3 “* l'est any voltage | oss shoul d_aijgse between the respective sources

_el” 5 drains. On the other hand, th&capacitor [err] in the menory R dd
holds a potential substantially- equal to zero volt when the witten
|nfornat|g£ Is of logic "Q', and it holds a potential substantially equal

to V e ggme pokentiat rmtTh% FsHEP Rggl ¢o" B3 heve ghechar ged vol tage
bot i t he EEREG tﬁl&kﬁ& 545 W PG hEPy e ROBRE %ﬁg@e & er{"ﬁé" fead e
Gesi 1 o ﬁ%ﬁﬁ?" S farts AT M o 'eﬁ%ﬁa Aatgst A0V SRHtBE% o ( ne
menory cej QG&% rHrngeé gga’peégr %ecoﬁgggp%lbg AL tian ﬁ%ﬁie" 1" or the

vol t age V een read out, and it ower f n the
lnfdi”natlwfs." O' or the zero potential has been 20 read out. By
conparing the potential of the above data line and the potential of the
other data |ion whiecld tmimirdms, tfige POaSAEE 8brole_VER thie %ox?e

di scrim nated whether the information of the addPessed menory cell is "1"
or "O'. 2&ell holds Bheqimmitialk-seesbaskidllffeeqarlaltoamdriof veati on

when the written information i's .of logic "O" and
it bolds s potentlal substantlally equal to VCC when
10 " the 1nformatlon :Ls of logic "qw, The precharged voltage
BP of the data 11nes DL and L is. set to be 1ntermed1ate
betueen both the stored potent:.als. |
Accordlngly, -in the case where the read line control
s'ignal ?x becomes the .hlgh level so as to gddress | . o/ -
15 | the desired memory" cell, the potential VDL of one
data line coupled to the'memory cell becomes higher'
than VDP when the information of "1" or the voltage Voo

has been read out, and it becomes lower than V when

Dp
the information of "O" or the zero potential has been

20 read out. -By coxﬁparing the potential of the above
data line and the ‘potential of the other data line which:
maintains the-;potential of.'fIDP, it can .b.e discriminated
whether the 1nformatlon of the addressed memov'y cell
is "i" opr wO",

25 _ The positive-feedback differential amplification




e

- 29- operations of the sense anplifiers [err] and [err] are started wheaa,
the FETs [err] and [err] have begun to turn "on" owing to the respectiv
timnrg signals (sense anplifier control signals) [err] and [err]. On the
basi’s=5  of the potential difference gt\Wh-at the addressing, the higher
data-line potential (VH and the |ower potential [err] change toward the
voltage V  and the null potential VGND, respectively, and the difference
becones wi dePPemaidonenf diipe i serse| ampllifdmpss S4 jofenED SA L REEN-MOS  [err]
and [err] contributes to |ower_the potential of the data line to the null
potential VCRERTHRM WhethethenBETanBLyf BBA Qaur Pevembess® & thermp- Mos [err]
and [err] contributes to raise the potential ,of the data line to [err].

The respecti vERSQYSR& AR i ¥herBeypective timing lenadse(fanse ¢ he
t hed- . Vh in thi , Ah t i al _of h b
cqual Lo neiBrdaen Frineh s BRalSY; dpne Rehdpaor OF AWF (ASTE of the.
s | TR . i the
ool it oy pobf R et PR Er KRR BICE Y T d e eI
become equal tho s GESPLE: XOI H388R YWD (¥ NP grad and [err] of

the sense anplifier SA2, the positive operation of the sense

anplifier [epstedtida (V] NatanghCtohar@IEheS voltaid lv POlRHY itHe 25  and

[err] reaches [err], anJ-'Ihey bécone stable in a state
null potential VGND’ respectively, and the difference

becomes wider. The sense ampiifier SA.| composed of -

10 the N-MOS QST’ QSB and ng .co'ntributes to lower the

GND’ .
-composed of the P-MOS

potential of the data line to the null potential V

while the sense amplifier " SA2

0_3-4, _st and _st ,qqntribu.tes _to ra:_’.se.the potential
Y of the data line tq Vcc' 'The respective sense amplifiers
15 SA, and SA, operate in the earthed-source mode. .

When, in this way, the potential of (V; = Viyun) .

bas become equal to the threshold voltages vthn of
- - .

the_ R-MOS .QS7. and QSB of the sense amplifier SA1,

the po_siti\'re feedback operation of.'the sense amplifier

20  sA, ends. 1In addition, when the potential of (Voo — Vg)

has become equal to. the threshold voltages vthp of

the P-MOS_QSS_ and st of the sense amplifier SAZ’

the positive feedback operation of the sense amplifier
Sk, ends. Finelly, V "reaches the null potential

L
25 and V reaches V,,, -and they become stable in a state




of | ow irnpedance. The sense anplifiers SAlL and SA2 may be started to
e at the sane tine, SAL may well be started to operate previossly to
and SA2 may wel'l be started to operate previously to SAL. |n poi nbof
s—~f ead-out speed, it is speedier ta oggerate SAL and [err] at the same™ "
time. Since, however, a through current flows, the power dissipation

I ncreases. On the other hand, the expedi ent of naking the operation 10
starting tines of [err] and [err] different has the advantage that the

t hr ough nts . Lded and that the power dissipation decreases.
However , COvli\;ir ?ﬁ"rjédéé?ggﬁggf he read-out speed, this expedient is somewhat

Inferior to t s P4 Fl,Odre, 4 L kcuit
arrangenment o %ags)%(fz%?ld_ e%gilfllg ser%ddi%ﬁﬁ%ﬁ%%i%léﬁﬁg%rts o
corresponrgi h ERe Fi e ¢ e t Farel= nbol s. The
third enggd?‘grreefr’\?h%sggi ??grgﬁgj@f Fgﬁetb’hggAehbh'gal a‘rrgﬁlfio ¢ | gureé%A in that 20
t he posi ttovepéretdasie ePSLBLOROC BALS,0larfE S, Ghay Nee BENSE anplifier [err]
S cinstruct ed of N-MOS [erriyoand [@r_r] whi ch? ar e connected in parall el .
The -bper atentied ofo tdpeBabsepaepiiohisarys ﬂc,ers;11 andrg eséintvidf be descri bed
with reference to Figure 4D. 25 - It is to be assuned that the fol ded
dat a | i nébeareadtouespeedabibt isemspeddi atlvimomperate SA,

a_nd'SA2 at the same time. ‘Since, however, a through
current flows, the pdwer dissipation incréases_. .On

the other hand, the. expedient of making the operation

10 starti_.ng times of 'S'A.‘ and SA2 different has the advantage

- that the through current is avoided and that the power

- - -

dissipation decreases. Hbﬁeﬁer, with regard to the
read-out speed, this expedient is somewhat inferior o
to the above. - ' _
15 : - Figure 4C shows the circuit arrangement of a
second detailed embodiment of the D-RAM. Parts
corresponding to thos in Figure 4A bear the same
reference symbols. The third embodiment is
~ different from the embodiment of Figure 4A in that
20 ‘ the positive feedback operation-control means of the
sense'amplirier'SAi is constructed of.NfMDS Qg and
Q 10 vwhich are connected in parallel.

S

The operations of the sense amplifiers SA1 _

and SA, will be described with reference to Figure 4D.

25 "It is to be assumed that the folded data lines are
charged to about % Voo in advance. ' '

The FET QS1 0 of the positive feedback operation-




Yhe FET [err] of the positive feedback operation- -31- control neans
the sense anplifier [err] is rendered conductive by a sense anplifier
control, signal [err], whereby only either the FET [err] or the FET [er

rendéréd conductive so as to reduce the | ower data-line 5 potential [err}

alittle in the direction of the null -p&®ertial [err]. At this tinme, the
hi gher data-line potential (VH) does not change because either the FET

the FET ' 1duct | t FET
<" Gbs! gned GOPBRLCHERRE; ofndRa imAn 4t smp L EAR R 207 FeletRd [CT, [ U1
when the FET | t ' 1, ] ! lifi
ontrol s araee 3"l ek d tofh 4 Slep QUMb bIERAE"TE, NI 11 €

f eedback opexat - t i al obekrk tewapd_ the 15  nul
pot enti al [gﬁﬁ%kg$hg?§y§?ag ter%ﬁ%f????%$@nge of the pd?éntials of the

fol ded data JdnieselagohRee tavEWrtaexpandeduby the zowee daphi-line control
signal [err], the sense anplifier control signal [err] is applied so as to

execut €520 potidn@iRgSi(Wi e of addirick Dmethei direttibe s€nsbeanplifier [err].
Thus, even when the potéhtlal difference of the folded data lines is snall,
it is pern1Qkﬂﬂm&Qah6WaﬁﬂJfikﬂiﬁbi$hbimens$hﬁﬁbﬁ8hberdﬁéﬁr};ne|n ot her
words, the sensitivity the sense anplifier inproves. '

potential (VH) does not change because either the

FTE:Q or the FET Q.. is nonconductiﬁef The conductance

S7 S8

of the FET Qg4 is designed to be smaller than that
10 | |

of the FET ng.

Subsequently, when the FET Qgg has begun to turn
"on" owing to the sense ampiifier control signal ¢%A"
the sense amplifier SA1 starts the posifive feedback
"operation and ChangeSJthe'potential'VL toward the
15 null potential V...

That is, after the difference of the potentials

of the folded data lines has been somewhat expanded

by the sense amplifier control signgl %P the sense |

amplifier control signal ¢PA is applied so as to execute
20 the positive feedback operation of the sense amplifier |

SA,. Thus,'even when the potential-difference of the

1 .
folded data lines is small, ‘it is permi@ted to be
amplified b?'fhé sense amplifier SA,. In other words,
the sensitivity of the sense aﬁplifier improves..

25 Subsequently, when the FET Qg, has begun to be turned -



i 25 Subsequently, when the FET [err] has begun to be turned - 32-
‘glby a sense anplifier control signal [err] or [err], the . o
posHY | ve-feedback differential anplification operation of the sense N
xMpVifier [err] is started, and the- [B3her data-1ine potential (VH) ris\é}s"
toward V 5 Eventual ly, the potential VL of the data l'ine reaches
the null potential and VH reaches [err], and they becone stable in a state

"ot ai | cABBR hehPBP SPBLRARET SR L HafhaPRy OB f20 " those in
Fi 4 ' S T | ' .
i 11 or ent PPt HEvETEE gRBRh T (AT EpT (AR L SR CRCEOOCPPERRIGR

connect eé{g&é'héeﬁgédﬁﬂgiiﬁe‘ﬂ OS. 146 ghivb¥a Cehha DehElnigheanstructed of

a series connection circuit Zonsisting ol a P-MXS DI and a P-MOS
[err]. ThgtalnofpbbenBilES (eyy IriseLopwasadvy g, a dumy word line, and
one of the source ‘and drain t hér eof Ls‘connectedcgo the data |line and the
othBr to one B¥ehrt@allyfCehangobeditidll Vheof- S Gete] 1ihke 20 ot her of
which is earthed. The dummy cell D-CEL ddes not require a capacitance [err]
for storiregchés théenam&epp¢mm¢mam.andTMhrn@;dheéstBatanﬁe ref erence

potential is precharged in the data lines. The dunmy Cells D CEL are
fabri cat éley become stable in a state of low impedance. -

~Figure 4E shows the circuit arrangement 6f a third
‘detailed embodiment ef a D-RAM. Parts corresponding to
10 those in-Figure 4A bear the same reference.symbols.
The fourth embodiment is differeﬁt from tﬁe'embbdimen? of
Figure 4A is that dummj cells D-CEL are connected
to the folded data lines. |
The dummy cell D-CEL is constructed of a series '
15 . connection circuit conSistihg of a P-MOS Qp, and a
P-MOS Qp,- The gate of the P-MOS Qp, is~connected_
to a dummy word line, and one of the source and drain
thereof is connected to the data line and the other
to one of thé source-#nd drain of the P-MOS QDZ’ the
20 other of which is. earthed.
The dummy ‘cell’ D-CEL does not fequire a capacitance
_bds'fpr stori#g the reference potential.. The reeson
is that the.reference potential is precharged in the
dsta lines. The dummy cells D-CEL are fabricated

25 under the same manufacturing conditions and with the same



25 under the sane manufacturing conditions and with the sane - 33-.
desi gn constants as those of the nenory cells MCEL. The dummy cells D
function to cancel various noises which develop on the folded data |ines’
duri‘ngy for exanple, the wite-down and_read-out operations 5 of nmeno
informati on. The tine-sequenti al oper‘ét?én‘§ of the DDRAMtransistor circuit
W Il  be described with reference to Figure 4A. The read-out of an o

i nformation idesig recsbahtsnssuthoaenay ttivet nefnorfy M3 1ls N-<CElwned ON to

couple 10 = the capacitor [err] to the common colum data |ine DL and that
how t he potenti al Thé dimempacellisn®-OELc famgdd om tae eanRele 7 a%kans he
quantity of charges stored in the capacitor [err] is sensed. It is

supposed t mexisese wotent davednar gad the ted dad Aataddnendwringy] of 15
the data |line DL beforehand is half of the power_ source voltage, i. e.,
[err]. Then, fior exemphee HREr WTike~-IdomEy ME@%&H&I%%’EP‘?W’Me capaci't or
[err] is "1" (the <s)otential L rr]), the potential [err] of the data line DL
beconed [ er r PY(PERITY +1BLPER %‘? “[err] + [err]) when the corresponding 20
menory. cell is addressed, and inthe case where the information is "0" (zero
V), the potential [err] of the data line DL becones [err]/2 ([err] +

[err]). Here, the,di{ineelequlRRaN dp¥rdtdUns df £l HIRak Ofh&ns s o hat

is, a
circuit will be described with reference to Figure 4A.

The read-out of“. an information i§ carried out |
in such a way that the P-MOS QM. is turned ON to couple
'1.o the capacitor CS to the common columm data line DL
and .that' how the potentisl of the data line DL ghanges
N . in sccordance with the quahtity of charges stor_ed: |
in the capacitor CS is sensed. It is supposed that
the potential charged in the stray capaditance CO of
15 the data line DL beforehand is half of the power source

voltage, i. e., 2 V Then, in the case where the information

cec’
accumulated in the capacitor C

_ S _
Vcc), the potential (Vpp,)nqn of the data line DL becomes

is "1" (the potentigi

) Vcc-(co + 2 CS)/_Q ((.‘.0 + Cs)lwh_en.__ the corresponding |
20 memory cell is addressed, and inthe case where the information

is O" (zeré. V), the potential (V of the data

DL)HOH
lire DL becomes VCC-CO/Z (C0 + CS). Here, the difference

"between the logic "1" and the logic "O", that is, a

|




signal quantity to be detected [err] becones: [err] = [err] = [err] =
5 OnM ng to the menory matrix of high integration,density
Y has no capacitance even when the nenory cells are made small and, a
‘Targe nunber of such nenory cells are connected to the common data lin
[err] holds, that is, [err] has a valé al nost negligible 10 relative
to 1 (one). Accordi ngly, the above guﬁtion I's expressed by [err], and
[err] is a very small signal. The read-out operation will now be descri bed.
The precharging operation is the same as previously 15 stated. The row
address si ghghal| guahtity[ tor pewdetecttede A¥L beppmesd from t he address
buffer ADB at the timng of the timng signal “(address buffer control
signal) [err] (refer to Figures 3A and 3B) are decoded 20 by the row and
col um decoder RC- BOR %Hkﬂﬁ.é"@ddre§¥b@dn@h the menory cell MCEL is
started simultaneously with-The rise of the word line control signal [err].

= vcc-'CS/(CO +,CS)

= (Cg/Cy)Vge/ {1 + (Cg/Co)

T

5 S OW1ng'to the memory matrix of high integration
density which has no capacitance even when the memory
cells are made small and a large number of such memory
cells are connected to the common data lines, Cg <§co
holds, that is’_(CS/CO) hasla value almost negligible .
10 relative to 1 (one). Accordingly, the above equation
is e:cp'res.se'd"by: AVS_Q‘VCC. (_CS/CO)’ and AVS is a
very small signal. ' : _
_ The read-out operation will now be described.
' The precharging operation is the same as previously
15 stated. _ _ o
| ' the row address signals Ab to Aj which have
been supplied from the address buffer ADB at the
timihg of the timing signal (éddreés buffer control
signal) dkn'(refqr'to Figures 3A and 3B)_are decbded
20 by the row and. column decoder RC-DCR, and the
addressing of the memory cell M-CEL is started -
simultaneousiy with the rise of the word line
_controi signal dx.




» ™

-35- As a result, the voltage difference substantially equal to [err] -
ari ses between the folded data lines [err] and [err] on the basis of the é
stored content of -the menory cell as stated before. 5 At the sa
time:that the NNMOS Q has begun to be re_nd?geg conductive by the timng
signal (sense anplifier control signal) [err]; the sense anplifier [err]

starts the positive feedback operation and anplifies the detection signal

of AVs havi ng devehAspedrasullty the valdtagssdbfferé&ncal sabsbankbyaddyh t he
anplifying operation or after the starting of the anplifying operation, the
sense anplifiesquasdr Ep War erisies fedivdere thedfelfedpdrtai banesing to the
timng signal [err] and_recovers the |evel of logic "1" to Vcc. 15 °

The col utm addfless 8n@ndlg_[1ecr the (kesis vf chheastopedncaeientr om t he

address buffer ADB in synchroniismw th the timng signal (address buffer

control signal9t P& BERBETd fytk B (ShE LAY ReFeRf- decoder RC-DCR '
Subsequently, -the stored information of the nenory 20 cell MCEL at the

col utmm address whi ch has been sel ected by the timng signal (columm swtch

control g1 gnal) | ehglebd, YRHRe gy BReCRIUER QIRUbARURRM 1S LerT)
anpl i fi.er/dat % PPePbndered conductive by the timing signal (sense
amplifier control signal) ¢PA’ the sense amplifier
S, starts the positive feedback operation and amplifies
the detection signal of AVS having developed at t'he
10 addréss'ing. Simultaneously with the amplifying operation
or a.ftgr_ the stérting of the amplifyirig operation,
the sense amplifier SA, starts the positive fe_édback
— -ope_ration owiﬁg to the tiin:'_.ng signal %:A- and recovers-
the level of logic "1" to vCC"
15 The column addréss signals As 1 to Aj which have
been sent from the address buffer ADB in synchronism
with the timing signal (address buffer control sighal)
?Ac are decoded by the row and column decoder RC-DCR..
Subsequently, the stored infomafioh of the memory
20 cell M~CEL at_ the column address which has been selected
by the timing signal '(col‘umn switch coni:'rol signal) |

?Y is transmitted to t.he common input/output lines

CDL, and CCL, through the column switch C-SW, .



b v- DA & DOB is operated by the -tining signal (data output buffer and
0 “amplifier-control signal) [err], and the stored information laving
-b read is transmitted 5 to the output term nal Dout of the chip.
“During wite-down, the OA & DOB i oI5 & i noperative by the tining signa«
(data output buffer-control signal) . The precharging, addressing and

sensing oper atg@igediently, thBCoRBAaiLLPrel PAEER! GGy bR OUl

operation. 10 Accordingfy, i rrespecti ogl ¢ val ue of an input'

wri te- doviuffé®romts opoBi s bperateety niHy ”@iﬁ%’ﬂ%oéi%ﬂﬁ ”F&P{% cell into

whi ch the Information ought to be witten is read dut Detween the fol ded
data |inesufput [owffler eand. outhus efpUiFidrcdeersbDUsidRal )i i gnored by a
writing operation to be stated bel ow. Therefore, the operation@Fup to this
poi nt of andretheys tamed aimFathg thenc trsiiteg dears SeddCl s NEr &n $Mit BEET €SS.
As in the read-out operation, the folded data Iines [err] and [err] which
liat tHe chumpripiectenmoal Dy sywdhridrs schip & h Diwed hg nirdt o+ dowh,
(colum switch- control signal) [err] are coupled to the common

i nput / out 04 feLORris hekd| enpperigtdoigh Ahethel timingi stgndkrr] . - 37-
Subsequen conpl ementary witing_input signals [err] and [err] supplied
from '?he G;a#f‘ i%’d?ﬂu ”&?&Zﬁr@?ﬁr }n&%r%}ﬁ]sﬁ\%ﬁy;h[ t he] tim nEg si zgnal IO?dat a

i nput buffer-control signal) [err] are witten into the nenory

The prebharging, addressing and squiﬁg éperatibns
are’ the same as in the_foreéoing read-out.operation.
10 Accordingly, irrespective of the logié value of an
input write-down informatioﬁ Din’ the stéred information
of the memory cell into whiéh the information ought _ \_)
to be written is read out betweéh the folded data
lines DL, , and ﬁi;:;. This information read out
15 is igno?ed by a writing operatibn to be stated beloﬁ.'
Therefore, the operations up to this point of time

may substantially be considered as selecting a row address.

As in theﬁreadfout operation, ﬁhe foldéd data
1ines'DL1_1 é?dlﬁi;:; which:lie at the éolumn selected
20 in synchronism with the timing signal (column swifch-
coptrol signal) ?Y'arezcoupled to.the common input/output

lines CDL1 end CDL1 through the column switch,cfsw1,




5 cell MCEL through the colum swtch CSW. Meantine, the sens P
anplifier SAis operating. Since, however, the output inpedance of t {ta
i nput buffer DIB.s low, information to appear on the fol ded data |ines
[errTﬁand [err] are deternined by the infodfati on 10 of the input [err].
Refresh is carried out in such a way that an information stored in the

menory cell MCEL as is being lost is once read ,out onto the polﬂﬁg common
data line DL, andSubseqeertlysorpmplenenésdYouiriting GRpHt &4

e menory” calh WAbHSoRRRPLRBR oGRS ArEh Srmuth tabbre IR "ol i

e menory C 110 o] gl*y, [ is simlar
to the operation of the row addressi ng or-sensin | S been
expl ai ned i niRhEYREATPRLEM WL t?ﬁﬁ.tgﬁlnslﬁﬁﬁﬂ ggggggh_ ‘ggr, the col um
switch [err]_ig.made ipoperatiyv agd al_| t s 1S ' o]
refreshEad rLV\Pg(}e?'éWnEngrﬁlgﬁggl)]o Waa%ieag"‘r% &%qo%ﬁ%%%ﬁ? e
arr angenent s A Ngh. | i cel)s t 6 } re

di vi de@ and %?%%SQHCFﬁtgh%§ggﬂeE§?3E52F¥uhgﬁﬁﬁggi snehb?y4%f?%§§m?%rr] and
[err]) each bﬁgi Bnée "EABIY rE8PARA! ¥ ObpbRLIME. X Shic6pInoMEYer 52, 768

bits (32 Kbits rincipal blocks in this figure are depicted in
conformty- ¥hghohbsuBCimpbddaesebli ¢hle Fatandeint . bilhLerebPBCti ve

is low, information to appear on the folded data lines
LL,_, and TL,_, are determined by the information
10 of the i.nput Din.

Refresh is carried out in such a way that an

information stored in the memory cell H§CEL as is

\_  being lost is once read out onto the column common
data line DL, and'that.the information read out is

15 brought into the restored level by the sense amplifiers
SA, and SA, and then written into the memory cell M-CEL
again. -Accordingly, the refresh operation is similar
to the operation of the row addressing or sensing
period aS'hgs been explained in the read-out operation.

20 In this case, howevef, the'cqlumn switch C-SW, is
| made inoperaﬁﬁve, ;hd~a11 the columns are simultaneously

refreshed row by row.

Figure 5A shows a diagram of a D-RAM circuit arrangement




‘Noave the same constructions as described above, and bear the sane

e synbol s. As the circuit arrangenent of the nenory array,» any of
gt ens 10 shown in Figures 4A, 4C and 4E can be adopted. The
rowseries address sel ection |ines ewg8d-l i nes W) of the respective nﬁﬂﬁry
arrays MARY1 and [err] are supplied fromrow decoders (serving also as
word drivers) [err] and [err] wth Jerr]= 128 sorts 15 of decode

out put signals which are obtained on the basis of row address signals A -

AS. A COlgHE s59e GRS GRS QUL 1650 R28030K! B40kultPder P Ui Onal s on

t he ba5| colunn a signals - Al5 unn sel ecti ng decode

out put Z(And ar¥sged St SwHRBEmbeyt Beinl &B&r&%s' G(frrteni'&"&)ry arrays and
upper and | ower adjoining colums wthin each nmenory array, totaling four
col ums. drirayisdof-ARY Selied {MAARYQNCeath! havioyw! aColdiibisy cdffiieitsy signal s
[err] and [err] are allotted. By“way of - - 39- exanmple, the signal [err]
is all ot toeft 128 tridarsset 62;56_Qd:lobﬁmhbe_r BEh768r bidfst (F2 4fbitan)l t he signal
[err] to the selection of the upper or lower colum. It .is a [err] signal
%ner at o’Prdincdpiafl [bdradks$ in this fhguttes ariee degdreded singnedrfdrmify and
[err] into four conmbinations, and it is colum switch selectors [err] and
[err] tha#thyithen etqtelazlomﬁme‘énl@ﬁé pxrepgement.. The respective

blocks have the_same constructions as.described_above,

and bear the same refefence symbols. As the circuit

~arrangement of the memory array, any of the systems 
10 . shown in Figures 4A, 4C and 4E can be adopted.

The roﬁ-series address selection lines (wofd
lines WL) of the respective memory arrays M--ARY1 and
H—ARY2 are supplied from row decoders (serving also _ g)

~as word drivers) R-DCR, and.R-DGRé,wiph?g7_;.128 sorts
15 of decode output signals which are obtained on the o N
basis o?.rdw addrgss signals Ao - As{

A column decoder C-DCR provides 128 sorts of
decode output signals on the basis of éolumn address
signals Ay - A15¢_-The column selecting decode output

20 signals are common to the right aend left memory arrays
and-upper andflower'adjoining columns_within each
memory array,‘totaling four columns.

In order to select any one of the four columns,

address signals A7 and As are allotted. By way of




the output signals [err] and [err] of the generator circuit. 10 In),
this manner, the decoder for selecting the colums of the nmenory arranws
divided into the two stages of the colum decoder C- DCR and the col um
swist"ch’ sel ect or [err] as well as [err]= 3he-first aimof the division of

t he decoder into the two stages 15 Is to prevent any usel ess bl ank part
fromoccurring within the IC chip. That is, it is ainmed at that the
vertical arrayapid,! dhefsNaRavahgs iwhigah difietl Atarigre Geledidion of right
and left output signal lines of the colum decoder C DCR-and which have
conpar ati vel yf 2he diglge owcheftsarrdy,cqual the tdignmdl tar rthel pitch of
the nmenory cells; Omng to the division of the decoder into the two

st ages, the $Recfdton e tihe wppber ovf liowerc@wsluintuent transi stors reduced

and can occupy an area of relatively small size. 25 The second aim
of the division oft tim &le FrSlEn ogsneanatan Ql\muslttadéﬁ Ists in that
0 _be connected to one address signal line is

the_nug?er of  the NOR gat €S ) >
reduced thebledly anFademibhet AEOrEaE & &iifet sadty ARd Agyid1tq ifRIBNd to

cphance e SSEIIASPO a0t . e, coali SO Sd ST BSE e (e
Conplenentath&nﬁéﬁiég fﬁ@£e§§i§hﬁh%hi M%fdmns on the basis of

the output signals ¢§00’ 9&01, 2&10 and ?;11 of the

generator circuit. '

10 In this manner, the decoder for selecting the
columns of the memory.arrays is divided into thg two
stages of the column decoder C-DCR and the column
switch selector CSW—-S1 as well.as CSW-SZ. The first

— aim of the division of the decoder into the two stgges-

15 | is to prevent any useless blank part from occurring
within the IC chip. That is, it is aimed at that
the vertical arrayal pitéh of NOR gates which.take
charge Sf a pair of right #nd left output-signél lines
of the column decoder C-DCR and which have comparatively

'20 large areas is made equal to the column arrayal pitch
of the memory cells: Owing to the division of the
decoder into %he'two stages;'the NOR gate has the
number of its cOnstitueht transistors reduced and

" can oécﬁpy en area of relatively small size.

.25 | The second aim of the divisioh of the decoder




[er :ANd [err] - [err], respectively. It transmts themto the decoder

Ci s at the timngs 10 [err] and [err] adjusted to the operatlons
mnt the IC chip. The circuit operation of an address setti.ng process in
‘the 2-mat type 64-K-D-RAM wi | | be deggribed with reference to Figures )=t
and 5B.. 15 First, the address buffer control signal [err] of the
row series rises to the hlgh | evel , mhereby the seven conplenentary pairs_
of row afiftesthei el stgges] con[se.rsrt]s dor ridisgorkheignembenecf ow addr ess
signals [err] are applied fromthe address buffer 20 ' ADB to the row
decoder stherFJR ;gatt é2rtd bhr cognesbesy taidne sedénes akenalext, the word
line control signal [err] rises to the high level, whereby the row decoders
[err] andinheri§ Ibe@mdactbﬁé‘e&m tond ighten medlpadegnwanges of each

of the nenory arrays [err] -and [err] is selected - and |3 made t he
hi gh | eved¢re&ussehEes: IylnﬁhénédGPE§?hﬁR9Qﬁt%%n?Vchg?ﬁﬁaFPS? the col um

CoPum addr osts sacreds hpiTien AL RRG95RSR | ERBCRLERG T EhELERPmn

address signals, [e are a Iled fron1 he ss_b ffe to the colum
decoder Efgff?g%r%%é%ess sifhal A" E H inégB

eight complementary phirs of address signals (ao, EE)
- (a7, E;);land (as, Eg).- (a15, aiS)’ respegtively.
It trsnsmits them to the decoder circuits at the timings

10 and ¢Ac.-adjuste_d to. the operations within the

A
IC chip.

The circuit operation of an address setting process
in the 2-mat type 64-K-D-RAM will be described with Q) .
reference to Figures 5A and SB. |
15 . First, the address buffer control signel ?AR
of the row series rises to the high level, whereby
the sevén complementary pairs of row address sigﬁals
'(ao, EE)-- (ag, EE) corresponding to the row address
signals Ay - Ag &re applied fﬁom the address buffer

20 ADB to the row -decoders R—DCR1 and R-DCR, through a

2
row address 11ne R-ADL. '
Next, the word line control signal ¢ rises to

the high level, whereby the row decoders R-DCR1 and

R-DCR, become active and one of the woﬁd lines WL

2

25 of each of the memory arrays M—-ARY1 and M—ARY2 is selected




& c¢ol um add
10 - anong
C- DCR becone
col dmr swi tc
switch contr
si gnal gener
conpl enment ar
and the conp
address sign
circuit [err
becone the h
becone the h
signal [err]
circuit [err
and [edr] su

pair anong a total of

[err] is sel
are connecte

10

ress line CADL. As a result, one pair of output signal |ipges.=
the 128 pairs of output signal lines of the colum decod¢gry ‘iz
the ‘high' level, and the high level signals are applied t j%%

h sel ectors CSMISl and CSW Subsequent |y, - when the colu
ol 15 signal [err] rises to the high level, the [err]
ator circuit [err] becones operable. On the other hand, the

¥naa5% 8La§'%ﬂ%'§igﬁf% e q{reSponding to the address signal A
emne 0 al's

ary pair ‘err] correspondi ng 20 to the

al A8g éﬁﬁ? gener at or
] respggggsgké% address %ﬁ?féﬁ %@ﬁ%#% [err] has
!43“ b?veheaeelmﬁnsuiqe%d%esse%s bwfﬁaeqef&ﬁoie%gnal [err] has
i'§® l'evel . "Accordingly, 25 when the col um switch contro

whidagbPeEnee sevehheoifileniavalry thei fer6t sbTumh geapsasor
] transmts the S|gnals to the colum switch selectors [err]

hagﬁansakhé @gouprdm: tET_}WwéfmeEpondlng tbnthhi s way, one

_ 12 Pransi st S in the colum swtches [err] and
eoflanin address pa@naﬁs(ﬁﬁerlAﬂgsafk apphiedt Feometbey array

d to the commopn data lin

address buffer ADB to the column decoder C-DCR through

& colurm address line C-ADL.
As a.result, one pair of output signal lines
among the 128 pairs of output signal lines of the

column decoder C-DCR become the high level, and the

" high level signals are applied to the column switch

15

25

selectors CSW-S, and CSW-S

1 2°
Subséquently, when the column switch control

signal ¢Y rises to the high level, the signsl

Py J
generator circuit ¢yij-SG becomes operable.
On. the other hand, the complementary pair of

signals (a7, E;) corresponding to the address signal
A7 and the complementary psir of signals (a8, Eg)'corresponding
to the address si'gnal'A8 have alréady been applied'

to the ¢ .. t

o the 2&13 31gna1 generator circui ﬁle
when the-gddrsss buffer confrol signal ¢iR has become

-SG respectlvely

the high-level end when the address buffer control

signal ¢AC héé become the high level. Accordingly,

-when the.cblumn switch control Signal ¢Y has become



AM | C | ayout pattern of the so-called 10 2-mat type in which the.
chip includes the two divided nenory arrays will be described
erence to Figure 6. The two nenory arrays [err] and [-err] each 0f,

-

: sl constructed of a plurality gfanenory cells 15 are arranged i
the IC chip in a manner to be spaced fromeach other. In the central part
of the 1C chip between the [err] and the [err], the common col um decoder _
C- DCR i sthe rhdgled.evel, the f&gs adlanal genetefer rdifouithe [err] is
arranged between the [err] and™the G DCR On the other hand, the colum
switch cfﬁ/y-ff‘eﬁ tramami tgr thes sdgnedge d D etrumn [switclind the C DOR
-43- The sense anplifiers [err] and [err] are respectively arranged in the
left endSHHFtEAR ¢PYNS, cRBL A5, b dtEantipiln eareurrenplEvent them
from opg at i nbgn rroneously due to noise, for exanple, signals applied 5
to the Lhene also to facilitate the layout of connections. On the |eft

Si of the ar f the LC.chip, there are ar d, the data input
b_u%l?er DI B, %Pe{hfs !53.9, Bn% pair att)rio_n_g a toatsﬁ of abn‘pf trans:‘.js%or p.
pairs in the column switches C-SW1 and C-Swz-is selected,

and one pair of data lines DL within the memory array

ere connected to the common dsta line CDL.

The D-RAM IC layout pattern of the so-called
10 2-mat type in which the single IC chip includes the
two divided memory arrays will be described with reference

to Figure 6.

The .two .memor_'y arrays M-ARY_1. and }I-ARYZ_ each of | o’
which is c_onstructéd of a plurality of memory cells
- 15 are arranged in the IC chip in a manner to be spaced

from each other.
In the central part of the IC chip between the

¥-ARY, and the M-ARYZ, the common column decoder C-DCR

is arranged.

20 - The column..switch C-SW, for the M-ARY, is #rranged

between the M-ARY. and the G-DCR.

On the other hand, the column switch C-S‘m.'2 for

and the.

the H-ARY, is srrenged between the M-ARY,

C-LCR. -



v .

a read/wite signal generator circuit RFRWSG a RAS 10 si gnal gener at®
circuit RAS-SG and a RAS-group signal generator circuit SGL. |In proxi
to these circuits, there are arranged a RAS signal apptying pad P-RAS,
sigﬁér‘applying pad P-VE, and a data s+ dhl=applying pad P-Din. 15

On the other-hand, on the right side of the upper part of the IC chip,
t her.e are arranged the data output buffer DOB, a CAS signal 8enerator

circyittCA?-SEE éﬂﬂea58ﬂsﬁgﬁq§;%ﬁ%ﬁﬁﬂ §ﬁﬂﬁﬁ%@g$Ag;?EﬁiF?fE? f?vrby

roxi m o _these cigtcuits, re are arran err] vqltage

Fec g pa PEFAFEE HASHSR ol B S ol ot il 580111
&A is arr énggg‘eb'gf:v\ggﬁpt oS ﬁ%%aed'r ([ﬁ?p sz’!’_egvn%ﬁt gg?]g‘?af]t[)?mc‘%gﬂ?ﬁfﬁrr]rmand_ t he
CAS 01 0uP 1 9Rfbn EGus1 yORME AOndild el dod Shtdnore, - dfenfbelphiggnerator
circuit [err] 1s arranged above such circui J? at ge %ccupyl area as the

RAS-graup si ggakngegereiOland 'QWd e fdoiliea t4StlE OLRyshgngk gener ator
circuit [err] or the main anplifier NA.  The 5 reason Is as stated

bel ow. The gamegctkanBices mnority carriers, and there is the danger that
the menory cells constituting the [err] and [err] will suffer from

undesi red i nfor madhothenleft sidueof chdayppenrpiyt of the IC

chip, there are arranged the data input buffer DIB,
a read/write signal generator circuit R/W-SG, a RAS
10 .signal generator circuit RAS-SG, 2nd a RASégroup signal
generator circuit SG1. In proximity.ﬁo tbese circuits, -
there are arranged a RAS signal applying pad P-RAS,
e WE sighal applying pad_P-Wf, and a2 data signal applying
N\ pad P-D; . - _ o
15 Dn_the other -hand, on the right side of the upper
pert of the.ic chip, there are arranged the data output
buffer DOB, a CAS signal generator circuit CAS-SG,

and a CAS-group signal generator circuit SG In .

¢
proximity to these circuits, there are arranged a
20 Voq Voltage feeding pad,P—Vss, a CES signal applying -
| pad P-CAS, & data signal deriving. pad P-D_;» and
an address signal Ag feeding pad ?—AG. ' |
A main ahplifier MA is arranged between the RAS-group
signal generator circuit SG1'an¢ the CAS-group signsl

25 generator circuit SGZ'



ers. In order to prevent the danger, therefore, 10 t he VBB

ator circuit [err] is disposed at the position distant fromthe [err]
~and [err] to the utnost as described ahgve. On the left side-of the | ower,
“part of the IC chip, the row decoder - " for the [err] is arranged. 13*°
In proximty to the [err], there are arranged - address signal feeding pads
[err] and [err] and a [err] voltage feeding pad [err]. On the other hand,
on the right Qingogﬂﬂﬁ?atmkr01pevitoV pRR€ LE elrrpngelde abowedecoder [erﬂ
for the 20 [err] is arranged rOX|n1t_ to the row decoder [err],

t here aré“ﬁPr5h§6H1§d@ﬁé§§¥£§ﬁewCBEEEyEng“p&d§S[§hﬁ]Raﬁ&gFeup The addr ess
buffer ADB is_arranged between the [e % and gerr] 45 A partial |ayout
pattern FREFRANEEBAI&NITy OiF Skt m%&np her £)S-erary si@nede sense .

[if S 64 Kbit D-RAMw |l be d bed th-
?g?elehgngSrﬁgaﬁr%g kh tgﬁgge r ng§9§ ﬁpgk¥*éﬁ§ 5%§crhh§ sggse

Isi f f d h | [
enePosed "heaRAaBe - &na skaned HELev he RaaabnBrootes BReRAYT the sense
anpl i fi e ey eééad?%%éﬂﬂcﬁén%hé”dghggf2£6g%tE%ewhggo §5Req4 gt O Lhe

col uim decoder e menory arrays _
constituting the ¥-ARY, &nd x—ARYé will suffer from

undesired informetion inversion due to the minority
. carriers. In order to prevent'the éanger, therefore,
10 the VBB generator circuit VBB-G is disposed at the

position distant from the'M-ARY1 end M-ARY, to the .

utmost as described above.

On the left side of the lower part of the IC

‘chip, the row decoder R-DCR for the M-ARY, is arranged. o’

1
15 In proximity to the R-DCR,, there arearranged' address

v signal feeding_pads P-Ao, P-A1 and P-A2 end = VCC

voltage feeding pad P-Vieo

On the other hand, on the right side of the lower

- -

-part of the IC chip, the row decoder R-DCR, for the

2 . BN
20 M-ARY, is errenged. In proximity to the row decoder
;fR—fCRZ, there sre arranged sddress signal applying
DPf_ b i ' = |
peds : A3, F7§4, P A5 gnd P A7.
The address buffer ADB is arranged between the

E-TCR, and H-DCRZ.




10 © and the sense anplifiers [err] and [err] within well regions on the',’f-
fde

right side arewonmtted or illustrated only schematically. Since the e
N-chapgnel type wetls are supplied with the gower source voltage [err], =
power Supply lines Vcc-L are forned as sho®® fn Figure 7A. 15 In

Figure 7A, supposing the nenory array [err], to be the. first row, the
powet supply line is formed every 32nd row of the nenory arrays M ARY. As

the intervals of tﬁie)loy\%\éll ;%Q?&Mglrgﬁ%iegﬁc@ﬁéﬁéﬂ%enﬁéﬁﬂfldn vol t age

becomes ununi form . er to prevent this drawback, the power
supply line ngye DRerhdr fesr8¥PE VL ARYOndh&n¥ AdhsdWmdliericdrid sy ea
increases in this case.. It 1s therefore favorable to formthe po‘\/ver supply
lines at equainén$el Vi StReDEy KbetMPRRAY aindy Hdtdideried axatpl e, at
interval s 25 of€8 rows, 16 rows, 32 rows or 64 rows.. -46- To the
end of meki ngréfierswte vol Fhgeranitor mThishenegmoorey smpgyy NM+ARYS end f or ned
of a netal exhibiting al nost no voltage loss, such as A, Au, Mo and Ta. In
the case wher the hsepoameemplppiorsi 84y Eoendwryied hien Sindividudl ar earranged
in the wells, they should preferably be arranged in parallel with the data

lines so as nBtchenrebriypervell regipasdsnelasrd Yihhedp bfand-dagh

N-channel type well region for the nenory arrays M ARY and that far, the
sense anplifis}Begerr§ince the memory arrays M-ARY, the sense amplifiers

SA,, etc. sre laid out in line symmetry with respect
to the column decoder C-IDCR, the memory arrays .M—ARY'
10 and the sense amplifiers SA, snd SA, within well regions
on the right side sre omitted .or illusfrated only schematicalg.)".
Since the N-channel tyi)e wells are sﬁpplied wi.th

the power source voltage VCC’ power supply lines VCC-L

~ are formed as shown in Figure TA.

15 . In Figure 7A;' supposing the memory array M-ARY, .
to be the first row, the power supply line is formed
every %2nd row of the memory arrays M-ARY..

As the intervals of the power supply 1lines become._
lsrgern, the well voltage becomes ununiform more. In

20 _ or&er to’prevent.,this drawbeck, the power supply line.

mey be formed éveryi'.row of the M-ARY, but the chip
area incr‘easeé in this case. It is thelg"efore favorable
to form the power supply lines at eqﬁal interyals.
among the memory arrays M-ARY, for example, &t intervals

25 of 8 rows, 16 rows, 32 rqws' or 64 rows.




are isolated for the follow ng reason. A voltage drop devel ops

M the power supply line within the well region for the -sepse .
anplifier [err] and the positive feedback operation-control neans (Figure
74A) within the sense anplifier SA2. Thg voltage 15 drop becones grealt®er
“+n the sense anplifier [err] being nore distant fromthe power supply |ine,
and it forns a noise. If the nenory arrays M ARY and the sense anplifiers,

[err] are form@dtnet Bha 8rshaghagd\thersie®l |vd PEARE, uhii€oamQr ecited vol tage
drop will lower the 20 wel | potential, resulting in |lowering the :

t hr eshol gh ¥ opéveée &ﬂfﬁlyoﬁ.ihléﬁ BridOfdrefdd dfi gunetdr) erhibheingnory cell. .

Then, the P- [err] will becone easier to turn "on", which forns the
cause of ebmet fmcroDbagéhdosGhamed dyy el yvehh, regi and fat I ni ng 25

the menory arrays M ARY and the sense anplifiers SA2 -47- are formed to
be i ndefbedease oéhenehthehpowemhauppl it e mes sfonmwed| ofi Ahei n the sense
amplifiers SA2 is prevented frominfluencing nenory operations. Figure 7B
i | |Ust r ametal spelatirangedn dh the wells | gthey showhdi nrefgueblyA, and is a
partial layout pattern diagramcentering on-the nenory arrays M ARY and the
sense anpfisrTRengedrin paralied: piith tthe ckakdilipeRaBP P8rPStcorresponding
to those, in Figure  7A bear | '
to shog -circu?% to the data lines formed of Al.
The E-channel type well region for the memory
errays M-ARY and that for the sense amplifiers SA,
10 are isdlated for the following reason.
A voltage drop develops between the power.supply
line within the well region for the sense amplifier
SA2 and the positive'feedback.operation;control meaﬁs
(Figure 44) within the sense amplifier SA,. The voltage 7
15 drop becomes greater in the sense amplifier SA2 being
more distant from the power supply line, and it forms
a noise. If the memory arrays M-ARY and the sense
emplifiers SA, are formed within a single N-type well
region, the aforecited voltage drop will lower the
20 well potential, resulting in lowering the threshold

'voltage-v g of the P-MOS Q (Figure 4A) of the memory

TH
cell. Then, the F-MOS Qy Will become easier to turn
"on", which forms the csuse of a malfunction.

The F-chennel type well regions for forming

25 the memory arrays M-ARY and the sense amplifiers SA2




PR

To-- the sane reference synbol s. Different fromthe |ayout of Figuregf4An
I's that  the nnnvfy arrays M ARY and the sense anplifiers [err] are forgeg O/
wi thin an i'dentical . wel | region. The nodification has the advantage tha

t he '15 ‘chip area becones smaller than in the |ayout of Figure 7A. It is
di sadvant ageous, however, in that the noise devel oping in the sense
anplsifiers [err] is prone to affect the nory operations as described

above. 20 _ Figure 8A is a per pectlve sectional view show ng the
el ement structure of one nenory cell.-M CEL descri bed above. The nenory

cell M CEL a-+ t
conparativefgg?hl?EfFEEUIggpﬁbiPhF%@% suchgggggirfggﬁggilgﬁb?F%¥;25
(hereinafter rtheenoddet dexelapihy dind thes seaisengmpllifiprs dsatively

thin insulating film3 such |I|con oxi de fl|ﬁ]& %éelnaft referred to
as a -48- DyEvented L, Sppha AEMOTYp OPSER-CORPuct or regions 4

and.5, a first polycr kﬁﬁﬁﬁkﬁ¥fr (X ap@ i nversion
| ayer 7, a second polgg taI |ne sil1con gngd§£E° *%é (p osphosilicate
gl ass) g ayer dayout shosm dinFigure [7&c@antd 1saad partilaly dayoeett! regi on

100. The MOS ' _ Il M | :
drain r:gi on, & Eénpgg%%?nn%%tce%ing o%EI%hea%lehto%ySlé%taryast gt—A\W region,
and the sense amplifiers SA, and SA, in the 64 Kbit
D-RAM. |

Parts corresponding to those in Figure 7A bear
10 the same reference symbols. Different from the layout
' of Figure 7A is that the memory.arrays M-ARY and the
sense amplifiers SA2 are formed within an identical

well region.

The modification has the advantage that the

\:5 chip area becomes smaller than in the layout of
Figure 7A. It is disadvantageous; however, in that
_the noise developing in the sehse amplifiers_SA2 is
. prone to affect the memory operations as described
_ above. . ,
gb Figure 8A is a perspective seetional view

- showing the element structure of one memory cell M-CEL
described above. The memory cell M~CEL comprises a
Phtypé silicgnfsemiconductor substfate 1, a comparatively
thick insulating film 2 such as silicon oxide film

25 - (hereinafter referred to as a "field insulating f£ilm")
o a comparatively thin.insulating.film:B such as
'silicon oxide film (hereinafter referred to as a




y nsul ating filmand gate el ectrode made of the above-nentioned P-type
onduct or substrate 1, 10 N-type well region 100, P-twpe, e

. onductor region 4, [err]-type sem conductor region 5 gate |nsulat%§g
fol m 3 and second polycrystalline silicon layer ‘8, respectively. The secbnd
polycrystallrne silicon layer 8 is use&8as, for exanple, the word line W12
shown in Figure 4A. 15 The al um nium | ayer 10 connected to the
[err]-type sem - conductor glon 5 {45 used as, for exanple, the data I|ne

[err], shollgate tnguleting m o , o Fheitypen semiisondustiony @msr or [err]

inth I d

the other B BB0r BacS: RAFES: PRAETIF A TFY srlm;e»e & oi 1| son | ayer
6, the gat p-itypel aurfack Liveraiént Nayert e oS Felcand Eﬁb\l?fc&*y@%dlﬂefe ~
respectively. Earth potenti al err] is applied to t I rst

pol ycryst astilieoni Leyer 85 a P. @hoephmd dcatej glasshdeyeryP surface

(1oPu el ronl Blnbahr SaTHt 465 b U5 MIpVRR Wl hRRaaR JRB .00 N0 Lo (e
. the MOS [err] in tirReMOS Q. Cahl omemwammlﬁasedﬁs t he

P- channel ég an N-channef* type MOS [err] can be forned by changing all 5
the af or ecBUBEtTEREuCWRIL FegioBs GMadn megdosysiaource region,

gate insulating £ilm and gate electrode made of the
above-mentioned P-type semiconductor substrate 1,

10 . N;type'well-region 100, P*—tyﬁé’semiconductdr region 4,
P'-type semiconductor region 5, gate insulating folm 3 and
second pOIYcryStaliine silicon 1ayer;8, respectively.

The second polycrystalline silicon layer 8 is used as,
for example, the word line WL, , shown in Figure 4A.

15 The aluminium layer 10 connected to the P'-type semi- <
cdnductor'region_5 is used as, for example, the data
line DL1 1 shown in Figure 4A. |

On the other hand, the storing capacitor C
in the memory cell M-CEL has one electrode, a

20 dielectric layer and the other electrode thereof

S

made of the first polycrystalline silicon layer 6,
the gate insulating fiim 3 and the P-type surface:
inversion layer 7;_respectively. Earth potential
VSS is applied to the firs? polycrystalline silicon
25 layer 6, and it induces the P-type surface inversion
layer 7 in the surfaée of the N-type well region 100
owing to the field effect caused through the gate




L X3

eonductivity types. Figure 8B is a perspective sectional view show ng the
el enent sttugturé of one dummy cell D-CEL. The dummy cell D-CEL conpri ses
-type sem conduct-or 11, 10 - 12 and 14, second pol ycrystalline sili con \&

| ayérs” 17 and 18, and an alunminiumlayer 19. The MOS [err] in one dummy

cell D-CEL has its substrate, well region, source region, drain region,

gate insulating filmand gate el ectrode made of the 15 P-type

sem conductor substrate 1, N-type well|l wedgor 100, [er]-type sem conductor
region 11, [err]-type sem conductor region 12, gate insulating film3 and
second polycrystalline silicon layer 17, respectively. The second

pol ycrystal t i dmsuliaitdng [fddar 3.7 ext ends over the 20 N-type well region

100 as, for exanple, the.du r | ne [err]. shown in Fi.gure 4AE. -  The
al um num | ayer 19 coné&@%%w%bﬁ% &S‘ ﬁcﬁﬁ regi on
11 extends ovefy QP G e ?Ji&id’zﬁiél ﬁfe faf exanple, the

dummy dat a Ime%err sho In Figure 4E. The MOS [err] in the dummy cell
D-CEL has its Newhennele type MOS| mguhe Togmesk bye ghangingiall egi on,

?2tgieoin t,l| at.i %glﬁém ang |ﬁ§ e@e °[tl3'r S]gc de of r?xfb%g‘ﬁ’tﬁvf?? p'rsoég: conduct or
[err]-type Se@&ﬂ%ﬁﬁ%ﬁ% 14, gate | nsul ating
| ‘Figure 8B is a perspective sectional view
showing the element stt'uctﬁre of one dummy cell D-CEL.
The dummy cell D-CEL comprises P+-ty'pe semic_onduct'or 1,
10 12 and 14, second polycrystalline silicon layers 17
and 18, and an aluminium layer 19.
_ The MOS Qm in one dummy cell D—CEL has its
substrate, well region, source region, drain region,
N gate insulating f£ilm and gate electrode made of the
15  P-type 'semicohduc_t'or substrate 1, N-type well region |
' 100, P+-type semiconductor region 11, P+ftype semiconductor
region 12, gate 1nsu1ating film 3 and second polycrystalline
silicon layerf 17, respectively. The second
po-lycry_stalline silicon layer 17 extends over the
20 N-type well region' 100 as, for example, the dummy
| word line DWL shown in Figure 4E. The aluminium

1=2
1ayer 19 connected to the P -type semiconductor



-3 and second pol ycrystalline silicon |ayer 18, 10 ‘respectively.

. pol ycrystalline silicon layer 18 is supplied with a di scharge si gnal
illustrated in the dumry cell D-CEL of Figure 4E by way of exanplét,
/ ough the MOS [err] and [err] in the dummy cell D-CEL have been "
exenplified as the P-channel type, 4550 - N-channel type MOS [err] and
[err] can be fornmed by changing all the aforecited conductivity types intqQ
t he opposite conductivity types. The | ayout pattern of the nenory array -
M ARY wi | regionicktrextendst oveef shendetypeispmicandu@tor substratide nenory
array MARY shown in Figure 9A is such that a plurality of nmenory cells

M CEL as brefwn far m¥urple, atbeafhmpyd data Heine tBipe yeshowrgi on 100.

First, the menory array MARY is constructed as stated bel ow. 51 In -
order to IRJTLEW'S (4 one another the plurality of menory cells M CEL each

f which i t -of . th . dth tori I tor, [
he" b e S8 e’ A1 BBl oo 0 ok s SRRt 7 ] 1
[ ' hasi | sh ' ' 9R. ‘A -field jn {] film?2
5 Sxoopt S M LR BB Span At et 1BTES LAY e th

tenti al he 14 st ald ige silicon-| 6 t i
Bocor di gy sband at¥ sLESto0abY et B 6 Dodiifd o ifouctée ' ©
region.1,_N-typ§lwell region 109, P+-type semiconductor

region 12, P++type semicoﬁductor region 14, gate_insulating
 film 3 and second polyerystalline silicon layer 1é,

10 respectively. The,poiycrystélline silicon layer 18
is supplied with a discharge Qignal ¢E¢”iilustrated .
in the dummy cell D;CEL'df.Figﬁre 4E by way of example..

Although the MOS_QD1_énd Qo in'the dgmmy cell

ﬁ-CEL have been exemplified as the P-channel type,

15 N-channel type MOS Qpq and Qp, can be formed by changing
all the aforecited conductivity types into the opposite

conductivity types.

The layout pattern of the memory array M-ARY
will be describgé with referénce to Figure 9A.. |
20 The.memdpj arr;y M—ARY shown in Figure 9A™is
such that a plurality of meﬁory aells M-CEL as shown
in Figure 8 are arrayed in the N-type well region 100.
First, the memory array M-ARY is constructed

as stated below.




T0- alum nium- silicon alloy fornmed in the vicinity of the contact (
[err] on the basi$ of the interaction between the alum nium ayer and t{qF
pol ygrystalline silicon |ayer penetrates through the insulating film N
I oq_ét ed directly bel ow the contact hol e ey ]-and undesirably 15 reaches -
the surface of the N-type well region 100. On the field insulating film2

and the gate insulating film3,the first polycrystalline silicon |ayer 6 -
which is used as_one el ect,rode ‘he_storing ca ito er i g.the nenory
cel| MCEL is forRelTC#Ta tﬁa&%"%ﬁ%?e?ﬁmﬂfng %8%9’%{"}5 gﬁﬁgrgg.lttﬂurther,

on the first_polycrystalline, silicon Jayar he -wqr ' err] each of
which is for &'%Vr&hcge&&‘@oﬁﬁ'##‘ y%?%t%?l?ﬁ%céi ?F\ggﬁg%?ggighi n Figure 8A
extend int rtieal dir [ [ . ' . B - Further, on

t he pol ycr ys%‘aﬁ?ﬁengﬁg Iqjl“boa%ﬁ aé}g? %t%gl% eggﬁgéﬁgﬁe%f iPhgﬁs?t oring _

capaci tor [ hirnaclehs HRtRS M)ﬁlra wb1f MS21bnf 960f cefengiean! Anavh At

[err] througil tfhag corﬁ?act hol € err? gxt e%;ni n the Iaterlal, 5 di rec'?! on

in Fi.ghre 94piiGh 2t he Med@}d,atmsﬂat%attaﬁﬁ kabwh andHigurle e®h of

which i's forned by the alum niumlayer 10 in Figure 8A extend substantially
in parallel wthatlfdeldvdnsiilwtingi fEimepa] issexbeptionallyureerrasgedihe

under a contact hole CH, for applying earth potential

to the first polycrystalline silicon layer 6. It

Vss
is accordingly possible to prevent the fault in which an
10 aluminijum - silicon alloy formed in the vieinity of
‘the contact hole CHO on the basis of the interaction
between the aluminiumlayer and the poljcrystalline
silicon layer penetrates through the inéulating film
located diréétly below the._-c'ontact- hole CH, and undesirably
15 reaches the surfac'.e of the N-type well region 100. o
On the field insulating £ilm 2 and the gate insulating
£ilm 3,- the first polyerystalline silicon layer 6
vhich is used as one electrode of the storing capacitor
cs in the mémor_y cell M-CEL is formed in a basic pattern
20 shown in Figure 9C..
Fuz;ther,_.o'h the first polycrystalline silicon
is formed by the second polycrystalline silicon layer

layer 6, the word lines WL - WL,_g each of which

8 in Figure 8A extend in the vertical direction in

25 Figure 9A.




* 1Q A.ouat a line [err] is connected to the source region of the MOS [err] in

ohg4fenpry cell MCEL through a contact hole [err], while the data ld ne

. |8 s connected to the source region of the MOS [err] "in another menpr
ceU M CEL through a contact hole CEZ n-addition, 15 the data |ines™=-
[err] and [err] extend in the lateral “"direction in Figure 9A likew se to-
the data lines [err] and [err], and they are connected to the source

regi ons of thgudthdre) Idn i thegpdl yepgbballkiakl stinnesh 1egrdact holes in
predeterm ned parts. 20 " “In order to bias the N-type well region 100
to the pofeds omer @l ediirtade d£rthe sberpngeicepupriltyr iy [te] extends at
an end of the nenory array MARY in the lateral directi®n in Figure 9A and
subst ant | péwer iswppdiyalligie W4 -k hEorafeedings earth f@temtdalayout pattern
of the menory array shown in Figure 4E as includes the nenory array M ARY
and t he diiggnthaough BhRcantact usetat 6Hy extieqdse igD thearkafenadr espondi ng
to those in Fiqure 9A bear the 5 sanme reference synbols. = The | ayout
pat Per n | Uxpetion.dm (Figune Mhe 9A in that the dummy array D-ARY is added.

A dumy cell sho in Figurg 9D.is cQnstructed as s bel ow. A
part of the s?n"fcgbé“' &t\ﬂ]?ﬁaqmzf pethg| fia?‘égg'&ﬁefo%lﬂ_ﬂ(%“i $If10r1rred with the
field msg&&} 'o'l‘gwfh'il'éﬂ 21’3 Vpérl'n?e_d by the aluminiumlayer 10 in

-

Figure 8A extend substantially in parallel with the
power. supply line '-VSS-_L as shown in Figure 9A..' The

10 data line DL1—1 is connected to __the source region_ |
of the MOS Q in one memory cell M-CEL through a contact
hole CH,, while the data line 'ﬁi::,; is connected to '

the source region of the MOS Qu in another memory

cell M-CEL, through a contact hole CHZ‘ .In addition, -/
15 the data lines DL, , and DL, , extend in the lateral

1=-2 1-2
direction in Figure 9A likewise to the data lines

DL, , and DL, ,, end they are connected to the source
regions of the MOS QM in memory cells M—-éEL through
contact'holes in predetermined parts. _

20 In o.rder to bias the N-type well region 100 to
the power sou}'é'e voitagg Vcc, the power supply line
Vcc-L extends-_:at ‘an end of the memory array M—AR_f .

_in the lateral direction in Figure 9A and substantially

in parallel with the da.ta lines.

-




anot her pért of the surface of ‘the N-type well region 100 is formed with
the gate inswlati'ng film3. The [err]-type sem conductor region 14 is ug
as the common earth line of a plurality of dunmy cells 15 DCEL. On t

fierd~insulating film2, the dummy. word |ine [err] extends which is forned
by the second polycrystalllne silicon lay e$ 17 in Figure 8B. The dummy worc
ling [err] constructs the gate 20 el ect 3de of the MOS [err] in the

dumy cell D-CEL. On the other hand, a control signal I|ne [err] which is
fornmed by the sechal mqntypattlerne0§ |t|h@ormqmgzm &y ah QJ{}?e 8B in order

to apply the-discharge control Sﬁgnal err] illustrated |ng e 4E S
kept apart 2bn Figuxen4EBeasulnpludes it 1'{9@}"(1]7 Hrra¥% Mok - -54-
paral l el therewith. The control nal e. nstru the gate
el ectrode oft@hedW[%??Tylﬁ'ﬁﬁg 3 ld’e'ﬂrﬁ ‘ﬁl—ﬁi gﬁt he dumy

durmy word | PHRES Srr SRECR AL EReT &P'o'a”eenl&?rﬁ‘#en%*ﬁ g}g’]wﬁg%@g{ oy .V“nfei‘ e
The 1efr] | SsEBAEETEeRGS: FEABONFee | BaPoRdBPurrEathert 1R AFERFHEE O
durmy ceII Dp{Gh FiEAHENoR $ANtREY the dummy array D-ARY is added.
.'A dummy cell D~CEL shown in Figure 9D is constructed
as stated below. .
A pert of the surface of the N-type well region
210 100 is formed with the field:insulating film 2, while
another part of the surface of the N-type well régioh ..
ﬁOO is formed with the gate.insulating film 3. )
The P*-type semicondﬁctor'region 14 is used as
the common earth line of ahﬁlurality of dummy cells
15  D-CEL. R |
On the field insulating film 2, the dwmy word
line DWL1 i extends which is formed by the'second
polycrystalline silicon layer 17 .in Figure 8B.
The dummy word line DWL, _, éonstructé the gate
20 électrode'of'the:EOS'QD1 in the durmy cell D-CFL. On
| _the'ofher hanq,“a control éignal_line ¢Ec’L1 which
is formed by %he'second polfhrjstallihe silicon layer
18 in:Figure 8B in Ord?f to apply the discharge control
+ signal $, illustrated in PFigure 4E is kept apart

25 " from the dummy word line DWL and is extended in

1-1 °



O] err], and the [err] is simlarly connected to the source region of
. VDS [err] in another D-CEL through a contact hole [err]. *The, .
ILacture of the dynam c RAM 15 of conpl ementary type having the,
M5 and the P-MOS (hereinafter referred to as "CMXS") will be 'describ‘g
with reference to Figures 10 to 35. = B4each of the figures, [err] is a
sectional process diagramof section [err] in the nenory array M ARY showp

in Figure S¢ha13@1 therdhilth X h%eacéﬁ%wn]ahgmcqiaed!9hgr-<’w of the C MXS

circuit portion of the sense anplifier [err] Shown in Fi e 4A. As shown

in Figure ddhstdac®s dhd iddBe 021 66tF6HBEEL the MDS QN ke thHe face of a
sem conduct or substrate 1. As favorable nateri al stzor_ t he sem conduct or
substrat e diitryaeedllh®-CHIde fLikewdde, athet MRomy Word 1GmestowWL,si i con (Si)
-substrate having the (100) crystal 5 face and a silicon di dxidde [err]
filmare rasbececondrplusdgngs Timen Q—E'ngx&_ehﬂ, innparéddlelo form wel |
regicons of the conductivity type oppoSite to that of the sem conductor
s.ubéstor at e, Witho$hepdurmypwartd hine DELCR,f and the eontirelsedignmiduct or
substrate _101 ich correspond to the well formng regions are renoved. To
this end, 88 fggokMitride [err] film103 is |

The data lines _DL1_1, DLy _4s DLy,

extend from the memory array M-ARY as shown in Figure 9D.

and DL _,

The 'ﬁf.;: is connected to the source region of the
10 M0S Q, in one dummy cell D-CEL through a contact
hole CH. , and the ﬁ.:; is sir.nillarly connected to
the source region of the MOS Q,, in another D-CEL
through a contact hole CH#.
The manufactire of the dynamic RAM
15  of _c_ompleme_ntary_ type having the N-MOS and the P-MOS
(hereinafter referred to as nC-MOS") will be described
with referencé to Figures ..10 to 35. In each of the
figures, X.‘ is a sectional process diagram of section
X, - i., in the memory array M-ARY shown in Figure 9A,
20  while X, is a sectional process diagram of the C-MOS
circuit porti:_._on_o‘f the sensé .a.mplifier SA2 shown in
Figure 4A. N .
As shown in Figure 10, an oxide film 102 is formed



first fornmed on selected areas of the surface of the SiQ2 film 102 as an "~
etching mask,. I'n this state, 15 the [err] filmnot covered with th.e
[er-ruﬂlmlos is renoved with an etchant. As shown in Figure 12, in ordg ‘
to {0 the well regions of the conductivity type opposite to that of the

sem conduct or substrate 101 within this 8Bnrconductor 20 substrate, the
sem.conduct or .substrate 101 |s etched down to a desired depth by the wet

t chi t he dr chi film 103
as an et chi rtp HEks ?ac%o AR ETREER Eof Lo TR AREBIARIR. BB ol o o
t I hed thin th duct
cubstrate 10TSverabie RRbRCloLs, Fe sﬁﬁér semtPOPBBRElE .\ seni o5
In this way, ?ﬁﬂ%rg%teyﬂﬁf’@ﬂd e Q{}g_‘_égof{lml R822Nai BRYPY sgpREgOt ration

of about 101 are formed on sem conduct Or subsfrate 101.

Thereafter, (Q&tlqr ghlfilcgd'ﬁ J(Cé?l)argzl_lgggrgeérim{,ih@ $tH2 ¢nobhe crgaita@nduct or

substrate 101 are renoved formng the N-type well regions,

the fgl | owi npacedwaat ag%maoaﬁhlmdwemo § FENA wreelrlespectdvelyuct ed
within the N-type well region in order to pfevent a stored |nformat|on fr.om

bei ng i nvertwseddy the absorption of [err] particles

As shoﬁn in-Figure,1-1,- in order to form well

regions of the conductivity_' type opposite to that

of the semiconductor substrate, those parts of the
10 _Sit)2 film 102 on the semiconductor substrate 101 which o
correspond to the well forming regions are removed.
To this end, a silicon nitride (SiéN4) £ilm 103 is
first formed on selected areas of the surface of the’
8102 film 102 as an etching mask..- In this state,

15  the Si0, f£ilm not covered with the Si N, film 103

2
is removed with an etchant.

“As shown in Figure- 12, in order to form the well
regions- of the conductlvity type opposite to that of
the se_mlconduptor __substrate 101 within this sem:.conductor
20 substrate, tha_ semiconductor substrate 101 is etched.
down to a desireci deptl'.l. by the wet etching process
or the dry etching proceés by empi_l.oying. the- S:13N4'
£ilm 103 as an etching mask.




2Ainto the capacitor [err] of the nenory cell, holes generated in and
gwithe N-type well by the [err]-particles are rﬁflected by the barrler
P-N junction, and the influence of the holes on the capacitor |\’,
gavoided. S By epitaxially formng the well region, the follow ng 20

advant ages are achi eved over the casesgf-formng it by diffusion: (a) Si nce
the inmpurity concentration of the well can be readily controlled, it can be
made uniform (b) The junction capacitance in the well surface can -57-
be made | ow, and the speed of the nenory operation becones high. (c) Since

L?S?Lgﬁlﬁ;i vo K8G8BPHE; ons sty o) t:‘%”“e ashesrlﬁ%{%éﬁ{s?%?vgﬁafg? hzeshéf‘g vol tage
| own 0
Ctepe of tPoPht kpketdHoegRn B dikh (5 o ePenBhy 8§%¥‘Fan{)\lfvs}og co
descr'beq %h%ﬁ %ﬁée%Sﬂﬁﬁgh%yF%¥¥*§hﬂé%£ F461o40 Simu ﬁg e} in Figure

n

t he si e Crys IS epitaxially grown on t rface of a

sen1condqﬁgogisgp§gg§§e 30%0 dfﬂlggmgf@ehicmnth arsenlc The i mpurity
concentration of arsenic is [err]. Thus, an N-type well region

approxi mat el yrn this way, the N-type well regions 100 having
! 5

an impurity concentration of about 1015 cm © are formed

on the semiconductor substrate 101. Thereafter, the

Slo2

substrate 101 are removed.

film 102 and the Si3N4 film 103 on the semiconductor

10 By forming the N-type well regions, the following

advantage is achieved:

When the memory cell is constructed within the — U
N-type well region in order to prevent a stored information
from eeing inverted by the abserption of -particles
15 into the capacitor Cg of the memory cell; holes generated

in end below the N-type well by the o{-particles are

! reflected by the barrier of a P-N junction, and the

influence of the holes on the capacitor'cs is avoided.
By epitaxiaily forming the well region, the following
20  gdvantages are achieved over the case of forming it
by diffusionz;
(a) Since the'impurity.concentration of the well can
be readily controlled,fit can be made uniform.

(b) The junetion capacitance in the well surface can




15 . 3 pmdeep is formed uniformy on the sem conductor substrate 101
shown in Figere T5, in order to formdesired N-type well regions, an [
_flln\ﬁ92 and a photoresist film 104 are forned on the N-type well for
regio Thereafter, using the [err]. film 102 and the photoresi st
film 104 as a mask, boron at an inmpurity concentration of 2 x [err] is

i on~i npl anted into the surface of the N t§pe- well, whereupon ther nal
diffusion is executed to diffuse the boron and. to formthe sane P-type
regions as 25 t he sem conductor substrate 101. - -58-- As shown in

formthe desiTe In the sem uctor substrate
101. It is a ymidmdls ffghourse that the process for 5 - formng the
N—type wel | reglons I'SONGt restricted to the two sorts of methods mentioned

above, but thgd)y agghker t'ﬁ%t UEeyed dndén £ £8 01680 ih0 theNeedllesarifaceay,
the well regions nmay wel ormed by diffusion. As shown in Figure 17, an

[err] film lGambeé &adkﬂlow, i Wpéalodoim| volitiage daexeases.et oxygen
pass therethrough, that is, an oxidation-resisting film 103 are fornmed on
the sur§aces @f) t rrhesemmmuiua:tf)rtlselbshrasholﬁlvaﬂdtagleem lfylp@hnmaltgdloo
As a favorable material for the oxidation-

(¢) The depth of the well can be precisely adjusted.

Figure 16,. tRe gbﬁgtype wé%@ re@(#?h%§9ﬁfreﬁﬁsheEbkgg$ sratgohenoved to

The steps of fbfming N-type well regions
by another method will now be described with reference
to Figures 14 to 16. | _
10 _ Aé shown in Figure 14, the single cfystal of
| Si is epitaxially grown on the whole surface of a
sémiconductor substrate 101 whilst doping it with
arsenic. The impurity concentration of arsenic is.
; 1015 cm73. Thﬁs,fan N-ﬁype.well region approximately
15 3 pm deep is formed unifd;mly on the semiconductor
| substrate 101. | |
i As shown in' Figure 15, in order to form desired
N-type well regioms, an S5iO, film 102 and a photoresist
film 104 are formed on the N-type ﬁel@ forming regidns.
20 '% Thereafter,ﬁugingFthe SiOz_film 102 and the photoresist -
£film 104 as é;mask, boroﬁ aﬁ.an iﬁpurity concentration
.of 2 x 1015 cm."3 is 1 n-lmplanted into the surface of the
N-ﬁype well, whereupon thermal diffusion is executed to

diffuse the boron and to form.theﬂsame:Pntype.regidns as

25 the semiconductor substrate 101.



-~ :T,\ resisting film103, a silicon nitride [err] filmis used. The [err]
h ﬁ ‘102 is formed to .a thickness of approximtely 500 [err] by the,
ace oxidation of the Sl substrate for the following feason. In The’
\.&f.

fcase where 20 the Si -film103 is fornmed directly on the surface .
the Si substrate 101, a thermal St &8~ s afforded to the surface of the Si
substrate 101 by the difference between the coefficients of thermal -
expansion of the Si -substrate 101 and the Si N film103. |In consequence,
34  -50- cm\sstsﬁlo»ﬁefieptmgﬁfecesse@hbns e faddie Si substrate
101. In order to prevent thrs dra ack, % 2[err fllér)n Is formed on

the surf atke phottbe-eSii st et Tt ¢040&rbei-efnsvtehet50&*€5&%d %gxé)fdédi { N34
film103. On the other hand, the Si3N4 film 103 is used as a nask for the

sel ect i veNetypdawiedd afegiftmsSiwsthshr ehe 3Qhidsndulltode sipsamdiad 10y det ai |
later, and it is therefore formed to a.thickness of ‘approxinmately 1,400

by, for examplé, ishe @ Ghent cadbiapeuthBepthiet ped)kesk) for process. In
order to selectively renove the Si N film3-4 103 on those parts of the
sBrface oformimgstheMsttyne well regions is not restricted

to the two sorts of methods mentloned above, but that
another method may well be resorted to. Needless. to
_say, the well reglons may well be_ formed by diffusion.
As shown in Figure 17, an 8102 f11m 102 and an
10 insulating f11m which does not let oxygen pass therethrough :
that 1s, an oxldatlon-res:Lsting film 103 are formed :
on the surfaces of the semlconductor substrate 101 \J
and the N-t;g‘pe wells 100. | | o
! As a 'favo'rabl-e material for the oxidationé _
15 resisting f£ilm 103, a.si;licon nitride (813N4) £ilm
is used." - | | _
T‘he's.:i.o2 film 102 is formed to @& thlckness of
approxlmately 500 X by the surface ox:.datlon of the
_ si snbstrate for the followlng reason. . In 'the case where
‘ 20 the 513114 film 103 is formed dlrectly on the surface
of the Si substrate 101, a thermal stra:.n :Ls afforded
. to the surface of the Si substrate 101 by the d1fference
betaeen the coeff:l.c:l.ents of thermal expanslon of the

Si substrate 101 and the 813N4 f:.lm 103. In consequence,



101-in which a conparatively thick insulating film that is, field
insulating fitmis to be formed, a 15 photoresist film2104 is first
forngd on sel ected areas of the surface of the [err] film 103 as an
etching nask. Under this state, the exposed parts of the [err] film 103
are renmoved by, for exanple, the plasma-et5$hi«g process capabl e of precise
etchrng. 20 Subsequently, in order to prevent |ayers of the

conducti vity dAPREYddtd GitddaledNEnS UHS! 5BTaRe bIC 3R &l | od

i nversion |ayer's frombeing formed in the surface parts of the Si substrate
101 in which suhgtdktd Mo 1) €l th | GSadAt £89phielrBhits thsMtawdack]purity of
t he same conductivity type as that of the substrate or a P-type inpurity is
i ntroduced i gy td1®), Sifiupstoat Bs 1drhbaosah thiee shevfialeel idfmthe2 exposed in
the state 5 in wf ch the photoresist film104 is left as shown in Figure
18. As a pro@issubytrdte 101 dseférentiné fbemathivne ofmtive Nhe ion

I nplantation is favorable. By way of exanple, the ions of bo o# bei ng t he
P-type 4 npur ifidmri®3.nplQGmtide i ottlver hizarsd , s thet 184 416‘11m 109 i®

i npl antation energy of 75 keV. The dose of the idns at this tine is 3 x
[err] atons/[used asang mask fon thersebsctiveormidadiomefsdihact ed areas of

the surface of the Si substrate 101.. More specifically,. as shown in
Figure. 19, afYlesubaiRatg) 101 as will be described in detail later,

and it is therefore formed to a thickness of approximately
1,400 % by, for example, the CVD (Chemical Vapour Deposition).

10 process.

In order to selectively remove the Si3N4 film
103 on those parts of the.surface of the Si substrate
l 101 in which a coﬁparatively thick insulating tilm,.
that is, field insulating film i; tolbe formed, a
15 ~ photoresist film 104 is first formed on selected areas
| of the surface of the Si3N4 film ;03 as #n etching-_
mask. Under this state; the exposed parts of the
.Si3N4 film 103_afe removed by, for example, the plasma
etching procqs§~caphble of precise etching.
.20 ' subsequeﬁtly, in ordertto prevent layers of the
. conductivity type oppo§ite_to that of the substratg
or thé so-called inveréiop layers from being formed

in the surface parﬁs of the Si substrate 101 in which




-

ef\pLtively oxidized by thernal oxidation by enploying the [err] film 103
s -mask, and the Si02 film 105 being approximately 9,500 [err] t hick
’(herel nafter termed "field [err] fllm% is formed. . During the forrratlbﬁ .
20 of the field [err] film 105, the Bn= |rrplanted boron is brought into
the Si substrate 101 by outdiffusion, so that P-type inversion-preventive,
| ayers (not shown) having a predeterm ned depth are fornmed directly bel ow

the fiel dthefield insmating £ilm| fsofaemeds @mdswunidsk 9farts of the

--the photoresist film 104, the surface of the Si substrate 101 is

_surface of the Si sub$tr at e, 101 whi ch are not fgprred w t.h the field [err]

film 105, }i‘he""f@r CPRIYGEHGREY stYRep8 3o thatL o hot phosphoric
acid [err u,d. 5 m,1Q2 .1 s ,subseque t r.enoved :
M th, | TortTmAatape iﬁwlam(fr?cfﬁ&advﬁﬁf MR NG Gt
areas of e t S t h ure 20. In
order to ‘}d;ftﬂyo% c}ﬁ%ﬁ %f? %@e&éio "g’%éeéﬁz& orssq'[agﬂrerg] I n the nenory
cells MGl 3@.&, h I sSU t ]s%: d the N-type
wel |'s 100 are for rreg %%Qfg? gié:tl{g ﬁggu %t :g%tirta aI(Jsm éﬁgs shown in
Figure 2lin Piguries.18.he ﬁpﬂzﬁﬂoééééa%? ehet Eﬁt@ocﬁi&ﬁt&ﬁt&r 101 and the
N-type wells are thermally oxi di-zed, whereby the first gate
i nsul ati nghd Iﬂ-rﬂyw :unpur:.ty, the ion implantation is favorable.

By way of example, the ions of boron being the P-type

impurity are limplanted into the Si substrate 101 at an

10 implantation energy of 75 keV. The GOse of the ions

12 atoms/ cm2 .

at this time is 3 x 10
A f.iéld insulator 105 is formed on the selected
areas of the surface ef the Si substrate 101. More
’ specifically, as ‘ehown in Figure 19, after removing
15 -_ the photores:.st film 104, the surface of the Si substrate
101 is selectively ox:.dized by thermal oxidation by
. employing the 813- § film 103 as a mask, and the 8102
£ilm 105 being approximately 9,500 X thick (hereinafter,
termed "field Sio2 £ilm") is formed. During the formation
20 '  of the field" 8102 4£ilm 105, the ion-implanted boron
is brought 1rrl'.o the Si substrate 101 by outdiffusion,
so that P-type invers:.gn—pre_ve_ntive layers (not shown) .
having a"predetermined. depth are forxﬂefi directly below

the field SiO, film 105.

2




bei.ng approximately 430 [err] thick is fornmed in the surfaces. Accordingly, ../
the first gate irfsulating film 106 is nade of [err]. A first conductor ., . [¢
| ayeg 107 for use as one el ectrode 20 of the capacitor [err] in, each\:
menory cell is forned on the whole surface of the resultant Si substrate
101 -62- as shown in Figure 22. A polycrystalline silicon |ayer is
forred on the whole surface of the Si substrate 101 as the first conductor
| ayer 107 by the CVD process. The thickpegg af the 5 = polycrystalline
silicon layer is approximately 4,000 [err]. Subsequently, in order -to |ower
the resistance of the polycrystalline silicon layer 107, an N-type
impurity, e.g., phosphorus is introduced into the polycrystalline silicon

| ayer 107 by the diffusion process. .As a 10 result, the sheet

resi stance of the polycrystalline silicon | ayer 107 becones approxi mately
16 [err] per squarﬁ'! ardeyr ke expese thesei partsorndldthe suxmfiacer first

pol ycrystalline silicon |l ayer 107 into a predeterm ned el ectrode shape, the
first pol ycry??aﬁq nak Sybsrate 101 beég age notsdammad atith enpved by

t he phot oet chi Cess, SO to rmel ectrodes 108 as shown in Figure
23. The pl asnﬁﬂgtﬁﬁ%%@%flﬁeﬁbs Sigfiynd ilm 303 dia aemovedyr ocess
for selective erpVvi ng the first, polycrystal- line si)jcon |ayer ,107.
Subsequent | y,wﬁfer%%o%%a&' ey A h_gt %ﬁogp oric acid éd;i’%l.) iquid.

5 The $i0, film 102 is subsequently removed with, for

example, a hydrofluoric acid (HF) liquid, to expose
the selgcted areas of the surface. of the Si substfate

101 és shown in Figure 20.

| In order to obtain the dielectric layers of tlie
164 capacitors Cg in the memory cells M-CEL, the exposed
: .| surfaces of -the Si.-substrate 101 and the N-type wells
100 are formed with a first gate insulating film 106
as showp in Figure 21. That i.s, the exposed surfaces

“ =+ | of the Si substrate. 101 and the N-type wells are thermally

| ..'1..‘ é

5 ! oxidized, whereby the first gate insulating film 106
bein_g.approx_imately_.lﬂo X thick is formed in the surfaces.
- . Accordingly, -the first gate insulating film 106 is
made of Si0,.

A first conductor 'layer 107 for use as one electrode
20 of the cépacitor Cg in each memory cell is formed

on the whole surface of the resuitanﬁ Si substrate 101



- g@ of the first gate [err] film 106 are also etched to partial--1ly _
% the surfaces of the N-type wells 100. In order to obt&in the gate_
-inguldting films of the MOSFETs in the nenory array M CEL, the dummy [
"263- array D-CEL and the péripheral circuit portion, the exposed 's.urfac?gf
of the Si substrate 101 and the N-type wells 100 are forned with a second
gate insulating film 109 as shown i n=~-FBQuke 24. That is, the exposed 5 -
‘surfaces of the Si substrate 101 and the N-type wells 100 are thermally
oxi di zed, whereby the second gate insulating film 109 bei ng approxi mately
530 [err] ashsldwn Sid Figaren22be sy palgerystalddsiengl y, the 'second gate
nsulating film2109 is made of Si Q2. Sinultaneously 10 with the

f or mat i onsiliddre lssoandigatfermedubat the wholeor second gate [err] film 109,
the surfaces of the electrodes 108 nade of the first polycrystalline
silicon aperkadediofctheShreubstratenwlil [as rthé i fimst Ifomduator :
approximately 2,20Q [err] thick. The [err] film 110 serves 15 for the
i nt er -1 ay&3¥6mdif7athsbthet (¥R nprasessact M thisknessiof| ther ode nade of
secgnd pol yerystal line sil 1‘fpn to_be described later. As shown §n Figure

25, 9 n or BRIYystakline stligrrskaver, dis; Appraxinatel yk 000 A ype

I mpurity s introduced into, _that part .,of the surface of the Si

substrat egﬁq‘lﬁr\ﬁ%yw ’ltjrheoiéﬁf)stf’sif’gp o ths ffistance of the
polycrystalline silicon layer 107, an N-type impurity,

e.g., .p'h.'osphOrus is introduced into the polycrystalline
silicon layer 107 by the diffusion procéss. As a
10 . result, the sheet resistance of the polycrystalline
silicon layer 107 becdmes approximately 164 per square.
In order to put the first conductor _layei' or U.
l first polycrystalliné silicon layer 107 into a predetermined
., electrode shape, ‘the first polycrystalline silicon
15 l'aye-:r 107 is | selectiw'rely removed by the photoetching
i process 'so'as‘to form electrodes .1.08 -as shown in Figure 23.
Tﬂe plasma etching capable of precise etching is suitable
as a process for -sel_ecti\'_rely 'remow-ring the first polycrystal-
: Z.line~ silicon .layér. 107. . S_ubsequéntiy, -the e:iposed parts -
20 of the first :g:ate $i0, £ilm-106 are also e_tched to partial-

ly expose the-su_rfaces' of the N-type wells 100.

In order to obtain the gate insulating films

of the MOSFETs in the memory 'arr:'ay. M-CEL, thé dummy




by the ion inplantation process and by enploying a photoresist film104 .-
over the surfraces of«the N-type wells as a mask for the ion |nplantat|on
Boronﬁ,for exanpl e, -64- is used as the P-type inmpurity. It is *
preferable that the inplantation energy is 30 keV and that the 11

dose of ions is 4.5 x 10 atons/cm A second %onductor | ayer 113 is forned
on tthe 5 whol e surface of the resultant‘Sﬁ sUbstrate 101 in order to use
it as the gate electrodes of all the MOSFETs and the wiring | ayers. As
shown in Fi gereay @-CEIpdnydrtisé aperbtpherilcedricajdr portiompedhen the entire
surface of the 10 Si substrate 101 as the second conductor |ayer 113 by
the CVD procmsedrmutﬁ@«mws thet 8¢ pubpérpdeallOinenst [theolN-taper 113 is
apprOX|nater 3, 50 CLerr Subsequently, in order to lower the resistance
of the pol ycwg/lthSal‘llq @rsmf@meqiaybthlessesnnneyﬁ@ imswdiating. g,
phosphor us éﬁl Is introduced jnto this onc alllne silicon Iayer by

t he- di f f usi fs §QP%Pr%EUF%$uFHe 4heef ipatde sxpased

pol ycrywstal lin |c l.ayer, 113, bec proxinately 10Q per square. The
secondgéondu%‘fr &%no %e%"bnﬂ BB? %st@q g%' NZI go r 113 is
sel ectively j o) g order t t it into a
selectively ﬁ;%é%”o e £PLREAEDLAT BREFERY 'the s%%ondogoa%

insulating film 109 being approximately.SBO X thick

is formed in the surfaces. Accordihgly, the second
" gate insulating film 109 is made of s10,. Simultaneously
10 uith_the formation of the second gate insulating film

or second gate SiO, film 109, the surfaces of the .

2
electrodes 108 made_df fhe first polycrystalline silicon
are oxidized and are formed_with Sib2 films 110 being
approximatel& 2,200 K thick. ' The 8102 £ilm 11¢ serves )
15 ! for the inter-layer ihsulatioh betwéen tﬁe elebtrodé

| 108 and an electrode made of secoﬁd polycrystalline

silicon-to be described later.

As shown in Figure 25, in order to control the
threshold voltage of the N-MOS, a P~type impurity
20 is troduceq_lnto ‘that part of the.surface of the
Si substrate-101 in which the N-MOS is to be formed,
by the ion implantatibp process'and by empioying a
photoreslst film 104 over the surfaces of the N-type

wells as a mask for the 1on 1mplantat10n. Boron, for example,



" {ng shape. That is, as shown in Figure 27, the photoetched silicon
| apleN~1NL3 fornms the word |ines -65- [err], dumry word lines [eir] and.
[e and control signal lines [err] and [err] shown in Figure 9D. ‘\J-
Further, the exposed second gate [err] film 109 is renoved to expose the

surfaces of the 5 Si substrategl0L and the N-type wells 100. In
order to prevent the contam nation of surface parts in which the source =
regi ons and drai n regi ons of the MOSFETs are to be forned, - the exposed

f S t N- 10
fsg; rrgge\?\n erhrs]s% 1% gé}ﬁggﬁggﬁ['er&%pgﬁm@kjeg‘f}%%e tﬁermal
oxi dation ﬂrm;r 28k &&ﬁllddﬁﬁiaéﬁdeﬁaréygmse338ke$| anld aBRAUYHe Wi th the

formation of the [eri] film 115, thé surfaceg of the word lines [err],

durmy wor diddenes hems 1@1dl-l59fi]10&6nht6hs$bﬂl al 15 ~_lines [err] and
[err], and the gate el ectrodes of the conplenentary MOSFETs as are nade of

t he second polycrystalline silicon are oxi-dized, with the result that the
surfaces are fornmed with an [err] film 116 bei ng about 300 [err] thick as
shown in Figurd 38co2@ conductor layerddn3t dsf dommede ogobhee and drain

regions of the NNMXS in the selected parts of the Si substrate 101, as
i | ' uStr at athale pugfiee2®f dthasresvltpol Sipsawsimade 101 4dn oD [err]

film119 is forned on the N-te/pe wells 100, -
order to use it as the gate electrodes of all the

MOSFETs and the wiring layers.
As shown in Figure 26, a polycrystalllne silicon layer
is formed on' -the entire surface of the |
10 S8i substrate 10‘.1_ as the second conductor layer 113 e
by the CVD process. The thickness 6f the polycrystalline
| silicon layer 113 is approximately 3,500 2. Subsequently, \
-in order to lower the resistance of the ﬁolycrystal_line
] silicon layer 113, an N-type impu:‘ity; e. g., phosphorus
15 is introduced into this polycrystalline silicon layer
by the @iffusion process. As a re'suit, the sheet
resistance of the polyé‘rystalline silicon iayer 113

becomes approximately 10Q per square.

The seconld. con_d-.uct'or lgye'r or se'c'ond.polycryé.talline
20: silicon lajer."1 13 is 'selecti.vely removed bj the phqtoett:hing
" process in order. to put it into a ;.Sredetermihe'd electrode

or wiring .sh:ape.' That is, as shown in Figure 27, the -

photoetched silicon-layer 113 forms the word lines’



=+ 66- whereupon an N-type inpurity, e.g., arsenic is introduced into the ._
substrate 101 through those areas of the [err] film 115 which are not
cOve,%/d with the CvD [err] film119. As a process for introducing the ©
N-type€ 5 impurity, the ion inplantation is favorable. By way of

exanpl e, arsenic ions are inplanted intogshe Si substrate 101 at an

i mpl*ant ati on energy of 80 keV. The dose of the ions at this tine is 1 X

[err] atons/[er]. By subsequently perform ng a heat treatnent, the

i on-inpl ant e¥l4 0y ~ W gegi cAwmmirvondi 3ipels) diilled f nsltBNE § usi on, and
[err]-type sem_conductor regions 120 and 121 having a predeterm ned depth

are forned: Wﬂe%@ﬁ@}]siw'smegndﬂer&1 ﬁndegﬁﬁ{diz{hm i1 formthe
source and d t, ip order to formthe source and drain

E’?i n_regions Nﬁ)f' ]

regi ons 15 g7 e D p. PR TRET nethe| sxpegeshsecand tGREeN-34Qe wel I's 100,
as illustrat i laure 30 _a.npsk for ion.inplanfation, e. g., CVD [err]
film119 is ?g}nnen}ldzéogfﬁ MY $A kO P XPRE S, #f) taé’rﬁr}ta‘ﬁesslﬁfsttrlkﬁe 101 except
thes N-type wgjl %sqp!. e p St xpe L A g., boron is 20

[ nf.sr oduced. }Nﬁt oé% e I@%p{ewv\eﬁ%a?ﬁ?oﬁg%#%wfel}lﬁ folq‘m 115 overlying the
N-type wells 100 by the ion inplantation process. By way of exanple, boron
lons are inplanted into the. N-type wells at an inplantation energy of 80

keV.  The dose.ofId hrd@mstdtphévénti tRe22ontdminhtiol b A Fdder 1] -
parts in which the source regions and drain regions |
of the MOSFETs are to ’be'fomed., the exposed surfacés
| of the Si substrate 101 and the N-fype wells 100 are
10 formed with an $10, film 115 being 100 X thick by :
' the thermﬁl oxidation thereof as illustrated in Figure 28.

Simul taneously with the f(_:rmation of the 8i0, film

2
of the 11 = Why_go
[ dumny word lines DWL,_4 and DWL1’2, control signsal

115, the surfaces ‘of the word lines WL

15 lines ¢dc-L1 and ¢dc'-"-L2,: and the gate electrodes of
the complementary MOSFETs as are made of the second
polycrystalline silicon ‘are oxidized, with the result
that thé surfaces are formed '_with an SioO

2 .film 116

being about 300 % thick as shown in Figure 28.

20 ) . In order-to form the source and drain ‘regions
of the N-MOS in the selected parts of the Si substrate
101, as illustrated in Figure 29, a mask for ion implantation,

e. g.., CVD S_iO2 film 119 is formed on the N-type wells 100,



/76X - By subsequently performng a heat treatnment, the ion-inplanted boron. -
: %U ity is subjected to outdiffusion, and [err]-type sem cofduct.oreregi.ons
‘L2?-} 127 having a predeterm ned depth are forned. 5 These [err]-..upe
. semf conductor regions 122 - 127 forgg the source and drain regions. The :
~reason why the sources and drains of the P-MOS are forned after the sources
and drains of the N-type M SFETs is that the heat treatnent step is 10 -

i ed oyt I t the bor ' | f | e th
2" hocesSHFYEUBOR. A BT CRBR. APBRrLRg vc Smdnt o Bt bBce (hacTPRar® et or
I LfLrst - Line .5 i : _ SR nduct '
| ayer totBke Jud i TRESb el 1Dl ARG Eng R ER0G8 OF Ee MY

as showngkR. & -Qur 0 C I | ofEdci : sel ected part
of the [§I‘§z‘rFI$IIn ﬁlﬁlg?gg?rlp?%%i In‘é&g p%ﬁé&es‘Ins's%ﬂfi T oD, Sgﬁgwn) as a

mask. Thrilﬁoﬂ%l?t R Iﬁ.bﬁbﬂes%orf&sm&@ciﬂg feetnctypel e [err] shown
20 in Figure B9A. The reason why only the contact hole [err] for the
corgiect i QppRRf tpEMthbeibhl Smpleintatidmi4 nfasorabda. | apyrwagd and the
t'hird conduct or Iayer is forned is as follows. As stated before, the

t hi cknesgfoéxample, arsenic ions are implanted into the Si -

substrate 101 at an implantation energy of 80 keV.

16 atoms/ cm2 .

The dose of the ions at this time is 1 x 10

By subsequently performi:ng a heat treatment, the ion-implanted
10 arsenic impurity is subljecte_d to outdiffusion, and

-N"'—type semicqnductor.regions 120 and 121 having a .

predetermined depth are formed. These_N"'-type semiconductor -

regidns 120 and 121 form the source and drain regic;ns. -
Next, 'in ord.e‘r to form the source and drain regions \r—*

of the P-MOS in the selected parts of the N-type wells

15
100, as illustrated in Figure 30, a mask for ion implantation,

e. g.» CVD Si0, film i19 is formeﬁ on the surface of

_ 2

| the resultant Si  substrate 101 except the N-type wells
100, whereupon a P-type impurity,'e. g., boron is

20 introduced into the N-type Hell_s' thi-ough- the Sio,

| film 115 overlying the N-type wells 100 by the ion

implantation izrocess.. By wa.'.y o.f. example, . bofo_n ions

_ I: are ifnpl_ant_ed into the_.N-:type Wells at an implantation

energy of 80 keV. The dose of the ions at 'this time

25 is3 x 13012 atom_s/cmz..




‘~68- the [err] film110 formed in the surface of the first polycrystallin?fzecﬁg

silicon layes 108 is 300 [err].. On the other hand, the thickness of the {°
[err] film115 formed in the surfaces of the'Si substrate 101 and the

N-ty 5 wells 100 is 100 [err]. Accordingly, when these [err] filns
110 and 115 are etched at the sane tine, there is the fear that the [err]
film 115 will be overetched before the 6frst polycrystalline silicon film
108 is conpletely exposed. 10 In order to prevent this drawback
the contact hol eByesnpsieguemtiyt penfpemingt ayhaststaeatmgpdvetheont act

hol es for the connections between the.source and drain, regions _and.the
third condudom-implentgde bogoredmpuriky [Lerpubiestedsto grigifiusiop,g o

15 - predeterm ned mask, contact holes [err forpged, as.shown in Figure
32 by the séF@b?ivéYEPcmﬁm399n44ﬁ§?¥w?fg}?P%1ié .’AﬂgﬁoﬁﬁﬁlFﬁe mask has an

opening al-so in its part coryespondi ng,to the contact hole [err], the 20
overetch of & Wgeﬁg%g?mﬂﬂea f{ﬁfsﬁh

DA on TMmeeR LS dSh ofBLEEPORdRIbAS" 192004aY ol e [err]
‘form the source and drain regions.
The'reasbn why the sources and drains of the
P-MOS are formed after the séurces and drains of the
N-type MISFETs is that the heat treatment step is

10 carried out dnly once so as to prevent the boron from

diffusing more than is necessary. _ ' .

A contact hole for the connection between the
- first conductbr layer or first polycrystalliné silicon
layer 108.and a thgrd-conductor layer to be stafed

15  later is formed in the Si0, film 110. That is, as
shown_in.Figure 31, a contact hole CH101 is formed

in the selectéd part of the Si02 film 110 by employing

a photoresist film (not shown) as a mask. This contact

. hole CH,., corresﬁppds to -the contact hole CH, shown
20 ' in Figure 9A. |

a The reason why-only.thé'contact hole CH,n, for

| the connection between the first_polycrystailine silicon

| layer 108 and the third conductor layer is formed

is as follows. As stated before, the thickness of

o) %%ﬁ?g t hole [err] is not problenatfé-




An inter-layer insulating filmis formed on the whol e surface of the
‘tant Si substrate 101. That is, as illustrated in Figure 33, an
(-layer insulating film 118, for exanple, phosphosilicate glass (P G 5
fT4™m bei ng approximately 8,000 [err] thick is forned on the entire surf ae€.
of" the Si substrate 101. This PSG film gg8~serves also as a getter for
sodi umions which affect the characteristics of the MOS. Contact holes are
formed in the PSG film 118 10 for the connections between the second
pol ycryst#ie iSi@sifillan i 1y k9rmed inethri surfeseuctotheafdrsind bet ween the
source and _drain reqgi,ons and the third conductor |@yer.. As shown in Figure
34, the PATCTVHteddine sﬁeﬂe’&‘?%el?lris 108181300t 8:f 0Om d&& act hol es
[err]. sk_which (s in . formng these contact holes [err] is the
sane as t"!‘Fg‘f1 bangdge bheor %ﬁkﬁ%stﬂﬁ gBﬁt 8405nEhdm [‘éﬁr Formedne cont act
hol e for te Sub e S heat-treated 20
at a teng%fg?Urggﬁﬁzéﬁ%ht'€ $ %Péé?rfgefﬂgﬁt@ﬁ Le|p P8 so possi bl e
t hat5 t he " n ;Qf ont nto.the ler f.il m 115 expl ai ned
1384 08N 13 {diF X! t%%?g?iﬁélg Qﬂe)\%;dtgx ﬁﬁl 30

in the contact hole formng s éhi eously with the
f or mat i orpiQst HQOCQ@fdaGIHﬂ"'CHIeé ét8Re8NEtPBfe saméOtime, there

is the fear that the ‘510, film 115 will be overetched
before the first polycrys_t'alline silicon film 108
. is completély exposed.
10 In order to prevent this drawback, i:he contact

hole 03101' is formed independently as stated above. .

Contact holes for the connections between the

source and drain regions and the third conductor layer -

. are formed in the Si0, film 115. That is, using a

15  .predetermined masl;,' contact holes CH,5, - .CH107 are
formed as shown in Figure 32 by the selective etching
of the Si-02' film 115.

Although the mask has an opening also in its

part correspondlng to the contact hole CH s the

_ 101
20 ! overetch of -t_t;e 3102 £ilm 110 in the contact hole
CH,pq 1s not problematic in. 'actuality.

- The contact hole .gH1-02 ‘corresponds to the contact

hole GH1 in Figure 9A. -




e

ftFm 118. However, while the contact holes in the [err] film 115 are beings .
formed, the PSG film 118 is also etched. |In other words, the overetch off
the,ES;ifilln 118 ‘occurs. In order to prevent the overetch, accordingly,
is favorable that the formation of the_c§§tgct holes into the PSG film 11%
and the formation of the contact holes into the [err] film 115 are
sep&rately executed as described above. In order to formthe power supply

line [err] and 1g i]nééie-fgf_fé‘gliﬂgﬁlhﬁﬁgm&‘?im[ 5" oW o('sxg Otlf;;'[egure 9A,

the third conductor Tayer, um ni ayer being 12, err] thick
is first forgreh@uradobe EHEf RESuDtahiRe steaubstMate 1DURSt iRfad 101

Subsequently, this alumnium ayer is selectively etched to form 15 a
power supplyisj nés [ir1istPatiédaihi Peghkd %33Ndna iwtlernd dydteinkulsting
illustrated in Figure 35. The D-RAM as descri bed and constructed above has
the fol |l owi nfibfe18,5:fdm)efampies phosphoikildka¥et ylassel((PSG)egi ons formed
20 - §¥ an identical process are di sposed kg a P-type sem conduct or

substrat e anfillm deime|appSikimatelyi 8000 Aerbhigkcdlsl Soammeda omi r of
P-channel FETs of a conplenentary sense anplifier are forned in the
surfaces of the entinetsyrlece| ofethensSi subskrabey 160dl. s Thlisch are i mune

agai nst -71- Jﬁnr]- articles and the sense anplifier which.is of high
PSG film 118 serves also as a getter for sodium ions

vwhich affect the characteristics of the MOS.

Contact holes are formed in the PSG £ilm 118
10 for the connections between the second polycrystalline
silicon layer and the third conductor layer and between

the source and drain regions and the third conductor

' f 'lajer. . . _
! As shown in Figure 34, the PSG film 118 is selectively

15 | etched to form contact holes CH101 - CH107. A mask
which i8 used in forming these contact holes CHy94 = CHygq

is the same as the mask used for forming the contact

holes CH101 - CH1D7 in the contact hole forming step

(2). Subsequently, the PSG film 118 is heat-treated

20 | ata tempergtufg df.about 1,000_?9 in order to flatten.it.'
. It is alsoc possible th#t the formation of the

contact holes into -the.Si0, film 115 expleined in

the contact hole forminé step (2) is achieved simultaneously

with the formation of the contact holes into the PSG




\and stable are sinultaneously obtained. Merely by constructing the-
r@ry cell of the P-MOS and varying a word voltage within a’range between
‘. power source voltage [err] and [err], the selection of information_
F—or "0" is permtted, so that a nmenory capable of operating at high \_f‘
speed is obtained. (b)Since a conplemefRary. sense anplifier is connected
10 to folded data tines, an areal margin in |ayout as is approximately=

double thai_in th i or t d hi kagi d it

doutl o\ nglid B il GREER, B RGO H o b0 CensT 1Y
tential _ipter.med bet “th .0Qi W1 . L O" . of \ .

porent a1 hdl SR L EEIE FERUES B %y e NEI1E 2T
f th [ | §f ' he [ K 20 de '

oL\ PRI el S BOShE GERAE 0 Shopoc U8 iy et T nes 8

s ObLal nge Ay 118 odSudl (HNOrS AURLIARME B Sydriu, |ine | and |

t he data ne are cancel T ecause us and mnus noi se develop in the
fol ded dapgedrdiezl s PRE! ¥ ehilvoFblReithal e tffriipé For i€ t1ge Pr echar ged
as its reference potential to the potential internediate 25 bet ween t he

| ogi cs " leomtibt hoXds tivwtoetREeYPSE Ifilm +18-ard dHEVLERhdtIom be
di spensed with and a nenory of

of the contact holes into the SiO2 film 115 are separately

o

executed as described above.

-

In order to form the i:ower supply line VSS—L and

10 . the data lines DL DL1_1, DL“__2 and DL.‘_2 ;howp .

1-1?
in Figure 94, the third conductor layer, e. g., aluminium

layer béiﬁg 12,000 X thiclf is first formed on the whole o -‘*--_‘
l'sm'f'ace of the resuitant S:L substrate 101. Subseéuently,
this aluminiumlay‘e-r is selectively etched to form |

SS-L’ a data line DL1_1 and a

wiring tayer 127 as illustrated in Figure 35.
The D-RAM as described and constructed

15 a power supply line V

above has the following effects:
| (a) since a plurality of N-type well.regions formed
20 ' by an identical process are disposed in a P~type semiconductor
snbétrate and- P-channe.l.MI-Si.?ETs -serving as memory cells
and a pair of P-channel F"ETS of a éomplementary sense
upli;ier are formed in the surfaces of the respective -

well regions, the memory cells which are immune against




small chip area is obtained. (d) Since the starting tinmes of the posif&
f eedback operati on of the P-channel FET pair. of a sense anplifier andg
the positive feedback operation of the N-channel FET pair thereof are
di ff8gent, any through current does not fMow and a nenory of | ow power

di ssipation is obtained. (e) Since the P-channel FET pair and N-channel FET
10 =« pair of a conplenentary sense anplifier are arranged at both the ends
of a nenory array, the layout within a chip can be separated into the group
of P-channel o-g&stielies hendr the eenmecismpldifimrrathioh heme highefficient
packaging is permtted. 15 (f) Since folded data |jnes are formed of Al,
the wiring repeedaprd stableyargysimpldengousky AP ALIMEdh reliability is

s Tade of &n ephPRRFAI DFaGURS LHRG G PR MenE (SR dok: PR | rpur i ¢y |
concenty alj on 580, keaoBkRbaeg o hEkl oshedd RIS h PHER R000ME
urt ace i ipurt PIeE sefFPR; YoTtaedd PR (e 2L ¥ haok Be et "t han i n
ithof;f‘Z?nZL, UehekEi o or 1nfdrmatihfinn GO Of s p &A1 bEEAkdown vol tage

so that a memory capable of operating at high speed

is obtained. . |

(b) Since a complementary sense amplifier is connected

10 to folded data lines, an areal margin in layout as
- is spproximately doubie that in the prior art appears, .

and hence, a high packaging density beqomes possible,

(c) Since means for precharging folded data lines

(.- vr,
-

—~" . to a potential intermediate between the logics m1"
15 °  ang wow of.a memory cell is comprised, the change
of the potential of a data line equal to half of the
potential difference between the logiecs "1" and "O"
determines a read-out timé, and hence, a memory of
high speed and low power dissipatioﬁ is obtained. .
20 | In.addition,.the coupling noise of a word line:

| . and the data }iﬁe3afecancellgd-because plus and minus

-} noise develop'-in the foidedfdata lines respectively. -

Further, since. the data line is precharged as its
reference potential to the potential intermediate

25 betuéen théqlogics "{" and. "0" of the mémory.cell,



n parallel wth data |ines, well voltages becone substantigl]ly .
/and wel | 5 resi stances can be made | oew, so that a nenory whjch
le influenced by noise is obtamaed., (i) when the DDRAMis laid oy -
'so as to isolate a well region for formng nenory cells therein and a well
region for formng a sense anplifier therein, 10 noi se havi ng devel oped
in the sense anplifier have no influence on the nenory cells, and hence, an
oper at i ore clunmiyylceldl i cdn | be ydbepensedpsridithland At treemioren 08 drawn to
Application No. 83.09216 (Serial No. 2,117,565) which has been divided out
15 of smellrcdiantargmtigaebbained.nwhich there is claimed inclaimil a
dynam c type sem conduct or nengr¥ai ncl udi ng: (a). j.pl urality of pairs of

S

a) a
dat a .| i ne&d} Sifie Fhebhgrt: Pesc efndrePogidivn rfesdback opanatiarer s
each of lch 2Q . anmplifies a difference between signal nagnitudes
appeari nd ntq’eadgah'%rggjp ] 'f‘nﬂab%{i f’%o1a Fans9 igmRii I | %@ﬂ .Lli :‘Jf erenti al
anphi fierg, i | P- channpel S. i gh have ir drains and
ggPes cr OtSﬂSé-l 3%31%8’%&0%%%%8%1{‘hgpegﬁgg\%ﬁwﬁl:%v&] W%sﬁﬁ connect ed

(o the CHdssRpMlde ke Rladobirkelent, anyEnddiRhfdliflny @ PalT Of

does not flow and a memory of low power diassipation

is obtaine_d. _
(e) Since the P-channel FET pair and N-—chaﬁnel FET
10 pair of a complementary sense amplii‘ier are arranged
at both t;he ends of a mémory array, the layout within .
a chip can be separated into the.groﬁp of P-channel
FET:} _and the group of N_—cl}iannel' FETs, and hence, an : A\./-’_\_
efficient packaging is permitted. R |
15 (£) Since folded data lines are formed of Al, the
wiring resistance is very low and an operation of
high reliability is ﬁermitted;
(g Since an N-type well region for forming memory
cells therein is made of an epitaxial layer, a uniform
- 20 | well'of desired iir_tpuri‘ty concentration can be obtained.
" | Therefore, a j;hi-e'shc;id voltage can be: 'controli'ed and
| & junction cgpacita.nce' can '::e made lower than in case
e of diffusion, so that g membr‘y of high speed is obtained.
In addition, the surface impurity concentration of |

-"1.,25. the well can be made lower than in 'the ‘case of diffusion,




their drains and gates cross-coupled to each other and which have the
drai ns «connected‘to the corresponding pair of data |ines respectively,

acircuit which 5 controls positive feedback operations of both
pai rs;<(c) a plurality of word lines each of which is arranged in a makner
to intersect with both of the pair of data lines; and 10 (d)

precharging circuit which sets said respect-73e pairs of data lines at a
potential inter- mnmediate between two potentials representative of binary
signals to be stor&¢ thataadmemeoyy ofchireatbbrerkdoWs poitagecisecedbatiiked.
operations are started. - -74- CLAIMS. 1. A sem conduct or nenory
formed in a seni cod8dcEdncentedlared ityr efi N-tipPudPhy: rea}ons sere chrEned or

substrate of a first, ongﬁ b vity ty e whi ch has "at | east one _well_ region
of a second conductiVi §p la?ﬁfga 1zipgy &P RemrBLYSLeVithuAREd Limes,

f d d | 1 i.d h | ud
Lransi stor of the FeAar YENRATEE: PRESRE, BEPERARE e AMRcPRRFOR e Fr Bl ar ity
of data |ines whi che2iteldcQuetattbd Wbk 184]°00 PAU:CACReAbryNfilichS

electrically
is little influenced by noise is obtained.

(i) when the D-RAM is laid out so as to isolate a -
well region for forming memory cells thérein'and a
well region for forﬁing a sense amplifier therein,
10 noise having developed in the sense amplifier have
no influence on the memory celis, and hence, an operation
of high reliability becomes possibie.
- Attentlon is drawn to Appllcatlon No. 83.09216
- o (Serlal No. ?,117,565) which has bgen divided out
15 of the present Application, in which there is claimed
in claim 1 a dynamic type semiconductor memory including:
(a) a plurality of pairs of data lines to
which mémory_cells_are ¢onnected;
| (b) différehtiél amplifiers each of which
20 ' amplifies a difference between siénal magnitudes
appearing on each cérresponding pair of data lines;
said eacﬁ differential amplifier including a pair
qf P-channel“MOSFETs ﬁhichlhéve their drains and gates
‘cross-coupled to'eagﬁ other and which have the drains

25 connected to the corresponding pair of data lines



connected to selected ones of said nenory cells of said array; (d) a

Blekality of word lines which extend over said well region, ‘and each of

¥ is electrically connected to gates of the MOS transistors of selected
said nenory cells of said array; and (e) a plurality of sense Nl

iers each of which is coupled to égﬂr of adjacent ones of said data
said each sense anplifier includihg a pair of first MOS transistdrs

of the first coObEliybdyy!vRopubi che AEARRAE hosPBFs Rlick oD of the

second conductivity type Torned I'n said sem conductor substrate, and a pair

of second M5 {Ra{si $#H{$s Odnd NGa €68 0PFoEODEYEH ¥a Lo Ly¥Ren VBt e ar e for med
in said sem conductor substrate]; said pair of first MOS transistors having
their respectiy®d whid® ha@dt€he adifaffidi B6nKEOEEA COHIPLIRS dor Laspord ey and
havi ng said respective drains electrically connected to said pair of data
| i nes; said papainfofedatal Mitesrasspetvicebhpyi agdtdecircespeehhiole gates

and drains cross-coupled to each other and having said respective drains

el ectricably copmbroks posibivepi¢edbickiaoperanigns 20f both MRSFETonduct or

-menory according, to Claima1,
pairs;

(c) a plurality of word lines each of which
is arrénged in a manner to intersect with boﬁh of
the pair of data lines; and
10 ' (d) a precharging circuit which sets said
réspective pairs of data lines at a potential inter-
' mediafe bétween two potentials representative of binary
signals to be stored in said memory cells, before -

the positive feedback operations are started.



:MMEFEIH said first MOS transistors and said eagﬁ_ggnse_anpkr%rer‘ére for

in a well regior which is isolated fromsaid well id nei v/ 40
cells forned therein. 3. . A semi conduct or Eﬂi@g!m“““““\ac} ai Ml

2. Wherein said pair of first MXS tranS|stors pal ¥ second™\{
'Nﬂg transistors of said each sense anpli h]er are respectlvely arranged on
opposite sides with respect to an area i which said array is fornmed. 4.
A sem conduct or nmenory according to any one of. the precedi ng clains,
wherein said plurality of data linés extend al ong rows and substantlally in
paral I el ther &MATMSe.whil e said plurality of word |ines extend al ong col ums
and in a direction substantially orthogonal to said data |ines. 5. A .

semi conduct or yenory ac gendicondie tora membry/fortied i @ Rewicohduictdr MS
transistors and said pair of second MOS transistors of said each sense

anplifier arelndegretedoolncsdd dmcduddngs terninal parts of said pair of

data |inek. -76- 6( r?esa s%mi %@#qﬁ? RNy TaLo1ATA %&c%r ' Q%tto claim4 or

5, wherein said word [V are ne e sane nmateri a hat of the
gates of the konductivityortypel vhichrhay ataleast oné weld deigion nes are

made 5 Ofo% g?ggtog%i%%L%LS%Tii%%pigmﬂxer said word lines.
(b) an array of ‘memory cells which are formed .
in said well region, said each cell of said array
including a MOS transistor of the first conductivity
type and a capacitor; _
(c) a plurality of data lines which extend
over said well region, and each of which is electrically :
connected to selected ones of said memory cells of
<. said array; -
d - (d) =a plurality of word lines which extend
. over said well region, and each of which is
. electrically connected to gates of the MOS transistors
of selected ones of said memory cells of said array;
and
(e) a plurality of sense amplifiers each
of which is coupled to a pair of adjacent ones of
" said data lines; said each sense amplifier including :
| a pair of first MOS transistprs of the first
conductivity‘type which are formed in one well region
] of the second conductivity type formed in said
semiconductor substrate,.ani a pair of second MOS
transistors of the second conducti#itj type which are
formed in said semiconductor substrate; said pair

of first MOS transistors having their respective



A sem conduct or nmenory accordi ng to-anry—ene—of—the precedi ng

\ Wherein said well region is an epitaxi ' v Ae

ductor nmenory-according to claim10 41‘““9%{"1“‘“1““““%'[ ion for

said wel |l region - having saig array forae ereinsisgs arranged%Fﬁ-
2l with said data lines. 9. A sem conduct or nmenory according to
any-ﬁne of the preceding clains, wherein the first conductivity 15 type*®
is the P-type, and . the second conduct. i.vi type,i s he type. 10. A
seni conduc® %eﬁ'eﬁﬂf’y_ &iﬁ’édqrr?sé'&’ﬁp%&& cﬁ%%toe 0 ?d“%l rcuit |
const ruct egaﬁh%%tiﬁ‘&-@ép%ﬂ%@ e Rt Midd1 Ty ctmisctdd and as

illustrate e acconpanyi ng draw ngs.
to said pair of data lines; said pair of second MOS

transistors having their.respectivé gates and drains
cross—coupled to each other and having-said,
respective drains electrically connected to said pair
of data lines.

2. A semiconductor memory according to Claim 1,
wherein said first MOS transistors and said eéch sense
amplifier are formed in a well region which is
isolatéd_from said well region having_said memory
cells formed therein.

3; A semiconductor memory according to Claim 1 or 2,
wherein said pair of first MOS transistors and said BN
pair of second MOS transistors_of'said each sense f\/)_
amplifier are respectively arranged on opposite sides

with respect to an area in which said array is formed.

4, A-semiconductbr némory according to any one

of the.preceding claims, wherein said plurality of

data lines extend along rows and substantially in parallel
therewith, while said plurality of word lines extend
along columns aﬁd in_a direction substantially |

| orthogonal to said data lines.

a 5. A éemiconductdr;mgﬁory'according to Claim 4,
wherein said pair of first MOS transistors and said
pair of second MOS transistors of said each sense
amplifier are reSpectively located at both terminal
parts of said pair of data lines. ‘
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6. "A semiconductor memory according to claim
4 or S5, wherein said word lines are made of the same

material as that of the gates of the Mos_transiétors_

of the memory array, and said data lines are made

of a metal material and cross over said word lines.

7. A semiconductor memory according to any one

‘of the preceding claims, wherein said well region

is an epitaxial region.

8. A semiconductor memory according to claim

4, Qherein a connection for biasing said well region -
having said array formed therein is arranged in parallel
with said data lines. |

9. A semiconductor memory according to any one

of the preceding claims, wherein the first conductivity

type is the P-type, and the second conductivity type

is the N-type.

10. A semiconductor memory formed in a semiconductor
integrated circuit constructed substantially as herein
described with reference to and as illustrated in

the accompanying drawings.




